.Volume 221 





JANUARY 4, 1969, to MARCH 29, 1969 


i "i n 





jm: paresis VEM 
COMPE. 


UO 


xXx 
P 





LONDON 


MACMILLAN (JOURNALS), LTD. 
PRICE: 2s. 











DATES and PAGINATION of WEEKLY ISSUES 





Serial No. Date of Issue Pagination 
T 5175 January 4 1-108 
5176 " it 109—204 
5177 7 [8 205—296 

5178 » 25 297—396 
5179 February | 397-500 

5180 5 8 501—596 

5181 m 15 597-696 
5182 h 22 697-788 

5183 March 2 789.888 
5184 5 8 889-984 
5185 E is 15 985-1084 
5186 ei is 22 - 1085-1180 
5187 bs - 29 T 1181-1280 


o 


use 


EE 


| Abelev, G.1.: 





Bod 








AUTHOR 


Aedui, Y.H. and Turner, D.R.: Turbidity Changes in a Myelin Fraction induced 
by ATP and ADP, 775 

see under Zilber, L. A. 

Abrahamson, E. W.: see under Poincelot, R. P, 

Acree, T. E.: see under Sallenberger, R. S 

Adams, D, H.: see under Field, E. J. 

Adams, G. E.: see under Aldrich, J. E. 

Adamson, Colin: Surge Phenomena in Electrical Machines, review, 1175 

Adamthwaite, Sylvia: see under Roe, F. 1. C. 

Admirand, William: see under Small, Donald M, 

Agarossi, Giovanna: see under Doria, Gino 

Agarwal, Shyam S.: see under Lau, Thomas 

Agin, D.: see ünder Schauf, C. 

Ainsworth, G, C.: Famine on the Wind, review, 88! 

Akasofu, Syun-Ichi: Magnetospheric Substorm as a Discharge Process, 1020 

Akeson, A.: see under Pietruszko, R 

Alberts, W. Watson, Wright, Elwood W., jun., and Feinstein, Bertram: Cortical 
Potentials and Parkinsonian Tremor, 670 

Aldcroft, Derek H.: British Railways in Transition, review by Gerard Fienries, 781 

Aiden, Richard Aw see under Wright, Christine Schubert 

Aldrich, J. E., Cundall, R. B., Adams, G, E., and Willson, R. L.: identification of 
Essential Residues in Lysozyme: A Pulse Radiolysis Method, 1049 

Ajexander, W. O.: Strength of Hard Alloys, review, 494 


, Alfóldy, Pál: see under Petrányi, Gyózó, jun. 
1 Alford, Sidney C.: Lactose Intolerance in Asians, 562 : 


E 


S 






-d 


: Allen, Elizabeth F.: see under Drake, John W. 

© Allen, John R. L.: Current Ripples, review by K. F. Bowden, 692 

Aller, Lawrence H., and Wares, Gordon: Spectral Line Intensity Variations in 

Planetary Nebulae, 646 

|» Amaldi, Francesco: e random Variability in Evolution of Base iii dii of 
Ribosomal RNA, 9 

* AimbrosioRi, d. C.: see under De-Thé, G. 

| Andersen, N.: see under Ramweil, P. W. 


| Anderson, F., and Bouchier, lan A.D. Phospholipids in Human Lithogenic Gall 






x Es x Tn 


7 ` Asheroft, G. "e 
; Assabghy, F. Y 


Bladder Bile, 372 
Anderson, Norman G.: see under Gerin, John L. 
Andrews, M. K., and Thomas, 1. O.: Electron Density Distribution above che 
Winter Pole, 223 
Ankerst, Jaro: see under Sjogren, Hans O. > 
Anton-Tay, Fernando, and Wurtman, Richard J.: Regional Uptake of *H-Mala- 
tonin from Blood or Cerebrospinal Fluid by Rat Brain, 474 


= 


Rays from Pulsars, 645 

tcher, R., Chauvet, J., and Chauvet, M. T.: Évolution of the Neurohypophysial 

Hormones, with Reference to Amphibians, 759 

A rcos, Joseph C., Argus, Mary F., and Wolf, George: Structural Bases and Bio- 
logical Mechanisms, review by F. J, C. Roe, 391 

Argus, Mary F.: see under Arcos, Joseph C. 

Arigoni, D.: see under Lüthy, J. 

Armstrong, Richard Lee: Control of Sea Level relative to the Continents, 1042 

Arnon, l.: Organization and Administration of Agricultural Research, review by 

~ D. Rudd jones, 4174 

see ‘under Watt, J, A, G. 

see under Robson, D. 

; Austin, A. T ud Pearson, B.: Woodward-Hoffman Orbital Symmetry Rules and 

Neighbouring Group Inhibition of Diene Reactivity, 949 


: Austin, J. P: see under Glaser, E. M. 


ku eene Ju 





- Austin, Margaret, Day, R. H., and Singer, G.: Visual Orientation Illusion following 
z Judgments with a Tilted Visual Field, 583 

Axelrod, J,: see under Mueller, R. A. 

Axon, HE. , Elliott, D. and Smith, P. L.: Structural Variations in Iron Meteorites, 


1 Bach-y-rita, Paul, Collins, Carter C., Saunders, Frank A., White, Benjamin, and 


Scadden, Lawrence: Vision Substitution by Tactile Image Projection, 963 
Backhurst, J, R., Goodridge, F., Plimley, R. E., and Fleischman, M.: Some Aspects 
ofa Fluidized Zine Oxygen Electrode System, 55 


_ Badcock, Julian: Colour Variation in Two Mesapelagic Fishes and its Correlation 






| Ball, 


: Bandermann, L. W., and Wolstencroft, R. D. 


with Ambient Light Conditions, 383 


pj Baddiley, J .i see under Hussey, Helen 


dger, G. M.: Aromatic Character and Aromaticity, review by R. E. Busby, 1274 


* Baker, P. F.: Monsters by Sonar, correspondence, 201 


& Presley, R.: Kinetic Evidence for an Intermediate Stage in the Fertilization 
of the Sea Urchin Egg, 488 
lan R., and Fernando, C. H.: Freshwater Triclads (Platyhelminthes and 
Turbellaria) and Continental Drift, (143 
Interpretation of Doppler Shifts 
in the Zodiacal Light Spectrum, 251 
Sanc David Armitage, and Bannerman, W. Mary: History of the Birds of 
t. the Cape Verde Islands, review by Landsborough Thomson, 198 
Bannerman, W. Mary: see under Bannerman, David Armitage 
“Bantilan, R. T.: see under De Datta, 5. K, 
| MAU. $,: see under Carrel, S 
, Barber, C URS Precision VERUM and Calibration-Selecced NBS Papers on 
Temperature, review, 980 
: Barchas, Jack D.: see under Ciaranello, Ronald D. 
x. Barchas, Rebecca Ex see under Ciaranelio, Ronald D. 
= Barker, Harold, Burleigh, Richard and Meeks, Nigel: New Method for the Com- 
bustion of Samples for Radiocarbon Dating, 49 


parao, M. V, Krishna: Implications of Observations of Very High Energy Gamma 








INDEX 


Barnard, Eric A.: Biological Function of Pancreatic Bibonuciease, 340 

Barnes, R. D.: see under Tuffrey, Maureen 

Barnes, William T.: see under Richards, Frank F. 

Barnett, C.H.: Oceanic Rises in relation to the Expaniding Earth Hypothesis, 1043 

Barnothy, M. F.. and Sumegi, L: Abnormalities in Crgans of Mice induced by a 
Magnetic Field, 270 

Baroni, C. D., and Ward, Elsie N.: Persistence of Resette-forming Calls 
Term Spleen Cell Tissue Cultures, 766 

Bartlett, M. S.: Mathematical Ideas in Biology, review, 291 
Probability and Prejudice, correspondence, 786 

Barwell, F. T.: Injection Mould Design (for Thermoslastics), review, 592 

Bass, N., Chapman, G., and Chapman, J. M.: Uptake of Leucine by Larvae and 
Adults of Nereis, 476 à 

Bassett, D. W., and Parsley, M. L: Field lon Microscope Observations of Cluster 
Formation in Metal Deposits on Tungsten Sudaces, [046 

Bastin, J. A.: see under.Beckman, J. E. 

Bauchinger, M.: see under Schmid, E. 

Baugh, P. J., Kershaw, K., and Phillips, G. O.: Eleciron Spin Resonance Study of 
y-Irradiated Carbohydrate leas at Low Temperatures, 1138 

Bautista, E. M.: see under MacRae, i. C. 

Bautz, Ekkehard K. F.: see under Burgess, Richard E, 

Bavister, 8. D.: see under Edwards, R 

Baylis,G. T. $.: Synthesis of Mycorrhizas i in Podocarpus and Agathis with Endagons 
Spores, 1267 

Beale, J, S. and Davies, R. D.: Neutral Hydrogen Asymmetry in the Galaxy MIO! 
as Évidence for Tidal Effects, 531 

Beas, Francesco, and Flores, Hernando: Characterization and Properties of à New 
Placental Protein, 574 

Beasley, Thomas M. , Osterberg, Charles L., and lenes, Yvonne M.: Natural and 
Artificial Radionuclides in Seafoods and Mare Protein Concencratas, 1207 

Becker, Robert, O.: see under Marino, Andrew A. 

Beckman, A. L,, and Carlisle, H. J.: Effect of Intrabypothalamis Infusion of Acezyl. 
choline on Behavioural and Physiological Thermoregulation in the Rar, 561 

Beckman, J. E., Bastin, J. A. and Clegg, P. £.: Continuous Spectrum of Tauri A 
at 1.2 mm Wavelength, 944 

Beckwith, Jonathan R.; see under Silverstone, Allon E. 

Beisel, William R.: see under Feigin, Raiph D. 

Belamarich, F., A.: see under Shepro, D. 

Bell, R.J.: Pair Distribution Function for a Two- -Limensional Liquid, 50 

Bell, NM Special Functions far Scientists and: ‘Engineers, review by L. Mirsky, 


; in Long 


Benesch, Reinhold, and Benesch, Ruth E. Intracellular "ar Phosphates as 
Regulators of Oxygen Release by Haemotiogin, 618 

Benesch, Ruth E.: see under Benesch, Reinhold 

Bennett, J. S., and Gates, J. W. C.: Holography of Maui Reflecting Objects 
using a Double Focus Lens.,1234 

Bennich, H.: see under Turner, M. Ww. 

Berendsen, E. 1. C.: see under Vries, Jd. de 

Bergh, Sidney van den: Globular Clusters in the Andromeda Nebula, 48 

Bernal, J. D.: Science in History, 1174 

Berns, Michael W., Olson, Robert $S., and Rounds, Donald E.: in vitràá- Production 
of Chromosomal Lesions with. an Argon Baser Microbeam, FE 

Bertolini, A., Vergoni, W., Gessa, G., L., and Berrari, VV: induction of Sexual 
Excitement by the Action of Adrenocorti&otrophic Hormona in Brain, 667 

Bertotti, B., Cavaliere, A., and Pacini, F.: Rosating Neutron Stars and Pulsar 
Emission, 624, erratum, 982 

Best, J. B.: see under Schaup, H.W. 

Biddle, C.A.: Gemma Frisius, Tycho Brahe and/Snellius and their Triangülations, 
review, 784 

Biegler, Ruth ed: see under Lucas, Joseph 

Billingsley, J., and Callear, A. B.: Negative Temperature Coefficient of tha 
Vibrational Relaxation of Nitric Oxide: an Orientation Effeer, 1136 

Bingham, E. T: Haploids fom Cultivated Alfaa, Medicago setiva L., 864 

Binns, R, A., Davis, R. J., and Reed, S, J. B.: Bingwoodite, Nazural (Pg. Fel, SiO, 
$p inel in the Tenham Meteorite, 943 

Birktoft, PE 1.:: see under Blow, D. M. 

Birmingham, Marion K.: see under Holz-Bauer. Margarethe 

Bishop, Norman l.: see under Senger, Horst 

Bishun, N. P.: see under Tuffrey, Maureen 

Bitensky, L.: see under Chalmers, R.A. 

Black, A.: see under Hounam, R. F. 

Black, David C.: Pulsars, White Dwarf Atmospheric Pulsations, 157 

Blackman, M.: New Constitution for BritishePhysicists, correspondence, 105 

The Anharmonic Crystal, review, 392 

Blake, N.M. and Kirk, R. L.: New Genetic Var ant of 6-Phosphogluconate Dehydro- 
genase in Australian Aborigines, 278 

Bleby, John: The Germfree Animal in Reseasch, review, 690 

Bletchley, F. R. and Donovan, B. T: Luteowtic Effect of Prostaglandin in the 
Guinea-pig, 1065 DM 

Bloch, S.: see under Hales, A. L. 

Blomberg, Baruch S.: see under Levene, Cyr 

Blow, D.M., Birktoft, J. }. and Hartley, B. S.. Role of a Buried Acid Group in the 
Mechanism of Action of Chymotrypsia, 337 

Blumberg, Baruch $., see under Lau, Thomas 

Bodycote, D. Judy: see under Heddle, John 4. 

Bolander, Richard W., Kassner, James i., anc Zung, loseph T: Cluster Structure 
of the Anomalous Liquid Water, [232 

Bonavida, Benjamin, Sapse, Alfred Tand Sercarz Eli E.: Specific Tear Presibumin: 

. a Unique Lachrymal Protein absent feom Serum and other Secretions, 375 

orman,l.: see under Kaklamanis, E. 


lv INDEX , 


Borsook, Henry, Ratner, Karen, and Tattrie, Brenda: Differential immune Lysis 
of Erythroblasts, 1261 

Boswitz, C.: see under Kakiamanis, E. 

Bouchier, lan: see under Morris, Norman 

Bouchier, lan A. D.: see under Anderson, F., 

Bouhuys, Arend: Physiology and Musical Instruments, news, 1199 

Bourne, Geoffrey H.: see under Manocha, Sohan L. 

Bourne, W. R. P; Bird Room at the Museum, correspondence, 1177 

Bouvier, George L. le;  Physicochemical Characteristics of Rubella Antigens 
Theta and lota, 78 

Bovre, Kjell: see under Kumar, Sushil l 

Bowden, K. F.: Current Ripples, review, 692 

Ocean Currents, review, 692 

Bowden, P. B., and Jukes, J, A.: Deformation Bands in Amorphous Polystyrene 

and their Relationship to the Slip Line Fields, 462 


Bowen, E. J. ed: Luminescence in Chemistry, review by Frank McCapra, B84, 


erratum, 1278 

Bowman, M. R., Gibson, A. J., and Sandford, M. C, W.: Atmospheric Sodium 
Measured by Tuned Laser Radar, 456 

Boyaner, H. G.: Influence of Alcohol on Coronary Function in Rabbits with 
Artherosclerosis induced by Cholesterol, 1056 

Boyle, J. J.: see under Gladych, J. M. Z. 

Bradburne, A. F.: Sensitivity of L132 Celis to Some “New” Respiratory Viruses, 85 

Braddick, H. ).: Practical Physics, review, 1273 

Bradt, H. V.: see under Rappaport, S. 

Brahe, Tycho, see Title index 

Brandriss, Michael: Antibody-like Activity to the 2,4-Dinitrophenyl Group in 
Normal Human Sera, 960 

Breuer, M. M., and Robinson, D.: Dielectric Diffusion—A New Cross Pheno- 
menon, [E16 

Bridges, C. D. B., and Yoshikami, $.: Uptake of Tritiated Retinaldehyde by the 
Visual Pigment of Dark-adapted Rats, 275 

Bridie, A. H.: Spectra of Some Radio Sources at Centimetre Wavelengths, 349 

10 MHz Absorption in the Local Spiral Arm, 648 

Brocklehurst, B.: Formation of Excited States by recombining Organic lons, 921 

Brocklehurst, K.: The Chemistry of Imidoyl Halides, review, 883 

Brodie, Paul e Mandibular Layering in Delphinapterus leucas and Age Determina- 
tion, 956 

Brody, Edward M.: see under Milanesi, Gabriele 

Brooks, D.: see under Hussey, Helen 

Brooks, John R. V.: Engineering Properties of Rocks, review, 392 

Brown, A. G., Eyton, W. B., Holmes, A., and Ollis, W, D.: Identification of the 
Thearubigins as Polymeric Proanthocyanidins, 742 

Brown, Carolyn A., Draper P., and D'Arcy Hart, P.: Mycobacteria and Lysozymes: 
a Paradox, 658 

Brown, D. M., and Hewlins, M. J.E.: Hydrogen-bond Association of N(4)-Hydroxy- 
cytosine with Purines, 656 

Brown, M. Henderson, see under Hale, K, F. 

Brown, Paul K.: see under Cone, Richard A. 

Brown, Ronald D.: see under Geiduscheek, E. Peter 

Brownlee, Robert G., Silverstein, Robert M., Muller-Schwarze, Dierland, and 
Singer, Alan G.: {solation, Identification and Function of the Chief Com- 
ponent of the Male Tarsai Scent in Black-tailed Deer, 284 

Brunet, P. C. J: The Cockroach, review, 882 

Bryant, Susan V.: see under Singer, Marcus 

Bubela, B., and McDonald, J. A.: Formation of Banded Suiphides: Metal lon 
rs ula and Precipitation by Inorganic and Microbial Sulphide Sources, 
4 


Buckel, H.: see under Cornforth, J. W. 
Bullimore, J. A.: see under Chan, B. W. B. 
Bumpus, F. M.: sea under Carretero, O. A. 
Bunney, Sarah: International Zoo Yearbook, review, 1080 
Burbridge, G., and Hoyle, F.: Condensed Objects in the Crab Nebula, 847 
Burch, P. R.J.: An Inquiry Concerning Growth, Disease and Ageing, review by 
F. Post, 197 
Down's Syndrome and Maternal Age, 173 
Klinefeiter's Syndrome, Dizygotic Twinning and Diabetes Mellitus, 175 
Late Somatic Effects of lonizing Radiation, review, 783 
Burdick, Carolyn J., and Himes, Marion: Nuclear Proteins of Hepatocyte and 
Erythrocyte Nuclei of Frog Liver, 1150 
Burgess, Richard R., Travers, Andrew A., Dunn, John J, and Bautz, Ekkehard K. F.: 
Factor Stimulating Transcription by RNA Polymerase, 43, erratum, 202 
Buringh, P.: Introduction to the Study of Soils in Tropica! and Sub-tropical 
Regions, review by G. A. Worrall, 103 
Burkhardt, Dwight A.: Distinction between a Proximal Negative Response and 
the Local b Wave in the Retina, 879 
Burleigh, Richard: see under Barker, Harold, 49 
Burlin, T. E., Chan, F. K., Zanelli, G. D., and Spiers, F. W.: Effect of Particle Size 
on the Thermoluminescence of Lithium Fluoride, 1047 
Burroughs, W. J.: see under Gebbie, H. A. 
Burstein, G. T., and Wright, G. A.: Bismuth (V) Aqueous Fluoride Solution, 169 
Busby, R. E: Aromatic Character and Aromaticity, review, 1274 
Busey, William M.: see under Homan, Elton R 
Butenko, R. G.: Plant Tissue Culture and Plant Morphogenesis, review by G. C. 
Henshaw, 103 : 
Buttler, Haro Von: Nuclear Physics, review by John M, Titman, 693 
Byers, Gregory S.: see under Ciaranello, Ronald D. 


Cadman, C.H.: Viruses in Plant Hosts, review, 979 

Cahn, R. W.,and Harris, B.: Newer Forms of Carbon and their Uses, 132 

Calam, D. H.: Species and Sex-specific Compounds from the Heads of Male 
Bumblebees (Glossina spp.}, 856 

Callear, A. B., Connor, J., and Dickson, D. R.: Electronic Spectra of Thioform- 
aldehyde and the Methyl Thiyl Radical, 1238 

see under Billingsley, J. 

Calloway, Doris Howes: see under Waslien, Carol, |. 

Camp, U. de la: see under Hope, H. 

Canese, Maria G.: see under Mollo, Franco 

Canuto, Vittorio: see under Chiu, Hong-Yee 

Carefoot, G. L., and Sprott, E. R.: Famine on the Wind, review by G. C, Ains« 
worth, 881 

Carlisle, H. J see under Beckman, A. L. 

Carome, E. f Laser-induced Acoustic Breakage of Tobacco Mosaic Virus, 660 

Caron, G. A., and Poutala, S.: Lymphocyte Transformation after Exposure to 
Antigen at 4° C, 478 , 

Carrell, S., Gerber, H., Barandum, $.: Preparation of Polyacrylamide Gels which 
contain Protein and their Use as High Capacity Immunosorbents, 385 — 

Carretero, O. A., Bumpus, F. M., and Smery, R., R.: Pressor Response to Angio- 
tensins | and {land Renin in Rats treated with Carbon Tetrachloride, 1067 

Carter, R. Lo see under Roe, F. 1, C. 

Carthy, |. Do Bird Navigation, review, 101 e 


Cashel, Michael, and Gallant, Jonathan: Two Compounds impli i 
, Function of the RC Gene of Escherichia coli, 838 PERSE QUOS 
Cavaliere, A.: see under Bertotti, B. 
Cawley, B. M.: see under Sullivan, W. N. 
Challinor, R. A.: Universa! Time Control of the Polar lonosphere, 941 
Chalmers, R, A., Watts, R. W. E., Pallis, C., Bitensky, L., and Chayen, I: Crystal- 
line Deposits in Striped Muscle in Xanthinuria, 170 
Chamberlain, John: see uncer Gebbie, H. A. 
Chan, B. W. B., Hayhoe, F. G. L, and J. A, Bullimore: Effect of Extra-corporeal 
irradiation of che Blood on Bone Marrow Activity in Acute Leukaemia, 972 
Chan, F. K.: see under Burlin, T, E. 
Chandler, Robert F., jun.: improving the Rice Plant and its Culture, 1007 
Chandley, Ann C.: Paterna! versus Maternal inactivation in tha X Chromosome 
of Female Mice, 70 
Changeux, Jean-Pierre: sea under Podleski, Thomas 
Chapman, C. R.: see under Solberg, H. G., jun. 
Chapman, D., Leslie, R., B., Hirz, R. and Scanu, A. M.: 220MHz Nuclear Magnetic 
Resonance Spectra of High Density Serum Lipoproteins, 260 
Chapman, D. L, and Chapman, Norma G.: Geographical Variation in Fallow 
Deer (Dama dama L.), 59 
Chapman, Dennis ed: Biological Membranes, review by J, B. Finean, 495 
Chapman, G.: see under Bass, M. 
Chapman, J. M.: see under Bass, N. 
Chapman, Norma G.: see under Chapman, D. I. 
Chargaff, Erwin: see under Cheong, Loretta C. Y. 
Chase, H. P., Lindsley, W. F. B., jun., and O'Brian, Donough: Undernutrition 
and Cerebellar Development, 554 
Chait, J., Richards, R. L., Sanders, J. Ra and Fergusson, J, E.. Nitrogen Complexes 
as Models for Nitrogenase with Nitrogen on the Active Site, 551 
Chatterjee, Ashim B.: see under Martin, Dean F, 
Chau, F, C.: see under Shepro, D. 
Chauvec, J.: see under Archer, R. 
Chauvet, M. T.: see under Archer, R, 
Chayen, J.: see under Chalmers, R. A. 
Cheesman, D. F. and Whitehead, Anne: Possible Role in Conrraction of Structur- 
ally Bound Phosphate of Muscle, 736 
Cheong, Loretta C. Y., and Chargaff, Erwin: Native and Denatured DNA of 
Phage T3 and of E. coli B as Templates for RNA Polymerase, 1144 
Chesterman, F. C.: see under Gaugas, J. M. 
Cheung, A. C., Rank, D. M., Townes, C. H., Thornton, D. D., and Welch, W. 1: 
Detection of Water in interstellar Regions by its Microwave Radiation, 627 
& Rank, D. M., Townes, C. H., and Welch, VV. J: Further Microwave Emis- 
sion Lines and Clouds o? Ammonia in our Galaxy, 917 
Chiu, Hong-Yee, Canuto, Vittorio, and Fassio-Canuto, Laura: 
and Optical Emissions from Pulsars, 529 
Choquard, Philippe: The Anharmonic Crystal, review by M. Blackman, 392 
Chubb, R. C.: see under Churchill, A. E. 
Churchill, A. E,, Payne, L, N., and Chubb, R. C.: Immunization against Marek's 
Disease using a Live Attenuated Virus, 744 
Ciaranello, Ronald D., Barchas, Rebecca E., Byers, Gregory S., Stemmle, Donald 
W., and Barchas, Jack D.: Enzymatic Synthesis of Adrenaline in Mam- 
malian Brain, 368 
Clark, R, R. and Smith, F. G.: Polarization of Radio Pulses from Pulsar CP 0328, 724 
Clarke, Cyril A., ed: Selected Topics in Medical Genetics, review by E. H. R, 
Ford, 689 
Clarke, Edwin, and O'Malley, C. D.: Human Brain and Spinal Cord, A Historical 
Study illustrated by Writings from Antiquity to the Twentieth Century, 689 
Cleave, Charles D. van; Late Somatic Effects of lonizing Radiation, review by 
P. R. J. Burch, 783 
Clegg, P. E.: see under Beckman, 1, E. 
Clements, E, D.: see under Murray, C. A. 
Close, R., and Hoh, J. F, Y.: Pos:-tetanic Potentiation of Twitch Contractions of 
Cross-innervated Rat Fast and Slow Muscles, 179 
Clowes, R. C., and Hayes, VY. ed: Experiments in Microbial Genetics, review by: 
G. G. Meynell, 497 ue 
Coates, M. E: The Germfree Animal in Research, review by Jobn Bleby, 690 
Cobbs, Walter H.: see under Cone, Richard A. 
Coblans, Herbert: Automation in Libraries, review, 1176 
Cocke, W. J., Disney, M. J., and Taylor, D. J.: Discovery of Optical Signals from 
Pulsar NP 0532, 525 
Coelho, R., and Sibillot, P.: Direc: Current Pre-breakdown Phenomena in Liquid 
Nitrogen, 757 
Coetzee, J. A.: Paleoecology of Africa and of Surrounding Islands and Antarctica, 
review by M. E. S. Morrison, 589 i 
Cohen, Bernard i.: An Inquiry into Speculative Newtonian Experimental Science 
and Franklin's Work in Electricity as an. Example Thereof, review by L. 
Rosenfeld, 104 
Cohen, Edward P.: Partial Characterization by Molecular Hybridization of 
RNAs from immunocompetent Cells exposed to Antigen, 685 
Cole, 3. A.: Taylor Vortices with Eccentric Rotating Cylinders, 253 
Cole, T. WY.: Stability of Pulsar Periods, 29 
Collins, Carter C.: see under Bach-y-Rita, Paul 
Coltheart, Max: Effects of Two Kinds of Distance Information on Visual Judgments 
of Absolute Size, 388 l 
Colton, R., and Martin, R. L.: Eclipse Prediction at Stonehenge, 101! 
Comella, J. M., Craft, H. D., jun., Lovelace, R, V. E., Sutton, J. M., and Tyler, G. 
Leonard; Crab Nebula Pulsar NP 0532, 453 
Comings, David E.: Incorporation of Tritium of *H-Arginine into DNA as the 
Explanation of "Late Synthesis of Protein'' on the Human X Chromosome, 
$7 


Nacure of Radio 


0 

Cone, Richard A., and Brown, Paul K.: 

in the Isolated Rat Retina, 818 
& Cobbs, Walter H.: Rhodopsin Cycle in the Living Eye of the Rat, 820 

Connell, Alastair: see under Morris, Norman 

Connor, 1: see under Callear, A. B. 

Cooke, D. J.: see under Radhakrishnan, V. 

Cooper, G., A.: see under Crivelli-Visconti, I 

Corey, E. J.: see under Ramwell, P, VV. 

Cornforth, J, W., Redmond, J. W., Eggerer, H., Buckel, W., and Gutschow, 
Christine: Asymmetric Methyl Groups and the Mechanism of Malate 
Synthase, 1212 

Cornwall, |}. W.: Prehistoric Animals and their Hunters, review by lane M. 
Renfrew, 100 l 

Cornwell, P, B.: The Cockroach, review by P. C. J. Brunet, 882 

Cotter, Rosalind |., and Gratzer, W. B.: Conformation of Ribosomal RNA 
E. coli: an infrared Analysis, 155 

Coulson, C. A.: d Electrons and Molecular Bonding, 1107 . 

Couvering, J. A. van, and Miller, J. A.: Miocene Stratigraphy and Age Determina- 
tions, Rusinga Island, Kenya, 628 

Cox, R.R. $.: Solving Problems in Dynamics, review by L.S. Goddard, 292 

Craft, H, D., jun.: see under Comella, LM. 


Spontansous Regeneration of Rhodopsin 








Crivelli-Visconti,l., and Cooper, G. A.: Mechanical Properties of a New Carbon 
Fibre Material, 754 

Crampton, R. F.: see under Shilling, W. H. 

Cronquist, Arthur: The Evolution and Classification of Flowering Plants, review 
by V. H. Heywood, 293 

Croon, D. L., and Powell, R.J.: Outstanding Solar Radio Burst at 4.2 mm, 945 

Cross, M. R.: see under Kelman, G, R. 

Crowther, J. G.: A Short History of Science, review by Marie Boas Hall, 1079 

Cuevas, J. E.: Fibre Content in Graphite reinforced Composites, 1135 

Cumming, Gordon: see under Morris, Norman 

Cundall, R. B.: see under Aldrich, 1. E. l 


Diss. L., M. and Visser, W.: Effect of Sodium Cyclamate on the Growth of 
Rats Compared with other Variations in che Diet, 9I 

Daly, J. J.: see under Watt, J. A.G, 

Daly, Richard F.: Neurological Abnormalities in XYY Males, 472 

Dangerfield, Harry G.: see under Feigin, Ralph D. 

D'Arcy Hart, P.: see under Brown, Carolyn A. 

Darlington, Clare: see under Oxbury, John 

Datta, S. K. de, Bantilan, R. T., and Park, J. K.: Selective Control of Annual 
Grassy Weeds in Transplanted Tropical Rice with a-2,2,2-Trichtoroethyl 
Styrene, 64 

David, P. M.: Why so Long Delayed? correspondence, 1277 

Davidson, Kris, and Terzian, Yervant: Galactic HII and the Dispersion Measures 
of the Pulsars, 729 l 

Davies, D.: The Great Alaska Earthquake of 1964, review, 1274 

Davies, Hilda, M.: see under Owen, G. 

Maven e G., Hunt, G. C. and Smith, F. G.: Changing Periodicities in the Pulsars, 


P Davies, R. D.: see under Beale, J. S. 
Davies, R.i.: see under Qureshi, R. H. 
Davis, Martin: A First Course in Functional Analysis, review by L., $. Goddard, 199 
Davis, R. J.: see under Binns, R.A. 
Dawson, Terence, HL, and Hulbert, A. 1.: 
supials, 383 
Day, M. H.: Femoral Fragment of a Robust Australopthecine from Olduvai Gorge, 
Tanzania, 230 
Day, R. H.: see under Austin, Margaret 
Dean, A. C. R. and Rodgers, P. J.: Action of Urea on the Activity of Dehydro- 
enases and a-Glucosidase in Aerobocter arogenes grown in Continouus 
ulture, 969 
Viam R., Del Mar, C. B., Parr, M.J., and Popham, E. J.: When Limpets Move, 





Standard Energy Metabolism of Mar- 


eie a RMS AVARAD atte ete 


DeFries, J, C.: Pleiotropic Effects of Albinism on Open Field Behaviour in Mice, 65 

Delektorskaya, L. N.: see under Zbarsky, 1. B 

Delektorsky, V. V.: see under Zbarsky, I. B. 

Denenberg, Victor H., Rosenberg, Kenneth M., Paschke, Richard, and Zarrow, 
M, X.; Mice reared with Rar Aunts: Effects on Plasma Corticosterone and 
Open Field Activity, 73, erratum, 202 

Denhardt, D. T., and Marvin, D. A.: Altered Coding in Single Stranded DNA 
Viruses? 769 

Danunzio, A.: see under Gabridge, M. G. 

Derr, Ina: see under Prager, Morton D. 

Derry, J. E. and Hamor, T. A.: Stereochemistry of the Diquat lon in the Crystal- 

E line Dibromide Salt, 464 

E De-Thé, G., Ambrosioni, 1. C., Ho, H. C., and Kwan, H. C.: Lymphoblastoid 

$ Transformation and Presence of Herpes-type Viral Particles in a Chinese 
Nasopharyngeal Tumour cultured in vitro, 770 

Devons, S.: The Theory of Neutron Resonance Reactions, review, 104 

Dewey, Nicholas: An Unhonoured Biologist, correspondence, 394 

Dhariwal, A, P. S.: see under Root, A. W. 

Dickson, D. R.: see under Callear, A. B. 

Dickson, T. R.: An Introduction to Programming and Numerical Methods, review 

à by J. G. Sime, 588 

t BDiehn, Bodo: Two Perpendicularly Orientated Pigment Systems involved in 
Phototaxis of Euglena, 366 

Dimbleby, G, W.: Digging but not Keeping, correspondence, 1176 

Dimond, John B., and Sherburne, James A.: Persistence of DOT in Wild Popula- 
tions of Small Mammals, 486 

Disney, M, 1.: see under Cocke, W. J. 

Distler, G. H., and Shenyavskaya, L, A. 
Amorphous Films, 52 

Dobson, G. M. B.: Exploring the Atmosphere, review by David W. Hughes, 98! 

Doctor, B, P., Fuller, W., and Webb, N. L.: Arrangement of the Helical Regions 
in E. coli Tyrosine tRNA, 58 

Dodd, N.J. F., and Ebert, M.: Free Radical Reactions modify Cellular Damage, 1245 

Dodge, Philip R.: see under Fishman, Marvin A. 

Doinick, E. H., Lindahl, Ivan L., Terrill, C. E., and Reynolds, Paul J.: Cyclophos- 
phamide as a Chemical "Defleecing" Agent for Sheep, 467 

Donovan, B, T.: see under Bletchley, F, R 

Doria Gino and Agarossi, Giovanna: immunologically Competent Thymus Cells 
of Bone Marrow Origin, 871 

Dorzdova, T. V.: see under Manskaya, S. M. 

Downham, E.: Simple and Complex Vibratory Systems, review, 292 

Drake, John W., Allen, Elizabeth F., Forsberg, Susan A., Preparata, Rosa-Maria, 
and Greening. Elaine O.: Genetic Control of Mutation Rates in T4 Bacterio- 
phage, 1128 

Draper, P.: see under Brown, Carolyn A. 

Drucker, D. B.. and Melville, T. H.: Computer Classification of Streptococci, 
mostly of Oral Origin, 664 

Druett, H.A. see under May, K. R. 

Dugdale, R. C.: see under Forbes, Robert B. 

. Duggan, M. 1, Greensiade, E., and jones, B. E.: 

pocoo. Occupational Exposure, 83! 

Dunn, John 1.: see under Burgess, Richard R. 

Dunning, R. W.: Sociology of the Mdewakantonwan Santee, review, 389 

Dunstan, Sonia: Principles of Chemistry, review by Peter Sykes, 691 

Durbin, R. P.: see under May, L. 

Durney, B. R. and Roxburgh, t. VV.: Model Atmosphere Calculation of the Solar 

2 Obílateness, 646 


{SIE Reema tono 




























Polarisation Structure of Interfacial! 


External Radiation Doses fram 


alsey, Eliza Waller: Effect of Vitamin By, on Motility and Palmella Formation 
in a Marine Flagellate under Biothermal! Stress, 1170 

stwood, D., Tavener, R. 3, A., and Laidman, D, L.: Sequential Action of Cyto- 
kinin and Gibberellic Acid in Wheat Aleurone Tissue, 1267 

Ebert, M.: see under Dodd, N. 1. F. 

4 Ede, D. A., and Law, J. T.: Computer Simulation of Vertebrate Limb Morpho- 

genesis, 244 

Edmunds, Malcolm: Evidence for Sexual Selection in the Mimetic Butterfly 

Hypolimnus misippus L., 488 


| | INDEX | v 


Edsall, John T.: see under Shurcliff, William A. 2 

Edwards, J. H.: The Knight's Move, correspondence, 592 on ea 

Edwards, R. G., Bavister, B. D., and Steptoe, P. C.: Eary Stages of Fertilization 
in vitro of Human Oocytes Matured in vitro, 632 

- Did Fertilization Occur?, correspondence, 981 

Edwards, S. F.: Selected Scientific Papers of Egil A. Hylleraas, review, 785 

Egar, Margaret: see under Hughes, Arthur F. 

Eger, Edmond !., ll: see under Miller, Stanley L. 

Eggerer, H.: see under Cornforth, J. W. l im 

Ehrenpreis, 5., and Solnitzky, Othmar C: Neurosciences Research, Vol. i, 
review by Leslie L. iversen, 102 

Eisenstadt, A.: see under Parenti-Rosina, R. 

Eisenstadt, J. M.: see under Parenti-Rosina, R. 

Elkeles, A.: Alpha-ray Activity in Large Human Arteries, 662 

Elliott, D.: see under Axon, HL J. 

Ellory, J. C., and Keynes, R. D.: 
Cell Ghosts, 776 

Emmerich, Hans: Distribution of Tritiated Ecdysone on Salivary Gland Calis of 
Drosophila, 954 

Eng, Lie-Injo Luan: sae under Kirkman, Henry N. | l " 

Ericsson, R, Jo Capacitation in vitro of Rabbit Sperm with Mule Easinaphiis, $68 

Esau, Katherine: Viruses in Plant Hosts, review by C. 4. Cadman. 379 

Etherington, J. R.: Water Deficits and Plant Growth. review, 496 

Ette, Hedwig: see under Zimmer, Guido 

Exley, D.: Functions of the Adrenal Cortex, review, TER, erratum, 928; 

Eyton, W., B.: see under Brown, A. G. 


Binding of Tritiatee Digoxin to Human Red 


Faber, Albert J.: see under Tamaoki, Taiki 

Fabia, Jacqueline: Hiegitimacy and Down's Syndrome: (157 Ea 

Fairhead, J. D., and Girdler, R. W.: How far does theifufe System extend through 
Africa? 1018 

Fallon, Patrick: Mr. Short's Shibboleth, correspondenee, 786 

Farmer,!. W.: Engineering Properties of Rocks, revisw by John R. V. Brooks, 392 

Fassio-Canuto, Laura: see under Chiu, Hong-Yee l l ! 

Feigin, Ralph D., Dangerfield, Harry G., and Beisel, Wiliam R. Circadian Period- 
dicity of Blood Amino Acids in Normal and jdrenatectomized Mice, 94 

Feinberg, Stephen: see under Anthony Robertson 

Feinstein, À.: see under Milstein, C. 

Feinstein, Bertram: see under Alberts, VV. Watson 

Felten, James E., and Rees, Martin L: Cosmologicil Implications af tha Diffuse 
X-Ray Background, 924 

Fentiman, A. F., jun.: see under Kinzer, G. W. 

Fergusson, J, E.: see under Chatt, J. 

Ferlauto, R. 1.: see under Gladych, 1. M. Z. 

Fernando, C. H.: see under Ball, lan R. 

Ferrari, W.: see under Bertolini, A. 

Festing, Michae! F. W.: Inbred Mice in Research, ^16 l 

Field, E. J., Adams, D. H. and Joyce, Greta: Neurciogical Hiness after Inoculation 
of Tissue from Tumour Bearing Animals, 1265 

Fielder, G.: An Introduction to Planetary Physics, eview, 784 

Fiennes, Gerard: British Railways in Transition, review, 781 

Fiers, W.: see under Wachter, R. de 

Fikrig, Senih M., Musto, Richard V., and Uhr, Jonacnan W.: Antibody Production 
in the Absence of an X Chromosome, 870 

Finean, 1. B.: Biclogical Membranes, review, 495 a 

Fisher, Bernard: see under Fisher, Edwin R. 

Fisher, Daniel B., and Mueller, Gerald C.: N-Acesyi-D-galactosamine inhibits the 
Early Phospholipid Response by Lymphocystes to Phytohaemagglutinin, 566 

Fisher, David E.: Fission Track Ages of Deep Sea Glasses, 549 

Fisher, Edwin R., Soliman, Osama, and Fisher, Bernard: Effect of Antiíymphocyte 
Serum on Parameters of Growth of MCAsinduced Tumours, 

Fisher, Gerald H.: Sizes of Retina! Images formec by Distant Objects, 584 

Fisher, R. B.: Physiology and Pathology of Membrane Digestion, review, 591 

Fishman, Marvin A., Prensky, Arthur L., and Dodge, Philip Ri: Low Content of 
Cerebral Lipids in Infants suffering from Malnutrition, 552 

fiazt, G., Saengudom, Ch., and Sanguanbhokeal, T: Lactose intolerance in 
Thailand, 758 

Fieet, B.: Practical Polarography, review, 1080 

Fleischmann, M.: see under Backhursr, J. R. 

Flert, A, M.: see under Foster, Patricia R. 

Flores, Hernando: see under Beas, Francesco 

Fogg, G. E.: Photosynthesis, review by T. W. Gaodwin, 883 

Foltz, R. L.: see under Kinzer, G. W. 

Forbes, Robert B., Dugdale, R. C., Katsura, T., Matsumoto, ti and Harmura, PE: 
Dredged Basalt from Giacomini Seamoum, 849 ` 

Ford, Bob: see under Rothschild, Miriam 

Ford, E. H, R.: Selected Topics in Medical Genetics, review, 689 

Forrester, J. C., Hunt, T. K., Hayes, T. Land Pease, R. F, Wo: Scanning Electron 
Microscopy of Healing Wounds, 373 

Forsberg, Susan A.: see under Drake, John W. | 

Foster, Patricia R., Flett, A. M., and Howie, E H.: Atmospheric Noise at 33:5 

z, 160 

Fotherby, K.: see under Kamyab, $. 

Foulkes. D. M.: Metabolism of Thiazole Aceme Acid Derivatives and the NIH 
Shift, 582 

Francis, T. 1, G.: Generation of Siesmic Anisetropy in the Upper Mantle along 
the Mid-Oceanic Ridges, 162 

Frangione, B.. Milstein, C. and Franklin, Edwasd C.: Chemical Typing of Immuno- 
globulins, 149 

& Milstein, C. and Pink, J. R. L.: Structuridi Studies of immunoglobulin G, 145 

Franklin, Edward C.: see under Frangione, B. 

Franzen, Marilyn: see under Goldman, Leon 

Fretter, V.: Studies in the Structure Physiology and Ecology of Molluscs, 
by C. M. Yonge, 782 

Friedman, H., Fritz, G., Henry, R. C., Hollinger J. P., Meekins, J. Fo and Sadeh, D. 
Absence of Pulsar Characteristics in Several X-ray Sources, 145 

Friedmann, Nadav, and Miller, Stanley L Senthesis of Valine and Isaleucine in 
Primitive Earth Conditions, 1152 

Frisius, Gemma: see Title index 

Fritz, G.: see under Friedman, H. 

Frohlich. H.: Proposed Model Experimentseon the Storage of Light Energy in 
Photosynthesis, 976 

Fryer, G.: ts Botany Dead? correspondence, 2:1 

Fuccilio, David A.: see under Horta-Barbosa, Luiz 

Fukada, Elichi: see under Furukawa, Takeo 

Fuller, Renee N., and Schuman, Joyce B.  Phenylketonuria and intelligence: 
Trimodal Response to Dietary Treatment, 639 

Fuller, W.: see under Doctor, B. P. 

Furukawa, Takeo, and Fukada, Eiichi; Piezselectric Effect and ics Temperature 
Variation in Optically Active Polyprosylene Oxide, 1235 


review 


vi | INDEX l 


Gator, Prof.G.: Holography Lecture, news, 616 
Gabridge, M. G., Denunzio, A., and Legator, M. S.: Microbial Mutagenicity of 
, Streptozotocin in Animal-mediated Assays, 68 
Gabriel, A. H., and Jordan, Carole: Long Wavelength Satellites to the He-like 
.. fon Resonance Lines in the Laboratory and in the Sun, 947 

Gallant, Jonathan: see under Cashel, Michael 

Ganton, J. H.: see under Milne, A. R. 

Gaposchkin, E. M., and Wright, James, P.: Measurable Effect of General Relativity 
in Satellite Orbits, 650 

Garb, Solomon: Risk of an Astrodemic, correspondence, 106 

Garbus, Joel: see under Weinbach, Eugene C, 

Garrison, Warren M.: see under Holian, John 

Garrod, D. R.: see under Gingell, D. 

Cass, pte T i,L.: Structural Evolution of the Rift Zones in the Middle 
ast, 

Gasser, R. P, H., and Vaighr, P. Ro Distribution of Catalytically Active Sites on 
Clean Metal Surfaces, 166 

Gates, J. W. C.: see under Bennett, 4. S. 

Mii. C. E.: Assessment in Clinical Psychology, review by Valerie Walker, 


Gaugas, J. M., Chesterman, F, C., Hirsch, M. $., Rees, R. J. W., Harvey, Jennifer 1.. 
and Gilchrist, C.: Unexpected High incidence of Tumours in Thymecto- 
mized Mice Treated with Anti-lymphocyte Globulin and Mycobacterium 
leprae, 1033 

Gaustad, John E. see under Sasiaw, William E. 

Gebbie, H. A., Burroughs, W. 3., Chamberlain, John, Harris, J. E. and Jones, R.G.: 
Dimers of the Water Molecule in the Earth's Atmosphere, 143 

Geck, Peter: see under Zimmer, Guido 

Geiduschek, E. Peter, Sklar, Jeffrey, Haselkorn, Robert, Vogel, Margaret, and 
hen Ronald, D.: Role of Host RNA Polymerase in Phage Development, 

see under Milanesi, Gabriele 

Genco, Robert J., and Taubman, Martin A.: Secretory y-A Antibodies induced by 
Local Immunization, 679 

George, Wilma: Heredity, Evolution and Society, review, 979 

Georgii, H. W., and Jost, D.: Concentration of CO, in the Upper Troposphere 
and Lower Stratosphere, 1040 

Gerber, H.: see under Carrel, S. 

Gerin, John L., and Anderson, Norman G.: Purification of Influenza Virus in the 
K-i} Zonal Centrifuge, 1255 

Gessa, G, L.: see under Bertolini, A. 

Gibbs, D. F.: see under Hinton, H, E. 

Gibson, A. 1.: see under Bowman, M, R. 

Gibson, I. L.: see under Gass,1. G, 

Gilchrist, C.: see under Gaugas, J. M. 

Gillies, M. T.. and Meillon, Botha de: The Anophelinae of Africa South of the 
Sahara, review by W., Peters, 1175 

Gilvarry, d. J: Geometric and Physical Scaling of River Dimensions on the Earth 
and Moon, 533 

Nature of the Lunar Mascons, 732 

Gingell, D., and Garrod, D. R.: Effect of EDTA on Electrophoretic Mobility of 
Slime Mould Cells and its Relationship to Current Theories of Cell Ad. 
hesion, 192 

Girdler, R, W.: see under Fairhead, J. D. 

Gladych, J. M. Z, , Hunt, J. H.. Jack, D., Haff, R. F., Boyle, J. d., Stewart, R. C. and 
Ferlauto, R. je inhibition of Rhinovirus by satin Thiosemicarbazone 
Analogues, 286 

Glaser, E. M., and Austin, J, P.: Effect of Protamine Sulphate and Environmental 
Temperature on Mouse Sarcoma 180, 87 

Glass, A.: Mathematical Analysis of the Electrical Activity of the Brain. Physio- 
logical Basis of the Alpha Rhythm, review, 590 

Gien, A. I. M., Ongley, G. C. and Robinson, K.: Effect of a Sensory Stimulus on an 
impaired Membrane Transport System in Man, 565 

Glow, Peter H.: Incidence of Chromophobe Adenoma after Chronic Diisopropyl- 
f'uorophosphate Poisoning, 1265 

Goddard, L. S.: A First Course in Functional Analysis, review, 199 

Solving problems in Complex Numbers, review, 292 
Solving problems in Differential Calculus, review, 292 
Solving problems in Dynamics, review, 292 

Solving problems in Vector Algebra, review, 292 

Goffman, William, and Warren, Kenneth S.: Dispersion of Papers among Journals 
based on a Mathematical Analysis of Two Diverse Medical Literatures, 1205 

Gogotov, i. N.: see under Kondratieva, E. N. 

Goid, T.: Rotating Neutron Stars and the Nature of Pulsars, 25 

Goldberg, Burton, and Green, Howard: Relation between Collagen Synthesis 
and Collagen Proline Hydroxylase Activity in Mammalian Cells, 267 

Goldby, F.: A Stereotaxic Atlas of che Brain of the Cebus Monkey (Cebus apella}, 
review, 390 

Goldman, Leon, Rockwell, R. James, jun., Richfield, Daniel, Wilson, Claude, 
Franzen, Marilyn, Smith, Patricia Owens, and Hyatt, Susan R.: Preliminary 
A Pt ell of Fat Embolization from pulsed Ruby Laser Impacts of Bone, 
61 


Good, M. L.: Proposed Test for che Radiation Mechanism of Pulsars, 250 

Good, R. A.: see under Lemmel, E. M. * 

Goodman, A. B.: see under Schaup, H. VV. 

Goodwin, lames, $., Katz, Richard I. and Kopin, Irwin J.: Effect of Bromide on 
Evoked Release of Monoamines from Brain slices and Intact Atria, 556 

Goodridge, F.: see under Backhurst, i. R. 

Goodwin, T, W.: Photosynthesis, review, 883 

Gordon, H., Keraan, M. M., Woodburne, Vivienne, and Sophangtsa, Eunice: 
Quantitative Variation of 6-Phosphaglucanate Dehydrogenase in an African 
Population, 96 

Goudie, R. B.: see under Thompson, Anne 

Gould, R. N.: see under Pinter, D. N., 

Graham, A.: British Shells, review, 96 

Graham, C. F: see under Woodland, H. R. 

Grahame, John: Shedding of the Penis in Littorina litterea, 976 

Granger, G. A., Shacks, $. J., Williams, T. W., and Kolb, W, P: Lymphocyte in 
vitro Cytotoxicity: Specific Release of Lymphotoxin-like Materials from 
Tuberculin-sensitive Lymphoid Cells, 1155 

Gratzer, W, B. see under Cotter, Rosalind |. 

Green, Howard: see under Goldberg, Burton 

Greening, Elaine Q.: see under Drake, John W. 

Greenslade, E.: see under Duggan, M. J. 

Gregory, P, C.: Radio Emission from Auroral Electrons, 350 

Grewing, Michael, Mebold, Uirich, and Rohlfs, Kristen: Distance Estimates for 
Pulsars, 751 

Grunbaum, Adolf: Modern Science and Zeno's Paradoxes, review by P. 1. G. 
Rawlins, 291 

Guélin, M., Guibert, J., Huchtmeier, W., and Weliachew, L.: 


Measurement of 
Pulsar Distances by Galactic Hydrogen Absorption, 249 


Guha, Arabinda: see under Kumar, Sushil 

Guibert, 1.: see under Guélin, M.. 

Guiler, Eric R.: Colour Change in the Marsupial Tiger Cat, 758 

Gunn, James E., and Ostriker, Jeremiah P.: Magnetic Dipole Radiation from 
Pulsars, 454 

Gutmann, F., Hermann, A, M., and Rembaum, À.; Evidence for Activated Carrier 
Mobility in Organic Solids, 1237 A 

Gutschow, Christine: see under Cornforth, W. J. 

Guzy, C. M., Raynor, J. B., and Stoduiski, L. P.: Hyperfine Structure in the 
had Resonance Spectra of Reduced Chromium and Iron Phthalo- 
cyanins, 


FLasbrosk: N. D.: Gemma Frisius, Tycho Brahe and Snellius and their Triangula- 
tions, review by C. A, Biddle, 784 
Hadji-Azimi, l: Electrophoretic Study of the Serum Proteins of Normal and 
"Lymphoid Tumour' -bearing Xenopus, 264 
Haff, R. F.: see under Gladych, 1. M. Z. 
Haines, H. R., and Potter, P. E.: Ternary Compounds of Uranium-Carbon and the 
Group VIII A Elements, 1238 
Hale, K. F., and Brown, M. Henderson: Increase in Penetration of Electron 
Microscope Specimens at High Voltage, 1232 
Hales, A. L.. and Bloch, $.: Upper Mantle Structure: are the Low Velocity Layers 
Thin? 930 
Hall, D. O., Palmer, J, M.: Mitochondrial Research Today, 717 
Hall, Marie Boas: A Short History of Science, review, 1079 
Hall-Craggs, E. C. B.: influence of Epiphyses on the Regulation of Bone Growth, 
1245 
Morphanalysis, review, 391 
Halsall, H. B., and Schumaker, V. N.: Fractionation of Mammalian DNA by Zonal 
Centrifugation, 772 
Hammen, R.: see under Skakkebaek, N.E. 
Hamor, T. A.: see under Derry, 1. E. 
Harbaugh, John W., and Marriam, Daniel F: Computer Applications in Strati- 
graphic Analysis, review by lan Nichol, 199 
Hardy, D. A, and Ling, N, R.: Effects of some Cellular Antigens on Lymphocytes 
and the Nature of the Mixed Lymphocyte Reaction, 545 
Harmura, H.: see under Forbes, Robert B. 
Harris, B.: see under Cahn, R. W. 
Harris, J. E.: see under Gebbie, H. A. 
Harris, R., and Zervas, J. D.: Reticulocyte HL-A Antigens, 1062 
Harris, R. J. C.: The Virology and Immunology of Cancer, review, 102 
Harston, J. D., and Scully, J. C.: Fracture Path of Stress Corrosion Cracks in 
Austenitic Stainless Steels, 853 
Hartley, Brian S.: The Primary Structure of Proteins, review, 102 
Hartley, B.S.: see under Blow, D. M. 
Hartzell, R.W.: see under Neurath, A.R. 
Harvey, Jennifer 1.: see under Gaugas, J, M. 
Haselkorn, Robert: see undor Geiduscheek, E. Peter 
Hatherton, Trevor: Gravity and Seismicity of Asymmetric Active Regions, 353 
Hawkes, Nigel: A History of Machine Tools 1700-1910, review, 495 
Guide to German Universities, review, 200 
Hayes, D. K.: see under Sullivan, W. N. 
Hayes, T. L.: see under Forrester, J.C. 
Hayes, W.: see under Clowes, R. C. 
Hayhoe, F, G. J: see under Chan, B, W. B. 
Hayward, A. T. J: Experimental Verification at High Pressure of the Relation- 
ship between Compression, Density and Sonic Velocity, 1047 
Heaton, J. M.: The Eye, review by E. S. Perkins, 198 
Heddle, John A., Whissell, D., and Bodycote, D, Judy: Changes in Chromosome 
Structure induced by Radiations: a Test of the Two Chief Hypotheses, 1158 
Heller, B., and Veverka, A.: Surge Phenomena in Electrical Machines, review by 
Colin Adamson, 1175 
Henry, R. C.: see under Friedman, H. 
Henshaw, G. G.: Plant Tissue Culture and Plant Morphogenesis, review, 103 
Hepworth, W., Newbould, B. B., Platt, D. S. and Stacey, G. J.: 2-(4-chlorophenyl) 
thiazol-4-ylacetic Acid ('Myalex': a New Compound with Anti-inflam- 
matory, Analgesic and Antipyretic Activity, 582 
Hermann, A.M. see under Gutmann, F. 
Hewlins, M. J. E.: see under Brown, D. M. e 
Heyes, A. D., and Langdon, T. G.: Determination of the Cleavage Velocity in 
Tungsten using Ultrasonic Fractography, 168 
Heyrovský, J., and Zuman, P.: Practical Polarography, review by B. Fleet, 1080 
Heywood, V. H.: Modern Methods in Plant Taxonomy, review by Brian Styles, 1079 
The Evolution and Classification of Flowering Plants, réview, 293 
Hicklin, Judy, Hornbruch, Amata, and Wolpert, L.: Inhibition of Hypostome 
Formation and Polarity Reversal in Hydra, 1268 
Hidalgo, M. Cecilia: see under Latorre, Ramón l , 
Hill, M. K., and Wythes, Jennifer R.: Effect of Dietary Chlortetracycline on the 
Rate of Growth of Wool in Sheep, 1057 . . 
Hill, R. J., and Wake, R. G.: Amphiphile Nature of x-Casein as the Basis for its 
Micelle Stabilizing Property, 635 
Hill, Richard M.: see under Horn, Gabriel 
Himes, Marion: see under Burdick, Carolyn J. 
Hinton, H, E., and Gibbs, D. F.: Diffraction Gratings in Phalacrid Beeties, 953 
Hipkin, L. J.: Effect of the Urinary Gonadotrophin Inhibitor on Endogenous and 
Exogenous Gonadotrophin, 473 
Hirsch, M. S.: see under Gaugas, J. M 
Hirz, R.: see under Chapman, D. 
Ho, H. C.: see under De-Thé, G. 
Hodge, R. L., Lowe, R. D., Ng, K. K. F. and Vane, J. R.: Role of the Vagus Nerve 
in the Control of the Concentration of Angiotensin IL in the Circulation, 177 
Hofer, Kurt G., Rosenoff, Stephen, Prensky, Wolf, and Hughes, Waiter L.: Spon- 
taneous and Amethopterin-induced Death of LI210 Leukaemia Cells in 
vivo, 576 
Hoffman, Dietrich, Masuda, Yoshito, and Wynder, Ernert L.: 
a-Naphthylamine and 4-Naphthylamine in Cigarette Smoke, 254 
Hoh, J. F. Y.: see under Close, R. l 
Holan, G.: New Halocyclopropane insecticides and the Mode of Action of DOT, 
1025 


Holian, John, and Garrison, Warren M.: Reconstitution Mechanisms in the Radio- 
iysis of Aqueous Biochemical Systems: Inhibitive Effects of Thiols, 57 
Holland, W. W.: Presymptomatic Detection and Early Diagnosis. A Critical 
Analysis, review, 589 ] 
Holliday, Robin: Errors in Protein Synthesis and Clonal Senescence in Fungi, 1224 
Hollinger, J. P.: see under Friedman, H. A 
Hollingsworth, M. J.: Fluctuating Temperatures and the Length of Life in Droso- 
phila, 857 PM "A 
Holmes, A.: see under Brown, A. G, A i . 
Holzbauer, Margarethe, Newport, Helen M., Birmingham, Marion K., and Traikov, 
Helli: Secretion of Progesterone in vivo by the Adrenal Gland of the Rat, 
572 





E SER 





. “Ree 













Kalina, M., Weavers, B., and Pearse, A. G, E.: 


INDEX vil 


Homan, Elton R., Zendzian, Robert R., Busey, William M., and Rall, David P.: 
Loss of Hair in Experimental Animals induced by Cyclophosphamide, 1058 

Hope, H. and Camp, U de la: Determination of Absolute Configurations from 
Anomalous Scattering by Oxygen, 54 

Hopstadter, R., Hughes, E. B., Lakin, W. L. and Sick, f.: Nal(TI) Total Absorption 
Detector for Electrons and y-Rays at GeV Energies, 228 

Horn, Gabriel, and Hill, Richard, M.: Modifications of Receptive Fields of Cells in 
the Visual Cortex and associated with Bodily Tilt, 186 

Hornbruch, Amata: see under Hicklin, Judy 

Horne, C, H. W.: see under Thompson, Anne 

Horst, C. J. G. van der, and Litjens, J. B.: Occurrence and Determination of 
Inosito! in the Oviducts of Turkey and Hen, 86 

Horta-Barbosa, Luiz, Fuccillo, David A., Sever, John L., and Zeman, Wolfgang: 
Subacute Sclerosing Panencephalitis: Isolation of Measles Virus from a 
Brain Biopsy, 974 

Hosking, K. F. 1: Geochemistry of Epigenisis, review, 391 

Hounam, R. F., Black, A., and Walsh, M.: Deposition of Aerosol Particles in the 
Nasopharyngeal Region of the Human Respiratory Tract, 1254 

Howard, B.: see under Macfarlane, W. V. 

Howard, R. J., Notkins, A. L., and Mergenhagen, S. E.: Inhibition of Cellular 
Immune Reactions in Mice infected with Lactic Dehydrogenase Virus, 873 

Howie, l. H.: see under Foster, Patricia R. 

Hoyle, F.: see under Burbridge, G. 

Hradecna, Zdenka: see under Kumar, Sushil 

Hubbard, Ruth: Absorption Spectrum of Rhodopsin: 280 nm Absorption Band, 
435; 500 nm Absorption Band, 432 

Hubel, D. H., and Wiesel, T. N.: Anatomical Demonstration of Columns in the 
Monkey Striate Cortex, 747 

Hudson, Bruce, and Vinograd, Jerome: Sedimentation Velocity Properties of 
Complex Micochondriai DNA, 332 

Hughes, Arthur F., Egar, Margaret, and Turner, Tom: Degeneration of Nerve 
Fibres within the Embryonic Spinal Cord, 579 

Hughes, David W.: Exploring the Atmosphere, review, 981 

Hughes, E. B.: see under Hopstadter, R. 

Hughes, Lynda A.: see under Jennings, John F. 

Hughes, R, Elfyn: see under Milner, C 

Hughes, Walter L. : see under Hofer, Kurt, G. 

Huguenin, G. R,; see under Taylor, J. H. 

Hulbert, A. J.: see under Dawson, Terence J. 

Hummeler, Klaus, and Koprowski, Hilary: Investigating the Rabies Virus, 418 

Hunt, G. C.: see under Davies, 1. G. 

Hunt, J. A.: see under Laycock, D.G. 

Hunt, J, H,: see under Gladych, J. M. Z, 

Hunt, T. K.: see under Forrester, J. C. 

Hunt, W. Lynn: Responses of Rat Testes and Accessory Glands to Testosterone, 
Pilocarpine and Copulation, 699 

Hunter, James H, jun.: see under Lu, Philip K. 

Hussey, Helen, Brooks, D., and Baddiley, J.: Direction of Chain Extension during 
Biosynthesis of Teichoic Acids in Bacterial Cell Walls, 665 

Hutchmeier, W.: see under Guelin, M, 

Huxley, A. F.: Is Resonance Possible in the Cochlea After Ail? 935 

Hyatt, Susan R.: see under Goldman, Leon 

Hyder, M. L.: see under Propst, R. C, 

Hylleraas, Egil A.: see Subject Index 


eo D.1. E.: see under Robson, D, 
lvanyi, Juraj: see under Skamene, Emil 
iversen, Leslie, L: Neurosciences Research, review, 102 
iversen, L. L.: see under Uretsky, N. J. 


Jack, D.: see under Gladych, J. M, Z. 

Jackson, Daphne F.: Introduction to Nuclear Theory, review, 1273 

Jageneau, A. H. M., and Schaper, W. K., A.: Potentiation of Adenosine Activity by 
Low Oral Doses of Lidoflazine, 184 

lahoda, Marie: Intelligence and Cultural Environment, review, 1078 

Jain, S, K.: see under Marshall, D. R, 

Janes, Jefferson O.: see under Prager, Morton D. 

Jánossy, György; see under Petrányi, Gyöző, jun. 

Jarosiow, Bernard N.: see under Ortiz-Ortiz, Librado 

Jauch, Joseph M.: Foundations of Quantum Mechanics, review by S. Zienau, 587 

Jenkins, D. A.: see under Qureshi, R. H. 

Jennings, John F., and Hughes, Lynda A.: Inhibition of Phagocytosis by Anti- 

Macrophage Antibodies, 79 


^^" Jean, K. W.: see under Lorch, I. J. 


Joffe, A. Z.: Aflatoxin produced by 1,626 Isolates of Aspergillus flavus from 
Groundnut Kernals and Soils in Israel, 492 

lohns, Lewis W.: see under Rich, Marvin A. 

Johnson, J. W., Marjoram, J. R., and Rose, P. G.: Stress Graphitization of Poly- 
acrylonitrile Based Carbon Fibre, 357 

Jones, B. E.: see under Duggan, M. J. 

Jones, Bryn M., and Kemp, R. B.: Self-isolation of the Foetal Trophoblast, 829 


.. Jones, Dennis: Variations in the Cholesterol Content of Egg Yolk, 780 


Jones, Tre: Organization and Administration of Agricultural Research, review, 
Jones, pest Glyn: Messier's Nebulae and Star Clusters, review by R. J. Tayler, 


Jones, R, G.: see under Gebbie, H, A. 

Jones, Yvonne M.: see under Beasley, Thomas M. 
Jordan, Carole: see under Gabriel, A. H. 

lost, D.: see under Georgii, H. W. 

Joyce, Greta: see under Field, E. J. 


Jukes, J. A.: see under Bowden, P. B. 


Kaiser; €. T., and Kevan, L. ed: Radical lons, review by G. H. Williams, 494, 
corrigendum, 694 

Kaklamanis, E., Thomas, L., Stavropoulos, K. Borman, l., and Boswitz, C.: Myco- 
plasmacidal Action of Normal Tissue Extracts, 860 

Fine Structural Localization of 
Succinoxidase Complex on the Mitochondrial Cristae, 479 

Kamen, Robert: Infectivity of Bacteriophage R17 RNA after Sequential Removal 
of 3 Terminal Nucleotides, 321 

Kamyab, 5., Fotherby, K., and Steele, S.J: Metabolism of 4-4 C-Ethynyl Oestra- 
diol in Women, 360 

Kana ani, Haruo, Shirai, Hiroko, Nakanishi, Koji, and Kurokawa, Tadashi: isola- 
tion and Identification cf Meiosis Inducing Substance in Starfish Asterias 

. amurensis, 273 
Kaplan, Arnold R., and Powell, Wilma: Taste Acuity in relation to Hunger, 367 
Kaplan, Martin M.: Epidemiology of Rabies, 421 


Karagounis, G., Papayannakis, E., and Stassinopoulos, C, bi Lowering of the 
Melting Point of Molecular Layers observed by Nuxlear Magnetic Resonance, 
655 

Kassner, James L.: see under Bolander, Richard VV, 

Kato, Tadakatsu: see under Tamaoki, Taiki 

Katsura, T.: see under Forbes, Robert B. 

Katz, Richard i.: see under Goodwin, James, S. 

Kaula, William: An Introduction to Planetary Physics. review by G. Fielder, 784 

Kawade, Y. and Ujihara, Masako: Non-inducing RNA antagonizes the Induction 
of Interference with Animal Virus Infection, 56% 

Kawamura, A.: Siamese Twins in the Sei Whale Balaesoptera borealis lesson, 490 

Keen, Harry: see under Sharp, C. L. E, H. 

Kehoe, JacSue: Single Presynaptic Neurone mediate: a Two Component Post 
Synaptic Inhibition, 866 

Kellow, A. H.: see under Smith, Ivor 

Kelman, G. R., Palmer, K. N. V., and Cross, M, Re Cardiovascular Effects of 
AH.3365 (Salbutamol), 1251 

Kemp, R. B.: see under Jones, Bryn M. 

Kemp, W. C.: Evidence for Pleistocene Ice Lags, 123% 

Kenric, K. G.: see under Margolis, J. 

Keraan, M. M.: see under Gordon, H. 

Kerry, R. J; see under Owen, G. 

Kershaw, K.: see under Baugh, P. J. 

Kevan, L.: see under Kaiser, E. T. 

Keynes, R. D.: see under Ellory, J. C. 

Kidson, John W., and Newell, Reginald E.: Exchanse of Atmospheric Angular 
Momentum between the Hemispheres, 352 

Kimbel, R. L., jun.: see under Poincelot, R. P. 

Kimber, Richard T.: Automation in Libraries, review by Herbert Coblans, 1176 

King, David Shaw, and Siddall, John B.: Conversion of a-Ecdysone to P-Ecdysone 
by Crustaceans and Insects, 955 

King-Hele, D. G.: Rocket for Apollo 8, news, 5 

& Walker, Doreen M. C,, and Neirinck, P. E, La The Decay of Cosmos 253 
Rocket, 130 

Kinzer, G. W., Fentiman, A, F., jun., Page, T, F., jun.. Folre, R. L., Vite, J. PL, and 
Pitman, G. B.: Bark Beetle Attractants: [dentification, Synthesis and 
Field Bioassay of a New Compound isolated from Dendroctonus, 477, 
erratum, 786 

Kirk, R. L.: see under Blake, N. M. 

Kirkman, Henry N., and Eng, Lie-Injo Luan: Variamons of Glucose-6-phosphate 
Dehydrogenase in Indonesia, 959 

Knowles, J. R., and Parsons, Carol A.: Proximity Efect in Catalysed Systems: à 
Dramatic Effect on Ester Hydrolysis, 53 

Knox, R. S.: Storage of Light Energy and Photosynthesis, 263 

Koeman, J. H., Noever de Brauw, M. C. ten, and Mos, R, H. de: Chlorinated 
Biphenyls in Fish, Mussels and Birds from the River Rhine and the Nether- 
lands Coastal Area, 1126 

Kokotailo, George T.: see under Lawton, Stephen L. 

Kolb, W. P.: see under Granger, G. A 

Komesaroff, M. M.: see under Radhakrishnan, V. 

Kondratieva, E. N., and Gogotov, |, N.: Produccion of Hydrogen by Green 
Photosynthetic Bacteria (Chlorobseudomondas) 83, corrigendum, 202 

Kopin, Irwin J.: see under Goodwin, James 5, 

Koprowski, Hilary: see under Hummeler, Klaus 

Kottaridis, Stavros D., and Luginbuhl, Roy E Consol of Marek's Disease by the 
Use of inoculated Chicken Embryo Fibroblases, 1258 

Koxlowski, n T.,ed : Water Deficits and Plant Growth, review by J. R. Ethering- 
ton, 496 

Kraut, Joseph: see under Wright, Christine Schubert 

Kreimer, Gersh S.: Strength of Hard Alloys, review by W. O. Alexander, 494 

Krolenko, S, A.: Changes in the T-System of Muscle Fibres under the influence 
of influxeand Efflux of Glycerol, 966 

Kucharczyk, N.: see under Rezabek, K. 

Kumar, Sushil, Bovre, Kjell, Guha, Arabinda, Hradecna, Zdenka, Maher, Sister 
Veronica Mary, and Szybalski, Waclaw: Orientation and Control of 
Transcription in E. coli Phage 4, 823, erratum, 1278 

Kuroda, P. K.: Plutonium-244 in the Early Solar Sestem, 726 

Kurokawa, Tadashi: see under Kanatani, Haruo 

Kurtz, A. B., and Wachsmuth, E. D.: Identification of Pissma Angiotensinase as 
Aminopeptidase, 92 

Kvasov, D. D.: Limnological Hypothesis of tha Qvigin of Hot Brines in the Red 
Sea, 850 

Kvenvolden, Keith A., Peterson, Erta, and Pollock: Glenn E.: Optical Configura- 
tion of Amino-acids in Pre-Cambrian Fig Tree Chert, P4 

Kwan, H. C.: see under De-The, G. 

Kwanbunbumpen, S.: see under Landau, E. M. 


Lis, F.: isolation of an RNA with the Properties of Haemoglobin Plessenger, 
1217 


Laidman, D. L.: see under Eastwood, D. 

Lakin, W. L.: see under Hopstadter, R., l 

Lal, D., Rajan, R. S., and Tamhane, A, S.: Cher:ical Composition of Nucla: of 
Z 22 in Cosmic Rays using Meteoritic Mireralg as Detectors, 33 l 

Lancaster, Wilfred F.: Information Retrieval Systems, review by J. Mills, 1276 

Lance, Eugene M., and Tasb, Robert M.: Segregazion of Lymphocyte Populations 
through Differential Migration, 841 l 

Landau, E. M., and Kwanbunbumpen, $.: Morpheiogy of Motor Nerve Terminals 
subjected to Polarizing Currents, 271 

Landes, Ruth: Sociology of the Mdewakantonwan Santee, review by R. VW, 
Dunning, 389 

Lane, G. R.: see under Mepham, R. H. 

Langdon, T. G.: see under Heyes, A. D. 

Langley, P. A., and Maly, H.: Membrane Fee 
(Giossina spp.), 855 

Large, M. i.: see under Wielebinski, R. 

Latorre, Ramon, and Hidalgo, M. Celcilia: Effect of Temperature on Resting 
Potential in Giant Axons of Squid, 962 

Lau, Thomas, Sunderman, F. William, jun., Agarwal, Shyam 5,, Sutnick, Alon i, 
and Blumberg, Baruch 5.: Genetics of Albumin Gainesville, a New Variant 
of Human Serum Albumin, $6 

Laven, H.: Eradicating Mosquitoes using Transiczations, 958 

Law, G, R. 1.: see under Sheridan, $ 

Law, J. T.: see under Ede, D. A. 

Lawton, Stephen L., and Kokotailo, George E: Structure of Lead h O.O- 
Diisopropylphosphorodithioate, 550 

Laycock, D. G., and Hunt, J. A.: Synthesis of Fabbit Globin by a Bacterial Cell 
Free System, 1118 

Lee, C. Y.: see under Sallenberger, R. S. 

Legator, M. $.: see under Gabridge, M. G. l 

Lehmann, A. R., and Ormerod, M. G.: Arteiact in the Measurement of the 
Molecular Weight of Pulse Labelled DNA, 1053 





Hag Technique for Tse:se Flies 





viii 


Leigh, R, A.: see under Liebman, P. A. 

Lemche, Henning: Why so Long Delayed ? 

Lemieux, J. P. V.: see under Philp, R. B. : 

Lemmel, E.-M., and Good, R. A.: Tolerance of Cell Mediated: Responses after 
in vitra Treatment of Competent Celis with Mitomycin c, 1164 

Lenhoff, Howard M.: see under Roffman, Berton l 

LeRoy, E. C.: see under Nossel, H, L. 

Lesko, Stephen A.,jun.: see under Umans, R. S. 


eraen Michael: Heredity, Evolution and Society, review by Wilma George, 





correspondence, 127 


Leslie, R.B.: see under Chapman, D. 

Levene, Cyril, and Blomberg, Baruch S.: Additional Specificities of Australia 
_ Antigen and the Possible Identification of Hepatitis Carriers, 195 2: 
Lewis, 1. M., ed.: History and Social Anthropology, review by S. J. Tambiah, 493 
AD Fh yee R., and Moul, A. N.: Heat of Combustion of Vitreous 

arbon, 


den e von: Seventeenth Century Metaphysics, review by F. 1. G. Rawlins, 


Li, T.-K.: see under Pietruszko, R. : 

Liebman, P. A., and Leigh, R. A.: Autofluorescence of Visual 

Lindahl, Ivan L.: see under Doinick, E. H, 

Lindeboom, G, A.: Herman Boerhaave. The Man and his Work, review by Arthur 
MacNalty, 100 i 

Lindley, D. V.: Probability and Prejudice, correspondence, 594 

Lindsley, W. F. B., jun.: see under Chase, H. P. 


Ling, Gilbert N.: Measurements of Potassium lon Activity in the Cytoplasm of 
Living Celis, 386 

Ling, D. R.: see under Hardy, D. A, 

Lisk, Robert D.: see under McGuire, John L. 

Litjens, J. B.: see under Horst, C. 1, G. van der = 

Livanov, M. N., and Rusinov, V. S: Mathematical Analysis *of the Electrical 
Analysis of the Brain, review by A. Glass, 590 

Lioyd, Ray D.: see under Zundel, Wayne S. 

Long, s T.: Engineering for Nuclear Fuel Reprocessing, review by R. Spence, 


Receptors, 1249 


Longland, R. C.: see under Shilling, W. H. 

Lonsdale, Kathleen: New Constitution for British Physicists, correspondence, 594 

Lorch, L. J., and Jeon, K, W.: Reversible Effect of Actinomycin D on Nucleoli of 
Amoeba discoides: Nuclear Transplantation Study, 1073 

Lord, B. i, and Schofield, R.: Haemoglobin Production in Mice Recovering from 
Radiation, 1060 " 

Lovelace, R. V. E.: see under Comella, J. M. id 

Lovins, Robert E.: see under Richards, Frank F. ; 

Lowe, R. D.: see under Hodge, R. L, 

Lowe, Robert: see under Morris, Norman rs 

Lü, Phillip K., and Hunter, James H., jun.: Optical Variations of 3C 454-3, 755 

Lucas, Joseph, and Biegler, Ruth, ed.: International Zoo Yearbook, review by 
Sarah Bunney, 1080 

Lueker, David C., and Tribble, Jack L.: Increased Activity of Antithymus Serum 
after Absorption with Splenic Lymphocytes, 682 

Luginbuhl, Roy E.: see under Kottaridis, Stavros D, 

Luna, Zenaida: see under Weglicki, William P. l 

Lundegárdh, H.: Relative Quantum Efficiency of Photosynthetic Oxygen Produc- 
tion in Chloroplasts of Spinach, 280 

Lundgren, Claes: see under Miller, Stanley L. 

Lupton, F. G. H., and Pinthus, M. J: Carbohydrate Translocation from Small 
Tillers to Spike-producing Shoots in Wheat, 483 

Lüthy, J., Rétey, J., and Arigoni, D.: Preparation and Detection of Chiral Methyl 
Groups, 1213 

Lutwak-Mann, C., and Mcintosh, J. E, A.: Zinc and Carbonic Anhydrase in the 
Rabbit Uterus, IIi 

Lynn, e The Theory of Neutron Resonance Reactions, review by S. Devons, 
f a 


Macarthur, Robert H., and Wilson, Edward O.: The Theory of Island Bio- 
. geography, review by D. R. Stoddard, 781 
MeCann, S. M.: see under Root, A. W. 
McCapra, Frank: Luminescence in Chemistry, review, 884, erratum, 1278 
TER E.: Introduction to Nuclear Theory, review by Daphne F. Jackson, 
McClain, P. E.: Isolation of intramuscular Connective Tissue, 181 : 
McCormick, Kenneth L, and Murphyge William H.: Genetic Heterogeneity of 
Cloned Animal Virus Preparations, 286 
McCracken, J, M.: see under McFerran, J. B. 
McDonald, J. A.: see under Bubela, B, 
McDonald, W.1., and Sears, T. A.: Effect of Demyelination on Conduction in the 
Central Nervous System, 182 
Macfarlane, M.: see under Nather, R, E. 
Macfarlane, W. V,, Howard, B. and Siebert, B. D.: Tritiated Water in the Measure- 
ment of Milk Intake and Tissue Growth of Ruminants in the Field, 578 
McFerran, J. B., Nelson, R., McCracken, J. M., and Ross, J. G.: Viruses Isolated 
from Sheep, 194 
MeGil, A. E. L, Robinson, J., and Stein, M.: Residues of Dieldrin (HEOD) in 
Complete Prepared Meals in Great Britain during 1967, 761 
McGuire, John L., and Lisk, Robert D.: Oestrogen Receptors in Androgen or 
Oestrogen Sterilized Female Rats, 1068 
McKerns, Kenneth W.: Functions of the Adrenal Cortex, review by D. Exiey, 782, 
erratum, 982 
Mcintosh, J. E. A.: see under Lutwak-Mann, C. 
Macintyre, lain: see under Morris, Norman 
McLaren, Anne: Stimulus and Response during Early Pregnancy in the Mouse, 739 
& Walker, P. M. B.: Correspondence of Certain Fractions of Mouse DNA, 771 
McMillan, Nora F.: British Shells, review by A. Graham, 496 
MacNalty, Arthur: Herman Boerhaave. The Man and His Work, review, 100 
iiia E., Sutherland, W., and Wilkinson, J. F.: Transduction in Kiebsielía, 
7 
MacRae, |, C., Raghu, K., and Bautista, E. M.: Anaerobic Degradation of the 
insecticide Lindane by Clostridium sp., 859 
Magasanik, Boris: see under Silverstone, Allen E. 
Maher, Sister Veronica Mary: see under Kumar, Sushil 
Malcolm, Neil L.: Molecular Determinants of Obligate Psychrophily, 
Malecki, Ignacy: Development of Scientific Research in Poland, 622 
Maly, H.: see under Langley, P. A. 
Manchester, K, L.: Interference of Various Antibiotics and other Compounds 
with ie Synthesis in Muscle and their Influence on Metabolic Regula- 
tion, 188 
Manchester, R, Nu: see under Radhakrishnan, V. 
Manocha, Sohan L., Shantha, Totada R., and Bourne, Geoffrey H.: A Stereotaxic 
Atlas of the Brain of the Cebus Monkey (Cebus apelia), review by F. Goldby, 
390 


103i 


INDEX 


Manskaya, $, M., and Dorzdova, T. V.: Geochemistry 
. . review by D, Murchison, 588 à. 
Mar, D. B. Del: see under Dearnaley, R, 
Margen, Sheldon: see under Waslien, Carol Í. 
Margolis, J., and Kenric, K. G: Two-dimensional Resolution of Plasma Proteins 
Wee ee of Polyacrylamide Disc and Gradient Ge! Electrophoresis, 


Marjoram, J. R.: see under Johnson, J. W. 

Marino, Andrew A., and Becker, Robert O.: Correction Concerning Electron 
Paramagnetic Resonance in Human Bone Mineral, 661 Ps 

Marriam, Daniel F.: see under Harbaugh, John W, 

Marshall, D. R., and Jain, $, K.: Genetic Polymorphism in Natural 
Avena fatua and A, barbata, 276 y 

Marshall, R. A.: Sliding Brushes in the Canberra Homopolar Generator, 852 

Marshall, W. A.: Individual Variation ih the Rate of Skeletal Maturation; 91 


of Organic Substances, 


Populations of 


Mårtensson, L.: see under Turner, MW. T EN 

Martin, D.: Solving Problems in Complex Numbers, review by L. S. Goddard, 292 

Martin, Dean F., and Chatterjee, Ashim B.: isolation and Characterization of a 
Toxin from the Florida Red Tide Organism, 59 

Martin, R. L.: see under Colton, R, 

Maruyama, T.: see under Matsunaga, E. 

Marvin, D. A.: see under Denhardt, D. T. yd 

Masuda, Yoshito: see under Hoffman, Dietrich 

Matsubaya, O.: see under Matsuo, S. 

Matsumoto, H.: see under Forbes, Robert B. 

Matsunaga, E., and Maruyama, T.: Human Sexual Behaviour, Delaved Fertilization 
and Down's Syndrome, 642 

Matsuo, $., and Matsubaya, ©.: Vapour Pressure of Ha 1O Ice, 463 

Matterson, A, H, S.: Mr Benn's Parish, correspondence, 1178 

Matthews, G., V. T.: Bird Navigation, review by J. D. Carthy, 101 

Mawdsley, Clifford: see under Morris, Norman i 

Mawson, C. A: Who Wants to be a Scientist ? correspondence, 105 

xus Y G.H.: Atlas of the Great Barrier Reef, review by D, R. Stoddart, 

May, K. R., Druett, H. A., and Packman, L. P.: Toxicity of Open Air to a Variety 
of Microorganisms, 1146 

May, L., and Durbin, R. P.: Inhibition of Gastric Acid Secretion in vitro by 
Prostaglandin E,, 874 

Mays, Charles W.: see under Zundel, Wayne S. 

Meaburn, G. M.: see under Raff, R. A. 

Mebold, Ulrich: see under Grewing, Michael 

Meekins, L F.: see under Friedman, H. 

Meeks, Nigel: see under Barker, Harold, 49 

Meillon, Botha de: see under Gillies, M. T. 

Melnechuk, Theodore: see under Quarton, Gardner C. 

Melville, T. H.: see under Drucker, D. B. 

Mepham, R, H., and Lane, G. R.: Nucleophores and Polyribosome Formation, 288 

Role of the Tapetum in the Development of Tradescantia Pollen, 282 

Mergenhagen, S, E.: see under Howard, R. J. 

Merritt, N. R.: see under Walker, 1. T. 

Merryweather, Judith: see under Muirhead-Thomson, R., C, l 

Meyerson, B."A., and Persson, H, E.: Evoked Unitary and Gross Electric Activity 
in the Cerebral Cortex in Early Prenatal Ontogeny, 1248 

Meynell, G. G.: Experiments in Microbial Genetics, review, 497 

Michal, Frank: D-Receptors for Serotonin on Blood Platelets, 1253 

Middlesworth, L. van: Radioiodine in the Biosphere during, 1041 

Midtdal, John, Thalberg, Knut, and Wergeland, Harald: Selected 
Papers of Egit A, Hylleraas, review by S. F, Edwards, 785 

Milanesi, Gabriele, Brody, Edward N., and Geiduschek, E, Peter: Sequence of the 
in vitro Transcription of T4 DNA, 1014 

Millar, J. 2 and Wamplar, E. J.: Television Detection of the Crab Nebula Pulsar, 
1037 


Scientific 


Millar, P. G.: see under Poincelot, R. P. 
Miller, J. A.: see under Couvering, J. A. van 
Miller, Jeffrey H.: see under Silverstone, Allen E. 
Miller, P. L.: Inhibitory Nerves to Insect Spiracles, 171 
Miller, Stanley L., Eger, Edmond !., 1l, and Lundgren, Claes: Anaesthetic Potency 
6f CF, and SF, in Dogs, 468 
see under Friedmann, Nadav 
Miller, William A.: Tooth Enamel of Latimeria chalumnae (Smith), 1244 
Millington, Andrew: A Biographical Dictionary of Scientists, review, 1081 
Solid State Masers, review, 693 
Mills, J.: Information Retrieval Systems, review, 1276 
Milne, A. R., and Ganton, J. H.: Diurnal Variation in Underwater Noise beneath 
Springtime Sea-ice, 851 : 
Milner, C., and Hughes, R, Elfyn: Methods for the Measurement of the Primary 
Production of Grassland, review by W. F, Raymond, 691 
Milner, G. R.: Changes in Chromatin Structure during Interphase in Human 
Normoblasts, 71 
Milstein, C., Milstein, Celia P., and Feinstein, A.: Non-allelic Nature of the Basic 
Sequences of Normal Immunoglobulin K Chains, 149 
see under Frangione, B. 
Milstein, Celia P.: see under Milstein, C. 
Mirsky, L.: Special Functions for Scientists and Engineers, review, 200 
Misch, Donald W., and Misch, Margaret $S.: Reversible Activation af Lysosomes 
by Dimethyl Sulphoxide, 862 
Misch, Margaret $.: see under Misch, Donald W. : 
Mittelhauser, Cathryn J., and Steveninck, R. F. M. van: Stomatal Closure and 
Inhibition of Transpiration induced by (RS)-Abscisic Acid, 281, erratum, 786 
Mittwoch, Ursula: Do Genes determine Sex ? 446 
Miyazaki, E.: see under Sunano, S. . 

Moholy-Nagy, Sibyl: Matrix of Man, review by Paul Oliver, 977 l 
Moilo, Franco, Canese, Maria G., and Stramignoni, Aldo: Nuclear Sheets in 
Epithelial and Connective Tissue Cells, 869 
Montagu, M. F. Ashley, ed: Man and Aggression, review by VV. M. S. Russeli, 1077 

Moon, R.N. B.: see under Thornton, 1. 

Moon, Richard C.: see under Newman, W.G., me 2 

Moore, A. W.: Compression Annealing of Pyrolytic Boron Nicride, ! i3 

Moore, Paul B., and Smith, Joseph V.: High Pressure Modification of Mg; SiO,: 
Crystal Structure and Crystallo Chemical and Geophysical Implications, 653 

Moore, Ronald R.: see under Norton, Louis A. 

Morgan, D. G.: University Training of Applied Botanists in Germany, Holland 
and Sweden, 18 

Morris, D.: see under Radhakrishnan, V. 

Morris, Norman, Bouchier, lan, Cumming, Gordon, Connell, Alastair, Lowe, 
Robert, Macintyre, lain, Mawdsley, Clifford, and Truelova, Sidney: Medical 
Teachers' Pay, correspondence, 1081 : 

Morrison, M. E. S.: Paleoecology of Africa and of the Surrounding Islands and 
Er e A Wade y x Q ass 

Mortley, YY, S.: Diffusion Paths in Quartz, . 

Mosin, A. F.: Synthesis of ATP and Recovery from Damage by Ultraviolet or 
y-Irradiation in Yeast, 261 





Moul, A. N.: see under Lewis, J. B. . Tm 
Mousset, 5., and Thomas, R.: Ter, a Function which generates the Ends of the 
l Mature 4 Chromosome, 242 AN 
Moylan, Michael J.: Fluid Logic in Simple Terms, review by G. A. Parker, 393 
Muecke, P. S., and Wiskich, J. T.: Respiratory Activity of Mitochondria from 
Legume Root Nodules, 674, erratum, 982 se o4 


. Mueller, Gerald C.: see under Fisher, Daniel B. E Bos 


Mueller, R, A.: see under Thoenen, H. a o. í 
Muirhead-Thomson, R. C., and Merryweather, Judith: Effect of Larvicides on 
Simulium Eggs, 858 

Müller-Schwarze, Dietland: see under Brownlee, Robert G. 

Murchison, D.: Geochemistry of Organic Substances, review, 588 

Murdoch, R.: see under Lewis, J, B. 

Murphy, William H.: see under McCormick, Kenneth J. E : 
. Murray, C. A., Tucker, R. H., and Clements, E, D.: Optical Positions of Radio 
.* € Sources, 1229 

Musto, Richard V.: see under Fikrig, Senih M. 


Nar , W.: Banded Polytene Chromosomes in the Legume Phaseolus vulgaris, 70 

Nair, Padmanabhan P.: see under Weglicki, William P. 

Nakanishi, Koji: see under Kanatani, Haruo 

Naranan, S.:. see under Rappaport, S. 

Naranjo, Claudio: see under Shulgin, Alexander T. 

Nather, R. E., Warner, B., and Macfarlane, M.: Optical Pulsations in the Crab 
Nebula Pulsar, 527 i 

Natvig, J. B.: see under Turner, M. W. 

Needham, A. E.: Absorption Spectrum of Leech Haemoglobin: a Correction, 572 

Cellular Biology of Vertebrate Regeneration and Repair, review, 591 

Nei, Masatoshi: Gene Duplication and Nucleotide Substitution in Evolution, 40 

Neidell, Norman S.: Is Visual Memory Holographic ? 755 

Meirinck, P. E. L.: see under King-Hele, D. G. 

Nelson, Dennis R.: Hydrocarbon Synthesis in the American Cockroach, 854 

Melson, R.: see under McFerran, J. B. 

Neumann, G.: Ocean Currents, review by K. F. Bowden, 692 

Neurath, A. R., Hartzell, R. W., and Rubin, B. A.: Solubilization and some 
Properties of the Erythrocyte Receptor for Adenovirus Type 7 Haemag- 
glutinin, 1069 

Newbould, B. B.: see under Hepworth, W. 

Newbould, P. J: The Measurement of Environmental Factors in Terrestrial 
Ecology, review, 978 i 

Newell, Reginald E.: see under Kidson, John W. 

Newman, W. C. and Moon, Richard C.: Anti-uterotrophic Response of Immature 

5 Mice to 3-Methyicholanthrene, 89 

Newport, Helen M.: see under Holzbauer, Magrarethe 

Ng, K. K. F.: see under Hodge, R. L. 

Nichol, lan: Computer Applications in Stratigraphic Analysis, review, 199 

Nichols, B. W.: see under Walsby, A. E 

Nielson-Jones, WY.: Plant Chimeras, review by R. A. E. Tilney-Bassett, 1275 

Noever de Brauw, M. C. ten: see under Koeman, J. H. : 

Norton, Louis A., Proffit, William R., and Moore, Ronald R.: Inhibition of Bone 
Growth in vitro by Endotoxin: Histamine Effect, 469 

Nossel, H. L., Wilner, G. D., and LeRoy, E. C.: Importances of Polar Groups for 
initiating Blood Coagulation and aggregating Platelets, 75 

Notkins, A. L.: see under Howard, R. J, 


O Brian, Donough: see under Lindsley, W. F. B., jun. 

O'Donald, Peter: “Haldane’s Dilemma'' and the Rate of Natura! Selection, 815 

Offord, R. E.: Protection of Peptides of Biological Origin for Use as intermediates 
in the Chemical Synthesis of Proteins, 37 

see under Rees, A. R 

Ogelman, H.: Discrete Source Interpretation of Recent High Energy Cosmic 
Gamma Ray Measurements, 753 

Oliver, Maria: see under Sullivan, W. N. 

Oliver, Paul: Matrix of Man, review, 977 

Ollis, W. D.: see under Brown, A. G. 

, Olsen, Douglas A.: see under Osteraas, A. Jean 

Olson, Robert S.: see under Berns, Michael W. 

O'Malley, C. D.: see under Clarke, Edwin 

SD M.: The Beginnings of Modern Psychology, review by Valerie Walker, 
3 


Ongly, G, C.: see under Glen, A. 1. M. 
Oppenheimer, J. H.:* see under Schwartz, H. L. 
Ord, M. J: Control of DNA Synthesis in Amoeba proteus, 964 
Ormerod, M. G.: see under Lehmann, A. R. 
.Ortiz-Ortiz, Librado, and Jaroslow, Bernard N.: Synthesis of RNA by Normal 
Mouse Spleen Cells after Stimulation with Antigen in vitro, 1153 
Osteraas, A. Jean, and Olsen, Douglas A.: Incorporation of Functional Groups 
onto the Surface of Polyethylene, 1140 
. Osterberg, Charles L.: see under Beasley, Thomas M. 
Ostriker, Jeremiah P.: see under Gunn, James E. 
Owen,.G,, Kerry, R. J., and Davies, Hilda M.: Total Body Water and Weight 
Changes in Normal Adults, 471 i 
Owen, Guillermo: Game Theory, review by W. A. O'N. Waugh, 884 
Oxbury, John, Darlington, Clare, and Stolkin, Colin: Effects of Frontal. Cortex 
Lesions on Learning Set, 1271 





P uan Andres: Jet Propulsion and the Giant Fibre Response in Loligo, 875 

Packman, L. P.: see under May, K. R. 

Potini, P.: see under Bertotti, B. 

FF., jun see under Kinzer, G. W. 

‘Pagel, B. E. J.: Intrinsic Reddening of Eta Carinae, 325 

: Painter, R. B., and Schaefer, A.: State of Newly Synthesized HeLa DNA, 1245 

Pallis, C.: see under Chalmers, R.A. 

Palmer,.C. E., and Smith, O. E.: Cytokinins and Tuber Initiation in the Potato 

* Solanum tuberosum b., 279 

— Palmer, J. Mi: see under Hail, D. O. 

. Palmer, K. N. V.: see under Kelman, G, R. 

Palmiter, Richard D.: What regulates the Lactose Content in Milk? 912 

. Panteleev, E. 1.: see under Zaretskaya, Yu. M. 

Pantin, C. F. A.: The Relations between the Sciences, review by J. Z. Young, | 173 

. . Papayannakis, E.: see under Karagounis, G. 

^. Paquette, Leo A.: The Principles of Modern Heterocyclic Chemistry, review by 
(s "Peter Sykes, 883 

Parenti-Rosina, R., Eisenstadt, A., and Eisenstadt, J. M.: Isolation of Protein Initia- 

tion Factors from 30S Ribosomal Subunits, 363 
Park, J. K.: see under Datta, S. K, de 
Parker, G. A.: Fluid Logic in Simple Terms, review, 393 







oF 





INDEX. 


Parker, J.: see under Plowright, W. 

Parr, M.J.: see ünder Dearnaley, R, 

Parsegian, Adrian: Energy of an lon crossing a Low Dielectric Membrane: Sofa- 
tions to Four Relevant Electrostatic Problems, 844 

Parsley, M. J.: see under Bassett, D. W. 

Parsons, Carol A.: see under Knowles, J. R. 

Parthasarathi, Ashok: Appearance and Reality in Indian Science Policy, 909 

Paschke, Richard: see under Denenberg, Victor H. 

Patel, cin J: 220 Mhz Proton] Magnetic Resonance Spectrum of NADH, 


220 MHz Proton Nuclear Magnetic Resonance Spectra of Retinals, 825. 
fagecom E. M.: Solving Problems in Vector Algebra, review by L. $, Goddard, 


Patterson, John: Lower Animals, review, 10] 

Patterson, John A.: Animals in the Might, review, 980 

Payne, L. N.: see under Churchill, A. E. 

Peacock, William L. jun. and Schmale, John D.: Toric 
gonorrhoeae, 760 ‘ 

Pearse, A. G. E.: Random Coil Conformation of Polypeptide Hormone Precursor 
Protein in Endocrine Cells, 1210 

see under Kalina, M. 

Pearson, B.: see under Austin, A. T. 

Pearson, J. PA and Wareing, P. F.: Effect of Abscise Acid on Activity of Chrom- 
atin, i 

Pease, R. F. W.: see under Forrester, 1. C. 

Peirce, M. A.: see under Plowright, VV. 

Peleg, J.: Behaviour of Infectious RNA from Four Different Viruses in Continu- 
ously Subcultured Aedes aegypti Mosquito Embryo Calls, 193 

Pellicori, S, F.: Polarization—Ailb5edo Relations for Selected Lunar Regions, 162 

Pendleton, Robert C.: see under Zundel, Wayne 5. 

idc Aleksandr i.: Geochemistry of Epigenesis, review by K.E G. Hosking, 


Constituents of hleisseria 


Perevoshchikova, K, A.: see under Zbarsky, t. B. 

Perkins, E. $.: The Eye, review, 198 

Perkins, F. T.: see under Stanbridge, E, J. 

Persson, H. E.: see under Meyersen, B. A. 

Peters, Paul C.: see under Prager, Morton D. 

Peters jJ a and Shorthouse, M.: Aconitase, A Complex with Two Active Centres, 


Peters, W.: The Anophelinae of Africa South of the Sahara, review, HS 

Petersen, D. F.: see under Tobey, R.A. 

Peterson, Etta: see under Kvenvolden, Keith A. 

Peterson, Peter A.: Mutable Genes in Maize and Callan's Chromosome Model of 
Serially Repeated Gene Copies, 480 

Petkovic, Milenko R.: see under Sioviter, Henry A. 

Petrányi, Gyózà, jun., Janossy, György and AlfGldy, Pal: Effect of Phytohaem- 
agglutinin on Plaque Forming Cells in the Mouse Spleen, 76 

Petrov, R. V.: see under Zaretskaya, Yu. M. 

Phillips, G. O.: see under Baugh, P. J. 

Phillips, J.: see under Skakkebaek, N. E. l 

Philp, R. B. and Lemieux, J.P. V.: Interactions of Lüpyridamole and Adenosine on 
Platelet Aggregation, 1162 

Pietruszko, R., Ringold, H. J., Li, T. -Ka Vallee, B. L., Akeson, A. and Theorell, A 
Structure and Function Relationships in isoenzymes of Horse Liver Alcohol 
Dehydrogenase, 440 

Pink, J, R. L.: see under Frangione, 8. 

Pinter, D. N, and Gould, R. N; New Approach tc Experiments in Low Intensity 
interference, 461 

Pinthus, M. J.: see under Lupton, F. G. H. 

Piper, D. E.: Interpretation of Quasar Red-Shifts, 319 

Pitman, G. B.: see under Kinzer, G: VV 

Platt, B. B.: see under Hepworth, VV. 

Plimley, R. E.: see under Backhurst, J. R. 

Plowright, W., Parker, J., and Peirce, M. À.: African Swine Fever Virus in Ticks 
RU RECO US moubata, Murray) collected fram Animal Burrows in Tanzania, 

Poincelot, R, P., Millar, P. G., Kimbel, R. L., jun. cand Abrahamson, £, Wee Lipid 
to Protein Chromophore Transfer in che Photolysis of Visual Pigments, 256 

Poleski, Thomas, and Changeux, Jean-Pierre: Effects associated with Permeability 
Changes caused by Gramicidin A in Electroplax Membrane, 541 

Pollock, Glenn E.: see under Kvenvolden, Keith a. 

Poole, J. C. Fi: see under Pugatch, Ee M. 1. 

Poortmans, J. R.: Urinary Excretion of a v M-related Substance following Muscular 
Exercise, 376 ` 

Popham, E. J.: see under Dearnaley, R, 

Post, F.: An Inquiry Concerning Growth, Disease and Ageing, review, 197 

Potter, P. E.: see under Haines, H.R. i 

Poutala, S.: see under Caron, G. A. 

Powell, R, J.: see under Croon, D. L. 

Powell, Wilma: see under Kaplan, Arnold R. 

Prager, Morton D., Peters, Paul C., Janes, Jefersan O, and Derr,ina: Asparagine 
Synthetase Activity in Malignant and Nos-malignant Human Kidney and 
Prostate Specimens, 1064 

Pratt, vag and Stevensqn, i.: identification of Concealed Randomized Objects. 


Prensky, Arthur L.: see under Fishman, Marvin A. 

Prensky, Wolf: see under Hofer, Kurt G. 

Preparata, Rosa-Maria: see under Drake, John VV. 

Price, Stephen: Putative Bitter-taste Receptor from Porcine Tongues, 779 

Presley, R.: see under Baker, P. F 

Press, R.: New Constitution for British Physicises, correspondence, 394 

Prichard, 1. $.: Role of the Intestinal Microvilli and Glycocalyx in the Absorption 
of Disaccharides, 369 

Prince, J. H.: Animals in the Night, review by John A. Patterson, 980 

Prives, Carol, and Quastel, J. H.: Effects of Cerebral Stimulation on the Bio- 
synthesis in vitro of Nucleotides and RNA in che Brain, 1053 

Proffit, William R.: see under Norton, Louis A. 

Profitt, T. H.: Digging but not Keeping, correspoadence, 785 

Propst, R. C., and Hyder, M. L.: Oxidation of CP* in Aqueous Solutions, P14! 

piu M. 1, and Poole, J. C. F.: inhibitor ef Fibrinolysis from Masothatium, 


Pye, R. G. W.: injection Mould Design (for Thermoplastics), review by F. T. 
Barwell, 592 


Quarton, Gardner C., Melnechuk, Theodore. and Schmit, Francis Q.: The 
Neurosciences, review by Derek Richter, 783 
Quastel, 4, H.: see under Prives, Carol 
Qureshi, R. H., Jenkins, D. A., Davies, R. 1., and Rees, J. A Application of 
è Microbe Analysis to the Study of Phosphorous Analysis in Soils, 1142 


x . INDEX 


Ratey, Graham: Morphanalysis, review by E. C. B, Hall-Craggs, 391 — 
Radhakrishnan, Y., Cooke, D. J,, Komesaroff, M. M., and Morris, D.: Evidenca in 
Support of a Rotational Model for the Pulsar PSR 0833-45, 443 


& E dE R. N.: Detection of a Change of State in Pulsar PSR 0833-45, 


Raff, R. A., and Meaburn, G, M.: Photochemical Reaction Mechanisms for Produc- 
tion of Organic Campounds in a Primitive Earth Atmosphere, 459 
Raghu, K,: see under MacRae, i. C 
Rajan, R. S.: see under Lal, D. 
Rali, David P.: see under Homan, Elton R. 
well, P. W., Shaw, Jane E., Corey, E, J., Andersen, N.: Biological Activity of 
Synthetic Prostaglandins, 1251 
Randle, P. Ll: Apparent Reversal of insulin. Resistance in Cardiac Muscle in 
Alloxan-Diabetes by 2-Bromostearate, 777 
Rank, D. M.: see under Cheung, A. C. 
Rappaport, $., Bradt, H. V., Naranan, S., and Spada, G.: 
Spectra of Sco X-1 and Four Sagittarius Sources, 428 
Ratner, Karen: see under Borsook, Henry 
Rawlins, F. 1. G; Modern Science and Zeno's Paradoxes, review, 219 
Seventeenth Century Metaphysics, review, 493 
Raymond, W. F.: Methods for the Measurement of the Primary Production of 
Grassland, review, 691 
Raynor, J}. B.: see under Guzy, C. M. 
Redmond, J. W.: see under Cornforth, J, W. 
Reed, S.J. B.: see under Binns, R, A. 
Rees, A. R., and Offord, R. E.: Studies on the Protease and Other Enzymes from 
the Venom of Lethocerus cordofanus, 675 
Rees, 4, A.: see under Qureshi, R. H. 
Rees, Martin J.: see under Felten, James E. 
Rees, R.J, W.: see under Gaugas, 4. M. 
Reichmann, M. E.: see under Wimmer, E. 
Reid, loseph L.: Preliminary Results of Measurements of Deep Currents in the 
Pacific Ocean, 848 
Rembaum, A.: see under Gutmann, F, 
Renfrew, Jane M.: Prehistoric Animals and their Hunters, review, 100 
Resnitzky, Peretz: see under Trainin, Nathan 
Rétey, J.: see under Lüthy, J. 
Reynolds, B. L., and Rowley, D.: Sensitization of Complement Resistant Bacterial 
Strains, 1259 a 
Reynolds, Paul J.: see under Dolnick, E. H. 
Reynolds, V.: Violence, Monkeys and Man, review, 99 
Rezabek, K., Semonsky, M., and Kucharczyk, N.: Suppression of Conception with 
D-6-Methyl-8-cyanomethylergolíne (1) in Rats, 666 
Reznikoff, William S.: see under Silverstone, Allen E, 
Rich, Marvin A., Siegler, Richard, and Johns, Lewis W.: Relationship between 
Virion Incidence and Pathological Stage in Virus-induced Leukaemia, 868 
Richards, Frank F., Barnes, William T., Lovins, Robert E., Salomone, Ramon, and 
Waterfield, Michael D.: Quantitative Approcah to the Sequential Degrada- 
tion of Proteins and Peptides, 1241 
Richards, R. L.: see under Chatt, J, 
Richfield, Daniel: see under Goldman, Leon 
Richter, Derek: The Neurosciences, review, 783 
Rickett, B. J.: Frequency Structure of Pulsar Intensity Variations, 158 
Rigby, Perry G.: Prolongation of Survival of Tumour-bearing Animals by Transfer 
of "Immune'' RNA with DEAE Dextran, 968 
Riley, John D., and Thacker, Graham T.: New intergeneric Cross within the 
Pleuronectidae, Dab x Flounder, 484 
Ringold, H, J,: see under Pietruszko, R. 
Ritchie-Calder: One Swallow for Summer, correspondence, 394 
Roberts, Evelyn: see under Waddington, C. H. 
Robertson, Anthony, and Feinberg, Stephen: Parapsychology, 687 
Robertson, D. M., and Williams, D. C.: In vitro Evidence of Neutral Collagenase 
Activity in an Invasive Mammalian Tumour, 259 
Robertson, S. D.: Graphite Formation from Low Temperature Pyrolysis of 
Methane over some Transition Metal Surfaces, 1044 
Robinson, D.: see under Breuer, M. M. 
Robinson, J.: see under McGill, A. E. J. 
Robinson, K.: see under Glen, A. 1. M. 
Robson, D., Assabghy, F. Y. 1, and Ingram, D. J, E.: Determination of Carbon 
Fibre Structure by Electron Spin Resonance, 51 
Rockweil, R. James, jun.: see under Goldman, Leon 
Rodgers, P. J}: see under Dean, A. C, R. 
Roe, F.J. C.: Structural Bases and Biological Mechanisms, review, 391 
& Carter, R. L., and Adamthwaite, Sylvia: induction of Liver and Lung 
Tumours in Mice by 6-Aminochrysene administered during the First 
3 Days of Life, 1063 
Rofíman, Berton, and Lenhoff, Howard M.: Formation of Polysaccharides by 
Hydra from Substrates produced by their Endosymbiotic Algae, 381 
Rohifs, Kristen: see under Grewing, Michael 
Root, A. W., Smith, G. P., Dhariwal, A. P, S., and McCann, S. M.: Luteinizing 
Fe mons Releasing Activity of Crude Ovine Hypothalamic Extract in Man, 


Low-energy X-ray 


Rose, P. Gu: see under Johnson, J, W. 

Rosenberg, Kenneth M.: see under Denenberg, Victor H. 

Rosenblum, William l.: “Viscasity-plus” Effect in Whole Blood at High Shear 
Rates, 365 

Rosenfeid, L.: An Inquiry into Speculative Newtonian Experimental Science and 
Franklini's Work in Electricity as an Example Thereof, review, 104 

Rosenoff, Stephen: see under Hofer, Kurt G, 

Ross, 1. G.: see under McFerran, J. B. 

Rothschild: Did Fertilization Occur? correspondence, 981 

Rothschild, Miriam, and Ford, Bob: Does a Pheromone-like Factor from the Nest- 
ling Rabbit stimulate Impregnation and Maturation of the Rabbit Flea? 1169 

Rounds, Donald E.: see under Berns, Michael W. 

Rowley, D.: see under Reynolds, B. L. 

Roxburgh, |. W.: see under Durney, B. R. 

Rubin, B. A.: see under Neurath, A. R. 

Rundo, 1.: Long Term Retention of Radium in Man, [059 

Rusinov, V. S.: see under Livanov, M. N 

Russel, Claire, and Russel, VW, M. S.: 
V, Reynolds, 99 l 

Russel, W, M, 5.: Man and Aggression, review, 1077 

Ruth, R. F.: see under Sheridan, S. 

Ruzicka, J,, and Stary, J: Substoichiometry in, Radiochemical Analysis, review by 
J.J. Weiss, 392 

Ryan, G, B.: see under Spector, W. G. 


Violence, Monkeys and Man, review by 


Sadeh, D.: see under Friedman, H. 
Saengudom, Ch.: see under Flazt, G. 


Sallenberger, R. S., Acree, T, E,, and Lee, C. Y.: Sweet Taste of D and L-Sugars 
| and Amino-acids and the Steric Nature of their Chemo-receptor Site, 555 

Salomone, Ramon: see under Richards, Frank F, 

Salpeter, E. E.: Pulsar Amplitude Variations, 31, erratum, 293 

Samachson, Joseph: Basic Requirements for Calcification, 1247 

Sanders, J. R.: see under Chatt, J.. 

Sandford, M. C. W.: see under Bowman, R. R. 

Sanguandokhai, T.: see under Flazt, G 

Sapse, Alfred T.: see under Bonavida, Benjamin 

Sargent, Thornton: see under Shulgin, Alexander T. 

Saslaw, William E., and Gaustad, John E.: Interstellar Dust and Diamonds, 160 
Saunders, D, S. and Sutton, Diane: Circadian Rhythms in the insect Photoperiodic 
Ciock, 559 | 

Saunders, Frank A.: see under Bach-y-Rita, Paul 

Saur, Kari Otto: Guide to German Universities, review by Nigel Hawkes, 200 

Savage, Douglass R.: Psychometric Assessment of the Individual Child, review by 
Valerie Walker, 389 : 

Savage, G. E., and Swingland, i. R.: Ammonshorn Pathology and Epileptic Dys- 
control, 877 

Scadden, Lawrence: see under Bach-y-Ríta, Paul 

Scanu, A. M.: see under Chapman, D 

Schaefer, A.: see under Painter, R. B. 

Schaper, VW. K, À.: see under Jageneau, A. H. M, 

Schauf, C., and Agin, D.: Cooperative Effect of Certain Anaesthetics on the 
Lobster Giant Axon, 768 

Schaup, H. W., Best, J. B., and Goodman, A, B.: Evidence for Heterogeneity of 
235 RNA in E. coli, 864 

Schmale, John D.: see under Peacock, William L., jun. 

Schmid, E, and Bauchinger, M.: Structural Polymorphism in Chromosome 17, 387 

Schmidt, Anthony J.: Cellular Biology of Vertebrate Regeneration and Repair, 
review by A. E. Needham, 591 

Schmitt, Francis O.: see under Quarten, Gardner C, 

Schoental, R.: Carcinogenic Action of Elaiomycin in Rats, 765 

Schofield, R.: see under Lord, B. I. 

Scholz, Christopher H.: Worldwide Distribution of Earthquakes, 165 

Schoonhaven, L. M.: Amino-acid Receptor in Larvae of Pieris brassicae (Lepidop- 
tera), 1268 

Schroeder, Walter A.: Principles and Practice for the Determination of Amino- 
acid Sequence, review by Brian S. Hartley, 102 

Schumaker, V. N.: see under Halsall, H. B. 

Schuman, loyce B.: see under Fuller, Renee N. 

Schwar, M. J. R., and Weinberg, F. J.: Velocity Measurement by combining the 
Doppler Principle with the Schlieren Method, 357 

Schwartz, H. L., Surks, M, l., and Oppenheimer, J. H.: Increased Deiodination of 
L-Thyroxine and L-Tritodothyronine by Liver Microsomes from Rats 
Treated with Phenobarbital, 1262 

Scott, Mary: Misunderstood Profession, correspondence, B86 

Scully, 3. C.: see under Harston, J.D. 

Sears, T. A.: see under McDonald, W. Il. 

Seebass, R.: Minimum Sonic Boom Shock Strengths and Overpressures, 651 

Segal, D. M.: see under Traub, W. 

Semonsky, M.: see under Rezábek, K. 

Semple, Andrew B.: The Black Death, review, 881 

Senger, Horst, and Bishop, Norman |.: Emerson Enhancement Effect in Syn- 
chronous Scenedesmus Cultures, 975 

Sercarz, Eli E.: see under Bonavida, Benjamin 

Sever, John L.: see under Horta-Barbosa, Luiz 

Shacks, S. 1.: see under Granger, G. A, 

Shantha, Totada R.: see under Manocha, Sohan L. 

Shapley, Robert: Fluctuations in the Response to Light of Visual Neurones in 
Limulus, 437 

Sharp, C, L, E. H., and Keen, Harry: Presymptomatic Detection and Early Diag- 
nosis, A Critical Analysis, review by VW. W., Holland, 589 

Shaw, Jane E.: see under Ramwell, P. W. 

Sheldon, W. R.: Possible Relation of a Null Solar Neutrino Flux to the Il Year 
Solar Cycle, 650 

Shenyavskaya, L, A.: see under Distler, G. I. 

Shepro, D., Belamarich, F. A. and Chao, F. C.: Retardation of Clot Retraction 
after Incubation of Platelets with Colchicine and Heavy Water, 563 

Sherburne, James À.: see under Dimond, John B. 

Sheridan, S., Law, G. R. J, and Ruth, R, F.: Stimulation of Graft versus Host 
Splenomegaly by Thymectomy of the Donor, 677 

Shilling, W. H., Crampton, R. F., and Longland, R. C.: Metabolism of Coumarin 
in Man, 664 

Shirai, Hiroko: see under Kanatani, Haruo . 

Shorthouse, M.: see under Peters, R. A, 

Shulgin, Alexander T., Sargent, Thornton, and Naranjo, Claudio: Structure- 
Activity Relationships of One-Ring Psychotomimetics, 537, erratum, 786 

Shurcliff, William A., and Edsall, John T.: Mr. Benn's Parish, correspondence, 693 

Sibillot, P.: see under Coelho, R 

Sick, 1.: see under Hopstadter, R, 

Siddall, John B,: see under King, David Shaw 

Siebert, B. D.: see under Macfarlane, W. V. 

Siegel, Rudolph E.: Galen's System of Physiology and Medicine, review by D. W. 
Taylor, 1078 

Siegler, Richard: see under Rich, Marvin A. 

Silk, Joseph: Discrete X-ray Sources and the Diffuse X-ray Background, 347 

see under Stecker, F, W 

Silverstein, Robert M.: see under Brownlee, Robert G. 

Silverstone, Allen E,, Magasanik, Boris, Reznikoff, William $., Miller, Jeffrey H. 
and Beckwith, Jonathan R.: Catabolite Sensitive Site of the fac Operon, 
1012 

Sime, J. G.: An Introduction to Programming and Numerical Methods, review, 588 

Simons, E. L.: Late Miosene Hominid from Fort Ternan, Kenya, 448 

Simpson, Hugh: Moonshot, correspondence, 202 

Singer, Alan G.: see under Browniee, Robert G. 

Singer, G.: see under Austin, Margaret 

Singer, Marcus, and Bryant, Susan V.: Movement in the Myelin Schwann Sheath 
of the Vertebrate Axon, 1148 . . 

Singh, R. N. and Tiwari, D. N.: Induction by Ultraviolet Irradiation of Mutation 
in the Blue-Green Alga Nostoc linckia (Roth) Born. et Flah., 62 

Sjógren, Hans O., and Ankerst, Jaro: Effect of BCG and Allogeneic Tumour Cells 
on Adenovirus Type 12 Tumorigenesis in Mice, 863 | f 

Skakkebaek, M. E., Phillips, J., and Hammen, R: Meiotic Chromosomes in 
Klinefelter's Syndrome, 1075 . 

Skamene, Emil, and tvanyi, Juraj: Lymphocyte Transformation by H-Chain 
Specific Anti-immunoglobulin Sera, 68! 

Sklar, Jeffrey: see under Geiduscheek, E. Peter 

Skudrzyk, Eugen: Simple and Complex Vibratory Systems, review by E. Downham, 
292 


Sloviter, Henry A., and Petkovic, Milenko R.: Stimulation of Insulin Secretion 
in the Rabbit by p-Ribose, 371 





INDEX xi 


Small, Donald M., and Admirand, William: Solubility of Bile Salts, 265 
Smele, W. S. G.: Digging but not Keeping, correspondence, 
Smellie, R. M. S.: Synthetic Procedures in Nucleic Acid Chemistry, review, 691 
Smery, R. Re see under Carretero, O. A. ; 
Smith, Cedric A. B.: Evolution and the Genetics of Populations, review, 690 
Smith, F, G.: see under Clark, R. R. 
see under Davies, J. G. 
Smith, G. P.: see under Root, A. W. 
Smith, H. M.: Dissemination of Astronomical and Atomic Time, 221 
Smith, Ivor, and Kellow, A. H.: Aromatic Amines and Parkinson's Disease, 1261 
Smith, J. Maynard: Brighter Statistics, correspondence, 886 ; 
Mathematical Ideas in Biology, review by M. S. Bartlett, 291 
Smith, Joseph V.: see under Moore, Paul B. 
Smith, O. E.: see under Palmer, C. E. 
Smith, P. L.: see under Axon, H. J. 
Smith, Patricia Owens: see under Goldman, Leon 
Smythies, J. R.: see under Watt, }, A.G. 
Snellius, see Title index 
Snyder, S. P., and Theilen, G. H.: Transmissable Feline Fibrosarcoma, 1074 
Solberg, H, G., jun. and Chapman, C. R.: Correlation between Zurich Sunspot 
Number and Prominence of Jupiter's Red Spot, 352 
Soliman, Osama: see under Fisher, Edwin, R 
Solnitzky, Othmar C.: see under Ehrenpreis, 55 
Sophangingísa, Eunice: see under Gordon, H. 
Spada, G.: see under Rappaport, S, t. 
Spector, W. G., and Ryan, G. B.: New Evidence for the Existence of Long Lived 
Macrophages, 860 "m 
Spence, R.: Engineering for Nuclear Fuel Reprocessing, review, 1273 m 
Spensley, P. C.: Synthetic Foodstuffs, correspondence, 786 
Spiers, F. W.: see under Burlin, T. E. 
Sprott, E, R.: see under Carefoot, G.L. 
Squires, G. L.: Practical Physics, review by H. J. J. Braddick, 1273 
Stacey, G. 1,: see under Hepworth, wW. 
Stanbridge, E. J., and Perkins, F. T.: Tumour Noduje Formation as an in vivo 
Measure of the Suppression of Cellular immune Response by Antilympho- 
cytic Serum, 80 
Stary, J.: see under Ruzicka, J. 
Stassinopoulos, C. 1.: see under Karagounis, G. 
Stavropoulos, K.: see under Kaklamanis, E. 
Stearns, Susan: see under Usaegui-Gomez, Magdalena 
Stecker, F, W.: Cosmic Gamma Rays from Metagalactic Proton-Antiproton 
Annihilation, 425 
& Silk, Joseph: Predictions of Extragalactic Gamma Ray Fluxes between 1 
and 100 MeV, 1229 
Steeds, W. A.: A History of Machine Tools 1700-1910, review by Nigel Hawkes, 
495 


Steele, Hazel: see under Thompson, Anne 
Steele, Mark W.: Autoradiography may be Unreliable for Identifying Human 
Chromosomes, 1114 
Steele, $. J.: see under Kamyab, S. 
Stein, M.: see under Robinson, J. 
Steinbach, Freidrich: Influence of Metai Support and Ultraviolet Irradiation on 
the Catalytic Activity of Nickel. Oxide, 657 
Stemmle, Donald, W.: see under Ciaranello, Ronald D. 
Steptoe, P. C.: see under Edwards, R. G. 
Steveninck, R. F. M. van: see under Mittelhauser, Cathryn k 
Stevenson, l.: see under Pratt, J. G. 
Stewart, G, R.: Abscisic Acid and Morphogenesis in Lemna polyrhiza L.,6l 
Stewart, R. C.: see under Gladych, J. M. C. 
Stoddart, D. R.: Atlas of the Great Barrier Reef, review, 978 
Retrospect and Prospect of Aldabra Research, 1004 
The Theory of Island Biogeography, review, 78i 
Stodulski, L. P.: see under Guzt, C. M. 
Stolkin, Colin: see under Oxbury, John 
Stramignoni, Aldo: see under Mollo, Franco 
Styles, Brian: Modern Methods in Plant Taxonomy, review, 1079 
Suckling, E. E.: see under Suckling, J. A. 
Suckling, J. A., Suckling, E. E. and Walker, A.: Suggested Function of the Vascular 
Bundles in the Limbs of Perodicticus potto, 379 
Sullivan, W. N., Cawley, B. M., Oliver, Maria, and Hayes, D, K.: Manipulating the 
Photoperiod to damage Insects, 60 
Sumegi, l.: see under Barnothy, M. F. 
Sunano, $.,and Miyazaki, E.: Effects of Ethanol and Acetone on Action Potential 
and inhibitory Potential of Guinea-pig Taenia Coli, 380 
Sunderman, F, William, jun., see under Lau, Thomas 
Surks, M. 1.: see under Schwartz, H. L, 
Sutherland, W.: see under MacPhee, D. G. 
Sutnick, Aiton i.: see under Lau, Thomas 
Sutton, Diane: see under Saunders, D. S. 
Sutton, J. M.: see under Comella, J. M. 
Swindells, J. F.: Precision Measurement and Calibration--Selected NBS Papers 
on Temperature, review by C. R. Barber, 980 
Swingland, |. R.: see under Savage, G. E. 
Sykes, Peter: Principles of Chemistry, review, 691 
The Principles of Modern Heterocyclic Chemistry, review, 883 
Szybalski, Waclaw: see under Kumar, Sushil 


Tanang, perie A.: Disorders of Learning and Memory, review by Valerie Walker, 


Tamaoki, Taiki, Faber, Albert J. , and Kato, Tadakatsu: Dehydration of Escherichia 
coli Ribosomes in Air without Loss of Activity, 1050 

Tambiah, S. J.: History and Social Anthropology, review, 493 

Tamhane, A. S.: see under Lal, D 

Tani, Tadaaki: Relation between Fermi Level of Dyes and Redox Reaction caused 
by the Photo-excited Dye Molecules, 466 

Tantram, A. D. S., and Tseung, A. C. C.: Structure and Performance of Hydro- 
phobic Gas Electrodes, 167 

Tattersall, jan: Ecology of North Indian Ramapithecus, 451 

Tattire, Brenda: see under Borsook, Henry 

Taub, Robert, N.: see under Lance, Eugene, M. 

Taubman, Martin A.: see under Genco, Robert J. 

Tavener, R. J}, A.: see under Eastwood, D. 

Tayler, R, 1.: Messier's Nebulae and Star Clusters, review, 292 

Taylor, D, J.: see under Cocke, W. J. 

Taylor, D. W.: Galen's System of Physiology and Medicine, review, 1078 

Taylor, J. H., and Huguenin, G. R.: Two New Pulsating Radio Sources, 816 

Temperley, H. N. V.: Mr Short's Shibboleth, correspondence, 593 

Terrill, C, E.: see under Doinich, E. H. 

Thacker, Graham T.: see under Riley, John D. 

Thalberg, Knut: see under Midtdii, John 


Theilen, G, H.: see under Snyder, 5. P. 

Theorill, E.: see under Pietruszko, R. 

Thoenen, H., Mueller, R. A., and Axelrod, L: increased Tyrosine Activity after 
Drug-induced Alteration of Sympathetic Transmission, 1264 

Thomas, J. O.: see under Andrews, M. K 

Thomas, L.: see under Kaklamanis, E. 

Thomas, R.: see under. Mousset, S. 

Thompson, Anne, Horne, C. H, W., Steele, Hazel, ard Goudie, R. Bo Concentra- 
tions of Serum a,-Macrogiobulin in Twins, 

nomen Landsborough: History of the Birds of th« Cape Verde islands, review, 


Thornes, J. B.: Variability in Specific Conductance and pH in the Casiquiare— 
Upper Orinoco, 461 

Thornton, D. D,: see under Cheung, A. C. 

Thornton, !., Moon, R. N, B., and Webb, John $.: Geochemical Reconnaisance of 
the Lower Lias, 457 

Tipson, R. Stuart; see under Zorbach, W. Werner 

Titman, John M,: Nuclear Physics, review, 693 

Tiwari, D, N.: see under Singh, R. N, 

Tobey, R. A., Petersen, D. F., and Walters, R,A.: Senthesis of Functional Protain 
in X-irradiated Mammalian Cells, 191 

Tokaty, G. A.: Handbook of Soviet Space Science Fassearch, review, 784 

Tooze, John: An Account of the Foot and Mouth E»idemic of 1957-8, review, 592 

The Molecular Basis of Life, review, 197 

Townes, C. H.: see under Cheung, A. C 

Traikov, Helli; see under Hoizbauer, Margarethe 

Trainin, Nathan, and Resnitzky, Peretz: Infiuencesof Neonatal Thymectomy on 
Cloning Capacity of Bone Marrow Cell in Mose, 1154 

Traubi Na Yonath, A. and Segal, D. M.: On the Molecular Structure of Collagen, 


Travers, Andrew ÀA.: see under Burgess, Richard B. 

Tribble, David C.: see under Lueker, David C. 

Trimble, Virginia: Frequency of Events Producing Pulsars, 1038 

Truelove, Sidney: see under Morris, Norman 

Tseung, A, C. C.: see under Tantram, A. D. S. 

Ts'o, P. O. P.: see under Umans, R. S. 

Tucker, E, B.: Solid State Masers, review by A. Milington, 693 

Tucker, R, H.: see under Murray, C. A. 

Tuffrey, Maureen, Bishun, N. P., and Barnes, R. D.: Porosity of the Mouse Placenta 

d to Maternal Cells, 1029 

Turner, D. R.: see under Abdulla, Y. H. 

Turner, M. W., Mårtensson, L., Natvig, J. B., asd Bennich, Ho Genetic (Gm) 
Antigens associated with Subfragments frem the Fc Fragment of Human 
immunoglobulin G, 1166 

Turner, Tom: see under Hughes, Arthur F, 

Tyler, P.: Relationship between Oxygen Consumption and Swimming Speed in 
the Haddock, Melanogrammus aeglefinus, 204 

Tyler, Frank H.: see under Zundel, Wayne 5, 

Tyler, G. Leonard: see under Comella, J. M. 


ev 

Wsie: Aleksander M.: Physiology and Pathology of Membrane Digestion, 
review by R. B. Fisher, 591 

Uhr, Jonathan W.: see under Fikrig, Senih, M. 

Ujihara, Masako: see under Kawade, Y: 

Ulrich, Henri: The Chemistry of Imidoyl Halides, review by K. Brocklehurst, 883 

Umans, R. S., Lesko, Stephen A., jun., and Ts'c. P, O. P Chemical Linkage of 
Carcinogenic 3,4-Benzpyrene to DNA in Aqueous Solution induced by 
Peroxide and lodine, 763 

Underwood, E. Ashworth: English-speaking Meifical Students at Leyden, 819 

Uretsky, N.J. and Iversen, L. L.: Effects of 6-Hyd-oxydopamine on Noradranatine~ 
containing Neurones in the Rat Brain, 557 

Usategui-Gomez, Magdalena, and Stearns, Susan Comparative Study of the Rhi? 
Antibody Titres of Amniotic Fluids and Corresponding Maternal Sera. in 
Rh-D Sensitized Pregnancies, 82 


V aight, P, R.: see under Gasser, R. P, H. 

Vallee, B. L.: see under Pietruszko, R. 

Vane, J. R.: see under Hodge, R. L. 

Vanse, Viadimir: Detectability of Lunar Libravion Clouds at Small Phase Angles, 
7 


Vaughan, A. E.: see under Wielebinski, R. 

Vaughan, Burton E.: see under Vaughan, William i. l 

Vaughan, William J., and Vaughan, Burton E.. Deposition of inhaled Particies 
in the Lungs, 661 

Venis, M. A.: Streptomycin Inhibition of Protein Synthesis in Peas reversed by 
Divalent Cations, 1147 

Vergoni, W.: see under Bertolini, A. 

Vernon, Philip E.: intelligence and Cultura. Environment, review by Marie 
Jahoda, 1078 

Veverka, A.: see under Heller, B. 

Vinograd, Jermone: see under Hudson, Bruce 

Vinson, G. P.: see under Whitehouse, Barbara j, 

Visser, W.: see under Dalderup, L. M 

Vite, J, P.: see under Kinzer, G. W. 

Vogel, Margaret: see under Geiduschek, E. Peter 

Vos, R. H. de: see under Koeman, LH. l tet 

Vries, J. J. de, and Berendsen, E. J. C.: Nucisar Magnetic Resonance Measures. — 
ments on a Macroscopically Ordered Smectic Liquid Crystalline Phase, 1139 - 


VV achsmuth, E. D.: see under Kurtz, A. B. n" | 
Wachter, R, de and Fiers, W.: Sequences at the 5'-Terminus of Bacteriophage 
OS RNA, 233 
Waddington, C. H.: Some European Contribusions to the Prehistory of Molecular 
Biology, 318 
& Roberts, Evelyn: Determination, Activation and Actinomycin D Insensi- 
tivity in the Optic Imagina! Disk of Drosophila, 933 
Wade, Nicholas: Science Year 1968, review, 793 
Wadsworth, R. M.: The Measurement of Ésvironmental Factors in Terrestrial 
Ecology, review by P. J. Newbould, 976. 
Wagner, William W.: see under Zundel, Warne S. 
Wake, R. G.: see under Hill R, 4. 
Walker, A.: see under Suckling, J. A. 
Walker, Doreen M. C,: see under King-Hele gD. G. 
Walker, Ernest P.: Mammals of the World, view, 198 
Walker, J. T., and Merritt, N. R.: Ganetic Control of Abnormal Starch Granules 
and High Amylose Content in a Mutant ef Glacier Barley, 482 


e Walker, John: More Children for Science, correspondence, 1178); 















xii 


a ` Walker, P. M. B.: see.under McLaren, Anne i " 
Walker, Valerie: Assessment in Clinical Psychology, review, 389 
. Disorders of Memory and Learning, review, 389. 





- "Wamplar, E. J.: see under Millar, J. S. 


Ward, Elsie N.: see under Baroni, C. D. 


3.: see under Nather, R, E, 

Warren, Kenneth S.: see under Goffman, William 

Waslien, Carol i., Calloway, Doris Howes, and Margen, Sheldon: Human Intoler- 

,, ance to Bacteria as food, 84 

Waterfield, Michael D.: see under Salomone, Ramon 

Watt,J. A.G., Ashcroft,G, W., Daly, J. J., and Smythies,J. R.: Urine Volume and 
Pink Spots in Schizophrenia and Health, 971 

Watts, R. W. E.: see under Chalmers, R.A 

| Watts, W, S.: Transmission of Dieldrin from Insects to their Progeny, 763 

Waugh, W. A. O'N.: Game Theory, review, 884 

. Weavers, B.: see under Kalina, M, 

Webb, john S.: see under Thornton |. 

Webb, N. L.: see under Doctor, B. P, 

Weglicki, William P., Luna, Zenaida, and Nair, Padmanabhan P.: Sex and Tissue 
Specific Differences in Concentrations of a-Tocopherol in Mature and 
Senescent Rats, 185 

Weinbach, Eugene C., and Garbus, Joel: Mechanism of Action of Reagents that 
uncouple Oxidative Phosphorylation, 1016 

Weinberg, F. 1.: see under Schwar, M.J, R, 

Weir, 1. Se Importation of Nutrients into Woodlands by Rooks, 487 

Weiss, 1, J.: Substoichiometry in Radiochemical Analysis, review, 392 

Weich, VV. 1.: see under Cheung, A.C. 

Weliachew, L.: see under Guélin, M. 

Weller, Gunter E.: Radiation Diffusion in Antarctic Ice Media, 355 

Wells, Martin: Lower Animals, review by John A. Patterson, 101 

Wergeland, Harald: see under Midtdal, John 

West, G.: New Constitution for British Physicists, correspondence, 694 

Whissell, Du see under Heddle, John A. 

White, Benjamin: see under Bach-y-Rita, Paul 

Whitehead, Anne: see under Cheesman, D. F, 

Whitehouse, Barbara J., and Vinson, G, P.: Pathway for Cortisol Biosynthesis in 
the Foetal Adrenal Cortex, i051 

Whitlock, Ralph: An Account of the Foot and Mouth Epidemic of 1967-8, review 
by John Tooze, 592 

Wiesel, T. Nu: see under Hubel, D. H. 

Wigglesworth, V. B.: Chemical Structure and Juvenile Hormone Activity, 190 

Wilcoxon, J, A.: Tropical Planktonic Zones and Calcareous Nannoplankton 
Correlations in Part of the California Miocene, 950 

Wiley, J. $.: inheritance of an Increased Sodium Pump in Human Red Cells, 1222 

Wilkinson, J. F.: see under MacPhee, D, G, 

Williams, D. C.: see under Robertson, D. M, 

Williams, G. H.: Radical lons, review, 494, corrigendum, 694 

Williams, P. M, and Yoffe, A. D.: Monochromatic Cathodoluminescence Image in 
the Scanning Electron Microscope, 952 

Williams, Trevor |,, and Withers, Sonia ed: A Biographical Dictionary of Scien- 
tists, review by Andrew Millington, [081 

Williams, T. W.: see under Granger, G. A. 

Willis, R. F.: Thermal Decomposition of Silicone Fluids at Meta! Surfaces, 1134 

Wilson, R, L.: see under Aldrich, J, E. 

Wilistrop, R, V.: Optical Flashes from the Crab Nebula Mi, 1023 

Wilner, G. D.: see under Nossel, H. L. 

Wilsin, Edward Q.: see under MacArthur, Robert H. 


Wilson, Claude: see under Goldman, Leon 
immer, E., and Reichmann, M. E.: Two 1-Terminal Sequences in Satellíte 

Tobacco Necrosis Virus RNA, 1122 

Wishart, David: Numerical Classification Method for deriving Natural Classes, 97 

Wiskich, J. T.: see under Muecka, P. S, 

Wolf, George: see under Arcos, Joseph C. 

Wolpert, L.: see under Hicklin, Judy 

Wolstencroft, R. D.: see under Bandermann, L. W. 

oodburne, Vivienne: see under Gordon H, 

Woodland, H. R., and Graham, C. F.: RNA Synthesis during Early Development 
of che Mouse, 327 

Worral, G. A.: Introduction to the Study of Soils in Tropical and Subtropical 
Regions, review, 103 

Wright, Christine Schubert, Alden, Richard A., and Kraut, Joseph: Structure of 
Subtilisin BPN at 2:5 A Resolution, 235 

Wright, Elwood W. jun.: see under Alberts, VW. Watson 

Wright, G, A.: see under Burstein, G, T. 

Wright, James P.: see under Gaposchkin, E. M. 

Wright, Sewell: Evolution and Genetics of Populations, review by Cedric A. B. 
Smith, 690 

Wukelic, George E: Handbook of Societ Space-Science Research, review by G. A, 
Tokaty, 784 

Wureman, Richard J.: see under Anton-Tay, Fernando 

Wyatt, Philip J.: Identification of Bacteria by Differential Light Scattering, 1257 

Wynder, Ernest L.: see under Hoffman, Dietrich 

Wythes, Jennifer R.: see under Hill, M. K. 


pem Terzian: see under Davidson, Kris 

Yoffe, A. D.: see under Williams, P, M. 

Yonath, A.: see under Traub, W. 

Yonge, C. M.: Studies in the Structure, Physiology and Ecology of Molluscs, 
review, 782 

Yoshikami, S.: see under Bridges, C. D. B. 

Young, 1. Z.: The Relations between the Sciences, review, 1173 


Zanelii, G. D.: see under Burlin, T. E, 

Zaretskaya, Yu. M., Panteleev, E. 1., and Petrov, R. V.: Accumulation of Antibody- 
forming Cells in Spleens of Pre-immunized Irradiated Mice after Trans- 
plantation of Syngeneic Bone Marrow, 567 

Zarrow, M. X.: see under Denenberg, Victor H. 

Zbarsky, |, B., Perevoshchikova, K, A., Delektorskaya, L. N., and Delektorsky, 
V. V.: Isolation and Biochemical Characteristics of the Nuclear Envelope, 
257 

Zeman, Wolfgang: see under Horta-Barbosa, Luiz 

Zendzian, Robert R.: see under Homan, Elton R. 

Zervas, J. D.: see under Harris, R. 

Ziegler, Phillip: The Black Death, review by Andrew B. Semple, 881 

Zienau, S.: Foundations of Quantum Mechanics, review, 587 

Zilber, L. A., and Abelev, G, I: The Virology and immunology of Cancer, review 
by R.J, C, Harris, 102 

Ziman, J. M.: Growth and Spread of Science, 521 

Zimmer, Guido, Ette, Hedwig, and Geck, Peter: Correlations of ATPase Activity 
and ATP Levels with Structural Alterations in Rat Liver Mitochondria 
during Swelling, 1160 

Zorbach, W. Werner, and Tipson, R. Stuart: Synthetic Procedures in Nucleic 
Acid Chemistry, review by R. M. S. Smellie, 691 

Zuman, P.: see under Heyrovský, J. 

Zundel, Wayne S., Tyler, Frank H,, Mays, Charles W., Lioyd, Ray D., Wagner, 
William W., and Pendleton, Robert C.: Short Half-cimes of Caesium-137 
in Pregnant Women, 89 

Zung, Joseph Y.: see under Bolander, Richard, W. 








SUBJECT 


PAosoiitas in Organs of Mice induced by a Magnetic Field (M. F. Barnothy 
and |. Sumegi), 270 

Abnormalities, Neurological, in XYY Males (Richard F. Daly), 472 

pratt a Effects on Activity of Chromatin (J. Alan Pearson and P. F. Wareing), 


Abscisic Acid and Morphogenesis in Lemna polyrhiza L. (G. R. Stewart), 61 

Abscisic Acid (RS): Stomatal Closure and Inhibition of Transpiration induced by 
(Cathryn J, Mittelhauser and R, F, M, van Steveninck), 281, erratum, 796 

Absence of Pulsar Characteristics in Several X-ray Sources (H. Friedman, G. Fritz, 
R. C. Henry, J. P. Hollinger, J. F. Meekins and D. Sadeh), 346 

Absolute Configuration Determination from Anomalous Scattering by Oxygen 
(H. Hope and U. de la Camp), 54 

Absorption of Disaccharides: Role of intestinal Microvilli and Glycocalyx in 
(4. S, Prichard), 369 

Absorption Spectrum of Leech Haemoglobin: a Correction (A. E. Needham), 572 

Absorption Spectrum of Rhodopsin: 280 nm Absorption Band (Ruth Hubbard), 
435: 500 nm Absorption Band (Ruth Hubbard), 432 

Absorption, 10 MHz, in the Local Spiral Arm (A. H. Bridle), 648 

Accelerator in Demand, news, 901 

Accelerators, see Boosting NINA, news, 988 

see New Ways with Protons, news, HOI 

Accident Reduction, news, 212 

Account of the Foot and Mouth Epidemic of 1967-8 (Ralph Whitlock), review by 
John Tooze, 592 

Accumulation of Antibody-forming Cells in Spleens of Pre-immunized irradiated 
Mice after Transplantation of Syngeneic Bone Marrow (Yu, M. Zaretskaya, 
E. 1. Panteleev and R, V. Petrov), 567 

Acetone and Ethanol: Effects on Action Potential and Inhibitory Potential of 
Guinea-pig Taenia Coli (S. Sunano and E. Miyazaki), 380 

Acetylcholine: Effects of Intrahypothalamic Infusion of, on Behavioural and 
nope Thermoregulation in the Rat (A. L. Beckman and H, J, Car- 
isle), 

Aon a Complex with Two Active Centres (R. A. Peters and M, Shorthouse), 


Acoustic Breakage, Laser-induced, of Tobacco Mosaic Virus (E. F. Carome), 660 

Acoustics, see Banishing the Echoes, news, 7 

Actinomycin D: Insensitivity, Determination and Activation in the Optic Imagina! 
Disk of Drosophila (C. H. Waddington and Evelyn Robertson), 933 

Reversible Effect on Nuclei of Amoeba Discoides: Nuclear Transplantation 

Study (1. J. Lorch and K. W. Jeon), 1073 

Action of Urea on the Activity of Dehydrogenases and a-Glucosidase in Aerobacter 
coo grown in Continuous Culture (A, C. R. Dean and P. J. Rodgers), 


Action Potential and Inhibitory Potential: Effects of Ethanol and Acetone on, in 
Guinea-pig Taenia Coli (S. Sunano and E, Miyazaki), 380 

Activated Carrier Mobility in Organic Solids: Evidence for (F. Gutmann, A. M. 
Hermann and A. Rembaum), 1237 

Active and Inactive Sites, news, 1003 

Active Sites, Catalytically: Distribution on Clean Metal Surfaces (R. P. H. Gasser 
and P, R. Vaight), 166 

Active Transport, see Crossing the Membranes, news, 907 

Adaptable Heart, The, news, 615 

Added End, news, 316 

Additional Specificities of Australia Antigen and the Possible Identification of 
Hepatitis Carriers (Cyril Levene and Baruch 5. Blumberg), 195 

Adenoma, Chromophobe: Incidence after Chronic Diisopropyifluorophosphate 
Poisoning (Peter H. Glow), 1265 

Adenosine Activity: Potentiation by Low Oral Doses of Lidoflazine (A. H. M. 
Jagenau and W. K. A. Schaper), 184 

Adenosine and Dipyramidole: Interactions on Platelet Aggregation (R. B. Philip 
and J. P. V. Lemieux), 1162 

Adenovirus Type 7 Haemagglutinin: Solubilization and some Properties of the 
Eoo reone Receptor for (A. R, Neurath, R, W. Hartzell and B, A. Rubin), 


Adenovirus Type 12 Tumorigenesis in Mice: Effect of BCG and Allogeneic Tumour 
Celis on (Hans ©, Sjogren and Jaro Ankerst), 863 

Adhesion, Cell, Current Theories of: Effect of EDTA on Electrophoretic Mobility 
oo Mould Cells and its relationship to (D. Gingell and D. R. Garrod), 


Administration of NASA, see Appointments in Washington, news, 1096 

ADP and ATP: Turbidity Changes in a Myelin Fraction induced by (Y, H. Abdulla 
and D. R. Turner), 775 

Adrenal Cortex: Functions of (Kenneth W. McKearns ed), review by D. Exley, 
782, erratum, 982 

Adrenal Cortex, Foetal: Pathway for Cortisol Biosynthesis in (Barbara J, White- 
house and G. P. Vinson), 1051 

Adrenal Gland of the Rat: Progesterone Secretion in vivo by (Margarethe Holz- 
bauer, Helen M. Newport, Marion K. Birmingham and Helli Traikov), 572 


~~ Adrenalin: Enzymatic Synthesis in Mammalian Brain (Ronald D. Ciaranello, 


Rebecca E. Barchas, Gregory S. Byers, Donald W. Stemmle and Jack D, 
Barchas), 368 l 
Adrenocorticotrophic Hormone, Action in Brain: Induction of Sexual Excitement 
by (A. Bertolini, W. Vergoni, G. L. Gessa and W, Ferrari), 667 
Adults and Larvae of Nereis: Uptake of Leucine by (N. Bass, G. Chapman and 
3, M. Chapman), 476 
Adults, Normal: Total Body Water and Weight Changes in (G. Owen, R. J. Kerry 
and Hilda M. Davies), 471 
Aedes aegypti Mosquito Embryo Celis, Continuously Subcultured: Behaviour of 
, infectious RNA from Four Different Viruses in (J. Peleg), 193 
Aerial Reconnaissance in Plant Pathology, see Plants from the Air, news, 218 
 Aerobacter aerogenes grown in Continuous Culture: Action of Urea on the 
Activity of Dehydrogenases and a-Glucosidase in (A. C. R, Dean and P. ij. 
Rodgers), 969 


INDEX 


Aerosol Particles: Deposition in the Nasopharysgeal Region on the Human | 
Respiratory Tract (R. F. Hounam, A. Black aad M. Walsh}, i254 

Aflatoxin produced by 1,626 Isolates of Aspergillus favus from Groundaut Kernels 
and Soils in Israel (A. Z. Joffe), 492 l " . l 

Africa: How far does the Rift System extend through? G. D. Fairhead and A. VV, 
Girdler), 1018 

Africa and Surrounding Islands and Antarctica: Palzsoecology of (1, A. Costuee}, 
review by M. E. S. Morrison, 589 mn 

Africa South of the Sahara: The Anophelinae of ML T. Gillies and Borha da. 
Meillon), review by W. Peters, 1175 

African and American Experience, news, 1092 

African Population: Quantitative Variation of 6-Pha:phogiuconate Dehydrogenase 
in (H. Gordon, M. M. Keraan, Vivienne Woocburne and Eunice Sophangial, 
96 


African Students, see Harvard Leaps Ahead, news, 399 

African Swine Fever Virus in Ticks (Ornithodorus muubata, Murray} collected from 
Animal Burrows in Tanzania (W. Plowright: J. Parker and M, A. Peirce), 
1071 

After Apollo 9, news, 990 

Aftermath of Alaska, news, 1096 

Agathis and Podocarpus with Endogone Spores: 
(G, T. S, Baylis}, 1267 Í 

Age Determination and Mandibular Layering in Delphinapterus leucas (Paul P. 
Brodie), 956 

Age Determinations and Miocene Stratigraphy, Rusinga Island, Kenya G. A. van 
Couvering and J. A. Miller), 628 

Age of the Galaxy, Disagreement About, news, 998 

Age, Maternal, and Down's Syndrome (P. R. 1. Burch), 173 . 

Ageing, Growth and Disease; An Inquiry Concerring (Philip R. J. Burch), review 
by F. Post, 197 

Ageing, see Inheritance of Old Age, news, 1191 

Aggression and Man (M. F. Ashley Montagu ed), review by W. M, S. Russell, 1077 

Agricultural Research: Organization and Adminissration of (1, Arnon), review by 
D. Rudd Jones, 1174 

AH.3365 (Salbutamol): Cardiovascular Effects of (3. R. Kelman, K M. V, Palmer 
and M. R. Cross), 1251 

Aigrain Group, see Experts review European Colliboration, news, 898 

Aiming to Please, news, 706 i l 

Air: Dehydration of E. coli Ribosomes in, without Loss of Activity CTaiki Tamaoki, 
Albert J. Faber and Tadakatsu Kato), 1050 

Physicist of the, news, 1185 

Air Plants from, news, 218 

Air Open: Toxicity to a Variety of Microorganisms (K. R, May, H. A, Druett and 
L. P. Packman), 1146 

Air Pollution, see London Grows Cleaner, news, em 

Aircraft and Airfields without Promise, news, 889 

Aircraft industry, see Virtue from Necessity, news. 599 

Airfields and Aircraft without Promise, news, 

Airport, Third for London, see Airfields and Airczaft without Promise, news, B89 

Alaska: Aftermath of, news, | 

Earthquake of 1964, The Great (National Research Council), review By 

D. Davies, 1274 

Alaska Feels the Freeze, news, B 

Albedo-Polarization Relationship for Selected Lunar Regions (5. F, Pellicer}, 151 

Albinism: Pleiotropic Effects on Open Field Behaviour in Mice {h C, DaFries), 63 

Album of the Moon, news, 4 

Albumin Gainesville, a New Variant of Human Serum Albumin: Genetics (Thomas 
Lau, F, William Sunderman, jun., Shyam ©. Agarwal, Alton |. Sutnick aad 
Baruch S. Blumberg), 66 l . 

Alcoho! Dehydrogenase, Horse Liver: Structure and Function Relationships in 
isoenzymes of (R. Pietruszko, H. J. Ringold, T.-K. Li, B. i. Valles, A. 
Akeson and H. Theorell), 440 

Alcohol: influence on Coronary Function in Rabt:ts with Atherosclerosis induced 
by Cholesterol (H. G. Boyaner), 1066 

Aidabra Research: Prospect and Retrospect of £O, R. Stoddard), 1904 " 

Aleurone Tissue, Wheat: Sequential Action of €ytokin and Giberellic Acid in 
(D. Eastwood, R. J. A. Tavener and D, L. Laidman), 1267 

Alfalfa (Medicago sativa L.), Cultivated: Haploid: from (E, T, Bingham), 865.— 

Aiga, Blue-Green Nostoc linckia (Roth) Born, et Fish.: inductian by Ultraviolet 
Irradiation of Mutation in (R. N. Singh ane. D. M, Tiwari}, 62 

All Things Bright and Behutiful, news, 1186 p 

Allelic, non-, Nature of the Basic Sequences of Normal Immunogiobulin K Chai 
(C, Milstein, Celia P, Milstein and A. Feirstein), 149 

Allogeneic Tumour Cells and BCG: Effect on Adenovirus Type 12 Tumorigenesis 
in Mice (Hans O. Sjögren and laro Ankers:), 863 

Alloxan-Diabetes: Apparent Reversal of Insulin Resistance in Cardiac Muscle in, 
by 2-Bromostearate (P, J. Randle), 777 

Alloys, Hard, Strength of (Gersh S. Kreimer), review by W. ©. Alexander, 494 

Almost Home and Solvent, news, 505 

Alpha-ray Activity in Large Human Arteries (A ..Elkeles), 662 

Altered Coding in Single Stranded DNA Viruses? (D. T. Danhardc and D. A. 
Marvin), 769 

American Aid to Foreign Geophysics, see Foreign Aid, news, 612 

American and African Experience, news, I 

American Cockroach: Hydrocarbon Synthesis i» (Dennis R. Nelson), 854 

American Education, see Value of a Degree, news, 11. 

American Investment in Britain, see Economic Benefits, news, 893 

American, Scientific, Readings: The Molecular Basis of Life, review by J. Toore, 197 

Amethopterin-induced and Spontaneous Deathsof LI210 Leukaemia Cells in vivo 
(Kurt G. Hofer, Stephen Rosenoff, Wolf P*ensky and Walter Li Hughes}, 576 

Aline PY a and Parkinson's Disease «vor Smith and A. H. Kellow), 


Synthesis of Mycorrhizas in 


Amino Acids: Circadian Periodicity in Normal and Adrenalectomized Mice Blood 
(Ralph D. Feigin, Harry G. Dangerfield end William R, Beisel), 34 


xiii 
. 


xiv 


Ámino-acids and D and L-sugars: Sweet Taste of, and the Steric Nature of their 
_ Chemo-receptor Site (R. S. Shallenberger, T. E. Acree and C. Y, Lee), 555 

Amino-acids Optical Configuration in Pre-Cambrian Fig Tree Chert (Kieth A. 
Kvenvolden, Etta Peterson and Glenn E. Pollock), 14 

allies err ad in Larvae of Pieris brassicae (Lepidoptera) (L. M. Schoonho- 
ven), 

Amino-acid Sequence Determination: Principles and Practice for (Walter A. 
Schroeder), review by Brian S. Hartley, 102 

6-Aminochrysene administered during the First 3 Days of Life: Induction of Lung 
and Liver Tumours by, in Mice (F, J, C. Roe, R, L. Carter and Sylvia Adam- 
thwaite), 1063 

Aminopeptidase: Identification of Plasma Angiotensinase as (A. B, Kurtz and 
E. D, Wachsmuth), 92 

Ammonia Clouds and Further Microwave Emission Lines in our Galaxy (A. C. 
Cheung, D. M, Rank, C. H. Townes and W. J. Welch), 917 

Ammonia Line Detected, news, 6 

Aun monsnorn Pathology and Epileptic Dyscontrol (G. E. Savage and I. R. Swingland), 


Amniotic Fluids: Rh-D Antibody Titres and Corresponding Maternal Sera in 
Rh-D Sensitized Pregnancies, Comparative Study (Magdalena Usategui- 
Gomez and Susan Stearns), 82 

Amoeba discoides: Nuclear Transplantation Study of the Reversible Effect of 
Actinomycin D on the Nucieoli of (1. J. Lorch and K. W, Jeon), 1073 

Amoeba proteus: Control of DNA Synthesis in (M. J, Ord), 964 

Amorphous Polystyrene: Deformation Bands in, and their Relation to the Slip 
Line Field (B. B. Bowden and J. A. Jukes), 462 

Amphibians: Evolution of the Neurohypophysial Hormones with Reference to 
(R. Archer, J, Chauvet and M. T. Chauver), 759 

Amphiphile Nature of K-Casein as the Basis for its Micelle Stabilizing Property 
(R. J. Hill and R, G. Wake), 635 

Amplitude Variations, Pulsar (E, E, Salpeter), 31, erratum, 293 

Amylose Content, Height, and Abnormal Starch Granules: Genetic Control ina 
Mutant of Glacier Barley (J. T. Walker and N, R. Merritt), 482 

Anaerobic Degradation of the Insecticide Lindane by Clostridium sp. (1. C. MacRae, 
K, Raghu and E. M. Bautista), 859 

Anaesthetic Potency of CF, and SF, in Dogs (Stanley L. Miller, Edmond I, Eger, Il, 
and Claes Lundgren), 468 

Anaesthetics, Certain: Cooperative Effect on the Lobster Giant Axon (C. Schauf 
and D. Agin), 768 

Analgesic, Anti-inflammatory and Anti-pyretic Activity: 'Myalex' a New Com- 
pas with (W. Hepworth, B, B. Newbould, D. S, Platt and G, J. Stacey), 


Analysis, Functional: A First Course in (Martin Davis), review by L, S. Goddard, 199 

Analysis Stratigraphic: Computer Applications in (John W. Harbaugh and Daniel 
F. Marriam), review by lan Nichol, 199 

Analysis of Microbes: Application to the Study of Phosphorus in Soils (R.H. 
Qureshi, D. A. Jenkins, R. I. Davies and J. A. Rees), 1142 

Analysis with Complexes, news, 1102 

Analytical Chemistry, see Mail Order Analysis, news, 794 

Anatomical Demonstration of Columns in the Monkey Striate Cortex (D. H. Hubel 
and T. N. Wiesel), 747 

Ancient Chinese Records of Supernova Explosions and Pulsars (C. $. Shen), 1039 

Ancient Monuments Laboratory, see Digging but not Keeping, news, 206 

see also Step in the Right Direction, news, | 
correspondence: Digging but not Keeping (G, W. Dimbleby), 1176; (W.S. G. 

Smeie), 1177 

Androgen or Oestrogen Sterilized Female Rats: Oestrogen Receptors in (John L. 

«Guire and Robert D. Lisk), 1068 

Andromeda Nebula, Globular Clusters in (Sidney Van den Bergh), 68 

Angiotensin l} Concentration in the Circulation: Role of the Vagus Nerve in the 
Control of (R, L. Hodge, R. D. Lowe, K, K. F., Ng and J. R. Vane), 177 

Angiotensins Land ll and Renin: Pressor Response to, in Rats treated with Carbon 
Tetrachloride (O. A, Carretero, F, M. Bumpus and R. R. Smery}, 1067 

Anharmonic Crystal (Philippe Choquard), review by M. Blackman, 392 

Animal Burrows in Tanzania: African Swine Fever Virus in Ticks (Ornithodorus 
moubata, Murray) collected from (W. Piowright, J. Parker and M. A. 
Peirce), 1071 

Animals, Homes for, news, 711 

Animals in Research, see Parliament in Britain, news, 705 

Animals in che Night (J. H. Prince), review by John A. Patterson, 980 

Animals Lower (Martin Wells), review by John A. Patterson, 101 

Anisotropy, Seismic: Generation in the Upper Mantle along the Mid-Oceanic 
Ridges (T. J, G. Francis), 162 

Annealing, Compression, of Pyrolytic Boron Nitride (A, W. Moore), 1133 

Annihilation, Metagalactic Proton-Antiproton Cosmic Gamma Rays from (F. W. 
Stecker}, 425 

Anomalous Liquid Water: Cluster Structure of (Richard W. Bolander, James L. 
Kassner, jun., and Joseph T. Zung), 1233 

Anomalous Scattering by Oxygen, Determination of Absolute Configuration from 
H, Hope and U. de la Camp), 54 

Anophelinae of Africa South of the Sahara, The (M. T. Gillies and Botha de Meillon), 
review by W. Peters, 1175 

Anopheline Mosquitoes of Malaya and Borneo (J. A. Reid), review by W. Peters, 882 

Another Barrier Down, news, 109 

Another Hazard of the Pill, news, 713 

Another Lead Balloon, news, 603 . 

Another Look at the lonosphere, news, 512 

Another Race for Molecular Biologists, news, 122 

Another Technology Gap, news, 3 

Another Telescope for Cambridge, news, 515 "T 

Antarctic ice Media: Radiation Diffusion in (Gunter E. Weller), 356 

Antarctica and Africa and Surrounding islands: Palaeoecology of (J, A, Coerzee), 
review by M, E. S, Morrison, 589 

Antarctica, see Made by the Birds, news, 517 

Anthropology, Social, and History (1. M. Lewis ed), review by S. J. Tambiah, 493 

Anti-ballistic Missile System, see The Anti-McNamara Missile, news, 1095 

Antibiotics and Membrane Permeability, see Crossing the Membrane, news, 
907 


Antibiotics, Various, and other Compounds: Interference with Protein Synthesis 
in Muscíe and their Influence on Metabolic Regulation (K. L. Manchester), 
8 


Antibodies, Anti-macrophage, Inhibition of Phagocytosis by (John F. Jennings and 
Lynda A. Hughes), 79 

yA Antibodies, Secretory, induced by Local Immunization (Robert J. Genco and 
Martin A. Taubman), 679 

Antibody-forming Cells: Accumulation in Spleens of Pre-immunized irradiated 
Mice after Transplantation of Syngeneic Bone Marrow (Yu. M. Zaretskaya, 
E. i. Panteleev and R. V, Petrov), 567 

Antibody-like Activity to the 2,4-Dinitrophenyl Group in Normal Human Sera 
(Michael Brandriss), 960 Ie 

Antibody Production in the Absence of an X Chromosome {Senih M, Fikrig, 
Richard V. Musto and Jonathan W. Uhr), 870 


INDEX 


Antigen: Partial Characterization by Molecular Hybridization of RNAs from 
immunocompetent Ceils exposed to (Edward P. Cohen), 685 
Synthesis of RNA by Normal Mouse Spleen Cells after Stimulation with, in 
_ vitro (Librado Ortiz-Ortiz and Bernard N, Jarosiow), 1153 
Antigen at 4? C: Lymphocyte Transformation after Exposure to (G. A. Caron and 
S. Poutala), 478 
Antigen, Australia: Additional Specificities of, and the Possible Identification of 
Hepatitis Carriers (Cyril Levene and Baruch 5. Blumberg). 195 
Antigens, Cellular: Effects on Lymphocytes and the Nature of the Mixed Lympho- 
cyte Reaction (D. A. Hardy and N., R. Ling), 545 
Antigens, Genetic (Gm), associated with Subfragments from the Fc Fragment of 
Human Immunoglobulin G (M. W. Turner, L. Mártensson, J. B, Natvig and 
H. Bennich), 1166 
Antigens, Retículocyte HL-A (R. Harris and J. D. Zervas), 1062 
Antigens Theta and lota, of Rubella: Physicochemical Characteristics (George L. 
Le Bouvier), 78 
Anti-inflammatory, Analgesic and Anti-pyretic Activity: ‘Myalex’ a New Com- 
poung with (W. Hepworth, B. B. Newbould, D. S. Platt and G. J. Stacey), 


Anti-lymphocyte Serum: Effect of, on Parameters of Growth of MCA-induced 
Tumours (Edwin R, Fisher, Osama Soliman and Bernard Fisher), 287 
Anti-lymphocytic Globulin and Mycobacterium leprae: Unexpected High Incidence 
of Tumours in Thymectomized Mice treated with (I. M. Gaugas, F. C. 
Chesterman, M, S. Hirsch, R. J. W. Rees, Jennifer J. Harvey and C. Gil- 
christ), 1033 

Antilymphocytic Serum Suppression of Immune Response: Tumour Nodule 
Formation as an in vivo measure of (E, J. Stewart and F. T, Perkins), 80 

Anti-MacNamara Missile, The, news, 1095 

Anti-pyretic, Analgesic and Anti-inflammatory Activity: 'Myalex' a New Com- 
pound with (W. Hepworth, B. B. Newbouid, D. S. Platt and G. J. Stacey), 


Antithymus Serum: Increased Activity after Absorption with Spleenic Lympho- 
cytes (David C, Lueker and Jack L. Tribble), 682 
Anti-uterotrophic Response of immature Mice to 3-Methylcholanthrene (NC. 
Newman and Richard C. Moon), 89 
Apollo Programme, see Dress Rehearsal, news, 791 
Apollo 8 Pictures of the Moon, news, 215 
Apollo 9, After, news, 990 
Apparent Reversal of [nsulin Resistance in Cardiac Muscle in Alloxan-Diabetes 
by 2-Bromostearate (P. J. Randle), 777 
Appearance and Reality in Indian Science Policy (Ashok Parthasarathi), 909 
Application of Microbe Analysis to the Study of Phosphorus in Soils (R. H. Qureshi, 
D. A. Jenkins, R. i. Davies and J. A. Rees), 1142 
Applications for Satellites, see Satellites Applied, news, 707 
Applied Botanists University Training in Germany, Holland and Sweden (D. G. 
Morgan), 18 
Appointments in Washington, news, 1096 
Aqueous Biochemical Systems, Reconstitution Mechanisms in Radiolysis of: 
inhibitive Effect of Thiols (John Holian and Warren M. Garrison), 57 
Aqueous Fluoride Solution of Bismuth (V) (G. T. Burstein and G. A. Wright), 169 
Aqueous Solutions: Oxidation of Cf** in (R. C. Propst and M. L. Hyder), 1141 
Archaeology, see Castle Discovered, news, 905 
see Ludgershall Castle, news, 606 
see Portchester Castle, news, 508 
see Roman Pewter Hoard, news, 127 
see Treasure Trove, news, 602 
Archaeology Laboratory, see uncer Ancient Monument Laboratory 
Arginine: Biosynthetic Pathway, news, 519 
P H-Arginine: Incorporation of Tritium of, into DNA as the Explanation of "Late 
esl? of Protein" on the Human X Chromosome (David E. Comings), 


Argon Laser Microbeam: in vitro Production of Chromosomal Lesions with 
(Michael W. Berns, Robert S, Olson and Donald E. Rounds), 75 

Argyrolagidae, see Convergent Evolution, news, 1105 

Aromatic Amines and Parkinson's Disease (Ivor Smith and A. H. Kellow), 1261 

Aromatic Character and Aromaticity (G. M. Badger), review by R. E. Busby, 1274 

Arrangement of the Helical Regions in E. coli Tyrosine tRNA (B. P. Doctor, 
W. Fuller and N. L. Webb, 58 

Art Galleries under Pressure, news, 703 

Artefact in the Measurement of the Molecular Weight of Pulse Labelled DNA (A. 
R. Lehmann and M. G. Ormerod}, 1053 

Arteries, Large, Human: Alpha-ray Activity in (A. Elkeles), 662 

Atherosclerosis induced by Cholesterol: influence of Alcohol on Coronary 
Function in Rabbits with (H. G. Boyaner), 1066 

Asians: can they digest Lactose? news, 895 

Lactose Intolerance in (Sidney C. Alford), 562 

Asparagine Synthetase Activity in Malignant and Non-malignant Hurnan Kidney 
and Prostate Specimens (Morton D. Prager, Paui C. Peters, Jefferson O. 
Janes and Ina Derr}, 1064 

Aspergillus flavus: Aflatoxin produced by 1,626 isolates of, from Groundnut 
Kernels and Soils in Israel (A, Z. Joffe), 492 

Assembly of Phage Tail, news, 1002 

De in Clinical Psychology (C. E. Gathercole), review by Valerie Walker, 
3 


Asterias amurensis, Starfish, Isolation and Identification of Meiosis Inducing Sub- 
stance in (Haruo Kanatani, Hiroko Shirai, Koji Nakanishi and Tadashi 
Kurokawa), 273 

Astrodemic: Risk of (Solomon Garb), correspondence, 106 

Astronomers see the Light, news, 413 

Astronomical and Atomic Time: Dissemination of (H. M. Smith), 221 

Astronomy, see Ammonia Line Detected, news, 6 

see Green Light for infrared, news, 214 
see Mapping X-ray Stars, news, 313 

Astronomy Information Sources, see Living with Ap. J., news, 1093 

Astronomy, Observational, see Space Money for Ground Telescope, news, 314 

Astronomy Royal Reports, news, 797 

Astronomy, Scottish, see Seeing from Glasgow, news, 1092 

Astrophysical journal, Living with the, news, 1093 

Astrophysics at Dallas, news, 124 

Asymmetric Active Regions: Gravity and Seismicity of (Trevor Hatherton), 353 

Asymmetric Methyl Groups and the Mechanism of Malate Synthase (J. VV. Corn- 
forth, J, W. Redmond, H. Eggerer, W., Buckel and Christine Gurschow), 
1212 

At the Wit's End, news, 110 

Atlas of the Great Barrier Reef (V/, G. H. Maxwell), review by D, R. Stoddart, 
978 


Atmosphere, Exploring the (G, M. B. Dobson), review by David W. Hughes, 981 
Long-lived Radioactive Fission Products Concentration in over Britain, 112 
Atmosphere Calculation Model of the Solar Oblateness (B. R. Durney and I. W. 
Roxburgh), 646 i f 
Atmosphere of the Earth: Dimers of the Water Molecule in (H. A, Gebbie, 
W. J. Burroughs, John Chamberlain, J. E. Harris and R. G. Jones}, 143 


INDEX xv 


Atmosphere, Primitive Earth: Photochemical Reaction Mechanisms for Produc- 
tion of Organic Compounds in (R. A. Raf and G. M. Meaburn), 459 
Atmospheric Angular Momentum: Exchange between the Hemispheres (John W., 
Kidson and Reginald E. Newell), 352 
Atmospheric Composition oí Venus, see Excess Deuterium on Venus, news, 1100 
Atmospheric Noise at 33-5 GHz (Patricia R. Foster, A, M. Flettand 1, H. Howie), 
l 


Atmospheric Sodium Measured by a Tuned Laser Radar (M. R, Bowman, A. J. 
Gibson and M. C. W. Sandford), 456 

Atomic and Astronomical Time: Dissemination of (H. M. Smith), 221 

ATP: Synthesis and Recovery from Damage by Ultraviolet or y-Irradiation in 
Yeast (A. F, Mosin), 26! 

ATP and ADP: Turbidity Changes in a Myelin Fraction induced by (Y. H. Abdulla 
and D. R. Turner), 775 

ATP Levels and ATPase Activity: Correlations with Structural Alterations in 
Rat Liver Mitochondria during Swelling (Guido Zimmer, Hedwig Ette and 
Peter Geck), 1160 

ATPase Activity and ATP Levels: Correlations with Structural Alterations in 
Rat Liver Mitochondria during Swelling (Guido Zimmer, Hedwig Erte and 
Peter Geck), 1160 

Atria, Intact, and Brain Slices: Effect of Bromide on Evoked Release of Mono- 
amines from (lames S, Goodwin, Richard |. Katz and Irwin J, Kopin), 556 

Actractants, Bark Beetle: Identification, Synthesis and Field Bioassay of a New 
Compound from Dendroctonus (G. /W. Kinzer, A. F. Fentiman, jun., T. F. 
Page, jun., R. L. Foltz, J. P. Vité and G. B. Pitman), 477, erratum, 786 

Auroral Electrons: Radio Emission from (P. C. Gregory), 350 

Austenitic Stainless Steels: Fracture Path of Stress Corrosion Cracks in (J. D. 
Harston and J, C. Scully), 853 

Australia Antigen: Additional Specificities of, and the Possible Identification of 
Hepatitis Carriers (Cyril Levene and Baruch S. Blumberg), 195 

Australian Aborigines: New Genetic Variant of 6-Phosphogluconate Dehydro- 
genase in (N. M. Blake and R. L. Kirk), 278 

Australian Enterprise, news, 701 

Australian Research Boom, news, 113 

Australian Wildlife, see Kangaroos Recover, news, 712 

Australopithecine, Robust: Femoral Fragment of, from the Olduvai Gorge, 
Tanzania (M. H., Day), 230 

Autofluorescence of Visual Receptors (P. A. Liebman and R. A. Leigh), 1249 

Automation in Libraries (Richard T, Kimber), review by Herbert Coblans, 1176 

Autoradiography may be Unreliable for Identifying Human Chromosomes (Mark 
W. Steele), 1114 

Autotrophy: Continued Debate of, news, 1198 

Avena fatua and A. barbata: Genetic Polymorphism in Natural Populations of 
(D. R. Marshall and S. K. Jain), 276 

Aviation, see Gulls at Foulness, news, 989 

see Virtue from Necessity, news, 599 

Axon, Vertebrate: Movements in the Myelin Schwann Sheath (Marcus Singer and 
Susan V. Bryant), 1148 

Axons, Giant, of Squid: Effect of Temperature on the Resting Potential of (Ramón 
Latorre and M. Cecilia Hidalgo), 926 


Bus Endospore Resistance to Heat, news, 16 
Identification by Differential Light Scattering (Philip J. Wyatt), 1257 

Bacteria, as Food; Human Intolerance to (Carol !. Waslien, Doris Howes Calloway 
and Sheldon Margen), 84 

Bacteria, Green Photosynthetic (Chloropseudomonas), Hydrogen Production by 
(E. N. Kondratieva and |. N. Gogetov), 83 

Bacterial Cell Free System: Synthesis of Rabbit Globin by (D. G. Laycock and 
J. A. Hunt), 1118 

Bacterial Cell Walls: Direction of Chain Extension during the Biosynthesis of 
Teichoic Acids in (Helen Hussey, D. Brooks and J. Baddiley), 665 

Bacterial Chromosome Attachment Site, see Chromosome Attachment Site, news, 
1104 


Bacterial Growth, see Continued Debate on Autotrophy, news, 1198 

Bacterial Strains, Complement Resistant: Sensitization of (B. L. Reynolds and 
D. Rowley), 1259 

Bacteriophage Qf RNA: Sequences at the 5'-Terminus of (R. de Wachter and 
W. Fiers), 233 

Bacteriophage R17 RNA: infectivity after Sequential Removal of 3° Terminal 
Nucleotides (Robert Kamen), 321 

Bacteriophage T4 DNA: Sequence of the in vitro Transcription of (Gabriele 
Milanesi, Edward N, Brody and E. Peter Geiduschek), [O14 

Bacteriophage T4: Genetic Control of Mutation Rates in (John W. Drake, Eliza- 
beth F. Allen, Susan A. Forsberg, Rosa-Maria Preparata and Elaine Q. 
Greening), 1128 

Bacteriophage, see X174 Replication, news, 908 
laenoptera borealis Lesson, Sei Whale: Siamese Twins in the (A. Kawamura), 490 

Ball and Chain, news, 807 

Banded Polytene Chromosomes in the Legume Phaseolus vulgaris (V, Nagi), 70 

Banded Sulphides, Formation: Metal lon Separation and Precipitation by in- 
organic and Microbial Sulphide Sources (B. Bubela and J. A, McDonald), 465 

Bandit, The Two-armed, news, 1192 

Bands, Deformation, in Amorphous Polystyrene, and their Relation to the Slip 
Line Field (P. B. Bowden and J. A, Jukes), 462 

Banishing the Echoes, news, 7. 

Bark Beetle Attractants: identification, Synthesis and Field Bioassay of a New 
Compound isolated from Dendroctonus (G, W. Kinzer, A, F. Fentiman, jun., 
T. F. Page, jun., R. L. Foitz, J. P. Vité and G. B. Pitman), 477, erratum, 786 

Barley, Glacier, A Mutant of: Genetic Control of Abnormal Starch Granules and 
High Amylose Content in (J. T. Walker and N. R, Merritt), 482 

Barrier Reef, Great: Atlas of (W. G. H. Maxwell), review by D. R. Stoddart, 978 

Basalt Dredged from Giacomini Seamount (Robert B. Forbes, R. C. Dugdale, T. 
Katsura, H. Matsumoto and H. Haramura), 849 

Base Compositions of Ribosomal RNA: Non-random Variability in Evolution of 
(Francesco Amaldi), 95 

Basic Requirements for Calcification (Joseph Samachson), 1247 

Basic Sequences of Normal immunogiobin K Chains: Non-Ailelic Nature (C. 
Milstein, Celia P. Milstein and A. Feinstein), 151 

Basis of Life, The Molecular (Scientific American Readings), review by J. Tooze, 197 

Beetle, Bark, Attractants: Identification, Synthesis and Field Bioassay of a New 
Compound isolated from Dendroctonus (G. W. Kinzer, A. F. Fentiman, jun., 
T. F. Page, jun., R, L. Foltz, J. P. Vité and G. B. Pitman), 477, erratum, 786 

Beetles, Phalcrid, lIridescence in, see Diffraction Gratings in Phalacrid Beetles (H. 
E. Hinton and D. F. Gibbs), 953 — 

Beginnings of Modern Psychology, The (W. M. O'Neil), review by Valerie Walker, 


Behaviour of Infectious RNA from Four Different Viruses in Continuously Sub- 
cultured Aedes aegypti Mosquito Embryo Cells (J. Peleg), 193 
xir Open Field: Pleiotropic Effects of Albinism on, in Mice (J. C. DeFries), 


3,4-Benzpyrene, Carcinogenic: Chemical Linkage te DINA in Aqueous Solution 
induced by Peroxide and lodine (R. S, Umans: Stephen A. Lasko, jun, and 
P. O. P. Ts'o}, 763 

BCG and Allogeneic Tumor Cells: Effect on Adeno virus Type 12 Tumorigenesis 
in Mice (Hans ©. Sjogren and Jaro Ankerst), 563 

Bile Sales: Solubility of (Donald M. Small and William Admirand), 265 

Binding of Tritiated Digoxin to Human Red Cell Gaosts (J. C. Eliory and R. D. 
Keynes), 776 

Biochemical Characteristics and isolation of the Nueiear Envelope (1, B. Zbarsky, 
K. A, Pereveshchikova, L. N. Delektorskaya and V. V. Dalektorsky), 257 

Biochemistry, Clinical, see Laboratory Medicine, news, 1002 

Biogeography, Island: Theory of (Robert H. MacArmhur and Edward ©, Wilson), 
review by D. R. Stoddart, 781 

Biographical Dictionary of Scientists (Trevor 1, VVil;ams and Sonia Withers ed}, 
review by Andrew Millington, [08] 

Biological Activity of Synthetic Prostaglandins (P. VV. Ramwell, jane E. Shaw, 
E. J. Corey and N. Andersen), 1251 

Biological and Chemica! Defence, news, 897 

Biological and Chemical Warfare, news, 798 

see Teach-in at Edinburgh, news, 406 

Biological Function of Pancreatic Ribonuciease (Eric A, Barnard}, 340 

Biological Mechanisms and Structural Bases (Joseph T., Arcos, Mary F. Argus and 
George Wolf), review by F. 1. C, Roe, 391 

Biological Membranes (Dennis Chapman ed), review by J. B, Firean, 495 

Biologists, Unhonoured, correspondence, Nicholas Dewey, 394 

Biology: Mathematical ideas in (J, Maynard Smith), review by M, 5. Bartlett, 291 

Biology, Cellular, of Vertebrate Regeneration and Repair (Anthony J. Schmidt, 
review by A. E. Needham, 591 

Biology, How Sinister? news, 803 

Biology, Molecular, see Ball and Chain, news, 807 

Biology Soldiers on, news, 115 

Biopsy, Brain: Isolation of Measles Virus from, in Subscute Sclerosing Panencephal- 
itis (Luiz Horta-Barbosa, David A. Fuccillo, ‘ohn L. Sever and Wolfgang 
Zeman), 974 

Biosphere: Radioiodine in, during 1968 (L. van Middiesworth), 1041 

Biosynthesis of Teichoic Acids in Bacterial Cell Walia: Direction of Chain keter» 
sion during (Helen Hussey, D. Brooks and J. 3addileyl, 465 

Biothermal Stress: Effect of Vitamin B,, on Motility and Palmelia Formation in a 
Marine Flagellate under (Eliza Waller Easley). 1170 

Bird Collection Re-housing, see Museum on the More, news, 1094 

Bird Navigation (G. V. T, Matthews), review by J. D. Zarthy, 101 

Birds, Mussels, and Fish from the River Rhine and ene Netherlands Coastal Ares 
Chlorinated Biphenyls in U. H. Koeman, M. 7, ten Noever de Brauw and 
R. H. de Vos), 1126 

Birds of the Cape Verde Islands: History of (David Armitage Bannerman and VV, 
Mary Bannerman), review by Landsborough Thomson, 198 

Birds Room at the Museum (W. R. P. Bourne), correspondence, 1177 

Bismuth (V) Aqueous Fluoride Solution (G. T, Burscsin and G. A. Wright), 169 

BISRA, Change Round at, news, 796 

Bitter-taste Receptor, Putative, from Porcine Tongues (Steven Pricel, 779 

Black Death (Philip Ziegler), review by Andrew B, Senplie, 881 

Black-tailed Deer: Isolation, identification and Function of the Chief Component 
of the Male Tarsal Scent in (Robert G. Brownlee, Robert M. Silverstein, 
Dietland Müller-Schwarze and Alan G. Singer}, 284 

Blood Amino Acids: Circadian Periodicity in Norma and Adrenalectomized Mice 
(Ralph D. Feigin, Harry G. Dangerfield and William R. Beisel), 94 

Blood Coagulation initiation and Platelet aggregation: Importance of Polar Groups 
for (H. L. Nossel, G. D. Wilner and E. C, LeRoy), 75 

Blood or Cerebrospinal Fluid: Regional Uptake of *H-Melatonin from, by Rat 
Brain (Fernando Anton-Tay and Richard J. V/urtman), 474 

Blood Platelets: D-Receptor for Serotonin on (Frank Michal}, 1253 

Bloomsbury, Campus in, news, 797 

Bodily Tilt: Modifications of Receptive Fields of Celis in the Visual Cortex occur 
Eh ene and associated with (Géebriel Horn and Richard M. 

"BU, 

Body Water and Weight Changes, Total, in Normal Adults (G, Owen, R. d, Kerry 
and Hilda M, Davies), 471 

Boerhaave, Herman. The Man and His Work. (C. A. Lindeboom}, review by 
Arthur MacNalty, 100 

Bonding, Molecular, and Electrons (C. A. Coulson;, 1106 

Bonds, Metal-Metai, news, 1101 

Bone Ker influence of Epiphyses on the Regulazion of (E. C, B, Hall Craggsh 


Bone Growth Inhibition in vitro by Endotoxin: Histamine Efect (Louis A. Norton, 
William R. Profit and Ronald R. Moore), 46: 

Bone Marrow Activity in Acute Leukaemia: Effect of Extra-corporeal Irradiation 
ene Blood on (B. W. B. Chan, F, G. J, Fayhoe and J. A. Bullimore), 

Bone Marrow Cells in Mice: Influence of Neonacal Thymectomy on Cloning 
Capacity of (Nathan Trainin and Peretz Resr:tzky), E154 

Bone Marrow Origin of immunologically Competect Thymus Cells (Gino Doris 
and Giovanna Agarossi), 871 

Bone Mineral, Human: Correction Concerning Eiectron Paramagnetic Reson- 
ance (Andrew A. Marino and Robert ©. Becker}, 651 

Boom Ahead for Graduate Education, news, 800 

Boom and No Boom, news, 513 

Boom in British Shipyards, news, 414 

Boom in Pressure Vessels, news, 405 

Boosting NINA, news, 988 

Bootstrap in Difficulties, The, news, 416 

Sorgen ond Malaya: Anopheline Mosquitoes of (G. A. Reid), review by VV, Peters, 


Boron Nitride, Pyrolytic: Compression Annealing ef (A, VV, Moore), 1133 
Boson, The Intermediate, news, 999 
Botany, Experimental, Journal of, see Journal Redesigsmed, news, 118B 
Botany, is it Dead? (G. Fryer), correspondence, 201 
Botany, Roadside, news, 1090 
Botswana, No Gold in, news, 305 
Box of London Roads, news, 409 
Brain: Effects of Cerebral Stimulation on the Biosynthesis in vitro of Nucleotides 
and RNA in (Carol Prives and J. H. Quastel 1053 
induction of Sexual Excitement by the Action of Adrenocorticotrophic 
Hormone in {A. Bertolini, W. Vergoni, G. L.Gessa and WW, Ferrari), 667 
Mathematical Analysis of the Electrical Activity of (M. M. Livanov and V. $. 
Rusinov), review by A. Glass, 590 
Stereotaxic Atlas of, Cebus Monkey (Cebus apelia) (Sohan L. Manocha, Totada 
R. Shantha and Geoffrey H. Bourne), review By F. Goldby, 390 
Brain and Spinal Cord, Human (Edwin Clarke and C. D. O'Malley), 689 
Brain Biopsy: Isolation of Measles Virus from in Subacute Sclerosing Panencephal« 
itis (Luiz Horta-Barbosa, David A. Fuccillo, John L. Sever and Wolfgang 
Zeman), 974 
Brain, Developing, news, 808 


xvi 


Brain, Mammalian: Enzymatic Synthesis of Adrenaline in (Ronald D, Ciaranello, 
Rebecca E, Barchas, Gregory S. Byers, Donald W, Stemmle and Jack D. 
Barchas), 368 

Brain, Rat: Effects of 6-Hydroxydopamine on Noradrenaline-containing Neurones 
in (N.J. Uretsky and L. L. iversen), 557 

Regional Uptake of *H-Melatonin from Blood or Cerebrospinal Fluid by 
(Fernando Anton-Tay and Richard J, Wurtman), 474 

Brain Slices and Intact Atria: Effect of Bromide on Evoked Release of Moncamines 
from (lames S. Goodwin, Richard |. Katz and Irwin J. Kopin), 556 

Brains New and Old, news, 520 

Brass, Polished, news, 1090 

Breast Cancer: Urinary Steroids in, news, 218 

Bright Future for Awards, news, 703 

Brighter Statistics, news, 504 

correspondence: (J. Maynard Smith), 886 

Brines, Hot, in the Red Sea: Limnological Hypothesis of the Origin of (D. D, 
Kvasov), 850 

Bristol, Studied Moderation at, news, 1091 

Britain: Parliament in, news, 306 

Britain's Science Expenditure, news, 207 

British Association, see New Man at the BA, news, 305 

British Economy, see Modest Planning, news, 890 

British Physicists, New Constitution for, correspondence: (Kathleen Lonsdale), 
594; (R, Press), 394; (G. West), 694 

British Railways in Transition (Derek H. Aldcroft), review by Gerard Fiennes, 781 

British Shells (Nora F. McMillan), review by A. Graham, 496 

British Society for Social Responsibility, see More about Social Responsibility, 
news, 1190 

British Technology, see Mr Benn's Parish, news, 297 

Bromide: Effect on Evoked Reiease of Monoamines from Brain Slices and Intact 
Atria (lames S. Goodwin, Richard 1. Katz and Irwin J. Koplin), 556 

2-Bromostearate: Apparent Reversal of Insulin Resistance in Cardiac Muscle in 
Alloxan-Diabetes by (P. J, Randle), 777 

Brown, Professor W. M. Court, obituary, 200 

Bubble Chambers, see Waiting for Garamelle, news, 515 

Budget Trouble Again, news, 1087 

Building Safety, see Ronan Point Discussed, news, 892 

Bumbiebees (Bombus spp.), Male: Species and Sex-specific Compounds from the 
Heads of (D. H. Calam), 856 

Buried Acid Group: Role in the Mechanism of Action of Chymotrypsin (D. M. 
Blow, J. J. Birktoft and B. S. Hartley), 337 

Burrows, Animal, in Tanzania: African Swine Fever Virus in Ticks (Ornithodorus 
moubata, Murray) collected from (W. Plowright, J. Parker and M. A. 
Peirce), 1071 

Butterfly, Mimetic, Hypolimnas Misippus L.: Evidence for Sexual Selection in the 
(Malcolm Edmunds), 488 


C aesium-137: Short Half-times in Pregnant Women (Wayne S. Zundel, Frank 
H. Tyler, Charles W. Mays, Ray D. Lloyd, William VV, Wagner and Robert 
C. Pendleton), 89 
Calcareous Nannoplankton (Correlations) and Tropical Planktonic Zones in Part 
of the California Miocene (J, A. Wilcoxon), 950 
Calcification: Basic Requirements for (Joseph Samachson), 1247 
Calibration and Measurement, Precision-Selected NBS Papers on Temperature 
(J. F, Swindells ed), review by C. R. Barber, 980 
California: Oil Leak in, news, 902 
California Miocene, Part of: Tropical Planktonic Zones and Calcareous Nanno- 
plankton Correlation in (4, A. Wilcoxon), 950 
inii cenar ME of Cf*+ in Aqueous Solutions (R, C. Propst and M. L. 
Hyder), 
Cambridge: Another Telescope for, news, 515 
see Straight Track for, news, 605 
Cambridge, Churchill College, see Another Barrier Down, news, 1091 
Campus in Bloomsbury, news, 797 
Can Asians digest Lactose? news, 895 
Canadian Science Policy, see Debate without End, news, 1098 
see Growth Ahead in Canada, news, 707 
Canberra Homopolar Generator: Sliding Brushes in (R. A. Marshall), 852 
Cancer: Immunology and Virology of (L. A. Zilber and G. I. Abelev), review by 
R.J}. C. Harris, 102 
Cancer and Genetics, news, 1195 
Cancer of the Breast: Urinary Steroids in, news, 218 
Cannabis: The Wootton Report, see Keep of the Grass, news, 205 
Capacitation in vitro of Rabbit Sperm with Mule Eosinophils (R. J. Ericsson), 568 
Cape Verde Islands: History of the Birds of (David Armitage Bannerman and W., 
Mary Bannerman), review by Landsborough Thomson, 198 
Car Safety, see Handling Vehicles, in Emergencies, news, 417 
Carbohydrate Ices, y-Irradiated: Electron Spin Resonance Study at Low Tempera- 
tures (P. J. Baugh, K. Kershaw and G. O. Phillips), 1138 
Carbohydrate Transiocation from Small Tillers to Spike-producing Shoots in 
Wheat (F. G. H. Lupton and M, J. Pinthus), 483 
Carbon Fibre, see Problems of Exploitation, news, 987 
Carbon Fibre Material, New: Mechanical Properties of (1. Crivelli-Visconti and 
G. A. Cooper), 754 
Structure Determination by Electron Spin Resonance (D. Robson et al.) 51 
Carbon: Newer Forms and their Uses (R. W., Cahn and B. Harris), 132 
Carbon-Uranium and the Group VIII A Elements: Ternary Compounds of (H. R. 
Haines and P. E. Potter), 1238 
Carbon Tetrachloride: Pressor Response to Angiotensins | and l| and Renin in 
Rats treated with Carbon Tetrachloride (O. A, Carretero, F, M. Bumpus and 
R. R, Smery}, 1067 
Carbon, Vitreous: Heat of Combustion of U. B. Lewis, R. Murdoch and A. N. 
Moui), 1137 
Carbonic Anhydrase and Zinc in the Rabbit Uterus (C. Lutwak-Mann and J, E. A. 
Mcintosh), Fill 
Carcinogenic Action of Elaiomycin in Rats (R, Schoental), 765 
Cardiac Muscle: Apparent Reversal of insulin Resistance in, by 2-Bromostearate, 
in Alloxan Diabetes (P. J. Randle), 777 
Cardiovascular Effects of AH. 3365 (Salbutamol) (G. R, Kelman, K. N. V. Palmer 
and M. R, Cross), 1251 
Carinae: intrinsic Reddening of (B, E. 1. Pagel), 325 
arriers, Hepatitis: Additional Specificities of Australia Antigen and the Possible 
identification of (Cyril Levene and Baruch S. Blomberg), 195 
Cars, Electric, Slow Start for, news, 402 
K-Casein: Amphiphile Nature of, as the Basis for its Micelle Stabilizing Property 
(R. 4. Hill and R. G. Wake), 635 
-Casiquiare-Upper Orinoco: Variability in Specific Conductance and pH in the 
(J. B, Thornes), 461 
Castle Discovered, news, 905 e 
Cat Fibrosarcoma, see under Transmissable Feline Fibrosarcoma 





INDEX 


Catabolite Sensitive Site of the jac Operon (Allen E, Silverstone, Boris Magasanik, 
William S. Reznikoff, Jeffrey H. Miller and Jonathan R. Beckwith), 1012 

Cataloguing the Hoards, news, 704 

Catalysed Systems, Proximity Effect in: A Dramatic Effect in Ester Hydrolysis 
U. R, Knowles and Carol A. Parsons), 53 

Catalysts: Encouragement for, news, 616 

Catalytic Activity of Nickel Oxide: Influence of Metal Support and Ultraviolet 
Irradiation on (Freidrich Steinbach), 657 

Catalytically Active Sites: Distribution on Clean Metal Surfaces (R. P. H. Gasser 
and P, R. Vaight), 166 

Cathodoluminescence, Monochromatic, Image in the Scanning Electron Micro- 

_ scope (P. M. Williams and A. D. Yoffe), 952 

Cations, Divalent: Streptomycin Inhibition of Protein Synthesis in Peas reversed 
by (M. A. Venis}, 1147 

Cebus Monkey (Cebus apella): Stereotaxic Atlas of the Brain of (Sohan L. Manocha, 
Totada R. Shantha and Geoffrey H. Bourne), review by F. Goldby, 390 

Cell Adhesion, Current Theories of: Effect of EDTA on Electrophoretic Mobility 
ip ume Mould Cells and its relationship to (D. Gingell and D. R, Garrod), 

Cell Free System, Bacterial: Synthesis of Rabbit Globin by (D. G, Laycock and 
. A. Hunt), 1118 

Cell Mediated immune Responses: Tolerance after in vitro Treatment of Cow- 
petent Cells with Mitomycin c (E.-M. Lemmel and R. A. Good), 1164 

Cell Walls, Bacterial: Direction of Chain Extension during the Biosynthesis of 
Teichoic Acids in (Helen Hussey, D. Brooks and J. Baddiley}, 665 

Cellular Biology of Vertebrate Regeneration and Repair (Anthony J. Schmidt), 
review by A. E, Needham, 591 

Cellular Damage: Free Radical Reactions Modify (N.J. F. Dodd and M. Ebert), 1245 

Cellular Immune Reactions: inhibition in Mice infected with Lactic Dehydro- 
genase Virus (R. J. Howard, A, L. Notkins and S. E. Mergenhagen), 873 

Cellular immune Response, Suppression of, by Antilymphocytic Serum: Tumour 
edule formation as an in vivo measure (E. J, Stanbridge and F. T. Perkins), 


Central Nervous System: Effect of Demyelination on Conduction in the (W. 1. 
McDonald and T. A. Sears), 182 

Centrifugation, Zonal: Fractionation of Mammalian DNA by (H. B, Halsal and 
V. N, Schumaker), 772 

Centrifuge, Gas, for Europe, see How to Keep your Powder Dry, news, 985 

Centrifuge, K-11 Zonal: Purification of Influenza Virus in (John L. Gerin and 
Norman G. Anderson), 1255 

Cerebellar Development and Undernutrition (H. P. Chase, W. F. B. Lindsley, jun., 
and Donough O'Brian), 554 

Cerebral Cortex: Evoked Unitary and Gross Electric Activity in Early Prenatal 
Ontogeny (B. A. Meyerson and H. E. Persson), 1248 

Cerebral Lipids: Low Content in infants Suffering from Malnutrition (Marvin A. 
Fishman, Arthur L. Prensky and Philip R. Dodge), 552 

Cerebral Stimulation: Effects on the Biosynthesis in vitro of Nucleotides and RNA 
in the Brain (Carol Prives and J. H. Quastel), 1053 

Cerebrospinal Fluid or Blood: Regional Uptake of *H-Melatonin from, by Rat 
Brain (Fernando Anton-Tay and Richard J. Wurtman), 474 

CERN, Planning Experiments at, news, 895 

Cf'+: Oxidation in Aqueous Solutions (R. C. Propst and M. L. Hyder}, 1141 

CF, and SF,: Anaesthetic Potency in Dogs (Stanley L. Miller, Edmond L. Eger, Il 
and Claes Lundgren), 468 

Chain Extension: Direction during Biosynthesis of Teichoic Acids in Bacterial 
Cell Walls (Helen Hussey, D. Brooks and J, Baddiley), 665 

H-Chain Specific Anti-immunoglobulin Sera: Lymphocyte Transformation by 
(Emil Skamene and Juraj ivanyi), 681 

Chalone, see Growth Control Mechanisms, news, 1090 

Change Round at BISRA, news, 796 

Changes in Chromatin Structure during interphase in Human Normoblasts 
(G. R. Milner), 71 

Changes in Chromosome Structure induced by Radiations: a Test of the Two 
Chief Hypotheses (John A. Heddie, D. Whissell and D. Judy Bodycote}, 1158 

Changes in the T-System of Muscle Fibres under the Influence of Influx and Efflux 
of Glycerol (S. A. Krolerko), 966 

Changing Periodicities in the Pulsars (J. G. Davies, G. C, Hunt and F. G. Hunc), 27 

Characterization and Properties of a New Placental Protein (Francesco Beas and 
Hernando Flores), 574 

Charitable Foundations in US, see How Strong are the Foundations? news, 1181 

Chemical and Biological Defence, news, 897 

Chemical and Biological Warfare, news, 798 

see Teach-in at Edinburgh, news, 406 

Chemical Composition of Nucíei of Z 22 in Cosmic Rays using Meteoritic Minerals 
as detectors (D. Lal, R. S. Rajan and A. S. Tamhane), 33 

Chemical Engineering, Women in, news, 1187 

Chemical Laser in Action, news, 126 

Chemical Linkage of Carcinogenic 3,4-Benzpyrene to DNA in Aqueous Solution 
induced by Peroxide and lodine (R. $. Umans, Stephen A. Lesko, jun., and 
P. O. P. Ts'o), 763 

Chemical Societies, see Togetherness at Last, news, 993 

Chemical Structure and Juvenile Hormone Activity (V. B. Wigglesworth), 190 

Chemical Typing of immunoglobulins (B. Frangione, C. Milstein and Edward C. 
Franklin), 149 

Chemicals from Gas, news, 212 

Chemistry: Luminescence in (E. J. Bowen ed), review by Frank McCapra, 884, 
erratum, 1278 

Principles of (Sonia Dunstan), review by Peter Sykes, 691 

Chemistry of Imidoyl Halides, The (Henri Ulrich), review by K, Brocklehurst, 883 

Chemistry, Modern Heterocyclic: The Principles of (Leo A, Paquerte), review by 
Peter Sykes, 883 

Chemo-receptor site of D and L-Sugars and Amino-acids, Steric Nature and 
Sweet Taste (R. S. Shallenberger, T. E. Acree and C. Y. Lee}, 555 

Children, More for Science (John Walker), correspondence, 1178 

Chimaeras, Plant (W. Neilson-Jones), review by R. A. E, Tilney-Bassetc, 1275 

Chinese Nasopharyngeal Tumour cultured in vitro: Lymphoblastoid Transforma- 
tion and Presence of Herpes-type Viral Particles in (G. De-Thé,J. C. Ambros 
sioni, H. C. Ho and H, C, Kwan), 770 

Chiral Methyl Groups: Preparation and Detection of (J, Lüthy, J. Rétey and 
D. Arigoni), 1213 

Chlorinated Biphenyls in Fish, Mussels and Birds from the River Rhine and the 
Netherlands Coastal Area (1. H. Koeman, M. C. ren Noever de Brauw and 
R. H. de Vos), 1126 

2-(4-chlorophenyl)Thiazol-4-ylacetic Acid ('Myalex'); A New Compound with 
Anti-inflammatory, Analgesic and Antipyretic Activity (VW. Hepworth, 
B. B. Newbould, D. S. Platt and G. J. Stacey), 582 

Chloroplasts, Spinach: Relative Quantum Efficiency of Photosynthetic Oxygen 
Production in Chloroplasts of Spinach (H. Ludegardh), 280 

Chloropseudomonas (Green Photosynthetic Bacteria): Production of Hydrogen by 
(E. M. Kondratieva and I. N. Gogotov), B3, corrigendum, 202 

Chlortetracycline, Dietary: Effect on the Rate of Growth of Yoo! in Sheep 
(M. K. Hill and Jennifer R, Wythes), 1057 


INDEX 


Cholesterol Content of Egg Yolk: Variations in (Dennis Jones), 780. : 
Cholesterol: influence of Alcohol on Coronary Function in Rabbits with Athero- 
sclerosis induced by (H. G. Boyaner), 1056 
Chromatin: Effect of Abscisic Acid on Activity of (J, Alan Pearson and P. F, 
Wareing), 672 
roman Sn He Changes during Interphase in Human Normoblasts (G. R. 
ilner), 71 
Chromium hs Iron Phthalocyanins, Reduced: Hyperfine Structure in the Electron 
EP Resonance Spectra of (C. M, Gury, J. B. Raynor and L. P. Stodulski), 
i 


Chromophobe Adenoma: incidence after Chronic Diisopropylfluorophosphate 
Poisoning (Peter H. Glow), 1265 

Chromophore Transfer in the Photolysis of Visual Pigments: Lipid to Protein 
(R, P, Poincelot, P, G. Millar, R. L. Kimbel, jun. and E. W., Abrahamson), 256 

Chromosomal Lesions: in vitro Production with an Argon Laser Microbeam 
{Michael W. Berns, Robert S. Olsen and Donald E. Rounds), 75 

Chromosome 17: Structural Polymorphism in (E, Schmid and M. Bauchinger), 387 

Chromosome X: Antibody Production in the Absence of (Senih M. Fikrig, Richard 
V. Musto and Jonathan W. Uhr), 870 

Chromosome Attachment Site, news, 1104 

Chromosome, Mature: Ter, a Function which generates the Ends of (S. Mousset 
and R. Thomas), 242 

Chromosome Model, Callan's, of Serially Repeated Gene Copies, and Mutable 
Genes in Maize (Peter A, Peterson), 480 

Chromosome Structure: Changes induced by Radiations (A Test of the Two 
Chief Hypotheses (John A. Heddie, D, Whissell and D, Judy Bodycote), 1158 

Chromosomes, Banded Polythene, in the Legume Phaseolus vulgaris (VV. Nagl), 
70 


Chromosomes, Human: Autoradiography may be Unreliable for Identifying (Mark 
W. Steele), i114 

Chromosomes Meiotic, in Klinefelter’s Syndrome (N. E. Skakkebaek, J. Phillips 
and R. Hammen), 1075 

Churchill College, see Another Barrier Down, news, 1091 

Chymotrypsin: Role of a Buried Acid Group in the Mechanism of Action of 
Chymotrypsin (D. M. Blow, J. J. Birktoft and B, S. Hartley), 337 

CIBA Foundation, see A Cosy World, news, 1187 

Cigarette Smoke: a-Naphthylamine and §-Naphthylamine in (Dietrich Hoffman, 
Yoshoti Masuda and Ernest L. Wynder), 254 

Circadian Periodicity of Blood Amino Acids in Normal and Adrenalectomized 
Mice (Ralph D. Feigin, Harry G. Dangerfield and William R. Beisel), 94 

Circadian Rhythms in the Insect Photoperiodic Clock (D. S, Saunders and Diane 
Sutton), 559 

Circulation: Role of the Vagus Nerve in the Control of the Concentration of 
arene Hin (R.L. Hodge, R. D. Lowe, K., K. F, Ng and J. R, Vane), 


Cities, Big: Life in the, news, 1085 
Civil Service, news, 798 
see Patents Office Autonomous? news, 114 

Classification and Evolution of Flowering Plants (Arthur Conquist), review by 
V. H, Heywood, 293 

Classification, Computer, of Streptococci, mostly of Oral Origin (D. B. Drucker 
and T, H. Melville), 664 

Classification Method, Numerical, for Deriving Natural Classes (David Wishart), 97 

Cleavage Velocity in Tungsten: Determination using Ultrasonic Fractography 
A.D, Heyes and T. G, Langdon), 168 

Clinical Biochemistry, see Laboratory Medicine, news, 1002 

as ii Assessment in (C, E. Gathercole), review, by Valerie Walker, 


Clonal Senescence, and Errors in Protein Synthesis in Fungi (Robin Holliday), 1224 

Cloning Capacity of Bone Marrow Cells in Mice: influence of Neonatal Thy- 
mectomy on (Nathan Trainin and Peretz Resnitzky), 1154 

Clostridium sp.: Anaerobic Degradation of the Insecticide Lindane by (I. C. 
MacRae, K. Raghu and E. M. Bautista), 859 

Clot Retraction: Retardation after Incubation of Platelets with Colchicine in 
Heavy Water (D. Shepro, F. A. Belamarich and F., C. Chau), 563 

Clouds of Ammonia and Further Microwave Emission Lines in our Galaxy (A. C. 
Cheung, D. M. Rank, C. H. Townes and W. J, Welch), 917 

Ciuster Formation in Metal Deposits on Tungsten Surfaces: Field lon Microscope 
Observations of (D. W. Bassett and M, 1. Parsley), 1046 

Cluster Structure of the Anomalous Liquid Water (Richard W, Bolander, James 
L. Kassner, jun., and Joseph T, Zong), 1233 

Clustering of Pulsars along the Galactic Plane (R. Wielebinski, A. E. Vaughan and 
M. i Large), 47 

CO, Concentration in the Upper Troposphere and Lower Stratosphere (H, W. 
Georgii and D lost), 1040 

Coagulation and Hormones, news, [195 

Coal, Last Hope for, news, 795 

Coast Pollution, see Oil Leak in California, news, 902 

Coastal Area, Netherlands, and the River Rhine: Chlorinated Biphenyls in Fish, 
Mussels and Birds from (J, H. Koeman, M, C. ten Noever de Brauw and 
R. H. de Vos), 1126 

Cochlea, Is Resonance Possible in it After Ail! (A. F, Huxley), 935 

Cockroach, American: Hydrocarbon Synthesis in (Dennis R. Nelson), 854 

Cockroach, The (P. B. Cornwell), review by P. C. J. Brunet, 882 


ME Coding, Altered, in Single Stranded DNA Viruses? (D. T, Denhardt and D. A. 


Marvin), 769 

Colchicine and Heavy Water, Incubation of Platelets with: Retardation of Clot 
Retraction after (D. Shepro, F, A. Belamarich and F. C. Chau), 563 

Cold Comfort, news, 1194 

moe On the Molecular Structure of (VY, Traub, A. Yonath and D, M. Segal), 

14 

Collagen Synthesis and Collagen Proline Hydroxylase Activity: Relation between 
in Mammalian Cells (Burton Goldberg and Howard Green), 267 

Collagenase Activity: Evidence in vitro of in an Invasive Mammalian Tumour 

(D. M. Robertson and D. C. Williams), 259 

: Collect More Data, news, 505 

Collicular Receptive Fields, news, 715 

Colour Change in the Marsupial Tiger Cat (Eric R, Guiler), 758 

Colour Technology, see All Things Bright and Beautiful, news, 1186 

Colour Variation in Two Mesopelagic Fishes and its Correlation with Ambient 
Light Conditions (Julian Badcock), 383 

Colourful Street Trees, news, 10 

Columns: Anatomical Demonstration of in the Monkey Striate Cortex (D. H. 
Hubei and T. N. Wiesel), 747 

Combustion, Fluidized Bed, news, 1189 

Comp ef Vitreous Carbon: Heat of (J.B. Lewis, R. Murdoch and A. N. Moul, 


Committee, Specialist, news, 897 

Communication by Satellite, see Discussing INTELSAT, news, 894 
see Shotgun Conference, news, 

Community with Nine Lives, news, 3 

Comparative Rates of Spontaneous Mutation (John W. Drake), 1132 


xvii 


Comparative Study of the Rh-D Antibody Titres ofi&mniotie Fluids and Corres- 
ponding Maternal Sera in Rh-D Sensitized Pregnancies (Magdalena Usategui» 
Gomez and Susan Stearns), 82 

Complement Resistant Bacterial Strains: Sensitizat:an of (B. L. Reynolds and D. 
Rowley), 1259 

Complete Prepared Meals: Residues of Dieldrin (KEO) in, in Great Britain in 
1967 (A. E. J. McGill, J. Robinson and M, Steinh, 761 

Complex Numbers, Solving Problems in (D. Martir, review, L. S. Goddard, 292 

Complexes, Analysis with, news, 1102 

Complexing Agents, see Analysis with Complexes, raws, 1102 

Complicated Enzymes, news, 714 

Composites, Graphite Reinforced: Fibre Content ir (I. E. Cuevas), 1135 

Compression Annealing of Pyrolytic Boron Nitride 2A, W., Moore), 1133 

Compression, Density and Sonic Velocity: Experimental Verification xt High 
Pressure of the Relationship between (A. T. E Hayward), 1047 

Compromise Fog, news, 404 

Computer, news, 

Computer Applications in Stratigraphic Analysis Joan VY. Marbaugh and Daniel 
F. Marriam), review by lan Nichol, 199 

Computer Classification of Streptococci, mostly of Oral Origin (D. B, Drucker 
and T. H. Melville), 664 

Computer for Medicine, news, 993 

Computer Simulation of Vertebrate Limb Morphogenesis (D. A. Ede and J, T. Law, 


Computer, Storage by, news, 404 
Computers, see Competition for Small Users, news,2793 
Computers, Government, see Parliament in Britain, sews, 705 
Concealed Randomized Objects; identification of (1. C. Pratt and 1, Stevenson), 586 
Concentration of CO, in the rond Troposphere andiLower Stratosphere (M. W, 
Georgii and D, Jost), I 
Concentrations of Serum a,-Macroglobulins in Twins Anne Thompson, C, MH. VW, 
Horne, Hazel Steele and R., B. Goudie} 289 
Conception: Suppression with D-6-Merhyi-B-cyamemethylergoline(1) in Rats 
(K. Rezabek, M. Semonsky and N. Kucharczyk, 666 
Concorde, news: 405; 798; 1189 
see Airfields and Aircraft without Promise, 889 
see Parliament in Britain, 705 
Condensed Objects in the Crab Nebula (G. Burbridge and F, Hoyle), 847 
Conference, Shotgun, news, 501 
Conformation of Ribosomal RNA of E. coli: an In'vared Analysis (Rosalind L 
Cotter and W. B. Gratzer), [54 
Connective Tissue and Epithelial Cells: Nuclear Sheess in (Franco Molto, Maria G. 
Canese and Aldo Stramignoni), 869 
Connective Tissue, intramuscular: Isolation of (P, E. "TcClain), 181 
Conservation, see Homes for Animais, news, 711 
see Naturalists to Unite?, news, 
see Plants Threatened, news, 792 
Conservation of Plants, see Roadside Botany, news, 1090 
Conservation Year, European, news, 1094 
Consolidation Ahead, news, 
Constitution, New, for British Physicists, 
R, Press, 394; G. West, 694 
Continental Drift and Freshwater Triclads (Platyhelminthes, 
Ball and C. H. Fernando), 1 143 
Continental Shelves, see More Coast-More Sea Bed? mews, 795 
Continents: Control of Sea Level Relative to (Richarc:Lee Armstrong), 1042 
Continued Debate on Autotrophy, news, 1198 
Continuous Culture: Action of Urea on the Activicy of Dehydrogenases and 
a-Glucosidase in Aerobacter aerogenes grown ic (A. C. R, Dean and P, L 
Rodgers), 969 
Continuous Iron Making Plant, see Change Round at ISRA, news, 797 
Continuous Spectrum of Taurus A at 1-2 mm Wavelength (1. E. Beckman, I. A, 
Bastin and P. E. Clegg), 944 
Continuously Subcultured Aedes aegypti Mosquito Embryo Cells: Behaviour of 
infectious RNA from Four Different Viruses in J. Peleg}, 193 
Contraceptives, Oral, see Hormones and Coagulation. news, 1195 
Contraction Muscle: Possible Role of Structurally Bound Phosphate in (D. F, 
Cheesman and Anne Whithead), 736 
Contractions, Twitch, of Cross-innervated Rat Fast and Slow Musries: Post. 
tetanic Potentiation of (R. Close and J. P. Y, Hah}, 179 
Control, Genetic, of Abnormal Starch Granules and High Amylose Content in a 
Mutant of Glacier Barley (J. T. Walker and N. X, Merritc, 482 
Control of DNA Synthesis in Amoeba proteus (M. J. Ox), 964 
Control of Marek's Disease by the Use of inoculated Chicken Embryo Fibroblasts 
(Stavros D. Kottaridis and Roy E. Luginbuhl), 1258 
Sonera $i Sea Level relative to the Continents (Xichard Lee Armstrong), 


corresponderze: Kathlean Lonsdala, 594 


Turbellaria) Gan R. 





Controlling Motorways, news, 209 

Controls without Mice, news, 218 

Convergent Evolution, news, 1105 

Conversion of a-Ecdysone to §-Ecdysone by Crustaceans and insects (David Shaw 
King and John B, Siddall), 955 

Conversion to Natural Gas, see Problems of Conversion, news, 997 

Cooling Experiments, see Mechanical Cold, news, 1102 

Cooperative Effect of Certain Anaesthetics on the Lobster Giant Axen (C. Schauf 
and D. Agin), 768 

Coping with Disasters, news, 301 

Copulation, Testosterone and Pilocarpine: Responses oF Rat Testes and Accessory 
Giands to (WV. Lynn Hunt), 669 

Corals and Coral Reefs, news, 804 

Coronary Function: influence of Alcohol on, in Rabbis with Atherascleragis ine 
duced by Cholesterol (H. G. Boyaner), 1066 

Correction concerning Electron fri dr Resonanee in Human Bone Mineral 
(Andrew A, Marino and Robert O. Becker), 661 

Correlation between Zurich Sunspot Number and Prominence of Jupiter's Red 
Spot (H. G. Solberg, jun. and C. R. Chapman), 362 

Correlations of ATPase Activity and ATP Levels witte Structural Alterations in 
Rat Liver Mitochondria during Swelling (Guido Zimmer, Hedwig Sete and 
Peter Geck), 1160 

Correspondence of Certain Fractions of Mouse DNA (Anne McLaren and P. iM. B. 
Waiker), 771 

Cortex: Effects of Frontal Lesions on Learning Set (John xbury, Clare Darlington 
and Colin Stolkin), 1271 

Cortex, Cerebral: Evoked Unitary and Gross Electric Activity in Early Prenatal 
Ontogeny (B. A. Meyerson and H, E. Persson), 1248 

Cortex, Monkey Striate: Anatomical Demonstration ofColumns in (D. H. Hube 
and T. N. Wiesel), 747 

Cortex, Visual: Modification of Receptive Fields of Telis in, occurring Spon» 
hihi and associated with Bodily Tilt (Gabel Horn and Richard M. 

In, 

Cortical Potentials and Parkinsonian Tremor (W. Wa:son Alberts, Elwood W, 

Wright, jun., and Bertram Feinstein), 670 


xviii 


Cortisol Biosynthesis: Pathway for, in Foetal Adrenal Cortex (Barbara J. White- 
house and G. P. Vinson), 1051 

Cosmic Gamma Rays from Metagalactic Proton-Antiproton Annihilation (F. W. 
Stecker), 425 

Cosmic Rays, Chemical Composition of Nuclei of Z 22 in, Using Meteoritic 
Minerais as Detectors (D. Lal, R. S. Rajan and A. S. Tamhane), 33 

Cosmological Implications of the Diffuse X-Ray Background (James E. Felten and 

Martin J. Rees), 924 

Cosmos 253 Rocket: Decay of (D. G. King-Hele, Doreen M. C. Walker and P. E. L. 
Neirinck), 130 

Costly Transplants, news, 211 — . | 

Costs per University Student, see Brighter Statistics (4. Maynoard Smith), corres- 
pondence, 886 . 

Cosy World, A, news, 1187 

Sum Metabolism in Man (W, H. Shilling, R. F. Crampton and R. C. Longland), 


Council for National Academic Awards, see Bright Future for Awards, news, 703 
Council of Science and Technology Institutes, see Modicum of Unity, news, 402 
Course in Functional Analysis, A First (Martin Davis), review by L. S. Goddard, 199 
Court Brown, Professor W. M., obituary, 200 
Covalent Equilibria, see Enzymes and Inhibitors, news, 1196 
Crab Nebula: Condensed Objects in (G. Burbridge and F. Hoyle), 847 
see Continuous Spectrum of Taurus A at 1-2 mm Wavelength (1. E, Beckman, 
J. A. Bastin and P. E, Ciegg), 944 
Crab Nebula MI: Optical Flashes from (R. V. Willstrop), 1023 
Crab Nebula Pulsar: Optical Pulsations in (R. E, Nather, B. Warner and M. 
. Macfarlane), 527 
Television Detection of (1.8. Millar and E. J. Wamplar), 1037 
Crab Nebula Pulsar NP 0532 (J. M. Comella, H, D. Craft, jun., R., V. E. Lovelace, 
4. M. Sutton and G. Leonard Tyler), 453 
Crayfish, Storing, news; 413 
Creaming the Cream, news, 1097 
Crippling Diseases, Money for, news, 897 
Cristae, Mitochondrial: Fine Structural Localization of Succinoxidase Complex 
on (M. Kalina, B. Weavers and A. G. E. Pearse), 479 
Cross, Intergeneric, New, within the Pleuronectidae, Dab x Flounder (John D. 
Riley and Graham T. Thacker), 484 
Cross rr ai New-—, Dielectric Diffusion (M. M. Breuer and D. Robinson), 
t6 


Cross-Channel Link, news, 1094 

Crossing the Membranes, news, 9*7 

Cross-innervated Rat Fast and Slow Muscles: Post-cetanic Potentiacion of Twitch 
Contractions of (R. Close and J. F. Y. Hoh), 179 

Crustaceans and insects: Conversion of a-Ecdysone to D-Ecdysone by (David Shaw 
King and John B, Siddall), 955 

Crying over Spilt Oil, news, 61! 

Cryogenics, see Mechanical Cold, news, 1102 

Crystal Analysis, see Nine Years of Crystals, news, 1192 

Crystal, Anharmonic (Philippe Choquard), review by M. Blackman, 392 

Crystal Lattice Defect Picture, Germanium, news, 125 

Crystal Structure and Crystallochemical and Geophysical implications of High 
Pressure Modification of Mg,SIO, (Paul B. Moore and Joseph V. Smith), 653 

Crystalline Deposiig in Striped Muscle in Xanthinuria (R. A. Chalmers, R. W. E. 
Watts, C, Pallis, L. Bitensky and J. Chayen), 170 

Crystalline Dibromide Salt: Stereochemistry of the Diquat lon in (1. E, Derry and 

. A. Hamor), 464 

Crystalline Phase, Macroscopically Ordered Smectic Liquid: Nuclear Magnetic 
Resonance Measurements on (J. J. de Vries and E, J. C. Berendsen), 1139 

Crystals, RNA, news, 13 

CSIRO, see Australian Research Boom, news, 113 

ean a and Intelligence (Philip E. Vernon), review by Marie Jahoda, 


Culture of are see Improving the Rice Plant and its Culture (Robert F. Chandler, 
jun.), 1007 

Cunard Turbines Examined, news, 599 

Cunard's Shake-down, news, 208 

Current Ripples (John R. L. Allen), review by K. F. Bowden, 692 

Current Theories of Cell Adhesion: Effect of EDTA on Electrophoretic Mobility 
of Slime Mould Cells and its relationship to (D. Gingell and D. R. Garrod), 
192 


Currents, Deep, in the Pacific Ocean: Preliminary Results of Measurements of 
(oseph L. Reid), 848 

Currents, Ocean (G. Neumann), review by K. F. Bowden, 692 

Cyclophosphamide: Hair Loss induced in Experimental Animals by (Elton R. 
Homan, Robert R. Zendzian, William M. Busey and David P. Rall), 1058 

Cyclophosphamide as a Chemical "Defleecing" Agent for Sheep (E. H. Doinick, 
ivan L. Lindahl, C. E. Terrill and Paul J, Reynolds), 467 

Cytokinin and Gibberellic Acid: Sequential Action in Wheat Aleurone Tissue 
(D. Eastwood, R. J. A. Tavener and D. L, Laid man), 1267 

Cytokinins and Tuber Initiation in the Potato Solanum tuberosum L. (C. E, Palmer 
and O, E. Smith), 279 

Cytoplasm: Measurements of Potassium lon Activity in, in Living Cells (Gilbert 
N. Ling), 386 

Cytotoxicity, Lymphocyte in vitro: Specific Release of Lymphotoxon-like Materials 
from Tuberculin-sensitive Lymphoid Cells (GA. Granger, S. J. Shacks, 
T. W, Williams and WW, P. Kolb), 1155 


D. x Flounder: A New Intergeneric Cross within the Pleuronectidae (John 
D. Riley and Graham T, Thacker), 484 

Damage, Cellular: Free Radical Reactions Modify (N. J. F. Dodd and M, Ebert), 
1245 


Dark-adapted Rats: Uptake of Tritiated Retinaidehyde by the Visual Pigment of 
(C. D. B. Bridges and S. Yoshikama), 275 

Data for innovation, news, 1185 

Data from the Deep, news, 506 

Darwin's Questions, news, 313 

DDT: Persistence in Wild Populations of Smali Mammals (John B. Dimond and 
lames A. Sherburne}, 486 

DDT Mode of Action and the New Halocyclopropane Insecticides (G. Holan), 1025 

DEAE Dextran: Prolongation of Survival of Tumour-bearing Animals by Transfer 
of immune” RNA with (Perry G. Rigby), 968 

Debate without End, news, 1098 

Decay of Cosmos 253 Rocket (D. G. King-Hele, Doreen M. C, Walker and P. E. L. 
Neirinck), 130 

Decline Altered, The, news, 112 

Deep Freezing Seafood, see Storing Crayfish, news, 413 

Deep Sea Glasses: Fission Track Ages of (David E. Fisher), 549 

Defence, Biological and Chemical, news, 897 

Defence Establishments, see Parliament in Britain, news, 705 


Defence, US, see The Anti-McNamara Missile, news, 1095 e 


INDEX 


pence, Water and Plant Growth (T. T. Kozlowski ed), review by J. R. Etherington 


"Defleecing" Agent, Chemical, for Sheep: Cyclophosphamide as (E. +4. Doinick, 
Ivan L. Lindahl, C, E. Terrill and Paul J. Reynolds), 467 

Deformation Bands in Amorphous Polystyrene and their Relation to the Slip Line 
Field (P. B. Bowden and 1, A. Jukes), 462 

Degeneration of Nerve Fibres within the Embryonic Spinal Cord (Arthur F. 
Hughes, Margaret Egar and Tom Turner), $79 

Dehydration of E. coli Ribosomes in Air without Loss of Activity {Taiki Tamaoki, 
Albert J, Faber and Tadakatsu Kato), 1050 

Dehydrogenases and a-Glucosidase: Action of Urea on the Activity of, in Aero- 
bacter aerogenes grown in Continuous Culture (A. C. R. Dean and P. J. 
Rodgers), 969 

Deiodination, Increased, of L-Thyroxine and r-Triiodothyronine by Liver Micro- 
somes from Rats Treared with Phenobarbital (H. L. Schwartz, V. Kosyreff, 
M. i. Surks and J. H, Oppenheimer), 1262 

Delphinapterus leucas: Mandibular Layering and Age Determination in (Paul F. 
Brodie), 956 

Demise of a Department, news, 995 

Demyelination: Effect on Conduction in the Central Nervous System (W. I. 
McDonald and T. A. Sears), 182 

Denaturation and Refolding, news, 317 

Dendroctonus: identification, Synthesis and Field Bioassay of a New Bark Beetle 
Attractant Compound from (G. W. Kinzer, A. F. Fentiman, tun., T, F. Page, 
jun. , R. L, Foltz, J. P. Vité and G. B. Pitman), 477, erratum, 786 

Density, Compression and Sonic Velocity: Experimental Verification at High 
Pressure of the Relationship between (A. T. J. Hayward), 1047 

Density Distribution of Electrons above the Winter Pole (M. K, Andrews and J.O. 
Thomas), 223 

Dental Decay, Preventing, news, 807 

Deposition of Aerosol Particles in the Nasopharyngeal Region on the Human 
Respiratory Tract (R. F. Hounam, A. Black and M. Walsh), 1254 

Deposition of inhaled Particles in che Lungs (William J. Vaughan and Burton E. 
Vaughan), 661 

Deposits, Crystalline, in Striped Muscle in Xanthinuria (R.A. Chalmers, R. W. E. 
Watts, C. Pallis, L. Bitensky and 1. Chayen), 170 

Deposits of Metal on Tungsten Surfaces: Field lon Microscope Observations of 
Cluster Formation in (D. W. Bassett and M. J. Parsley}, 1046 

Desalination, see Water for che South-West, news, 612 

Er of Lunar Libration Clouds at Small Phase Angles (Viadimir Vanysek), 

4 


Detecting Nuclear Explosions, news, 711 

Detection of a Change of State in the Pulsar PSR 0833-45 (V. Radhakrishnan and 
R. N. Manchester), 229 

Detection of Water in Interstellar Regions by its Microwave Radiation (A, C. 
Cheung, D. M. Rank, C. H. Townes, D. D. Thornton and WW. J, Watch), 626 

Detection, Presymptomatic, and Early Diagnosis, A Critical Appraisal (C. L.E, H. 
Sharp and Harry Keen, ed), review by WW, WW. Holland, 589 

PERRON Television, of the Crab Nebula Pulsar (J. S. Miliar and E. J. Wampler}, 

7 


Determinant, Molecular, of Obligate Psychrophily (Neil L. Malcolm), 1031 
Determination, Activation and Actinomycin D Insensitivity in the Optic imaginal 
Disk of Drosophila (C. H, Waddington and Evelyn Robertson), 933 
Determination of Absclute Configurations from Anomalous Scattering by Oxygen 
(H. Hope and U. de la Camp), 54 

Dereon naren er Carbon Fibre Structure by Electron Spin Resonance (D, Robson 
et ai.), 

Determination of the Cleavage Velocity in Tungsten using Ultrasonic Fractography 
(A. D. Heyes and T. G. Langdon), 168 

Deuterium, Excess on Venus, news, E100 

Developing Brain, news, 808 

Development, Early, RNA Synthesis during in the Mouse (H. R. Woodland and 
C, F. Graham), 327 

Development of Scientific Research in Poland (Ignacy Malecki), 622 

Development Plan for London, see Life in the Big Cities, news, 1085 

Dextran, DEAE; Prolongadon of Survival of Tumour-bearing Animals by Transfer 
of "Immune" RNA with (Perry G. Rigby}, 968 

D ee Dizygotic Twinning and Klinefelter's Syndrome (P. R. 1 Burch), 
} 


Diagnosis, Early and Presymptomatic Detection, A Critical Analysis (C. L. E. H 
Sharp and Harry Keen, ed), review by W. W. Holland, $89 

Diamonds and Interstellar Dust (William E. Saslaw and John E. Gaustad), 160 

Dibromide Salt, Crystalline: Stereochemistry of che Diquat fon in (J. E. Derry 
and T, A. Hamor), 464 

Dictionary of Scientists, Biographical (Trevor 1. Williams ahd Sonia Withers ed), 
review by Andrew Millington, IORI 

Did Fertilization Occur? correspondence (R, G. Edwards, B. D, Bavister and P. C. 
Steptoe), 981; (Rothschild), 981 

Dieldrin: Transmission of, from Insects co their Progeny (W. S. Watts), 762 

Dieldrin (HEOD): Residues of, in Complete Prepared Meals in Great Britain 
during 1967 (A. E. 1. McGill, J. Robinson and M. Stein), 761 

Dielectric Diffusion—A New Cross Phenomenon (M. M. Breuer and D. Robinson), 
1116 


Dielectric Membrane, Low, Energy of an lon Crossing a: Solutions to Four 
Relevant Electrostatic Problems (Adrian Parsegian), 844 

Diene Reactivity: Woodward-Hoffman Orbital Symmetry Rules and Neighbouring 
Group Inhibition of (A. T. Austin and B. Pearson), 949 

Diet and Disease, news, 304 

Dietary Chlortetracycline: Effect on the Rate of Growth of Wool in Sheep 
(M. K. Hill and Jennifer R, Wythes), 1057 

Dietary Treatment: Trimodal Response to, in Phenylketonuria and intelligence 
(Renee N. Fuller and Joyce B. Schyman), 639 

Dietary Variations and Sodium Cyclamate Comparison of Effects on Growth of 
Rats (L. M. Dalderup and W. Vasser), 9! 

Differential Calculus: Solving Problems in (L. M. Brown), review by L. S. Goddard, 
292 


Differential Immune Lysis of Erythroblasts (Henry Borsook, Karen Ratner ard 
Brenda Tattrie), 1261 

Differential Light Scattering: Identification of Bacteria by (Philip J. VVyato, 1287 

Differential Migration: Segregation of Lymphocyte Populations through (Eugene 
M. Lance and Robert N., Taub), 841 

Diffraction Gratings in Phalacrid Beetles (H. E, Hinton and D. F. Gibbs), 953 

Diffuse X-Ray Background: Cosmological Implications of (James E. Felten and 
Martin J. Rees), 924 ; l 

Diffusely Reflecting Objects: Holography using a Double Focus Lens (S, J. Bennett 
and J, W. C. Gates), 1234 

Diffusion, Dielectric—A New Cross Phenomenon (M. M. Breuer and D, Robinson), 
IEG 


Diffusion Paths in Quartz (W. S. Mortiey), 359 
Digging but not Keeping, news, 206 
cori ipandenee: (G.W. Dimbleby), 1176; (T. H. Profitt), 785; (V. S. G. Smele), 
H 





INDEX 


Digoxin, Tritiated: Binding to Human Red Cell Ghosts (J. C. Ellory and R. D. 
Keynes), 776 

Diisopropylfluorophosphate Poisoning, Chronic: 
Adenoma after (Peter H, Glow), 1265 

Dimers of the Water Molecule in the Earth's Atmosphere (H. A. Gebbie, W. J. 
Burroughs, John Chamberlain, J. E, Harris, and R. G. Jones), 143 . 

Dimethy! Sulphoxide: Reversible Activation of Lysosomes by (Donald W. Misch 
and Margaret S. Misch), 862 

2,4-Dinitropheny! Group: Antibody-like Activity to, in Normal Human Sera 
(Michael Brandriss), 960 

Dipyridamole and Adenosine: Interactions on Platelet Aggregation (R. B. Philp 
and J. P, V, Lemieux), 1162 

Diquat lon: Stereochemistry of, in the Crystalline Dibromide Sait (J. E. Derry 
and T. A. Hamor), 464 

Direct Current Pre-breakdown Phenomena in Liquid Nitrogen (R. Coelho and 
P. Sibillot), 757 

Direction of Chain Extension during Biosynthesis of Teichoic Acids in Bacterial 
Cell Wal's (Helen Hussey, D. Brooks and J. Baddiley), 665 

Disaccharides, Absorption of; Role of the Intestinal Microvilii and Glycocalyx 
in (J. S. Prichard), 369 

Disagreement about Galactic Age, news, 998 

Disasters, Coping with, news, 301 

Discharge Process, Magnetospheric Substorm as (Syun-Ichi Akasofu), 1020 

Discipline in Universities, see Studied Moderation at Bristol, news, 1091 

Discovery of Optical Signals from Pulsar NP 0532 (W.J, Cocke, M. J, Disney and 
D. J, Taylor), 525 

Discrete Source Interpretation of Recent High Energy Cosmic Gamma Ray 
Measurements (H.Ogelman), 754 

Discrete X-ray Sources and the Diffuse X-ray Background (Joseph Silk), 347 

Discussing INTELSAT, news, 894 

Discussing the Irish Ses, news, 415 

Disease and Diet, news, 304 

Disease, Growth and Ageing: An Inquiry Concerning (Philip R. J. Burch), review 
by F. Post, 197 

Disease, Marek's: Control by the Use of Inoculated Chicken Embryo Fibroblasts 
(Stavros D. Kottaridis and Roy E. Luginbuhl), 1258 

Disease, Parkinson's and Aromatic Amines {ivor Smith and A. H. Kellow), 1261 

Diseases, Crippling: Money for, news, 897 

Diseases, Metabolic, see Vitamin B,, Dependency, news, 410 

Dislocation on View, news, 125 

die s Memory and Learning (George A, Talland), review by Valerie Walker, 


incidence of Chromophobe 


Dispersion of Papers among Journals based on a Mathematical Analysis of Two 
oie Medical Literatures (William Goffman and Kenneth S. Warren), 
1205 

Dispersion Measures of the Pulsars and Galactic Hii (Kris Davidson and Yervant 
Terzian), 729 

Dissection of Transfer RNA, news, 518 

Dissemination of Astronomical and Atomic Time (H. M. Smith), 221 

Distance Estimates for Pulsars (Michael Grewing, Ulrich Mebold and Kristen 
Rohifs), 751 

Distance Information, Two Kinds: Effects on Visual Judgments of Absolute Size 
(Max Coltheart), 388 

Distinction between a Proximal Negative Response and the Local b Wave in the 
Retina (Dwight A. Burkhardt, 879 

Distribution of Catalytically Active Sites on Clean Metal Surfaces (R. P. H. Gasser 
and P, R. Vaight}, 166 

Distribution of Tritiated Ecdysone in Salivary Gland Celis of Drosophila (Hans 
Emmerich), 954 

Diurnal Variations in Underwater Noise beneath Springtime Sea-ice (A, R. Milne 
and J, H. Ganton), 851 

Divalent Cations: Streptomycin Inhibition of Protein Synthesis in Peas reversed 
by (M. A. Venis), 1147 

Pizysorii Duinnings Klinefelter's Syndrome and Diabetes Mellitus (P. R. }. Burch), 


DNA: Chemical Linkage of Carcinogenic 3,4-Benzpyrene to, in Aqueous Solution, 
induced by Peroxide and lodine (R. S, Umans, Stephen A. Lesko, jun., and 

P. O. P. Ts'o), 763 
incorporation of Tritium of *H-Arginine into, as the Explanation of "Late 
Innes of Protein" on the Human X Chromosome (David E. Comings), 


DNA, Complex Mitochondrial: Sedimentation Velocity Properties of (Bruce 
Hudson and Jerome Vinograd), 332 

DNA Hela, Newly Synthesized: State of (R. B. Painter and A. Schaefer), 1215 

DNA, Mouse: Correspondence of Certain Fractions of (Anne McLaren and P, M. B, 
Walker), 771 

DNA, Native and Denatured, of Phage T3 and E. coli B as Templates for RNA 
Polymerase (Loretta C. Y. Cheong and Erwin Chargaff), 1144 

DNA, Pulse Labeiled: Artefact in the Measurement of che Molecular Weight of 
(A. R. Lehmann and M. G. Ormerod), 1053 

DNA Synthesis: Control in Amoeba proteus (M. 3. Ord), 964 

DNA, T4: Sequence of the in vitro Transcription of (Gabriele Milanesi, Edward N, 
Brody and E, Peter Geiduschelk?, 1014 

DNA Viruses, D Stranded: Altered Coding in? (D. T, Denhardt and D. A. 
Marvin), 76 

Doctors' Pay, news, 604 

Does a Pheromone-like Factor from the Nestling Rabbit stimulate Impregnation and 
TAG CRHOR in the Rabbit Flea? (Miriam Rothschild and Bob Ford), 


Do Genes determine Sex? (Ursular Mittwoch), 446 
Doppler Shifts: Interpretation in the Zodiacal Light Spectrum (L. YW., Bandermann 
and R. D. Wolstencroft}, 251 
Doppler Principle: Velocity Measurement by combining with the Schlieren 
Method (M. J. R. Schwar and F. J, Weinberg), 357 
Double Focus Lens: Holography of Diffusely Reflecting Objects using a (S. J. 
Bennett and J. W, C. Gates), 1234 
Dounreay Fast Reactor, news, 1189 
Down's Syndrome and IHegitimacy (Jacqueline Fabia), 1157 
Down's Syndrome and Maternal Age (P. R. J. Burch), 173 
Down's Syndrome, Human Sexual Behaviour and Delayed Fertilization (E. Mat- 
sunaga and T, Maruyama), 642 
Dredged Basalt from Giacomini Seamount (Robert B. Forbes, R. C. Dugdale, 
T. Katsura, H. Matsumoto and H. Haramura), 849 
Dress Rehearsal, news, 791 
Drift, Continental, and Freshwater Triclads (Platyhelminthes, Turbellaria) (lan 
R. Bail and C. H. Fernando), 1143 
Drosophila: Determination, Activation and Actinomycin D insensitivity in the 
Optic Imaginal Disk of (C, H. Waddington and Evelyn Roberts), 933 
id dads of Tritiated Ecdysone in Salivary Gland Cells of (Hans Emmerich), 


Fluctuating Temperatures and the Length of Life in (M. J. Hollingsworth), 857 
Drug Combinations, see FDA in Earnest, news, 2 


xix 


Drug-induced Alteration of Sympathetic Transmssion: increased Tyrosine 
Hydroxylase Activity after (H. Thoenen, R. A, Mueller and I. Axeirod), 1264 

Drugs on Prescription, news, 900 2 

Drugs, Supply of, news, 405 

Drugs, Towards More Legislation on, news, 408 

Drugs, Two Views on, news, 397 

DuBridge, Dr, First Base for, news, 609 

Dull Dogs at Brighton, news, 701 

Dungeness B, see Parliament in Britain, news, 705 

Dusty Stars? news, 416 

Dyes, Fermi Level of, and Redox Reaction caused by "hoto-excited Dye Molecules: 
Relation between (Tadaaki Tani), 466 ` é 

Dynamics of Populations, see Growth of the Sexes, »ews, 1107 — 

Dynamics: Solving Problems in (R. R. S. Cox), review by L, 5. Goddard, 292 


E. Phospholipid Response by Lymphocytes to Phytohaemaggiutinin: N-Acetyl- 
D-galactosamine inhibition of (Daniel B. Fisher and Gerald C, Mueller], 566 
Early Prenatal Ontogeny: Evoked Unitary and €ross Electric Activity in the 
Cerebral Cortex in (B. A. Meyerson and H, E, Persson) J248 
Early Stages of Fertilization in vitro of Human Oecytes matured in vitro (R. G, 
Edwards, B. D. Bavister and P. C. Steptoe). 632 
Earth and Moon: Geometric and Physical Scaling-of River Dimensions on (I. L 
Gilvarry), 533 l 
Earth Conditions, Primitive: Synthesis of Valine md Isoleucine in (Nadav Fried- 
mann and Stanley L. Miller), 1152 
Earth Expansion, see Oceanic Rises in relation to the Expanding Earth Hypothesis 
(C. H. Barnett), 1043 
Earth, Low (Seismic) Velocity Layers in, see UppatiMantle Structure: are the Low 
Velocity Layers Thin? (A. L. Hales and S. Bloch), 930 
Earth, Primitive Atmosphere: Photochemical Reaction Mechanisms for Production 
of Organic Compounds in (R. A, Raff and C. M, Meaburn), 459 
Earth Satellites, see Prospecting from Above, news, 611 
see Satellites Applied, news, 707 l 
Earth's Atmosphere: Dimers of the Water Molecule in (HM, A, Gebbie, VV, J, 
Burroughs, John Chamberlain, J, E. Harriseand R. G. Jones}, 143 
Earthquake in New Zealand, see New Zealand Bumble, news, 705 
Earthquake Research, see Aftermath of Alaska, vows, H96 
Earthquake, see The Great Alaska Earthquake of (64 (National Research Council, 
review by D. Davies, 1274 
Earthquakes: New Map of, news, 414 
Worldwide Distribution of (Christopher H Scholz), 165 
Eat and Feel Well, news, 713 
Eat up your Veg., news, 401 
Eccentric Rotating Cylinders: Taylor Vortices with (I. A. Cios), 253 
Ecdysone, Tritiated: Distribution in Salivary Gland Cells of Drosophila (Pisis 
Emmerich), 954 
a-Ecdysone: Conversion to j-Ecdysone by Crustaceans and Insects (David Shaw 
King and John B. Siddall}, 955 
Echo cf Todd in Londen, news, 603 
Eclipse, see Pacific Annular Eclipse, news, 315 
Eclipse Prediction at Stonehenge (R. Colton an: R. L. Marcin}, IOI 
Ecology of North Indian Ramapithecus Gan Tattersall), 451 
Ecology, Structure and Physiology of Molluscs, Studies in (V, Fretter edi, review 
by C. M. Yonge, 782 
Ecology, Terrestrial, Measurement of Environmental Factors in (Rh. M, Wadsworth 
ed), review by P. J, Newbould, 978 
Economic Benefits, news, 893 
Economy, British, see Modest Planning, news, 390 
Edinburgh: Teach-in at, news, 406 
EDTA: Effect on Electrophoretic Mobility of «time Mould Cells and its Refation- 
ship to Current Theories of Cell Adhecon (D. Gingell and D, R. Garrod}, 
192 
Education, news, 1094 
see At the Wits End, news, 110 
see Bright Future for Awards, news, 703 
see Encouraging Research in Schools, news, E14 
see Mora Children for Science, news, 607 
see More for Educational Research, news. 9 
Education in US: see How to Spend Money and Win Influence, news, 799 
Education, Religious, see Mr Shorts Shibboleth, news, 298 
correspondence: HM. N. V. Temperley, 59* 
EEC, see Plan for Energy Supply, news, 112 
EEC Patent Law, see Once and for All, news, 1087 
EEC Technological Collaboration, see Experts review European. Collaboration, 
news, 
Effect of Antilymphocyte Serum on Parameters of Growth of MCA-induced 
Tumours (Edwin R. Fisher, Osama Sciiman and Bernard Fisher), 287 
Effect of BCG and Allogeneic Tumour Cells en Adenovirus Type 12 Tumorigenesis 
in Mice (Hans ©. Sjogren and Jaro Arxerst), 863 
Effect of Bromide on Evoked Release of PTosoamines from Brain Slices and intact 
Atria (James S, Goodwin, Richard |. iatz and Irwin J. Kopin), 556 
Effect of Demyelination on Conduction in the Central Morvous System PW, T. 
McDonald and T, A, Sears), 182 
Effect of Dietary Chliort&rracycline on the Rate of Growth of VYool in Sheep 
(M. K. Hill and Jennifer R, Wythes} 4 057 
Effect of EDTA on Electrophoretic Mobilitwof Slime Mould Cells and its relation- 
rel to Current Theories of Cell Adhesion (D. Gingell and D, R. Garrod}, 
i ; 
Effect of Extra-corporeal irradiation of the Blood on Bone Marrow Activity in 
Acute Leukaemia (B. W. B, Chan, FS. J. Hayhoe and J. A. Bullimorel, 972 
Effect of intrahypothalamic infusion of Acetylcholine on Behavioural and Physio- 
logical Thermoregulation in the Rat. /A, L. Beckman and H. 1, Carlisle), 561 
Effect of Larvicides on Simulium Eggs (R. C. Muirhead-Thomson and dadith Merry- 
weather), 858 
Effect of Particle Size on the Thermoluminescence of Lithium Fluoride (T. E. 
Burlin, F. K. Chan, G. D, Zanelli anc F. W. Spiers}, 1047 
Effect of Phytohaemagglutinin on Plaque Forming Celis in the Mouse Spleen 
(Gydz6 Petranyi, jun., György lánessy and Pal Alféidy), 78 
Effect of Protamine Sulphate and Environmental Temperature on Mouse Sarcoma 
160 (E, M. Glaser and J. P, Austin),37 
Effect of Sensory Stimulus on an Impaired Membrane Transport System in Man 
(A, 1. M. Glen, G. C. Ongiy and K. Robinson), 565 
Effect of Sodium Cyclamate on the Growt* of Rats compared with other Variations 
in the Diet (L. M. Dalderup and VY., Visser), 91 
Effect of Temperature on Resting Potestial in Giant Axons of Squid (Ramón 
Latorre and M. Cecilia Hidalgo), 952 
Effect of the Urinary Gonadotrophin Ir^ibitor on Endogenous and Exogenous 
Gonadotrophin iL. J. Hipkin), 47: 
Effect of Vitamin B,, on Motility and Paimella Formation in a Marine Flageliace 
under Biothermal Stress (Eliza Vwaller Easley}, [170 














XX 


Effects associated with Permeability Changes caused by Gramicidin A in Electro- 
plax Membrane (Thomas Podleski and Jean-Pierre Changeux), 541 
Effects of Abscisic Acid on Activity of Chromatin (J. Alan Pearson and P. F. Ware- 


ing), 

Effects of Cerebral Stimulation on the Biosynthesis in vitro of Nucleotides and 
RNA in the Brain (Carol Prives and J. H., Quastel), 1053 

Effects of Ethanol and Acetone on Action Potential and Inhibitory Potential of 
Guinea-pig Taenia Coli (S, Sunano and E. Miyazaki}, 380 

Effects of Frontal Cortex Lesions on Learning Set (John Oxbury, Clare Darlington 
and Colin Stolkin), 127! 

Effects of 6-Hydroxydopamine on Noradrenaline-containing Neurones in the Rat 
Brain (N. J. Uretsky and L. L. Iversen), 557 

Effects of some Cellular Antigens on Lymphocytes and the Nature of the Mixed 
Lymphocyte Reaction (D. A. Hardy and N. R. Ling), 545 

Effects of Two Kinds of Distance Information on Visual Judgments of Absolute 
Size (Max Coltheart), 388 

Egg, Sea Urchin: Kinetic Evidence for an Intermediate State in the Fertilization of 
(P. F. Baker and R. Presley), 488 

Egg Yoik: Variations in the Cholesterol Content of (Dennis Jones), 780 

Eggs, of Simulium: Effect of Larvicides on (R. C. Muirhead-Thomson and Judith 

. Merryweather), 857 

Elaiomycin: Carcinogenic Action in Rats (R. Schoental), 765 

ELDO, see Will ELDO Last? news, 1183 

ELDO Going it Alone? news, 790 

ELDO through the Looking Glass, news, 8 

ELDO's Future Programme, news, 990 

lectrice Activity, Unitary and Gross, Evoked in the Cerebral Cortex in Early Pre- 

natal Ontogeny (B. A. Meyerson and H. E. Persson), 1248 

Electric Cars, Slow Start for, news, 402 

Etectrical Activity of the Brain: Mathematical Analysis of (M. N. Livanov and V. S. 
Rusinov), review by A. Glass, 590 

Electrical Conductivity Measured, news, 617 

Electrical Machines: Surge Phenomena in (B. Heller and A. Veverka), review by 
Colin Adamson, 1175 

Electrical Wiring, news, 1189 

Electricity, Future Supply, see Too Much Delay, news, 1185 

Electrode System: Some Aspects of Fluidized Zinc/Oxygen as (J. R, Backhurst, 
F. Goodridge, R. E. Plimley and M. Fleischman), 55 

Electrodes, Hydrophobic Gas: Structure and Performance of (A, D. S, Tantram 
and A, C, C. Tseung), 167 

Electron Density Distribution above the Winter Pole (M. K. Andrews and J. O. 
Thomas), 223 

Electron interactions, Calculation for, news, 17 

Electron Microscope, Scanning: Monochromatic Cathodoluminescence Image in 
(P.M, Williams and A, D, Yoffe), 952 

Electron Microscope Specimens: Increase in Penetration at High Voltages (K. F. 
Hale and M. Henderson Brown), 1232 

Electron Microscopy, see Lipid Helices, news, 1198 

Electron Paramagnetic Resonance in Human Bone Mineral: Correction Concern- 
ing (Andrew A. Marino and Robert O. Becker), 66! 

Electron Spin Resonance: Carbon Fibre Structure Determination by (D. Robson), 


Electron Spin Resonance Spectra: Hyperfine Structure of Reduced Chromium and 
iron Phthalocyanins in (C. M, Guzy, J. B. Raynor and L. P. Stodulski), 551 

Electron Spin Resonance Study of y-Irradiated Carbohydrate ices at Low Tem- 
peratures (P. J. Baugh, K. Kershaw and G. O. Phillips), 1138 

Electronic Spectra of Thioformaidehyde and the Methyl Thiyl Radical (A. B. 
Catlear, J. Connor and D. R., Dickson), 1238 

Electronics industry in Europe, see Lagging Behind in Electronics, news, 1 182 

Electrons and y-Rays at GeV Energies: Nal(TI!) Total Absorption Detector for 
(R. Hopstadter, E. B. Hughes, W. L. Lakin and I. Sick), 228 

d Electrons and Molecular Bonding (C. A. Coulson), 1106 

Electrophoresis, Polyacrylamide Disc and Gradient Gel: Two-dimensiona! Resolu- 
m of Plasma Proteins by Combination of (1. Margolis and K, G. Kenric), 

6 

Electraphoretic Mobility of Slime Mould Cells: Effect of EDTA on, and its relation- 

ship to Current Theories of Cell Adhesion (D. Gingell and D. R. Garrod), 


192 

Electrophoretic Study of the Serum Proteins of Normal and “Lymphoid Tumour''- 
bearing Xenopus (1. Hadji-Azimi), 264 

Electroplax Membrane: Effects associated with Permeability Changes caused by 
(Thomas Podieski and Jean-Pierre Changeux), 54 

Electrostatic Problems, Solutions to Four Relevant to Energy of an lon crossing 
a Low Dielectric Membrane (Adrian Parsegian), 844 

Elementary Particles, sce The Bootstrap on Difficulties, news, 416 

EMBO, Finance, see Almost Home and Solvent, news, 505 

Embryo Cells (Mosquito) Aedes aegypti, Continuously Subcultured: Behaviour 
of Infectious RNA from Four Different Viruses in (J. Peleg), 193 

Embryonic Spinal Cord: Degeneration of Nerve Fibres within (Arthur F. Hughes, 
Margaret Egar and Tom Turner), 579 

Emergencies: Handling Vehicles in, news, 417 

Emerson Enhancement Effect in Synchronous Scenedesmus Cultures (Horst Senger 
and Norman I. Bishop), 975 

Emissions, Radio and Optical from Puisars: Nature of (Hong-Yee Chiu, Vittorio 
Canuto and Laura Fassio-Canuto), 529 

Employment, see What Professionals Do, news, 709 oe 

Enamel, Tooth, of Lotimeria chalumnae (Smith) (William A. Miller), 1244 

Encouraging Research in Schools, news, 114 

Endless Roundabout, news, 14 

Endocrine Cells: Random Coil Conformation of Polypeptide Hormone Precursor 
Protein in (A. G. E. Pearse), 1210 

Endogone Spores: Synthesis of Mycorrhizas in Podocarpus and Agathis with (G. T. S. 
Baylis), 1267 

Endosymbiotic Algae of Hydra: Substrates produced by, Formation of Polysac- 
charides from (Berton Roffman and Howard M. Lenhoff), 38 

Endotoxin Inhibition of Bone Growth in vitro: Histamine Effect (Louis A. Norton, 
William R, Profit and Ronald R, Moore), 469 

Energy, see How Gas Lost, news, 504 

see, Last Hope for Coal, news, 795 
see Uncertain Planners, news, 112 

Energy of an lon crossing a Low Dielectric Membrane: Solutions to Four Relevant 
Electrostatic Problems (Adrian Parsegian), 844 

Energy, Light, Storage in Photosynthesis: Proposed Model Experiments on (H. 
Frohlich), 976 

xU Md. Standard, of Marsupials (Terence J. Dawson and A. J, Hulbert), 


Engineeríng, see Cunard's Shake-down, news, 208 
see Stronger Towers, news, 99 
Engineering, Chemical, Women in, news, 1187. 
Engineering for Nuclear Fuel Reprocessing (Justin T. Long), review by R. Spence, 
1273 


Engineering Properties of Rocks (1. W., Farmer), review by John R. V, Brooks, 392 e 


INDEX 


Engineering Society, Women's, see Jobs for the Girls, news, 994 

Engineering, Structural, see Ronan Point Discussed, news, 892 

Engineers a Cubit Higher, news, 2 

ad and Scientists: Special Functions for (W. W. Bell), review by L. Mirsky, 


Engineers, Unmilitant, news, 210 

English-speaking Medical Students at Leyden (E. Ashworth Underwood), 810 

Enhancement Effect, Emerson, in Synchronous Scenedesmus Cultures (Horst 
Senger and Norman l. Bishop), 975 

Enrichment for Europe, news, 720 

Entomology Collection Rehousing, see Museum on the Move, news, 1094 

Environment, see Too Much Ho: Water, news, 116 

Environment, Cultural, and Intelligence (Philip E. Vernon), review by Marie 
jahoda, 1078 

Environment of the Ocean, see Transformation and Growth, news, 1086 

Environmental Factors in Terrestrial Ecology: Measurement of (R. M, Wadsworth 
ed), review by P. J. Newbould, 978 

Environmental Temperature anc Protamine Sulphate: Effect on Mouse Sarcoma 
180 (E. M. Glaser and J, P. Austin), 87 

Enzymatic Synthesis of Adrenalin in Mammalian Brain (Ronald D. Ciaranello, 
ee E. Barchas, Gregory S. Byers, Donald Stemmie and Jack D, Barchas), 

Enzyme, Action Mechanism, news, 13, corrigendum, 293 

Enzyme Structure and Function, see Active and Inactive Sites, news, 1003 

Enzymes, see How Enzymes Work, news, 220 

see Migrating Hydrogen, news, 1000 

Enzymes and Inhibitors, news, 1196 

Enzymes, Complicated, news, 714 

Enzymes from the Venom of Lethocerus cordofanus, Studies of (A. R, Rees and R. E, 
Offord), 675 

Enzymes to Order, news, 316 

Eosinophils, Mule: Capacitation in vitro of Rabbit Sperm with (KR, J. Ericsson), 568 

Epidemic: An Account of Foot and Mouth in 1967-8 (Raiph Whitlock), review by 
John Tooze, 592 

Epidemiology of Rabies (Martin M. Kaplan), 421 

Epigenes s: Geochemistry of (Aleksandr I. Perel man), review by K. F. G. Hosking, 


Epileptic rers c and Ammonshorn Pathology (G, E. Savageand I, R. Swing- 
land), 
EPpy te Influence on the Regulation of Bone Growth (E. C. B. Hall-Craggs), 
4 


Epithelial and Connective Tissue Cells: Nuclear Sheets in (Franco Molio, Maria G, 
Canese and Aldo Stramignori), 869 
Epping Forest Centre, news, 302 
Equilibria, Covalent, see Enzymes and Inhibitors, news, 1196 
Eradicating Mosquitoes using Translocations (H. Laven), 958 
Ergonomics, see Collect More Data, news, 505 
Errors in Protein Synthesis and Clonal Senescence in Fungi (Robin Holliday), 1224 
Erythroblasts: Differential Immune Lysis of (Henry Borsook, Karen Ratner and 
Brenda Tattrie), 1261 
Erythrocyte and Hepatocyte Nuclei of Frog Liver: Nuciear Proteins of (Carolyn 
j. Burdick and Marion Hines), 1150 
Erythrocyte Receptor for Adenovirus Type 7 Haemagglutinin Solubilization and 
some Properties of (A. R. Neurath, R. W. Hartzell and 8. A, Rubin), 1069 
Escherichia coli: An Infrared Analysis of Conformation of Ribosomal RNA of 
(Rosalind 1. Cotter and W. B. Gratzer), 154 
Evidence for Heterogeneity of 235 RNA in (H. W. Schaup, J. B. Best and A, 
B. Goodman), 864 
Two Compounds implicated in the Function of the RC Gene of (Michael 
Cashel and Jonathan Gallant), 838 
Tyrosine tRNA: Arrangement of the Helical Regions (B. P. Doctor, W. Fuller 
and N. L. Webb), 58 
E. coli Ribosomes: Dehydration in Air without Loss of Activity (Taiki Tamaoki, 
Aibert J. Faber and Tadakatsu Kato), 1050 
E. coli 8 and Phage T3: Native and Denatured DNA of, as Templates for RNA 
Polymerase (Loretta C, Y. Cheong and Erwin Chargaff), 1144 
E. coli Phage 4: Orientation and Control of Transcription in (Sushil Kumar, Kjell 
Bovre, Arabinda Guha, Zdenka Hradecna, Sister Veronica Mary Maher and 
Waclaw Szybalski), 823, erratum, 1278 
ESP: Deficiencies of Experimental Method (C. E. M. Hansel), EI7I 
Ester Hydrolysis, Dramatic Effect on: Proximity Effect in Catalysed Systems 
(i. R. Knowles and Carol A. Parsons), 53 
Ethanol and Acetone: Effects on Action Potential and Inhibitory Potential of 
Guinea-pig Taenia Coli (S. Sunano and E. Miyazaki), 380 
Ethanol Effect on Fern Development, see Retarded Ferns, nays, 1001 
Ethics Code for Engineers, news, 2 
4-4 C.Ethynyl Oestradiol: Metabolism in Women (S, Kamyab, K, Fotherby and 
S.J. Steele), 361 
Euglena: Phototaxis of, Two Perpendicularly Orientated Pigment Systems involved 
in (Bodo Diehn). 366 
Euratom, see Biology Soldiers on, news, 115 
see Community with Nine Lives, news, 3 
Euratom Research, see Budget Trouble Again, news, 1087 
Europe is an interesting Place, news, 698 
European Airbus, news: 509; 6 
European Collaboration, Experts review, news, 898 
European Collaboration, news, 299 l 
European Conservation Year, news, 1094 
European Electronics Industry, see Lagging Behind in Electronics, news, 1182 
European Industry, see Lagging Behind in Electronics, news, 1182 
European institute of Technology, British Support, news, 9 
European Institute of Technology, see Managing without France, news, 399 
European Nuclear Energy Authority, see European Collaboration, news, 299 
Evidence for Activated Carrier Mobility in Organic Solids (F. Gutmann, A. M. 
Hermann and A. Rembaum), 1237 
Evidence for Heterogeneity of 235 RNA in E. coli (H. W. Schaup, J. B. Best and 
A. B. Goodman), 864 
Evidence for Pleistocene Ice Lags (W. C. Kemp), 1231 
Evidence for Sexual Selection in the Mimetic Butterfly Hypolimnas misipbus L. 
(Malcolm Edmunds), 488 l 
Evidence in Support of a Rotational Model for the Pulsar PSR 0833-45 (V. Radha- 
krishnan, D. J. Cooke, M. M. Komesaroff and D. Morris), 443 
Evidence in vitro of Neutral Collagenase Activity in an Invasive Mammalian Tumour 
(D. M. Robertson and D, C. Williams), 259 
Evoked Unitary and Gross Electric Activity in the Cerebral Cortex in Early 
Prenatal Ontogeny (B. A. Meyerson and H, E. Persson), 1248 
Evolution and Classification of Flowering Plants (Arthur Cronquist), review by V. H. 
Heywood, 293 . 
Evolution and the Genetics of Populations (Sewall Wright), review by Cedric 
A. B, Smith, 690 
Evolution, Convergent, news, 1105 -— 
Evolution: Gene Duplication and Nucleotide Substitution in (Masatoshi Nei), 40 





INDEX 


Evolution, Heredity and Society (1. Michael Lerner), review by Wilma George, 979 

Evolution in Populations, see Mean Fitness Increases when Fitnesses are Additive 
(W. J. Ewens}, 1076 

Evolution of Base Compositions of Ribosomal RNA: Non-random Variability in 
(Francesco Amaldi), 95 

Evolution of the Neurchypophysial Hormones, with Reference to Amphibians 
{R. Archer, J. Chauvet and M. T. Chauver), 760 

Evolution, Patterns, news, 15 

Evolution, Structural, of the Rift Zones in che Middle East (I. G. Gass and I. L. 
Gibson), 926 

Excess Deuterium on Venus, news, 1100 

Exchange of Atmospheric Angular Momentum between the Hemispheres (John W. 
Kidson and Reginald E. Newell), 352 

Exchange of Information, news, 115 

Excited States: Formation by recombining Organic lons (B. Brocklehurst}, 921 

Exhibition of Laboratory Equipment, see Show-all, news, 1186 

Exhibition of Physics Instruments, see Instruments on Show, news, 988 

Expanding Earth Hypothesis: Oceanic Rises in relation to (C. H. Barnett), 1043 

Expansion Slowed Down, news, 89] 

Expensive Optimism, news, 792 

Experiment Planning at CERN, news, £95 " 

Experimental Botony, journal of, see Journal Redesigned, news, 1188 

Experimental Method, Deficiencies of for ESP (C. E. M. Hansel), 1171 

Experimental Verification at High Pressure cf the Relationship between Com- 
pression, Density and Sonic Velocity (A. T. J. Hayward), 1047 

Experiments in Microbial Genetics (R. C. Clowes and W. Hayes ed), review by 
G. G. Meynell, 497 

Experiments on Low intensity Interference: New Approach to (D. IN. Pinter and 
R. N. Gould), 461 

Experts review European Collaboration, news, 898 

Exploitation, Problems of, news, 987 

Exploring the Atmosphere (G. M. B. Dobson), review by David VV. Hughes, 981 

Explosions, Supernova, Ancient Chinese Records of, and Pulsars (C. S. Shen), 1039 

External Radiation Doses from Occupational Exposure (M, J. Duggan, E. Greenslade 
and B. E. Jones), 831 

Extra-corporeal irradiation of the Blood: Effect on Bone Marrow Activity in 
or Leukaemia (B. W. B. Chan, G. F. J. Hayhoe and J.A. Bullimore), 

7 

Extragalactic Gamma Ray Fluxes between | and 100 MeV: Predictions of (F. W. 
Stecker and Joseph Silk), 1229 

Ext Onr Perception: Deficiencies of Experimental Method (C. E. M. Hansel), 
71 


Eye, Living, of the Rat: Rhodopsin Cycle in (Richard A. Cone and Walter H. 
Cobbs), 820 
Eye, The (1, M, Heaton), review by E, S, Perkins, 198 


Factor Stimulating Transcription by RNA Polymerase (Richard R. Burgess, 
oS A. Travers, John J. Dunn and Ekkehard K. F. Bautz}, 43, erratum, 
2 

Faith Psychiatry, news, 699 

Fallout, see The Decline Altered, news, 112 

Fallow Deer (Dama dama L.):: Geographical Variation in (D. i, Chapman and 
Norma G. Chapman), 59 

Fami es the Wind (G. L. Carefoot and E.R. Sprott), review by G. C. Ainsworth, 


Fast Reactor, Dounreay, news, 1189 

Fat Embolism: Preliminary Investigation of, from Pulsed Ruby Laser impacts of 
Bone (Leon Goldman, R. James Rockwell, jun., Daniel Richfield, Claude 
Wilson, Marilyn Franzen, Patricia Owens Smith and Susan R, Hyatt), 361 

FDA in Earnest, news, 213 

FEBS in Spain, news, 702 

FEBS Undaunted, news, 794 

Federation of European Biochemical Societies, see under FEBS 

Feeding Technique, Membrane, for Tsetse Flies (Glossina spp.) (P. A. Langley 
and H. Maly), 855 

Feeling the Pinch, news, 598 

Female Emancipation, see Role of the Sewing Machine, news, 117 

Femoral Fragment of a Robust Australopithecine from the Olduvai Gorge, Tan- 
zanía (M. H. Day), 230 

Fermi Level of Dyes and Redox Reaction caused by the Photo-excited Dye Mole- 
cules: Relation between (Tadaaki Tani), 466 

fern Development, see Retarded Ferns, news, 100 

Ferromagnetism, see Strange Surfaces, news, 1193 

Fertility of Rats, see Rats too Fertile, news, 906 

Fertilization: What comes after? news, 613 
see under Did Fertilization Occur? 

Fertilization, Delayed, Human Sexual Behaviour and Down's Syndrome (E. 
Matsunaga and T, Maruyama), 642 

Fertilization in vitro of Human Oocytes matured in vitro: Early Stages (R. G. 
Edwards, B. D, Bavister and P, C, Steptoe), 632 

Fertilization of the Sea Urchin Egg: Kinetic Evidence for an Intermediate Stage 
in the (P. F, Baker and R, Presley), 488 

Fibre Content in Graphite Reinforced Composites (1, E. Cuevas), 1135 

Fibres, Carbon, see Problems of Exploitation, news, 987 

mere: Inhibitor from the Mesothelium (E. M. J. Pugatch and 1. C. F. Poole), 


26 

Fibroblasts, inoculated Chicken Embryo: Control of Marek's Disease by the Use 
of (Stavros D. Kotzaridis and Roy E. Luginbuhl), 1258 

Fibrosarcoma, Transmissible, Feline (S. P. Snyder and G. H. Theilen), 1074 

field lon Microscope Observations of Cluster Formation in Metal Deposits on 
Tungsten Surfaces (D. W. Bassett and M, J. Parsiey), 1044 

Field Studies Council, see Consolidation Ahead, news, 994 

Fields, Receptive, of Cells in the Visual Cortex: Modification occurring Spon- 
aa and toca with Bodily Tilt(Gabriel Horn and Richard M. Hill), 


Films, Thin, Importance of, news, 998 

Finance Gain from Overseas Students Fees, see Making Money at the Margin, 
news, 300 

Finance, Euratom, see Budget Trouble Again, news, 1087 

Finance for Ground Telescope, see Space Money for Ground Telescope, news, 314 

Finance Freeze, Geophysical Institute of che University of Alaska, news, 8 

Finance of Motorways, see Motorway Costs, 1189 

Finance of Radiobiology Research, see Feeling the Pinch, news, 598 

Finance of Research, see Research for Another Year, news, 789 

Finance of che National Trust, news, 303 

Finance of US Science, see Modest Budget for US Science, news, 389 

Financial Aspects of Earth Satellites, see Prospecting from Above, news, 611 

Finding Out about Metals, news, 704 

Fine Structural Localization of Succinoxidase Complex on the Mitochondrial 
Cristae (M. Kalina, B. Weavers and A. G, E, Pearse), 479 è 


xxi 


First 3 Days of Life of Mice: Induction of Liver ard Lung Tumours by 6-Amina- 
chrysene administered during (F. J. C, Roe, R. L. Carter and Sylvia Adam- 
thwaite), 1063 I 

First Course in Functional Analysis, A (Martin Davi), review by L. 5. Goddard, 199 

First Look at Apollo 8 Pictures, news, 215 

Fish, Mussels and Birds from the River Rhine and che Netherlands Coastal Area: 
Chlorinated Biphenyls in (1, H. Koeman, ME C. tan Noever do Brauw and 
R. H. de Vos), 1126 

Fishes, Lobe Finned, news, 803 

Fishes, Two Mesopelagic: Colour Variation and ts Correlation with Ambient 
Light Conditions in (Julian Badcock}, 383 

Fission Track Ages of Deep Sea Glasses (David E, Feher), 549 

Fitness in Populations, see Mean Fitness Increases when Fitnosses are Additive 
(WJ. Ewens}, 1076 

Flage!iz, Locking at, news, 1197 

Flagellate, Marine, under Biothermal Stress: Effect of Vitamin Be on Maxilicy 
and Palmela Formation in (Eliza Waller Easley), 1170 

Flashes, Optical, from the Crab Nebula MI (R, V. Willstrop), 1023 

Flat Safety, see Ronan Point Discussed, news, 892 

Flea, Rabbit: Does a Pheromone-like Factor from the Nesting Rabbit stimulate 
impregnation and Maturation in che? (Miriars Rothschild and Bob Ford), 1169 

Flood Prevention Research, see Indoor Thames, news, 507 

Florida Red Tide Organism: Isolation and Characcerization (Dean F. Martin and 
Ashim B, Chatterjee), 59 

Flounder x Dab: a New Intergeneric Cross wehin the Pieuronectidae (ohn 
D. Riley and Graham T. Thacker), 484 

Flowering Plants: Evolution and Classificaticn (Arthur Cronquist), review by V. H, 
Heywood, 293 

Fluctuating Temperatures and the Length of Lif in Drosophila (M. J, Hollings- 
worth), 857 

Fluctuations in the Response to Light of Visua: Neurones in Limulus (Robers 
Shapley), 437 A 

Fluid Logic in Simple Terms (Michael J. Moylan), seview by G, A. Parker, 393 

Fluidized Bed Combustion, news: 996: 1189 

Fluids, Silicone: Thermal Decomposition at Meta: Surfaces (R. F, Willis), 4934. 

Fluoride Solution, Aqueous, cf Bismuth (V) (G. T. Burstein and G. A. Wright), 169 

Fluxes, Extragalactic Gamma Ray, between | and 100 MeV: Predictions of (F. V; 
Stecker and Joseph Silk}, 1229 i 

Flying High: Hazards of, news, IH 

Flying in Different Directions, news, 2 

Flying Saucers in US, see A Sledgehammer for Nuts, news, 599 

Foetal Adrenal Cortex: Pathway for Cortisol Bicsynthesis in (Barbara 1, White- 
house and G. P. Vinson), 1051 l 

Foetal Trophoblast: Self-isolation of (Bryn M. Jores and R., B. Kamp), 829 

Fog, Compromise, news, 404 

Foodstuffs, news, 1094 

Foodstuffs, Syntheti: (P. C. Spensley}, correspondence, 786 

Foot and Mouth Epidemic of 1967-8: An Accourz of (Ralph Vhitlocki, review by 
John Tooze, 592 

Foratom, see Enrichment for Europe, news, 700 

Forces between Uncharged Plates, news, 126 

Foreign Aid, news, 612 

Forestry, news, 405 

Formation of Banded Suiphides: Metal lon Seperation and Precipitation by fa 
organic and Microbial Sulphide Sources (B Bubela and J. A, McDonald), 465 

Formation of Excited States by recombining Organic lons (B, Brocklehurst, 921 

Formation of Polysaccharides by Hydra from Substrates produced by thelr Endr 
symbiotic Algae (Berton Roffman and Howard M. Lenhoff}, 38} 

Forms cf Transfer RNA, news, 412 

Formycin: Stereochemistry of, see Original Syn, news, 907 

Fort Ternan, Kenya: Late Miocene Hominid from (E. L. Simons, 448 

Foulness, Gulls at, news, 989 

Foundations, see A Cosy VVorid, news, 1187 

Foundations, Charitable, in US, see How Strongzare the Foundations? mews, (184 

Foundations of Quantum Mechanics (Josef M, Jauch), review by 5. Zienau, 

Fractionation of Mammalian DNA by Zonal Centsifugation (H. B, Halsall and V. M. 
Schumaker), 772 

Fracture Path of Stress Corrosion Cracks in Austenitic Srainiess Steels (f. DX 
Harston and J, C. Scully), 853 

Fragment (Fc) of Human Immunoglobulin G: Genetic (Gm) Antigens associated 
with Subfragments from (M. W. Turner, h. Mártensson, 1. B, Natvig and 
H. Bennich), 1166 

france, Managing without, news, 399 

Francis, Or. G., obituary, 497 

Free ee Reactions modify Cellular Damage N.J. F. Dodd and M. M. Eberc}, 

4 


Freezing Seafood, see Scoring Crayfish, news, 498 

Freshwater Triciads (Platyheiminthes, Turbelleria} and Continental Geife fian 
R. Ball and C. H. Fernando), 1143 : 

Frequency of Events producing Pulsars (Virginia Trimblel, 1038 

Frequency Structure of Pulsar Intensity Variations (B. J, Rickerr}, 158 

Fuel, see Chemicals from Gas, news, 212 l 

Fuel Cells, see Expensive Optimism, news, 792 

Fuel Policy White Paper, see How Gas Lost, news, 504 

Function and Structure Relationships in lsoeezymes of Horse Liver Alcohol 
Dehydrogenase (R. Pietruszko, H. 1, RiBgold, T.-K. Li, B. L, Vallee, A, 
Akeson and H. Theorell), 440 l 

Functional Analysis: A First Course (Martin Davis}, review by L, S$. Goddard, 199 

Functional Groups: Incorporation onto the Surface of Polyethylene (A, Jean 
Osteraas and Douglas A, Olsen), 1140 i 

Functional Proteins: Synthesis in. X-irradiaced’ Mammalian Cells (R. A. Tobey, 
D.F. Petersen and R.A. Walters), 191 

Functions of the Adrenal Cortex (Kenneth W. MeKerns ed}, review by D, Exley, 
782, erratum, 982 

tunnot Special, for Scientists and Engineers XV. W. Bell), review by L. Mirsky, 


Further Microwave Emission Lines and Clouds of Ammonia in our Galaxy (A, C. 
Cheung, D. M, Rank, C. H. Townes and WW. J, Welch), 917 

Fusion Research, see To Russia with Lasers, news, 1194 

Future; Houses of the, news, 896 


Fungi: Errors in Protein Synthesis and Clonal Sesescence in (Robin Halliday), 1224 


Gabor on Holography, news, 616 

Galactic Age, Disagreement about, news, 998 

Galactic HII and the Dispersion Messures o the Pulsars (Kris Davidson and 
Yervant Terzian), 729 l 

Galactic Hydrogen Absorption: Measurement sf Pulsar Distances by (M. Gualia 
J. Guibert, W. Hutchmeier and L. Welmchew), 249 

Galactic Plane, Clustering of Pulsars along (R. Wielebinski, A. E. Vaughan and 
M. i. Large), 47 








xxii 


Galaxy MIO: Neutral Hydrogen Asymmetry in, as Evidence for Tidal Effects 
(J. S. Beale and R. D. Davies), 

Galaxy, our: Further Microwave Emission Lines and Clouds of Ammonia in 
(A. C. Cheung, D. M, Rank, C. H, Townes and W. 1, Welch}, 9/7 

Galen's System of Physiology and Medicine (Rudolph E, Siegel), review by D. W. 
Taylor, 1078 

Gall Bladder Bile, Human Lithogenic: Phospholipids in (F. Anderson and lan A. D. 
Bouchier), 372 

Game Theory (Guillermo Owen), review by W. A. O'N. Waugh, 884 

Gamma Ray Fluxes, Extragalactic, between | and 100 MeV: Predictions of (F. W. 
Stecker and Joseph Silk), 1229 

Gamma Rays, Cosmic, from Metagalactic Proton-Antiproton Annihilation (F. W. 
Stecker), 425 

Gamma Rays, Very High Energy: Implications of Observations of, from Pulsars 
(M. V. Krishna Apparao), 645 

Gas: Chemicals from, news, 212 

see Problems of Conversion, news, 992 

Gas Centrifuge, news, 798 

Gas Centrifuge for Europe, see How to Keep your Powder Dry, news, 985 

Gas Electrodes, Hydrophobic: Structure and Performance of (A. D. S. Tantram 
and A. C, C. Tseung), 167 

Gastric Acid Secretion: Inhibition by Prostaglandin E, in vitro (L. Way and R. P. 
Durbin), 875 

Gemma Frisius, Tycho Brahe and Snellius and Their Triangulations (N. D. Haas- 
broek}, review by C, A, Biddle, 784 

Gene Duplication and Nucleotide Substitution in Evolution (Masatoshi Nei), 40 

Gene, RC, of Escherichia coli: Two Compounds implicated in the Function of 
(Michael Cashel and Jonathan Gallant), 838 

General Relativity: Measurable Effect of, on Satellite Orbits (E. M. Gaposchkin 
and James P. Wright), 650 

Generation of Seismic Anisotropy in the Upper Mantle along the Mid-Oceanic 
Ridges (T. J, G. Francis), 162 

Genes, see Do Genes determine Sex? (Ursula Mittwoch), 446 

Genes, Mutable, in Maize and Callan's Chromosome Model of Serially Repeated 
Gene Copies (Peter A, Peterson), 480 

Genetic Code, see How the Code Began, news, 217 

Genetic Control, see Arginine Biosynthetic Pathway, news, 519 

Genetic Control of Abnormal Starch Granules and High Amylose Content in a 
Mutant of Glacier Barley {J}. T. Walker and N. R. Merritt), 482 

Genetic Control of Mutation Rates in Bacteriophage T4 (John W. Drake, Elizabeth 
f A d Susan A. Forsberg, Rosa-Maria Preparata and Elaine ©. Greening), 

i 


Genetic (Gm) Antigens associated with Subfragments from the Fc Fragment of 
Human immunogiobulin G (M. W. Turner, L, Mårtensson, J. B. Natvig 
and H. Bennich), 1166 

Genetic Heterogeneity of Cloned Animal Virus Preparations (McCormick, 
Kenneth L, and Murphy, William H.), 286 

Genetic Polymorphism in Natural Populations of Avena fatua and A, barbata (D. R, 
Marshall and S. K. Jain), 276 

Generic Variant, New: 6-Phosphogluconate Dehydrogenase in Australian Abori- 
gines (N. M. Blake and R. L, Kirk), 278 

Genetics and Cancer, news, 1195 

Genetics of Albumin Gainesville, a New Variant of Human Serum Albumin 
Thomas Lau, F. William Sunderman, jun., Shyam S. Agarwal, Alton 1. 
utnick and Baruch S, Blumberg), 66 

Genetics, Microbial, Experiments in (R. C. Clowes and W. Hayes ed), review by 
G., G. Meynell, 497 

Geochemical Reconnaissance of the Lower Lias (1. Thornton, R. N. B. Moon and 
John S, Webb), 457 

Geochemistry, see Mapping Trace Elements, news, 518 

Geochemistry of Epigenesis (Aleksandr |. Perel'man), review by K. F. G. Hosking, 
91 


Geochemistry of Organic Substances (S. M. Manskaya and T. V. Dorzdova), review 
by D. Murchison, 588 
Geographical Variations in Fallow Deer (Dama dama L.) (D. 1. Chapman and Norma 
G. Chapman), 59 
Geological Prospecting, see No Gold in Botswana, news, 305 
Geology, see Phases of the Mantle, news, 617 
see What will happen to Geology? news, 903 
Geometric and Physical Scaling of River Dimensions on the Earth and the Moon 
J. 1. Gilvarry), 533 
Geophysical and Crystallochemical Implications and Crystal Structure of Mg,SiO, 
after High Pressure Modification (Paul B, Moore and Joseph V. Smith}, 653 
Geophysics, see Alaska Feels the Freeze, news, 8 
see Foreign Aid, news, 612 
German Universities: Guide co {Karl-Otto Saur), review by Nigel Hawkes, 
200 


Giacomini Seamount: Basalt Dredged from (Robert B. Forbes, R., C. Dugdale, T, 
Katsura, H. Matsumoto and H. Haramura), 849 

Giant Axon, Lobster: Cooperative Effect of Certain Anaesthetics on (C, Schauf 
and D. Agin), 768 

Giant Axons of Squid: Effect of Temperature on Resting Potential of (Ramón 
Latorre and M. Cecilia Hidalgo), 962 

Giant Fibre Response and Jet Propulsion of Loligo (Andrew Packard), 875 

Gibberellic Acid and Cytokinin: Sequential Action in Wheat Aleurone Tissue 
(D. Eastwood, R. J. A. Tavener and D. L. Eastman), 1267 

Gilbert-Carter, Mr H., obituary by S. M. Walters, 497 

Glacier Barley, A Mutant of: Genetic Control of Abnormal Starch Granules and 
High Amylose Content in (J, T. Walker and N. R, Merritt), 482 

Glasgow, Seeing from, news, 1092 

Glass Fibre Diffusers to cure Albert Hall Echoes, news, 7 

Glasses, Deep Sea: Fission Track Ages of (David E. Fisher), 549 

GLC Development Plan, see Life in the Big Cities, news, 1085 

Globin, Rabbit: Synthesis by a Bacterial Cell Free System (D. G. Laycock and 
J. A. Hunt), HHB 

Globular Clusters in the Andromeda Nebula (Sidney Van den Bergh), 48 

Globulin, Anti-lymphocytic, and Mycobacterium leprae: Unexpected High Incid- 
ence of Tumours in Thymeccomized Mice treated with (J. M. Gaugas, F.C. 
Chesterman, M. S. Hirsch, R. J. VV, Rees, Jennifer J. Harvey and C. Gil- 
christ), 1033 

Glucose-6-phosphate Dehydrogenase: Variations of, in Indonesia (Henry N. 
Kirkman and Lie-Injo Luan Eng), 959 

a-Glucosidase and Dehydrogenases: Action of Urea on the Activity of, in Aero- 
bacter aerogenes grown in Continuous Culture (A, C. R. Dean and P. 1. 
Rodgers), 969 

Giycerol: Changes in the T-System of Muscle Fibres under the Influence of Influx 
and Efflux of (S. A. Krolenko), 966 

Glycocalyx and intestinal Microvilli: Role in the Absorption of Disaccharides 

_ (4. S. Prichard), 369 

Going it Alone? news, 790 

Goid, No: in Botswana, news, 305 

Goid Torcs, see Treasure Trove, news 602 


INDEX 


Gonadotrophin Inhibitor, Urinary: Effect on Endogenous and Exogenous Gonado- 
trophin (L. 1. Hipkin), 473 A 
Government and University link-up, see Hand in Glove, news, 600 
Government Computers, see Parliament in Britain, news, 705 
Government Establishments, news, 608 : 
Government More Bountiful, news, 790 LM 
GPO, see Whose Monopoly? news, 793 Pos 
Gradient Gel and Polyacrylamide Disc Electrophoresis: ‘Two-dimensional Re- 
solution of Plasma Proteins by Combination of (1. Margolis and K, G. 
Kenric), 1056 . 
Graduate Education in the US: see Boom Ahead for Graduate Education, news, BOO 
see How to Spend Money and Win Influence, news, 799 
Graft versus Host Splenomegaly: Stimulation by Thymectomy of the Donor 
(S, Sheridan, G. R. J. Law and R, F, Ruch), 677 
Gramicidin A in Electroplax Membrane: Effects associated with Permeability 
Changes caused by (Thomas Podleski and Jean-Pierre Changeux), 541 
Grand Design Falters, news, 790 
Graphite Formation from Low Temperature Pyrolysis of Methane over some 
Transition Metal Surfaces (S. D, Robertson), 1044 
Graphite Reinforced Composites: Fibre Content in (J. E, Cuevas), 1135 
Grassland: Methods for the Measurement of the Primary Production of (C. 
, Milner and R. Elfyn Hughes), review by VW. F, Raymond, 691 
Gravity and Seismicity of Asymmetric Active Regions (Trevor Hatherton), 353 
Great Alaska Earthquake of 1964, The (National Research Council), review by D. 
Davies, 1274 
Great Barrier Reef: Atlas of (W. G. H. Maxwell), review by D. R. Stoddart, 978 
Great Emancipator, The, news, E17 
Green Light for Infrared, news, 214 
Greenwich, Wooden Ships at, news, 1188 
Growth Ahead in Canada, news, 707 
Growth and Spread of Science G. M. Ziman), 521 
Growth and Transformation, news, 1086 
Growth, Bacterial, see Continued Debate on Autotrophy, news, 1198 
ck rau Influence of Epiphyses on the Regulation of (E. C. B. Hall-Craggs), 
Growth Control Mechanisms, news, 1090 
Growth, Disease and Ageing: An Inquiry concerning (Philip R, J. Burch), review 
by F. Post, 197 
Growth of Rats: Effect of Sodium Cyclamate on compared with other Variations 
in the Diet (L. M. Dalderup and WY. Yasser), 91 
Growth of the Sexes, news, 1103 
Growth of Tissue and Milk Intake of Ruminants in the Field : Tritiated VVater in 
the Measurement of (W. V. Macfarlane, B, Howard and B. D. Siebert), 578 
Growth Parameters of MCA-induced Tumours: Effect of Antilymphocyte Serum 
on (Edwin R, Fisher, Osama Soliman and Bernard Fisher), 287 
hed) alle and Water Deficits (T. T, Kozlowski ed), review by J. R. Etherington, 


Growth Rate, RNA Chain, news, 411 

Growth Rates Confused, news, 891 

Groundnut Kernels and Sails in Israel: Aflatoxin produced by 1,626 Isolates of 
Aspergillus flavus from (A. Z. Joffe), 492 

Group Vill A Elements and Urznium-Carbon: Ternary Compounds of (H.R. 
Haines and P. E, Potter), 1238 

Guide to German Universities (Karl-Otto Saur), review by Nigel Hawkes, 200 

Gulls at Foulness, news, 989 


Haddock, Melanogrammus aeglefinus: Relationship between Oxygen Consump- 
tion and Swimming Speed in (P. Tyler), 274 

Haemagglutinin, Adenovirus Type 7: Solubilization and some Properties of the 
paa arie Receptor for (A. R, Neurath, R. W, Hartzell and B. A. Rubin), 


Haemoglobin: Intracellular Organic Phosphates as Regulators of Oxygen Release 
by (Reinhold Benesch and Ruth E, Benesch}, 618 

Hiemop aut Leech: Absorption Spectrum of: A Correction (A. E, Needham), 
572 


NAEmOESIn Messenger: Isolation of an RNA with the Properties of (F. Labrie}, 
i 


Haemoglobin Production in Mice Recovering from Radiation (B. i. Lord and R., 
Schofield), 1060 

Hair Loss induced by Cyclophosphamide in Experimental Animals (Elton R. Homan, 
Robert P. Zendzian, William M. Busey and David P. Rall), 1058 

"'Haldane's Dilemma'' and the Rate of Natural Selection (Peter O'Donald), 815 

Halides, imidoyl: The Chemistry of (Henri Ulrich), review by K. Brocklehursc, 883 

Hoe DL Pang insecticides, New, and the Mode of Action of DDT (G. Holan), 
i 


Hand in Glove, news, 600 

Handbook of Soviet Space-Science Research (George E. Wukelic), review by G. A. 
Tokaty, 784 

Handling Dangerous Chemicals, news, 15 

Handling Vehicles in Emergencies, news, 417 

Haploids from Cultivated Alfalfa, Medicago sativa L, (E. T, Bingham), 865 

Happy Birthday, Pulsar, news, 710 

Hard Alloys, Strength of (Gersh S. Kreimer), review by VV. O. Alexander, 494 

Harvard goes to Town, news, 802 

Harvard Graduate School, see Creaming the Cream, news, 1097 

Harvard Leaps Ahead, news, 399 

Harvard Medical School's Laboratory of Human Reproduction and Reproductive 
Biology, see Reproduction Multiplies, news, 1097 

Hawkins, Prof. H. L., obituary, 294 

Hazard, Another, of the Pill, news, 713 

Heads of Male Bumblebees (Bombus spp.}: Species and Sex-specific Compounds 
from (D. H. Calam), 856 

Healing Wounds: Scanning Electron Microscopy of (J. C. Forrester, T. K. Hunt, 
T. L. Hayes and R. F. W. Pease), 373 

Health and Schizophrenia: Urine Volume and Pink Spots in (J. A. G. Watt, G. W., 
Ashcroft, 1. J. Daly and J. R. Smythies), 971 

Hearing, see Is Resonance Possible in the Cochlea After Ali? (A. F, Huxley), 935 

Heart, the Adaptable, news, 615 

Heat, Bacteria Endospore Resistance to, news, l6 

Heat of oe of Vitreous Carbon (I. B. Lewis, R. Murdoch and A. N. Moui), 
i 


Heat Stress, news, 1 105 

HeLa DNA, Newly Synthesized: State of (R. B. Painter and A. Schaefer), [215 

Helices, Lipid, news, 1198 

He-like lon Resonance Lines: Long Wavelength Satellites to, in the Laboratory 
and in the Sun (A. H., Gabriel and Carole Jordan), 947 

Hemispheres: Exchange of Atmospheric Angular Momentum between (John W. 
Kidson and Reginald E. Newell), 352 

Hepatitis Carriers: Additional Specificities of Australia Antigen and the Possible 
Identification of (Cyril Levene and Baruch S. Blomberg), 195 





INDEX 


Hepatocyte and Erythrocyte Nuclei of Frog Liver: Nuclear Proteins of (Carolyn J. 
Burdick and Marion Hines), 1150 

Heredity, Evolution and Society (1, Michael Lerner), review by Wilma George, 979 

Herman Boerhaave. The Man and his Work (G. A, Lindeboom), review by Arthur 
MacNalty, 100 

Herpes-type Viral Particles, Presence in a Chinese Nasopharyngeal Tumour 
cultured in vitro, and Lymphoblastoid Transformation (G. De-Thé, J. C. 
Ambrosioni, H. C. Ho and H. C. Kwan), 770 i 

Heterocysts: Lipid Composition of (A. E. Walsby and B. W. Nichols), 673 

High Energy Cosmic Gamma Ray Measurements, Recent; Discrete Source Inter- 
pretation of (H. Ogelman), 753 

High Energy Physics, news, 996 

see Muon Magnetic Moment, news, 125 

High Pressure Modification of Mg,SiO,: Crystal Structure and Crystallo Chemical 
and Geophysical implications (Paul B. Moore and loseph V, Smith), 
653 

High Shear Rates: "Viscosity-plus'' Effect in Whole Blood at (William 1. Rosen- 
blum), 365 

Histamine Effect: Inhibition of Bone Growth in vitro by Endotoxin (Louis A. 
Norton, William R. Proffic and Ronald R. Moore), 469 

Histones: Specificity of, news, 906 

History: Science in (1. D. Bernal); 1174 l 

History and Social Anthropology (1. M. Lewis ed), review by S. J. Tambiah, 493 

History of Machine Tools 1700-1910, A (W. A. Steeds), review by Nigel Hawkes, 
495 


History of Science, see Demise of a Department, news, 995 

History of Science, A Short (J. G. Crowther), review by Marie Boas Hall, 1079 

History of the Birds of the Cape Verde Islands (David Armitage Bannerman and 
W. Mary Bannerman), review by Landsborough Thomson, 198 

Hodgson, Dr. W. C., obituary, 393 E 

Hoffmann—Weoodward Orbital Symmetry Rules and Neighbouring Group Inhibi- 
tion of Diene Reactivity (A. T. Austin and B. Pearson), 949 

Holographic, Is Visual Memory? (Norman $. Neideil), 755 

Holography, Gabor on, news, 616 

Holography of Diffusely Reflecting Objects using a Double Focus Lens (S. 1, Bennett 
and J. W. C. Gates), 1234 

Homes for Animals, news, 711 

Hominid, Late Miocene, from Fort Ternan, Kenya (E. L. Simons), 448 

Homopolar Generator, Canberra: Sliding Brushes in (R. A. Marshall), 852 

Honoured, Scientists, news, 4 

Hormone, Juvenile, Activity, and Chemical Structure (V. B. Wigglesworth), 190 

Hormone Precursor Protein, Polypeptide, in Endocrine Cells: Random Coil 
Conformation of (A, G. E, Pearse), 1210 

Hormones and Coagulation, news, 1195 

Hormones, Neurohypophysial: Evolution of, with Reference to Amphibians 
(R. Archer, J, Chauvet and M. T. Chauvet), 759 

Horse Liver Alcohol Dehydrogenase: Structure and Function Relationships in 
Isoenzymes of (R. Pietruszko, H. J. Ringold, T.-K. Li, B. L. Vallee, A. 
Akeson and H. Theorell}, 440 

Hosts, Plant, Viruses in (Katherine Esau), review by C. H. Cadman, 979 

Hot Brines in the Red Sea: Limnological Hypothesis of the Origin of (D. D. Kvasov), 
850 


Houses cf the Future, news, 896 

Hovercraft, news, 996 

How Enzymes Work, News, 220 

How Far does the Rift System extend through Africa? (J. D. Fairhead and R. W, 
Girdler), 1018 

How Gas Lost, news, 504 

How Sinister is Biology? news, 803 

How Strong are the Foundations? news, 1181 

How the Code Began, news, 217 

How to Spend Money and Win Influence, news, 799 

Hudson River, a View from, news, 212 

Human Brain and Spinal Cord, A Historical Study illustrated by Writings from 
Antiquity to the Twentieth Century (Edwin Clarke and C. D. O'Malley ed), 
review by F. N., L. Poynter, 689 

Human Chromosomes: Autoradiography may be Unreliable for ldentifying 
(Mark W. Steele), 1114 

Human Immunoglobulin G: Genetic (Gm) Antigens associated with Subfragments 
from the Fc Fragment of (M. W. Turner, L. Mårtensson, J. B. Natvig and 
H, Bennich), 1166 

Human intolerance to Bacteria as Food (Carol |. Waslien, Doris Howes Calloway 
and Sheldon Margen), 84 

Human Kidney and Prostate Specimens, Malignant and Non-Malignant: Aspara- 
gine Synthetase Activity in (Morton D. Prager, Paul C. Peters, Jefferson O. 
Janes and Ina Derr), 1064 

Human Lithogenic Gall Bladder Bile: Phospholipids in (F. Anderson and Jan A.D. 
Bouchier), 372 

Human Normoblasts: Changes in Chromatin Structure during Interphase in 
(G. R. Milner), 71 

Human Red Cell Ghosts: Binding of Tritiated Digoxin to (L C. Ellory and R. D. 
Keynes), 776 

Human Red Cells: Inheritance of an Increased Sodium Pump in (J. S. Wiley), 1222 

Human Respiratory Tract, Nasopharyngeal Region of: Deposition of Aerosol 
Particles in (R. F. Hounam, A. Black and M. Walsh), 1254 

Human Sexual Behaviour, Delayed Fertilization and Down's Syndrome (E. Matsu- 

5 naga and T. Maruyama), 642 

Hunger: Taste Acuity in relation to (Arnold R. Kaplan and Wilma Powell), 367 

Hunters: Prehistoric Animals and their (l1. VV. Cornwall), review by Jane M, 
Renfrew, 100 

Huntingdonshire Castle, see Castle Discovered, news, 905 

Hydra: Formation of Polysaccharides by, from Substrates produced by their 
Endosymbiotic Algae (Berton Roffman and Howard M. Lenhoff), 381 

Hydraulics, see Indoor Thames, news, 507 

Hydrocarbon Synthesis in the American Cockroach (Dennis R. Nelson), 854 

Hydrogen Bond Association of N(4)-Hydroxycytosine with Purines (D. M. Brown 
and M. J. E. Hewlins), 656 

pH and Specific Conductance: 
. B. Thornes), 461 

Hydrogen, Migrating, news, 1000 

Hydrogen Production by Green Photosynthetic Bacteria (Chloropseudomonas) 
E. N. Kondratieva and l, N, Gogotov), 83, corrigendum, 202 

Hydrophobic Gas Electrodes: Structure and Performance of (A. D. D. Tantram 
and A, C. C. Tseung), 167 

6-Hydroxydopamine: Effects on Noradrenaline-containing Neurones in the Rat 
Brain (N. J. Uretsky and L. L. Iversen), 557 

Hydroxyproline, Location in Plants, news, 123 

Hylleraas, Egil A.: Selected Scientific Papers of (John Midtdal, Knot Thalberg and 
Harald Wereland ed), review by S. F. Edwards, 785 

Hyperfine Structure in the Electron Spin Resonance Spectra of Reduced Chromium 

| and tron Phthalocyanins (C. M. Guzy, J. B. Raynor and L. P, Stodulski), 551 

Hypolimnus misippus L., Mimetic Butterfly: Evidence for Sexual Selection in the 

(Malcolm Edmunds), 488 


Variability in the Casiquiare-Upper Orinoco 


xxiii 


Hypostome Formation inhibition and Polarity Reveesal in Hydra iiady Hicklin, 
Amata Hornbruch and L. Wolpert), 1268 . 
Hypothalamic Extract, Crude Ovine: Luteinizing Howmone Releasing Activity of, 

in Man (A. W. Root, G. P. Smith, A. P. S, Dhamwal and S. M. McCann), 579 
Hypotheses, a Test of the Two Chief: Changes in Chromosome Structure induced 
by Radiations (John A. Heddle, D. Whissell end D. Judy Bodycote}, 1138 
Hypothesis of Expanding Earth: Oceanic Rises in relazion to (C. H, Barnett), 1043 


lam versus the Department of Justice, see Limb from Limb ac IBM, news, 311 

IBP Streamlined, news, 400 

Ice, H,!*O, Vapour Pressure of (S. Matsuo and O. Mazsubaya), 463 

ice Lags, Pleistocene: Evidence for (V. C, Kemp), IZI 

ices, Carbohydrate, y-lIrradiated: Electron Spin Resonance Study at Low Tem- 
peratures (P. J. Baugh, K, Kershaw and G. C. Phillips), 1138 

Identification of Bacteria by Differential Light Scattering (Philip J. Wyar), 1257 

identification of Concealed Randomized Objects (1. G. Pratt and |, Stevenson), 386 

Identification of Essential Residues in Lysozyme: a Fulse Radiolysis Machod (1, E. 
Aldrich, R. B, Cundall, G. E. Adams and R. L. «Villson), 1049 

identification of Plasma Angiotensinase as Aminopepeidase (A, B. Kurtz and E. D. 
Wachsmuth), 93 

identification of the Thearubigins as Polymeric Prcanthocyanins (A, G, Brown, 
W. B, Eyton, A, Holmes and W. D. Ollis}, 747 l 

igM-related Substance: Urinary Excretion of, folowing Muscular Exercise (J, R. 
Poortmans), 376 

Hiegitimacy and Down's Syndrome (Jacqueline Fabizs, 1157 — 

image, Tactile: Vision Substitution by Projection ‘Paul Bach-y-Rita, Carter C. 
Collins, Frank A. Saunders, Benjamin White end Lawrence Scadden), 963 

Imaginal Disk, Optic, of Drosophila: Determination. Activation and Actinomycin 
D in (C. H. Waddington and Evelyn Robertsen), 933 

imidoy! Halides, The Chemistry of (Henri Ulrich), rewew by K, Brocklehurst, B83 

immune Lysis, Differential, of Erythroblasts (Henry Borsook, Karen Ratner aed 
Brenda Tactrie}, 1261 

immune Responses, Cell Mediated: Tolerance after in vitro Treatment of Com- 
petent Cells with Mitomycin c (E.-M, Lemme! and R.A. Good}, 1164 

‘Immune’? RNA, Transfer with DEAE Dextran: Prolongation of Survival of 
Tumour-bearing Animals by (Perry G, Rigby). 968 

immunization against Caries: see Preventing Denta: Decay, news, BOT 

immunization against Marek's Disease using a Lwe Attenuated Virus (A, E. 
Churchill, L, N. Payne and R. C. Chubb), 74 

Immunization, Local: Secretory vA Antibodies indiiced by (Robert I, Genco and 
Martin A, Taubman), 679 

immunocompetent Cells exposed to Antigen: Pariial Characterization by Pole- 
cular Hybridization of RNAs from (Edward E, Cohen}, 685 

xliii en Structural Studies of (B. Frangione, C. Milsteinand LRL. 

ink), 14 

immunoglobulin G, Human: Genetic (Gm) Antigen: associated with Subiragments 
from the Fc Fragment of (M. W. Turner, L. Mártensson, J. B. Matvig and 
H. Bennich}, 1166 

immunoglobulin E Chains: Non-alielic Nature of the Basic Sequences of (C. Miles 
tein, Celia P, Milstein and A. Feinstein), 15 

Immunoglobulins: Chemical Typing of (B. Frangione, C, Milstein and Edward C, 
Franklin), 149 

immunologically Competent Thymus Celis of Bone Marrow Origin (Gino Daria 
and Giovanna Agarossi), 871 

immunology, see Australian Enterprise, news, 701 
see More [mmunosuppressives Needed, news, 805 

immunology and Virology of Cancer (L. A. Zilbe and G. i, Abetev), review by 
R.J. C. Harris, 102 

Immunosorbents, High Capacity: Preparation c! Polyacrylamide Gels which 
eon Protein and their use as (S, Carrel HH. Gerber and 5. Baranduni, 

immunosuppressives, More Needed, news, 805 

imperial College of Science and Technology, Financ:, news, 118 

Implications of Observations of Very High Enerzy Gamma Rays fram Pulsars 
(M. V. Krishna Apparao), 645 

importance of Thin Films, news, 998 

Importances of Polar Groups for Initiating Blood Coagulation and Aggregating. 
Platelets (H. L. Nossel, G, D. Wilner and Eio. LeRoy}, 75 

Importation of Animals, Statistics, see Homes for Animals, news, 711 

importation of Nurrients into Woodlands by Roous (1. S, Weir}, 487 

impregnation and Maturation in the Rabbit Flex Are They Stimulated by a 
Pheromone-like Factor from the Nestling Babbic? (Miriam Rothschild and 
Bob Ford), 1169 

improving the Rice Plant and its Culture (Robert ^, Chandler, jun.), 1007 

in the Wake of the Sea-Serpents (Bernard Heuvelinans), review by 1. Toore, 1275 

In vitro Evidence of Neutral Collagenase Activity in «n Invasive Mammalian Tumour 
(D. M. Robertson and D, C. Williams), 25€ 

in vitro Production of Chromosoma! Lesions with an Argon Laser Microbeam 
(Michael W., Berns, Robert $, Olson and Renald E, Rounds), 75 

inbred Mice in Research (Michael F. VV. Fasting}, 716 

Incidence of Chromophobe Adenoma after Chro ic Diisopropyifiuorophosphate 
Poisoning (Peter H. Glow), 1265 

incorporation of Functional Groups onto the Surface of Polyethylene [À, Jean 
Osteraas and Douglas A, Olsen), 1140 

incorporation of Tritium of ?*H-Arginine into DMA as the Explanation of "Late 
Suances of Protein" on the Human X Chromosome (David E, Comings}, 


increase in Penetration of Electron Microscope Specimens at High Volrages (X, F. 
Hale and M. Henderson Brown), $232 

Increased Activity of Antithymus Serum after Absorption with Splenic Lympho- 
cytes (David C, Lueker and Jack L., Tribbie:, 682 

Increased Deiodination of L-Thyroxine and L-Trsiodothyronine by Liver Micra. 
somes from Rats treated with Phenobarbiw! (H. L, Schwartz, V, Kosyreff, 
M. lI. Surks and 1, H. Oppenheimer), 1262 

increased Tyrosine Hydroxylase Activity after Drug-induced Alteration of Sym- 
pathetic Transmission (H, Thoenen, R.A. I^usller and J. Axelrod), 1264 

indian Medical Research Reviewed, news, 11 

indian, North, Ramopithecus: Ecology flan Tattersall), 451 

indian Science Policy: Appearance and Reality ie (Ashok Parthasarathi), 909 

individual Child: Psychometric Assessment of Douglass R. Savage), review by 
Valerie Walker, 389 l 

Individual Variation in the Rate of Skeletal Maturation (VV, A, Marshall), 91 

indonesia: Variations of Glucose-6-phosphate Dehydrogenase in {Henry M, 
Kirkman and Lie-Injo Luan Eng), 959 

Indoor Thames, news, 507 

Induction by Ultraviolet Irradiation of Mutatior in the Biue-Green Alga Nostoc 
linckia (Roth) Born, et Filah. (R. N. Singh and D. N., Tiwari}, 62 

induction of Liver and Lung Tumours in Mice bv 6-Aminochrysene administered 
during the First 3 Days of Life (F. J. C. Row, R. L. Carter and Sylvia Adam- 
thwaice), 1063 

IBauction of Sexual Excitement by the Action of'Adrenocorticotrophic Hormone. 
in Brain (A. Bertolini, W. Vergoni, G. L. Gessa and W., Ferrari), 667 





xxiv 


industrial Research, see Tax against Innovation, news, 401 
Haale LOT ai see Data for Innovation, news, 1185 
infants suffering from Malnucricion: Low Content of Cerebral Lipids in (Marvin A. 
_ Fishman, Arthur L, Prensky and Philip R, Dodge), 552 M 
Infectious RNA from Four Different Viruses in Continuously Subcultured Aedes 
 aegybti Mosquito Embryo Cells: Behaviour (J. Peleg), 193 
infectivity of Bacteriophage R17 RNA after Sequential Removal of F Terminal 
phe ph rover: Kamen), 321 
Influence o cohol on Coronary Function in Rabbits with Atherosci is in- 
duced by Cholesterol (H. G, Boyaner), 1066 d PPM E 
nen Epiphyses on the Regulation of Bone Growth (E. C. B. Hall-Craggs), 


influence of Metal Support and Ultraviolet Irradiation on th tyri ivi 
of Nickel Oxide (Friedrich Steinbach), 657 Bia ey 

Influence of Neonatal Thymectomy on Cloning Capacity of Bone Marrow Cells in 

2 ns Mathan ann and Peretz Resnitzky), 1154 

influenza Virus: Purification in the K-I1 Zonal Centrifuge John L. i 

Norman G. Anderson), 1255 oven Doer dnd 
see Cold Comfort, news, 1194 
information: Exchange of, news, 115 
see Finding Out about Metals, news, 704 

Information Centre for Ergonomics, see Collect More Data, news, 505 

information for Astronomers, see Living with the Ap. f., news, 1093 

Information in Industry, see Data for Innovation, news, 1 185 

Information in Metallurgy, see Metallurgists in Need, news, 1093 

information Retrieval Systems (Wilfred F, Lancaster), review by J. Mills, 1276 

information Science, Training for, news, 12 

Infrared Analysis of Conformation of Ribosomal RNA of E. coli (Rosalind !, Cotter 
and W. B, Gratzer), 154 

infrared: Green Light for, news, 214 

Inhaled Particles: Deposition in the Lungs (William J, Vaughan and Burton E. 
Vaughan), 661 

inheritance of an Increased Sodium Pump in Human Red Cells (4. S. Wiley), 1222 

Inheritance of Old Age, news, 1191 

inhibition of Bone Growth invitro by Endotoxin: Histamine Effect (Louis A. Norton 
William R. Proffit and Ronald R. Moore), 469 ' 

Inhibition of Cellular immune Reactions in Mice infected with Lactic Dehydro- 
genase Virus (R. J. Howard, A. L. Notkins and S. E. Mergenhagen), 873 

Inhibition cf Gastric Acid Secretion in vitro by Prostaglandin E, (L. Way and R. P. 
Durbin), 857 

Inhibition of Hypostome Formation and Polarity Reversal in Hydra (Judy Hicklin, 
Amata Hornbruch and L. Wolpert), 1268 

inhibition of Phagocytosis by Antimacrophage Antibodies (John F. lennings and 
Lynda A. Hughes), 79 

inhibition of Rhinovirus by Isatin Thiosemicarbazone Analogues (1. M. Z. Gladych, 
J. H. Hunt, D. Jack, R. F. Haff, J.J. Boyle, R. C. Stewart and R.I Ferlauto), 


286 

inhibitor cf Fibrinolysis from Mesothelium (E. M, J. Pugatch and 1. C. F. Poole), 269 

inhibitors and Enzymes, news, | 196 

inhibitory Nerves to Insect Spíracles (P, L. Miller), 171 

sno ORI Design (for Thermoplastics) (R, G. W. Pye), review by F. T, Barwell, 

Inner Ear, see Is Resonance Possible in the Cochlea After AI? (A. F. Huxley), 935 

Innovation, Data for, news, 1185 l ' 

Innovation, Tax against, news, 40! 

inoculated Chicken Embryo Fibroblasts: Control of Marek's Disease by the Use 
of (Stavros D. Kottaridis and Roy E. Luginbuh!), 1258 

inoculation of Tissue frem Tumour Bearing Animals: Neurological liiness after 
(E. J. Field, D. H. Adams and Greta Joyce}, 1265 

Inorganic and Microbial Sulphide Sources: Metal lon Separation and Precipitation 
by, in Formation of Banded Sulphides (B. Bubela and 1, A. McDonald), 465 

Inositol: Occurrence and Determination in the Oviducts of Turkey and Hen 
C. 4. G. van der Horst and J. B. Litjens}, 86 

Inquiry Concerning Growth, Disease and Ageing, An (Philip R. J. Burch), review 
by F. Post, 197 

inquiry into Speculative Newtonian Experimental Science and Franklin's Work 
in Electricity as an Example Thereof, An (Bernard 1. Cohen), review by 
L. Rosenfeld, [04 

insect Collection Rehousing, see Museum on the Move, news, 1094 

insect Defences, see Handling Dangerous Chemicals, news, 15 

insect Photoperiodic Clock: Circadian Rhythms in (D. S. Saunders and Diane 
Sutton), 559 

insect Spiracles: Inhibitory Nerves to (P. L. Miller), 171 

insecticide (Lindane): Anaerobic Degradation by Clostridium sp. (1. C. MacRae, 
K. Raghu and E, M, Bautista), 859 

dard New, Halocyclopropane, and the Mode of Action of DDT (G. Holan}, 
1025 


Insects: Manipulating the Photoperiod to damage (W. N, Sullivan, B. M. Cawley, 

Maria Oliver and D. K, Hayes), 60 
Transmission of Dieldrin from, to their Progeny (W. S. Watts), 762 

insects and Crustaceans: Conversion of a-Ecdysone to f-Ecdysone by (David 
Shaw King and John B. Siddall), 955 

Inspector-General for the international Atomic Energy Agency, see International 
Inspector, news, 991 

Institute of Physics: Royal Charter for, see New Constitution for British Physicists 
(M. Blackman), correspondence, 105 

Institution of Civil Engineers, Report on Safety, see Reducing Accidents, news, 212 

Instruments, see Another Technology Gap, news, 300 

instruments on Show, news, 9 

Instruments, Musical, and Physiology {Arend Bouhuys), 1199 

insulin Resistance: Apparent Reversal of in Cardiac Muscle by 2-Bromostearate, 
in Alloxan Diabetes (P. J. Randle), 777 

insulin Secretion: Stimulation in the Rabbit by p-Ribose (Henry A. Sloviter and 
Milenko R. Petrovic}, 371 

INTELSAT, discussing, news, 894 

atenen and Cultural Environment (Philip E. Vernon), review by Marie lahoda, 
I 

intelligence and Phenylketonuria: Trimodal Response to Dietary Treatment 
(Renee N. Fuller and Joyce B. Schuman), 639 

interactions of Dipyridamole and Adenosine on Platelet Aggregation (R. B. 
Philp and 4. P, V. Lemieux), 1162 

Interfacial Amorphous Films, Polarization Structure (G. |. Distler and L. A. 
Shenyavskaya), 52 

interference, Low Intensity: New Approach to Experiments on (D. N, Pinter 
and R, N, Gould}, 461 

interference of Various Antibiotics and other Compounds with Protein Synthesis 
in Muscle and their influence on Metabolic Regulation (K. L, Manchester), 


interference, with Animal Virus Infection: Non-inducing RNA antagonizes the 
induction of (Y. Kawade and Masako Ujihara), 569 

intergeneric Cross, New, within the Pleuronectidae, Dab x Flounder [john é- 
Riley and Graham T. Thacker), 484 

latermediate Boson, The, news, 999 


INDEX 


Intermediate Stage in the Fertilization of the Sea Urchin Egg: Kinetic Evi 
for (P. F. Baker and R. Presley), 488 g aa 

Intermediates in the Chemical Synthesis of Proteins, Protection of Peptides of 
Biological Origin for Use as (R, E. Offord), 37 

International Biological Programme, see IBP Streamlined, news, 400 

international Inspector, news, 991 

International Meetings, see FEBS Undaunted, news, 794 

International Planned Parenthood Association Newsletter, see Reproductive 
Newsletter, news, 995 

International Zoo Yearbook (Joseph Lucas and Ruth Biegler ed.), review by Sarah 
Bunney, 1080 

dac E m Structure Changes during in Human Normobiasts (G. R. 

ilner), 

Interpretaticn of Doppler Shifts in the Zodiacal Light Spectrum (L. W, Bander. 
mann and R, D. Woisteneroft), 251 

Interpretation of Quasar Red-shifts (D, E. Piper), 919 

interstellar Dust and Diamonds (William C. Saslaw and john E. Gaustad), 160 

Interstellar Regions: Detection of Water in, by its Microwave Radiation (A. C. 
Cheung, D. M. Rank, C. H. Townes, D. D. Thornton and W. 1. Welch), 626 

Intestinal Microvilli and Glycocalyx: Role in the Absorption of Disaccharides 
(J. S. Prichard}, 369 

Intracellular Organic Phosphates as Regulators of Oxygen Release by Haemo- 
globin (Reinhold Benesch and Ruth E, Bencsch), 618 

Intrahypothalamic Infusion of Acetytcholine: Effect on Behavioural and Physia- 
logical Thermoregulation in the Rat (A. L, Beckman and H. 1. Carlisle), S61 

intramusculor Connective Tissue: Isolation of (P. E. McClain), 181 

Intrinsic Reddening of Eta Carinae (B. E. J. Pagel), 325 

rodu tn to Nuclear Theory (f. E. McCarthy), review by Daphne F, Jackson, 


Introduction to Planetary Physics (William Kaula), review by G. Fielder, 784 
Introduction to Programming and Numerical Methods, An (T. R. Dickson), review 
by J. G. Sime, 588 
Introduction to the Study of Soils in Tropical and Sub-tropical Regions (P. Buringh), 
review by G. A. Worrall, 103 

Invention, see Something for Everybody, news, 209 

investigating the Rabies Virus (Klaus Hummeler and Hilary Koprowski), 418 

Investment, Foreign, in Britain, see Economic Benefits, news, 593 

lodine and Peroxide: Chemical Linkage of Carcinogenic 3,4-Benzpyrene to DNA 
in Aqueous Solution induced by (R. S. Umans, Stephen A. Lesko, jun., and 
P, O, P. Ts'o}, 763 

lon crossing a Low Dielectric Membrane: Solutions to Four Relevant Electrostatic 
Problems (Adrian Parsegian), 844 

lon, Diquat: Stereochemistry of, in the Crystalline Dibromide Sait (1. E, Derry 
and T, A. Hamor), 464 

lon, Metal, Separation and Precipitation by Inorganic and Microbial Sulphide 
Sources in Banded Sulphide Formation (B, Bubela and J. A. McDonald), 465 

lon Resonance Liner, He-like: Long Wavelength Satellites to, in the Laboratory 
and in the Sun (A, H. Gabriel and Carole Jordan), 947 

lonosphere, Polar: Universal Time Control of (R, A. Challinor), 94! 

lons, Organic, recombining: Formation of Excited States by (B. Brocklehurst), 921 

lons, Radical (E. T. Kaiser and L. Kevan, ed), review by G. H, Williams, 494. 
corrigendum, 694 

lridescence in Beetles, see Diffraction Gratings in Phalacrid Beetles (H. E. Hinton 
and D, F. Gibbs), 953 

trish Sea, Discussing the, news, 415 

irish University, see Not Yet an irish University, news, 510 

iron and Chromium Phthalocyanins, Reduced: Hyperfine Structure in the Electron 
Spin Resonance Spectra of (C. M. Guzy, J.B. Raynor and L. P. Stodulski), 551 

Iron Meteorites: Structural Variations in (H. J. Axon, D. Elliott and P. L. Smith), 


y-lrradiated Carbohydrate Ices at Low Temperatures: Electron Spin Resonance 
Study of (P. J. Baugh, K. Kershaw and G, ©. Phillips), 1138 

irradiation, Extra-corporea!, of the Blood: Effect on Bone Marrow Activity in 
Acute Leukaemia (B. W. B. Chan, F. G. J. Hayhoe and J. A. Bullimore), 972 

y-Irradiation or Ultraviolet Damage Synthesis of ATP and Recovery from, in Yeast 
(A. F. Mosi»), 261 

ts Botany Dead ? (G. Fryer), correspondence, 201 

Is Resonance Possible in the Cochiea After All ? (A. F. Huxley), 935 

is the Placenta Porous ? news, 997 

Is Visual Memory Holographic ? (Normen S, Neide!l), 755 

Isatin Thiosemicarbazone Analogues: Rhinovirus Inhibition by (I. M. Z. Gladych, 
J. H. Hunt, D. Jack, R. F. Haff, J. J. Boyle, R. C, Stewart and R. J. Ferlauto), 
286 


ISIS-A, see Another Look at the lonosphere, news, 512. . 

Island Biogeography: Theory of (Robert H. MacArthur and Edward O. Wilson), 
review by D, R. Stoddard, 781 

Islands, Cape Verde: History of the Birds of (David Armitage Bannerman and 
W. Mary Bannerman), review by Landsborough Th«mson, 198 

Isoenzymes of Horse Liver Alcohol Dehydrogenase: Structure and Function 
Relationships in (R, Pietruszko, H. J. Ringold, T.-K. Li, B. L. Vallee, A. 
Akeson and H. Theorell), 440 

isolation and Biochemical Characteristics of the Nuclear Envelope (1. B. Zbarsky 
K. A. Perevoshchikova, L. N. Delektorskaya and V. V. Delekrarsky), 257 

Isolation and Characterization cf a Toxin from the Florida Red Tide Organism 
(Dean F, Martin and Ashim B. Chatterjee), 59 

Isolation and Identification of Meiosis Inducing Substance in Starfish Asterias 
amurensis (Haruo Kanatani, Hiroko Shirai, Koji Nakanishi and Tadashi 
Kurokawa), 273 

isolation, Identification and Function of the Chief Component of the Male Tarsal 
Scent in Black-tailed Deer (Robert G. Brownlee, Robert M, Silverstein, 
Dietland Müller-Schwarze and Alan G. Singer), 284 

Isolation of an RNA with the Properties of Haemoglobin Messenger (F, Labrie), 


Isolation of Intramuscular Connective Tissue (P. E. McClain), 181 

Isolation of Protein Initiation Factors from 305 Ribosomal Subunits (R. Parenti- 
Rosina, A. Eisenstadt and J. M. Eisenstadt), 363 

Isoleucine and Valine: Synthesis in Primitive Earth Conditions (Nadav Friedmann 
and Stanley L. Miller), 1152 

Israel: Aflatoxin produced by 1,626 Isolates of Aspergillus flovus from Groundnut 
Kernels and Soils in (A. Z. Joffe), 492 


Ja Propulsion and the Giant Fibre Response of Loligo (Andrew Packard), 875 

Jingle of Coin, news, 303 

jobs for the Girls, news, 994 

Journal of Experimental Botany, see journal Redesigned, news, 1188 

Journals: Dispersion of Papers among, based on a Mathematical Analysis of Two 
Diverse Medical Literatures (William Goffman and Kenneth 5, Warren), 
1205 

Journals and the Literature Explosion (john Maddox), news, 129 

Jupiter's Red Spot, Prominence of: Correlation between Zurich Sunspot Number 
and (H. G., Solberg and C. R. Chapman), 352 

Juvenile Hormone Activity and Chemical Structure (V. B. Wigglesworth), 190 


INDEX 


I inris Recover, news, 712 

Keep off the Grass, news, 205 

Keep Mars Clean, news, 398 

Keeping it Natural, news, 111 

Kenya: Late Miocene Hominid from Fort Ternan (E. L. Simons), 448 

Key to Mammals, see Name that Mammal, news, | 

Kidney and Prostate Specimens, Human, Malignant and Non-malignant: Asparag- 
ine Synthetase Activity in (Morton D. Prager, Paul C. Peters, Jefferson C. 
lanes and Ina Derr), 1064 

Kidney Transplants, news, 608 

Kinetic Evidence for an Intermediate Stage in the Fertilization of the Sea Urchin 
Egg (P. F. Baker and R, Presley), 488 

KILT Transduction in (D. G. MacPhee, I, W. Sutherland and J, F. Wilkinson), 
4 


Klinefelter's Syndrome: Meiotic Chromosomes in (N. E. Skakkebaek, J. Phillips 
and R. Hammen), 1075 
d Syndrome, Dizygotic Twinning and Diabetes Mellitus (P. R. J. Burch), 
5 


Knights’ Move, correspondence, J. H. Edwards, 593 


Lions: Ancient Monuments, see Step in the Right Direction, news, 1099 

Laboratory and Sun: Long Wavelength Satellites to the He-like lon Resonance 
Lines in (A. H. Gabriel and Carole Jordan), 947 

Laboratory at Porton Down, news, 1187 

Laboratory Equipment Exhibition, see Show-ali, news, 1186 

Laboratory Medicine, news, 1002 

loc Operon: Catabolite Sensitive Site of (Allen E. Silverstone, Boris Magasanik, 
William S. Reznikoff, Jeffrey H. Miller and Jonathan R. Beckwith), [012 

Lachrymal Protein, Unique absent from Serum and other Secretions: a Specific 
d Prealbumin (Benjamin Bonavida, Alfred T. Lapse and Eli E. Sercarz), 


Lactic Dehydrogenase Virus infected Mice: Inhibition of Cellular Immune Reac- 
tions in (R. J. Howard, A. L. Notkins and S, E. Mergenhagen), 873 

Lactose, Can Asians digest it ? news, 895 

Lacrose Content in Milk, see What regulates Lactose Content in Milk ? (Richard 
D. Palmiter), 912 

Lactose Intolerance in Asians (Sidney C. Alford), 562 

TOT in Thailand (G. Flatz, Ch. Saengudom and T, Sanguanbhokhai), 


Lactose Operon, The, news, 219 

Lagging Behind in Electronics, news, 1182 

Land Reclamation, see Making More Thames, news, 701 

Larvae and Adults of Nereis: Uptake of Leucine by (N. Bass, G. Chapman and 
J. M. Chapman), 476 

Larvae of Pieris brassicae (Lepidoptera); Amino-acid Receptor in (L. M. Schoon- 
hoven), 1268 

Larvicides: Effect on Simulium Eggs (R. C. Muirhead-Thomson and Judith Merry- 
weather), 858 

Laser, Chemical, in Action, news, 126 

Laser Radar, Tuned: Atmospheric Sodium Measured by (M. R, Bowman, A. J. 
Gibson and M. C. W. Sandford), 456 

Laser-induced Acoustic Breakage of Tobacco Mosaic Virus (E. F. Carome), 660 

Lasers, see Chemical Laser in Action, news, 126 

To Russia with, news, 1194 

Last Hope for Coal, news, 795 

Lace Miocene Hominid from Fort Ternan, Kenya (E. L. Simons), 448 

Late Somatic Effects of lonizing Radiation (Charles D. Van Cleave), review by 
P. R. J. Burch, 783 

Latimeria chalumnae (Smith): Tooth Enamel of (William A. Miller), 1244 

Law of Patents, see Once and for All, news, 1087 

Layers, Stable: see Turbulence and Mixing, news, 904 

Lead(1!) 0,0-Diisopropylphosphorodithionate: Structure of (Stephen L. Lawton 
and George T. Kokotailo), 551 

Lean Years Ahead ? news, 1183 

Learning and Memory: Disorders of (George A. Talland), review by Valerie 
Walker, 389 

Learning Set: Effect of Frontal Cortex Lesions on (John Oxbury, Clare Darlington 
and Colin Stolkin), 1271 

Leech Haemoglobin: Absorption Spectrum of: a Correction (A. E. Needham), 572. 

Legislation, Towards More on Drugs, news, 408 

Legume Root Nodules: Respiratory Activity of Mitochondria from (P. S. Muecke 
and J, T. Wiskich), 674, erratum, 982 

Lens, Deuble Focus: Holography of Diffusely Reflecting Objects using a (S. J. 
Bennett and J. W. C, Gates), 1234 

Leoníds above Par, news, 1191 

Lepidoptera, Pieris brassicae: Amino-acid Receptor in Larvae of (L. M. Schoon- 
haven), 1268 

Lesions, Cortex, Frontal: Effects on Learning Set (John Oxbury, Clare Darlington 
and Colin Stolkin), 1271 

Lethocerus cordofamus, Venom of: Studies cf the Enzymes from (A. R, Rees an 
R. E. Offord), 675 

Leucine: Uptake by Larvae and Adults of Nereis (IN. Bass, G. Chapman and J. M. 
Chapman), 476 

Leukaemia, Acute: Effect of Extra-corporeal Irradiation of the Blood on (B. W., B. 
Chan, F, G. J. Hayhoe and J. A, Bullimore), 972 

Leukaemia Cells, L1210: Spontaneous and Amethopterin-induced Death of 
L!210 Leukaemia Cells in vivo (Kurt G. Hofer, Stephen Rosenoff, Wolf 
Prensky and Walter L. Hughes), 576 

Leukaemia, Virus-induced: Relationship between Virion Incidence and Patho- 
logical Stage in (Marvin A. Rich, Richard Siegler and Lewis W. Johns), 868 

Level ee Sea: Control Relative to the Continents (Richard Lee Armstrong}, 


^. Levens Hall Preservation, see Trees in Danger, news, 1089 


Leyden: English-speaking Medical Students at (E. Ashworth Underwood), 810 

Lias, Lower: Geochemical Reconnaissance of (i. Thornton, R. N. B, Moon and 
John S. Webb), 457 

Libraries: Automation in (Richard T. Kimber), review by Herbert Coblans, 1176 

see Who Reads What, news, 996 

Lidoflazine: Potentiation of Adenosine Activity by Low Oral Doses of (A. H. M. 
Jageneau and W. K. A. Schaper), 184 

Life: The Molecular Basis of (Scientific American Readings), review by J. Tooze, 197 

Life in the Big Cities, news, 1085 

Life in the Negative, news, 698 

Life, HN in Drosophila, and Fluctuating Temperatures (M. J. Hollingsworth), 


Light: Fluctuations in the Response of Visual Neurones in Limulus to (Robert 
Shapley), 437 
bight, eii anie d the, e. a 3 
ight Conditions, Ambient: Colour Variation Correlation within Two Mesopelagi 
Fishes (Julian Badcock), 383 ees 





XXV 


Light Energy Storage and Photosynthesis (R. 5, Knox, 263 
Lighr Energy os in Photosynthesis: Proposed Model Experiments on (H. 
" rohlich), . 

Light Scattering, Differential: Identification of Bactesia by (Philip J, Wyatt), (257 

Light Spectrum, Zodiacal: Interpretation of Doppler Shifts in (L. W., Bandermann 
and R. D. Wolstencroft), 251 : 

Limb from Limb at IBM, news, 311 Ok 

Limbs: Suggested Function of the Vascular Bundles ^n, of Perodicticus potto (1, A, 
Suckling, E. E, Suckling and A. Walker), 379 

Limnological Hypothesis of the Origin of Hot Brines i^ the Red Sea (D. D, Kvasov), 
85 


Limpets, see When Limpets Move (R. Dearnaley, C. B, Dei Mar, M. J. Parr and 
E. j. Popham}, 491 

Limulus: Fluctuations in the Response to Light of Visual Neurones in (Robert 
Shapley), 437 

Lindane {Insecticide}: Anaerobic Degradation by Ciostridium sp. (1, C. Mactas, 
K. Raghu and E, M. Bautista), 859 

Linus Pauling, see New Base for Pauling, news, 1098 

Lipid Composition of Heterocysts (A. E. VWalsby anc B. VV. Nichols), 673 

Lipid Helices, news, 1198 i 

Lipid to Protein Chromophore Transfer in the Pitotolysis of Visual Pigments — 
(R. P. Poincelot, P. G, Millar, R. L. Kimbel, jen., and E, W. Abrahamson}, 
2 : 


56 

Lipids, Cerebral: Low Content in Infants Suffering from Malnutrition (Marvin 
A, Fishman, Arthur L. Prensky and Philip R. Godge), 552 

Liquid Crystalline Phase, Macroscopically Ordered Smectic: Nuclear Magnetic 
Resonance Measurements on (J. J. de Vries amd H. J. C. Berendsen), 1139 

Liquid, Two-dimensional, Pair Distribution function ior (R. J. Bell}, 50 

Literature Explosion and the Journals (John Maddox, news, 129 

Literatures, Medical, Two Diverse: Dispersion of Papers among Journals based 
ya Mathematical Analysis of (William Gofman and Kenneth 5. Warren}, 

Lithium Fluoride: Effect of Particle Size on the Thermoluminescence of (T, E, 
Burlin, F. K, Chan, G. D. Zanelli and F, W. Soiers), 1047 

Littorina littorea: Shedding on the Penis in (John Grahame}, 976 

Liver Alcohol Dehydrogenase, Horse: Structure amd Function Relationships in 
isoenzymes of (R, Pietruszko, H. J, Ringold, T.-K. Li, B, L. Valles, A Akesán 
and H, Theorill), 440 ae 

Liver and Lung Tumours: Induction in Mice by 6-sminochrysent administered 
during the First 3 Days of Life (PF. J. C. Roe: R, L. Carter and Sylvia A, 
Adamthwaite), 1063 

Liver, Frog: Nuclear Proteins of Hepatocyte and Erythrocyte Nuclei of (Carolyn J, 
Burdick and Marion Himes), 1156 

Liver Microsomes from Rats Treated with Phenobariiital: Increased Delodination 
of L-Triiodothyronine and L-Thyroxine by (4. L, Schwartz, M. L Surke 
and J. H. Oppenheimer), 1262 

Liver Mitochondria, Rat, during Swelling: Correlasons of ATPase Activity and 
ATP Levels with Structural Alterations in Guido Zimmer, Hedwig Erre 
and Peter Geck), 1160 

Living with the Ap. J., news, 1093 

Lobe Finned Fishes, news, 803 

Lobster Giant Axon: Cooperative Effect of Certair Anaesthetics on (C. Schaut 
and D. An dno d i | 

Local b Wave in the Retina and a Proximal Negative Response, Distincrian 
betweer, (Dwight A. Burkhardt), 879 : e 

Local Spiral Arm: 10 MHz Absorption in A, H. Brice), 648 

Loch Ness Monster, see Monsters by Sonar (P, F. Baker}, correspondence, 201 

Loligo: Jet Propulsion and the Giant Fibre Response of (Andrew Packard), 875 

London, Development, see Life in the Big Cities, news, 1085 

London grows cleaner, news, 602 

London Roads, Box of, news, 409 

Long Lived Macrophages: New Evidence for the Existence of (VV, G. Spector 
and G, B, Ryan), 860 

Long Term Retention of Radium in Man (J. Rundo), 7058 

Long Wavelength Satellites to the He-like lon Resomance Lines in the Laboratory 
and in the Sun (A. H, Gabriel and Carole lordan}, 947 

Looking at Flagella, news, 1197 

Loss of Hair in Experimental Animals induced by Tyclophosphamide (Elton R., 
Homan, Robert P. Zendzian, William M, Busey and David P, Rall}, 1058 

Low Content of Cerebral Lipids in Infants Suffering ‘rom: Malnutrition (Marvin A. 
Fishman, Arthur L. Prensky and Philip R. Doge), 552 

Low Intensity Interference: New Approach to Experiments on (D, N, Pinter and 
R. N. Gouid}, 461 

Low Oral Doses of Lidoflazine: Potentiation of Adenosine Activity by (A, M. M. 
Jageneau and WW, K. A. Schaper), 184 

Low Temperature Pyrolysis of Methane over some Transition Metal Surfaces: -— 

cae Salley from D S Aaheen; 8044 di 

Low Velocity Layers, see Upper Mantie Structure: are the Low Velocity Layer 
Thin ! (A. L. Hales and S. Bloch), 930 die da 

Low-energy X-ray Spectra of Sco X-I and Four Saggisarius Sources ($, Rappaport, 
H. V. Bradt, $. Naranan and G, Spada), 428 ^ (S Ragpaort 

Lower Animals (Martin Wells), review by John A, Pz:terson, 16! 

Lower Lias: Geochemical Reconnaissance of (1, Thornton, R. N. B. Moon and 
John S. Webb), 457 

Lowering of the Melting Point of Molecular Layers observed by Nuclear Magnetic - 
Resonance (G, Karagbunis, E. Papayannakis amd C. i, Stassinopouos), 655 

LSE, see Shutdown at LSE, news, : 

see Where now at the Universities ! news, 502 

Lubrication: Troublesome, news, 517 

Ludgershall Castle, news, 606 

Luminescence in Chemistry (E. J. Bowen, ed), review by Frank McCapra, 884 
erratum, 1278 " 

Luminescence, Thermo-, of Lithium Fluoride: Effect of Particle Size on (T. E, 
Burlin, F. K. Chan, G. D. Zanelli and F, W., Spiers}, 1047 

Lunar Libration Clouds, Detectability at Small Phase Angles (Vladimir Vanysek), 47 

Lunar Magnetism, see is the Moon Magnetic ? news, «15 l l 

Lunar Mascons: Nature of (1. J. Gilvarry}, 732 

Lunar Regions, Selected: Polarization~Albedo Relatienship for (5, F, Pellicori), I&i 

Lung and Liver Tumours: Induction in Mice by 6-Aminochrysene administered 
during the First 3 Days of Life (F. J. C. Roe, E. L. Carter and Sylvia Adarme 
thwaite), 1063 

Lungs: Deposition of inhaled Particles in (Williams J. Vaughan and Burton E. 

Greiner e Bel A f Crud 

uteinizing Hormone Releasing Activity of Crude O#ine Hypothalamic Extract ir 

man (A. W., Root, G. P. Smith, A. P. S, Dhariwal ands. M, MeCann), 570 ý 

Leuteolytic Effect of Prostaglandin in Guinea-pig (F, R. Blatchley and B. T, 
Donovan), 1065 

Lymphoblastoid Transformation and Presence of Herpes-type Viral Particles in a 
Chinese Nasopharyngeal Tumour cultured 4n vitro (G, De-Thé, 1, C. 
Ambrosioni, H. C. Ho and H. C. Kwan), 770 

Lymphocyte in vitro Cytotoxicity: Specific Release c? Lymphotoxin-like Materials 

* from Tuberculin-sensitive Lymphoid Cells (3. A, Granger, S, J. Shacks, 
T. W. Williams and W. P. Kolb), 1155 i 22 


xxvi 


Lymphocyte Populations: Segregation through Differential Migration (Eugene M. 
l Lance and Robert N, Taub), 84 

Lymphocyte Transformation by H-Chain Specific Anti-immunoglobin Sera (Emil 
Skamene and Juraj lvanyi), 681 

Lymphocyte Transformation after Exposure to Antigen at 4° C (G, A. Caron and 
S. Poutala), 478 

Lymphocytes: Effects cf some Cellular Antigens on, and the Nature of the Mixed 
Lymphocyte Reaction (D. A. Hardy and N. R, Ling), 545 

Lymphocytes, Early Phospholipid Response to Phytohaemagglutinin: N-Acetyl-p- 
galectosamine inhibition of (Daniel B. Fisher and Gerald C. Mueller), 566 

Lymphocytes, Splenic: Increased Activity of Antithymus Serum after Absorption 
with (David C. Leuker and Jack L. Tribble), 682 

lymphoid Cells, Tuberculin-sensitive: Specific Release of Lymphotoxín-like 
Materials from (Lymphocyte in vitro Cytotoxicity) (G, A. Granger, S.J, 
Shacks, T. W, Williams and W. P. Kolb), 1155 

Lymphotoxin-like Materials: Specific Release from Tuberculin-sensitive Lymphoid 
Cells (Lymphocyte in vitro Cytotoxicity) (G. A. Granger, S. J. Shacks, 
T. W. Williams and W. P. Kolb), 1155 

Lysis, Differential immune, of Erythroblasts (Henry Borsook, Karen Ratner and 
Brenda Tattrie), 1261 

Lysosomes: Reversible Activation by Dimethyl Sulphoxide (Donald W. Misch 
and Margaret S. Misch), 862 

Lysosomes and Mycobacteria: A Paradox (Carolyn A. Brown, P, Draper and P, 
D'Arcy Hart), 658 

Lysozyme: A Pulse Radiolysis Method of Identification of Essential Residues in 
(. E. Aldrich, R. B. Cundall, G. E. Adams and R. L. Willscn), 1049 


Machine Tools, A History of 1700-1910 (W. A. Steeds), review by Nigel Hawkes, 
495 


«4-Macroglobulins in Serum: Concentrations in Twins (Anne Thompson, C. H. W. 
Horne, Hazel Steele and R. B. Goudie), 259 

Macrophages, Long Lived: New Evidence for the Existence of (W. G. Spector 
and G. B. Ryan), 860 

Macroscopically Ordered Smectic Liquid Crystalline Phase: Nuclear Magnetic 
Resonence Measurements on (J. J. de Vries and H. I, C, Berendsen), 1139 

Made by the Birds, news, 517 

(Mg,Fe), SiO, Spinel, Natural, Ringwoodite, in the Tenham. Meteorite (R. A. Binns, 
R.J. Davis and S. J. B. Reed), 943 

Mg,SIO,, High Pressure Modification of: Crystal Structure and Crystallochemical 
and Geophysical Implications (Paul B. Moore and Joseph V. Smith), 653 

Meenen. Dipole Radiation from Pulsars (James E, Gunn and Jeremiah P, Ostriker), 
454 


Magnetic Field: Abnormalities in Organs of Mice induced by (M. F. Barnothy and 
I. Sumegi), 270 

Magnetism of the Moon, see ls the Moon Magnetic ? news, 415 

Magnetospheric Substorm as a Discharge Process (Syun-Ichi Akasofu), 1020 

Magnets: Superconducting Materials in, see Powerful Magnets at Last, news, 712 

Mail Order Analysis, news, 794 

Maize, Mutable Genes in, and Callan's Chromosome Model of Serially Repeated 
Gene Copies (Peter A, Peterson), 480 

Making Money on the Margin, news, 300 

Making More Thames, news, 701 

Malate Synthase: Asymmetric Methyl Groups and the Mechanism of G. W., 
Cornforth, J. W. Redmond, H. Eggerer, W. Buckel and Christine 
Gutschow), 1212 

Malaya and Borneo: Anopheline Mosquitoes of (J. A. Reid), review by W. Peters, 
882 


Male Tarsal Scent in Black-tailed Deer: Isolation, Identification and Function of 
the Chief Component of (Robert G, Brownlee, Robert M. Silverstein, 
Dietland Müller-Schwarze and Alan G., Singer), 284 

Males, XYY: Neurclogical Abnormalities in (Richard F. Daly), 472 

Malignant and Non-malignant Human Kidney and Prostate Specimens: Asparagine 
Synthetase Activity in (Morton D. Prager, Paul C, Peters, Jefferson O, Janes 
and ina Derr}, 1064 

Malnutrition: Low Content of Cerebral Lipids in Infants Suffering from (Marvin 
A. Fishman, Arthur L. Prensky and Philip R. Dodge), 552 

Tests for, news, 1001 

Mainutrition in Schoolchildren, see Unfed to School, news, 1088 

Mammal Key, see Name that Mammal, news, 1000 

Mammalian Cells; Relation between Collagen Synthesis and Collagen Proline 
Hydroxylase Activity in (Burton Goldberg and Howard Green), 267 

Mammalian Cells, X-irradiated: Synthesis of Functional Proteins in (R.A, Tobey, 
D. F. Petersen and R.A. Walters), 191 

Mammalian DNA: Fractionation by Zonal Centrifugation (H. B. Halsall and V. N. 
Schumaker), 772 

Mammals of the World (Ernest P. Walker), review, 198 

Mammals, Marine, see Success in the Sea, news, 805 

Mammals, Small: Persistence of DDT in Wild Populations of (John B. Dimond 
and James A. Sherburne), 486 

Man: Long Term Radium Retention in (J. Rundo), 1058 

Matrix of (Sibyl Moholy-Nagy), review by Paul Oliver, 977 
Metabolism of Coumarin in (W. H. Shilling, R..F. Crampton and R. C. 
Longland), 664 

Man and Aggression (M. F. Ashley Montagu, ed), review by W., M, S, Russel, 1077 

Man and Monkeys: Violence (Claire Russel and W* M. S. Russel), reviewed by 
V, Reynolds, 99 

Management, see Recipe for Successful Research, news, 506 

see Support with Strings, news, 9 
see Too Late and Too Dear, news, 607 

Management of Technical Innovation, see Profit from Technology, news, 1089 

Mandibular Layering in Delphinapterus leucas, and Age Determination (Paul F. 
Brodie}, 956 

Manipulating the Photoperiod to damage Insects (W. N. Sullivan, B. M. Cawley, 
Maria Oliver and D. K. Hayes}, 60 

Mantie, Phases of, news, 617 

Map of Earthquakes, New, news, 414 

Maplin Sands, see Making More Thames, news, 701 

Mapping X-ray Stars, news, 313 

Maréchal Group, see Experts review European Collaboration, news, 898 

Marek's Disease: Contro! by the Use of Inoculated Chicken Embryo Fibroblasts 
(Stavros D. Kottaridis and Roy E. Luginbuhl), 1258 

Immunization against, using a Live Attenuated Virus (A. E, Churchill, L. N. 
Payne and R. C. Chubb), 744 

Marine Flagellate under Biothermal Stress: Effect of Vitamin B,, on Motility and 
Palmella Formation in (Eliza Waller Easley), 1170 

Marine Mammals, see Success in the Sea, news, 805 

Marine Protein Concentrates and Seafoods: Natural and Artificial Radionuclides 
in (Thomas M. Beasley, Charles L. Osterberg and Yvonne M. Jones), 1207 

Marine Science on Show, news, 804 

Marrow Cells, Bone, in Mice: Influence of Neonatal Thymectomy on Cloning 
Capacity of (Nathan Trainin and Peretz Resnitzky), 1154 e 

Mars, see Keep Mars Clean, news, 398 


INDEX . 


Mars, Venus and beyond, news, 210 
Marsupial Tiger Cat: Colour Change in (Eric R. Guiler), 758 
Marup an: Standard Energy Metabolism of (Terence J. Dawson and A.J. Hulbert), 


Mascons, Lunar: Nature of (J. J. Gilvarry}, 732 

Masers, Solid State (E. B. Tucker), review by A. Millington, 693 

Maternal Age and Down's Syndrome (P. R. J. Burch), 173 

Maternal Celis: Porosity of the Mouse Placenta to (Maureen Tuffrey, N. P. Bishun 
and R. D. Barnes). 1029 

Maternal versus Paternal inactivation in the X Chromosome of Female Mice 
(Ann C. Chandley), 70 

Mathematical Analysis of the Electrical Activity of the Brain (M. N. Livanov and 
V, S. Rusinov, ed), review by A. Glass, 590 

Mathematical Analysis of Two Diverse Medical Literatures: Dispersion of Papers 
among journal based on (William Goffman and Kenneth S. Warren), 1205 

Mathematical Ideas in Biology J. Maynard Smith), review by M. S, Bartlert, 291 

Mathematical Models in Metallurgical Process Development, see Mathematical 
Smeiting, news, 710 

Mathematical Probability Studies, see The Two-armed Bandit, news, 1192 

Mathematical Smeiting, news, 710 

Matrix of Man (Sibyl Moholy-Nagy), review by Paul Oliver, 977 

Maturation and Impregnation in the Rabbit Flea: Are They Stimulated by a 
Pheromone-like Factor from the Nestling Rabbit ? {Miriam Rothschild and 
Bob Ford), 1169 

Mature and Senescent Rats: Sex and Tissue Differences in Concentrations of 
a-Tocopherol in (William P. Weglicki, Zenaida Luna and Padmanabhan P. 
Nair), 185 

Mean Fitness Increases when Fotnesses are Additive (W. J. Ewens), 1076 

Measles and Mental Ability, news, 613 

Measles Vaccine, see Wellcome Supplies frozen, news, 1184 

Measles Virus: see Subacute Sclerosing Panencephalitis: Isolation ef a Measles 
Virus from a Brain Biopsy (Luiz Horta-Barbosa, David A. Fuccilio, John L. 
Sever and Wolfgang Zeman), 974 

Measurable Effect of General Relativity in Satellite Orbits (E. M. Gaposchkin and 
James P. Wright), 650 

Measurement and Calibration, Precision-selected NBS Papers on Temperature 
(J. F. Swindells, ed), review by C, R, Barber, 980 

Measurement of Environmental Factors in Terrestrial Ecology (R, M. Wadsworth, 
ed), review by P. J. Newbould, 978 

Measurement of Pulsar Distances by Galactic Hydrogen Absorption (M. Guélin, 
J. Guibert, W. Hutchmeier and L. Weliachew), 249 

Measurements of Potassium lon Activity in the Cytoplasm of Living Cells (Gilbert 
N. Ling), 386 

Mechanical Properties of à New Carbon Fibre Material (1. Crivelli-Visconti and 
G. A. Cooper), 754 

Mechanism of Action of Reagents that uncouple Oxidative Phosphorylation 
(Eugene C. Weinbach and Joel Garbus), 1016 

Mechanism of Enzyme Action, news, 13, corrigendum, 293 

Mechanoreceptor Function, news, 808 

Medicago sativa L, (Alfalfa), Cu'tivated, Haploids from (E. T. Bingham), 864 

Medical Biochemistry, see The Adaptable Heart, news, 615 

Medical Education, see Echo of Todd in London, news, 603 

Medical Genetics, Selected Topics in (Cyril A. Clarke, ed), review by E. H. R. Ford, 
689 


Medical Literatures, Two Diverse: Dispersion of Papers among Journals based on 


a Dane Analysis of (William Goffman and Kenneth S. Warren), 
120 


Medical Research, see Computer for Medicine, news, 993 

Medical Research in India Reviewed, news, 11 

Medical Students, English Speaking, at Leyden (E. Ashworth Underwood), 810 

Medical Teachers' Pay (Norman Morris, lan Bouchier, Gordon Cumming, Alastair 
Connell, Robert Lowe, lain Macintyre, Clifford Mawdsley and Sidney 
Truelove), correspondence, 1081 

Medicare, see Drugs on Prescription, news, 900 

Medicine, see Another Hazard of the Pill, news, 713 

see Costly Transplants, news, 211 
see Doctors' Pay, news, 604 

Medicine and Physiology: Galen's System of (Rudolph E. Siegel), review by D, W., 
Taylor, 1078 

Medicine, Laboratory, news, 1002 

Medium and the Message, The, news, 1103 

Meiosis Inducing Substance: Isolation and Identification in Starfish Asterias 
amurensis (Haruo Kanatani, Hiroko Shirai, Koji Nakanishi and Tadashi 
Kuorkawa}, 273 

Meiatic Chromosomes in Klinefelter's Syndrome (N. Es Skakkebaek, J, Phillip 
and R. Hammen), 1075 

*H-Melatonin: Regional Uptake from Blood or Cerebrospinal Fluid by Rat Brain 
(Fernando Anton-Tay and Richard J. VWurtman), 474 

Melting Point of Molecular Lavers: Lowering of, observed by Nuclear Magnetic 
Resonance (G. Karagounis, E, Papayannakis and C. |. Stassinopoulos), 655 

Mental Ability and Measles, news, 613 

Membrane Digestion: Physiology and Pathology of (Aleksander M. Ugolev), 
review by R, B. Fisher, 591 

Membrane Feeding Technique for Tsetse Flies (Glossina spp.) (P, A. Langley and 
H, Maly), 855 

Membrane Proteins, news, 614 

Membrane Transport, see Crossing the Membrane, news, 907 

Membrane Transport System in Man, Impaired, Effect of a Sensory Stimulus on 
(A. 1. M. Glen, G. C. Ongley and K. Robinson), 565 

Membranes and Metabolic Control, news, 806 

Membranes, Biological (Dennis Chapman, ed), review by J. B. Finean, 495 

Memory and Learning: Disorders of (George A. Talland), review by Valerie 
Walker, 389 

Memory, Visual, Is It Holographic ! (Norman S. Neidell), 755 

A Inhibitor of Fibrinolysis from (E. M. }. Pugatch and J, C. F., Poole). 

6 


Message, The Medium and the, news, 1103 
rsen Haemoglobin: Isolation of an RNA with the Properties of (F. Labrie), 


Messenger Molecules, see The Medium and the Message, news, 1103 
Messengers for Everyone, news, 1197 
c id and Star Clusters (Kenneth Glyn Jones), review by R. J. Tayler, 


Metabolic Control and Membranes, news, 806 

Metabolic Diseases, see Vitamin B,, Dependency, news, 410 

Metabolic Regulation: Influence of Various Antibiotics and other Compounds on, 
and their Interference with Protein Synthesis (K. L. Manchester), 188 

icu aun in Man (W. H. Shilling, R. F. Crampton and R. C. Long- 
land), 664 

Metabolism of 4- C-Ethynyl Oestradiol in Women (5. Kamyab, K. Fotherby and 
S.J. Steele), 360 

ausis of Thiazole Acetic Acid Derivatives and the NIH Shift, (D. M. Foulkes), 


INDEX 


Metagalactic Proton-Antiproton Annihilation: Cosmic Gamma Rays from (F. W. 
Stecker), 425 

Metal Deposits on Tungsten Surfaces: Field lon Microscope Observations of 
Cluster Formation in (D. W. Bassett and M. J. Parsley}, 1046 

Metal, Electrical Conductivity of thin Films of, see Electrical Conductivity 
Measured, news, 617 

Metal ton Separation and Precipitation by Inorganic and Microbial Sulphide Sources 
in Banded Sulphide Formation (B. Bubela and J. A. McDonald), 465 

Metal-Metal Bonds, news, 10 

Metal Support and Ultraviolet Irradiation: Influence on the Catalytic Activity 
of Nickel Oxide (Freidrich Steinbach), 657 

Metal Surfaces: Thermal Decomposition of Silicone Fluids at (R. F. Willis), 1134 

Metal Surfaces, Clean: Distribution of Catalytically Active Sites on (R. P. H. 
Gasser and P. R. Vaight), 166 

Metal Surfaces, Transition, some: Graphite Formation from Low Temperature 
Pyrolysis of Methane over (S. D. Robertson), 1044 

Metallurgists in Need, news, 1093 

Metallurgy, see Mathematical Smelting, news, 710 

Metals Information in Britain, see Finding Out about Metals, news, 704 

Metaphysics, Seventeenth Century (W. von Leyden), review by F. 1. G, Rawlins, 493 

Meteorite, Tenham: Ringwoodite, Natural (Mg,Fe)J, SiO, Spine, in (R. A. Binns, 
R, J, Davis and S. J. B. Reed), 943 

Deo Iron: Structural Variations in (H. J. Axon, D. Elliot and P. L. Smith), 

4 


Meteoritic Minerals, use as Detectors of Chemical Composition of Nuclei of 
Z 22 in Cosmic Rays (D. Lal, R. S. Rajan and A. S. Tamhane), 33 
Methods for the Measurement of che Primary Production of Grassland (C. Milner 
and R. Elfyn Hughes), review by W. F. Raymond, 691 
Methyl Groups, Asymmetric, and the Mechanism of Malate Synthase (J. W. 
Cernforth, J. W. Redmond, H, Eggerer, W. Buckel and Christine Gut- 
schow), 1212 
Methyl Groups, Chiral: Preparation and Detection of (J. Lüthy, J. Rétey and D. 
D. Arigoni), 1213 
Methyl Thiy! Radical and Thioformaldehyde: Electronic Spectra of (A. B. Callear, 
J. Connor and R. D. Dickson), 1238 
Methylcholanthrene-induced Tumours: Effect of Antilymphocyte Serum on 
Parameters of Growth of (Edwin R. Fisher, Osama Soliman and Bernard 
Fisher), 287 
3-Methylcholanthrene: Anti-uterotrophic Response of Immature Mice to (W. C. 
Newmanand Richard C, Moon), 89 
D-6-Methyl-B-cyanomethylergoline: Suppression of Conception with, in Rats 
. (K. Rezabek, M. Semonsky and N. Kucharczyk}, 666 
Metrication, see One Swallow for Summer, news, 4 
see Units, news, 402 
Metrícation Board, organization and Function, news, 4 
Metrication of Ordnance Survey, see Slow Change to Metric, 303 
Mice, Normal and Adrenalectomised: Blood Amino-acids Circadian Periodicity 
in (Ralph D. Feigin, Harry G. Dangerfield and William R. Beisel), 94 
Mice Organs: Magnetic Field-induced Abnormalities in (M. F. Barnothy and 1. 
Sumegi), 270 
Mice reared with Rat Aunts: Effects on Plasma Corticosterone and Open Field 
Activity (Victor H. Denenberg, Kenneth Rosenberg, Richard Paschke and 
M. X. Zarrow) 73, erratum, 202 
Mice, Thymectomized, treated with Anti-lymphocytic Globulin and Mycobact- 
erium leprae: Unexpected High Incidence of Tumours in (J. M, Gaugas, 
F, C. Chesterman, M. S. Hirsch, R. J. W. Rees, Jennifer J. Harvey and 
C. Gilchrist), 1033 
Micelle Stabilizing Property: Amphiphile Nature of K-Casein as the Basis for 
(R.J. Hill and R. G. Wake), 635 
Microbe Analysis: Application to the Study of Phosphorus in Soils (R. H. Qureshi, 
D. A. Jenkins, R, L Davies and J. A. Rees), 1142 
Microbial and Inorganic Sulphide Sources: Metal lon Separation and Precipitation 
Oe in Formation of Banded Sulphides (B. Bubela and J. A. McDonald), 
4 
Microbial Genetics, Experiments in (R. C. Clowes and W. Hayes ed), review by 
G. G. Meynell, 497 
Microbial Mutagenicity of Streptozotocin in Animal-mediated Assays, (M, G. 
Gabridge, A. Denunzio and M. S, Legator), 68 
Micro-organism from Space, see Risk of an Astrodemic (Solomon Garb), corre- 
spondence, 106 
Microorganisms: Toxicity of Open Air to a Variety of (K. R, May, H. A, Druett and 
L. P. Packman}, 1146 
Microscope, Electron, Specimens: increase in Penetration at High Voltages 
(K. F. Hale and M. Henderson Brown), 1232 
Microscope, Field Jon? Observations of Cluster Formation in Metal Deposits on 
Tungsten Surfaces (D. W. Bassett and M. J. Parsiey), 1046 
Microsomes, Liver, from Rats Treated with Phenobarbital: Increased Deiodi- 
nation of t-Triiodothyronine and L-Thyroxine by (H. L. Schwartz, M. f. 
Surks and J. H. Oppenheimer), 1262 
Microwave Background Isotrophic? news, 1100 
Microwave Emission Lines, Further, and Clouds of Ammonia in our Galaxy 
(A. C. Cheung, D. M. Rank, C. H. Townes and W. J. Welch), 917 
Microwave Radiation: Detection of Water in Interstellar Regions by (A. C. 
Cheung, D. M. Rank, C. H. Townes, D. D. Thornton and W. J. Welch), 626 
see Microwave Background Isotropic? news, 1100 
Mitochondria, Rat Liver, during Swelling: Correlations of ATPase Activity and 
ATP Levels with Structual Alterations in (Guido Zimmer, Hedwig Ette and 
Peter Geck), 1160 
Middle East: Structural Evolution of the Rift Zones in (I.G. Gass and I. L. Gibson), 


Mid-Oceanic Ridges: Generation of Seismic Anisotropy in the Upper Mantle 
along the (T. J. G. Francis), 162 
Migrating Hydrogen, news, 1000 
Milk: What regulates Lactose Content in? (Richard D. Palmiter), 912 
Milk, Ability of Asians to digest, see Can Asians digest Milk? news, 895 
Milk Intake and Tissue Growth of Ruminants in the Field: Tritiated Water in 
the Measurement of (W. V. Macfarlane, B. Howard and B. D. Siebert), 578 
Milton Keynes, see City for Learning, news, 
Mimetic butterfly Hypolimnas misippus L.: Evidence for Sexual Selection in the 
(Malcoim Edmunds), 488 
Minimum Sonic Boom Shock Strengths and Overpressures (R. Seebass), 651 
Miocene, California, Part of: Tropical Planktonic Zones and Calcareous Nanno- 
plankton Correlations in (J. A. Wilcoxon), 950 
Miocene, Late, Hominid from Fort Ternan, Kenya (E. L. Simons), 448 
Miocene Stratigraphy and Age Determinations, Rusinga island Kenya (). A. Van 
Couvering and J, A. Miller), 628 
Mr. Benn's Parish, news, 297 
correspondence: (A. H. S. Matterson), 1178; (William A, Shurcliffe and John 
T. Edsall}, 694 
Mr. Short's Shibboleth, news, 298 
correspondence: (Patrick Fallon), 786; (H. N, V. Temperley), 593 
Misunderstood Profession, news, 304 
correspondence, (Mary Scott), 886 


xxvii 


Mitochondria from Legume Root Nodules: Respiratory Activity of (P. 5, Muscke 
and J. T. Wiskich), 674, erratum, 982 

Mitochondrial Crístae: Fine Structural Localization of Succinoxidase Complex 
M. Kalina, B. Weavers and A, G, E. Peasse), 479 

Mitochondrial DNA: Sedimentation Velocity Properties of (Bruce Hudson and 
Jerome Vinograd), 332 

Mitochondrial Research Today (D. O. Hall and J, MoPalmer}, 717 

Mitomycin c: Tolerance of CoH Mediated immune Responses after in vitro Treat 
ment of Competent Cells with (E.-M. Lemmeand R.A. Good), 1164 

Mixing and Turbulence, news, 904 

Mobility, Activated Carrier: Evidence for, in Orgarc Solids (F. Gutmann, A. HM, 
Hermann and A, Rembaum), 1237 

Mobility, Electrophoretic, of Slime Mould Cells: Effect of EDTA on, and its 
Relationship to Current Theories of Cell Adhesion (D. Gingell and D. R. 
Garrod), 192 l 

Model Atmosphzre Calculation of the Solar Oblate»ess (B. R. Dorney and |. W, 
Roxburgh), $46 ‘ 

Model, Callan's Chromosome, of Serially Repeatee Gene Copies, and Mutable 
Genes in Maize (Peter A. Peterson), 480 

Model Experiments, Proposed, on the Storage of Leght Energy in Phorosynthesis 
(H. Frohlich), 976 

Model, Rotational, for the Pulsar PSR 0833-45: Evidence in Support of (V, Rad» 
hakrishnan, D. J. Cooke, M. M. Komesarof and D. Morris), 443 

Models: Nitrogen Complexes as, for Nitrogenase with Nitrogen on the Active 
Site (J. Chart, R. L. Richards, J. R. Sanders and J. E. Fergusson), 551 

Modern Heterocyclic Chemistry: Principles of (Leo A. Paquette}, review by 
Peter Sykes, 883 

ese oer in Plant Taxonomy (V. H. Heyvesed), review by Brian Styles, 
i 


Modern Science and Zeno's Paradoxes (Adolf Gaounbaum), review by F. i, G. 
Rawtins, 291 
Modest Budget for US Science, news, 309 
Modicum of Unity, news, 402 
Modification of Receptive Fields of Cells in the esua! Cortex occurring Spon- 
Hap. lee and associated with Bodily Tilt (Gabriel Horn and Richard M. 
Hill}, 186 
Molecular Basis of Life, The (Scientific American Readings), review by 3, Tooze, 197 
Molecular Biology: Some European Contributions to the Prehistory of (C, P 
Waddington}, 318 
see Ball and Chain, news, 807 
see How the Code Began, news, 217 
see Membrane Proteins, news, 614 
see Not RNA Polymerase, news, 715 
Molecular Bonding and d Electrons (C. A. Coulsors, 1106 
Molecular Determinant of Obligate Psychrophily (eil L, Malesim), 103) 
Molecular Genetics, see The Lactose Operon, news. 219 
Molecular Hybridization of RNAs from Immunecompetent Cells exposed to 
Antigen, Partial Characterization by, (Edward P. Cohen}, 685 
Mole Structure of Colfagen, on the (VV. Traub, A. Yonach sad D, M. Segall, 
4 . 


Molecular Weight of Pulse Labelled DNA: Arseface in the Measurement of 
(A, R, Lehmann and M. G, Ormerod}, 105% za 

Molecules, Messanger, see The Medium and che Message, news, 1103 

Molluscs: Studies in the Structure, Physiology and Ecology of (V, Fracter ed], 
review by C. M. Yonge, 782 

Money for Crippiing Diseases, news, 897 

Monkeys and Man: Violence (Claire Russel and "V, M, S. Russel), review by V. 
Reynolds, 99 

Monoamines: Effect of Bromide on Evoked Release of, from Brain Slices and 
intact Atria (James $. Goodwin, Richard |. Katz and Irwin 1. Kopin}, 556 

Monochromatic Cathodoluminescence image in the Scanning Electron Microscope 
(P. M. Williams and A. D. Yoffe), 952 

Monsters by Sonar (P. F. Baker), correspondence, 501 

Moon, see Shore of the Sea of Tranquility, news, :20 

Mo:n and Earth: Geometric and Physical Scaling of River Dimensions on (4. f, 
Gilvarry), 533 

Moon, Photography of, news, 4 

Moon Pictures from Apollo 8, news, 215 

Moonshot (Hugh Simpson), correspondence, 202 

More about Social Responsibility, news, 1190 

More Coast.—More Sea Bed? news, 795 

More Children for Science, news, 607 

correspondence, (John Walker}, 6178 

More for Educational Research, news, 9 

More, Hotter, Better, news, 404 

More Immunosuppressives Needed, news, 805 

More of the Same, news, 792 

Morphanalysis (Graham Rabey}, review by E. C. E. Hall-Crags, 391 

Morphogenesis and Abscisic Acid in Lemna polyriiza L. (G. R. Stewart), 6! 

Morphogenesis of Vertebrate Limb: Computer Simulation (D. A, Ede and 1, T. 
Law), 244 

Morphogenesis, Plant, and Plant Tissue Culture iR, G, Butenkol, review by G. G. 
Henshaw, 103 

Morphology of Motor Nerve Terminals subjected to Polarizing Currents (E, M. 
Landau and S. Kwarbunbumpen}), 271 

Mosquito (Aedes aegypti) Embryo Cells, Contimucusly Subcultured: Behaviour 
of infectious RNA from Four Different Viruses m U. Pealegi, 193 

Mosquitoes: Eradication using Transiocations (h. Laven), 958 ü 

penin ai Anopheline: of Malaya and Borneo 4, A. Reid), review by VV, Peters, 


Motility and Palmella Formation: Effect of Vitamin B,, on, in a Marine Flageliate 
under Biothermal Stress (Eliza Waller Eaxley), 1170 i 
Motor Nerve Terminals subjected to Polarizinz Currents: Morphology (E. M. 
Landau and S. Kwanbunbumpen), 271 
Motorways, Control of, news, 209 
Motorways Costs, news, 1189 
Mouse: RNA Synthesis during Early Development of (H.R. Woodland and C. F, 
d Graham}, 327 
ouse Placenta: Porosity to Maternal Celis (Maureen Tuffrey, IN, P. Bist 
P and R, popa 1029 Br MUR 
ovements in the Myelin Schwann Sheath of the Vertebrate Axon (Marcus Sing 
and Susan V. Bryant), 1148 OE Dee 
Moving Donors, news, 3 
MRC Computer, see Computer for Medicine, nuws, 993 
Mu-Meson: Magnetic Moment Measurement, news, 125 
Mumiyo: see Made by the Birds, news, 517 
Muon Magnetic Moment, news, 125 
Muscular Exercise: Urinary Excretion of a vM-related Substance following 
Muscular Exercise (J. R. Portmans}, 376 
Muscle: Transmitter Release in, news, 315 
ey = a Seil? ie 306 " 
uscle Contraction: Possible Role of Structurally Bound Phosphate i 
Cheeseman and Anne Whithead), 736 T pure - ee 


xxviii 


Muscle Fibres: Changes in the T-System of under the influence of influx and 
l Efflux of Glycerol (S. A. Krolenko), 966 
Muscie Protein, see Myosin Reassembled, news, 123 
Muscie, Protein Synthesis in: Interference of Various Antibiotics and other 
Compounds with, and their Influence on Metabolic Regulation (K. L. 
Manchester), 188 
Muscle, Striped: Crystalline Deposits in, in Xanthinuria (R. A. Chalmers, R. W. E. 
Watts, C, Pallis, L. Bitensky and J. Chayen), 170 
Muscles, Cross-innervated Rat Fast and Slow: Post-retanic Potentiation of Twitch 
Contractions of (R. Close and J. F. Y. Hoh), 179 
Museum: Birds Room at the (W, R. P. Bourne), correspondence, 1177 
see Ships at Greenwich , news, 211 
Museum on the Move, news, 1094 
Music and Physics, see Variations on a Theme, news, 905 
Musical Instruments and Physiology (Arend Bouhuys), 1199 
Mussels, Fish and Birds from the River Rhine and the Netherlands Coastal Area: 
Chlorinated Biphenyls in GU. H. Koeman, M. C. ten Noever de Brauw and 
R. H. de Vos), 1126 
Mutable Genes in Maize and Callan's Chromosome Model of Serially Repeated 
Gene Copies (Peter A. Peterson), 480 
Mutagenicity, Microbial, of Streptozotocin in Animal-mediated Assays (M. G. 
Gabridge, A. Denunzio and M. S. Legator), 68 
Mutant of Glacier Bariey: Genetic Control of Abnormal Starch Granules and 
High Amylose Content in (J, T. Walker and N. R, Merritt), 482 
Mutation: Induction by Ultraviolet irradiation in Blue-Green Alga Nostoc linkia 
(Roth) Born, et Flah. (R, N. Singh and D. N, Tiwari), 62 
Mutation Rates: Genetic Control in Bacteriophage T4 (John W. Drake, Elizabeth 
F. Allen, Susan A. Forsberg, Rosa-Maria Preparata and Elaine ©. Greening), 
1128 
Mutation, Spontaneous: Comparative Rates of (John W. Drake), 1132 
see Genetic Control of Mutation Rates in Bacteriophage T4 (John W. Drake, 
Hizabeth F, Allen, Susan A. Forsberg, Rosa-Maria Preparata and Elaine Q. 
Greening}, 1128 i , , 
‘Myalex’: A New Compound with Anti-inflammatory, Analgesic and Antipyretic 
Activity (W. Hepwirth, B. B. Newbould, D. S. Platt and G. J, Stacey), 582 
Mycobacteria and Lysomes: A Paradox (Carolyn A. Brown, P. Draper and P. 
D'Arcy Hart}, 658 . 
Mycobacterium leprae and Anti-lymphocytic Globulin: Unexpected High Incidence 
of Tumours in Thymectomized Mice treated with (1. M. Gauges, F. C. 
Chesterman, M. S. Hirsch, R. J, W. Rees, Jennifer Harvey and C. Gil- 
christ}, 1033 
Mycoplasmacidal Action of Normal Tissue Extracts (E. Kaklamanis, L. Thomas, 
K. Stavropoulos, i. Borman and C. Boshwitz), 860 
Mycorrhizas: Synthesis in Podcarpus and Agathis with Endogone Spores (G. T, S, 
Baylis), 1267 
Myelin Fraction: Turbidity Changes induced by ATP and ADP (Y. H. Abdulla and 
D. R. Turner), ?75 
Myelin Schwann Sheath: Movements of the Vertebrate Axon in (Marcus Singer 
and Susan Y. Bryant), 1146 
Myosin Reassembled, news, 123 


INLAcecyi-p-galactosamine inhibits the Early Phospholipid Response by Lympho- 
cytes to Phytohaemagglutinin, (Daniel B. Fisher and Gerald C. Mueller), 


566 
NADH: 220 MHz Proton Magnetic Resonance Spectrum of (Dinshaw J. Patel), 
239 


i 

Nal(TI) Total Absorption Detector for Electrons and y-Rays at GeV Energies 
(R. Hopstadter, E, B. Hughes, W. L. Lakin and |. Sick), 228 

Name that Mammal, news, 1000 

a-Naphthylamine and §-Naphthylamine in Cigarette Smoke (Dietrich Hoffman, 
Yoshito Masuda and Ernest L. Wynder), 254 

NASA Administration, see Appointments in Washington, news, 1096 

Nasopharyngeal Region of the Human Respiratory Tract: Deposition of Aerosol 
Particles in (R. F. Hounam, A. Black and M. Walsh), 1254 

Nasopharyngeal Tumour, Chinese, cultured in vitro; Presence of Heppes-type 
Viral Particles in (G. De-Thé, J. C. Ambrosioni, H. C. Ho and H. C. Kwan), 
770 


National Environment Research Council, see Programme for Select Committee, 
news, 1086 

National Maritime Museum, see Ships at Greenwich, news, 211 

Nationa! Medal of Science Awards, news, 312 

National Research Council of Canada, Staff Changes, news, 116 

National Research Council: The Great Alaska Earthquake of 1964, review by 
D. Davies, 1274 

National Trust, see Jingle of Coin, news, 303 

Native and Denatured DNA of Phage T3 and of E. coli B as Templates for RNA 

Polymerase (Loretta C. Y. Cheong and Erwin Chargaff), 1144 

Natural and Artificial Radionuclides in Seafoods and Marine Protein Concentrates 
(Thomas M. Beasley, Charles L, Osterberg and Yvonne M. Jones), 1207 

Natural Classes: Numerical Classification Method for Deriving (David Wishart), 


Natural Environment Research Council and the Tidal Institute and Observatory, 
see Transformation and Growth, news, 1086 

Natural Selection Rate and "Haldane's Dilemma'' {Pezer O'Donald), 815 

Naturalists to Unite? news, 602 

Nature Conservation, see Epping Forest Centre, news, 302 

Nature of Pulsars and Rorating Neutron Stars (T. Gold), 25 

Nature of Radio and Optical Emissions from Pulsars (Hong-Yee Chiu, Vittorio 
Canuto and Laura Fassio-Canuto), 529 

Navigation, Bird (G. V. T. Matthews), review by J. D. Carthy, 101 

NBS: Selected Papers on Temperature-Precision Measurement and Calibration 
(J. F, Swindells ed), review by C. R. Barber, 980 

Nearly Open University, The, news, 986 

Nebulae, Planetary: Spectral Line Intensity Variations in (Lawrence H, Aller and 
Gordon Wares), 646 

Negative Temperature Coefficient of the Vibrational Relaxation of Nitric Oxide: 
an Orientation Effect (J. Billingsley and A, B. Caliear), 1136 

Neighbouring Group Inhibition of Diene Reactivity and the Woodward-Hoffman 
Orbital Symmetry Rules (A. T. Austin and B, Pearson), 949 

Neisseria gonorrhoeae: Toxic Constituents of (William L, Peacock, jun. and John 
D. Schmale), 760 

Neonatal Thymectomy: Influence on Cloning Capacity of Bone Marrow Cells in 
Mice (Nathan Trainin and Peretz Resnitzky), 1154 

NERC and the Tidal Institute and Observatory, see Tranformation and Growth, 
news, 1086 

NERC, see Programme for Select Committee, news, 1086 

Nereis Larvae and Adults: Uptake of Leucine by (N. Bass, G. Chapman and J. M, 
Chapman), 476 . : : 

Nerve Fibres: Degeneration within the Embryonic Spinal Cord (Arthur F. 
Hughes, Margaret Egar and Tom Turner), 579 

Nerve, Vagus: Role in the Control of the Concentration of Angiotensin |i iff 
the Circulation (R, L. Hodge, R. D. Lowe K, K. F. Ng and J. R. Vane),I77 


INDEX 


Hes uisa met eraci (P. L, Miller), 171 
ervous system, Central: Effect of Demyelination on Conduction i 
a McDonald and TA, Sears), 163 y i n Conduction in the (W, L 
estiing Rabbit: Does a Pheromone-like Factor from it stimulate impregnati 
Meg anes in the Rabbit Flea? (Miriam Rothschild and Bob Ford) 
Netherlands Coastal Area and the River Rhine: Chlorinated Bi i 
: phenyls in Fish, 
Mussels and Birds from (1. H, Koeman, M. C. ten Neeve 
Rede Vos), Lie zever de Brauw and 
Neurochemistry, see Developing Brain, The, news, 808 
- He ae as and Old, news, 520 
eurohypohysial Hormones: Evolution of, with Referen ibi 
. (R. Archer, J. Chauvet and M. T. Chauver), 759 tere, AS 
Acris tae nce in XYY Males (Richard F, Daly), 472 
eurological iliness after Inoculation of Tissue from Tumour Bearing Animal 
" (E. A aad D, H. Adams rs Greta Joyce), 1265 diti a 
eurone, 5ingle Presynaptic, mediatesa Two Component Post } ibiti 
e: kaa ape p ostsynaptic Inhibition 
Neurones, Noradrenalin-containing, in the Rat Brain: 
dopamine on (N. J, Uretsky and L. L. Iversen), 557 
Neurones, Visual, in Limulus: Fluctuations in the Response to Light of (Robert 
Shapley), 437 
Neurophysiology, see Collicular Receptive Fields, news, 715 
see Mechanoreceptor Function, news, 808 
see Transmitter Release in Muscle, news, 315 
see Unanaesthetized Cerebellum, news, 615 
Neurosciences Research, Vol. I. (S, Ehrenpreis and Othmar C. Solnitzky), review 
i by Leslie L. Iversen, 102 i 
eurosciences, The (Gardner C. Quarton, Theodore Melnechuk and i 
Re Pp min, Hades by Derek Richter, 783 MUROS 
eutral Hydrogen Asymmetry in the Galaxy MIO! as Evidence for Ti 
(J. S. Beale and R. D. Davies), 531 M S 
Peuran A eaminca Reactions: The Theory of (J, E. Lynn), review by S. Devons, 


Effects of 6-Hydroxy- 


Neutron Stars, Rotating, and Pulsar Emission (B. Bertotti, A. Cavali 
N a on 624, erratum, 982 i SD MAU 
ew Approach tc Experiments on Low Intensity Interfere D. N, Pi 
R. N. Gould), 461 d nee Serene 
New Base for Pauling, news, 1098 
New Constitution for British Physicists, correspondence: 
" ou dase DE (G. West), 694 
ew Evidence for the Existence of Long Lived Macrophages (W, G. 
Neu G; B. Ryan), 860 dis. eror and 
ew Genetic Variant of 6-Phosphogluconate Dehydrogenase in Australi 
Aborigines (N, M. Blake and R, L. Kirk), 278 lee j diia 
New ee ee insecticides and the Mode of Action of DOT (G. Holan), 


{Kathleen Lonsdale}, 


New Intergeneric Cross within the Pleuronectidae Dab x Fioun 
Riley and Graham T, Thacker), 484 a a 
New Man at the BA, news, 305 
AM ae hey halen baee 414 
ew Method for the Combustion of Samples for Radiocarbon Datin | 
Barker, Richard Burleigh and Nigel Meeks), 49 gta 
New Regius Professor, news, 992 
New Subnuclear Particles, news, 413 
New Volts for Old, news, 3 
New Ways with Protons, news, : 10] 
New York, see A View of the River, news, 212 
New Zealand Rumble, news, 705 
Newer Forms of Carbon and their Uses (R. W. Cahn and B, Harris), 132 
Newsletter, Reproductive, news, 995 
US G. F., ituan ouis 
-Hydroxycytosine: Hydrogen Bond Association with Purines (D, M. 
wicker d M. 1- E. Hewlins), 656 ROOM CERNI 
ickel Oxide: Influence of Metal Support and Ultraviolet Irradiati 
Catalytic Activity of (Friedrich Steinbach), 657 alan 
Night, Animals in the (J. H. Prince). review by John A. Patterson, 980 
NIH Shift: Thiazole Acetic Acid Derivatives Metabolism and (D. M. Fo ulkes), 582 
NINA Boosting, news, 988 
Nine Years of Crystals, news, 1192 
Nitric Oxide: Negative Temperature Coefficient cf the Vibrational Relaxation 
of (an Orientation Effect) (J. Billingsley and A. B. Callear), 1136 
Nitrogen Complexes as Modeis for Nitrogenase with Nitrogen on the Active 
Site (J. Chatt, R. L, Richards, J. R. Sanders and J. E. Fergusson), 551 
Nitrogen fixing sites of Azotobacter: Protection from Oxygen, see Protection 
from Oxygen, news, 519 
Nitrogenase: Nitrogen Complexes as Models for, with Nitrogen on the Active 
Site (J, Chat, R. L. Richards, J. R. Sanders and J. E, Fergusson), 551 
No Love for Mr, Jones, news, 505 
No More Special Relationship in Kensington, news, 118 
Noise, TE nepken; at 33:5 GHz (Patricia R. Foster, A. M. Flett and i, H. Howie), 


Noise, Underwater, beneath Springtime Sea-ice: Diurnal Variations in (A. R. 
Miine and J. H. Ganton), 851 

Non-allelic Nature of the Basic Sequences of Normal immunoglobulin K Chains 
(C. Milstein, Celia P, Milstein and A. Feinstein}, 149 

Non-inducing RNA antagonizes the Induction of interference with Animal Virus 
Infection (Y. Kawade and Masako Ujihara), 569 

Non-random Variability in Evolution of Base Compositions of Ribosomal RNA 
(Francesco Amaldi), 95 

Noradrenaline-containing Neurones in the Rat Brain: Effects of 6-Hydroxy- 
dopamine on (N, J. Uretsky and L. L. iversen), 557 

Normal Adults: Total Body Water and Weight Changes in (G. Owen, R. i. 
Kerry and Hilda M. Davies}, 471 

Normal Human Sera: Antibody-like Activity to 2,4-Dinitropheny! Group in 
(Michael Brandriss), 960 

Normal Tissue Extracts: Mycoplasmacidal Action of (E. Kaklamanis, L. Thomas, 
K. Stavropoulos, Il. Borman and C. Boshwitz), 860 

North America, see Limb from Limb at IBM, news, 311 

see Modest Budget for US Science, news, 309 
see What has Vela Uniform Accomplished? news, 510 

North indian Ramapithecus: Ecology (lan Tattersall), 451 

Not Enough Known, news, 302 

Not RNA Polymerase, news, 715 

Not Yet an irish University, news, 510 

Nuclear Desalination Plant for US see Water for the South-West, news, 612 

Nuclear Envelope: Isolation and Biochemical Characteristics of (1. B. Zbarsky, 
SM Perevoshchikova, L. N, Delektorskaya and V. V. Delektorsky) 


> 


Nuclear Explosions, see Detecting Nuclear Explosions, news, 7H 
Nuclear Fuel Reprocessing: Engineering for (Justin T. Long), review by R. Spence, 


Nuciear Fuel Supply Plant for Europe, see Enrichment for Europe, news, 700 





INDEX 


Nuclear Industry, see Grand Design Falters, news, 790 
see Unhappy Risley, news, 598 
Nuclear Magnetic Resonance: Lowering of the Melting Point of Molecular Layers 
observed by (G. Karagounis, E. Papayannakis and C, 1. Stassinopoulos}, 655 
Nuclear Magnetic Resonance Measurements on a Macroscopically Ordered 
yis aud Liquid Crystalline Phase (J. J. de Vries and H. J, C. Berendsen}, 


220MHz Nuclear Magnetic Resonance Spectra of High Density Serum Lipoproteins 
(D. Chapman, R. B. Leslie, R. Hirz and A, M. Scanu), 260 
Nuclear Physics, news, 897 
Nuclear Physics (Haro von Buttler), review by John M. Titman, 693 
Nuclear Power, see European Collaboration, news, 299 
see Exchange of Information, news, 115 
see Keeping it Natural, news, fi! 
see Pause on Weapons, news, 598 
see Two's Company, news, 30! 
Nuclear Power Industry, news, 509 
Nuclear Power in Europe, see How to Keep your Powder Dry, news, 985 
Nuclear Power Stations: Pollution by, see Power Station Pollution, news, 894 
Nuclear Proliferation, see International Inspector, news, 991 
Nuclear Proteins of Hepatocyte and Erythrocyte Nuclei of Frog Liver (Carolyn 
J. Burdick and Marion Himes}, 1150 
Nuclear Sheets in Epithelial and Connective Tissue Cells (Franco Moilo, Maria G. 
Canese and Aldo Stramignoni), 869 
Nuclear Ships, news, 509 
diguec a Introduction to (1. E. McCarthy), review by Daphne F. Jackson, 


Nuclear Transplantation Study: Reversible Effect of Actinomycin D on Nucleoli 
of Amoeba discoides (1. 1. Lorch and K. W. Jeon), 1073 

Nuclei, Erythrocyte and Hepatocyte, of Frog Liver: Nuclear Proteins of (Carolyn 
]. Burdick and Marion Hines), 1150 

Nuclei of Z 22 in Cosmic Rays, Chemical Composition using Meteoritic Minerals 
as Detectors (D, Lal, R. 5. Rajan and A. S. Tamhane), 33 

Nucleic Acid Chemisrty: Synthetic Procedures in (W. Werner Zorbach and 
R. Stuart Tipson ed.), review by R. M. S, Smellie, 691 

Nucleic Acids, see Messengers for Everyone, news, 1197 

Nucleoli of Amoeba discoides: Nuclear Transplantation Study of the Reversible 
effect of Actinomycin D on (lI. J. Lorch and K. W, Jeon), 1073 

peace u and Polyribosome Formation (R. H., Mepham and G. R, Lane), 


MNucleoproteins, see Specificity of Histones, news, 906 

Nucleotide Substitution and Gene Duplication in Evolution (Masatoshi Nei), 40 

Nucleotides and RNA in the Brain: Effects of Cerebral Stimulation on the Bio- 
synthesis in vitro of (Carol Prives and J. H. Quastel), 1053 

Null Solar Neutrino Flux: Possible Relation to the 11 Year Solar Cycle (W. R. 
Sheldon), 650 

Numbers, Random, in the Planes, news, 999 

Numerical Classification of Bacteria, news, 16 

dais Classification Method for deriving Natural Classes (David Wishart}, 
9 


Numerical Classification, news, 16 — 
Numerical Methods: an Introduction to (T. R. Dickson), review by J. G. Sime, 


NUT and Teachers' Pay, see Misunderstood Profession, news, 304 
Nutrients: Importation into Woodlands by Rooks (J, S. Weir), 487 
Nutrition, see Disease and Diet, news, 304 

see Eat and Feel Well, news, 713 

see Unfed to School, news, 1088 
Nutrition of Schoolchildren, see Eat up your Veg., news, 401 
Nuts: A Sledgehammer for, news, 899 


Ova: 


Court Brown, Professor W. M., 200 
Francis, Dr. G., 497 
Gilbert Carter, Mr. H. (S. M. Walters}, 497 
Hawkins, Prof, H. L., 294 
Hodgson, Dr. W. C., 393 
Newton, Dr. G. G. F., 885 
Schofield, Dr. B. M., 885 
Usinger, Prof, R. L., 105 
Obligate Psychrophily: Molecular Determinant of (Neil L. Malcolm), 1031 
Occupational Exposure: External Radiation doses from (M. J, Duggan, E. Green- 
slade and B. E. Jones), 831 
Occurrence and Determination of Inositol in the Oviducts of Turkey and Hen 
(C. 1. G. van der Horst and J. B. Litjens), 86 
Ocean Currents (G. Neumann), review by K. F. Bowden, 692 
Ocean Environment, see Transformation and Growth, news 1086 


Oceanic Rises in relation to the Expanding Earth Hypothesis (C. H. Barnett), 
1043 


Oceanography, news, 608 
see Dull Dogs at Brighton, news, 701 
see Why so Long Delayed? (Henning Lemche), correspondence, 1277 
see Data from the Deep, news, 506 
see Marine Science on Show, news, 804 
Oceanology International 69, see Dull Dogs at Brighton, news, 701 
see Marine Science on Show, news, 804 
OECD report on Uranium Supply, see Lean Years Ahead? news, 1183 
Oestrogen Receptors in Androgen or Oestrogen Sterilized Female Rats (john E. 
McGuire and Robert D. Lisk), 1068 
Oestrogens in Pest Control, see Rats too Fertile, news, 906 
Oil Leak in California, news, 902 
Oil Pollution, see Coping with Disasters, news, 301 
see Crying over Spilt oil, news, 611 
Olduvai Gorge, Tanzania: Femoral Fragment of Robust Australopithecine from 
M. H. Day), 230 
Olefin Reactions, see Woodward-Hoffman Orbital Symmetry Rules and Neigh- 
bouring Group Inhibition of Diene Reactivity (A. T. Austin and B. Pearson), 


94 
On the Molecular Structure of Collagen (W. Traub, A. Yonath and D. M, Segal), 
4 


i 
Once and for All, news, 1087 
One Swallow for Summer, news, 4 
correspondence, (Ritchie-Calder), 394 
One Way to University Independence, news, 119 
Ontogeny, Early Prenatal: Evoked Unitary and Gross Electric Activity in the 
Cerebral Cortex in (B. A. Meyerson and H. E. Persson), 1248 
Oocytes, Human, Matured in vitro: Early Stages of Fertilization in vitro of (R. G. 
Edwards, B. D. Bavister and P. C. Steptoe), 632 


XXiX 


Open Field Activity and Plasma Corticosterone in Mice reared with Rat Aunts 
(Victor H. Denenberg, Kenneth Rosenberg, Richard Paschke and M. X. 
Zarrow), 73, erratum, 202 » 

Open University, see Nearly Open University, The, news, 996 

see Physicist of the Air, news, 1185 
Open University Open, news, 407 
A gaat Een ae dary oe (D, Zipser), 21 
peron, lac: Catabolite Sensitive Site of (Allen E. Silverstone, Boris Magasanik, 
William S. Reznikoff, Jeffrey H, Miller and Jonathan R. Beckwith oH 
Operon, Lactose, news, 219 u, 
Optic Imaginal Disk of Drosophila: Determination, Activation and Accinomycin 
_ D insensitivity in (C. H. Waddington and Evelyn Robertson), 933 

Optical Configuration of Amino-acids in Pre-Cambrian Fig Tree Chere (Keith A. 
Kvenvolden, Etta Peterson and Glenn E. Pollock), 141 bdo 

Optical Flashes from the Crab Nebula MI (R. V. Willstrop), 1023 

Optical Positions of Radio Sources (C. A. Murray, R. M. Tucker end E, D 
Clements), 1229 , 

Optical Pulsations in the Crab Nebula Pulsar (R. E. Nacher, B. Warner and M 

R Ye T 527 l l 

ptical Signals: Discovery of, from Pulsar NP 0532 (WV, L Cocke, M. 1. Disne: 
and D. J. Taylor), 525 À PRS uae 

Optical Variations of 3C454.3 (Phillip K. Lü and James H, Hunter, tuni, 755 

Optically Active Polypropylene Oxide: Piezoelectric Elect and its Temperature 
Variation in (Takeo Furukawa and Eichi Fukada), 1235 

Oral Contraceptives, see Hormones and Coagulations, news, 1195 

Oral Doses, Low, of Lidoflazine: Potentiation of Adenosine Activity by (A, H, M 
Jageneau and W. K. A. Schaper), 184 rte i‘ 

Oral Streptococci, Computer Classification of (D. B. Drucker and T, M. Melyillat, 


4 
Orbital Symmetry Rules (Woodward-Hoffman) and Neighbouring Group inhibi. 
Orb Des " dears cee T. Austin and B. Pes aD). 949. CERPEN 
rbits, Satellite: Measurable Effect of General Relativity in (E, M. G: A 
and lames P. Wright), $50 Y i Gaposchkin 


Organic Compounds: Photochemical Reaction Mechanisms for Production in a i 


Primitive Earth Atmosphere (R, A. Raff and G, M, Meaburn), 459 
al ol ale recombining: Formation of Excited States by IB, Brockiehursth, 


Organic Solids: Evidence for Activated Carrier Mobility in iF, Getmany 4 
* Hermann and Roten tarn) 1237 d SAMEDI NM 
rganic Substances: Geochemistry of (S, M, Manska : a 
NECI) Murchison, $88. ULIS, Tease 
rganisation and Administration of Agricultural R fi n. review | 
D. Rudd Jones, 1174 : Repco E eens 
Organometallic Catalyst Systems, see Encouragement for Caralvers, news, 616 
Organometallics, see Encouragement for Catalysts, mews, 616 ubi mE 
Orientation and Control of Transcription of E, coli Phage 4 (Sushil Kumar, Kiet 
Bovre, Arabinda Guha, Zdenka Hradecna, Sister Veronica Mary Maher and 
ae Waclaw Sev bel sitl: eng TORT. 1278 . 
rientation Effect: Negative Temperature Coefficient of the Vi ioral X 
ation of Nitric Oxide (J. Billingsley and A, B. Calleari, Hie iini 
Orientation Illusion, Visual, following Judgements with a Tilted Visual Field 
Margaret Austin, R. H. Day and G. Singer), 583 
Original Syn, news, 907 
Ornithodoros moubcte, Murray (Ticks) collected from Animal Burrows in Tare 
zania: African Swine Fever Virus in. (W, Plowright, J. Parker and M, A 
Peirce), 1071 mM 
Ornithology Collection Rehousing, see Museum on the Move, news, 1094 
Outlook for Plowshare, news, 708 l i 
Outstanding Solar Radio Burst at 4.2 mm (D. L. Croon and R. L Powell}, 945 
Overpressures and Minimum Sonic Boom Shack Strengths (R. Seebass], 651 
Oviducts: Occurrence and Determination ofínositol in Turkey and Hen (C. 1. G 
van der Horst and Jj. B. Litjens}, 86 i ce: 
Oxidation of CÉ* in Aqueous Solutions (R, C. Propst and M, L. Hyder, E141 
Oxidative Phosphorylation, see Mechanism of Action of Reagents that uncouple 
Oxidative Phosphorylation (Eugene C, Weinbach and Joe! Garbusi, [OIS 
Oxygen Consumption and Swimming Speed, Relationship between in tha Haddock 
5 Mosis e ge aeglefinus (P, Tyler}, 274 i 
xygen Release by Haemogiobin: intracellular Organic Phosphstes a dators 
of (Reinhoid Benesch and Ruth E. Benesch), 618 Pu eee ete 


Pacific Annular Eclipse, news, 315 

Pacific Ocean: Preliminary Results of Measurements of Deep Curre in (ios 

C Red) Be y ep Currenes in (oseph 

Pair Distribution Function for a Two-dimensional Liquid (R. J. Belt), $0 

Palaeontology, see Patterns in Evolution, news, 15 B 

Palaeontology, see Vertebrate Lobe Finned Fishes, news, 803 

Paleoecology of Africa and of the Surrounding Islands and Antarctica G A 
Coetzee}, review by M. E. 5, Morrison, 589 B 

Palmella Formation and Motility: Effect of Vitamin Bu on, in a Marine Flagellate 
under Biothermal Stress (Eliza Waller Easley}, 1170 is 

Pancreatic Ribonuclease: Biological Function of (Eric A, Barnard}, 346 

Panencephalitis, Subacute Sclerosing: isolation of Measles Virus from a Brain 
Biopsy (Luiz Horta-Barbosa, David A. Fuccillo, john L. Sever and Wolfgang 
Zeman), 974 = 

Pangaea, see Oceanic Rises in Relation to the Expanding Earth Hypothesis (C, Ph 
Barnett), 1043 . . 

Papers: Dispersion among Journals based on a Mathematical Anslysis of Two 
Eevee Medical Literatures (William Goffman and Kenneth S. VWWarrerd, 

Parapsychology (Anthony Robertson and Stephen Feinberg), 687 

Parish, Mr Benn's (A. H. 5. Matterson), correspondence, 1178 

Parkinsonian Tremor and Cortical Potentials (VV, Watson Alberts, Eiwood VV. 
Wright, jun. and Bertram Feinstein}, 670 l l 

Parkinson's Disease and Aromatic Amines (Ivor Smith and A, H, Kellow), (281 

Parliament in Britain, news, 306 di 

Parliamentary Inquiries, see Programme for Select Committee, news, 086 

Partial Characterization by Molecular Hybridization of RNAs from. immune 
competent Cells exposed to Antigen (Edward P. Cohen), 685 Mi 

Particle Accelerators, see New Ways with Protons, news, 1/01 — 

Particle Size: Effect on the Thermoluminescence of Lithium Fluoride (T. E, Burlin 
F. K. Chan, G. D. Zanelli and F. W. Spiers}, 1047 a = 

Particles, Aerosol: Deposition in the Nasopharyngeal Regions on the Human 
Respiratory Tract (R. F. Hounam, A. Black and M. Walsh, 1254 . 

Particles, Elementary, see The Boorscrap in Difficulties, news, 416 

Particles, Subnuclear, New, news, 413 

Patent Law, see Once and for All, news, 1087 

Patents aii vr sli ad news, 114 

Paternal versus Maternal inactivation in the X Chromoso: $ Female Mic 
Ane C. Chandley). 70 me of Female Mice 


Open Air: Toxicity to a Variety of Microorganisms (K. R. May, H. A. Druete @ Pathological Stage and Virion Incidence: Relationship between in Virus-induced 


and L. P. Packman), 1146 


Leukaemia (Marvin A, Rich, Richard Siegler and Lewis V, Johas), 868 





XXX 


Pathology and Physiology of Membrane Digestion (Aleksande ; | 

review by R. B. Fisher, 591 i ° E ife ES EM 

Pathway for Cortisol Biosynthesis in Foetal Adrenal Cortex (Barbara 1, White- 
house and G. P, Vinson), 1051 

Patterns in Evolution, news, 15 

Pauling, New Base for, news, 1098 

Pause on Weapons, news, 598 

Pay, Doctors’, news, 604 

Pay, Medical Teachers’ (Norman Morris, lan Bouchier, Gordon Cumming, Alastair 
Connell, Robert Lowe, lain Macintyre, Clifford Mawdsley and Sidney 
Truelove), correspondence, 1081 

PCBs in Fish, Mussels and Birds from the River Rhine and the Netherlands Coastal 
Area (1. H. Koeman, M. C, ten Noever de Brauw and R. H. de Vos), 1126 

Peas: Streptomycin Inhibition of Protein Synthesis in, reversed by Divalent 
Cations (M. A. Venis), 1147 

Penis: Shedding of, in Littorina littorea (John Grahame), 976 

Peptides and Proteins: Quantitative Approach to the Sequential Degradation of 
(Frank F. Richards, William T. Barnes, Robert E. Lovins, Ramon Salomone 
and Michael D. Waterfield}, 1241 

Peptides of Biological Origin, Protection for use as Intermediates in the Chemical 
Synthesis of Proteins (R. E. Offord), 37 

rarer Extrasensory: Deficiencies of Experimental Method (C, E. M. Hansel), 


Permeability Changes: Effects associated with, caused by Gramicidin A in Elec- 
troplax Membrane (Thomas Podleski and Jean-Pierre Changeux), 541 
Perodicticus potto: Suggested Function of the Vascular Bundles in the Limbs of 
(4. A. Suckling, E. E. Suckling and A. Walker), 379 

Peroxide and lodine: Chemical Linkage of Carcinogenic 3,4-benzpyrene to DNA 
in Aqueous Solution induced by (R. S. Umans, Stephen A. Lesko jun., and 
and P. O. P. T'sio), 763 

Persistence of DDT in Wild Populations of Small Mammals (John B, Dimond and 
James A. Sherburne), 486 

Persistence of Rosette-forming Cells in Long Term Spleen Cell Tissue Cultures 
C. D, Baroni and Elsie N. Ward), 766 

Pest Control, see Rats too Fertile, news, 906 

Pesticides, see Not Enough Known, news, 302 

Pewter Hoard, Roman, news, 127 

Phage Development: Role of Host RNA Polymerase in (E. Peter Geiduscheek 
and Jeffrey Sklar}, 833; (Robert Haseikorn, Margaret Vogel and Ronald 
D, Brown), 836 

Phage T3 and E. coli B: Native and Denatured DNA of, as Templates for RNA 
Polymerase (Loretta C. Y. Cheong and Erwin Chargaff), 1144 

Phage Tail: Assembly of, news, 1002 

Phagocytosis: Inhibition by Anti-macrophage Antibodies (John F. Jennings and 
Lynda A. Hughes}, 79 

Phalacrid Beetles: Diffraction Gratings in (H. E. Hinton and D. F. Gibbs), 953 

Phase Angles, Small, Lunar Libration Clouds Detectability at (Viadimir Vanysek), 
47 


Phaseolus vulgaris; Banded Polytene Chromosomes in (W. Nagl), 70 

Phases of the Mantle, news, 617 

Phenobarbital-treated Rats: Increased Deiodination of L-Thyroxine and L- 
Triiodothyronine by Liver Microsomes from (H. L. Schwartz, M. I. Surks 
and J. H, Oppenheimer), 1262 

Phenomena, Surge, in Electrical Machines (B. Heller and A, Veverka), review by 
Colin Adamson, 1175 

Phenomenon, New, Cross— Dielectric Diffusion (M. M. Breuer and D, Robinson), 
1146 

Phenylketonuria and Intelligence: Trimodal Response to Dietary Treatment 
(Renee N. Fuller and Joyce B. Shuman), 639 

Pheromone-like Factor from the Nestling Rabbit: Does ic Stimulate impregnation 
and Maturation in the Rabbit Flea? (Miriam Rothschild and Bob Ford), 
it 


Phosphate, Structurally Bound: Possible Roie in the Contraction of Muscle 
(D. F. Cheesman and Anne Whithead), 736 

Phosphates, intracellular Organic: as Regulators of Oxygen Release by Haemo- 
giobin (Reinhold Benesch and Ruth E, Benesch), 618 

6-Phosphogluconate Dehydrogenase: New Genetic Variant of, in Australian 
Aborigines (N. M. Blake and R. L, Kirk), 278 

Quantitative Variation in an African Population (H. Gordon, M. M. Keraan, 

Vivienne Woodburne and Eunice Sophangia), 96 

Phospholipids in Human Lithogenic Gall Bladder Bile (F. Anderson and lan A. D. 
Bouchier), 372 

Phosphorus in Soils: Application of Microbe Analysis to the Study of (R. H. 
Qureshi, D. A. Jenkins, R. I. Davies and J. A, Rees), 1142 

Phosphorylation, Oxidative, see Mechanism of Action of Reagents that uncouple 
Oxidative Phosphorylation (Eugene C. Weinbach and Joel Garbus), 1016 

Photochemical Reaction Mechanisms for Production of Organic Compound in 
a Primitive Earth Atmosphere (R. A. Raff and G. M. Meaburn), 459 

Photoelectron Spectroscopy, news, 

Photo-excited Dye Molecules, Redox Reaction Caused by, and Fermi Level of 
Dyes: Relation between (Tadaaki Tani), 466 

Photographed Pulsar Flashes, news, 997 

Photolysis of Visual Pigments: Lipid to Protein Chromophore Transfer in (R. P. 
Poinceiot, P. G. Millar, R, L. Kimbel, jun., and E. W. Abrahamson), 256 

Photoperiod: Manipulation to damage Insects (W. N. Sullivan, B. M. Cawley, 
Maria Oliver and D. K. Hayes), 60 

Photoperiodic Clock, Insect: Circadian Rhythms in (D. 5. Saunders and Diane 
Sutton), 559 

Photosynthesis (G. E. Fogg), review by T. W. Goodwin, 883 

di ad Model Experiments on the Storage of Light Energy in (H. Frohlich), 

76 


Photosynthesis and Light Energy Storage (R. S. Knox), 263 

Photosynthetic Bacteria, Green (Chloro-bseudemonas): Production of Hydrogen 
by (E, N. Kondratieva and |. N. Gogotov), 83, corrigendum, 202 

Photosynthetic Oxygen Production: Relative Quantum Efficiency of in Spinach 
Chioroplasts (H. Lundegardh), 280 

Phototaxis of Euglena: Two Perpendicularly Orientated Pigment Systems involved 
in (Bodo Diehn), 366 

Phthalocyanins, Reduced Iron and Chromium: Hyperfine Structure in Electron 
Spin Resonance Spectra (C. M, Guzy, J. B. Raynor and L. P. Stodulski), 551 

Physical TA see Pulsars: White Dwarf Atmospheric Pulsations (David C. 
Black), 15 

Physical Standards, see New Volts for Old, news, 3 

Physicist of the Air, news, 1185 

Physicists, British: New Constitution for correspondence; 

94; R. Press, 394; G. West, 694 

Physicochemical Characteristics of Rubella Antigens Theta and lota (Georgel, 
Le Bouvier), 78 

Physics and Music, sce Variations on a Theme, news, 905 

Physics Exhibition, see Instruments on Show, news, 

Physics, Institute of: 
cists (M. Blackman), correspondence, 105 

Physics, Nuclear, news, 


Kathleen Lonsdale, 


Royal Charter for, see New Constitution for British Physi-, 


INDEX 


Physics, Planetary, Introduction to (William Kaula), review by G. Fielder, 784 
Physics, Practical (G. L. Squires), review by H. J. J. Braddick, 1273 
Physiological Basis of the Alpha Rhythm (Per Andersen and Sven A. Andersson) 
_ review by A, Glass, 590 i 
Physiological Psychology, see Controls without Mice, news, 219 
Physiology and Medicine: Galen's System of (Rudolph E. Siegel), review by D, W, 
Taylor, 1078 i 
pacer pes ee ones Coe Bouhuys), 1199 
ysiology an athology o embrane Digestion (Aleksande ; 
_ review by R. B, Fisher, 591 s eue 
Physiology, Structure and Ecology of Molluscs: Studies in (V. Fretter ed), review 
by C. M. Yonge, 7 
Phytohaemagglutinin: Effect on Plaque Forming Cells in the Mouse Spleen 
(Gydz0 Petranyi, jun., György Jánossy and Pal Alfoldy), 78 
Phytohaemagglutinin, Early Phospholipid Response by Lymphocytes to: N- 
Acetyl-D-galactosamine inhibition of (Daniel B. Fisher and Gerald C. 
Meuller), 566 
Pieris brassicae (Lepidoptera); Amino-acid Receptor in Larvae of {L, M. Schoon- 
Piezoelectric Effect and Its T 
iezoelectric Effect and Irs Temperature Variation in Optically Active Pol - 
lene Oxide (Takeo Furukawa and Eiichi Fukada), 1235 ý Mus 
Pigment Systems, Two, Perpendicularly Orientated, involved in Phototaxis of 
Euglena (Bodo Diehn), 366 
p Another Hazard of, news, 713 
ilocarpine, Testosterone and Copulation: Responses of Rat Tastes a 
Glands to (W. Lynn Hunt), 669 j A 
Pink Spots and Urine Volume in Schizophrenia and Health (J, A, G. Watt, G. W. 
Ashcroft, J. J. Daly and J. R. Smythies), 971 
Pipelines, sec Cheaper by Pipe, news, 514 
Placenta, Mouse; Porosity to Maternal Cells (Maureen Tuffrey, N. P. Bishun and 
R. D, Barnes), 1029 
Placenta, see Is the Placenta Porous? news, 997 
Placental Protein, New Characterization and Properties of (Francesco Beas and 
Hernando Flores), 574 
Planes, Random Numbers in the, news, 999 
Planetary Physics: Introduction to (William Kaula), review by G. Fielder, 784 
Planktonic Zones, Tropical, and Calcareous Nannoplankton Correlations in 
Part of the California Miocene (J, A. Wilcoxon), 950 
Planning, see Art Galleries under Pressure, news, 703 
see Campus in Bloomsbury, news, 797 
see City for Learning, news, 600 
see Trees in Danger, news, [089 
Planning Experiments at CERN, news, 895 
Plant Biochemistry, see Where is the Hydroxyproline? news, 123 
Plant Chimeras (W. Neilson-Jones), review by R, A. E, Tilney-Bassett), 1275 
Plant pli us Water Deficits (T. T. Kozlowski, ed), review by J. R. Echering- 
ton, 
Plant Hosts, Viruses in (Katherine Esau), review by C. H. Cadman, 979 
Plant Pathology, see Plants from the Air, news, 2 
Plant TA Denm Modern Methods in (V. H. Heywood), review by Brain Styles, 


Plant Tissue Culture and Plant Morphogenesis (R, G, Butenko), review by G. G 
Henshaw, 103 

Plants from the Air, news, 218 

Plants Threatened, news, 792 

Plants, Watering the, news, 41! 

Plaque Forming Cells in the Mouse Spleen: Effect of Phytohaemagglutinin 
(Gyózà Petranyi, jun., György Janossy and Pal Alfoldy), 78 

Plasma Angiotensinase: Identification as Aminopeptidase (A. B. Kurtz and E, D. 
Wachsmuth), 93 

Plasma Corticosterone and Open Field Activity in Mice reared with Rat Aunts 
Victor H. Denenberg, Kenneth Rosenber, Richard Paschke and M. X. 
Zarrow), 73, erratum, 202 

Plasma Proteins: Two-dimensional Resolution by Combination of Polyacryi- 
amide Disc and Gradient Gel Electrophoresis (J. Margolis and K. G. 
Kenrick), 1056 

Platelet Aggregation: Interactions of Dipyridamole and Adenosine on (R. B. 
Philip and J. R, V. Lemieux), 1162 

Platelet aggregation and Blood Coagulation initiation, importance of Polar Groups 
for (H. L. Nossel, G. D. Wilner and E. C. LeRoy), 75 

Platelets, Blood: D-Receptor for Serotonin on (Frank Michal), 1235 

Platelets, Incubation with Colchicine and Heavy Water: Retardation of Clot 
Retraction after (D, Shepro, F. A, Belamarich and F.,C, Chau), 563 

Platyhelminthes, Turbellaria (Freshwater Triclads) and Continental Drift (lan R. 
Ball and C, H. Fernando), 1143 

Pleiotropic Effects of Albinism on Open Field Behaviour in Mice (J. C. DeFries), 65 

Pleistocene Ice Lags: Evidence for (W. C, Kemp), 123 

Pleuronectidae: New Intergeneric Cross within, Dab x Flounder (John D. Riley 
and Graham T, Thacker), 484 

Piowshare: Outlook for, news, 708 

Plutoníum-244 in the Early Solar System (P. K. Kroda), 726 

Pneumonia: Vaccine Development in USA, news, 117 

Podocarpus and Agathis with Endogone Spores: Synthesis of Mycorrhizas in 
(G. T. S. Baylis}, 1267 

Poisoning, Chronic Diisopropylfluorophosphate: 
Adenoma after (Peter H. Glow), 1265 

Poland: Development oí Scientific Research in (Ignacy Malecki), 622 

Polar Groups: Importance for initiating Blood Coagulation and aggregating 
Platelets (H. L. Nossel, G. D. Wilner and E, C. LeRoy), 75 

Polar lonosphere: Universal Time Control of (R. A. Challinor), 941 

Polar Mutations and Operon Function (D. Zipser), 21 

Polarity Reversal and Hypostome Formation Inhibitions in Hydra (Judy Hicklin, 
Amata Hornbruch and L. Wolpert), 1268 

Polarization-Albedo Relationship for Selected Lunar Regions (S. F. Pellicori), 161 

TARDO of Radio Pulsars from Pulsar CP 0328 (R. R. Clark and F, G. Smith), 

4 

Polarization Structure of interfacial Amorphous Films (G. |. Distler and L. A. 
Shenyavskaya), 52 

Polarizing Currents: Morphology of Motor Nerve Terminals Subjected to (E. M. 
Landau and S. Kwanbunbumpen), 271 

Polarography, Practical (J. Heyrovsky and P. Zuman), review by B. Fleet, 1080 

Policy, indian Science: Appearance and Reality in (Ashok Parthasarathi), 909 

Polished Brass, news, 10' 

Pollen Development: Role of the Tapetum in, Tradescontia (R. H. Mepham and 
G. R. Lane), 282 

Poliution, see Compromise Smog, news 404 

see London Grows cleaner, news, 602 

Pollution by Pesticides, see Not Enough Known, news, 302 

Pollution in USA, see Crying over Spilt Oil, news, 641 

Pollution of Coastline, see Oil Leak in California, news, 902 

Pollution, Thermal: Aquatic Environments, news, 116 


incidence of Chromophobe 


INDEX 


Polyacrylamide Disc and Gradient Gel Electrophoresis: Two-dimensional Resol- 
roe of Plasma Proteins by Combination of (J. Margolis and K. G. Kenric), 

Polyacrylamide Gels: Preparation with Protein and Use as High Capacity Immuno- 
sorbents (S. Carrel, H. Gerber and S. Barandun), 385 

Polyacrilonitrile Based Carbon Fibre: Stress Graphitization of (J. W. Johnson, 
J. R. Marjoram and P. G. Rose), 357 

Polyethylene: Incorporation of Functional Groups on the Surface of (A. Jean 
Osterass and Douglas A. Olsen), II 

Polymer Formation: see Ball and Chain, news, 807 

Polymerase, Host RNA: Role in Phage Development (E. Peter Geiduscheek and 
Jeffrey Sklar, 833; (Robert Haselkorn, Margaret Vogel and Ronald D. 
Brown), 836 

Polypeptide Hormone Precursor Protein in Endocrine Cells: 
Conformation of (A. G. E. Pearse), 1210 

Polypropylene Oxide, Optically Active: Piezoelectric Effect and its Temperature 
Variation in (Takeo Furukawa and Eiichi Fukada), 1235 

Polyribosome Formation and Nucleophores (R. H. Mepham and G. R. Lane), 288 

‘Polysaccharides: Formation by Hydra from Substrates Produced by their Endo- 
symbiotic Algae (Berton Roffman and Howard M. Lenhoff), 38! 

Polystyrene, Amorpous: Deformation Bands in, and their Relation to the Slip 
Line Field (P. B, Bowden and J. A. Jukes), 462 

Population, African: Quantitiative Variation of 6-Phosphogluconate Dehydro- 
genase in (H. Gordon, M. M. Keraan, Vivienne Woodburne and Eunice 
Sophangia), 96 

Population Control, see Life in che Negative, news, 698 

Population Dynamics, see Growth of the Sexes, news, 1103 

Population Fitness, see Mean Fitness Increases when Fitnesses are Additive 
(W. J. Ewens), 1076 

‘Populations, Natural: Genetic Polymorphism of Avena fatua and A. barbato 
D, R. Marshall and S. K. Jain), 276 

Populations, Wild of Small Mammals: Persistence of DDT in (Jobn B. Dimond 
and James A, Sherburne), 486 

Porcine Tongues: Putative Bitter-taste Receptor from (Stephen Price), 779 

Porosity of the Mouse Placenta to Maternal Cells (Maureen Tuffrey, N. P. Bishun 
and R, D. Barnes), 1029 

‘Porchester Castle, news, 508 

Porton Down, Laboratory at, news, 1187 

Positions, Optical, of Radio Sources (C. A. Murray, R. H. Tucker and E. D, 
Clements), 1229 

Possible Relation of a Null Solar Neutrino Fiux to the I} Year Solar Cycle (W. R. 
Sheldon), 650 

‘Possible Role in Contraction of Structurally Bound Phosphate of Muscle, (D. F. 
Cheesman and Anne Whithead), 736 

‘Post Office Under Fire, news, 1184 

Post-tetanic Potentiation of Twitch Contractions of Cross-innervated Rat Fast 
and Slow Muscles (R, Close and J. F. Y. Hoh), 179 

‘Potassium lon Activity: Measurements of, in the Cytoplasm of Living Cells 
(Gilbert N. Ling), 386 

Potato: Cytokinins and Tuber Initiation in Solanum tuberosum (C. E. Palmer 
and O. E. Smith), 279 

‘Potency, Anaesthetic, of CF, and SF, in Dogs (Stanley L. Miller, Edmond |. Eger, 
il, and Claes Lundgren), 468 

‘Potential, Resting, of Giant Axons of Squid: Effect of Temperature on (Ramón 
Latorre and M. Cecilia Hidalgo), 926 

‘Potentiation of Adenosine Activity by Low Oral Doses of Lidoflazine (A. H. M. 
Jageneau and W. K. A. Schaper), 184 

Power Costs, news, 

‘Power Station Pollution, news, 894 

Power Stations, see Too Much Delay, news, 1185 

Powerful Magnets at Last, news, 712 

Practical Ai hra (G. L. Squires), review by H. 1. J. Braddick, 1273 

Practical Polarography (1. Heyrovský and P. Zuman), review by B. Fleet, 1080 

Pre-breakdown Phenomena, Direct Current, in Liquid Nitrogen (R. Coelho and 
P. Sibillot), 757 

Pre-Cambrian Fig Tree Chert: Optical Configuration of Amino-acids in (Keith 
A, Kvenvolden, Etta Petersen and Glenn E. Pollock), 141 

Precision Measurement and Calibration-Selected NBS Papers on Temperature 
Gh, F, Swindells ed), review by C, R. Barber, 980 

Predictions of Extragalactic Gamma Ray Fluxes between | and 100 MeV (F. W. 
Stecker and Joseph Silk), 1229 

Treppe, Early: Stimulus and Response During, in the Mouse (Anne McLaren}, 


Random Coil 


Pregnant Women: Caesium-137 Short Half-times in (Wayne S. Zundel, Frank 
H. Tyler, Charles W. Mays, Ray D. Lioyd, William W. Wagner and Robert 
C. Pendleton), 89 

Prehistoric Animals and their Hunters (1. W. Cornwall, review by Jane M, Renfrew, 


Freiudice ane Probability, correspondence: (M. S. Bartlett), 786; (D. V. Lindley), 


Preliminary Investigation of Fat Embolism from Pulsed Ruby Laser Impacts of 
Bone (Leon Goldman, R. James Rockwell jun., Daniel Richfield, Claude 
Wilson, Marilyn Franzen, Patricia Owens Smith and Susan R, Hyatt), 361 

Preliminary Results of Measurements of Deep Currents in the Pacific Ocean 
(Joseph L. Reid), 848 

Preparation and Detection of Chiral Methyl Groups (J. Lüthy, J. Rétey and D. 
Arigoni), 1213 

Preparation of Polyacrylamide Gels which Contain Protein and their Use as High 
Capacity immunosorbents (S. Carrei, H. Gerber and S. Barandun), 385 

Prescription: Drugs on, news, 900 

Pressor Response to Angiotensins | and Il and Renin in Rats treated with Carbon 
Tetrachloride (O. A, Carretero, F. M, Bumpus and R. R. Smery}, 1067 

Pressure, Vapour, of H,'*O Ice (S. Matsuo and ©. Matsubaya), 463 

Pressure Vessels; Boom in, news, 405 

Presymptomatic Detection and Early Diagnosis, A Critical Appraisal (C. L. E. H. 
Sharp and Harry Keen), review by VW. W. Holland, 589 

Presynaptic Neurone, Single, mediates a Two Component Postsynaptic Inhibition 
GacSue Kehoe}, 866 

Prevention Betrer than Cure, news, 117 

Primitive Earth Atmosphere: Photochemical Reaction Mechanisms for Production 
of Organic Compounds in (R. A. Raff and G. M. Meaburn), 459 

Primitive Earth Conditions: Synthesis of Valine and Isoleucine in (Nadav Fried- 
mann and Stanley L. Miller), L152 

Principles and Practice for the Determination of Amino-acid Sequence (Waiter 
A, Schroeder), review by Brain S. Hartley, 102 

Principles of Chemistry (Sonia Dunstan), review by Peter Sykes, 691 

Trece of roce Heterocyclic Chemistry (Leo A. Paquette), review by Peter 

ykes, 

Proanthocyanidins, Polymeric: Identification of the Thearubigins as (A. G. Brown, 
W., B. Eyton, A. Holmes and W. D. Ollis), 742 

Probability and Prejudice, correspondence (M. S. Bartlett), 786; (D. V. Lindley), 


Probability Studies, Mathematical, see The Two-armed Bandit, news, 1192 


xXx) 


Problems, Electrostatic: Solutions to Four Relevant co Energy of an jon crossing 
a Low Dielectric Membrane (Adrian Parsegiar, 844 

Problems of Conversion, news, 992 

Problems of Exploitation, news, 987 

Problems of Responsibility, news, 10 

Production of Hydrogen by Green Photosynthetic Bacteria (Chioropseudomanas) 
(E. N. Kondratieva and |, N, Gogotov), 83, co-igendum, 202 

Profession Misunderstood (Mary Scott), correspondence, 886 

Profit from Technology, news, 1089 

Progesterone Secretion in vivo by the Adrenal Gland of che Rar (Margaretha 
ORSI Helen M. Newport, Marion K. Birmingham and Helli Traikov), 
5 


Programme for the Select Committee, news, 1086 

Programming and Numerical Methods: an Introdiction to (T, Ra Dickson), 
review by J, G. Sime, 588 

Proliferation, Nuclear, see international Inspector, news, 9591 

Proline Hydroxylase Activity in Collagen and Collagen Synthesis: Relation 
between in Mammalian Cells (Burton Goldberg and Howard Green), 267 

Prolongation of Survival of Tumour-bearing Animais by Transfer of "Immune" 
RNA with DEAE Dexcran (Perry G, Rigby), 968 

Proposed Model Experiments on the Storage of Ligat Energy in Photosynthesis 
(H. Frohlich}, 976 l 

Proposed Test for the Radiation Mechanism of Pulsass (M. L. Good), 250 

Prostaglandin E,: Inhibition of Gastric Acid Secretion in vitra by (L. Way and 
R. P. Durbini, 875 l 

Prostaglandins, Synthetic: Biological Activity of P. aV, Ramwell, Jane E. Shaw, 
E. J. Corey and N, Andersen), 125] 

Prostate and Kidney Specimens, Human, Malignant end Non-malignanc: Aspara- 
gine Synthase Activity in (Morton D. Prager Paul C. Peters, JeHerson O. 
Janes and ina Derr}, | 

Prospecting from Above, news, 611 . 

Prostaglandin: Luteolytic Effect in Guinea-pig (F. R. «latchley and B, T. Donovan), 
1065 


Protamine Sulphate and Environmental Temperature: Effect of on Mouse Sarcoma 
180 (E. M. Giaser and J. P. Austin), 87 

Protease and Other Enzymes from the Venom of Lethocerus cordofanus, Studies 
on (A. R. Rees and R. E. Offord), 675 

Protection from Oxygen, news, 519 

Protection of Peptides of Biological Origin for Use as fetermediates in the Chemical 
Synthesis of Proteins (R. E. Offord), 37 

Protein, Chemical Synthesis, Protection of Peptides of Biological Origin for 
Use as Intermediates in (R. E. Offord), 37 

Protein Chemistry, see Denaturation and Refolding news, 317 

Protein Concentrates, Marine, and Seafoods: Natura! and Artificial Radionuclides 
in (Thomas M. Beasley, Charles L. Osterbergeand Yvonne M, Jones), 1207 

Protein in Polyacrylamide Gels and their Use as Hich Capacity Immunosorbents 
(S. Carrel, H. Gerber and $, Barandum), 385 

Protein Initiation Factors: Isolation from 308 Ribesomal Subunits (R. Parente 
Rosina, A. Eisenstadt and J. M. Eisenstadt), 353 

Protein, New Placental: Characterization and Properties of (Francesco Beas and 
Hernando Flores), $74 

Protein, Polypeptide Hormone Precursors, in Enwacrine Cells: Random Coi 
Conformation of (A. G. E. Pearse}, 1210 

Protein Structure, see Mechanism of Enzyme Action. news, 13 

Protein Synthesis: Errors in, and Clonal Senescense in Fungi (Robin Holliday}, 

122 


Protein Synthesis in Muscle: Interference of Various Antibiotics and other 
Compounds with, and their Influence on “Metabolic Regulation (K. L, 
Manchester), 188 

Protein Synthesis in Peas: Streptomycin Inhibition Reversed by Divalent Cations 
(M. À. Venis), 1147 " 

Protein Synthesis, Late, on the Human X Chromosome: Incorporation of Tritium 
of *H-Arginine into DNA as the Explanation of (David E, Comings), 570 

Proteins and Peptides: Quantitative Approach to the Sequential Degradation of 
(Frank F. Richards, William T. Barnes, Robem E. Lovins, Ramon Salomone 
and Michael D. Waterfield), 1241 i 

Proteins, Functional: Synthesis in X-irradiated Mammalian Calls (R. A. Tobey, 
D, F. Petersen and R. A, Waiters}, 191 

Proteins, Membrane, news, 614 

Proteins, Nuclear, of Hepatocyte and Erythrocyte Sluciei of Frog Liver (Carolyn 
i. Burdick and Marion Himes), 1150 

Proteins, Plasma: Two-dimensional Resolution by Combination of Polyseryl- 
amide Disc and Gradient Gel Electrophoresis d. Margolis and K, G., Kenric), 
1056 

220 MHz Proton Nuclear Magnetic Resonance Spectra of Retinals (Dinshaw J. 
Patel), 825 

Proton-Antiproron Annihilation, 
(F. W. Stecker), 425 

Protons, New Ways with, news, | 101 ME 

Proximal Negative Response and the Local b Wave in che Retina, Distinction 
between (Dwight A, Burkhardt), 879 | . 

Proximity Effect in Catalysed Systems: a Dramat Effect on Ester Hydrolysis 
(J. R. Knowles and Carol A. Parsons), 53 M 

Psychology, Clinical: Assessment in (C, E. Gatherccie), review by Valerie Walker, 
3 


Metagalactic: Cosmic Gamma Rays from 


*. 
Psychology, Modern: The Beginnings of (W. M, O’ Nail), review by Valerie Valker, 
389 


Psychometric Assessment of the Individual Child (ougiass R, Savage), review by l 


Valerie Walker, 389 l o ME: 
Psychomimetics, One-Ring; Structure-Activity Relationships of (Alexander i) 

T. Shulgin, Thronton Sargent and Claudio Naranjo), 537, erratum, 786 m 
Psychrophily, Obligate, Molecular Determinants ofi Neil L. Malcolm), I3 
Publicity, see Soft Sell? news, 305 
Pulsar Amplitude Variations (E. E. Salpeter), 31, ersatum, 293 NE 
Pulsar Characteristics: Absence in several X-Ray Sources (H. Friedman, Too 

. Fritz, R, C. Henry, J. P. Hollinger, J. E Meekins and D, Sadeh), 34& 

Pulsar CP 0328: Polarization of Radio Pulses from /R. R. Clark and F, G. Smith), 

724 


Pulsar, Crab Nebula: Optical Pulsations in (R. E. Nather, B. Warner and M. 
Macfarlane), 527 l 7 
Television Detection of (J. $. Millar and E. J. Wamplar), 1037 " 
Pulsar Distances; Measurement by Galactic Hydrogen Absortion (M. Guélin, 
1. Guibert, W. Hutchmeier and L. Weiachew), 249 
Pulsar Emission and Rotating Neutron Stars (B. Bertotti, A. Cavaliere and F, 
Pacini), 624, erratum, 982 
Pulsar Flashes Photographed, news, 997 
Pulsar, Happy Birthday, news, 710 
Pulsar Intensity Variations: Frequency Structure c: (B. J. Rickert), 158 
Pulsar NP 0532, Crab Nebula (J. M. Comella, H. D. Craft, jun., R. V. E. Lovelace, 
J. M. Sutton and G. Leonard Tyler), 453 . 
Guisar NP 0532: Discovery of Optical Signals from (W. L Cocke, M, J. Disney 
and D. J. Taylor), 525 











xxxii 


Pulsar Periods, Stability of (T, W. Cole), 29 
Pulsar PSR 0833-45: Detection of a Change of State in (V. Radhakrishnan and 
R. N. Manchester), 229 
Evidence in Support of a Rotational Model for the (V. Radhakrishnan, D. J. 
Cooke, M. M. Komesareff and D. Morris), 443 
Pulsars: Changing Periodicities in (J. G. Davies, G. C. Hunt and F. G. Smith), 27 
Clustering of, along the Galactic Plane (R. Wielebinski, A. E. Vaughan and 
B Mil. pei Mi 47 
istance Estimates for (Michael Grewing, Ulrich i 
tonite), 95] ( gu Mebold and Kristen 
Frequency of Events Producing (Virginia Trimble), 1038 
Galactic HH and the Dispersion Measures of (Kris Davidsen and Yervant 
; Tura 729 
mplizations of Observations of Very High Energy Gamma Rays from (M. V. 
Krishna Apparao), 645 ibis st ze in 
ee Dipole Radiation from (James E. Gunn and Jeremiah P. Ostriker), 
Narure of Radio and Optical Emissions from (Hong-Yee Chiu, Vittorio 
Canuto and Laura Fassio-Canuto), 529 
Proposed Test for Radiation Mechanism of (M. L. Good), 250 
White Dwarf Atmospheric Pulsations (David C. Black), 157 
see Astronomers See the Light, news, 413 
Pulsars and Ancient Chinese Records of Supernova Explosions (C. S, Shen), 1039 
Pulsars may be Rotating Neutron Stars, news, 122 
Pulsars, Nature, and Rotating Neutron Stars (T. Gold), 25 
Pulsating Radio Sources, Two New (1. H, Taylor and G. R. Huguenin), 816 
Pulse Labelled DNA: Artefact in the Measurement of (A, R. Lehmann and M. G, 
Ormerod), 1053 l 
Pulse Radiolysis Method: identification of Essentia! Residues in Lysozyme by 
iJ. E, Aldrich, R, B. Cundall, G. E. Adams and R. L. Wilson), 1049 
Pulsed Ruby Laser Impacts of Bone: Preliminary Investigation of Fat Emboli- 
zation from (Leon Goldman, R. James Rockwell jun., Daniel Richfield, 
Ciaude Wilson, Marilyn Franzen, Patricia Owens Smith and Susan R. 
Hyatt), 361 
Purification of influenza Virus in the K-II Zonal Centrifuge (John L. Gerin and 
, Norman G. Anderson), 1255 
Purines:  Hydrogen-bond Association of N(4)-Hydroxycytosine with (D. M, 
_ Brown and M. J. E, Hewlins), 656 
Putative Bitter-taste Receptor from Porcine Tongues (Steven Price), 779 
Pyrolysis, Low Temperature, of Methane over some Transition Metal Surfaces: 
Graphite Formation from (S, D. Robertson), [044 
Pyrolytic Boron Nicride: Compression Annealing of (A. W. Moore), 1133 


Qo. see Cunard Turbines Examined, news, 599 
see Cunard's Shake-down, news, 208 
see Turbine Trouble Diagnosed, news, 892 

Quantitative Approach to the Sequential Degradation of Proteins and Peptides 
(Frank F. Richards, William T, Barnes, Robert E. Lovins, Ramon Salomone 
and Michaei D. Waterfieid), 1241. 

Quantitative Variation of 6-Phosphogluconate Dehydrogenase in an African 
Population (H. Gorden, M. M. Keraan, Vivienne Woodburne and Eunice 
Sophangia), 96 

Quantum Efficiency, Relative, of Photosynthetic Oxygen Production in Chloro- 
plasts of Spinach (H. Lundegárdh), 280 

Quantum Mechanics, see Calculating Bounds for Overlap, news, 17 

Foundations of (Joseph M. Jauch), review by S. Zienau, 587 

Quartz, Diffusion Paths in (W. 5, Mortley), 359 

Quasar Red-shifts; Interpretation of (D. E. Piper), 919 

Quasi-stellar Objects, 3C 454-3: Optical Variations of (Phillip K. Li and James H. 
Hunter, jun.), 755 


R boit Flea: Does a Pheromone-like Factor from the Nestling Rabbit stimulate 
Inpregnation and Maturation in the? (Miriam Rothschild and Bob Ford}, 
1169 


Rabbit Globin: Synthesis by a Bacterial Cell Free System (D. G, Laycock and 
J. A, Hunt), 1118 

Rabbit, Nestling: Does a Pheromone-like Factor from it stimulate Impregnation 
Meo mua" in the Rabbit Flea? (Miriam Rothschild and Bob Ford), 
i 

Rabies: Epidamiology of (Martin M. Kaplan), 421 

Rabies Virus: investigating the (Klaus Hummeler and Hilary Koprowski), 418 

Radar, Tuned Laser: Atmospheric Sodium Measured by (M. R. Bowman, A. J. 
Gibson, and M. C, W. Sandford}, 456 

Radiation: Haemoglobin Production in Mice Recovering from (B. I. Lord and 
R. Schofieid), 1060 

Radiation Diffusion in Antarctic lee Media (Gunter E. Weller), 356 

Radiation Doses, External, from Occupational Exposure (M. J, Duggan, E. Green- 
siade and B. E. Jones, 831 

Radiation, lonizing: Late Somatic Effects of (Charles D. Van Cleave), review by 
P. R. J, Burch, 783 

Radiation, Magnetic Dipole, from Pulsars (James E. Gunn and Jeremiah P. Ostri- 
ker}, 454 

Radiation Mechanism of Pulsars: Proposed Test for (M. L. Good), 250 

Radiation, Microwave, see Microwave Background Isatropic news, f 100 

Radiations: a Test of the Two Chief Hypotheses on Changes in Chromosome 
MEME induced by (John A. Heddle, D. Whissell and D. Judy Bodycote), 
1158 


Radical, Free, Reactions modify Cellular Damage (N. J. F. Dodd and M. Erbert), 
1245 


Radicai lons (E. T. Kaiser and L, Kevan, ed), review by G. H. Williams, 494, corri- 
gendum, 694 

Radio Burst, Outstanding, Solar, at 4.2mm (D. L. Croon and R, J. Powell), 945 

Radio Emmission from Auroral Electrons (P, C. Gregory), 350 

Radio Observations of Sco X-1, news, 904 

Radio pulses from Pulsar CP 0328: Polarization of (R. R. Clark and F. G, Smith). 
724 


Radio Sources: a Positions of (C. A. Murray, R. H, Tucker and E. D, Clem- 
ents), 1229 

Radio Sources, Spectra: at Centimetre Wavelengths (A. H. Bridle), 349 

Radio Telescopes, see Straight Track for Cambridge, news, 605 

Radioactive Pollution, see Power Station Pollution, news, 894 

Radiobiology, news, B' 

see Feeling the Pinch, news, 598 

Radiocarbon Dating: New Method for the Combustion of Samples for (Harold 
Barker, Richard Burleigh and Nigel Meeks), 49 

Radiochemical Analysis: Substoichiometry in (J, Ruzicka and J, Stary), review by 
j. 4. Weiss, 392 

Radiochemicals, see More, Hotter, Better, news, 404 

Radioiodine in the Biosphere during 1968 (L. van Middiesworth), 104b : 

Radiolysis of Aqueous Biochemical Systems, Reconstitutional Mechanisms in: 
inhibitive Effects of Thiols (John Holian and Warren M. Garrison), 97 


INDEX 


Radiolysis (Pulse Method: identification of Essential Residues in Lysozyme by 
J. E. Aldrich, R. B, Cundall, G, E, Adams and R, L. Wilson), 1049 

Radionuclides, Natural and Artificial in Seafoods and Marine Protein Concen- 
ox (Thomas M. Beasley, Charles L. Osterberg and Yvonne M. Jones), 

Radium: Long Term Retention in Man (J. Rundo), 1058 

Railways, British, in Transition (Derek H. Aldecroft), review by Gerard Fiennes,. 


Random Coil Conformation of Polypeptide Hormone Precursor Protein in 
Endocrine Cells (A. G. E. Pearse), 1210 

Random Numbers in the Planes, news, 999 

Ramapithecus, North Indian: Ecology (lan Tattersali), 451 

Rat Aunts, Mice Reared with: Effects on Plasma Corticosterone and Open Field 
Activity (Victor H. Denenberg, Kenneth Rosenberg, Richard Paschke and 
M. X, Zarrow), 73, erratum, 202 

Rats, Senescent and Mature: Sex and Tissue Differences in Concentrations of 


a-Tocopherol in (William P. Weglicki, Zenaida Luna and Padmanabham 
P. Nair), 185 


Rats too Fertile, news, 906 

Raw Materials, see Sweet Sense, news, 6 

y-Rays and Electrons at GeV Energies: Nal (TI) Total Absorption Detector for 
(R. Hopstadter, E. B. Hughes, W. L, Lakin and |}. Sick), 228 

Reaction Mechanisms, Photochemical, for Production of Organic Compounds in 
a Primitive Earth Atmosphere (R. A. Raff and G. M. Meaburn), 459 

Readings, Scientific American: The Molecular Basis of Life, review by T. Tooze, 197 

Reality and Appearance in Indian Science Policy (Ashok Parthasarathi), 909 

Receptive Fields of Cells in the Visual Cortex: Modification occurring Spon- 
Mr and associated with Bodily Tilt (Gabriel Horn and Richard M. 

tib 

Receptor, Amino-acid, in Larvae of Pieris brassicae (Lepidoptera) (L. M, Schoon- 
hoven), 1268 

Receptors, Visual- Autofluorescence of (P. A. Liebman and R. A. Leigh), 1249 

D-Receptors for Serotonin on Blood Platelets (Frank Michal), 1253 

Recipe for Successful Research, news, 506 

Reconnaissance, Geochemical of the Lower Lias (1. Thornton, R. N. B. Moon and 
John S, Webb), 457 

Reconstitution Mechanisms in the Radiolysis of Aqueous Biochemical Systems: 
Inhibitive Effects of Thiols (John Holian and Warren M. Gibson), 57 

Red Ceil Ghosts, Human: Binding of Tritiated Digoxin to (J. C. Ellory and R. D. 
Keynes), 776 

Red Cells, Human: Inheritance of an Increased Sodium Pump in (J. S, Wiley), 122 

Red Data Book, see Plants Threatened, news, 792 

Red Light for Green Paper, news, 509 

Red-shifts, Quasar: Interpretation of (D. E. Piper), 9I9 

Redox Reaction caused by Photo-excited Dye Molecules and Fermi Level of 
Dyes: Relation between (Tadaaki Tani), 466 

Reducing Accidents, news, 212 

Reef, Barrier, Great: Atlas of (W. G. H. Maxwell), review by D. R. Stoddart, 978 

Regeneration and Repair, Vertebrate: Cellular Biology of (Anthony J. Schmidt), 
review by A. E. Needham, 591 ] 

Regional Uptake of *H-Melatonin from Blood or Cerebrospinal Fluid by Rat Brain 
(Fernando Anton-Tay and Richard J, Wuttman), 474 

Regius Professor, New, news, 992 . 

Relation Between Collagen Synthesis and Collagen Proline Hydroxylase Activity 
in Mammalian Cells (Burton Goldberg and Howard Green), 267 

Relation between Fermi Level of Dyes and Redox Reaction Caused by the Photo- 
excited Dye Molecules (Tadaaki Tani), 466 

Relations between the Sciences, The (C. F. A. Pantin), review by J. Z. Young, 1173 

Relationship between Oxygen Consumption and Swimming Speed in the Haddock, 
Melanogrammus aeglefinus (P. Tyler), 274 . 

Relationship between Virion Incidence and Pathological Stage in Virus-induced 
Leukaemia (Marvin A, Rich, Richard Siegler and Lewis W. Johns), 868 

Relative Quantum Efficiency of Photosynthetic Oxygen Production in Chloro- 
plasts of Spinach (H. Lundegardh), 280 

Relaxation, Vibrational, of Nitric Oxide: Negative Temperature Coefficient of 
(an Orientation Effect) (J. Billingsley and A. B. Callear), 1136 

Religious Education in Britain, see Mr Shore's Shibboleth, news, 298 

corresponden:e (FH. N., V. Temperley), 593 

Renin and Angiotensins l and II: Pressor Response to, in Rats treated with Carbon 
Tetrachloride (O. A, Carretero, F. M. Bumpus and R. R. Smery), 1067 

Rennin Substitute, news, 714 

X174 Replication, news, 908 

Reprocessing Nuclear Fuel: Engineering for (Justin T, Long), review by R. Spence, 
1273 


Reproduction Multiplies, news, 1097 a 
Reproductive Newsletter, news, 995 
Reproductive Physiology Research Grants, see Reproduction Multiplies, news, 1097 
Research: Animals in, see Parliament in Britain, news, 705 
Boom in Australia, news, 113 
inbred Mice in (Michael F. W. Festing), 716 
The Germfree Animal in (M. E. Coates), review by John Bleby, 690 | 
Research, Agricultural: Organization and Administration of (I. Arnon), review by 
D. Rudd Jones, 1 174 
Research Association, Universities (US), see Accelerator in Demand, news, 901 
Research Councils for Another Year, news, 789 
see Growth Rates Confused, news, 891 
see Programme for Select Committee, news, 1086 
Research, Earthquake, see Aftermath of Alaska, news, 1096 
Research, Euratom, see Budget Trouble Again, news, 1087 
Research Expenditure, see Government More Bountiful, news, 790 
Research Finance in USA, see First Base for Dr Dubridge, news, 609 
Research Financing, see Boom and No Boom, news, 513 
Research, Fusion, see To Russia with Lasers, news, 1194 
Research in Management: see Recipe for Successful Research, news, 506 
Research in Wales, news, 509 ; 
Research, Industrial, see Tax against Innovation, news, 401 — ; 
Research into Crippling Diseases, Finance, see Money for Crippling Diseases, news,. 
897 


Research into Reproductive Physiology, see Reproduction Multipiies, news, 1097 

Research, Medical, in India, Review, news, il 

Research, Mitochondrial, Today (D. O. Hall and J. M. Palmer), 717 l : 

Research, Neurosciences, Vol, | (S. Ehrenpreis and Othmar C, Solnitzky), review 
by Leslie L. Iversen, 102 

Research on Aldabra, see Retrospect and Prospect of Aldabra Research (D. R. 
Stoddard), 1004 l . 

Research, Scientific: Development in Poland (ignacy Malecki), 622 — f 

Research, Soviet Space-Science: Handbook of (George E. Wukelic), review by 
G. A. Tokaty, 784 d . 

Residues of Dieldrin (HEOD) in Complete Prepared Meals in Great Britain during 
1967 (A. E. J. McGill, J. Robinson and M. Stein), 761 | 

Resonance in the Cochlea, see Is Resonance Possible in the Cochlea After Ali ? 
(A, F. Huxley), 935 





INDEX 


Resonance Lines, lon, He-like: Long Wavelength Satellites to, in the Laboratory 
and in the Sun (A. H. Gabriel and Carole Jordan), 947 

Respiratory Activity of Mitochondria from Legume Root Nodules (P. S. Muecke 
and §. T. Wiskich), 674, erratum, 982 

Respiratory Tract, Human, Nasopharyngeal Region of: Deposition of Aerosol 
Particles in (R. F. Hounam, A. Black and M. Walsh), 1254 

Respiratory Viruses, "New": 1132 Cells Sensitivity to (A. F. Bradburne), 85 

Respiratory Viruses, see Cold Comfort, news, 1194 

Responses of Rat Testes and Accessory Glands to Testosterone, Pilocarpine and 
Copulation (W. Lynn Hunt), 669 

Resting Potential of Giant Axons ef Squid: Effect of Temperature on (Ramón 
Latorre and M. Cecilia Hidalgo), 926 

Retardation of Clot Retraction After Incubation of Platelets with Colchicine in 
Heavy Water (D. Shepro, F. A, Belamarich and F. C. Chau), 563 

Retarded Ferns, news, i001 

Reticulocyte HL-A Antigens (R. Harris and J. D, Jervas), 1062 

Retina: Distinction between a Proximal Negative Response and the Local b 
Wave in (Dwight A. Burkhardt), 879 

Retina, Isolated Rat: Spontaneous Regeneration of Rhodopsin in (Richard A. 
Cone and Paul K. Brown), 818 i 

Retinal Images: Sizes of, formed by Distant Objects (Gerald H. Fisher), 584 

Retinaldehyde, Tritiated: Uptake by the Visual Pigment of Dark-Adapted Rats 
C. D. B. Bridges and S. Yoshikami), 275 

Retinals: 220 MHz Proton Nuclear Magnetic Resonance Spectra of (Dinshaw J, 
Patel), 825 

Retrospect and Prospect of Aldabra Research (D. R. Stoddart), 1004 

Reversible Activation of Lysosomes by Dimethy! Sulphoxide (Donald W. Misch 
and Margaret Misch), 862 

Reversible Effect of Actinomycin D on Nuclei of Amoeba discoides: Nuclear 

. Transplantation Study (1. J}. Lorch and K. W. Jeon), 1073 

RHA Phage, see Strange Ends, news, 217 

Rh-D Antibody Titres of Amniotic Fluids and Corresponding Maternal Sera in 
Rh-D Sensitized Pregnancies: Comparative Study (Magdalena Usategui- 
Gomez and Susan Stearns), 82 

Rhine, River, and the Netherlands Coastal Area: Chlorinated Bipheny!s in Fish, 
Mussels and Birds from (J, H. Koeman, M, C. ten Noever de Brauw and 
R. H. de Vos), 1126 

Rhinovirus: Inhibition by Isatin Thiosemicarbazone Analogues (1. M. Z. Gladych, 
J. H, Hunt, D. Jack, R. F. Haff, 1. 1. Boyle, R. C, Stewart and R. J. Feriauto), 


Rhodopsin: Spontaneous Regeneration in the Isolated Rat Retina (Richard A. 
Cone and Paul K. Brown), 818 
Rhodopsin Absorption Spectrum: 280 nm Absorption Band (Ruth Hubbard), 435 
500 nm Absorption Band (Ruth Hubbard), 432 
Rhodopsin Cycle in the Living Eye of the Rat (Richard A, Cone and Walter H. 
Cobbs, 820 


Ribonuclease, Pancreatic: Biological Function of (Eric A. Barnard), 340 

D-Ribose: Stimulation of insulin Secretion in the Rabbit by (Henry A. Sioviter 
and Milenko R, Petrovic), 371 

Ribosomal RNA of E. coli: An Infrared Analysis of Conformation (Rosalind |. 
Cotter and W. B. Gratzer), 154 

Ribosomal RNA: Non-random Variability in Evolution of Base Compositions of 
(Francesco Amaldi}, 95 

308 Ribosomal Subunits: isolation of Protein Initiation Factors from (R. Parenti- 
Rosina, A. Eisenstadt and J. M. Eisenstadt), 363 

Ribosomes of E. coli: Dehydration in Air without Loss of Activity (Taiki Tamaoki, 
Albert J. Faber and Tadakatsu Kato), 1050 

Rice Plant and its Culture, Improving the (Robert F. Chandler, jun.), 1007 

Rice, Transplanted Tropical: Selective control of Annual Grassy Weeds in, with 
PL) C organy Styrene (S. K. De Datta, R, T. Bantilan and J. K, 

ark), 

Rift System, see How Far does the Rift System extend through Africa ! i. D. 
Fairhead and R. W. Girdiler), 1018 

Rife ‘oe of the Middle East: Structural Evolution of (I. G. Gass and}. L. Gibson}, 


Right Direction, Step in the, news, 1099 

Ringwoodite, Natural (Mg,Fe),SiO, Spinel in the Tenham Meteorite (R. A. Binns, 
R. J. Davis and $. J, B. Reed), 943 

Risley, Unhappy, news, 598 

River Dimensions on the Earth and Moon: Geometric and Physical Scaling of 
(. J. Gilvarry}, 533 

River Rhine and the Netherlands Coastal Area: Chlorinated Biphenyis in Fish, 
Mussels and Birds from (J. H. Koeman, M. C. ten Noever de Brauw and 
R. H. de Vos), 1126 

RNA: ye ana of an, with the Properties of Haemoglobin Messenger (F. Labrie), 


Synthesis by Normal Mouse Spleen Cells after Stimulation with Antigen in 
vitro (Librado Ortiz-Ortiz and Bernard N. Jaroslow), 1153 
Synthesis during Early Development of the Mouse (H. R. Woodland and 
C. F. Graham), 327 
RNA and Nucleotides in the Brain: Effects of Cerebral Stimulation on the Bio- 
synthesis in vitro of (Carol Prives and J. H, Quastel), 1053 
RNA, Bacteriophage Qf: Sequences at the 5'-Terminus of (R. de Wachter and 
W. Fiers), 233 
RNA, Bacteriophage R17: Infectivity after Sequential Removal of 3'-Terminal 
Nucleotides (Robert Kamen), 321 
RNA Chain Growth Rate, news, 4111 
RNA Crystals, news, 13 
RNA "immune", Transfer with DEAE Dextran: Prolongation of Survival of 
Tumour Bearing Animals by (Perry G. Rigby), 968 
RNA 235 in E. coli: Evidence for Heterogeneity of (H. W. Schaup, J. B. Best and 
A. B. Goodman), 864 
RNA, Infectious, from Four Different Viruses in Continuously Subcuitured Aedes 
aegypti Mosquito Embryo Cells: Behaviour (J. Peleg), 193 
RNA, non-inducing, antagonizes the Induction of Interference with Animal Virus 
Infection (Y. Kawade and Masako Ujihara), 569 
RNA Phages, see Added End, news, 316 
RNA Polymerase: Factor Stimulating Transcription by (Richard R. Burgess, 
Andrew A. Travers, John J. Dunn and Ekkehard K. F. Bautz), 43, erratum, 202 
Native and Denatured DNA of Phage T3 and E. coli B as Templates 
for (Loretta C. Y. Cheong and Erwin Chargaff), 1144 
news, 
ANA Polymerase, Host: Role in Phage Development (E. Peter Geiduscheek 
and Jeffrey Sklar), 833; (Robert Haselkorn Margaret Vogel and Ronald 
D. Brown), 836 
RNA Pclymerase, Structure, Race to Discover, news, 122 
RNA, Ribosomal: Non-random Variability in Evolution of Base C Qnpositions of 
Francesco Amaidi), 95 
‘RNA, Ribosomal, of E. coli: an Infrared Analysis of Conformation of {Rosalind |, 
Cotter and W. B. Gratzer), 154 
RNA, Satellite Tobacco Necrosis Virus: 


Two 3'-Terminal Sequences in (E, 
Wimmer and M. E. Reichmann), 1122 ^ ub 


xxxiii 


RNAs from immunocompetent Cells exposed to "Antigen: Partial Charact- 
erization by Molecular Hybridization of (Edwasd P, Cohen), 685 

mRNA, see Messengers for Everyone, news, 1197 

tRNA, Crystalline Structure, Race to Discover, news. 122 

RA I Hon a oani 2 à ai 

tRNA, see Forms of Transfer RNA, news, l es ; 

tRNA, Tyrosine, in E, coli: Arrangements of the Hevical Regions (B. P. Doctor, 
W. Fuller and N. L. Webb), 58 

Roads, London: Box of, news, 409 

onde um bu pas 

Rocket for Apollo 8, news, ae 

Rocket of ced 253: Decay (D. G., King-Hele, Doreen M. C. Walker and 
P. E. L. Neirinck), 130 i T 

Rocks: Engineering si A of (1, W, Farmer), revisw by John R. V. Brooks, 392 

Role of Host RNA Polymerase in Phage Development (E. Peter Geiduscheek 
and Jeffrey Sklar}, 833; (Robert Haselkorn, "argaret Vogel and Ronald 
D, Brown), 836 TM mis m 

Role of the Intestinal Microvilii and Glycocalyx in the Absorption of Di 
saccharides (J. S. Prichard}, 369 E - 

Role of the Tapetum in the Development of Tradescantia Polien (R. H. Mepham 
and G., R. Lane), 282 : MET 

Role of the Vagus Nerve in the Control of the Consentration of Angiotensin H 
in the Circulation (R. L. Hodge, R., D. Lowe, X, K. F, Ng and J. R. Vane}, 

77 


Roman Pewter Hoard, news, 127 

Ronan Point, see Stronger Towers, news, 991 

Rooks: Importation of Nutrients into Woodlands byaJ. S. Weir), 4H7 | 

Root Nodules, Legume: Respiratory Activity of Mitodhondria from (P. S, Muecke 
and J. T. Wiskich), 674, erratum, 982 . M 

Rosette-forming Cells: Persistence in Long Term Soleen Cell Tissue Cultures 
(C. D. Baroni and Elsie N, Ward), 766. 

Roskilde Ships, see Wooden Ships at Greenwich, news, 1188 

Rotating Neutron Stars, Pulsars as? news, 122 . x 

Rotating Neutron Stars and Pulsar Emission (B. Bertotti, A. Cavaliere and F. 
Pacini), 624, erratum, 982 . 

Rotating Neutron Stars and the Nature of Pulsars (T Gold), 25 

Rotational Model for the Pulsar PSR 0833-45: Evidence in Support of (V, Rad- 
hakrishnan, C, J. Cooke, M. M. Komesaroff ane D. Morris), 443 e 

Royal Charter for the institute of Physics, see New Constitution for British 
Physicists (M. Blackman), correspondence, 105 

Royal Society, see Encouraging Research in Schools, mms, 

see Units, news, 402 

Rubella Antigens Theta and lota: 
L. Le Bouvier}, 78 Sas, oy 

Ruminants in the Field: Tritiated Water in the Measurement of Milk Intake and 
Tissue Growth of (VV. V. Macfarlane, B. Howard and B, D. Siebert), 578 

Rusinga Island, Kenya: Miocene Stratigraphy and Age Dererminations (L A, 
van Couvering and J. A. Miller), 628 

Russia, see To Russia with Lasers, sews, 1194 

Russian Science Policy, news, 307 


Physicochemiczi Characteristics (George 


Sale: see Reducing Accidents, news, 212 
Safety, Car, see Handling Vehicles in Emergencies, news, 417 
Safety of Blocks of Flats, see Ronan Point Discussed, sews, 892 
Sagittarius Sources, Four, and Sco X-i: Low-energy X-ray Spectra of (5. Rappa- 
port, H. V. Bradt, $. Naranan and G. Spada), 428. "E 
Sahara: the Anophelinae of Africa South of the (M, T. Gillies and Botha de Meiteni, 
review by W, Peters, 1175 l - T 
Salbutamol (AH.3365): Cardiovascular Effects of (G. 2. Kelman, E, IN. V. Palmer 
and M. R, Cross), 1251 m E , 
Salivary Gland Celis of Drosophila: Distribution of “ritiated Ecdysone in (Hans 
Emmerich), 954 
Sandwich Supercurrents, news, 516 l 
Sarcoma [80, Murine: Effect of Protamine Sulphate md Environmental Tempera- 
ture on (E. M. Glaser and J. P. Austin), 87 
Satelite Communication, see Shotgun Conference, news, 501 
Satelite Communications, see Discussing INTELSAT, sews, 894. ; 
Satellite Orbits: Measurable Effect of General Relasiviry in (E. M. Gaposchkin 
and James P. Wright), 650 MER 
Satellite Tobacco Necrosis Virus RNA: Two Y'-Termimal Sequences in (E. Wimmer 
and M. E. Reichmann), 1122 
Satellites, see Another Look at the lonosphere, news 3!2 
see More of the Same, news, 792 
Satellites Applied, news, 707 
Satellites, Long Wavelength, to the He-like lon Resomance Lines in the Laboratory 
and in the Sun (A. H. Gabriel and Carole Jordan), 947 
Scaling, Geometric and Physical, of River Dimensions on the Earth and Moon 
U. J. Gilvarry}, 533 
Scanning Electron Microscope: (Monochromatic Camodoluminescence Image in 
(P. M. Williams and A. D. Yoffe}, 952 
Scanning Electron Microscopy of Healing Wounds L C. Forrester, T. Ko Hunt, 
T. L. Hayes and R. F. W. Pease), 373 . 
Scenedesmus Cultures, Synchronous: Emerson Enhancement Effect in (Horst 
Senger and Norman |, Bishop), 975 e . l i 
Scent, Male Tarsal: Chief Component Isolation, @entification and Function, 
Black-tailed Deer (Robert G. Brownlee, Robert M, Silverstein, Dierfand 
Müller-Schwarze and Alan G. Singer), 284. — P l 
Schizophrenia and Health: Urine Volume and Pink Spots in (1, A, G. Ware, 
G. W. Ashcroft, J. 1, Daly and J. R. Smythies) 97! die 
Schlieren Method: Velocity Measurement by combing the Doppler Principle 
with (M. J, R. Schwar and F, J. Weinberg), 357 
Schofield, Dr. B. M., obítuory, 885 
School, Unfed to, news, 1088 ae 
Schwann Sheath, Myelin: Movements of the Vertebmate Axon in (Marcus Singer 
and Susan V, Bryant), 1148 i " 
Science: A Short History of (J, G. Crowther), review by Marie Boas Hall, 1079 
National Medal cf, Awards, news, 312 
ar in, see Who wants to be a Scientist? (C. A. Mawson), correspondence, 


Science and Society, see Problems of Responsibility, aews, 10 
Science and Technology Institutes, Council of, see Modicum of Unity, news, 402 
Science, Department of History and Philosophy of, sse Demise of a Department, 
news, 995 
Science Expenditure: Britain, news, 207 
Science, Growth and Spread of (J. M. Ziman), 521 
Science in History (1. D. Bernal), 1174 
Science, more Children for, news, 607 
correspondence (ohn Walker}, 1178 
Science Policy, see Growth Ahead in Canada, news, JOT 
see, Staff Changes at NRC, news, 116 
Rience Policy, Canadian, see Debate without End, news, 1098 











xxxiv 


Science Policy, Indian: Appearance and Reality in {Ashok Parthasarathi), 909 

Science Policy, Russian, news, 307 

Science, US: Modest Budget for, news, 309 

Science Year 1968, review by Nicholas Wade, 293 

Sciences, The Relations between the (C.F. A. Pantin), review by J, Z. Young, 1173 

Scientific American Readings: The Molecular Basis of Life, review by J. Tooze, 197 

Scientific Instruments, see Cataloguing the Hoards, news, 704 

Scientific Papers, Selected, of Egil A. Hylleraas (John Midtdal, Knut Thalberg and 
Harald Wergeland ed), review by S. F. Edwards, 785 

Scientific Research: Development in Poland (Ignacy Malecki), 622 

ae ni Engineers: Special Functions for (W. W. Bell), review by L. Mirsky, 


Scientists, Biographical Dictionary of (Trevor i. Williams and Sonia Withers ed), 
review by Andrew Millington, 1081 

Scientists Honoured, news, 4 

Scientists in US, Survey, see V hat Professionals Do, news, 709 

Sclerosing Panencephalitis, Subacute: isolation of Measles Virus from a Brain 
Biopsy (Luiz Horta-Barbosa, David A. Fuccillo, John L, Sever and Wolf- 
gang Zeman), 974 

Sco X-! and Four Sagittarius Sources: Low-energy X-ray Spectra of (S. Rappaport, 
H. V. Bradt, S. Naranan and G. Spada), 428 

Scorpius X-1: Radio Observations of, news, 904 

Scottish Astronomy, see Astronomer Royal Reports, news, 797 

see Seeing from Glasgow, news, 1092 

Sea Boundaries, see More Coast-—More Sea Bed? news, 795 

Sea, Irish, Discussing the, news, 415 

Sea Level Control Relative to the Continents (Richard Lee Armstrong), 1042 

Sea Urchin Egg: Kinetic Evidence for an intermediate Stage in the Fertilization 
of (P. F. Baker and R, Presley), 488 

Seafood, Freezing, see Storing Crayfish, news, 413 

Seafoods and Marine Protein Concentrates: Natura! and Artificial Radionuclides 
in (Thomas M. Beasley, Charles L. Osterberg and Yvonne M. Jones), 1207 

Sea-ice, Springtime: Diurnal Variation in Underwater Noise beneath (A. R. 
Milne and J. H. Ganton), 851 

Sea-Serpents: In the Wake of the (Bernard Heuvelmans}, review by J. Tooze, 1275 

Secretion of Pregn-4-ene-3,20-dione (Progesterone) in vivo by the Adrenal Gland 
of the Rat (Margarethe Hoizbauer, Helen M. Newport, Marion K. Birming- 
ham and Helli Traikov), 572 

Secretary yA Antibodies induced by Local Immunization (Robert J. Genco and 
Martin A, Taubman), 679 

Sedimentation Velocity Properties of Complex Mitochondrial DNA (Bruce 
Hudson and Jerome Vinograd), 332 

Seeing from Glasgow, news, 1092 

Segregation of Lymphocyte Populations through Differential Migration (Eugene 
M. Lance and Robert N. Taub), 84! 

Sei wie Balaenoptera borealis Lesson: Siamese Twins in the (A. Kawamura), 


Seismic Anisotropy: Generation in the Upper Mantle aleng the Mid-Oceanic 
Ridges (T. J. G. Francis), 162 
Seismicity and Gravity of Asymmetric Active Regions (Trevor Hatherton), 353 
Seismology, see New Zealand Rumble, news, 705 
see What has Vela Uniform Accomplished, news, 511 
Select Committee, Programme for, news, 1086 
selects d opis in Medical Genetics (Cyril A. Clarke ed), review by E. H.R. Ford, 


Selective Control of Annual Grassy Weeds in Transplanted Tropical Rice with 

PA ar aaa Styrene (S. K. De Datta, R, T. Bantilan and J. K. 
ark), 

Selective Scientific Papers of Egil A. Hylleraas (John Midtdal, Knut Thalberg and 
Harald Wergeland ed), review by S. F. Edwards, 785 

Self-isolation of the Foetal Trophoblast (Bryn M. Jones and R. B. Kemp), 829 

Senscence, see Inheritance of Old Age, news, 1191 

mene Clonal, and Errors in Protein Synthesis in Fungi (Robin Holliday), 
1224 


Senescent and Mature Rats: Sex and Tissue Differences in Concentrations of 
a-Tocopherol in (William P. Weglicki, Zenaida Luna and Padmanabhan 
P. Nair), 185 

Sensitivity of LI32 Cells to Some “New” Respiratory Viruses, (A. F. Bradburne), 85 

Sensitization of Complement Resistant Bacterial Strains (B. L. Reynolds and D. 
Rewley), 1259 

Sentinel Anti-ballistic Missile System, see The Anti-McNamara Missile, news, 1095 

Separation and Precipitation of Metal lons by Inorganic and Microbail Sources 
in Banded Sulphide Formation (B. Bubela and J. A. McDonald), 465 

Sequence of the in vitro Transcription of T4 DNA (Gabriele Milanesi, Edward 
N., Brody, E. Peter Geiduschek), 1014 

sadun de 5'-Terminus of Bacteriophage QBRNA (R. de Wacter and W, 
iers), 

Sequential Action of Cytokinin and Gibberellic Acid in Wheat Aleurone Tissue 
(D. Eastwood, R.J. A. Tavener and D. L. Laidmnan), 1267 

Sequential Degradation of Proteins and Peptides: QZ Quantitative Approach to 
(Frank F. Richards, William T. Barnes, Robert E. Lovins, Ramon Salomone 
and Michael D, Waterfield), 1241 

Sera, Normal, Human: Ántibody-like Activity te the 2,4-Dinitrophenyl Group 
in (Michael Brandriss), 960 

Serially Repeated Gene Copies, Callan's Chromosome Model of, and Mutable 
Genes in Maize (Peter A. Peterson), 480 2 

Serotonin: D-Receptor for, on Blood Platelets (Frank Michal), 1253 

Serum Albumin, Human: Albumin Gainesville a New Variant of, Genetics 
Thomas Lau, E. William Sunderman, jun., Shyam S. Agarwal, Alton i. 
Sutnick and Baruch S, Blumberg), 66 

Serum and other Secretions: Specific Tear Albumin: a Unique Lachrymal Protein 
absent from (Benjamin Bonavida, Alfred T. Lapse and Eli E. Sercarz), 375 

Serum Lipoproteins, High Density: 220 MHz Nuclear Magnetic Resonance 
Spectra of (D. Chapman, R. B. Leslie, R. Hirz and A. M. Scanu), 260 

Serum o,-Macroglobulins: Concentrations in Twins (Anne Thompson, C. H. W 
Horne, Hazel Steele and R. B. Goudie), 289 

Serum Proteins of Normal and “Lymphoid Tumour '-Bearing Xenopus: Electro- 
phoretic Study (1. Hadji-Azimi), 264 

Seventeenth Century Metaphysics (W. von Leyden), review by F. i. G. Rawlins, 


4 

Sewing Machines, The Great Emancipator, news, 117 

Sex and Species-specific Compounds from the Heads of Male Bumblebees (Bombus 
spp), (D. H. Calam), 856 

Sex and Tissue Specific Differences in Concentrations of a-Tocopherol in Mature 
and Senescent Rats (William B. Weglicki, Zenaida Luna and Padmanaghan 
P. Nair), 185 

Sex Determination Reconsidered, news, 410, erratum, 694 

Sex, Do Genes Determine? (Ursula Mittwoch), 446 

Sexes, Growth of the, news, 1103 

Sexual Excitement: Induction by the Action of Adrenocorticotrophic Hormone 
in Brain (A. Bertolini, W. Vergoni, G. L. Gessa and W. Ferrari), 667 

Sexual Selection in the Mimetic Butterfly Hypolimnas Misippus L. (Malcolp 
Edmunds), 488 


INDEX 


SF, and CF,: Anaesthetic Potency in Dogs (Stanley L. Miller, Edmond I. Eger, 
if, and Claes Lundgren), 468 
Sheath, Myelin Schwann: Movements of the Vertebrate Axon in (Marcus Singer 
and Susan V. Bryant), 1148 
Shedding of the Penis in Littorina littorea ohn Grahame), 976 
Sheep: Cyclophosphamide as a Chemical '"Defleecing'"" Agent for (E. H. Doinick, 
Ivan L. Lindahl, C. E. Terrill and Paul J. Reynolds), 467 
Effect of Dietary Chlortetracycline on the Rate of Growth of Wool in 
(M. K, Hill and Jennifer R. Wythes), 1057 
Viruses isolated from U. B. McFerran, R. Neison, J. M. McCracken and 
i. G, Ross), 194 l 
Shelis, British (Nora F, McMillan), review by A, Graham, 496 
Shibboleth, Mr Short's, news, 298 
correspondence (Patrick Failon}, 786,H. N. V. Temperley, 593 
Shipbuilding, see Boom in British Shipyards, news, 414 
see Cunard Turbines Examined, news, 599 
see Turbine Trouble Diagnosed, news, 892 
Ships, see Wooden Ships at Greenwich, news, 1188 
Ships at Greenwich, news, 211 
Shoots, Small Tillers to Spike-producing, in Wheat: Carbohydrates Translocation 
in (F. G. H. Lupton and M, J. Pinthus), 483 
Shore on the Sea of Tranquillity, news, 120 
Short Half-times of Caesium-!37 in Pregnant Women (Wayne S. Zundel, Frank 
H, Tyler, Charles W., Mays, Ray D. Lloyd, William W. Wagner and Robert 
C. Pendleton), 89 
Short History of Science (1, G. Crowther), review by Marie Boas Hall, 1079 
Short, Mr, see under Mr Short's Shibboleth 
Shotgun Conference, news, 50) 
Show-ali, news, 1186 
Shutdown at LSE, news, 400 
Siamese Twins in the Sei Whale Balaenoptera borealis Lesson (A. Kawamura), 490 
Silicone Fluids: Thermal Decomposition at Metal Surfaces (R. F. Willis), 1134 
Pimp ans Complex Vibratory Systems (Eugen Skudrzyk), review by E. Downham, 


Simulium Eggs: Effect of Larvicides on (R. C. Nuirhead-Thomson and Judith 
Merryweather), 858 

Single Presynaptic Neurone mediates a Two Component Postsynaptic inhibition 
(JacSue Kehoe), 866 

SIPRI, see What has Vela Uniform Accomplished? news, 511 

Sit-in at Chicago, news, 512 

Sizes of Retinal Images formed by Distant Objects (Gerald H. Fisher), 584 

Skin, see Growth Control Mechanisms, news, 1090 

Skeletal Maturation Rate: Individual Variation in (W. A, Marshall), 91 

Sledgehammer for Nuts, news, 

Sliding Brushes in the Canberra Homopolar Generator (R. A. Marshall), 852 

Slime Mould Cells: Effect of EDTA on Electrophoretic Mobility of, and its rela- 
tionship to Current Theories of Cell Adhesion (D. Gingell and D. R. 
Garrod), 192 

Slip Line Field: Deformation Bands in Amorphous Polystyrene and their Relation- 
ship to (P. B. Bowden and J. A, Jukes), 462 

Slow Change to Metric, news, 303 

Slow Start for Electric Cars, news, 402 

Small Mammals: Persistence of DOT in Wild Populations of (John B. Dimond 
and James A. Sherburne), 486 

Smectic Liquid Crystalline Phase, Macroscopically Ordered: Nuclear Magnetic 
Resonance on (J. J. de Vries and H. J. C. Berendsen), 1139 

Smelting, Mathematical, news, 719 

Smelters, news, 405 

Social Anthropology and History (I. M. Lewis ed), review by S. 1. Tambiah, 493 

Social Medicine, see Red Light for Green Paper, news, 509 

Social Responsibility, More about, news, 1190 

Societies, see Unmilitant Engineers, news, 210 

Societies, Chemical, see Togetherness at Last, news, 993 

Society, British, for Social Responsibility, see More about Social Responsibility, 
news, 1190 

Society for Social Responsibility in Science, Conference, news, 10 

Society, Heredity and Evolution (1. Michael Lerner), review by Wilma George, 979 

Society, Women's Engineering, see Jobs for the Girls, news, 994 

sano 7 the Mdewakantonwan Santee (Ruth Landes), review by R, W, Dunning, 


Sodium, Atmospheric, Measured by a Tuned Laser Radar (M. R. Bowman, A. J. 
Gibson and M. C. W. Sandford), 456 
Sodium Cyclamate: Effect on the Growth of Rats compared with other Variations 
in the Diet (L. M. Dalderup and W. Vasser), 91 
Sodium Pump, Increased: Inheritance in Human Red Blood Cells (J. S. Wiley), 
2 


Soft Sell? news, 306 

Soils: Application of Microbe Analysis to the Study of Phosphorus in (R. H. 
Qureshi, D, A, Jenkins, R. I. Davies and J. A. Rees), 1142 

Soils and Groundnut Kernels in israel: Aflatoxin produced by 1,626 Isolates of 
Aspergillus flavus from (A. Z. Joffe), 492 

Soils, Tropical and Sub-tropical: Introduction to the Study of (P, Buringh), 
review by G, A. Worral, 103 

Solar Cycle, 11 Year: Possibic Relation of a Null Solar Neutrino Flux to (W. R, 
Sheldon), 650 

Solar Oblateness: Model Atmosphere Calculation of (B, R. Durney and i. W. 
Roxburgh), 646 

Solar Radio Burst at 4,2 mm, Outstanding (D. L. Croon and R. 1. Powell), 945 

Solar System, see The Endless Roundabout, news, I4 

Solar System, Early: Plutonium-244 (P. K. Kuroda), 726 

Solid State, see Dislocation on View, news, 125 

see Sandwich Supercurrents, news, 516 
see Unspectacular Progress, news, 315 

Solid State Masers (E. B. Tucker), review by A. Millington, 693 

Solids: Transport by Pipe, see Cheaper by Pipe, news, 514 

Solids, Organic: Evidence for Activated Carrier Mobility in (F. Gutmann, A. M. 
Hermann and A, Rembaum), 1237 

Solubility of Bile Salts (Donald M. Small and William Admirand), 265 

Solubilization and Some Properties of the Erythrocyte Receptor for Adenovirus 
Type 7 Haemagglutinin (A. R. Neurath, R. W. Hartzell and B. A. Rubin), 
1069 

Solutions, see Forces between Uncharged Plates, news, 126 

Solutions, Aqueous: Oxidation of Cf^* in (R, C, Propst and M. L. Hyder}, 114 

Solving Problems in Complex Numbers (D. Martin), review by L. S. Goddard, 292 

Solving Problems in Differential Calculus (L. M. Brown), review by L. S. Goddard, 
292 


Solving Problems in Dynamics (R. R. S. Cox), review by L. S. Goddard, 292 
Solving Problems in Vector Algebra (E. M. Patterson), review by L. S. Goddard, 
292 


Somatic Effects, Late, of lonizing Radiation (Charles D. Van Cleave), review by 
P, R, 1. Burch, 783 

Some Aspects of a Fluidised Zinc/Oxygen Electrode System (J. R. Backhurst, 
F. Gcodridge, R. E. Plimley and M. Fleischman), 55 


INDEX 


Some European Contributions to the Prehistory of Molecular Biology, (C. H. 
Waddington), 3 
Something for Everybody, news, 209 
Sonar: Monsters by (P. F, Baker), correspondence, 201 
Sonic Boom Shock Strengths, Minimum, and Overpressures (R. Seebass), 651 
Sonic Velocity, Compression and Density: Experimental Verification at High 
Pressure of the Relationship between (A. T. J. Hayward), 1047 
Soviet Space-Science Research, Handbook of (George E. Wukelic), review by 
G. A. Tokaty, 784 
Space, see ELDO Through the Looking Glass, news, 8 
see ELDO'S Future Programme, news, 990 
see First Look at Apollo 8 Pictures, news, 215 
see Mars, Venus and Beyond, news, 210 
Space Activities, news, 798 
Space Biology, see Risk of an Astrodemic (Solomon Garb), correspondence, 106 
Space-Science Research, Soviet, Handbook of (George E. Wukelic), review by 
by G. A. Tokaty, 784 
e for Scientists and Engineers (W, W. Bell), review by L. Mirsky, 


Specialist Committee, news, 897 

Species and Sex-specific Compounds from the Heads of Male Bumblebees {Bombus 
spp.) (D. H. Calam), 856 

Specific Conductance and pH: Variability in the Casiquiare-Upper Orinco 
(1. B. Thornes), 461 

Specific Tear Prealbumin: a Unique Lachrymal Protein Absent from Serum and 
ert Secretions (Benjamin Bonavida, Alfred T. Sapse and Eli E. Sercarz), 


Specificities, Additional, of Australia Antigen and the Possible Identification of 
Hepatitis Carriers (Cyril Levene and Baruch S, Blumberg), 195 

Specificity of Histones, news, 906 

Spectra, Electronic, of Thioformaldehyde and the Methyl Thiy! Radical (A. B. 
Callear, J. Connor and D, R. Dickson), 1238 

Spectra of Some Radio Sources at Centimetre Wavelengths, (A. H. Bridle), 349 

Spectra, Low-energy X-ray, of Sco X-i and Four Sagittarius Sources (S. Rappaport, 
H. V. Bradt, S. Naranan and G. Spada), 428 

Spectral Line Intensity Variations in Planetary Nebulae (Lawrence H. Aller and 
Gordon Malle 646 

Spectroscopy, Photoelectron, news, 903 

Spectrum, Abserption, of Rhodopsin: 280 nm Absorption Band (Ruth Hubbard), 
435; 500 nm Absorption Band (Ruth Hubbard), 432 

Spectrum, Continuous, of Taurus A at 1. 2mm Wavelength (J. E. Beckman, J. A. 
Bastin and P, E. Clegg), 944 

Spacirum 229 MHz Proton Magnetic Resonance of NADH (Dinshaw J, Patel), 


Speculative Newtonian Experimental Science and Franklin's Work Thereof: 
an inquiry (Bernard |. Cohen), review by L. Rosenfeld, 104 

Sperm, Rabbit: Capacitation in vitro with Mule Eosinophils (R. J. Ericsson), 568 

Spinal Cord and Brain, Human (Edwin Clarke and C, D. O'Malley), 689 

Spinal Cord, Embryonic: Degeneration of Nerve Fibres within (Arthur F. Hughes 
Margaret Egar and Tom Turner), 579 

Spinel, Ringwoodite, Natural (Mg,Fe),SiO, in the Tenham Meteorite (R, A. 
Binns, R. J. Davis and S, 1. B, Reed), 943 

Spiracies, Insect: Inhibitory Nerves to (P. L. Miller), 171 

Spleen Cell Tissue Cultures, Long Term: Persistence of Rosette forming Cells 
in (C. D. Baroni and Elsie N. Ward), 766 

Spleen Cells, Normal Mouse: RNA Synthesis by after Stimulation with Antigen 
in vitro {Librado Ortiz-Ortiz and Bernard N. Jarosiow), 1153 

Spleen, Plaque Forming Cells in the Mouse: Effect of Phytohaemagglutinin 
(Gyózà Petrányi, jun., Gyorgy Jánossy and Pal Alfoldy), 78 

Spleenic Lymphocytes: Increased Activity of Antithymus Serum after Absorption 
with (David C. Lueker and Jack L. Tribble), 682 

Spleens: Accumulation of Antibody-forming Cells in, Pre-immunized Irradiated 
Mice after Transplantation of Syngeneic Bone Marrow (Yu. M. Zaretskaya, 
E. I. Panteleev and R. V. Petrov}, 567 

Splenomegaly, Graft versus Host: Stimulation by Thymectomy of the Donor 
(S. Sheridan, G. R. J. Law and R. F. Ruth), 677 

Spontaneous and Amethopterin-induced Death of LI210 Leukaemia Cells in vivo 
eur G. Hofer, Stephen Rosenoff, Wolf Prensky and Walter L. Hughes), 


Spontaneous Mutation: Comparative Rates of (John W. Drake), 1132 
see Genetic Control of Mutation Rates in Bacteriophage T4 (John W. Drake, 

Elizabeth F. Allen, Susan A, Forsberg, Rosa-Maria Preparata and Elaine O, 
Greening), 1128 

Spontaneous Regeneration of Rhodopsin in the Isolated Rat Retina (Richard A. 
Cone and Paul K *Brown), BI8 

Spores, Endogone; Synthesis of Mycorrhizas in Podocarpus and Agathis with 
(G. T. S. Baylis), 1267 

Spots, Pink, and Urine Volume in Schizophrenia and Health (J. A. G. Watt, 
G. W, Ashcroft, J. J. Daly and J. R. Smythies), 97 

Squid, Giant Axons of: Effect of Temperature on Resting Potential in (Ramon 
Latorre and M. Cecilia Hidalso), 926 

Stability of Pulsar Periods (T. W. Cole), 29 

Stable Layers, see Turbulence and Mixing, news, 904 

Staff Changes at NRC, news, 116 

standart Enere Metabolism of Marsupials (Terence J. Dawson and A. J. Hulbert), 


Star M d and Nebulae, Messier's (Kenneth Glyn Jones), review by R. J. Taylor, 


Stars, Dusty? news, 416 

Starch Granules, Abnormal, and High Amylose Content: Genetic Control in a 
Mutant of Glacier Barley (J. T. Walker and N, R. Merritt), 402 

State of Newly Synthesized Hela DNA (R. B. Painter and A. Schaefer), 1215 

Statistics, see Britain's Science Expenditure, news, 207 

Statistics, Brighter (J. Maynard Smith), correspondence, 886 

Steel Industry, news, 405 

Steel Research, see Change Round at BISRA, news, 796 

Step in the Right Direction, news, 1099 

Stereochemistry of Formycin, see Original Syn, news, 907 

Stereochemistry of the Diquat lon in the Crystalline Dibromide Salt (J, E. Derry 
and T. A. Hamor), 464 

A Stereotaxic Atlas of the Brain of the Cebus Monkey (Cebus apella), (Sohan L. 
ad Totada R. Shantha and Geoffrey H. Bourne), review by F. Goldby, 

Steric Nature of the Chemo-receptor site of D and L-Sugars and Amino-acids 
and their Sweet Taste (R. S. Shallenberger, T. E. Acree and C. Y. Lee), 555 

Sterilized Female Rats, Androgen or Oestrogen: Oestrogen Receptors in (John 
L. McGuire and Robert D. Lisk), 1068 

Steroids, Urinary, in Breast Cancer, news, 218 

Stimulation of Graft versus Host Splenomegaly by Thymectomy of the Donor 
(S. Sheridan, G. R. J. Law and R. F. Ruth), 677 

Stimulation of Insulin Secretion in the Rabbit by D-Ribose (Henry A. Sloviter and 
Milenko R., Petrovic), 37 

Stimulus and Response during Early Pregnancy in the Mouse (Anne McLaren), 739 


Stimulus, Sensory: Effect on an Impaired Membrane Transport System in Man 
(A. 1. M. Glen, G. C. Ongly and K. Robinson),565 
STNV A Two 3'-Terminal Sequences in (E. Wirmmer and M. E. Ralchmann}, 


STOL Aircraft, news, 509 

Stomatal Closure and inhibition of Transpiration induced by (RS)-Abscisic Acid 
(Cathryn J, Mittelhauser and R. F. M. Van Steveninck), 281, erratum, 786 

Stonehenge: Eclipse Prediction at (R. Colton and R., 1. Martin), toii 

Storage by Computer, news, 404 

Storage of Light Energy and Photosynthesis (R. 5. Krox), 263 

Storage of Light Energy in Photosynthesis: Propo:ed Mode! Experiments on 
(H. Frohlich), 976 

Storage Rings, see Planning Experiments at CERN, news, 895 

Storing Crayfish, news, 413 

Straight Track for Cambridge, news, 605 

Strange Ends, news, 217 

Strange Surfaces, news, 1193 

Stratigraphic Analysis: Computer Applications in Jaan W, Harbaugh and Danie! 
F. Marriam), review by lan Michol, 199 

Stratosphere, Lower, and Upper Troposphere: Concentrations of CO, in (H. W. 
Georgii and D. lost), 1040 

Strength of Hard Alloys (Gersh S, Kreimer), review by W, ©. Alexander), 494 

Streptococci, Mostly of Oral Origin, Computer Classification of (D. B. Drucker 
and T. H. Melville), 664 

Streptomycin Inhibition of Protein Synthesis in Peas reversed by Divalent Cations 
(M. A, Venis), 1147 

Streptozotocin: Microbial Mutagenicity in Animai-mediated Assays (M, G. 
Gabridge, A. Denumzio and M. S. Legator), 68 

Stress, Biothermal: Effect of Vitamin Bj. on Motility and Palmella Formation in 
a Marine Flagellate under (Eliza Waller Easley). 1170 

Stress Corrosion Cracks: Fracture Path in Austesitic Stainless Steels (h D, 
Harston and J. C. Scully), 853 

Stress Graphitization of Polyacrylonitrile Based Casbon Fibre (1, W., Johnson, 
J, R. Marjoram and P. G. Rose), 357 

Stress, Heat, news, 1105 

Striped Muscle: Crystalline Deposits in, in Xanthinura (R. A, Chalmers, R. W. E. 
Watts, C. Pallis, L. Bitensky and J. Chayen), FO 

Stronger Towers, news, 991 

Structural Bases and Biological Mechanisms (Joseph C. Arcos, Mary F, Argus and 
George Wolf}, review by F. J. C. Roe, 391 

Structural Engineering, see Ronan Point Discussed, news, 892 

Structural Evolution of the Rife Zones in the Middis Ease (1. G. Gass and L L. 
Gibson), 926 

Structural Polymorphism in Chromosome 17 (E. Schmid and M, Bauchinger), 387 

aaa das ay ae of Immunoglobulin G (B. Frangione, C, Milstein and 1. R. L. 

ink), 
Structural Variations in Iron Meteorites (H. J. Axon. D, Elliott and P, L, Smith), 


Structure and Function Relationships in Isoenzym:s of Horse Liver Alcohol 
Dehydrogenase (R. Pietruszko, H, J, Ringold) T.-K. Li, B. L. Valiee, A. 
Akeson and H, Theorell), 440 

Structure and Performance of Hydrophobic Gas Electrodes (A. D.S . Tantram 
and A, C. C. Tseung), 167 

Structure of Subtilisin BPN at 2.5 A Resolution (Christine Schubert Wright, 
Richard A. Alden and Joseph Kraut), 235 

Structure, Physiology and Ecology of Molluscs: Studies in (V, Fretter ad), review 
by C. M. Yonge, 782 

Structure-Activity Relationships of One-Ring Psychomimetics (Alexander T. 
Shulgin, Thornton Sargent and Claudio Naranje), 537, erratum, TOS 

Student Entry to University, see Where the Student: go, news, | 

Student Power, see Shutdown at LSE, news, 400 

Student Protests, see Studied Moderation at Bristol, sews, 1091 

Student Troubles, see Sit-in at Chicago, news, 512 

Students, African, see Harvard Leaps Ahead, news, 39* 

Studied Moderation at Bristol, news, 1091 

Studies in the Structure, Physiology and Ecology c? Molluscs (V, Pretter ed), 
review by C. M. Yonge, 782 

Subacute Sclerosing Panencephalitis: 
Biopsy (Luiz Horta-Barbosa, David A. Fuccillo, John 
Wolfgang Zeman), 974 

Subnuclear Particles, new, news, 413 

Substoichiometry in Radiochemical Analysis (J. Ruzivka and J. Stary), review by 
J. 4. Weiss, 392 

Substorm, Magnetospheric, as a Discharge Process: (Syun-lchi Akasoful 1020 

Substrates produced by Endosymbiotic Algae of Hedra, formation of Polysac- 
charides from (Berton Roffman and Howard M: Lenhoff), 381 ru 

Subtilisin BPN: Structure at 2,5 A resolution (Christine Schubert. Wright, 
Richard A. Alden and Joseph Kraut), 235 

Success in the Sea, news, 805 l . 

Succinoxidase Complex: Fine Structural Localization on the Mitochondrial 
Cristae (M. Kalina, B. Weavers and A. G. E. Pearse), 479 

Sugar, New International Price Stabilisation Agreement, news, 6 l 

Sugars, D and L- and Amino-acids: Sweet Taste ofi and the Steric Nature at 

seie Chemo-receptorsSite (R. S, Shallenberger: T, E, Acree and C, Y. Lee), 

55 

Suggested Function of the Vascular Bundles in the Limbs of Perodictus potto 
U. A. Suckling, E, E, Suckling and A. Walker), 379 

Sulphides, Banded, Formation: Metal lon Separation and Precipitation by In- 
organic and Microbial Sulphide Sources (B. Bubela and J. A. McDonald), 
465 

Sun and Laboratory: Long Wavelength Satellites to the He-like lon Resonance 
Lines in (A. H. Gabriel and Carole Jordan), 947. l 

Superconducting Materials in Magnets, see Powerful Magnets at Last, mews, 712 

Supercurrents, Sandwich, news, 516 "En 

supennave Explosions, Ancient Chinese Records of, and Pulsars (C. $. Shen), 
to 


isolation of Measles Virus from a Brain 
L Sever and 


Supersonic Flight, see Hazards of Flying High, news, V: i 

Supply of Drugs, news, 405 

Support with Strings, news, 9 

Suppression of Conception with p-6-Methyi-B-cyanemethylergaline(1) in Rats 

(K. Rezabek, M. Semonsky and N, Kucharczyk), &56 

Surface of Polyethylene: Incorporation of Functiosal Groups onto (A, Jean 
Osteraas and Douglas A. Olsen), 1140 

Spree ena Thermal Decomposition of Silicone Fluids ar (R. P, Willis), 
1134 


Surge Phenomena in Electrical Machines (B. Heller and A. Veverka}, review by 
Colin Adamson, 1175 
Surveying, see Slow Change to Metric, news, 303 
Survival Prolongation of Tumour-bearing Animais ay Transfer of “immune” 
@ RNA with DEAE Dextran (Perry G, Rigby}, 968 


Sweet Sense, news, 6 








XXXVI 


Sweet Taste of D and L-Sugars and Amino-acids and the Steric Nature of their 


Chemo-receptor Site (R. S. Shallenberger, T. E. Acree and and C. Y. Lee), 


Swelling: Correlations of ATPase Activity and ATP Levels with Structural 

Alterations in Rat Liver Mitochondria during (Guido Zimmer, Hedwig 
, Ette and Peter Geck), 1160 

Swimming Speed and Oxygen Consumption, Relationship between in the Haddock, 
Melanogrammus aeglefinus (P. Tyler), 275 

Sympathetic Transmission: Increased Tyrosine Activity after Drug Induced 
Alteration of (H. Thoenen, R. A. Mueller and J. Axelrod), 1264 

Symposium on the Origin of the Solar System, news, 14 

Syn, Original, news, 907 

Syndrome, Down's, and lllegitimacy (Jacqueline Fabia), 1157 

Syndrome, Down's, and Maternal Age (P. R.J. Burch), 173 

Syndrome, Klinefeiter's, Dizygotic Twinning and Diabetes Mellitus (P. R. 1. 
Burch), 175 

Syndrome, Klinefelter's, Meiotic Chromosomes in (N. E. Skakkebaek, J, Phillips 
and R. Hammen), 1075 

Syngeneic Bone Marrow, Transplantation of; Accumulation of Antibody-forming 
Cells in Spleens of Pre-immunised Irradiated Mice after (Yu. M. Zaretskaya, 
E. f. Panteleev and R. V. Petrov), 567 

Synthesis of ATP and Recovery from Damage by Ultraviolet or y-trradiation in 
Yeast (A. F. Mosin), 261 

Synthesis of Functional Proteins in X-irradiated Mammalian Cells (R. A. Tobey, 
D. F. Petersen and R, A. Walters), 191 

Synthesis of Mycorrhizas in Podocorpus and Agathis with Endogone Spores (G. T. 
S. Baylis), 1267 

Synthesis of Rabbit Globin by a Bacterial Cell Free System (D. G. Laycock and 
3. A, Hunt), 1118 

Synthesis of RNA by Normal Mouse Spleen Cells after Stimulation with Antigen 
in vitro (Librado Ortiz-Ortiz and Bernard N. Jaroslow), 1153 

Synthesis of Valine and Isoleucine in Primitive Earth Conditions (Nadav Friedmann 
and Stanley L, Miller), 1152 

Synthetic Foodstuffs (P. C, Spensley), correspondence, 786 

Synthetic Procedures in Nucleic Acid Chemistry (W. Werner Zorbach and R. 
Stuart Tipson ed), review by R. M. S. Smellie, 691 

Synthetic Prostaglandins: Biological Activity of (P. W. Ramwel!, Jane E. Shaw, 
E. J, Corey and N, Andersen), 1251 


Taak Image Projection: Vision Substitution by {Paul Bach-y-Rita, Carter C. 
Collins, Frank A. Saunders, Benjamin White and Lawrence Scadden), 963 

Taenia Coli: Effects of Ethanol and Acetone on Action Potential and inhibitory 
Potential of, Guinea-pig (S. Sunano and E. Miyazaki), 380 

Tail of Bacteriophage, see Assembly of Phage Tail, news, 1002 

Tanzania: African Swine Fever Virus in Ticks (Ornithodoros moubata, Murray) 
collected from Animal Burrows in (W. Plowright, J. Parker and M. A. 
Peirce), 1071 

Tapetum: Role in the Development of Tradescantia Pollen (R. H. Mepham and 
G., R. Lane), 282 

Taste Acuity in relation to Hunger (Arnold R. Kaplan and Wilma Powell), 367 

Taste Receptor, Bitter, Putative, from Porcine Tongues (Stephen Price), 779 

Tate Gallery, see Art Galleries under Pressure, news, 703 

Taurus A: Continuous Spectrum at 1.2 mm Wavelength (J, E. Beckman, J. A. 
Bastin and P. E. Clegg), 944 

Tax against Innovation, news, 401 

Taxonomy, see Guide to Street Trees in Egypt, news, 10 

Taxonomy Bacteria: Numerical Classification, of news, 16 

A Plant: Modern Methods in (V. H. Heywood), review by Brian Styles, 


Taylor Vortices with Eccentric Rotating Cylinders (J. A. Cole), 253 
Teachers’ Pay (Medical Teachers) (Norman Morris, lan Bouchier, Gordon 
Cumming, Alastair Connell, Robert Lowe, lain Macintyre, Clifford Mawds- 
ley and Sidney Truelove), correspondence, 1081! 
Teachers, see Misunderstood Profession, news, 304 
see Misunderstood (Mary Scott), correspondence, 886 
Teach-in at Edinburgh, news, 406 
Technical Innovation, Management of, see Profit from Technology, news, 1089 
Technology; Another Gap, news, 300 
Technology, news, 405 
Technology and Science Institutes, Council of, see Modicum of Unity, news, 402 
Technology Collaboration in Europe, see Europe is an Interesting Place, news, 698 
Technology in Europe, see Experts review European Collaboration, news, 898 
Technology of Colour, see All Things Bright and Beautiful, news, 1186 
Technology, Profit from, news, 1089 
Technology, The European Institute of, see Managing without France, news, 399 
Teeth, see Preventing Dental Decay, news, 807 
Teichoic Acids: Direction of Chain Extension during the Biosynthesis of, in 
Bacterial Cel! Walls (Helen Hussey, D. Brooks and J. Baddiley), 665 
Telecommunications, see Whose Monopoly ? news, 793 
Telescope Another for Cambridge, news, 515 
Telescope Finance, see Space Money for Ground Telescope, news, 314 
SORT ENEOOR of the Crab Nebula Pulsar (1. S, Millar and E. J. Wampler), 


Temperature: Effect on Resting Potential of Gignt Axons of Squid (Ramón 
Latorre and M, Cecilia Hidalgo), 962 

Temperature Coefficient, Negative, of the Vibrational Relaxation of Nitric Oxide: 
an Orientation Effect (J. Billingsley and A. B. Callear), 1136 

Temperature, Low, Pyrolysis of Methane over some Transition Metal Surfaces: 
Graphite Formation from (S. 5, D. Robertson), 1044 

Temperature, Precision Measurement and Calibration, NBS Selected Papers on 
(J. F, Swindells, ed), review by C. R. Barber, 980 

Temperature Variation: Piezoelectric Effect ard its, in Optically Active Poly- 
propylene Oxide (Takeo Furukawa and Eiichi Fukada), 1235 

ia Fluctuating, and Length of Life in Drosophila (M. J. Hollingsworth), 


Temperatures, Low: Electron Spin Resonance Study of y-Irradiated Carbohydrate 
ices at (P. J, Baugh, K. Kershaw and G. C. Phillips), 1138 

Templates for RNA Polymerase: Native and Denatured DNA of Phage T3 and 
of E. coli B as (Loretta C. Y. Cheong and Erwin Chargaff), 1144 

Tenham Meteorite: Ríngwoodite, Natural (Mg,Fe),SiO, Spinel in (R. A. Binns, 
R. J, Davis and S. J. B. Reed), 943 

Ter, a Function which generates the Ends of the Mature 4 Chromosome (S. 

, Mousset and R, Thomas), 242 l 

Terminal Residue: RNA Phage, see Added End, news, 316 

Terminal Sequences, Two 3'., in Satellite Tobacco Necrosis Virus RNA (E. 
Wimmer and M, E. Reichmann), 1122 l 

Ternary Compounds of Uranium-Carbon and the Group VIH A Elements (H. R. 
Haines and P, E. Potter), 1238 

Terrestrial Ecology: Measurement of Environmental Factors in (R. M. Wadsworth, 
ed), review by P. 1, Newbould, 978 . f 

Testes and Accessory Glands of Rat: Responses to Testosterone, Pilocarpine fhd 
Copulation (W. Lynn Hunt), 669 


INDEX 


Testostercne, Pilocarpine and Copulation: Responses of Rat Testes and Accessory 
Glands to (W. Lynn Hunt), 669 l hae E 

Tests for Malnutrition, news, 1001 "o 

Mg ae: Intolerance in (G. Flatz, Ch. Saengudom arid T. Sanguanbhokhai), 


Thames Pollution, sze London Grows Cleaner, news, 602 

Thearubigins: Identification as Polymeric Proanthocyanins (A. G. Brown, W. B, 
Eyton, A, Holmes and W. D. Ollis), 742 

Theories, Current, of Cell Adhesion: Effect of EDTA on Electrophoretic Mobility 


ef sme Mould Cells and its relationship to (D. Gingell and D. R. Garrod), 


Theory of Island Biogeography (Robert H. MacArthur and Edward ©. Wilson), 
review by D. R. Stoddart, 78! 

Theory of Neutron Resonance Reactions (J, E. Lynn), review by S. Devons, 104 

Thermal Decomposition of Silicone Fluids at Metal Surfaces (R. F. Willis), 1134 

Theme, Variations on a, news, 905 

Thermoluminescence of Lithium Fluoride: Effect of Particle Size on (T. E. Burlin, 
F. K. Chan, G. D. Zanelli and F. W, Spiers), 1047 

Thermoplastics: Injection Mould Design for (R. G. W, Pye), review by F. T. 
Barwell, 59 

Thermoregulation, Behavioural and Physiological: Effect of Intrahypothalamic 
infusion of Acetylcholine on, in Rats (A. L. Beckman and H, J. Carlisle), 561 

i Ai Acid Derivatives Metabolism and the NIH Shift (D, M. Foulkes), 


Thin Films: Importance of, news, 998 
Thin Films, see Electrical Conductivity Measured, news, 617 
see Useful Sputtering, news, 809 

Thin Steel Strip Production, see Change Round at BISRA, news, 797 

Thioformaldehyde and the Methyl! Thiy! Radical: Electronic Spectra of (A, B. 
Callear, J. Connor and D. R. Dickson), 1238 

Thiols, Inhibitive Effects on Reconstitution Mechanisms in the Radiolysis of 
Aqueous Biochemical Systems (John Holian and Warren M. Garrison), 57 

Thymectomized Mice treated with Antilymphocytic Globulin and Mycobacterium 
leprae: Unexpected High Incidence of Tumours in (J, M. Gaugas, F. C. 
Chesterman, M, S, Hirsch, R. J. W. Rees, Jennifer J. Harvey and C. 
Gilchrist), 1033 

Thymectomy, Neonatal: Influence on Cloning Capacity of Bone Marrow Cells in 
Mice (Nathan Trainin and Peretz Resnitzky), 1154 

Thymectomy of Donor: Stimulation of Graft versus Host Splenomegaly by (S. 
Sheridan, G. R. J, Law and R, F, Ruth), 677 

Thymus Cells, Immunologically Competent, of Bone Marrow Origin (Gino Doria 
and Giovanna Agarossi), 871 

L-Thyroxine and L-Triiodothyronine: Increased Deiodination of, by Liver Micro- 
somes from Rats Treated with Phenobarbital (H. L, Schwartz, V. Kosyreff, 
M. f Surks and J. H. Oppenheimer), 1262 

Ticks (Ornithodoros moubata, Murray) collected from Animal Burrows in Tanzania: 
African Swine Fever Virus in (W. Plowright, J. Parker and M. A. Peirce), 1071 

Tidal Effects: Neutral Hydrogen Assymetry in the Galaxy MIO as Evidence for 
(J. S. Beale and R. D, Davies), 531 

Tidal Institute and Observatory and NERC, see Transformation and Growth, 
news, 1086 

Tilt, Bodily: Modifications of Receptive Fields of Cells in the Visual Cortex 
occurring Spontaneously and associated with (Gabriel Horn and Richard 
M. Hill), 186 

Time, Astronomical and Atomic: Dissemination of (H. M. Smith), 221 

Time Control, Universal, of the Polar lonosphere (R. A. Challinor), 941 

Tissue and Sex Specific Differences in Concentrations of a-Tocopheroi in Mature 
and Senescent Rats (William P. Weglicki, Zenaida Luna and Padmanabhan 
P, Nair), 185 

Tissue Culture, Plant and Plant Morphogenesis (R. G. Butenko), review by G., G. 
Henshaw, 103 

Tissue Cultures, Long Term Spleen Cell: Persistence of Rosette-forming Cells 
in (C. D. Baroni and Elsie N, W. Ward), 766 

Tissue Extracts, Normal: Mycoplasmacidal Action of (E. Kaklamanis, L. Thomas, 
K. Stavropoulos, |. Borman and C, Boshwitz), 860 

To Russia with Lasers, news, 1194 

Tobacco Mosaic Virus: Laser-induced Acoustic Breakage of (E. F. Carome), 660 

a-Tocopherol Concentrations in Mature and Senescent Rats: Sex and Tissue 
Specific Differences in (William P. Weglicki, Zenaida Luna and Padmana- 
bhan P. Nair), 185 

Todd Report, see Echo of Todd in London, news, 603 

Togetherness at Last, news, 993 

Tolerance of Cell Mediated Immune Responses after in vitro Treatment of Com- 
petent Cells with Mitomycin c (E,-M. Lemme! and R. A. Good), 1164 

Tonga, news, 405 . 

Tongues, Porcine: Putative Bitter-taste Receptor from (Stephen Price), 779 

Too Late and Too Dear, news, 607 

Too Much Delay, news, 1185 

Too much Hot Water, news, 116 

Tools, Machine: A History of 1700-1910 (W. A. Steeds), review by Nigel Hawkes, 
495 


Tooth Enamel of Latimeria chalumnae (Smith) (William A. Miller), 1244 

Torcs, Gold, see Treasure Trove, news, 602 

Total Absorption Detector, Nal(TI), for Electrons and y-Rays at GeV Energies 
(R. Hopstadter, E. B. Hughes, W. L. Lakin and t. Sick), 228 

Total Body Water and Weight Changes in Normal Adults (G. Owen, R. J. Kerry 
and Hilda M. Davies), 471 

Toxic Chemicals, Production in Insects, 15 _ 

Toxic Constituents of Neisseria gonorrhoeae (William L, Peacock, jun., and John D. 
Schmale), 760 

Toxicity of Open Air to a Variety of Microorganisms (K. R. May, H. A. Druert 

and L. P. Packman}, 1 146 

Isolation and Characterization from the Florida Red Tide Organism 

(Dean F, Martin and Ashim B. Chatterjee), 59 

Towards More Legislation on Drugs, news, 408 

Trace Elements, Mapping, news, 518 

Traffic, see Controlling Motorways, news, 209 

Training for Storage and Retrieval, news, 12 . 

Transcription, Factor Stimulating, by RNA Polymerase (Richard R. Burgess, 
Andrew A. Travers, John J. Dunn and Ekkehard K. F. Bautz), 43, erratum, 
202 

Transcription in E. coli Phage s: Orientation and Control in (Sushil Kumar, Kjell 
Bovre, Arabinda Guha, Zdenka Hradecna, Sister Veronica Mary Maher 
and Waclaw Szybalski), 823, erratum, 1278 . 

Transcription, in vitro of T4 DNA: Sequence of (Gabriele Milanesi, Edward N. 
Brody, E. Peter Geiduschek), 1014 HT 

Transduction in Klebsiella (D. G. MacPhee, i. W., Sutherland and J. F. Wilkinson), 
475 


Toxin: 


Transformation and Growth, news, 1086 . l 

Transformation, Lymphocyte, after Exposure to Antigen at 4° C (G. A, Caron 
and S. Poutala), 478 . 

Transition Metal Surfaces, some: Graphite Formation from Low Temperature 
Pyrolysis of Methane over (S. D. Robertson), 1044 


* 


INDEX 


‘Translocation, Carbohydrate, from Small Tillers to Spike-producing Shoots in 


Wheat (F. G. H. Lupton and M. J. Pinthus), 483 

Translocations: Eradicating Mosquitoes using (H. Laven), 958 

Transmissibie Feline Fibrosarcoma (S. P. Snyder and G. H. Theilen), 1074 

Transmission of Dieldrin from Insects to their Progeny (W. S. Watts), 762 

Transmitter Release in Muscle, news, 315 

Transpiration Inhibition and Stomatal Closure induced by (RS)-Abscisic Acid 
(Cathryn J. Mittelhauser and R. F, M. Van Steveninck), 281, erratum, 786 

Transplantation Costs, news, 211 

Transplantation of Syngeneic Bone Marrow: Accumulation of Antibody-forming 
Celis in Spleens of Pre-immunized Irradiated Mice after (Yu. M. Zaretskaya, 
E. i, Panteleev and R. V. Petrov), 567 

Transplantation Study, Nuclear: Reversible Effect of Actinomycin D on Nucleoli 
of Amoeba diszoides (1. J. Lorch and K, W. Jeon), 1073 

Transplants, see Moving Donors, news, 9 

Treasure Trove, news, 602 

Trees, Colourful Street, news, 10 

Trees in Danger, news, 1089 

Triangulations: Gemma Frisius, Tycho Brahe and Snellius and their (N. D. 
Haasbroek), review by C. A, Biddle, 784 

Tribology, see Troublesome Lubrication, news, 517 

a-2,2,2-Trizhlorcethyl Styrene in Selective Control of Annual Grassy Weeds in 
genes Tropical Rice ($. K. De Datta, R. T. Bancilan and J. K. Park), 


Triclads, Freshwater (Platyhelminthes, Turbellaria) and Continental Drift {ian 
R. Ball and C. H. Fernando), 1143 

L-Triiodothyronine and L-Thyroxine: increased Deiodination of, by Liver 
Microsomes from Rats Treated with Phenobarbital (H. L. Schwartz, V. 
Kosyreff, M. I. Surks and J. H. Oppenheimer), 1262 

Tritiated Water in the Measurement of Milk Intake and Tissue Growth of, 
Dine in the Field (W. V. Macfarlane, B. Howard and B. D. Siebert), 


Tritium of *H-Arginine into DNA as the Explanation of "Late Synthesis of Protein" 
on the Human X Chromosome (David E. Comings), 570 

Trophoblast, Foetal: Self-isolation of (Bryn M. Jones and R. B. Kemp), 829 

Tropical and Sub-tropical Soils: Introduction to the Study of (P. Buringh), review 
by G., A. Worrall, 103 

Tropical Planktonic Zones and Calcareous Nannoplankton Correlations in Part 
of the California Miocene (J. A. Wilcoxon), 950 

Troposphere, Upper, and Lower Stratosphere: CO, Concentration in (H. W. 
Georgii and D. Jost), 1040 

Troublesome Lubrication, news, 517 

Trypanosomiasis, see African and American Experience, news, 1092 

Tsetse Flies (Glossina spp.): Membrane Feeding Technique for (P. A. Langley and 
H. Maly), 855 

T-System of Muscle Fibres: Changes in, under the Influence of Influx and Efflux 
of Glycerol (S. A. Krolenko), 966 

Tuber initiation and Cytokinins in the Potato Solanum tuberosum (C. E. Palmer and 
OQ, E. Smith), 279 

Tuberculin-sensitive Lymphoid Cells: Specific Release of Lymphotoxin-like 
Materials from (Lymphocyte in vitro Cytotoxicity) (G. A. Granger, S, J. 
Shacks, T. W. Williams and W. P. Kolb), 1155 

Tumorigenesis, Adenovirus Type 12, in Mice: Effect of BCG and Allogeneic 
Tumour Cells on (Hans O. Sjógren and Jaro Ankerst), 863 

Tumour Bearing Animals: Neurologica! fliness after Inoculation of Tissue from 
(E. J. Field, D. H. Adams and Greta Joyce}, 1265 

Survival Prolongation by Transfer of “Immune” RNA with DEAE Dextran 

(Perry G. Rigby), 968 

Tumour, invasive Mammalian: in vitro Evidence of Neutral Collagenase Activity 
in (D. M. Robertson and D. C. Williams), 259 

Tumour, "Lymphoid", -bearing and Normal Xenopus: Electrophoretic Study of 
Serum Proteins of (1. Hadji-Azimi), 264 

Tumour, Nasopharyngeal Chinese, cultured in vitro: Presence of Herpes-type 
D Particles in (G. De-Thé, J. C. Ambrosioni, H. C. Ho and H. C. Kwan), 

Tumour Nodule Formation as an in vivo Measure of the Suppression of Cellular 
Immune Response by Antilymphocytic Serum (E, J. Stanbridge and F. T. 
Perkins), 80 

Tumours, Liver and Lung: Induction in Mice by 6-Aminochrysene administered 
during the First 3 Days of Life (F. J. C. Roe, R. L. Carter and Sylvia Adam- 
thwaite), 1063 

Tumours, MCA-induced: Effect of Antilymphocyte Serum on Parameters of 
Growth of (Edwin R. Fisher, Osama Soliman and Bernard Fisher), 287 

Tumours: Unexpected High Incidence of, in Thymectomized Mice Treated with 
Antilymphocytic Globulin and Mycobacterium leprae (1. M. Gaugas, F. C. 
Chesterman, M. $. Hirsch, R. J. W. Rees, Jennifer 1, Harvey and C. 
Gilchrist}, 1033 

Tuned Laser Radar: Atmospheric Sodium Measured by (M. R. Bowman, A. J. 
Gibson and M. C, W., Sandford), 456 

Tungsten: Determination of the Cleavage Velocity in, using Ultrasonic Fracto- 
graphy (A. D. Heyes and T. G. Langdon), 168 

Tungsten Surfaces: Field lon Microscope Observations of Cluster Formation in 
Meral Deposits on (D. W. Bassett and M. J. Parsley}, 1046 

Turbellaria, Platyhelminthes (Freshwater Triclads) and Continental Drift (lan R. 
Ball and C, H, Fernando), 1 [43 

Turbidity Changes in a Myelin Fraction induced by ATP and ADP (Y, H. Abdulla 
and D. R. Turner), 775 

Turbine Trouble Diagnosed (QE2), news, 892 

Turbine Vibration in QE2, see Cunard's Shake-down, news, 208 

Turbines of QE2 Examined, see Cunard Turbines examined, news, 599 

Turbulence and Mixing, news, 904 

Two Component Postsynaptic Inhibition: Single Presynaptic Neurone mediating 
a (lacSue Kehoe), 866 

Two Compounds implicated in the Function of the RC Gens of Escherichia coli 
(Michael Cashel and Jonathan Gallant}, 838 

Two New Pulsating Radio Sources (J. H, Taylor and G. R. Huguenin), 816 

Two: Perpendicularly Orientated Pigment Systems involved in Phototaxis of 
Eugiena (Bodo Diehn), 366 

Two 3'-Terminal Sequences in Satellite Tobacco Necrosis Virus RNA (E. Wimmer 
and M, E. Reichmann), 1122 

Two Views on Drugs, news, 397 

Two-armed Bandit, The, news, 1192 

Two-dimensional Resolutions of Plasma Proteins by Combination of Polyacryl- 
amide Disc and Gradient Gel Electrophoresis (1. Margolis and K. G. Ken- 
rick), 1056 

Two's Company, news, 301 

Twinning, Dizygotic, Klinefelter's Syndrome and Diabetes Mellitus (P. R. J. 
Burch), 175 

Twins: Concentrations of Serum a,-Macroglobulins in (Anne Thompson, C. H. W. 
Horne, Hazel Steele and R. B. Goudie), 289 

Twins, Siamese, in the Sei Whale Balaenoptera borealis Lesson (A. Kawamura), 490 

Twitch Contractions of Cross-innervated Rat Fast and Slow Muscles: Post- 
tetanic Potentiation of (R. Close and J. F, Y. Hoh), 179 





XXXVii 


Tyrosine Hydroxylase: Increased Activity after D^ug-induced Alteration of 
Sympathetic Transmission (H. Thoenen, R. A, Mücller and 1. Axelrod}, 1264 


Uro in US, see A Sledgehammer for Nuts, news, 89% 

UK 4, see More of the Same, news, 792 

Ultrasonic Fractography: Determination of the Cleawage Velocity in Tungsten 
using (A. D, Heyes and T. G. Langdon), 168 

Ultraviolet irradiation and Metal Support: influence en the Catalytic Activity af 
Nickel Oxide (Freidrich Steinbach), 657 "M 

Uitraviolet irradiation induction of Mutation in che Blue-Green Alga Nostoc 
linckia (Roth) Born. et Flah. (R. N. Singh and C N. Tiwari), 62 

Ultraviolet or v-Irradiation: Yeast ATP Synthesis andilRecovery from Damage by 
(A. F, Mosin}, 261 

Unanaesthetized Cerebellum, news, 615 

Uncertain Planners, rews, 112 


Unexpected High Incidence of Tumours in Thymectomized Mice treated. with 
Anti-lymphocytic Globulin and Mycobacterium ‘eprae (}. M. Gaugas, F. C. 
Chesterman, M. S, Hirsch, R. J. VV. Rees, iennifer J. Harvey and C. 
Gilchrist}, 1033 

Unfed to School, news, 1088 

Unhappy Risley, news, 598 

Unhonoured Biologist (Nicholas Dewey), corresbonderce, 394 

Universal Time Control of the Polar lonosphere (R. A. Challinor), 941 

Universities, see Brizhter Statistics, news, 504 

see Harvard goes to Town, news, 802 
sce Making Money on the Margin, news, 300 

Universities and Gcvarnment, see Hand in Glove, news, 600 

Universities, German: Guide to (Karl-Otto Saur), rewew by Migel Hawkes, 200 

Universities Research Association (US), see Accelerater in Demand, news, 901 

University Discipline, see Studied Moderation at Brisen!, news, 1091 

University Entrance, see Where the Students go, news, 1088 

University Finance, see Brighter Statistics, news, 504 

see Expansion Slowed Down, news, 891 

MERI Finance and Administration, see Where now at the Universities ? naws, 

50 


University Independence: One Way to, news, 119 

University Intake, see Expansion Slowed Down, news, 391 

University of Chicago: Sit-in at, news, 512 

University of the Air, see Open University Open, news, 407 

University, Open, see Physicist of the Air, news, 1185 

University Pay, see No Love for Mr Jones, news, 505 

University Training of Applied Botanists in Germany, Holland and Sweden (D, G. 
Morgan), 18 

Unmilitant Engineers, news, 210 

Upper Mantle: Generation of Seismic Anisotropy on, along the Mid-Oceanic 
Ridges (T. 1. G, Francis), 162 

Upper Mantle Structure: are the Low Velocity Layegz Thin ? (A. L. Hales and 5. 
Bloch), 930 

Uptake of Leucine by Larvae and Adults of Nereis (N. Bass, G. Chapman and J. M. 
Chapman), 476 

Uptake of Tritiated Retinaldehyde by the Visual Pigment of Dark-adapted Rats 
(C. D. B, Bridges and S. Yoshikami), 275 

Uptake, Regional, of *H-Melatonin from Blood or &erebrospinal Fluid by Rar 
Brain (Fernando Anton-Tay and Richard J, VWurtman), 474 

URA in US, see Accelerator in Demand, news, 901 

Uranium Supplies, see Lean Years Ahead ? news, 1183 

Uranium-Carbon and the Group VIII A Elements: Ternary Compounds of (H. R. 
Haines and P, E, Potter), 1238 l : 

Urea: Action on the Activity of Dehydrogenases and 'o-Glucosidase in Áerobacter 
aerogenes grown in Continuous Culture (A. C. &, Dean and P. J, Rodgers 
969 


Urinary Excretion of a v-related Substance following Muscular Exercise 0, R, 
Poortmans), 376 

Urinary Gonadotrophin Inhibitor: Effect on Endogenous and Exogenous Gonado- 
trophin (L. 1. Hipkin), 473 

Urinary Steroids in Breast Cancer, news, 218 

Urine Volume and Pink Spots in Schizophrenia and Health (j. A, G. Watt, G. W 
Ashcroft, J. 1, Daly and J. R. Smythies), 971 

US, see First Base for Dr DuBridge, news, 609 "A p 

US, Charitable Foundations in, see How Strong are tHe Foundations ? news, 1181 

US Defence, see The Anti-McNamara Missile, news, 1035 

US Drugs Report, see Drugs on Prescription, news, 980 À 

US International Biological Programme, see IBP Streamlined, news, 400 

US Medical Service, see Drugs on Prescription, news, *00 

US Space Programme, see Aiming to Please, news, 706 . marr 

Useful Applications of Earth Orientated Satellites, Resort of che Central Review 
Committee, see Satellites Applied, news, 707 

Useful Sputtering, news, 809 | 

Usinger, Prof. R, L., obituary, 105 . 

Uterus, Rabbit, Zinc and Carbonic Anhydrase in (C. Luzwak-Fann and L E. A, 
Mcintosh), E111 


V aca see Prevention Better than Cure, news, H7 
see Wellcome Supplies Frozen, news, 1184 IDEE 

Vagus Nerve: Role in the Control of the Concentrason of Angiotensin H in the 
Circulation (R. L. Hodge, R. D. Lowe, K. K. F Ng and J, R. Vane), 177 

Valine and Isoleucine: Synthesis in Primitive Earth Conditions (Madav Friedmann 
and Stanley L. Miller), 1152 

Value of a Degree, news, 113 i 

Vapour Pressure of H1O Ice (S. Matsuo and O. Matssbaya), 463 . 

Variability in Specific Conductance and pH in the “lasiquiare-Upper Orinoca 
(J. B. Thornes}, 461 7 

Variants of Glucose-6-phosphate Dehydrogenase in Irionesia (Henry M. Kirkman 
and Lie-Injo Luan Eng), 959 

Variations in the Cholesterol Content of Egg Yolk {Dennis Jones), 780 

Variations on a Theme, news, 905 f 

Vascular Bundles: Suggested Function of, in the Limbs of Perodictus Potto (0). A, 
Suckling, E. E. Suckling and A. Walker), 379 

Vector Algebra: Solving Problems in (E. M. Pattersod), review by L. $. Goddard, 
292 


Veg., Eat up Your, news, 401 

Vehicles: Handling in Emergencies, news, 417 l , 

Velocity Measurement by combining the Doppler Principle with the Sehlieren 
@ Method (M. 1. R. Schwar and F. 1. Weinberg), :57 





xxxviii 


Velocity, Sonic, Compression and Density: Experimental Verification at High 
Pressure of the Relationship between (A. T. J. Hayward), 1047 

Venom of Lethocerus cordofamus: Studies of the Enzymes from (A. R, Rees and 
R. E. Offord), 675 

Venus, Atmospheric Composition, see Excess Deuterium on Venus, news, 1100 

Menus, Mars and beyond, news, 210 

Vertebrate Axon: Movements in the Myelin Schwann Sheath (Marcus Singer and 
Susan V, Bryant), 1148 

Vertebrate Limb Morphogenesis: Computer Simulation of (D. A. Ede and J, T. 
Law), 244 

Vertebrate Palaeontology, see Lobe Finned Fishes, news, 803 

Vertebrate Regeneration and Repair: Cellular Biology of (Anthony 1, Schmidt), 
review by A. E, Needham, 591 

Vessels, Pressure, Boom in, news, 405 

Vibrational Relaxation of Nitric Oxide: Negative Temperature Coefficient of 
(an Orientation Effect) (J. Billingsley and A. B. Callear), 1136 

band d e Simple and Complex (Eugen Skudrzyk), review by E. Down- 
am, 

View from the River, A, news, 212 

Violence, Monkeys and Man (Claire Russel and W. M. S. Russel), review by V. 

l Reynolds, 99 

Virion Incidence and Pathological Stage: Relationship between in Virus-induced 
Leukaemia (Marvin A. Rich, Richard Siegler and Lewis W. Johns}, 868 

Virology and Immunology of Cancer (L. A. Zilber and G. |. Abelev), review by 
R. 1. C. Harris, 162 

Virtue from Necessity, news, 599 

Virus, African Swine Fever, in Ticks (Ornithodoros moubata, Murray) collected from 
Annu Burrows in Tanzania (W, Plowright, J. Parker and M. A. Peirce), 


i 

Virus-induced Leukaemia: Relationship between Virion Incidence and Patho- 
logical Stage in (Marvin A. Rich, Richard Siegler and Lewis W. Johns), 868 

Virus Infection, Animal: Non-inducing RNA antagonizes the Induction of inter- 
ference with (Y. Kawade and Masako Ujihara), 569 

Virus, influenza: Purification in the K-I! Zonal Centrifuge (John L. Gerin and 
Norman G. Anderson), 1255 

see Cold Comfort, news, 1194 

Virus, Measles, see Subacute Sclerosing Panencephalitis: Isolation of a Measles 
Virus from a Brain Biopsy A HortaBarbosa, David A. Fuccillo, John L. 
Sever and Wolfgang Zeman), 974 

Virus Preparations, Cloned Animal: Genetic Heterogeneity of (Kenneth }. 
McCormick and William H. Murphy), 286 

Virus, Rabies: Investigating the (Klaus Hummeler and Hilary Koprowski), 418 

Viruses in Plant Hosts (Katherine Esau), review by C. H. Cadman, 979 

Viruses, Infectious RNA from Four Different, in Continuously Subcultured Aedes 
aegypti Mosquito Embryo Cells: Behaviour (J. Peleg), 193 

Viruses isolated from Sheep (. B. McFerran, R, Nelson, J. M. McCracken and 
J. G. Ross), 194 

Viruses, Respiratory, “New”: Li32 Cells Sensitivity to (A. F. Bradburne), 85 

Viruses, Single Stranded DNA: Altered Coding in ? (D. T. Denhardt and D, A. 
Marvin), 769 

"Vistrosity-plus'" Effect in Whole Blood at High Shear Rates (William I, Rosen- 
blum), 365 

Vision Substitution by Tactile Image Projection (Paul Bach-y-Rita, Carter C. 
Collins, Frank A. Saunders, Benjamin White and Lawrence Scadden), 963 

Visual Cortex: Modification of Receptive Fields of Cells in, occurring Spon- 
Hanh tad and associated with Bodily Tilt (Gabriel Horn and Richard M. 

HJ, 

Visual Judgements of Absolute Size: Effects of Two Kinds of Distance Information 
on (Max Coitheart), 388 

Visual Memory, Is It Holographic ? (Norman S. Neidell), 755 

Visual Neurones in Limulus: Fluctuations in the Response to Light of (Robert 
Shapley), 437 

Visual Orientation illusion following Judgements with a Tilted Visual Field 

Margaret Austin, R. H. Day and G. Singer), 583 

igment: Tritiated Retinaldehyde Uptake in Dark-adapted Rats (C. D. B. 

Bridges and S, Yoshikami), 275 

Visual Pigment Photolysis: Lipid to Protein Chromophore Transfer in (R. P. 
Poincelot, P. G. Millar, R., L. Kimbel, jun., and E. W. Abrahamson), 256 

Visual Receptors: Autofluorescence of (P. A. Liebman and R. A. Leigh), 1249 

Vitamin B,,: Effect on Motility and Palmella Formation in a Marine Flagellate 
under Biothermal Stress (Eliza Waller Easley), 1170 

Vitamin B,, Dependency, news, 410 

Vitreous Carbon: Heat of Combustion of (1. B. Lewis, R. Murdoch and A. N. 
Moui}, 1137 

Voltage Unit Standardization, news, 3 

Voltages, High: increase in Penetration of Electron Microscope Specimens at 
(K. F. Hale and M. Henderson Brown), 1232 


Visual 


Waiting for Gargamelle, news, 515 

Warfare, Chemical and Biological, see Teach-in at Edinburgh, news, 406 

Warning Signals on Motorways, see Controlling Motorways, news, 209 

Washington, Appointments in, news, 1096 

Water: Detection in Interstellar Regions by its Microwave Radiation (A. C. 
Cheung, D. M, Rank, C. H. Townes, D. D. Thornton and W., J. Welch), 626 

Water and Weight Changes, Total, Body, in Normal Adults (G. Owen, R. J. 
Kerry and Hilda M. Davies), 471 

Water, Anomalous Liquid: Cluster Structure of (Richard W. Bolander, James L. 
Kassner, jun., and Joseph T. Zung), 1233 

mater elite and Plant Growth (T. T. Kozlowski, ed), review by J. R. Etherington, 


Water for the South-West, news, 612 ; 

Water, Heavy and Colchicine, Incubation of Platelets with: Retardation of Clot 
Retraction after (D. Shepro, F. A. Belamarich and F. C. Chau), 563 

Water Molecule: Dimers of in the Earth's Atmosphere (H. A. Gebbie, W. J. 
Burroughs, John Chamberlain, J. E. Harris and R, G. Jones), 143 
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Water Pollution, see Another Lead Balloon, news, 603 i 
Water, Tritiated, in the Measurement of Milk Intake and Tissue Growth of 
ey iminanes in the Field (W. V. Macfarlane, B. Howard and B. D. Siebert), 


Watering the Plants, news, 41! 

Weapons, Pause on, news, 598 

Weeds, Annual Grassy: Selective Control in Transplanted Tropical Rice with 
pereo oe Styrene (S. K. De Datta, R. T. Bantilan and J. K. 

ark), 

Weight and Water Changes, Total Body, in Normal Adults (G. Owen, RL 
Kerry and Hilda M. Davies), 471 

Wellcome Supplies Frozen, news, 1184 

Wellcovax, see Wellcome Supplies Frozen, news, 1184 

Whale, Sei, Balaenoptera borealis Lesson: Siamese Twins in the (A. Kawamura}, 490 

What comes after Fertilization ? news, 613 

What has Vela Uniform Accomplished ? news, 510 

What Professionals Do, news, 709 

What Regulates Lactose Content in Milk ? (Richard D. Palmiter), 912 

What will Happen to Geology ? news, 903 

Wheat: Carbohydrate Translocation from Small Tillers to Spike-producing Shoots 
in (F. G. H. Lupton and M. J. Pinthus), 483 

Wheat Aleurone Tissue: Sequential Action of Cytokinin and Gibberellic Acid in 
(D. Eastwood, R, J. A. Tavener and D. L. Laidman), 1267 

When pen Move (R. Dearnaley, C. B. Del Mar, M. J. Parr and E. J. Popham), 
49 


Where is the Hydroxyproline ? news, 123 

Where now at the Universities ? news, 502 

Where the Students go, news, 1088 

White Dwarf Atmospheric Pulsations (David C. Black), 157 

Who Reads What, news, 996 

WHO Water Pollution Report, see Another Lead Balloon, news, 603 

Whole ned ""Viscosity-plus'' Effect in, at High Shear Rates (William |. Rosem- 
bium), 365 

Why so Long Delayed ? correspondence: (P. M. David), 1277; (Henning Lemche), 
1277 


Wildlife, see Kangaroos Recover, news, 712 

Wildlife PCB Content, see Chlorinated Biphenyls in Fish, Mussels and Birds from 
the River Rhine and the Netherlands Coastal Area (J. H. Koeman, M. C. 
ten Noever de Brauw and R. Hi. de Vos), 1126 

Will ELDO Last ? news, 1183 

Wind, Famine on the (G, L, Carefoot and E. R. Sprott), review by G. C, Ainsworth, 
881 


Winter Pole: Electron Density Distribution above the Winter Pole (M. K. 
Andrews and J, O. Thomas), 223 

Women, Admittance to Churchill College, see Another Barrier, Down, news, 1091 

Women as Scientists, see Who wants to be a Scientist ? (C. A. Mawson), cor- 
respondence, 106 

Women in Chemical Engineering, news, 1187 

Women’s Engineering Society, see Jobs for the Girls, news, 994 

Woodlands: importation of Nutrients into by Rooks (J. S. Weir), 487 

Woodward-Hoffmann Orbital Symmetry Rules and Neighbouring Group Inhibi- 
tion of Diene Reactivity (A. T. Austin and B. Pearson), 949 

Wool in Sheep: Effect of Dietary Chlortetracycline on the Rate of Growth of 
(M. K. Hill and Jennifer R. Wythes), 1057 

Wooton Committee Report, see Keep off the Grass, news, 205 

World: Mammals of the (Ernest P. Walker), review, 198 

Worldwide Distribution of Earthquakes (Christopher H. Scholz), 165 


X Chromosome: Antibody Production in the Absence of (Senih M. Fikrig, 
Richard V, Musto and Jonathan W. Uhr), 870 

Paternal versus Maternal Inactivation of Female Mice (Ann C. Chandley), 70 

X Chromosome, Human: incorporation of Tricium of ?H-Arginine into DNA 

as the Explanation of the " Late Synthesis of Protein" on (David E. Comings), 


570 

XYY Males: Neurological Abnormalities in (Richard F. Daly), 472 

Xanthinuria: Crystalline Deposits in Striped Muscle in (R.A. Chalmers, R. W. E. 
Watts, C. Pallis, L. Bitensky and J. Chayen), 170 l 

X-irradiated Mammalian Celis: Synthesis of Function Proteins in (R. A. Tobey, 
D. F. Petersen and R. A, Walters), 191 

X-Ray Background, Diffuse: Cosmological Implications of (James E. Felten and 
Martin J. Rees), 924 

X-ray Diffraction of Crystals, see Nine Years of Crystals, news, 1192 

X-ray, Several Sources, Absence of Pulsar Characteristics in (H. Friedman, G. 
Fritz, R. C. Henry, J. P. Hollinger, J. F. Meekins and D. Sadeh), 346 

X-ray Sources, Discrete, and the Diffuse X-ray Background (Joseph Silk), 347 

X-ray Spectra, Low-energy, of Sco X-l and Four Sagittarius Sources (S. Rappaport, 
H. V. Bradt, S. Naranan and G. Spada), 428 

X-ray Stars: Mapping, news, 213 

see Radio Observations of Sco X-i, news, 904 


panes Paradoxes and Modern Science (Adolf Grunbaum), review by F. f. G, 
Rawlins, 219 

Zinc and Carbonic Anhydrase in the Rabbie Uterus (C. Lutwak-Mann and J. E. A. 
Mcintosh), EIT ns 

Zodiacal Light Spectrum: Interpretation of Doppler Shifts in (L. VV. Bandermann 
and R. D. Wolstencroft), 251 l 

Zonal Centrifuge, K-11: Purification of influenza Virus in (John L. Gerin and 
Norman G. Anderson), 1255 

Zoo, International Yearbook (Joseph Lucas and Ruth Biegler, ed), review by 
Sarah Bunney, 1080 

Zoological Society, news, 897 m" 

Zurich Sunspot Number: Correlation between Prominence of Jupiter's Red 
Spot and (H. G. Solberg and C. R. Chapman), 352 


ERRATA 


Erratum. In the News and Views note “Mechanism of 
Enzyme Action” (Nature, 221, 13; 1969) the first sentence 
should have read “The mechanism of enzyme action has 
been discussed at two large meetings held m Britain 
during the past month--a symposium at the Royal 
Society on December 5 and 6 and the annual meeting of 
the British Biophysical Society on December 18 and 19". 
It was not the British Biochemical Society as stated. 


Erratum. In the article "Pulsar Amplitude Variations" 
by E. E. Salpeter (Nature, 221, 31; 1969) the first sentence 
of the third paragraph on page 32 should read: “As 
discussed before*, the ratio Av,/t? can be increased by 
putting the scintillating medium closer to the source 
(z«$Z)". The last sentence of the same paragraph should 
read: "For the same scale size a we have o4Gv-! and 
fü, Ocv-?, so that the inequalities in equation (2) hold even 
more strongly at lower frequencies ...". Equation (8) 


should read: 
=i 
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Erratum. In the article "Factor Stimulating Transcrip- 
tion by RNA Polymerase” by Richard R. Burgess et nl. 
(Nature, 221, 43; 1969) the fourth sentence of the third 
paragraph should read: "Using the same method through 
the DEAE cellulose step. J. J. D. and E. K. F. B., from 
Rutgers, purified the enzyme by binding it to a cellulose 
column containing immobilized T4 DNA and eluting the 
bound enzyme with high salt". The second sentence of the 
first paragraph on page 46 should read "We are investigat- 
ing whether the enzyme and factor are in rapid equilibrium 
with complex and whether factor is released for re-use in 
other complexes by the act of initiation". In the legend to 


Fig. 2, Eso, = 676 should read Eye aus 0:9. and the last, 
but one subheading on page 45 should read "Factor is 
not a Nuclease” 


EnRRATUM. In the communication “Mice reared with Rat 
Aunts: Effects on Plasma Corticosterone and Open Field 
Activity" by Victor H. Denenberg et al. (Nature, 221. 73; 
1969) the seventh paragraph should read: "In the first 
experiment the procedure of priming rat aunts required 
elaborate seheduling to assure that they had received 
6 days of experience with a rat litter before being placed 
with a 4 day old mouse litter. Therefore, in the second 
li sad UN nine non- DOS E Purda Wistar female rats 


hee pregnant | mice were -randomly un to the 
control group". The last sentence of the tenth paragraph 
should read: “This was true even though the rat-aunt 
preparations differed in the two experiments". The fifth 
sentence of the last paragraph should read: ‘Thus, the 
rat aunt preparation has the same qualitative effect on 
open field activity as the rat mother preparation, but to 
a somewhat lesser degree" In the second sentence of the 
thirteenth paragraph "rats" should read “mice”. 


INDEX 


CORRIGENDUM. In the communieat:on. "Production of 
Hydrogen by Green Photosynthetie Bacteria (Chloro- 
pseudomonas)" by E. N. Kondratiev and I. N. Gogotov 
(Nature, 221, 83; 1969) the columrs in Table 2 were 
wrongly labelled. The left-hand column should be "Light" 
and the right-hand should be "Dark" 


Erratum. In the “University News" section of the 
January 4 issue of Nature (221, 106; 1969) we should have 
stated that Dr G. A. Gilbert had been appointed to the 
newly designated chair of biochemistry in the Department 
of Biochemistry in the University of Birmingham. 


Erratum. In the note "Horse Doping-— Pharmacology 
and the Punter’ (222, 111; 1969), the quantity of heroin 


mentioned in the first sentence should have been “eme 


and a half grams", not "grams". 


EnRRATUM. In the article "Stomatal Closure and Inhibi- 
tion of ‘Transpiration induced by @RS)-Abseciaie Acid" 
by Cathryn J. Mittelheuser and R. F. M. Van Steveninek 
(Nature, 221, 281; 1969) the contents title unfortunately 
contradicted the authors’ findings. 1t should have read 


“Abscisic acid] induees stomatal closure and inhibits 
transpiration’. 
ERRATUM. In the article “Sex Decermination Recon. 


sidered’ 
should be 


"(QN lure, 221 * 4 i Üü M j 9690) "grandes hypotheses” 
“groundless hypotheses”. 


ERRATUM. In the article “Bark Beetle Attractants: 
Identification, Synthesis and Field Gicassay of a New 
Compound isolated from Dendroctonus" by G. W. Kinzer 
et al. (Nature, 221, 477; 1969) the frat sentence of the 
fifth paragraph should read “The activity of the synthes- 
ized compound was tested in field corzlitions in the Boyce 
Thompson Institute’s experimental forest near Beaumont, 
Texas, using tree trunk simulating oliactometers®”’. 


CORRIGENDUM. In the book review by G. H. Williams 
entitled “Radical Ion Chemistry" iNature, 221, 404; 
1969) the first sentence of the thiri paragraph should 
read “The topics reviewed are: electron spin densities and 
their determination (James ER. Bobon); metal ketyls 
and related radical ions including a 4iscussion of the ion 
pair equilibria in which these species are involved (Noboru 
Hirota); semidione radical ions (Glen A. Russell; the 
e.s.r. spectra of radical cations, with e short section on the 
preparation of these species (Gershon. Vineow} ; d 


ERRATUM. In the introductory paragraph to the article 
"Strueture-Activity Relationships of One-Ring Psycho- 
tomimeties" by Alexander T. Shulgia, Thornton Sargent 
and Claudio Naranjo (Nature, 221, 537; 1969) “triple 
methoxy substitution” should have read “‘trisubstitution”’. 
In Table 3 "Potential for ortho-qumone only; oxygen 
available" should have read “Potential for ortho-quinone 
only; oxygen not available”. On ». 540, twenty-three 
lines down (XXIV, mus1) should have read (A XIV, 
NU « 1). 
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Erratum. In the article “Spontaneous and Ametho- 
pterm-induced Death of L1210 Leukaemia Cells in vivo” 
by Kurt G. Hofer et al. (221, 576; 1969) the meaning of the 
sentence starting five lines down in the seventh paragraph 
was reversed. It should have read "This life prolongation 
is accompanied by an increased loss of P’. 


Erratum. In the article “Rotating Neutron Stars and 
Pulsar Emission" by B. Bertotti, A. Cavaliere and F. 
Pacini (Nature, 221, 624; 1969) the following corrections 
are necessary: formula (2) should not contain the factor 
*; formulae (3) and (4) should read 


H? gin? a’ 


| r 2 | 
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Instead of “radiation pressure" always read ''eleetro- 
magnetie stress"; page 625, eolumn 2, lines 24 and 29, 
m, should be replaced by me; page 626, column I, line 3 
from the bottom, ref. 13 should read "ref. 14, Richards, D. 
IAU Cire. No. 2114 (1968). 


Erratum. The first sentence in the article “Respiratory 
Activity of Mitochondria from Legume Root Nodules" 
by P. S. Muecke and J. T. Wiskich (Nature, 221, 674; 
1969) should have read “Work on subcellular elements of 
legume root nodules has concentrated exclusively on the 
symbiotie bacterial eomponents which form the bulk of 
these elements and are responsible for nitrogen fixation, 
but no work has been published on the mitochondrial 
components." 


CORRIGENDUM. Dr D. F. Cheesman and Anne Whitehead 
have written to say that after the publication of their 
article “Possible Role in Contraction of Structurally 
Bound Phosphate of Muscle" (Nature, 221, 736; 1969), 
“Professor A. F. Huxley pointed out that, while agreement 
was good between the mean values for specific activity 
ratios obtained in our different experimental series, such 
agreement was hardly consistent with the relatively high 
values for the standard error of the mean. 

“The first footnote to our Table 1 is, in fact, wrong. 
The limits of error given for all results, in this as in the 
earlier paper!, represent the standard deviation about the 
mean. The effects recorded thus have considerably higher 
significance than the text would suggest. 

"We apologize to Latinists for a proof-reading error 
which gave an outrageous plural to ‘rectus abdominis'." 

! Cheesman, D, F., and Hilton, E.. J. Physiol., 188, 675 (1966). 


Erratum. In the article entitled “Anatomical Demon- 
stration of Columns in the Monkey Striate Cortex” by 
D. H. Hubel and T. N. Wiesel (Nature, 221, 747; 1969), 
the introductory paragraph should have read “Here the 
shape, size and arrangement of ocular-dominance columns 
are described." On p. 749, line 8, “left eye" should have 
read “right eye", and on line 9, “left” should have read 
"right". On the same page, the sentence beginning on 
line 5 of the third paragraph should have read "A few 
fibres ascended to the first layer where they turned 
horizontally and ran for several millimetres. A separate 
concentration of geniculate terminals in layer three has 
not to our knowledge been described before." In the 
following paragraph, “is about ] mm" on line 19 should 
have been ‘0-7 mm", and this should have been followed 
by “so that each column has a width of about 0-35 mm”. 
On line 32 “seventy-five” should have been ‘‘one hundred" 
and “150” should have been “200”. 


Erratum. In the article “Residues of Dieldrin (HEOD) 
on Complete Prepared Meals in Great Britain during 
1967" by MeGill et al. (221, 761; 1969), there was an 
error in the units of Table 1. The units should have read 
"ug/day" not “p.p.m.”. ? 


Erratum. In the review of the book Functions of the 
Adrenal Cortex (Nature, 221, 782; 1969) the word “d-cxy- 
corticosterone” in line 7 of the third paragraph should 
read "deoxyeortieosterone"; in line 8 of paragraph 4 
“C21” should read simply "21". 


Erratum. The title of the article by Sushil Kumar et al. 
(Nature, 221, 823; 1969) was altered without consulting 
the authors, with resultant loss of clarity. The original 
title read "Orientation and Control of Transcriptional 
Units containing Cistrons N,emn 8, exo and int in. E. colt 
Phage X°. 


Erratum. In the article “Reversible Activation of 
Lysosomes by Dimethyl Sulphoxide" by Miseh and Misch 
(Nature, 221, 862; 1969), the last sentence of paragraph 
six should have read “The data also indicate a greater 
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loss of enzyme during washing . . ."'. 


Erratum. In the review by Frank MeCapra of the book 
“Luminescence in Chemistry" (Nature, 221, 884; 1969) 
the last sentence of the penultimate paragraph should 
have read “The author's guesses about the reactions 
involved reinforce the plea for contributions from chemists 
to this dificult but potentially rewarding field”. 


Erratum. In the article “Molecular Determinants of 
Obligate Psyehrophily" by Malcolm (221, 1031; 1969), 
an error was made in the legend to Table 1. The specific 
activities quoted should have been “mumoles of amino- 
acid charged/h/mg of protein". 


ERRATUM. In the article “Unexpected High Incidence of 
Tumours in Thymectomized Mice treated with Anti. 
lymphoeytie Globulin and Mycobacterium leprae’ by 
Gaugas et al. (221, 1033; 1969), the fourth line of the 
third paragraph should have read "fed on pellet diet, 
415", not “4 pounds". Only one of the authors, F. C. 
Chesterman, is from the Division of Experimental Biology 
and Virology, Imperial Cancer Research Fund. J. M. 
Gaugas is, with the other authors, from the National 
Institute for Medical Research. 


Erratum. In the article “Graphite Formation from Low 
Temperature Pyrolysis of Methane over some Transition 
Metal Surfaces" by S. D. Robertson (221, 1044; 1969) 
the second sentence of the first paragraph should have 
read “These carbonaceous products, however, begin to 
show a significant degree of three-dimensional layer order- 
ing only at deposition temperatures of, around 2,000? C 
to 2,500? C (refs. 3-5)". The last sentence of the fourth 
paragraph should have read “The exact correspondence 
of all the observed (Ah, k,h + k, 0) and (hk, h -- k, 1) reflexions 
is self-evident and thus confirms the structura] equivalence 
of these carbons”’. 





CORRIGENDUM. In the article “Dielectric Diffusion—-A 
New Cross Phenomenon” by Breuer and Robinson 
(Nature, 221, 1116; 1969) the factor 1/7 in equations 
(3), (4) and (5) should be deleted from the right-hand side 
of the equation. Consequently in equations (13) and (14) 
the factor T should be omitted from the left-hand side of 
the equation. The final equation (17) should therefore 
read: 


du, des? E dw 
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Erratum. In the article “Two 3’-Terminal Sequences 
in Satellite Tobacco Necrosis Virus RNA” by Wimmer 
andReichmann (221, 1122; 1969), the base pairing indi- 
cated in paragraph five on page 1125 is incorrect as it 
stands. Lt should read: 
... GpApCpUpApCpCpCog 
UpGpApp 
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Erratum. In the course of editing the article "Native 
and Denatured DNA of Phage T3 and of E. coli B as 
Templates for RNA Polymerase" by Cheong and Chargaff 
(221, 1144; 1969) the sense of the fourth paragraph on 
page 1145 was seriously changed. The passage beginning 
with the second sentence should read: “Of course, the 
reeonstruction of normal eonditions cannot be complete. 
The DNA of E. coli probably exists in the cell as a much 
larger molecular species! than can be isolated, whereas 
T3 DNA (molecular weight 23x 109)!?/? is presumably 
nearly intact. Interpretation also is made diffieult by the 
close similarity in nucleotide composition of T3 and 
E. coli DNA* 1" 


Erratum. In the article “Lymphocyte in vitro Cyto- 
toxicity: Specific Release of Lymphotoxin-like Materials 


from Tuberculin-sensitive Lymphoid Cells” by Granger 
et al. (221, 1155; 1969), two of the references were in- 
correctly renumbered. On page 1156, references “8” and 
|. *9" on lines 24 and 25 in the right-hand column should 


^ have been ^7" and “8”. 


ERRATUM. 


ERRAT In the article “Wil ELDO Last ?” (Nature, 
221, 1183; 


1969) it was incorrectly stated that the 


chairman at the first meeting of the newly created Com- 
mittee of High Officials was Professor H. Bondi. In fact 
Professor Bondi took the chair (representing the chairman 
of the European Space Conference, Mimster Dr G. Stolten- 
berg) while the Committee elected as its chairman 
Professor G. Puppi. 


Erratum. In the article “Basic Requirements for Caler- 
fication” by Joseph Samachson (221. 1247; 1969) the 
last sentence in the first paragraph should have read 
“Because the equilibrium constant for water (Kw) is only 
10-14 (mole/l.)* at 25° C”. 


Erratum. In the article ‘“Identifica:ion of Bacteria by 
Differential Light Scattering” by Phzip J. Wyatt (221, 
1257; 1969), the last line of the fourth paragraph should 
have read 1807-0 (ref. 2). 


Erratum. In the announcement which appeared in the 
issue of March 29, page 1278, it was stated that Dr T. T. 
Sandel had been appointed chairman. of the department 
of psychology at the University of Washington. In fact, 
Dr Sandel's appointment is at Washington University, 

St Louis, Missouri, USA. E 








ums. 
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program 
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needed for a particular application. 
What do you have? A Digital Computer- 
pack. Computer. Software, Interfaces. 
Ready to plug-in and go. At computer 
speeds. At computer efficiency. 


Operating a Computer-pack is as easy 
as threading a tape. Neither program- 
ming nor computer experience is 
necessary. Yet it's flexible. When the 
job changes, you change the program, 
not the machine, And when the job 
expands, you add peripherals instead 
Of a new system. 


A Computer-pack is in fact, a total 
system. Inside sits a versatile, integrated 
circuit. general purpose computer. It 
can work on general tasks. And if you 
decide you want to program, each 
Computer-pack has a complete, general 
software package, with FORTRAN, 
FOCAL (Digitals new conversational 
language) and others. 
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Labelled 
Steroids 


The Radiochemical Centre offers a wide 
range of labelled steroids of high purity, 
high specific activity and at competitive 

prices. 


Many carbon-14 compounds are available 
from stock at an isotopic abundance 

often over 90% of the theoretical 
maximum (100% isotopic abundance 

= 62-4mc/mA carbon labelled). 


For example: 
Aldosterone-4-C14 56.7 mc/mM = 91% 
Cortisone-4-C14 58.0 mc/mM = 93.5% 


Other important compounds supplied 
from stock. 


CARBON-14 


Cholesterol-4-C14 
Cortisol-4-C14 
Oestradiol-4-C14 
Oestriol-4-C14 
Oestrone-4-C14 


TRITIUM 


Cholesterol-1a-T 
Oestriol-6, 7-T 





Ask for free batch analysis sheets 
providing details of purity, notes on 
preparation and recommendations 
for storage from: 


The Radiochemical Centre 


v*3ui Amersham England 
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NCW 
Fabri- Tek 1010 


True Signal Averaging 


at a new low price... 
$4,400" 





FEATURES 


m Low Cost m True Signal Averaging m Ease of Operation m Input Filter m Sweep Speeds From 


20 Microseconds/Address to 200 Seconds/Sweep m Visual Sweep Counter 


m Autostop After 


Selected Number of Sweeps m Pushbutton Calibration for Oscilloscope and X-Y Recorder Outputs 





The Fabri-Tek Model 1010 Signal Averaper is 
not a stripped down version of a more versatile 
unit. This low cost computer utilizes the most 
up-to-date*technology (it's made almost entire- 
Iv of integrated circuits) and sacrifices none of 
the essentials of a complete signal averaging 
system. It is a completely digital system with 


a 256 word magnetic core memory. 

The unique circuitry does not resort to un- 
equal weighting of individual inputs (weight- 
ing techniques which emphasize more recent 
data), but rather presents the user with a true 
average of the input signal regardless of the 
number of sweeps. 


Automatic data normalization is one of the key 


For more information. write 


FA IS IR ILE EIK Instruments, Inc. 


NM TN 





Dept N-19, 5225 Verona Rd.. Madison, Wis. 53711 Phone: 608 238-8476 
in Europe: Bruker-Physik Ag, 7501 Karlsruhe-Forchheim, 
Postfach 40 10, Karlsruhe, West Germany 


features of this single input signal sveraging 
computer. A completely new approach aut 
matically provides the user with nermalized 
data regardless of the sweep speed or the num- 
ber of sweeps selected. At the same time this 
computer is easier to use than most laboratory 
oscilloscopes. Pushbutton programming, for 
instance, greatly simplifies and speeds up the 
operation. 

The input signal can be viewed for set-up pur- 
poses while adjusting the sensitivity and trig- 
ger threshold. External address advance is in- 
cluded. A pre-filter is provided for optimizing 
the signal-to-noise ratio improveme it as well 
as avoiding “aliasing” errors due to high fre- 
Calibration of X-Y 
oscilloscope outputs is simplified by means of 
pushbutton controls, A meter is provided to in- 
number of 


quency noise plotter or 


ditate the com- 
pleted. "Real-time" 


comparing averaged signal to raw 


pre-set SW EDS 
readout is available for 
signal or 


for spectral analysis. 
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Die u use VOLUMETRIC GLASSWARE, 
INTERCHANGEABLE JOINT GLASSWARE, SAFETY PIPETTES 
DOUBLE ACTION PIPETTES, GLASS AND PTFE. STOPCOCKS 
NUFFIELD GAS SYRINGE APPARATUS, WARBURG APPARATUS 
WATER STILLS, PETRI DISHES, TITRATION BENCHES, RESPIRO- 
METERS, FRACTION COLLECTORS, ELECTROPHORATORS ? 


then don't miss the 











EXELO GATAL 


WRITE NOW FOR YOUR COPY TO:- 


W. G. FLAG d UNO LID BROADSTAIRS, KENT 





EXELO WORKS, MARGATE ROAD, 


Te oo THANET 61365/6 & MENU 





Catch Up 


with 
Tomorrow 











Success tomorrow depends on the decisions you take today. 
Decide now to visit Leipzig Fair where you can see what's new 
from all the world in your trade or industry: see the latest 
techniques and the latest designs: hear of the newest trends, 
and examine at your leisure the competing products of more 
than 60 nations from both East and West. At Leipzig Fair you 
can do business for today and make decisions for tomorrow. 
Leipzig Fair, centre of trade in capital equipment and consumer 
goods, reflects the economic and industrial achievements of 
the German Democratic Republic, which celebrates this year 
the twentieth anniversary of its foundation. 








LEIPZIG TRADE FAIR 


GERMAN DEMOCRATIC REPUBLIC 
2nd/11th March 1969 . 31st August 7th September 1969 





A Visa will be issued on presentation of Fair Card and passport, 
at diplomatic and consular offices of the GDR, or at the Visa 
Bureaux on the state border of the GDR. Further information 
from Leipziger Messeamt, DDR-701 Leipzig, Markt 11—15, 
Telex: 051 22394. 
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to speed up electron microscopy 


The most important tip on the 
Zeiss Electron Microscope 

EM 9A is your fingertip. With it, 
you can activate time-saving 
automation never before 
possible. 

Your fingertip gives you 
complete control of the error- 
free, automatic vacuum system 
which saves you time during 
start-up and shut-down. 

A flip of your fingertip is all it 
takes to activate a completely 
automated photomicrographic 
system that sets correct 
exposure, takes the picture, 
numbers micrographs 
sequentially and neatly stacks 
up to 75 negatives without 
reloading. 

You save still more time in 
several other ways. Alignment 
is exceptionally fast and stable 
with the EM 9A's new 
adjustable single condenser 


that gives 15 to 20 times 

more brightness than was 
possible before. 

Specimen airlock is not only 
fast, but foolproof, too. 
Specimen exchange can be 
made within 10 seconds. 

Which all adds up to more time 
to concentrate on microscopy... 
rather than on the microscope. 
The EM 9A's resolving power: 
10-12A. 

Operating range: 900x-40,000x. 
Astigmatism compensation: 
new, easy-operating electro- 
static stigmator. 

Focusing: easy, because the 
unique fine-focusing device 
with digital read-out combines 
advantages of both step and 
continuous focusing. 
Binocular: 10x with exceptionally 
high light transmittance; 
special high-eyepoint eyepieces 


oe W)eaenhardt 


CARL 
Gerngany 


Full details from Carl Zeiss at 
Degenhardt & Co: Ltd., Carl Zeiss 
House, 31-36 Foly Street. 
London W1. 

01-636 8050 (15 lines) 

















vin . NATURE. JANUARY 4, 1969 


| 


T T | 
WAVELENGTH: 232 m 
SLIT: 0.07 mm 
EHT: Nil 


LAMP: Cathodeon - 


spectrosil Window 
CHARTSPEED: 2 cm/min 
DAMPING: Range 4 


EXPANSION: lOx 
GAS: Acetvlene/Aii 
P/MULTIPLIER: EMI 9662 


* SENSITIVITY : à 
* STABILITY p.p.m. 
x REPRODUCIBILITY | 












| 
with the EEL 140 ATOMIC ABSORPTION 
SPECTROPHOTOMETER 
Let us bring an EEL 140 and prove > od | | | zero 
our claim on your laboratory bench. EAA ~ 1 pr 


EVANS ELECTROSELENIUM LIMITED 
ÉED HALSTEAD >- ESSEX ss: ENGLAND 


Telephone : Halstead 2461 Telex . 98204 
EEL INTERNATIONAL LIMITED 
BAYSWATER VICTORIA AUSTRALIA 





DISTRIBUTORS AND SERVICE ENGINEERS IN ALL PARTS OF THE WORLD 
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Are micro-samples 
cramping your style? 
Get usable traces 
every time... 
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... with Pye Unicam's new SP200A autemated infrared run-through at your chosen speed. Automatic grating 
spectrophotometric system. A built-in logic system cuts out inter-change on the SP200GA and the SP1200A 
hours of experiments with samples. spectrophotometers enables the full-range spectra to be 
By the push of a button, the SP250A automatic scale recorded without interruption. And for particular application: 
expansion accessory selects the optimum ordinate scale the system has an override capability to enable sections of 
expansion factor during a preliminary high-speed scan. spectra to be produced manually. Write or call now for a 
Then—with no further adjustments—the result is a high- full specification or demonstration of our automated 
resolution presentation-standard spectrum on the first infrared capability. 
i 
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PYE UNICAM ^? 


Pye Unicam Ltd 
York Street, Cambridge, CB1 2PX, England 


Precision Instruments ® Telephone (0223) 58866 Telex 81215 
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deres 3 New bas Lhromsatograp 
with 9 Split Personality 


Sensitive enough for analysis at picogram levels—yet 
fully capable of preparative separation in large quan- 
tities . . . that's the kind of split personality we've built 
into the new 7300/7400 Series Gas Chromatographs. 
Truly modular construction gives you unequalled versa- 
tility in oven and column styles, detector types (all 
interchangeable), and programmers. Oven door opens 
and closes automatically as part of the automatic heat/ 
cool cycle, and the highly stable power supply can be 
set from 0.5 to 1000 volts. 

There's never been a gas chromatograph with all 
these features. And purchase price includes packed 
columns, an accessory kit and installation by a trained 
technician. Get the full story from your Packard Sales 
Engineer or write for Bulletin 1058Z to Packard Instr 
ment Company, Inc., 2200 Warrenville Road, Downers 
Grove, Illinois 60515 or Packard Instrument Interna- 
tional S.A., Talstrasse 39, 8001 Zurich, Switzerland. 


Accurate, precise independent temperature 
controls at injection ports, column oven 
and detector... youranalyses areconsistent 
and repeatable. 


Two separate "electronic ice baths" provide 
column and detector with absolute temperature 
contro! reference points, accurate to within 
+0.3°C. Three separate computing temperature 
controllers establish temperature set points—re- 
peatable within +0.5°C over the entire 0-500°C 
range. There's no drifting, no need for periodic 
re-calibration. 

With this kind of dependability in temperature 
control—exclusive with Packard —you're free to 
examine other experiment variables that may be 
masked in other instruments. 
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his Way to Nowhere 


(THE safest thing to say about the year ahead is that 
^it will be much like the immediate past. This, after 
all, is a good rule in weather forecasting. Even in 
 outlandish places like the British Isles, there are two 
days out of three on which it is fair to say that to- 
morrow will be like today (which implies not too great 
-an insistence on detail in the forecast). And in some 
sense, of course, the year ahead will be very much 
like the year past. The same sort of things will be 
"happening. Neither Mr Robert Kennedy nor Mr 
‘Luther King ean be shot a second time, of course, 
;. but there are plenty of other opportunities for tragedy. 
= {f the Moon is old hat by the beginning of 1970, there 
will still be room for speculation about the benefits 
of going somewhere else—Mars, Venus or just in 
Then there is no doubt that students will 
continue to be taught, in spite of all the appearances 
to the contrary on several recent occasions; patient 
research will continue in the universities and institutes, 
while the diligent publie servants who are at once the 
envy and the end-points of the rest of us will continue 
to sit on publie committees, seeking to improve the 
effectiveness of what other people do or, occasionally, 
to nullify it. In circumstances like these, the turn of 
the year is necessarily a time when people are aware 
that the future is constructed from the past and that 
the immediate interest is to pick out the signs of 
change or at least of challenge. 

By all appearances, the year ahead has the smell of 
unpleasantness, certainly for those whose interests 
lie in professional science and the related professions. 
The year past has seen the intellectual community 
exposed to a host of threats, many of them unexpected. 
Worse still, it has seen the intellectual community 
react to obvious assaults on its security, not by robust 
defence or even by guile, but by à pretence that if only 
people can carry on as if there is nothing to worry about, 
their troubles will spontaneously pack up and go away. 
That is a dangerous illusion. 

The universities provide a splendid illustration of 
how the people most of all concerned with them are 
almost indifferent to the way in which problems are 
accumulating. In Britain, for example, the only 
publie issue which has really raised the interest of the 
academie world in the year just past is the report in 
which the Prices and Incomes Board awarded univer- 
sity teachers a miserly pay increase and then went on 
to say that there should be some kind of bonus for the 
good teachers which might, in part, be determined 
by the opinions of the students. Academie wrath 
seems to have induced no less a person than the Prime 
Minister to intervene and say that he would never 
countenance the involvement of students in this way. 
Outsiders, however, wil be puzzled to know why 









academies have not been biting their nails with 
anxiety about the real problems which arise from the 
nearly complete dependence of th» university system 
on funds from the central government. The people 
who have been protesting about the Prices and In- 
comes Board should be just as much concerned about 
the function of the University Grants Committee and 
the question of how the universities are to present a 
unified case to the outside world. Academies should 
also be desperately concerned about the signs of 
weakness which have now emerged within the univer- 
sity system. It is, for example, now plain for all to 
see that a population as small as that of Britain 
cannot successfully support forty-five universities 
unless there is a great deal of rationalization and even 
frank inequality among them. What is to be done 
about that ? And what is to be the considered response 
of academies to the challenge whieh the students have 
presented in the past two years” Universities have 
yet to find a course that lies somewhere between 
capitulation and the pretence that there is no need 
of change. What is it to be ? 

There is a similar range of untackled problems in the 
management of university research. In Britain and 
in the United States, there has reeentlv been a notice- 
able reluctance of politicians to spend their electors’ 
taxes in such à way as to increase the funds available 
for university research at such a speed that a growing 
number of academies can carry out researeh on the 
scale established in the late fifties. It is important to 
reeognize that this is not mere parsimony but the 
consequence of a real politica. dilemma-—how to 
balanee the eost and benefits of university research 
against the costs and benefits of ether publie expendi- 
tures. In the United States, of course, there is a great 
need of better machinery—-the National Science 
Foundation should be strengthened —but this will 
not by itself provide all the money which the growing 
army of university teachers covld profitably use to 
enliven their teaching. So what are the universities 
going todo? Will they return to shoestring research, 
or will they, as they should, set out to create much 
closer links between publicly supported laboratories 
and the universities which are frequently alongside 
them? The way that things are going, there is a real 
danger that the quality and the intensiveness of 
university research will be undermined by the un- 
avoidable restrictions on the supply of funds. One 
obvious difficulty is that this problem cannot simply 
be made to vanish by complaining at the Government. 
It would be splendid if the people most of all concerned 
close to spend a part of their energy, in the year 
ahead, facing up to this urgent meed. If they do not, 
they will have only themselves to blame. 











Flying in 


ONE aspect of North American life which Europeans 
would most willingly import is the low cost of air 
travel. Costs of travelling about Europe by air remain 
obstinately high, and show scarcely any signs of fall- 
ing. At the same time, airline profitability i is low, and 
the system seems unable to generate sufficient traffic 
to enable fares to fall. The situation in cargo transport 
is no better than in passenger aircraft —indeed, it may 
be worse. These problems were put with depressing 
clarity when M. Pierre Cot, director-general of Air 
France, addressed a recent meeting of LATA in Munich. 
The problem, M. Cot explained, is caused by Europe's 
diversity, and the consequent proliferation of airlines 
too small to be really efficient. The problem of settling 
routes within. Europe 5 was itself difficult enough to 
ensure that European airlines would always be top- 
heavy, with twice the management costs of the 
American carriers. This means that, although wage 
levels in the United States are much higher, the staff 
costs per tonne-kilometre are 40 per cent less. Equally, 
political differences make it impossible for European 
carriers to achieve the optimum utilization of their 
aircraft, a difficulty made the more acute by relatively 
low traffic densities. M. Cot pointed out that the 
busiest American route, between Los Angeles and San 
Francisco, carries 3-3 million passengers a year, and 
there are sixty-five flights a day in each direction; in 
Europe, the densest route is between London and 
Paris, with 1-25 million passengers a year, and twenty- 
eight flights a day in each direction. Similarly, the 
London to Amsterdam run carries only 0-5 million 
passengers a year, while the New York to Boston run 
generates 2-25 million. These traffic densities are 
shown by the revenue earned by the airlines; neglect- 





ngineers a Cubit Higher 

THE Hippocratic oath of the medical profession has 
excited the attention of several moralists, not all of 
whom have paid equal regard to the reasons for which 
doctors in Britain, at least, no longer take it, sign it or 
swear by it. Mr K. W. Matthews, a civil servant with 
the United Kingdom Atomic Energy Authority, has 
recently called for an equivalent oath for engineers, 
which, he believes, would act as a “permanent inspira- 
tion and make their place in the community challeng- 
ingly clear". (The Chartered Mechanical Engineer, 
November 1968. But why should engineers need a 
code of ethics ? And why are the Ten Commandments 
not enough? One possibility which has often been 
suggested is that war could be abolished if those who 
make its instruments were to forswear aggression. 
Brecht's Galileo, for example, says that unless scientysts 
can devise something like the Hippocratic oath of the 
doctors, “the best that can be hoped for is a race 
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ferent Directions 


ing the four largest American carriers, M. Cot said that 
the average Ameda airline had a revenue three times 
as great as the average European carrier. 

All this, it could be argued, is merely evidence of a 
anao nac n rough pun t he n n urep 


EE M. Cot Sees no med D dp atum and M 
spoke in Munich of the renewed efforts being made by 
the railways to recapture traffic, principally from the 
roads but also from the airlines. With capital expendi- 
ture behind them, railways start with a distinct advant- 
age, and there is plenty of evidence of ways in which 
railw ay systems ean be quite dramatically increased in 
capacity and passenger appeal by inereasing speeds. 
British Rail plans to do this for £10 million, by putting 
its advanced passenger train into service, and £10 
million is scarcely more than it will cost to buy a 
single American SST, As M. Cot put it, “The price of a 
single American SST will be equal to that of a large 
steel rolling mill. 

What this means is that the airline industry is fast 
becoming a major consumer of capital, in the same 
league as the oil industry, electricity generation, or the 
iron and steel industry. Once this is realized, it can 
readily be seen that in Europe there are far too many 
airlines looking for too little cash. M. Cot suggested 
some palliative measures— more efficient management, 
more extensive use of existing facilities before expensive 
new ones are built, and the like—but the real solution 
is likely to be a sweeping rationalization of the whole 
airline business. The most logieal—and least likely-— 
solution would be the formation of a single European 
airline, but while national pride is bound up in national 
airlines this is unlikely to come about. 


of inventive dwarfs who can be hired for anything”. 
Whatever the merit of this proposal, which recent 
discussions about biological warfare on both sides of the 
Atlantie have shown to be at least fertile ground for 
argument, it is not here that Mr Matthews has chosen 
to sow his dragon's teeth. Indeed, the absence of any 
reference to war is one of the curiosities of his proposed 
code of ethics. On his view, the code is necessary 
because modern approaches to management, such as 
cost-effectiveness, confliet with the traditional engineer- 
ing ideal of building the best and the most lasting. Ata 
time of changing values, engineers should form a rock 
of steadfastness by adopting a code of ethics which, it 
is implied, would gain them a professional prestige 
similar to that enjoyed by doctors and lawyers. 
Unfortunately, it is not so clear that engineers could 
add a eubit to their moral stature in this way, unless it 
can be shown that such a code is both necessary and 
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enforceable. Mr Matthews proves neither point. The 
analogy with doctors and lawyers is misleading: they, 
after all, gain à wide degree of influence over the per- 
-sonal affairs of their clients by virtue of which their 
behaviour needs to be regulated by particular safe- 
guards. These are more in the nature of specifie rules 
built on long professional experience than general 
preseriptions about right or wrong. Another profession 
which increasingly has access to private information is 
that of computer staff, and the British Computer 
Society is now considering a code of ethics which will 
doubtless cover such matters. But engineers, as a 


profession, do not seem to be faced with this kind of 


problem. 

The various engineering institutions in Britain have 
their own codes of professional conduct, but, unlike the 
architects, for example, there is no pr ofessional register 
from which transgressors can be struck off or suspended. 
The worst punishment an engineer ean endure, which is 
rarely applied and does not in any case prevent him 
from practising, is to lose the membership of his par- 
ticular institution. The engineering institutions intend 
to unify their various codes of conduct, and discussions 
are now in progress with the Council of Engineering 
Institutions. The next step will be to devise an effec. 
tive means of enforcing the code, possibly by setting up 
an entirely independent disciplinary body such as 
exists for doctors, lawyers and architects. 

It is open to doubt whether the more general ethical 
preseripts proposed by Mr Matthews have any place in 
à working professional code. For example, the seventh 
of the twenty laws inseribed on Mr Matthews's tablets 
lays it down that the engineer "should allow no criticism 
of the profession made in his presence which he regards 
as unjust to pass without challenge” while the sixteenth 
demands that he ' 
industrial relations". These may be fine sentiments, 
but are they the stuff that everyday life is made of ? 
Little eredit is to be gained, by the engineering or any 
other profession, by pretending to an ineredulous world 
that its members, on pain of losing their proficienev 
badges, will henceforth abide by a boy scout’s ethos. 


EURATOM 


Community with Nine Lives 


Euratom, the Common Market’s nuclear community, 
has survived its latest crisis ee the narrowest of 
margins, and is now in business until July 1, 1969, at 
least. By then, the Common Market ministers respon- 
sible for it will have produced, so they say, a new five 
year plan. Followers of Euratom’s fortunes over the 
years will believe that when they see it. The latest 
crisis has been caused principally by France, which has 
been trying to turn the work of the community to its 
own advantage. This in itself is no crime, and all 
Euratom members do the same, but France is willing 
to take the process further than the rest. i 

By the end of the meeting of ministers on December 
21, however, agreement had been reached on a budget 
of $48 million for 1969. More important, perhaps, was 


'strive for the eontinual betterment of 
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the agreement that about half this budget could be 
spent on joint Euratom projects ir which “all countries 
combine, and the other half or “complementary” 
programmes, which are subscribed to by only those 
countries which declare an interest. The positi ion taken 
by France was that much less thaw half of the b dget 
should be spent on community orojeets—some $17 
million—while the rest should gc to complementary 
programmes in which the F reneh. would not have been 
involved. The Dutch were hoping to salvage the 
community, to a limited extent at least, by encouraging 
the remaining five members to support all the comple- 
mentary programmes, which wouid also have drawn 
attention to France's isolation. In the event, this hope 
seems to have been dashed by Belgium, which said 
that its contribution to some of the complementary 
programmes would be only nominal. 

The EEC Commission seems tc have taken a very 
tough line at the December meeting, and its president, 
M. Jean Rey, went so far as to deseribe France as an 

"impossible partner". The agreement does represent 
a compromise by France, and it brings another six 
months of job security to the staff of Euratom. If the 
original French plan had been aeopted, the research 
staff, 2.700 strong, would have been severely pruned. 
Indeed, France’s original proposal that there should be 
no community research work at al! would have meant a 
reduction of two-thirds in the numbers employed. 

With another six months' grace. Commission officials 
are hoping to shift the emphasis in Euratom away 
from nuclear work towards other smportant industries, 
like metallurgy and computers. If this ploy works, the 
programme could perhaps be ceordinated with the 
limited amount of technological ceoperation which has 
been agreed between the six and other countries, 
including Britain. But if France :s still determined to 
exclude Britain from the EEC, it is unlikely to fall for 
a gambit as obvious as this one. In any case, once in, 
it is likely that Britain would be very much happier 
with the looser kind of association which France seems 
to be pushing for, rather than the unified community 
which is still favoured by the five 





PHYSICAL STANDARDS 


New Volts for Old 


STANDARDS laboratories througaout the world are 
adjusting the values of their primary eleetrical stand. 
ards of voltage and resistance to brmg them in line 
with the standards mamane at the Bureau. a 
national des | " 
Paris. The British N Domi Phe vsi i Tabor oe ES 
announced that as from January 1, 1969, its unit of 
resistance will be increased by 3-7 parts per million 
and the unit of voltage will be reduced by 13 parts 
per million. United States and Canadian laboratories 
have agreed on similar changes and other national 
laboratories are expected to follew suit. F ortunatelv, 
the changes oy ed a are so haben that they will a 
b dde 

E. ian the pco. BUSES, ec i comity maintains 
ad assigns pu plate: va luas to. B nc on "ihe FERA of 
méasurements made in terms of the fundamental 
international (SI) units—the metre, kilogram, second 
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and ampere. Agreement between different laboratories 
is not perfect and every three years each laboratory 
sends its standard cells and resistors to the BIPM 
so that they can be evaluated in terms of the “BIPM 
volt" and "BIPM ohm". For the sake of continuity 
the stated values of the standards are not adjusted 
each time these comparisons are made. 

As measuring techniques improve and the standards 
themselves become more stable and reproducible, how- 
ever, the differences between the units maintained in 
various countries become more significant. The most 
recent and precise determinations indieate that the 
BIPM ohm is within 1 part per million of the correct 
value while the BIPM volt is probably 11 parts per 
million larger than the correct value. At an inter- 
national meeting in October, metrologists agreed that 
the BIPM volt should be adjusted accordingly. Other 
countries are making this the occasion to make their 
own units agree more closely with the BIPM units. 

The standard resistance is measured by comparison 
with the reactance of a mutual inductor used on 
alternating current at a known frequency. The induct- 
ance is caleulated from the physical dimensions of the 
coil. The Metrology Division at the National Physical 
Laboratory hopes that, by using a capacitor instead of 
the inductor, it will be able to measure resistance ten 
times more precisely. The voltage of a standard cell 
is compared with the potential difference across a 
known resistor carrying a current from the coils of a 
eurrent balance. The absolute value of the current is 
determined in terms of the mechanical force between 
two conductors carrying the same current. 


METRICATION 


One Swallow for Summer 


ALMOST five months to the day after Mr Anthony 
Wedgwood Benn, the Minister of Technologv, an- 
nounced in Parliament that the Government would be 
setting up a Metrication Board as soon as possible, 
Lord Ritchie-Calder was named on December 19 as its 
chairman. The appointment of the other board 
members will not be announced until Parliament has 
reassembled later this month, which has disappointed 
officials as well as many industrialists, who feel that 
the sooner the board is appointed and starts work the 
better. It seems, however, that Mr H. Cruickshank, 
the chairman of the construction industry's metrica- 
tion working party, will belong to the board, while 
Mr A. H. A. Wynn, the Ministry of Technology's 
senior official working on metrication, and Mr H. ^. R. 
Binney, director-general of the British Standards 
Institution, are almost certain to be asked as well. 
Lord Ritchie-Calder seems to be everyone's idea of 
the ideal man for the job, which during the next seven 
to ten vears will entail giving advice to all and sundry 
on the problems that will arise from adopting a fully 
metric system of weights and measures. Lord Ritchie- 
Calder, who said last week that he will start work in 
March, sees the job as a huge public relations exercise 
with ramifications in every sphere of life. The problem 
is simply to persuade people to adopt the metric system 
voluntarily. Persuading industry should be easy, 
but persuading consumers and retailers, who are not 
organized among themselves, is where the difficulties 
begin. Lord Ritchie-Calder says that he expects the 


NATURE, VOL. 221. JANUARY 4, 1969 





Lord Ritchie-Calder. 


board will encourage the setting up of consumer and 
retailer groups and councils and exploit all the com- 
munications media in its attempt to win over the public. 

Lord Ritchie-Calder is best known as the former 
journalist Ritchie Calder, with a flair for explaining 
science to the layman, who contributed regularly to 
two now defunct newspapers—the News Chronicle 
and the Daily Herald. His political leaning has always 
been to the left—before the war he led marching 
strikers. In 1966, when he became a life peer, he 
accepted the Labour Party Whip in the House of 
Lords. This accords with what is believed to be the 
Prime Minister's view that metrication is potentially 
too political to be left to the technicians. 


HONOURS 


Scientists Honoured 


PROFESSOR P. M.S. BrackErr, President of the Royal 
Society since 1965, has at last accepted one of the four 
life peerages announced this week in the New Year 
Honours: his wife will no longer be able to make her 
favourite joke, "Not even the Labour Party can 
make a Lady of me”. Bernard Katz, professor of 
biophysies at the University of London, and Michael 
Francis Addison Woodruff, professor of surgery at 


Edinburgh University, have both been knighted. 
Also knighted are James William Howie, medical 


director of the Publie Health Laboratory Service: 
Stephen John Watson, lately professor of agriculture 
and rural economy at the University of Edinburgh: 
Derman Guy Christopherson, vice-chancellor at the 
University of Durham. and Christopher Sydney 
Cockerell, consultant at Hovercraft Development Ltd. 


SELENOLOGY 


Album of the Moon 


from our Astronomy Correspondent 


THE magnificent photographs of the Moon taken by 
Borman, Lovell and Anders which have captured the 
front pages of the newspapers are unlikely to add as 
much to scientific knowledge as proponents of manned 
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spaceflight would like to believe. This is not to say that 
the landing of men on the Moon, who will pick and 
choose interesting pieces of rock to be brought back for 
examination on the tarth, will not have a considerable 
scientific payoff. And it is hard to believe that men 
scrambling about on the surface will not make valuable 
deductions about the forces which have moulded 
the Moon’s pock-marked landscape. The Christmas 
flight of Apollo 8 was a daring trail-blazer for this kind 
of activity to which the scientific community w ill 
look forward no less than anyone else. But the photo- 
graphs of the illuminated part of a narrow strip of the 
Moon along the lunar equator which are now released 
will add next to nothing to what was already available 
in 1966 and 1967. The reason for this is that the 
Orbiter series of lunar satellites launched by the 
Americans has already mapped almost 99 per cent of 
the Moon, with a resolution as good as the Apollo 





Looking south at the crater Goclenius, 40 miles in diameter. 
Goclenius is at latitude 10° south, longitude 45° east. 


photographs. Operating at altitudes as little as 40 km 
above the surface, the Orbiters were equipped with 
medium and high resolution cameras to take pictures 
more detailed than those now published. The astro- 
nauts’ photographs were, it seems, taken with a con- 
ventional camera from 110 km. 

Following what has been the Russian practice, the 
Orbiter cameras use film as an intermediate stage 
rather than direct television transmission. The 200 foot 
roll of 70 mm film in Orbiter I was processed on board 
and the result radioed back to the Earth. Roughly 
90 per cent of the 211 frames which could be accom- 
modated on the roll of film in Orbiter I were used to 
map possible landing sites, each frame consisting of 
one high resolution and one medium resolution picture. 
The two lenses had a focal ratio of f/5-6, the high 
resolution lens was a 600 mm "Paxoramic" and the 
medium resolution lens an 80 mm "Xenotar". <A 
measure of the success of Orbiter I and its successors 
launched during 1966-67 is that photographic coverage 
of the Moon is now better than that of the Earth. The 
first three Orbiters concentrated on possible landing 
sites, with resolutions down to one metre in selected 
areas; subsequent Orbiters are more concerned with 
mapping the remainder of the surface. 
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Detail down to 50-100 m seems to be visible on the 
Apollo pictures so far available. roughly ten times 
better than ground based obser: vations ‘but not an 
improvement on the Orbiter resuits. Any advantage 
which the Apollo views have is in tne availability of the 
original negatives, rather than at second-hand as was 
the case with the Orbiter series. This means that the 
Apollo pictures are likely to show finer gradations of 
shade. The colour photographs which have now been 
brought back may not add a great deal either. As a 
whole, the Moon seems as good aa approximation to a 
grey body as can be found in tae solar system. So 
much has been clear since the attempts at colour 
photography in the Surveyor programme by auto- 
matically inserting a sequence of colour filters in front 
of the lens of the television camera. An essentially 
colourless Moon was revealed by the reconstituted 
colour photograph. 


ROCKETRY 


Rocket for Apollo 8 

Dr D. G. King-Hele writes: 

As the skv darkened after sunset on the evening of 
December 21, 1968, hundreds of people in Britain saw 
a new object in the western skv, a very bright glow 
about 1° in diameter near the star Altair. lt was a 
glowing cloud of ionized gas prcduced by the ejection 
of rocket propellants from the Saturn IVB rocket 
that had boosted Apollo 8 into ‘ts trajectory towards 
the Moon less than an hour betore. The glow lasted 
from about 16 h 50 m UT, whea the western sky was 
still light in southern England, until about 17 h 20 m, 
and at one time was reported tc be nearly as bright as 
Venus. The approximate celestial coordinates were 
right ascension 19 h 40 m, declination +3°. 

After an interval when no glew was visible, further 
propellants were vented from the rocket, nis & new 
fan-shaped cloud was seen teleseopically at 17 h 48 m: 
this glow was afterwards visible to the naked eye for 
an hour, about magnitude zerc at its brightest. For 
much of this time the glow remained in the shape of a 
fan, or the stem of a wine-glass, with the apex, or stem, 
towards the right. Less than $^ to the right of the 
apex a small circular glow was visible, about magnitude 
four at brightest. As seen from southern England the 
objects moved nearly in a straight line, from right 
ascension 20 h 16 m, declinatien +1-2°, at time 18 h 
00 m, to right ascension 20 h 43 m, declination —0- 9^, 
at time 19 h 00 m. During this interval the distance 
of Apollo 8 increased from about 50,000 to about 
60,000 km. 

A number of satellite observers took this opportunity 
to make their first observations of objects in deep 
space. At Cowbeech, Sussex, G. E. Taylor, using his 
500 mm reflecting telescope, was able to observe the 
Saturn IVB rocket flashing tc magnitude 9 every 6 a 
and the Apollo 8 very close to it (within one minute 
of arc) at magnitude 11 to E. Although the main 
glow was caused by propellants ejected from the 
rocket, the small circular glow may have been ereated 
by ionized gas from control jets or waste material 
released from Apollo 8 itself. 

Optical observations of space probes have been made 
before, and clouds of ionized gas were used as “marker- 
beacons” by Russian Luna space vehicles. But the 
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unintentional display of luminosity by Apollo 8 and 
its rocket shows that unburnt propellants in the rocket 
booster of a space vehiele might provide a glowing 
gas cloud throughout a journey to the Moon. Analysis 
of photographs of such a cloud might yield useful 


information on the structure of the outer reaches of 


the Earth's magnetosphere, just as analyses of clouds 
of glowing vapour from sounding rockets have been 
valuable in studying the upper atmosphere at heights 
between 100 and 200 km. 

Fig. 1 is a photograph of the glowing clouds taken by 
Commander H. Hatfield at Sevenoaks, Kent, using a 
12 inch telescope for guidance (1820 UT) 


ASTRONOMY 


Ammonia Line Detected 


from our Astronomy Correspondent 
THE spectrum of the radiation which radio astronomers 
collect is usually continuous, but a few spectral lines 
have been found and have turned out to be exceedingly 
useful. The most important are the well known 
neutral hydrogen line at 21 em, which has made 
possible the charting of interstellar gas, and the line 
at 18 em due to the hydroxyl radical. The detection of 
weak microwave emission from ammonia molecules in 
interstellar space by a team at the University of 
California, Berkeley, has now added another line to the 
list (Phys. Rev. Lett., 21, 1701; 1968). Although the 
result is not entirely unexpected, the measurement is 
nevertheless a considerable achievement by the five 
scientists responsible—A. C. Cheung, D. M. Rank 
and C. H. Townes of the Department of Physics and 
D. D. Thornton and W. J. Welch of the Radio Astron- 
omy Laboratory. To pick up the ammonia signal, a 
new 20 foot diameter antenna, tuned to 1-25 em. was 
set up at the Hat Creek Observatory of the University 
of California. The team directed its telescope at a 
number of objects, including Cassiopeia A, W51 and 
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NML Cygnus, without finding ammonia emission or 
absorption. But observations of a dense cloud of gas 
and dust in the direction of the galactic centre yielded 
a profile of the predicted ammonia line after several 
hours of recording. During the observations the 
movement of the telescope to track the source was 
controlled by a computer, which also superintended 
an observing sequence designed to rule out the possi- 
bility of the signals coming from the Earth's atmo- 
sphere. Two lines corresponding to inversion transi- 
tions of rotational levels in the vibrational ground 
state of the ammonia molecule were picked up, but the 
detection of the weaker of the two lines is not definite. 

A dense dust cloud in Sagittarius 4, just south of 
the direction of the galactic centre, is probably the 
source of the emission. The region is also one in 
whieh there is strong absorption by the OH radical, 
which is presumably why the cloud was singled out 
for observation. According to the report, the frequency 
of the line is Doppler-shifted, corresponding to a 
velocity with respect to the local frame of rest of 
4-23 km s, 

In its report, the California team speeulates on 
conditions in the cloud, based on these preliminary 
measurements of the ammonia emission. Assuming 
that the cloud of ammonia is not optically thick, the 
number of ammonia molecules in all states in the line 
of sight comes out as 2 x 1015 em-?, Taking into account 
the size of the cloud, the volume density of ammonia 
molecules is roughly 10-? cm. This means that 
perhaps one per cent of the nitrogen in the cloud is 
combined with hydrogen as molecules of ammonia. 
Adsorption of hydrogen and nitrogen on grains of 
interstellar dust is the most likely source of the 
ammonia molecules, followed by sublimation, photo- 
detachment or particle bombardment. 

The detection of the ammonia line is important 
because of its relevance to the processes of star forma- 
tion, which are believed to take place in the relatively 
cool regions of gas and dust clouds, where the hydroxyl 
radical is present. The cloud in Sagittarius is a typical 
example. Observations of the ammonia emission 
should help, among other things, in discovering the 
part played by nitrogen, and to this end radio astrono- 
mers will be scanning cool dust clouds for further signs 
of ammonia molecules, 


RAW MATERIALS 


Sweet Sense 


ANYONE who was shrewd enough to invest his money in 
cocoa futures last January would now be sitting pretty 
with a very handsome profit. This January, the 
Cassandras of the commodity markets are tipping sugar 
as a sound gamble even though, at the United Nations 
this week, it looked very much as if as many as thirty- 
three of the major sugar exporting and importing coun- 
tries, but not ineluding the United States, which is not a 
member of the International Sugar Commission, had 
signed a new International Sugar Agreement in an 
attempt first to increase and then to stabilize the price 
of sugar on the world market. Since the expiry of the 
last international price agreement covering the five 
years 1959-63, the price of sugar has fluctuated between 
£100 and £10 a ton. In the past four vears, however, 
it has been depressed at about £20 a ton. The sugar 
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exporting countries, most of which happen to be 
developing countries, have naturally been hardest hit 
by the glut and some have sought protection in bilateral 
and multilateral agreements. The Cubans, for example. 
faced with United States trade sanctions on top of the 
world glut, have made agreements with East European 
countries. British Commonwealth countries have done 
the same with Britain under the Commonwealth Sugar 
Agreement. But other countries have been left out in 
the cold and the new agreement is at least a sign that 
the affluent nations are recognizing their obligations 
and are prepared to subsidize the price of sugar. 

The terms of the agreement have not yet been pub- 
lished, but the general idea is apparently to stabilize 
the world price by means of a system of adjustable 
export quotas. Exporters will not be allowed to dump 
surplus sugar on the market and importers have agreed 
not to buy surpluses below the market price. The 


quotas will only come into operation when the cost of 


sugar falls below 5-25 US cents a pound (£49 a ton), 
and provision is made for adjusting the quotas down- 
wards should price levels fall to 3:25 cents a pound 
(roughly £30 a ton). On the other side of the coin, 
if the world price exceeds 6-5 cents a pound (roughly 
£60-5 a ton), exporting countries must make sugar 
available, and thev have agreed to maintain stocks for 
this purpose. 

Importers also agree to restrict the level of their 
imports from countries outside the agreement and to 
guarantee certain markets. Britain, for example, has 
agreed to import not less than 1:8 million tons of sugar 
each year. But any increase in the world price of sugar 
will have little impact on shopping bills in Britain 
because 95 per cent of the sugar consumed (2-93 million 
tons in 1967) is either home produced or imported from 
the Commonwealth at negotiated prices unaffected by 
the new agreement. Under the Commonwealth Sugar 
Agreement, which operates until 1971. Britain buys just 
over 1-7 million tons of sugar at £43-5 a ton, which is 
well above the prevailing world price, and also pays 
developing countries in the agreement between £2-5 and 
£1-5 a ton for every ton sold on the world market if the 
world price is less than £39 a ton. In effect Britain is 
subsidizing sugar exporting countries in the Common- 
wealth, but has in return the assurance of a secure 
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supply at £43-5 a ton. There is noimmediate prospect 
of prices rising to that level. 


ACOUSTICS 


Banishing the Echoes 


A CURE for the acoustic problems of London's Royal 
Albert Hall is being sought in 109 gass fibre disks which 
are to be hung from the 140 foot dome. The Victorian 
Gothie splendour of the hall is a fine setting for musical 
occasions, but the notorious echoes, inevitable in a 
building of such size and shape, have been a source ol 
criticism since the hall was openee in 1871. 

The trouble is that the sound which is reflected from 
the various surfaces of the hall reaches the listener 
too long after the sound which travels directly from the 
platform. Ideally the reflected sound would follow 
the direct sound after about one fiftieth of a second, 
but this is impossible for all the seats in such a hall as 
this. The difference between the lengths of the direct 
and first reflected paths may be as much as 100 feet. 
and because it takes the sound ene thousandth of a 
second to travel each additional feot, such a difference 
results in a time interval of one tenth of a second 
between direct and reflected sound, so that there is a 
definite echo. The problem is exaggerated by the 
shape of the hall; the concave surfaces focus the 
reflected sound so that some seats— particularly those 
opposite the platform—receive a stronger signal by the 
indirect than by the direct path. 

The new scheme, the result of aa investigation by Mı 


Kenneth Shearer of Acoustica. Investigation and 
Research Organization Ltd, involves hanging 109 


polyester resin impregnated glass fibre diffusers about 
70 feet from the floor, just above tae level of the gallery 
The diffusers, varying in diameter from six to twelve 
feet, will hang lower in the centre of the hall so that the 
whole arrangement is of a shallow inverse dome. The 
grid of tubes from which the di users will hang was 
provided by the original designer of the hall. 

The system is intended to inhibit the transmission 
of sound to and from the surfaces of the dome, and to 
provide a surface to reflect sound earlier to certain seats 
By providing convex instead of concave surfaces the 





Glass fibre diffusers being tested at the Building Research Station before installation at the Royal Albert Hall. 
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diffusers will reduce the focusing effects—sounds will 
be scattered instead of concentrated. The use of sound 
absorbing materials on either the upper or lower surfaces 
of the diffusers will make it possible to reduce the 
reverberation time of the hall at certain frequencies, 
notably about 500 Hz. 

The installation of the new system is expected to be 
complete by January 8, when the BBC Symphony 
Orchestra is to give a concert as a test of the changed 
acoustics. After this there will be several weeks of 
"tuning", during which time everyone concerned 
with the scheme is hoping for tolerance from performers 
and audiences. 


SPACE 


ELDO through the Looking Glass 


A CURIOUS and not at all healthy position has now been 
reached in ELDO affairs. On December 19 and 20 in 
Paris, the ELDO council had its last chance to agree to 
the 1969 budget. Agreement was threatened by two 
possibilities: first, that Britain would insist on its 
proposal, made at the Bonn European Space Con- 
ference (ESC) (see Nature, November 15 et seg.), to 
make a substantial increase in support of European 
space relating to applications satellites dependent on 
being released from its two years’ financial obligation 
to ELDO; and second, that the hard-won but not 
unanimous accommodation reached by the five 
continental ELDO ministers on November 11 would be 
punctured by Italy's refusal of support when it came up 
for the vote. Neither of these upsets took place at the 
end-of-the-year meeting, but ELDO will, nevertheless, 
enter 1969 without a budget, with small prospect of 
obtaining one for some time and with a thoroughly 
unpropitious outlook. 

Britain abstained from the Bonn meeting accommo- 
dation agreement. Now, however, it seems that the 
British Government has concluded that the terms of the 
November 11 agreement amount to a new programme 
which cannot be considered merely a modification of 
the basic agreement on which the present ELDO 
programme rests. (In particular it eliminates any test 
of a geostationary satellite from the programme.) 

"In evidence of the UK Government's unbounded 
generosity and European spirit" (as one UK official 
put it), the British Government, through its officials at 
the council meeting, declared itself prepared to help its 
continental partners towards their launcher aspirations 
by providing a £10 million subsidy for ELDO's 1969 
budget. It was made clear that no further money 
would be forthcoming from Britain after 1969. 

. Italy also made its position clear at the end-of-the- 

year council meeting. It took a similar view to that of 
Britain of the November 11 plan, but was not prepared 
to support the 1969 budget. Indeed, in the discussion 
that followed, it became apparent that the only country 
“emphatically willing" to support ELDO’s 1969 budget 
was the UK. The paradoxical position left at the end 
of the year is that Britain, which wishes to get shot of 
ELDO and is unconvinced by the arguments for an 
independent European launcher capability, is the only 
ELDO member prepared to support next year's budget. 
The organization will thus start next year without an 
approved budget—and it may be many months before 
it has one. There are institutional provisions for “ticks 
over money” in the meantime. The impasse calls for 
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another meeting of ELDO ministers, but when this may 
be possible is not at all clear. 


GEOPHYSICS 


Alaska feels the Freeze 


At the Geophysical Institute of the University of 
Alaska, renowned for its research on solar-terrestrial 
relations, cold winds from Washington are feared more 
than the earthquakes, floods and Arctie climate which 
Alaska experiences. This is the message of the 
institute's annual report for 1967-68, now published, 
The report presents in microcosm the effects of the 
financial stringency overtaking science in the United 
States. So far, the institute’s expenditure has been cut 
from its 1966 peak of $3 million to $2-65 million in 1968, 
and there are fears of worse to come. To the outside 
observer, the most obvious effect is a drastic cut in the 
number of technical support staff available to assist in 
the seientific work of the institute. The total staff is 
now roughly 125, compared with the 1966 peak of more 
than 200, while during the same period the numbers of 
scientific staff and graduate students have remained 
more or less the same. Naturally enough, the institute 
has been able to start fewer new projects during the 
year than it would have liked, and the outlook is black 
for some of the more expensive work which would 
have been started in the near future. Plans for a big 
incoherent scatter radar, the subject of a joint feasi- 
bility study with the Stanford Research Institute, may 
well be the first to suffer, in spite of the importance of 
such a radar in the auroral zone. 

The geophysicists at College are luckier than some, 
however. In 1970 they will be housed in a new build- 
ing. at a eost of more than $4 million, with the help of 
grants from the National Science Foundation, the US 
Office of Education and by means of bond issues. 
(Because the National Aeronautics and Space Adminis- 
tration could not afford to contribute, one floor of the 
seven-storey building will have to be left out.) By 
March next year an Alaskan rocket range should be 
available. Launching pads are to be at Chatanika, 30 
miles north of Fairbanks, and will eventually be able to 
fire rockets up to Nike-Tomahawk size. 

Most of the financial support for the institute comes 
from Federal sources, and the shortage of funds has been 
provoked by cuts in military spending. The US Army 
now spends next to nothing at the institute. for 
example. But support from NASA and the National 
Science Foundation has been keeping the wolf from the 
door, which is why the rough handling which the 
National Science Foundation budget has received in 
Congress is causing sleepless nights at College. The 
report expresses concern about the disaffection which 
Congress seems to have for basic science, and says that 
the danger of concentrating on research, which is likely 
to prove economically beneficial at the expense of basic 
science, is that of putting the cart before the horse, and 
giving the cart a kick. 

The Geophysical Institute is nevertheless finding it 
prudent to go some of the way with the politicians. 
Because of its site in the auroral zone, aeronomy is the 
institute’s chief love, but geophysical studies more 
likely to prove of interest to the development of 
Alaska’s natural resources are to play an increasingly 
important part. Alaska is a superb laboratory for this 
kind of research. 
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TRANSPLANTS 


Moving Donors 


from our Social Medicine Correspondent 

A STATEMENT was issued this week by the board of 
governors at King's College Hospital, banning the 
movement of potential organ donors from any of the 
five hospitals in the King's group. Why this decision 
was taken has not been made clear, but the adverse 
publicity which surrounded the movement—-under 
police eseort—of the first British heart donor, Mr 
Patrick Ryan, from Denmark Hill to the National 
Heart Hospital at Marylebone is no doubt a contri- 
butory factor. 

The ban, which is likely to be taken up by other 
London hospitals, is welcome in so far as it protects the 
donor who, in a critical condition, is hardly likely to 
benefit by being moved. On the other hand, the 
alternative—taking the recipient to the donor—is not 
altogether satisfactory. Not only are recipients them- 
selves seriously ill, but the hospitals occupied by 
potential donors may not always have the necessary 
sophisticated apparatus such as heart-lung machines 
nor the facilities for post-transplantation care. Progress 
will really be made when methods become available 
for storing hearts and livers for extended periods out- 
side the body so that organs can be transported from 
one hospital to another, or perhaps even from one 
country to another as required. 


MANAGEMENT 


Support with Strings 


Tug British Government has sprung something of à 
surprise by agreeing to provide £10,000 for the prepara- 
tory year of the European Institute of Technology. 
The institute (by no means the same as that which Mr 
Harold Wilson and Mr Wedgwood Benn used to talk 
about) is being set up by a group of independent 
Europeans, working for convenience under the auspices 
of OECD (see Nature, 220, 1010; 1968). The institute, 
a kind of European management school, or "systems 
university", now has firm offers of support from West 
Germany, Holland, Italy and Britain as well as a more 
nebulous offer from France. It is giving itself until 
January 20, 1969, to raise matching financial contribu- 
tions from industry and from private sources, when the 
OECD council will be asked to pass a resolution 
formally setting up the provisional commission. Once 
this is done, the commission will be able to accept and 
spend money, select a site for the institute and choose 
staff for it. 

The British contribution is not as open-handed as it 
sounds. As usual, it depends on the other participants 
toeing the British line, and is offered on the condition 
that Britain has the opportunity to discuss and perhaps 
alter the main objectives of the institute. This should, 
of course, have been done long ago, but it seems that 
the British Government became aware of the proposals 
too late to be able to influence them significantly. 
There still seems, however, to be some room for negotia- 
tion about the exact emphasis of the institute— for one 
thing, much will depend on the selection of the staff, 
and the British Government has at least made sure that 
it has a hand in that. 

The Government has been influenced in its attitude 
io the institute by the report of a committee set up 
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bv the CBI and the Committee of Vice-Chancellors 
under Sir William Strath, chairman of British Alumin- 
ium Co. Ltd. The committee took rather a dim view 
of the institute which, it though:, would not fit in 


committee realized. 
not be just a plain business schaol—there is already 
one of those at Fontainebleau, a possible site for the 
institute—but that it should be-ome involved with 
the advanced techniques for managing technology 
which have been developed in the United States. The 
British Government's view seems to be that the most 
useful part the institute could play would be as a place 
where people from industry coud go for courses to 
equip themselves for higher levels of management. 
The Government is also thought to believe that the 
institute would be more useful if it widened its terms 
of reference to include general management, rather 
than simply the management of technology and research 
and development. If this were done, the argument 
goes, the doors of the institute could be opened to 
arts graduates as well as scientists and technologists. 
The British Government also feels that the emphasis 
should be placed on post-experieace rather than post- 
graduate training. As well as fitting in better with 
what the Government believes it needs, the feeling 
is that the institute might then attract more support 
from industry, and become more self-supporting. 
Some foundations and firms (the names of Volkswagen 
and Philips are mentioned) have already agreed to 
provide money. British industry will also be expected 


to chip in. But whatever the nal outeome-—-which 
will not be known for a year or so—it is clear that the 


British Government has accepted the advice thrust on 
it to get in at the start. There is still some uncertainty 
whether it will be there at the firish. 


EDUCATION 


More for Educational Research 


Tue Royal Dutch Shell Group of companies has 
given the Organization for Ecoromic Cooperation and 
Development another $0-75 million for its centre for 
Educational Research and Inncvation in Paris. The 
centre was launched in the middle of last year with a 
grant of $1 million from the Ford Foundation, and its 
purpose is to provide a background for major educa- 
tional reforms in OECD member countries. The 
main priorities of the programme are developing = 
educational programmes for underprivileged (‘socially 
disadvantaged") groups, eurricalum development for 
secondary schools and universities, and the develop- 
ment. of new teaching methods. The centre combines 
general studies and joint projeets between the centre 
and individual OECD countres. The OECD says 


that the new grant will enable the centre to intensify 
its work in the areas which seem most pressing. 

The new grant will be particularly good news to 
Mr James Gass, the deputy director of OECD for 


The 


Scientific Affairs, who is director of the centre. 
centre is under the guidance c 





eMaired by Professor Albert Halsey of the University 
of Oxford. 
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TREES 


Colourful Street Trees 


Is spring and summer the traveller in Egypt, tired of 
pyramids and lesser monuments, can feast his eyes on 
the splendid colours of the street trees. This, at least, 
is the impression given by a booklet called Street Trees 
in Egypt, by Dr Nabil El.Hadidi and Dr Loutfy 
Boulos and published by the herbarium of Cairo 
University. This guide, containing deseriptions and 
drawings of fifty-two Egyptian cultivated trees of 
native and foreign origin, has been printed with the 
support of the authors and a jubilee fund collected by 
the UAR-Swedish Society in Stockholm, on the occa- 
sion of the seventieth birthday of Professor V. Täck- 
holm, professor of systematic botany at Cairo. 

In his foreword, Professor Tackholm remarks that 
Egypt is well known all over the world for its beautiful 
cultivated trees, and tourists always take away with 
them a memory of soft greenness sprinkled with gay 
colours. Until now, however, they have not, unless 
they were taxonomists with a rare breadth of know- 
ledge, been able to identify these trees. Now, if they 
are prepared to search through fifty-two pages—there 
is no key in this guide—they can discover the names 
and origins of some of Egypt’s cultivated trees. 

Egypt, as a desert country, has few indigenous trees, 
but the mild climate is suitable for many exotic species, 
and there are trees from India, Malaya, Australia, 
tropical Africa, North and South America, China and 
Arabia. The streets of Egypt must certainly be 
brilliantly coloured in early spring with the bright red 
flowers of Bombax malabaricum, the silk-cotton tree: 
the purple, white and red flowers of Bauhinia variegata, 
the orchid tree with leaves resembling a camel’s foot, 
and the crimson, pink or white flowers of Chorisia 
crispiflora. Later in spring there are the violet-blue 
flowers of Jacaranda acutifolia and from late spring 
until September Cassia fistula, golden shower, is in its 
full golden yellow glory. Tourists should beware 
of eating the berries of this tree, for they are reported 
to be laxative. Clearly, though, they should seize the 
chance of sitting under the bo-tree, Ficus religiosa, 
under which Buddha is said to have attained supreme 
knowledge. Ficus retusa, on the other hand, is best 
avoided—as the host of the scale insects which attack 
oranges and other fruits, it is considered a dangerous tree. 


SCIENCE AND SOCIETY 


Problems of Responsibility 


from a Correspondent 


Ar the beginning of November the West German 
branch of the international Society for Social Responsi- 
bility in Science (‘Gesellschaft für Verantwortung in 
der Wissenschaft") held a conference entitled "Human 
Society in the View of Science”. The aim was to dis- 
cuss how scientists and technologists can contribute 
to the development of a healthy policy concerning the 
future of human society. 

Introductory talks were given by a student of 
history, Mr G. Trautmann (Heidelberg University), 
and by a biologist, Professor H. Mohr of Freiburg 
University. Mr Trautmann called for an increasing 
democratization of the universities, allowing the 
students to take an active part in the reform of teaching 
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and the choice of subjeets of research. The close 
relationship between the universities and society would 
lead to further progress in social and economie demo- 
cracy. Professor Mohr saw as the most important 
task of the responsible scientist his adherence to the 
strict ethical code of pure research which could serve 
as an example for a new ethics in politics; modern 
society is increasingly dominated by science and 
technology, and her problems ean be solved onl y by 
planning on scientific principles. 

The danger to man arising out of the irresponsible 
contamination of the biosphere was pointed out bv a 
number of speakers. O. Haxel, professor of physics 
at Heidelberg University, gave data on the inereasing 
contamination of the atmosphere by atomie bomb 
tests and nuclear reactors and mentioned in particular 
the marked increase of radioactive krypton. Dr W. 
Klein of the Institute for Ecologieal Chemistry at 
Birlinghoven described how chemical waste products 
appear in ever inereasing quantities in many living 
organisms throughout the world. Insecticides and 
carcinogenic substances are brought down by rain; 
traces of fluor from hairspray propellants can be 
detected in the atmosphere, and the lead content in 
certain foodstuffs can be ten times higher than that 
in the air above traffic lanes. 

F. Móller, professor of meteorology at the University 
of Munich, pointed out that the content of CO, in the 
Earth's atmosphere had risen by 13 per cent from 
1900 to 1960 through the burning of fossil fuels. He 
estimated that an increase of CO, by 10 per cent would 
cause a rise of 0-3" C in temperature; this in turn 
would produce a corresponding increase in humidity 
and clouds, and a 10 per cent increase in low clouds 
would bring about a cooling of the Earth's surface by 
8° C. Professor H. J. Elster of the Department of 
Limnology, University of Freiburg, drew attention 
to the growing menace of infestation of lakes by algae, 
caused by the presence of nitrates from over-fertiliza- 
tion of fields, and to the possibility that the new Dutch 
projeet for the disposal of waste into the North Sea 
might result in contamination up to the mouth of the 
Elbe. 

Dr R. H. Fürth presented a paper on "The Role 
of Physieal Models in Problems of Stability in Socio- 
logy” in which he pointed out the analogy between 
the behaviour of dense assemblies of particles and 
human communities, and suggested how certain results 
of the statistical mechanics of cooperative phenomena 
could be used as guiding principles for achieving a 
greater social stability. 

A session of the conference was dedicated to problems 
of medicine, geneties and psychology in modern societ v. 
H. Sehaefer, professor of physiology at Heidelberg 
University, in whose department the conference was 
held, drew attention to the fact that illness of the 
individual ean be induced by the conditions of the 
society in which he lives, and that serious diseases can 
only be treated by means provided by that society: 
thus to keep healthy is not only a personal matter 
but also a matter of sociological ethics. Other speakers 


m 


the fact that serious disturbances in the social behaviour 
of adolescents and adults, just as in animals, can he 
induced by failure in the normal close relationship 
between mother and child in very early life. 
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Indian Medical Research Reviewed 


Ever since independence in 1947, the Indian Council 
for Medical Research has been the chief initiator and 
coordinator of medical research in India. Now it has 
been subjected to an independent review by what is 
called the First Reviewing Committee; the seven-man 
committee, under the chairmanshi p of Colonel A. 
Chand, included Professor T. R. Seshadri, Dr A. Ram, 
Dr T. Das and Dr S. Sriramachari. The committee’s 
report, now published, is fully appreciative of the many 
achievements of the council, but its recommendations 
reveal the difficulties of organizing medical research in 
a country faced with problems like those which beset 
India. 

To begin with, the committee says that there is no 
administrative structure for planning broad and long- 
term programmes. The report says that policy decisions 
have too often "been left to the exigencies of the situa- 
tion and the enthusiasm of interested workers" and it 
recommends that the Scientific Advisory Board of the 
council, nominally responsible for setting policy, should 
actually play a more active part and not just act as a 
rubber stamp for ideas put forward by other bodies. 
The board, expert groups and the council’s directorate 
should “outline practical research programmes, prune 
over-enthusiastic schemes, curb unnecessarily repetitive 
research and ensure a balanced allocation of funds and 
resources". 

The committee believes that the real reason why 
medical research is lagging behind comparable fields of 
science and technology—-atomie energy and agricul- 
tural research, for example—is that the Council for 
Medical Research is not truly autonomous. Instead, 
it has to live from hand to mouth because it occupies à 
subordinate position in the Ministry of Health and is 
fettered with all the red tape of government procedure. 
The committee says that three things will have to 
be done to make the council really effective. It will 
have to be freed from having to seek government 
approval of each and every stage of any programme. 
There will have to be a shake-out of officials from the 
council’s executive committee and a greater represen- 
tation for scientists. Finally, the director-general of 
the council will have to be given financial and executive 
powers comparable to those enjoyed in other Indian 
agencies, 

"The report also says that India should be spending a 
great deal more on medical research if it hopes even to 
touch the fringes of the medical problems which face 
the eountry. During the past twenty years, the 
council's budget has doubled roughly every five years 
to reach 13, 845, 660 rupees (about £0-75 million) in 
1967-68 compared with 925,206 rupees (about £50,000) 
in 1947-48, But although 88 per cent of the current 
budget goes on research “and 12 per cent on adminis- 
trative and other costs, the committee considers that 
the funds available are hopelessly inadequate. More- 
over, because of hand to mouth financing, the council 
cannot spend what little it has to the best advantage 
because it cannot plan ahead. The council also needs a 
fund of foreign currency with which to buy apparatus 


used to the best advantage. It says, 


and materials and an automatic freedom from import 
duty. 

The Reviewing Committee also implies that foreign 
aid, especially the American PL-486 funds, is not be ing 
‘Large scale P. L-480 
funds should be utilized for the study of composite 
country-wide problems of national importane e. There 
are pitfalls in placing unlimited funds in the hands of 
individual investigators for comparatively small or 
insignificant or unimportant schemes" and "Even with 
the existing financial limitations, it should be possible 
for the ICMR to utilize opportunities of carrying out 
medical research in the country with the aid of PL-480 
funds in a more purposeful manner. Such funds should 
be used for specific developmental programmes of 
national importance." 

At the present phase of development in India, the 
committee sees no advantage in establishing a large 
multi-disciplinary Central Institute of Medical Re- 
search—a Bethesda or Mill Hill in the suburbs of New 
Delhi. Instead, it argues that a number of small 
institites or units, free from teaching and clinical 

responsibilities, would provide better value for money. 
The committee says that ICMR sheuld devote 40 to 50 
per cent of its funds to such places, and ensure that they 
have specific goals and executive councils to act as 
watchdogs. At the same time, the directors of units 
and institutes should be allowed a greater say in decid- 
ing the policy of the council as à whole. 

Research units supported by the council but staffed 
by seientists paid by universities or other institutions 
will find it inereasingly hard to get money from the 
council if the committee's recommendations are imple- 
mented. It believes the ICMR has evolved beyond the 
stage of being a grant-giving body and that research is 
now recognized as an integral part of the activities of 
Indian universities and medical schools, whether or not 
they are host to ICMR research umits. The committee 
therefore recommends that such units should be closed 
down or transferred to the host mstitutions and that 
new research of this sort should be started only where 
absolutely necessary and only then on the understand- 
ing that, after three or five. years, the research units. 
concerned will become the responsibility of the host 
institutions. 

The other research groups—the very small so-called 
research cells—with which the ICMR has been experi- 
menting have apparently been a failure. In general 
they have never reached critical size and inter. 
departmental cooperation is apparently as diffieult to 
achieve in India as it is in more developed countries. On 
the other hand, research fellowship programmes have 
greatly expanded over the past five vears, and the 
committee recommends that tkis trend should be 
maintained until India is well supplied with research 
scientists. But scientists are not ased efficiently unless 
they are supported by technicians, and the committee 
has sharp words to say about technician training 
fellowships as they are at present organized. “The 
programme is highly unsatisfactory’, for apparently 
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the choice of trainees, the training they are given and 
the way they are eventually used are all inadequate. 
Between 1947 and 1967 the number of scientists 
employed by the council has risen from 62 to 706 and 
the total scientific manpower, including honorary 
scientists, has risen from 452 to 2,483, but the number of 
technicians has only doubled, from 207 to 496, in the 
twenty years. As a result, many of the scientists are 
now obliged to waste their time doing routine and 
trivial jobs. The ICMR should set about recruiting 
many more technicians and demanding that promotion 
depends on gaining qualifications, not length of service. 
The committee's review of the sixteen ICMR units is 
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à sorry catalogue; the trachoma research centre at 
Aligarh failed to gather the expected momentum, the 
polio unit in Bombay has been reduced to doing 
routine work that could be done by a local hospital, the 
blood group reference centre in Bombay has ceased to 
LR effectively, the tissue culture unit in Bombay 

s at a loss to know whether it is worth while producing 
a [m ge number of cell lines" and so on. But there are a 
few successes to report as well. The liver diseases unit 
at Agra, for example, is one. But if the far-reaching 
recommendations in the report are acted on, the 
picture could be mueh brighter by the beginning of the 
next five-vear plan. 


Training for Storage and Retrieval 


THERE seems to have been a considerable increase in 
the number of librarians and information scientists 
working in British industry during the past ten years. 
This at least is one of the more cheerful of the con- 
clusions reached by a piece of research commissioned 
by the Department of Education and Science from 
Mr H. Schur and Mr W. L. Saunders of the University 
of Sheffield (Education and Training for Scientific and 
Technological Library and Information Work, HMSO, 
7s 6d). The report is plainly intended by the ministry 
to be a stimulus to publie and professional discussion 
of the problems of the information services in the 
scientific fields, and as such it represents a modest 
part of the British Government's new (and still tenta- 
tive) procedure of provoking publie discussion before 
it has committed itself to a final policy. 

The improvement of staffing on the information 
services seems to have been really remarkable. In 
British industry, there are now five information 
scientists for every hundred scientists working on 
research and development compared with two per 
hundred in 1958, This statistic is one of the few which 
show Britain in a stronger position than the United 
States where, according to the report, industrial estab- 
lishments have been able to set their hands on only 
48 per cent of the information scientists in the United 
States, compared with 43 per cent in Britain. 

This cheerful comparison does not, however, allow 
the authors of the report to hide from the need to 
reeruit more people into the somewhat specialized 
profession of caring for the scientifie literature. The 
report has its own alarming way of illustrating the 
pace at which the bulk of the published literature is 
growing—it took thirtv years to 1938 for the first 
million chemical titles to be abstracted, but chemical 
abstracts are now accumulating at the rate of a million 
every five years and there is every prospect that, by 
1975, the rate of aecumulation will be à million every 
year. The question is that of recruiting people to 
manage this explosion. 

Perhaps predictably, the report urges that those 
entering the profession should more frequently than 
at present equip themselves with a professional qualig- 
cation. The authors have estimated that well over 
half of those at present engaged on information 


work with a scientific slant have no professional 
qualification, either in librarianship or in information 
science. The figures suggest that 46-8 per cent of those 
working on scientific information in the United King- 
dom are simply graduates in science or engineering, 
Arts graduates make up 11-3 per cent of the total. 
In the United States, the corresponding proportions 
are 33:3 per cent and 19-4 per cent. The authors of 
the report would see these proportions much dimin- 
ished, for thev say that "learning on the job in general 
leads to inbre 'eding and a narrowness of outlook which 
inhibits imagination and initiative" 

Most of the report's recommendations concern 
matters of content and level of courses for qualifica- 
tion. It stresses throughout the "unity and inter- 
dependence of library and information work and the 
artificiality of any attempt at rigid separation". It 
calls for the maximum collaboration between the 
Library Association, the Institute of Information 
Scientists, Aslib and all the other organizations con- 
cerned with education and training. 

One way to produce more professionally qualified 
science and technology graduates is to enlarge the 
present university schools rather than create new ones, 
and the report recommends that there should be an 
inereased availability of SRC studentships to attract 
good graduates. The report points to the increasing 
interest being taken by universities in techniques such 
as the dissemination of information and information 
bulletins, normally associated with more specialized 
libraries and information departments. On the other 
hand, the investigators found that literature analysis 
and the preparation of evaluative reviews are not 
necessary in a university library. The availability of 
large computers in university libraries increases the 
value of scientific information skills and, offers impor- 
tant possibilities for new developments, the report 
says. Some industries and universities are doing 
research in science information, but the report urges 
that this should be increased if science information 
work is “to progress from the craft to the automation 
level”. Public technical libraries, it suggests, should 
be given more money and better qualified staff to 
increase the services of these libraries to small firms 


and industry. 
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NEWS AND VIEWS 


RNA Crystals 


Tux crystallization of transfer RNA, so often attempted 
in the past, has been achieved, in effect simultaneously, 
in at least six laboratories, four of which have good 
single crystals. The Cambridge group (Clark et al., 
Nature, 219, 1222; 1968) reported that formylmethion- 
ine (RNA could be obtained in microcrystalline form: 
X-ray powder photographs were tentatively inter- 
preted in terms of an orthorhombic unit cell with 
dimensions of 118, 43 and 53 A, containing four mole- 
cules. The method used to effect crystallization was 
based on the slow depletion of water from a solution 
of the RNA, by equilibration with a miscible solvent, 
dioxan, in a closed system. This method, together 
with its use for the preparation of similar microcrystals 
of a different (RNA, serine {RNA from yeast, is de- 
scribed by Paradies (FEBS Letters, 2, 112; 1968). In 
this case, metal ions—copper, cadmium or magnesium 
-—were included, and were thought to be present in the 
crystals. That the crystals were indeed {RNA was 
shown by their disappearance on addition of ribo- 
nuclease. 

The preparation of single crystals is a major advance. 
Cramer and his co-workers (Angew. Chem., 80, 969: 
1968) have used yeast phenylalanine tRNA, and in a 
brief report show crystals some 0-15 mm long, obtained 
by Paradies’ procedure, and apparently orthorhombic. 
A group of workers at the University of Wisconsin 
(Hampel et al.; Science, 162, 1384: 1968), in a much 
more detailed paper, describe the crystallization of 
E. coli phenylalanine tRNA from a solvent system of 
aqueous ethanol, containing various salts, and also 
demonstrate the absence of any fundamental mystique 
by the formation of crystalline RNA spherulites from 
ammonium sulphate solutions. Fine hexagonal erys- 
tals, up to 0-5 by 2-0 mm, are obtained by the ethanol 
method after some days at 10^ C. Similar but smaller 
erystals of veast formylmethionine {RNA were also 
produced. "The phenylalanine {RNA crystals give 
X-ray patterns of 10 A resolution: the unit cell is 
hexagonal with axes 124 and 100 A, containing twenty- 
four molecules of tRNA. The crystals contain 60 per 
cent of water. 

Kim and Rich (ibid., 





1381) report somewhat different 
results. Crystals of E. coli formylmethionine tRNA, 
measuring 1-0-1-7 by about 0-6 mm, are formed by 
slow evaporation from a two phase water-ehlor oform 
svstem over desiecant. The crystals are stable at 
5° C, but dissolve at room temperature. The lattice 
is again hexagonal with a unit cell this time of 170 by 
234 À, and one of the two space groups, corresponding 
to 6 or 12 asymmetric units in the cell. The crystal 
density and partial specific volume of RNA give a 
very high water content of about 88 per cent. "This, 


13 


moreover, leads to a value of 33 molecules per unit 
cell, and thus 3 or 5-6 in an asymmetric unit, depending 
on the space group. The resolution is only 20 A. The 
possibility exists that the crystals may contain chloro- 
form. 

Whereas Hampel et al. mention the failure of attempts 
to crystallize unfractionated (RNA, the remarkable 
result of Fresco and his group (Nature, 220, 1285; 
1968) is the very opposite. The dest results-—single 
erystals rather than spherulites——came from the 
dioxan procedure with unfractionated (RNA and an 
estimation by weight gave the rather low water eontent 
of the crystal of 30 per cent. The relative acceptor 
activities for different amino-acids of the redissolved 
crystals were changed compared with the starting 
material, so that not all the (RINA had apparently 
crystallized, Frescos group hes not determined 
whether they have a mixture of crystals of pure {RNA 
species, or co-ervstals of several or most species. The 
sharp X-ray diffraction patterns without doubt indicate. 
however, common structural features for all molecules 
in the crystals, and this is perhaps the most interesting 
upshot of this work. 

The variety of molecular species and crystal forms 
which have so far been described will now leave a 
wide choice of both materials and crystallographic 
strategy. The fine details of the structures will, of 
course, be awaited with the greatest interest, but the 
gross morphology. which will be a relatively much 
simpler problem, is of less compelling interest. There is 
in fact some quite persuasive evidence, notably the low- 
angle X-ray scattering results from solutions obtained 
by Lake and Beeman, that the tamiliar cloverleaf is 
bent into an H.shape, the helical arms lying more or 
less parallel. The Holy Grail is in any ease in plain 
view, and will no doubt be vigorously pursued; a 
recent and slightly ferocious account of the early 
stages of the pursuit should not perhaps lead to the 
conclusion that all chivalry wil) be lacking. If, as 
Chargaff has remarked, science has become a spectator 
sport, the idle bystander may anticipate much 
entertainment. 
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December 18 and 19. Although fifteen or so proteins 
were discussed at various times, most of the discussion 
centred on ribonuclease, papain and carboxypeptidase. 

For some time the activity of ribonuclease has been 
known to involve two histidines, 12 and 119. These are 
thought to act as general acid-base catalysts, and the 
mechanism proposed by Rabin envisages first a trans- 
phosphorylation step, in which a 2’3’ cyclic phosphate 
is formed by cleavage of the 5’ phosphodiester link 
of the RNA, and second a hydrolytic step in which the 
cycle phosphate is broken down. Fuller introduced a 
very promising way of studying this first step in isola- 
tion, using the purine analogue polyformycin, which 
is not degraded beyond the cyclic phosphate step. The 
whole ribonuclease picture was made very much 
clearer by the crystallographic data of Allewell from 
Yale. Her 3 A difference maps showed both the active 
histidines associated with the ribose-phosphate region 
of the substrate. In complexes with 2' CMP and 3' 
CMP, histidine 12 lies close to the 2’ sugar position, 
and the rather flexible histidine 119 close to the phos- 
phate group. The enzyme specificity is determined by 
the rather precise requirements of the main pyrimidine 
binding site. The second nucleotide binding site is less 
well defined. 

The picture of papain activity is also a great deal 
clearer now. Unlike the animal proteases, this plant 
protease has a reactive cysteine, the sulphydrvl of 
whieh takes over the role of the serine hydroxyl group 
in animal practices. An acyl thiol intermediate can be 
detected spectroscopically as a dithioester, using 
methyl thionhippurate as a substrate. As with the 
serine proteases, either acylation or deacylation can 
be rate limiting, depending on the nature of the leaving 
group at acylation. A proposed reaction mechanism 
involves cysteine, histidine and possibly a carboxyl 
group. These can all be seen on the 2-8 A map presented 
by Drenth and Jasonius, and lie in the active site 
pocket formed between the two halves of the protein. 
Before the X-ray data appeared, Lowe had already 
demonstrated that a histidine is located near the active 
cysteine, sufficiently close to allow the bifunctional 
reagent dibromoacetone to carboxymethylate both 
residues simultaneously. 

The discussion of carboxypeptidase A included 
papers from Neurath, Lipscombe and Steitz, and Vallee. 
The map at 2 A resolution identified the zinc ligands as 
residue 196 (still unresolved between glutamic acid, 
glutamine or lysine), histidine 69 and glutamic acid 62. 
Cysteine is not a zinc ligand, in spite of Vallee’s previous 
finding that sulphydryl reagents combine only with the 
apoenzyme. A difference map between the enzyme and 
its glvevl-tvrosine complex showed the nature of the 
binding site and also, for the first time, direct evidence 
for Koshland's induced fit theory. The carbonyl group 
of the dipeptide substrate displaces a water molecule 
from the fourth coordination site on the zine, its free 
carboxyl then forming a salt link with arginine 145. 
'This causes the arginine to move through 2 À, disrupt- 
ing nearby hydrogen bonds. The result of this distur- 
bance is relayed to tyrosine 248, whose free hydroxyl 
rotates through 120^ and swings into the active site 
pocket, ending up close to the peptide bond of the 
substrate. Here it is thought to act as a proton donor, 
in eoordination with nucleophilie attack by a free 
carboxyl, possibly that of glutamic acid 270. 

This discussion, indeed the whole meeting, showed 
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the kind of illuminating results to be expected when the 
problem of enzyme mechanism comes under concerted 
attack by sequence determination, chemical modifica- 
tion and X-ray crystallography. 


SOLAR SYSTEM 


The Endless Roundabout 


from a Correspondent 

THE origin of the solar system provided the theme of 
a symposium at the University of Reading at the end 
of November. The oecurrence of regularities in the 
periods of rotation of the nine planets and their satel- 
lites was discussed by Mr 8. F. Dermott of the Roval 
Military College, Shrivenham, who showed that there 
is a tendency for commensurable pairs to exist, chiefly 
as a result of tidal effects. The consequences of an 
encounter between the Sun and a pre-main-sequence 
star or, indeed, any star with a diffuse outer laver were 
considered by Professor M. M. Woolfson (York), who 
has simulated such an encounter using a computer. 
One of his conclusions is that tidal effects would 
capture in orbits around the Sun masses of material 
comparable with the masses of the planets. In a 
similar vein, Mr B. W. Pendred described work which 
he and Dr I. P. Williams (Reading) have done to 
follow the accretion of matter by the Sun. Because 
of the angle of momentum, some of this matter does 
not fall into the Sun but, rather, remains in an orbit 
about it, and the investigation has shown that a ring 
of high density is formed in the equatorial plain and 
then moves slowly outwards with time. This ring 
seems to be the most favourable region for the agglomer- 
ation of small grains into larger condensations, and the 
authors argued that the masses of the bodies so formed 
and the time taken in their formation would be com- 
parable with those actually characteristic of the solar 
system. The segregation of materials in condensation 
was discussed by Professor W. H. McCrea (Sussex), 
who extended a study originally carried out with 
Dr I. P. Williams of the formation of à core of heavy 
elements at the centre of a gaseous condensation. In 
the terrestrial planets, the outer lavers have been 
dispersed and Professor MeCrea's calculations show 
that this could just be accomplished by the energy 
released when the heavy elements reached the centre 
of the condensation. Given the near equalitv of the 
energy released and the dispersal energy, he argued 
that it is eomparatively easy to see why in some 
planets only the core remains while in othersthe gas has 
been retained as well. Later in the symposium, Dr 
I. P. Williams derived equations which give the mass 
of the object likely to be formed in terms of the initial 
mass of the gas cloud. 

Dr D. ter Haar (Oxford) put in à plea for the 
Titius-Bode law, but then went on to argue that the 
differences between the inner (terrestrial) and outer 
(major) planets can be explamed by condensation 


processes were also involved. Professor ter Haar 
also said that recent calculations by A. J. R. Prentice 
(Oxford) have shown that cosmic rays might produce 
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enough ionization in the solar disk for magnetic effects 
to be enough to stabilize it. Mr Cremin (Reading) 
diseussed evidence gathered from an investigation of 
voung clusters. 


PALAEONTOLOGY 


Putterns in Evolution 


from a Correspondent 
Tue 1968 meeting of the Palaeontological Association 
was held from December 17 to 19 in the Department 
of Geology, University of Southampton, under the 
chairmanship of the president, Professor A. Williams. 
The subject of the meeting was "Patterns in Evolution’. 

As might have been expected, "pattern" was often 
equated with morphology, and morphological change 
was correlated with either geological age or palaeo- 
environment. Dr R. M. C. Eagar (Manchester Museum) 
interpreted the morphology of certain non-marine 
lamellibranchs from the Coal Measures as adaptations 
to turbulent and tranquil environments and justified 
this by reference to the shape of recent bivalves living 
in such conditions. Dr E. P. F. Rose (Bedford College) 
similarly related the morphology of some Tertiary 
echinoids to palaeoenvironmental regimes. 

Morphology as a function of geological time is the 
basis of biostratigraphy. There were reports of new 
work on the evolution of Lower Silurian graptolites 
(Dr R. B. Riekards, Cambridge, and Dr J. E. Hutt, 
Leicester); Lower Carboniferous conodonts (Dr R. L. 
Austin, Southampton) and the root stock and descen- 
dants of Gryphaea arcuata (Dr A. Hallam, Oxford). 
These three contributions were linked by the problem 
of homoeomorphy—the production of similar morpholo- 
gies in distantly related stocks either more or less 
contemporaneously or at different geological times. 
Because morphology is the principal, and often the 
only, criterion whereby the palaeontologist deduces 
biological affinity, the evolution of such deceptively 
similar forms can play havoc with attempts to reflect 
genetic affinity in fossil taxonomy. Moreover, used in 
reverse, it can lead to false deductions of the geological 
age of the enclosing strata. In the graptolites described, 
the hooked condition of the theca was shown to have 
developed in different lineages, independently, at much 
the same time. In the case of the conodonts, increasingly 
used for stratigraphic correlation, fusion of nodes led to 
deceptively similar forms at different horizons and to 
a potential trap for unwary biostratigraphers. 

The value of the ammonoid suture line, and especi- 
ally its ontogenetic development, as a guide to biological 
affinity was urged by Dr J. Wiedmann (Tübingen). 
In discussion, this paper revived the long standing 
controversy as to the value of a single morphological 
character for deducing lines of evolution. The ultra- 
structure of the shell in different groups of branchiopoda 
was described by Professor A. Williams (Belfast) aided 
by remarkable electron micrographs. Here again, 
similar patterns of shell structure had arisen indepen- 
dently in the otherwise unrelated Craniaceae and 
Strophomenaceae at about the same time. The 
evolution of the molluscan shell structure was also 
outlined by Dr J. Taylor (British Museum) and Dr 
W. J. Kennedy (Oxford). 

Taking a different line, Dr K. A. Joysey (Cambridge) 
related the changing global composition of fossil 
erinoid faunas in terms of the relative abundance of the 
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simple mode of coiling during ontogeny. 
F. Hodson (Southampton) investigated goniatite 
suture lines by Fourier analysis and showed a rough 
parallelism between the ontogenetsc complication of 
this feature and the pattern resultiag from successive 
incremental addition of higher harmonics. No bio- 
logical meaning was ascribed to the mathematica! 
parameters in these formulae. 


INSECT DEFENCES 


Handling Dangerous Chemicals 


from our Entomology Correspondent 


Insects and related arthropods utiize for self protec- 
tion highly toxic substances of diverse kinds, among 
which quinones are probably the most frequent. ‘The 
well known bombardier beetle Brachinus crepitans, 
for example, ejects a hot mixture of several p-benzo- 
quinones. The inner chamber of the defensive gland 
contains a mixture of diphenols and aydrogen peroxide; 
this mixture is passed to the outer chamber where 
catalase is added and the liberated oxygen converts 
the diphenols to quinones in an explosive exothermic 
reaction and the product is thus vioiently ejected. This 
mechanism was described by H. Sehildknecht and K. 
Holoubek. More recently, T. Eisner and his colleagues 
have shown that the millipede apheloria corrugata 
emits a mixture of benzaldehyde and hydrogen cyanide 
from its defensive glands. The finaEstep in the produc- 
tion of these two toxicants is the hydrolysis of the 
precursor benzaldehyde eyanohydrin which takes place 
in a special outer chamber of the cuticular reservoir. 

How have insects acquired the ability to manufacture 
these small, intensely reactive aud toxic molecules 
without injury to their living cells * In a recent paper 
from Eisner’s laboratory, G. M. Happ (J. Jnsect 
Physiol., 14, 1685; 1968) develops the idea that the 
pre-adaptations which make this possible are already 
present in the insect integument. The insect epidermis 
is accustomed to producing phenols which are oxidized 
to quinones in order to tan the cuter regions of the 
cuticle. All that is required is that the precursor 
substance should be stored in extracellular compart- 
ments or reaction chambers, along which thev can be 
transmitted as on a production line and exposed to the 
additional reagents needed for th« final steps in the 
biosynthesis of the toxicants. 

The tenebrionid beetles Tribolium castaneum and 
Eleodes longicollis possess defensive glands which pro- 
duce a mixture of benzoquinones, unsaturated hydro- 
carbons and caprylic acid. The glinds may consist of 
one or two cells, each enclosing a large secretory 
vesicle; within this vesicle, detached from the cell, 
is a cuticular organelle. This organelle furnishes the 
“reaction chamber" for the final dangerous steps of 
manufacture. A plausible hypothesis is advanced by 


16 


Happ, according to which a phenolic glucoside is 
secreted by the cell into the vesicle where it is hydro- 
lysed by glucosidase to produce glucose and diphenol. 
The free diphenol enters the vesicular organelle where 
it is converted to p-quinone under the action of phenol 
oxidase. Any quinhydrone formed is further oxidized 
to quinones by peroxidase in the walls of the efferent 
tubule. Meanwhile, fatty acids seem to be liberated 
under the action of 'arboxylie esterase and presumably 
decarboxylated to give the unsaturated hydrocarbons. 
Many of these poisons pass readily through the cuticle 
of arthropods, but there is evidence that the lower 
tracts of the cuticular “reaction chamber" are imper- 
vious to them. 


MICROBIOLOGY 


Bacteria resist Heat 


from our Microbiology Correspondent 


INNUMERABLE investigations have been made of the 
thermal resistance of bacterial endospores. Comparative 
studies are frequently made between the sporing and 
vegetative states in the quest for spore-specific com- 
ponents or characteristics which, it is hoped, can be 
associated with the enhanced resistance. High on the 
list of postulated resistance-associated phenomena 
appear the content and form of spore water, but 
although these have received much attention and have 
several attractive features, both the data and conclu- 
sions from different laboratories are inconsistent. The 
literature contains many claims for reduced water 
contents of endospores in comparison with the vegeta- 
tive cells of the same bacterial species. Indeed, the 
most interesting explanation of spore resistivity made in 
recent years (the “contractile cortex" hypothesis of 
Lewis et al., Science, 182, 544; 1960) has as its central 
feature the removal of water from the spore as a result 
of contraction forces established in the spore cortex 
Other workers, however, assert that differences in the 
water contents of spores and vegetative cells are 
insufficient to account for the heat resistance of the 
former: this school offers an alternative explanation 
that the form of the water and not its content in the 
spore is the significant factor. 

A recent contribution to this discussion comes from a 
study of the physical properties of spore water in 
Bacillus megaterium (Maeda, Fujita, Sugiura and Koga, 
J. Gen. Appl. Microbiol., 14, 217; 1968). Parameters 
such as water activity, dielectric constant and water 
sorption and desorption were measured in the spores 
and in vegetative cells of this bacterium. Sorption 
isotherms were prepared by subjecting samples to a 
range of relative humidities in sulphuric acid hygro- 
stats. Spores with a water content of less than 18; per 
cent had a lower water activity than vegetative cells, 
while above 18 per cent the reverse situation pertained. 
Maeda and his colleagues point out that the thermo- 
dynamic properties of both samples are little different 
at intermediate humidities and suggest that this could 
be one explanation for the disparity of literature reports 
relating to water properties in vegetative cells and 
spores. At a relative humidity of 100 per cent the 
water contents of spores and cells were 49-5 per cent 
and 75:4 per cent respectively. Dielectric measure- 
ments were made at a microwave frequency, à pro- 
cedure which ensures that water is essentially the only 
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molecule being measured. The relative dielectric 
increments and losses of spores turned out to be lower 
than those of vegetative cells overa wide range of water 
content values. Furthermore, the nuclear magnetic 
resonance spectrum of vegetative cells showed a broad 
absorption peak, while that of the spores (at a similar 
water content) was without features. The two samples, 
however, could not be distinguished on the basis of 
water sorption or desorption rates or of the rateof water 
extraction. The authors conclude that the dielectric 
constant and nuclear magnetic resonance data indicate 
that water molecules in spores have a reduced rotational 
mobility and exchange motion or both in comparison 
with those in vegetative cells. That immobilized water 

in spores could be removed by applying a steady force 
adds support to the "contractile cortex" hypothesis, 

but at present any close correlation between the 
physical phenomena. reported by Maeda et al. and the 
heat resistance of spores remains to be shown. 


MICROBIOLOGY 


Numerical Classification 


from our Microbiology Correspondent 


ONE of the problems confronting numerical taxonomists 
of bacteria, and indeed mier obes as a whole, is whether 
differences in parameters such as growth rate, incuba- 
tion conditions and time of test reading might over- 
estimate phenetic dissimilarities. It is well known that 
à bacterium producing a negative or weak response in a 
given test may become positive if the normal incubation 
period is prolonged. Thus, when à number of very 
closely related strains are being compared, the 
frequeney of positive reactions recorded at a given 
time is, in part, an index of growth rate and metabolic 
activity. P. H. A. Sneath has made a further funda- 
mental contribution to numerical taxonomy by estab- 
lishing concepts of "vigour" and "pattern" which 
attempt to account for variable phenomena such as 
growth rate (J. Gen. Microbiol., 54, 1; 1968). Sneath 
defines vigour as the ability of an organism “to carry 
out varied met tabolic activities as shown by its perfor- 
mance in a given battery of tests". Vigour implies a 
degree of metabolic achievement rather than a rate of 
activity; thus, a strain will usually exhibit enhanced 
vigour after longer incubation than after short incuba- 
tion because more tests will be positive. Clearly vigour 
is a relative function, depending on the precise tests 
made and on the conditions of such tests. The second 
concept, pattern, embraces those differences which "are 
found between equally vigorous strains which never- 
theless give different results". Consequently, the total 
difference (D4) between two strains can be expressed by 
two additive components representing vigour difference 
(Dy) and pattern difference (Dp). The coefficients are 
squared to produce additive terms and a Dp which is 
always positive. Sneath also gives a useful "pattern 
similarity" coefficient. (Sp) which i is the compleme nt of 
Dp and is unity when all the differences are of vigour. 
jxtensive testing of these coefficients has vet to be 
made, but Sneath presents selected data to illustrate his 
salient theses. For example, it was found that Dp gave 
almost perfect correction for different times of test 
readings (Escherichia coli and Pasteurella strains). Also 
of interest here was the result that the Dp coefficient 
usually produced a significantly smaller phenetic 
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differentiation of P. pestis and P. pseudotuberculosis 
than did Dy. These two species are very closely related 
taxonomically but P. pestis has a slower growth rate; 
thus differentiation of the two species may be entirely 
on the basis of vigour. Similarly, a limited analysis of 
different incubation temperatures for sugar fermenta- 
tion by Staphylococcus aureus showed that the observed 
differences could be attributed to vigour differences. 
Perhaps the most important point raised by the 
analysis of a group of chromobacteria was to stress that 
the vigour concept has its major usefulness within a 
close taxonomic group. A very striking result was the 
low vigour of Pseudomonas iodinium, a species which 
grows quite fast but is rather inactive, at least on the 
evidence of the tests made. The data on this bac- 
terium only re-emphasized the difficulty which sur- 
rounds its taxonomy. Conversely, the use of Dp or Sp 
seems promising for analyses of distantly related organ- 
isms. Apart from their deployment in taxonomic 
studies, Sneath suggests that the new coefficients could 
have application in such fields as medical diagnosis and 
ecology “where qualitative characters may be heavily 
dependent on factors involving abundance or time". 


QUANTUM MECHANICS 


Calculating Bounds for Overlap 


from a Correspondent 


QuANTUM mechanical calculations: for interacting 
electrons in atoms, molecules and solids still present 
great difficulties when a careful inclusion of electron 
interactions is necessary. For a long time, attention 
was foeused on approximating to the ground state 
energy, and it is well known that an upper bound to 
this energy can be obtained by averaging the Hamil. 
tonian H of the system with respect to a normalized 
but approximate representation of the ground state 
wave function. This average is stationary with 
respect to small variations from the exact ground state 
and is therefore to some extent insensitive to the choice 
of trial wave function, whieh means that a very useful 
approximation to the ground state energy can be 
obtained with a relatively poor wave function. 

Ways of calculating quantities other than the ground 
state energy from such inequalities have been of inter- 
est for some time. The early work of Eckart! is, for 
example, interesting, although it has not so far been 
widely used. The subject has been reopened recently 
by Weinhold who, in a series of papers?-4, has con- 
sidered the overlap between wave functions and also 
the quantum mechanical averages of positive operators 
such as the Coulomb interaction energy e?/r,, between 
two electrons separated by distance r,,. The method is 
sufficiently interesting to be worth developing in 
certain specific cases. We start with the discussion, of 
the overlap between two approximations, say, o, and 
ə, to the exact wave function y. If we define the over- 
laps between these wave functions by the equations 


and suppose these are non-negative and real, then if 
values of, sav, S, and S, are known, the strongest 
requirement that can be placed on the overlap S, is 
that the Gram matrix S of the normalized wave func- 
tions |o9,7». |o,» and |j» must be positive semi- 
definite, as shown, for exam ple, by Mirsky®. This 
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leads to a quadratic equation which gives for the 
minimum value of S, the result 


«9v» 2Min (5; —S,S,—[0 — S20 — S). (0) 


Differentiating this to get 
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we can say that because the derivative is positive the 
inequality in equation (1) will remain rigorously valid 
so long as S, is itself a lower bound. 

In the work of Eckart referred to here! a crude lower 
bound for the overlap of a trial function 9 with wave 
function v is given by 
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where c is the quantum mechanica average of H with 
the trial wave function 9 while E, and E, are energies 
of the ground and the first excited state of the same 
symmetry for the exact Hamiltonian. Of course, 
in general E, and E, are not known, but they can be 
obtained experimentally. Taking she beryllium atom 
with four electrons as an example. the above method 
shows that the Hartree-Fock wave function has an 
overlap with the exact ground siate wave function 
greater than 0-880 whereas the eriterion of Eckart 
applied directly gives 0-79. If the Hartree-Fock wave 
funetion had been exact the overlap would naturally 
have been unity. 

More recently, Weinhold has shown how this pro- 
cedure has been applied to calculate quantum mechani- 
cal averages of an operator F>0 If we denote by 
<> the average <9/Fio> and use the notation 


(AFy-cF--—PF? 


then the interesting result obtained by Weinhold for 
the average of F is that 


«y Fio» > {8< F> — AFU -SP F> 





It is usually not too difficult to caleulate the quantities 
involved and so to obtain approximations to physically 
interesting quantities, such as the average of 7° in an 
atom related to the diamagnetie susceptibility, or the 
inter-electronic repulsion in helium related to the 
average of e?/n, mentioned here. Once again, the 
above inequality follows from the non-negativity of 
the Gram determinant of the vectors |j, |o and 
F|o». This result, moreover, can always be im- 
proved if the averages of FH and H* can be got bv 
enlarging the Gram determinant tc include the vector 
H|o-. Applications include the calculation of useful 
lower bounds for inter.electronic energies and for 
diamagnetic shielding. Although the method looks 
promising in some circumstances, one has to be careful 
because the bounds obtained for some positive definite 
operators are sometimes bad. Clearly, however, the 
method has some power and may eventually be a 
valuable additional tool in tackling the problem of 
correlated motions of electrons, «specially in small 
atoms and molecules. 

! Eckart, C., Phys. Rer., 86, 878 (1930), 

? Weinhold, F., J. Chem. Phys.. AB, 2448 (1967). 

? Weinhold, F., 7. Phys. A (Proe, Phys, Soc.) 1. 305 (1968). 


t Weinhold, K., J. Phys. A (Proe, Phys. Soc, 1, 535 (1068), 
* Mirsky Lu. Futroduetion to Linear Algebra, A23 C9554, 
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University Training of Applied Botanists in 


Germany, Holland and Sweden 


by 
D. G. MORGAN 


School of Agriculture, 
University of Cambridge 


FUTURE teaching at the School of Agriculture, Cambridge, 
will be concentrated on apphed biology and agricultural 
science and a radical reassessinent is being made of 
teaching objectives, curriculum structure and examination 
methods within the department. In June and July 
1968 I toured selected university departments in Germany, 
Holland and Sweden with strong traditions in the 
training of applied biologists, in order to help in planning 
the changes in applied botany at Cambridge. The 
iour also provided me with an opportunity to extend 
contacts with teaching colleagues in Europe and to 
further collaboration on the frontiers of teaching and 
research. 

I found that teaching courses for applied botaniste 
were under close review in most of the departments 
visited and discussions were therefore of considerable 
mutual interest. In this article I do not aim to give 
minute details of the content of the various teaching 
courses but to summarize their broad features and discuss 
eritieally the basis on which they have been constructed. 
(I will supply further details of courses on request.) 

Agricultural botany is concerned chiefly with (a) basic 
research, carried out to gain a quantitative understanding 
of the external and internal factors controling crop 
growth and development; (b) development research, 
which makes use of the results of basie research in various 
ways—for example, in improving the genotype through 
plant breeding and the environment through agronomy 
and other forms of management: (c) extension work, by 
which the message of the new variety or cultural procedure 
is transmitted into farming or horticulture; and (4) 
farming and horticultural practice. 

Considerable differences in depth and breadth of 
botanical knowledge are required for work in these 
different spheres and these have been taken into aecount 
in university courses for applied botanists in Germany, 
Holland and Sweden. Most applied botanists are trained 
entirely within agricultural or hortieultural departments, 
but some spend their undergraduate careers within pure 
science departments (Table 1). 


Courses leading to Basic Research 


There are two principal educational routes by which 
botanists can qualify for careers in basic research within 
agriculture and horticulture. These are (1) to take an 
initial degree in pure botany and then progress to post- 
graduate work in applied botany and (2) to study applied 
botany at an undergraduate and postgraduate level 
within applied departments. Provision is made for both 
routes in the countries I visited. 

(1) Undergraduate teaching in botany is variable in its 
content but usually covers the taxonomy, morphology, 
physiology, ecology, genetics and pathology of higher 
and lower plants. The emphasis given to any branch 
depends largely on the research interests of the teaching 


The example of continental combines may be very useful for any 
rethinking of the place of applied botany in British agricultural and 
horticultural education. 


staff. In general a good balance is mamtained between 
eellular and whole plant aspects of botany. Botany is 
usually taught in conjunction with some or all of these 
subjeets: chemistry, physics, mathematics and geology. 
(2) Undergraduate courses in applied botany at Hamburg 
and Wageningen are particularly suitable for those 
wishing to progress to basic research, including substantial 
amounts of basic science. At Hamburg students spend 
their first two vears in pure science departments before 
progressing to the Department of Apphed Botany for 
two years, and at Wageningen the first two years of a 
seven year degree are devoted largely to basie sciences. 

Postgraduate training in applied botany consists of 
an individual research projeet leading to the preparation 
of a thesis or theses combined with formal study of 
botanical and related subjects. In Sweden this training 
usually takes two years for a licentiate and a further 
three years for a doctorate degree and, in Germany and 
Holland, three vears for a doctorate. 


Other Courses 


These are mounted entirely within applied departments 
of the university and considerable emphasis is placed 
on them. Teaching structures are flexible so as to 
enable students to study varying proportions of applied 
sciences (plant and animal), husbandry (plant and 
animal), general agriculture and economics. The greater 
the content of science the better are the graduates 
qualified for carrying out developmental research and 
linking it with basie research. On the other hand, the 
more extensive the husbandry and economics teaching 
the more suited are graduates for extension work. Under- 
graduate courses in some centres (Wageningen and 
Germany) are long enough to allow all these subjects to 
be taught in depth, but in others limited time makes a 
degree of specialization essential to avoid à superficial 
approach. 

Undergraduate teaching in applied botany includes 
courses in plant physiology, ecology. genetics and plant 
breeding, plant pathology and microbiology. "These are 
taught to varying degrees of depth depending on the time 
available and the special interests of the teaching staff. 

Most of the agrieultural departments I visited have 
courses suitable for prospective farmers. They are 
general in nature, and botany forms part of a range of 
plant and animal sciences taught superficially as a 
background to husbandry. 


Pure and Applied Botany kept Separate 


In all the universities I visited, there is a distinct 
division into pure botany taught in pure science depart- 
ments and applied botany taught in applied departments. 
It is questionable whether this division is desirable, for 
the following reasons. l 

(i) Much of basic taxonomy, geneties, physiology, 
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PHYSICS—NEW AND ESTABLISHED TITLES 


Plasma Spectroscopy. G. V. Marr 
The J. J. Thomson Physical Laboratory, Reading, Great Britain 


CONTENTS: Introduction; plasma fundamentals; the absorption and emission of radiation: t 
spectra of atoms; the electronic spectra of diatomic molecules; bound-free iraictdas spectral 
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radiation in the presence of external fields; free-free transitions; oscillator strengths in spectroscopic 
analysis; the shape and width of spectral lines; plasma diagnostic index. bs. 


Reactor Dynamics and Control. Lynn E. Weaver 
Nuclear Engineering Department, University of Arizona, Tucson, Arizona USA. 


CONTENTS: Preface: System faba on in the state space; equations of reactor dynamics; 
stability in the state space; stabili lity of nuclear systems: optimization in the state spac ice; closed-loop 
optimal contro: optimal control of nuclear systems; control-system design by state-variable feedback; 
state-variable-feedback design of reactor control systems; appendices; index, S08. 


Diffraction of X-Rays by Chain Molecules. B. K. Vainshtein 


Professor of Physics, and Director of the Institute of Crystallography, Academy ef Sciences of the 
U.S.S.R. 


CONTENTS: Preface; principles of the theory of X- ray diffraction; structures of chain molecules and 


assemblies; diff fraction by an isolated chain molecule; scattering intensity and structure of object: 
properties of the distribution and interference func tons; dif raction by assemblies of parallel chair 
cl " 


ae 
ecules and Dy i 


molecules; diffraction by assemblies with nonparallel packing of chain mo 
polymers; conclusions; appendix; references; subject index, 





Introduction to the Dynamics of Rarefied Gases. V. P. Shidlovskiy 
Academy of Sciences of the USSR. 


CONTENTS: Preface; introduction; elements of the kinetic theory of gases; flows of highly rarefied 
gases; flow of a slightly rarefied gas; some particular problems of rarefied gas dynamics; ti 
iynamics of rarefied plasmas. index. 
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The Physical Properties of Graphite. VV. N. Reynolds 
Atomic Energy Research Establishment, Harwell, Berkshire 
CONTENTS: Structure; mechanical properties; thermal properties: electrical and optical 
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surface and physico- -chemical effects; point defects; high ll neutron damage; index, 





Universal Tables for Magnetic Fields of Filamentary 
and Distributed Circular Currents. P. J. Hart 
Lockheed Palo Alto Research Laboratory, Palo Alto, California, U.S.A. 
er sOdutions--methods and 


CONTENTS: Preface; introduction; the basic equations; the compute 
accuracy; variation of the fields; off-axis magnetic field of a distributed 
magnetic | field of a distr bute ed circular current; off-axis magn etic fie aid of a fii 


i d Ere on-axis 





eil 
on-axis magnetic field of a filamentary circular current; field of magnetic Hoole: à dnte; volatus n 
rectangular arrays; a computer program for the f functions. 90s, 


Dynamic Mass Spectrometers. E. WV. Blauth 
Institut fur Plasmaphysik, Garching, Germany. Privatdozent Technische Hochschule Munchen 


CONTENTS: Introduction; dynamic mass spectrometers; en ergy balance spectrometers; tim 
flight spectrometers; path-s stability spectrgmeters; character istic frequency generator spectrosc 
electronic improvement of the resolving power; systematic analysis of dynamic mass spectror 
references; name and subject index. 
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Quantitative information on cell 
structures, fast, with the 
Barr & Stroud Integrating 
Microdensitometer GN2 


-in use all over the world 


Cells stained by the Feulgen method absorb light in The Barr & Stroud Integrating Microdensitometer 
direct proportion to their mass. By mechanically type GN2 has been designed to use this principle to 
scanning the image of a stained specimen, and elec- — provide quick, accurate, quantitative information on cell 
tronically integrating the values for the whole image, — structures. It has gained wide acceptance throughout 
an absolute measure of absorption in arbitrary units is. the world, particularly for Cancer research, where 
obtained. Similar measurements large numbers of specimens must be 
examined quickly. 
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Table 1. 
Undergraduate courses 
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STRUCTURE OP COURSES IN APPLIED BOTANY IN SWEDEN, HOLLAND AND GERMANY 


Postgraduate courses 


Dura- Dura- p" Probable vocation in 
Country Department tion Farming Botany teaching Degree tion Training Me and 
(yT) experience (yr) horticulture 
Sweden Royal Agricultural 5 Approx. 1 year Specialization possible. Most Licentiate 2 Research leading «o Plant hushandry grad- 
College at agricultural botany studied by those * preparation of nate iens 
college taking plant husbandry Doctorate 3 thesis Developmenta 
option. In this case equiva- research 
lent of 1-1-5 years spent on uM QE 
subject Extension work 
Botany Departments — 3 None Single year spent on botany, Licentiate 2 Research leading 1o Basic research in 
of Uppsala Univer- other years for study of preparation of applied bolany 
sity* zoology and chemistry thesis 
Stockholm Univer- None Doctorate 3 
sity* 
Holland Agricultural Univer- 7 3 year course Specialization possible so Doctorate 3 Research leading «o Depending on depth ol 
sity of Wageningen within univer- that varying amounts of preparation of botanical training. 
sity botany can be studied. Pos- thesis Basic research, 
sible to spend final 3 years l eo 
studying largely one branch Developmental 
of applied botany such as research 
plant pathology. Courses | 
characterized by high degree E E 
of flexibility Exiension work 
Botany Department 3 None Botany forms part of courses Doctorate 3 Research leading io Basic research in 
of Utrecht Univer- on biology taught over a preparation of applied botany 
sity period of 3 years, usually thesis and forni 
along with some of the fol- study of some stir 
lowing— mathematics, phy- ject such as plent 
sics and chemistry and physiology 
geology 
West Institut. für Ange- — 4 None Pure botany and other basie Doctorate 3 Research leadingytin Basic research 
Germany wandte — Botanik, sciences in pure science de- preparation of — * ; 
Hamburg Univer- partments for 2 years. thesis and formal Developmental 
sity Applied botany for 2 years study ofsome smb- — research 
jects l 
Extension work 
Agricultural Depart- — 5-5 15 years before Basic botany and other Doetorate 3 Research leadingzo Plant production 


ments of German 
universities at Ber- 
lin, Bonn, Giessen, 
Gottingen, Kiel, 
Munich and Stutt- 
gart 


starting formal 
study 


sciences in first year, applied 
botany in next 2 vears, to- 
gether with whole range of 
agricultural subjects. 
Specialization in plant pro- 
duetion possible in final 
vear. Includes botany and 


preparation of 
thesis and forrsal 
study of some suh. 
jects 


specialist 


Developmental 
research 
| 
| 


f 


husbandry 
* Course structure under review. 


pathology and ecology is essential for both pure and 
applied botany and it is more realistic that these should 
be taught by those best qualified to do so within the 
university, no matter whether they are in pure or applied 
departments. Duplication of effort would be avoided 
and a more efficient use of both staff and facilities would 
result as a consequence. 

(ii) A merger of pure and applied botany would be an 
advantage to both subjects. Pure botanists would 
gain a much needed sense of purpose, and staff and 
students would become more aware of the paramount. 
part botany has to play in inereasing the efficiency of 
food production. Applied botanists would gain from 
the more basic approach of the pure scientist. 

(iii) The association of pure and applied botany would 
have a beneficial effect on the training of prospective 
school teachers, who would be made more aware of the 
social significance of botany and would be more likely 
to bring this home to schoolchildren. 

(iv) There is a danger within pure botany departments 
that cellular aspects of the subject are over-emphasized 
at the expense of consideration of whole plants. This 
is less likely if pure and applied botany are treated 
conjunetly. 

For these reasons it seems desirable that there should 
be a much closer association between pure and applied 
botany in universities. Such a reorganization has 
already taken place at the University College of North 
Wales, Bangor, and is in progress at Cambridge. 


Courses tend to be Long 


In Britain undergraduate teaching for the bachelor's 
degree usually takes three years and postgraduate 
research for a doctorate another three years. Under. 
graduate courses are therefore shorter than those in 
. all applied departments in Germany (four years in 





* 
Extension work 


Hamburg, five and a half years elsewhere), Holland 
(six to eight years in Wageninger) and Sweden (five 
years) as well as in some pure science departments, 
for example in Germany (four years). Postgraduate 
training in Germany, Holland and Sweden for a doctorate 
also takes three years, but in Sweden graduates must 
first spend two years on the licentiate degree. 

The extra time taken for their iniial degree by under- 
graduates in the applied departments I visited is used 
to gain (1) extra practical farming experience; (ii) greater 
depth and/or breadth within basic and applied sciences; 
and (i) a better perspective within agriculture and 
horticulture. The extra two years spent in Sweden 
at the postgraduate level give greater experience in 
research work. The advantages of (& and (ii) are obvious 
in terms of general perspective for anyone destined to 
work on the more practical aspects of agriculture and 
horticulture, and (ii) is an advantage to anyone making 
à career as an applied scientist. fn addition, students 
who gain all three advantages are qualified for a wider 
range of employment. 

There are, however, psychologieal and sociological 
disadvantages in too long a period of study. Thus. 
those students who proceed to a doctorate in Sweden 
may be as old as 29-30 before cualifving and being 
able to earn a wage to support a wfe and family. It is 
generally agreed that this is too old. In addition, it is 


questionable whether a nation makes the best use of its 
period 
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In any discussion on the ideal length of university 
courses it is perhaps relevant to bear in mind that the 
British three year degree system has been well tried and 
succeeds in producing graduates who are able to think 
and act scientifically and who are suited to a whole 
range of occupations, research included. There is, however, 
a high degree of specialization which, within agricultural 
departments, leads to the production of graduates with 
a poor general perspective and little practical farming 
experience. Nevertheless, applied botanists of this 
kind have found successful employment in basic and 
developmental research and extension work. 


Fitting Training to Future Needs 


There is general agreement that the primary role of a 
university training within applied departments is to 
encourage critical, quantitative and imaginative thought 
and to emphasize the principles underlying practice. 
There is, however, some variation in the ways in which 
these aims are implemented. 

Future advances in the efficiency of crop production 
will depend to a large extent on gaining a more quan- 
titative understanding of the internal and external 
factors controlling crop growth and development, and it is 
therefore particularly important that university teaching 
in applied botany should cultivate a quantitative rather 
than an empirical approach. For this reason it is vital 
that the subject should emphasize quantitative aspects 
of the growth and development of whole plants both 
as individuals and in populations and be associated 
with substantial courses in statistics and field experi- 
mentation, meteorology and soil science. Many courses 
in "pure" botany would also benefit from this approach 
in its teaching of plant physiology and ecology. 

Assuming that all courses meet the demands of a 
university training I have outhmed, they can be realistically 
assessed on the basis of their suitability in preparing a 
student for his eventual vocation. 

Research. Pure botanists entering the applied field at a 
postgraduate level have made substantial contributions 
to basic research in Britain and elsewhere. In addition 
many university teachers of applied botany have pro- 
gressed along this route. Botanists of this kind, however, 
have initially a poor agricultural and horticultural 
perspective and find difficulty in assessmg the applied 
relevance of their research. There are consequently 
many examples of research being carried out in applied 
departments which has little applied significance. It is 
therefore important that steps be taken to broaden the 
agricultural and horticultural education of pure botanists 
entering the applied field. This can be done through 
postgraduate teaching in applied subjeets at universities 
and also by eneouraging botanists to familiarize themselves 
with all the research in progress within their own applied 
research stations or university departments. Long 
vacation courses of the kind mounted at Svalöf Plant 
Breeding Station for students reading pure botany help 
in this direction and also demonstrate the appeal and 
challenge of applied research to the pure scientist at an 
early stage. CE 

Applied botanists trained in the universities of Hamburg 
and Wageningen have a good applied perspective combined 
with an adequate knowledge of basic science, and are 
partieularly well qualified to link basie and developmental 
research— a link which is vital in any research programme 
aimed at increasing the efficiency of erop production. 
Britain is often justly accused of making poor use of the 
results of basic research and this weakness is due in part 
to the training given to botanists entering basie and 
developmental research. As I have indicated, pure 
botanists engaged in basic research within agriculture 
and horticulture often lack applied motivation and 
perspective, while applied botanists involved in develop- 
mental research are sometimes inadequately trained in 
basic science. There is a need for undergraduate courses 
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similar to those mounted at Wageningen and Hamburg. 
In addition it is important that as a nation we place 
more emphasis on the objeetives of applied research 


and stress that overall success depends on efficiency at 
all levels within the sequence 


research 


Continuity within this sequence is particularly good in 
Holland and is to be envied; it owes much to the educa- 
tional pattern at Wageningen and to the keen sense of 
purpose underlying agricultural and horticultural research 
in the Netherlands. 

The range of courses available to students within the 
agricultural departments I visited is efficient in training 
men for a range of occupations within developmental 
research and extension work. The flexibility of the 
teaching structure which allows for different combinations 
of subjects is particularly attractive in this connexion. 
In this system, direetors of studies are important in 
helping students to make realistic choices of subjects. 

School teaching. A high proportion of graduates in pure 
botany and also some in apphed botany become school 
teachers in botany or biology, and it is important that 
they enter the profession with a properly balanced 
training in these subjects; but this is often far from 
the ease in Britain and some of the countries I visited, 
because courses within universities are designed largely 
with the prospective research worker m mind. The 
degree of specialization followed by such students is 
undesirable for a prospective school teacher. The different 
needs of research workers and school teachers are being 
recognized in Swedish universities and it is likely that 
they will be given different courses. This seems emmently 
desirable and could be copied with advantage in Britain 
if botany and biology are to be taught adequately at 
schools. 


Teaching Methods 


As in Britain, undergraduate teaching takes the form 
of lectures and practical classes which run concurrently 
within any subject. Seminars play an increasingly 
important part at the more advanced undergraduate 
and postgraduate stages. In the larger universities, 
staff to student communication at a personal level is 
poor, especially when there are large numbers of students, 
and it is generally agreed that this situation is to be 
deplored. The tutorial system of the Cambridge colleges 
shows how this weakness can be overcome. In Cambridge 
there is close contact. between the student and his teachers 
throughout his period of study at the university and 
this ensures personal attention to both his educational 
and social welfare. The student is not the only benefi- 
ciary, for the teacher is, in this way, kept closely aware of 
any deficiencies in his methods of instruction. 

In examination systems there is a sharp contrast 
between Britain and the countries I visited. The major 
differences are illustrated in Table 2, whieh compares 
the examination systems in Cambridge and these conti- 
nental departments. 

These wide differences between the two systems 
emphasize the need to look critically at the purposes of 
examinations. In discussions there was general agreement 
that they should make a realistic assessment of student 
ability, but personal definitions of "ability" were far 
from unanimous. Some of the various eriteria put 
forward were: (a) knowledge of the subject matter, 
involving to a large extent memory but also understanding; 
(b) ability to think scientifically-—to analyse, to synthesize, 
to use imagination and to be critical; (c] ability to 
design and perform experiments and to evaluate results 
quantitatively; (d) ability to express thoughts clearly in 
speech and writing; and (e) perspeetive within and between 
subjects at a pure and an applied level. 
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Method of examination 


No. of examinations 


Practical examinations 


Performance during 
year 


Table 2, 


Cambridge 


(1) Most stress laid on written examina- 
tions with practicals, Oral examina- 
tions held occasionally but are of 
minor importance 


(2) External and internal examiners 


One at the end of the academie year, in 
which all subjects studied are exam- 
ined over & period of about à week 


Yes 


* No assessment that is taken into 
account in examination 


Sweden, Holland and Germany 


(1) Oral examinations only, except when 
numbers of candidates too large 


(2) Internal examiners 


Variable. Possible to space out examina- 
tions in different subjects over a period 
of time. Theoretically possible for 
student to be examined at any time 


NO 


Examiners take account of practical and 
other work 





zi 


COMPARISON OF EXAMINATION SYSTEMS IN CAMBRIDGE AND THE COUNTRIES VISITED 


Relative merits 


(1) There i& a strong case for testing 
ability to express thoaghts both 
oraliv snd in writing 


(2) Cumbrüiige system is the more objec- 
tive ang therefore probably fairer 


At Cambedge, test of strength and 
mnduramee ig superimposed on test of 
academie ability. This seems un- 
desirabl- 


Practical oxaminations are of doubtful 
value 


Continental system seems more realistic 


* In other British universities there may be terminal examinations, the results of which are taken into account in the everall assessment of student 


ability, 


All these qualities are undoubtedly important and 
should be put to the test, but it is questionable how far 
the examination systems in Britain and on the continent 
do this systematically. In the first place it is not clear 
how far examiners are conscious of these criteria and 
the relative importance that should be placed on them 
in setting questions and in arriving at an assessment of 
student ability. Second, it is evident that the relative 
stress placed on them will depend on the attitude of 
the individual examiners. This makes it difficult to 
compare the examination results in different subjects, in 
different universities and in different countries. 

In the light of these comparisons it would seem to be 
advantageous to combine the good points of both systems, 
and an examination in any subject should include 
(i) some written work, and (ii) an oral examination; 
(ii) practical work and possibly other written work should 
be assessed during the year; (iv) examinations should 
not be concentrated into too short a period; and (v) external 
and internal examiners should collaborate closely and 
attempt to pose questions which will test as many aspects 
of student ability as possible. 


Pointers for the Future 

The objectives of university courses in applied botany 
in Germany, Holland and Sweden are broadly similar to 
those in Britain and they are often being achieved by 
similar means in the various countries. There are, 
however, important differences in the lengths of under- 
graduate courses and in the form of the examination 
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Columbia University 


Porar mutations are genetic alterations in one gene 
which decrease the amount of product synthesized by all 
the distal genes of the same operon. They have been most 
extensively studied in bacterial systems but may be more 
general in their occurrence. The discovery of polarity! 
played an important, and, as it turned out, ironie part in 
leading Jacob and Monod to propose their operon model 
and the study of polarity continues to be closely coupled 
with questions of operon function. Indeed, rather than 
being considered as an aberration, polarity may be a 
model for some normal processes in operons. 


systems, and these suggest different interpretations of 
the function of university courses m applied botany. 

British undergraduate courses axo substantially shorter 
than those on the continent and are more specialized. 
Continental universities, on the oiher hand, place great 
importance on breadth of knowledge within agriculture 
and horticulture. There is a need to examine closely 
the reasons for and the consequences of the markedly 
different degrees of specializatior. At the moment it 
appears that the British eourses are too short and conti. 
nental ones too long. Whatever the length of course, it is 
desirable to maintain a high degree of flexibility im 
teaching structures so as to meet. individual interests as 
well as the changing needs of students, staff and employers, 
A close association between "pure" and "applied" botany 
would be beneficial and would alsc lead to a more efficient 
use of teaching staff and facilities. 

;ixaminations should test the various facets of student 
ability but it is questionable whether those set in Britain 
and elsewhere do this fairly and quantitatively. A 
radical reassessment of examination systems is long 
overdue. 

My visit was made possible through a grant from the 
Royal Society for which I am most grateful. I thank the 
colleagues in Germany, Holland and Sweden who spent 
considerable time and thought discussing their teaching 
and research. I also thank Professor Sir Joseph Hutchin- 
son for his interest and support and for the helpful 
discussions we have had on all aspects of the teaching 
of botany. 


lar Mutations and Operon Function 


What are polar mutations and polarity amd what do they reveal 
about the functioning of operons ? 


Polarity is an "operonie" 
phenomenon and so it is worth reviewing the current 
picture of operon function. The ‘classical’? example is the 
lactose (Lac) operon of E. coli (Vig. 1). The first element 
of the operon is the promoter*-* which is bi-functional. 
It serves both as the initiation site for mRNA synthesis 
and as a governor which limits the maximum level of 
messenger transcription. The peomoter is followed by the 
operator. The operator is a segment of DNA which binds 
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a specifie repressor molecule, a protein, and in wild type 
E. coli in the absence of laetose or related sugars the 
operon is kept in a repressed state, that is to say, the 
structural genes are not expressed, by this binding of 
repressor to the operator. When lactose is added it 
competes with the operator for repressor molecules and 
so relieves the repression. The structural genes are then 
expressed and enzymes for lactose metabolism synthesized, 
the operon is said to be derepressed. The operator thus 
mediates the control of operon expression by exogenous 
factors. Because the operator follows the promoter where 
transcription begins. the operator must be transcribed 
into messenger, 

An operator is not a required feature of operons; if 
an operon is normally constitutive, that is, independent 
of exogenous control, it needs no operator. Following the 
operator is the initiator for the synthesis of the first 
structural gene product. In the Lac operon. this initiator 
hes after the operator. The first structural gene may, 
however, overlap the operator in some operons. At the 
beginning of each structural gene there is an initiator and 
at the end a terminator codon. At the end of the operon 
there must be some kind of signal for termination of 
mRNA synthesis. The nature of this signal is still un- 
known, but the process of mRNA termination may be 
closely related to polarity (see below). 

Some operons have more than one promoter. The 
tryptophan (Tryp) operon, for example, which comprises 
the genes involved in tryptophan metabolism, has an 
additional weak promoter between the first two and last 
three structural genes. This allows about 2 per cent 
constitutive synthesis of the last three enzymes of the 
operon®:’. In other words these three enzymes are made 
at 2 per cent of the fully induced level in the presence of 
tryptophan. A great deal is known about how the operon 
functions. Briefly, mRNA synthesis begins at the promoter 
and the messenger elongates by adding trinucleotides to 
its 3° end. The growing messenger is firmly bound to the 
template DNA by the DNA dependent RNA polymer- 
ase*-". Ribosomes attach to the nascent messenger and 
polypeptide and messenger synthesis continue together. 
The number of ribosomes that ean attach at each poly- 
peptide initiation site of an mRNA molecule is limited in 
some as yet unknown way. With the completion of a 
messenger, its breakdown begins almost immediately from 
the 3° end. Whether this breakdown, in the opposite 
direction from mRNA and protein synthesis, is in any way 
coordinated with the oncoming stream of ribosomes is not 
yet known. Polar mutations interact significantly with 
these processes and, with luck, further investigation of 
polarity will contribute to our understanding of operon 
function. 

Clearly, an operon with more than one structural gene 
is needed to study polarity and preferably one with 


Promoter 


Gene Sequence 


| | 


Operator 
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Table 1. ENZYME PRODUCTION BY POLAR MUTANTS IN EACH OF THE CISTRONS 


OF THE Tryp OPERON 
Percentage of wild-type value” 


Mutant ASase PR TPase InGPSase TSase B 'TSase A 
A9796 100 95 190 49 0 
B2601 100 91 5T ü 20 
B9579 100 90 76 ü 5 
B4 100 111 83 0 3 
B9676 100 136 84 Ü 2l 
C9870 100 75 ü 33 36 
C0905 100 R2 ñ 26 33 
C10243 100 64 T 24 27 
D10242 0(100)* 1 0 A 9-3 10 
D9778 0(100) * t 0 14 13 16 
E9829 GC 100} + 7 5 fi P 
E9831 0(100) + 2 3 4 4 


Data are condensed from data given in ref. 12. 4, B, C, D and E are the 


structural genes of the Tryp operon (see Fig. 2). 


* R- strains were used and the value of ASase set at 100 per cent to 
normalize between strains, The assays are good to within about +20 per 
cent. 

t No activity detected, wild-type value taken as 100 for calculation of 
coordinate levels. 


i Extracts of D nonsense mutants have no activity of ASase, the # 
gene product, because ASase is inactive unless complexed with the K gene 
product, that is, PRTase protein. 


several enzymes that can be accurately assayed. The Lac 
operon of Æ. coli, the histidine (His) operon of Salmonella, 
together with many others, have been studied. An 
illustrative example of polarity is the Tryp operon of 
E. coli *. Table 1 is a good example of the data obtained 
from polarity experiments in this operon. A map and 
biochemical pathway of the Tryp operon are shown in 
Fig. 2. The names and functions of the structural genes in 
the tryptophan operon are, however. irrelevant to this 
diseussion of polarity. In Table 1, the structural genes 
are grouped in map order (EDCBA) (see Fig. 2), but the 
markers in each group are not ordered genetieally. (The 
ASase enzyme (see legend, Table 1) is active only when 
complexed to the PRTase enzyme, or some of its inactive 
forms (CRM), but is not active alone, and so mutations 
which destroy PRTase will often apparently stop the 
synthesis of ASase. This is typical of the many irrelevant 
phenomena that may confuse investigations of polarity 
and the possibility of such pitfalls is one reason why data 
from "well known" operons are of most value.) Two 
prineipal points are demonstrated by the data in Table 1. 
First, polar mutations have an effect on all the promoter 
distal genes of the operon (they have little effect in the 
other direction, and then only on the nearest gene; this 
phenomenon is called antipolarity!?). The second im- 
portant feature shown by the data in Table | is that 
polarity always involves a coordinate reduction in the 
synthesis of the distal enzymes. Its coordinate nature is 
a key feature of polarity. For example. with the mutants 
E9829, E9851. or either of the D mutants, the reduction 
is coordinate, within experimental error. for the three 
distal enzymes in the case of the D mutants and the four 
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Fig. 1. The laetese operon of E. coli. Arrows pointing up indicate proteins synthesized by other 


genes which interact with the DNA of the Le operon. Arrows pointing down indicate products of 


the Lae operon. B-Galaectosidase and permease are required for growth on lactose. 
galactosidetransacetylase) is not required and its biological function is not yet known. 


Acetylase (thio- 
It can be 


assayed, however, and is used in studies of polarity. 
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The tryptophan operon of E. cali. The conventions are the same as in Fig. 1 (this figure 
The pathway of tryptophan synthesis is quite complex as indicated here; 


however, quantitative assays exist for all the enzymes of the pathway. 


enzymes in the case of E mutants. From extensive data 
of this kind, it is very clear that mutations within struc- 
tural genes can "control" the amounts of product syn- 
thesized by the more distal genes of the operon. 

While it was expected that mutations in the promoter 
would have the ability to control the amounts of all the 
struetural gene products, because the promoter affects 
transeription of the whole operon, it was quite surprising 
that point mutants in structural genes could have the 
same effect. In fact, the discovery of polar mutants led 
to some early eonfusion. Jacob and Monod, for example, 
initially assumed that the strongly polar mutants mapping 
close to the operator end of the first structural gene 
($-galaetosidase) of the Lac operon were not in the struc- 
tural gene at all but in the operator itself, and conse- 
quently called them "operator zero (0^)" mutants. (At 
that time, the function of the operator and the promoter 
had not yet been distinguished.) The ‘0°? mutants 
figured prominently in the early justifications of the idea 
of the operon. Ironically, the arguments are still valid, 
even though the assignment of the mutants to the operator 
is incorrect. The equivalence of the “0°” mutants of the 
Lac operon with the other polar mutants scattered 
throughout the struetural genes of the operon was estab- 
lished by Beckwith! in a series of critical genetic experi- 
ments. First a deletion was found that covered all the Lac 
operon "0^" mutants. Strains carrying this deletion made 
no active B-galaetosidase; they were z^, but permease 
and acetylase, respectively the y and a gene products, 
were inducible to normal levels. This showed that "0?" 
mutants were not in the operator, because a deletion of 
the operator would have led to strains that were no 
longer inducible but which produced the products of the 
Lac operon constitutively, that is, in the absence of 
external inducer. Next, Beckwith was able to isolate 
suppressors outside the operon which, when present 
together with "0^" mutants, restored not only part of the 
z activity, but also y and a activities. These suppressors 
turned out to be general suppressors of nonsense mutants. 
. This result, taken together with what is known about the 
mechanisms of nonsense suppression, confirmed that “0°” 
mutants were the same as other polar mutants. From 
these beginnings. it was quite straightforward to show 
that most polar mutations are due to one of the three 
nonsense codons: UAG (amber), UAA (ochre) or UGA15-17, 
The nonsense codon may be created directly by a base 
substitution mutation or generated indireetly by a shifted 
reading frame!*. Missense mutants are not polar. 

After establishing that most polar mutants were non- 
sense, it was obvious to ask if all nonsense mutants were 
polar. This question has been partieularly fruitful because 
it does not have simply a yes or no answer. As shown in 
Fig. 3, the degree to which a nonsense mutant is polar 
depends on its position in the gene. Mutants close to 
9' end of the gene which specifies the N-terminal amino- 
acid of the gene product, that is mutants close to promoter 
end of the gene, are highly polar, while those at the other 
end are hardly polar at all; in between, there is a gradient 
of polarity. In passing over the intercistronic boundary 
between one gene and the next, the polarity of nonsense 





mutants increases abruptly and a new gradient is estab- 
lished in the second gene. It is instructive to ask whether 
it is the distance from the N-terminal end or the C- 
terminal end of the gene, or some funetion of both of 
these distances which determines the polarity of nonsense 
mutants. To find out, the polar mutant can be "moved" 
closer to either end by deleting the intervening genetic 
material. When this is done, it is found that movement 
toward the promoter end has no effect, but that move- 
ment away from the promoter toward the other end, the 
site of the intercistronie boundary, lowers the polarity of 
the nonsense mutant moved??. Presumably it is the 
distance between the nonsense mutant to the restart at 
the cistron boundary that determines the level of polarity. 
This can be checked by the use of mutations which 
introduce new polypeptide initiation sites. When such 
an initiator mutation is put close to a polar mutant and 
on its promoter distal side, the polarity of the mutant is 
lowered?» This confirms that it is the distance from a 
nonsense mutant to the next polypeptide initiation site 
that determines the degree of polarity. Another way to 
view these observations is to say that what is polar is not 
the nonsense mutant itself. but rather the untranslated 
region between it and the next initiation site, Nonsense 
mutations are ignored in untranslated regions, so this 
leads to the prediction that the addition of a second 
nonsense mutant to such a region would have no effeet 
on polarity. This is confirmed by work on double polar 
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Fig. 3. The relationship between z- polar mutants’ map position in the 

z gene and the levels of permease and acetylase they synthesize. The 

mutants were ordered by deletion mapping and fail into sixteen groups. 

Each pair of points for permease and acetylase represent measurements 

on different mutants. For details and identification of the mutanta 
used gee ref, 15, 
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mutants in the same and different eistrons??. Thus what- 


ever the molecular events leading to polarity are, they 


take place in the untranslated region between a nonsense 
mutant and the next polypeptide initiation site. 

An obvious and fruitful question has been to ask what 
happens to the messenger RNA (mRNA) of operons with 
polar mutations using DNA-RNA hybridization as a 
probe for mRNA*'?**, These experiments have shown 
that polar mutants lower the total amount of operon 
specific mRNA. They do not, however, decrease the 
number of messengers made. What happens is that polar 
mutants contain two classes of messenger: normal 
length mRNAs which are present in a reduced amount. 
and short messengers which have apparently terminated 
at or near the site of the nonsense mutation. Many of 
these results are illustrated in the experiment described 
in Fig. 3 where the kinetics of mRNA synthesis of a polar 
mutant are compared with wild type. The size of the two 
messengers is the same for a short time after derepression. 
The wild type, however, continues to elongate for 6 min, 
while most of the polar mutant mRNA stops elongating 
sooner and ends up a smaller size. The simplest interpreta- 
tion of such data is that many of the polar messengers 
terminate prematurely, but other hypotheses, such as fast 
breakdown of the section of the messenger distal to the 
nonsense mutant, have not yet been ruled out. 

Apart from polarity in baeteria, polarity effects have 
been observed in the small male specific RNA bacteria 
phages??-*5, These RNA phages produce three proteins, 
à coat protein and two others. The phage has not been 
genetically mapped, but it has been shown, using RNA 
fragments, that the coat gene is the nearest gene to the 
5’ end. Nonsense mutants in the coat protein, which is 129 
amino-acids long, have been isolated. A nonsense mutant 
at position 6 (counting from the N-terminal end) is 90 
per cent polar, while others at position 50, 54 and 70 are 
not polar. The interesting thing about the polarity of the 
nonsense mutant at position 6 is that its polarity is 
expressed in an im vitro protein synthesizing system in 
which there is no RNA synthesis or breakdown. Thus 
the mRNA from this phage with the appropriate mutation 
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is itself polar. The polarity of the position 6 nonsense 
mutant can be altered by removing the 5’ region of the 
RNA molecule or by other treatments which effect RNA 
structure. This has led to a model in which the native 
viral RNA is folded in such a manner that the only poly- 
peptide initiation site available is the one near the 5' end. 
As the ribosomes move down the mRNA, it is postulated, 
they unfold the mRNA, freemg the other initiation sites. 
Early nonsense mutants interfere with ribosome move- 
ment and thus give rise to polarity. This is an interesting 
model for polarity. But because the model in no way 
accounts for the absenee of distal mRNA observed in 
bacterial systems, it cannot be used in its present form to 
explain bacterial polarity. 

What models have been proposed to account for bac- 
terial polarity ? Unfortunately. to devise such models it 
is necessary to know details of operon function which are 
not yet clearly understood. For this reason, most specula- 
tion on the mechanism of polarity has either been general 
or else has forced the speculator to make guesses about how 
the operon works. These speculations have centred about 
several important issues. For example, to explain the 
directional nature of polarity, it is necessarv to evoke a 
process that begins at one end of the operon and proceeds 
to the other. One proposal is the so-called "threading" 
hypothesis?? which states that ribosomes can only attach 
to mRNA near its 5' end. They then proceed along, 
translating the sequential structural genes into protein. 
A fraction of the ribosomes would then fall off the mes- 
senger in the untranslated region, giving rise to polarity. 
Critical tests of the “threading” hypothesis are in progress. 
If there is no “‘threading’’ and ribosomes can enter 
messenger anywhere, then the basis of the directional 
phenomena must be found elsewhere. Two possibilities 
have been suggested. The first is the “secondary struc- 
ture" hypothesis already discussed in connexion with the 
RNA phage. The second non-threading proposal is to 
couple polypeptide synthesis, which would start as soon 
as a 5’ mRNA end was synthesized, with the further 
elongation of the messenger?^*. The ribosomes translating 
the nRNA are envisaged as pushing the DNA dependent 
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RNA polymerase along. Nonsense mutants would stop 
the progress of the ribosomes and thus inhibit the progress 
of mRNA synthesis. This in turn would lead to pro- 
miscuous mRNA termination or perhaps excessive mRNA 
breakdown. 

These three general lines of thought, “threading”, 
"secondary structure" and “coupling’’, have dominated 
ihe field. They are clearly not mutually exclusive and 
this has given rise to a variety of mixed theories, but 
several questions about operon function will have to be 
answered before polarity is understood in molecular 
terms. 

First, do ribosomes attach to mRNA only at its 5' end, 
or can they attach at various internal sites ?* This question 
really has two phases: is it physically possible for ribo- 
somes to attach and initiate polypeptide synthesis at 
internal mRNA sites, and, if so, what conditions must be 
met by the mRNA to actually allow significant ribosome 
attachment under in vive conditions ? By "conditions" I 
mean such factors as mRNA-DNA attachment, mRNA- 
RNA polymerase interaction and self interaction of 
mRNA which is generally referred to as secondary struc- 
ture. 

Second, is the absence of the operator distal ends of 
mRNA in eells with polar mutants due to messenger 
termination, breakdown, or perhaps to something else ? 
Here the data favour termination, but no eritical test has 
been made. 

Third, are the small number of full-size mRNA molecules 
made by polar mutant strains polar themselves during 
translation, or does each full-size mRNA make wild type 
levels of the various enzymes ? Ideally this question needs 
to be answered independently of question two, because it 
is particularly important in view of the work with the 
RNA bacteriophage. 

Fourth, what is the "normal" mechanism of messenger 
termination ? 

So far I have been interpreting polar mutations as 
aberrations which may reveal some details of operon 
function. It has, however, been suggested that polarity 
may be a model of the way in which the relative quantities 
of each of the products of an operon are normally de- 
termined (ref. 18 and personal communication from J. R. 
Beckwith). This idea is strengthened by the observation 
that the amounts of protein normally made by each of the 
successive structural genes of an operon are either equal 
to or less than the preceding ones. Another prediction of 
this hypothesis is that there is some untranslated space 
between genes whenever there is a stepdown in the 
amount of synthesis from one gene to the next. 

If polar mutants are in fact a model of the normal 
mechanism for controlling relative quantities of the 
various proteins made, perhaps the mRNA termination 


A 


that seems to accompany polarity occurs by the normal 
mechanism of messenger termination. This theory has 
some interesting implications. For example, it implies 
that there is no specific mRNA termination codon 
Rather, termination wouid take place in the 


Keel 


of the operon. 
operons on the same DNA strand to allow room for 
termination of mRNA. Even with such a space, there 
would be some probability of the mRNA failing to 
terminate. This in turn would give vise to a low level of 
read-through from one operon to the next. One of the 
most important consequences of there being no specific 
mRNA terminator codon is that no peint mutations within 
structural genes giving rise to efficierz: mRNA termination 
would be expected. In fact, no mRAA terminator muta- 
tions have ever been found; however, this negative 
evidence could be explained in meny other ways. In 
short, the phenomena of polarity may be partially explie- 
able in terms of the mechanisms of mRNA termination, 
a field which has received very little attention. 
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Rotating Neutron Stars and the Nature of Pulsars 


by j 
THOMAS GOLD 


Cornell-Sydney University Astronomy Center, 
Cornell University, 
Ithaca, New York 


Tue hypothesis that rotating neutron stars provide the 
mechanism and timing for the pulsar phenomenon! led 
to the expectation of pulsars of shorter period than those 
seen originally, and of a gradual lengthening of the period. 
These two predictions arose because neutron star rotation 


Recent observations of pulsars support the rotating neutron star 
hypothesis. 


periods may be as short as a few miliseconds, so that most 
pulsars have thus to be regarded as slow rotators, and 
because of drag effects slowing down the rotation speed, 

df rotating neutron stars are responsible for the pulsat- 
ing radio signals, one might also expeet: (1) pulse length 
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and period to show a positive correlation, (2) short periods 
to go with young neutron stars, and (3) supernova sites 
as likely positions for pulsars, for neutron stars are 
believed to be formed only in supernova events. 

Recent observations have given positive evidence on 
all the points mentioned. Two pulsars have been dis- 
covered at supernova sites. One is the 89 ms pulsar 
discovered? in the suspected supernova shell in Vela; 
the other is the Crab Nebula, discovered to be a 33 ms 
pulsar by the Arecibo Ionospheric Observatory after the 
observations of a rapidly varying signal in that location 
by the National Radio Astronomy Observatory at Green 
Bank?:*, 
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Fig. 1. Relation between pulse length and period for twenty-one 
pulsars. 


The Crab pulsar is very likely the youngest of any of 


the pulsars, being only 914 years old. It has the shortest 
period of any seen so far. The Vela pulsar is presumably 
much older but nevertheless an astronomically rather 
young object for it still has a recognizable supernova shell 
around it. Its period is the second shortest known. Both 
these periods are much shorter than those of the pre- 
viously known pulsars. 

There is a correlation between pulse length and period, 
suggesting an approximate geometrical similarity for 
objects with different rotation speeds (Fig. 1). 

A slowing down of the pulse rate has now also been 
observed in the Crab pulsar’. The rate of slowdown is 
approximately one part in 2,400 per year. The short 
period, young age and anomalously high rate of slow- 
down would seem to fit an interpretation in which the 
neutron star initially spins rapidly, and then suffers a 
drag which decreases as the rotation speed declines. 

With this information favouring the model of spinning 
neutron stars for pulsars, it now seems appropriate to 
consider many consequences in more detail (Fig. 2). The 
Crab Nebula has been an enigma since the discovery that 
much of the visible and infrared radiation is produced by 
the synchrotron mechanism. Electrons capable of radfat- 
ing at these wavelengths could not in the circumstances 
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maintain their energy for periods comparable with 900 yr. 
They can thus not represent an initial supply of high 
energy gas provided by the explosion, but there must be 
a continual source still active at the present time. There 
was speculation that the core of the supernova was such 
a source, and the case was strengthened by observations 
of apparently moving filaments near the centre, and by 
the discovery of a low frequency radio source subtending 
a very small angle. 

If a rotating neutron star is to be responsible for the 
Crab pulsar, a number of its properties can be calculated. 
The rotation speed is known as 30 revolutions s~. The 
moment of inertia of a neutron star is known approxi- 
mately, and the masses of neutron stars are thought. to 
lie between 0-5 and 2 solar masses. For an approximate 
calculation we shall adopt 1 solar mass and a radius of 


het n 


then we do not know how favourably or unfavourably we 
are placed in relation to that plane. If the pulsar radio 
energy received here came from an isotropic radiator 2 kpe 
away (the approximate distance to the Crab), it would 
amount to less than 10°! ergs s-'. It is thus clear that the 
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Fig. 2. Proposed mechanism of emission of radio energy and relativistic 

gas. The rotating neutron star has à co-rotating magnetosphere reaching 

out to the circle at which wr, the peripheral speed, is close to the speed 

of light. Plasma emitted on the surface by non-thermal processes 

will be accelerated to relativistic ers and flung out of the magneto- 
sphere. 


observed spindown, together with the moment of inertia 
of a neutron star, implies an energy release very much 
larger than that needed to provide for the radio radiation. 

The supply of relativistie gas which seemed to be re- 
quired to account for the total luminosity of the object 
was of the order of 10?5 ergs s~ (refs. 6 and 7). It is there- 
fore à question now how efficient the process of generating 
relativistic gas from the rotational energy of a neutron 
star could be assumed to be. 

The model of a co-rotating magnetosphere that has 
been discussed to account for the pulsar phenomenon 
required that in certain sectors on the surface of the star 
some gas was liberated and accelerated to relativistic 
speeds prior to being flung out of the magnetosphere. The 
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co-rotating regime could extend outwards from the star 
only to the vicinity of the circle at which the peripheral 
speed equals the speed of light. It is thought that the gas 
makes its major contribution to the radio radiation just 
before being flung out of the co-rotating region. This 
radiation, due to the spiralling motion of the charges, can 
be caleulated if the kinematics and the spatial distribution 
of the charges are known. It is clear that independent 
radiation of individual charges falls far short of the 
required power densities, being limited in any case by 
self-absorption (individual particle energies would have 
to be in excess of 10°° eV before the self-absorption limita- 
tion would allow the necessary power densities). Coherence 
is, however, expected, arising from the spatial fluctuations 
of charge density. 

The two sources of loss of rotational energy are therefore 
the radio radiation, radiated out in the peripheral forward 
direction and exerting its radiation reaction as a drag on 
the spin of the star, and the loss of relativistic gas crossing 
out of the magnetosphere. No other drag of comparable 
magnitude has been found for the case of an axially sym- 
metric spinning neutron star. Rotational energy is thus 
converted by this process into high speed gas and radio 
radiation with an efficiency that must be high so long as 
no other competing process exists. The information we 
have of the Crab suggests that in that case at least the 
major proportion goes into the relativistic gas. 

The agreement in the energy required to account for 
the luminosity of the Crab and that supplied under the 
present hypothesis by the spin is remarkably good, and 
is quite independent of the finer detail of the physical 
process. Information about the spectrum of the radio 
emission or the energy spectrum of the relativistic gas 
will have to await a better understanding of the magnetic 
fields to be expected on neutron stars as well as a number 
of other physical characteristics. (Field strengths of as 
much as 10 gauss are mechanically possible on the sur- 
faces of neutron stars, and would result from the collapse 
of conventional stellar fields.) 

There is a wider range of applieability for this type of 
mechanism. The rotational energy of a newly formed 
neutron star is a major fraction of the energy released in 
its collapse, and it is of the same order as the total energy 
the star ever had available from nuclear sources. While 
the present rotational energy of the Crab pulsar would 
amount to 10! ergs, it may be thought that it rotated in 
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l ms or less at the time of its formation, because such 
speeds would result from conventional angular velccities 
of stars in the contraetion, and woald not rupture the 
star. A large proportion of the rotatzonal energy is likely 
to be lost in the early period when cscillations and other 
sources of energy inject much plasme into the magneto- 
sphere. With the initial spin thirrv times faster, the 
rotational energy to be converted nto relativistic gas 
would have been of the order of 10*?* ergs. By this process 
one supernova per hundred years could supply to the 
galaxy a mean rate of cosmic rays of 3x 10° ergs s-h 
This is a generous estimate of the power required to 
generate the galactic cosmic rays and would allow a 
high rate of leakage out of the galaxz*'*. 

The comparison of this source of cosmic ray energy 
with that diseussed previouslv arising in the explosion of 
supernovae is of interest. The estamate of the total 
explosive energy release quoted by Shapiro? is 10° ergs. 
Hoyle and Fowler quote 6 x 10°° ergs (ref. 10). Colgate" 
quotes a much larger number, 2x 19t ergs, going just 
into the cosmie ray flux, but arising from a star of 10 
solar masses. This has to be compered with the figure 
10°? ergs, which is a conservative estimate of the rotational 
energy of a neutron star at formation. and which may be 
converted at very high efficiency inio eosmie ray flux, 
The conceptually very simple accelerating mechanism 
suggested by the observations of the »ulsar phenomenon, 
with the energy source being almost entirely gravitational 
collapse, may thus account for the principal source of 
cosmic rays. | 

A paper dealing with some of the aspects of the mechan- 
ism will be published later. Work at Cornell on the theory 
of pulsars is supported by a contract with the US Office of 
Naval Research. 
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Changing Periodicities in the Pulsars 


by 
J. G. DAVIES 
G. C. HUNT 


F. G. SMITH 


University of Manchester, 

Nuffield Radio Astronomy Laboratories, 
Jodrell Bank, 

Cheshire 


OBSERVATIONS of the times of arrival of radio pulses from 
four pulsars have been continued at Jodrell Bank over a 
period of 9 months, and it now seems that all of these 
pulsars are showing a measurable change in periodicity. 
A change may, of course, be expected from an alteration in 
a physical quantity in a pulsar, or from a Doppler shift 
due to the motion of the pulsar within a planetary. binary 
or multiple star system. An apparent change may, 
however, also be caused by an error in the measured 





Jodrell Bank reports a slowing down in the rates of four pulsars. 


position of a pulsar, because a position must be assumed 
in correcting for the motion of the Earth round the bary- 
centre of the solar system. Our observations now show 
that this latter possibility, which gives tise to a sinusoidal 
timing error with a period of l1 yr, cannot account for 
all the variation in the observed periods. 

The pulsar CP 1919 has been observed since February 
25, 1968, and the pulsars CP 0834, CP 0950, CP 1133 
since March 9, 1968. All observations have been made 








Table 1. 
Measured barycentric 


Pulsar Period assumed in Fig, 1 period at April 1, 1968 
(8, Atomic Time) (8) 
C P 0834 1:278,763,190 1:273,763,1515 
CP 0950 0:258,065,0385 0-253,065,0372 
CP 1133 1:187,011,025 1:187,910,0705 
CP 1919 1:387,801,1205 1-337,801,1090 


with the Mark I radio telescope at 408 MHz using tech- 
niques that have remained unchanged, apart from minor 
developments during the first month. Analysis of these 
observations is complete up to November 30, 1968. 

Pulse arrival times are measured during periods of 
Observation of at least 0-5 h, with the aid of an on-line 
computer which averages a series of pulses for about 
2 min (ref. 1). Each observation period yields a time of 
arrival to a standard error « 2 ms. All times are referred 
to Atomie Time with a systematic error « 05 ms. 

The arrival time of a pulse at the observatory must 
now be eorrected to the centre of the Earth, and then 
to the barycentre of the solar system. This latter correc- 
tion depends on the position of the pulsar. The positions 
adopted for the pulsars have been derived from published 
data?-*, and from new observations by A. G. Lyne and 
B. J. Rickett using the Mark I and Mark II telescopes as 
an mterferometer. These positions are listed in Table 1. 
The remaining uncertainty in these positions dominates 
the errors quoted in column 6 of Table 1. 

If a value is arbitrarily assigned to the barycentric 
period, then the arrival times of further pulses can be 
predicted. The differences At between times predicted 
in this way and the observed times have been plotted in 
Fig. 1. In these plots, a linear change of At with n, the 
number of periods, would merely indicate an error in the 
assumed period. Corrected periods, derived from the 
slope of these graphs on April 1, 1968, are listed in column 
2 of Table 1. 'The errors in these periods, due to all eauses, 
are believed to be less than three parts in 10*. 

All four plots show a considerable deviation from a 
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RATE OF CHANGE OF PULSAR PERIODICITIES 


Assumed position 


Üta59-0 91539 dp wea: Ye 
hm s RE FERIAM ivr) 
08 3425-5 + 6 19 13-0 40 6 0-8 8-1 « 10° 
09 50 30-65 + 8 9 47-0 Q3 40-1 2:8 x 0 
11 33 27.1 + 16 7 350 4 1r05 f^1x10* 
19 19 37.05 + 21 47 6-0 bir 4606x107 


of Table 1. A period which is changing linearly with time 
gives At a n*, and this mode of variation is consistent with 
the observations. If the curvature is wholly due to this 
cause the proportional rate of change for CP 0834 is 
124 x 10-? yr and rather less for the other sources. The 
time for the period is quoted in column 7 of Table 1. The 
remaining annual sinusoid for CP 1919 indicates an error 
in the adopted position of about 15" are. We suggest that 
the correct position is 19h 19m 36.2s-- 21? 47' 11". The 
positions of all four sources are now believed to be correct 
to 5" arc. 

The eurvature in the graphs may alternatively be 
interpreted as part of a sinusoidal variation with a period 
considerably greater than | yr. For example, the amphi- 
tude for a best fitting sinusoidal variation with a 2 yr 
period for CP 0834 is 300 ms; the amplitude is propor- 
tionally larger if longer period sinusoids are fitted. Such 
à sinusoidal variation is to be expected if the pulsar has 
an orbital motion as a member of a binary system, or if it 
has a planetary system around it, and it is interesting to 
consider the kinds of systems that would fit the observa- 
tions. 

Table 2 shows examples of such systems which would 
fit the observed deviations for CP 1133. These are not 
extraordinary because, for example, the orbits of 85 Pegasi 
and 8 Cygni* would fit into the scheme, as would a planet 
six times the mass of Jupiter in a Jovian orbit. 


Table 2. TYPICAL BINARY STARS 
Amplitude of 





: f S Period of apparent Mass of system 
straight line; none of these deviations can be aecounted Separation rotation sinusoidal — (solar oen 
for solely by an error in the position. For three of the (AU) (yr) bear m d ok 
sources the curve is fitted well by à parabola; the r.m.s. i j o3 1:5002 —— 
deviation is less than 5 ms. For CP 1919 the best parabola 5-8 12.2 15 1 R6 x Jupiter mass 
: ; 27 5 015 
does not entirely account for the observations, and there 5 315 T 2 x 108 L6 
seems to be an appreciable sinusoid with period of | year. Total mass "E 
tee Ta . f MIR E 96-5 “Of 35 Pegasi 
The curvature of the best fitting parabolas, expressed as áo Ad à 2.35 3 Cveni 
a rate of change of period per period, is given m column 6 
i x £P 
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Fig. 1. Difference At between measured and predicted atrival times for four pulsars: (a) CP 0834, (b) CP 0950, (e) CP 1133, (d) CP 1919. 


The initial date is Julian Day 2439900-5 (February 14, 1968). 
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The possibility of fitting à sinusoidal variation to the 
observations may decrease as more observations are made, 
in which case a value for the lifetime of the physical 
characteristics which cause radio pulsations may be de- 
termined. The lifetime seems at present to be of the order 
of 10? yr. It is interesting to compare this with the recent 
report’? that the pulsar in the Crab Nebula shows an 
increasing period with a lifetime of 2,000 vr. 

Although the present observations do not yet make it 
possible to distinguish clearly between the two interpre- 
tations, it may be significant that the periods of all four 
pulsars seem to be changing in the same sense. The 
increases in period seem to indicate a real physical change. 


Stability of Pulsar Periods 


by 
T. W. COLE 


Mullard Radio Astronomy Observatory, 
University of Cambridge 


EXTENDED observations of the arrival time of pulses 
from pulsar sources are important for a variety of reasons. 
The stability of the pulse period is clearly of interest in 
connexion with the physical nature of the sources and 
their possible use as astronomical clocks in tests of general 
relativity and in comparisons of ephemeris time and atomic 
time. It is also conceivable that measurable phase shifts 
might be caused by a variation of integrated electron 
content along the line of sight, particularly if part of the 
observed dispersion occurs in the vicinity of the source. 
In addition, observations over 1 year or more enable the 
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We thank A. G. Lyne and B. J. Fickett for providing 
accurate positions and for help wita computation, and 
Dr G. Wilkins of the Nautical Almanac Office for help 
with the barycentre corrections. 
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Several pulsars seem to be slowing down, in a similar fashion to 
the Crab source, but at a much reduced rate. 


true source period to be obtained without recourse to an 
assumed position, for the Doppler variations cancel out 
in suecessive 6 month intervals. When the true period is 
accurately known, the magnitude and ohase of the Doppler 
variation then enable the source position to be deduced 
and it is notable that this technique eliminates errors due 
to ionospheric refraction. Conversely, if an accurate 
position is already known, the Doppler variation may be 
used to derive a value for the astroncmical unit. 

Regular observations of CP 0808, CP 0834, CP 1135 
and CP 1919 have been carried out at Cambridge using 





0 4 8 12 
No. of pulses ( x 105) 
d 


Fig. 1l. The barycentre phase (8) against number of Salses calculated for assumed pulsar periods 
and positions. æ, CP 0808 with 1-202241300 s period at O8" 08" 50* and 74° 42' 00°; b, CP 0834 
with 1:273763010 s at 08^ 34* 225 and 06° O7 60"; c, CP 1919 with 1:337301400 s at 19^ 10% 375 


and 21*. 


7' 02"; d, CP 1133 with 1-187900280 s at 11" 33" 2&-1* and 16° 07^ 15". 
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the large phased array at a frequency of 81-5 MHz. The 
sources were observed for a few minutes at meridian 
transit on a routine basis at least once a week. The 
receiving system has been deseribed previously! and was 
modified slightly during the measurements to minimize 
timing errors due to frequency shifts. An overall time 
constant of 0-05 s was used and the pulse arrival time was 
compared with time signals at intervals of 1 s derived 
from a crystal clock calibrated with an accuracy exceeding 
I ms against MSF. The records were made on a paper 
chart running at 1 em/s and the MSF arrival time of the 
pulses was later converted to Al atomic time using the 
published Al-UTC values for MSF. The leading edge of 
a pulse, extrapolated to zero intensity, was taken as the 
reference point and only the largest pulses on a given 
day were measured. An overall timing accuracy of 
+20 ms could be achieved at each transit, the principal 
errors being the reading accuracy of the record, possible 
frequency drifts of the receiver for some of the earlier 
data, possible frequency structure of the pulses, and time 
structure of the individual pulses. 

The data were reduced by taking the best available 
estimates of period and position, using them to convert 
the measured arrival time of a pulse to the time of arrival 
of this pulse at the barycentre and comparing this time 
with that expected for a constant period source. In 
calculating the Earth's distance from the barycentre, 
allowance was made for Jupiter, Saturn and Uranus using 





(a) = 
3 

(b) 

(c) 

(d) 
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interpolated astronomical ephemeris coordinates. Pos- 
sible errors in the calculation are estimated to be less than 
l ms. 

The results obtained in these preliminary calculations 
are shown in Fig. I. If a given source maintamed a 
constant period any discrepancy between the true and 
assumed periods would lead to a linear variation of pulse 
phase, and an error in the assumed position would yield 
a sinusoidal variation of phase with a period of 1 year. 
Considerable errors in assumed position are clearly evident 
for CP 0808 and CP 0834, while for CP 1133 and CP 1919 
the assumed data were more nearly correct. 

The positions and periods originally assumed for the 
sources were then adjusted to give the least deviation 
from à constant pulse phase leading to the values shown 
in Table 1. The pulse arrival times at the barycentre 
computed for the revised pulsar parameters are shown in 
Fig. 2. 

The position of CP 0834 given in Table 1 agrees with 
Slee and Higginst, while the periods of CP 1919 and 


Table 1. DATA FOR THE FOUR PULSARS 


Source P, (Als) a (1950-0) ó (1950-0) 
CP 0808 1:202241325 + 3 ns 08^ 089 584 + Ge 74" 38' 10° + 25^ 
CP 0834 1:273768150 + 5 ns 08^ 34™ 268 + 3* 6° 20' 00" + 2" 
Mar.-Sept, 1968 

CP 1133 1:187911002 + 3 ns 11° 339» 28-19 4 0-68 16° 7" 15" + 30° 
Mar.-Sept. 1968 

CP 1918 1:337301117 55 ns 195 19" 3784 0-28 21° 47" 2". 10" 


Maro Nov. 19068 





No. of pulses ( x 105) 


i e phase (s) against the number of pulses for (a) CP 0808 with 1292241321 8 

period at 0S OSE 68" ard 74° Ger 10"; (b) CP 0834 with (i) 1-273763150 s and (ii) 1-273763165 s 

SOPESPe ne NA MAN s and CD UE 
eriod at 11^ 83" 28-1* and 16° 7' 15%; 9 with (i) 1:33 7 T 

DIO Ls os period at 19° 19™ 37^ and 21° 47° 2”. 


Fig. 2. 
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CP 1133 differ from those of Ekers and Moffet^, who 
used the Sun and not the barycentre as reference. There 
is no indication of a 1 year sinusoidal component having 
an amplitude exceeding 50 ms for the sources CP 1919 
and CP 1133. The positions of these two sources had been 
already accurately determined? so this implies that the 
LAU adopted value for the astronomical unit is correct 
to one part in 104, in agreement with radar data* but 
significantly different from Rabe's dynamical measure- 
ment’, 

The graphs in Fig. 2 show curvature consistent with a 
systematic increase in period. These variations of pulse 
phase seem to be significant and the fact that they are in 
the same sense for sources of widely different right ascen- 
sions makes it unlikely that they may be accounted for 
by inaccuracies in the computation. For CP 0834 the 
period seems to increase at the rate of 200 ns yr; for 
CP 1133 at 100 ns yr; for CP 1919 at 30 ns yr; and 
no inerease in period greater than 10 ns yr- is observed 
for CP 0808. It has been reported? that the pulsar NP 
0532 near the Crab Nebula is slowing by one part in 2,000 


Pulsar Amplitude Variations 


by 
E. E. SALPETER 


Institute of Theoretical Astronomy, 
University of Cambridge, 


nd parameters. 
Cornell-Sydney University Astronomy Center, 

Cornell University, Ithaca, New York 

Tur erratie amplitude variations which have been 


observed!-* in pulses from radio sources can be separ- 
ated fairly elearly into (1) pulse-to-pulse variations (or 
time scales up to a fraetion of a minute) and (2) variations 
with time scales of minutes to hours, and possibly days. 
Theoretically, these effects could be caused by some or 
all of the following effects: (a) intrinsic pulse variations 
in the source itself, (b) seintilations due to irregular 
plasma refraction by the general interstellar medium 
between the source and the solar system, and (c) semtilla- 
tions due to a plasma of higher density which might lie 
just a short distance outside the source. Scheuer® earlier 
this year reviewed the data available at the time and 
concluded that the short-term variations (1) must be 
intrinsic to the source (a). More recent observations* at 
2.800 MHz only strengthen this conclusion. Scheuer 
suggested that a combination of (b) and (c) could explain 
the long-term variations (2) and pointed out some difficul- 
ties with assuming (b) alone. Here I shall discuss the 
plasma irregularities to be expected in the interstellar gas 
and suggest how (b) alone might possibly suffice. Some 
relations and inequalities between observable quantities 
are first derived and types of experiments are suggested 
which could decide the matter and measure relevant 
parameters for (b) and/or (c). 

Over a wide range? of radio frequencies v (at least 
150 to 920 MHz) there is fairly good correlation for the 
pulse-to-pulse variations (1). For the long-term variations 
(2) there is no correlation? over this wide frequency range 
and the structure over narrower frequency bands is very 
complex. This structure is variable and even for a given 
source and occasion there seems to be some appreciable 
intensity variation over quite narrow frequency intervals 
Àw and yet some intensity correlations still over larger 
frequency intervals Av». 
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vr“, implying a life of several thousand years. On that 
basis CP 0834 seems to be less thar 6x 10* yr old while 
the other three studied here are prcportionately older. 

Further observations of higher sccuracy are clearly 
necessary to investigate the form of the variations in 
greater detail, but the present dava show that pulsar 
periods are not, in general, constant t» an accuracy exceed- 
ing several parts in 10? for more than a few months. 

I thank Dr A. Hewish for valuable discussions, CSIRO 
for a research scholarship, and the Science Research 
Council, who financed this work. 
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Experiments on pulse amplitude variations could distinguish intrinsic 
variations from scintillation effects and measure relevant scintillation 


Consider a large number JN of adjacent band-pass 
filters (N 2» 1), each with very narzow band-width 8v, 
covering a moderate range of radio frequency from v to 
v+ Nav. Imagine pulse intensities measured for each 
channel j (frequency v+jév) as a funetion of time t, but 
with pulses averaged over a period of. say. half a minute 
in order to minimize the effects of murinsic source varia- 
tions (a) and to improve the signal to moise ratio for each 
narrow band-width. Let J;(t) be the (anoothed) intensity 
at time ¢ in the jth channel, normalized so that its long- 
term time average is unity. Let l(0) be the average over 
all j of J;(t) and P;(t)zzIj(0)/1(t), so that P;(t) is indepen- 
dent of overall amplitude variations an the source (and 
the average of P;(t) over either j or t is unity). One 
important feature of the data would be the instantaneous 
cross-correlation function f as a funetion of frequency 
difference này 


findy) = CL Pit) Prnt em 115 (1) 


The “modulation index", or mean square fluctuation, of 
P(t) equals f(0). 

Although this function f has not yet been measured, 
indications are that f(0) may be larger than unity (at 
least for the lower frequencies v) and that f may have a 
shape something like the schematic (exaggerated) picture 
in Fig. I with Av,«£ Av, The order of magnitude quantity 
Av,(v) is the smallest frequency difference over which 
there is some appreciable decorrelation (near frequency 
v»). Also of interest is the time-autocorrelation function 
for a given channel j as a function of time-difference 
(averaged over j). This function is al«o likely to have a 
eomplex shape somewhat like Fig. 1 aad analogously we 
cal +,(v) the smallest time-difference ever which there is 
some appreciable decorrelation at frequency v (and 7, the 
larger time-difference beyond which Lttle correlation is 
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Fig. 1. The croas-correlation f as a function of frequency difference. 


left). I shall now discuss some theoretical relations 


between Av,(v) and (v). 


Some Inequalities 


As diseussed by Gold (in some unpublished work) and 
others, it would be very al to i Sa idm ds aa 
ua daer relation (Ave 


pe source. "Assupio at the moment diat uen effe cts 
are due to seintillations in some plasma a distance z 
from the source with s~ bZ for the interstellar medium 
(b) and with z«&Z for case (c). where Z is the Earth- 
source distance. At some fixed frequency v, let oa be 
the r.m.s. phase-fluctuations contributed by turbules 
with scale-sizes within a factor of two, say, of some length 
a, If these turbules cause appreciable scintillations, two 
inequalities must apply 


Oa = l, zaja > 1; 


The corresponding interference of multiple beams causes 
a pattern (at distance ~z from the sereen) with a smallest 
transverse scale size b and an r.m.s. time-delay At between 
the beams of 


Oa = eoa/2va (2) 


by~e/2nva, At~ zda [e (3) 


The quantity 5, is related to the observable +, by bj 7, V, 
where F,is a typical (random plus systematic) velocity of 
the turbules transverse to the source-Earth line. At 
contributes an extra '"pulse-smearing" to the observed 
pulse width. The frequeney-dependent phase-differences 
between the multiple beams lead both to the pulse- 
smearing At and to the frequeney decorrelation Av, 
so that Av, x At~]. We then have 


Av tw At ze( 2x V, m, )? (4) 


The relation in equation (4) between the three observ- 
ables 7, Av, and AM is independent of any parameters 
of the medium (such as turbule size a or phase ga) if 
distance z and velocity V, is assumed known. For in- 
stance, for the interstellar medium with z—1Z-? kpe 
and V,~ 100 km s~ (due to differential galactic rotation) 
at v~ 80 MHz we have Av, ~ 2 kHz (7,/100 s) (ref. 2). We 
probably have t, ~ 100 s at this frequency and Av, should 
be ~2 kHz. whereas preliminary experiments’ give 
~ | MHz for some characteristic decorrelation frequency. 
This is the difficulty pointed out by Secheuer®, but the 
measurement only gives some frequency between Av, 
and Av, rather than Av, itself. Some 150 MHz observa- 
tions? hint at and a theoretical model discussed later 
suggests that Av,< Av, so that Av, <2 kHz at v~ 80 MHz 
is stall a possibility at the moment. 
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relatively high frequency v at which equation (2) 
holds over some range of values of the turbule scale- 
size a and consider that value in this range which gives 
the largest contribution to 0, and henee to A£ (and to 
Th Por d same scale uae a we have Ga tv} ana 


more nen ay at ace frequencies y a 
Av, t ~ At a v4 (5) 


There may, however, be some other values of a for which 
equation (2) holds at the lower frequency (but did not 
hold at the higher frequency) which may contribute an 
even larger value of 0, . The “‘pulse-smearing’, M~ 
Av,7, thus must scale with at least the fourth power of 
the radio frequency v (and +, with at least the first power). 
At least for CP 1133 the pulse-width* does in fact increase 
with decreasing v, but only slowly, and we probably have 
At 3 10 ms even at v 40 MHz. This requires Ay > 0-5 
MHz at v~ 430 MHz, which is still compatible with the 
data so far. Measurements of the decorrelation frequency 
Av, at high radio frequency and of the pulse-smearing At 
at low frequency would be particularly valuable; they 
eould furnish some of the scintillation parameters, or 
else point to a contradiction with the scintillation assump- 
tion if the frequency-scaling law is violated. 


ty QC vl, 


Interstellar Medium 

What follows is an attempt to estimate the scintilla- 
tion effects produced by the actual interstellar medium. 
We need (ANa), the contribution to the total mean 
square electron density fluctuation AN? ZN — N)5 
from turbule AS io within a factor of two, say, of a. 
For the total r.m.s. fluctuations averaged over the galactic 
disk we probably have AN ^ (0-1 to 1) em-*- X, contri- 
buted chiefly by HII regions with typical sizes ~1 pc. 
We chiefly need much smaller scale-sizes, however, 
a~ 10*-10*. km, and hence are sensitive to the high 
electron density gradients produced across shock-fronts 
and ionization-fronts in the interstellar gas’. If we had 
ionized regions of size ^a, bounded by fronte of thiekness 
M then we S icd would have AN, ca’? for 
a, a«c&a, and AN, na fora«ca, For "classical" HII 
regions d,z 10H km. but a much larger contribution to 
the small seale-sizes might come from the boundaries of 
smaller ionized regions of high density N, for which o, is 
also much smaller as a, X N=. An extreme case of such 
small, dense, ionization patches would be the ionization 
fronts surrounding dense globules'!, but few statistical 
data are available so far. For AN, in the range a X 10? km 
we shall adopt a form with two dimensionless parameters 


ANa~ Dx 10-4 em (a/10® km)**7 {63 


with O<y<0-5. For classical HII regions alone y would 
be close to 0-5 and P~1; if small dense patches are impor- 
tant y would be smaller and I' could be as large as 10? or 
103, 

For fixed frequency v one ean"! easily calculate oaa 
and find that value a, of a for which z0, =a 


1 
(a,/107 km) ~ [245 P100- (100 MHz/ v)?]l- 
: (1) 
1 | 


o,  O[z 1*9 D? 1020-22 (100 MHz/v) 9 jiy | 


with z one half the distance in kpe from souree to Earth. 
Seale-sizes of order a, contribute most to the determina- 
tion of M and *, as ga, Oa are less than $,,9, for a<a,, 
whereas the second inequality in equation (2) is violated 


As discussed before?, the ratio 3v,/2? can be increased for aa, (giving slowly varying refraction and time- 
by putting the seintillating medium He to the source delays, but no interference or pulse-smearing) | One 
(2<Z ) One can also, however, derive an inequality on easily finds 
the frequency-dependence of Av, and At which 
must hold if the frequency decorrelation is * 100 km s! 100 MHz " qs 
due to any plasma irregularities, no matter < ~ 104 Ties e iv PPa- 260.54 BE bu Dame | (8) 
what the value of z. Consider first some S y / v 4 dj | 
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Note the strong dependence on y and I (and on v) 
in equations (8) and (9) : for 4 — 0:5, l'^ 1 (and assuming 
z~ l kpe) we have Av, ~v for v~ 100 MHz and no appreci- 
able scintillation effects at all for v» 100 MHz (if 
equation (9) gives Av; œ~ then 9,< 1). Thus interstellar 
scintillations (6) alone would be insufficient if there were 
no denser ionization patches at all. On the other hand, if 
Y 0-2 and 1'— 100 we would have Av, — 3 kHz (100 MHz/ 
v)? and appreciable scintillation effects for v x 1,000 MHz 
(much larger values of [ ean already be ruled out as they 
would lead to larger values of At at 40 MHz than the 
observed pulse-smearing). The expected number of 
ionization patehes along the line of sight to a pulsar is 
small. The actual results are thus likely to vary greatly 
even among pulsars at the same distance (and to vary 
from year to year). 

At least for small values of y and v, the phase-shifts in 
equation (7) are very large and the multiple beam inter- 
ference leads to small values of Av, and z,. For the most 
important turbule sizes a,, however, we have 26,~a with 
P >l, no matter what the frequency. In such cases the 
strongest increases of intensity or "spikes" are due not to 
interference but to the accidental focusing of a single 
beam near the observer. This case is discussed in detail 
in seetion IVa of a previous paper!! and leads to a distribu- 
tion of pulse amplitudes whieh has a mueh longer "tail" 
than the exponential function eT and a "modulation 
index" larger than unity. These "spikes" also lead to 
"7. and v,<v, (with ty, referring to the narrow 
multiple beam interference pattern and tay, to the broad 
diffraction pattern of an individual beam). Although 
we are dealing with a "single thin screen” in this model 
tor the interstellar medium, we already find some (but not 
all) of the "richness" whieh an additional plasma near 
the source would contribute®. The types of measurements 
advoeated here should at least be able to separate scintilla- 
tion effects of some kind from intrinsic source variations 
and to find some of the relevant parameters. 


(9) 


Multistation Experiments 


Multistation experiments, however, should be able to 
distinguish interstellar scintillations (b) from scintillations 
near the source (c). If the Earth-source distance Z > 4 kpc, 
the systematic "drift-velocity" Va of the interstellar 
medium transverse to the line of sight comes chiefly from 
galactic differential rotation and is about 50 to 100 km s-!. 
For much smaller Z, the Earth-Sun motion would still 
contribute Va~ 10 to 20 km s. In either case Va is 
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comparable with the random velocities V, (and the value 
and direction of Va could be estimated for a source of 
known distance and location). For two ground stations 
with separation D the time-delay ia the pattern is then 
T= D/Va cos 9 (where 6 is the angle between Va and the 
baseline. We thus expect T ~50-1,000 s for D a few 
thousand km, which is comparable with the decorrelation 


p 


ting plasma associated with the source and a small distance 
z away from it. The actual velocity * of this (presumably 
disturbed) medium is likely to be high and the apparent 
drift-velocity of the pattern on the Earth is Va~ u(Z/zys»u. 
The time-delay is then probably toc small to measure for 
this case (c) (the intrinsic variations (a), of course, do not 
give any time-delay at all). 

Two-station experiments have already been carried 
out on two occasions!'!? with no measurable time-delay 
between the two stations. These experiments measured 
cross-correlation of the total (brogd-band) intensity of 
individual pulses, however, which :s dominated by the 
pulse-to-pulse variations. These are thought to be 
intrinsie and in any case have too short a time-scale for 
the drift-phenomenon to show up. To detect the time- 
delay T' from an asymmetry in some correlation coefficient 
as a function of time-difference, it will be necessary to 
average pulses over a fraction of a mmute and, preferably, 
to use intensity differences in twc different frequency 
ranges (or P;, defined here) instead of total intensity. 

I thank H. D. Craft, J. M. Comella, F. Drake, T. Gold. 
A. Hewish, F. D. Kahn. R. B. Lovelace, P. A. Seheuer. 
F. G. Smith and J. M. Sutton for interesting discussions. 
I am also grateful to the Institute fc» Theoretical Astron- 
omy and to the Arecibo lonospherie Observatory for their 
hospitality. 


Received November 28, 1968. 


' Hewish, A., Bell, S., Pilkington, J., Scott, P., ond Collins, BL, Nature, 217, 
709 (1968), 

* Lyne, A. G. and Rickett, B. J., Nature, 218, 3267 1068), 

? Komesaroff, M., McCullough, P., Hamilton, Pand Cooke, D, Nature, 224, 
358 (1968). 

! Craft, H. D., and Lovelace, R. V., Nature, 220. 875 (10083, 

* Scheuer, P. A, G.. Nature, 918, 920 (1968), 

t Ekers, R. D., and Moffet, A. T., Nature, 220, 755 (1968). 

7 Scott, P. F., and Collins, R. A., Nature, 918, 2309 1068), 

* Craft, H. D., and Comella, J. M., Nature, 990, 6:76 (1968), 

"Spitzer, L., in Nebulae and Interstellar Mattes (edit. by Middiehurat. B. } 
(Chicago Univ. Press, 1968). 

2 Kahn, F. D., Physica (in the press). 

U Salpeter, E. E., Astrophys. J., 147, 433 (1967). 

“Slee, O. B.. Komesaroff, M. M., and MeCulloen, P. M., Nature, 219, 342 
(1968). 

* Conklin, E., Howard, H., Craft, H., and Corella, 
(1968). 


3,, Nature, 919, 1288 


Chemical Composition of Nuclei of Z > 22 in Cosmic Rays 
using Meteoritic Minerals as Detectors 


by 

D. LAL 

R. S. RAJAN 

A. S. TAMHANE 


Tata Institute of Fundamental Research, 
Homi Bhabha Road, Bombay, India 


radiation. 


EVIDENCE for nuclei of heavy elements in cosmic radiation 
was first presented in 1948 (refs. 1 and 2), though it had 
been realized much earlier that the cosmic ray beam 


New techniques considerably extend the usefuiness of meteoritic 
minerals in the study of the composition of prehistoric cosmic 


elements up to the iron group (VH-nuclei). A fresh 
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impetus has now been given to the study of the chemical 
composition of the eosmie ray beam, thanks to new tech- 
nologies which permit even the very very heavy nuclei 
(VVH-nuclei) to be studied. Fleischer e£ al.* established 
that meteoritie minerals have fossil records of nuclei in 
the iron group and beyond. About the same time, Fowler 
et al. demonstrated the presence of heavy elements 
(Z > 40) in large area nuclear emulsions flown from Texas. 
Yet another possibility for studying V V H-nuclei has been 
pointed out recently by Price et al.® using solid state 
damage in plastics. The first of these methods provides 
time averaged information about the prehistoric cosmic 
radiation. ‘This method also has certain unique advan- 
tages over the others—the integrated exposure is quite 
large, for example. In a single meteoritic crystal of, say, 
l1x1x05 mm from near-surface regions, one expects 
about 5 x 10? tracks due to iron group nuclei, 2 x 104 due to 
Z = 31-40, 10? due to Z — 41-60 and 2 due to U and Th 
nuclei, assuming a radiation age of 10 million years and 
cosmic ray abundances given by Cameron (in an unpub- 
lished preprint). 


( A) ovERETCH (2:5-3)X 
TITS APPEAR ON HOST 
TRACKS OF Fe,CO, ETC. 


r CRYSTAL SURFACE 


JA 
/ aN | 


6x10°> p> 2 x108/cm? 
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C49? FISSION FRAGMENTS, 
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unfolding of any such observed distribution in track 
lengths for delineating diserete range groups is subject 
to considerable errors, especially when the statistics are 
limited. | 

We present here a set of new techniques which circum- 
vent all the problems listed. The new techniques give 
meteoritie minerals the properties of à continuously 
sensitive detector (like nuclear emulsions), while retaining 
the intrinsic advantages over other detectors. It now 
becomes possible to examine tracks within the entire 
volume of crystals, revealing their "complete" recordable 
ranges for all ranges and hence all charge groups. The 
next step before an abundance table of super-heavy 
nuclei in the cosmic ray beam can be written is the ealibra- 
tion of the detector. 


Experimental Techniques 

We developed the etching recipes while working on the 
various mineral species belonging to the plagioclase 
feldspar and pyroxene groups present in the mesosiderite 
Patwar (and known terrestrial minerals irradiated with 


(C) ovERETCH (4-8)X, 


ORIGINAL SURFACE ~ 


GRIND-OFF SURFACE XT ivy; 7f, — 
(10- 20 MICRONS) cmt ye n 
HOST TRACKS OF VVH NUCLEI MEA 
YA 
VS 
AN 
p> 5 x (6/cm? MAN 


(D) NORMAL ETCHING 
"COMPLETE" TRACKS APPEAR 


DUE TO ETCHING IN CANALS 
(CUTS, FISSURES, DISLOCATIONS) 


P 


6 2 
> IO /cm* 


Fig. 1. Schematic outline of techniques for determination of total recorded rangs Of fossil tracks using tho TINT (track-in-track) method. 


So far, however, the full potential of the meteoritic 
method’? of studying heavy primaries has not been 
realized. First, although meteoritie minerals do not 
record Z < 22, the background of tracks due to iron group 
nuclei is always sufficient to obscure the optical viewing 
of longer range tracks, such as those due to VVH-nuclei. 
Second, etehing techniques did not allow tracks to be 
developed to their full “recordable” range. beyond 20 
microns or so’. Long-range tracks up to 70 and 160 
microns have indeed been observed, but the etching 
was known to be sufficient only for short range traeks''?. 
Finally, so far only the distribution of track lengths along 
a cleaved surface has been measured, which is expected 
to be a flat distribution for any given Z, extending from 
zero to the maximum recordable length (a given nucleus 
of charge Z recording a track of unique range). The 


*5*Cf fission fragments). The methods used allow systema- 
tic etching of different mineral species (unpublished work 
of Lal et al.?*). After the tracks are formed an intense blue 
dye is injected into the track holes for easy and precise 
range measurements. Several techniques are used to 
determine total recorded ranges of the fossil tracks 
present. These methods are classified under the schemes 
TINT and TOT, which are explained schematically in 
Figs. | and 2. 

The first scheme (TINT) is based on the development of 
deeper-seated fossil tracks which happen to cross the 
tracks of other nuclei having intercepts at the crystal 
surface (fossil tracks which have their etehable region 
within the volume of the crystal etehed away by over- 
development are thus revealed). This method has 
enabled us to study the length distributions of a large 
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(I)ETCH 15x, (2)ETCH 5x, 
GRIND OFF | MICRON OR SO, BLOCK WITH EPOXY, 
ETCH 5X ETCH 2X 
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THINNER TRACKS ARE NEW TRACKS 
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(3)ETCH 2X, BLOCK WITH EPOXY, 
GRIND OFF 5-20 MICRONS, TO REACH 
SURFACE | 
ETCH 2X-7X, 
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TRACKS ORIGINATING WITHIN THE ORIGINAL 
AND "|"SURFACES ARE CLEARLY VISIBLE 
ANO DISTINGUISHABLE 


VISIBLE AND DISTINGUISHABLE 


Fig. 2. Schematic outline of techniques for determination of total recorded range of fossil tracks using the TOT (estimated™‘total”’ range) method. 


number of track-in-track events (TINTS), using for the 
host track either the short range VH-nuclei or the long 
range VVH-nuclei. In the latter case, as the development 
required is considerably larger, the optically darkened top 
surface is first removed by grinding (Fig. 1). 

In the second scheme (TOT), the "total" recordable 
ranges are estimated from the observed ranges of tracks 
formed within a known depth interval of the crystal. The 
method of developing and identifying TOT tracks is 
schematically explained in Fig. 2. The injection of a dye 
in the track holes in the second stage of the TOT scheme 
colours the TOT tracks and optical distinction becomes 
very easy. The uncertainty in the "total" ranges de- 
pends, of course, on the dip angle of the track and the 
depth of grind-off. 

Using the methods described here, we have studied 
the range distribution of short and long range fossil tracks 
in pyroxene and feldspar crystals of Patwar meteorite. 
Crystals having surface track densities in the region 
2 x 10*-8 x 107 em-? were analysed. Fig. 3 shows a photo- 
graph of overdeveloped tracks in a medium-density 
feldspar crystal; few TINTS are clearly visible. 

For complete etching of long tracks, we overdevelop 
erystals to different extents. Tracks of ranges up to 250 
mierons were fully developed in etching times of about 
X4. This becomes clear even from the observed diameter 
of tracks close to the track ends (TINTS appeared all the 
way except for the last 20-30 microns). In high track 
density regions, the formation of TINTS probably ensures 
an abundant supply of etchant in deeper reaches. This 
conclusion could also be confirmed by additional etehing 
of tracks. Among the total sample of 1,200 tracks 
(230 microns) we had only one track of 450 micron 
range (total recordable range) We observe a sharp 
deficiency of tracks in the region 200-250 microns. 
It is quite clear. however, that the observed deficiency is 
not a manifestation of incomplete etching. To test this 
point, we have etched mounted crystals on both faces 
but have not yet found any tracks which could have 
escaped etehing in the middle (that is, if the track had 
erossed both the faces of the crystal). Experiments 
such as these are now being pursued to examine carefully 
the frequency distribution of tracks exceeding 200-250 
microns. 

Near the erystal surface, overdevelopment and forma- 
tion of TINTS produce larger cross-section holes with 
characteristic emergent tracks in all directions. The 


diameter of the hole reduces quickly as one goes deeper 
along these tracks. Therefore when a crystal face is 
ground slightly after etching (2-4), the long 

tracks are manifested on the surface as "bushes". Fig. 4 
is a photograph of a high density Patwar crystal surface 
processed to reveal long range tracks. Closer views of 
bushes are shown in Figs. 5a, b and c. In several cases 
the extent of development is just correct to allow measure- 
ment of recordable ranges of all TINTS. (As these tracks 
are often quite long, all TINTS dwe to VH-nuclei are 
confined within the crystals.) A close view of a heavily 
overdeveloped track is shown (Fig. 6). The density of 
TINTS is too high in this case to allow any range measure- 





Fig. 3. Photograph of tracks (coloured blue in Patwar bytownite, 

Etching time was twice normal. Few TINTS tracks the two ends of 

which lie within the erystal volume) of small dip ingle can be seen. Field 
of view is approximately 60 x 45 microns. 





Fig. 4. View of surface of a Patwar enstatite crystal, processed (and 

coloured blue) with scheme TOT (3), see Fig. 2. Every near cireular or 

elliptical dark spot (having bush-like appearance) represents an over- 

developed track of VVH-nucleus, The bushes are typically about 20-30 
micron diameters, Field is about 400 « 300 microns. 


ments, hut in such CHNEON long range tracks are OCCASION- 
ally developed. 


Range Distribution of Dominant Charge Species 


Using the TINT scheme with VH-nuclei as host tracks, 
we have studied the distribution in ranges for tracks up 
to 20 microns length (which refers to the complete record- 
able range) in different mineral species (track density = 
(2-8) x 10* tracks em 7). These data supplemented with 
measurements of TINTS along tracks of VVH-nuclei 
show that both the orthopyroxene (except for the ferro- 
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hypersthene detected in Patwar™ which records Z > 27) 
and plagioclase feldspars have closely similar distribu- 


tions of atomic number-recordable range. This is also 
substantiated by the fact that mean track densities 
in several of these mineral species at a given region 


in the meteorite are the same, within errors of measure- 
ment. The measured track densities in bytownite, 
labradorite, albite and enstatite were 6+ 0-4, 6-14 0-6, 
67+0-4 and 64+04 (in units of 10° tracks em-?). 
respectively. This would not be expected if differences 
existed in the sensitivities of minerals. In bytownite, 
for example, it was earlier thought that iron records 
a 50 per cent 


enes, 


longer track’, compared with pyrox- 
This ts clearly not borne out in our work; we have 
positive evidence for near similar recording properties 
(within 10 per cent or so) for the minerals specified. All 
these species are excellent for recording tracks, except 
that the orthopyroxenes are more suited for the study of 
VVH-nuclei because of the near cylindrical tracks they 
form, 

The analysis of the data also leads to the conclusion 
that the recordable range of iron is close to 11 microns, 
and not 8 microns as suggested from earlier studies of the 
length distribution of surface-intersecting tracks'?. The 
spread in ranges for individual charges for the iron-group 
nuclei is found to be +1:5 microns and charges up to 
vanadium (with a separation of about 3 microns between 
charges) seem to be reeorded by the minerals studied. 
The disagreement with the earlier interpretations in the 
literature seems to associated with: (1) improp r 
development. of tracks and (ii) deduction of recordable 
ranges on the basis of measured distribution of all tracks 
appearing on a cleaved surface. A more careful study is 
now being made to delineate charge resolution character- 
isties of the meteoritie minerals. 

In spite of the uncertainties whieh exist at present in 
charge calibration of meteoritie minerals. our data 
clearly show that at energies of 250-600 MeV nucleon! 
(this range is defined by the depth of samples studied) 
the elements Mn and Cr are much more abundant than 
suspected. This result is based on the measured frequency 
distribution of total ranges of all TINTS generated along 
tracks of VVH-nuclei. In the energy region specified, the 
abundances of Cr, Mn and Fe are found to be of the same 


be 
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Closer views of surface for crystals processed as in Fig. 4. 


In ^h, thi 
Field is about 150 > 


main track with severa 
LOO microns 


YIN TS is clearly visible at lower depths, 
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Fig. 6. Close view of an overdeveloped long track in Patwar enstatite, 
The density of TINTS is too high in this case and several long-range 
TINTS are also formed. 


order, and the ratio Co/Fe is about 0:2. There is an 
indication that iron is less abundant than Mn and 
further work is now being carried out to determine 
aceurately the elemental abundances within the iron 
group. (Our results are based on assignment of a ll 
micron recordable range to iron nuclei, which should be 
compared with the value of about 8 microns predicted by 


Price et al.*5, based on studies of the recorded lengths of 


low energy ions (Fe. Br and I) in hypersthene.) Results 
similar to ours were presented independently at the 
Cambridge Conference’ by Waddington and by Price, 
based on photometric measurements in nuclear emulsions 
and the ionization sensitive rate of etching in Lexan, 
respeetively. 


Range Distribution of Long Tracks >30 Microns 
(VVH-nuclei) 


In the case of VVH-nuclei, our study of some 600 
tracks etched by the TOT scheme reveals broad peaking 
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at several ranges in the interval of 30-250 mucrons. 
Measurements of another sample of 600 tracks cutting 
across a cleaved surface lead to a similar conclusion; the 
range groups are manifested in the form of steps in the 
frequency distribution of "incomplete" ranges. If we 
adopt the calibration given by Price et al.*, we would 
conclude that cosmic rays are deficient in nuclei with 
Z250. It would also be difficult to understand the ob- 
served peaks at intermediate ranges. It seems to us that 
the estimated charge-range curve* is grossly in error and 
that nuclei of charge up to about 100 would not produce 
recordable ranges exceeding much beyond 500 microns. 
There are severe problems in theoretically predicting the 
charge-range curve due to our inaccurate knowledge of 
several parameters which enter these calculations. Also, 
the criterion for track registration is Only partly under- 
stood as yet. We are again extending our work to under- 
stand the recording properties of the detectors. Our 
statistics are limited to 1.200 tracks of range exceeding 
30 microns. About half of these were developed using 
the TOT scheme. Because of uncertainties in charge 
calibration, we can only deduce that the abundance of 
nuclei of Z>30 relative to iron group nuclei is about 
3 x 10-*, in fair agreement with the earlier value deduced 
by Price et al.* from measurements in Patwar. 

From the discussion, it is elear to us that the methods 
developed here considerably extend the scope of meteoritic 
crystals as recorders of heavy nuclei in prehistoric cosmic 
radiation. With improved statistics and more accurate 
measurements (at different depths in the meteorites), 
it should be possible to make an internal charge calibra- 
tion. 
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help with the experiments, Professor R. R. Daniel. Dr P. 
Pellas and Professor M. G. K. Menon for discussions, and 
Professor €. J. Waddington and P. B. Price for permission 
to quote results before publication. 
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Protection of Peptides of Biological Origin for Use as 
Intermediates in the Chemical Synthesis of Proteins 


by 
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Many projects in the chemical synthesis of polypeptide 
chains call for the production of a sequence close or 
identical to one found in nature. An example of the first 


Cleavage fragments of proteins can be used as ready made inter- 
mediates in the chemical synthesis of new polypeptide chains. 


type is the need for molecules differing from a natural 
sequence by one amino-acid only. An example of the 
second is the requirement, usually for physicochemical 
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studies, of a fragment of a molecule. These cannot always 
be prepared degradatively from the naturally obtained 
protein because of the lack (or superfluity) of suitable 
points of specific cleavage in the area of the sequence in 
question. Lying somewhere between these two cases is 
the possibility of substituting with a heavy atom at a 
specifie position for isomorphous replacement studies or 
introducing an isotopic change to allow the measurement 
of NMR signals from a specific site. 

Such syntheses are not easy, and it seems wasteful of 
effort to assemble a molecule 99 per cent or more identical 
with the natural product simply to be able to introduce 
a single change. The purpose of this article is to describe 
studies which establish the possibility of using fragments 
obtained on cleavage of proteins as ready made inter- 
mediates for the assembly of those sections which it is 
not intended to alter. A preliminary report of some of 
this work has already been made!. 

The established procedure for polypeptide synthesis 
which best lends itself to the insertion of natural inter- 
mediates is essentially a two stage process. In the first, 
a set of oligopeptides is obtained by condensation of 
mono-amino-acids which, in sum, amount to the whole of 
the desired sequence. In the second stage these oligo- 
peptides are coupled in their proper order to produce the 
final molecule*. The principal obstacle to the use of, say, 
tryptic peptides in the second stage of this process lies, 
of course, in the necessity for the reversible protection of 
functional groups. Reactive side chains may interfere 
with the proper coupling of the fragments and will thus 
require protection together with either the terminel NH, 
or COOH group, depending on whether the fragment in 
question is to acylate or be acylated. 

These requirements pose a number of problems. First, 
in the normal scheme for synthesis, the protecting groups 
are applied to the single amino-acids and established 
conditions for protection are used which are often rather 
drastic because no account need be taken of the possibility 
of peptide bond cleavage and similar side reactions. This 
in fact proved particularly serious in the case of carboxyl 
protection, but has been overcome in the first instance by 
the use of phenyldiazomethane as a benzylating reagent. 
A second difficulty arises in the case of carboxy! and 
amino protection. Here, if a protecting agent is applied 
to the peptide it will almost invariably react with both 
the side chain and the terminal functional groups, and 
any chemical means of de-protection will be most unlikely 
to distinguish between the two types of site. It is, of 
course, essential to distinguish between them, because the 
side chains must be protected until the very end of the 
synthesis while the terminal groups must be freed to 
allow coupling of the fragments to occur. Two methods 
of overcoming this problem have been used. In the first, 
the protecting groups are applied to the whole protein 
before cleavage, because the groups which will be terminal 
in the fragments are at that stage protected in the peptide 
chain. This has been found most convenient for amino 
protection because it is, in any case, in the form of the appli- 
cation of trifluoracetyl? and maleyl* groups, an estab- 
lished technique in primary structure determination. It 
is also possible to esterify carboxyl groups in proteins, 
but it has been found easier to prepare tryptic peptides, 
esterify side chain and terminal groups, and then treat 
again with trypsin which, as an esterase**, is particularly 
likely to remove ester groups from the terminal position 
of peptides which it has itself produced. 

Most of these initial experiments have been carried out 
on reduced carboxymethylated hen egg lysozyme, its 
tryptic peptides, and those of its maleylated derivative. 
Many of the peptides could readily be obtained in amounts 
adequate for the present purpose by high voltage paper 
electrophoresis followed by paper chromatography. 100- 
150 mg of digest could be run on a 46 cm wide sheet! of 
Whatman 3MC paper for the first step. The final yield 
of many peptides is 60—80 per cent, so very few repetitions 
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of the first step (usually four) were needed to produce a 
sufficient final batch of peptide. Any extensive scaling 
up will, of course, involve the use of ion exchange columns. 


Protection of Carboxyl Groups 


Esterification with the benzyl group has long been a 
popular method of protection’. The group is normally 
applied to the mono-amino-acids by acid catalysed 
reaction with benzyl alcohol®. It was found (unpublished 
results of T. A. Backer) that peptides did not react com- 
pletely in the conditions used for amino-acids and that 
cleavage of the peptide bond, already noticeable in these 
conditions, became unacceptable when the reaction time 
was prolonged or its severity was increased. ‘This was so 
even if special precautions were taken for the continuous 
removal of the water produced by the esterification. 


Table 1. THE ORIGINAL PEPTIDES 


No, Sequence R p” mnt 
i phe. ght ser. asn. phe. asn. thr. gin. ala. thr, asn. arg. 
(Residues 34—45) 0-41 0 
2 thr. pro. gly. ser. arg. (Residues 69-73) 0-325 — Q43 


3 his. gly. leu. asp. asn. tyr. arg. (Residnes 15-21) 0:35 —0-1 

4 (cm) cys. glu. leu. ala. aia. ala, met. Iya. (Residues 7-14) 0-29 0-33 
5 val. ala. try. arg. (Residues 109-112) 0-67 — 0-45 
6 asn. arg. (Residues 113-114) 0-20 — 0-55 


* In butanol-acetic acid-water-pyridine (ref. 20). 


t Measured with respect to aspartic acid at pH 6:5 measured as described 
in ref. 12. 


Phenyldiazomethane, on the other hand, seems to 
produce few side reactions. It was readily prepared from 
benzil mono-hydrazone via azibenzil by an established 
method?, except that the azibenzil was used as an inter- 
mediate without being isolated. It is made and used in 
ethereal solution and, in this laboratory, has yet to 
»xplode or produce toxic symptoms. It has been thought 
advisable, however, to handle it behind screens in a fume 
cupboard. The solution has been stored over 0-005 M 
NaOH for up to 10 days at + 2? C without apparent decom- 
position. The followmg preparation, which resembles 
the procedure of Chibnall and Rees!’ for the reaction 
of diazomethane with protems and peptides, is typical. 
20 mg of peptide 2 (see Table 1) was dissolved in 0-15 ml. 
of water and 0-85 ml. of absolute ethanol added. The 
solution was cooled to 0" C and the apparent pH, as 
measured on a (temperature corrected) glass-calomel elec- 
trode system adjusted to pH 4:9 by means of 0-01 M 
HCl. 0:5 ml. of an ethereal solution containing 25 umoles 
of phenyldiazomethane was added. (The solutions of 
reagent were originally standardized by weighing the 
product of reaction in dry ether with benzoie and p-nitro- 
benzoic acids: it was found that the extinction coefficient 
of phenyldiazomethane at 500 nm was approximately 24.) 
The disappearance of carboxy! groups was immediately 
shown by a tendency for the pH to rise, and this was held 
at 4:9 by the addition of more acid. Fig. 1 shows an auto- 
titrator trace obtained in this way. It will be seen that 
the reagent, although in excess, underwent acid decom- 
position before reaction was complete, and more had to 
be added. The red colour of the reagent changes to yellow 
on reaction or deeomposition (the OD at 500 nm drops 
by a factor of 3) and nitrogen is evolved. A separate 
series of experiments showed that the decomposition of 
the reagent, which is imperceptible above pH 6 and 
almost instantaneous at pH 3-5, does not cause much 
acid uptake in 85 per cent ethanol (see Fig. 1). In higher 
concentrations of ethanol or dimethylformamide, how- 
ever, progressively more and more of the acid uptake is 
accounted for by direct reaction with the added HCl. 
There seems to be no reason, except for the possibility 
of reaction with amino groups, why the reaction should 
not take place between theoretical quantities in the 
absence of water if a suitable solvent can he found for 
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Fig. 1. Acid uptake during the reaction of about 1-5 mg of peptide 2 


(see Table 1) with phenyldiazomethane. The times of addition of reagent 
and amounts added are shown by vertical arrows. The dotted line 
shows uptake in the absence of peptide. 


the particular peptide or protein. The present method 
was selected because of its general applicability and 
beeause reasonable protection of amino groups was 
ensured by their ionization. 

The reaction product had the same properties if the 
pH was held at 3:75. In addition, a much larger excess 
of reagent (80-fold) did not alter the constitution of 
the product. Quantities of this order have been used on 
some peptides. 


Characterization of the Products 


The reaction mixture was taken to dryness (or some- 
times to an oil) on the rotary evaporator. The residue 
was extracted twice with 20 ml. of ether and then with 
two 0:5 ml. lots of pyridine-water 1:1. The peptide 
materials so far obtained (see Table 2) have all been found 
in the pyridine fraction. None of the materials obtained 
has yet been crystallized and it is thought that a con- 
tributing cause to this is probably the presence of ionizable 
groups. The unprotected guanido group of arginine in 
particular is known to make crystallization difficult’. 
The normal procedures for characterizing organic com- 
pounds have therefore yet to be carried out, and the 
evidence given here is of the type used to establish amino- 
acid sequence. This evidence strongly supports the sup- 
position that the reaction has gone successfully, so larger 
seale preparations are now in hand which may allow work 
leading to the more rigorous characterization which is so 
clearly desirable. 

The indication of loss of carboxyl function given by 
acid uptake in the reaction is strengthened by paper 
chromatographic and electrophoretic studies on the 
products. Table 2 shows mobilities and Rrs of the 
products (plus those of some intermediates obtained in 


Table 2. THE PRODUCTS OF REACTION (PARTIAL AND EXHAUSTIVE) 


Original Suggested 
peptide Product "m Rr No. of ben- m (pre- RP (pre- 
0. No, (observed) (observed) zyl groups dieted!?) ^ dicted)$ 
1 la* -0 20 0-80 t 1 om 0-18 0-84 
1b -033 0-06 t 2 —60 31 0-00 
2a ~ 0-73 0-60 1 — 0-69 Q-71 
3a* ~ O34 tide 1 ~ 0:37 0-80 
oh ~ {p55 e 3 ~ 0-56 0-07 
4 iq* Üü OTT T i 0 O75 
4b* —-027 0-97 t 9 — O27 0-07 
ác — (37 0-97 3 ~ O42 0:98 
5 our. OTL 0-95 1 — 88 0-93 
6 64 -r0 0-61 1 -0-95 0:65 
* Observed when the benzylation was not taken to completion. 
t Trailed. 


t Trailed, at least three components, Rs between 0-8 and 1:0. 


$ Based on the difference between Rys of glutamic acid and glutamic y 
benzyl ester, see ref. 13. 
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conditions varied to produce partiel reaction and some 
products of tryptic digestion) together with those pre- 
dicted on theoretical grounds!?!? for the benzylated 
products indicated. It was possible in all cases to bring 
about the complete disappearance of the ninhydrin 
staining material corresponding to the original peptide. 
In all cases but one it could be replaced by a single sub- 
stance reacting with Cd-ninhydrin™ to the same shade 
and intensity. Small quantities of non-ninhydrin staining 
material were observed in some cases. which might indicate 
some degree of reaction with the «amino group, and it 
might thus in some cases be desirable to start with pep- 
tides already protected in this position. No test applied 
would have revealed reaction procucts of the guanido 
group of arginine, but the good recovery of the primary 
product indicates that the extent of sueh a reaction would 
not be unacceptable. The behaviour on paper of the 
major products of peptides I, 2, 4 and 5 reverts to that 
of the original peptides on catalytic hydrogenation m 
the standard conditions for the removal of the benzyl 
group’. 

The exception to all this is peptice 3 (Table 2), where, 
although there is strong indication that the side chain 
and terminal carboxyls have behaved precisely as in the 
case of the other peptides, the reaetion product is more 
complex, indicating partial reaction with another amino- 
acid. The two obvious candidates are tyrosine and 
histidine, both of which are knowr in peptide synthesis 
in their side chain benzylated forms. Of the two, inter- 
action with the histidine seems more likely, because 4 
substantial amount of the tyrosine (hydroxyl) is available 
to the dansyl chloride reagent!*, while this does not seem 
to be the ease for the histidine. Ih addition, the yield 
of histidine after total hydrolysis hax decreased. ‘This was 
the only product of any peptide in which the amino-acid 
composition had changed. 

A pronase-leueine aminopeptidas digest of peptide 1 
contained the expected amino-acids minus glutamic acid 
and a new substance with the electrophoretic and 
chromatographic properties of an authentic sample of 
glutamic acid y benzyl ester. 

Hydrazinolysates of peptides 1, 2 and 3 (16 h at 70° 
in vacuo) did not contain the ornithme which is produced 
from the C terminal arginine in tae original peptides. 
Instead, ornithine was found as its hydrazide and identified 
by staining with collidine-ninhydrie after a two-dimen- 
sional separation on paper’. 

The ability of trypsin to de-protect the terminal carb- 
oxyl group was indicated by the behaviour of the products 
on digestion. Some of them were insoluble in the usual 
aqueous media, so digestion was camried out in pyridine- 
water (1: 1), in which the enzyme remained active. The 
product with the predicted properties was formed very 
rapidly; for example, peptide 2 was regenerated to the 
extent of 50 per cent in 1 min at 37? C with an enzyme- 
substrate ratio of 1: 100. Digestion of product 15, 3c 
and 4b gave products with the properties of la, 3b and 4a. 
Digestion of la and 4a gave some original peptide and 
some apparently unchanged material indicating that they 
were mixtures of side chain and terminal benzylated 
products, and thus that the benzylating reagent has little 
preference between terminal and sic? chain carboxyls. 


Protection of Other Groups 

Apart from the amino group, proteeting groups have 
been applied in the past to the side chains of cysteine, 
serine, threonine, tyrosine and histidine. In this study 
cysteine has been irreversibly protested, but for further 
work the S.sulphonie group would seem to be most com- 
patible with the others used. It does not appear that 
phenyldiazomethane reacts with aliphatic side cham 
hydroxyl groups, both from the evicence of Table 2 and 
fom examination of total enzymatie hydrolysates of the 
products. These groups are not uncversally used in the 
protected form, so the matter has not been taken further, 
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The position with tyrosine and histidine has already been 
mentioned. ‘ s 

Because the guanido group of arginine may be protected 
by salt formation!* the chief problem remaining is that 
of the side chain and terminal amino groups. The method 
for distinguishing between these two has been outlined 
and the reversible blocking of sueh groups by trifluor- 
acetylation and maleylation is too well known to require 
deseription here. Although either may be used to dis- 
tinguish the two types of amino groups, only the trifluor- 
acetyl group is suitable for the final form of the inter- 
mediates, because the maleyl group itself has a carboxyl 
funetion. Another type of group would thus be worth- 
while onee the distinction has been made, and in this 
study the carbobenzoxy group has been applied to 
peptides 2, 5, 6 and isoleueylarginine with reasonable 
success. Reactions with carbobenzoxy chloride were 
carried out with 2 per cent solutions of the peptides in 
50 per cent ethanol at 0° C in the presence of MgO (ref. 19). 
In the standard conditions in which amino-acids would 
have reacted completely, the peptides were only 50 per 
cent reacted. It was quite easy, however, to complete 
the reaction by a single further addition of reagent in an 
excess five-fold greater than that used in the first treat- 
ment and allowmg the reaction to continue while the 
mixture warmed up to room temperature overnight. 

In conclusion, it may be claimed that the use of inter- 
mediates of natural origin is quite feasible. Although 
synthetic intermediates are usually carefully chosen to 
give terminal groups with properties particularly favour- 
able to the coupling method it is proposed to use, it is 
not impossible to couple with the type of terminal groups 
given by proteolytic agents. Future work will be directed 
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to investigating this point, with particular reference to 
fragments of lysozyme and insulin. 
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Gene Duplication and Nucleotide Substitution in Evolution 


by 
MASATOSHI NEI 


Division of Genetics, 
National Institute of Radiological Sciences, 
Chiba, Japan 


AT the molecular level, evolution can be regarded as a 
process in which the DNA content of germ cells increases 
and the nucleotide sequences in molecules of DNA change 
so as to increase the total genetic information. The 
inerease in the DNA content is considered to have occurred 
through gene duplieation by means of unequal crossing 
over or chromosome (or genome) doubling. On the other 
hand, nucleotide substitution in DNA must have occurred 
by mutation and selection or mutation and random 
fixation. I wish to consider how often gene duplication 
has oeeurred during evolution and how the duplicated 
genes have since been differentiated. 

The moleeular weight of the haploid amount of DNA 
in Escherichia coli is 2-5 x 10° (ref. 1), which corresponds 
to 38x 10% nucleotide pairs, and that in mammals is 
2 x 10"? (ref. 2), equivalent to 3-2 x 10* nucleotide pairs. 
Thus mammalian DNA is about 1,000 times larger than 
bacterial DNA, If the inerease in DNA content has 
oeeurred only through genome duplication, there must 
have been about ten duplieations from bacteria to 
mammals. Barghoorn and Schopf? recently discovered a 
bacterium-like fossil organism, Eobacterium isolatum, from 
sediments more than 3,000 million yr old. Thus if the 
bacteria evolved 3x10* yr ago, the genome doubling 
must have occurred on average once in 3x 10* years. 


There may be a great deal of gene duplication and also nonsense 
DNA in today's vertebrates. 


At the other extreme, if DNA content increases con- 
tinuously by unequal crossing over of a short segment of 
DNA, the rate of the inerease can be expressed as 


dn 
— = cer 


dt (1) 


where 7 is the total nurnber of nucleotide pairs m DNA, 
t is the time in years, and k is a constant. Solution of 
this equation gives n=n,e", where n, is the initial DNA 
content. From bacteria to mammals the DNA increased 
1,000 times in about 3 x 10* yr. Therefore, k is estimated 
to be 2-3x 10-*. This means that the DNA content. com- 
parable with that of mammals would inerease by an 
average of seven nucleotide pairs every year. 

In reality, however, the inerease of DNA seems to have 
been mediated mostly by genome or ehromosome doubling, 
for the variation in the DNA content of higher organisms 
is rather diserete*^. From the results of cytological and 
biochemieal studies on various classes of vertebrates, 
Ohno* concluded that a series of polyploidizations 
occurred in the ancestral lineage of vertebrates nearly 
300 million yr ago. He believes that in fish and amphibians 
sex chromosomes are not differentiated and thus poly- 
ploids are formed more easily in these animals than in 
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those in which sex chromosomes are well established. 
Indeed, a bisexual tetraploid species was recently dis- 
covered among frogs of the family Ceratophrydae?*. 
Further evidence in support of Ohno's conclusion is the 
fact that the gene coding for the « chain of human 
haemoglobin is not linked with the genes for the 8 and 
8 chains, although they are all homologous’. The homo- 
logous genes for light and heavy chains of immunoglobulin 
are also unlinked. Theoretically, it is possible that a pair 
of genes which were initially closely linked later become 
fragmented by chromosome rearrangements such as 
translocation". It has been shown, however, that the 
fragmentation of interacting loci, such as haemoglobin « 
and 8 genes, is very unlikely to occurs. 

If genes are duplicated by genome doubling, all the 
genes are expected to be present in equal numbers in the 
genome. On the other hand, if gene duplication occurs 
only by unequal crossing over, some genes will be present 
many times more than others. Gene duplication by single 
chromosome doubling in multi-chromosomal organisms 
will give rise to an intermediate situation. 

Consider now how fast the duplicated genes are differ- 
entiated in the course of time. The differentiation of 
genes, of course, takes place by nucleotide substitution. 
whether this is effected by mutation and selection or by 
random fixation. We assume that the rate of nucleotide 
substitution per year per DNA base is the same for all 
the bases of a gene. Studies of the evolution of proteins?:!^ 
indicate that this assumption is roughly correct except 
for those triplets which code for a few invariant and 
perhaps indispensable amino-acids in a protein. Consider 
a gene consisting of n nucleotide pairs. Let 4 be the 
probability of nucleotide substitution per base per year. 
Then, the mean nucleotide substitution per gene in a 
period of ¢ years is nt, and the probability of r nucleotide 
changes per gene is given by the following Poisson series 
(Poisson process in probability theory). 


(2) 


In particular, P,(t) — e^, to which an equivalent formula 
was applied by Zuckerkandl and Pauling’ and by Margo- 
liash and Smith!! when studying protein evolution. 

The parameter 4 can be obtained in the following way. 
Suppose that a gene coding for a polypeptide that consists 
of ng amino-acids was duplicated tg yr ago, or two species 
with the same gene were differentiated tg yr ago and the 
two duplicated genes or homologous genes code for the 
two corresponding polypeptides which differ in r amino- 
acid residues. Then 


l —. R= Po (ta) = e dla 
where KA is r/ng and ig is the probability of amino-acid 
substitution per residue per year. Therefore 


(3) 


aq 


Because one amino-acid substitution is roughly equal to 
1-2 nucleotide substitutions??? and one amino-acid is 
coded for by three nucleotides, we have 
joue belek (4) 
tà 
Zuckerkandl and Pauling’ have shown that the haemo- 
globin « and § chains of horse, pig, cattle and rabbit 
differ from the corresponding human haemoglobin chains 
in twenty-two amino-acids on average. Because the mean 
number of amino-acids in the « and 6 chains is 143-5, the 
proportion of unchanged residues is 0:85. On the other 
hand, tg has been estimated to be 8 x 107 (ref. 9). Thus, 
Ais 4x 10-1, Similarly, the mammalian and avian cyto- 
chromes c differ in an average of 12-4 residues". Mammals 
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and avians diverged about 300 million yr ago. and cyto- 
chrome c has 104 amino-acids. Theresore, for this protein, 
A=85x10-!. These rates of nucleotide substitution are 
essentially the same as those arrived at by Kimura? in a 
more elementary way. A value simisar to that for eyto- 
chrome c is obtained also from triosephosphate dehydro- 
genase!?, 

Assuming that these values of ^ sre representative of 
the rate of gene evolution in vertebrates, we can obtain 
the distribution of genes with various numbers of nucleo- 
tide substitutions for any time. As we have mentioned, 
it seems that there was a series of polvploidizations in the 
ancestral lineage of mammals about 300 million yr ago. 
The probability that a nucleotide pair remained un- 
changed for 3x 108 yr is e-93?.60-?9?5 or (0.87097. 
These values indieate that the nucleetide substitution is 
an extremely slow process. If the namber of nucleotide 
pairs in a gene is 1,500 (ref. 1) and is the same for all 
genes, the distribution of genes with various numbers of 
nucleotide substitutions is that given in Fig. 1. It is 
clear that even if A=4x 10°, the proportion of sub- 
stituted nucleotides in a gene is usuclly less than 15 per 
cent. If X48: 5x10-!, it becomes less than 4 per cent. 
Because a small number of amino-acid substitutions do 
not appreciably alter the function of & protein unless they 
occur in active sites’, the genes seera to be surprisingly 
stable. 

Furthermore, if Ohno's conclusion is correct, there must 
be several sets of such genes in the mammalian genome, 
although the degree of gene differentiation might be 
different among the sets of genes. This indicates that the 
mammalian genome has a high degres of duplicate genes 
of which the nucleotide sequences difer from each other 
in relatively few bases. This is true even if gene duplica- 
tion has oceurred by unequal crossirg over. Of course. 
in some cases a slightly altered gene might have come to 
have a function different from that ef the original gene, 
so that both genes would be essential to the organism. 
One such example is the human heemoglobin B and + 
chains. They differ from each other ia thirty-nine amino- 
acid residues (26-7 per cent of the total residues)’, which 
corresponds to a difference of about 10-7 per cent of 
nucleotide pairs. As is well known, however, these two 
peptides function in different developmental stages, and 
in this sense both of them are necessary to man. 

At any rate, there are likely to be many duplicate genes 
which have similar biological functions, and the function 
of one gene may be complemented by the other genes. If 
this is true, the effect of deleterious mutations or the 
so-called mutation load may be greatly reduced, and they 
would be expected to interact synergistically. The syner- 
gistie interaction in viability has recently been noted in 
Drosophila!*o55. Muller’! estimated the total number of 
gene loci in man to be about 30,000, considering data on 
the frequency of spontaneous mutations at specific loci 
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Vig. 1. Expected frequency distribution of the number of nucleotide 
substitutions per gene that have occurred durimg 8x 105 yr. A gene is 
assumed to consist of 1,500 nucleotide pairs, L=dt; the right distribu- 
tion corresponds to A= 4 x 10-!* and the left distribution to A= 8-5 x 10-U, 
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and the maximum mutation load that can be carried. If, 
however, there are many duplicate genes, this method 
of estimation would give a gross underestimate. If one 
gene consists of some 1,500 nucleotide pairs, there will be 
a total of about 2 million genes. 

Another possible consequence of gene duplication is 
that some of the duplicated genes gradually become inert 
and have no biological function. This is possible if non- 
sense or frame-shift mutations occur in one of the dupli- 
cated genes and the mutations spread through the 
population. These mutations will be harmless and behave 
as a neutral or nearly neutral gene in populations, as long 
as the other duplicated genes function normally. Such a 
mutation will therefore be fixed in the population with 
the probability of 1/(2N) in diploids, where N is the size 
of the population. If the rate of such mutations per locus 
per generation is m, there oceur 2Nm mutations per locus 
in the population every generation. Therefore the prob- 
ability of fixation of such genes per generation is m; it is 
independent of population size. The same conclusion has 
been reached from a more sophisticated mathematical 
treatment. In the second chromosome of Drosophila 
melanogaster lethal mutations occur with a frequency of 
0-005 per chromosome per generation". Thus the prob- 
ability of accumulating such lethal mutations in dupli- 
cated genomes is quite high. It is therefore to be expected 
that higher organisms carry a considerable number of 
nonfunctional genes in their genome. 

Formula (2) can be applied also to the differentiation 
of the genomes of two related species. For example, man 
and chimpanzee are considered to have diverged about 
35 million yr ago. Using the previous values of A, we 
expect that 97-2~99-4 per cent of the nucleotide pairs 
are common in man and chimpanzee. It is interesting to 
note that the human DNA hybridizes with the chimpanzee 
DNA almost as well as with itself! 

Hoyer et al. have shown that the similarity between 
the DNAs of two species, as determined by competitive 
formation of hybrid DNA, exponentially decreases with 
the time during which the two species diverged. Thus 
the similarity (S) can be expressed as 


S = S (5) 


where S is the similarity between the DNA of the same 
species as determined by the test. When DNA from 
rhesus monkey was used as the standard, S, was approx- 
imately 0-93. Fitting this equation to the data of Hoyer 
et al., a is estimated to be 4x 10-*. This is ten to fifty 
times larger than the estimate of X. The cause of this 
difference could be the fact that the probability of 
matching homologous pieces of fractionated DNA mole- 
cules from two species is very low in this kind of test. 

lt is wel known that the mean proportion of guanine 
plus cytocine (GC content) in nuclear DNA is very similar 
among vertebrates such as fish, birds and mammals, 
although a small amount of satellite DNA is observed in 
some organisms?*, It is probable that this similarity is an 
immediate consequence of the high stability of DNA base 
sequence. If the rate of conversion from GC to AT 
(adenine + thymine) per DNA base per year is u for all 
bases and the reverse conversion rate is v, the mean GC 
content at time (f is 


x + (xo vjetet 


^ 
where z-—v/(w-Fv) and x, is the mean GC content in the 
initial population or species?. Because u and v are of 
the order of 3, it takes a very long time for the GC content 


to reach the equilibrium value, x, that may be attained 
in & new physieal and biological environment. Fish and 
mammals at present are considered to have descended 
from à common ancestral species about 450 million years 
ago. Suppose that this species had a GC content of 0-42 


and in a new vertebrate lineage x= 0:6 has to be attained. 
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lf u-Fvz8x1039— 1:7 x 10-15, then the mean GC content 
in this lineage would be expected to have reached 0-43 ~ 
0-47 at present. If u and v changed gradually, the expected 
shift of GC content would be reduced further. The 
variance of GC content is expected to be negligibly small 
for species which have nucleotide pairs of the order of 
105 ~ 10°, 

In conclusion, I emphasize that in the evolutionary 
history of life gene duplication must have occurred very 
often to inerease the total DNA content. The frequency 
of nucleotide substitution in DNA is so low that there 
seem to be many dupheate genes in the genomes of higher 
organisms; these genomes are remarkably similar to each 
other. lt is then to be expected that higher organisms, 
ineluding man, now have ample seope to evolve inten- 
sively in various directions by nucleotide substitution. 
In other words, at present they are using only a small 
fraction of the maximum amount of genetic information 
their DNA molecules are able to store. 

I thank Dr Motoo Kimura for criticism of the manu- 
seript. 

Note added in proof. Since this paper was submitted, 
I have seen papers by Britten and Kohne?? and Walker'?*. 
By DNA reassociation experiments they have shown that 
certain segments of the DNA in higher organisms are 
repeated hundreds of thousands of times. <A large 
part of these repeated DNAs may be accounted for by the 
gene duplication and high stability of genes in evolutionary 
process as discussed. As noted in the text, the DNA 
content has inereased 1,000 times from bacteria to 
mammals in about 3x10? years. Using 4-—4x10-9— 
8:5x 10-H, the probability of common bases between two 
pieces of DNA duplicated 3x 10? years ago is estimated 
to be 0-09~ 0-60. Thus some hybrids would be formed 
even between these two pieces of DNA. It is therefore 
quite likely that certain segments of the DNA in higher 
organisms are repeated thousands of times when tested by 
DNA reassociation. If a considerable part of the increase 
in DNA content has occurred by unequal crossing over of 
a short segment of DNA or by single chromosome doubling 
rather than by genome duplication, it is expected that 
some segments are repeated more than thousands of 
times. Nevertheless, Walker’s result that repeated DNAs 
are concentrated in a satellite band in caesium chloride 
centrifugation and the G-C content of repeated DNAs 
varies considerably among closely related species of 
rodents is not fully compatible with the present model. 
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Iw E. coli the synthesis of all types of cellular RNA is 
thought to be mediated by a single enzyme, DNA-de- 
pendent RNA polymerase. The highly purified enzyme'-? 
can catalyse the synthesis of RNA in vitro in the presence 
of DNA and the ribonucleoside triphosphates. When an 
intact double helical DNA is used as template, transcrip- 
tion in vitro is asymmetric—only one of the complement- 
ary DNA strands is transeribed?-!^, This is also charac- 
teristic of transcription in vivo, Moreover, the selective 
transcription in vitro of certain regions of T4 and A 
DNA? H-U, coupled with studies on the binding of RNA 
polymerase to DNA5-?, suggests that the polymerase 
initiates RNA synthesis at specific sites on the DNA. 
The state of aggregation of the enzyme is strongly in- 
fluenced by ionic strength'®*1:3.%4, substrate?, and pos- 
sibly by enzyme concentration and temperature. Most 
investigators agree that the molecular weight of the active 
enzyme is in the range of 350,000-700,000 daltons. This 
large size is consistent with the observation that the 
enzyme is composed of several different polypeptide 
chains?*27, Furthermore, it has been assumed that 
"highly purified" RNA polymerase is a protein entity 
from whieh nothing ean be further removed without 
destroying its enzyme activity. We report here, however, 
the separation of polymerase into two components. One 
contains enzyme activity, but its ability to transcribe 
certain DNA templates is greatly reduced; the other is a 
factor able to stimulate RNA synthesis on these restrictive 
templates to normal levels. 

It was independently observed at Harvard and Rutgers 
that when RNA polymerase was purified by chromato- 
graphy on a phosphocellulose column, the enzyme ob- 
tained, although able to transcribe calf thymus DNA 
almost normally, was much less active when assayed with 
T4 DNA as template. Enzyme purified by an alternative 
procedure, however, was almost equally aetive on both 
templates. This suggested that some component necessary 
for the transcription of T4 DNA was separated from RNA 
polymerase by the phosphocellulose column. Furthermore, 
the activity of the phosphocellulose-purified enzyme on 
T4 DNA could be greatly enhanced by the addition of 
another fraction from the phosphocellulose column, This 
fraction lacked significant RNA polymerase activity of 
its own. We describe here the identification and some 
properties of this stimulating component. 


Isolation of RNA Polymerase 

The RNA polymerase we used was purified as outlined 
in Fig. 1 from Æ. coli K12. Three methods were used to 
achieve the final purification of the polymerase. Enzyme 
pucified with phosphocellulose (PC enzyme) and with 
glycerol gradient (GG enzyme) was prepared by the 
method of Burgess (manuscript in preparation). Using 


A protein component usually associated with RNA polymerase can 
be separated from the enzyme by chromatography on phospho- 
cellulose. The polymerase is unable to transcribe T4 DNA unless 
this factor is added back. o 


Cell disruption (glass beads, Warlag blender) 
DNase treatment (2 ug/ml D ase D 
High speed centrifugation (30,000 room. for 2 h} 
(NH,),50, fractionation 3-42 per cent saturation) 


* 
DEAE cellulose column (0-13-0-23 NM. KO! eluate) 
| 
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Fig. 1. Outline of enzyme purifeation. 


the same method until the DEAE cellulose step, he 
purified the enzyme by binding it to a cellulose column 
containing immobilized T4 DNA and eluting the bound 
enzyme with high salt. DNA column enzyme (DC 
enzyme) obtained in this way and GG enzyme are essen- 
tially identical and do not differ significantly from enzymes 
purified by the method of Chamberlin and Berg*. Unless 
otherwise stated, the work described here was earried out 
with GG enzyme, but similar results were obtained with 
DC enzyme. 


Identification of the Component Stimulating Transcrip- 
tion of T4 DNA B 


To isolate the component necessary for the transerip- 
tion of T4 DNA, GG enzyme was chromatographed on a 


Table 1. ASSAY OF STIMULATING ACTIVITY OF "EAKS 4, B AND C 


pumole AMP incorporated/min | 





Sample assayed No PC enzyme 4 ug PC ene Stimulation 
for stimulation added addec. ratio 
PC enzyme (4-0) 3 9 2 
GG enzyme (1:1) 57 170 38 
Peak A (1-0) 13 114 84 
Peak B (1:3) 66 203 46 
Peak C (1:9) 2 & 2 


The assay mixture (0-25 ml.) contained 0-04 M fris-HCl buffer, pH 7-9. at 
25° C, 0-01 M MaCl,, 0:0001 M EDTA, 0-0058 M 2-mercaptoethanol, 0-15 M 
KCl, 0-5 mg/ml. bovine serum albumin (Calbiocher:, erystalline), 0-15 mM 
CTP, GTP and UTP, 0-15 mM “C-ATP (1 mCi/mmosle), 20 ug/ml. Té pago 
DNA, and varying amounts of enzyme and stimulating factor. The mixture 
was incubated for 10 min at 37° C, chilled, preeipitated with 5 per eent TCA, 
and filtered on ‘Millipore’ filters. Samples were eoumted on an end-window 
gas-flow counter. The amount of incorporation is cxpressed as iumoles of 
AMP incorporated per min of incubation, To obtaiwa measure of the stimu- 
lating activity in a particular sample, that sample was assayed In the absence 
and presenee of PC enzyme. The additional incorporation in the presence of 
PC enzyme was due to the stimulation of this added BC enzyme by the factor 
ingthe sample. When this additional incerperation 3$ divided by the small 
amount of incorporation obtained with PC enzyme: alone, the stimulation 
ratio is obtained. The values in parentheses indicatesthe amount of protein, 
in ug, added to the assay mixture. 





44 


HE! 0-4 


e 
AIT 
N 


Ea 0-3 
"ad 


| 
| 
oip , 


Optical density 280 my í 
tl 
usse lide edem 
N 
S 
“+ à 
p dil 
e 
ro 
KCl concentration (-— — -—) 


| 
^ . PEAKB | | re 
. | 


0-0 Led A 2 0-0 
10 20 30 40 
Fraction No. 


Fig. 2. Phosphoocellulose column profile. Phosphocellulose (Whatman 
P11, 7-4 mequiv./g) was washed with base and acid and titrated to pH 7-9 
at 25" C with KOH. This material was placed in a column (0-9 x 10 em) 
and equilibrated extensively with a buffer containing 0-05 M tris-HCI, 
pH 7-9, at 25° C, 0-05 M. KCl, 0-0001 M EDTA, 0-0001 M dithiothreitol 
and 5 per cent glycerol. The pH of the outflow was 8:1-- (0-05 at 4° C. 
A sample containing 9 mg of GG enzyme in 4 ml. of this buffer was 
applied to the eolumn. The column was then washed with 5 ml. of 
buffer and eluted with a 100 ml. gradient from 0-05 M to 04 M KCl. The 
flow rate was 0-5 ml/min and 2-2 ml. fractions were collected. Tubes 4, 
22 and 36 were taken as representative of peaks 4, B and C respectively, 


; "op AY 1 
Assuming a value of onm = 6-6 for all fractions, these tubes contain 0-5, 


0-14 and 0-4 mg of protein per ml. respectively, A small amount of 

polymerase activity was present in the flow-through (peak 4i. If the 

sample is applied to the column too rapidly (at a rate greater than one 

column volume per 30 min), then much more enzyme will be found in the 
flow-through. 


phosphocellulose column. This column separated the 
material present in GG enzyme into three peaks, 4, B 
and C (Fig. 2). Each peak was assayed for ability to pro- 
mote the transcription of T4 DNA in the presence and 
absence of PC enzyme. Peak A contains stimulating 
activity, peak B is a mixture of PC enzyme and stimulat- 
mg activity, while peak C is identical to normal PC 
enzyme. The results (Table 1) show that, in the absence 
of PC enzyme, peak B can use T4 DNA as a template for 


— ot 


8 M urea gels 
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RNA synthesis while peaks 4 and C have little activity. 
The addition of peak A material to PC enzyme, however, 
results in a stimulation of RNA synthesis which increases 
with increasing amounts of peak A, until a rate of RNA 
synthesis comparable with that obtained with GG enzyme 
is reached, Although peak B is able to stimulate PC 
enzyme, it can itself be stimulated by the addition of 
peak A, and thus is a mixture of PC enzyme and stimulat- 
ing component. 

Each of the fractions was analysed by polyacrylamide 
gel electrophoresis in various conditions to determine the 
species of protein present. These gels were run in the 
presence of either 8 M urea or 0-1 per cent sodium dodecy! 
sulphate (SDS), both of which ean cause the dissociation 
of oligomeric proteins into single polypeptide chains. The 
protein bands observed in this analysis are shown in Fig, 3. 

Previous studies*? have shown that phosphocellulose 
enzyme is composed of two chief tvpes of polypeptide 
chains, which we here designate « and Bg. These chains 
are present in equimolar amounts and have molecular 
weights of ~ 40,000 and ~ 160,000 respectively. x and 8 
are present in all fractions but only in very small amounts 
in peak A. GG enzyme contains, in addition, two extra 
bands which we shall designate o and +. These bands are 
present in peak .4 in amounts greatly in excess of the 
amounts of x and 8 present. Peak B contains bands x, 3 
and s, but lacks +. These patterns are observed on both 
the 8 M urea gels and the 0-L per cent SDs gels. These 
data are consistent with band o being the component 
responsible for the stimulating activitv, but they do not 
exclude the possibility that band + or even some other 
material might also stimulate. 

The stimulating component was identified as o by the 
zone sedimentation of peak A material on a glycerol 
density gradient (Fig. 4). The factor required for T4 
transcription was found to sediment at ~ 4S. Analysis 
of the gradient fractions by eleetrophoresis on 8 M urea 
gels showed that band e sedimented identically to the 
stimulating activity whereas band t sedimented at about 
SS in a region with no stimulating activity. 





0-1 per cent SDS gels 


Fig. 3. Polyaerylamide gel electrophoresis patterns of different preparations of RNA polymerase and of purified 
faetor. From top to bottom: PC enzyme (20 ug), GG enzyme (20 ug), peak 4 (10 ug), peak B (7 ng), peak € 
(8 ug) and purified factor (2 ug) from tube 17 of the glycerol gradient shown in Fig. 4. 8 M urea gels were 


prepared and run according to the general method described by Davis**. 


These gels contained 7:5 per cent 


acrylamide. 0-1 per cent SDS gels were run according to the procedure of Shapiro ef a1.?? and contain 5 per cent 
acrylamide. In both cases the gels were stained by immersing them in a 0-25 per cent solution of Coomassie 
brilliant blue in methanol : acetic acid : water (5 : 1:5 v/v/v) for at least 2h. The gels were then soaked in 7:5 
per cent acetic acid, 5 per cent methanol for 0-5 h and finally destained electrophoretically in this same solvent. 
The bands observed are designated B, T, o, a and œw a, 8 and o are the bands normally seen in PC enzyme. The 
molecular weights of a and f are ~ 40,000 and ~ 160,000 respectively. The molecular weight of J was previously 
reported to be 110,000 (ref. 27), but recent measurements (Burgess, in preparation) indicate that 160,000 is a more 
aeeurate value. The band § as seen om 0-1 per cent SDS gels appears as two closely spaced hands of equal 
intensity which probably correspond to two different polypeptide chains, with molecular weights of about 


155.000 and 165,000, For simplicity these are both called Ain the text. In addition, a small polypeptide, w, with 
a molecular weight of about 10,000 can be seen moving ahead of a on the 8 M urea gels. It is present in GG 


enzyme, PC enzyme and DC enzyme but it is not vet known whether it is a component of RNA polymerase or 
merely a tightly binding impurity. The amount of band r observed in GG enzyme and also in peak A is variable. 
DC enzyme (not shown) contains only traces of t dnd thus it is probably an impurity. From the SDS gels it is 


estimated that 45 per cent of peak A protein iso, 
completely free of rt, 


Xe . Purified factor is estimated to be about 80 per cent pure and is 
The right hand two-thirds of the urea gels which contain no bands are not shown. 
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Table 2, HEATINACTIVATION OF THE STIMULATING FACTOR 


Treatment of factor pumole AMP Per cent inactivation 
before assay incorporatedímin — ofstimulating activity 
5 min at 0° C 294 G 
5 min at 87° C 295 0 
5 min at 45° C 154 53 
5 min at 50° C 3l 98 


Peak A protein (0-9 ug) was added to each assay tube which also contained 
assay solution lacking the four triphosphates and T4 DNA, Separate tubes 
were incubated at the indicated temperatures for 5 min and then chilled to 
0? C. The triphosphates, T4 DNA, and PC enzyme (6 ug) were added and the 
assay performed as described in the legend to Table 1. With no added 
factor, PC enzyme incorporated 17 sumoles of AMP. Factor alone incorpora- 
ted 9 uumoles of AMP. The percentage inactivation at a given temperature 
was calculated by subtracting 26 gumoles from the total incorporation 
observed after treatment at that temperature and then setting the incorpora- 
tion of the unheated sample equal to 100 per cent activity. 


Stimulating Factor is a Protein 


The association of the stimulating activity with à 
specific band on polyacrylamide gels suggests that the 
factor is à protein. To confirm this, we determined the 
heat stability of the stimulating activity (Table 2). Incu- 
bation of peak A material for 5 min at 45°C and 50°C 
resulted in an inactivation of the stimulating activity of 
52 per cent and 98 per cent respeetively. Furthermore, 
the activity was sensitive to trypsin. We conclude there- 
fore that the factor is a heat labile protein, although it 1s 
still possible that the factor is associated with a nucleie 
acid component of low molecular weight. 

The molecular weight of a protein can be estimated 
from its mobility on 0-1 per cent SDS polyacrylamide 
gels™, Using this procedure with 8-galactosidase, bovine 
serum albumin and ovalbumin, with molecular weights 
of 130,000, 67,000 and 45,000 respectively, as molecular 
weight markers, the molecular weight of o was calculated 
to be about 95,000 + 5,000. This is consistent with the 
S value of about 5 obtained from the glycerol gradient. 


Factor Requirements on Various DNA Templates 


RNA synthesis in the presence and absence of factor 
was measured for several different DNA templates (Table 
3) The greatest stimulation was observed with native 
T4 DNA, where the presence of factor increased the 
amount of synthesis seventy-five-fold. With all other 
templates tested the stimulation was considerably lower. 
This variation may be ascribed to two factors. First, the 
fully stimulated levels of RNA synthesis vary according 
to the template used: this has been observed by several 
investigators'-?. Second, in the absence of factor, different 
DNA templates direct the synthesis of differing amounts 
of RNA. From analytical gels we estimate that PC 
enzyme contains less than 2 per cent as much factor as 
GG enzyme. Thus it is possible that the very small 
amount of RNA synthesis off T4 DNA with PC enzyme 
is due to traces of remaining factor. With calf thymus 
DNA, however, this could not easily explain the results. 
A more likely possibility is that there are some sites at 
which initiation can occur in the absence of factor. It is 
clear that such sites are not merely fully denatured regions, 
for denaturation of T4 DNA does not result in increased 
synthesis with PC enzyme. Furthermore, 9X-174 DNA 


is also a poor template. The behaviour of PC enzvme on 
Table 3. STIMULATION ON VARIOUS DNA TEMPLATES 


mymoles AMP incorporated/min/mg enzyme 


DNA template PC enzyme 


PC enzyme + factor GG enzyme 
T4-—native 0-5 33-0 37-5 
T4—denatured 0:5 6-1 3-0 
Calf thymus--native 14-2 32-8 30:5 
Calf thymus-—denatured 3:3 14-5 10-7 
eX-174 0-9 6-2 4-9 


RNA synthesis in the presence and absence of factor was assaved as 
described in the legend to Table 1, except that the DNA concentration was 
10 ugiml, DNA was denatured by adding 1/10 volume of 2 N NaOH to a 
20 ug/ml. DNA solution. After standing at 25? C for 10 min, the solution 
was neutralized. Almost identical results were obtained if the DNA was 
denatured by heating at 95" C for 10 min, and then rapidly chilling in ice, 
The concentrations of PC enzyme and GG enzyme in the reaction mixture 
were both 4 ug/ml. Peak A protein was present, where indicated, at a con- 
centration of 4 ng/ml. This corresponds to 2 ug/ml. of factor. The ratio of 
factor to enzyme in the mixture of PC enzyme and factor was about twice 
that normally occurring in GG enzyme. Incorporation by factor alone was 
negligible for all types of DNA tested. Tn all cases saturating amounts of 
DNA were used. The 9X-174 phage DNA was a gift from Dr D. T. Denhardt. 
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Fig. 4. Analysis of peak A by zone centrifugation. A (^E mi. sample 
containing 100 ug of peak A protein was layered on a 4:8 ml. linear 
10-30 per cent glycerol density gradient containing O-01 M irie HCI 
buffer, pH 7-9, 0-01 M MgCl, 0-15 M KCl, 0-0001 M EDTA, and 0-0001 
M dithiothreitol. The gradient was centrifuged for 11 h at 60,000 r.p.m. 
in a Spinco SW65 rotor at 4? C. 0-22 ml. fractions were collected, Each 
fraction was assayed for stimulating activity as deseribed in the legend 
to Table 1. The proteins present in each fraction were analysed by 
electrophoresis on 8 M urea polyacrylamide gels. Band o peaked in tube 
17, band + in tube 13. Molecular weight markers (E, eoh P-galacto- 
sidase, human gamma-globulin, and egg lysozyme with sedimentation 
coefficients of 108, 7S and 1-98, respectively) were centrifuged on a 
parallel gradient. The sedimentation coefficients of c and T were 
estimated to be about 5.8 and 8S, respectively. 


T4 DNA and calf thymus DNA is remarkably similar 
to that of the RNA polymerase isolated from T4 infected 
cells by Walter et al”, 


Factor is not a Nucleus 

It could be argued that c is a type of nuclease which 
makes single-stranded breaks in the DNA, thus "activat- 
ing" the DNA. One prediction of this hypothesis is that 
DNA which has been used as a template for transeription 
in the presence of both enzyme and factor should then be 
capable of supporting the initiation of RNA chains in the 
absence of factor. This is not the case. The experiment 
shown in Table 4 shows that DNA which has been used as 
a template for factor-stimulated transcription exhibits 
virtually the same unstimulated and stimulated levels of 
transcription on re-use as DNA which has not previously 
been ineubated with factor. In addition, evidence ob- 
tained by several investigators!®*!)3! argues that DNA 
used for transcription by polymerase purified by the 
methods of Chamberlin! and Furth?! remains intact. 
Because enzyme prepared in this way contains c, ib seems 
unlikely that the stimulation observed is due to nuclease 
action. 


Formation of a Factor-Polymerase Complex 

Several lines of evidence suggest that the factor can 
exist in a complex with RNA polymerase. First, the factor 
purifies with polymerase through steps involving prot. 
amine sulphate precipitation, ammonium sulphate frac- 
tionation and DEAE-cellulose chromatography. Further- 
more, it remains with polymerase during low and high 
salt glycerol gradient centrifugation (1°/2= 0-04 and 1-0, 
respectively) where the polymerase sediments at 248 and 
14S. The free factor sediments at about 44, so it must 
be tightly bound to polymerase in all these conditions. 
Second, from the molecular weights of «, 8 ands, and from 
the intensity of their stained bands on polyacrylamide 
gels, it is possible to make an estimate of the relative 
amounts of each band present in GG enzyme and also in 
peak B. In both, such an estimate yields à very approxi- 
mate molar ratio of x:59:6 of 2:2:1. Third, complex 
formation between PC enzyme and faetor can be demon- 
strated by running standard pH 8-7 polyacrylamide gels 
in the absenee of dissociating agents (Fig. 5). In these 
conditions PC enzyme is resolved into several bands, which 
ppobably represent aggregates. Peak B, which contains 
the complex of g, 8 and o, migrates as a single band which 
moves ahead of the PC enzyme bands. Purified o moves 
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Table 4. EFFECT OF PREINCUBATION WITH FACTOR AND PC ENZYME ON THE 
ABILITY OF T4 DNA TO DIRECT FACTOR-DEPENDENT TRANSCRIPTION 
Material present during  Hugmoles AMP incorporated/min 

preineubation of DNA PC enzyme alone PC enzyme + factor 


No additions 8 264 
PC enzyme (10 ug) 10 282 
Factor (1:5 ug) 17 238 
PC enzyme (10 ug) -+ faetor (1:5 ug) 15 259 
No preincubation 12 259 


Four reaction mixtures (0-25 ml. each) for RNA synthesis were set up as 
described in the legend to Table 1, with the modification that BSA was 
omitted and non-radioactive ATP replaced "C-ATP. PC enzyme and factor 
were added as indicated. Each reaction mixture was incubated for 10 min 
at 37° C, They were then diluted to 1 ml. with distilled water and extracted 
with 1 ml. of water-saturated phenol. The DNA was precipitated from the 
aqueous phase by the addition of 2 mi. ethanol. The precipitates were 
washed twiee with 2 ml. of ethanol, collected by centrifugation and dried in 
vacuo to remove all traces of ethanol. Finally the DNA samples were re- 
dissolved in 0-2 mi. 0-01 M tris buffer pH 79. The ability of this DNA to 
direct RNA synthesis by PC enzyme in the presence and absence of factor was 
then assayed as described in the legend to Table 1 with the modification that 
the reaction volume was 0-10 ml. and BSA was omitted. Each tube con- 
tained 4 ug of PC enzyme. 0-6 pg factor (1-3 ug of peak A material) was also 
&dded where indicated. 
faster than the complex. Ifo and PC enzyme are mixed in 
approximately equivalent amounts and then subjected to 
gel eleetrophoresis, a single band corresponding to the 
complex is seen. 

Even though PC enzyme and o form a complex, for 
example as in peak B, the addition of either factor or 
PC enzyme to this complex results in stimulation. We 
are investigating whether the enzyme and factor are in 
rapid equilibrium with complex or whether factor is 
released for re-use in other complexes by the act of initia- 
tion. 

Enzyme and complex elute at different ionic strengths 
from a phosphocellulose column, so it seems possible that 
they would elute from a DNA cellulose column at different 
ionic strengths. We found, however, that they behave 
identically on such a column. This provides some indica- 
tion that the factor does not function merely by increasing 
the affinity of the polymerase for DNA. Furthermore, 
the free factor was not retained by the DNA cellulose 
column at 0-1 M KCl. This suggests that the free factor 
does not bind to DNA in conditions where the basic 
enzyme and the complex do so. 


The Function of c 


The results clearly show that PC enzyme can by itself 
initiate the synthesis of RNA chains, and ean catalyse 
chain elongation, Thus it is possible that this enzyme is 
the fundamental RNA polymerase. The presence of the 
stimulating factor, c, greatly enhances the amount of RNA 
synthesis, the degree of enhancement being dependent 
on the DNA template used. Several possible modes of 
action of e can be proposed. It could stimulate 
initiation, increase the rate of polymerization or prevent 
unusually early cessation of chain growth. Preliminary 
evidence (Travers and Burgess, manuseript in prepara- 
tion) indicates that o markedly increases the number of 
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Fig. 5. Reconstitution of the enzyme-factor complex as demonstrated by 
electrophoresis on polyacrylamide gels. From top to bottom: PC 
enzyme (4 ug), peak B (4 ag), purified factor (1 ug) from tube 17 of the 
glycerol gradient shown in Fig. 4, and a mixture of PC enzyme and 
purified factor. Polyacrylamide gels, pH 8-7, 4 per cent acrylamide, 
were prepared and run as described by Davis™, and stained as described 
in the legend to Fig. 3. o appears as two very faint bands which move 
about 20 and 30 per cent faster than the complex and are indicated Dy 
arrows, The marker dye, seen very near the right end of the third gel 
from the top, just ran off of the other three gels. 
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RNA chains initiated. This suggests that o acts at the 
level of initiation. 

We can thus pose the question: is the additional initia- 
tion observed in the presence of o merely due to an 
increase in the rate of initiation at sites poorly utilized 
in its absence, or does this initiation occur at sites which 
absolutely require o for their expression? The first 
possibility implies that the PC enzyme determines the 
specificity of initiation and that o may have some other 
function in the process of initiation. If a itself determines 
the specificity of initiation, however, the interesting possi- 
bility arises that several similar faetors could exist, each 
with a specificity for a different type of initiation site. 
This latter idea is attractive, for recent studies using the 
antibiotic rifamycin suggest that in vivo only one kind of 
RNA polymerase exists?*. Yet there is also much evidence 
to indicate that in vivo the control of mRNA, tRNA and 
rRNA synthesis is not coordinate. o and similar factors 
could then act as positive control elements regulating the 
amount of synthesis of different classes of RNA, including 
the late RNA of certain bacteriophages. 
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support, Professor K. Weber, Mr J. Roberts and Dr J. 
Tkacz for helpful discussions and suggestions, and Miss 
Anne-Marie Piret and Mrs Christine Roberts for technical 
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LETTERS TO THE EDITOR 


PHYSICAL SCIENCES 


Clustering of Pulsars along the 
Galactic Plane 


We recently described! the discovery of seven pulsars 
found in a search at the Molonglo Radio Observatory 
using the 408 MHz radio telescope. A conclusion reached 
on the basis of this search was that pulsars are galactic 
objects associated with the disk or the spiral arms, but 
with a somewhat anomalous distribution. A zone of 
avoidance along the inner regions of the galactic plane was 
suggested, based on the argument that dispersion in the 
thin layer of an ionized medium closely confined to the 
galaetie plane results in the loss of the distant pulsars. 
This communication deseribes the discovery of further 
pulsars which follow the same general pattern of galactic 
distribution. 

The search technique of "early" and "late" beams! was 
used in the observations. In addition, the centre beam 
signal was split into two frequency bands centred at 407 
MHz and 409 MHz. The recording of the pulse arrival 
times in the two bands. using a magnetie tape recorder, 
allows measurement of the rate of drift of pulse frequency?. 
The three new pulsars are listed in Table 1 with the pro- 
visional MP designation. The right ascensions (1950 
epoch) of each pulsar are listed for the nominal declination 
and for declinations 2” above and below. The energy 
densities of strong pulses are estimated in accordance 
with the system used for the previous seven pulsars!. 


Table 1. CHARACTERISTICS OF THE THREE NEW PULSARS 
M P 0040 M P 0959 MP 1747 
at 6+2° 425 525 595 
frasgig at Ó 09" 40 404+ 28 00° 59™ 518428 17547"569--15 
at á—3 ags 495 518 
isama — 56° + 2° — 56° + 2” — 8° 4 2° 
i 270° 281^ 344^ 
b m -1* —-11? 
P 0-662 + 0-003 1-438 + 0-003 0-742 + 0-003 
(——) MHz s~ 57 90 200 
qg 408 
J. di emo? pe 145415 G0+10 40+ 10 
We ms 30 x 10 50 +10 20-5 
U en 107 J me? 
Heo ~O1 wt MÜ' d 


Two of the new pulsars lie in the direction / = 280^, near 
the galactic plane. The dispersion measurements indicate 
that they are distant objects. The pulsar M P 0940 shows 
the greatest dispersion yet measured. The distribution of 
pulsars in the direction of the inner and the local spiral 
arms with galactic latitude b= + 10° is shown in Fig. 1. 


100° 80° 60° 40° 20 l=0° 340° 320° 300° 280° 260° 240" (ip? 
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Fig. 1. Distribution of pulsars in the direction of the inner and local 

spiral arms with bi — 10^, Arrows indicate “tangential points" of the 

spiral arms. Pulsars discovered eee are represented by open 
circles 
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In addition, arrows are drawn in Pg. 1 which indicate 
the “tangential points" of spiral arms inferred from 
discontinuities in the distribution of various galactic 
components, principally the metre wavelength radiation”. 


The pulsar distribution shown im Fig. 1 indicates the 
presence of clusters closely associatec with the spiral arm 
Three pulsars are found in the 
Nu D the 


“tangential points’. 
direction of the local spiral arm at f= 2607. 

new pulsars seen in the direction l= 2& 
with the second step in our local cer arm. 

Two pulsars are clustered in the direction /= 310°, which 
is associated with the “tangential poist” of the Sagittarius 
spiral arm. <A zone of avoidance was proposed to explain 
the absence of pulsars along the plane itself. The tendency 
for pulsars to be concentrated south «ef the galactic plane, 
reported earlier’, seems to be a real effect. In the recent 
search programme more observing time was devoted to 
positive galactic latitudes between l=0° and i= 280°. 
Still no pulsars have been found. The asymmetry of the 
distribution may be due to the real absence of pulsars, to 
an asymmetry in the dispersing medium or to chance 
effects of pulsar amplitude fluctuations coupled with the 
use of a transit instrument. 

An alternative explanation of the clustering of radio 
sources may be sought in the association of pulsars with 
supernovae*$5, If pulsars are formed during a supernova 
explosion a number of such objects might be formed. The 
present cluster members, although nct perfectly matched 
in dispersion measure or repetition rste, may in faet be 
associated objects. At present it seems that the difficulties 
of pulsar searches may be compounded by confusion 
effects due to clusters. 

We wish to thank Professor B. *. Mills for helpful 
discussions in all stages of the pulsar work. This work was 
done with finaneial grants from the australian Research 
Grants Committee and the US Natiowal Science Founda- 
tion. 
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Detectability of Lunar Libration Clouds 
at Small Phase Angles 


THE existence of “trapped” interplanetary particles in 
the libration centres of the Earth-Moon svstem was 
reported by I&ordilewski! in 1961. He observed two very 
faint clouds close to the Lagrangian peint L, and a large 
one at La. 

The reality of these lunar libration clouds (LLC) 
confirmed in 1966 by visual as well 
observations. Successful visual observations, organized 
by NASA, were made by a group of observers from an 
aircraft at an altitude of 12 km. Each observer. sufficiently 
visually adapted for searching for faint nebulous objects 
on the night sky, plotted the position and shape on a 
star chart of each such objent observed, The result of 
fdhr flights on March 1, 2, and March 10, 12, 1966, was 
the identification of very faint nebelosities near the 
predicted positions of the Lagrangian points L, and L,. 
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The nebulosity near L, was seen and recorded by most 
observers in the group, while fewer observers recorded 
LLC, on the last night. Because the search for LLC was 
rnade at the time of the opposition of the libration centres 
to the Sun, the gegenschein in the antisolar point was 
observed simultaneously. This antisolar part of the 
zodiacal light is apparently slightly brighter than LLC, 
or LLC,. Both clouds seemed to be circular or slightly 
elliptical “nebulous patches" about 2° to 4° in diameter, 
at the threshold of visual detectability. 

The results of the NASA group were confirmed by 
independent observations reported by Simpson*?. He and 
some other observers recorded two clouds near L, The 
larger was evidently identical with LLC, observed by the 
NASA group; the positions of LLC, are also in excellent 
agreement. Simpson also obtained further positive results 
from ground-based visual observations of LLC, on January 
4, 6 and 7, 1964, and photographic records of the same 
cloud on February 13, 1966. 

All these observations were made at relatively large 
phase angles 0z 140°, mostly 0~ 170° (the phase angle of 
the antisolar point being defined by 0— 180°). One nega- 
tive result was reported in the search for LLC, during and 
shortly after the new-Moon phase, that is, when the 
elongation angle of the libration centre L, was £z 607. 
Nevertheless, the observations of lunar libration clouds 
at small phase angles could be very important for the 
estimation of the dorninant size of the cloud’s particles. 

Unless the particle diameters are very large, the phase 
funetion of lunar libration clouds will not follow the 
Lambert law or the lunar phase curve. Small totally 
reflecting spheres, for which the backscattering is domin- 
ant, are also unlikely to be present in the interplanetary 
medium. For the most probable case (size parameter 
0-5< 2x5» a « 70), a strong forward scattering effect must 
be considered. It might therefore be possible to detect 
the libration clouds at small phase angles. 

The surface brightness of the libration clouds S= 
Soo Y (0), where S,,, is the surface brightness for 0 — 180°, 
is a function of the phase angle. Because of strong forward 
scattering, the surface brightness of a cloud of small 
particles at small phase angles is S,» S5, The surface 
brightness Ses of LLC, or LLC, can be estimated from 
the observations of gegenschein. The recent photoelectric 
measurements of the gegenschein by Dumont* give the 
surface brightness of the antisolar point at wavelength 
5000 À as equivalent to 177 stars of visual magnitude 
10 degree-?—2x 10-* ed m. The adopted value S,= 
1-3 x 10-* ed m- for the upper limit of the luminance of 
the lunar libration clouds, which corresponds with the 
lowest Auroral International Coefficient of Brightness 
ICB — I, seems to be reasonable. 

The phase function Y (0) was computed* for different 
models of polydisperse clouds of dielectric or absorbing 
spherical particles, for various size parameters and the 
size distribution function q (a) :— a-*. The results are used 
for the estimation of phase angles Oss or 8,4, at which 
the eloud's surface brightness is S, = Seso or Serro ™ 10 x Ses, 
where Seo is the cloud’s surface brightness for the opposi- 
tion. The approximate values of 0,, and 0,4, are given 
for a set of cloud models in Table 1, where m — »'? is the 
refractive index, and x= (27/2) a is the size parameter for 
) 054 micron. The values S./S; and S$,,,,/5; are ratios of 
the surface brightness of the cloud to surface brightness 
of the zodiacal light on the ecliptic axis and at. eorrespond- 
ing elongations*. The accuracy of the estimated values 
is about +3° for 6,, and 0,4,, and about 10 per cent for 
SeS: and 30 per cent for Seng Se 

From these results it is evident that successful observa- 
tion of LLC, and LLC, may be expected at elongations of 
15° and 30°, if the particles are not extremely large and 
if the refractive index is close to 1 for pure dielectric 
particles ([n'//n — 1] € 0-1). The detectability of pure di- 
electric silicate or limonite grains at smaller phase angles 
is much less than that of ice, iron-like, or slightly absorb- 
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Table 1. MODELS OF LUNAR LIBRATION CLOUDS 


2n 
PE f= Pe ay Ne S19 

m= A- NG 6. Brag S. Ss Type of 

n n (Ax (4) * particles 

min max 

1:25 — 0:8 5-0 90° 45° 6-96 1:6 — 
1-25 — 5:0 15-6 RO — 35) OFA 1-4 — 
1:83 — 0-8 10-0 00^ 20^ OG 0-3 1 
1:33 — 20-0 300 40° 15° 020 02 i 
133 — 0-01 5:0 15.0 R85?" 40^ BB 2-0 ice 
133 020 50 150 195? 47? 1-30 44 
1:50 — 0-8 5:0 75? 30” (905 1:6 1 
1:50 — 0-8 10:0 55^  20* (050 0:2 j 
1-50 — 10-0 15-0 35? i0 0-14 Q-03. | 
1:50 v 20-0 30-0 40* 1 0-20 ~ol } silicate 
1-50 Q-01 50 15-0 55^ a 0-48 0-03 | 
1:50 0-05 $0 15:6 70° 237 0:75 0:5 i 
1:56 — 10 50:0 30* 5° 1:10 -0:01 J 
2-00 — 08 10-0 25° 5^ («06 = 60-01 3 
2-00 — 10-0 15:0 17° ae 003 O01 | 
2°20 — 1-0 55-0 20° 5^ 0-08 001 > limonite 
2.90 0-02 1:6 55-0 407 15? 0-20 0-2 } 
220 ©20 10 550 110" 30° 0-95 lo j 
LAL 1:63 1-0 55-0 ~ 150° 30° 0:95 1-0 iron 


ing spherical particles. The detection of intensity excesses 
in zodiacal light at the predicted points of L, and L; would 
be at least some indication of the dominant size of inter- 
planetary grains in the lunar libration clouds. In regard 
to the twilight phenomena, extra-atmospheric observa- 
tions in the visual spectral region are desirable. Ground- 
based observations in the near infrared should be suceess- 
ful, especially if the cloud contains slightly larger particles 
than considered in the set of models. 
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Science Foundation. 
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Globular Clusters in the 
Andromeda Nebula 


THE 200 inch telescope on Palomar Mountain has recently 
been used for a detailed photometric and spectroscopic 
study of the globular clusters associated with the Andro- 
meda nebula. This investigation has revealed a number 
of unexpected differences between the globular clusters 
in the galaxy and those in M31. 

In a previous paper! it was shown that three-colour 
photometry of the integrated light of globular clusters 
may be used to derive a reddening-free metallicity para- 
meter Q-(U-B)—052(B— V). This metallicity para- 
meter has now been measured! ? in 68 galactic globular 
clusters and in 46 globulars associated with the Andro- 
meda nebula. The frequency distribution of Q values in 
the galaxy and in M31 is compared in Fig. 1. This com- 
parison shows that the mean metallicity of the M31 
globulars is much higher than is that of the globular 
clusters associated with the galaxy. The difference in the 
frequency of very metal-poor clusters is particularly 
striking. In the Andromeda nebula only 17 per cent of all 
clusters have Q < — 0-40 compared with 34 per cent in the 
galaxy. 

The M31 cluster sample was selected on the basis of 
apparent magnitude and is therefore free from any bias 
involving metal abundance. Observations of galactic 
globular clusters are somewhat biased by two selection 
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Fig. 1. Relatively metal-rich globular clusters (which have the least 


negative Q values) occur more JICquetsly in M81 than they do in the 
galaxy. 


effects. Distant metal-poor clusters in the galactic halo 
often have such a low surface brightness that they cannot 
be observed conveniently. The observations also dis- 
criminate against heavily obscured low-latitude clusters, 
many of which are metal-rich. These two sources of bias 
tend to cancel out, so that the sample, which contains well 
over half of all known galactic globular clusters, should 
approximate an unbiased sample. 

The conclusion that the clusters in M31 are metal-rich 
compared with those in the galaxy is thoroughly confirmed 
by integrated cluster spectra. Both the galactic globulars 
studied by Morgan? and thirty of the brightest clusters 
in M31 were studied on widened spectra obtained at a 
dispersion of 60 A mm with the new image-tube spectro- 
graph at the Cassegrain focus of the 200 inch telescope. 
These spectra show that very metal-poor clusters similar 
to M15 and M92 are rare or absent in the Andromeda 
nebula. The most common type of cluster in M31 has a 
Morgan metallicity class V. It is remarkable that such 
relatively metal-rich clusters occur far out in the halo 
of the Andromeda nebula. 

A few clusters in M31 have metallic line strengths that 
are greater than those observed in the most metal-rich 
known galactic globular clusters. In clusters such as 
M31, No. 87, the line strengths approach those observed 
in the nucleus of the Andromeda nebula, which is now 
believed to be super metal-rich*§, 
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New Method for the Combustion of 
Samples for Radiocarbon Dating 


COMBUSTION to carbon dioxide is part of the preparation 
of most samples for radiocarbon dating. The procedures 
so far adopted by dating laboratories for this process 
have followed the example set by Libby!, and are based 
on the classical technique of organic combustion analysis 
in which the sample is burned in a stream of oxygen in à 
tube furnace. Variations are chiefly in the design of the 
furnace and in methods of subsequent purification of the 
carbon dioxide. Satisfactory combustion is usually eritic- 
ally dependent on the rate of gas flow, and the process is 
time consuming, for it requires constant attention on the 
part of the operator over a period of 1-2 h for an average 
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sample. Moreover, there are often difficulties in dealing 


with certain types of sample, particularly bone and antler E. : 
where the presence of significant quantities of oxides of — 


nitrogen and sulphur in the combustion products lead to 
problems in the subsequent purifieation of the carbon . 
dioxide, especially when it is required for filling a propor- 
tional eounter. 

An alternative approach is in tbe combustion bomb 
technique, long used as a standard method for the estima- 
tion of the calorific value of fuels, in which a sample is 
burned in an atmosphere of oxygen at high pressure. 
Combustion is rapid and complete, and oxides of nitrogen 
and sulphur formed during combusteon can be held back 
in aqueous solution in the bomb as nitric and sulphuric 
acids so that they do not contaminate the carbon dioxide 
to the same extent as occurs in the tube furnace technique. 
The average size of sample used for zadiocarbon dating 1$ 
somewhat greater than that in measurements of calorific 
value, so special pressure vessels have to be manufactured. 
This presents no great engineering difficulty, however, 
and the principal problem is to do with the quantitative 
separation of some 5-101. of carbon dioxide from a large 
excess (25-45 1.) of oxygen. 

In the procedure adopted in the 3ritish Museum Re- 
search Laboratory, the sample, normally eontaining 3-5 g 
of carbon and contained in a silica crucible, is supported 
within a thick walled eylindrieal stzinless steel pressure 
vessel with an internal volume of approximately 3 L 
(see Fig. 1). The lid of the vessel, secured to the body by 
bolts and an “O” ring seal, carries inlet and outlet valves, 
a support for the crucible, à pressure gauge, and leads for 
electrical input to the thin iron wire which is used to 
ignite the sample. The walls of tae vessel are water 
cooled by a brazed-on coil of copper tubing. About 25 ml. 
of distilled water placed in the bottom of the vessel before 
sealing helps to retain oxides of nitrogen and sulphur 
formed during combustion. The gaseaus combustion pro- 
ducts are vented by means of a pressure reducing valve and 
an automatic pressure control system to a series of cooled 
traps maintained at suitable low pressures by a vacuum 
pump, where water vapour and carbos dioxide are frozen 
out of the gas stream and excess oxygen is pumped away 
to the atmosphere. The entire operation takes about an 
hour and, apart from the initial sesting up and final 
transfer of carbon dioxide to the gms storage system, 
requires no attention on the part of an operator. The 
success of the scheme depends chiefly on efficient trap 
design and the use of a high capacity (450 L min!) 
vacuum pump to maintain the appropriate low pressures 
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Fig. 1l. Bomb technique in radiocarbon dating. A, Sisiniess steel 
pressure vessel, 0-25 inch wall, 9 | internal volume; B, stainless steel 
needle valves; C, cooling coils; D, pressure gauge; F, iron fuse wire 
0-2 mm diameter; G, silica crucible containing sample; H, oxygen pros- 
sure-reducing valve; J, magnetic valve; K, a@mmountable 0-4 inch 
vacuum coupling between metal and glass tubing: L, 5 1. buffer volume; 
M, open-ended mercury manometer: O, R, S, corzrol contacts. for mag- 
etic valve J via relay circuit (not shown); T,, water trap cooled with 
solid CO,-acetone slush; T, T, high efficiency €O, traps cooled with 
liquid nitrogen: V, fine control stopcock: Wa- Ys high vacuum 
stopcocka, 
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within the trap system and also achieve a high rate of 
removal of gases from the “bomb”. 

We have shown that the technique can be applied to the 
direct. combustion of material such as wood, charcoal. 
plant remains and linen. Bone and antler are first de- 
mineralized to concentrate the organic fraction and to 
remove possible non-contemporaneous inorganic car- 
bonates. 

In order to avoid the possibility of a dangerous instan- 
taneous rise in pressure, highly combustible or finely 
divided materials are moistened with distilled water and 
lightly compressed before ignition, which is then carried 
out at oxygen filling pressures in the range 125-150 lb 
inch-?, whereas less combustible substances such as 
demineralized bone and antler are burned at filling pres- 
sures in the range 200-250 pounds inch-?. When these 
simple precautions are observed, the pressure rise within 
the “bomb” after ignition is never more than 50 pounds 
imch-*. 

The technique has been in use for more than 18 months 
with considerable saving in time, and its success has more 
than justified the higher initial cost of the equipment 
over that of the conventional tube furnace system. 
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Pair Distribution Function for a 
Two-dimensional Liquid 


In some respects, the atoms in simple liquids can be 
regarded theoretically as behaving like almost rigid bodies. 
Thus several authors’? have been able to shed light on 
basie properties of the liquid state simply by analysing 
the packing statistics of large two and three-dimensional 
model aggregates of hard spheres. One very important 
characteristic of such an aggregate is the pair distribution 
histogram R(gp); for a model containing N spheres, 
N R(g) 8 p gives the number of pairs of spheres the centres 
of which are separated by distances in the interval (0, 
o--8g). In the limit of an infinitely large model (N=) 
and infinitesimally small histogram interval (32-0), R(g) 
becomes formally equivalent to the familiar pair distribu- 
tion funetion, whieh deseribes the average distribution of 
spheres about a typical sphere in the infinite aggregate. 
In this limit, R(p) ean be taken to represent the pair 
distribution funetion for atoms in an unbounded liquid, 
and may thus be used in caleulating thermodynamic 
properties of the liquid state. In practice, however, one 


must deal with finite models and here---quite apart from 
the more obvious limitations imposed by finiteness-—edge 


effects can seriously restriet the validity of the histogram 
R{ p) as an approximation to the pair distribution function 
of a real liquid. 

One way of correcting R(¢) for edge effects in a finite 
model is simply to multiply the histogram by a sealing 
function 


Fle) = Ga(9)/Gr(¢) 


Here the denominator represents an average pair distribu- 
tion function for particles randomly distributed with unit 
density within a boundary identical to that which encloses 
the model, while the numerator gives the corresponding 
funetion for a random distribution of the same density 
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but unlimited in extent (that is, 2mo for a distribution 
in two dimensions, 4x0? for three dimensions). Mason? 
has already given the form of F( 9) for a model contained 
in a spherical enclosure, while Bell and Dean? and Bell? 
have considered the case of a model bounded by a rect- 
angular parallelopiped. These calculations have greatly 
facilitated the interpretation of pair distribution histo- 
grams for three-dimensional liquid? and glass* models. In 
this communieation scaling functions are given for two- 
dimensional models of the type considered in ref. 2. 
Consider the two simplest planar packings—-a model 
bounded by a 1ectangle and a model bounded by a cirele. 

Consider first a rectangle of sides E and 7, containing 
particles distributed randomly with unit density. By an 
argument almost identical to that followed in ref. 5, it 
can be shown that the average pair distribution function 
for such a system is given by 

Ge(g) = Jo dC g(,8) gu.) (1) 
where 
g(4,8) = max {1 — [3/8], 0} 

and C is the circle 


B+ we p 


The integration of (1) is quite straightforward and leads 
to 


Génle) = 4e[n/2— p/§— of o 07/2Ey), ex S 
= 4p[n/2— g/E —cos-! £/ p — £/27 
l +v efl? — 1] ESen 


= 4o[r/2— cos- n/p — ceos E/ o — 4/26 — E/27, 


+y pE l y pml — 97/28] 
Ens ps vE tN? 
= 0 VE FEY xp 
The appropriate scaling factor is simply 


F(z) = Ga(ge)IC see) 


where G (ge) is the limiting form of Gg,(g) for a very 
large rectangle (Ey oc) 


Y $ 4 P 3s 
Go(p) = 2rp (2) 
In the ease of a random distribution of particles within 


a cirele of radius r, simple geometric considerations enable 
us to write down the average pair distribution function as 


" 
Grio) = (40/r*) f dx x Alr.a, p) (3i 

0 

where A(r,z, c) 1s the function 


A(7,t,9) = 0 


Se: OE ee ly—ol<r<a+o 
: 2rpo 7 
TR U+ OSs 
More concisely, A(r.z,¢) can be expressed as a Bessel 


function integral* 
o5 
Arap) = nr f d£ J, (rt) Talet) Tal ot) 
p 


With the aid of this and several other standard Bessel 
function formulae (compare equations 11-4-7 and 11-4-41 
of ref. 7), equation (3) can be reduced to the form 


Grlo) = 4p[n/2—sin- g/2r — (c/2r) 


41 —(p/2r)*] e<2r 
e pz2r 
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Fig. 1. Scaling functions for models contained in a unit circle and a unit 
square, 


The scaling factor for a model bounded by a circle of 
radius r is then 


F(g) = Go(g)/e o), 


where the limiting form G (po) is again given by equa- 
tion (2). 

Log,,f (9) is plotted against o in Fig. 1, for the unit 
square (§=7,=1) and unit circle (r- 1). As in the cor- 
responding three-dimensional eases?:*, the scaling functions 
depart appreciably from unity over much of the range. 

This work was carried out at the National Physical 
Laboratory and arose out of a study of some two and 
three-dimensional models of glass. I am indebted to Dr G. 
Mason for an interesting correspondence and thank him 
for eommenting on the practical relevance of the two- 
dimensional sealing function. 
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Determination of Carbon Fibre 
Structure by Electron Spin Resonance 


THE structure and properties of carbon fibres are currently 
receiving considerable attention. As part of a fundamental 
study of the processes of carbonization and graphitization 
of these fibres we are at present examining the eleetron 
spin resonance (ESR) characteristics of these materials. 
The use of this technique in studies of amorphous carbons 
and graphites is well known!; however, ESR seems to 
have been little applied specifically to carbon fibres. 


y . The structure of these fibres was the subject of two recent 


- eommunieations^? in which the results of studies using 


= eleetron microscopy and electron and X-ray diffraction 
















techniques were presented. These reports generally 
substantiated Shindo's classic studies! of the carbon 
tion of polyaerylonitrile (PAN) fibres indicating that 
polynuclear aromatic planar fragments became strong 
orientated with their planes parallel to the fibre axis. In. 
this communication we report sore results of an ESR 
study of the structure of ec asbrurs 
Bundles of fibres, about 2 7 

mounted inside the microwave cavity si a couvent rel 
X-band ESR spectrometer with 160 Hz phase-sensitive 
detection. The fibres of diameter 7-0 microns were very 
carefully packed together to minimize inter-fibre eleetrical 
contacts and hence avoid microwave skin-depth complica. 
tions. The ESR signal, consisting of a single broad line, 
was observed as the static magnetic field was rotatect 
about an axis perpendicular to the fibre axis. Thus no 
movement of the samples nor retuning of the cavity 
took place during the angular determination. The g 
value of the resonance line was determined relative to the 
central two lines of an internal standard of magnesium 
oxide doped with Mn**, the latter being calibrated 
against powdered polyerystalline dipaenyl-pieryl-hvdrazy 
(DPPH), the g value of which was taken to be 2-0038. 
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Fig. 1. g Value anisotropy of carbon fibre spin resonance at room 


temperature. 


A systematic variation of the g value of the resonance 
line with orientation of the fibre in the magnetic field was 
observed. A typical curve for a fibre treated to 2,700^ C 
is illustrated in Fig. 1, in which it can be seen that the 
g value exhibits a cos*@ angular variation. There occurs a 
maximum in the g value when the statie magnetic field is 
perpendicular to the fibre axis and a minimum when the 
magnetic field is parallel to the axis. It is believed that 
though the lines are quite broad (approximately 20 gauss) 
these g value variations are real and correct within an over- 
all uncertainty of +0-0005. The lines are syinmetrical 
and Lorentzian in shape out to at least five line widths. 
Furthermore, careful analysis has shown that the absorp- 
tion does not change in width or shape as the g value 
varies. 

These results can be compared with those obtained with 
single crystal graphite®. In this case the g value variation 
was very closely fitted by a similar cos*@ function and at 
reom temperature it varied from 2-0026 + 0-002 (g,) to 
2:0495 + 0-0002 (g:) as the magnetic field was shifted 
from perpendicular to parallel to the ¢ axis. Thus the 
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occurrence of a maximum in g value when the static 
magnetic field is perpendicular to the fibre axis leads us to 
conclude that the crystallites are preferentially aligned 
with their basal planes lying parallel to the fibre axis, 
that is, their c axes are perpendicular to the fibre axis. 
The ESR results therefore confirm the X-ray and electron 
diffraction data published previously. It should be noted, 
however, that the shape of the curve illustrated in Fig. 1 
is not in itself a measure of the degree of preferential 
alignment. Assuming that the observed g value is a 
motionally averaged* value of all the crystallite orienta- 
tions, then increased misorientation leads to a decrease in 
the anisotropy without affecting the cos*0 angular depen- 
dence. 

Table 1 summarizes the g value anisotropy measure- 
ments made on a number of carbon fibres heat treated to 
between 1,06^* C and 2,800? C. The line width, for reasons 
not yet fully understood, tends to be variable and in cer- 
tain extreme cases precludes the accurate measurement 
of the g value altogether. Nevertheless, it is clear that 
the g anisotropy increases with increasing heat tempera- 
ture and therefore parallels the growth and ordering of the 
crystallites within the fibre. Indeed, this technique 
would seem to be a very good method of studying the 
growth and development of the graphite crystallites within 
these materials. 


Table 1. EFFECT OF INCREASING HEAT TREATMENT TEMPERATURE ON THE 


g ANISOTROPY OF CARBON FIBRES 


g Value 
Magnetic field Magnetic field per- 
parallel to fibre axis pendicular to fibre axis 


Heat treatment 
temperature (* €) 


1,000 2:0013 2:0013 
1,750 2-0023 2-0023 
2,900 2.0024 2-0046 
2,400 2-0026 2-0062 
2,5 Signal too broad 

2.700 2.0020 2-0076 
2,800 Signal too broad 


It is possible by studying X-ray diffraction line profiles 
to obtain an estimate of the preferred orientation within 
the fibres. Although we still have insufficient ESR data 
to perform a quantitative analysis, the proximity of the 
g values in the second column of Table 1 to the graphite 
value of 2-0026 is consistent with the value of +10° 
estimated before? for the spread in orientation about the 
fibre axis. In the case of graphite crystals g, is indepen- 
dent of temperature while gy is strongly temperature 
dependent? and therefore, in principle, a study of the 
temperature dependence of the g anisotropy in these fibres 
would be a good method of estimating the degree of 
preferred orientation and these measurements are now in 
progress. 

One of us (D. R.) acknowledges the Science Research 
Council for financial support. We thank Dr J. W. John- 
son of Rolls-Royce Ltd for suggesting and arranging this 
cooperative effort. 
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Polarization Structure of Interfacial 
Amorphous Films 


ONE of us'-* has already established that amorphous sur- 
face layers have a persistent character which can manifest 
itself in the oriented crystallization of material on top of 
them. The part played by these amorphous interfacial 
films in the transmission of structural information is not 
understood: it is not known whether they act merely as an 
inert intermediate medium or whether they themselves 
provide an informational net. If the latter is the case, it 
needs to be clarified whether the informational net exists 
only when constant contact between the interfacial film 
and the active surface of the underlying solid is maintained 
or whether it persists irrespective of the surface which 
created it. 

To answer these questions we studied the eleetrical 
strueture of amorphous interfacial films and its relation 
to the eleetrophysical properties of the surfaces of solids. 
The p-n junction on silicon single crystal surfaces served 
as an active surface and carbon layers were used as inter- 
facial films. The p-n junction was chosen as a model 
active surface because its geometry, while reflecting its 
electrical properties, can be determined by independent 
methods. For preparing the p-» junction, boron was 
introduced into single crystals of n-silicon for 30 min at 
970? C. Then, by appropriate polishing, the p-n junction 
was produced on the surface of the crystal. Interfacial 
films 100-800 A thick were obtained by evaporating carbon 
in a vacuum of about 10-5 torr. The p-n junction was 
decorated by selective crystallization of silver chloride by 
thermal evaporation. This method of electrical decora- 
tion, developed earlier*, is highly sensitive to the potential 
gradient and so to the charge sign on solid surfaces. At 
early stages of condensation, a monoerystalline film of 
AgCl is formed on the p-regions of the surface, and on the 
n-regions a much thinner polyerystalline film develops. 
Such selectivity of crystallization not only makes the 
loeal regions of solid surfaces with different eleetrophysi- 
cal properties visible with high contrast but also makes it 
possible to control by diffraction the resulting pictures of 
the electrical relief. 

To investigate the “memory” of the interfacial films, 
we detached some of the carbon layers from the silicon 
surfaces and decorated both the silicon surfaces and the 
contact sides of the carbon films (temperature of speci- 
mens 20? C, deposition rate of AgCl ~ 20 Als). The decora- 
tion pietures were examined by reflexion in a metallo- 
graphie microscope and by transmission in a Hitachi II 
electron microscope. 

Decoration patterns obtained directly on the silicon 
surface showed a distinct picture of the p-n junction on 
a microscopie scale (Fig. 1). The thicker film of AgCI 
which occurred in the p-region looked blue (the darker 





Fig. 1. Detection of the p-n junction on à silicon single crystal surface 
owing to the occurrence of à monocrystalline AgCI film on the p-region 
and a polycrystalline AgCl film on the n-region of the silicon surface. 
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part in the micrograph) and the thinner film in the n-region 
looked yellow. Mierodiffraction studies of these films after 
separation from the silicon surface showed that in the 
p-region they were monocrystalline, while in the n-region 
they were polycrystalline (Fig. 2). Decoration of the con- 
tact side of the carbon films exactly reproduced the 
geometry of the p-n junction and the selective crystalliz- 
ation of AgCI (Fig. 3). Analysis of the electron diffraction 
patterns (analogous to those shown in Fig. 2) indicated 
that on the contact side of the carbon replica from the 
p-region of the p-n junction a thicker monocrystalline 
AgCI] film formed, and on the replica from the n-region a 
thniner and polyervstalline film appeared. 

Carbon layers are diffractionally amorphous, so that the 
observed effect of seleetive crystallization on carbon 
replicas cannot be explained by any theories of epitaxy 
based on the fit in the lattice parameters of the substrate 
and the deposited layer. More likely, the existence of the 
electrical “memory” in interfacial films is associated with 
an internal polarization of the electret type in the carbon 
films*. The polarized state in maeroregions of interfacial 
films is produced by the polarizing field of the p-» junction 
as a whole. The tension of the local electrical microfields 
of charged defects over atomic dimensions is very high, 
so discrete microelectrets may also be formed. Their 
electric field might, in turn, induce polarization in the 
neighbouring microregions of the interfacial film. Induced 
polarization, in which definite structural information is 
laid down in the electrical properties of solid surfaces, is 
frozen in the carbon films in so stable a manner that the 
film turns out to be a copy of the electrical relief of the 
given surface. 

The solid amorphous interfacial films which we investi- 
gated are analogous in technique of preparation and in 
many properties to liquid interfacial films?*. Liquid 
interfacial films, however, are usually prepared on surfaces 
of amorphous or polycrystalline solid which have an 
equalized defect structure, so the films have a uniform or 
quasi-uniform structure on a microscopic scale. Our 
results indicate that interfacial films have a complex 
electrical structure which reflects the 
electrical potential on the solid surfaces where the layers 
were formed. A similar explanation probably holds good 
for the oriented crystallization of silver and sodium 
chloride on the contact side of carbon films stripped from 
the surface of NaCl crystals*:!^, 
solid surfaces seems to be of secondary importance, for 
oriented nucleation has been observed on the outer side 
of plastic interfacial films the relief of which does not 
reflect at all the microgeometry of the crystal surfaces!!:!?. 

The long range transmission of information through 
amorphous interfacial films of very different nature 
(plasties, carbon, silicon monoxide, quartz and others) 
proves that the polarization structure of intcrfacial films 
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Fig. 2. Electron diffraction patterns from AgCI films formed on p-regions 


(A) and n-regions ( B) of the p-n junction. 


distribution of 


The microgeometry of 
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Fig. 3. rvstallization 


Detection of the p-n junction owing to selective | 
of AgCI on the contact side of the carbon film obtained on p and n-regions 
of the silicon surface, respectively (the carbon film is supported on a 
copper grid). 


can be caused in various ways and is a fairly common 
phenomenon. It is relevant that ia physicochemical and 
biological systems many membran» elements and liquid 
streaks are often present, and they play an important 
part in the formation of the systems and in the kinetics 
of associated heterogeneous proce ses. 
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Proximity Effect in Catalvsed Systems : 
a Dramatic Effect on Ester Hydrolysis 


THE catalytic effectiveness of enzymes arises in part from 
the bringing together (the "approximation ) of the sub- 
strate and catalytic groups of the active site in the 
formation of the enzyme-substrate complex'. Much of 
the thinking behind suggestions cwncerning the import- 
ance of approximation has derivec from intra-molecular 
reactions where the proximity between reactive groupings 
is caused by covalent bonds. While this analogy is quite 
appropriate for the breakdown of covalent reaction inter- 
mediates—for example, acyl-enzymes*—it is not a very 
close one for the kinetic steps which immediately follow 


jhe formation of the enzyme-subst-ate complex, nor can 


the first order rate constants from intra-molecular reac- 
tions be compared directly with *he second order rate 
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constants from corresponding bimolecular processes except 
by the incompletely satisfying concept of “effective 
molarity”. The rates of inter-molecular catalytic reac- 
tions are, in contrast, much more relevant to any assess- 
ment of the kinetie importance of approximation, allow 
rational comparisons to be made between specific and 
non-specific catalysts, and provide opportunities for study- 
ing the kinetic consequences of approximation by the 
weak intermolecular forces on which the binding of sub- 
strate to enzyme depends'. We report here a very large 
rate enhancement in a non-polymerie system involving 
the imidazole-catalysed hydrolysis of esters, when the 
substrate and catalyst are brought together by hydro- 
phobie forces. 

We have previously reported a large rate enhancement 
arising from the association of the reactants by hydro- 
phobie interactions? in a straightforward bimolecular 
reaction, and there have been other reports of smaller 
effects on reaction rates when the reacting species are 
brought together by electrostatic attraction’, hydrophobie 
forces’, or both*:*. Here, however, the reaction studied is 
a eatalysed process, more closely resembling an enzyme- 
catalysed reaction in that one of the reactants turns over. 
Some reports of proximity effects in catalytic systems have 
appeared*:/*, though the degree of catalyst "specificity" 
for substrate has been much smaller, and less readily 
defined, than that described here. 

In Table 1 are listed the second order rate constants 
(that is, the rate constant relating to the catalysed 
reaction at eoncentrations of substrate well below satura- 
tion) for the hydrolysis of p-nitrophenyl esters of a long 
and a short chain fatty acid, catalysed by a long and short 
chain N-alkylimidazole. The rate constants both for 
hydroxide ion attack and for the hydrolytic reaction 


catalysed by N-ethylimidazole reflect, as expeeted, the . 


much greater steric hindrance for attack on the n-deeano- 
ate ester. For both of these reactions, kqecanoate ester/ 
Kacetate ester 18 approximately 0-04. Yet when N-decyl. 
imidazole is used as the catalyst. this ratio is 18-6, and 
shows that—even in an absolute sense— the proximity 
effect has more than overcome the very considerable 
steric hindrance expected in the reaction between the 
two long chain species. Thus, whereas the effectiveness 
of the two N-alkylimidazoles as catalysts for the hydro- 
lysis of p-nitrophenyl acetate is roughly similar, N-deeyl- 
imidazole is more effective than N-ethylimidazole m the 
deeanoate ester hydrolysis by 740-fold. The fact that 
N-decylimidazole is a slightly better catalyst than N-ethyl- 
imidazole for p-nitrophenyl acetate is possibly due to a 
balance between steric hindrance and approximation. 
Concentrations of long-chain reagents were well below 
. the expected critical micelle concentrations, thereby avoid- 
ing the interpretative and kinetic problems associated 


Table 1. RATE CONSTANTS FOR CATALYSED HYDROLYSIS OF p-NITROPHENYL 
ESTERS 
Catalyst Acetate Decanoate kdecanoate 

ester* t ester* 1i! kraceiate 

Hydroxide ion 695 28:6 0-041 

AN-Ethylimidazole$t | 23 0-83 0-036 

AN-n-Decylimidazolegi** 33 614 18-6 

Edecylitmidazole a - 

ksihylinidazole 1:43 740 515 


Rate constants (M> min) were obtained spectrophotometrically by 
measuring the rate of appearance of p-nitrophenate ion at 400 my. All rates 
were measured at 25° C, in 0-02 M carbonate buffers of pH 9-5 to 10-5, 1 per 
cent (v/v) acetone. 


* Prepared by the method of Bodansky and du Vigneaud", 
*3-4x 107* M. 

$113 x 10° M. 

§ Prepared by the method of Häring”. 


u Purity of long-chain reactants, particularly freedom from near homo- 
logues, was checked by gas-liquid chromatography. . 


$8 6:2 x 10-4 to 2-0x 10° M. 
** 1-4 x 10-5 to 7-17 x 107* M, 
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with reactions which occur partly in micelles?:?:9, and for 
which there is no single, definable, intermolecular attrac- 
tions’, 

This work can be discussed in enzymological terms: 
N-deeylimidazole is the catalyst, for which the decanoate 
ester is a “specific substrate". The reaction is presumed 
to involve the prior complexing of catalyst and substrate 
and to benefit (in terms of a lower overall AG 1) from this 
association. Solubility problems and the necessity of 
keeping clear of the critical micelle concentration have 
prevented us from demonstrating kinetie saturation, but 
other systems are being sought in which this may be 
observed and for which other enzymatic phenomena such 
as competitive inhibition may be studied. A study of 
intermediate chain lengths in both catalyst and substrate 
may lead to a quantitative assessment of the kinetic 
consequences of approximation in these simple systems. 


J. R. KNOWLES 
CAROL A. Parsons 


Dyson Perrins Laboratory, 
University of Oxford. 
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Determination of Absolute 
Configurations from Anomalous 
Scattering by Oxygen 


THe determination of absolute configurations by erystallo- 
graphie methods depends on the measurement of the 
effect of anomalous scattering on diffraction intensities!. 
The effect will be most pronounced when the crystal 
contains atoms for which the wavelength of an absorption 
edge is just greater than that of the radiation being 
scattered, but it is not limited to such cases. Anomalous 
scattering results in an advance in phase angle relative 
to a normally scattered wave. This is usually expressed 
by writing the atomic scattering factor as a complex 
number f=fre+¢Af". As a result of the anomalous 
phase shift the intensity [(Akl) of a reflexion from a set of 
planes (Akl) in a non-centrosymmetric crystal will in 
principle differ from that of a reflexion from the "back" of 


these planes (indices (hEl)); this difference will be readily 


ji (RED differences (both observed and ealeulated) which 
required the presence of a heavy atom. With the improved 
accuracy of X-ray diffraction intensity measurements, 
the number of elements for which useful anomalous 
scattering effects can be observed has greatly increased. 
In particular, the determination of absolute configurations 
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COMPUTER CALCULATION OF IONIC 
EQUILIBRIA AND TITRATION 
PROCEDURES 


by David Dyrssen, Daniel Jagner and Fredrik Wenge- 

lin, all at the Department of Chemistry, University of 

Goteborg 
This book is based on experience gleaned from 
teaching analytical chemistry and from courses on ionic 
equilibria in analytical chemistry. The aim of the 
authors is to provide students of analytical chemistry 
with a manual that makes a fuller exploitation of 
available information possible. 


{Almqvist and Wiksell, Stockholm) 
Distributed in the United Kingdom by John Wiley & Sons 


Limited. 
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INVERTEBRATE ZOOLOGY, Volume 2: 
ARTHROPODE RELATIVES, 
CHELICERATA AND MYRIAPODS 


by Alfred Kaestner, University of Munich and Natural 
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Adapted and Translated from the German by Herbert 
W. Levi, Museum of Comparative Zoology, Harvard Univer- 
sity, and Lorna R. Levi 
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Sitter, University of Leiden 


The maps include a geological compilation map of the 
whole Himalayas, incorporating the Karakorum and 
the Salt Range, as wel! as a tectonic interpretation of 
the adjacent region. The publication of the maps is 
particularly important since no new geological map of 
the range has been published for nearly 60 years and 
the situation in the area makes it unlikely that any 
further maps of the area will be published in the 
foreseeable future. 


105s. january 1969. 


PHYSICAL GEOLOGY, 
Second Edition 


by Chester R. Longwell, Yale University, Richard Foster 
Flint, Yale University and John E. Sanders, Columbia 
University 


An introduction to the internal and external dynamic 
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THEORY 
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International Journal 
on Life in Oceans and Coastal Waters 





Editor in Chief: O. Kinne, Biologische Anstalt Helgoland, Hamburg 


The field of Marine Biology draws from a multitude of 
sources; it is interdistiplinary and strongly international in 
character. The progressive development which this field 
has undergone in recent years has greatly increased the 
amount of information becoming available each year; but 
it has also accelerated the speed with which its various 
disciplines tend to grow apart according to their own 
perspectives, methods and techniques. 

While such specialization affords advantages, it also 
creates problems of fragmentation, isolation and lack of 
sufficient breadth. In spite of their belonging to different 
disciplines, marine biologists share a common interest: the 


study of life in oceans and coastal waters: 

It is the purpose of "Marine Biology” ta: serve as a world 
wide, international medium for important new information 
and to facilitate and stimulate interdiscipiinary contacts, 
Marine ecologists and physiologists from various countries 
have emphasized time and again the need for an inter- 
national journal covering all aspects of marine biology. 
We believe that "Marine Biology" will ge far to meet this 
need, and that the composition of the board of editors and 
advisors will guarantee a truly international and inter- 
disciplinary character as well as a hegh professional 
standard. 


Volume I comprises a total of 53 contributions; a selection is listed below: 


Tesch, F.-W., Homing of Eels (Anguilla anguilla) in the 
southern North Sea.—Rosenthal, H., Parasites in larvae 
of the herring (Clupea harengus L.) fed with wild plank- 
ton.—Pandian, T. J., Intake, digestion, absorption and 
conversion of food in the fishes Megalops cyprinoides and 
Ophiocephalus striatus.—Pandian, T. J., Transformation of 
food in the fish Megalops cyprinoides.—1. Influence of 
quality of food.—Kinne, O., and Rosenthal, H., Effects of 
sulphuric water pollutants on fertilization, embryonic 
development and larvae of the herring, Clupea harengus.— 
Hopper, B. E., and Myers, S. P. Population studies on 
benthic nematodes within a subtropical seagrass com- 
munity.—Parvatheswararao, V., Some mechanisms of 
salinity acclimation in the euryhaline teleost, Etrop/lus 
maculatus.—Oide, M., and Utida, S., Changes in water and 


"don transport in isolated intestines of the eel during salt 
< adaptation and migration.—Krajnovic, M., and Keckes, S., 


Antigenic specificity of the sea urchin sperm surface.— 
Barbaree, J. M., and Payne, W. J., Products of denitrifi- 
cation by a marine bacterium as revealed by gas chromato- 
graphy.—Ushakov, B. P., Cellular resistance adaptation to 


Springer-Verlag Berlin: Heidelberg : New York. 
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temperature and thermostability of somatic cells with 
special reference to marine animals.—Oide, H. and 
Utida, S., Changes in intestinal absorption and renal 
excretion of water during adaptation to sea-water in the 
Japanese eel.—De Monte, T., and Pillei, G., Plasma- 
proteins and some hematochemical data rel:ted to Grampus 
griseus (Cetacea, Delphinidea) of the Western Mediter- 
ranean.—Greve, W., The "planktonkreisel'. a new device 
for culturing zoo-plankton.—Moreira, G. S. and Vernberg, 
W. B., Comparative thermal metabolic patterns in Euterpina 
acutifrons dimorphic males.—Zaika, V. E.. Age-structure 
dependence of the "specific production" ia zoo-plankton 
populations.—Greze, |. L, Feeding habits ard food require- 
ments of some amphipods in the Black Sea. 

"Marine Biology" appears in large format; four to five issues 
constitute one volume of about 360 pages. The price per 
volume is DM 96,—. In order to facilitate fast publication, 
the number of issues published per year will depend on the 
number of high quality manuscripts received. H is 
expected that, initially, one volume will be published per 
year. 
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SORVALL’s advanced design and 
engineering add up to tab 
performance. Here are the facts: 


Gyro-Action Direct Drive, Automatic Con- 
trols, Speeds to 20,000 rpm, RCF's to 49,500 
x G, SORVALL designed and built High- 
Torque Motor, seven Angle and Horizontal 
Rotors, built-in safety features. Numerous 
tubes and adapters expand RC2-B useful- 
ness economically. SORVALL quality com- 
ponents give long, maintenance-free service. 
Power and refined control make the RC2-B 
the big centrifuge with the compact design. 
The RC2-B Automatic Superspeed Refriger- 
ated Centrifuge is recognized in laboratories 
throughout the world for dependability and 
performance, Make a true comparison — ask 
us for the new RC2-B Fact Bulletin NA-1BN 
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provides distinct absorption bands of any material 
—transparent, translucent or opaque—in a range 
of 190 to 2,500my (linear scale). 

Its unique versatility is ensured by its large variety 
of accessories like Chromatogram Scanner, Tur- 
bidometry and Surface Reflectometry Attachment, 
Derivative Spectrophotometry Attachment, Double- 
beam Fluorometry Attachments, Double-beam 
Microspectrophotometry Attachment, etc. 
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Low temperature spectro- Absorption spectra of Absorbances against 
photometry attachment reduced cytochrome c concentration 
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a brand new design with 
outstanding performance 


The JEM-100 is the latest addition to the range of JEOL 
Electron Microscopes. 


With a guaranteed resolution of 2A (lattice), it 
achieves a consistently high standard of performance. 
Operation is simple, rapid and safe. 


Principal features include: 

B Guaranteed resolution of 2A (lattice) 

m Magnification from x500 to x500,000 

B Accelerating voltage stepped from 20 to 100kV 

B Contamination rate less than 0.1 A/min 

B High image quality at low magnification 

m Very bright illumination at even the highest 
magnification 

B Drift-free specimen holder 

B Simultaneous loading of six specimens 


gl Automatic gun airlock system for rapid 
filament change 


gg Automatic camera and vacuum systems 

B Automatic plate numbering 

m CRT display for accurate 
specimen positioning 

B Digital display of magnification 


Fully detailed specification 


and brochure sent on request 
to JEOLCO (U.K.) Ltd. 





JEOLCO (U.K.) Ltd., has been formed as a 
subsidiary of JEOL, Tokyo, to provide sales, 
installation and service facilities in the United 
Kingdom and Eire. 


The company incorporates the former Delviljem The range of JEOL electron optical instruments includes, 
organisation. A new Applications Centre will be High Voltage Electron Microscopes, JEM-1000. JEM-750. JEM-500 
opened to display and operate a wide range of Metallurgical Electron Microscopes, JEM-200. JEM-120.J EM-100U 
equipment and to facilitate investigation of pros- Biological Electron Microscopes, JEM-100B. JEM-7A. JEM-T7 


pective users' particular problems and applications Compact Type Electron Microscopes, JEM-30B. JEM-50 


Electron Probe Microanalysers, JXA-5. JXA-3SM 


Scanning Microscope, JSM-2 
: Other equipment for; 
Finchley, N.M.R. and E.S.R. 


JEOLCO (U.K.) Ltd. London, N.3. Liquid Column Chrometography 


Tel: 01-349 9241 


4 Shakespeare Road, 
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has been extended to optically active compounds with 
sulphur or silicon as the principal anomalous scatterers?-*. 
We also note that in each of these studies the correct 
absolute configuration was taken to be the one which led 
to the lowest value of the erystallographie R index for the 
complete set of data’. For non-polar space groups the 
R index method also has the advantage that only one 


of each F(hki)- F(RkD pair need be determined, whereas a 
complete set of pairs is usually needed for polar space 
groups*:?, 

While establishing the absolute configuration of (+ )- 
methyl-p-toly] sulphoxide! we were struck by the large 
difference between the lowest R indices obtained for the 
two enantiomers (0-034 and 0:044) when the value of 
0-6 for Af" for Cu Ka radiation was used. The International 
Tables? list a value of 0-1 for oxygen and Cu Kx radiation. 
This is almost certainly too large. A calculation based on 
Hónls method* gives a value of 0-04. Zachariasen’? 
reports a value of 0-03 from a study of quartz. 

Assuming that the true value lies between 0-03 and 
0-1, we felt that it was worthwhile investigating the 
possibility of establishing absolute configurations for 
compounds in which oxygen is the heaviest atom. 

The classical absolute configuration determination by 
Bijvoet, Peerdeman and van Bommel! was carried out 
on the sodium rubidium salt of (+)-tartaric acid and 
because an accurate structure determination of tartaric 
acid has been reported!!, we chose to study (+ )-tartaric 
acid, which has the configuration (2&, 3A). 

A flawless crystal selected from a sample recrystallized 
from an aqueous solution was shaped by cutting and then 
carefully ground to a sphere of diameter 0:375 mm. 
The unit cell dimensions, a= 7-728, b= 6-005, c= 6:211 A, 
and the value B- 100-16? obtained from diffractometric 
angle measurements correspond reasonably well with 
those reported earlier!!. The crystals belong to the polar 
space group P2, and have two molecules per unit cell. 
Intensity data (Cu Ka radiation) for one hemisphere 
(k= —71 to k= +7) were obtained with a Picker automatic 
diffractometer and were corrected for Lorentz and polar- 
ization effects, absorption (ur= 0-296) and secondary 
extinetion. We measured 1,170 reflexions altogether. 
Full-matrix least-squares refinements of both enantiomers 
were carried out to convergence, using the value 0-04 
for the imaginary term (Af”) of the oxygen form factor 
but neglecting Af" for carbon. (We have assumed Af" 
for carbon to be less than 0-01.) The weights applied to 
the squares of the residuals ( F4-F.)* were made inversely 
proportional to the corresponding estimated variances. 
The geometric parameters of the molecule correspond 
closely to those reported earlier; a more pronounced 
difference is found in the hydrogen thermal parameters, 
which in our ease do not show the erratic behaviour seen 
in the previous study. 

The final EF index (R-XIF,-—iIF/X|F,) is 0.0255 
for the (22,3R) enantiomer and 0-0263 for the (28,38) 
enantiomer and the final weighted sums of squares of 
residuals (S = Xw(F,— F.)) are 13-16 and 13-61 respec- 
tively. (S is not on an absolute scale.) In order to 
strengthen the indieation of the correct enantiomer we 
devised a scheme for selecting the most sensitive reflexions. 


For each pair F(Akl) and F(hkl) the expression D = (| Fe 


(hkl)| — Fethkl)))*/e2(F (hk) was evaluated, where 
c( Fs(hkl)) is the estimated standard deviation for Fy (hkl). 
For the 150 reflexions (or 75 pairs) with the highest D 
values, F indices and weighted sums of squares of residuals 
were calculated from the final parameters of each enan- 
tiomer, giving R=0-0328, S— 1-186 and R—0:0353, 
S 1-523 for the (2R,3R) and (295,35) enantiomers respec- 
tively. These R indices are somewhat higher than those for 


“enantiomer sensitive" reflexions are found among those 


- With lower values of Fe. 






eem 


s 


These results indicate that in favourable cases ib 15 
feasible to determine absolute configurations by means 
of the anomalous dispersion cffects of oxygen. The effect. 
will be more pronounced if X-rays of Ionger wavelength 
are used so we have planned experiments with Cr Kx 
radiation as well. 

This work has been supported througa a grant from the 
US National Science Foundation. 
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Some Aspects of a Fluidized Zinc; 
Oxygen Electrode System 


MvcH attention has been given recently to developing 
a high energy density secondary bettery based on the 
zinc/air electrochemical system. Those batteries consist 
of several divided cells comprising a zme anode, air 
cathode, and an electrolyte of aqueous potassium hydrox- 
ide of strength ranging from 2 to 9 M. During discharge 
the overall chemical reaction occurring in the battery 
may be regarded simply as the forraation of zme oxide 
from its elements. During the chargang cycle the zine is 
recovered according to the following reactions 


ZnO (solid) + H,O + 2e ——-Zn + 20H- (1) 


Zn (OH), (solid) 2e —= Zn + 20H- (2) 
Zn (OH; + 2e ——s Zn + 40H- (3) 


Which of these three reactions predominates depends 
largely on the mechanical design o” the cell. In statie 
electrolyte systems, which use porous zinc anodes flooded 
with electrolyte, the anodie product remains in situ as 
zine oxide and its hydrates. Reconstitution during charg- 
ing proceeds according to reactions : 1) and (2). In ereu- 
lating electrolyte systems, which use dense zine anodes, 
the zine oxide formed is dissolved as zincate, and then 
precipitated and collected in a separator in the external 
electrolyte return loop. On chasging. the process is 
reversed and the zine is deposited from the zincate ion 
according to reaction (3). This bas far reaching con- 
sequences because, of the three reactions, the third is 
most strongly associated with the formation of crystalline 
dendrites, which may either breaz off to form a zine 
sediment, or, and much worse, grow sufficientiv long to 
short circuit the cell. This has proved to be a serious 
obstacle in the development of tbe circulating system, . 
which, for certain applications, would otherwise have 
several advantages over the static one. The present com- 
munication is concerned with a possible means of solving 
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It is well established that the growth of dendrites occurs 


during eleetrodeposition in conditions of diffusion control, 
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Fig. 1. Cell used for fluidization. 


and therefore it follows that their suppression is favoured 
by an improvement in mass transfer and the use of current 
densities which fall short of the diffusion limited value. 
Attempts to put these simple principles into practice have 
not, however, been wholly successful. Enhancement of 
the rate of mass transfer by inereasing the rate of circula- 
tion, for example, has sunultaneously posed the difficult 
practical problem of ensuring that the flow distribution 
over the electrode surface is uniform’. Furthermore, the 
range of current densities, 15-20 mA/em* (refs. 1 and 2), 
over which adherent deposits can be formed is almost an 
order of magnitude lower than the diffusion current of 
approximately 100 mA/cm? (ref. 2), and imposes serious 
limitations on the maximum rate of charge to which the 
battery can be exposed. On both counts, however, a 
fluidized bed electrode may be an improvement, because 
high mass transfer rates and even flow distribution in this 
type of system are much more readily attained, and the 
large surface area available would allow high rates of 
charge and discharge while satisfying the requirement of 
low current density. The latter claim is dependent, of 
course, on a high proportion of the particulate surface 
being active. 

We have carried out preliminary experiments on the 
deposition of zinc in a fluidized bed electrode in order to 
assess its possibilities. Copper coated glass spheres 
(particle size 452-520 microns) were fluidized in the cell 
illustrated in Fig. 1 by an electrolyte composed of 2M 
potassium hydroxide and 0-1 M zine sulphate. Electrica! 
contact was made with the bed by a spiral of copper 
wire (A), the lead to which was insulated from the electro- 
lyte by a PVC sleeve. The vertical location of the spiral 
was adjusted so that it was just below the surface of the 
bed when fluidized. A nickel disk formed the counter 
electrode (B), and the bed was supported on a glass sinter 
(C), of porosity 3. The containing tube (D) was of internal 
diameter 3-0 em. 


current corresponded to an average current density of 
approximately 4 mA/em® based on the total geometric 
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surface area of the particles. No hydrogen evolution was 
observed, and at the end of the period the zine-coated 
spheres were washed, dried and weighed, the final weight 
being 14-9 g which corresponded to a current efficiency 
of 85 per cent. No zine dust was detected in the washing 
and drying operations, indicating that the deposit was 
adherent. In addition there was no evidence that zine 
sponge had formed, although it is eommonly observed 
during deposition at low current densities?+, — 

Samples of the zine coated spheres have been mounted, 
ground, polished and photographed under the microseope. 
A typical result is shown in Fig. 2, which indicates that 
the deposits have a porous structure. 

in a further experiment an oxvgen electrode of the 
catalysed porous carbon type having a superficial area of 
100 em? was combined with a fluidized bed zine anode? 
and the discharge characteristics of the cell so formed are 
shown in Fig. 3. The electrolyte was 2-0 M KOH at a 
temperature of 60" C, and the fluidized bed electrode was 
planar in eonfiguration, the current being collected by 
means of a sheet of nickel gauze. Current was limited by 
the performance of the oxygen eleetrode rather than the 
fluidized zine anode, and the results seem sufficiently 
promising to warrant further work, l 
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Fig. 2. Cross-section through zinc-coated glass sphere. 
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Reconstitution Mechanisms in the 
Radiolysis of Aqueous Biochemical 
Systems: Inhibitive Effects of Thiols 


THe hydrated electron, *44, and the OH radical are the 
principal products of the radiation induced decomposition 
of liquid water; with gamma rays the 100 eV yields! of 
these reactive intermediates are closely approximated 
by the values Ger, ~ 69g 72-6. While certain classes of 
organie compounds are known to react quantitatively with 
both egg and OH in oxygen-free solution, the observed 
vield for net destruetion of such solutes may be quite 
low compared with the G value for water decomposition. 
In interpreting the radiation chemistry of such systems the 
concept of a reconstitution or back-reaction must be 
invoked. 

For example, in the gamma radiolysis of oxvgen-free 
solutions of the pyrimidine bases, both ¢g, and OH add 
preferentially to the 5,6 double bond? 


egg + B+ H,0— BH + OH- (1) 
OH + B—BOH (2) 


where the rate constants b, k fall in the range 10? to 
10 M~ s- (refs. 4 and 5). Yet the observed vield for 
base destruction in millimolar solutions is uniformly low 
with G(—B)«0-9. The evidence is that a back-reaction? 


BH + BOH—2B + HO (3) 


leads to a reconstitution of the base. 

We have found that certain labile compounds such as 
ascorbic acid and the thiol, cysteine, are effective at low 
concentrations in blocking reaction (3) by virtue of the 
H atom transfer reaction 

BH + #’H--BH,+ FR’ (4) 
where BH, represents the dihydro derivative of the pyrimi- 
dine nucleus. The effects of added cysteine on the yields 
for radiolytic reduction of cytosine in oxygen-free solution 
are shown in Table 14. Note that dihydrocytosine is 
unstable and spontaneously hydrolyses to yield ammonia 
and dihydrouracil* as the experimentally observed product. 
The produet dihydrouracil was isolated and characterized 
both chromatographically and speetrophotometrically. 
The data of Table 14 show that the yield for the radiolytic 


. .. reduction of the 5,6 double bond of cytosine is essentially 
v quantitative in the presence of either cysteine or ascorbic 


.. acid at low concentrations. 





Table 1. EFFECT OF CYSTEINE AND ASCORBIC ACID (FH) ON THE GAMMA RAY 
INDUCED REDUCTION OF PYRIMIDINE (C=C) AND PEPTIDE (C O) TINKAGES .. 
IN OXYGEN-FREE SOLUTIONS" $e 


(A) Cytosine-dihydrouracil (BH,) + ammonia t 


Solution Rt GOBHA) 
0-05 M cytosine, pH 7 None. da 
0-05 M cytosine, pH 7 Cysteine, 2-5 x 109? M 2-8 
0:05 M cytosine, pH 7 Ascorbic acid, 1-2« 10° M. 2-9 
(B) N-ethylacetamide--acetaldehyde (ROHO) + ethymmine 
Solution RH GOUCHO) 
1 M N-ethylacetamide, pH 7 None. o x01 
1 M N-ethylacetamide, pH 7 Cysteine, £x 107 af Bh 


* At dosages below ~ 2-5 x 16" eV/g. 

t Dihydrocytosine is unstable and hydrolyses 
dihydrouracil and ammonia. 

t The indicated concentrations of K H give the max 
the yleld of reduced products, 


spontaneously to yield 





imum enhancement in 





Similarly, in the radiolysis of primary amides and mono- 
substituted primary amides (peptides) in oxygen-free 
neutral solution, the reducing and oxidizing species 
ag and OH are removed through reactivns of the type 





tq + RCONHR + H,O-—-RC(OH)NE R + OH- (5) 
OH + RCONHR—P +H®O (6) 


where k,, k; fall in the range 10? to 108 M~ a~ (refs. 7 and 
8) Combination of RC(OH)NHA with like species or 


with the radical P would lead to formation of ketonie 
products. The combined yield of suck products is low, 
however, with G(>CO)~0-2; the evidence is that the 
reconstitution reaction 


RC(OH)NHR + P->2RCOFHR ” Xm 


represents the major stoichiometry for removal of organic 
radical in such systems’. 

In accord with this, we find that cysteine effectively 
blocks the reconstitution reaction (7) tarough the step 


R(COH)NHE + A'H— RCHO + EH,R-- R' 


and, as shown in Table 1B, the reduetive deamination 
of the peptide bond in the presence cf cysteme at low 
concentrations is essentially quantitative with G(CH CHO) 
ev 2:5. 

We find then that (a) the presence of cysteine or ascorbic 
acid at low concentrations leads to a very marked en- 
hancement in the radiolytic lability of the pyrimidine 
and peptide moieties in oxygen-free solution, and that 
(b) such enhancement arises as a consequence of the 
blocking by the second solute of tae reconstitution 
reactions formulated in equations 3 ane. 7. 

These results seem to have interesting applications in 
the study and identification of reductive processes involv- 
ing reactions of 3, with unsaturated organic funetions 
both in vitro and in vivo. 
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US Atomie Energy Commission. 
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Arrangement of the Helical Regions 
in E. coli Tyrosine tRNA 


A-RAY observations on a erystalline 
(RNAM from E. coli have recently been reported!. The 


specimen consisted of an unoriented array of microcrystals 
and the crystalline X-ray reflexions extended to approxi- 
mately 25 À. The er ystallization shows that this tRNA 
has a well defined strueture, and raises 
making crystals of suitable quality for detailed X-ray 
analysis. It may be that such improvement in the crystal- 
linity will require some time and effort, however, and 
therefore interpretations of the diffraction data will have 
to be attempted using information from other sources 
about (RNA. The clover leaf structure of tRNA? might 
be taken as a starting point and information on the 
arrangement of the various arms used to construct 
à first trial model the strueture and packing of which 
in the unit cell can then be refined to give the best agree- 
ment with the crystalline (RNA X-ray data. 

We report here X- -ray diffraction studies of a «RNATyr 
from E. coli. tRNATyt was purified by the combination 
of countercurrent distribution and benzoylated DEAE- 
cellulose column chromatography procedures and was 
fully active as judged by the extent of charging ability 
(>90 per cent). Fibres were produced by techniques 
described previously? in which a concentrated gel of 
the {RNA was allowed to dry slowly between the 
rounded ends of two glass rods (Fig. | of ref. 4). The 
EN UM re in which the gel oe was 98 Der cent relative 
2 Sufficient 
NaCl was added te ) the gel to PEN the DRE of salt 
present in the fibre approximately 3 per cent by weight 
of the RNA. Some of the fibres produced in this w ay 
showed birefringence; for one fibre the birefringence was 
—0:013. In comparable conditions of hydration, a well 
oriented DNA fibre would have a birefringence not much 
more negative than — 0-05. An X-ray diffraction pattern 
from this fibre is shown in Fig. 1—the first oriented fibre 
diffraction pattern to be reported for a tRNA. Previous 
unpubhshed work carried out in this laboratory by 
Dover, Fuller, Spencer and Wilkins, on unoriented patterns 
from ‘RNA suggests that tRNA contains double helical 
regions the conformation of which is like that of regular 
two-stranded RNAs!'-*. Apart from being oriented, the 
intensity distribution in Fig. 1 is similar to that in the 
unoriented patterns from tRNA obtained and analysed 
previously. This indicates that ?«RNATyr also contains 
helical regions with the normal double helical conforma- 
tion, From the observed orientation in the diffraction pat- 
tern it seems that in the fibre these helices have their axcs 
more nearly parallel than perpendicular to the fibre axis. 

If it is assumed that the tRNA molecule is not distorted 
during fibre preparation, this observed orientation shows 
that not only is there some orientation of the molecules 
but also that the helices within each molecule are more 
nearly parallel to each other than perpendicular. Unless 
tRNATyr has a "floppy" structure, we think it rather 
unlikely that the *RNATyt molecule would have been 
distorted during fibre preparation because the gel was not 
stretched to produce the fibre. Any shearing of the mole- 
cules which may have occurred could only have been due 
to change of shape of the gel as it dried; in fact, there was 
little change in this shape. C Onsiderations of biological 
function suggest that {RNAs in general have well defined 
structures. This is not to say that one species will not be 
able to assume different conformations, but that each of 
these structures will be relatively rigid and transitions 
between structures will be rather sharp. The erystalliza- 


tion of (RNAM supports the suggestion that this naole- 


cule has a fairly rigid structure. These ideas taken with 
the diffraction pattern from tRNATvr in Fig. 1 lead us 
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X-ray. diffraction pattern. from an oriented fibre of E. coli 
IRNATYr at 92 per cent relative humidity. 


Fig. 1. 


to believe therefore that the helical regions in fRNATyt 
are aligned so that they are more nearly parallel than 
perpendicular to each other. Considerable structural 
homology between the various tRNA species is to be 
expeeted on funetional grounds, and so we suggest that 
such an arrangement of helices may be a common feature 
of all tRNA molecules. 
We know from studies on regular two stranded heliees 
in erystalline fibres*-? that RNA helices can interact in a 
very specific way with each other. It would not be 
surprising to find therefore such favourable packing 
interactions between different helices within one tRNAT yt 
molecule and also between helices in different molecules, 
Fuller and Hodgson* showed that for their model of the 
tRNA anticodon arm the interaction between anticodon 
arms simultaneously recognizing suecessive codons in 
mRNA could be like that between RNA helices in ervstal- 
hne fibres. We have built space filing models (using 
Corey--Paulng—Koltun components) of ¢RNATsr and 
investigated those structures which would have the 
various helices of the clover leaf parallel to each other. 
In general the constraints we have available on the 
arrangement of the clover leaf arms have not been ade- 
quate to suggest a unique structure, nor have any of the 
possible models we have built appeared particularly com- 
pelling from the point of view of biological function. An 
account of these model building studies: will be the subjeet 
of future reports. Despite the inconclusive nature of these 
studies we tend to favour an H-tvpe model for !*RNATyr in 
which the stem to which the amino-acid is attached i 
stacked on the T¢C-containing arm and the anticodon arm 
is stacked on cho arm which in (RNAs usually contains 
dihydrouracil residues. Alternatively it is stereochemie- 
ally possible, although somewhat less attractive, to stack 
the anticodon arm on to the amino-acid stem, with the 
concomitant stacking of the "ToC" and "dihydrouracil" 
arms. 
We thank Sir John Randall for facilities, and Professor 
M. H. F. Wilkins for encouragement and discussion, Dr 
B. F. C. Clark for help with ¿RNATyr preparation, and 
Miss A. Kernaghan for technical assistance. N. L. W. 
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the Secretary of the US Army assigned to the MRC Labo- 
ratory of Molecular Biology, Cambridge. 
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isolation and Characterization of a Toxin 
from the Florida Red Tide Organism 


EvipENcE for a causal relationship between blooms of the 
Florida red tide organism, Gymnodinium breve Davis, and 
mass mortalities of marine animals seems well established!. 
In most cases the mortalities can be ascribed to à toxin 
which has been isolated from a bloom, as well as from 
laboratory cultures of G. breve'?, Other studies have 
been concerned with physiological and some chemical 
properties of the toxin?-*, 

Two toxins were isolated from laboratory cultures and 
blooms of G. breve. An acidified sample of seawater was 
extracted with chloroform and one toxin (substance lI) 
could be isolated in small amounts from the bubbles at 
an interfacial layer. A second toxin (substance Il) was 
isolated by passing the clear chloroform extracts over a 
silica gel column, washing the column with methylene 
chloride, eluting the residue material with absolute 
ethanol, and evaporating the ethanol effluent. The 
residue was dissolved in carbon tetrachloride, stirred 
with bone charcoal, and the solvent was removed. 

The material thus isolated was a pale yellow low-melting 
solid which was toxic to Fundulus similis. Substance H 
is à neurotoxin, as indicated by inhibition of acetyl- 
cholinesterase activity, and as measured by a standard 
technique’. Quantitative analytical data indicate an 
empirical formula of approximately C,,H,,,0,,P. The 
absence of nitrogen was indicated by qualitative and 
quantitative analysis. A molecular weight of 650 (chloro- 
form) was obtained. This value suggests the existence of 
two fragments in chloroform, though only one fraction 
was isolated using silica gel (thin- layer or column) 
chromatography. Substance H (in absolute ethanol) was 


" 25” 
optically active, [a]529 mo + 68°. 


On the basis of infrared absorption spectra, samples of 
substance I whether isolated from cultures or blooms of 
G. breve seem to be identical. Substances I and Il are 
evidently different; the infrared spectrum of the former 
has a band ascribed to a carbonyl stret ching frequency. 

The structure of substance I] is unknow n. but the 
infrared, nuclear magnetic resonance, ultraviolet and 
MASS specs data are consistent aye the a 
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Geographical Variation in 
Fallow Deer (Dama dama L.) 


Ix Great Britain fallow deer are distributed widely and 
are the most common species in deer parks. ft is not 
known if this deer 1s indigenous to Britain or whether it 
was introduced during historie times; popular belief 
has it that it was introduced by the Romans. 

Before fossil cr archaeological specimens can be com- 
pared with contemporary animals it 18 necessary to know 
the extent of variation which occurs im recent material. 
A knowledge of such variation is also inseresting from the 
taxonomie point of view. Even now speeies are sometimes 
created, combined or confirmed by taxonomists on evid- 
ence from very few specimens and with little or no know- 
ledge of the variation that may occur both within and 
between populations. This is particularly the ease with 
the larger animals of which it is not easy to obtain large 
numbers of specimens. Thus when more than 120 
fallow deer mandibles became available for study we 
decided to try to find some measurement or index which 
was independent of age and which coul be used to find 
whether present populations varied from each other. 

Fifty-one specimens of mandibles from wild deer were 
obtained from Essex, eighteen from Hampshire and 
eighteen from Dumfriesshire and thirty-six specimens 
from park deer were obtained from Surrey. The specimens 
from Essex were obtained from animals killed after they 
had been involved in aceidents and the other Epochen 
were obtained from animals culled in order to control 
their numbers. The following measurements were made. 
(1) The length of the mandible from tne proximal edge 
of the alveolus of the canine to the hinc margin of ramus 
ascendens. (2) The height of the mandible from the 
top of the eoronoid process to the lowest point on the 
angle of the mandible. (3) The length of the cheek teeth 
(premolars and molars) from the distal end of the alveolus 
of the second premolar to the proximal end of the alveolus 
of the last molar erupted or erupting. (4) The length of 
the diastema from the proximal edge of the alveolus of 
the canine to the distal edge of the alveolus of the second 
premolar. 

A plot of all these measurements against age revealed 
that growth of the mandible was rapid during the first 
2 yr of life, after which the rate of growth declined con- 
siderably and it had almost stopped by about 2-5 vr of 
age. There is no method known of de: ermuning the age 
of fallow deer older than about 3-5 yr anc. although gr d 
of the mandible is almost negligible at this age, the precise 
rate of change is unknown. It is clear therefore that none 
of our measurements can be used directiv to determine 
whether there is any difference between populations. 
Preliminary calculations showed that t: 














| index obtained 
by expressing the length of the diastema as a percentage 
of mandibular length was independen: of age for each 
sex and for each of the four populations. The mandibles 
from the four populations were each divided into two 
groups for each sex. The first group comprised animals 
in Which the cheek teeth were stil erupting, that i8, 
immature specimens. and the second group those animais 
in Which all the cheek teeth had erupted, that is , adult 
spedimens. The indices for both groups were then com- 
pared for each population and no sigrificant differences 
were found, P>0-1 in every case. 


'60 


Table 1 
le. Female 

Deer populations P Difference P Difference 
Essex-Hampshire . 2-01 Insignificant >01 Insignificant 
Essex- Dumfriesshire «0-001 Highly sig- «0:001 Highly sig- 

nificant nificant 
Exssex—Surrey <0-01 Significant «0:1 Possibly sig- 
nificant 
Hampshire-Dumfriesshire — «0-001 Hi ghly sig- «(05 Significant 
l nificant 

Hampshire-Surrey «(0-01 Significant >01 Insignificant 
Dumfriesshire-Surrey >01 Insignificant 20-1 Insignificant 


The four populations were then compared one with 
another, all the mandibles being used in each case. The 
results are shown in Table 1. 

From these results it can be seen that there is a definite 
difference in the diastema length expressed as a percentage 
of mandibular length between various populations of 
fallow deer. The two populations of wild deer from 
southern England (Essex and Hampshire) do not differ 
from each other but there is a significant difference 
between each of them and the Scottish population 
(Dumfriesshire). Inspection of the actual measurements 
shows that the smaller indices of the Scottish population 
are chiefly due to a smaller diastema rather than a shorter 
mandible. The males of the two southern populations of 
wild deer also differ from the park deer, but no significant 
difference is found with the females. There is no signifi- 
cant difference in either sex between the park and Scottish 
deer. These differences could be a result of difference in 
climate and availability of food. If this was so, the deer 
from southern England, where the winter climate is 
usually less severe than in Scotland and where food is 
likely to be more plentiful, would be expected to be 
larger than the Scottish specimens, which has been found. 
On this basis, however, the park deer, which are fed hay 
and food concentrates during the winter, would be 
expected to be larger than the wild populations. The 
park deer are actually smaller than the wild deer from 
southern England. These differences may therefore be 
genetically determined. 

This. work provides an index which is independent of 
age and which can be used to compare mandibles of fossil 
fallow deer with contemporary specimens. It will be 
extended to the cranium as soon as sufficient specimens 
become available. 

We thank Mr G. J. Thomson, superintendent of Rich- 
mond Park; Mr A. L. Qvist, superintendent of Epping 
Forest; and Messrs D. E. Davis and K. W. Clarke of the 
Forestry Commission for supplying specimens. Our 
thanks are due also to the Natural Environment Research 
Council for a grant and to the following firms who supplied 
materials and equipment: Borax Consolidated Ltd, 
British Visqueen Ltd, British Xylonite Ltd, Imperial 
Chemical Industries Ltd (Agricultural and Mond Divisions 
and Southern Region), Laporte Chemicals Ltd, and 
Synthite Ltd. Messrs J. Caldwell, D. Corke, B. Eastcott, 
K. Hoy, M. Hum and W. Page helped clean and prepare 
the specimens. 

D. I. CHAPMAN 
NORMA G. CHAPMAN 


Equine Research Station, 
Newmarket, Suffolk. 


Received November 1, 1968. 


Manipulating the Photoperiod to 
damage Insects 


Halberg? and Pittendngh? have shown that the organs, 
glands and tissues of animals have synchronized circadian 
rhythms that may periodically interact among them- 
selves. These rhythms are self-sustaining oscillations 
with a period of about 24 h that are synchronized by the 
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light and temperature cycles of the environment. Also, 
tbe metabolie aetivity of animals is usually most nearly 
normal when these rhythms are synchronized by natural 
cycles of light and dark and heat and cold. 

Pittendrigh?, Adkisson’, Minis? and Lees* manipulated 
photoperiods in studies of response curves of eclosion 
(Drosophila pseudoobscura) and diapause and egg laying 
(Pectinophora gossypiella (Saunders) and Megoura). The 
insects were subjected to 8-12 h of light (L) and 12-16 h 
of dark (D) with a single light break during the dark 
portion of the cycle (asymmetric skeletal photoperiod). 
When the interruption was provided in the early part of 
D, it always caused the insect to act as though the light 
portion of the cycle had been prolonged; when the pulse 
of light was provided during late D, it seemed to simulate 
the start of daylight. A similar bimodal response to light 
breaks during D was observed by Beck’, Barker? and Paris 
and Jenner?. | 

In the study reported here, hght breaks were applied 
during both sensitive parts of the dark period (early and 
late D) in an attempt to upset the normal interaction of 
biological rhythms within the insect. In another attempt 
to upset the orderly functioning of rhythms, insects were 
exposed to long and short day (light) eyeles which were 
periodically shifted back and forth. 

The Madeira cockroach, Leucophaea maderae (V.), was 
chosen as the test animal because it is easy to rear and has 
a relatively long hfe. Each test group was composed of 
thirty 1-7 day old nymphs selected at random from a stock 
culture and placed in a crystallizing dish (190 x 100 mm) 
covered by cheesecloth. In each series of tests, the groups 
of insects were exposed coneomitantly (two groups in each 
experimental condition). The first two series of tests were 
made by placing the dishes in light-tight, closed lard canst’ 
equipped with timers that programmed 5 W fluorescent 
lights (GEFGT5D) of 15 foot-candle intensity at the bottom 
ofthe cans. The cans were kept in a constant temperature 
dark room. For the third series, the dishes containing the 
cockroaches were placed in constant temperature ineuba- 
tors equipped with timed fluorescent light of intensity 
40 foot-candles at insect level. Both systems were main- 
tained at 25+1-5° C. 

The five experimental conditions were (4) constant 
darkness (DD); (B) constant illumination (LL); (C) 
LD 12:12; (D) LD 12:12 with 15 min light breaks 2 h 
after the end of the light period and 2 h before the begin- 
ning of the light period; (E) LD 12:12 eycled with LD 
18:6 every 4 days. 

The rate of growth in the five conditions was determined 
by weighing each group of thirtv insects on a top loading 
Mettler balance to a precision of + 0-001 g every 2 weeks 
(during the light period). A flashlight equipped with a red 
filter was used when insects grown in constant darkness 
were weighed. The containers were cleaned, and food 
and water were replenished when the weighing was done. 


Table 1, STATISTICAL SIGNIFICANCE OF PAIRS OF REGRESSION COEFFICIENTS 


A B C D y 
A NS NS 0-01 0-01 
B NS 0-05 0-05 
C 0:01 0-01 
D NS 


pY 
É 


NS, Not significant; 0-01, one per cent level of significance on dis- 
tribution of P; 0-05, five per cent level of significance on distribution of P. 


An exponential curve was fitted to the data for rate of 
growth (Fig. 1), and a ¢ test was performed on each pair 
of regression coefficients (Table 1). 

The formula for the exponential curve was 


y = wWyeht 


where y=average gain in weight, w)=original weight, 
b=computed constant and r-time in days. The rela- 
tionship between weight gain and time in days for each 
light regimen as a single exponential for as long as 183 
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14 44 80 112 155 
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Fig. 1. Exponential curves of the growth of nymphal L. maderae at the 

following experimental conditions: (4) DD; (B) LL; (C) LD 12:12; 

(D) LD 12:12 with 15 min light breaks 2 h after the end of the light 

period and 2 h before the beginning of the light period; (E) LD 12 : 12 
eycled with LD 18 : 6 every 4 days. 


days suggests that a single faetor or process was rate 
limiting in the growth of each group. No evidence was 
obtained to indicate that the rate limiting step was 
identical in the five groups. At our test conditions, the 
rate of growth of the cockroach was greatest with DD, 
LL and LD. 

The two light pulses applied 2 h after the end of the 
light period and 2 h before the beginning of the light 
period (condition D) significantly reduced the growth rate 
of L. maderae, and a similar reduction occurred when the 
insects were exposed to LD 12 : 12 cycled with LD 18:6 
every 4 days (condition E). In supplementary tests, 
larval Heliothis virescens (F.) reared on artificial media 
and at condition E grew more slowly and had a higher 
mortality than those exposed to LD 12: 12. 

Entrainment of the rhythms may have been disturbed 
in condition D by what appeared to be a double sunset 
and dawn, and in condition Æ by continued shifting of the 
start of the light and dark periods. This suggests that 
certain inseets could be controlled by supplying supple- 
mental ight during darkness. 
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Abscisic Acid and Morphogenesis in 
Lemna polyrhiza L. 


THE plant hormone abscisic acid has been shown to 
promote abscission and dormancy, to inhibit cell elonga- 
tion and to be involved in several hormone mediated 
plant responsesb?, The action of this hormone may 
involve the inhibition of specifie mRNA synthesis? or 
more generally the inhibition of DNA. synt hesist. ‘The 
results reported here deseribe the striking effects of 
abscisic acid on the growth and morphegenesis of Lemna 
polyrhiza. The offshoot primordia of this species usually 
develop as vegetative fronds, but in some conditions the 
ontogenetic growth pattern is modified m such a way that 
specialized resting fronds, turions, are produced. ‘These 
are morphologically and physiologicalty quite different 
from the normal vegetative fronds, anc are important in 
enabling the plant to overwinter in & dormant state’. 
Turion formation has been suggested tc oceur in environ- 








mental conditions which maintain the photosynthetie .- 
to sustaim growth and res- — 


rate above that necessary 
piration®§, 

Plants from a pure line clone were grown in axenic 
batch culture, on a modification of Eutners medium, | 
under continuous illumination (650 lumens/foot*) at 25" C. 
The rate of growth and developmen: of the offshoot 
primordia were followed in cultures containing various 
concentrations of abscisic acid (Fig. 1). 

It can be seen that for a relatively narrow range of 
concentrations there were marked quantitative and 
qualitative growth responses. Thus at 5-68 10^ M 
abscisic acid there is 82 per cent inhibition of growth and 
after 5 days 75 per cent of the offshoot primordia developed 
as turions. In the control cultures no turions were 
observed after 18 days. In 568x10- M abscisic acid 
morphological changes were also  wisible in fronds 
developed from primordia formed before the addition. of 
abscisic acid. Such fronds were interrnediate in appear- 
ance between the normal vegetative frond and the taurion. 

The response of L. polyrhiza to absewsic acid is similar 
in some respects to that described bv Eagles and Wareing 
for the initiation of dormaney in sycamore’. Both responses 
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grewth rate; (A) turion ratio. (All points represent the mean of three 
determinations.) 
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Fig. 2, Reversibility of turion formation promoted by abseisie acid. 

Time of exposure to abscisic acid: (A) 12 h; (00 24h; (Mb 36h; (0) 

48 h; (e) 60h; (A3) 72h. (Points represent the mean of three determ- 
inations.) 


involve a degree of growth inhibition. aecompanied by 
morphological changes. This is in contrast to the effect of 
abseisic acid on Lemna minor? where only a cessation of 
growth has been reported. 

The time course and reversibility of the promoted 
changes by abscisic acid have been followed by growing 
plants at 2-84 10-* M abscisic acid and transferring 
samples, at intervals, to free medium of the acid. Results 
were plotted as the change in ratio of turions to the total 
number of fronds and primordia with time (Fig. 2). 

Twenty-four hours in abscisic acid was sufficient to 
initiate the biochemical events which switch the develop- 
mental pattern of the primordia from fronds to turions. 
This sequence of events was readily reversible. The time 
before the resumption of normal development was deter- 
mined by the duration of the treatment with abscisic acid. 
The first fronds formed after transfer were intermediate in 
appearance between the turion and the normal vegetative 
frond, indicating perhaps that a series of sequential 
events, rather than one coordinated step, occurs during 
formation of turions. 

If turion formation is usually initiated in conditions 
which maintain the photosynthetic rate above that 
necessary for growth®, it is possible that this inhibition of 
growth leads to the formation of turions. But abscisic 
acid might exert a direct effect on their formation. 
Kinetin and some of the eytokinins have been shown to 
break the dormaney of the turions* and so we thought it 
possible that kinetin might interact with abscisic acid 
during their formation. Plants were grown in 5-68 x 
10-5 M abscisic acid, in the presence of various concentra 
tions of kinetin (Table 1). 


Table 1. INTERACTION OF ABSCISIC ACID (ABA) AND KINETIN ON TURION 


FORMATION AND GROWTH 
Turions as 95 of 
primordiaf ormed 


Growth rate 


Treatment. (as % of 


control) after 5 days 
& 68 x 1075 M ABA (control) 100 16 
5858 x 10-* M ABA 6-6 x 107 M kinetin 78 4 
568 x 10-5 M ABA 1x 10° M kinetin 40 0 
5-08 x 107 M ADA--1x 104 M kinetin 160 ü 


Al values represent the mean of three samples, 


lt is evident that although kinetin does overcome, the 
effect of abseisie acid in promoting the formation of turions 
it also increases the amount of growth inhibition. Plants 
were also grown in the presence of the growth retardant 


work). 
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eycocel (CCC) and although this inhibited growth up to 
95 per cent no turion formation was observed. It therefore 
seems likely that turions are formed in direct response 
to abseisie acid. 

Turion formation is also suppressed by kinetin when 
cultures which form turions are grown in the absence of 
abscisic acid. In natural conditions the kinetics of growth 
of eultures which produce turions alter such that there is a 
40—60 per cent fall in the growth rate (my unpublished 
This growth inhibition. and the response to 
kimetin suggest that endogenously synthesized abscisie 
acid i is concerned ı in turion pn n natural Cony one: 
99 per cent) Dn W a Agrioultaral posten 
Centre is gratefully acknowledged. 
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Induction by Ultraviolet Irradiation of 
Mutation in the Blue-Green Alga Nostoc 
linckia (Roth) Born. et Flah. 


SEVERAL authors' have induced mutations in blue— 
green algae by ultraviolet irradiation, but the mutation 
reported here seems particularly significant beeause it 
obscures the criteria for delimitation of taxa in the 
Cyanophyceae’. True branching is a distinetive feature 
of the algae comprising the order Stigonermatales? and is 
absent in Nostocales, although algae of the family Seyto- 
nemataceae of the latter order show false branching. 
This is the first report of a mutation induced by ultra- 
violet irradiation leading to true branching in the typically 
unbranched genus Nostoc of the order Nostocales. 





Fig. 1. 


Tig. 2, 


Mutant colony í x 50). 


Parent colony ( x 70). 
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Clonal and axenic culture of Nostoc linckia (Roth) 
Born. et Flah., isolated from local rice fields, was derived 
from spores. The alga grew well in Allen and Arnon's 
nitrogen-free medium* in a culture room lit with daylight 
fluorescent tubes (illumination of about 100 foot-candles) 
and maintained at 24^ 1^ C. Spores were collected by 
centrifugation, washed with sterilized "Pyrex double- 
distilled water and allowed to germinate in the medium. 
The germinating spores were again washed, centrifuged 
and homogenized with sterilized neutral glass beads in 
10 ml. of sterilized double-distilled water. A sample (1 ml.) 
of the germinating spore suspension was diluted to 15 ml. 
with sterilized water in a 40 mm Petri dish and stirred with 


Fig. 4. Chains of eight heterocysts ( x 700). 
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Fig. 6. Short lateral with terminal heteroeyst ( « 1,000). 


a magnetic stirrer during irradiation from a General 
Electric germicidal lamp (main output at 2537 A). 
A sample (0-2 ml.) of the spore suspension was inoculated 
to each replicate plate and at each dose of radiation to 
serve as the control. The plates were wrapped with black 
paper and kept in the dark for 24 h in order to avoid 
photoreactivation and then exposed to light in the culture 
room. After 12 days, visible colonies were counted and 
percentage survival was calculated. In one of the replicate 
plates, which had been irradiated for 9 min, a smal! colony 
(about 127 microns in diameter, Fig. 1) was observed 
under the microscope; it was quite distinet in morphology, 
colour and mucilage production from the other surviving 
colonies (about 270-445 microns in diameter, Fig. 2). 
This colony was isolated in a culture tube containing 
10 ml. of the nitrogen-free medium and after considerable 
time visible growth appeared. 

Under the microscope the filaments in the isolated 
colony showed true branching originating from a few 
vegetative cells (Fig. 3). The mutant clone has now been 
subjected to fifty regular transfers after an interval of 10 
days since its first isolation. Several clones from the first 
colony have also been separately isolated from single 
branched and unbranched filaments because the former 
have lost the capacity to form spores. In every case they 
have shown true branching whether arising from branched 
or unbranched filaments. This confirms that the nature 
of branching is genetically controlled and is a constant 
character of this ultraviolet sensitive mutant clone. 
In addition to the characteristics already mentioned 
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(miero-colony, branching of filaments, ultraviolet sensi- 
tivity, absence of spores) the mutant also differs from the 
parent alga in producing heterocysts in chains (sometimes 
up to eight heteroeysts, Fig. 4) and in forming more 
.. phyeocyanin, which results in the characteristic blue 
=- eolour of the colony. Furthermore, the heterocysts at the 
<>. base of some of the branches distinctly show three polar 
. nodules (Fig. 5) and they sometimes terminate short 
|; laterals (Fig. 6) as in the genus Nostochopsis of Stigone- 
—. matales. 

‘The finding of a mutation leading to true branching and 
lateral heterocysts in the unbranched genus Nostoc casts 
doubt on the accepted use of these very characteristies 
. .a8 a means of distinguishing between the orders Nostocales 
and Stigonematales!, and confirms one of the many 
C problems connected with the Cyanophyceae’. 
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Selective Control of Annual Grassy 
Weeds in Transplanted Tropical Rice 
with ¢-2,2,2-Trichloroethy! Styrene 


Wer wish to report the results of some field experiments 
which we believe provide the first agronomie evidence of 
the efficacy of «-2,2,2-trichloroethyl styrene for the selec- 
tive control of annual grasses in transplanted rice. 

g-2,2,2-Trichloroethyl styrene (TCE-styrene) is one of 
a new class of herbicides. (TCE-styrene is also known as 
‘Dowco 22V. Its use as a herbicide is patented by the 
Dow Chemical Co.) The apparent selective pre-emergence 
activity of this compound (Fig. 1) against Echinochloa 
erusgalli (L.) Beauv. in transplanted rice during prelimin- 
ary tests in pots (4:25 inches in diameter and 4-75 inches 
deep) prompted its evaluation by the International Rice 
Research Institute (IRRI) in tropical field conditions 
(personal communication from J. Geronimo). 


oe 


CH, 
A | 
(^ Yy-O-CH,—CCl, 


Fig. 1. a-2,2,2-Trichloroethy! styrene. 


Granular formulations of TCE-styrene containing 1-23, 
2-89 and 6:2 per cent active ingredients were received in 
December 1967 and were included among several herbi- 
cide evaluation experiments during the subsequent dry 
season (December to May). Two of these experiments 
were conducted at the IRRI farm on Maahas clay, a 
heavy montmorillonitie clay soil with a cation exchange 
capacity (CEC) of 45 mequiv/100 g and 2 per cent organic 
matter content, and one experiment was conducted at 
the Philippine-Bureau of Plant Industry's Maligaya Rice 
Research and Training Center, Neuva Ecija, where the 
soil is mineralogieally similar to Maahas clay except for 
its slightly lower CEC (36 mequiv/100 g) and organic 
matter content (1-5 per cent) Experimental procedures 
involved applications of the herbicide at appropriate rates 
and times to replicated 15 m? plots of transplanted rice 
(variety IRS) in which 2-5 to 5 em of standing water was 
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maintained until crop maturity. E. crusgalli seeds were 


sown in quantities of 2-3 kg/hectare shortly after trans- 
planting to ensure uniform weed densities among the 
plots at each site. Standard chemical and hand weeding 
methods were included for performance comparison. 

Fig. 2 shows the remarkable contrast typically seen in 
the first experiment between untreated plots and those 
treated with TCE-styrene. The density of E. erusgalli 
in the control plots of this experiment was higher than 
usually found in rice fields outside the institute, but 
applications of TCE-styrene in quantities of 1:0 and 
2.2 kg active ingredient per hectare gave excellent grass 
control and resulted in grain yield increases of over 5:5 
metric tons per hectare (Table 1). Except at the highest 
rate, TCE-styrene seemed to be ineffective on annual 
broadleaf weeds (Monochoria vaginalis (L.) Presl, Spheno- 
clea zeylanica Gaertn., and so on) and sedges (fun- 
hristylis miliacea (L.) Vahl., Cyperus iria L., C. difformis 
L., and so on). When TCE-styrene was applied at rates 
lower than 2 kg active ingredients/hectare in later experi- 
ments, either the potassium salt of 2-methyl-4-chloro- 
phenoxyacetie acid (MCPA) or the isopropyl ester of 
2,4-dichlorophenoxyacetic acid (2,4-D) was used to supple- 
ment the weed contro! given by TCE-styrene alone. 


fable 1. RFFECT OF EARLY APPLICATION OF  a-2,2,Z-TRICHLOROETHYT 


STYRENE ON THE GRAIN YIELD OF IRS 


Rate of Time of Grain yield * 
applieation application at 14 per cent 
Herhicide treatments (kgihectare (days after moisture | 
active ingredient) transplanting) (kg/hectare) 
TCE-styrene (4 4 5,797 
TC E-atyrene 1:0 4 7,134 
TCE-styrene 2 4 7,323 
Handweeding twice 25 4- 40 6,534 
MCPA followed by 0-8 MCPA 25 +40 7,469 
handweeding 
Weedy control 1,624 
SLE. LSD CV(X 
(5 per cent) (per cent) 
Control versus 381 1,084 kg 11 


treated 
These figures were taken at the IRRI, in the dry season of 1903. 
* Average of four replications, 


Table 2. CONTROL OF ANNUAL GRASSES, BROADLEAEF-WEEDS AND SEDGES 


BY da2,2,9-TRICHLOROETHYL STYRENE AND ITS EFFECTS ON THE GRAIN 
YIELD OF TRANSPLANTED IRS RICE 
Rate of 
appli- Weed count” Grain 
Herbicide cation Time of Broad- vield 
treatment (kg/hec- appli- Grasses leaves. Sedges Total (kgj 
tare active tation (No./m*) hectare) 
ingredients) 
TC E-atyrene O75/0-8 3 DAT ü 11 1 T2 6,714 
GIMCPA 
TOC B-styrene 0.75/0-8 1-2 isg 1 28 0 29 6,708 
G/MCP s 
TCE-styrene 07505 3 DAT 4 59 1 64 6,242 
6G/2, 4-D 
TCE-styrene 0-75/0-5 1-2]sg 1 37 1 39 6,508 
2, 4-D 
'TCE-styrene G 1:0 3 DAT 0 646 0 646 5 RAT 
MCPA followed by 0-8 25 +35 18 155 ü 171 5,058 
handweeding DAT 
Weedy check 60 639 228 936 5,107 
LSD CV(X) 
SE, (5 per cent) (per cent) 
Control versus treated 206 585 kg 6-5 


These figures were taken at the IRRI in the late dry season of 1965. 
* Forty days after transplanting (DAT). 
lsg, Leaf stage of grassy weeds; G, granule. 


Table 3. EFFECT OF 2a-2,2,2-TRICHLOROETHYL STYRENE 
MCPA ON THE GRAIN YIELD OF IRS 


Rate of 


FOLLOWED BY 


Grain 


application Time of yield* at 
Herbicide treatment (kg/hectare application 14 per cent 
aetive (days after — moisture 
ingredient) transplanting) ae 
are 
Do een followed by (fi) 1-52 fb OR 4 fb 25 7,473 
MOP: 
MCPA fb handweeding OS MCPA 22 fb 35 7,018 
Weedy check 2,878 
LSD OVEN} 
S.E. (5 per cent) (per cent) 
Control versus treated 360 1,309 ke 16 


These figures were taken at the Maligaya Rice Research and Training 
Center, Nueva Ecija, Philippines, in the dry season of 1968, 


* Average of four replications, 
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In the second experiment, applications of TCE-styrene 
in quantities as little as 075. kg of active ingredients; 
hectare with MCPA or 2.4-D applied at the same time 
(Table 2) resulted in similar eontrol of grass and sedge 
and better control of broadleaf weeds than TCE-styrene 
alone at | kg of active ingredients/heetare. The additions 
of the phenoxy acid herbicides not only increased the weed 
control spectrum of TCE-styrene. but they may have 
supplemented its grass control activity. Grasses were not 
very dense in this experiment, so that the increases in 
grain yield caused by the herbicide treatments, though 
significant (Table 2). were not as large as in other experi- 
ments (Tables | and 3). The weed control resulting from 
the applications made 3 days after transplanting was 
equivalent to that from those at the one to two leaf stage 
of grass weeds (8-10 days after transplanting), and so it 
seems that TCE-styrene has a useful latitude with respect 
to time of application. This would give a grower time to 
determine the extent of the weed infestation and to apply 
the herbicide before it became too late for effective weed 
control. 





Fig. 2. 


covered by a thick stand of Echinochloa crusgalli. 


In another field experiment conducted at an experi- 
mental station of the Bureau of Plant Industry in Nueva 
Ecija, which is situated in the principal rice growing 
region of the Philippines, the extent of weed control with 
TCE-styrene and the resulting increase in grain yield was 
equally great (Table 3). 

In tropical Asia, where most of the rice grown is trans- 
planted and where hand weeding alone, or one application 
of a phenoxy acid such as 2,4-D or MCPA followed by one 
hand weeding, have been the common methods of weed 
eontrol', it seems that a single application of granular 
TCE-styrene broadeast directly in the water can be an 
excellent method of grass control in transplanted rice. 

We thank D. E. Seaman for help with the preparation 
of this report. 
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A large difference in grain yield was observed between a weedy control and a 
tr ith ' With one application of this granular 
herbicide, IRS yielded 5:7 metric tons per hectare more than the control which was 
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Pleiotropic Effects of Albinism on Open 
Field Behaviour in Mice 


THE analysis of the effects of single genes on behaviour 
may yield information not only about the geneties of 
behavioral characters, but about tbe characters them 
selves!, When, however, data are col ected on segrega tung 
populations for a few generations apparent single gene 
effects may be due to the effects o: closely linked loei, 
especially when these populations sre derived from an 
initial cross of parental strains which differ widely in the 
character in question. Thus when apparent 
effects are found, it is important so verify that 
effects are truly pleiotropic. 

Evidence for a major-gene effect on open field behaviour, 
a commonly used index of “emotionality”, was previously 
reported?. In segregating F, F, and 
albino mice were less active and had higher defaecation 
scores than pigmented animals when tested in a brightly 
lit open field apparatus. If these effects were due to 
closely linked loci, the magnitude of the differences would 
be expected to dimmish m subsequent 
renerations as a consequente of crossing 
over. Highly consistent effects of albinism 
have now been observed in ten generations; 
data have about 4,963 sub 
jects. Pleiotropic effects at the c locus on 
open field |» haviour ane clearly indicate d. 

Subjects were descended from an original 
cross between two stræns of mice (BALB/cJ 
and C57B/6J) whieh differed widely in 


Inagjor-gZern« 
such 


E, generations, 


been collecsed 


their open field behaviour. The F, genera- 
tion served as the foundation population for 
a selection experiment. Six closed lines 
were formed: two selected for high open 
field activity (H, and H,), two for low 
activity (L, and L} and two were ran 
domly mated to serve as controls (C, and 


Ca). Within-litter selection is practised and 
an effective mating population size of 
approximately ten pairs of parents per lini 
is maintained, 
experiment has 
detail elsewhere?, 

Each subject was tested for 3 min on each 
bnghtlv lit 
constructed 


The design of this selection 


heer deseribed it) mori 


of two successive days in a 
open field (3636 inches) 
of white, painted ‘Plexiglas’. Two 


sets 0] 


five light sources were beamed through 
holes and red filters to photoconductive 
cells on the opposite side, eff-ctively dividing the 


floor of the field into thirty-six squares, 6x6 inches 
each. The number of light beams interrupted. during 


each 3 min test was automatically recorded on counters. 
The total number of light beams broken and the total 
number of faecal boluses dropped during the two Test 


periods were used as each subject's activity and 
defaecation scores. Both raw scores were subjected 
to square root transformations before statistical analy 


«Is. 

Mean activity and defaecation scores of albino and 
pigmented subjects in the ten generations are presented 
in Table 1. (Within each generation in. the 
experiment (8S,— S,), data were e assed according to sex 
and group (high, control, low).  Tabulated 
values are unweighted means of these subclass Meats. 
Mean values for S, differ slighty from those reported 
previously’, for the method of poolme was rather different 
Albinos were less active and had higher defaecation scores 
than the pigmented animals of each generation and these 
differences were as great in later as in earlier generations 

Effects of albinism on open field behaviour were also 
indicated. by the change in genetypic frequeney which 
accompanied selection for open field activity (Fig. 1). 
The frequency of albinism was approximately 25 per cent 


selection 


select ion 
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Fig. 1. Percentage of des offspring in two lines of mice selected for high 
Ta field activity: (A) H, and (A) H,; two selected for low activity: 
ia L, and (ED Let "two unselected controls: (6) €, and (6) C 


m 4, but it increased in both low active lines and de- 
creased in both high active lines. There was fixation for 
the c allele in one of the low active lines (L,) in generation 
Ss. 

Although pleiotropic effects of albinism are clearly 
indicated by these data, a relatively large proportion of the 
genetic variance 18 a result of segregation at other loci. 
U sing data from the F, and F, generations, DeFries and 
Hegmann? have estimated that segregation at the c locus 
accounts for 12 per cent of the additive genetic variance in 
open field activity seores, 26 per cent of the additive 
genetic variance in defaecation scores and 21 per cent of 
their additive genetic covariance. 

Henry and Schlesinger’ and Fullerê have also recently 
found that albino mice are less active than pigmented 
animals in open field tests, although effects on defaecation 
were not reported. In their experiments, congenic mutant 
and non-mutant C57B/6J mice were used, and so effects of 
albinism on open field activity have been found in segregat- 
ing populations where epistatie interactions are possible 
and in strains which are otherwise isogenic. 

Although van Abeelen and Kroes* have also observed 
differences in activity between albino and pigmented mice 
in a segregating population, no significant difference in 
defaecation scores was found. Their observation cage, 
however, was quite different from that we have de- 
seribed for the open field work, for example peat dust. 
covered the floor and wire mesh hoppers were used to 
give mice the Diei d for E 
of single. gene oftecis may DR ITE & means p^ papi sis 
of the complexity of a behaviour is evident from the 
example deseribed here. The difference in open field 


Table 1, MEAN TRANSFORMED OPEN FIELD ACTIVITY AND DEFAECATION 


SCORES OF ALBINO AND PIGMENTED MICE 


Activity* Defaecation t YN 
Genera- Pig- Differ- Pig- Differ- Pig- 
tion Albino mented encet Albino mented  eneei Albino mented 
F, 107 127 20:035 1-97 176 @21+0069 152 485 
F, 100 12-3 2:320-37 2:24 1:81 0-43 +0062 180 661 
S, 9.0 12-3 24+ m 2 21 1:86 08540076 113 315 
S. Tish 13-4 194049 1-99 171 O-88+40-078 112 268 
Sa 12-0 13-5 P+ 0-40 2-03 1:70 0-33 20-070 156 334 
8, 12-6 14:3 075040 1-90 1-43 0-27+0-067 172 284 
S; 9-8 12-2 240-37 2-12 180 0-32+40-067 169 256 
S, 128 14:9 212034 2-37 1:04 04340075 181 262 
S, 10-3 TI PRBE 2-54 1:96 OSR 0082. 1586 219 
8S, 12°7 15:2 2-54+0-32 2-41 1-97 0-44 +0081 174 284 


* Mean activity scores were obtained from transformed data, where each 
subject’s score is the square root of the total activity over the 2 day test. 


t Mean defaeeation scores were obtained from transformed data, where 
w= (total boluses + 1/2917", 

+ Absolute difference + standard error of the difference between the fieans. 
All differences were highly significant (P « 0-001), with the exception of that 
for defaecation in the F, generation, which was significant at the 0-005 level of 
probability. 
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behaviour between albino and pigmented animals is 
decreased under red illumination?, and so it has been 
suggested that individual differences in open field behaviour 
are a consequence, at least in part, of a visually mediated 
fear reaction. Results of two recent experiments"? 
support this hypothesis. By contrast, van Abeelen and 
Kroes$ attributed the low activity scores of albinos in their 
study to an aversion to descend the wire mesh. From the 
results of two subsequent experiments, they concluded 
that this lower activity of albinos was due to a greater 
fear of heights (acrophobia), rather than to a photophobia. 
Differences between their results and ours described here 
may result from the considerable differences in method- 
ology and sample size used. 

I thank J. P. Hegmann, E. A. Thomas, T. W. Klein and 
Miss Dianne Ross for their assistance. This work was 
supported in part by grants from the National Institute 
of General Medical Sciences, National Institutes of 
Health, US Public Health Service. 
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Genetics of Albumin Gainesville, 
a New Variant of Human 
Serum Albumin 


A "NEW" slow-moving variant of serum albumin has 
been found in members of a single family of Irish descent 
from the vicinity of Gainesville, Florida. We have 
demonstrated that the eleetrophoretie mobility of albumin 
Gainesville is different from the mobilities of previously 
reported slow-moving albumins*-*, and have provided 
evidence to support the hypothesis of linkage between the 
albumin and Ge loci®’, 

Serum albumin phenotypes were determined by ceel- 
lulose acetate electrophoresis*. Serum Ge phenotypes 


po 





Fig. 1. Cellulose acetate electrophoresis of sic »w-mnoving albumin 

variants (iris citra buffer (9-054 M, pH 6-4), 250 V, 3-8-5 mA for 

25 min) 1 and 2, Albumin Mexico heterozygotes; 3. albumin Paris 

heterozygote; 4, albumin Gainesville heterozygote; 5, albumin B 
heterozygote. 
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determined by  immunoeleetrophoresis using 
Behringwerke (Marburg) horse antiserum to group 
specific component?. Sera were tested for «-foetoprotein 
by a miero-Ouchterlony technique’, using anti-«-foeto- 
protein produced by immunization of rabbits with human 
foetal serum and absorption with normal adult human 
serum.  Phenotypes were determined for the following 
blood group systems: ABO, MNS, Rh, P,, Kell, Kidd 
and Duffy". Calculations of genetic linkage were per- 
formed by the Fisher-Finney?- and the Haldane- 
Morton-Smith?-?? methods. 

The propositus was an 8 yr old girl who was treated for 
respiratory infection at the University of Florida Hospital. 
Electrophoresis of her serum proteins disclosed two 
distinct albumin bands. Seventy-five members (forty 
female and thirty-five male) of the family of the propositus 
were tested, and ten heterozygotes (seven female and 
three male) for albumin Gainesville were found. No 
obvious clinical disorders or congenital anomalies were 
associated with heterozygosity for albumin Gainesville. 
There were no homozygotes for albumin Gainesville in 
the kindred. 

As Fig. 1 shows, the electrophoretic mobility of albumin 
Gainesville at pH 6:4 was slower than the mobilities of 
albumin A, albumin Mexico? or albumin Paris?. As Fig. 
2 shows, the mobility of albumin Gainesville at pH 8-6 
was faster than that of albumin B*:*. In sera from the ten 
heterozygotes, the concentration of albumin Gainesville 
ranged from 36 to 46 per cent of total albumin (mean = 40 
per cent, standard deviation = +3-4). None of the sera 
which contained albumin Gainesville reacted with the 
a-foetoprotein antiserum, excluding the possibility that 
the slow-moving band might represent x-foetoprotein. 
(Similar negative reactions with anti-«-foetoprotein were 
obtained with albumin B, albumin Mexico and albumin 
Paris.) 

The segregation of albumin Gainesville in the family 
conformed to the pattern of autosomal co-dominant 
inheritance (Fig. 3). The propositus was the first case of 
alloalbuminaemia detected in electrophoretic fractiona- 
tions of more than 20,000 sera in the clinical laboratories 
of the University of Florida during the past decade. 
Albumin Gainesville is therefore a rare "family" variant. 
as are albumin B, albumin Paris, albumin Gent and so on, 
in contrast to albumin Mexico and albumin Naskapi 
which are common or polymorphic variants. 

The specific parts of the pedigree which were used in the 
linkage calculations are illustrated in Fig. 4. All subjects 
with albumin Gainesville had Ge types 2-1 or 2-2, and all 
subjects with Ge type 1-1 were homozygous for normal 
albumin A. There were three informative matings for 
linkage calculations (III 13-14, IV 28-29, IV 29-30) in 
which at least one of the parents was a double hetero- 
zvgote for albumin Gainesville and Ge type, and in which 


were 


at 


3 


t2 








Fig. 2. Cellulose acetate electrophoresis (barbital buffer (0-025 M, 
pH 8-6), 250 V, 3-5-5 mA for 25 min). 1 and 5, Albumin A homozygotes; 
2 and 4, albumin Gainesville heterozygotes; 3, albumin B heterozygote. 
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Fig, 3. 


Complete family pedigree. The half Blackened symbols denote 
heterozygotes for albumin Gainesville. 


complete parental genotypes were available. There were 
only eight offspring of these three raatings. The linkage 
value (1-4X) as calculated by the Eisher-Finney method 
was 1:0 (standard error=0-714 at che 5 per cent prob- 
ability level). The “lod” scores caleuiated by the Haldane- 
Smith method were: + 06-6020, + 05134, + 0-4296, + 0- 2676, 
+0-1290 and +0-0340 at recombination frequencies of 
0-00, 0-05, 0-10, 0-20, 0-30 and 0-40 respectively. Because 
of the small number of offspring, these scores necessarilv 
provide only weak support for the linkage hypothesis. 
None the less, Ge type 2 segregaied consistently with 
albumin Gainesville, and there was no apparent cross-over 
in any of these matings. Thus albumin Gainesville is the 
third albumin variant with evidence of linkage to the 
Ge locus*/?, suggesting that the genes for the variant 
albumins may be alleles at the same locus. In the family 
studied, there was a highly signifieant association (y?= 
14, P<0-005) between Ge? and albumin Gainesville. 
A similar relationship between albumin B and Ge? waa 
reported by Weitkamp et al. Conversely, albumin 
Naskapi, a fast moving variant, was found to be asso- 
ciated with Gel’. Association is not a usual observation 


in genetic linkage; however, wher there is a very close 
linkage. the particular phase (ether in coupling or 
repulsion) may be maintained in the family or in an inbred 
community when there are very few recombinants. 

In studies of albumin Naskapi’, there was a possibility 
of loose linkage of the albumin locus with the locus 
In this family the 


for the ABO blood group system. 





are — 1-0641, — 0-5685, — 0 1853, ~0-0521 and — 0 0090 
at recombination frequencies of 0-05, 0:10, 0-20, 0-30 and 
0:40 respectively. These findings do not support linkage 
of the albumin and ABO loci. 

Drs G. Sandor and J. L. Robbins provided samples 
of albumin variants, and Dr E. i&aarsalo reviewed the 
linkage calculations. This work was supported by grants 
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Microbial Mutagenicity of 


Streptozotocin in Animal-mediated 
Assays 


STREPTOZOTOCIN, a broad spectrum antibiotic with a 
unique structure (glucose-NHCON(NO)CH,), has several 
interesting properties. It is diabetogenic, carcinogenic, 
carcinostatic and phage-indueing!-*. It has recently been 
shown to be mutagenic for Salmonella typhimurium in 
vitro?, 

The mutagenic capabilities of this compound were 
studied by using à new method (to be published) in 
which an auxotrophic indicator  miero-organism is 
incorporated within a mammalian (murine) host. Direet 
administration of the compound to the host allows the 
animal to activate or detoxify the potential mutagen 
before it encounters the histidine-dependent S. typhimurium 
organisms in the peritoneum. We wish to report that 
streptozotocin is very active in this system and has proper- 
ties which make it especially suitable for this sort of test. 

After the initial observation that streptozotocin is 
positive, that is, it induces reversion to histidine inde- 
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Fig.1. Viable S. typhimurium, G46, organisms recovered from the mouse 
peritoneum after the intramuscular administration of 400 ug of strepto- 
zotocin. 
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pendence, it was tested in the host-mediated system with 
a wide range of concentrations. The results (Table 1) 
indicate that it is effective in concentrations from 50 to 
600 ug per injection (0-1 ml.). Graphically, the response 
was approximately linear at the lower concentrations, 
reaching a plateau at 400 ug where the increase in mutant 
frequency was in excess of 1,000-fold. Lethality occurred 
simultaneously with mutation. The loss in recovery rate 
fell to a low of 1-2 per cent at the point of maximun 
mutation, 


EFFECT OF STREPTOZOTOCIN CONCENTRATION ON THE in vivo MUTANT 
FREQUENCY FOR Salmonella typhimurium 


Table 1, 


Concentration Mean mutant Recovery rate 


(ug; 0*1 ml, injection) frequency MFUMF: (*, control) 
50 NO x 10-7? 220 5| 
100 I0 x 107 250 IF 
2U0 Ld 107* 390 4 
100 l-4 x 10-4 1,400 2 
000 1:4 x 107* 1,400 1 


The protocol is to be described in detail elsewhere. Basically, the tech- 
nique involves injecting Swiss albino mice intramuscularly with the com- 
pound and intraperitoneally with histidine-dependent Salmonella. After 3 
injections during 2-5 h, the peritoneal fluid is removed, diluted and plated 
on minimal and complete media, The mutant frequeney for organisms in 
control mice is consistently about one mutant per 10* cells. M Fi M Feis the 
magnitude of increase over controls in mutant frequency. Recovery rate is the 
fraction of cells surviving the treatment, and concentration is in we per 
injection for 25-30 g mice. 


To observe the relationship of time, toxicity and muta- 
tion more closely, a series of mice was given a single 
Intramuscular injection (400 ug) of streptozotocin (Upjohn) 
together with the standard intraperitoneal injection (2-0 
ml.) of diluted S. typhimurium strain G46. 
three mice were killed at various times. and the pooled 
peritoneal fluid samples were titrated to determine the 
viable cell count on both minimal and complete media. 
The results (Fig. 1) show an initial, rapid drop in cell 
titre concurrent with a rapid rise in induced mutants. 
From 15-60 min, there was a decline in both cell types. 
During this period, the rates of lethality, as determined 


Groups ol 


C 
et 


by the slope of the Curves, were about ual From Ou 


to 120 min. the cell members remained relatively constant. 
The difference in magnitude of the two curves was about 
101, that is. the mutants constituted 
OO] per cent of the total population 
The feasibility of detecting mutagenic activity in the 
blood after the administration of strepto-otocim was tested 
b placing blood samples from treated mice onto lawns 
of S. typhimurium. thes 
plates is indicative of mutation to histidine independence 
Groups of three mice were killed 1, 10. 50 or 60 min after 
an injection of streptozotocin. Nterile filter paper 
saturated with blood obtained direetly 


approximat M 


Growth on minimal media 


disks 
(0-25 meh) wer 
from the heart and were plated in tripleate. 

Samples from the mice treated wrh streptozotocin, 
taken after 1-30 min. all possessed mutagenic activity 
(Fig. 2). Some mutation was ev ident im three out of nine 
of the samples taken after 60 min. Seanilar experunents 


have shown that activity. Can be detected in as little as 
30 s and that an intramuscular Injeetion gives results 
similar to an intravenous injection. Duplicate experi- 


ments with N-methyl-N’-nitro-N-nitrosoguanidine (NG) 
and dimethylnitrosamine failed to yield detectable 
mutagenic activity in the blood. 

When urine. obtained aseptically from the bladders ot 
mice treated with streptozotocin, Was tested in the same 
way. mutagenic activity was detected within 10 min. 
The effect lasted longer and appeared more marked, which 
is consistent with the greater stability of streptozotocin 
at low pH values*. 

Although the structure and chemistry of streptozotocin” 
suggest that the active agent is diazomethane, 1t. behaves 
quite differently from NG, a widely used alkylating agent 
thought to act through the mechanism’ The 
increase in mutant frequency obteimed by the host- 
mediated system is detected at lower concentrations, 
increases more rapidly with increasing concentration and 


sarme 


persists longer with streptozotocin than with NG (to be 





« è € " f t Li , * L ,* 
Fig. 2. Effect of time on the number of revertants to histidine independence for S. typhimurium, G46, by blood sa: iples from treated mice. 


Mice received a single injection of either 600 ug of streptozotocin i plates in top row) or 800 ug of N-methy I-N"-nitro-N 


itrosoguanidin: ftw t tóm 


row), Column ], solution used for injection; column 2, 10 min blood sample; column 3, 30 min blood sample, Plates were prepared as dearribed 


in ref. 


J. 
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published). Streptozotocin is also more toxie for micro- 
organisms in concentrations which elicit a mutagenic 


response. 
. More striking, however, are the pharmacological 
differences. We have shown that with streptozotocin, 


microbial mutagenic activity is present in blood and urine 
and is detectable soon after injection. The fact that NG 
and dimethylnitrosamine were negative in the blood-plate 
test but were mutagenic in the standard host-mediated 
assay lends credibility to the principle of the latter test. 
The detection of streptozotocin-related mutagenic 
activity in the blood, and alhed data, indicates that this 
compound could be a useful standard mutagen. Results 
obtained from the blood tests, although not as complete 
or quantitative as the host-mediated data, also suggest 
a potential screening technique for physiologically active 
mutagens in which fluid or tissue samples can be used in 
conjunction with standard plate tests. 
We thank Mrs Holdine Roginski for help with photo- 
graphy and Dr Bruce Ames for supplying the Salmonella 
culture. 
M. G. GABRIDGE 
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Paternal versus Maternal 
Inactivation in the X Chromosome 
of Female Mice 


Evans eb al. have shown that a “late labelling’ X 
chromosome occurs in normal somatic cells of the mouse. 
Using female mice, heterozygous for the Cattanach 
translocation, in which an autosomal segment is inserted 
into an X chromosome making the translocated chromo- 
some (Xt) recognizable as the longest member of the 
complement?, they showed that this abnormally long 
chromosome was “hot” in about half the cells that con- 
tained a late-labelling chromosome. In the remaining 
cells, the hot chromosome was always one of the long 
chromosomes and was presumed to be the X^» chromosome. 
These observations were interpreted as supporting evidence 
for the postulate of random inactivation? of the maternal 
and paternal X ehromosomes. 

Recognition of the normal X chromosome in the mouse 
is, however, diffieult because it falls within the size range 
of the longest autosomes and cannot be distinguished from 
them in cells where several chromosomes are almost 
equally late-labelling. In view of these difficulties, we 
considered it worthwhile to repeat the labelling experiment 
of Evans et al.! on female mice in which the Cattanach-X 
chromosome was known to be inherited either from the 
mother or from the father. In such females, the easily 
recognizable Xt can always be identified as the maternal 
or paternal X and it is possible to test whether its parental 
origin is relevant to its labelling behaviour. 

In a preliminary experiment, female mice were killed 
at intervals of 2, 2:5, 3 and 3:5 h after a single intraperiton- 
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eal injeetion of tritiated thymidine in order to establish 
the time at whieh approximately 40 per cent of all meta- 
phases in femoral bone marrow suspensions were labelled. 
In this way, it was hoped to obtain a narrow cohort of 
cells labelled late in the S-period. 

On the basis of the results obtained from this preliminary 
experiment, two female mice heterozygous for a maternal 
Xt and two female mice heterozygous for a paternal Xt 
(age 3 months) were injected intraperitoneally with 0-5 ml. 
of tritiated thymidine (specific activity 22 Ci/mM total 
activity 200 Ci per mouse) and killed 2-5 h later. 1-5 h 
before killing, each mouse was injected intraperitoneally 
with 0-04 per cent of colchicine in N saline (volume 
injected 0:01 ml./g body wt.). Cell suspensions of femoral 
bone marrow were prepared in hypotonic (1 per cent) 
sodium citrate. The cells were fixed in 3:1 (abs. acetic) 
stained in carbol fuchsin! and filmed with Kodak AR 10 
stripping film. The autoradiographs were exposed for 
3 weeks at 4^ C. 


Table 1, FREQUENCY OF CELLS CONTAINING A HOT AX: CHROMOSOME IN BONE 


MARROW CELLS OF FEMALE MICE KILLED 2:5 H AFTER INJECTION WITH 
*u-THYMIDINE 
Total Labelled No. of cells 
cells cells Percent with hot Y+ Per cent 
Maternal Xt — 1,394 566 40-6 38 27 
Paternal X* 458 231 50-4 ii 9.4 


It can be seen from Table 1 that the Xt was the late- 
labelling X chromosome in approximately the same 
proportion of cells in both types of animal demonstrating 
that the origin of the X-chromosome (at least when both 
parents are of the same species) did not affect its chance of 
being late-labelling. 

Where it was possible to observe a hot chromosome other 
than the Xt (presumably the Xn) with a fair degree of 
eertainty these were recorded, but were found to occur 
in only 0-4 per cent and 0-1 per cent of cells for the 
maternal and paternal Xt mice respectively. The low 
frequeney of occurrence of such cells is thought to be an 
underestimate beeause of the difficulty of recognizing the 
Xn chromosome. I do not suggest that the labelling of 
the two X chromosomes is non-random. 
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Banded Polytene Chromosomes in the 
Legume Phaseolus vulgaris 


Grant chromosomes have recently been found in different 
cells in the ovule of some Angiosperms'~*, The homo- 
logues are not paired and they have a granular structure 
without distinet bands, thus differing from the charae- 
teristic salivary gland chromosomes of Chironomus or 
Drosophila. ‘They are more comparable with the primary 
polytene chromosomes in the ovary of Calliphora*^. or 
the salivary gland chromosomes of Dasyneura*. In 
Phaseolus coccineus the single giant chromosomes could 
only be identified in the suspensor cell nuclei, because of 
the uniformity of euchromatic and heterochromatic 
regions'-?. In the Diptera the appearance of distinct 
a low breeding tempera- 


temperature on the structure of giant chromosomes in 
the Angiosperm 
have giant chromosomes in the suspensor cell nuclei 
similar to those deseribed for Phaseolus coccineus. The 
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Polytene chromosomes of suspensor cell nuclei of Phaseolus 
vulgaris. a, Grown at 20°-25° C; b, cooled to 8*-12* C 2 weeks before 
fixation. (Phase contrast, x 1,200.) 


Fig. 1. 


plants, however, are smaller, fast growing. and self pol- 
linating. and therefore readily cultivated in phytotrons. 

Plants of Phaseolus vulgaris were grown in à regunen 
of 13 h light and 11 h dark with 65 per cent relative 
humidity, and at a temperature of 25° C in the light and 
20* C in the dark. When most of the seed pods had grown 
to 10 em, the light and dark temperatures were lowered 
to 12° C and to 8* € respectively. (The best results were 
obtained after chilling for 2 weeks.) The suspensor was 
then fixed in ethanol and acetic acid (3 : 1) for 12 or 24 h, 
treated with 45 per cent acetie acid for 3 h, squashed and 
examined under a phase contrast microscope. Control 
preparations were from plants growing in the garden and 
in another phytotron, in which the temperature was kept 
constant. 

The twenty-two giant chromosomes of the control had 
no distinet bands, but a granular appearance, and a 
rather indistinct pattern of euchromatic and hetero- 
chromatic regions and bands (Fig. la). On the other 
hand, there was a distinct banding pattern in many 
chromosomes from plants subjected to the cold (Fig. 15). 
Some polytene chromosomes were partly compact and 
banded, partly diffuse and granular. The quality of the 
preparation is limited by the degree of stretching of 
individual chromosomes or parts of chromosomes. The 
number of recognizable bands is contingent on the 
primary length of a characteristic chromosome, on the 
level of endopolyploidy, and on the degree of individual 
secondary extension. Total lengths of 60-110 microns 
were measured, and diameters of 5-10 microns (one very 
stretched chromosome was 226 microns long). Between 
forty and 160 bands were seen. The thickness of the 
bands (that is, their length within the ehromosome axis) 
varies from 0-3 microns to 0:9 microns, but there may be 
thinner, unrecognized bands, too. 

The banded state is reversible by a return to optimal 
temperatures, and can be explained by the close apposition 
of the single endochromosomes (which are the result of 
endomitotie processes), so that the neighbouring sister 
chromomeres join to form bands. Because the trans- 
formation to the banded form is induced by chilling. 
preventing the further development of the embryo and 
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suspensor and stunting the whole plants, it can be in- 
terpreted as an inactivation of a large number of genes 
with respect to RNA synthesis. The diffuse, granular 
state, and the increase in the diameter of the polytene 
chromosomes, effected by optimal growth conditions may 
in general be an expression of activity. as demonstrated 
in Diptera?-15, | 

I thank Professor Edgar Knapp for facilities for this 
work. 
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Changes in Chromatin Structure 
during Interphase in Human 
Normoblasts 


THERE is evidence suggesting that the part of the nuclear 
chromatin of the cell nucleus which is in the condensed or 
heterochromatic form is inactive in nucleic acid synthesis. 
Studies with electron microscope autoradiography have 
suggested that only the decondensed euchromatic portions 
of the nucleus are engaged in DNA synthesis! ?, and 
similar findings for RNA have been demonstrated in 
various tissues*-*. Confirmation shat euchromatin has 
much greater activity than heterochromatin in nucleic 
acid synthesis has also come from biochemical studies’. 

If DNA replicates only as euchromatin all hetero- 
chromatin must decondense at some stage of interphase. 
In the transforming lymphocyte there is a stage during the 
S phase when all the nuclear chrematin is in the decon- 
densed form?. It may be suggested that at this stage all 
the nuclear chromatin has replicated or is available for 
replication if other necessary conditions are fulfilled. 
An alternative pattern for replication of heterochromatin 
might be localized and short lwed decondensation of 
small areas of heterochromatin s» that no stage of total 
decondensation is reached. The present work suggests 
that the human normoblast has this pattern. 

Bone marrow was obtained by sternal puncture from 
three normal donors. Fragments were incubated with 
tritiated thymidine in TC 199 sciution containing 25 per - 
cent autologous serum. For two "pulse" experiments 
the fragments were incubated with tritiated thymidine 
of specific activity 17-7 Ci/mmele at a concentration of 
5 uCi/ml. for 1 h. For a single “pulse chase" experiment 
fragments were incubated for 1 b with tritiated thymidine 
of specifie activity 5 Ci/mmole at a concentration of 
0-5 uCi/ml. The fragments were then washed in two 
ehanges of TC 199 and resuspended in fresh culture 
medium without tritiated thymidine. Incubation was 
continued for a further 7 h. The fragments from each 
experiment were processed for electron microscopy and 
autoradiography as described earlier’. 

A representative autoradiograph from an experiment 
with a single pulse of tritiated thymidine is shown in Fig. 1. 


we 


Two normoblasts have labelling over euchromatic 
areas only. A survey of 100 labelled cells from two 
separate donors showed no signifieant labelling over 
heterochromatin. Furthermore, all labelled cells showed 
substantial areas of heterochromatin and no labelled 
nuclei with a totally decondensed pattern were seen. 

The localization of label at the end of a period of chase 
after à pulse of tritiated thymidine was very different. 
The normoblasts in Fig. 2 show more silver grains over 
areas of heterochromatin than euchromatin. A survey of 
100 cells showed all but four to have definite labelling 
over heterochromatin and in the majority, as in Fig. 2, 
this predominated. 

The human normoblast belongs to a cell line in whieh 
through several eell divisions the nucleus becomes more 
and more condensed until it is finally extruded from the 
cell. pyknotie and without funetion. Nevertheless, it 
seems to follow the general pattern of replicating its 
chromatin only in the deeondensed form. 

The late normoblast has the diploid content of DNA* 
and thus all the DNA must be replicated at each pre- 
ceding cell division. Because there does not seem to be a 
stage when all the nuclear chromatin is decondensed, 
this suggests that localized areas decondense, replicate 
and then recondense. This is confirmed by the finding 
that labelled cells followed in culture show labelling over 
condensed areas of chromatin. 

It is possible that label could appear in condensed 
chromatin if the latter was derived from incomplete 
deeondensation of chromatin after telophase in cells 
which had undergone mitosis during the period of chase. 
However, the S phase of human normoblasts i» vitro 





Two normoblasts from human marrow labelled with tritiated 
Grains are seen over lightly staining euchromatic 
areas of the nuclei. (x 10,200.) 


Fig. 1. 
thymidine for 1 h. 
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Fig. 2. Two normoblasts from human marrow cultured in non-radio- 
active medium for 7 h after a 1 h pulse of tritiated thymidine. Most 
grains are seen over heavily stained heterochromatic areas, (=x 9,600.) 


has been estimated variously as 12-15 h* and Is h™. 
In addition cells would have to pass through the G, rest 
phase estimated as 3-4 h* and the time occupied by 
mitosis. The total duration of the "pulse ehase" experi- 
ment was only 8 h and nearly all cells had extensive 
labelling over heterochromatin. Thus only a proportion 
of these cells could have passed through the remainder 
of their S phase, the 6, phase and mitosis in the time 
available. 

It therefore seems probable that in the normoblast 
heterochromatin decondenses, replicates and then recon- 
denses during a single interphase. The suggestion that the 
same area of chromatin has different forms at different 
periods of interphase" therefore seems to be confirmed. 

I thank Mr M. Peacock and Mr R. Flemans for technical 
assistance, This work was supported by a grant from the 
Medical Research Coune:l. 
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Mice reared with Rat Aunts: Effects 
on Plasma Corticosterone and Open 
Field Activity 


IN recent experiments newborn C57Bl/10 mice were 
fostered to laetating rat mothers; in some cases rat peers 
were also present before or after weaning. Mice reared 
in such conditions were markedly less aggressive, less 
active in an open field, and preferred a rat to a mouse in à 
two choice social preference test. Further experiments 
established that one of the principal variables involved in 
these shifts in behaviour was the rat mother. 

More recently. Swiss-Albino mice were fostered to rat 
mothers to study the relationship between open field 
activity and corticosterone from the adrenal gland®. At 
weaning, blood was collected for the assay of corti- 
eosterone by killing immediately or after exposure to a 
novel stimulus, while other mice were tested in the open 
field. The rat-reared mice gave a lesser corticosterone 
response to the novel stimulus than mouse-reared mice. 
and rat-reared mice were also less active than control 
mice. 

The rat mother could be influencing the mouse offspring 
either (a) through her behavioural interaction with the 
pups between birth and weaning, or (b) through bio- 
chemical factors present in her milk. To bypass the 
problem of rat milk influencing the mouse offspring we 
put nonlactating adult female rats ("aunts") together with 
pregnant female mice in the expectation that the rat 
would engage in many of the usual maternal caretaking 
activities while the mouse would supply the milk for the 
young. This expectation was based on the work of 
Rosenblatt® who showed that non-pregnant female rats 
performed a variety of maternal behaviours including nest 
building, retrieving and hovering over the voung. A 
pilot study established that the rat aunts did behave 
maternally toward the mouse offspring. while the mouse 
mothers maintained sufficient contact with their pups for 
adequate nursing. In addition, post-mortem examination 
of the rats’ mammary glands revealed no evidence of 
milk. This report deseribes our first two experiments on 
the rat-aunt preparation. 

In the first experiment, Purdue-Wistar female rats to 
be used as aunts were “primed” before being placed with 
mouse litters by placing the non-lactating female into a 
cage containing a rat mother and her pups. The aunt was 
left there for 6 days and was then placed in a large plastic 
cage (9 inches x 18 inches x 6 inches) with a Swiss-Albino 
mouse mother and her 4-day-old pups. The aunt remained 
with the litter until weaning at 21 days. Control pups 
were reared in smaller plastic cages (6:5 inches x 11 inches 
x 5 inches) until weaning. All mouse htters were reduced 
to eight pups maximizing the number of rales. 

At weaning, two mice from a litter were killed im- 
mediately and their blood was pooled to obtain resting 
concentrations of corticosterone’. Two others were 
isolated in cans containing shavings: 30 min later they 


Table 1, 


No. of 
litters 


No. of 
. subjeets 
First experiment 


Per cent survival (arc sin) 
Body weight 


Corticosterone (ugi 100 ml.) 
Resting concentration 
Experimental concentration 
Activity 

Second experiment 

Weaning data 

Per cent survival (are sin} 9 


x 
15 60 hue 


15 30 i 
15 30 32 
15 30 IRG 


200-day data 


Corticosterone (2/100 ml.) 6 ZI 
Activity 6 


* Numerator: No, alive at weaning: denominator: No, alive at birth. 


15 116/120* Sei 
Á 


sur 175/80 83-20 
Body weight (g) g 61 12:74 


10-40 
21 141:07 
P< OOS. 





T3 


were removed and blood was collected. The bodies of ali 
dead mice were then weighed to the nearest 0-1 g 

Two other mice were placed on a black open field 
divided into sixty-four squares (4 inches on a side) by 
thin white lines. The number of squares entered in 3 min 
was recorded. 

In the second experiment, the procedure of priming rat 
aunts required elaborate scheduling te assure that they 
received 6 days of experience with a rat litter before being 
placed with a 4-day-old mouse litter. Nine non-lactating 
Purdue-Wistar female rats were therefore placed with 
pregnant Swiss-Albino mice approximetely 3 days before 
expected parturition, while nine other pregnant muee 
were randomly assigned to the controk group. The same 
sized cages were used here as in the first experiment 
but in this case litter size was not kep! constant. 

At weaning, the survival percentage for each litter and 
the body weight of the survivors were recorded. The 
males were then group housed until they were 200 days 
old. At that time each mouse was given a 3 min open 
field test in the same apparatus as used in the first 
experiment; blood was collected immediately afterwards. 
Approximately 5 min had elapsed from the tine that the 
animals were removed from the coloay room until they 
were killed. 

The results are summarized in Tabe 1. For each end- 
point (except survival percentage) the between litter 
mean square was tested against the sabjects within litter 
mean square to determine the appropriate error term. 
In all cases there was no significant between litter vari- 
ance, and so the individual animal vas used as the unit 
of analysis. 

The presence of the rat aunt dic not interfere with 
adequate rearing of the mouse litter as indexed by the 
survival percentage (the mean survival percentages in 
Table 1 are given in are sin values) and body weights at 
weaning. This was true even thcugh the priming of 
rat aunts differed in the two experiments. 

In the first experiment the mice tended by aunts had a 
significantly lower corticosterone response to the novel 
stimulus of being isolated for 30 min (P«005) in 
addition. the aunt group was less active in the open field 
than the control group: the difference was not significant 
although it was in the expected direction. 

In the second experiment testing was approximately 
6 months after weaning. Again a significant corti- 
costerone difference was obtained with the group tended 
by aunts, yielding a lower valus than the controls 
(P001). As in the first experiment the aunt group 
had lower activity than the controls, but not significantly 
8O. 

We have previously found that Swiss-Albino mice 
reared by rat mothers and tested a: weaning give a lesser 
corticosterone response to a novel stimulus and are less 
active in the open field’, In the first experiment we then 
reproduced the significant corticesterone difference at 
weaning using the rat aunt, and in the second experiment? 
we showed that this is a long-term relatively permanent 





SUMMARY OF RESULTS OF THE TWO EXPERIMENTS 


Control 
nienn 


NO. of 
litters 


No, of 
subjeets 


Experimental l 
mean = df 
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effect, for it persisted until rats were 200 days old. We 
also found that the groups tended by aunts were less 
aetive in the open field in both experiments, although 
neither difference was significant. In five previous 
studies using rat mothers the mouse reared by a rat was 
less active!-?; this difference was significant in four of the 
experiments. Thus the rat aunt preparation has the same 
qualitative effect on open field activity as the preparation 
rat mother, but to a somewhat lesser degree. We can 
conclude from these data that the changes in adreno- 


mothers and young. rather than through biochemical 
differences in the milk of rat and mouse mothers. We 
also conclude that these changes persist into adulthood. 

This work was supported in part by a grant from the 
National Institute of Child Health and Human Develop- 
ment, US Public Health Service. K. M. R. and R. P. are 
predoetoral trainees supported by US National Institutes 
of Medical Health training grants. 

(The word preparation is used here in the biological! 
sense of a specially prepared organism.) 
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In vitro Production of Chromosomal 
Lesions with an Argon Laser 
Microbeam 


Tug development of the laser microbeam has made 
available an additional tool for seleetive probing of 
cellular organelles. Individual mitoehondria have been 
studied successfully by Bessis and his colleagues, using a 
ruby laser mierobeam!. The large mitochondria of beating 
rat heart cella have been extensively investigated using an 
argon laser mierobeam arrangement (unpublished results 
of D. E. R. and N. Gamaleja). Another organelle which 
it would be important to manipulate is the nucleus with 
its nucleolar and chromosomal components. It seemed 
reasonable to assume that, given a compatible in vetro 
culture system and laser microbeam apparatus, lesions 
could be placed on predetermined sites of selected 
chromosomes. 

The culture system chosen for initial studies was devised 
for salamander lung tissue explants’, chosen for their hardi- 
ness, the presence of numerous well spread dividing cells, 
and the large size of the chromosomes. Explants were 
prepared by removing the pulmonary sacs from freshly 
killed animals and transferring them to sterile amphibian 
Ringer solution in which they were cut into pieces 1-2 mm 
square. Three pieces were placed 4-5 mm apart across a 
43 x 50 mm coverslip and then a strip of dialysing mem- 
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brane was placed over them. Multipurpose Rose 
chambers? were constructed, with the coverslip and 
explants as the bottom plate. Approximately 3 ml. of 
modified Eagle's medium! was introduced into the chamber 
and the explants were incubated at room temperature for 
1-3 weeks, after which many cells were observed in 
mitosis. 

The argon ion laser used was a Hughes model 3043H 
which emitted pulsed coherent light principally at wave- 
lengths of 5145 A (40 per cent} and 4880 A (25 per cent) 
with substantially less power emutted at 5017 A (10 per 
cent), 4965 A (10 per cent) and 4579 A (5 per cent). 

The beam, which emergcd from the laser with a diameter 
of approximately 3 mm, was reflected downward 90° by an 
aluminized front surface mirror, through an aperture in a 
circular mirror rotating synchronously with the emitted 
laser pulses, into the x 6 ocular and x 100 oil immersion 
objective of a phase-contrast microscope. The subject 
image projecting upward from the ocular was redirected 
90° by the circular mirror into either an adjacent television 
camera connected to a closed circuit monitor, or a photo- 
graphic tube connected to a camera. Illumination was 
provided by a standard tungsten filament light source. 

Beeause chrornosomes do not strongly absorb the wave- 
lengths of the argon laser, acridine orange was used as a 
photosensitizing agent. This non-toxic (in appropriate 
concentrations) vital dye is primarily bound to the lyso- 
somes, and to a lesser degree to the ehromosomes*. Im- 
mediately before laser treatment the culture medium was 
drawn out of the chamber with a syringe, and a 0*0025 per 
cent solution of acridine orange and balanced salt solution 
was introduced for 5 min. The chamber was washed 
twice with fresh culture medium and a third change of 
medium was left in the chamber for irradiation. Because 
the lysosomes were photosensitized by the dye, the 
chambers were maintained in the dark until they were 
put on the microscope stage. The illumination from the 
tungsten light source was passed through two Wratten 
No. 22 filters to avoid light absorption by the vital dye, 
and before firing the laser a check was made by moving 
the fine adjustment of the microscope to determine that 
there were no granules bound to acridine orange (presum- 
ably lysosomes) above, below or just next to the chromo- 
somes. Absorption of the laser energy by these particles 
could cause secondary damage to the chromosomes, thus 
confusing interpretation of the results. With this system, 
apparently healthy cells could be observed for several 
hours. 

The results of focusing the laser on arms of individual 
condensed chromosomes in an anaphase figure are 
illustrated in Fig. 1 A~D. Lesion a (Fig. 1 B) was created 
by foeusing the laser at the spot on the chromosome 
indicated in Fig. 1.4 (arrow). The laser was fired once at 
peak output and the subsequent lesion was observed 
immediately after the laser discharge. A second chromo- 
some of the same cell (arrow, Fig. 1 C) was irradiated 
three times in 10 s at adjacent points across the chromo- 
some. Lesions of both a and b type were obtained 
repeatedly in different cells from the same and other 
culture chambers. The effective laser spot diameter was 
0-6--0-8 microns for both lesions a and b. It is important 
to refer to the “effective” spot size because the actual 
diameter of the focused spot may be several microns in 
diameter. The cross-section of the laser beam is not 
uniform in power density (the centre of the laser beam 
often has more power than the periphery), and so the 
focused spot would have higher energy in the centre. 
This result, together with the fact that different structures 
have different thresholds of sensitivity, means that we 
must deseribe the spot size in terms of the area of the 
observed visible damage to the particular structures 
irradiated. A more detailed description of the laser 
arrangement will soon be published, and we anticipate 
being able to provide a more accurate means of measuring 
laser output and spot size at that time. 
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Less severe lesions were also produced. These appeared 
as lightened spots at the point on the ehromosomes where 
the laser was focused. The chromosomes appeared normal 
in all other respects. This tvpe of lesion is similar to the 
chromosome paling obtained with an ultraviolet miero- 
beam*. 

It has usually been difficult to alter selectively sites on 
chromosomes because of either the non-discriminant 
chromosomal and genic action of most chemical and 
physical mutagens, or the technical problems of adapting 
the equipment to micro-irradiation. With the laser, a 
coherent, monochromatic, high-energy beam can be 
focused with normal microscope optics to an extremely 
precise foeal point. Such a beam of hght ean be used to 

ereate chromosomal lesions of less than a micron in 
living cells. 


Anaphase chromosomes irradiated with argon laser microbeam. 


Fiz. 1. 
chromosomes: the arrow indicates site of first irradiation; B., 
caused by firing the laser at the point indicated in preceding picture: 


point on chromosome where laser was fired three times; D, lesion b caused by three succes- 
sive laser shots across the chromosome at point indic ated in preceding picture. 


is the same in all four pictures, 


There are limitations of the system. The fact that a 
photosensitizing agent has to be used creates problems 
of secondary effects and survival. As more powerful 
argon lasers become available, however, it may be possible 
to lower the concentration of dve or even omit it. The 


same problem may be dealt with by the dey elopment of 


lasers of different wavelengths. 

The production of lesions on selective sites of salamander 
lung cells in vitro suggests the feasibility of devising in 
vitro systems with other cell types. It should also be 
possible to follow particular lesions through daughter cells, 
investigate the phenomena of chromosome injury and 
repair from a new perspective and approach manv 
evtogenetie problems with this promising tool. 

This work was supported by the US Army Medieal 
Research and Development Command, Offiee of the 
Surgeon General. 
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A, Non-irradiated 
arrow indicates lesion a 
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Bloom, W., and 


Importances of Polar Groups for 
initiating Blood Coagulation and 
aggregating Platelets 


HAEMOSTASIS and thrombosis are thought to involve a 
reaction between the blood and the diseased or damaged 
walls of blood vessels, but little is known about the 
chemical nature of the process. It is, however, known 
that collagen, which is present in the walls 
of blood vessels, will aggregate platelets 
in vitro? and will also initiate the blood 
clotting mechanism’. These properties of 
native collagen with an intact triple helical 
structure are, however, lacking in the de- 
natured random coil form}. Furthermore, 
selective blocking of polar groups on the 
native collagen molecule specifically inhibits 
either the ability to aggregate platelets or 
to initiate clotting. In the hight of these 
and other observations listed in Tables 1 
and 2, we wish to propose that rigidlv spaced 
polar groups eonfer on substances the ability 
to aggregate platelets or to initiate clotting 
by activating the Hageman factor. 

It is suggested that adsorption of Hage- 
man factor to rigidly spaced negatively 
charged sites on the activator is associated 
with conformational changes which manifest 
themselves as biological activation. The 
requirement for adsorption is indicated by 
the correlation between inhibition of Hage- 
man factor activation and adsorption’, The 
importance of negatively charged sites has 
been suggested previously on the basis of a 
correlation between the ability of inorganic 
materials to adsorb positively charged 
toluidine blue and to aecelerate plasma 


C. arrow indicates clotting’. The free carboxyl groups of colla- 
gen are critical for the activation of 

PS Hageman factor because esterification of 

these groups abolishes the Hageman 


Of more general significance are 
activators 


activating ability’. 
the facts that all known Hageman factor 


have negatively charged sites and that neutraliza- 
tion of these sites by adsorbed cationic proteins or 
dyes is associated with loss of activity (Table 1), 


The suggestion that rigid spacing of the charged sites 
is Important is based first on the findings of Ratnoff and 
Crum concerning Hageman factor activation by uae 
acid and its congeners’. 
structure provided by jactone. bridges. ig 
activation of Hageman factor. Such rigidity 


enüsal E or 
of atructure 


Table 1. HAGEMAN FACTOR ACTIVATORS 
Activators Negatively charged sites Inhibition by 
Collagen COO- on glutamic and (1) Loss of helical structure‘ 
aspartic acids (2) Esterification 
(3) Addition of evtochrome 
tysozyme 
spermine 
Glass O- Y 
Celite O- | 
Kaolin O- f 
Í Cytochrome ¢ 
Pia Lysozyme 
ODE N Spermine 
Ellagie acid OH- 2 Ribonuclease 
hs i , 
Sodium stearate COO- | Do Methyl ester* 


* Newly reported here. 


Table 2. PLATELET AGGREGATORS 
Charged sites 


a NH. {E~ (1 
amino of {2 


Aggregating agent Inhibition by 


Collagen ) Loss of helical strueture* 
) Treatment with DNFB 


lysine) Nitrous acid 
. N-acetylation 
(3) Suecinylation® in which 
NH, is replaced by CO 
CHCH, COCH, aggre- 
gates platelets about 25°, 
as effectively as control 
collagen 
Polylvsine 100,000 mol. wt. —NH,* DNFB treatment t 
40,000 mal. wt. 
CH, 
i 
Hexadimethrine bromide ~(CH)3-~N* Heparin 


(20 ug heparin inhibited 
i mg hexadimethrine) 
Methyl ester cytochrome ¢ (2:5 
mg stearate neutralized by 
1:8 mg evtochrome), 


Sodium stearate -—COO0- 


The ability of substances to aggregate platelets in citrated platelet rich 
plasma was studied by the turbidimetric method of Born". The exact 
procedure used was as previously described?. 


* The collagen was succinylated as described by Gustayson’’, 
+ DNEB treatment of polylysine was as for collagen’. 


implies rigid spacing of the charged sites. Similarly the 
charged sites on the collagen molecule must be fixed 
to a greater extent in the active native molecule than in 
the inactive random. coil form. 

Platelet aggregation is a more complex process than 
Hageman factor activation, being perhaps more analogous 
to the clotting process as a whole. It is therefore not 
surprising that a considerable variety of platelet aggrega- 
tors is known including collagen, aggregated gamma. 
globulin, antibodies, proteolytic enzymes (thrombin, 
trypsin), nucleotides (adenosine diphosphate) and amines 
(adrenaline, noradrenaline and 5-hydroxytryptamine)’. 
It is suggested that rigidly spaced positively charged 
groups are a critical property of one group of chemicals 
which cause platelet aggregation and that negatively 
charged groups are of some, though lesser, importance. 
The importance of positively charged groups is indicated 
by the virtual loss of platelet aggregating activity associ- 
ated with replacement of the free amino groups of collagen 
by non-polar groups*. In contrast, neutralization of the 
free carboxyl groups did not affeet ability to aggregate 
platelets. Platelet aggregation by polylysine is prevented 
by neutralizing the free amino groups and hexadimethrine 
bromide (polybrene)? is inactivated by negatively charged 
heparin (Table 2). Other cationie polypeptides such as 
lysozyme, trasylol and protamine sulphate have been 
reported to aggregate platelets’. The basis for suggesting 
that rigid spacing of the groups is important, is the finding 
that the powerful platelet aggregating effect of collagen in 
the native triple helieal form is lost by conversion to the 
denatured random coil formë. 


centrations and the aetion of sodium stearate is inhibited 
by cationie proteins such as cytochrome e (Table 2). 
Suecinylated collagen, in which about 95 per cent of the 
epsilon-amino groups are replaced by carboxyl groups”, 
retains some, although significantly reduced, ability to 
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that the two processes can occur separately and quite 
independently. "Phe finding that the biologieal effeets 
of activators depend on free polar groups should facilitate 
eharaeterization of activators as well as identification 
of the chemical groups on the Hageman factor and on 
platelets which react with those on the activator. The 
information may also be helpful in the selection and 
modification of materials used for intravascular prostheses. 
This work was supported by grants from the US 
National Institutes of Health. We thank Mrs Rosario 
Hsieh and Mr Michael Drillings for their assistance. 
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Effect of Phytohaemagglutinin on 
Plaque Forming Cells in the 
Mouse Spleen 


THERE have been several reports of the in vivo effects 
of phytohaemagglutinin (PHA) on the primary immune 
response, but the conclusions are equivocal and the mode 
of aetion of PHA is still far from clear. Elves! has recently 
shown that PHA acts as an immunosuppressor exclusively 
on the produetion of humoral antibody. provided both 
the PHA and the antigen are given intraperitoneally. 
Apart from this special case*5, the effect of PHA on 
immunologieal reactions has been stimulatory rather than 
suppressive^?*, Histological examinations!-? and dif- 
fusion chamber experiments? have shown that n vivo 
treatment with PHA results in à pronounced increase 
in the number of immunoblast-like cells. Nevertheless 
it is not yet clear whether this effect has any relationship 
to the immunological results. We therefore decided to 
determine whether PHA has an effeet on the response of 


51 


received intravenously 10 mg/kg of PHA (PHA-P (Difeo) 
reconstituted with saline before use, maximal tolerated 
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with 10 mg/kg of PHA; 









Effect of PHA on antibody response to sheep erythrocytes in mice. i 
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A, Titration for total antibody; BB, calculated data of ZME 
@. Group J, intravenous pretreatment daily for 3 days 


intraperitoneal pretreatment daily for 3 days with 10 mg/kg of PHA: A, group IV, intraperitoneal pretreatment daly for 3 dave with 


100 mg/kg of PHA; 


dose) daily for 3 days and antigen on the fourth day 
(group I). Another group of twenty-five animals was 
treated with the same intravenous dose of PHA after 
immunization (group Il) In a parallel experiment ten 
animals (group III) were treated intraperitoneally on the 
same schedule as group I Group IV (five animals) 
received intraperitoneally 100 mg/kg of PHA daily for 
3 days and were immunized on the fourth day. In the 
control group (group V) saline was used instead of PHA 
before administration of antigen. Direct and indirect 
plaque examinations were carried out in parallel, using 
spleen cell suspensions obtained on the third, fifth and 
twelfth days from five animals each from groups I, H 
and V. A rabbit anti-mouse IgG antibody was used at a 
dilution of 1 : 200 as a developing antiserum in the indirect 
plaque technique. The morphology of the 195 haemo- 
lvsin synthesizing cells was examined microscopically as 
described by Sterz]l et altt, 

Serologieal tests were performed on sera from ten 
animals each in groups I, H, HI and IV, taking alternately 
pooled samples from five animals from each group every 
other day. The haemolysin titre was determined by 


Table 1. 


. control. 


Takatsy's microtitrator method. Part of the sample 
was treated with 2-mercaptoethanol (2-ME) to assess the 
relative amounts of 2.ME resistant (78) and 2. ME sensi- 
tive (19S) haemolysing antibodies!*. 

In accordance with the results of Elves*, we found that 
the route of administration is important in determining 
the character of the PHA effect (Fig. 1). On pretreatment 
by the intraperitoneal route, the 10 mg/kg daily dose of 
PHA completely inhibited the production of Z2-ME resist- 
ant haemolysins, as Gengozian? also noted. Increase of 
the daily intraperitoneal dose also resulted in inhibition 
of the production of 2-ME sensitive antibodies. PHA 
administered intravenously produced a different effect: 
in group I, pretreatment with PHA accelerated the early 
2-ME sensitive haemolysin producing phase. Post- 
immunization treatment with PHA intravenously caused 
a sudden rise of the 2-ME resistant titre, which reached 
an unusually high value by the fourth day. 

Morphological observations made on spleen cells from 
group IT mice on the third day showed that the 195 
haemolysins were produced almost exclusively by cells 


which resembled the blasts developing in the Ivmphoeyte 
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HETEROHAEMOLYSIN PLAQUE FORMING CELLS 


Day after Type of 
immunization antibody 
Control (V) 3 195 4. 
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* Prolymphoeyte, immature plasma cells and other immature intermediate shapes (Hamatologische Tafeln, Sandoz). 
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culture after treatment with PHA. These cells were 
larger and had a more bizarre shape than the blasts 
oecurring in large numbers in the centres of control 
plaques. In contrast to control preparations, a few 7S 
haemolysin producing cells were found in group II by 
the third day. 

In group I, the morphological distribution of the dif- 
ferent types of haemolysin producing cells was of a 
more mature character than in the controls. The percent- 
age of active blast cells decreased substantially, while the 
proportion of 19,25 haemolysin synthesizing lymphocytes 
and plasma cells inereased. The cells producing 7S 
haemolysin appeared in this pretreated group as early as 
the third day. Their number at that time was as high as 
the number of control 7$ haemolysin synthesizing cells 
on the fifth day. On subsequent days, the serum haemo- 
lysin titres and the absolute plaque counts had increased 
in the animals treated intravenously with PHA. 

Our findings correlate well with those of Gamble’, 
Singhal® and Elves*. These data and the considerable 
acceleration of skin rejection in an H-3 system following 
treatment with PHA after transplantation" provide 
further support for the stimulatory effect of intravenous 
PHA on the various immune reactions. After skin trans- 
plantation, 10 mg/kg of PHA was given daily for 3 days. 
The immunosuppression following the intraperitoneal 
PHA treatment probably restilts from the failure of the 
antigen to gain access to the lymphoid organs owing to 
the effect of PHA on the peritoneal eavity!. 

in our experiments, intravenous treatment with 10 
mg/kg of PHA daily for 3 days did not influence the 
number of the background plaque forming cells!’. 

In short term lymphocyte culture, the cells stimulated 
with PHA or staphylococcus filtrate responded more 
readily to either stimulus, to tuberculin antigen and to the 
mixture of the two different lymphocyte populations", 
On the basis of our experimental results it seems highly 
probable that PHA acts in a similar way both in vivo 
and in vitro, and so the phenomenon observed in the in 
vitro restimulation experiments!!! may to a certain 
extent be à consequence of the in vivo non-specifie stimu- 
latory action of PHA. It is likely that some of the cells 
which are responding to PHA in vivo seem also to have 
become involved in the sheep cell response. 

Our data clearly indicate that the intravenous treat- 
ment with PHA effects an acceleration of the cytokineties 
of heterohaemolysin producing cells. Intraperitoneal 
administration of antigen after intraperitoneal treatment 
with PHA is not a suitable model for the assessment of 
the immunosuppressive action of PHA. Our experi- 
mental results nevertheless do not exclude the prob- 
ability that very high doses of PHA may have a com- 
paratively mild immunosuppressive action. 

We thank A. J. S. Davies of the Chester Beatty Research 
Institute, Institute of Cancer Research, London, for 
valuable help and advice. 
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Physicochemical Characteristics of 
Rubella Antigens Theta and lota 


Two distinet, specific, "soluble" precipitinogens—0 and : 
—have been detected by immunodiffusion in concentrates 
of medium from pig kidney cell cultures (PS-RV) ehronic- 
ally infeeted with rubella virus. Antibody reactants have 
included convalescent phase sera from rubella patients 
and sera of hyperimmunized baboons. I have already 
described! the preparation and assay of antigen concen- 
trates and I now describe some of the physicochemical 
properties of the two antigens. 


Table 1. EFFECT OF DIFFERENT AGENTS ON THE ACTIVITY OF THETA AND 
IOTA PRECIPITINOGENS IN MEDIUM CONCENTRATES FROM PS CULTURES 
CHRONICALLY INFECTED WITH RUBELLA VIRUS (Mag STRAIN?) 

Treatment Antigenic activity after 


{Figures denote final concentration of agent treatment, relative to 
in the mixture) untreated control (= 1): 


6 $ 
Heat: 387? C, 18 h 1 1 
55? C, 20 min <Q] 1 
Freeze-drying ^ 0-25 ~ OS 
Sodium metaperiodate: 25 mM, 20° C, 4h 1 1 
Acetone: 33 per cent v/v, 4° C, 0-5 h 1 1 
Diethyl ether: 33 per cent v/v, 4? C, 6 h i 1 
Sodium deoxycholate: 20 mM, 87° C, 1h 16í-2)»* 1 
Trypsin: 1 per cent w/v, 37° C, 1h 0:5-0-25t 1-0-5 
1 per cent wiv, 37° C, 4 h «(01 M0: 
a-Chymotrypsin: 0-5 per cent w/v, 372 0,2 <l 0-25—-0-1 
2-Mercaptoethanol (37? C, 0-5 h): 0-03 M «0 1 
l 0-1 M «0 ~ OS 
2-Mercaptoethano! (ü 13 M) í 37° C, Osh < Ol cz 


Sodium dodecyl sulphate (35 mM) ! 


* Variable enhancement of @ activity in some preparations. 
t There may be an initia; enhancement of 0 activity, up to 2 x or more, 


: before the diminution. 


The effeets of various physieal and chemical agents on 
0 and : are shown in Table 1. Exposure to a temperature 
of 55° C reduced the 0 reactivity of a PS-RV concentrate 
by 50—75 per cent in 5 min, and to undetectable levels 
(« 10 per cent) in 15-20 min, whereas the t reactivity was 
hardly affected after 48 h at this temperature. When 
heated, 9 lost its ability to absorb out anti-Ü precipitin 
from antiserum, suggesting that the effect of heat is to 
denature the antigen rather than to render it non-diffusible 
because of aggregation. About half the « activity. and 
rather less of the 0 activity, was recovered after freeze- 
drying. Both antigens were resistant to ether, sodium 
metaperiodate and sodium deoxycholate, but were 
sensitive, to a different degree, to proteases and to 2- 
mercaptoethanol. Treatment with a combination of 
2-mercaptoethanol and sodium dodecyl sulphate com- 
pletely destroyed the activity of both 0 and 1, presumably 
splitting them into their component polypeptides. 

In previous experiments!, the 0 and t determinants were 
present on separate particles, and the position of the pre- 
cipitation equivalence zone for each antigen indicated 
that these particles diffused more easily in agarose than 
the whole rubella virion, and were evidently much smaller 
in size. As expected. neither antigen was sedimented in a 
significant amount from unconcentrated culture medium 
spun at 105g for 3 h, a force sufficient to bring down intact 
virus!. The size of the 0 and + antigenic particles has been 
further studied by rate zonal sedimentation in sucrose 
gradients. 'The results, together with details of procedure, 
are given in Fig. LS. The sedimentation coefficients for 
both antigens were between 4S and 7S. Preliminary 
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Fig. 1. Buoyant density and sedimentation velocity of rubella theta and iota precipitinogens. Antigen 
concentrations were assayed by immunodiffusion, as previously described'. Hyperimmune standasd 
antiserum from a single baboon was used throughout. BPB, Bromphenol blue colour intensity, estimated 
by eye. C, Equilibrium centrifugation in a preformed linear caesium chloride density gradient (successBre 
0-9 ml. layers of 30, 26-25, 22-5, 18-75 and 15 per cent, w/w, in 0-15 M NaCl, 0-1 M iris, pH 71:6: 0:2 ml of 
PS-RV concentrate was mixed with 0-1 ml. of 1 per cent bromphenol blue (BPB) as a marker for albumis’, 
introduced into the 26-25 per cent CsCl layer, and spun at 40,000 r.p.m. for 44 h in the SW50 rotor 
of a ‘Spinco L' ultracentrifuge; twenty-seven fractions (each of three drops, ~ 0:18 ml) were collected wy 
puncturing the bottom of the centrifuge tube. Densities (o) were determined by weighing 100 al. amouats 
of alternate fractions. S, Rate zonal sedimentation in preformed linear sucrose gradients (successive 0-9 zl. 
layers of 33, 30, 27, 24 and 21 per cent, w/v, in tris-saline, pH 7-6): 0-2 ml. of PS-RV concentrate was mixed 
with BPB as above, layered on top of the gradient, and spun at 35,000 r.p.m. for 20 h; forty-four 2-dreop 
fractions (each ~ 0-11 ml.) were collected as above. Human serum containing IgG anti-8 antibody was 
mixed with BPB and centrifuged in parallel; M rono piraan of precipitin was measured as previously 
escribed!, 


results of exclusion chromatography on ‘Sephadex G-200' 


also show that t is close in molecular size to bovine serum _ 


albumin, although 0 seems to be somewhat larger. 

Antigen concentrates have been examined by equili- 
brium centrifugation in caesium chloride density gradients 
(Fig. 1C). The results indicate that both the 0 and : 
determinants are carried on particles with buoyant 
densities in the range of 1-27-1-31 g/ml., with maxima of 
1-30 for 0 and 1-28 for 1. Whereas the 0 particles seem 
to be relatively homogeneous, those associated with : 
activity show a broader spread both of density and of 
sedimentation rate. 

In conclusion, both antigens seem to reside in molecules 
largely or entirely composed of protein, intermediate in 
size (and therefore probably in molecular weight) 
between bovine serum albumin and human immunoglobu- 
lin G. Of the two molecules, the one carrying 9 is the more 
heat-labile, sensitive to sulphydryl reagents and rapidly 
destroyed by proteases, and available evidence indicates 
that it is denser, more swiftly sedimenting and apparently 
larger than +. 

So far there is no suggestion that lipid or carbohydrate 
participates in the antigenic configuration of either 0 or t. 
Of relevance to the possible association of 6 and/or v with 
the rubella virion is the report* of a precipitation reaction 
apparentlv involving larger particles, up to the size of 
whole virions. More recently Liebhaber and I (unpub- 
lished observations) have detected the “a” type of immune 
precipitate? characteristic of aggregated virus particles. 
using density-gradient fractions containing high concentra- 
tions of virions derived from infected Vero cells*. The 
relationship of these large-particle reactions to those given 
by 9 and t is at present under study, When and where the 
two molecules appear in infected cells, and what part they 


play in viral synthesis, are questioas whieh have still to 
be answered. 

I thank Dr A. Schluederberg ane Dr H. Liebhaber for 
discussion and advice. This work was supported by a 
grant from the National, Foundati«n. 
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Inhibition of Phagocytosis by 
Anti-macrophage Antibodies 





vitro in the absence of serum by “issue culture monolayers 
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of peritoneal macrophages derived from the injected mice. 
In the course of studies on this enhanced phagocytosis we 
found that anti-macrophage antisera inhibited erythro- 
phagocytosis and we report here our preliminary findings. 

Mice of the C3H strain were treated with PHA or calf 
serum’. In essence, the mice received either three 24 
hourly injections of PHA or six 24 hourly injections of 
calf serum. Peritoneal cells were obtained 24 h after the 
last injection of PHA or calf serum as deseribed earlier! 
by flushing out the mouse peritoneal cavity with tissue 
culture medium TC 199 (Glaxo), TC 199 containing the 
peritoneal cells was then diluted without centrifugation 
to a concentration of 2 x 105/ml. with additional TC 199. 
One millimetre of the cell suspension was inoculated into 
Leighton eulture tubes and the maerophages allowed to 
adhere for 15 min at 37° C. Cultures were washed with 
TC 199 and antisera diluted from 1 in 2 to 1 in 64 with 
TC 199 were added in 1 ml. volumes to the macrophage 
monolayers. Triplicate eultures were set up for each 
dilution of antisera. Control cultures received either 1 ml. 
of TC 199 or dilutions of serum taken from animals before 
immunization with macrophages. All sera were decom- 
plemented. The cultures were then incubated at 37° C 
for 45 min, washed in TC 199 and inoculated with 1 ml. 
of 0-5 per eent chicken erythrocytes diluted in TC 199. 
After a further incubation at 37^ C for 1 h, all cultures 
were washed in saline and stained with Jenner—Giemsa. 
Five hundred maerophages were counted from each eulture 
and the number of macrophages with erythrocytes 
attached or ingested was recorded. 

Anti-macrophage antisera were prepared by lysing 
washed monolayers of macrophages, obtained from normal 
uninjected mice, with distilled water. This cell lysate 
containing the equivalent of approximately 107 macro- 
phages was injected intravenously into rabbits twice 
weekly for 5 weeks. Rabbits were then bled out and the 
serum was kept at — 20° C until further use. 

In other experiments, rabbits were immunized twice 
weekly for 3 weeks with 1 ml. of a 50 per cent suspension 
of mouse erythrocytes. Rabbits were then bled out and 
the serum was stored as before. 

Haemolytic antibodies were estimated as described 
before for chicken erythroeytes'. Antibodies lytie for 
mouse macrophages were titrated by adding various 
dilutions of rabbit antisera to monolayers of mouse macro- 
phages in Leighton tubes in the presence of heated or 
unheated guinea-pig complement. Control cultures con- 
taining complement, heated and unheated without rabbit 
antisera, were also set up. AH cultures were incubated 
for 1 h at 37° C and the percentage of cells staining with 
trypan blue was estimated for each culture. 

Tests for lytic antibodies:to lymph node lymphocytes 
were designed as for macrophages except that cell sus- 
pensions were used instead of cell monolayers. 

Table 1 illustrates the properties of one typical anti- 
macrophage antiserum and one anti-erythroeyte anti- 
serum. The same results have been obtained with other 
sera similarly prepared. It is clear that the anti-macro- 
phage antiserum inhibited phagocytosis of chicken ery- 
In addition, the serum contained antibodies 


Table 1. PROPERTIES OF ANTI-MACROPHAGE ANTIBODIES 


Titre of antibody 


Coll-ty pe used for ‘Titre of antibody lytic for inhibiting phago- 


preparation Mouse Mouse eytosis of chicken 
of antisera erythrocytes macrophages erythrocyte 
Mouse erythrocyte 15128 1:16 1 DAD 
Monse macrophage 1:32 1:833 1:16 
The titre of the phagocytosis-inhibiting antiserum was taken as the highest 


dilution which reduced the number of macrophages with erythrocytes 
attached or ingested by 50 per cent. Normal serum samples were taken asa 
oase Hine. 

"The titre of lytic antibodies was taken as the highest dilution lysing 50 per 
cent of the target cells. In the case of erythrocytes, the 50 per cent end-point 
was estimated macroscopically and, in the case of macrophages, numerically 
bv counting the proportion of cells staining with trypan blue. 
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ating or lysing lymph node lymphocytes. Pre-immuniza- 
tion serum samples contained no detectable antibody 
activity. Table 1 shows that the rabbit anti-mouse 
erythrocyte antiserum possessed similar properties to the 
anti-macrophage antiserum. 

The demonstration of the inhibition of phagocytosis in 
vitro substantiates earher reports which have also illus- 
trated that anti-cellular antisera can inhibit phago- 
eytosis^?. The mechanism of this inhibition is far from 
clear. If it is assumed that erythrophagocytosis by mouse 
peritoneal macrophages consists of an attachment phase, 
and an ingestion phase, for which there is good evidence?, 
then blockade of the attachment site by antibody would 
readily explain the inhibitory effect of anti-macrophage 
antiserum. Alternatively, as it has been shown that anti- 
mouse macrophage antisera are active inducers of pino- 
eytosis? it is possible that phagocytosis of large par- 
ticles such as erythrocytes is impeded in some fashion 
in cells aetively pinoeytosing. 

None of the sera tested showed any reaction with 
lymphocytes; this is in agreement with findings from 
other laboratories*?. It is interesting to note the cross- 
reaction between macrophage and erythrocyte. Antisera 
raised against both cells possess haemolytic antibodies, 
antibodies lytie for mouse macrophages and im addition, 
inhibit erythrophagoeytosis. This cross-reaction between 
the two cells substantiates the earlier report by Cohn et al.” 
This point is of particular importance in studies involving 
in vivo effects of anti-macrophage sera in mice because 1t 
is possible that the activity of the injected antisera might 
be absorbed out by the erythrocytes in vivo. 

This work was aided by a grant from the Medical 
Research Council. 
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Tumour Nodule Formation as an in vivo 
Measure of the Suppression of Cellular 
Immune Response by Antilymphocytic 
Serum 


Tue ability of antilymphoecytie serum (ALS) to suppress 
cellular immunity!, delayed hypersensitivity?? and hum- 
oral antibody responses* has been known for some time. 
Although only the primary humoral antibody response 1s 
suppressed it has been shown that ALS effectively sup- 
presses the immune response to both first and second 
set skin grafts*. The first practical application of ALS 
was to prolong graft survival, but recently there have 
been reports of the enhancement of virus pathogenicity’. 
emergence of latent virus strains and enhanced oncogen- 
icity of tumour viruses in vivo m animals treated with 
ALS. It is therefore apparent that ALS may become 
important in the study of pathogenic agents. 

We are particularly interested in the immtunosuppres- 
aive effects of ALS in order to make laboratory animals 
more susceptible to any malignant. effects of cell cultures 
that are potential substrates for virus vaccine produc- 
tion. Attempts are being made to replace so called 
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"primary" tissues, prepared from monkey kidney or 
chicken embryos which may harbour unw anted and often 
undeteetable viruses, by à standardized cell substrate, 
propagated in serial culture, which has been fully charac- 
terized and shown to be free from extraneous agents. 
It seems logical to include in their characterization a 
test for malignancy. The only tests for this at present 
are the inoculation of the hamster cheek pouch or newborn 
hamsters, which require an observation period of more 
than 6 months awaiting the development of tumours. 
A test giving a more rapid indication of the tumorigenic 
potential of cells would be most useful. 

The purpose of this report is to deseribe a simple 
in vivo method for measuring the suppression of the 
cellular immune response by observing the establishment 
of tumours by HeLa cells inoculated under the skin*. 

Antilymphoeytie serum was prepared by the method 
of Levey and Medawar". New Zealand white rabbits 
(4-5 kg) were given two intravenous injections, 14 days 
apart, of a single celled suspension of 10° thymocytes 
from weanling (8-10 g) female CBA mice. They were 
exsanguinated 7 days after the second injection and the 
serum was heated at 56° C for 30 min, before storing 
at —20 C. 

Three groups of twenty young adult CBA female mice 
(16-18 g) were used in the test (see Table 1); group 1 was 
given ALS, group 2 normal rabbit Secum (NRS) and 
group 3 physiological saline. Injections (0-25 ml.) of each 
substance were given subcutaneously on days 0, 1, 3, 10. 
17 and 22. HeLa cells which were in the log phase of 
growth were collected from monolayers grown on glass 
and suspended in physiological saline. The cells were 
inoculated into mice subcutaneously in the lower ventral 


mid-line region using a 02 ml. inoculum contamuing 
2x 10° cells. 
Table 1. GROUPS OF MICE USED IN THE ASSAY OF THE POTENCY OF ALS 
Group No. Serum or saline injection No. of mice 
] ALS 20 
2 NRS 20 
3 Physiological saline 20 


Table 2. INCIDENCE OF TUMOUR FORMATION BY HeLa CELLS IN NORMAL 


AND ALS TREATED MICE 
Incidence of palpable HeLa tumours on: 


Group No, Day 3 Day 14 Day 22 
l 20/20 19/20 19/20 
2 20/20 0/20 0/20 
3 20/20 0/20 0/20 


The HeLa cell suspension remained localized at the site 
of injection and by day 3 very small palpable nodules were 
present in all mice, In groups 2 and 3. which had not 
been treated with ALS, the nodules did not progress and 
by day 10 they had completely disappeared, indicating 
rejection by the mice (Table 2). The nodules in all but 





Fig. 1. 


CBA mouse with skin deflected showing 21 day HeLa tumour 
(arrowed). 
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one of the mice treated with ALS increased in size, the 
largest measuring 6-0x9-0 mm (Fig. 1). The nodules 
seemed to reach a maximum by day .4 and histological 
examinations of nodules taken on day 23 showed signs 


of necrosis (Fig. 2). 
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Fig. 2. Photomicrograph of HeLa tumour lo-lized in subcutaneous 


region of the skin. 


The results show that the cellular immune response of 
the mice treated with ALS was effectively suppressed 
for a sufficient period of time for the H La cells to establish 
themselves and proliferate to form visible tumours, 
whereas NRS had no effect on this response. This is a 
most important finding, for a rapic test for sereening 
candidate cell substrates for virus vaccine production 
may now be possible. So far only »ne tumour cell has 
been studied but this technique is being applied to other 
cell suspensions as well as to primary tissue in current 
use and the results will be the subjecs of a later report. 

Although detailed results of other experiments are not 
included here, it is noteworthy that preparations of ALS 
that had been shown by skin graft survival not to be 
potent were tested using the HeLa cel: suspension method. 
Two pools of ALS which gave skin graft survival times 
of 17:5 and 15-4 + 2-0 days respectively were considered 
to have inadequate potency (Medawar, personal communi- 
cations). When tested by the HeLa suspension method 
no tumours developed in any of the inoculated animals. 
The pool of ALS used in the tests had a graft survival 
time of 23 days and was considered to have adequate 
potency (Medawar, personal commumcation) and nineteen 
out of twenty animals inoculated developed tumours 
(Table 2). Thus skin graft survival times and HeLa 
tumour production seem completely compatible. 
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Comparative Study of the Rh-D Antibody 
Titres of Amniotic Fluids and 
Corresponding Maternal Sera in 

Rh-D Sensitized Pregnancies 


Ir has been well documented that the severity of erythro- 
blastosis foetalis resulting from maternal Rh factor sensi- 
tization is not always proportional to the titre of the 
mothers serum Hh isoagglutinins SE, The titre of Rh 
antibodies in cord serum from Hh negative infants of Rh 
negative mothers is usually equal to the titre obtained in 
the maternal serum except for saline agglutinins?. In 
cases of erythroblastosis resulting from Rh sensitization, 
however, it is not possible to aseertain how many Hh 
antibodies have passed into the foetal circulation, for 
such antibodies are absorbed by the infant’s Rh positive 


eelis. Rh antibodies may not be demonstrable in the 
infants serum except where excessive amounts (more 


than necessary to coat all foetal erythroeytes) have been 
aequired from the mother. 

At present it is assumed that maternal immunoglobulin 
G (incomplete, blocking or albumin active) Rh antibodies 
cross the placenta freely. The lack of eorr TEM between 
maternal Rh antibody titre and severity of the foetal 
disease has been explained in terms of variability of foetal 
response or the combining properties of Rh maternal 
antisera?. Yet studies of newborn infants from mothers 
with high titres of pohomyelitis antibodies!*, tetanus 
antitoxin!5, diphtheria antitoxin!7-?!, antistreptolysins and 
antistaphylolysina’!:*"™. pertussis agglutinins!5*:9?-9*, vac- 
cinia haemagglutinins?*, and blood group isoagglutinins?! 
have shown that many newborn babies have a much lower 
concentration of the respeetive maternal antibody in their 
sera than might be expeeted. Alternatively. cord blood 
serum from some infants at term has contained antibody 
equal to or exceeding up to five times that in the mother s 
serum. [t is difficult not to eonelude that there may be 
individual differences in the maternal-foetal barrier. and 
that the explanation of the lack of correlation between 
maternal Rh antibody titre and severity of the foetal 
disease may be partly a result of such variations. Possibly 
Rh antibodies do not cross the placental barrier freely 
and the maternal titre may not be indieative of the 
amount of antibody that is able to pass the barrier and 
attack the foetal eelis. Zuelzer and Kaplan?!. who investi- 
gated patterns of A and B isoantibodies in the cord blood 
of normal infants. concluded that the height of the 
maternal titre did not determine that of the foetal titre 
but merely governed its upper limit. Other factors. 
n residing in the placenta and varying from 

ase to case, seemed to be influencing the maternal foetal 
a ratios. Similar individual variations might be 
expeeted i in the amount of antibodies that find their way 
into the amniotic fluid. So far. however. there are very 
few data on the eontent of maternal antibodies in 
amniotic fluids. Such studies as there have been indicate 
that antibody is in low concentrations or absent. Freda?? 
observed no anti-A or anti-B isoagglutinins im amniotic 
fluids in spite of the presence of respectable isoagglutinin 
titres in both maternal and cord sera. Franco and 
Casparini”! compared antistreptolysin and antistaphylo- 
lysin titres in amniotic fluid. maternal and cord blood; 
they were unable to detect maternal antibodies in the 
amniotic fluid even though antibodies were present and 
in similar concentrations in paired maternal and cord 
sera 

W e have investigated the question. of whether Rh-D 
antibodies traverse the placenta and enter the amniotie 
fluid and, if so, what the degree of individual variation 
might be. Anti-Rh-D titres of maternal and amniotic 
fluids obtained at delivery in thirty-three Rh-sensitized 


pregnancies were determined by the indirect method of 


Coombs*?. Amniotic fluids were prepared for study by 
centrifugation at 10.000 r.p.m. for 30 min, after w hich 
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Table 1. ANTI-RA-D TITRES OF MATERNAL SERA AND AMNIOTIC FLUIDS IN 


THIRTY-THREE Rh-D SENSITIZED PREGNANCIES 





" Maternal  Amniotie — Protein con- Ratio Weeks 
Case scram indirect fuid indirect centration maternal titre: at de- 
Coombs titre Coombs titre (g/100 mi) anmiotic finid livery 
Fo i S192 1/16 0-330 212 a5 
Ma 1/4.096 1/64 126 64 26 
Vi 1/4,006 1/4 20S 1,0258 33 
An 1/2,048 Negativi 0-385 P ar 
Gi 12.048 1/32 £46 84 28 
Ha 11,024 1/32 0-305 32 36 
Le 1/1,024 1/32 0-830 32 33 
Vi 1/1,024 1/8 0-301 123R 34 
Pu 1/1,024 1/128 (525 a 37 
Wa 1/1,024 1/64 2-00 16 37 
Bi H/1,024 1/128 2°50 8 34 
On 1512 1/16 0-386 42 36 
Eb 1/2512 1/512 0435 1 37 
To 1/512 1/16 0-304 3x am 
Hu 1/512 1/128 iS] 4 33 
Le 1/512 1/64 0-410 s 34 
Bi 1/512 1A (237 Pas 35 
De 1/512 Lid 0-372 12H 34 
Ber 1/5412 1/32 0-430 i8 36 
Car 1/256 1/64 24 1 30 
Wh f25¢ Negative 0-150 se 3s 
Meck 1/256 1/4 0-336 64 3N 
Lyk 1/256 Negative 0-410 wet 3T 
IW 1/256 1/64 0-426 4 36 
Me 1/256 Lis O31 Bz 33 
Can 1/256 1/1 0-421 256 38 
Lvi 1/128 Negative GRAI M 38 
Gu 1/128 HR 0-249 16 35 
ka 1/125 Negative 0222 e 3A 
Mo 1/128 1/1 0-246 128 36 
Ko 1/128 Negative 0-224 — 38 
Ho 1/64 Vt 0-252 4 39 
Oco 1/32 1/4 0-500 5 3s 
the supernatants were removed and frozen at — 20° C 


until titred. 

Table 1 shows that Hh-D antibodies were present in 
the amniotie fluids and that the ratios of maternal serum 
to amniotie fluid titre varied considerably from one ease 
to another. ranging from 1 : I to 1,028 : 1 irrespective of 
their absolute values. Obviously maternal titre was 
related to amniotic fluid titre only in so far as it determined 
the upper value of the latter as Zuelzer and Kaplan?! 
had noted for the ratio of A and B isoantibodies in 
maternal serum and cord serum. In no case was the 
concentration of antibody in the amniotic fluid. greater 
than in the materna) serum. Yet it was not possible to 
predict the height of the amniotie fluid titre from the 
concentration of maternal antibody, for m one case a 
maternal titre of 1/1024 was associated with an amniotic 
fluid titre of 1/128 and in another case with a fluid. titre 
of 1/8. The differences in these two cases and in most of 
the others reported in Table 1 cannot be explained merely 
on the basis of protein eoncentration in the amniotic fluida. 

Because the concentration of Rh antibodies in the 
maternal sera does not alone determine the Rh antibody 
content in ammiotic fluid, other factors which reside in 
the placenta and vary from case to case must influence 


the ratios of Rh antibody in maternal sera and amniotic 
fluid. The same factors may also determine the amount of 


antibody crossing the placenta and reaching the cord 
blood. Tt seems probable that titres of the amniotic fluids 
which are free of foetal red cells reflect the relative amount 
of antibodies affecting the infant. They may therefore 
afford a better diagnostic aid for the degree of foetal 
ery throblastosis than the concentration of Rh antibodies 
in maternal serum offers alone or im combination with 
amniotic fluid bilirubin determinations? Work im pro- 
gress in this laboratory indicates that this conclusion ts 
correct, for we have learned that amniotic fluid titres can 
be used as a reliable index of severity of the haemolytic 
disease. (A full report will be published later.) 
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Production of Hydrogen by Green 
Photosynthetic Bacteria 
(Chloropseudomonas) 


WE found recently that growing cultures of Chloropseudo- 
monas ethylica evolve molecular hydrogen using some 
sugars or mannitol and L-arginine as the source of nitro- 
gen’. There is also evidence of hydrogen production by 
Chlorobium and Pelodiction?. We have investigated this 
phenomenon using cell suspensions of CA. ethylica, strain 
3C, and Chloropseudomonas Sp., strain 51 (refs. 3 and 4). 
Both bacteria were cultivated photosynthetically on 
Larsen's medium?, containing 0-1 per cent NaCl and 0-05 
per cent DpL-glutamate for Chloropseudomonas sp. and 
2 per cent NaCl, 0-5 per cent MgCl and 0-05 per cent L- 
arginine for Chl. ethylica. Both media contained 0-2 per 
cent sodium acetate, pyruvate, lactate, ethanol, mannitol, 
xylose or glucose. The corresponding substrate was 
added to cell suspension. Chloropseudomonas sp. 51 was 
also eultured on media containing thiosulphate or formate. 


Experiments lasting 180 min were carried out using à 


Warburg apparatus? in the light (20 x 10* erg/em? s) and 
m the dark. Each vessel contained 1-8 ml. of cell suspen- 
sion (1-2 mg of organie nitrogen) in 0-05 M phosphate 


buffer. The buffer for Chl. ethylica contained 2 per cent 
NaCl. To this suspension was added 20-30 uM sub- 


strate. We found that cells of Chl. ethylica 3C produced 


H, in the presence of some substrates (Table 1). 
No hydrogen was produced in the presence of acetate 
or ethanol even though these compounds make possible 
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EVOLUTION OF Hy AND CO, (uL) BY CENL SUSPENSIONS GF UAL 
ethyleen 36 


Table 1. 


Light _ Dark . 
Substrate Ha CO, + H,* Hy CO, + H, 

Glucose 101 282 Jag 587 
X yiose 39 263 443 858 
Mannitol ü ÖR 101 227 
Ethanol ü 10 2 às 
Formate ü 1s ü 6 
Acetate ü zi ü 33 
Pyruvate (} 45 124 222 
Lactate ü 80 9g 351 
Succinate 0 35 m BF 
Malate 0 292 8 232 
a-Ketoglutarate D 76 ib 321 
Citrate 0 12 126 415 


The gas phase was Ar m 
* Without KOH as absorber of €CO,. 


good bacterial growth?*^?. On the other hand, cell suspen- 
sions of CH. ethylica did produce hydrogen in the presence 
of a-ketoglutarate and citrate, although these two com- 
pounds do not support its growth. | u 

Malate which can be decomposed completely to CO, 
and H, by purple bacteria? is utilized bar Chl. ethyliea with 
consequent production of only CO,. Chloropseudomonas 
sp. 51 evolved molecular hydrogen on the presence of 
formate, although it can grow at th« expense of other 
substrates shown in Table 2. 


EVOLUTION OF Ha AND CO, (ul.) BY CELL SUSPENSIONS GF Oera- 
pseudomonns sr. 51 


Tahie 2. 


Dark laghi l 
Glucose n RR ü Lay 
Pyruvate ü 12 ti : 34 
Formate 150 178 81 36; 
Thiosulphate 0 12 ü 43 


The gas phase was Ar. 


The stoichiometry of H, and CO, production by this 
bacterium from formate in the dark i as follows (uM) 


10 HCOOH-+10 H,-- 16 CO,. 


The production of hydrogen by celle of CAL. ethylicatand 
by Chloropseudomonas sp., as well as on growing cultures, 
was inhibited by NH,Cl and N, (Tabie 3) and to a lesser 
degree by H, (Fig. 1). 
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Fig. 1. Production of H, and CO, by cell suspensions of CAL eihulica 3€ 





in the light 4) and in the dark (B) in the presenee of glucose. 


fi} Ha 
(2) CO, (gas phase Ar); (3) Hy: (4) COR (gas phase Hj), 
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Table 3. ACTION OF SOME COMPOUNDS AND N, ON THE EVOLUTION OF H, (j1.) 
BY Chloropseudomonas IN THE DARK IN THE PRESENCE OF DIFFERENT 
SUBSTRATES 


Chloropseudomonas 


Conditions CH. ethylica 3C sp. 51 

Glucose Formate 

Ar 867 78 

x M 10-* M 130 p 

Na 14 0 

Pyruvate 

Ar 122 78 

Ar 10** M NaHPO, — 30 

Ar 10° M NaHPo, 124 uu 
Citrate 

Ar 109 — 

Ar malonate 10-7 M 100 — 

~~, Not done. 
Hypophosphite, acting on formate dehydrogenase, 


inhibited the production of hydrogen by Chloropseudomonas 
sp. from formate, but did not interfere with this process in 
Chi. ethylica in the presence of pyruvate. 

These results suggest that the production of hydrogen 
by CAl. ethylica is connected with the cleavage of pyruvate 
of the a type, similar to that observed for 
Chromatium sp.*. The pyruvate also seems to be an 
intermediate in the production of hydrogen by this 
bacterium with glucose and other sugars as substrates’. 

In other eases the evolution of hydrogen by Ohl. ethytica 
seems to be directly connected with the cleavage of 
x-ketoglutarate. W ith Chlorepseudomonas sp. 51 formate 
seems to be the substrate for hydrogen production. 
Thus two closely related green bacteria seem to differ in 
the process of hydrogen production in the same way that 
Chromatium sp. and Rh. rubrum differ’. 

We could not observe any hydrogen production by 
Chloropseudomonas sp. in the presence of thiosulphate. 
But the same conditions for Rhodopseudomonas sp. have 
been shown to produce hydrogen’. 


i 
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fig.2. Assimilation of NaHCO, by cell suspensions of CAL. ethylica 3C 
in the light and in the dark under gas phase of Ar or Hy. 


The production of hydrogen by Chloropseudomonas in 
the presence of different organic substrates does not depend 
on illumination. In the light the evolution of H, is de- 
ereased or stopped. On the other hand, in the presence of 
light, Chl. ethylica utilizes hydrogen for the assimilation 
of “CO, (Fig. 2). 
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Human Intolerance to Bacteria as Food 


DEMANDS for new means to solve man's nutritional needs 
when the pressure of population intensifies or when he 
attempts to travel in space have suggested the use of 
single cell organisms as food. Hydrogenomonas eutropha, a 
hydrogen-fixing bacterium, could effectively control the 
atmosphere of a space cabin as well as providing nourish- 
menti. The protein is of high biological value? and is 
well tolerated even in high concentrations in rat diets?. 
Human feeding trials seemed warranted and were 
attempted. 

At the Battelle Memorial Institute, several lots of 
bacterial cells were collected from a semi-continuous 
culture, washed free of medium? by repeated centrifuga- 
tion and resuspension, and frozen. for shipment to this 
laboratory. Removal of medium was verified by examina- 
tion of the supernatant for non-protein nitrogen before a 
slurry of the cells and distilled water was boiled. The 
boiled cells had à halogen-like taste which was removed 
by successive treatment in the cold (4° C) with cationic 
and anionic exchange resins ('Dowex 50-4X' and ‘Dowex 
21A). The bacterial cells were then filtered through 
nylon cloth and lyophilized. 

Preliminary tests included feeding this lot of bacteria 
to albino mice at twice the maximum anticipated intake 
for humans (60 per cent of mouse diet). As in earlier, 
more extensive rodent experiments with other lots of 
H. eutropha (refs. 2 and 3 and our unpublished results), 
the preparation did not produce any adverse effects. The 
mice continued to gain weight over a period of 3 weeks, 
at a slower rate than the chow-fed animals but not below 
the usual rate of mice fed purified diets of this approximate 


composition. 
Bacteriological examination of the unprocessed cells 
received revealed very minor contaminants: two 


Streptococcus spp., one of which was haemolytic, and a 
Gram-positive bacillus. No species of Staphylococcus or 
Clostridia were present. In the fully processed cell 
preparation only the Gram-positive bacillus remained 
viable, indicating that it was a spore-forming type. 

Six adult male volunteers were confined in a metabolic 
ward. Four were fed 15 to 25 g of H. eutropha and two 
control subjects were given isonitrogenous amounts of 
casein. The bacterial cells and casein were served with 
specially processed low-protein wheat products in sauces 
which masked the identity of the test substances. The 
untoward symptoms that ensued are summarized 
(Table 1). Another volunteer (G), a laboratory worker, 


Table 1. HUMAN RESPONSE TO INGESTION OF AUTOTROPHICALLY GROWN 
Hydrogenomonas eutropha 
Symptoms 

Time of feeding (h) Ver Nau- Vomit- Par- Stool 

Subject 0830 1230 1730 2130 tigo sea ing o rhoea weight 
(g dry H. eutropha fed) (time of first occurrence) (g/24 h) 
A 86 172 — - — None 1000 31300 1500  Norecord 

B 8-0 86 — — 0930 1000 1500 1315 821 

H — — 6 nd 1900 1930 None 2230 423 

D — — I2 0 1980 2030 2100 Evening 1,265 

2 — — ne — None None None None 0 

F = — nen — None None None None 277 
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Table 9. HUMAN RESPONSE TO INGESTION OF HETEROTROPHICALLY GROWN Hydrogenomonas eulropha AND Aecrobacter aerogenes 
H. eutropha, time of feeding (h) A. aerogenes, time of feeding (h) . . Symptoms - Stool. 
Subject Day 0830 1230 1730 0830 ,1230 1730 Asthenia Nausea Vomiting Diarrhoea weight 
(g fed) (g fed) {time of first oecurrence : igili hb 

F 1 6 — ó — eus — None 1000 None None 77 

2 12 ge IS ——— à à— owe see — 1000 1000 None None 14 

H 1 — ~ me 6 6 1230 1230 None 2100 251 

2 me = 12 ses — 0900 0900 None 1300 206 

I 1 6 o o 6 — om — None None None None 88 

2 12 - 12 Ee 0 wx - E None 1630 2300 None 160 

J 1 mee —— kde ü 6 1230 1300 None 2200 213 

2 ine em m 12 — — 1030 1030 None None i8z 

K 1 Pe "E im ue — o None None None None 164 

2 — Ws eie — 0m wo eM > None None None None 183 

L 1 a du à eye 4 m None None Nove None 112 

2 eb w5 0 00 Ves d s. 0 ero None None None None 7D 
was given two 6 g doses of bacteria with different foods. The bacterial cells had been washed free of medium 
His reactions were identical to those of the confined before feeding, so the material responsible for gastro- 
subjects. intestinal disturbances in man must be within or bound to 


A second lot of H. eutropha, grown and collected as the 
first but which had no off-flavour, was washed, boiled and 
lyophilized before blind administration to two of six 
volunteers in the metabolic unit. Subject H was fed 12 g 
at 0830 and 6 g at 1230 h. At 1100 h he complained of 
abdominal discomfort and thereafter he had thirteen bowel 
movements weighing a total of 955 g. He also complained 
of headache, weakness and, later, of pain in the extremities. 
These symptoms persisted for 12 h. The second man (D) 
had been fed the first lot of bacteria 2 weeks earlier (Table 
1) On the second occasion he did not become nauseated 
but complained of feeling less fit than usual during 5 days 
of feeding graduated doses (12, 18, 21.7, 21-7 and 21:7 
g/day). He also passed large volumes of soft to liquid stools. 
His temperature, pulse and respiration rate were normal 
throughout this period, and blood samples taken on the 
last day of feeding showed normal indices of hepatic and 
renal function. 

Another lot of H. eutropha and one of Aerobacter aero- 
genes were purchased from a commercial suppher (Grain 
Processing Company, Cedar Rapids, Iowa. The A. 
aerogenes was marketed as E. coli) Both species were 
grown on media containing sucrose and casein hydrolysate. 
The cells were washed, boiled and lyophilized before 
feeding to subjects in the metabolic unit. Aerobacter 
was pale grey in colour and became unpleasantly slimy 
on wetting, whereas Hydrogenomonas was the usual light 
tan colour and powdery or granular in texture. To mask 
the identity of treatments, all men were fed a starch based 
formula with a small amount of herbs added, with or 
without bacteria. 

A summary of the feeding schedule and symptoms 
(Table 2) shows that response to this lot of Hydrogeno- 
monas was less severe than previously. The Aerobacter 
produced the same symptoms as in the first tests of H. 
eutropha except that subject J also developed a rash on 
his arms and trunk the second day of feeding which dis- 
appeared when he returned to his normal diet. In all 
cases, blood pressure was unaffected and there was no 
elevation of body temperature. One day later concentra- 
tions of blood cells, glucose, serum uric acid and key 
enzymes were the same as values before the test. No 
blood was detected in stools at any time. 

None of a variety of animal species tested has shown any 
evidence of gastrointestinal disturbance after peroral 
administration of H. eutropha at dosages far in excess of 
that which affected men (Table 3). JE. col; is also well 
tolerated by rats* and chicks*. 

Table 3. SUMMARY OF ORAL DOSAGES OF Hudrogenomas eutropha 
No. of Mode of Amount given in one 


Species animals introduetion day (g/kg body wt.) 
Man 8 Mixed with dict 0-14—0-38 
Chimpanzee 3 Mixed with diet 0:5 
Chimpanzee 4 Gastric tube 0-5 and 1-0 
Dog a Mixed with diet 0-5-0-7 
Miniature swine 1 Mixed with diet O-7 
Monkey 2 Mixed with diet 0-8 and il 
Mouse 6 Gastric tube 2:5 


the cell. The time at which symptoms occur suggests 
that digestion of the cell is necessary for release of the 
toxicant. Variation in response wich different lots of 
H. eutropha may represent the development of tolerance 
to the organism with chronic or slow introduction, or it 
may simply reflect subject variation It is also possible 
that with different growth conditions varying amounts 
of toxicant are produced. 
This research was supported by NASA and NIH grants. 
Special protein-free wheat products used as a diet base 
were supplied by Diet-Erba Divisson of Carlo Erba, 
Milan, Italy. We thank the men who volunteered for 
these studies, the staff of our metabolic unit, and colleagues 
who participated in the animal tests: Ors B. F. Rahlmann, 
M. Redfearn, G. D. Smith, T. Butlez, M. D. Fetters and 
D. T.-L. Lau, and Mr Delroy Brown. 
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Sensitivity of L132 Cells to Some ''New" 
Respiratory Viruses 


THERE are several reports of the isolation from cases of 
human upper respiratory infections c? viruses with a struc- 
ture known previously only in the viruses causing avian 
infectious bronchitis! and mouse Lepatitis*. The first 
isolate, named B814, was propagated in organ cultures 
of human embryo respiratory epithelium’, and most of 
the other isolates have been mase m organ culture’. 
Some viruses of humans, of the type 229E, multiply in 
tissue cultures of human embry» kidney fibroblasts 
embryo lung fibroblasts where they cause a definite pro- 
gressive cytopathic effect*. Those viruses only cultivated 
in organ culture were detected either by electron micro- 
scopy, or by inoculation into humen volunteers, or by 
stopping the ciliary activity of the organ culture epi- 
thelium. It has been proposed tha. the group of virsues 
with this morphology should be caled “coronaviruses 5, 

I fave found that the 229E virus can be isolated from 
infectious nasal washings in ‘Bristol’? or $-3° strains of 
HeLa cells, but the evtopathie effect is not marked. 
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A more marked effect was obtained when isolations were 
made in a continuous human embryo lung cell line—L1325, 
obtained from the American Type Culture Collection. 
These cells were maintained in 2 per cent foetal calf 
serum in Eagle's medium in roller tubes at 33° C. Nasal 
washings collected from volunteers who had been inocu- 
inum cytopathic effect in L132 cell cultures about 5 days 
after inoculation, but the effect often regressed later. 
The eytopathic effeet can be passed serially: sera obtained 
from volunteers after recovery from colds induced b y the 
B814 virus were at least four times more effective in 
inhibiting this cytopathic effect than sera obtained from 
the same volunteers before inoculation. Of eight volun- 
teers inoculated three developed colds, and the cytopathic 
agent was isolated from each of them and also from 
two svmptomless volunteers. The cytopathic effect 
could not be passed if tissue culture fluids were treated 
with ether or acid. 5-Bromodeoxyuridine (BUDR) at 25 
«g/ml. did not inhibit the eytopathie effect in L132 cells. 
although it reduced the titre of a DNA virus (vac- 
cinia)-—by 105 TCD,, compared with a control titration. 
The titre of poliovirus type 1 in these cells was not affected 
by this coneentration of BUDR. Organ eulture fluids 
which had been shown to contain infectious BS14 virus 
also produced the cytopathic effect in L132 cells, indicating 
that the virus had been propagated in tissue culture. 

There is preliminary evidenee that three other ether 
labile viruses, previously cultivated only in organ cul- 
ture--LP, EVS and MR isolates'®—have now been pro- 
pagated in this way. Fig. 1 shows normal L132 cella 
in a stained roller tube culture and Fig. 2 shows a tube 
of these cells inoculated with a second tissue culture 
passage of LP virus. Both tubes were rolled for 5 days 
at 33° C. The LP and EVS viruses have morphology 
typical of a “coronavirus” (J. D. Almeida, personal com- 
munication). Isolates of B814 and EVS viruses will 
inhibit plaque production of 229E virus in monolayers 
of L132 cells in plastie Petri dishes, presumably as a result 
of some sort of viral interference. This inhibition is 
reversed by mixing the isolate with convalescent human 
serum at room temperature before the cells are inoculated. 
After passage in L132 cells, LP virus has become adapted 
to diploid lung fibroblast W1-38 cells. 

Influenza virus C (strain Jhb/1/66)" can also be isolated 
in the L132 cell line from infectious nasal washings and can 





Fig. 1. Normal L132 cells in a stained roller tube culture. 
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Fig. 2. L132 cells inoculated with a second tissue passage of LP virus, 
be passed serially. Furthermore, the cells support the 
growth of rhinoviruses (I. J. Stott. personal communica- 
tion) and are sensitive to respiratory svnevtial virus. 
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Occurrence and Determination of 
Inositol in the Oviducts of 
Turkey and Hen 


AT the junction of uterus and vagina of the turkey a few 
scattered tubular glands have been observed, Spermatozoa 
are stored there? and retain their fertilizing ability for 
about 45 days*. Turkey semen collected for insemination, 
however, has to be used within an hour of ejaculation, 
because fertility decreases considerably after that time. 

Weighed segments of parts of the turkey oviduct 
(isthmus, uterus, vagina and junction of uterus and 
vagina) were treated in a Bühler homogenizer with water 
for 1 min. The solutions obtamed were deproteinized 
with alcohol. After centrifugation, they were evaporated 
and the residue was dissolved in a known quantity of 
water. Adequate amounts were submitted to electro- 
phoresis at pH 1-9 followed by chromatography in a sol- 
vent svstem of butanol, acetic acid and water (4:1: 5). 
The resulting paper chromatograms were sprayed with 
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benzidine-sodium metaperiodate reagent, an ammoniacal 
solution of silver nitrate and 2,3,5-triphenyltetrazolium 
chloride. We found that only small amounts of glucose 
were present, but rather large quantities of a non-redueing 
carbohydrate. We took this to be inositol, because it 
had the same Rr value and gave the same orange-brown 
colour with the silver nitrate reagent as pure inositol. 

To confirm this, inositol, glucose, fructose and sorbitol 
were treated with tri-sil, and then the trimethylsilyl 
derivatives were investigated by gas chromatography 
(F and M 402, glass column, liquid phase 2-5 per cent 
SE-30, column temperature 180° C, detector temperature 
190° C, flash heater temperature 230° C). Fig. 1 shows 
that the carbohydrates separated well. We then eluted 
the carbohydrate from the paper ehromatogram with 
water, and the solution was evaporated under nitrogen 
in a small vial. The residue was treated with tri-sil and 
the derivative formed gave a peak with the same retention 
time as the tri-sil deriv ative of pure inositol. It is clear 
therefore that mositol is present in the oviduct of the 
turkey hen. 

Samples of a known solution of inositol were submitted 
to chromatography. After elution (using Whatman 3MM 
paper and trimethylsilylation) some of each sample of 
inositol was injected into the gas chromatograph. The 
amounts injected were plotted against the areas of the 
peaks and gave a straight line (Fig. 2). 


Table 1. CONTENT OF INOSITOL IN VARIOUS SEGMENTS OF TURKEY AND 
HEN OVIDUCT O96/100 G TISSUE) 
Turkeys Hen 
1 day 3days 16days 30 days | 
insem. insem. inser. insem. Insem. 
egg no egg egg egg egg 
Vagina 59 9-0 25 oo 55 
Junetion uterus-vagina 6.90 10-0 25 14.0 25 
Uterus 11-0 22-5 ae 11-0 10-5 
Isthmus 4:0 To 17-0 +9 0:35 
Magnum 0-35 
infundibulum 25 


A few results obtained with the same procedure using 
extracts of turkey oviduct are given in Table 1. It is 
sometimes possible to obtain small amounts of liquid 
from the uterine lumen--it also contains inositol, and 
on one occasion, as much as 24 mg per cent was recorded. 
Similar experiments have been carried out using the hen 


oviduct. Inositol seems to oceur in all parts of the 
oviduct. One set of values is given in Table 1. Prelimin- 


ary experiments have also shown that inositol oceurs in 
the uterus of the dog and cow. Experiments are in pro- 
gress to determine the parts of the cells in which inositol 
is formed. 


10 5 0 
Min 
Fig. 1, Gas-liquid chromatographic separation of a mixture of trimethyl- 


silyl derivatives of pure fructose (4), ghicose (B), sorbitol (C ) and 
inositol (D. 
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Fig. 2. Relation between the peak areas of the gaa chromatograms in 


mm? and the quantities of inositol infected (ug. 


Several investigators have mentioned the significance 
of inositol for the storage of cells*-* and we wondered 
whether this compound has a similar fanetion in relation 
to spermatozoa in the oviducts of turkers and hens. 

Examination of turkey and hen spermatozoa and 
seminal plasma showed that inositol was present in both 
the plasma as well as in the spermatozoa. This suggests 
that the presence of inositol influences the motility and 
perhaps the fertilizing ability of the spermatozoa. Com- 
parable experiments have therefore been carried out 
with turkey semen diluted with Tyrode solution with 
and without inositol (2,000 mg/L). In all cases the 
motility of the spermatozoa in the semen and inositol 
decreased many hours after that of the spermatozoa 
without inositol. The influence of inesitol on fertilizing 
ability is being investigated. The presence of inositol is 
evidently beneficial to the storing cualities of turkey 
semen, 

We thank Mr H. J. Beudeker for assistance with the 
inositol determinations. 
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Effect of Protamine Sulphate and 
Environmental Temperature on Mouse 
Sarcoma 180 


Ir has been shown that protamine end its derivatives 
sarees tag a of "per dd jp t umours ang of 
Tae a ly 
doen ius by PRA Sta a tissue A whieh is 
produced by malignant cells and which aids invasiveness 

Metabolic and pharmacological processes are oe 
by changes of temperature, and so it seemed worthwhile 
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to investigate whether these effects of protamine 
varied with environmental temperature. Controls given 
injeetions of physiologieal saline or no treatment were 
also included because nothing was then known about the 
effects of environmental temperature on tumour growth. 
But while this report was being written, evidenee was 
published that more mammary tumours eould be induced 
in rats at an ambient temperature of 32° C than at 
5° C (ref. 5). 

Pieces of seventeen donor sarcoma 180 tumours (all 
about 1 mm across) were implanted at random subcutane- 
ously in the axillary region of 153 male Charles River 
mice. One recipient of each donor tumour was placed in 
each of nine cages. "Treatments (discussed later) were 
allocated at random to the cages. Mice were weighed and 
marked so that individuals could be identified. Fifty- 
one mice were given intraperitoneal injections of protamine 
sulphate (60 mg/kg body weight in 6 ml./kg body weight). 
Fifty-one mice were given 0-9 per cent w/v sodium chloride 
solution (6 ml./kg body weight) and fifty-one were un- 
treated. Seventeen mice receiving each of these injeetions 
and seventeen untreated mice were placed in an ineubator 
room at 33-5? C (range x 05) or kept at a normal animal 
house temperature of 22-5? C (range + 0-9) or put in a cold 
room of 8:5? C (range +0°6) so that fifty-one mice were in 
each environment. Injections were given once daily at 
the same time of day from the day after implantation for 
5 days. The untreated animals were removed from the 
control environments to a laboratory temperature of 
20-5? € (range +3) for about 20 min each day, to corre- 
spond with the time required to inject the other animals. 
The mice were weighed and killed on the seventh day. 
The tumours were dissected and weighed to 0-01 g. The 
statistical significance of differences between means was 
calculated by Student's ¢ test using Fisher and Yates's 
tables. From weaning and throughout the experiment all 
mice were fed freely on mouse diet 41D (E. Dixon and 
Sons, Ltd, Ware) Water was also given freely. 


Table 1, MEAN TUMOUR WEIGHTS AND BODY WEIGHTS 


Environ- Meaninitial Mean final Mean tumour 
Treatment No. of ment body weight net body weight 
animals (C) + S.E. weight t S.E. +S.E 
Protamine 7 33-5 93.48 LIR 24-41 50:54. — 078 £ 0-08 1 
sulphate 17 229 205.81 20-14.— 25:1640-55 0-744+0-07 1 
15 85 23.74 +50 2300+067 — 0-30 £ 0-03 , 
Sodium 17 83-5 23.44 20-55 — 25-14 x 0-60 PIBE 0-07 
chloride 17 22-6 23400+4048 2810+049 6-92 +0-09 
17 8:5 29.89 0-49 2510+053 0-484 0-02 
None 17 33-6 94-04+0-58 — 25-88 0-68 0-86 + 0-06 
17 22-5 99.35 4 0-51 2697+056 — 0-84 : 0-05 
17 8:5 24-13 2 (^52 26-814053 — 0:50 0-04 


Table 2. STATISTICAL COMPARISON OF TUMOUR WEIGHTS AT DIFFERENT 
TEMPERATURES 


Temperatures 


compared (? €) Treatment t P 

33:5-22-:5 Protamine 0-372 ORA PROT 
Sodium chloride 1:204 03> Prd? 
None 0:207 H> P208 

33:0-8:5 Protamine 2:605 « 0:001 
Sodium chloride 4:190 «0-001 
None 1:525 < 0-001 

22:5-8:5 Protamine 5:142 « 0-001 
Sodium chloride 4-666 < 0001 
None 4:785 < 0:001 


All miee developed tumours, but of the seventeen 
treated with protamine sulphate and kept at $57 C one 
died on the fourth and one on the sixth day after implanta- 
tion. so that the results in that group were caleulated from 
üfteen records. The mean tumour weights and body 
weights with different treatments and at different tempera- 
tures are given in Table 1. The effects of temperature at 
cach treatment are compared in Table 2, and the effects 
of treatment at each temperature in Table 3. M 

Untreated animals and those treated with 0-9 per cent 
sodium chloride gained weight in each of the three 
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environments (Table 1). Their mean weight gain was 
2-3-5-4 g at 229-5? C and at 85^ C (£2 3-318; P001); 
it was 1-7-1-8 g at 335° C (f= 2-062-2-084; Px 0-05). 
The animals treated with protamine sulphate gained 
1-75 g at 22.5? C ¢= 2-617; 0-02 > P>0-01), 0-75 g at 
33-5? C (t=1:399; 02> P>0-1) and barely maintained 
their weight at 8:5" C. 

With and without treatment the mean tumour weights 
were lower at 8:5? € than either at 22-5? C or at 335^ C 
(Table 1), and all the differences were significant at the 
level of P «0-001 (Table 2). The mean tumour sizes of 
animals receiving the same treatment at 33-5" C and at 
22.5? C showed only small and apparently random 
differences. 


Table 3. STATISTICAL. COMPARISON OF TUMOUR WEIGHTS AT DIFFERENT 


TREATMENTS 
Environment 
Treatments compared vU t P 


Protamine. Sodium chloride 33° 0-012 209 
Dn 155% Q2> P>Ol 
Red 4-659 « 0-001 
Protamine. No treatment 33:5 (P785 05» P>dad 
22-5 1-155 x03 
8 3788 < 0-001 
Sodium chloride. No treatment 33:5 0-836 xid 
23.5 0-712 » 0:9 
SN 0-551 SO 


At 335° C the tumour weights were the same after 
treatment with protamine sulphate and 0-9 per cent sodium 
chloride (Table 1). At 22-5° C the tumour weights were 
smaller in animals treated with protamine sulphate than 
in either control group, but the differences were not 
statistically signifieant (Table 3). At 8.5" C the tumours 
of animals treated with protamine sulphate were again the 
smallest, but the differences were greater and they were 
significant at a level of P «6:001. 

It ean be concluded that the growth of tumours was 
slowed in a cool environment but not speeded up in à hot 
environment. The tumours of untreated controls weighed 
one third less at 8-5? C than at 22:5? C, and so it seems 
possible that smaller differences of environmental tempera- 
ture could also have some effect. In experimental studies 
of superfieial tumours the environmental temperature 
should therefore be controlled and reported. 

Injections of protamine sulphate were accompanied 
by a marked retardation of tumour growth in a cool 
environment, some inhibitory effect at a normal animal 
house temperature, and no effect in a hot environment. 
Gains in body weight were also smaller when protamine 
sulphate was given. In a cool environment. animals 
treated with protamine sulphate gained no weight and two 
animals died. This suggests that toxic effects of protamine 
sulphate (in doses of 60 mg/kg) are also enhanced in a cool 
environment. 

Extreme cooling and warming combined with chemo- 
therapy have been used on patients suffering from malig- 
nant tumours; but cooling was slight in the experiment 
reported here. Also, protamine has no action on malig- 
nant cells? and it only inhibits the invasiveness of tumours. 
The possibility cannot be excluded that a combination of 
mild cooling and anti-invasive treatment could have 
some use in patients, especially if better anti-invasive 
compounds were found. 

E. M. GLASER 
J. P. AUSTIN 
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Welwyn Garden City, 
Hertfordshire. 
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Anti-uterotrophic Response of 
Immature Mice to 3-Methylcholanthrene 


As well as its ability to induce cancer in various tissues, 
the polycyclic hydrocarbon 3-methylcholanthrene (MCA) is 
capable of affecting the activity of certain endocrine 
glands'? and altering the metabolism of several hor- 
mones*-7, Indirect evidence from several sources® 8-12 
indicates that, In various experimental conditions, MCA 
may be capable of inhibiting, potentiating or mimicking 
the activity of certain steroid hormones. We have con- 
ducted preliminary experiments aimed at testing more 
rigorously the alleged steroidal activity of MCA. In the 
experiment reported here, MCA was tested for oestrogenie 
(uterotrophie) activity in a four point assay using oestrone 
as the reference standard. 

immature female Swiss Webster mice each received a 
total dose of either 0-08 or 0-32 ug of oestrone. Mice of 
the same age and strain each received a total dose of 
either 0-15 or 3-00 my of MCA. The total dose of either 
oestrone or MCA was administered to each mouse in 
three equal, daily subcutaneous injections of 0-1 md., 
beginning when the mice were 19 days old. Control mice 
received either no treatment or daily subcutaneous injec- 
tions of 0-1 ml. of the solvent (10 per cent benzyl alcohol 
in sesame oil) in which oestrone and MCA were adminis- 
tered. All animals were killed on the fourth day and their 
uteri were rapidly removed, trimmed and weighed. 

Two identical experiments were performed. The results 
of these experiments did not differ significantly from each 
other, and so both sets of data are combined in Table 1. 
Injections of oestrone produced the expected uterotrophic 
response. In this biological assay system, MCA failed to 
exhibit the oestrogenic activity observed by other investi- 
gators’? in different experimental conditions. In our caso, 
uterine weight was significantly depressed in mice receiving 
the higher dose of MCA. 

Although Huggins et al? provided evidence that MCA 
could substitute for oestrogen in the initiation of mammary 
growth, Jackson and Robson™ found that local applica- 
tion of MCA to the vaginae of ovariectomized mice 
antagonized the effects of concurrently administered 
oestradiol on vaginal cornification. Jull’ observed that 
MCA mimicked the action of progesterone with respect to 
acinar growth in the mammary gland. Our data tend to 
support the concept that MCA exerts an anti-oestrogenic 
or progestational activity, and further experiments are in 
progress to test this hypothesis. 

Whether the ability of MCA to effect endocrine altera- 
tions in the recipient animal is related to its carcinogenic 
properties is largely a matter of speculation. As a general 
hypothesis, Jull? suggested that MCA is sufficiently 
similar to some steroid hormone, progesterone in the case 
of his own experiments, to mimie its normal physiological 
activity, but that the difference in the structure of MCA 
and the hormone might produce an abnormality in the 
hormonal mechanism concerned, which could result in 
malignant proliferation. Yang et al. and Huggins and 
Yang" extended this concept to include a general mode 
of action common to the carcinogenic polycyclic hydro- 
carbons and involving close steric similarity between the 
carcinogenic hydrocarbons, the steroid hormones and the 
base pairs of nucleic acids. Assuming that the structure 
of MCA is sufficiently similar to that of certain steroid 
hormones to permit access and steric fit of the carcinogen 


Table 1. ASSAY OF; MCA FOR OESTROGENIO (UTEROTROPHIC) ACTIVITY 


No. of X Final body X Uterus weight — 
Injeetate (total dose)* mice weight (g) (mg/100g body weight) 


None 19 14-7 80-04% TOt 
Solvent only 8 13:5 85-2: Tl 
0-08 ug of oestrone 10 13-6 Li8-4 + 19-6 
0-32 ug of oestrone 10 13°8 232-7 + 22-8 
0-15 mg of MCA 10 14:9 79-0 t 53 
3:00 mg of MCA 10 19:7 54-64 46 


* Total dose administered to each mouse in three equal, daily subcutaneous 
injections of 0-1 ml, beginning when the mice were 19 days old. 
TX standard deviation. 
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into various molecular receptor sites, it is certainly con- 
ceivable that much of the biological activity of MCA 
could be accounted for in this way. 
This study was supported by grants from the US 
National Cancer Institute. 
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Memphis, Tennessee. 
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Short Half-times of Caesium-137 in 
Pregnant Women 


BENGTSSON et al.* reported a patient with a shorter bio- 
logical half-time for caesium during pregnancy than 
afterward. Prompted by this finding, and by the marked 
individual variation in body burden? and biological half- 
time? seen in our own studies, we evaluated the equivalent 
biological half-times in twenty-four pregnant women 
while the environmental levels of fall-out caesium-137 
were still sufficiently high that artificial administration of 
radioactivity was not required. The equivalent biological 
half-time is defined as 0-693 times (observed body content/ 
observed excretion rate) Our technique has been de- 
scribed previously‘. 

Fig. l and Table 1 show that the average half-time of 
49 days in twenty-four pregnant women was only 58 
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Fig. 1. The distribution of individual half-times. The means (solid linea) 
and standard deviations (broken lines) are shown. 
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Table 1, EFFECT OF PREGNANCY ON CAESIUM BIOLOGICAL HALF-TIME 


Months before — Days after Cs T, 


Woman Age delivery delivery (days) 
RR. 16 ^T 54 x6 
S.T. 17 w $ 50-5 
M.H. 20 736 58 + 3 
5:5 65+: 
36 i246 
2-0 44 6 
28 92311 
NLR. 20 T6 Z1+4 : i 
1-2 22+6 
2 $229 
N.B 23 M8 5157 
JH, 28 i8 30 45 
EIU a+ Ti X9 
Kk. 23 p3 28 a 
CB. 23 244 3446 
Ls. 24 LS 58+8 
S.B. 24 1-7 S647 
J.P. 25 40 42+8 
VW. 25 r2 38 +38 
D.L. 25 hes 35 * 7 
M.K. 25 6:3 6946 
D.N. 26 7 4643 
A.M. 27 -85 7946 
L.S. 28 ri 4944 
Before conception asa4 
J.R. 28 6 36 x2 
SW, 28 ~F 4626 
L.L. 29 2-9 47 +10 
GLS, 29 l4 38 t4 
R.B. 30 2-6 6] * 4 
R.Z. 34 0-2 906 + 7 
72 68 +h 
. 243 6047 
L.S. 39 ~3 93 t5 


Average* + 1 S.D. for 24 pregnant women (age 25D yr) 2 40 + 16 days. 
Average + 1 S.D. for 15 normal women (age 27 + 8 yr) (ref. 4) = 84 + 27 days. 


* The individual mean for each woman's half-time while pregnant was 
computed. Then these individual means were averaged. 
The individual standard deviations are the statistical counting errors, 


per cent of that in fifteen non-pregnant controls, (None 
of the eontrols was taking oral contraceptives or other 
hormones.) ‘To rule out the possibility that the normal 
half-times in these two groups might be intrinsically 
different, the half-times for those six women evaluated 
both before and after delivery were compared. In this 
comparison (see Table 1) eaeh woman served as her own 
control. 

Five of these six showed shorter half-tumes while preg- 
nant. The pregnaney in the sixth (R.Z.) followed an 
unusual course, characterized by bleeding and eramping 
throughout the final 3 months of her pregnancy. Ultim- 
ately, severe haemorrhage necessitated the artificial 
induction of labour. She was the only patient whose 
half-time during pregnaney exceeded the value for non- 
pregnant women, so there may be some association between 
these complications and the unusual half-times. Because. 
however, this is the only patient for whom we have a 
measurement made in the final week of pregnancy. 
another explanation for the long half-time is possible. 
A number of other biological processes which are modified 
by pregnancy are known to return toward normal in the 
last week before delivery. 1t may be that the value 
observed represents such a shift into the normal range. 

For all six women, the average half-time of 47 days 
during pregnaney was 66 per cent of their average half. 
time while non-pregnant. Excluding the subjeet R.Z.. 
the half-times averaged 38 days, or 53 per cent of their 
average when not pregnant. These results compare 
favourably with our finding that the half-time in these 
twenty-four pregnant women averaged 58 per cent of that 
in fifteen non-pregnant controls. 

Our results verify the work of others (ref. | and J. 
Rundo, personal communication) that pregnancy acceler- 
ates the excretion of caesium from women. This effect 
would be of special significance in reducing the dose to 
foetuses in the event of massive population-wide con- 


rapidly growing tissue mass, (3) inereased metabohe rato. 


or (4) changes in renal funetion. 
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The following preliminary studies have been made to 
investigate these possibilities. (1) We have studied the 
effect of artificially increased levels of hormone in six 
normal women given 1 mg ethinyl oestradiol/day orally 
for times up to a month, eoneurrent with 2 g progesterone/ 
day for the last week. Our data show no significant 
changes in half-times during this short period of treatment. 
We have no half-time determinations during the first 
month of pregnaney. and we do not know whether the 
shortening of the half-time induced by pregnancy 1s 
abrupt or progressive. so it may be that the period of 
treatment, particularly with progesterone, was too short 
to produce the desired effect. (2) We are also studying 
the effeet on caesium metabolism of an expanding tissue 
mass in patients with rapidly growing tumours, but more 
cases must be observed before firm conclusions ean be 
drawn. (3) Furehner and Richmond found that mice 
kept at lower temperatures eliminate caesium-137 more 
rapidly*. From their data we compute equivalent 
biological half-times of 3-5, 2-7 and 2:1 days for mice kept 
at 34^, 22° and 5? € respectively. They speculated that 
this effect might be the result of increased metabolic rates 
associated with low temperatures. Children have higher 
metabolic rates than adults, and their half-time for 
caesium is much shorter?. These studies are being extended 
to include adult patients with high metabolic rates, such 
as those with hyperthyroidism. (4) A change in renal 
function accounting for the observed phenomenon seems 
to be the most likely explanation. It has been shown? 
that in pregnancy, the glomerular filtration rate rises by 
as much as 50 per cent. This would result in an increased 
load of caesium being presented to the tubules and. unless 
an equal increase in tubular reabsorption followed. this 
would produce an increase in the excretion of caesium. 
Because the glomerular filtration rate decreases sharply 
in the last few weeks antepartum, this would also account 
for the high half-time seen in subject R.Z. 

If the exaet mechanism by which pregnaney shortens 
the biological half-time of caesium were understood, it 
might be possible to accelerate the removal of this element 
artificially, even beyond the extent now possible by oral 
administration of Prussian blue’. Such treatment might 
be of value for individuals or populations with high levels 
of caesium- 137. 

This work was supported by the US Atomic Energy 
Commission Division of Biology and Medicine, and by the 
US Public Health Service Division of Radiological 
Health. and the US National Institutes of Health. 
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with the UltroRac. in a separation system. 
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A Fraction Larger 





















Yes, our Fraction Collector, The UltroRac, is 
a fraction larger than some others on the mar- 
ket, but we do not consider this a disadvan- 
tage and neither do our customers who only 
speak of the ADVANTAGES of owning an 
LKB UltroRac. The UltroRac gives users 
reliable collection, ease of operation, easily 
varied test-tube capacity and freedom of 
choice in the method of collection. Any num- | 
ber of test-tube racks can be removed from — / 

the collecting platform without interrupting / 
the collecting process. 


Write or phone LKB today for a fully illus- | 
trated brochure on this QUALITY instru- 
ment and the many others in the LKB Labo- 
ratory Instruments Line. 





Space Saving 

Coldroom Use 

Standard Test Tubes 
Removable electronic unit 
200 test-tube capacity 
Time, drop and volume 
Stainless steel support rods 
Polypropylene racks 
Provision for event marking 
Power outlet for flow pump 
Electronic counting system 
Positive flow control 
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C. F. A. PANTIN 
Edited and with an Introduction and Notes 
by A. M. PANTIN and W. H. THORPE 


"The enormous advance of the physical sciences has in fact been 
rendered possible just because they are thus restricted in their 
scope. The more we restrict the class of phenomenon we observe 
and the number of its variables, the more far-reaching are the 
possible deductive consequences of our hypotheses. But in so doing 
much of the grand variety of natural phenomena is systematically 
excluded from study. Very clever men are answering the relatively 
easy questions of the natural examination paper. In contrast, in 
biology such problems as “What will be the ecological consequences 
of a general increase in nuclear radiation?" are so difficult that 
our answers seem paltry and emotional.’ 

Thus speaks the late Professor Pantin in his penetrating account of the 
relations between the sciences. | 455. net 


J. MAYNARD SMITH 


Written for biologists and students of biology, this book shows how bio- 
logical problems can be expressed in mathematical terms, and how the 
mathematical equations which arise in biological work can be solved. Only 
an elementary knowledge of mathematics is assumed. 

Cloth 30s. net ; paperback 12s. net 


D. G. NORTHCOTT 


A lucid introduction to the branch of algebra primarily concerned with 
commutative rings, and modules over such rings. Designed to bridge the 
gap between undergraduate studies and research, the book is selt-contained 
and assumes only such knowledge as is provided by a normal undergraduate 
curriculum. gos. nel 


R. W. P. KING, R. B. MACK and S. S. SANDLER 


Professor King and his co-authors develop a comprehensive and quantita- 
tive theory of the behaviour of arrays of cylindrical dipoles not restricted to 
being one half wavelength long. The theory is applicable to a wide range 
of types of antennas used in telecommunications and radio astronomy. 
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Individual Variations in Rate of 
Skeletal Maturation 


Fryt recently criticized the Tanner and Whitehouse (TW) 
method of assessing skeletal maturity? on the grounds 
that it shows excessive fluctuation in the velocity of 
maturation. He stated that, in a child whose chrono- 
logical age advances 6 months, the method may show no 
advance of skeletal age or, alternatively, a skeletal advance 
of 23 months. Fry seems to have assigned TW ratings 
only to the plates in the Greulich-Pyle Atlas, so it is not 
at all clear how he arrives at the criticism, nor, indeed, 
precisely what is implied. I am able, however, to supply 
actual data on the mean rate of maturation of a popu- 
lation of children and on the variation between individual 
children rated in successive years by the TW method. 

The term “velocity” implies a measure of distance 
travelled in unit time. In terms of skeletal development 
we may substitute for "distance". “progress towards 
the maturity of the skeleton". The TW method measures 
"distance" in this sense by allotting to each of twenty 
bones, in the hand and wrist, a number of points, according 
to the progress that bone has made towards its mature 
state. The unit of "distance" then is the point, and the 
proper measure of velocity is "points per year”. 

Velocity must be determined by allotting a score to two 
radiographs of the same child and dividing the difference 
between the scores by the time interval (in years or 
decimals of years) between the dates on which the two 
radiographs were taken. 

This procedure has been applied to children taking part 
in the London Longitudinal Growth Study. Hand and 
wrist radiographs, taken within 2 months of each birthday 
from the fifth to the eleventh, were rated by the TW 
method. All ratings were made by the same experienced 
observer, whose consistency has been well established. 
Accuracy was further ensured by examining consecutively 
all the radiographs of each child. 


Table 1. ROYS 

Age No. of Mean rate 
(yr) subjects (points/yr*) S.D. 
5:0-6-0 54 41-0 17-5 
0-0—7-0 62 90-5 92-4 
7:0-8-0 59 49-9 21:6 
8:0-9-0 49 39-9 18-1 
9-0-10-0 39 43-4 24:7 
10-0~11-0 39 57-7 33-2 


* Caleulated by dividing inerease in number of points by exact time 
interval between two successive X-rays of each child, 


Table 2. GIRLS 

Age No. of Mean rate 
(yr) subjects (points/yr*) S.D. 
5:0-6«0 54 45:7 18-3 
6:0-7-0 57 48-0 20-1 
7-0-8-0 55 46-2 21-2 
8-0-9-0 51 53-0 27-5 
9-0-10-0 41 TOS 41-6 
10:0-11-0 23 101-3 03-6 


. * Calculated by dividing increase in number of points by exact time 
interval between two successive. X-rays of each child. 


Tables 1 and 2 show the means and standard deviations 
of the velocity of skeletal maturation of boys and girls 
respeetively. 

These data can be related to the concept of "skeletal 
age" by defining one year of advancement in skeletal 
age as the average number of points gained during the 
year. On this basis, one year's inerease in skeletal age 
is represented by the mean value in the tables for the 
year in question and the standard deviation is approx- 
unately 6 months in each case. In one year of chrono- 
logieal age, then, a few extreme individuals would show 
no advance in skeletal age while, at the other extreme. 
some individuals would advance by the equivalent of 
about 2 years. The advance of 23 months of “bone age" 
in 6 months of chronological age that Fry mentions is 
much beyond the limit observed in our data. Whatever 
the advance, however. it would be readily detectable and 
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measurable. The average number of points advanced 
in one year might, of course, vary from one community 
to another. Average data for a larger number of British 
children are given by Tanner, Whitehouse and Healy’. 

The Greulich and Pyle method? does not give any 
absolute measure of velocity of skeletal maturation and 
therefore the two methods cannot be compared in the 


the Tanner and Whitehouse method fully only when its 
applieation to large numbers of subjects in longitudinal 
studies has shown how accurately it measures their 
progress towards maturity. 

Our studies are being extended to cover a wider range 
of ages and more detailed interpretation of the data. 

W. À. MARSHALL 

Department of Growth and Development, 
Institute of Child Health, 
30 Guilford Street, London WCL. 
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Effects of Sodium Cyclamate 
on the Growth of Rats compared with 
other Variations in the Diet 


We have studied the effects on rats of sodium evclamate 
in amounts corresponding to those consumed by man. 
Male rats were chosen because differences in weight. food 
consumption and food efficiency (growth per kealorie of 
food) are usually more distinet in males than in females. 
101 weanling albino rats, divided into six groups, were 
given a human type diet in a dried and ground form, 
eomposed according to the data on the food eonsumption 
of the Dutch population in 1961 (refs. | and 2). This 
"Han-1961" diet was varied by substituting different 
compounds for bread and potato starch in isocalorically 
proportionate amounts. The protein lost by replacing 
potato and bread was resupplied with cooked potato 
protein and wheat gluten. Sodium cyclamate was sub- 
stituted for two-thirds of the sugar in the original diet 
so that the sweetening effect was the same; that is, in 
an amount 1/30 of the weight of the sugar. The sugar 
content of the Ran-1961 diet is 15 kealories per cent. 

The six rations are: I, Ran-1961 control; II-V, Ran- 
1961 with 15 kealories per cent of sugar, butter, sunflower 
oil and lean dried beef, respectively, instead of starch: 
VI, Ran-1961—cyclamate, containing 4-26 mg of sodium 
cyclamate/g of food. 

Table 1 gives the weight, gain in weight, food consump- 
tion and food efficiency data for a 6 week experimental 
period. There is little difference between groups I-V. 
whereas the animals in group VI gained appreciably more 
weight than any in the other groups. Wileoxon's para- 
meter-free ranking test? was applied to calculate the 
bilateral tail errors {Pa}. For the difference between 
group | and group VI, P,-— 60-01. The data for consump- 
tion of food showed a similar pattern from the first 
weeks onwards: over 6 weeks P,-—0.045. Even the food 
efficiency was significantly higher than that of the control 
group (P= 0-002). 

The only remarkable point in the results from the other 
groups was the relatively low food consumption—in 
kcalories—of the animals receiving extra meat, although 
their weight gain did not differ from that of groups I-IV. 
Their efood efficiency was high, however. and differed 
significantly from that of the butter and sunflower oil 
groups (P 0-03) though not from the control group. 
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AVERAGE WEIGHT, WEIGHT GAIN, FOOD CONSUMPTION AND FOOD EFFICIENCY DATA 


! IV V Vi 
Group ol l il . lil sunflower oil Dried meat Sodium 
Control "ugar extra Butter extra extra extra cyclamate 
Number of animals 17 17 17 17 16 17 
Initial weight (g) 48-6 48-5 48-6 48-5 49-1 48-2 
Range (g) 37-04 36-66 32-64 83-50 34-65 35-64 
Weight after 6 weeks (g) 158-6 158-5 147-0 148:5 145:3 188-2 
Range (g) 95-218 119-207 99-108 91-222 76-208 150-237 
Weight gain (g) 110-0 116-6 QS 4 90-6 96-2 139-0 
— Range (g) 58-101 74-158 58-140 48-163 42-144 99-173 
Total food consumption in the first 6 weeks (g) 4360-4 4697 42144 424-9 372-9 509-6 
. Range (g) 357-561-5 3765-573 320-5-524-5 355:5-541 249-4715 350-008 
Calorie content/g food 4:20 4-21 4:51 4:59 4-20 £185 
Total food consumption in the first 6 weeks (calories) 1.936 1,974 1,900 1,943 1.600 2,133 
Range (calories) 1,500--2,358 1,585-2,412 1,486-2,366 1,832-2,360 j,868-2. 023 1,502-2,545 
Food efficieney: growth in g/ 100 calories 5-61 5-57 5:12 |... 5:08 OOF en 55 
— Range (2/100 calories) 3:RT—-1:02 5:00-7-61 3«74-6-42 2:94-6-9] 3:19-8:40 5:11-7:30 
Statistically significantly different from control group: 
Weight after 6 weeks and weight gain: sert 0 0 vii que "s P= QUT 
Food consumption es m C ulemw gaps P, 0-045 
Growth per calorie of food. re omm ns ET P, = 0-002 
* Although not significantly different from the control group, the differences from the butter and the sunflower oil groups were both significant at 


the 3 per cent level. 


Sodium cyclamate in the quantity given (0-43 per cent) 
seems to stimulate appetite, and thus a rise in weight. It 
is surprising that the food effieieney is also higher than in 
the controls. If this is also true for man. then weight 
reduction will be more difficult if the diet contains 
cyclamate. The small variations in total food composition 
between diet VI and the control can searcely be sig- 
nificant, for the far greater variations in rations IL-V had 
no substantial effects. 

Fitzhugh et al.* have studied the effects of cyclamate 
in higher doses. One per cent cyclamate mixed in food had 
no significant effect on the growth of rats, although 
males showed a tendency to gain weight and the females 
a tendency to growth inhibition-—up to adulthood (1 year 
old) Higher doses— 5 or even 10 per cent of the food 
given—resulted in a distinct retardation of growth?-’. 

The dose given-—although based on possible human 
consumption—is rather high for the animal in relation to 
its weight. It amounts to 70 mg/rat/day, which is 565 mg/kg 
body weight in the sixth week of thestudy; the maximum 
permissible amount for man is 50 mg/kg body weight. A 
dose of 5 per cent of the food is equivalent to more than 
ten times the dose administered in our experiment 
(750 mg/rat/day). 

It is clear that it is not sufficient to give only extreme 
large doses of certain compounds to test animals to dis- 
cover their effects; administration of lower doses also 
provides useful information. We are continuing these 
studies with rats of both sexes. 

L. M. DALDERUP 
W. Visser 
Netherlands Institute of Nutrition, 
Wageningen. 
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Identification of Plasma 
Angiotensinase as Aminopeptidase 


AMINOPEPTIDASE 


aminopeptidase. 


The Michaelis constants have been determined for the 
hydrolysis of the synthetic substrates leucine-p-nitro- 
anilide and alanine-p-nitroanilide’ by pig plasma, serum 
and aminopeptidase purified from pig kidney*. The Ay 
values are identical for the different enzyme sources 
(Table 1). The Michaelis constants have also been determ- 
ined for the hydrolysis of angiotensin H by pig plasma and 
aminopeptidase. Amounts between 0-5 and 500 ug/ml. 
of g-L-asplangiotensin Il §-amide (Hypertensin, CIBA), 
were incubated with plasma or the pure enzyme in 0-03 M 
phosphate buffer, pH 7-5, containing 0-05 M sodium 
chloride. After 1-5 h at 37? € the reaction was stopped by 
acidification and rapid freezing amd the undestroyed 
angiotensin assayed in the rat*. Using two venous ean- 
nulae alternate injections of standard and unknown 
solution were given in minimum vohimes and the blood 
pressure response of the unknown bracketed between 
known amounts of standard. The error of a bioassay of 
this type is approximately 5 per cent. The Lineweaver 
Burk? plots of the rates of hydrolysis of angiotensin by 
pig plasma and aminopeptidase did not differ (Fig. 1). 


Table 1. KINETIC DATA FOR HYDROLYSIS OF PIHFFERENT SUBSTRATES BY 
PURIFIED AMINOPEPTIDASE, SERUM AND PLASMA FROM PIG* 


Aminopeptidase 


Substrate from pig kidnev Seram Plasma 
Kx values (moles/l. x 107*) 
Leucineamide u 2.350 — de 
Leucine-p-nitroanilide 240 240 240 
Alanine-p-nitroanilide 600 600 600 
Angiotensin o4 es ES 
'Turnover No. (moles of substrate per mole of enzyme per min at 37° €) 
Leucineamide 1,260 Ec — 7 qe 
Leucine-p-nitroanilide 28,000 —— — 
Alanine-p-nitroanilide 40,000 — — 
Angiotensin 490,000 — — 


* AE pH 7-5 and 37° € in 0-03 M phosphate buffer. 


Aminopeptidase is competitively imhibited by E DTA 
(ref. 5). Incubation of angiotensin, 0:5 ug/ml. with plasma 
in phosphate buffer, pH 7-5, with 0-01 M disodium E DTA 
resulted in an unmeasurably low rate of angiotensin break- 
down even after incubation for 24 h. A plasma sample, 
with its angiotensinase activity inhibited by 0.02 M 
EDTA, was found after dialysis to remove the EDTA, to 
have regained full activity when compared with plasma 
dialysed without prior addition of EDTA. Measurement 
of the rate of hydrolysis of leucine-p-nitroanilide by amino- 
peptidase and plasma in the presence of EDTA gave ¢ 
Ki value of 0-15 moles/l. for EDTA. Addition of calcium 
chloride increased this inhibition aud rendered it non- 


petitive, becoming non-competitive at low substrate 
concentrations.  Caleium chloride, in concentrations 
higher than 0-02 M, inhibits purified aminopeptidase and 


also the plasma enzyme. 
These measurements of enzyme activity show no 
differences between pig plasma and pure pig aminopep- 
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tidase aeting on the substrates angiotensin, leucine-p- 
nitroanilide and alanine-p-nitroanilide and also show the 
same reversible inhibition by EDTA and calcium chloride. 
The proteins carrying this activ ity have been further 
identified by immunological studies. 

Double diffusion in 1 per eent agar, made up in 0-1 M 
phosphate buffer, of pure aminopeptidase, plasma and 
serum against rabbit anti-aminopeptidase serum gave 
lines of identity. Immunoelectrophoretic analysis in 
0:06 M veronal buffer, pH 8-6, of aminopeptidase devel- 
oped with rabbit antramimopeptidase, and of amino- 
peptidase developed with rabbit anti-pig serum, gave 
hnes of precipitation at the same place, showing an 
antigen in pig serum behaving like aminopeptidase. 
Immunoelectrophoresis of pig serum developed with 
rabbit anti-aminopeptidase gave a line in the same position 
as in the two previous experiments, showing an antigen 
in pig serum reacting with antibody directed against 
aminopeptidase. Staining with leucine- p-nitroanilide 
occurred in all the precipitation lines formed by amino- 
peptidase or by the immunoelectrophoretically identical 
serum protein. 

If aminopeptidase is responsible for the hydrolysis of 
angiotensin in plasma and serum, specific elimination of 
this enzyme should decrease the rate at which angiotensin 
activity disappears on incubation with treated plasma or 
serum samples. Two different antibody preparations 
were used: (1) a precipitate of aminopept idase and anti- 
aminopeptidase prepared in antibody excess; (2) a 
purified IgG fraction of anti- -aminopeptidase serum. The 
rates of angiotensin destruction, following treatment with 
the antisera, parallel those for the rates of hydrolysis of 
leucine-p-nitroanilide, which confirms that the proteins 
hydrolysing the two substrates, and having different 
origins, are the same (Table 2), | 


Table 2. ENZYME ACTIVITY OF PLASMA AND SERUM AFTER REMOVAL OF 


PRECIPITATES FORMED By ANTI-AMINOPEPTIDASE 


: Velocity of hydrolysis 
destruction as per — of leucine-p-nitroanilide 
cent of control as per cent of control 


Pig plasma; control 100 100 
After treatment with IgG zd 23 
After treatment with pre- 


Velocity of angiotensin 


eipitated antibody 70 ši 
Pig serum; control 100 100 
After treatment with Ig AS 43 
After treatment with pre- 

eipitated antibody 7 83 


pigs aad for fee ee Ne 63 Quar the 
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kidneys (240 g) contained 120 mg of aminopeptidase 
while the plasma (estimated volume 51), contained a total 
of about 3 mg of enzyme. The actuel amount of enzyme 
in plasma 1s about 3.5 per cent of that in kidney, while 
the concentration, which is more important, 18 only 0-02 
per cent of that in kidney. 

Aminopeptidase is present in high concentration in 
mierovilli and in the ground substance of many tissues’. 
Contact of angiotensin with these eminopeptidase sites 
would result in a high rate of destruction as the reaction 
rate is proportional to the enzyme conce ntration. For 
example, in the proximal tubule, where the brush border 
contains much aminopeptidase, the rate of destruction 
of all filtered angiotensin will be very much higher than 
in plasma. With the very low plasraa concentrations of 
angiotensin found physiologi rally, of the order of 1074 
moles/l. (ref. 9), its rate of destruetien in plasma will be 
very low; this could be concluded from a Michaelis con- 
stant of the order 10-95 moles/l. A Jew for plasma angio- 
tensinase has been reported as 6 x 139°? moles/l. (ref. 10) 
but this is almost certainly too high because the estima- 
tions were carried out at pH 8:2 in à buffer contaming the 
competitive inhibitor tris’. True kinczie constants for this 
reaction are extremely Ld - obtain as the progress 
of the reaction is measured | v bicassay and the first 
produet of the reaetion is the Tabea active hepta- 
peptide". Thus the measured Fmax is an underestima- 
tion. The heptapeptide and subsequent smaller peptide 
fragments are competitive inhibitors of the aetion of 
aminopeptidase on the octapeptide, for they are also sub. 
strates for the enzyme?!" giving à reaction course which 
is not first order. The true Ky should be even lower than 
our results indicate. 

The participation of other enzymes when CA 
is destroyed when circulating through vascular beds 
probable and would explain w hy &-asparaginyl- alata n 
is hydrolysed by tissue or on perfusion, but not by 
plasma**, At neutral pH, in pig placma, aminopeptidase 
is responsible for angiotensin destruction. Minor participa- 
tion by other enzymes cannot be excluded, however, and 
at other pH could become more important’. The destruc- 
tion of angiotensin in plasma appears to be physiologically 
unimportant, while the more rapid destruction on circuia- 
tion through vascular beds! and proximal tubules may 
be caused by contact with bound ame nopeptidase. 
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Circadian Periodicity of Blood 
Amino-acids in Normal and 
Adrenalectomized Mice 


Tus total amino-acid concentration of healthy young 
men varies considerably with the time of day'?. The 
periodicity of eighteen amino-acids in healthy adult 
males has been reported and the factors affecting their 
periodicity diseussed?. Investigation of the regulation of 
plasma amino-acid rhythm through the corticoid rhythm 
was thought to be imperativet. We report a circadian 
periodicity for blood amino-acids in mice as well as the 
effect of adrenalectomy on the observed rhythmicity. 

Amino-acids in 0-006 ml. of whole blood were determined 
by the technique of Efron et al.5, with modification’? for 
quantitation by densitometry. The sum of the integrated 
values for each whole blood amino-acid detectable as a 
single spot (cystine, glutamine, alanine, alpha amino 
butyric, and tyrosine), as well as those obtained for 
amino-acid groups (leucine and isoleucine; ^ valine, 
methionine, and tryptophan; glutamic acid and threonine ; 
glycine, aspartic, and serine; and lysine, arginine, and 
histidine) was called the total integrated value. 

The error of the method as calculated from three 
standard deviations of the mean total integrated value of 
twenty replicate determinations of the same blood sample 
on the same day was 2-1 per cent. The error of the method 
calculated similarly from replicate determinations of the 
same blood sample on 20 different days was 5-7 per cent. 
Mathematical analysis was conducted by Drs G. L. 
Jessup, L. W. Gaudette and W. D. Foster of the Bio- 
mathematies Division of Fort Detrick using a ‘Univac’ 
sohd state computer. 

Normal and adrenalectomized male CD-1 mice (Charles 
River Laboratories, Massachusetts) of body weight 
12--2 g were used. They were maintained in an animal 
chamber lighted for 12 h each day starting at 0600 h; and 
were fed Rockland mouse chow and water freely. The 
diet of adrenaleetomized mice was supplemented with 
0-9 per cent saline. 

Normal mice were killed by a sharp blow on their head 
every 3 h beginning at 0800 h on the day of study and 
ending 24 h later. Adrenalectomized mice were similarly 
killed about 7 days after adrenalectomy. 

Duplicate studies were performed in successive weeks. 
Each point in time represents twenty-five individual 
whole blood amino-acid determinations. Blood obtained 
by cardiac puncture at time of death was placed on 
separate pieces of Schleicher and Schuell 903 paper 
(Keene, New Hampshire) for analysis. The results of the 
individual samples representative of the same time 
period were pooled and the mean and standard error 
calculated. 

The circadian periodicity of whole blood amino-acids 
in both normal and adrenalectomized mice is plotted on a 
24 h eyele in Fig. 1. The mean +1 S.E. has been plotted. 
Peak levels in normal mice were reached between 0200 and 
0800 h with concentrations 44 per cent greater than those 
obtained at 1700 h. Changes in the individually quanti- 
tated amino-acids were proportional to the total integrated 
value. 

Adrenaleetomy produced generally lower blood amino- 
acid concentrations but failed to abolish periodicity. 
The time of minimal and maximal amino-acid concentra- 
tion differed from that seen in the intact mice such that 
peak concentrations were seen between 1400 and 2000 h 
and lowest values were recorded at 2300 h. 

Circadian periodicity of whole blood amino-acids may 
be universal among vertebrates.  Squibb* noted the 
existence of periodicity in the concentration of free 
amino-acids of serum and liver in growing chickens. His 
work and the reports of a similar periodicity irf men?” 
coupled with these results suggest that this phenomenon 
may oecur throughout the animal world. 


NATURE, VOL. 221. JANUARY 4, 1969 





100 
Es 
E 600 
» 
uL R e” “ 
E 500 e 
= 400 
300 | — 
asod 1100 1400 1700 2000 2300 6200 0500 0800 


Hours of the day 


Fig. 1. Circadian periodicity of whole blood amino-acids, expressed as 
total integrated value in normal (-~--—) and adrenalectomized {+ =-~) 
miee, Shaded area represents period of total darkness. Each point 
represents the mean and standard error of 25 individual determinations. 


The factors underlying circadian periodicity can be 
divided into environmental or external and internal. The 
importance of external synchronizers—a 12 h shift in 
sleep and wakefulness cycle—in the maintenance of blood 
amino-acid periodicity in man has been documented’. 
Similar external controls may be important in maintaining 
amino-acid rhythmicity in the intact mouse, because peak 
concentrations are found during the hours of greatest 
activity. The influence of dietary protein, another exter- 
nal variable, as a synchronizer of amino-acid rhythmicity 
has been excluded? 7. 

Endogenous controls of blood amino-acid rhythm have 
been a souree of considerable speculation. The cireadian 
periodicity of adrenocortical function, first described by 
Pincus! is well known?!*. Our studies in adrenalecto- 
mized mice were undertaken to evaluate the role of the 
adrenal as a mediator of whole blood amino-acid periodi- 
city. The whole blood amino-acids of CD-I strain male 
mice undergo circadian periodicity with peak concentra- 
tions between 0200 and 0800 and lowest levels at 1700 h. 
The periodicity undergoes phase shifting but is not 
abolished by adrenalectomy. Whole blood amino-acid 
concentrations in mics are one of the parameters dependent 
on the intact adrenal for its phase relationship but not for 
its inherent periodicity. The effect on rhythmicity of 
sampling longer after adrenalectomy has not been 
determined. 

A cireadian rhythm for trytophan pyrrolase activity, 
its circulating substrate tryptophan, and plasma corti- 
costerone in the mouse has been described". The data 
were insufficient to determine the exact relation between 
enzyme activity and substrate values or the relations of 
these to plasma corticosteroids. The circadian rhythm of 
tryptophan was not a likely basis for rhythmic changes in 
tryptophan pyrrolase activity. {t was impossible to 
determine whether the change in circulating tryptophan 
was the result of rhythmicity of hepatic tryptophan 
pyrrolase. 

Corticosteroids are capable of inducing enzyme syn- 
thesis!2. Corticosterone concentrations in the mouse are 
at a peak at approximately 1600 h and are lowest at 
2400 h13, so corticosterone output in mice is greatest at 
the time that whole blood amino-acids are lowest. In 
addition, peak mitotic activity occurs during the time 


between 1200 and 1700 h and the slowest rate between 
0100 and 0800 h. A direct relationship may exist between 
these observations such that when stimulus for new 
protein synthesis is greatest, whole blood amino-acid 
concentrations are lowest and conversely, when synthesis 
is slow blood amino-acid concentrations are highest 

The possible interrelationship of circulating corti- 
eosteroids and other hormonal influenees!*-!* in control- 
ling or modifying the observed whole blood amino-acid 
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periodicity in any animal species cannot at present be 

elucidated, but deserves study. 
HareH D. FEIGIN* 
Harry G. DANGERFIELD 
WILLIAM R. BEISEL 

Department of Pediatrics, 

Washington University Sehool of Medicine 

and the US Army Medical Unit, 

Fort Detrick, 

Maryland. 


Received September 30; revised November 15, 1968. 


.. * Present address: St Louis Children's Hospital, 500 South Kingshighway, 
St Louis, Missouri, 


1 Feigin, R. D., Klainer, A. S$., and Beisel, W. R., Nature, 215, 512 (1967). 
*W'urtman, R. J., Rose, C, M., Chou. ©., and Larim, E. FE., Nee Engl. J. Med., 
279, 171 (1968). 
5 Feigin, R. D., Klainer, A. S., and Beisel, W. R., Metabolism, 17, 764 (1968). 
* Axelrod, J., and Black, I. B. , New Engl. J. Med., 279, 216 (1968). 


* Efron, M. L., Young, D., Moser, H. W., and MaeRoeady, R. A., New Engl. 
J, Med. . 270. 1878 (1964). 
t Squibb, R. L., Nature, 209, 710 (1960). 
7 Wurtman, R. J., Chou, C., and Rose, C. M., 
5 Pincus, G., J. Clin, Endocrinol., 8, 195 (1943). 
* Bartter, F. C., Delea, €, S., and Halberg, F., Ann. 
(1962). 
i Bayvliss, R. E. S., Ciba Foundation Colloquia on Endocrinology, 5, 649 
( Boston, Little, Brown n, and Company, 1955). 
n Rapoport, M. E., Feigin, R. D., Bruton, J., and Beisel, W. R., Science, 1583, 
1642 ipd. 
1? Schimke, R,’ 
(1965). 
15 Halberg, F., Perspect. Biol. Med., 8, 491 (1900). 
u Simmons, D. J.. and Nichols, jun., G., Amer. J. Phusiol., 210, 411 (1966). 


i Roberts, E., and Simonson, D. G., in Amino Acid Pools (edit. by Holden, 
J. T. 254 (Elsevier Publishing Company, Amsterdam, 1962), 


u Floyd, J. C, Vajans, $, 5., Conn, W., Knopf, R. F., and Rull, J., J. Clin. 
invest., 45, 1479 (1960). 


7 Li, C., Geschwind, L, and Evans, H. M., J. Biol, Chem., 177, 91 (1949). 
15 Sokoloff, L., and Kaufman, S., J. Biol. Chem., 936, 795 (10601). 


Seience, 188, 660 (1967). 


NY Acad, Sci., 98, 969 


. Sweeney, E. W., and Berlin, C. M., J. Biol. Chem., 940, 322 


Non-random Variability in Evolution of 
Base Compositions of Ribosomal RNA 


Durna the past few years, base composition data have 
accumulated in the literature for the two chief components 
of ribosomal RNA (rRNA): the larger (23-288 RNA) 
and the smaller (16-185 RNA). I wish to draw attention 
to some peculiarities in these data. 

Table 1 shows the base compositions of the two rRNA 
components from various organisms; for the sake of 
simplieitv average figures are given for relatively homo- 
geneous taxonomic groups of organisms within which 
there were slight or no differences. No differences in base 
ean have been detected i in rRNA prepared from 

various tissues of the same organism. 

Table 1 indicates that the base composition of both 
rRNA components is quite variable if different organisms 
are compared. It is also apparent that in most cases the 
two rRNA components are significantly different from 
each other. 


Tabl: }. BASE COMPOSITION OF 
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The three graphs of Fig. 1 present a better analysis 
of this variability. In this figure the three possible base 
ratios G+U/C+A, G+A/C+U and G+C/A+U are 
considered. In each graph one of the three base ratios of 
the smaller rRNA component (16-188 RNA) is plotted 
against the same base ratio of the larger rRNA component 
(23-288 RNA) for each species. Various species of the 
same taxonomic group (Table 1) are represented separately 
with the same symbol. 

The low variability of G + U/C + A and G + A/C -+U ratios 
is obvious compared with the high variability of G+C/ 
A--U. This is not surprising considering the secondary 
structure of rRNA??; the considerable degree of base 
pairing in rRNA allows a much higher variability in 
G+C/A4+U than either G+ U/C + A or G+ A/C+U ratios. 
The fact that the G -- U/C +A and G+ A/C +U base ratios 
are always somewhat greater than 1 is explained by the 
high content of G relative to C in all species, while A and U 
are present more equally. This excess of G suggests & 
preference for the base in the unpaired regions of rRNA. 

A correlation between the base compositions of the two 
rRNA components is obvious in Fig. 1C. The reasons for 
such a correlation are not clear. It has been demon- 
strated repeatedly in various organisms--from bacteria to 
mammals—that the two rRNA components are coded by 
distinet cistrons**. The parallel evolution of base composi- 
tion in these distinct cistrons could be due to a functional 
restriction: functional ribosomes might require the two 
rRNA molecules to have base compositions which are 
correlated in some way. Alternatively, there may be some 
kind of genetic mechanism by which the genes s coding for 
the two rRNA components affect each other during 
evolution. In connexion with this hypothesis it must be 
remembered that the rRNA genes are highly redundant; 
there might be a genetic mechanism to keep the numerous 
pitas of the cistrons of each rRNA component similar to 

each other during evolution. 

In Fig. 1C an evolutionary pattern (or, better, a "tax- 
onomieal pattern") is also evident. although many more 
data are needed. In plants, for example, the G+C/A+U 

ratio increases progressively from fungi to dicotyledons 
and monocotyledons. <A similar pattern characterizes 
higher animals. Unfortunately most groups un- 
represented. and some are represented by one or very few 
species so that generalization is not possible. For example, 
Drosophila rRNA does not seem typieal of insect rRNA; 
total rRNA. from other insects has been found to be of 
the high G -- C typet, 

So far as the relationships between the G-- C/A 4 UCT) 
ratios of DNA and rRNA are concerned, all miero- 
organisms, which display a wide variability for the G-- € 
content of DNA, have rRNA with the same base eomposi- 
tion. Higher organisms. plants and animals, which have a 
much less variable G 4- C content in their DNA, have quite 
a variable rRNA base composition. 

55 RNA has not been included here 
data available which seem. in any case, 
correlation between the base composition 


are 





because of the few 
to exclude any 
of this low 


THE TWO HIGH MOLECULAR WEIGHT rRNA COMPONENTS FROM VARIOUS SOURCES 


Moles per cent 


23-284 185-185 References 
rRNA source C A U 6G C A U G 
Psittacosis organisms (Meningopneumonitis organism) 16.7 928-8 24:4 30-6 17:1 26.4 24.23 oe 1 
Bacteria (E. coli, A. aerogenes, B. subtilis, B. emersonii, 

P. aeruginosa, P. vulgaris) 218 25-0 20-0 31:3 22.6 25.0 21-1 898 Be 
Mitochondria (Neurospora) 15-0 33:9 31:0 19-1 10.0 31.8 3r 20-4 & 
Fungi (yeast, Neurospora, Coprinus, Psalliaia) 20-8 20:5 24-0 28-9 19-9 2k 25-0 BRO 4, 8-10 
Dicotyledons (potato, pea, cauliflower, cabbage, parsnip, 

eolery) QR DIT 20-0 32:5 92:4 24:0 22.0 30-7 11,12 
Monocotyledons (Zea) 2840 21-2 16-0 33-0 25-0 22-0 20:2 32.8 8 
Insects (Drosophila) 19-6 30-8 SPA 22.5 20-8 2RR 27-4 23-5 13 
Echinoderms (Arbacia) 20-0 19-9 19-3 e 349 28:8 23:1 23-2 20-0 14 
Amphibians GEenopus) 27-9 19-7 iT 35-0 241 24:1 22-9 28-9 z 
Birds (chick, duck) 28-6 18-0 18-8 347 25:8 23:3 22.1 28 08,17 
Mammals (rabbit, rat, mouse, hanister, pig, human) 90-8 17.8 17.9 35:1 Sn 21-4 up 30:6 t&-31 
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Vig. J. Base ratios of 16-185 RNA plotted against the same ratios of 
rd RNA (A, GAURA, B, G+AfC+U; €, Go CIA US 
, Psittacosis; +, bacteria: W, mitochondria (Neurospora): @. fungi; 
m dicotyledons; A. monocotyledons: . insects; ©, echinoderms: 
O amphibians; C), birds; A ; mammals, 


molecular weight rRNA and that of the other two rRNA 
components. 
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Quantitative Variation of 
6-Phosphogluconate Dehydrogenase 
in an African Population 


IN a previous report we described the relatively high 
frequency of the electrophoretic phenotype 6 6-PGD AB of 
6-phosphogluconate dehydrogenase (EC 1.1.1.44; 6-PGD) 
in the local African population?. Our further experience 
confirms this: 6-PGD AB has been found in 115 of 500 
Africans (23-0 per cent) compared with 23 of 300 Whites 
(7-6 per cent). The very rare phenotype 6-PGD B has 
been found in 12 of 500 Africans (2-4 per cent), but has 
not yet been found in the local White population. 

Recently, Carter et al. have shown that there are small 
differences in mean red cell 6-PGD enzyme activity 
among the different electrophoretic types. We have 
taken advantage of the high frequency of these variants 
in the local African people to investigate the quantitative 
distribution of 6-PGD at population level. 

Our subjects were two hundred apparently healthy, 
unrelated African volunteers; there were equal numbers 
of men and women. All were Bantu-speaking Negroids 
of the Southern Nguni group and included members of the 
Xhosa, Fingo, Pondo and Bhaka tribes. The mean age 
of the men was 37-39: 5^7 yr; the mean age of the women 
was 3l:2t 72 yr. 

Blood samples were collected from each subject. Elec- 
trophoretie typing was carried out by the method pre- 
viously deseribed!. The method of assay of 6-PGD in the 
red cells was modified from King? and Bishop’. Heparin- 
ized blood samples were centrifuged until the cells were 
completely packed. The plasma was removed and the 
eells were washed three times with normal saline. To 
0-15 ml. of packed, washed cells, 2-85 ml. of 0-01 per 
cent aqueous solution of saponin was added to make à 
1: 20 cell suspension. The suspension was shaken vigor- 
ously for 5 min and centrifuged for 15 min. The clear 
supernatant haemolysate was removed. The reaction 
mixture consisted of 1-2 ml. of 0-1 M barbital buffer at 
pH 8-6, 0-2 ml. of 0-2 M magnesium chloride, 0-2 ml. of 
OLM eysteine, 0-2 ml. of nicotinamide adenine di- 
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Fig. 1. The distribution of red-cell 6-PGD activity in two hundred 


African subjecta, 


nucleotide phosphate (2 mg/ml. solution) 0-1 ml. of 
haemolysate and 0-8 ml. of distilled water. The reaetion 
mixture was incubated in a water bath at 25? C for 10 min, 
after whieh 0-3 ml. of the substrate 0-02 M 6-phospho- 
gluconate trisodium was added. Optical density was 
measured in a thermostatically controlled spectrophoto- 
meter at 340 mu and at 25° C. Readings were taken every 
minute for about 10 min. Enzyme activity was calculated 
from the formula 

OD per min x 1,000 x 0-5 x 200 = 

milli-international units (mtv )/100 ml. packed cells 

All enzyme assays were done on "blind" duplicate 
samples and completed within 32 h of drawing the blood 
specimens. Only at the end of the investigation were the 
results of the duplicate assays correlated with each other 
and with the results of the electrophoretic typing. 

The results are shown in Table 1 and Fig. 1. The mean 
level of red-cell 6-PGD activity for the two hundred 
subjects was 1,553 miv/100 ml. packed cells, with a range 
of 1.065 to 2,240 miv and a standard deviation of 173 miv. 
Using the results of the duplicate assays, the standard 
error of the method was 25 mrv/100 ml. packed cella. 
Table 1. 6-PHOSPHOGLUCONATE DEHYDROGENASE ACTIVITY RELATED TO 

ELECTROPHORETIC TYPE 


Electrophoretic No. of inzyme activity 


type subjects Mean S.D. 
A 152 1,580 161 
AB 42 1,504 149 
B 6 1,205 81 
Au 200 1,553 173 


Fig. 1 shows that the distribution of 6-PGD activities 
in the whole sample approximates a normal curve. When 
the individual enzyme activities are correlated with their 
electrophoretic types, however, it is seen that the six 
subjects of type 6-PGD B are all in the lowest tail of the 
distribution curve. The range of enzyme activity of these 
six subjects is 1,065 to 1.285 miv/100 ml. paeked cells. 
Only one of the other 194 subjects (type 6-PGD AB) had 
an enzyme level of less than 1,300 mrv. The mean enzyme 
activity of the six 6-PGD B subjects (1,205+ 81) was 
signifieantly less than the mean levels of the other two 
groups (P «0-001). We were able to carry out enzyme 
assays on three other 6-PGD B subjects (not in the present 
sample); they had 6-PGD activities of 1,090, 1,270 and 
1,265 miv/100 ml. packed cells respectively. The mean 
level of enzyme activity in the forty-two 6-PGD AB 
subjects (1,504 + 149) did not differ significantly from that 
of the 152 6-PGD A subjects. 
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the variation in electrophoretic type of 6-GPD is, to some 
extent, accompanied by quantitative differences as well, 


enzymes the genetically determined electro- 
phoretie variants of which may also show quantitative 
differences in enzyme activity. 

This work was supported by the National Institutes of 
Health, US Public Health Service, and by a University of 
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GENERAL 


Numerical Classification Method for 
deriving Natural Classes 


THE current approach in numerical taxonomy is directed 
towards the so-called "minimum-variance" solution, for 
which it is argued that a population should be partitioned 
into cluster subsets by minimizing the total within group 
variation. Several classification methods have been com- 
pared? and shown to possess related variance constraints, 
and a case has been madet? for suggesting that such 
methods are not ideally suited to the taxonomic problern 
of resolving "natural" classes. Implicit in the minimum 
variance approach is the concept that cluster should have 
no significant overall variance or spread, and this implies 
that in the case of a unimodal swarm the distribution 
should be split into an arbitrary number of compaet 
sections. By contrast. Forgey has argued?? that for a 
"natural" classification, clusters should correspond to 
data modes, and there can only be as many classes as 
there are distinct modes. No variance constraint js 
implied, or should be induced, for when a mode is elongated 
rather than spherical the distribution merel y reflects some 
internal factor of variation for the corresponding clase. 
Such factors will be present to some extent, depending 
on data transformations and the quality of the selected 
character set, and therefore a subsequent variable search 
is necessary to discover the hidden constant characteristics 
of the class. Furthermore, those characters which are 
non-constant for a cluster mode may be inter-correlated, 
suggesting that the original character choice was poor, 
and in such cases the consideration of correlations, ratio 
variables and regression coefficients is indicated. Forgey 
interprets* a data mode as a continuous dense swarm of 
points, separated from other such modes by either empty 
space qr a scattering of "noise" data. It has been sug- 
gested that "noise" data usually result from sampling 
errors, and while this is true, they can also be interpreted as 
those natural phenomena associated with the intersecting 
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tails of disjoint continuous distributions. We can there- 
fore expect a "natural" cluster to exhibit a dense centre 


(of any shape) which is surrounded by a haze or cloud of 


points, and the problem is to isolate the dense centres 
irrespective of this interference. 

Sneath's method of single linkage, one of the few 
classification techniques which does not possess variance 
constraints, is obtained by selecting a threshold, r. and 
linking all pairs of points which are closer than r. A 
cluster is therefore described by a lattice of connected 
points, and has the property that each element is eon- 
nected to at least one other, while the nearest neighbours 
of two disjoint lattices are separated by a distance which 
exceeds r. Forgey reports* that this method works well 
in detecting distinct "mode" clusters, but as soon as 
"noise" data are introduced the results become erratic. 
This is easy enough to understand, for the method has 
been eriticized*^? for its chaining effects. The noise data 
cause a weak link in the cluster lattice to bridge what 
might be deseribed as the density saddle between two 
modes. ‘To overcome this effect, Forgey proposes? a 
gravity simulation method which, he claims, improved 
the clustering by “simulating those physical events which 
would occur if data points actually had mass. exerted 
gravitational pulls on each other, and moved, but were 
not able to gather momentum '. A similar technique has 
been described by Sneath®, but it was designed primarily 
to discover the "shape" of the data swarms. Forgey 
concludes that the method performs well, except in the 
case of parallel elongated clusters. This failure might 
have been because the clusters collapsed at their mutual 
centre of gravity without becoming distinct. 

By comparison, the method deseribed here attacks the 
problem directly, and without using any swarm-distortion 
techniques. We know that distinct modes are resolved 
by single linkage, and that noise data cause the method 
to fail. The solution is therefore to remove the noise data, 
cluster the remaining dense swarms by single linkage and 
then reallocate each noise datum according to some 
similarity eriterion. This is achieved by selecting both a 
distance threshold r and a density limit k. 
radius 7 is visualized about each datum, and the number 
of other points which he within the sphere is counted (this 
corresponds to the number of bonds drawn from the point 
in single linkage). If this number is at least Æ, the point 
is denoted "dense": if not, itis "non-dense'"' and removed. 
The dense points are now clustered by single linkage at 
the threshold r, and the resultant clusters delimit the 
dense cluster nuclei. Hach non-dense point is then 
reallocated by some eriterion—in the original algorithm 
such points are associated with their nearest dense points, 
but for certain applications and data types this can be 
improved. 

Two objections can be levelled at this method. First. 
a severe decision demand is placed on the user when he 

selects r and k, and second, the clustering before realloca- 
tion is inevitably just a single shee from the hierarchical 
continuum. When the population is large, then it is 
reasonable to assume that the sample space distribution 
of continuous variables approximates some complex con- 
tinuous theoretical density function. The modes are 
associated with those regions where the function takes 
high density or probability values and, by selecting the 
thresholds, the user effectively specifies a probability 
level at which the clusters correspond to those closed 
surfaees defined by the density function at that level. 
We can imagine that, in à eomplex situation, one level 
might be species, another genus and a third family. dt 
would clearly be an advantage therefore to define a hier- 
archical algorithm which classifies at all probability levels, 
and this is achieved by fixing k and allowing r to vary. 
The algorithm is controlled by the order in which the data 
points become dense, and can be summarized as follows. 

(1) Choose a density level k, and calculate the distances 

from each point to its kth nearest point. 


A sphere of 
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(2) Introduce the first dense point —that which has the 
smallest Ath distance-—and form the nucleus of the first 
cluster. 

(3) Increase the distance threshold r to the Eth distance 
for the next pont to become dense. If r exceeds the 
distance from this point to an established dense point 
from an existing cluster, then the new point joins that 
cluster; otherwise, the new point initializes a new cluster 
nucleus. In later stages, it is necessary to dete termine 
whether this new point bridges the "saddle" 
or more clusters causing their fusion, that is, as it lies 
within a distance r from dense points of separate clusters. 

(4) Return to 3 and cyele until all points are dense. 

As it stands, the algorithm contains one omission. 
When the nearest neighbour distance d between two dense 
points of separate clusters is less than the threshold value 
r at which the next point becomes dense, the threshold 
must first be inereased to d and the two clusters fused, 
and then to r to introduce the new point. Finally, the 
output of groupings is restricted to those cycles which 
immediately precede the fusion of existing clusters 
because those hierarchical events which correspond to the 
growth of a mode are not strictly important (the 
information content increases at each growth cycle 
rendering the previous groupings of lesser importance). 

The method possesses the following unique features. 

(1) Throughout the entire analysis the number of 
clusters never exceeds a certain maximum which corre- 
sponds to the number of modes present. In several trials, 
using real data, this maximum was never greater than 9. 
while in one trial when the data swarm was unimodal, 
only one cluster was ever obtained. Thus this largest 
subdivision of the population could be interpreted as the 
lowest level of grouping at which the classifications are 

"natural" or taxonomieally significant. 

(2) From the empirical trials it has become evident that 
the choice of the density threshold k is not critical. For 
large populations, values of k from 3 to 6 produce almost 
identical groupings. 

(3) When k=1 the algorithm degenerates, with one 
important exception, to the hierarchical system known as 

'nearest-neighbour" which has been derived! from single 
linkage. The difference is that at any level those points 
which are non-dense would, by nearest-neighbour, be 
single point clusters, whereas in this case each is allocated 
to the cluster containing its nearest dense point. 

Although there are obvious applieations, in fields such 
as signal detection and ecology. for which the minimum- 
variance solution is ideal, it can be argued that the funda- 
ments of that approach should not be adopted as universal 
axioms. In numerical taxonomy, the search for "natural" 
clusters seems to be more consistent with classical taxo- 


nomic methods. and it has been shown! that. in this 
context, the minimum-variance approach is liable to 


produee fluetuating groupings which are dependent on 
data transformations such as standardization, character 
modifications and the presence of non-diagnostie variables. 

I have prepared a Fortran II programme? for the 
hierarchical algorithm, which ts available on application. 


I thank Dr A. J. Cole for his help. 
Davin WISHART 
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Book Reviews 


CURES FOR HUMAN VIOLENCE 


Violence, Monkeys and Man 
By Claire Russell and W. M. S. Russell. Pp. x - 3404 12 
plates. (Macmillan : London, October 1968.) 63s. 


THE Russells’ book is, first and foremost, intended as an 
answer to Konrad Lorenz's book On Aggression. Lorenz 
argued that aggression was a useful force in animal 
society. This was, he said, fundamentally true of human 
society as well, in so far as it was the mainspring of the 
male competitive drive. Because of technological 
advances, however, large-scale (as opposed to individual) 
aggression had got out of control in man, and the most 
we could hope to do was to channel it into harmless outlets 
such as football matches. 

To this, the Russells reply that aggression has not the 
"spontaneous" quality of a "primary drive", emerging 
in one form or another regardless of circumstances. 
They relate its appearance to stress of various kinds. 
Stress is some kind of intolerable frustration or provo- 
cation, resulting from shortage of certain key scarce 
resources, chiefly space and food. What we must do, 
therefore, to reduce both crime (intra-societal aggression) 
and war (extra-societal aggression) is to reduce the provo- 
cations and frustrations; more concretely we must reduce 
the birth rate and work towards a more egalitarian 
share-out of wealth both within and between nations. 

My own sympathies are with the Russells, not Lorenz, 
but this does not mean there are not certain problems 
left to quarrel over, whieh I shall mention. We should 


Russells. Science, 
including social science, cannot afford to ignore the 
political implications of its discoveries. It is particularly 
impressive that the Russells have found a progressive 
philosophy that is compatible with their biological bias. 
For the book relies heavily on studies of other species, 
especially non-human primates, for its interpretation 
of the nature of human affairs. | 

Having established that "human violenee . . . has 
never been more prevalent, dangerous or costly than 
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itis today" (page 14), the authors contrast the "uncon- 


ditional”  (violenee-is-innate) and the “conditional” 
(violence-is-a-response-to-stress) arguments, and then 


make their first two points with a series of examples: 


increase in modern industrial affluent society. 

Several studies of monkeys and apes are reviewed. 
Some fifteen field studies, made in natural conditions, 
indicate that aggressiveness between anunals living 
together is rare. On the other hand, studies of the same 
species made in captivity indicate that here aggression 
between cage-mates is frequent and, sometimes, severe, 
Because food shortage is not the cause and, except in 
one notorious ease, sex ratio is not the cause either, 
crowding itself would appear to be at the root of the 
trouble. ; 

The patterns of violence seen in crowded monkey 
societies are deseribed Processes that, i the wild, have 
a positive function in reducing aggression within the 
group are seen to get distorted in the cage situation and 
to lead to unduly protracted, widespread and vicious 
fights. Among the various processes of escalation i$ 
redirection, in which resentment against superiors Is 
vented on inferiors. Turning to man, the Russells find 
evidence of all the processes at work im the monkey cage 
in crowded human society, But humans, unlike caged 
monkeys, can turn their aggression against outsiders and 
so in man we have the phenomenon of mass redirection 
against foreigners, which provides, according to the 
Russells, a partial explanation of certain wars, meluding 
the current war m Vietnam. 

After à disturbing analvsis of the increasing extent of 
poverty, child-killings and other forms of violence in 
our modern cities where people are desperately short 
of space, and of the continued curtailment of individual 
freedom by, for example, rehousmg in high flats, the book 
pinpoints the continumg population increase as the 
chief factor responsible. The recommendation thus put 
first and foremost is birth control. Other suggestions 
are sound-proof walls, horizontal rather than vertical 
housing, provision of comforts such as baths, reduction 
in the number of persons per room in shim areas, and a 
general recognition in future planning of the need for 
individuals to have some privacy. All this is unobjec- 
tionable and basie socialist philosophy; thanks to the 
Russells it now has a biologieal reference as well as the 
conventional political and moral ones. If the Russells’ 
recommendations seem straightforward enough, their 
analysis is nonetheless one of the most original pieces 
of thinking in soeial science. 

What is needed now is an integrated treatment of the 
various faces of aggression. This must start from an 
acceptable definition of the word "aggression" which 
at present has different meanings for different kinds of 
specialists. Violent aggression, the Russells have shown, 
is a behaviour distortion that can be produced by stress 
in the social environment. We need to know more of the 
non-social sources of violence. Is the normal (that is, 
non-stress) expression of this behaviour the self-assertive 
aggression Lorenz finds in all species ? If so, how, at the 
physiological level, does self-assertion turn into violence ? 
And is there a genetic contribution? Does not the 
correlation of violent eriminality with the male sex, and 
the high proportion of men with the XYY syndrome 
among violent criminals, indicate that aggressiveness is 
influenced by the Y chromosome ? m 

Finally, if population reduction is the eure for violence, 
much work is needed to show how it might be brought 
about. Kingsley Davis has shown that some nations do 
not want an effective birth control programme because 
they fear loss of military strength, and that even where 
the use of contraceptives has be@»me common place the 
effect Ras been to reduce the growth rate of the popu- 
lation, not the size of the population itself. l 

V. REYNOLDS 
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TRIBUTE TO A GREAT DOCTOR 


Herman Boerhaave 


The Man and his Work. By G. A. Lindeboom. Pp. 
xx +452. (Methuen: London, November 1968.) 147s. 


Ir is strange that no full and authoritative life of Boer- 
haave has been published until now, for he was the great 
physician of the first half of the eighteenth century. 
His teaching and writings not only enhanced the fame 
of Leyden, but they revolutionized the whole medical 
teaching of Europe. For example, four of his Scottish 
disciples (including Dr John Rutherford, the grandfather 
of Sir Walter Seott) conveyed his medical teaching to 
Edinburgh, where Alexander Monro was already teaching 
anatomy and surgery on Leyden's pri neiples, and there 
founded a medical school. Hence Edinburgh s medical 
school also became famous and the new teaching there 
was taken by American students to the United States. 
To have been a pupil of Boerhaave was a great asset 
in applying for any medical appointment. 

Short lives of Boerhaave have been published. Samuel 
Johnson wrote one, unsigned, in the Gentleman's Magazine 
(1739); William Burton, a pupil of Boerhaave, wrote one 
from his lecture notes and recollections of Boerhaave 
(1743). as did others now to be mentioned—-Mathieu Maty 
(1741). Jules Offray de la Mettrie (1740), and the Chevalier 
de Jaucourt (1751). All are based on the funeral oration 
on Boerhaave by his friend, Albert Schultens (1738-39, 
Leyden). the chief and most trustworthy source. Dr 
Johnson's paper is an account in English of it. 

Sir William Osler told me that he contemplated writing 
a "Life". but the plan was never fulfilled. In 1901 he 
spent two days at Leyden adding material to his Boerhaave 
colleetion. He spoke on Boerhaave to the Johns Hopkins 
Historical Club the next autumn (unpublished). In 1918 he 
gave a short paper on “Boerhaave’s Position in Science" 


(Seetion of History of Medicine, Royal Society of Medi- 
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eine). The manuscript 1s mentioned in the Bibliotheca 
Osleriana, No. 7662 (1929), and then (by permission of 


Dr W. W. Francis, Osler Librarian, MeGill University, 
Montreal) first published by Professor G. A. Lindeboom 
in his communication, Boerhaaves Plaats in de Wetenschap 
(1961). Osler added Boerhaave’s letters and the like to his 
Boerhaave collection; and before his fatal illness he had 
intended to write a short life of Boerhaave for an editor 
who was compiling a book of medical celebrities. 

The authoritative and impressive “Life” now reviewed 
here has taken Professor G. A. Lindeboom fourteen years 
of research and then he had to write it in D utch and 
English. It is well produced, with portraits of Boerhaave 
and other illustrations. Dr E. Ashworth Underwood has 
written a foreword, but, as Professor Lindeboom explains 
in the preface, Underwood's contribution to the English 
version is substantial, as otherwise ib would not have 
appeared. Underwood has revised the English, rewriting 
and making additions to it, seen the book through the press 
and compiled the index, in constant consultation with 
Professor Lindeboom. 

To comprehend the far-reaching influence of Boerhaave 
this book must be read. Herman Boerhaave (1668-1738) 
was the son of the Rev. Jacobus Boerhaave. First 
intended for the ministry, he studied theology and 
oriental languages and became a doctor of philosophy at 
Leyden University in 1690. Turning to medicine, he 
studied anatomy, but in other subjects was largely self- 
taught, and graduated MD at Harderwijk University in 
1693. In 1701 he was appointed lecturer on the theory 
of medicine at Leyden; and in 1709 professor of medieine 
and of botany. In a short time he reorganized and urged 
an extension of the Physie Garden, published a catalogue 
of its plants, and was soon recognized as an eminent 
botanist. He was an experimental chemist for many years, 
isolated urea, and did research on carbon compounds 
and those of mercury. Osler regarded him as the founder 
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of organic chemistry. He gave private lectures on 
chemistry for fifteen years which were crowded by 
students. In 1718 he was appointed to his third chair, 
professor of chemistry, and after two years gave up 
lecturing privately. His Elementa Chemiae (two large folio 
volumes, 1724) have a leading plaee in the history of 
chemistry. 

Boerhaave brought in science to the practical aid of 
medicine, but he insisted on the importance of studying 
patients at the bedside. This had been taught and 
practised at Leyden for many years. He quoted Syden- 
ham s advice on this matter with great respect and 
admiration. That teaching has persisted to our time, 
although in some medical schools it ts impaired for the 
medical student by too many lectures and work in labora- 
tories, 

Boerhaave's medical textbooks. now obsolete, were 
used and read by three generations of medical students. 
His two most famous ones, Institutiones Medicae (Leyden, 
1708) and Aphorismidi Cognoscendis et Curandis morbis 
(1709), were translated into several languages, including 
Arabie. He had a lucrative consulting practice. 

A brilliant genius, endowed with ceaseless industry, 
Boerhaave was facile princeps in everything he undertook. 
An able teacher, an erudite lecturer and an impressive 
personality, he altered medical teaching for the better. 
This book is a worthy and permanent tribute to his 
memory. ARTHUR MACNALTY 


HUNTING MAN 


Prehistoric Animals and their Hunters 
By I. W. Cornwall. Pp. 214. (Faber and Faber: London, 
1968.) 428. 


Ix this book Dr I. W. Cornwall sets out to give & short 
account of the animal environment of early man, that is, 
of all animals since the appearance of the first hominids 
nearly two million years ago. lt is written for students 
of archaeology, anthropology. geology and geography to 
provide baekground knowledge to supplement their 
specialities, and for the general reader. 

Beeause this volume is aimed at the non-specialist 
reader. it was decided not to give more than a token 
bibliography at the end of the book: surely a detailed 
bibliography for each chapter could have been passed 
over by the general reader, but would have greatly 
increased the value of the book for students who would 
wish to pursue in much greater detail many of the subjects 
whieh are touched on. It is strange, too, that there is a 
marked absence in the bibliography of any books dealing 
with the palaeolithic and the development of hunting 
technology from an archaeological standpoint—one might 
have expected to find J. G. D. Clark's Stone Age Hunters 
and European Prehistory, the Economic Basis, for 
example. 

For the benefit of the general reader the author has 
refrained from making anything more than rather general 
parallels to ethnographie material. Unfortunately this 
has resulted in some of the figures having rather bewilder- 
ing captions. How much better the caption to Fig. 3 on 
page 69 would have been if it had read “Ostrich-hunting 
by camouflage and decoy. Bushman, Africa , instead of 
simply “Africa, modern". Figs. 4, 9 and 13 have similarly 
vague captions. 

'The chapter headings refleet the wide range of the book: 
from the geological and chronologieal baekground of the 
Pleistocene, man's hunting techniques to the parts played 
by invertebrates, carnivores, elephants. Perissodactyla, 
Artiodactyla, Edentates and Primates in the environment 
of early man. For many readers the chapter on ecology, 
biotopes and faunal communities will be of great interest, 
although it is tantalizingly brief. 


In the chapter on “Hunting Man" it is difficult for 
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the reader, without specialist knowledge, to distinguish 
between the hunting techniques for whieh there is archaeo- 
logical evidence, and those which are surmised. Many 
archaeologieal readers will be intrigued by the theory 
(pages 72-73) that Acheulean S-twist handaxes have 
“exactly the ‘twist’ characteristic of the boomerang, 
though without the aerofoil section which gives the latter 
lift when rapidly rotating in the air, 1t is conceivable that 
the ‘twisted ovate’ had some similar purpose, for it is 
hard to see any reason for the shape in a mere hand tool... 
if frequently thrown about in stony surroundings by their 
users one would expect to find evidence of a good many 
breakages, in view of the brittleness of hard stones. 
Broken ‘twisters’ are not specially common.” 

Because the general reader has been so sheltered from 
technicalities in the first four chapters, it comes as a 
surprise to find him submitted to a barrage of Latin names 
for a vast range of species in the second half of the book. 
In discussing the invertebrates (page 105) we learn that 
“Whole phyla (primary subdivisions of the Animal 
Kingdom) are unrepresented on land. Even of those 
which are present. few individuals are large enough and 
numerous enough in one place to be worth searching for or 
collecting as food. Some exceptions are perhaps: 

*Worms--the larger earthworms (Lumbricus spp.). 

"Molluses—a few species of the larger snails (e.g., Helix, 
Cepaea) and possibly slugs (e.g., Arion, Limax), with 
several species of freshwater mussels (Uno spp.). 

“Crustacea-—freshwater crayfish (4stacus). The terres- 
trial species such as woodlice {Oniscus} are too small to 
notice.” 

From this, it is impossible to gather whether or not 
these species formed a significant part of the diet of our 
palaeolithic ancestors. or to assess their significance in the 
animal environment of early man. As one reaches the 
end of the volume. one becomes aware of a suspicion 
that the author has changed the aim of his book, and 
this is reflected in the final sentence of the conclusion in 
which an appeal is made to the readers to take a practical 
hand in systematic field and museum study of fossil 
mammals. JANE M. Renrrew 


MATTERS FOR ARGUMENT 


Bird Navigation 


By G. V. T. Matthews. Second edition. (Cambridge 
Monographs in Experimental Biology. No. 3.) (C ambridge 
University Press: London, September 1968.) 408; $7. 


Birp navigation is an old mystery and this new edition 
of Dr Matthews's book shows that it is no less so today. 
Much has happened in this field since the first edition was 
published thirteen years ago; there are 350 references 
from this period against 220 pre-1954 papers. The 
subject remains one on which direct experiment is, in the 
main, impossible; experiments have to be performed 
which deal indirectly with the central problem of the 
sensory behaviour of the flying bird. Inferences from 
these experiments enable theories to be erected, but as 
yet these are mostly untestable. 

New discoveries made by Matthews after the first 
publication of this book have enabled the author to 
confound some of his critics and to reinterpret some of the 
apparently anomalous results. This is one of those untidy 
parts of biology carpeted with loose ends. The work on 

"nonsense navigation" described very fully in this book 
has served to tie some of the ends into the ca rpet's pattern; 
the subjeet is becoming neater even if it is no more 
explicable. 

Theories there must be, however, and if they cannot be 
tested by experiment then the likelihood of their being 
right must be tested by argument. Matthews has been 
responsible for a major theory of how birds use the Sun 


1O} 


for navigation from a previously unknown place. In the 
light of the evidence he presents. it is difficult to deny that 
the Sun is a major source of stimuli by which the bird 
guides its flight. It is the bird's seleetion of the various 
measurements which can be made of Thes m 8 PA and 
position. related to time, and the processing of this 
information within the central nervous sy ps which is 
the matter for argument. The proved ability of birds to 
obtain their direction by means of some aspect of the 
stars is even more difficult to explain. 

The field covered by the book is much the same as in 
the first edition, but new material raises the level of 
explanation; there are fifty more pages, but in addition 
a great deal of condensation of the earlier work has been 
done. It remains a lucid, succinct (if at times laconic}, 
closely reasoned statement of the present position of 
work on this very difficult subject. J. D. CARTHY 


COMPARATIVE ZOOLOGY 


Lower Animals 
By Martin. Wells. 
(Weidenfeld and Nicolson: 


(World University Press.) Pp. 256. 


London, 1968.) Iss. 


IN the space of about fifty thousand words, this book 
provides a comparative account of all the major mverte- 
brate taxa with the exception of the protozoa. Parti 
cularly close attention is given to those molluses such as 
the octopus, cuttlefish and squid, which have served as 
the author's research material. Martin Wells writes 
clearly---emphasizing the importance of behaviour in the 
survival of both the individual and the species, and 
providing à comparative discussion of sensory strueture 
and function, and the organization of nervous tissue 
(including memory and associative learning). 

Beginning with the sponges at the lowest level of 
organization and working through to the insects and the 
cephalopods, he describes the inereases in complexity 
characteristic of the different animal forms. Also very 
well described are the dynamics and limitations of various 
tvpes of locomotion and the importance of hormonal 
regulatory systems. 

The author is careful to point out that the success of an 
organism is not to be measured onlv in terms of the degree 
of complexity of the nervous system, and he emphasizes 
this argument in a discussion on sessile and parasitic 
modes of life. Neither is the book concerned only with 
behaviour, for aspects of anatomy, ecology, reproductive 
physiology, population dynamics, the effects of natural 
selection, and some tentative evolutionary relationships 
are all discussed. 

The style is refreshingly light, verging on comedy in 
the case of the section on parasitism, and difficult pointe 
are put simply without appearing trite or dogmatic, The 
illustrations are well arranged and annotated by Audrey 
Besterman and Mary W aldron, but they sometimes suffer 
from being printed in three tones-—orange, grey and 
blaek—and in pursuit of clarity they have occasionally 
erred towards Heconane poe diagrammatic, 


both lay iud professional: Rd Bud tot. E EU E 
should know something of invertebrate zoology, as d 
matter of general education". While it is pleasant to 
think that agreement with this ideal is wideapread, some 
gentlemen in pursuit of it might find this particular 
compe a little cunei ud some ed pt 


ape ts 

This book will be most useful to students new to 
university. Its readability and low price commend it to 
anvone who knows something about invertebrate zoology 
and who wishes to understand the approach of the 
zoologist. JOHN A. PATTERSON 
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RUSSIAN CANCER RESEARCH 


The Virology and Immunology of Cancer 

By L. A. Zilber and G. I. Abelev. "Translated from the 
Russian and edited by Ruth Schachter. Pp, xii+474. 
(Pergamon Press; London and New York, Septer nber 
1968.) 165s. £4 


"UNUSUAL circumstances," said the senior author, "made 
it possible for me to make a detailed study of the almost 
endless literature dealing with the problem before experi- 
ments were begun, . . . " 

In 1945 Zilber proposed two independent stages in the 
induction of eancer, the transformation of cells by viruses 
to give tumour cells, followed by the multiplication of 
those cells. The first section (173 pages) reviews the 
literature and describes the studies of Zilber and other 
Russian groups between 1945 and 1964—especially the 
discovery that mammalian cells could be transformed by 
Rous sarcoma viruses, and the search for antigenic 
differences between normal and virus-transformed tissues. 
Zilber discards "polyaetiologieal" theories and prefers 
“virological”, He accepts the thesis first advanced by 
Kisilev in 1962 that carcinogens (of whatever type) bind 
and inaetivate repressors, liberating viral DNA which 
accompanies structural genes of the cell’s genome. One 
of the results of this derepression is the appearance in 
the tumour cells of "previously repressed proteins —the 
so-called “tumour-specific antigens". 

Zilber was primarily an experimenter of great en- 
thusiasm and ingenuity (for example. his attempts to 
produce rabbit antibodies to tumour-specifie antigens by 
making the animal tolerant to the host’s normal antigens), 
and he believed strongly that the aim of any working 
hypothesis is solely the "stimulation of experimental 
studies” 

Part two (pages 177-366) by G. I. Abelev is a review of 
the status of tumour immunology to 1965. Problems of 
histocompatibility antigens, immuno-selection and tumour 
progression constitute the introduction—-where so often 
they are disregarded. The application of the anaphylaxis- 
desensitization method is deseribed in detail; the diffi. 
culties of preparing specific antisera are discussed and then 
the results of using a number of different techniques in the 
investigation of the antigenic structure of normal and 
tumour tissues. The author's approach is cautious and 
critical and he provides-— what is again so often laeking-— 
an appendix (32 pages) on the exact methods used to 
obtain his results. 

There are 65 pages of references, and a poor index— 
which usually fails to differentiate between a couple of 
words in a single sentence somewhere and a whole section 
somewhere else. 

The translator is obviously unfamiliar with tumour 
viruses and immunology, but we should be grateful to her 
and to the publishers for this opportunity to learn more 
about the views, and experimental approaches. of our 
Russian colleagues. R. J. C. Harris 


PROTEIN CHEMISTRY 


The Primary Structure of Proteins 

Principles s and Practice for the Determination of Amino- 
acid Sequence. By Walter A. Schroeder. (Modern 
Perspectives in Biology .) Pp. xiv+210. (Harper and 
Row: New York and London, 1968.) 121s. 


My main quarrel with this book is that a lovely title, 
The Primary Structure of Proteins, has been wa sted. The 
eredo of molecular biology puts the amino-acid sequence 
of a protein at the very centre of the genotype-pMenotype 
relationship: DNA strueture (genotype) determines RNA 
strueture; RNA structure determines primary structure of 
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protein; primary structure determines tertiary strueture 
(folding of the peptide chain); tertiary structure determ- 
ines biological activity (phenotype). Every biologist will 
be tempted, therefore, to reach for this slim volume, and 
the vast majority will be disappointed that it has little to 
offer them. It may be unfair to blame the author. as he has 
clearly indicated his intentions in the subtitle. But I was 
deceived by the main title into expecting something more. 
Those who still contemplate spending six pounds 
should be warned to read the preface next. Dr Schroeder 
defines still further the limitations of his material: "The 
diset ussion ...18 not an encyclopaedic review of methods 
"experimental details are not given extensively 
eo. “some historical background is provided", Bi 
have not ment ioned, nes cas in passing: the e implications of 


* * kd * 


vate 


fields”. Iw ould. like ‘to add to this | series of disclaimers 
that the book lists only a few of the amino-acid sequences 
already determined, and nowhere discusses conclusions 
about the heredity or biological activity of the proteins. 
In fact, the author fails to answer the question in his first 
sentence, "Of what value is a knowledge of the amino- 
acid sequence of a protein ?". 

The reader therefore needs other sources of information 
to fill these considerable holes, so we must ask to what 
extent such sources will overlap Schroeder's material. 
What he does provide is a description of the techniques of 
protein chemistry at a level slightly above that required 
for an understanding in principle, but slightly below that 
required for application in practice. This book fills this 
narrow gap between the treatment given in many text- 
books of biochemistry and that in more compre hensive 
texts (for example, Techniques in Protein Chemistry, by 
J. Leggett Bailey (Elsevier, 1967), or Methods in Enzym- 
ology, Vol. 11, edited by C. H. W. Hirs (Academic Press, 
1967)). 

Within these limits, the book is concise, precise, intelli- 
gently arranged and nicely illustrated. Schroeder is not 
afraid to make value j judgments which are generally fair, 
cogent and supported by many years of experience in the 
field. His admitted partiality for ion-exchange chromato- 
graphy lends colour to his descriptions of these techniques 
and of the strategic problems in his own studies of haemo- 
globin. A corresponding weakness in descriptions of 
paper chromatography or electrophoresis is equally clear, 
but the discriminating reader will forgive this in apprecia- 
tion of the author's personal enthusiasms. <A final, very 
brief chapter on chemical modifications of ribonuclease 
gives tantalizing glimpses of the book that might have 
been. 

The price, unfortunately, must limit this book largely to 
libraries, and even many of these may prefer more 
advanced and comprehensive texts as a better investment. 

Brian S. HARTLEY 


NEUROSCIENCES RESEARCH 


Neurosciences Research 

Vol. 1l. By S. Ehrenpreis and Othmar C. 
Pp. xi+367+16 plates. (Academic Press: 
and London, August 1968.) 154s 4d. 


Solnitzky. 
New York 


Tuis is the first volume of a new serial publication. Each 
chapter in these volumes will aim to give à broad per- 
spective and a critical evaluation of an important area of 
research in the neurosciences. 

The material in the first volume covers an extremely 
diverse range of topies. The first three chapters are 
devoted to neurochemical topics. Giacobini gives an 
excellent. and comprehensive review of the microchemical 
techniques which are now available for the study of the 
chemical constituents of single neurones. Such techniques 
will undoubtedly have a profound influence on the develop- 
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ment of neurochemistry, and this review is both admirable 
and timely. Ungar and Irwin undertake the herculean 
task of reviewing a vast literature on attempts to correlate 
gross neurochemieal parameters with behaviour. This 
ehapter eontains a wealth of information and reference, 
but it is difficult to do justice to such a diversity of topics 
in a single chapter. Aprison and Werman give a refresh- 


central nervous system transmitters, emphasizing the 
necessity of an integrated biochemical, anatomical and 
physiological approach. This chapter is illustrated by 
reference to the authors’ recent work concerning the 
possible role of glycine as an inhibitory transmitter in the 
spinal cord. 

The next two chapters deal with neural mechanisms 
involved in the control of muscular activity. Buey gives 
an excellent and concise historical perspective on this 
field, and illustrates the extreme complexity of the svstems 
involved in motor control. Mettler gives an excellent and 
comprehensive review of these topies, many of which are 
of considerable clinieal importance. In this chapter 
neuroanatomical and  neurophysiological evidence is 
integrated in à masterly fashion. In other chapters 
Fischer and Rockey describe a novel approach to the 
psychophysies of excitation and tranquillization, Barbizet 
deals with theoretieal aspects of learning processes and the 
hunt for the engram, and Gurdi jan et al. describe the 
appheation of modern high-speed photographie and 
flash X-ray techniques to an experimental study of head 
injury. 

Unlike most other serial publications, the volumes in the 
present series will not be devoted to single themes. To 
quote the editors: "By not having the chapters fit into 
any restrictive arrangement publication ean be much 
more rapid than is the case with the usual multi-authored 
volume which covers one definite central theme". This 
as undoubtedly so, but is rapid publication more important 
than coherence ? The present volume seemed to me to 
suffer greatly from the lack of a definite central theme. 
Although the individual chapters are in many cases 
excellent, they do not gain from publication as a colleetion 
covering miscellaneous topics. I would rather see such 
articles published in the appropriate review journals, or 
even as individual monographs in this series. Neuro- 
sciences research may require a  multidisciplinary 
approach, but this is no justification for the publication of 
volumes such as this in which the individual contributions 
do not complement one another. LESLIE L. Iversen 


PLANT TISSUE CULTURE 


Plant Tissue Culture and Plant Morphogenesis 

By R. G. Butenko. Translated from the Russian. Pp. 
iv--291. (Israel Program for Scientific Translations: 
Jerusalem. Distributed in the UK by H. A. Humphrey: 
London, October 1968.) 105s. 


‘THE Immediate reaction to this book is to weleome any 
account of the plant tissue culture work being carried out 
in the Soviet Union. The book is divided into two parts; 
the first part deals with tissue and cell eulture techniques 
and the second part deals with the authors main 
The latter 


Having welcomed this book, I have to admit to being 
disappointed with its contents. The original Russian 
version was published in 1964 and inevitably some of the 
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ideas seem rather dated in 1968. A far more serious fault, 
however, is the author's predilection ‘or facile and sweep- 
ing statements which are either unsubstantiated or based 
on very limited experimental evidence. It would be 
tedious toist examples, which are frequent, but the state- 
ment that the increased respiraticn rate of a tissue 
explant "is due to three factors: trauma and availability of 


p, 


are far too many typographical errors ind the reproduction 
of the original photographs is very poser. The value of the 
book as a source of information is reduced by the absence 
of an index and the omission from the bibhography of 
some of the authors quoted in the text. The book is 
expensive and in view of its limitations it can hardly be 
recommended for general library purehase. 
G. G. HENSHAW 


TROPICAL SO:LS 


Introduction to the Study of Sois in Tropical and 
Sub-tropical Regions 

By P. Buringh. Pp. 118. 
Publishing and Documentation: 
12.50 DA. 


(Centre for Agricultural 
Wageningen, 19868.) 


A BOOK on tropical soils is à rare ewent. Apart from a 
chapter by Greene and one by Vine in textbooks of 
tropical agriculture there has been ne general treatise on 
the subject in English since the outstanding work T'ropical 
Soils by Mohr and van Baren. In tais small volume Dr 
Buringh has included subtropical as well as tropical soils 
within his compass, and though it is an introduction he 
has written it for university students who have acquired 
“a basic knowledge of geology, minerelogy, soil chemistry, 
soul fertility, soil physics, soil biology and regional soil 
science". At this level one expects seme study at depth, 
with a careful presentation of findings of research workers 
and a balanced assessment of their velue. The treatment 
of the subject here, however, is overs: mplified and super- 
ficial, with much repetition and over-ebvious statement- 
what the Dutch call “plain as a cow "suggesting either 
ignorance by the writer, or ignorance implied by him in the 
reader, of the background subjects. There is scant refer- 
ence to authorities and. where there is, there are serious 
omissions. "Thus, in the list of early research workers, 
Pendleton, Greene and Milne are all oft out, and Milne’s 
catena concept is nowhere mentioned. The presentation 
is factual and systematic, yet mara of the facts are 
disputable and the system open to obieetion, Thus much 
of what is said about ferallitie anc fersiallitie soils is 
either too sweeping or inaccurate, and the classification 








"seventh approximation" to the subject, seems particularly 
unsatisfactory when our knowledge of tropical soils is 
still so limited and bases for elassi£cation are still not 
agreed among the authorities. 


photographs and the wrong positioning of the captions of 
two others (mentioned on the errata sl:p) are symptomatic 
not only of the inadequacy of photographs generally to 
represent soil features, but also of the carelessness in the 
production of this particular work. The price, at about 
30 shillings, is high. G. A. WORRALL 
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BIRTH OF A SCIENCE 


Franklin and Newton 

An Inquiry into Speculative Newtonian Experimental 
Science and Franklin's Work in Electricity as an Example 
Thereof. By Bernard I. Cohen. (Memoirs of the Ameri- 
can Philosophical Society, Vol. 43.) Pp. xxvi- 657, 
(Harvard University Press: Cambridge, Mass.; Oxford 
University Press: London, 1968.) 575. 


A COMPLETE study of the progress of physies in the 
eighteenth century (a study still unwritten !) would recog- 
nize that it presents two equally important aspects, 
the origin of which could be traced to the previous century : 
on the one hand, a profound transformation of the social 
background of scientifie activity; on the other, the devel- 
opment of new methods of investigation and analysis of the 
physical phenomena, of a new attitude of mind, marked 
by the overwhelming influence of N ewton’s thought and 
discoveries. In his masterly analysis of Benjamin Frank- 
lin’s scientific work, Professor Cohen has deliberately 
confined himself to the last-named aspect, emphasizing 
the “Newtonian” character of Franklin’s activity——in 


spite of the splendid opportunity his hero would have 
offered him of illustrating just as foreefully the former 
aspect. 


Indeed, Franklin himself, as well as all the other 
physicists who were in relation with him, and whose 
contributions are minutely diseussed in the book, were 
representatives of the new type of scientist that oecupied 
in the course of the century the scene left vacant by the 
extinetion of the old seats of medieval learning. Except 
for some fliekering at Cambridge, the tradition of seien- 
tifie edueation and research passed from the ancient 
universities to more progressive ones in Scotland, Holland, 
Germany and Sweden, or to institutions of a novel form, 
the academies and scientifie societies; but besides this 
academie support, scientific progress received a decisive 
impact from those self-educated men belonging to the 
domain of trade and industry or the liberal professions, 
of which Franklin is one of the greatest. Of the conditions 
of scientific research, the means of diffusion of knowledge 
and communication among the scientists, the coordina- 
ting and sanctioning role of the scientific societies, the 
reader gets no explicit hint, but is left to form for himself 
a picture of these circumstances from oceasional details 
of the author's minute account of the succession of events. 
The whole organization of the book is so firmly foeused 
on the purely internal logie of the development of scien- 
tific ideas as to give the impression that it happens on an 
Olympian scene. 

Within this self-imposed limitation, however, Cohen 
has drawn a picture of the birth and growth of the science 
of electricity so admirable in every detail that it is not too 
much to call it definitive. Cleverly built up around the two 
dominating personalities of Newton and Franklin, his 
analysis throws full light upon the elaboration of the 
essential ideas on the nature of electricity in close inter- 
action with the experimental investigation of the pheno- 
mena, and traces the origin of this fruitful method to 
Newton's Opties. In this connexion, he gives a discussion 
of the way in which Newton conceived and used "hypo- 
theses" which but for a minor flaw would settle this 
vexed question completely; my only reservation concerns 
the author's allusion to Newton's repeated attempts at 
explaining gravitation by some interaction between 
matter and ether: he mentions them as if they were 
all based on the same hypothetical mechanism, whereas 
they are in fact quite different, and dramatically illus- 
trate Newton’s hesitations and persistent dissatisfaction 
with this problem. Apart from this, the essential dif- 
ference of method between the Principia and the Qptics— 
the two pillars upon whieh Newton edified his new natural 
philosophy-—is very clearly brought out and shown to 
persist throughout the eighteenth century in the parallel 
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development of astronomy and geodesy on the one hand 
and experimental physies on the other. 

The present edition of Cohen's work is an identical 
re-issue of the original publieation, ten years ago, by the 
American Philosophical Society. It will thus become more 
easily available to the historians of science, for whom it 
is indispensable; but one must hope that it will also find 
the wide diffusion it deserves outside this cirele of 
specialists, and especially among the young generation of 


science students. L. RosENFELD 


SPECIALIST PHYSICS 


The Theory of Neutron Resonance Reactions 
By J. E. Lynn. Pp. xiii 4-504. (Clarendon Press: Oxford; 
Oxford University Press: London, 1968.) 100s, 


TWENTY years ago a monograph of this bulk, in this 
long-established and prestigious “International Series”, 
would probably have encompassed most of nuclear 
physics; ten years ago such a work might have been 
devoted to, say, the whole of nuclear reactions. Today's 
monograph zooms in and shows us more and more of 
less and less: five hundred pages, replete with innum- 
erable charts, tabulations and some six hundred ref- 
erences all devoted to the theory of one type of nuclear 
process—resonance interaction of low-energy neutrons 
with individual atomic nuclei. Scientifically this is, of 
course, only a specialized part of the general subject of 
nuclear reactions, and singling it out for treatment as 
subject sui generis might be considered rather artificial. 
On the other hand, the great significance of these neutron 
phenomena in what is, today, a vast technology. and the 
existence of a correspondingly vast accurnulation of 
empirical information, may well justify devoting to this 
subject the detailed and thorough treatment it receives. 

The work comprises both a full survey of the facts 
(although not an exhaustive one, the author affirms), 
and an exposition of their theoretical interpretation in 
terms of basic quantum-mechanieal principles and nuclear 
phenomenology. Topics treated are: formal theory of 
nuelear reactions, level spacings and their statistical 
distribution. neutron elastic seattering and radiative 
capture, and neutron induced fission. The theoretical 
treatment is sophisticated and authoritative; and aithough 
detailed and comprehensive, a reader not already familiar 
with the theory of nuclear reactions will not find it easy 
to follow. Lucidity is often obscured by the mass of detail 
and complexity: at times the physical principles involved 
are more clearly expounded in the original papers and 
review articles to which reference is made. The author 
appears to have special difficulty in deciding how much 
or little background knowledge to attribute to his readers. 
At times, simple, even trivial, matters are excessively 
elaborated; at others, the demands made on the reader 
are very substantial. This erraticism is perhaps the main. 
obstacle to clarity. 

Despite the occasional slips, and the absence of figure 
captions here and there. the production, as one expects of 
the Clarendon Press, is of a high standard. Those, how- 
ever, who possess earlier works in the series may be 
excused a nostalgic sigh for the days when the printing 
was on really opaque paper ! 

A work of this sort by an authority in the field could 
clearly fill the role of a standard work of reference. If it 
is to do so it deserves a far, far better subject index, as 
well as a proper reference list of definitions of symbols 
used. Who expects to find (next to “Nuclear explosion!) 
an isolated entry "Nu". especially when the only other 
symbol so honoured in the index is "Alpha, see ratio of 
capture to fission"! 

All in all, this is a book for specialists by a specialist, 
vintage 1968. S. Devons 
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Obituaries 
Professor R. L. Usinger 


Wira the death of Robert Usinger from cancer on October 
1, 1968, at the age of 55, entomology loses an outstanding 
worker. 

Usinger published his first paper in 1930 while still at 
high school, and so started his lifelong association with the 
taxonomy of the Heteroptera. 

He obtained his BA from the University of California 
in 1935 and then went to the Hawaiian Islands for a year 
at the Bishop Museum, Honolulu, studying bugs of the 
genus Nysius and its allies for his PhD monograph. 

On his return to California in 1936 he was appointed 
assistant curator at the California Academy of Science in 
Golden Gate Park, San Francisco, where he worked with 
the celebrated hemipterist Dr E. P. van Duzee. During 
this period he beeame especially interested in the water 
bugs, partieularly the marine species. In 1939 he obtained 
his PhD and was appointed to the staff of the Department 
of Entomology of the University of California at Davis. 

During the Second World War. Usinger worked with the 
US Publie Health Service on the eontrol of the vellow 
fever mosquito in the south-west Pacifie. He also eom- 
pleted his work on the Triatominae of North and Central 
America, a group of blood sucking bugs responsible for 
the transmission of the trvpanosomes causing Chagas's 
disease. This work was published in 1944 and in the same 
year Usinger was appointed to the Faculty of Entomology 
and Parasitology of the University of California at 
Berkeley. 

In 1948, Usinger went to Europe to attend the thirteenth 
international congress of entomology in Stoekholm and 
afterwards spent nearlv a vear at the British Museum 





(Natural History) working on a proposed monograph of 


Reduviidae whieh unfortunatelv was never completed. 
During this time he planned his Monograph of World 
Aradidae to be published by the trustees of the British 
Museum. This was ev entually published in 19589. 

On his return to America in 1949, Usinger began working 
with Ferris on a world monograph of Cimicidae. This 
was published in 1966, eight vears after the death of Ferris, 
and contamed sections on morphology, physiology and 
cytology by Carayon, Davis, Ueshima and MeKean. 
During this period he collaborated with Ernst Mayr 
and Gorton Linsley in writing Methods and Principles ‘of 
systematic Zoology, published. in 1953. 

By 1956 he had completed the manuseript of his 
Aradid monograph and took a holiday in Hawaii where he 
worked on the biologv of the little known marine bug 
Hermatobates, On his return he collaborated with Profes- 
sor T. Storer in revising the textbook General Zoology 
for a third edition which was published in 1957. Iu that 
year he set off on another expedition, this time to Central 
and South America, where he collected and studied 
Cimicidae in birds’ nests. 

Early in m  Usinger nd for p months with 
Cimieidae. Visiting Egy Bt on hen way Back to ue des 
he collected new species of Cimicidae from inside the 
Pyramids and from rock fissures in the cliffs at the Valley 
of Kings. These fissures were blasted open by quarry 
workers using dynamite. This must have been the first 
time explosives had been used to collect Hemiptera. 
From Egypt he travelled to the Belgian Congo where he 
studied the Central African fauna. 

In 1963, Usinger wrote that he had arranged for a team 
of expert rock climbers to join him and had collected his 
first live Synzenoderus from white-throated swift nests on 
vertical cliffs 300 feet high in California ! 

Early in 1964, as director of the Galapagos International 
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Seientifie Projeet, he spent two months in the Galapagos 
Islands, where he and Peter Ashlock succeeded in doubling 
the number of Hemiptera previously known from the 
islands. Much to his chagrin he failed to collect the 
remarkable Stenocephalus which Darwin first collected 
there. For this work Usinger was awarded the Medal of 
Merit from the Government of Ecuador. 

When he died Usinger was chairman of the Entomology 
Division of the University of California, Berkeley, ehair- 
man of the Biology Division of the Pacific Science Board, 
National Academy of Science, a member of the American 
Association for the Advancement of Science and of the 
Pacific Coast Entomological Society, a member of the Cah- 
fornia Academy of Science, a past president of the Entomo- 
logical Society of America and a fellow of the Royal 
Entomological Society of London. 


Correspondence 


New Constitution for British Physicists 


Srr,—The article in Nature (220, 952 ; 1968) on the 
proposed Royal Charter for the Institute of Physies has 
drawn attention to points of general concern to setentista. 

The present organization, an amalgamation of the 
Physical Society and the Institute of Physies formed in 
1961, has so far kept both the Fellowship and the name of 
the Physical Society in being. The proposed changes 
would eliminate all traces of the Physical Society in its 
94th vear ! 

Had these provisions been presented to the Physical 
Society at the time of the amalgamation, it is certain that 
the offer of joining the Institute of Physics on easy terms, 
in return for handing over all its asseta, would have been 
rejected out of hand. Because of this, the present organ- 
ization is under a moral obligation to aet in the spirit of 
the amalgamation, as long as these assets are retained. It 
is, of course, perfectly legal for the council of the IPPS to 
use its massive (proxy) majority to force the present policy 
through; it will do so at a cost which no scientific body 
ought to be willing to pay—-the cost of its reputation for 
integrity. 

The reasons for which the Physical Society is to be 
sacrificed can hardly be deseribed as eompelling. They are 
faulty in logie, confused in motive and unhappy in phraa- 
ing. The Royal Charter, we are told, would t be “a clear 
proclamation of leadership in the field of physics 

The present organization is the only one of its kind in 
Britain. What would it be leading ? 

The real point appears to be contained in the phrase RI 
"This will give us lev erage in the corridors of power" and 
..  & positive asset in enhancing ... the Institute and 
Society s role in... international affairs’ s 

This, then, is the benefit, so felicitously described as 

“intangible but nevertheless real". Jt is almost meredible 
that it should be seriously believed that the international 
(and, for that matter, national) standingof a scientifie body 
depends on a Royal Charter and not solely on the scient ifie 
merits of its members. 

It seems more probable that the “architects of the 
Charter" are convinced that "leverage in the corridors of 
power” is an attractive prospect to some senior members of 
the organization. What is being offered to the rank and 
file, however, is, in the classic words of Damon Runyon, 
"the old phonus bolonus’’. 


es 
++ 


Yours faithfully, 


M. BLACKMAN 
Departigent of Physics, 
Imperial College, 
South Kensington, 
London, SW7. 
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Who Wants to be a Scientist ? 


Str,—I was shocked to read (Nature, 220, 424; 1968) that 
"Girls feel that science and mathematics are boys’ subjects 
.,. itis more important to girls to be considered attractive 
than brilliant . : . Girls are also deterred because they feel 
that science and marriage do not mix; once they have 
spent a few years producing a family their knowledge is 
out of date”. 

These statements are, of course, true-—the shock came 
from the complacent acceptance of the inevitability of this 
odd point of view. That attitude is a major cause for 
shortages of scientists, physicians, surgeons and engineers 
in the western world. We are disqualifying 50 per cent of 
the population. 

So far as L am aware, there is no evidence that the 
possession of ovaries qualifies or disqualifies a person for 
any particular mental activity-—it merely reduces capacity 
for hard physical labour. The necessity for the latter 
qualification is rapidly decreasing in almost all fields of 
endeavour covered by higher forms of education. 

One of the main reasons for the attitude of girls towards 
science is that they are trained from an early age by their 
mothers to regard sex-directed activities as a number one 
priority. Mothers display acute anxiety if their daughters 
are not interested in boy-friends and this pressure is 
developing at earlier and earlier ages. Few girls resist the 
drive to make them believe that their prime object in life 
is to get a man and produce a family. Men, too, want to 
have a wife and family, but they are not driven by society 
to regard this as their fundamental aim. 


Yours faithfully, 


C. A. MAWSON 
Box 15. 
Deep River, 
Ontario. 


Risk of an Astrodemic 


Str,—The risk that astronauts returning from other 
-elestial bodies might contaminate Earth with alien 
micro-organisms producing an astrodemie has not been 
adequately explored. Since the search for extraterrestrial 
life is given as a major purpose of space exploration, the 
ehanees that such life exists cannot be dismissed as 
negligible. 

The announced precautions designed to prevent terrest- 
rial contamination are inadequate in two respects. First, a 
crash onreturn, suchas the one that killed the Russian astro- 
naut Komarov, could negate all isolation and quarantine 
plans and liberate alien micro-organisms or spores on Earth. 
Second, even if there were no crash, the planned isolation 
and quarantine period of 3 weeks is quite insufficient. We 
know that several serious infectious diseases on Earth 
may have incubation periods well over 3 weeks. Examples 
are tuberculosis, syphilis, rabies, leprosy, lymphogranu- 
loma venereum, kala-azar, sporotrichosis and kuru. In 
most cases, the agents of these diseases cannot be reliably 
cultured in three weeks: some cannot be cultured at all. 
Surely a quarantine insufficient for so many serious 
terrestrial diseases could hardly be considered adequate 
protection against unknown alien life forms. 

Some scientists associated with space programmes play 
down risks from alien micro-organisms by referring to 
specificity of host requirements on the part of pathogens, 
but such specificity is not universal. Diseases like typhus 
fever and bubonic plague kill hosts of different phylla. 
There are even micro-organisms pathogenic for man and 
plants, including Sporotrichia, Cryptostroma corticale and 
Selerotinia selerotiorum. Also there are diseases referred to 
as “biological accidents” in which a product of ẹ sapro- 
phyte or pathogen living on one form of life injures or kills 
a different life form ingesting it. Examples are botulism, 
ergotism and alimentary toxic aleukia. Host specificity 
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based on long periods of evplution is not essential to 
disease production. Finally, there are the indirect hazards 
of eontaminating Earth, those to domestie animals and 
plants. 

Because all people will suffer if an astrodenue occurs, 
elementary fairness requires a broadening of the debate 
over Earth safety. The decision about the risk to Earth 
of any round trip ought not to be left to a space agency, 
to committees appointed by it, or to related government 
agencies. A judgment upon which the future of all life on 
Earth may depend should be made openly, after careful 
debate and consideration, by representatives of all peoples. 


Yours faithfully, 
SOLOMON GARB 


University of Missouri Medical School, 
Columbia, 
Missouri 65201. 


University News 


Dr G. R. Kelman has been appointed to the newly 
created chair of human physiology in the University of 
Aberdeen. 


Dr G. A. Gilbert has been appointed to the newly 
designated chair of biochemistry in the Department of 
Chemistry, and Dr D. G. Harnden, MRC Clinical and 
Population Cytogenetics Research Unit, Edinburgh, has 
been appointed to the newly established chair of cancer 
studies in the Department of Pathology, in the University 
of Birmingham. 


Dr H. Fernandez-Moran has been appointed A. N. 
Pritzker professor of biophysics in the Division of the 
Biological Sciences and the Pritzker School of Medicine 
of the University of Chicago. 


Dr R. Gordon Hemingway has been appointed to the 
chair of animal husbandry in the University of Glasgow. 


Professor J. R. Pappenheimer has been appointed 
George Higginson professor of physiology and Professor 
Todd Frazier has been appomted associate professor 
of biostatistics in the Faculty of Public Health and 
assistant director of the Center for Community Health 
and Medical Care at Harvard University. 


The following appointments have been made in the 
University of London: Dr M. R. C. McDowell, 
Durham, to the chair of applied mathematics tenable at 
Royal Holloway College ; Dr R. F. Streater, Imperial 
College, to the chair of applied mathematics at Bedford 
College ; Professor J. H. Wilkinson, Pennsyivania, to 
the chair of chemical pathology at Charing Cross 
Hospital School of Medicine. 


Appointments 


Mr M. W. Hill has been appointed keeper of the National 
Reference Library of Science and Invention, a part 
of the British Museum. 

Dr A. Rowzee, Polymer Corporation, Sarnia, Canada, has 
been appointed president of the Society of Chemical 
Industry in succession to Mr N. Diff. 





Erratum. In the communication “Cardiovascular 
Changes during Preparation for Fighting Behaviour in 
the Cat" by David B. Adams et al. (Nature, 220, 1339; 
1968), the fourth sentence of the second paragraph on 
page 1240 should read “If sympathetic dilatation of 
muscle vessels ever occurs during preparation for fighting, 
it must be completely concealed by an overwhelming 
vasoconstrictive influence". 
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International Meetings 
April 7-11, 6th Meeting of the Federation of European 


Biochemical Societies, Madrid (6th FEBS Meeting, 
entro de Investigaciones Biologicas, Velazquez 144, 


Madrid 6, Spain). 

April 15-16, Biophysical Studies of Cell Membranes, 
Birmingham (British Biophysical Society, c/o Institute 
of Biology. 41 Queens Gate, London SW7). 


Mav 4-9, Electrochemical Society Meeting, New York 
(T he Electrochemical Society, Inc., 30 East 42nd Street, 
New York, NY 10017, USA). 

May 27-30, 3rd Congress of the European Thyroid 
Association, Athens (Dr C. Beckers, Cliniques Univer- 
sitaires St Pierre, 69, Brusselsestraat, Louvain, Belgium). 
June 1-14, Growth and Characterization of Electronic 
Materials, Chania, Crete (E. D. Haidemenakis, 2 rue 
de Furstenberg, Paris 66, France). 

June 2-3, Polypeptides, their Chemical and Enzy- 
matic Synthesis, their Role in Immunological 


Processes, New York City (Dr Edward G. Bassett, 
Symposium Coordinator, Research Products Division, 


Miles Laboratories, Inc., Elkhart, Indiana 46514, USA). 


June 4-6, Automated Analysis, Chicago (Jerome E. 
Golm, Technicon Corporation, Ardsley, New York 10502, 
USA). 

June 5-11, Forensic Sciences, Toronto (Mr D. M. Lucas, 
Fifth International Meeting of Forensie Sciences, 8 Jarvis 
Street, Toronto 2, Ontario, Canada). 


June 15-28, Magnetism, Chania, Crete (E. D. Haide- 
menakis, 2 rue de Furstenberg, Paris 66, France). 


June 16-20, Fuel Cells, Brussels (Troisiemes Journees 
Internationales d'Etude des Piles à Combustible, SERAT, 
1091 Chaussee d'Alsemberg, Bruxelles 18, Belgium). 


June 16-27, Physics of Quantum Electronics, Flag. 
staff, Arizona (5. F. Jacobs, Optical Sciences Center, 
University of Arizona, Tucson, Arizona 85721, USA). 


June 30-July 1, Fibres for Composites: Strength, 
Structure and Stability, University of Sussex (Meetings 
Officer, Institute of Physics and the Physical Society, 
47 Belgrave Square, London SW1)}. 


June 30-July 3, Computer Science and Technology, 
Manchester (Institution of Electrical Engineers, Savoy 
Place, London WC2). 


June 30-Julv 4, Operational Research Reliability, 
Turm (Seientifie Affairs Division, NATO, Brussels 39, 
Belgium). 


July 7-11, Operational Research Cost Benefit 
Analysis, ''he Hague (Scientifie Affairs Division, NATO, 
Brussels 39, Belgium). 


July 7-11, SUPE oe OF AEN ee FOIE ER in 
Chemical Research, 2 

Conferences, The Univer sity of Aan Chrvaler C 'enter : 
Department 265, Ann Arbor, Mic higan 48105, USA). 


July 8-10, Three Body Problem in Nuclear and 
Particle Physics, Birmingham (Institute of Physies and 
the Physical Society, 47 Belgrave Square, London SW 1). 


July 14-19, Optical Instruments and Techniques, 
Reading (Dr A. Thetford, New Applied Physieal Science 


Building, The University, Whiteknights, Re: ading. Eng- 
land). | 


July 15-16, Enamine Chemistry, Salford (Dr P. W., 
Hickmott, Department of Chemistry, University of Sal- 
ford, Salford M5 AW'T, England). 


July 15-19, Nuclear Magnetic Resonance Spectro- 
scopy, Birmingham (Dr John F. Gibson, Scientific 
Affairs Officer, The Chemical Society, Burlington House, 
London WIV OBN). i 
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BRITISH DIARY 


Monday, january é 


INSTITUTION OF ELECTRICAL E NGINEERS (at Savoy Place, Londen, Wey, 
at 5.30 p.m.— Dr K. W., Plessner: ciate Energy Storage". 


INSTITUTION OF ELECTRIC AL EXGINERBRS (at S "voy Place. Dindon, WC), 


at 5.30 p.m.— Mr L. L. Freris and Mr A. M, Sasson: "An Investig zation of the 
Load-Flow Problem”. 


INSTITUTION OF MECHANICAL ENGINEERS, NUCLEAR ENERGY GROUP (at 
1 Birdcage Walk, Westminster, London, 8W1), at 4 p.m.— Discussion meeting 
on “Numerical Estimation of Reliability of Engimeering Equipment”. 


SOCIETY OF CHEMICAL INDUSTRY, LONDON SECTION; and the HEAVY 
ORGANIC CHEMICALS GROUP (at 14 Belgrave Square, London, SWI}, at 
6.30 p.ni.— Dr R. J. Morley and Mr J. M, Swinstesd: “Coal Chemicals, Past, 
Present and Future", 


Tuesday, January 7 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, Lor A Wd) 
Colloquium on “Engineering Applications of Speetral Analysis" 


PHYTOCHEMICAL SOCIETY (at the School of Pharmacy, University of 
London)--Symposium on “Re vont Work on Plant Products of Therapeutic 
Interest", 


INSTITUTION OF ELECTRICAL ENGINEERS (aint 
of Measurement and Control, and the Autom 
Institution of Mechanical Engineers, at Savoy Place, 
p.m.-—Professor J. K. Royle: "Fluidics", 

INSTITUTION OF MECHANICAL ENGINEERS, RAILWAY ENGINEERING GROUP 


(at 1 Birdcage Walk, Wostminster, London, SW) at 6 p.m. -— Discussion 
meeting on "New Materials and Techniques and their Effect on Design". 


meeting with the E. nstitute 
ic Control Group of tbe 
London, WC), at 5.30 





Tuesday, January 7—~Wednesday: January 8 
UNIVERSITY OF MANCHESTER [INSTITUTE OF SCIEXCE AND TECHNOLOGY (At 


the Institute)—Symposium on "Recent Advances in Inorganic Resetion 
Mechanisms". 
Tuesday, January 7— Thursday, January 9 
CHEMICAL Socrgty (in the University Chemies] Laboratory, Lensüehi 


Road, Cambridge)—symposium on 
Organic Reactions", 


"Orbital Symmetry Correlations in 


Wednesday, January 8 


SOCIETY OF CHEMICAL INDUSTRY, Foop GROUP (joint meeting with the 
Microbiology Group, at the Borough Polytechnic, London, SEI) at 6.15 p.m, 
— Symposium on "Mierobiological Standards for Eoods". 


Wednesday, January 8—Thursday, January 9 


UNIVERSITY OF MANCHESTER INSTITUTE OF SCIENCE AND TECHNOLOGY (at 
the Institute). —Symposium on "Adsorption from Selution", 


Thursday, January 9 


_ BRITISH BrorHysicAL SOCIETY, PHYSICAL BiocHEMISPTRY GROUP (n: the 
Department of Biochemistry, University of Bigningham)--Meeting an 
“Structural Applications of Fluorescence Techniques”. 


MINERALOGICAL SOCIETY (at the Geological Society of London, Barlingten 
pone Piccadilly, London, W1), at 5 p.m.-—Anniversary Meeting, Professor 
. M. Brown: Zi he Mineralogy of Layered Basie Iz £rusiona", 


EX ITUTION OF ELECTRICAL ENGINE BRS fat Savoy Place, London, WOR} 
at 5.80 p.m.—Mr D. T. Hollingsworth: "Underground Power Cables-- Past! 
Present and Future" (Eleventh Hunter Memorial Lecture}, 


INSTITUTION OF MECHANICAL ENGINEERS, EDUCATION AND TRAINING 
GROUP (at 1 Birdcage Walk, Westminster, London, ay inhatOpan--Diseus- 
sion meeting on "Careers Guidance", 





Thursday, January 9—Friday, January 10 


BIOG HEMICAL SOCIETY (at the University, Mane hester)—490th Meeting. 

€ 'olloquium on "Control of € carbohydrate Metabolism"; Discussion Foram on 

“Enzymie Processes Involved in Polynuclectide Biosy nthesis"; Pharma- 

cological Biochemistry Group Meeting on “Metabolic Fate of Compounds 
Bound to Plasma Proteins". 


Friday, January 10 


INSTITUTION OF ELECTRICAL ENGINEERS, JOINT iIEEJIERE COMPUTER 
GROUP? (at Savoy Place, London, WC2)— Colloquium om “New Peripherals". 


MINERALOGICAL SOCTETY; and the Roya, MICROSCOPICAL SoCIETY (at the 
Geological Society of London, Burlington House, Piceadilly, London, Wi 


Meeting on * "Microse ims Techniques and their Application i in Mineralogy and 
Ceramie Materials? 


Monday, January 13 


INSTITUTION OF MECHANICAL ENGINEERS, MANUEACTURE AND MANAGE- 
MENT GROUP (at 1 Birdeage Walk, Westminster, London, SW 13, at 6 Bs TR oe 
Discussion meeting on "Making the Most of the Indust: dal Training Aet 





REPORTS and other PUBLICATIONS 


(nol included in the monthly Books Supplement) 
. Great Britain and lreland 


Ministry of Health: Scottish Home and Health Department. Centra! 
Health Services Council: Scottish Health Services Comneil. Hospital Treat- 
ment of Acute Poisoning: Report of the J a o osimittee of the Stand- 
ing Medical Advisory Committees, Pp. (London: H.M. Stationers 
Office, 1968.) 3s. 6d, net, [412 
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Building Research Station. Current Paper 68/68: The CUB Master List of 
Properties—-an Outline of Its Scope and Limitations. By H. J. Eldridge. 
Pp. 3. Current Paper 69/68: A Simple Wind Tunnel for Studying Air-Flow 
Round Buildings. By D. E, Sexton. Pp. 3. (Garston, Watford: Building 
Research Station, 1968.) [612 

Department of Education and Science. Teachers’ Course List No. 2: 
Programme of Short Courses organized by the Department for teachers and 
others engaged in the educational service in England and Wales, April 1969 
to March 1970. Pp. 68. (London: Department of Education and Science, 


1968.) [612 

Goodwill is not Out of Date--Annual Report of the Chest and Heart 
Association, 1957-1968, Pp. 12. (London: The Chest and Heart Associa- 
tion, 1968.) [012 


Water Resources Act, 1963. Fifth Annual Report of the Water Resources 
Board for the year ending 30th September, 1968. Pp. vii 72. (London: 
H.M. Stationery Office, 1968.) Bs, 6d. net. 612 

Ministry of Housing and Local Government. Standards of Effluents to 
Rivers with particular reference to Industrial Effluents. Pp. 21, (London: 
H.M. Stationery Office, 1068) 2s, 3d. net. [612 

The Zoological Record. Vol. 103, Section 16 (1966): Amphibia. Compiled 
by Hazel A. Bartlett, Pp. iv-- 87. UK and Eire, 47s.: Overseas, 47s. 
($US 5.70.) Vol. 108, Section 17 (1966): Reptilia. Compiled by Michael 
Dadd and Lorna Goldsmith. Pp.iv+79. UK and Eire, 40s.; Overseas 47a. 
($US 5.70.) (London: Zoological Soeiety of London, 1968.) [612 

Philosophical Transactions of the Royal Society of London. Series A: 
Mathematical and Physical Sciences, No. 1142, Vol. 263 (5 December, 1966): 
A Discussion on the Origin and Treatment of Noise in Industrial Environ- 
ments. Organized by E. J. Richards. Pp. 267-180. (London: The Royal 
Society, 1968.) 1085; $14. [612 

Southern Regional Council for Further Education. Triennial Report, 
1965-1968, Pp. 67. (Reading: Southern Regional Council for Further 
Education, 1968.) 912 


The Royal Society. Scientific Research in Schools Committee— Report 


to Council 1968. Pp.16. (London: The Royal Society, 1968.) 912 
Aslib Occasional Publication No. 1: An Evaluation of British Scientific 


Journals. By John Martyn and Alan Gilchrist. Pp. vii+51. (London: 


Aslib, 1908,) 153. [0129 
The Care of Trees on Development Sites. By Philip Hicks. Pp. 13. 
(Stansted, Essex: The Arboricultural Association, 1968.) 5s. {1012 


Building Research Station. Information 68: a Select List of Publications 
and Films, Pp. 50. (Garston, Watford: Building Research Station, 1968.) 
Gratis. [1012 

Institute of Linguists. Annual Report and Aecounts for the year ended 
Sist July, 1968, Pp. 21. (London: Institute of Linguists, 1968.) [1112 


Other Countries 


. World Health Organization. Monograph Series, No. 29: Infant Nutrition 
in the Subtropies and Tropics. Pp. 335. (Geneva: World Health Organiza- 
tion; London: H.M. Stationery Office, 1968.) 27 Sw.franes; 54s.; 89. [212 

Comptes Rendus des travaux du Laboratoire Carlaberg. Vol. 36, No. 19: 
Chemical Derivatives of Subtilisins with Modified Proteolytic Activities. 
1: Nitration and Iodination of Subtilisin Type Carlsberg and Subtilisin Type 
Novo. By I. Svendsen. Pp. 347-364. 3 kr. Vol. 36, No. 20: The Degrada- 
tion of the B-Chain of Oxidized Insulin by Two Subtilisins and their Succiny- 
lated and N-Carbamylated Derivatives. By J. T. Johansen, M. Ottesen, I. 
Svendsen and G. Wybrandt. Pp, 365-384. 4 kr, (Copenhague: Danish 
Science Press, Lid., 1068.) l [219 

World Health Organization. Technical Report Series, No. 401: Screening 
for Inborn Errors of Metabolism— Report of a WHO Scientific Group. Pp. 57. 
(Geneva: World Health Organization; London: H.M. Stationery Office, 
1968.) 3 Sw. franca; 8s.; $1.25. [1213 

Mitteilungen der Práhistorischen Kommission der  Osterreichischen 
Akademie der Wissenschaften, XI and XH Band. Pp. xix + 453 + 34 tafeln, 
(Graz, Wien and Köln: Hermann Bóhlaus Nachfolger, 1968-1968.) [212 
| Australia: Commonwealth Scientific and Industrial Research Organiza- 
tion. Division of Fisheries and Oceanography Technical Paper No. 27: The 
Great Australian Bight and Trawling Tests of F.V. Southern Endeavour. 
By E. Highley and A. E, Stark. Pp. 35. (Melbourne : Commonwealth 
Scientific and Industrial Researeh Organization, 1968.) [312 

Annual Report of the Hospital Research and Educational Trust, 1968. 
Pp.ii25. (Chicago: Hospital Research and Education Trust, 1968.) [312 

Annual Report of the Durban Museum and Art Gallery for the municipal 
year 1967-1968. Pp, 158-166. (Durban: Museum and Art Gallery, 
1968.) [412 

Report of the National Botanic Gardens of South Africa 1967-1968. 
Pp.52, (Cape Town: National Botanie Gardens of South Africa, 1968.) [412 

Durban Museum Novitates. VoL 8, Part 12 (24th May, 1908): Sub- 
speciation of some Birds from Rhodesia, Part 2, By P. A. Clancey. Pp. 
153-182. R. 1.50. Vol. 8, Part 13 (6th September, 1968): Miscellaneous 
Taxonomic Notes on African Birds, XXVI. By P. A. Clancey. Pp. 183-198. 
R 1,00. Vol B, Part 14 (31st October, 1968): Geographical Variation in the 
Yellow-Breasted Apalis Apalis flavida of Africa. By Walter J. Lawson. 
Pp.199-226. R.1.50. (Durban: Museum and Art Gallery, 1968.) [412 
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India: Council of Scientific and Industrial Research. Annual Report of the 


National Metallurgical Laboratory, 1966-1967. Pp. vii-- 193. (Jamshed- 
pur: National Metallurgical Laboratory, 1968.) [512 

Commonwealth of Australia. Sixteenth Annual Report of the Australian 
Atomie Energy Commission, 1987-68. Pp. 127. (Coogee, NSW: Australian 
Atomie Energy Commission, 1068.) [0912 


Commonwealth of Australis. Department of" National Developnient, 
Bureau of Mineral Resources, Geology and Geophysics. 1:250,000 Geo- 
logical Series, Explanatory Notes. Elkedra, N. T., Sheet 8F/53-7, Inter- 
national Index. Compiled by K. G. Smith and E. N, Milligan. Pp. 16, 
Springsure, Qld., Sheet 3G/55-3, International Index. Compiled by R. G, 
Mollan. Pp. Z1. (Canberra, ACT: Bureau of Mineral Resources, Geology and 
Geophysics, 1966 and 1967.) [012 

Bibliographien des Deutschen Wetterdienstes, Nr. 22: Agrarmeteorolo- 
gische Bibliographie 1967. Bearbeitet von Maximilian Schneider. Pp. xvi+ 
261. (Offenbach a.M.:  Selbstverlag des Deutschen — Wetterdlenstes, 
1968.) [912 

Some Guides to Designing, Building and Operating Salt Water Aquarium 
Systems, Pp, 36. (Levittown, Pennsylvania: Triton Aquatics, Ince., 
1968.) [912 

Republic of the Sudan. Ministry of Agriculture, Agricultural Research 
Division. 1964-1965 Annual Report of the Gezira Research Station and 
Substations for the Season 1 July 1964 to 30 June 1965. Pp. if4+183. 
(Khartoum: Agricultural Research Division, Ministry of Agriculture, 
1968.) [812 

United States Department of the Interior, Fish and Wildlife Service, 
Bureau of Commercial Fisheries. Circular 303: Bureau of Commercial 
Fisheries, Fishery-Oceanography Center, La Jolla, California, Fiscal Year 
1968, By Alan R. Longhurst. Pp. 32. (Washington, D.C.: Bureau of 
Commercial Fisheries, 1968.) i912 

Food and Agriculture Organization of the United Nations. Record of the 
FAO/IBP Technical Conference on the Exploration, Utilization and Con- 
servation of Plant Genetic Resources, Rome, 18 September to 26 September 
1967, Edited by Ema Bennett. Pp. 214, (Rome: Food and Agriculture 
Organization of the United Nations, 1968.) [912 

Commonwealth of Australia, Department of Supply. Defence Standards 
Laboratories Annual Report 1907-68. Pp. 101. (Ascot Vale, Victoria: 
Chief Superintendent, Defence Standards Laboratories, 1968.) [1012 

The Carlsberg Foundation's Oceanographical Expedition Round the 
World 1928-30 and previous ‘Dana’ Expeditions. "Dana" Report No. 73: 
Taxonomy and Distribution of the Lantern Fishes, Genera Lobianchia and 
Diaphus, in the North Atlantic. By Basil G. Nafpaktitis. Pp. 131-2 
plates. (Copenhagen: Andr. Fred. Hest and Son, 1968.) 50 D.kr. [1012 

Field Museum of Natural History. Fieldiana: Geology. Volume 18, No. 
1: Annotated Bibliography of Lower Paleozoic Sponges of North America. 
By J. Keith Rigby and Matthew H. Nitecki Pp. 146. (Chicago: Field 
Museum of Natural History, 1968.) [1112 

Geological Survey of Guyana. Records, Vol. 5: The Folded Precambrian 
of Northern Guyana related to the Geology of the Guiana Shield. By 
E. Williams, R. T. Cannon and R. B. McConnell. With Age Date by N. J. 
Snelling. Pp. 60 «10 plates. (Georgetown: Geological Survey of Guyana, 
1967.) [1112 

Q & Aon Agriculture, Science, and the Developing World. (A briefing 
on International Agricultural Research and Training Centres supported by 
the Rockefeller Foundation and the Ford Foundation.) Pp.22. (New York, 
N.Y.: Ford Foundation, 1968.) [1112 

Institute of Sera and Vaccines, Research Institute of Immunology. Collec- 
tion of Summaries, Vol. 7. (Papers published by the Scientific Workers of 
the Institute in 1967.) Pp. 46, (Praha: Institute of Sera and Vaccines, 
1908.) [1112 

East African Community. East African Virus Research Institute Report, 
1907. (No. 17.) Pp. ili74. (Entebbe, Uganda: East African Virus 
Research Institute, 1968,) Shs. 6/50. [1112 

United States Department of the Interior: Geological Survey. Abstracts 
of North American Geology, September 1968. Pp. 1275-1431. (Washington, 
D.C: Government Printing Offiee, 1968) $0.45. [1112 

Australia: Commonwealth Scientific and Industrial Research Organization. 
Papers, Books, and Patents by Members of the Staff of CSIRO published 
during 1967. Pp.72. Annual Report of the Division of Tribophysics 1907/68, 
Pp. 20. (Melbourne: Commonwealth Scientific and Industrial Research 
Organization, 1968.) 1212 

Field Museum of Natural History. Fieldiann: Zoology. Vol. 51, No. 8 
(November 13, 1968): Geographical Variation in the Canary Serinus sulphu- 
ratus. By Austin L. Rand. Pp. 118-124. Voi. 51, No. 9 (November 14, 1968}: 
Intra-Relations of African Canaries, Genus Serinus, By Austin L. Rand, 
Pp.125-135. (Chicago: Field Museum of Natural Historv, 1968.) [1312 

World Health Organization, World Dirertory of Schools of Public Health 


1965. Pp. 232. (Geneva: World Health Organization; London: H.M. 
Stationery Office, 1968.) Z1 Sw. francs: 42s. $7. [1312 


United States Department of Commerce, National Bureau of Standards, 
Technical Note 457: Organic Chemistry Sectiori-- Summary of Activities 
July 1967 to June 1968, Edited by Robert Schaffer. Pp, xii 115. (Wash- 
ington, D.C.: National Bureau of Standards. Available from Government 
Printing Office.) $1.25. [1312 
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APPOINTMENTS VACANT 





UNIVERSITY OF MALAYA 
CHAIR OF BOTANY 
Applications are inivted for appointment to 
the Chair of Botany in the School of Biological 
Sciences in the Faculty of Science of the Uni- 
versity of Malaya. The post will become vacant 
when the present incumbent leaves at the end of 
January 1969 on completion of contract. Candi- 
dates should have high academic qualifications in 
botany and wide experience in teaching and re- 
search. Administrative experience might be con- 

sidered an advantage. 

EMOLUMENTS (approximate sterling equiva- 
lents at current exchange rates): (a) Salary: 
There is a range of basic salaries, to a point on 
which a Professor is appointed, depending on 
his qualifications and experience. These are 
£2,882, £2,980, £3,077, £3,175, £3,273, £3,370, 
£3,468 per annum, In addition, the following 
allowances are payable : (b) Variable allowance : 
Minimum £244 per annum; maximum £651 per 
annum calculated at 35% of basic salary. (c) 
Inducement allowance: (if awarded) varies up to 
£1.628 per annum. (In exceptional cases an in- 
ducement allowance exceeding that amount may 
be granted.) 

HOUSING: wil bc provided. if available, 
for which a rent of £163 io £204 per annum 
will be charged, 

PROVIDENT FUND: Staff member contri- 
butes $% and university 15% of basic salary. 

Further particulars and application forms are 
obtainable from the Association. of Common- 
wealth Universiiies (Branch Office), Marlborough 
House, Pall Mall, London, S.W ui. The closing 
date for the receipt. of applications in London 
and Kuala Lumpur is January 31, 1969, (41) 


BIOCHEMISTRY AND 
MOLECULAR BIOLOGY 


Teaching and Research Assistantships leading 
to MSc. and PhD. degrees available for 
academic year 1969-70, Modern laboratories with 
excellent facilities, Wide variety of research pro- 
jects, Stipend fer Teaching Assistantships 
$4,000 plus travel allowance and remission of 
fees. Stipend for Research Assistantships $3,000 
for 12 months. 

Apniy Head, Department of Biochemistry, 
University of Alberta, Edmonton, Alberta, 
Canada. (14) 


MASSEY UNIVERSITY 

PALMERSTON NORTH, NEW ZEALAND 

SENIOR LECTURER;LECTURER /JUNIOR 
LECIURER IN PHYSICS 

Applications are invited from suitably qualified 
persons for the above-mentioned position, Duties 
would invoive teaching Physics at intermediate 
and Advanced levels for Science and Applied 
Science Degrees, and the successful applicant will 
be expected to carry out research, preferably in 
biophysics, or in a field of significance to the 
Applied Sciences. The successful — applicant 
would be expected to take up the appointment as 
soon as possible, Salary scales—Senior Lecturer 
$NZ4,700 to $NZ5.500 (by $NZ200, Lecturer 
$NZ3.100 to $NZ4,800 (by $8NZ200 and $NZIOD ; 
Junior Lecturer $N22,500 |o $&NZ2,900 
($NZ.100). 

Farther details of the position and of the 
University may be obtained from the Secretary- 
General, Association of Commonwealth Univer- 
sities {Branch Office), Mariborough House, Pali 
Mali, London, §.W.1. or from the Registrar of 
the University. Applications close on January 
20, 1969, (44) 
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National Physical Laboratory 


Head of Physical 
Metallurgy Sections 


£3,925 to £4,475 


There are three Physical Meiallurgy Sections within the Divi- 
sion of Inorganic & Metallic Structure at Teddington, Middle- 
sex. Their work involves the intensive study of crystal surfaces 
and defects and the elucidation of the effects of these on 
mechanical properties. Current projects include the study of 
the prevention of creep in materials by using fibre reinforce- 
ment, the effect of fibres on fracture toughness, the measure- 
ments of the surface energies of solids and the study of disloca- 
tion arrangements in crvstals using the highest resolution 
electron-microscopical techniques. 


The Head of these sections will direct and control the scientists 
working on projects, establishing priorities and co-ordinating 
results, Pursuit of own researches will be encouraged and the 
wide international contacts of the Division will be maintained. 
Normally a first or second class honours degree or equivalent 
qualification in physics or metallurgy is required. A thorough 
background and evidence of original attainment either in elec- 
tron microscopy or in the study of mechanical properties are 
essential. 








Starting salary could be above the minimum of the above 
scale, (grade of Senior Principal Scientific Officer): non- 
contributory pension. 


Fuller details of this appointment may be obtained by writing 
to the Civil Service Commission, 23 Savile Row, London 
WIX 2AA, or by telephoning 01-734 6010, ext. 229 (01-734 
6464 “ Ansafone " service after 4.30 p.m.). At all times please 
quote S/7057/U. Closing date January 27, 1969. 


D 


MEDICAL OFFICER 
(CLASS 2) 


The Australian Commonwealth Serum Laboratories require a Medical Officer 
with post-graduate experience or qualifications in haematology, serology or 
pathology to work in the W.H.O. National Blood Group Reference Laboratory, 
We are seeking a suitable person to train under, and eventuallv succeed, the 
present Officer-in-Charge of the Laboratory who is approaching retirement. 


The work involves blood group genetic studies, the investigation of dificul 
blood group and cross-matching problems and research related to the preven- 


tion of Rh haemolytic disease. Opportunities will be available to pursue 
research in these and related fields. 


Conditions are excellent, and include well-equipped laboratories and a compre- 
hensive technical library. Liberal leave provisions and superannuation after 
a qualifying period are also available. Salary will be up to $10,557 (Aust) 
per annum, dependent upon the qualifications and experience of the successful 
applicant. 

Applications in writing should be forwarded to: 

Personnel Manager, 

Commonwealth Serum Labqratories, 

45 Poplar Road, 

Parkville, Victoria, Australia. 





RUHR UNIVERSITY, BOCHUM 


Deportment of Physics and Astronomy 


intends to set up a 


Chair for Biophysics 


The applicant should be able to examine physical aspects of biological objects 


with modern and highly qualified physical methods, 


A close cooperation. with the Biology department 1s anticipated. The bio- 
chemistry and radiation biology faculties are in close proximity within the 


Ruhr University. 


Applications, which will be dealt with in confidence, should arrive not later 
than January 15, 1969, and should be addressed to the 


Dean of the Department of Physics and Astronomy of the 
RUHR UNIVERSITY, BOCHUM 


D 4630 Bochum, Postfach 2148 (West Germany). 





SCOTTISH PLANT BREEDING STATION 
ASSISTANT EXPERIMENTAL OFFICER 


Applications are invited from candidates with 


Ordinary Degree, Higher 


National Certificate or similar qualifications in Botany or Biology for an 


appointment initially as Assistant Experimental Officer to assist in cytological 
studies of plants. Starting salary according to age in the A.E.O. scale £770 
per annum (at age 20) to £1,385 per annum. Superannuation scheme, 


Applications supported by the names of two referees should be sent to 


the Secretary, Scottish Plant 
Midlothian, by January 27, 1969. 


UNIVERSITY COLLEGE LONDON 
DEPARTMENT OF ELECTRONIC AND 


ELECTRICAL ENGINEERING 
Applications are invited for post of LEC- 


TURER. Some experience with microwaves 
and/or semiconductors an advantage. Excelent 
opportunities for research on microwave solid- 
state devices. Lecturing experience not essential, 
but real interest in education most important. 
Salary range £1,470 to £2,630, plus £60 London 
Allowance per annum ; F.S.S.U. Duties to com- 
mence as soon as possible. 

Applications by January 31, 1969, to the Sec- 
retary, University College London, Gower Strect, 
W.C.1. from whom further particulars may be 
obtained. (64) 


MOUNT VERNON HOSPITAL 
NORTHWOOD, MIDDLESEX 
Applications are invited for the post of 
PHYSICIST (Basic Grade). Salary scale £1,030 
to £1,295 plus £90 London Weighting. Appli- 
vants should have a good Honours Degree in 
Physics, but previous experience of medical 
physics is not essential. The successful candidate 
will be expected to undertake some research and 
opportunities to obtain a higher degree may be 

available for a suitable person. 

Further particulars of the post may be ob- 
tained from the Head of the Physics Department. 
‘Telephone Northwood 26111, extn. 229. Ap- 
plications, with the names of two referees, should 
be sent as soon as possible to the Hospital Sec- 
retary. (72) 


RESEARCH ASSISTANT 


Central Public Heaith Laboratory, Colindale 
Avenue, London, N.W.9. Graduate required 
with experience of virological techniques and an 
interest in learning electronmicroscopy. 

Applications, with full curriculum vitae, to the 
Personnel Officer. GO 


Breeding Station, 


Pentlandfield, Roslin, 


(78) 





UNIVERSITY OF ADELAIDE 


Applications are invited for the following ap- 
pointments, the closing dates for applications 
being stated in parentheses after each post: 

LECTURER IN AGRONOMY at the Waite 
Agricultural Research Institute, from candidates 


with special interests in the uptake of plant 
nutrients. The jecturer will be one of a team 
of three studying aspects of crop nutrition. 


(January 27, 1969.) 

LECTURER IN GEOLOGY (paleontology 
and/or sedimentology). Research in the School 
of Geology as a whole is directed at all aspects 
of Precambrian studies through the newly estab- 
lished Centre for Precambrian Research, and 
candidates with interests in Precambrian Re- 
search will be at an advantage ; but others are 
invited to apply. Ganuary 24, 1969.) 

LECTURER/SENIOR LECTURER IN 
MATHEMATICS. (January 24, 1969.) 

SALARY SCALES: Reader, $49,900; Senior 
Lecturer, $A7,500. by $A2:0 ($5 to SA8.750 ; 
Lecturer, $A5,400 by $A280 (D by $A270 (6) to 


$A7,300, with superannuation on the FSS U. 
basis. 
FURTHER PARTICULARS about each post 


and ihe conditions of appointment and other in- 
formation sought will be supplied on request to 
the Registrar of the University, or to the Secre- 
tarv-OGeneral, Association of Commonwealth Uni- 
versities (Branch Office), Marlborough House, Pall 
Mall, London, S.W.l. 

APPLICATIONS should be sent in duplicate 
and giving the information listed in the statement 
that will be supplied to the Registrar, The Uni- 
versity of Adelaide, North Terrace, Adelaide, 
South Australia 5001. (67) 


UNIVERSITY COLLEGE HOSPITAL 
GOWER STREET, LONDON, W.C.1 
MICROBIOLOGIST (Graduate) required in 
the Department of Clinical Microbiology. 
Written applications, with names of 

referees, to Assistant Secretary. 
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NATURAL ENVIRONMENT 
RESEARCH COUNCIL 
NATURE CONSERVANCY 


EXPERIMENTAL OFFICER 
CLASS VACANCY 


Applications are invited for the post of 
Assistant Regional Officer (Experimental 
Officer Class) in the Nature Conservancy's 
North Wales Region. The officer will be 
based on Ruthin in Denbighshire. 


Duties. Responsibility ta the Regional 
Officer for the day-to-day supervision and 
management of the Conservancy's work in 
the counties of Denbighshire and Flintshire. 
Duties will include the undertaking of sur- 
veys ; the inspection of Sites of Special 
Scientific Interest, and liaison with local 
authorities, Naturalists’ Trusts and other 
bodies concerned with conservation. The 
officer appointed will also be expected to 
work as part of a team undertaking studies 
on major conservation problems in North 
Wales. 

Qualifications. General Certificate of 
Education in five subjects, two of which 
should be mathematical/scientific subjects 
at "A" devel. At age 22 candidates 
should have a pass degree, HNC. (ot 
equivalent) in Botany or Biology. An 
interest. in town and country planning and 
land classification. procedures would be an 
advantage. 

Salarv : 

Assistant Experimental Officer (8 and 
under 28 years on December 31, 1969): 
£650 (age 18} ~-£1,150 (age 26)—-£1,385 per 
annum. 

Experimental Officer (at least 26 and 
under 31 on December 31, 1969): £1,514 
to £1,910 per annum, 


initial appointment will be non-pension- 
able but there are prospects of à permanent 
and pensionable post. 

Application forms available from the 
Natural Environment Research Council (E), 
Alhambra House, _ 27.33 Charing Cross 
Road, London, W.C.2, quoting reference 
72 7.133. 

Closing date : 





































January 13, i969. 


(34) 


HUNTINGDON RESEARCH 
CENTRE 
SENIOR PHARMACOLOGIST 


A new post has become available in the 
Centres Department of Pharmacology, 
Previous experience in cardiovascular or 
neuropharmacological research would be 
an advantage. 

Applicants should possess à good honours 


degree and have had at icast 4 years posi- 
graduate research experience or a higher 


degree, It is a small but rapidly expand- 
ing department with extensive facilities for 
chis type of research. Much of the work 
catried out is of fundamental interest. 
Applications, giving brief details and 
quoting reference GLW;/5, — should be 
addressed io the Personne! Officer, Hun- 
tingdon Research Centre, Huntingdon. 


GD 


BRISTOL UNIVERSITY LIBRARY 
LIBRARY OF ENGINEERING, 
MATHEMATICS AND GEOLOGY 
Applications are invited far the post of Sendor 
Library Assistant in the above sectional Hbrary 
of 35.000 volumes, Candidates should be char- 
tered librarians or graduates, and previous ex- 
perience in scientific or technical iibraries will be 
an advantage. Salary within a scale £1,045 to 

£1490 Qo £1,650 in exceptional cases}. 
Applications, together with the names of two 
referees, should be sent to the University 
Librarian. The University of Bristol, Queens 
Road, Bristol BSS IRJ (from whom further par- 
üculars may be obtained), before January 18, 
1969. (92) 
ASSISTANT-—-IMMUNOLOG 
background-—to run tissue typing laboratory— 
experience preferred but will train. Central New 
York area—Jarge | university community. -Send 


curriculum vitae to P.O. Box 93, Nature, T. G. 
Scott & Son, Ltd. | Clemenis Inn, London, 
WoC. (91) 
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ANALYTICAL 
BIOCHEMIST 





Applications are invited for the senior position of 
Head of the Department of Analytical Biochemistry. 
Applicant should have a Ph.D. degree, research 
experience, à strong background in instrumentation, 
and bio-dynamics. The position calls for the develop- 
ment and implementation of methods to be applied 
primarily to research in steroid metabolism, the super- 
vision of two to three technicians and directing the 
research of one or more post-doctoral fellowship 


trainees. Apply, enclosing curriculum vitae, with 
names of at least two referees, to: Dr. Enrico 
Forchielli, Institute. of Hormone Biology, Syntex 





MINISTRY OF OVERSEAS 
DEVELOPMENT 


Foresters are frequently required to work for the Governments of the 
developing countries and vacancies arise continuously. 

Starting salaries within the ranges quoted are assessed on 
qualifications and jength of relevant experience ; and the terms of 
most appointments include free or subsidised accommodation, 
education grants. family passages, good leave on full pay, etc. A 
contributory pension scheme is available in certain circumstances. 
Most appointments are limited to citizens of the United Kingdom 
who are normaly resident in this country, 


BRITISH SOLOMON ISLANDS PROTECTORATE 


Forestry Officer RC 324/27/01 
Durigs: District Forestry. duties. 

QUALIFICATIONS. AND TERMS: A degree im forestry. Basic salary 
$52,232 to $A4,272 {£ Sterling 1,042 to 1,994) per annum. An induce- 
ment allowance normally tax free, in the range £g. 716 to hibo 

p.a. is payable by the British Government direct to the officer's 

home bank account. Terminal gratuity 25% of basic salary pius 
inducement allowance or a terminal payment of 5 or 6 days gross 
salary for each month of resident service. Contract 2 years. 


DOMINICA 


Foresiry Officer RC 324/52/01 
Durs: To advise the Government on the necessary control of 
harvesting operations and the regeneration of areas exploited by 

a Fimber Company. 

QUALIFICATIONS & TERMS: Degree in Forestry essential. 
af tropical moist mountainous forestry desirable. Salary 
£2,400 p.a. sublect to British income tax plus a variable non-taxable 
overseas allowance from £460 to £1,085 pa., depending on domestic 
circumstances. Contract 2 vears. 


NEW HEBRIDES CONDOMINIUM 


Forestry Officer RC 324/124/01 
Durs: Te supervise the exploitation of forests and re-afforestation 
wHhin the New Hebrides Group and to carry out research in 
silviculture. 

QUALIFICATIONS. & TERMS: Degree in Forestry essential: good 
knowledge of French desirable, Salary seale free of local tax 
$A3,900 to SAS,530 (E. Sterling 1,829 to 2,490) p.a. (currently 

under review), Gratuity £Stg.37. 10s. for cach completed 3 months 
of service. Contract 3 years. 





Experience 


Research Center, Stanford Industrial Park, Pale ARO. 
California, 94303. U.S.A. Syntex is an equal oppor- 
tunity employer, 


SYNTEX 


SYNTEX RESEARCH 








eee 





ZAMBIA 

Assistant Conservators of Forests 
Doves: General District duties, or forest surveys and the preparation 
of working plans, or silvicultural research. 
QUALIFICATIONS & TERMS: Degree in Forestry. 
Kwachal|944 to 4,464 (£ Sterling 1,134 to 2,604) p.a. pius an 


RC 324/132/03 


Basic Salary scale 
inducement allowance of £51g.243 to 449 na. Terminal gratuity 
258% of basic salary plus inducement allowance. In addition s 
supplement ranging from £51g.233 to 350 pa. is pavable direct to 
an officers home bank account. Both gratuity and sumplement are 
normally tax free. Contract 3 years. l 


If you wish to apply for any of these appointments overseas 
please write giving your full name, age and brief particular of your 
professional qualifications and experience to the 

Appointments Officer, Room E/348/N, Ministry of Overseas 
Development, Eland House, Stag Place, London, S.W.1. 


| 
| 
| 
| 
| 
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ELECTRON 
MICROSCOPIST 


AUSTRALIA 
DIVISION OF ANIMAL PHYSIOLOGY 


The Division of Animal Physiology of the Commonwealth Scientific and Industrial Research 
Organization, wishes to appoint an electron microscopist at its Sydney Laboratory to pursue 
independent research in one of the following fields: skin biology, nutrition, reproduction 


and endocrinology, or renal physiology. The opportunity to pursue collaborative research 
will be available. Excellent facilities are available. 


The Laboratory is the Headquarters of the Organization's Division of Animal Physiology 


and is situated 20 miles west of Sydney. The primary objective of research at the Laboratory 
is to provide new knowledge which will increase production and etficiency of the sheep 


industry. The current programme involves studies of climate physiology, skin biology. 
including keratinization and mechanisms associated with wool growth, re-production, 
renal physiology, nutrition and metabolism, and endocrinology. There is a professional 
staff of 60 with over 100 supporting technical and administrative staff. 


QUALIFICATIONS Applicants should have a Ph.D. degree in a biological science or 


postgraduate research experience of an equivalent standard and duration, supported by 


satisfactory evidence of research ability. 


SALARY Depending upon qualifications and experience, the appointment will be made 
within the salary range of Research Scientist, $A5,321— $46,693 p.a., or Senior Research 
Scientist, $A6,963— $A8,045 p.a, Appointment to the Principal Research Scientist range, 
3$AB,313— $A9,561 p.a., will be considered for an outstanding applicant. Salary rates for 
women are $A428 p.a. less than the corresponding rates for men. Promotion within CSIRO 
to a higher classification is determined by merit. 


CONDITIONS The duration of the appointment will be determined in consultation 
with the successful candidate; some applicants may prefer a fixed term appointment for 
three years. An indefinite appointment which is subject to passing a medical examination, 
carries with it Commonwealth Superannuation Fund or Provident Account privileges. 
Fares paid for the appointee and his dependent family. 


Applications (quoting Appointment No: 245/439), and stating full name, place, date 
and vear of birth, nationality, marital status, present employment, details of qualifications 
and experience, together with the names of not more than four persons acquainted with the 
applicant's academic and professional standing, should reach :—~ 


Mir R. F. Turnbull, 

Chief Scientific Liaison Officer, 
Australian Scientific Liaison Office, 
64-78, Kingsway, 


LONDON, W.C.2. by the 7th February, 1969. (82) 


SOUTH AUSTRALIAN INSTITUTE OF TECHNOLOGY 
North Terrace, Adelaide 


SCHOOL OF PHARMACY 


LECTURER IN BIOLOGY 


Applicanis should possess a higher Degree in Zoology, preferably after a first 


Degree with specialisation in Zoology and Physiology. 


The Appointee will be required to give lectures and assist with supervision of 
practical classes in Biology at first year Degree level for Pharmacy and Micro- 


biology students, and in Biology for certain Certificate classes. 
Facilities are available for research. 


ANNUAL SALARY 


Within the range $A4,650 to $A7,000 according to qualifications and experience. 


Progression beyond $46,150 is subject to qualifications and aptitude. 


Further information may be obtained from the Assistant Director (Administration 
and Finance) to whom applications (including the*names and addresses of two 


referees) should be forwarded by January 30, 1969. 
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G.K. BUREAU 
SCIENTIFIC APPOINTMENTS 


are secking Veterinary Surgeons, Chemists, 
Physicists, Applied Biologists and Geolo- 


gists. TECHNICIANS for animal houses, 
colleges, hospitals, research centres or in- 
dustry.—Miss J. Hortin, 196 Oxford Street, 
London, W.1, 01-636-6858. No fees to 
pay. Q 





COLLEGE OF MEDICINE OF THE 
UNIVERSITY OF LAGOS 


Applications are invited for (a) SENIOR LEC- 
TURESHIP and (D LECTURESHIP GRADE I 
or H in DEPARTMENT OF MICROBIOLOGY. 
Salary scales: (a) £N2,350 to £N2,950 per annum, 
(b) £NI,200 to £N2,600 per annum (£N1-— 
£1 3s. 4d. sterling) Salary suppiementation in 
range £240 to £590 (sterling) in appropriate cases 
under British Expatriates Supplementation 
Schemes. Family passages ; various allowances ; 
superannuation scheme; regular overseas leave. 

Detailed applications — (six copies) naming 
three referees, by February 6, 1959, to Inter- 
University Council, 90/91 Tottenham — Court 
Road, London, W.I, from whom particulars are 
available. 


UNIVERSITY OF MANCHESTER 


RESEARCH ASSISTANT IN CONSERVATIVE 
DENTISTRY 


Applications invited from chemistry graduates 
for this post to work in a projet concerned 
with the study of trace elements in teeth, The 
principal experimental method wid be neutron 
activation analysis. The object of the investi- 
gaiion 1s to examine the uptake and metabolism 
of trace elements in relation to tooth. formation 
amd decay. Some research or experimental ex- 
perience an advantage. Previous experience in 
activation analysis not essential, Appointment for 
one year (may be renewed), Salary range per 
annum: £1,905 to £1,340. 

Further particulars and application forms ire- 
turnable by February 28, 1969) from the Regis- 
trar, Fhe University, Manchester M13. SPL. 
Quote Ref: 217/68/ Na. (5) 


UNIVERSITY OF TORONTO 
DEPARTMENT OF CHEMISTRY 
Applications are invited for admission to pro- 
grammes leading to the degrec of M.Sc. and 
Ph.D. in the flelds of analytical. biological in- 
organic, organic, physical and theoretical 
chemistry. Prospective graduate students should 
have, or expect to receive, an honours degree in 
chemistry for its equivalent. AH students 
accepted are assured of financial support through 
Scholarships or Teaching FeHowships and a 
minimum stipend of $3,600 per annum is guaran- 
teed. (Teaching fellowships involve assistance 
with undergraduate laboratory supervision up to 
à maximum of two periods (six hours) per week.) 

Assistance with travel] is also provided. 

For further information please write, quoting 
Ni. to Dr. D. J. Le Roy, Chairman, Department 
of Chemistry. University of Toronto, Toronto $5, 
Ontario, Canada. (873 





UNIVERSITY OF MANCHESTER 
EXPERIMENTAL OFFICER, 
DEPARTMENT OF METALLURGY 


Applications invited for this post, tenable for 
three years from November E, 1968, to maintain 
and develop sophisticated mechanical testing 
equipment, and tio participate in research pro- 
grammes. Suitable qualifications : degree, 
H.N.C., or comparable experience.  Experitnee 
of mechanical testing desirable but not essential. 
Salary range oper annum, £920 to £1,460. 
PLS S.U, 

Particulars and application forms (returnable 
by January 31, 19690) from the Registrar, The 
University, Manchester M13 SPI. Quote ref.: 
222/68/ N39. (85) 


——— A 








LECTURESHIP IN PHYSIOLOGY 

Applications are invited for a Lectureship in 
Physiology. Salary scale: £1.470 to £2,630 per 
annum. initial salary according to experience 
and qualifications. — F.S.S.U. 

Applications (cight copies) should be lodged, 
not later than March 10. 1969. with the under- 
signed, from whom further particulars may be 


obtained. 
ROBT. T. HUTCHESON. 
Secretary. of the University or 
77 
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SENIOR MEDICAL PHYSICS 
TECHNICIAN 


PAHLAVI UNIVERSITY 
SCHOOL OF MEDICINE 
SHIRAZ, IRAN 


Vacaney for a Senior Medical Physics 
Technician on contract with Ministry of 
Overseas Development to establish and 
supervise in the above School of Medicine 
the methods used in radio-isotope labora- 
tories for general clinical and research pur- 
poses ; also to train Iranian junior techni- 
cians in his charge, 


Qualifications : | F.IL.M.L.T. or Medical 
Physics Technicians with spécial experience 
of radio-isotope work. 

Contract : Two years plus paid home 
leave on completion of contract. 


Salary : £2,500 per annum plus a vari- 
able tax-free overseas allowance, currently 
from £635 to £1,400 per annum. 


Allowances : Children’s and education, 
outfit, trunk, etc. 


Accommodation : 
allowance. 


Apply for further details stating full 
name, age, qualifications and experience, 
quoting reference. RC 205/86/04, to: 


The Appointments Officer, 

MINISTRY OF OVERSEAS 
DEVELOPMENT, 

Room 301, Eland House. 

Stag Place, London, S.W.. (40) 


Free furnished or rent 


Grassland Research Institute 
HURLEY, MAIDENHEAD, BERKS 


PLANT PHYSIOLOGIST/BIOCHEMIST 


Applications are invited from experienced 
scientists for a short term appointment in 
the Botany Division of the Institute for 
work on aspects of growth regulation in 
forage species including grasses. 

The primary objective in the Division is 
the comparative evaluation of the factors 
which determine the biological efficiency of 
forage crops in producing digestible nutri- 
ents and the exploitation of this knowledge 
to modify existing systems of forage pmo- 
duction and devise new ones. 

The person appointed will work closely 
with members of the Departments of Plant 
and Crop Physiology, the aim being to ex- 
plore the role of growth substances in the 
observed pattern of growth and develop- 
ment of forage species. 


Excellent controlled. environment facilities 


will be available. The Institute is also 
ideally placed near other centres of re- 
search and is an Associated Institution of 
the University of Reading. 

The appointment is tenable for a period 
of one to three years at a salary in the 
range £2,000 to £3,400 according to age 
and experience, 

lf the person appointed is a British 
national or other British subject normally 
resident in the U.K. but now resident in 
N. America, Australia or New Zealand, 
fares of himself (and of his family} may be 
payable to the port of disembarkation in 
the U.K. in appropriate circumstances. 
Further details of the post and of the con- 
ditions governing payment of travelling ex- 
penses on appoiniment will be supplied on 
request. 

Applications, giving names of three 
referees, should reach the Secretary of the 
Institute by January 31, 1969, (66) 





CITY OF LEICESTER 
REGIONAL COLLEGE OF TECHNOLOGY 
(Constituent College of Proposed Polytechnic) 


Require LECTURER in RADIOCHEMISTRY 
in SCHOOL OF CHEMISTRY. Should have 
good Honours Degree or equivalent and higher 
degree in Inorganic or Radiochemistry. Experi- 
ence of Radiochemistry essential. To commence 
as soon as possible. Salary £1,725 to £2,280 per 
annum according to qualifications and experi- 
ence. 

Particulars and application forms from Regis- 
trar, P.O. Box 143, Leicester. (54) 





SALMON AND FRESHWATER FISHERIES 
LABORATORY 


Ministry of Agriculture, Fisheries and Food 
London, S.W.1 


BIOLOGIST (graded E OJA. E.O.) to work in Physiology Section assisting in labera- 
iory investigations on the physiological adaptation by fish to changes in the fresh- 
warer environment. Knowledge of Zoology and Chemistry necessary. 
Non-contiributory pension. Promotion prospects, 

APPLICATION FORMS are obtainable by writing to the Secretary, Civil Service 
Commission, 23 Savile Row, London, WIX 2AA, or by telephoning 01-734 6010 ext. 
229 (after 4.30 p.m. 01-734 6464 “ Ansafone " Service), Please quote 5/94-95/68/ 





MAF/12. Closing date February 3, 1969, 


AGRICULTURAL SCIENTIFIC SERVICES 


* * 
East Craigs, Edinburgh 
BOTANISTS (graded E.Q./A.E.O.) to assist in trials and fesis of new varieties of 
agricultural and horticultural crops and in seed certification. 
Qualifications (sce below) should be in Botany, Agricukural Botany or Horticultural 


Botany. 


Prospects of permanent pensionable appointments. 
APPLICATION FORMS from the Establishment Officer, Departmen: of Agriculture 


and Fisheries for Scotland, Room 172, St. Andrew's House, Edinburgh. i. 


date January 20, 1969. 


Closing 


SALARIES, QUALIFICATIONS AND AGE LIMITS 


ASSISTANT EXPERIMENTAL OFFICER/EXPERIMENTAL OFFICER 
Salaries : A EO., £650 (age 18) to £895 (age 22) to £1,180 (age 26 or over) to £1,385 : 


E.O., £1,584 to £1,910 (starting salary 
Experimental Officers become 
maximum. 


may be above minimum). 
Experimental Officers. ‘before reaching A GEO 
Promotion prospects to Senior Experimental Officer: £2,220 to £2,705), 


Most Assistam 
scale 


pes en 


Salaries are supplemented in the London area, £125 Inner London, £73 Qutrer London. 


Qualifications : Degree, H.N.C.. or equivalent in appropriate subiect. 


Under 22, 


minimum qualfication is G.C.E. in five subjects, including two Scientific! Mathematical 


subjects at "^ A " level or equivalent Level, 


UNIVERSITY OF 
NEWCASTLE UPON TYNE 
CHAIR OF BOTANY 


Applications are invited for the Chair of 
Botany which has become vacant through the 
appointment of Professor J. H. Burnett to the 
Regius Professorship of Botany at Glasgow, The 
successful candidate will be required to take up 
appointment as soon as possible, Salary in ac- 
cordance with the professorial scale (£3,570 to 
£4,223 with possible extensions to £4,990 per 
annum). 

Further particulars may be obtained from the 
Registrar of the University, Newcastle upon 
Tyne NEI 7RU, with whom applications (fifteen 
comes}, giving the names of not more than three 
referees, must be lodged not later than Monday, 
February 3, 1969. (Candidates from outside the 
British Isles may submit one copy only. 

02 


UNIVERSITY OF LONDON 


CHAIR OF THEORETICAL PHYSICS AT 
CHELSEA COLLEGE OF SCIENCE AND 
TECHNOLOGY 


The Senate invite applications for the Chair 
of Theoretical Physics tenable at Chelsea College 
of Science and Technology (salary not fess than 
£3,570 a year plus £100 London Allowance). 

Applications Gen copies) must be received not 
later than January 31, 1969, by the Academic 
Registrar (N), University of London, Senate 
House, W.C.1, from whom further particulars 
may be obtained. (42) 


JUNIOR POSITION IN ENVIRONMENTAL 
toxicology. Academic position open at Univer- 
sity of California. Davis. Duties research and 
teaching in environmental toxicology. Educa- 
tional prerequisite Ph.D. in chemistry, bio- 
chemistry, chemical engineering or closely related 
discipline, Experience in field desirable but not 
essential. Prefer person under 40 years of age,— 
Send curriculum vitae io Dr. G. Stewart, 
Agricultural Toxicology Laboratory, University 
of California, Davis, California, U.S.A., 95616. 

(1D 











Ad O.: age 18-27; E,.Q,.; 25-30, 


UNIVERSITY OF DURHAM 
CHAIR OF CHEMISTRY 

The University wishes to make an appoinument 
to the established Chair of Chemistry which has 
become vacant on the resignation of Professor 
G. E. Coates. The University would welcome 
the opportunity to extend the research fields in 
the Department of Chemistry in one of the 
following directions: synthetic inorganic chem- 
istry, catalysis and surface chemistry, thermo- 
chemistry, inorganic equilibria and kinetics, and 
structural chemistry. The appointment will be 
made from October i, 1969 or such other time 
as may be arranged, and the salary will be in 
accordance with the Professorial scale (£3,678 7 
per annum by £210 every two years to a masi- 
mum of £4,515 per annum}, together with 

Applications (three copies), together with tbe 
names of three referees, should be sent not later 
than February dd, 1969, to the Registrar and 
Secretary, Old Shire Hali, Durham. AM 


SOUTH-EASTERN REGIONAL 

HOSPITAL BOARD, SCOTLAND 

REGIONAL TRAINING SCHEME FOR 
BASIC4GRADE BIOCHEMISTR 

Applications are invited for the post of Basic- 
grade Biochemist in the training scheme operated 
jointly by the Departments of Clinical Chemistry 
at the Royal Infirmary and at the Northern 
Group of Hospitals, Edinburgh. The successie 
candidate will be appcimed to this position for 
one year in the first instance, renewable for 4 
further two years. Applicants should have gradu 
ated in Biochemistry or Chemistry or one of the 
related biological sciences, and the course of 
training will prepare him/her for the Mastershin 
in Clinical Biochemistry, 

Written applications giving full personal par- 
ticudars, details of taining and experience, and 
the names of two referees, should be submitted 
to the Secretary, South-eastern Regional Hospital 
Board, Scotland, 11 Drumsheugh Gardens, Edin- 
burgh, 3, within two weeks from the date of this 
advertisement, from whom further details about 
the Training Scheme mav be obtained. C 

















& BIOCHEMIST 


THE QUEEN'S AWARD 
TO INOUSTRY 190857 


TO WORK on the development of biochemical 
products labelled with carbon-14 and tritium using 
enzymatic synthesis or microbiological preparative 
techniques. These products are used principally in 
university and medical research units in this country 


and abroad. 


QUALIFICATIONS AND EXPERIENCE : 
A good honours degree together with R & D experi- 


ence. 


STARTING SALARY: In the range. £1,095— 


£2,540 according to age and experience. 


HOUSING or assistance with house purchase may 


be available. 


APPLY TO: The Personnel Officer 


THE RADIOCHEMICAL CENTRE 


AMERSHAM 


BUCKS 


(Quoting Ref. 5.145) 


UNIVERSITY OF GLASGOW 


LECTURESHIP IN MECHANICAL 
ENGINEERING 


Applications are invited for a Lectureship in 
the Mechanics and Mechanism Group of the De- 
partment of Mechanical Engineering of the Uni- 
versity. The person appointed will be expected 
to contribute to the teaching and research work 
of the Department in the field of Dynamics. A 
particular interest in Mechanical Vibration and/ 
or Control Systems will be an advantage. Appi- 
canis should possess a good Honours degree in 
Mechanical Engineering, or in a related subiect. 
The salary will be in the range £1,470 to £2,270 
(bar) to £2,630 per annum. F.S.S.U. Prior tx- 
perience of teaching Or research is not essential: 
if the successful applicant does not already have 
a higher degree he will be expected to work 
towards one. 

Applications (eight copies) should be lodged 
not iater than January 30, 1969, with the under- 
signed, fram whom further particulars may be 


obtained. 
ROBT, T. HUTCHESON, 
Secretary of the University Court. 
05) 





UNIVERSITY OF IBADAN 
NIGERIA 


Applications are invited for Go) LECTURE- 
SHIPS or (t) ASSISTANT LECTURESHIPS IN 
G) THEORETICAL AND ST ATISTICAL GEO- 
GRAPHY, and (D CLIMATOLOGY, BIO- 
GEOGRAPHY OR HYDROLOGY in DEPART- 
MENT OF GEOGRAPHY. Salary scales : (a) 
ENT,200 to £N2,175 per annum, (b) £N950 to 
£N1,150 per annum (ENIz£I 3s. 4d. sterling). 
Salary supplementation in range £190 to £435 per 
annum (sterling) in appropriate Cases under British 
Expatriates Supplementation Scheme. Family 
passages ; F,S.S.U.; various allowances ; regular 
overseas leave. 

Detailed applications (six copies), naming three 
referees, by February 6, 1969, to Inter-University 
Council, 90/91 Tottenham Court Road, London, 
W.1, from whom particulars are available. 

(395 


(26) 


UNIVERSITY OF OTAGO 
DUNEDIN, NEW ZEALAND 
LECTURER OR SENIOR LECTURER IN 
MICROBIOLOGY 


The Council of the University of Otago, Dune- 
din, New Zealand, invites applications for the 
appointment of Lecturer or Senior Lecturer in 
the Department of Microbiology in the Medical 
School. 

Salary--According to qualifications and experi» 
ence, as under : Science graduate (after April 1, 
1969): A scale from $NZ3,100 by $NZ200 to 
&NZ4,700, by $NZI00 to $NZA4A,800 per annum. 
Senior Lecturer: A scale from $NZA,700 bv 
$NZ200 to $NZ5,500: thereafter a range of 
salaries up to $NZ6,600 per annum. Medical 
graduate : Lecturer: A scale from $NZA,270 to 
&NZ5.800 per annum with a bar at $NZ5,600 per 
annum. Senior Lecturer : A scale from $N2Z7.000 
WO $NZ8,100 per annum, Note: $NZ100 equals 
£46 Ys. 4d. sterling, $USI12, $A100) 

Further information may be obtained from the 
Secretary-General, Association of Commonwealth 
Universities, Marlborough House, Pall Mal, 
London §.W.1. from Professor J. R. F. Miles, 
Department of Microbiclogy. University of Otago 
Medical School, P.O. Box 913, Dunedin, New 
Zealand. or from the registrar of the university. 

Applications close in New Zealand and in Lon- 
don on January 31, 1969. {46} 


ERNHARD BARON MEMORIAL 
RESEARCH LABORATORIES 
QUEEN CHARLOTTE'S MATERNITY 

HOSPITAL, LONDON, W.6 
DEPARTMENT OF MICROBIOLOGY 
Applications are invited from graduates with 
honours degrees in science for a research appoint- 
ment as basic grade Scientific Officer (salary 
£1,030 to £1,774 plus London Weighting, accord- 
ing to experience. The research involves aspects 
of fungal Phetabolism and genetics, and the ap- 
pointment is for one year in the first instance. 
Applications and references to Consuitant 
Microbiologist at the above address, (48) 
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UNIVERSITY OF BRITISH 
COLUMBIA 
DEPARTMENT OF CHEMISTRY 
GRADUATE TEACHING 
ASSISTANTSHIPS 
Graduate Teaching Assistantships are 
available for candidates with high academic 
records who wish to pursue further studies 
towards the Ph.D. degree in Chemistry. 
Excellent research facilities are available in 
all areas of modern Chemical Science, 
ranging from Bio-Organic Chemistry to 
Chemical Physics. — Stipends $3,500 (myni 

mum) per annum. 
Application forms and further particulars 
may be obtained trom the undersigned. 
Professor C. A. McDowell, 
Department of Chemistry, 
University of British. Columbia, 
Vancouver 8, British Columbia. 
Canada. (2 





















B.O.C. RESEARCH AND 
DEVELOPMENT 


requires 
INFORMATION SCIENTIST 


with B.Sc. in Physica, Chemistry or Chemi- 


work comprises 
and supplying 


cal Engineering. Tre 
collecting information 
answers to specific requests. This involves 
abstracting from scientific and technical 
Hterature, indexing and literature searching. 


Please apply to Personnel Officer, quotl- 
ing Ref. 113, The British Oxygen Co. Lid., 
Deer Park Road, London, S.W.IS, 


INSTITUTE OF OPHTHALMOLOGY 
(University of London? 
Judd Street, London, W.C.! 


TECHNICIAN 


required immediately with experience in 
ELECTRON MICROSCOPY 


Grading according to qualifications and/or 
experience. Applications, stating age, quali- 
fications and experience, giving names of 
two referees to: 


The Director. 
DEPARTMENT OF PATHOLOGY, 
at the above address. 


(43) 


n —— P d — — 


UNIVERSITY OF GLASGOW 
LECTURESHIP JN THE DEPARTMENT OF 
GEOLOGY 
Applications are invited for a Lectureship in 


Palaeontology and Stratigraphy. Salary scale: 
£1.470 to £2,630 per annum. Initai salary ac- 


cording to experience and qualifications. F.S.S.U. 

Applications (eight copies), should be lodged. 
not fater than January 15, 1969, with the under- 
signed, from whom further particulars may bz 
obtained. 


ROBT. T. HUTCHESON. 
Secretary of the University Court. 
(6) 











UNIVERSITY OF STIRLING 
DEPARTMENT OF BIOLOGY 
RESEARCH ASSISTANT 

required to work on respiratory studies on 

animals occupying the important tropic 


levels in Loch Leven. The appoiniment is 
for three years. Salary scale: £800 by £50 


ip £900, 
Further particulars from the Secretary 
(NA), University of Stirling. Stirling. to 


with ihe names of two 
sent by January 17. 
(63) 


whom applications, 
referees, should be 
1969, 
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NEW ZEALAND 
Agriculture Department 


Applications are invited for the under- 
mentioned vacancy : 


VACANCY B 13/2/132/4028 
DIRECTOR 
BIOMETRICS SECTION, WELLINGTON 


Salary : Payable up ta $NZ6,830 accord- 
ing to quali£cations and experience. 


Duties : Responsible for the operation 
and development of tbe Biometrics Section. 
The section undertakes all biomedical 
aspects. of the research work of the De- 
partment and assists in operations research 
and other activities. It is responsible for 
all E.D.P. services and programming, for 
certain sections of agricultural statistics and 
provides forecasts of growth and produc- 
fons, 


Qualifications desired ; Mathematics 
degree preferably with experience in mathe- 
matical statistics. and their application to 
agricultural research. Ability to guide the 
development of E.D.P. and experience in 
the use of mathematical models in studies 
of agricultural production and economics 
desirable. 

Passages: Fare for appointee and his 
wife and family. if married, will be paid. 

Incidental expenses : Up to £35 for a 
single man and £100 for a married man 
can be claimed to cover the cost of taking 
personal effects to New Zealand. 


Application forms and general informa- 
tion are available from the High Commis- 
sioner for New Zealand, New Zealand 
House, Haymarket, London S.W.1, with 
whom applications will close on February 


-+ 


Please quote reference B 13/2/132/4028 
when enquiring. (20) 


QUEEN MARY COLLEGE 
University of London 


DEPARTMENT OF GEOLOGY 


Applications are invited for the post of 
LECTURER IN GEOLOGY with special 
interests in structural petrology ‘tenable 
from October 1, 1969. Salary scale : £1,470 
by £90 to £2,010 by £85 to £2,180 by £90 
to £2,270 (bar); £2,360 by £90 to £2,630 
plus £60 London Allowance. ESSU. 


AUSTRALIAN ATOMIC ENERGY 
COMMISSICN 


Research Establishment, Lucas Heghts near Sydney 


HEAD 
HEALTH PHYSICS 
RESEARCH SECTI 


The Section undertakes research in the general area of slealth Physics and 
in relation to the particular interests and problems. of the Research 
Establishment. Currently the principal areas of researcn are:— 


Radiation Dosimetry—with the aims of examining critically the basic 
concepts of dose specification and of establishing method: for the accurate, 
absolute realization of existing units of dosimetry in rela don to the overall 
needs of the Establishment. 

Radiological Physics—with the long term aim of devesoping dosimeters 
which measure directly the risk associated with raeiation exposure. 
Facets of the programme include development of phwsical theory for 
biological response, biophysical and biological experimentation to test 
and guide theoretical development, and a programm: of low energy 
stopping power studies intended to provide input datz and theory for 
models of biological response and the design of generalized dosimeters. 


Marine Radio-ecology—which sets out to study he mechanisms, 
biological and hydrological, by which radionuclides are diluted or dispersed 
in a marine environment or transmitted through food chains with a view 
to improving the ability to assess the capacity of the environment to 
accept nuclear waste. 

The Section Head is responsible to the Division Chief tor direction and 
continual review of this programme, and for de^ ning new areas or research 
to meet the needs of the current overall programme end policy of the 
Commission. 

At present the Section has a staff of 9 professional and 6 sechnical officers, 
in addition there are 2 vacancies. General facilities are geod and available 
equipment at Lucas Heights includes a 3 MeV Van de Graaff accelerator, 
N.M.R.-E.S.R. spectrometers, and excellent computing facilities. The 
Section has under construction a 120 KeV low enemy positive ion 
accelerator. 

Applicants should have had extensive general experience «m health physics 
and have demonstrated their ability to initiate and direct research at a 
level commensurate with the seniority of the position. The appointment 











participation. 

Application forms obtainable from the 
Registrar, Queen Mary College, Mile End 
Road, London, E.1, to be returned by 
January 24, 1969, 
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ST. THOMAS' HOSPITAL 
LONDON, SE. 

MEDICAL REGISTRAR to the Department of 
Metabolic Diseases for one vear in the first 
instance from March 1, 1969, Membership of the 
Royal College of Physicians is desirable. 

Application forms from the Clerk of the 
Governors returnable by January 18. (32) 


UNIVERSITY OF LIVERPOOL 


Applications are invited for the GRANT 
CHAIR OF INORGANIC CHEMISTRY, 
within the Department of Inorganic, Physi- 
cal and Industrial Chemistry. The salary 
wil be within the range approved for full- 
time professoríal appointments. 


Applications (twelve copies), together 
with the names of three referees, should 


be received not later than January 31, 
1969, by the undersigned, from whom 
further particularly may be obtained, (Can- 
didates overseas may send one copy only, 
By airmail.) Please quote Ref.: RV/796/ 


H. H. Burchenall, 
Registrar, 

The University, 
P.O. Box 147, 
Liverpool, 

L69 3BX. 





is likely to be in the range of— 


PRINCIPAL RESEARCH SCIENTIST Aus.$8343-9561 


Application forms may be obtained from the Atomic Energy Adviser, 
Office of the High Commissioner for Australia, 
Canberra House, 10-16 Maltravers Street, Strand, LONDC N, W.C 2. 


Please quote position L.16. 


UNIVERSITY OF ABERDEEN 
LECTURESHIP IN BACTERIOLOGY 


Applications are invited for above post vacant 
from April 1, 1969. Some experience in Electron 
Microscopy is necessary. Salary on scale: £1,470 
to £2,630; Gf medically qualified) £1.470 to 
£2,994. Initial placing according to qualifications 
and experience. Superannuation (F.S.S.U.) and 
removal allowance. 

Further particulars from the Secretary, The 
University, Aberdeen, with whom applications (16 
copies? should be lodged by January 11, ERR 

3} 


UNIVERSITY OF SIERRA LEONE 


Applications are invited for (a) SENIOR LEC- 
TURESHIP and (b) LECTURESHIP IN ELEC- 
TRICAL ENGINEERING. Salary scale (a) 
Le4,500 to Le5,400, (b) Le2,400 to Le4,740 per 
annum (Lei= 10s. sterling), plus supplementation 
of £275 to £450 per annum (sterling) for those 
designated under British Expatriates Supple- 
mentation. Scheme. | F.S.S.U., various allowanc.s. 
family passages. 

Detailed applications (six copies) naming three 
referees, by February 7, 1969. to Infer-University 
Council, 90/91 Tottenham Court Road, London, 
W.i. from whom particulars are obtainable. 

G5) 


GD 


CHELSEA COLLEGE OF SCIENCE 
AND TECHNOLOGY 
(UNIVERSITY OF LONDON) 
DEPARTMENT OF BOTANY 


Applications are invitcW for a post of LEC. 
TURER/ASSISTANT LOCTURER in the De 
partment of Botany. Tre person appointed wil 
be required to teach prirzipallv Bacteriology Gne 
cluding some industrial aspects). Salary scale : 
Lecturer £1,530 to £2,359 (bab to £2,590 per 
annum ; Assistant Lecture" £1,165 to £1,400. 

Application forms (to -@ returned by January 
24, 1969) and further parmculars may be obtained 
from the Secretary, Che sea College of Science 
and Techonolgs, Manresa Road, London, $.WW.3. 

VT 
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DEPARTMENT OF PHYSICS 
UNIVERSITY O° MANITOBA 


Offers generous assistarce to highly aualifed 
students wishing to do erezstuate work in physics. 
Extensive and modern  dmacilities for work in 
nuclear structure and reaeions, solid state, low 
temperature, atomic physic: and cosmic rave are 
available. 

For information apply to: Head, Deparpment 
of Physics, University of Manitoba, Winnipeg 19, 
Manitoba. TSR} 
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G. D. Searle & Co. Ltd. 


MAKERS OF ETHICAL PHARMACEUTICALS 


require 


BIOCHEMISTRY 
TECHNICIANS 


to work in 
HIGH WYCOMBE 


Successful applicants will work in a new general hormone 
laboratory covering a wide range of techniques including 
radio-immunoassays, competitive binding assays and gas 


chromatography. 


Previous experience in one or more of these fields is 


desirable. For the r 
acceptable qualification 


more senior posts tl 
would be HNC Chemistry, 


the minimum 


AILMT or equivalent. Applicants with lower qualifica- 
tions would be considered for less senior positions. 

Salary will be attractive and will be negotiable. Company 
benetits and working conditions are excellent. 
Applications should be made as soon as possible. 
Candidates should be available to take up an appointment 


by Ist March, 1969. 
Please write in confidence fo: 


The Personnel Manager, 
G. D. Searle & Co. Lid., 
Lane End Road, 
High Wycombe, 
Bucks. 


SEARLE 


Research in the Service of Mankind 





UNIVERSITY OF 
SOUTHAMPTON 


DEPARTMENT OF AERONAUTICS 
AND ASTRONAUTICS 


POSTGRADUATE 
OPPORTUNITIES 


COMBUSTION PHYSICS AND 
"RELATED TOPICS 


for postgraduate — study 


Opportunities 
exist at both Doctoral and Master's degree 
levels, including a one-year M.Sc. course in 
High Temperature Gas Dynamics and Gas 
Physics, which is approved by the Science 


Research Council. Applications are invited 
from persons having an honours degree or 
equivalent, in Physics, Chemistry, Mathe- 
matics or Engineering. 

Further particulars from the Academic 
Registrar, The University, Southampton, 
SO9 SNH. (86) 





UNIVERSITÉ DE MONTPELLIER 
RESEARCH ENZYMOLOGIST 


Applications are invited for the post of Re- 
search Enzymologist in the Department of 
Organic Chemistry to join a small research team 
concerned with the mechanisms of enzymatic 
reactions of biochemical importance. Ph.D. is 
Enzymology or equivalent experience is required. 
Salary about £1,500 per annum but could be 
higher depending on age and experience. Tenure 
of appointment at least one year. Fluency in 
French of no importance. 

Applications, together with the names of two 
referees, should be sent to Box 29 Nature, T. G. 
Scott & Son Ltd. 1 Clement’s Inn, London, 
W.C.2. (29) 




















Houghton Poultry 
Research Station 


(Financed jointly by the Agricultural 
Research Council and the Animal Health 
Trust) 


PHYSIOLOGY AND 
BIOCHEMISTRY DEPT. 


Applications are invited from 


BIOCHEMISTS & 
PHYSIOLOGISTS 


interested in joining a group engaged in 
fundamental research into the metabolism 
of normal and diseased poultry. Projects 
include the physiological response fto 
disease, the influence of stress and nutri- 
tional status on metabolic activity, the con- 
trol of carbohydrate and lipid metabolism 
by hormones and intermediary metabolites, 
and the mechanism of thermoregulation. 
Opportunity to work for a higher degree. 








The appointment will be made in the 
S.O. or S.S.O. grade according to age, 
qualifications and experience. (Salary scale 
£1,020 to £1,740 per annum or £1,925 to 
£2,372 per annum.) Superannuation under 
F.S.S.U. 


Further particulars and application forms 
from the Secretary, Houghton Poultry Re- 
search Station, Houghton, Huntingdon, to 
whom completed application forms should 
be returned by January 31, 1969. (18) 












AUSTRALIAN NATIONAL 
UNIVERSITY 
INSTITUTE OF ADVANCED STUDIES 
RESEARCH SCHOOL OF PHYSICAL 
SCIENCES 
PROFESSOR AND HEAD OF THE 

DEPARTMENT OF NUCLEAR FHYSICS 

Follbwing his appointment as Director of the 
Research School of Physical Sciences. Professor 
E. W. Titterton, C.M.G. F.A.A., Head of the 
Department of Nuclear Physics, wil relinquish 
this latter position. However, he will retain a 
Chair in the Department and expects ta cote 
tinue researches with a small group. 

The University has now established a Second 
Chair of Nuclear Physics, the holder of which 
will also be Head of the Department and appli- 
caions are invited for appointment to this Chair. 

The Department of Nuclear Physics is one of 
six departments within the School: the others 
being Astronomy (Professor O. J. Eggen), 
Engineering Physics (Professor G. H. Newstead), 
Geophysics and Geochemistry (Professor. J., C. 
Jaeger, F.A.A., and A. E. Ringwood, F.A.A,.), 
Mathematics (Professor B. H. Neumann, F.A.A. 
ERS) and Theoretical Physics (Professor K. J. 
Le Couteur, F.A.A J. 

The resem equipment of the Department 
includes a 12 MeV EN Tandem Accelerator with 
a 600 keV He-on injector as well as a negative 
He-ion source: a 2 MeV Van de Graaff genera- 
tor: à Buechner Magnet; a 24 in. double focus- 
sing spectrometer ; an. IBM 1800 data acquisition 
and processing system connected to an IBM 
360/50 University computer: together with a ND 
2200 dual parameter and other kicksorters. A 
polarised ion source is planned for installation in 
eighteen months” time. 

The salary of the appointee will be $413,000 
per annum and he will be entitled to one year’s 
study leave on full pay, plus a grant of up to 
$43.200 towards expenses, within each four-year 
period. Superannuation is on the FSS U. 
pattern, with supplementary benefits. The uni- 
versity will pay first-class fares for the appointee 
and his family and wil also provide a grant 
towards the costs of removal of furniture and 
effects. The University would also provide assist- 
ance with housing. 

Further information and a summary of con- 
ditions of appointment of academic stalf may 
be obtained from the Association of Common- 
wealth Universities (Branch Office), Mariborough 
House, Pall Mall, London, S.W.t. Applications 
close on February 28, 1969, (47) 





UNIVERSITY OF OTAGO 
DUNEDIN, NEW ZEALAND 
LECTURER OR SENIOR LECTURER IN 
PHYSIOLOGY 


Applications are invited from medical or 
science graduates for appomiment as Lecturer or 
Senior Lecturer in Physiology at a salary accord- 
ing to qualifications and experience within the 
range of the following scales which are operative 
on April 1, 1969. 

Science graduate: Lecturer: $NZ3.100 by 
$NZ200 to $NZ4,700 by SNZIOO to SNZA, 800 
per annum. Senior Lecturer: $NZ4,700 by 
S$NZ200 to SNZ5.500 per annum; thereafter a 
range of salaries up i0 $NZ6,600 per annum. 
Medical graduate: Lecturer: $NZ4.270 to 
SNZ6,ROO with a bar at SNZS.600 per annum. 
Senior Lecturer: $NZ7,000 to  $NZ8,100 per 


annum. (Note: $NZ100 equals £46 13s. 4d. 
sterling 1 SUSI12, $4100.) 


Further particulars are available from the Sec- 
retary-General, Association of Commonweahh 
Universities, Marlborough House, Pall Mail, 
London. S.W.1. or from the Registrar of the 
University. Additional detailed information may 
be obtained from Professor J. R. Robinson, De- 
partment of Physiology, University of Otago 
Medical School, P.O. Box 913, Dunedin, New 
Zealand. Applications close in New Zealand 
and London January 31, 1969, (45) 
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UNIVERSITY OF SOUTHAMPTON 
LANGUAGE CENTRE 


Applications are invited for the post of ASSIS- 
TANT LECTURER in the Language Centre. 
Candidates should have a University degree in 
German and recent experience of teaching the 
language at University or Vith form level. A 
research interest in language teaching method is 
essential. Salary scale: £1,105 10 £1,340, The 
initial salary will depend on qualifications and 
experience. 

Further particulars may be obtained from the 
Deputy Secretary, The University, Southampton, 
SO9 SNH. to whom applications, quoting Refer- 
ence N (7 copies from United Kingdom appli- 
cants), should be sent not later than January 20, 
1959, t6) 
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NEW HALL, CAMBRIDGE 


New Hall invites applications from 


women graduates for the post of COLLEGE 
LECTURER 


Mathematics, Physi- 
Psychology or 


in Law, 


ology, Sociology, Social 


Physics. 

Particulars can be obtained from the 
President, New Hall, Cambridge, to whom 
applicatians should be sent by Me ee 

: ad 


1969 





UNIVERSITY 
OF DUBLIN 


Trinity College 





RESEARCH LECTURER IN 
EQUINE PHARMACOLOGY 


The person appointed will, among 
his other duties, act as Director of 
the Racing Testing Service being 
eperated by the College in association 
with the Irish Turf Club and the 
Trish Racing Board. 

Salary Scale: £1,530 by 65 to 
£1,855 (Merit Bar) to £1,945 by 65 to 


£2 


Fe die 


Marriage and children's allowances 


— * 


are paid and there is a nonm- 
contributory pension scheme. 
Further — particulars may — be 


obtained from the: 
Assistant Secretary (Staff), 
Trinity College, 
Dublin, 2, 
who will receive completed applica- 
tions up to January 27, 1969. (83) 
a e REGIE URN TUNE MEN MESSH OE RDETPI IA QUOS HU SAVE eee ee cere a eee E 


THE WELLINGTON CANCER AND 
MEDICAL RESEARCH INSTITUTE 


DIRECTOR 
WELLINGTON, NEW ZEALAND 


Applications are invited by the Cancer Society 
of New Zealand Wellington Division Inc. for 
the post of DIRECTOR of the Wellington 
Cancer and Medical Research Institute, which 
will be ereeted in the near future. 

The Research institute. will be adjacent to the 
Wellington Hospital and National Health 
Institute. 

The successful applicant will be responsible for 
the inisation and conduct of cancer research and 
the administration of the Research Institute. He 
wil have the opportunity of taking part in the 
planning of the building. He must be a research 
worker, medically qualified preferably with a 
higher qualification, and with a special interest in 
cancer research. 

Salary according to age, qualifications and ex- 
perience in the range of $NZ7,000 to $NZ9,500. 
The appointment will be for an initial period of 
five years. The Director will be entitled to one 
year's study leave on full pay plus a contribution 
towards travel and other expenses in every eight 
years of service, or more frequently by arrange- 


ment. Superannuation will be available and 
reasonable travelling expenses will be paid. 
Assistance with house will be considered. 


Further particulars and conditions of appoint- 
ment may be obtained from the Secretary, Cancer 
Society of New Zealand WeHington Division 
ine, Mr. N. J. McHugh, Mutual House, 27 
Dixon Street, P.O. Box 6376, Wellington, New 
Zealand and N.Z. House in London.  Applica- 
tions to be in the hands of the Secretary by June 
30, 1969, (60) 


THE AGRICULTURAL RESEARCH COUN- 
ci has a vacancy in its Radiobiological Labora- 
tory, Letcombe Regis, Wantage. Berkshire, for 
a CHEMIST or PLANT PHYSIOLOGIST on 
the Scientific Officer or Senior Scientific Officer 
scales to study the fate of nitrogenous fertilizers 
in the soll in relation to development and growth 
of roots both in the field and in the laboratory. 
The available experimental facilities include a 
mass — spectrometer, Minimum qualifications - 
first- or upper second-class honours degree or 
equivalent. Salary: Scientific Officer scale £1,020 
to £1,740 or Senior Scientific Officer scale £1,925 
to £2,.372.-~Apply with names of two referees to 
the Secretary of the Laboratory by January 17, 
1969, (71) 
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Pharm acologist 


An experienced Pharmacologist is required to join the expanding 
Pharmacology Department of the Company's Research and Devalop- 
ment Division which has special interests in drug action on the 
cardiovascular and central nervous systems and drugs with anti- 
inflammatory or smooth muscle activity. 

Applicants, qualified in Pharmacology or a related discipline, must. 
have had two to three years previous experience in this field preferably. 


in industry. 


Working conditions in modern fully equipped laboratories near 


Maidenhead are excellent. 


with qualifications and experience. 


scheme is operated. 


Applications should be directed to: 


Personnel Officer, 


The salary offered will be commensurate 


A non-contributory pension 


John Wyeth and Brother Limited, 


Huntercombe Lane South, 


Taplow, Maidenhead, Berks. (8) 


SUGAR MILLING RESEARCH INSTITUTE 
UNIVERSITY OF NATAL 
DURBAN—SOUTH AFRICA 


The following vacancy exists at the Sugar Milling Research Institute, Durban. 


This is 


an organisation controlled by the South African Sugar Millers’ Association Limited, The 
Council for Scientific and Industria! Research and the Lyamversity of Matal, 


PHYSICAL CHEMIST 


with at least B.Sc(Hons) degree to undertake research into various aspects of sugar 
manufacturing processes with particular reference to juice clarification and Crystallisation 


of sugar. 
ton. 


Postgraduate experience in colloidal chemistry will be a Strong recommenda- 


The starting salary for the above position will be according to qualifications and experi- 
ence on the appropriate notch of the R.3,000- R.6,000 scale (£1 R.1.70), 


The conditions of service at the Sugar Milling Research Institute inciude : 


five-day week, 


generous leave, compulsory membership of the Associated Institutions’ Pension Fund and 


compensation for removal expenses. 


Non-contributory Medical Benefits and Group Life 


Cover are in operation and an annual bonus is usually paid. 


Applications should be made 1o 


COVENTRY HOSPITAL 
MANAGEMENT COMMITTEE 


SENIOR BIOCHEMIST required for this 
Group of hospitals (2,106 beds) which includes 
a new District Hospital. The successful appi- 
cant will be responsible for the group chromato- 
graphic service and should have experience in 
this field. Consideration would be given to can- 
didates without previous hospital experience. 
Salaty (Senior, £1,951 rising to £2,435 or, if 
basic grade, £1.030 rising to £1,774). Assistance 
with removal expenses may be given to a Senior 
Biochemist. Applications, stating qualifications, 
age, experience and quoting the names of two 
referees, should be submitted not later than 
January 17, 1969, to the Group Secretary, 
Coventry H.M.C., The Birches, Tamworth Road, 
Keresiev, Coventry. 


Further information from Dr. Trounson, 
Coventry and Warwickshire Hospital, Stoney 
Stanton Road, Coventry. (89) 


THE FRUIT AND VEGETABLE RESEARCH 
Association, Chipping Campden, Glos., requires 
Graduate Food Scientists in Technology Depart- 
ments, where work encompasses both research 
and membership technical services. Successful 
candidates will be expected to parfcipate in new 
research projects on various types of processing. 
—Ápniications to the Director at the above 
address. (655 


. the South African Science Office, 
278 High Holborn, London W.C.. or the Director, Sugar Milling Research 
University Private Bag, King George V Avenue, Durban, South Africa. 


Chichester House, 
institute, 


(o0) 





COUNTY BOROUGH OF GRIMSBY 
EDUCATION COMMITTEE |. 
GRIMSBY COLLEGE OF TECHNOLOGY 
NUNS CORNER, GRIMSBY 
Applications are invited for the following : 


LECTURER Ii--Mathematics. An interest in 
Computer science, though act essential, would te 
welcomed. 

LECTURER, IL—Specialist 
Higher National Diploma 
Science and Technology. 
ence in Food Industry or 


Food Subiem in 
courses in Food 
Good industrial experi. 
Food Research Group 


essential. 
Every opportunity would be given to develop 
special topics and undertake research, Salary, 


£4,725 ta £2 280. 


Further particulars and application forme Go 
be returned by January 31, 1959) from ihe 
Principal. GO 
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TECHNICIAN REQUIRED TO ASSIST RE. 
Starch on brain and endocrine function in ihe 
Department of Physiology. Histological exneri- 
ence essential Excellent conditions in new lah- 
oratories.-Apply in writing to the Secretary, 
Institute of Psychiatry, De Crespigny Park, Den. 
mark Hill, London, S.E.5, (Ref. Phy} Gn 
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WATER RESOURCES BOARD 


Reading Bridge House, Reading 


The Board, responsible for the national planning of water resources in 
“England and Wales, has embarked on a major programme of investigation 
and research, involving the application of techniques new to water conservation 


in this country. 


Applications for at least 12 posts are invited from men and women suitably 


qualified in any of the following: 


OPERATIONAL RESEARCH 


ECONOMICS 
STATISTICS 


WATER RESOURCE ENGINEERING 


HYDROLOGY 


GEOLOGY, HYDROGEOLOGY and GEOPHYSICS 


BIOLOGY 
INSTRUMENTATION 


The projects involved include resource allocation using linear and dynamic 
programming, simulation of river basins and water resource systems, con- 
junctive use of diverse sources, hydrogeological investigations of ground water 
resources, ground water recharge, controlled pumping of ground water, cost 
benefit analysis and the development of an integrated system for the retrieval 


and processing of hydrological data. 


One Operational Research post is at Principal Scientific Officer level, and the 


successful candidate will head a problem solving team. 
are for Main Grade Engineers, Senior Scientific / Scientific 


Experimental Assistant Officers. 
Qualifications: Main Grade 


Member of an appropriate Engineering Institution. 
Ist or 2nd class honours degree, or equivalent 


Scientific {Scientific Officer: 


Engineers: Chartered Engineer. 


The remaining posts 
Officers, and 


Corporate 
Principal Scientific / Senior 


qualification in appropriate subject and, for P.S.O./S.S.O., at least three years’ 


postgraduate experience. 


Experimental / Assistant 


Experimental Officer: 


Degree, H.N.C., or equivalent in appropriate subject. 


Salaries: Main Grade Engineers: £1,989 to £2,636, P.S.O. £2,475 to £3,425, 
8.8.0. £1,925 to £2,372, S.O. £1,020 to £1,740, E.O. £1,514 to £1,910, A.E.O. 
£650 (at 18) to £895 (at 22) to £1,150 (at 26 or over} to £1,385. 


Grading will be according to qualifications and experience, 


Further details of posts are available from the Director, Water Resources 
Board, Reading Bridge House, Reading, Berks. 


UNIVERSITY OF BRITISH 
^. COLUMBIA 
DEPARTMENT OF CHEMISTRY 


POSTDOCTORAL TEACHING 
FELLOWSHIPS 


Applications are invited for a number of 
Postdoctoral Teaching FeHowships. These 
Fellowships, which carry a basic stipend of 
$8,000 per annum are designed to enable 


e Fellowships are tenable in the 


* first instance for one year from September 


1, 1969, but are renewable. They also 
carry a travel grant. Married fellows with 
one or more children are eligible for an. 
additional stipend. . 

Applications consisting of a curriculum 
vitae, and the names and addresses of three 
referees, should be sent immediately to the 
undersigned from whom further particulars 
may be obtained. 

Professor C. A. McDOWELL, Depart- 
ment of Chemistry, The University of 
British Columbia. Vancouver 8, British 
Columbia, Canada. {13} 





KING'S COLLEGE HOSPITAL 
MEDICAL SCHOOL 
DENMARK HILL, LONDON, S.E.5 


RESEARCH ASSISTANT required for work 
in cell biology or experimental pathology con- 
cerned with radiation. Higher qualification pre- 
ferred. Salary up to £2,000 per annum accord- 
ing to experience. 

Applications to Professor E. A. Wright, De- 
partment of Morbid Anatomy, King's College 
Hospital Medical School, Denmark Hill, London, 
S.E.5. Closing date January 11, 19659, d 


(38) 


UNIVERSITY OF WARWICK 
SENIOR TECHNICIAN 


The School of Molecular Sclences has a 
vacancy for a Senior Technician in its 
modern and wel equipped laboratories. 

The person appointed, who mav be of 
either sex, will assist with the teaching 
courses and also with research in one or 
more of the varied fields in which the Staff 
are interested. 

A final C, & G. or H.N.C. or equivalent 
qualification is expected. Salary, depend- 
ing on experience, qualifications and age is 
on the scale from £987 to £1,225 rwr 
annum. A supplementary allowance of £50 
is pavable for appropriate qualifications. 

Applications to the Registrar, University 
of Warwick, Coventry, CV4 7AL, as soon 
as possible. (53) 





UNIVERSITY OF LIVERPOOL 


DEPARTMENT OF MEDICINE 


Applications are invited for the post of 
RESEARCH ASSISTANT (medically quali- 
fied or noD in Immunology in the Nuffield 
Unit of Medical Genetics, Department of 
Medicine. The successful candidate will 
take part in animal experimentation on the 
Rhesus problem, a project which is sup- 
ported by the Nuffield Foundation. The 
salary will be within the range £1,105 to 
£1,340 per annum. 

Applications, stating age, qualifications 
and experience, together with the names of 
two referces, should be received not later 
than January 16, 1969, by the Registrar, 
The Unieersity, P.O. Box 147, Liverpool, 
L69 3BX. Please quote Ref.: RV/792/N. 

(59) 
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SENIOR TECHNICIAN | REQUIRED BY 
Queen Mary College (University of London) for. 
work in a Physiology Laboratory. Preference 
will be given to applicants with an understanding 
of Physiological techniques and with’ some ex- 
perience of organizing laboratories. Salary 
according to age and ability on scale £957 to 
£1,195 per annum plus London Weighting and 
possible Qualification Awards.—Letters only to 
Registrar (Z/ST), Queen Mary College, Mile End 
Road, E.1, giving full details of age, experience 
and present work. (68) 





FELLOWSHIPS AND 
STUDENTSHIPS 





MEMORIAL UNIVERSITY OF 


NEWFOUNDLAND 
DEPARTMENT OF CHEMISTRY 


Several graduate studentships in chemistry, 
mostly in fields of physical chemistry related te 
spectroscopy, are available, Values are about 
$3.000 per year, depending upon teaching duties. 

Interested. applicants who have, or expect to 
receive, an honours degree in chemistry or a 
graduateship of the REC... or equivalent aualifi- 
cation, should write to: Head, Department of 
Chemistry, Memorial University of Newfound- 
land, St. John’s Newfoundland, Canada. (4) 


UNIVERSITY OF ABERDEEN 
RESEARCH FELLOW IN BIOCHEMISTRY 


Applications are invited for Post-doctoral 
Fellowship for work with Professor H, M. Keir 
on certain aspects of nucleic acid biochemistry 
in a mammalian cell-virus system, The position 
is suitable for biochemist with interests in animal 
virology, or for virologist with good knowledge 
of growth of normal and virus-infected mam- 
malian cells in tissue culture, Salary on scale: 
£1,350 by £50 to £1,450. Supcrannuation 
(FSS UD 

Further particulars from the Secretary, The 
University, Aberdeen, with whom applications (2 
copies) should be lodged by January 13, 1969, 
(62) 


SAINT LOUIS UNIVERSITY 


Opportunity for Ph.D. studies involving inter- 
esting research on the division of cultured human 
celis. Nine month fellowships of $2,500 plus 
tuition available. Possible additional salary for 
summer months. 

Write to Dr. David Rooney, Department. of 
Biology, St. L. U., Missouri 63104, U.S.A. 

(53) 


“KENNEDY INSTITUTE OF 


RHEUMATOLOGY 
LONDON, W.6 


Applications are invited for a POSTDOC- 
TORAL RESEARCH FELLOWSHIP IN 
IMMUNOPATHOLOGY within the DIVISION 
OF EXPERIMENTAL PATHOLOGY of this 
Institute. The Fellow is required to join a group 
studying mechanisms of iniury to small arteries 
and connective tissue. Previous experience of 
research using serological or immunofiuorescent 
techniques desirable. Salary in University Lec- 
turer range plus F.S.S.U. 

Applications, with curriculum vitae and names 
of three referees, to Secretary, Kennedy Institute, 
Bute Gardens, London, W.6. (74) 


UNIVERSITY OF 
MANCHESTER 


TURNER AND NEWALL 
RESEARCH FELLOWSHIPS 


Applications are invited for the above 
Research Fellowships founded by Messrs. 
Turner and Newall Ltd., tenable in the 
University and available for research in 
Engineering, Inorganic Chemistry, Physics 
and allied subiects. Appointments will 
normally date from October 1, 1969, for 
two years, The value of the Fellowships 
wil normally be within the range of £1,155 
to £1,365 per annum according to qualifi- 
cations and experience, with membership 
of the F.S,S.U. in appropriate cases, Fur- 
ther particulars and application forms (re- 
turnable by February 11, 1969) from the 
Registrar, the University, Manchester M13 
9PL. Please quote Ref. 216/68/Na. T 
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GRANTS & SCHOLARSHIPS 





DALHOUSIE UNIVERSITY 


DEPARTMENT OF PHARMACOLOGY 
HALIFAX, NOVA SCOTIA, CANADA 


Applications are invited from students with 
training in chemistry, biology, biochemistry, 
physiology or medicine for graduate training and 
post-doctoral research in pharmacology. The 
Department provides opportunities for advanced 
study and research leading to the degrees of 
M.Sc. and Ph.D. in addition to post Ph.D. and 
post M.D, research. The interests of the depart- 
mént include adrenergic pharmacology, drug 
metabolism, cardiovascular electro-pharmacology, 
CNS pharmacology, and the subcellular localiza- 
tion of pharmacologically active substances, 
Graduate Scholarships are available in amounts 
up to $4,000. Izaak Walton Kilam Memorial 
Scholarships are offered to outstanding students 
in amounts up to $5,500. 


Address all inquiries to: Chairman, Depart- 
ment of Pharmacology, Dalhousie University, 
Halifax, Nova Scotia, Canada. (15) 


THE NUFFIELD FOUNDATION 
FOOD SAFETY TRAINING 
SCHOLARSHIPS 


(FOOD TOXICOLOGY—-THE BIOLOGICAL 
EFFECTS OF THE CHEMICAL AND 
PHYSICAL TREATMENT OF FOOD) 


The Nuffield Foundation offers annually up to 
five scholarships for science graduates and three 
scholarships for medical or veterinary graduates, 
to help advance fundamental research into the 
human biological effects of the chemical and 
physical treatment of foods. The awards, tenable 
for periods of up to four years, are intended to 
provide research experience to Ph.D. level. to- 
gether with formal training in selected subjects, 
with special reference to pathology, toxicology, 
biochemistry, bacteriology or pharmacology. 
value of the awards will be fixed according to 
age, qualifications and experience, and can be 
supplemented by the amount of fees, marriage 
and child allowances, and in appropriate cases, 
research expenses. The scholarships are open to 
men and women holders of a science. medical 
or veterinary degree of a U.K. or other Com- 
monwealth university. 


Applications should bs submitted by March 1, 
1969, Further particulars and forms of applica- 
tion are available from the Nuffield Foundation, 
Nuffield Lodge, Regents Park, London N.W.1, 


(28) 


THE NUFFIELD FOUNDATION 


BIOLOGICAL SCHOLARSHIPS AND 
BURSARIES 


The Nuffield Foundation, as part of its pro- 
gramme for the advancement of biological 
studies, is prepared to offer for the academic 
year 1969/1970 a limited number of scholarships 
and bursaries to enable persons who have: 

(a) Graduated in physics, chemistry, mathe- 
matics, or engineering, but who have had no 
training in biology at university level, to receive 
such training in the biological sciences as will en- 
able them in due course to undertake an 
academic career in the United Kingdom in the 
biological sciences. 

(b) Graduated in biology to receive such train- 
ing in appropriate aspects of physics, chemistry 
and mathematics (in all or any of these subjects) 
as will enable them, thus additionally equipped, 
to undertake an academic career in the biologi- 
cal sciences in the United Kingdom. 

The Scholarships, which are the senior awards. 
are intended for persons who have already under- 
taken some postgraduate research in their own 
subject. The Bursaries are intended for those 
who have recently graduated. In the case of 
both scholars and bursars, the Foundation will 
pay the cost of university and/or college fees. in 
addition to a maintenance award. Graduates of 
universities in the United Kingdom. of either sex. 
who are not more than 35 years old, are eligible 
to apply. 

Applications for awards in 1969 must be re- 
ceived before March 15, 1969, by the Director 
. of the Nuffield Foundation, Nuffield Lodge, 
Regents Park, London. N.W.1, from whom full 
particulars and application forms can be 

BRIAN YOUNG. 
Director of the Nuffield side a 
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THE ROYAL SOCIETY 
THE RUTHERFORD SCHOLARSHIP 


Applications are invited from graduates of a 
university within the British Commonwealth who 
are under 26 years of age, or if holding the de- 
gree of Ph.D. under 28 years of age, on May 1. 
1969, for the RUTHERFORD SCHOLARSHIP. 
This will be awarded for experimental research 
in any branch of the natural sciences, but if 
there are candidates of similar merit preference 
wil be given to experimental physics. 
scholarship will be tenable for three years in 
some part of the British Commonwealth other 
than that in which the applicant graduated. It 
will not normally be awarded to a graduate who 
has already held a senior research award. 

The value of the scholarship will be adjusted 
to meet the circumstances of the appointment 
but if held in the United Kingdom it wil be 
between £950 and £1,100 per annum (or up to 
£1,400 per annum for post-doctoral candidates). 
Additional allowances will be granted for travel, 
university fees, etc. The appointment will date 
from October f, 1969, or such other date as may 
be arranged. 

The appointment will be made by the President 
and Council of the Royal Society. Applications 
from university graduates outside the United 
Kingdom should be made through their univer- 
sities to the Royal Commission for the Exhibition 
of 1851 on forms of application for the 1851 
Exhibition Science Research Scholarship. Appli- 
cation from university graduates in the United 
Kingdom should be made before February 15. 
1969, on forms obtainable from the Executive 
Secretary, The Royal Society, 6 Carlton Terrace, 
London, S.W.1. (27) 





PERSONAL 


IT IS WITH DEEP REGRET THAT WE 
report the death. on December 2, of Dr. 
Brenda M. Schofield, D.Sc., of the Department 
of Physiology, The Royal Veterinary College. 
Among the many humanitarian causes that Dr. 
Schofield actively supported was the Pestalezzi 
Children’s Village Trust, for which she always 
collected among her friends at Christmas time, 
Her colleagues at the Royal Veterinary College 
are making a collection this year in her memory, 
Contributions should be sent to: Dr. C. A. Finn, 





The Royal Veterinary College, Royal College 
Street, London, N.W.1. (Cheques should be 
made payable to: The Dr, Brenda Schofield 
Memorial Fund.) (61) 


FOR SALE AND WANTED 


WM. DAWSON & SONS LTD. 
Back Issues Department, 

16 West Street, Farnham, Surrey, 

England. 

Farnham 4664, 


Offer top prices for : 
BACK RUNS OF JOURNALS 
IN SCIENCE AND THE HUMANITIES 


Tel: 





MISCELLANEOUS 


SCIENTIFIC AND TECHNICAL TYPE. 
writing Service.  Confidendal.—Julia Pratt, B.Sc., 
30 Craven Street. Strand, London, W.C.2. Tele 
phone 01-839 2861, (X2) 








SYMPOSIUM 


NON-STOICHIOMETRY IN 
SOLIDS 


A three-day symposium commencing 
Wednesday, January 29, 1969 
DIVISION OF MATERIALS AND 
MOLECULAR SCIENCE 


WOOLWICH POLYTECHNIC 


The symposium with invited lecturers, 
develops fundamental ideas in non-stoichi- 
ometry as related to lattice structure and 
chemical purity. The effect of non-stoichi- 
oméetry on physical, chemical and electronic 
properties of materials will be discussed 
together with techniques for its measure- 
ment. 


Fee £7 (inclusive of meals) 
Details and application forms available 
from the Secretary, Admissions Defartment 
10, Woolwich Polytechnic, London, S.E.18. 

(23) 













SCIENCE 


Applications are invited for twelve month 
courses in Polymer Chemistry and Polymer 
Physics, commencing in October 1969. 
Applicants should have a good honours 
degree in chemistry or physics tar related 
subjects) or an equivalent qualification 
or be graduating in 1969, Science Research 
Counci Advanced Course Scholarships 
are expected to be available for suitably 
qualified candidates and other forms of 
financial support may be provided. 
Application forms and further details can 
be obtained from : M 
The Secretary, School of Polymer Science, 
UNIVERSITY OF BRADFORD, 
Bradford, 7. Q2) 













WOOLWICH POLYTECHNIC 
LONDON, S.E.18 


DEPARTMENT OF BIOLOGY 
AND CELL SCIENCE 
An Introductory. Course 
ANALYTICAL CYTO- AND 
HISTO-CHEMISTRY 
wil be held 
FEBRUARY 17 TO FEBRUARY 28, 1969 


Speakers to include > Dr. L. M. Franks. 
Dr. B. M. Richards, Dr. P. B. Gahan. 

Fee £22 Gncolusive of meals. 

Details and application forms available 
from the Secretarv, Admissions Department 
10, Woolwich Polytechnic, London, S.E.18. 
OU 





















UNIVERSITY OF BRADFORD 


POSTGRADUATE SCHOOL OF 
STUDIES IN POLYMER SCIENCE 


Post-experience Course 


GEL PERMEATION 
CHROMATOGRAPHY 


The method, theory and application. 


Friday 21st and Saturday, February 22nd, 
. 19569. 


Course fee £12. 





Further details may be obtained from th 
Registrar, University of Bradford, Brad. 
ford 7. (D 






UNIVERSITY OF SHEF 
POSTGRADUATE COURSE P 
SOLID STATE PHYSICS 


The course dis designed for postgraduate 
students who wish to obtain a more advanced 


background knowledge and further practical train- 


ing in solid state physics. It will last for one 
academic year October to July, ending in an 
examination for the degree of M.Sc. 

1. Basic theory: (a)? Electron theory of 
crystals, (b) lattice dynamics and related physical 
properties, (c) theory of dislocations and point 
defects, (d) quantum mechanics of electron 
scattering. 

2. Magnetism in metals and metallic oxides. 

3. Semiconductor and dielectric materials : 
(a) Optical properties. (b) magneto-optical proper- 
ties, (cC) transport phenomena. 

4. Diffraction : (a) X-ray crystallography and 
spectroscopy, (b) neutron diffraction, @) electron 
diffraction and microscopy. 

5. Low temperature physics and the &uüperoone 
ducting state : (a) Experimental technique in tow 
temperature physics, (b) superconduetivity, 4c) 
discussion of some experiments giving informa- 
tion on the Fermi surface in metals. 

This course has been accepted under the S.R.C. 
Advanced Studentship Scheme, 

Further details may be obtained from Professor 
N. H. March, Department of Physics, The Uni. 
versity, Sheffield 10, quote ref. R.27/0. 

(25) 
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Grant 


m Built to be used con- 
tinuously for months at a 
time gm Forced circulation 
gives uniform temperature 
throughout the bath @ Dial 
marked in degrees Celsius 
m Removable nylon coated 
thermostatic control unit 
m TWO YEAR GUARANTEE 





stenen Litt men RS, 


stainless steel 
thermostatic water baths 








SB1 SB2 SB3 SB4 

Working space—length mm 230 380 520 370 

width mm 205 205 300 300 

max depth mm 150 150 240 190 

Temperature control deg C x02 *t0.2 tQ.1 x 0.1 
UK price £38.0.0 £40.0.0 £48.0.0 £44.0.0 


Also sensitive models controlling to +0.01 deg C 


Grant Instruments (Cambridge) Limited, Barrington, Cambridge, England Telephone: Harston 528, Telex: 81328 


aanraai Hk Re m mom er A NC Fatty rn 


se estie M m dea YEN PHI hein nen 


{te SOOO NOAE IT LA BATH THAT mro EH E e tert RAPE err M Tt Hn s BAN OA rni 
Printed in Great Britain by Fisuer, KNicuT & Co. Lro., St. Albans, and published by MACMILLAN (JOURNALS) LIMITED, 
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at 4 Little Essex Street, London, W.C.2-—Saturday, January 4, 1969. 
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linked to peptide ch ain 


(f 


. N-O-Nitrophenyl Sulfenyl, a j i 


new acid labile amino protecting 
group, is already making signifi- 
cant contributions to peptide 


ehemistry. | 
O-Nitrophenyl Sulfeny! 
Chloride reacts with Amino Acids 


to yield N-O-Nitrophenyl (NPS) 
Amino Acids. The NPS group is 
éasily removable with acids in 
aqueous solutions or preferably 
with Hydrogen Chloride in non- 
polar solvents. 

NPS Amino Acids have been coupled 
with amino acid esters via mixed carboxylic- 
carbonic anhydride and DCC. No racemiza- 
tion has been observed, and the yields have 
been good. 

The NPS method appears to possess the 
advantages of the Carbobenzoxy method (no 
racemization, easily removable N protecting 
group) and offer definite improvements over 


the classic CBZ group. The im- 


provements are: 
1. NPS groups are more easily 
cleaved than CBZ. The removal 


is accomplished rapidly under very 
mild conditions without any dan- 
ger to sensitive parts of the peptide 
chain. On the other hand, the re- 
moval of CBZ from a long peptide 
chain is still a difficult task. 

2. NPS groups are advanta- 
geous for lengthening a peptide 
chain, especially in the case of incorporation 
into a peptide chain of Amino Acids bearing 
functional groups. 

NBCo. offers 21 O-NPS Amino Acids as 
the Dicyclohexylammonium Salts (DCHA) to 
insure greater shelf stability. Please write us for 
a list complete with specifications and prices. 

Write for our free catalog containing over 
3500 items. 


| of NPS from a long peptide chain 


CAUTION: Those of our products which are or may be drugs or 
food additives, as defined in the Federal Food, Drugs, and Cos- 
metic Act, will be shipped, and may be used or sold, for investiga- 
tional use only in laboratory researeh animals, or for tests in 
vitro, and are not for use in or for humans. Investigational animals 
and their edible products may not be used for food. 


Nutritional 
Biochemicals 
Corporation 


26901 Miles Road * Cleveland, Ohio 44128 
Phone 216 662-0212 
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pi RADIO 


FEATURING 


WINDOWLESS GASFLOW HIGH RESOLUTION 
DETECTOR 4 c.p.n. BACKGROUND. 


THE INTERNATIONAL NAME FOR QUALITY INSTRUMENTATION EXACT SYNCHRONISM OF 20 x 20 cm. PLATE 
AND CHART TRACE. 


NOW AN ELECTRON SPIN 
RESONANCE SPECTROMETER | wo omensiona sciri icones 


WITHIN THE RANGE OF YOUR BUDGET 
SUITABLE FOR ROUTINE APPLICATIONS 







Beckma ry? instruments Limited 


POTENTIOMETRIC RECORDER FOR FAST 
RESPONSE AND ACCURACY IN LOW ACTIVITY 
REGIONS, 


INTEGRATOR WITH PRINT-OJT OPTIONAL. 


i 
i 
$, 
A 
E 
À D 








SIMPLIFIED OPERATION s m : 
MICROWAVE FREQUENCY 7000 M Hz. € o 
RH bos EN 3 

Until now the main drawback in undertaking Elec- J Sues e Lie e e ee 
tron Spin Resonance Spectrometry has been the E T] F EIE 
cost of the Spectrometer. The new Beckman ESR TTT 111 CTUPBRIST ee 
Spectrometer costs only as much as a standard UV | HE LM | ca NN NN HH 
Spectrophotometer and has many of the capabilities | "m | l| | E | | Bill d | | 
of the much higher priced ESR instruments. | Be ee ae 1 Vu x MEN RERO NEUE! MEM 
Featuring solid state electronics throughout the new | L| | ae cere ed 
ESR Spectrometer is simple to operate allowing | ee M n ee 
useable spectra to be obtained within minutes. Lift | EEES eu] boo 
top construction gives access to printed circuit | | [3 s o yi j j| Í 
boards for easy maintenance. | MD OIL Ld m 


it enables studies to be undertaken in: ; 
The scanner accommodates a single 20: 20 cm. 


radiochromatogram plate or several plates up 
FREE RADICAL AND UNPAIRED ELECTRON SYSTEMS: j to the same area, and uses a standard recorder 
TRANSITION ELEMENT IONS: CONFIRMATION ANALYSIS IN i providing perfect synchronism of the radioactive 
ORGANIC CHEMISTRY: SPIN LABELLING OF BIO MOLECULES | spot and chart trace. Tbe very low gas consump- 
ENZYME REACTION RATES: LIVING TISSUE: RADIATION | tion detector can be pragrammed to completely 
EFFECTS | scan in sequence as many different sections of « 





the plate as required, At the end of each scan 


| the detector automatically moves to the next 
" $i re-determined positior on the T.L.C. plate. 
II Sur instruments Limited | i : d 


APPLICATIONS FOR OVERSEAS 
Head Office GLENROTHES FIFE SCOTLAND 


: i AGENCIES INVITED 
Telephone 0592.75.3811 Telex 72135 : e 
London Office 4 Bedford Park, Croydon (CR9 — 316) 
Tel; 01-886 7435 | FURTHER DETAILS: 
INTERNATIONAL OFFICES: FULLERTON, USA; | 


GENEVA, SWITZERLAND: MUNICH, GERMANY: | " — 
PARIS, FRANCE; TOKYO, JAPAN; CAPE TOWN, PANAX FOUIPME ; LIMIT E. 
SOUTH AFRICA; MEXICO CITY. | L 


Holmethorpe Industrial Estate, Redhill, Surrey. 
Tel: Redhill 6357 





ACW fF 8 
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New Photomicroscope ll 


with Photomultiplier providing an 
automatic film exposure range 
from 1/100 second to 2 hours, 


The Photomicroscope ll has so 
many new features that it is 
impossible to detail them all here. 
Based on the well proven Photo- 
microscope l, the model Hl has a 
completely new optical system that 
provides the opportunity to direct 
the light path straight to the film 
plane. The built-in Photo- 
multiplier appreciably widens the 
exposure range and has the 
important facility of measuring the 


a eT 





exposure from selected areas 
which constitute only 5% of the 
total field. This is of particular 
interest where the exposure 
determination has to be made ona 
single cell. 

Demonstrations are now being 
arranged and we should be pleased 
to visit you to give you full 
technical information concerning 
this latest unique development 
from the Carl Zeiss Foundation. 











Full details from Cari Zeiss at 
Degenhardt & Co. Ltd., Carl Zeiss 
House, 31-36 Foley Street, 
London W1, 

01-636 8050 (15 lines) 


ZEISS anv] Mlegenhardt 


Pen bii ARAM IHE AAAA aAa ana parana a a nanmanna rr aa a a ta aaa ttti manaia vana e an ma mm A Te MAH er HAN VAT qur ara 
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Student's Muscle Hclder 


A perspex bath with an overflow 
pipeandtwo platinumelectrodes 
is fitted to a muscle hoider 
mounted on a calibrated rack- 
work boss-head. The muscle 
nerve can easily be laid across 
the electrodes beneath which 
adequate space is allowed to 
place a piece of blotting paper 
moistened with Ringer Solution. 
The arrangement is mounted 
below an Isometric Lever. 


For further details of this equipment, contact: 


NEW PROM 
PALMER 





8048 Stimulator 


This provides electrical pulses 
from 0.05 to 5 milliseconds in 
width at frequencies from 0.5 
to 100 pulses per second. The 
pulse amplitude is variable be- 
tween 0 to 25 volts. The instru- 
ment operates in three modes: 
repetitive pulses, single-shot 
pulses or pulses in response 
to the closure of external 
terminals. Fully transistorised 
circuits give this instrument 
excellent reliability. 


THE P=RFECT 
SET-UP FOR 
FROG’S 
GASTROGNEMIUS 





E. P. Kymograoh 


The whole arrangement is com- 
pleted by registering muscle 
contraction 3y means of the 
Standard Pamer E. P. Kymo- 
graph, an  lectrically driven 
recording drum especially de- 
signed for Sudent and general 
experimental work. 


LeJE 3d E 2d C. F. Palmer (London) Limited, 


12/16 Carlisle Road, The Hyde, Colindale, LÉndon N.W.9. Telephone : 01-20. 5432 
A member of the BTL Group of Companies 
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Simtec designed to AEC nuclear standards 


= LOW-NOISE 
PREAMPLIFIERS 


= ULTRA-STABLE 
LINEAR 
AMPLIFIERS 





MI 














WARES AG 


Developed in conjunction with Chalk River Nuclear 
Laboratories, the P-11 preamplifier and M-31 linear 
amplifier provide a system featuring precise pole-zero 
compensation and 195 pulse shape accuracy control. 
Built in accordance with AEC/N.LM. practice, they 
are exceptional for: 


e Cooled germanium and silicon detector 
spectroscopy 


+ High resolution /high rate systems 


UNRIVALED IN PERFORMANCE 


« M-31 offers unusual stability, low noise accuracy 
and optimum control over pulse-height amplification, 


a 0.88 kev FWHM noise resolution at O pf for german- 
ium detectors with the STANDARD P-11. Noise at 
100 pf — 3.4 kev FWHM. 

Rise time — 20 nsec to 10 pf, 60 nsec at 100 pf. 


e 0.55 kev FWHM noise at O pf for germanium with the 
HIGH RESOLUTION P-11HR. Noise at 15 pf — 1.2 
kev FWHM. 


s 0.32 kev FWHM noise at 0 pf for germanium with the 
COOLED INPUT FET P-11HR-CN for low capacity 
systems. Noise at 5 pf - 0.39 kev FWHM. 


FET BURN-OUT PROTECTION CIRCUIT 
for voltage transients up to + 1,000 volts. 


if these are the features and results you've been looking 
for, request a free demonstration of the Simtec P-11/ 
M-31 system and prove them for yourself, Write, call or 
cable. At the same time, ask about our unique silicon 
detectors and lithium drifted detectors (operational from 


—77? K to room temperature). Full information and 


prices available. If you're not completely satisfied with 
the standards of your present system — improve them 
with the help of Simtec. 


3400 Metropolitan Boulevard E., 
Montreal 38, Canada . 
Telephone: (514) 728-4527 


Research Electronics (Nuclear) Ltd. Knowl Road, 
Minfield, Yorkshire, England Tel. Minfield 7918, 


hare em ere — eerie 
rot —  — ——————— ER tr 





simtec ltd. 
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We are a clear and 
precise reference for 
all who are interested 
in untraditional 
products 





We do not ignore the past. If we did, we should be de- 
nying a long experience and neglecting a wealth of 
knowledge and technological skill acquired over eighty 
years of activity. There is ample room in our catalogue for, 
let's call them, “routine” plastics, but our eyes are turn- 
ed to the future, since the more advanced converter 
industries need semi-finished products having new and 
futuristic characteristics. To get an idea of what we are 
producing with a mind to the future, a glance at the 
foliowing will be sufficient. 





Styrene-acrylonitrile copolymer 





Oriented and unoriented polypropylene film 





Ethylene-propylene rubbers 





Fluorinated rubbers 





Vinyl-based thermoplastic alloy 





Fluorinated oils 





Polytetrafluoroethylene in powder, dispersion and 
paint form 


High-purity silicon for electronics 








Sulphur hexafluoride 





MONTECATINI EDISON S.p.A. 


Divisione Estero 20121 Milano (Italia) 
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q Accessibility. The Infragraph 

= i| opens up easily for inspection. It's just the 
~ job for lectures. 

: | Easy to use. A first year student or 

.| lab assistant can be at hom: with the 

^. Infragraph in a matter of minutes. 

T5 But even that's not all 

_ The Infragraph is small, ligat and takes 
<i the minimum of bench space. And uses 
_all your existing sam ling accessories. 





Our new Infragraph 
Spectrophotometer costs only £970, 

Yet it’s about the best medium-reso- 
lution infra-red spectrophotometer you 
can buy. And it’s certainly the best value 
for money. 

Take a look at this Infragraph trace 
and then check through these four 
vital value-for-money features and get 
the rest of the story. 





So send us the coupon and ask to be 
included on our demonstra ion tour. 
Find out what a £970 
Spe ctrophotometer can realy do. 







Wavelength range. Please invite us to Your demonstration tour. TUS 
The Infragraph covers the whole of the 

most useful range from 4000-650 cm. Name | 

See trace for resolution achieved. 

A4 graph paper or flow chart. Address (omo em che eee 
Our Infragraph uses either A4 or contin- MM" 
uous paper equally well. Produces a HILGER & WATTSITD. _ 


clean, well-defined spectrogram at speeds 
ranging between two and ten minutes 
per scan. 


Applied Optics Div isior "ES T 

BE US Se. Pancras Way, C amden Roac. L ondon, c» Gus 
N.W. 1. Telephone: (1. 485 5636 Ho x: 23852 d. 

| Grams: Sphericity London N 3X, 1. EENE 





D oor PENERE TENET Eeee S P E AOTAN WO IA PeR e aiamaa SA a muba Binda o8 age mediaan o pan E a EINA SRS OOA Oeae PAASA E maeaea S rani D SA ai A oaiae a a Sa aeaa E pan ma a means S C $ aaa a r i a a a a SAAE AA AAAA AAAA i i ad beore aeaiia ihes iiye VaN 


Aaa an araia aa er s r aA A ia r a ea ——— 





NATURE, JANUARY 11, 1969 


Elliott's GX3 rotating anode X-ray diffraction equipment includes 


an exclusive fine focus cathode system with a rotating anode of high power loading capability. 7 kW/mm? 
{actual area) is available with one thousand hours filament life. The plant includes the rotating anode tube 
mounted on a robust console which houses the vacuum system, cooling system and all controls. Tube 


current and voltage are stabilised within 


Focal spot sizes are easily interchanged without 


disturbing the filament and advanced long-life seal design ensures trouble-free operation from the dynamically 
balanced anode. 





MYCOTOXINS 


FOR TOXICOLOGICAL 
AND CHEMICAL RESEARCH 


AFLATOXIN B, 

A crystalline preparation purified by 
chromatography and free from con- 
tamination with Aflatoxins B: G:, or 
Ge. 

$15/10 mgm $60/50 mgm 

$250/250 mgm $800/1 gram 


AFLATOXINS, MIXED 

A crystalline mixture of Aflatoxins 
B., Bs, Gi, and G,. Assay supplied with 
each batch, guaranteed to be at least 


90% mixed aflatoxins of which at least 


60% is Aflatoxin B.. 
$10/10 mgm $35/50 mgm 
$125/250 mgm $400/1 gram 


Inguire concerning other mycotoxins 
in preparation 


YISSUM RESEARCH 
DEVELOPMENT COMPANY 


Hebrew University. Jerusalem. israel + 





BUE i erature available tram: 
OTT iThe Neutron Division, 
ELLIOT PEELLIOTT-AUTOMATION 
RADAR SYSTEMS LTD. 


tiiree Way. Borehamwood, Herts. Tel: 01-953 2040 Extn. 2158 









Universal 
Water Bath 


| These L.T.E. Baths are designed to have the widest 


range of applications and are available in four sizes. 
Temperature ranges from room temperature or slightly 
below, using the cooling unit, to 100°C. Deviation from 
the desired mean temperature is within 0-2°C. Sensitive 
temperature control ensures adequate performance 
under all conditions. Racks and fittings are available for 
ali the standard tests and “Custom Built” racks and 
fittings are made to specifications. 

Non-standard baths can be constructed as specified. 


illustrated catalogue on request to 

Laboratory Thermal Equipment Ltd. 
Greenfield, Nr. Oldham. 

Telephone: Saddleworth 3221/2 
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Why Use Ordinary Pipets? 


USE 
THE 
ERROR ELIMINATORS! 


L/I automatic REPIPETS® and Dilutors eliminate the 
many sources of error inherent in manual techniques. 
These unique instruments pipet, dilute and dispense 
with a guaranteed accuracy of 1% 
and a reproducibility of 0.1%. With 
the LAMBDA-DIAL* accessory for any 
1 ml Repipet or Dilutor, accuracy 
soars to a phenomenal 196 at 10 
lambdas! 
As shown, L/I instruments fit directly 
on your reagent bottles, Y%-ounce 
and larger. (L/I will supply bottle if 
desired.) To operate, simply set vol- 
ume with knife-edge pointer, lift 
plunger to aspirate, and depress 
plunger to deliver. In effect, you've L/1 Dilutor 
automated your reagent bottle! You 
not only save valuable analysis time, 
PPHCA emer EMG you get more results and more de- 
n a pendable results. 
PYREX L/I instruments handle any reagent, including 
concentrated acids, concentrated alkalies, chlorinated 
hydrocarbons, etc. Integral air filters keep reagents pure. 
All-amber instruments are supplied for labile reagents. 
L/I stocks REPIPETS and Dilutors in 2, 1, 5,.10, 20 
and 50 ml sizes. Each instrument is adjustable and 
accurate over its entire scale. Micro and macro Teflon 
tips included. Prices: REPIPETS $52:50; Dilutors 
$99.50; LAMBDA-DIALS $49.50. Write to L/1 at 
1804 E Second Street, Berkeley, California 94710, or 
contact your distributor. L/| Phone: (415) 843-0220. 
Cable: GATE-MERC, Los Angeles. 
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NATURE SCIENCE REPORT 
ON 1968 


ENGINEERING OUTLINES 2 
Edited by A. A. H. Scott 


METABOLISM OF AMINES IN 
THE BRAIN 
Edited by G. Hooper 


FLOW IN CHANNELS 
By R. H. J. Sellin 


ENGINEERING HYDROLOGY 
By E. M. Wilson 


This volume contains the first 51 papers to have appeared 
in Nature on the astronomical discovery of the year, together 
with introductions by Dr A. Hewish and Professor F. G. Smith. 
Rapid publication has ensured that this historical collection 
is available within nine months of the announcement of the 
original discovery. 


728 pages Illustrated 1968 60s. 


An opportunity to recall the spectacular discoveries and 
important progress in nine very different fields of science. 
Intended not just for professional scientists but for all those 
who seek to know what is happening in science. 


"Of great value to those who want a lucid summary of recent 
important progress." Science in Action 


720 pages Illustrated 7968 7s. 6d. 


A compilation of specially commissioned articles which have 
appeared regularly in the British journal Engineering, designed 
to be compact sources of information about scientific and 
engineering subjects. They are intended for non-specialists 
as well as for engineers and scientists. 


224 pages Colour and half-tone illustrations 1968 60s. 


Copies of Engineering Outlines 1 are still available at 42s. 


This book consists of the papers given at a symposium of 
the British and Scandinavian Pharmacological Societies 
(Edinburgh, July 1968) on the distribution, release and 
turnover of amines in the central nervous system. 


74 pages Illustrated January 23 1969 50s. 
176 pages lilustrated January 23 1969 555. 
7192 pages lilustrated January 23 1969 55$. 


These are the first two of a group of books under the general 
editorship of Dr E. M. Wilson, to be known as MACMILLAN 
CIVIL ENGINEERING HYDRAULICS. 


These books have been written for students, although prac- 
tising engineers will find them valuable as well. Among the 
the other titles planned, however, are some intended chiefly 
for research students and practising engineers. 


MACMILLAN & CO. LTD. 


Little Essex Street, 
London W.C.2. 
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and 
the short 


that Nuclear Enterprises Ge(Li) detector systems are coping successfully 
with the most difficult experimental conditions all over the world. The detector illustrated above 
on the left has a 1 metre reach to enable it to probe through bulky shielding, while the one on 
the right has been surrounded with low activity lead to obtain maximum sensitivity. Our 
experienced Semiconductor Group has also produced : 


* Compton suppression spectrometers 
** Pair production spectrometers 


* Systems designed to incorporate only 
low Z material near the detector 


* Systems for Mossbauer experiments, 
coincidence experiments, 
angular correlation work 
and many other applications. 


Perhaps we have not solved your particular problem yet, but we would like to try, Contact 
us at: 


& NUCLEAR ENTERPRISES LIMITED 


Sighthill, Edinburgh, 11, Scotland. Tel: 031-443 4060 Telex 72333 Cables ‘Nuclear’ Edinburgh 


Associate Companies: Nuclear Enterpgses GmbH, 8 Munchen 80, Perfallstr 4. Tel: Munchen 443725 
Nuclear Enterprises Inc., 935 Terminal Way, San Carlos, California, 
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The Pyramitome 
—newest of the LKB microtomes. 


IN THE SERVICE OF SCIENCE 





LXB INSTRUMENTS LTD. e LKB HOUSE @232 ADDINGTON ROAD eS. CROYDON, SURREY. CR2 BYD @ TEL: 01-657-0286 


SALES AND SERVICE THROUGHOUT THE WORLD: 
STOCKHOLM, WASHINGTON, THE HAGUE, COPENHAGEN, ROME, VIENNA 





The Egyptians 
orked Harder 
than LKB 


to produce PYRAMIDS — 
but then they did not have 
the LKB Pyramitome. 





. free from 
“fringed” edges, that are 
easily collected from the sur- 
face of the trough liquid. 
Trimming feed and pyramid 
shape can be mechanically 
selected, saving time in busy 
laboratories. 

The Knife-turret accommo- 
dates three glass knives. up 
to 10 mm thick. The knives 
are set to their working posi- 
tion prior to trimming, as one 
knife is used so à new knife 
can be rotated to exactly the 
same work position. The use 
of glass knives in the Pyra- 
mitome enables completely 
translucent pyramids to be 
produced making it easy to 
view the embedded tissue. 


ribbons of sections 





This latest addition to the 
LKB Ultramicrotomy Labo- 
ratory is both Pyramid 
Maker and Histo-microtome 
in one instrument, a valuable 
design combination that is 
unique on the market today. 
The Pyramitome cuts plastic 
specimen blocks into the 
pyramidshape needed prior 
to sectioning with a micro- 
tome. The combination de- 
sign of this instrument has 
the advantage that it pro- 
vides both large pyramids 
from which survey sections 
can be cut and also the sec- 
tions. 

The Pyramitome mechani- 
cally shapes pyramids with 
positively parallel sides, per- 
pendicular to the cutting di- 
rection, so furnishing straight 
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¢Diagramatic representation of 
large survey sections for light 
microscopy and small ultrathin 
sections of area of interest for 
examination in the electron mi- 
croscope. 
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Diagnostic reports to hand hours earlier than they would be 
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NATURE 
The Knights’ Move 


IT is not often that distinguished scientists march out 
from the confines of their own specialisms to do battle 
in strange territory, but in leetures published this 
month, both Sir Solly Zuckerman and Sir Peter 
Medawar have had remarks to make about the 
philosophy of science. Both of them seem to be 
fighting under very similar colours. The position the 
two knights are defending is that of scientifie truth, 
whose subtle nature is in danger of being bruised, it 
is implied, by foes not always distinguishable from 
sociologists and structural anthropologists. Sir Solly 
and Sir Peter are also calling on the philosophers who 
form the territory’s home guard to admit a greater 
role for imagination in the process of scientific dis- 
covery. 

The methodology of the natural sciences has for the 
most part been worked out by professional philosophers 
rather than scientists as such, and the philosophers 
have tended to dwell, both by interest and the tools 
of their trade, on only one half of the process of 
discovery, the procedure whereby a hypothesis is 
ratified and its cognitive status established. With 
some exceptions they have ignored, or not fully 
treated, the process whereby the hypothesis is first 
reached; logie, they say, is our business, serendipity, 
visitations of the muse and the other imaginative 
leaps that lead the scientist to his cry of heureka, 
lie in the province of psychologists. The result of this 
quite proper demarcation is that the framework built 
by the philosophers seems incomplete to professional 
scientists: it appears to cast them as logical automata 
who need no spark of imagination to ignite their 
mental processes. 

This is why Sir Solly Zuckerman, in his Astor lecture 
“Attitudes to Enquiry and Understanding’, derides 
as “total nonsense” the popular misconception that 
the scientific process is always an orderly one and that 
“scientists, as it were, constitute a dispassionate body 
of men and women who, through training and experi- 
ence, are all but interchangeable". Sir Peter Medawar 
makes much the same point in his Romanes lecture 
“Seience and Literature" (Encounter, January 1969); 
referring presumably to the philosophers or their 
popular interpreters he says “this official view—of the 
complete accountability of science to reason—is no 
longer believed in by most people who have thought 
deeply about the nature of the scientifie process". 

Sir Sollv and Sir Peter are unanimous that the 
faculties of criticism and imagination are the pieces 
that are missing from this picture. “The scientific 
process", Sir Solly says, "is necessarily a process of 
enquiry which combines searching with questioning. 
and leaps of imaginative understanding with critical 
disbelief.” Sir Peter, who supports his analysis with 
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a disquisition on the nature of poetic truth, declares 
that “scientific reasoning is at all levels an interaction 
between two episodes of thought, a dialogue between 
two voices, the one imaginative and the other critical. 
... In this conception of the scientific process, imagina- 
tion and criticism are integrally combined”. 

Their defences fortified, the two knights make 
pre-emptive attacks on those who have won them- 
selves the title of social scientists. There are some 
who believe that social scientists pay so much envious 
attention to the methodology worked out by the 
philosophers for the natural sciences that they contort 
their work to fit a straitjacket which does not properly 
suit it. The opposite view is taken by Sir Solly and 
Sir Peter. A percipient analysis leads Sir Solly to 
remark, “Objective truth exists in the social sciences, 
but it is far more difficult to find, and its achievement 
necessitates a clear appreciation, and an admission of 
the value judgments of the researcher. | Concealing 
them, in the pretence of objectivity, leads only to 
eonfusion and delusion—and to writings whieh mislead 
because of their presumed objectivity’. 

sir Peter believes that there is "evidence of the 
beginnings of a whispermg campaign against the 
virtues of clarity’, a style of thought or writing that 
“has had a deplorable influence on the quality of 
modern thought in philosophy and in the behavioural 
and ‘human’ sciences’. <A principal target of his 
remarks is those systems of thought whose only claim 
to scientific status is that their axioms are consistent 
among themselves but not necessarily with truth. 
Such systems, Sir Peter believes, include Freudian 
theory and the structural anthropology of M. Claude 
Lévi-Strauss. 

In one sense, at least, the demands that Sir Solly 
and Sir Peter are making on the philosophers of 
science seem a trifle greedy. Having pegged out the 


they want the back entrance to be fortified more 
strongly against the social scientists, vet at the same 
time they desire the lush pastures of imagination to 
be enclosed within the castle’s walls. Philosophers 
will doubtless take serious note of what the two 
knights have to say, but it is hard to say how far they 
will agree with their tactics for defending truth. The 
claim of one branch of enquiry to be “purer” than 
another is, for philosophers, a somewhat barren issue, 
except in the special case of reducibility. Sir Peter 
makes the charge that “what should be the equivalent 
in science of literary criticism is represented by a great 
emptiness which is a reproach to all scholars, scientists 
and hifmanists alike”. But philosophers, at least, are 
unlikely to be mortified by this reproof. They have 
said all along that imagination is not their business. 
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At the Wit's End 


Tue affairs of higher education in Britain would be 
comic if they were not tragic. As if in recognition of 
the crisis which has seized the universities and some of 
the other sectors of the educational economy, 
gods, the government and chance have somehow 
conspired to see that there should be a commensurate 
torrent of happenings. Lord Crowther, a distinguished 
journalist best known among educationists for his 
dietum that women need to be educated differently 
if not separately from men, has become Chancellor 
of the Open University. The chairman of the Com- 
mittee of Vice-Chancellors, at the beginning of the 
year which is likely to see a worsening of the conflict 
between the orthodox universities and the rest of 
British society, has been knighted by a government 
which is presumably anxious in advance to protest 
that even its enemies are among its friends. And now 
see page 119—a group of reputable academics has 
come out in favour of setting up a private university, 
independent of the central government not merely in 
its independence of the University Grants Committee 
but indifferent to the potential blessings of the research 
councils as well. Only the tiniest apology is needed 
for a discussion of the coincidence of these events with 
the appearance of another report from the committee 
under Lord Pilkington (now replaced by Sir Joseph 
Hunt) whieh seems bent on proving that the onlv 
difference between the British system of higher educa- 
tion and any other mass production process is that the 
products of the former usually breathe (The Use of 
Costing and Other Techniques in Technical Colleges, 
HMSO, I4s 6d). 

The scheme for setting up a private university is a 
brave symbol which will be more valuable as an objec- 





tive at which to aim than as a reality. Almost 
everybody will sympathize with the aim that 


there should be some way of creating a more mean- 
ingful interaetion between the universities and the 
rest of society than there can be under present cir- 
cumstances. The supporters of the scheme acknow- 
ledge that suecess would depend entirely on the success 
with which they were able to attract students paying 
fees at the going rate and, at the same time, to attract 
teachers able enough to give the institution that 
extra something needed to win over the students 
(and their parents). In the cireumstances, it seems 
pointlessly masochistic to suggest that the private 
university should also turn up its nose at research 
grants from the research councils. At a desperate 
time like this, it is entirely permissible that serious 
people should seek simply to make a mark on 
public attention, and the scheme for a private univer- 
sity may simply be an academic equivalent of the now 
familiar technique of going limp in the street outside 
some foreign embassy. Yet the scheme for a private 
university would be taken more seriously if it had been 
planned more seriously. 

But what could the outcome be? If all the private 


the 
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sources of funds are somehow able to stump up money 
for the new establishment, what will it be like? It is 
exceedingly hard to see how an appeal for private funds, 
however successful, could create an establishment 
more important in its external influence than what is 
known as a liberal arts college in the United States. 
To say that à good many of the publie schools are 
half way there already is not in any sense to cast a 
slur on names like Swarthmore and Reid College, 
but merely to draw attention to the way in which 
even the improbable success of the private univer- 
sitv now being advocated would require à deliberate 


self-restraint by its creators. If anything, then, 
the moral which other universities should draw 


from the excitement about the private university 
is that there is no such thing as untrammelled academic 
freedom, but merely a system of natural laws which 
enables academic institutions to exchange one kind of 
thraldom for another. The only legitimate complaint 
of the orthodox universities in Britain is not that they 
are made to do what external agencies wish of them, 
but rather that the instructions which they are given, 
from the University Grants Committee and the rest, 
tend to force on them a uniformity and a dullness 
which cannot in the long run be good for higher educa- 
tion. Uf the universities were more free than they are 
from interferenee by the central government, they 
would undoubtedlv be more dependent on other 
pressures—the skilled labour market, perhaps, or the 
wishes of local rather than central authorities. The 
case for change is that some other set of pressures than 
that which is at present applied might be educationally 
preferable. From this point of view, the private 
university is probably a useful stalking horse but 
also, probably, an irrelevance. 

So, too, is the report of the Committee on the More 
Effective Use of Technical College Resources, but for à 
different reason. In the past four years the British 
Government has done a great deal to foster the develop- 
ment of technieal eolleges and is, just now, in the process 
of applying the name polytechnic to many individual 
colleges or groups of colleges. The origin of this 
poliey has been the view that there is a need of more 
diversity within higher education, and that is bevond 
dispute. There should. however, be a much clearer 
pieture than at present of the way in which these 
institutions will operate. All kinds of questions come 
to mind. What link will there be between teaching at 
degree standard and the kind of research which the 
universities say is inseparable from it ? What will be 
the relationship between the polvtechnies and the 
much larger number of ordinary technical colleges, 
regional colleges and other institutions for hoher 
edueation—teacher training colleges (now ealled col- 
leges of education), for aanlei ? 

"The latest report is not concerned with general issues 
like this. In one of its many unfortunate sentences, the 
report says quite openly that "concentration has been 
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confined almost exclusively to revenue expenditure”. 
The objective has been to work out a kind of yardstick 
for relating the annual expenditure of technical colleges 
to the amount of teaching which they undertake. 
Much of the report is devoted to a somewhat puzzled 
inquiry into the reasons why expenditure at many 
technical colleges differs by as much as thirty per cent 
from what would be ealeulated from the formula. What 
the committee has to say about the procedures which 
should be used for handling the finances of technical 
colleges will probably be valuable for the more en- 
lightened local authorities. For many, however, the 
new vardsticks will quickly become a straitjacket. 
There is a real danger that the development of the 
technical colleges will be unreasonably restrained 
precisely when there is à need for them to be able to 
try out new ideas. 

This part of the educational system is, in other words, 
in danger of becoming a second-class system. One 
obvious difficulty is that when this truth is widely 
appreciated, the difficulties of recruiting people to the 
technical colleges, already considerable, will be in- 
creased enormously. The result will be the further 
neglect of close on 1-5 million students. Another is 
that the division between the technical colleges and 
the universities will be sharpened, and already there is 
too much snobbery in the universities and inverted 
snobbery in the colleges. In the long run, these prob- 
lems are every bit as important for higher education in 
Britain as the issues which seem to university acade- 
mies to be the most pressing—the publie insults of the 
Prices and Incomes Board, for example. In the cir- 
cumstances, it is not unreasonable to ask that the 
universities should divert some of the energy they 
have recently been spending on public debate towards 
the problems of relationships with the technical 
colleges. 
institution is unstable as well as inequitable, and the 
ideal is that there should be some means by which a 
technical college can hope to promote itself to à higher 
status by diligence and flair. This implies a spectrum 
of institutions, not a binary separation. 


NUCLEAR POWER 


Keeping it Natural 


AUSTRALIA is continuing to devote the greater part of 
its nuclear development expenditure to one system— 
natural uranium reactors fuelled and moderated by 
heavy water. This, d: Australian Atomic Energy 
Commission believes, is the system most likely to be 
applicable to alea conditions. The latest annual 
report of the AEC appears to narrow the choice even 
further, by suggesting that one “particularly attractive’ 
system is the type moderated by heavy water and 
cooled by or dinary water. Essentially, there aretwo such 
systems. "The best developed is the Canadian CANDU 
boiling light water system being installed as a 250 MW 
prototype at Gentilly. This seems to command a 
great deal of confidence. The alternative is the British 
steam generating heavy water reactor, modified for 
use with natural uranium. A third possibility, the 
Italian CIRENE system, is less fully developed. 





The present separation of the two twpes of 


TET 


At the moment, AEC personnel are participating 
in both the British and Canadian development pro- 
grammes in order to get experience of both systems at 
first hand. The AEC disave ws any intention of develop- 
ing a system of its own, which it says would be far too 
expensive. It also points out that modifying the 
SGHWR to run on natural uranium is far from easy. 
To achieve a reasonable burn-up with natural uranium, 
it is necessary to remove all neutron absorbing material 
from the core. "This means thinner pressure tubes, 
thinner fuel cladding and more closely spaced fuel pins, 
and problems of satetv and control become harder. 
Solutions to these problems, though they exist, all 
militate against the economies of the sy stem, Soften- 
ing this pill, the report suggests that the UKAEA 
has been unable to do as much work on the svstem as it 
intended, because of other more urgent commitments. 

During the year, the AEC also continued basie work 
on reactor physics and isotope and radiation pios 
grammes. But the second largest sum of money 
about one- eighth of the research budget = was spent on 
à programme e rather confusingly described in the annual 
report as Aborigine Primus. “In fact this representa the 
amount of w ork which is still directed towards high- 
temperature gas-cooled reactors. Until the recent 
preoccupation with natural uranium reactors took over, 
the AEC was interested in a gas-cooled reactor using 
pebble-bed technology and enriched fuel, Aborigine 
Primus (“somew hat fancifully named”, as an AEC 
man in London admitted) represents an attempt to 
apply this technology to a very small reactor suitable 
for remote country regions. But while Australia, à 
producer of uranium, remains deubtful about the pros- 
peets of enriching it cheaply, natural uranium reactors 
are certain to dominate. Aborigines will have to remain 
content with traditional methods. 


SUPERSONIC FLIGHT 


Hazards of Flying High 


Wirn the advent of supersonic aircraft such as MA 
corde and the Russian Tupolev 144, which can fly at 
altitudes of 20 km, increasing attention is being given 
to the danger to Dur ngers of high doses of radiation 
(see Nature, 917, 5: 1968). Last week! Dr J. F, Loutit, 
director of the Radiobiological Research Unit at. Har- 
well, drew attention to the danger when he quoted the 
suggestion of the Space Radiation space Panel and 
the Task Group of Committee 1 of the International 
Commission on Radiological Protection that “the vast 
majority of visible solar disturbances do not result. "s 
significant radiation near the E those that í 





Sarth: 
and notablv those that result in potentially danre ous 





The TU 144 on its first flight. 
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giant flares, are not distinguishable from the others”. 
He went on to say that the likely warning period may 
be as little as 10 min. 

Studies at the Radio and Space Research Station 
which are mentioned in the research station's first 
triennial report, published last week, may cast a more 
cheerful light on the situation (Radio and Space 
Research, 1965-67. HMSO, 7s 6d). Solar flares and 
their effects on radio wave propagation through the 
ionosphere have long been studied at the research 
station, but it is only in recent years that the import- 
ance of the millimetre-wave content of the Sun's 
radiation has been followed closely. As this com- 
ponent arises in the chromospheric layers, it is likely 
not only to give new information on the mechanism 
of solar flares but may even lead to a means of predict- 
ing their oecurrence. According to the report, the 
wavelength of solar radio emissions depends on the 
depth within the Sun at which they originate, so that 
it would seem of value to record a number of wave- 
lengths simultaneously. Equipment for 19 GHz and 
71 GHz is already in operation, a swept-frequency 
receiver for the 100-280 MHz band is nearing comple- 
tion and construction of a 37 GHz radio meter has 
started. In addition, a swept-frequency polarimeter 
for the 2-4 GHz band is being operated at the station 
by a group from University College, London. 

Experiments in rockets conducted by the research 
workers at the station have provided successful 
measurements of various characteristics of the upper 
atmosphere. For example, in March 1967, a rocket was 
launched in cooperation with the Norwegian Defence 
Research Establishment to measure the energy distri- 
bution of electrons in an auroral display. Other experi- 
ments have been concerned with the measurement of 
electron density distribution in the lowest region of the 
ionosphere and the Sun's ionizing radiation producing 
these electrons. 

With the trend towards inereasing exploitation of 
very short radio waves for both space and terrestrial 
communications, transmission characteristics at a 
wavelength of 2-9 mm have been studied over a 300 m 
path: scintillations arising from variations in atmo- 
spherie refraction have been investigated, and measure- 
ments have been made of the attenuation caused by 
rain. 
the absorption by water vapour at 
between 0-783 and 0-793 mm in controlled laboratory 
conditions. 

t British Medical Journal, i, 50 (1969). 


ENERGY 


Uncertain Planners 


‘Tue planners of the European Economic Community in 
Brussels have been having a happy time the last month 
orso. Before Christmas, the Common Market commis- 
sion launched an ambitious plan for the reform of 
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Like other advanced parts of the world, Europe's 
energy needs are rising steeply. A consumption that 
ran at 596 million tons of eoal equivalent in 1965 will 
be up to 743 million tons by 1970 and 1,130 million tons 
by 1980. The merging of the three communities—Coal 
and Steel, Euratom and the EEC--eighteen months 
ago offered a splendid chance of producing a plan for 
this rapid expansion. The result so far is tentative 
onlv because anything else would be tempting the gods. 
It starts out from the premise that while Europe needs 
the cheapest energy supplies it can get, it should not 
be prepared to buy them at the expense of certainty of 
supplv. From this, the plan turns to the problems of 
the free movement of trade, and, harder still, to the 
problem of harmonizing the systems used in the six 
countries for taxing energy supplies. The commission 
is proposing the uniform application of a value-added 
tax, combined with a reduction in the taxes imposed 
for the purpose of protecting other forms of fuel and the 
harmonization of the taxes on petrol. For coal, the 
commission suggests a concentration on a few efficient 
pits: for other fuels, including nuclear fuel, it suggests 
constructing a plan based on the investment inten- 
tions of individual enterprises. A plan like this, it says, 
could help to ensure that the energy supplies are 
sufficient to meet demand—if not, the commission 1s 
prepared to prepare recommendations for its members 
suggesting remedies. The commission also suggests 
annual meetings to discuss the investment plans of the 
EEC governments, so that it could advise; if it seemed. 
that over-investment was about to take place, it would 
again produce recommendations to the members. 

As for nuclear power, the commission. declares a firm 
interest in the plan to set up a European separation 
plant for enriching nuclear fuel, and intends to alter 
the Euratom treaty so that it is in a position to supply 
nuclear fuel at sensible prices. Enrichment is becoming 
an increasingly important theme in Brussels, which 
perhaps sees it as a way of regaining some of the 
ground lost by the gradual but inexorable decline of 
Euratom. It seems likely that European countries, 
possibly within the framework of Euratom, the 
European nuclear industry association, will be putting 
forward firmer plans within the next few weeks. But 
there is a good case for postponing the final decision on 
the type of enrichment to be used until the agreement 
between the UK, West Germany and Holland on the 
development of the ultracentrifuge begins to bear fruit. 
It should then be much clearer whieh of the three 


enrichment methods-—diffusion, centrifugation, or the 
jet nozzle system—is likely to be the best bet. 
FALLOUT 


The Decline Halted 


racioactive fission 


products in fallout of about 50 per cent a year was 
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interrupted. The new fallout apparently came from 
the sixth Chinese nuclear test of June 17, 1967. 

The ratio of cerium-144 to caesium-137 increased 
steadily from August 1967, as the debris from the 
Chinese test contributed an increasing proportion of 
the radioactivity at ground level in Britain. By mid- 
1968, fallout was derived in roughly equal proportions 
from the Chinese test in June and the reservoir of old 
debris in the atmosphere. Fission products from the 
later Chinese test of December 24, 1967, had barely 
reached Britain by mid-1968 and accounted for only 
10 per cent of the total. From changes in the ratio 
of cerium-144 to caesium-137, it appears that the 
debris from the Chinese test has about the same resi- 
dence time in the upper atmosphere as older debris 
and that the test of June 17, 1967, roughly doubled 
the size of the reservoir in the northern hemisphere. 

In spite of this, the rate of deposition of long-lived 
nucleides in rain during the first half of 1968 was only 
15 per cent of that of 1967, which suggests there may 
have been a reduction in the rate of. washout of the 
new debris. This may only be temporary, of course. 
Since mid-1966, the accumulated deposit of strontium- 
90 in Britain has stayed constant; the new deposits 
balanced decay of the old and the rate of new deposi- 
tion in 1967-68 was only a tenth of that in 1962-63. 

Between June 5, 1967, and September 8, 1968, the 
French tested eight nuclear weapons in the south 
Pacific, but it is “too early vet to detect any inter- 
hemispheric transfer of long-lived nucleides in the 
stratosphere. Short-lived fission products transferred 
in the troposphere were, however, detected in Britain 
within two weeks of the Chinese tests and about a 
month after the French tests. Barium-140 apparently 
travelled from the French testing ground north across 
the equator and was then carried across south-east 
Asia in the south-west monsoon. 

On a global scale—and the report mentions that 
comparative tests of the American and British fallout 
monitoring systems have shown there is no significant 
difference between them—about 0-27 MCi of strontium- 
90 was deposited in 1967. This is roughly half the 
amount of the previous year and one-tenth the 
deposit of 2-87 MCi in 1963, which was the highest 
level ever recorded. The global accumulation of 
strontium-90 actually declined marginally in 1967 
from 12-53 to 12-49 MCi. 


CSIRO 


Australian Research Boom 


Tuts is undoubtedly a time of growth for the Common- 
wealth Scientifie and Industrial Research Organization 
of Australia. The annual report for 1967-68 shows that 
treasury funds for capital works increased to $3-08 
million from $2-9 million in 1966-67. Several large 
building projects are under way, including rehousing 
of the Division of Chemical Engineering and an 
extension for the Division of Dairy Research. New 
laboratories or extensions have been completed for the 
Divisions of Radiophysies, Land Research, Meteoro- 
logical Physics, Mathematical Statistics and Horti- 
cultural Resear ch, and two more laboratories are 
planned as well as the new head office which the 
Government has approved for Canberra. This is 
expected to be ready by December 1970. 
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More than nine-tenths of CSIRO's resources are 
committed to the organization s first function, scientifie 
research. In 1967-68, $40,465,130 was spent on M- 
vestigations, $3,425,413 more : shan during the previous 
vear. There are now almost forty divisions and sections 
of CSIRO throughout Austmiia and its territories 
working on problems ranging from plant nutrition to 
radio astronomy. 

The Division of Soils is trviag to improve the health 
of pine seedlings by infecting the roots with strains of 
oe. fungi ro are Lo M efficient at 
Fleas are being used 
n the Division ir Animal G e pec in an attempt to 
decrease the proportion of rabbits that are immune to 
myxomatosis. This disease is a less efficient killer 
now than when it was released in 1950, because there 
is now a less virulent strain of myxoma virus that does 
not kill, but after infection th« animal is immune from 
further infection. The rabbit flea, which was the 
principal agent of spread in Europe, has been i imported 
and bred in Sydney. The advantage of the flea over 
the mosquito as a vector of myxoma virus is that 
after death there is a mass excdus of fleas onto another 
rabbit. Thus strains of virus which kill quickly are 
spread widely. The fleas are harmless to wildlife, 
domestic animals and man, and field trials with rabbits 
are now in progress. 

Whiter and brighter wool is being produced by 
treatment with thiourea and :ormaldehyde, which the 
Division of Protein Chemistry has found to reduce 
the rate of yellowing. A new process for more efficient 
extraction of gold and silver from certain ores has been 
developed by the Ore Dressinz Investigations Labora- 
tory. Sulphide concentrates are ground, treated with 
cyanide, roasted, leached with an acid brine solution 
and again treated with cyaride, and more than 90 
per cent of gold and silver can be recovered. Previously 
less than 50 per cent had beea extractable. 





AMERICAN EDUCATION 


Value of a Degree 


Ix the United States, the average college graduate can 
look forward to earning about $508,0( 0 in his lifetime, 
or just about 50 per cent mom than the average high 
school graduate's earnings of 3341,000 and more than 
double the high school drepout’s $247,000. This 
can be inferred from the Digestof Educational Statistics, 
1968 (GPO, Washington, $1.75) just published by the 
Department of Health, Education and Welfare. Just 
over seven out of every ten fifth grade students in 
1959 graduated from high school in 1967, four then 
went on to a college and two are like ly to finish with 
first degrees in 1971. 

In 1967. 56-4 million childrea were enrolled in schools 
staffed by 2-6 million teachers, and no fewer than 15 
per cent of the 25 to 29 year | olds had completed four 
or more years at college. On the other hand, 2-4 per 
cent of the population more taan 14 vears old in 1960 
were illiterate. In the southern states, with the 
exception of Florida, the pereentage of illiterates was 
well above the national average; Louisiana topped the 
list with 6:4 per cent illiterate in 1960, the latest. vear 
for which figures are given. 

The rapid growth in private schools which oecurred 


in the fifties has slackened off in the past five vears, so 


a RY 
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that by 1967 one in eight children was at a private 
school. The steady decrease in number and increase 
in size of the publie school systems, which has been 
one of the outstanding changes in primary education 
in the US since 1945, have, however, continued; there 
are now 22,000 systems compared with 101,400 in 
1945. The total expenditure on publie and private 
education at all levels from kindergarten to graduate 
school amounted to $54,600 million | in 1967-68; this 
is just six times the 1949-50 total and 6-9 per cent of the 
US gross national product. 

There are now 2,374 institutions of higher education 
in the US of which 61 per cent are private, seven are 
controlled by the Federal Government and the rest 
by state, city or town. They offer an extremely wide 
range of instruction, from two years at junior college 
level to fully fledged university education with all the 
trimmings. “The number of college students has tripled 
since the early fifties, when there were 2-1 million 
students or roughly 24 out of every 100 people aged 
18 to 24 years. In 1967 there were 6-3 million at 
college or 47 per 100 of the age group. The number of 
university staff, of degrees conferred and of post. 
graduate students has increased concomitantly. The 
annual crop of PhD’s has risen from 8,800 in 1957-58 
to 17,900 in 1965-66 and should reach 25,000 a year 
by 1969-70. Twenty-five universities conferred more 
than half of all the new doctorates between 1959-66; 
the top five in the league were the Universities of 
California at Berkeley with 3,228 followed by Illinois, 
Wisconsin, Harvard and Columbia with 2,698 doctor- 
ates in the eight years. 


CIVIL SERVICE 


Patents Office Autonomous ? 


Tus British Patents Office, at present a sub-department 
of the Board of Trade, may find itself reconstituted as 
an independent body before very long if the committee 
which is now looking into its role and functions throws 
its weight behind one of the guiding lights of the report 
of the "Fulton Commission on the Future of the Civil 
Service, "This would be in keeping with the trend 
towards greater autonomy for government controlled 
institutions set in motion by the freeing of the General 
Post Office from its Whitehall tether, now well under 
way. 

Where the Patents Office is concerned, the possi- 
bility of autonomous existence depends on the income 
which the Patents Office derives from fees for patents. 
In 1967 it was about £3 million. The sugges- 
tion in the Fulton report that some of the civil 
service departments should be hived off from their 
parent bodies is one that should be borne in mind by 
any specialized committee like the one in question. 
There is little doubt that the conformism demanded 
of any department by being under the auspices of 
some larger more monolithic administration is bound to 
cramp the style of those who see the role of the sub- 
department as essentially independent of its parent 
body. This Kur just as much to the Patents Office in 
relation to the Board of Trade as it did to the Post 
Office and the Civil Service structure in general. Where 
there is a difference between these two cases, however, 
is in the ends that are being sought. 

One of the questions the investigating committee 
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will no doubt be thrashing out is the desirability of 
having a function so closely linked to the law further 
removed from the sure hands of the established civil 
service. Would the chance of greater efficiency be 
worth the risk of slackening the justice of the patents 
system? There are already many anomalies in 
patenting, and none more glaring than the lack of 
efficient international arrangements. If the Patents 
Office is set up in a new form, will it be as easy to insti- 
tute the radical changes w hich may become necessary 
in the years ahead ? These are questions that no doubt 
exercise the investigating committee. 

One of the benefits of autonomy is usuallv the 
freedom to draw up salary seales appropriate to the 
particular needs of the department. This is not likely 
to prove as strong a motivating force for changing the 
status of the Patents Office as it was for the Post Office, 
however. Employees at the former are normally 
reckoned to be well paid, whereas the shortage of 
scientists and engineers at the Post Office is at least in 
part attributable to the rigid salary structure that 
exists at present. 


ROYAL SOCIETY 


Encouraging Research in Schools 


ONE way to encourage scientists to take up school 
teaching is obviously to show them that it does not 
necessarilv require the sacrifice of all hopes of making 
some original contribution to knowledge. With this 
in mind, and in the hope of perhaps offsetting the swing 
away from science in sixth forms of British scholars, 
the Royal Society’s Scientific Research in Schools 
Committee has supported during the past year ninety- 
six projects ranging from radio astronomy to the 
ecology of slugs. The eleventh annual report of the 
committee has just been published. 

The soeiety provides the money to support the pro- 
jects, and it comes from the society itself, from the 
Atomic Energy Authority and from several industrial 
companies. This money buys any equipment that may 
be needed, and occasionally it may be as much as 
£300, but the grants are usually small—the sum dis- 
posed of in a year is usually £3,000—£4,000. An impor- 
tant aspect of the scheme is the fact that the teachers 
have expert advice with their projects. A teacher 
with an idea for a project is introduced by the Royal 
Society to a scientist working on the same or a related 
topic. The teacher and his adviser diseuss the project 
and if it seems feasible and valuable they work out a 
plan of research. The Royal Society provides some 
money if equipment is required. 

The society is at present trying to encourage more 
applied science projects, and is particularly anxious to 
give women. teachers the opportunity of research in 
engineering, physies and mathematics. Of the ten 
women listed in the report, eight are engaged in biologi- 
eal research. The other two are Mrs M. H. Hayes of 
the City of Worcester Grammar School for Girls, who 
is working on the shape of macromolecules in solution 
with advice from Professor J. C. s of the University 
of Birmingham, and Mrs M. 8. Barrett of Wi alkden 
Girls’ Jounty Secondary nt Manchester, whose 
topie is work study in the home, with advice from Miss 
J. E. Walley of Queen Elizabeth College, London. 

Although the proportion of women participating 
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in the scheme is so small, there are more involved than 
in previous vears when there have been only one or two 
or none at all By publicity, however, the Royal 
Societv hopes that more teachers will come into the 
scheme. Although the projects are chosen and carried 
out by the teachers, there are hopes that pupils will 
be involved whenever possible. This should be an 
opportunity for them to find out what research entails. 
From the teacher's point of view this is obviously a 
way of keeping themselves in the scientifie world while 
doing a worthwhile job of teaching. 

The quality of their research is exemplified by the 
increasing number of papers they are publishing. 
Among those published last year was that by Mr 
W. H. Dowdeswell of Winchester College, who is well 
known for his contributions to ecological genetics. 
With advice from Professor E. B. Ford and his col- 
leagues at Oxford, Mr Dowdeswell and Mr J. C. L. 
Day have investigated natural selection in the snail 
Cepaea on Portland Bill (Heredity, 23, 169; 1968). 


NUCLEAR POWER 


Exchange of Information 


AN agreement on the exchange of nuclear information 
was signed last month between the governments of 
France and Japan. The agreement is the latest in a 
long series which the Japanese are using to set the 
stage for a rapid expansion in nuclear power capacity. 
so far, Tokai Mura, one of Britain's few successes in the 
export of complete power stations, is Japan's largest 
nuclear power station, but it will be rapidly overtaken 
by others if Japan's ambitious nuclear power pro- 
gramme goes according to plan. 

By 1975, Japan intends to increase the existing 
nuclear capacity to more than 9,000 MW; in 1985, 
this will have been further increased to betw een 35,000 
and 55,000 MW, providing almost a fifth ofthe country's 
electricity. This represents the commissioning of at 
least two nuclear stations each year until 1985, an 
ambitious programme by any standards. Even if 
this rate of development is not achieved, it is clear 
that for the next ten vears or so the J apanese market 
is going to be one of the most lucrative in the world. 
For this reason alone, Japanese industry is certain to 
develop its own systems, and the agreement signed 
with the French seems to be designed to speed up the 
process. The six reactors approved or under construc- 
tion in Japan at the moment are all of American design. 

Another reason for the agreement is the parallel 
work on fast reactor systems which is in progress in 
Japan and France. The French experimental fast 
reactor Rhapsodie began operations in 1967, and a 
prototype reactor is expected to be operating in 1973, 
the same year as the Japanese prototype comes on to 
power. It is this accident of timing which has made 
the possibility of collaboration attractive. The Japan- 
ese fast reactor prototype will be a 100 MW (thermal) 
reactor, cooled by liquid sodium, and a similar reactor 
with a capacity of 100 to 300 MW (electrical) will 
follow, to be brought on power in 1976. "The recent 
agreement provides for exchange of basic information 
on the behaviour of liquid sodium and the materials 
used, as well as some collaborative research in the same 
areas. 

But Japan is not limiting its nuclear agreements, 
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and sensibly seems to be using them to get the most 
out of other countries. In March last year, Britain 
and Japan signed a thirty-vear agreement which pro- 
vides for collaboration on the peaceful uses of atomie 
energy and, more specifically, for the supply of fuel to 
Japan for any British reactor sold there. Agreements 
have also been signed between the UKAEA and the 
Japanese Atomie Energy Research Institute for the 
exchange of basie data useful in the development of 
fast reactors; the information is likely to stop well 
short of the commereial secrets necessary for building 
marketable systems. Information about the fuel used 
in the steam generating heavy water reactor pro- 
gramme has also been sold to Japan, and an agreement 
has been reached between the AEA and the Furukawa 
Electric Company for the manufacture in Japan of 
AGR fuel if an AGR is built there. 


EURATOM 


Biology Soldiers On 


Evratom’s Biology Division has just issued its second 
report (Euratom's Biology Programme 1964-1967; 
Report, Perspectives and Bibliography). | Euratom's 
involvement in biology started in 1961 with a pro- 
gramme which, to begin with, concentrated on prob. 
lems of radioactive contamination. Since then, the 
division has had more than its share of financial diffi- 
culties—in 1964 it faced budgetary cuts that amounted 
to a reduction of forty per cent in its uncommitted 
funds—but it has managed to soldier on. Not sur- 
prisingly, the report is peppered with splenetic asides 
about the limitless costs of space research, although it 
is silent about the French machinations which are 
currently threatening the future of Euratom itself. 
France recently proposed that Euratom should abandon 
its communal research programmes altogether. 

Politics aside, the report conveys a picture of 
vigorous and wide- ranging research, Most of the 
division’s projects are contracted out to universities and 
institutes throughout the six, although the division has 
fifty professional research staff on its own account, and 
its budget runs at about $5 million a year. The 
biological effects of radiation continued to be a main 
interest, with projects ranging from the ecological— 
the accumulation of Mn in the bivalves of Lake 
Maggiore—to the molecular—the role of hydroxyl 
radicals in the gamma ray inactivation of the phage 
PX 174. 

Any evaluation of the genetic risks associated with 
radiation exposure requires some assessment of spon- 
taneous mutation rates. Cavalli, a contractee, has 
attempted to do this for a category of human genes 
(sex-linked recessive lethals) in an intriguing way. He 
examined a 1/200 sample of the Italian population for 
signs of correlation between sex-ratio of offspring and 
the age of the maternal grandfather at the birth of the 
mother. Results so far apparently hover on the brink 
of statistical significance, and the survey is being 
continued. 

In other researeh topies, the biology division has 
strayed some way from its original radiobiological 
brief into such fields as immunity, phage biology, crop 
improvément and the growth of pathogen-free animals. 
The topies covered seem intelligently chosen, though 


most of the work being done seems perhaps of less than 
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international stature. The director of the division, 
R. K. Appleyard, is nothing daunted by current 
French tacties, and he ends the report with an optimis- 
tic vision of future European scientific cooperation. 
Euratom played a part in persuading several cancer 
research institutes to pool their efforts in the European 
Organization for Research on Treatment of Cancer, and 
Dr Appleyard feels that there is a bright future for this 
type of organization, not too closely tied to the EEC 
and therefore relatively independent of the vagaries of 
politics. 


SCIENCE POLICY 


Staff Changes at NRC 


Tue National Research Council of Canada is the latest 
of Canada’s scientific institutions to undergo a change 
— jin this ease, a change in organization which reflects 
altering responsibilities and priorities. The top echelon 
of the organization has been strengthened by the 
creation of four new senior positions, all of whom 
report direct to the President of the NRC, Dr W. G. 
Schneider. The most interesting of these is the appoint- 
ment of Dr L. G. Cook, who is to be deseribed as 
Délégué Général, and will be responsible for (in NRC's 
words) Program Analysis and Review, Research 
Policies and Planning. Before his appointment to the 
NRC, Dr Cook was manager of the Project Analvsis 
and Program Planning Section of General Electric 
Research Laboratory at Schenectady, New York. His 
role will be to assist Dr Schneider and the council of 
the NRC in the formulation of research policies, and 
he will be assisted by a small group of scientists, 
engineers and economists. It is hard to avoid the 
supposition that NRC is getting into the business of 
technological forecasting, although it is not using the 
'xpression itself vet. 

The other two appointments are two new vice- 
presidents, Mr R. D. Hiscocks and Dr Donald J. 
LeRoy, and one executive-director, Dr D. W. R. 
MeKinley. "There are now three vice-presidents: Mr 
Hiscocks is responsible for industrial research assist- 
ance and promotion, a field in which Canada is trying 
very hard, so far without conspicuous success; Dr 
LeRoy is responsible for grants to university research, 
and Dr K. F. Tupper, previously a vice-president 
(scientific), is now responsible for administration. Dr 
McKinley will be looking after NRC's own laboratories. 


ENVIRONMENT 


Too Much Hot Water 


Eacu week seems to bring another dire warning of 
yet another devastating type of environmental pollu- 
tion. The latest to be given an airing is thermal 
pollution of aquatic environments—in other words, the 
potentially destructive effects to fauna and flora in 
fresh and coastal waters of heat or heat change due to 
human activities and especially the increasing world 
population of power stations. A second international 
"thermal workshop" was recently held at the Chesa- 
peake Biological Laboratory of the University of Mary- 
land's Natural Resources Institute, Solomons, Mary- 
land, under the sponsorship of the International 
Biological Programme and the US National Academy 
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of Sciences. It was under the leadership of Dr Joseph 
A. Mihursky of the laboratory, and 200 scientists 
attended, mostly from the USA (twenty-seven states 
were represented), but five foreign countries were repre- 
sented, including Britain, Sweden and Canada. A 
third workshop is planned for next year now. 

The basic proposition of the discussion was this-—that 
thermal pollution—or "thermal addition” as it is often 
called—is not only of great scientific interest but also 
has considerable economic significance. Many of the 
areas affected by heated water are frequently the major 
habitats of important shellfish and finfish besides being 
the nurseries where deep ocean fish pass much of their 
growing phase. There is the possibility that the heated 
water could be put to profitable use in warming up 
marine areas now too cold to support large fish popula- 
tions. 

While this is the generalized position, it seems that, 
as so often, it is in the United States that documenta- 
tion of mismanagement is most lavishly available. [n 
one north-eastern river, a temperature rise of 40° -50° F 
has been recorded as a result of the heated discharges 
from various industries, and this has led to a water 
temperature of about 140° F, a level nearly 50° above 
the lethal threshold for most aquatie organisms. 
Expectations from the projected increase in power 
stations to keep pace with American industrial needs 
for the next 10 vears assuming current designs continue 
to be employed are that cooling waters equivalent to 
one-sixth of the total run-off of freshwater in the US 
(200 billion gallons a day) will be required bv 1980. 
During the dry months, half the total run-off would 
be ealled for. Nuclear power plants consume relatively 
more cooling water per unit output than conventional 
designs and in mid-1967 fifteen nuclear plants were in 
operation in the US and eighty-seven were definitely 
projected or under construction, according to the 
Atomic Energy Commission. The AEC has no respon- 
sibilities regarding thermal wastes resulting from its 
activities, it was stressed at the Solomons "workshop . 

Another destructive effect already reported from 
North America has come about through deforestation. 
The resulting exposure of streams to sunlight has 
caused. widespread loss of cold-water trout and salmon 
populations. On the whole, it was reported, however, 
that high latitude species are more tolerant to tempera- 
ture change than low latitude species (though the 
evidence seems based primarily on measurements 
within the US). It is interesting that the electric indus- 
try in the south-eastern states of the US has decided 
that no power stations are to be sited on estuaries or 
other areas of limited water circulation. but only on 
the coast proper. (Whether this alone is enough to 
halt the dry-out of the Florida Everglades and whether 
the effect is still reversible is uncertain.) 

The British record as it emerged at the Solomons 
workshop seems rather better. Indeed. most of the 
evidence for the beneficial effects that may result from 
manipulating water temperature in natural waters 
came from British sources. It would have been com- 
forting if there had been any discussion of what respon- 
sibility the UK Atomic Energy Authority and its 
contractors feel towards the emission of quantities of 
boiling brine from its much publicized seawater con- 
version plants. Hot water is a tonic to local aquatic 
populations compared with hot brine whether off 
Scotland or on the equator. 
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VACCINES 


Preveniion better than Cure 


On the heels of the epidemie of Hong Kong flu which 
has swept with unexpected speed through thirt y states 
in the United States, the National Institutes of Health’s 
Institute of Allergy and Infectious Diseases at Bethesda, 
Maryland, has launched. a programme aimed at pre- 

venting rather than curing one of the main complica- 
tions of influenza —pneumonia. A contract worth 
$214,000 has been awarded to Eli Lilly and Co. of Indian- 
apolis to develop and make, for experimental use, 
two million doses of vaccine against the main patho- 
genic types of pneumonia bacteria. This is to be backed 
up, to the tune of $400,000, by a nationwide surveil- 
lance programme involving 400,000 people and ten 
hospitals or health organizations, in which the bacteria 
which should first be attacked and the types of people 
who should first be immunized will be defined. 

Interest in a vaccine against pneumococci was first 
shown in the United States towards the end of the 
Second World War, when E. R. Squibb and Son (now a 
subsidiary of Squibb Beech-Nut, Inc.) started to pro- 
duce vaccine commercially against six types of pneumo- 
cocci. As penicillin came into general use, however, 
emphasis was placed on cure rather than on prevention 
and the project was dropped. Since then, vaccines 
have been produced on a small scale only against other 
causes of pneumonia, namely, the pleuropneumonia- 
like organisms and several viruses, none of which 
respond to penicillin. 

Figures for the United Kingdom of the number of 
cases of pneumonia caused annually by pneumococci 
are not available. In the United States, however, there 
are between 300,000 and 500,000 cases and about 
40,000 deaths, most of them caused by types 1-8, 14 
and 19. Although pneumococci are still extremely 
sensitive to penicillin, the drug is not effective for up 
to 5 days when most of the damage takes place. An 
effective polyvalent vaccine developed from the type- 
specific polysaccharides of most of the harmful pneumo- 
coeci would overcome this problem. 

Testing of the vaccines on humans is expected to 
take place next autumn, and a polyvalent vaccine for 
mass-vaccination of high-risk groups should be ready 
by 1970. If the vaecine comes up to expectation, it 
could reduce deaths from pneumococcal pneumonia by 
60 per cent, and could save $50 million to $100 million in 
hospitalization and medical costs. "The most desirable 
pneumonia vaecine would be one effective against 
pneumococci, pleuropneumonia-like organisms and 
viruses, but this would introduce the problem of the 
volume of vaccine which would have to be injected. 


SEWING MACHINES 


The Great Emancipator 


THE sewing machine was probably the first domestic 
appliance. As such, it pod gave the woman of à 
hundred years ago as much liberation as the pill has 
today. The Smithsonian T nstitution, the US National 
Museum, has produced a handsome and surprisinglv 
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exiles d he Marcia oe a ad T Technology. "The 
photographs are largely from the Smithsonian collec- 
tion, many of them showing the original machines 
presented for patent 

A German mechanic living in London in 1755 was the 
first to make a needle with an eve near its point on 
which mechanical sewing was later based. For nearly 
a century after, various inventors in Britain, France 
and the United States tried to use this in à device to 
imitate the motions made by the hand in sewing. 
There were several American patents issued, but none 
of the machines was demonstrably superior to the 
tailor. The bulk of the credit for inventing a workable 
machine goes to Elias Howe, jun., à poor Massachusetts 
machinist. His efforts, both in America and Britain, 
to gain recognition for his discovery, after it was 
patented in 1846, were heartbreaking in the classic 
manner. In despair, poverty stricken in Britain, he 
sold the British patent rights for £250 and returned 
to the United States in 1849, pawning his US patent 
papers for passage, arrived home, and borrowed money 
from his father to get to his wife's death-bed. His 
return was not cheered by the fact that other inventors 
were now manufacturing sewing machines for sale. 
Howe fought his competitors in the courts, won, by and 
large, and was a millionaire by his death in 1867. 

The machine ereated the American garment industry, 
then the shoe industry. By the time of the Civil W ar, 
the Union Army had agreed to allow its men to be 
clothed in machine stitched uniforms. Machines ap- 
peared in every home that could afford them—prices 
dropped from about $125 to $50, and some brave manu- 
facturers offered "fairy" machines—light-weight models 
for house-to-house seamstresses—for $5. Competition 
was so intense that, in 1854, manufacturers pooled their 
patents and their profits (with extra royalties for 
Howe). The main elements of the machine are still 
the same today; the eve pointed needle used with a 
shuttle to form a lock stitch, the vertical moving 
needle above a horizontal workplate and a continuous 
feeding device by belt or wheel. 

One reason why Singer has become synonymous—or 
almost synonymous—with sewing machines, appar- 
ently, was precociously brillant marketing. At a 
time when women were shy of salesrooms, Singer 
made its shops oases of gentility, carpeted like living 
rooms with pretty young sale sgirl. And w hy Clarks, 
the Seottish manufacturers who built a large mill in 
New Jersey in 1860, has become a big name in sewing 
cotton was the invention of a good six-ply cotton which 
resisted breaking. Our New Thread, it was called, and 

CO.N.T." still appears on some sewing cotton. The 
machine gave rise to the ready-to-wear business and to 
more elaborate clothes—frills, seams, ruffles all within 
the common reach. But for simple freedom from 
oe it must un Warn the Jun engine. One of the 
documented 
NE 15 8 i ue e RC "M ‘publ lished | in 1861. A 
gentleman s shirt, stitched by machine, took 1 hour 
and 16 minutes; by hand, it took 14 hours and 26 
minutes, 





3 The Invention of the Sewing Machine, by Grace Rogers Cooper, Vi 
States National Museum Bulletin No. 284 (Smithsonian Institution Pr 
Washington, DC), 
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No More Special Relationship in Kensington 


THE Imperial College of Science and Technology, part 
of the University of London, is not cast down by the 
wave of despondency which is overtaking the univer- 
sities. Realizing that public funds are not likely to be 
forthcoming, Imperial College this week opened an 
appeal for £2 million. This implies a recognition that 
the special position which the college has held since 
1953, when it was singled out for rapid expansion, 
is to all intents and purposes at an end. In the decade 
from 1953 the number of students at Imperial College 
was almost doubled to roughly 3,000. A second stage 
of expansion began in 1965, and roughly three-quarters 
of the work is now complete. Only a building for 
mathematics, meteorology and computing and part 
of the chemistry building are still at the planning 
stage. The number of students at Imperial College is 
now 3,795, of which just over 1,500 are postgraduate S. 
The site of Imperial College—just behind the Albert 
Hall in fashionable west London— 
the problems which the college is now facing. For one 
thing, students and junior staff cannot afford to live 
near the laboratories unless they are lucky enough to 
have a place in one of the halls of residence in nearby 
Prince's Gardens. Another problem is that the pri- 
marily residential district of Kensington in which 
Imperial College is situated does not regard the college 
as its local university. And, unlike many provincial 
universities, Imperial College does not in any case have 
industry nearby on which to fall back for support. 








Lord Penney. 


Apart from the problem of accommodation, which is 
to swallow 1-1 million of the appeal, the college is 
asking for £700,000 for research and teaching purposes. 
On top ol this, 
the Silwood Park field station, near Ascot, adeling up 
to the target figure of £2 million. 

The shortage of living accommodation is the problem 


is the root cause of 


E2(0.000 is needed for deve lopment of 


which is particularly worrying Lord Penney, the 
Rector of Imperial College. The enthusiasm of the 
young students and staff has impressed Lord Penne y 
since he went to Imperial College a year ago, and he is 
eager to provide the best fac ilities for them, A survey 
last year found almost by accident that more than 500 
students seem to be in the habit of working in the 
college during weekend afternoons, for example. Lord 
Penney believes that many students are put off from 
using the college outside normal hours because of long 
journeys to their lodgings. Eager that his science and 
technology students are not typed as narrow-minded, 
he also believes that more student residences would 
encourage the cultural life of the college. College 
accommodation should also prove cheaper—two years 
ago 71 per cent of the students who did not live at 


home or in the college paid two-thirds of their grant 
on food and lodgings, roughly £6 10s a week. This 


expenditure is likely to be more now. At least one vear 
in college aecommodation for every student is the aim. 
Roughly 700 more places in halls of residence. and 
student houses are needed to reach this target by 
1973. 

The £700,000 which is requested for research and 
teaching purposes is for a variety of uses. Lord Penney 
lists the support of research projects which have not 
vet reached the stage when the research councils 
industry can be asked to contribute, the provision of 
eaching equipment and the financing of an environ- 
ment of scientific equipment in which research is likely 
to prosper. Silwood Park, the field station of Imperial 


College, is to be the third beneficiary. It is here that 
the college carries out biological work, notably on 
pesticides and parasitology. 

The building work which has been going on at 


Imperial College’s 16 acre site since 1954 is therefore 
not at an end. Apart from the building of new resi- 
dences and the conversion of existing houses into 
student accommodation, which will start if the appeal 
is successful, there are plans for a school of architecture 
to be built in Queen's Gate (Nature, 220, 635: 1968). 

These plans are based on an agreement that the 
school of the Architectural Association will become 
part of Imperial College after the school moves, on 
the expiry of its lease, from its present buildings in 
Bedford Square. At present the school is independent, 
but if the merger takes place it will of course become 
part of the university system. The move is dependent 
onthe Architectural Association raising £500,000 for the 
new building in Kensington, however. Naturally 
enough, Imperial College feels this sum should not come 
out of the budget earmarked for science and technology. 
Lord Penney says Imperial College has no further plans 
for broadening the scope of the subjects it teaches, 
beyond the science and engineering which it offers at 
present. The suggestion in the Todd report that the 
college should have a medical faculty seems to have 
fallen by the wayside for the time being at least, but 
Lord Penne y does not seem adverse to the notion of 
post-me dical research at Imperial College. 
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GOING IT ALONE 





THE outburst with which British academics greeted the 
Prices and Incomes Board's report on university salaries 
ensured that the most provocative recommendation 
would be stillborn, and the British Government has 
indeed rejected the proposal that students should play 
a part in assessing their teachers’ ability. But the whole 
affair has obviously increased the fear of many acade- 
mies that in the long run the Government will increase 
its control of the universities. The answer for at least 
fortv-eight of them, including the provost of Eton, 
the head master of Harrow and the chairman of the 
Headmasters Conference, is a private university. 
According to their declaration, T'owards an Independent 
University (Institute of Economie Affairs, 5s), such 
a university would be free from the state control which 
is now crippling experiment and innovation in the 
universities. Although that sounds like academic kite- 
flying, the group apparently means business. 

Not all the signatories of the manifesto are right- 
wing economists ‘and fellow spirits, and the manifesto 
is not just a standard piece of free enterprise doctrine. 
The signatories include Professor M. Blaug, a member 
of the Labour Party's Committee on Higher Education, 
for example, and ‘others of similar persuasion. The 
declaration itself pointedly argues against both elitism 
and the perversity of minimizing vocational training at 
universities. What the signatories have in common is 
alarm at the way existing universities are developing. 

The case for a private university has four bases. To 
begin with, there is the philosophical objection to state 
control. “The moral and social energy of the people is 
diminishing through undue and prolonged entangle- 
ments in the web of government’, according to the 
manifesto. The fear seems to be that universities are 
being inculcated with subtle forms of control, so that 
salary scales have become universally applied and 
inflexible, and there are fixed quotas for university 
accommodation for students, fixed staff to student and 
senior to junior staff ratios and so on. 

The second point is that the British Government 
is incapable of meeting the growing demand for a 
university education. The declaration says that there is 
“absolutely no evidence that the British people will 
not spend more on higher education or that the state 
is obliged to finance universities because the people 
will not do it for themselves", and goes on to say that 
because the universities have chosen to become Govern- 
ment pensioners, they cannot properly respond to 
the increased demand for higher education, still less 
stimulate it further. 

The manifesto goes on to agree that the traditional 
universities, blinkered by the past and by the honours 
degree system, are failing to provide a general education. 
A private university, on | the other hand, designed from 
the outset to meet the demands of its customers to 
experiment with syllabuses and teaching methods and 
to provide a broadly based education relevant to 
current needs, could set an example which would 
force change on other universities. It could also 
provide variety of education. The declaration accuses 
the University Grants Committee of responsibility 
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One Way to University independence 


for the policy of building ‘cottage universities— 

expensive to build, expensive tc operate and ill designed 
to coneentrate talent and varisty of endeavour which 
are indispensable for high a: ademie achievement" 

The declaration makes stirring reading. but will i 
ever be more than that? Tc begin with, somet v 
between £5 and £10 million would be needed for capital 
expenditure. Industry, founda£ions and the well-to-do 
will have to be persuaded to dig deep into their pockets 
and the tax laws offer no incentive for such charity, 
Then the university would charge students the full 
cost of their education, not 5-40 per cent as in state- 
aided universities, which suggests fees of between 
£1,500 and £1,000 a vear. To be sure, as the declaration 
says, about 200,000 parents in Britain buy their 
children publie school educati«n, but, to prevent the 
private university becoming a continuation college for 
these schools, it will offer loans to poor students. a "his, 
the manifesto says, would make the university careful 
about its selection of students and would let older people 
have a chance of a university ecucation even when they 
lack paper qualifications. The declaration acknow- 
ledges quite openly that it world be necessary to pro- 
vide courses attractive enough to tempt ‘students 
along. By the same token, it would be necessary for 
the proposed university to attract teaching staff, 
presumably by means of higher salaries and by com- 
petition in the international market. The economists 
who are the moving spirits belend the declaration say 
this would force up salaries in the existing universities 

How will the private university support research as 
it will surely be obliged to do te attract the best staff ? 
As plans stand, the university apparentlv would not, 
like the great American private universities, acce pt 
government money for fear o^ ending up depende nt 
on government money and so defeating the objeet of the 
exercise. Instead there is talk of money from industry 
and foundations for specific prejects, but this also has 
its risks—the university coud hardly be satisfied 
with being an e »xtramural research centre for industry. 
Precedents, indeed, suggest that independent universi- 
ties, even in the United States with its tax incentives 
for charity, are finding it increasingly hard to stay 
afloat. The problems of financing research from priv ate 
funds would be even more formidable. In Britain, 
even institutes providing purely vocational training 
are merging with the universmies. The Institute of 
Estate Management, for example, found it sensible to 
merge with the University of Reading, and the Architec- 
tural Association is to go ahead with a merger with 
Imperial College, London. 

Many academics must share the fears of those who 
signed Towards an Independen! University, but some 
would argue that setting up a private university is 
no answer to their collective problem. ft would leave 
99 out of every 100 students suffering from the old 
abuses. Would not more be achieved, bv those who 
any abi the state ed Pils 8 iie T education at 
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Shore of the Sea of Tranquillity 


One of the Apollo 8 views of the Moon, looking north-west across the eastern shore of Mare Tranquillitatis. Prominent are 
the two Cauchy rilles, with the crater Cauchy between them, and a number of domes in the lunar surface. The map o! 
the same region is part of a lunar chart drawn by the United States Air Force. Published in 1963, the chart is based on 
telescope photographs taken by a number of American observatories and by the Pic du Midi Observatory. Relief shading 
assumes a light source in the west, but cast shadows are eliminated to avoid the obliteration of features Vertical heights 
are measured in metres from a level 2-6 km below the lunar radius of 1,738 km to reduce the number of negative eleva- 
tions. Contours are at 300 m intervals. Latitude and longitude parallels are at intervals of two degrees— each square 
has a side of roughly 37 miles. 
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NEWS AND VIEWS 
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Pulsars may be Rotating Neutron Stars 


Wuen Drs John Faulkner and John Gribbin detected 
an error in Meltzer and Thorne’s calculations of the 
radial oscillations of white dwarf and neutron stars, 
reported in May last year (Nature, 918, 734; 1968), 
the pulsar question seemed well on the way to solution. 
What the two Cambridge theoretical astronomers dis. 
covered was that white dwarfs can vibrate in their 
fundamental mode with periods down to almost one 
second. Meltzer and Thorne's work (Astrophys. J., 
145. 514; 1966) had set a lower limit of eight seconds 
to the vibration period of white dwarfs, but their 
model contained an error in the specification of the 
ratio of specific heats. With this mistake corrected, 
theoretical astronomers seemed well on the way to 
aecounting for the range of pulsar periods then known, 
and in terms of a type of star known to exist rather 
than the mythical neutron star. But the range of 
pulsar periodicities which has been discovered since 
Faulkner and Gribbin wrote their paper, in particular 
the two fast pulsars which are probably associated 
with supernova remnants, has knocked the vibrating 
white dwarf theory on the head. Professor Thomas 
xold must be hoping that his paper in last week's 
Nature (221, 25: 1969) will not meet a similar fate. 
For once again the properties of the known pulsars, 
now numbering twenty or so, have been explained by 
a neat hypothesis. 

In Professor Gold's paper the clock mechanism is 
rotation, and the superdense star which seems to be 
essential to any pulsar theory is once again the neutron 
star. Rotation received its first airing again in May last 
vear, also in a paper by Gold, who must be more than 
pleased that the predietions he made then have been 
borne out. Gold then pointed out that the rotation 
hypothesis predicts a slight but steady slowing down 
of the repetition frequencies. First recognized in the 
Crab nebula pulsar VP 0532, which is slowing by one 
part in 2,000 per year, the slowing down of four more 
pulsars has now been reported by T. W. Cole at Cam- 
bridge University (Nature, 221, 29; 1969) and by 
J. G. Davies, G. C. Hunt and F. G. Smith at Jodrell 
Bank (Nature, 221, 27; 1969). Gold also foresaw the 


discovery of fast pulsars, pointing out that neutron 


stars can spin at up to 100 times a second. The two 
pulsars probably associated with supernova remnants, 
PSE 0833 with Vela X and NP 0532 with the Crab, 
with their rates of 11 and 30 pulses per second respec- 
tivelv, have borne out this prediction. 

It is chiefly because of the wide range of periodicities 
which has now been measured, hard to explain in 
terms of the vibration of a single class of objects, that 
the rotation hypothesis is back in favour. The rapid 
signalling rates imply stars denser than white dwarfs, 
which is why Gold wrote about neutron stars in his 
paper. Unless his hypothesis meets the same fate as 
did that of Faulkner and Gribbin, diseussion is now 
likely to revolve around mechanisms for the generation 
of the radiation which is observed. 

Gold suggests that the energy of emission somehow 
comes from the rotation of the star. He visualizes a 
star with a magnetic field and a co-rotating magneto- 
sphere. In this model, the emission has to do with 
what happens at the magnetospheric level which is 
spinning near the velocity of light. Here Gold says 
radiation will in fact prevent the plasma from reaching 
the velocity of light. "This novel idea is further de- 
veloped in his latest paper. There are two ways such 
a star loses rotational energy. One is because of the 
radio radiation, the second is the loss of gas flung out 
of the magnetosphere at the level where the velocity 
of light is reached. The radio radiation is due to the 
spiralling motion of relativistic plasma particles in the 
magnetic field of the star. Much of the radiation 
would come from the equatorial region of the co- 
rotating magnetosphere. Presumably, as the emission 
seems to come only from certain regions on the star, 
the star’s magnetic field is not axially symmetric. 
Such a skew field could have resulted from the super- 
nova explosion from which the star was born. 

The charm of this concept, according to Gold, is 
that it may possibly be extended to account not only 
for some peculiarities of the radio emission from the 
Crab but also for the flux of galactic cosmic rays. 
With such a prize conceivably in reach, astronomers 
would be well advised to brush up their relativistic 
magnetohydrodynamics, 


Another Race for Molecular Biologists 


Tue independent discovery in at least six laboratories 
and who knows how many dark horses are biding 
their time ?—of methods of crystallizing transfer RNA 
(see Nature, 991, 13; 1969) has undoubtedly signalled 
the start of a race to discover the secondary structure 
of crystalline (RNA. This, however, is not the only 
contest to look forward to. Spectators of molecular 





biology now have the prospect of vet another enter- 
taining handicap with almost equally high stakes 
stemming from the report in last week's Nature 
(221, 43: 1969) by Burgess and Travers at Harvard 
University and Dunn and Bautz at Rutgers University 
that apparently pure RNA polymerase—the enzyme 
which transeribes the information in DNA into RNA 
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molecules—can be split into two components. 
these is the enzyme itself and the other is a factor which 
adapts the enzyme to specific template DNA. This 
discovery is almost certainly the vanguard of an 
avalanche. No doubt the phosphocellulose salesmen 
are already rushing to those laboratories known to be 
working on RNA polymerase, for their product will 
be in great demand in the months ahead. The truth 
is that the discovery of this factor suggests an explana- 
tion of many of the outstanding problems of the con- 
trol of gene expression. 

Experiments with the drug rifamycin, reported last 
year in Nature (220, 275; 1968) by Tochini-Valentini 
et al., suggested that there is only one species of RNA 
polymerase in the cell. At the same time, however, 
there are countless examples of the independent and 
uncoordinated control of the synthesis of the ribosomal 
RNA, transfer RNA and messenger RNA, the last of 
which is made in several different species. Taken 
together, this evidence rules out the possibility that 
different classes of RNA polymerase may synthesize 
the different classes of RNA. What then determines 
the character of the RNA actually synthesized in a 
cell? The elegant work of the groups at Harvard and 
Rutgers offers an answer. 

To begin with, their result makes it highly probable 
that the RNA polymerase enzyme alone can only 
initiate and continue the transcription of certain genes 
and that a whole series of specific factors, similar to the 
factor they have described, must also exist. It follows 
that in order to transcribe a particular gene or operon, 
it may be necessary not merely to have RNA polymer- 
ase but a specific factor as well. One obvious mechan- 
ism for such a positive control of the separate synthesis 
of the several classes of RNA might be that the RNA 
polymerase cannot bind to the promoter regions of 
certain genes and start the transcription of RNA 
except in the presence of a specific factor which binds 
to the enzyme molecules in such a way that the complex 
can then bind to the otherwise inaccessible promoter 
region of a gene and thus start RNA synthesis. 

As Burgess et al. note somewhat cryptically, factors 
like the one they have discovered could be involved in 
regulating production of bacteriophage RNA during 
phage infection of bacteria. One obvious example, of 
course, is phage A. A whole group of late functions— 
that is to say, A genes which are normally expressed 
only in the later stages of the replicative evcle of the 
phage—are never expressed if two early genes are not 
expressed, as, for example, when the two early genes 
contain amber mutations. These two genes, which 
apparently regulate the expression of the late genes, 
may well be specifying two RNA polymerase factors 
which confer on the enzyme the ability to bind to and 
to transcribe the late function genes. The same line 
of argument may obviously be equally applicable to 
any phage in which expression of late functions depends 
on the expression of earlier genes. It will be interesting 
to see w nether i gr ded at ii En pt gers 
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PLANT BIOCHEMISTRY 


Where is the Hydrozyproline? 
from our w m — n 


V 


ce wells i itis p e into prot: nw S re it may be 2c 
scquently hydroxylated to give hydroxyproline. Pro- 
tems rich in hydroxyproline ere uncommon and the 
hvdroxvproline-eonteining prezein of plant cells has 
been likened to collagen. Week by Lamport and by 
Cleland, working with cultured cells of Acer end Avena 
coleoptiles, has led them to tre conclusion that the 
hydroxyproline-rich protein was a constituent of 


growing cell walls and m some way regulated wall 
growth (see Nature, 216, 480; E367). In 1967, Steward 


and his co-workers, nO wa challenged the vie sw that 
hydroxyproline was associatee with a protein in the 
plant cell wall. In ebat paper (Proc. US Nat. Acad. Sei., 

58, 541: 1967) and in a more recent one, Israel, Sal. 
peter and Steward (J. Cell Beol., 89, 698; 1968) set 
out to examine the intracell&lar localization of the 
hydroxyproline-containing protəin using electron miero- 
scopy in conjunction with autc radiography. 

They fed actively growing ca rot p s with radio- 
active ‘proline, labelled with 3H in the 3 and 4 position 
or uniformly labelled with "C Both labelled proline 
molecules were converted to hydroxyproline in the 
carrot tissue. The intracellular localization of radio- 
activity was determined fron electron micrographs. 
Interpretation of autoradiog aphs at the electron 
mieroscope level is subject to some uncertainty, but 
nevertheless it is quite clear thet a radioactive proline 
or hydroxyproline-containing moiety is absent from 
the cell walls both immediatey after the incubation 
period with labelled proline axd after further growth 
of the cells in culture mediam free of radioactive 
proline. On the other hand dione ate appears 
immediately in the nucleus and nucleolus bu subse- 
quently declines in these com sartments as the radio- 
activity migrates into the cytoplasm, which itself 
shows an appreciable amount of labelling. 

These observations clearly cest doubt on the validity 
of the claim that the hydroxyproline i is contained in à 
protein associated w ith the coll wall, Steward and 
colleagues believe that the met :ods employed to isolate 
pure cell wall fractions are imoerfect and have led to 
misleading results and invalid conclusions. 

The role of hydroxyproline-r.ch protein still remains 
è very open question, but they suggest that in view of 
its association with the nucledius it may be involved 
with nucleie acids and ribosomes. Steward's group 

admit that ribosomal protein does not contain hydroxy- 
proline, so they speculate that che hydroxyproline- rich 
protein may play a part in the function or assemblage 
of polysomes. Unfortunately neither electron miero- 
scope autoradiography nor tae present methods of 
cell fractionation are likely to have sufficient resolution 
to test this suggestion. 


MUSCLE PROTEIN 


Myosin Reassembled 


from our Molecular Biolegy Correspondent 


THE gross features of the mrosin molecule are now 
generally agreed on, but published studies of the finer 
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details have given confused and often contradictory 
pictures. It is known, for example, that in fairly 
severe conditions the molecule sheds small fragments, 
which in the native structure reside in the Find 
meromyosin (globular) portion of the molecule 
finding which can only uncomfortably be ae T 
with the presence of two major chains in myosin, each 
terminating in a globular head. One proposal to 
resolve this was the suggestion that the small chains 
were essential for function, because their loss was 
accompanied by inactivation, although it has not been 
demonstrated that this is not instead a consequence of 
partial unfolding, which alone permits the release of 
the fragments. 

The work of Frederiksen and Holtzer (Biochemistry, 
7, 3935; 1968) has now gone a considerable way towards 
clarifying the relation between the small fragments 
and the molecule as a whole. The release of the frag- 
ments occurs sharply near pH 10-5, appears to be 
rapid, and is aecompanied by a moderate degree of 
unfolding. It is, moreover, reversible: on returning 
the pH to neutrality, sedimentation patterns show the 
disappearance of the light chains. The unfolding is 
also reversed, as judged by optical rotation, and 50 
per cent (70-80 per cent in later unpublished experi- 
ments) of the ATPase activity is recovered, as is the 
ability to combine with actin. The small chains can 
be isolated by ammonium sulphate fractionation, and 
reassembly of the native myosin structure can be 
achieved by mixing this preparation with the residual 
heavy chains. This is an interesting and important 
result, which gives cause for optimism that the precise 
role of the light chains in the function will become 
apparent. 

Frederiksen and Holtzer have in addition re-exam- 
ined the stoichiometry of the myosin molecule, by 
determining the relative weights of the components 
recovered in the fractionation procedure. With a loss 
of only 5 per cent of the total protein during manipula- 
tions, the light chains are found to comprise some 11 
per cent of the total molecular weight of 500,000, that 
is to say, a total of 56,000. Molecular weight determina- 
tions by three different methods, and in aqueous solu- 
tion as well as 5 M guanidine hydrochloride, however, 
give a value of some 30,000 for the isolated light chains. 
The heav y chains, separated i in guanidine hydrochloride 
solvent, have a molecular weight of about 235,000. 
It seems therefore that the myosin molecule contains 
four polypeptide chains altogether, including the two 
small fragments. This is clearly a much more pleasing 
result than that reported by ‘the earlier workers, of 
three chains, each of molecular weight 20,000. The 
light chains appear to be indistinguishable from one 
another, and it may reasonably be surmised that they 
are identical and that one belongs to each myosin head. 





ASTROPHYSICS 


Astrophysics at Dallas 


from a Correspondent 


Ne one attending the fourth Texas symposium on 
relativistic astrophysics, held in Dallas from December 
16 to 20, 1968, could fail to be impressed by the wealth 
of new observational material now becoming available 
in so many different branches of astronomy. There is 
no doubt that astrophysies is currently in the melting 
pot and that the behaviour of matter on a grand scale 
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is pointing out basie problems and gaps in fundamental 
physieal theory which should have a wide appeal to 
physicists as a whole. | 

Since pulsars made their debut after the last sym- 
posium they were a natural choice with which to 
launch the proceedings and there was little indication 
of any slackening in the flow of observational evidence. 
With a total of twenty-six pulsars now known, statistics 
are becoming meaningful and sources showing a large 
dispersion are significantly concentrated towards low 
galactic latitudes. Further uncertainty in pulsar 
distances was raised by observers from Nancay who 
claimed that CP 0328 was situated closer than the 
Perseus arm, and not beyond it—in contradiction to 
earlier measurements at Jodrell Bank. B. J. Rickett 
summarized his work on the wavelength dependence of 
intensity variations and showed that it correlated with 
dispersion measure in agreement with the interstellar 
scintillation hypothesis. All pulsars appear to be 
slowing down with decay times in the range 108—105 
years, “according to extended studies made at Cam- 
bridge and Jodrell Bank, and this complements F. D. 
Drake’s observations of the more rapid increase of 
period of the Crab nebula pulsar. The slowing down 
effect, coupled with the association of two short-period 
pulsars with supernova remnants, was generally hailed 
as strong evidence in favour of spinning neutron stars, 
and T. Gold even suggested that his “slingshot” 
mechanism might be responsible for galaetie cosmic 
rays. A better understanding of relativistic plasmas is 
now of prime importance in order to decide between 
Gold’s idea and the oblique rotator models suggested by 
L. Woltjer, F. Pacini and others. 

yravitational radiation and solar neutrinos have 
still eluded detection, but G. W. Clark showed results 
of 600 y-ray events (7 100 MeV) indicating a concen- 
tration towards the galactic equator, with a maximum 
near the galactic centre, superposed upon a widespread 
metagalactic component. The search for further visual 
identifications of X-ray sources continues and some 
possibilities were discussed by W. A. Hiltner, while 
K. Prendergast outlined a model in which the X-radia- 
tion was generated thermally by hot gas ejected from a 
nova and gravitationally trapped in a binary system 
Interesting developments in the search for heavy 
elements in cosmic rays were described by P. B. Price, 
who mentioned a balloon flight carrymg a multilayer 
plastic detector of area 15 m?. Twenty events indicating 
a charge number Z > 55 were recorded with the possi- 
bility of one with Z>110 (recorded in an emulsion). 
Until the emulsion and plastie detector data agreed, 
however, the latter result could not be confirme d. 

Airing the vexed question of quasars, M. Schmidt 
commented that the position seemed to have deteriora- 
ted since 1963! Making a strong case for the cosmo- 
logical interpretation, he stressed that some Se yfert 
galaxies were now known to have an infrared output of 
the same order as that of strong quasars, This removed 
part of the objection to placing quasars at the red-shift 
distances. He doubted the reality of some of the 
strange spectral data, but G. R. Burbidge said that the 
tendency for red.shifts to occur at multiples of 0-061 
Was not something to Be aa under the o 


eee ev pees “against qe: prov dn pem 
J. Houck and M. Harw it gave a brief account of their 
infrared measurement indicating a larger flux than 
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3^ K, but cautiously pointed out that they did not 
interpret this as a temperature. The experiment was 
being repeated—of necessity, because it contradicts the 
consistent spectral data from CN, CH and CH* reported 
by P. Thaddeus. 

It should not be long before experimental tests of 
general relativity are sufficiently accurate to sort out 
different modifications of the theory. R. H. Dicke's 
observations of the solar oblateness have stood the test 
of time, but the group delay of radar echoes from 
Mercury can almost be measured with the required 
precision and an increase of sensitivity could be 
obtained by the use of widely separated transmitting 
and receiving antennas. A second interesting possi- 
bility mentioned by I. Shapiro was the use of VLB 
radio interferometers to detect the gravitational 
deflexion of radiation. The scheme was already in 
progress and preliminary measurements on the angular 
separation of 3C 273 and 3C 279 had already been 
attempted. 

Other topics discussed included the isotropy of the 
3° K radiation, which currently places an upper limit of 
300 km s on our velocity through it, the formation of 
galaxies, and the dubious interior of neutron stars. All 
in all, it is apparent that astrophysics is an exciting and 
booming field of activity. 


SOLID STATE 


Dislocation on View 


Tuts remarkable picture is one of the clearest yet taken 
of a lattice defect in a crystal of germanium. The 
extra half plane of atoms which ends at the point of 
the arrow can be clearly seen, and a dislocation can be 
visualized emerging from the page. The picture was 
taken by Dr V. A. Phillips and Mr J. A. Hugo of the 
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General Electric (US) Reseach and Development 
Center, in Schenectady, New York, who used a Philips 
EM 300 electron microscope. 

The photograph was taker by the "two-beam" 
technique, devised in 1963 by W. ©. T. Dowell. In 
this technique, the central und ffracted electron beam 
is combined with only one c the many diffracted 
beams to form an image of th» very thin germanium 
single crystal which is under observation. The picture 
which results is representative o the edges of the atomic 
planes. The picture will give particular pleasure to 
materials scientists, who for yeurs have been drawing 
and studying diagrams identcal with the picture 
which has now been taken.  Dislocation theory, of 
course, no longer needs expc-imental confirmation, 
but the photograph is none the less extremely satisfying. 


HIGH ENERGY PHYSICS 


Muon Magnetic Momeni 


AN experiment has just been ompleted at CERN in 
which the magnetic moment cf the mu-meson, affec- 
tionately known as the muon, Las been measured with 
sufficient accuracy to put in cuestion the validity of 
quantum electrodynamics as a means of explaining it. 
The factor of fifteen or so by which the CERN experi- 
ment betters the previous one of Charpak and others 
places the observed magnetie moment nearly two 
standard deviations outside the expected anomalous 
moment. 

The experiment was carried ait with the 28 GeV pro- 
ton accelerator at CERN at an energy of 10:5 GeV. The 
protons were made to strike a target in the magnetic 
field and the pi-mesons which were produced in this 
process then decayed to give the required muons. The 
muons were stored in a circuler path and a series of 
counters detected electrons preduced by their decay, 
The effect of a magnetic field on the magnetic moment 
of the muon is to make it precess like a gyroscope. 
Electronic detectors were arranged so that they accep- 
ted only the highest energy ele-trons, which are those 
that come from forward decay of the muons. As a result, 
the counting rate was proport onal to the precession 
frequency and hence the magnetic moment of the muon. 
A subsidiary experiment was al o carried out at CERN 
to compare the magnetic moments of the positive and 
negative muon, and the results showed there to be no 
significant difference within the bounds of experimental 
error. This was as anticipatec, and tends to confirm 
that the errors quoted are nct substantially under- 
estimated, 

How then can the discrepanc’ between the observed 
value and the anomalous magnetic moment be 
explained ? And does this resalt throw new light on 
the differences between the el-ctron and the muon ? 
Although physicists are always cautious of sweeping 
deductions based on discrepane es of less than a hand- 
ful of standard deviations, it seems that there are 
several ways of answering -hese questions. The 
quantum electrodynamic caleulation contains two 
terms which may be the cause of the failure, and both 
of them are proportional to the square of the mass of the 
muon. Because the mass of th- muon exceeds that of 
the eleetron by more than 200, this would explain the 
difference of behaviour of the two particles without 
having to invoke any esoteric theories. 
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Another possibility is that strong or weak forces— 
the type that are operative when a pion or muon respec- 
tively interact with a proton or neutron—-could be the 
source of the problem. Strong interactions are in fact 
unlikely to be the culprits, as the theoretical value for 
the magnetic moment used by the CERN term incor- 
porated a contribution from these forces, and the asso- 
ciated error is less than a half of the experimental one. 
Weak interactions due to the coupling of a muon to an 
intermediate boson field could cause either an increase 
or a reduction in the discrepancy, and this is certainly an 
avenue for further investigation. On the face of it such 
contributions are nevertheless likely to be rather small. 

What the experiment does achieve is the setting of 
new limits on the suecess of quantum electrodynamics, 
measured in terms of momentum and distance cut- 
offs. The CERN team, in a communication on the 
experiment in the December 9 issue of Physics Letters, 
points out that a conventional high momentum cut- off 
of 5 GeV/e would lead to an absurd situation in the 
light of the experimental results. 


LASERS 


Chemical Laser in Action 


PUMPING a laser with the energy generated in a chemical 
reaction is in principle an elegant technique, but in 
practice suitable reactions have so far been initiated 
only at the expense of vast amounts of energy for 
relatively low light output. Such chemical lasers are, 
however, being developed partly in the hope that an 
energetically more efficient system will be discovered 
but also because they furnish unique chemical informa- 
tion about the reaction itself and the properties of the 
higher energy states of the excited molecules involved. 

Chemical laser action was first observed (Kasper and 
Pimentel, Phys. Rev. Lett., 14, 352: 1965) from mole- 
cules of hydrogen chloride excited by flash photolysis 
in a mixture of hydrogen and chlorine. Chlorine 
absorbs the flash radiation and dissociates into chlorine 
atoms which then react exothermically with hydrogen. 
The energy released in this process goes into raising 
the HCl molecules to an excited vibrational state 
which becomes the upper laser lev el. Since then. 
hydrogen halide laser emission has been obtained from 
a number of systems in which chemical reactions fix 
the population inversions. The transitions involved 
are either vibration-rotation or pure rotation tran- 
sitions and generally fall in the infrared. Output powers 
are at most tens of watts emitted in short mierosecond 
or so bursts. So far, no continuous wave chemical laser 
has been made to work because of the difficulties of 
finding a self-sustaining chemical reaction and of re- 
moving reaction products and introducing fresh reac- 
tants fast enough for the laser action to continue. 

One of the simplest chemical laser systems to 
interpret js the high gain UF,-H, „hydrogen fluoride 
laser, and in a recent paper (Kompa et al., J. Chem. 
Phys., 49, 4257; 1968) scientists at the University of 
California poH their measurement of the rates at 
which HF molecules are pumped into the first, second 
and third excited vibrational states and their conclu- 
sions about the specifie reactions responsible for 
populating these states. For both this laser and the 
equivalent deuterium fluoride laser, the emission con- 
sists of a series of pulses as consecutive transitions are 
stimulated and then rapidly quenched. The HF 
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emission is in the P-braneh from vibrational levels 
2 to 1, the J values rising during the emission from 
3 to 9. Two consecutive DF transition series occur 
simultaneously, from the third and from the second 
vibrational levels. By identifying the first transition 
to each laser threshold and making some assumptions 
about the operative relaxation mechanisms, the rate 
constants for the two systems could be estimated. These 
ratios also indicated that the important exothermic 
reaction is F+H,-HF+H. | 


SOLUTIONS 


Forces between Uncharged Plates 
AN intriguing ca culation of the electrical forces to be 
expected between two uncharged parallel plates im. 
mersed in an ionie solution has been carried out bv 
G. M. Bell and S. Levine, of the Imperial College of 
Science and Technology and the University of Man- 
chester respectivelv (J. Chem. Phys., 49, 4584; 1968). 
The problem itself has evidently much in common 
with that of calculating the forees between neighbour- 
ing colloidal particles in an ionie liquid, but there are 
also close analogies with problems of liquid crystals 
and the stability of lamellar crystals containing large 
proportions of free ionic material. 

For convenience, the parallel plates are assumed to be 
infinitely thick, w ith low dielectric constant. They are 
supposed to be immersed in an aqueous solution of a 
svmmetrieal binary electrolyte. The forces between 
the plates arise because of the way in which ions in 
the solution cause image potentials in the dielectric 
plates, and because of the way in which the physical 
distribution of the ions is then rearranged. Because 
of the symmetrical nature of the electrolyte. there is 
no mean charge density within the liquid, but the 
concentration of ions in boundary layers near the two 
plates will differ from that in the bulk of the liquid, 
as will the electrostatic potential. Indeed, because the 
dieleetric constant is supposed to be small, the con- 
centration of ions in the interfaces will be less than that 
in the bulk liquid. This in turn implies that the osmotic 
pressure near the two plates is less than that in the bulk, 
which means that there is an attractive force between 
the plates, at least when their separation is small. 

The complete caleulation, however, involves a 
caleulation of the free energy of the electrolyte as a 
whole. The novel contribution of Bell and Levine to 
this problem is to demonstrate that there is what they 
call a "eross-effeet" represented by a repulsive force 
between the plates which arises from the effect on the 
free energy of the svstem as a whole of the disturbance 
of each ‘interface laver of electrolyte by the image 
charges in the other plate. Although this repulsion 
decays as the cube of the separation between the 
plates, it is large enough to be the dominating com- 
ponent of force at large distances, which means that 
the attractive force at small separations is replaced by 
a repulsion as the distance between the plates is in- 
creased. Except for the sign this repulsion at wide 
separations takes the same form as the Hamaker 
attraction, with an equivalent Hamaker constant. 
In an appendix, Bell and Levine gratifyingly prove 
that the local free energy density and local pressure 
formalisms they used vield surface tension relations 
deduced by Buff and Stillinger from a different starting 
point. 
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ARCHAEOLOGY 


Roman Pewter Hoard 


from our Archaeology Correspondent 


TWENTY-THREE pieces of Romano-British pewter 
ware—the third largest hoard of Roman pewter yet 
to be found in Britain—together with various iron 
implements, some potsherds and a few pieces of leather 
and wood, were discovered during last summer at 
Appleford in Berkshire. This is one of the outstanding 
Roman finds of recent years and the entire hoard, 
except for one plate which is still in the hands of its 
finder, is now on show at the Ashmolean Museum, 
Oxford, where it is being worked on by Mr D. Brown, 
assistant keeper of antiquities. It is chiefly because 
of his work, the efforts of the Abingdon Archaeological 
Society and the farsightedness of the owners—the 
Amey Group Co.—that the hoard has been kept intact. 

Apparently workers at the Amey Company's gravel 
pit at Appleford dug out last March a load of black 
peaty soil which they promptly discarded. During 
the summer, three collectors walking over the gravel 
workings came across five pewter utensils, four of 
which were taken to Mr Brown for identification. 
Realizing there could be more to be found at the site, 
Mr Brown suggested a thorough search to the Abingdon 
Society, which then found the rest of the hoard— 
eighteen more pewter pieces, some iron implements and 
other artefacts in a single conglomerate. The Amey 
Company, which owns the hoard, cooperated through- 
out the search and has now lent the objects to the 
Ashmolean Museum. 

All the pewter—twelve large plates, a flagon and 
ten small plates and bowls—is remarkably well pre- 
served, probably because the hoard was originally 
dropped in a well, all traces of which have disappeared, 
and has lain below the water-table ever since. There 
are, of course, numerous parallels for burial of pewter 
and other valuables in wells during Roman times, 
especially in the late fourth and early fifth centuries 
when Romano-British civilization was on its last legs. 

Pewter was in all probability a Romano-British 
invention. Only two pieces have ever been found on 
the continent and they were probably imported from 
Britain. And even in Britain, pewter was only in 
widespread use in the south. All the finds so far have 
come from roughly south of Fosse Way, south of a line 
from Hull, through Lincoln and Leicester, to Cardiff. 
On the other hand, the steady accumulation of finds 
in southern Britain suggests that pewter tableware 
was not at all uncommon in prosperous households. 

Roman pewter is, unfortunately, extremely difficult 
to date, essentially because its value and durability 
mean that it almost never turns up on archaeological 
sites—in rubbish pits and the like—which might provide 
a datable context. The Appleford hoard is probably 
the collection of a single household accumulated 
piecemeal and almost certainly at second-hand. The 
plain design and lack of decoration—only one plate 
(Fig. 1) bears any decoration—imply that the pieces 
could have been made at any time between the second 
and fourth centuries. At least one plate bears two 
inscriptions which are unlikely to be contemporary, 
One is the woman's name "Pacata" and the other 
reads “‘Verianus dedicated his purchases to Jupiter”. 
If Verianus was a pagan, as this suggests, he probably 
lived before Constantine, who died in 337. Beyond 
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Fig. |. Decorated pewter platein the Appleford hoard. 


that, there is no real eviderce of when the hoard 
was hidden. The most likely possibility is that it was 
dropped in the well at the end ef the fourth or the early 
fifth century, but there are ro surface traces of any 
stone Roman building in the n«ar vicinity of the gravel 
pit. This is surprising, for if the hider lived near the 
putative well and was sufficiently affluent to own the 
pewter, it seems unlikely that he would have lived in 
an entirely timber villa without even a stone bath. 
Unfortunately, the ironwork, which includes a fine 
cauldron chain (Fig. 2) virtually identical to that found 
at Great Chesterford in Essex, is no more easily dated 
than the pewter. 





Fig. 2. Iron cauldron chair from the hoard. 
(Photographs: J. W. Thomas, Oxford.) 


The design of the Greet Chesterford chain is in fact 
so similar to the chain in the Appleford hoard that 
they could well have come from the same smithy, but 
because such utensils survived for many decades this 
by no means implies that the two hoards are con- 
temporary. Likewise, the other iron objects in the 
Appleford hoard, which includ* a seythe blade, knife 
blades, a door latch and some pieces of scrap iron, could 
have been made at any time in the third or fourth 
century, so it seems we will never know for certain 
why or when the hoard was hidden. 
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oumnals and the Literature Explosion 


by 
JOHN MADDOX 


Editor, Nature 


LATER this year, in November, Nature will be a hundred 
years old. For much of the century, the journal has 
contributed in several unrelated ways to the development 
of seience. From the beginning, of course, it has been a 
professional journal, but at the beginning it was most 
especially a means by which the still small and informal 
profession of science could be kept aware of events within 
and of pressures from outside. The early volumes of 
Nature contain an entirely readable mixture of opinion, 
news—particularly the doings of universities, learned 
societies and observatories-—and occasionally of argument, 
as when a contributor would take somebody to task for a 
paper published in some more conventional scientific 
journal. For a great many years, the correspondence 
from readers was largely concerned with natural curiosities 
—sapectacular auroral displays, for example, or the sighting 
of eclipses. Only by the turn of the century did the 
correspondence eolumns become a vehicle for the 
announcement of important discoveries in science, and 
until the end of the Second World War these were quite 
astounding models of brevity. The publication of much 
longer scientific articles is a more recent development, 
reflecting not merely the increased scale on which the 
scientific profession conducts research but also the change 
of fashion which the past few decades have brought-—the 
scepticism which sometimes attends the publication of a 
preliminary announcement which is unsupported by full 
experimental details. 

Tn circumstances like these, it is only natural that 
those who work for Nature should be on the look-out for 
signs of the pressures which will no doubt bring about 
stil further transformations of the character of the 
journal in the decades ahead. There is very little doubt 
that the gathering of news and comment on matters 
whieh are important to professional scientists will be as 
important as it has ever been in the century just past. 
Governments will continue to finance research and even 
universities, public policies will help to determine the 
ways in which scientists work and public aspirations will 
create new opportunities. Thus Nature must continue 
and even strengthen its traditional work of gathering 
news. The objective is journalistic, and it is wrong to 
suppose that that word implies sensationalism and even 
worse to ignore the way in which good journalism can 
provide those who read a journal with a sense of com- 
munity they would otherwise lack. This is why Nature 
has managed to last a hundred years. 

The pressures which will affect the funetion of Nature 
as a publisher of first-hand accounts of original scientific 
work are much harder to foretell. Strange as it may seem, 
mueh may depend on eonvention, and conventions may 
change. Historically, of course, the funetion of published 
scientific articles was to convey news of diseoveries to 
those who would otherwise not receive it. At least in the 
decades since the Second World War, however, many 
published scientific articles have served not so much as 
instruments of original communication as records of events 
which have taken place. 
of the office duplicator, close colleagues and competitors 
have tended to keep each other informed of new develop- 
ments by mail, and although nobody would be rash 
enough to deprecate the importance of the steady 
accumulation of objective and accessible accounts of how 
progress has come about, all journals are necessarily 
perplexed to know how best to strike a balance between 
the interests of their readers and the interests of their 


contributors. The issue is particularly important-—-and 
particularly difficult——for a weekly journal like Nature. 

What follows is not a statement of poliey—in the nature 
of journalism, that can only be determined by à continual 
tug-of-war between users and editors—but rather a hope 
for the future. The objeet of putting it into words is not 
simply to know more accurately which way Nature 1s 
likely to develop in the years ahead but also to provide 
all those concerned with the journal, inside and outside 
the editorial office, with some practical assistance in the 
management of the great flood of original scientific 
literature whieh arrives by each post. 

Figures speak eloquently for the scale of the problem. 
The number of unsolicited manuscripts submitted for 
publieation increased from 5,471 in 1967 to 6,465 in 1968. 
A record number of manuseripts—3,114 of them alto- 
gether—appeared in 1967, chiefly because of the need to 
work off a back-log in the early part of that year. During 
1968, however, the number of manuseripts published fell 
to 2,876, representing a still smaller proportion of the 
intake. The chances are that this trend towards more 
stringent seleetion will eontinue. 

How is this flow of literature dealt with ? By good 
fortune, some of it can be dealt with on the spot, imme- 
diately after the receipt of manuscripts has been acknow- 
ledged. If, for example, somebody records the discovery 
of a pulsating radio star as Dr A. Hewish did rather less 
than a year ago, it is entirely proper that a weekly journal 
should go ahead and publish the manuscript. These, 
however, are rare manuscripts. The staff of Nature, large 
though it has now become, would not consider itself 
competent to pass accurate judgment on the rest of 
what comes into the office, which is why the selecting of 
most of the manuscripts whieh eventually appear in 
Nature depends crucially on the usually unstinted help of 
a small army of referees. Those who see the management 
of the scientific literature from this point of view can 
never fail to marvel at the extent to whieh the quality 
of what eventually appears stems from the patience with 
which referees read the first drafts from colleagues from 
whom they may not previously have heard. Sometimes 
their patience is plainly stretehed to the limit when the 
same manuscript reaches them from a second or even a 
third journal, but they are good humoured almost without 
fail. 

But can a single referee ever be fair ? This question is, 
of course, unanswerable. What, after all, is meant by fair ? 
Sometimes a referee may be able to point to some reason 
why the whole of a manuscript sent for opinion i8 vitiated 
by some fundamental error, but this is rare. More usually, 
the criticisms which referees wish to make strike much 
less directly at the roots of an argument—there may be 
a similar but not identical piece of work in some other 
journal, sometimes the techniques which have been used 
seem to the referee to be less appropriate than they might 
have been and sometimes the referee may consider that 
an author would be best advised to postpone publication 
until his work is further advanced. The trouble, of eourse, 
is that views like these are necessarily subjective. More- 
over, there is no hope that the task of deciding which 
manuscripts should be published can be carried out sumply 
by relying on the comments of those referees who happen 
to give a negative comment— there are too many good 
manuscripts for that. This is why the standard letter to 
referees now contains a frank invitation to subjectivity. 
on the following lines. 
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MEDICAL SCIENCES 


A selection of current titles 


BIOLOGICAL ASPECTS OF CANCER AND AGING 


Studies in Pure Line Mice 

LEONELL STRONG, Director, Leonell C. Strong Foundation Inc, Def Mar, Cacfornia 

Covers the biological problems of stability and instability and also discusses the theory that cancer 
is a result of some aspect of biological instability. Another important topic considered is the link between 
aging and cancer in relation to Genetics, 

240 pages 75s. $10.00 


ECHIDNAS 

D. M. GRIFFITHS, Division of Wildlife Research, CSIRO, Australia 

An invaluable book for undergraduates studying vertebrate anatomy and for established research 
workers it makes available much previously unpublished material, together with results obtained from 
journals and monographs long since out of print. Topics covered include natura history, taxonomy, 
ingestion and digestion of food, growth and protein metabolism, anatomy (with the exception of somatic 
musculature), neuroanatomy and neurophysiology, immunology and reproduction and lactation. 
288 pages 95s. $12.00 


THE SKELETAL BIOLOGY OF EARLIER HUMAN POPULATIONS 
Symposia of the Society for the study of Human Biology. Volume 8 

Edited by D. R. BROTHWELL 

In the study of earlier populations there is now a movement to osteometry in the brosder fieid of skeletal 
biology. In view of the need for a review of studies on the skeletons of earlier people the Society 
considered this important subject at a symposium, the proceedings of which are published in this volume, 
together with six invited contributions. A useful source and reference book. 

296 pages 80s. $11.00 


PHYSIOPATHOLOGY AND THERAPY OF HUMAN BLOOD 


DISEASES 

E. KELEMAN, Postgraduate Medical School, Budapest 

The first part of this book deals with the problems of physiotherapy of haemopeiesis--morphology, 
cellular kinetics etc., and includes sections from allied fields of interest, such as cancer research and 
immunology. Part If deals with the physiopathology of adult diseases--anaemias, lymphomas, haemor- 
rhagic disorders and splenomegalias. The final part is a short guide to therapeutic principles used in 


the treatment of blood disorders. 
624 pages £10 10 $27.00 


THE VIROLOGY AND IMMUNOLOGY OF CANCER 
L. A. ZILBER and G. 1. ABELEV, Gamafleya institute, Moscow 


The first part of the book deals with the most thoroughly investigated virus tumcurs of animals and 
special emphasis is given to the mechanism by which infection with a virus can produce malianant 
transformation in cells. The second part of the book deals with immunology of tumors and the genetics 
of transplantation are discussed in great detail. Techniques and results from the authors laboratory 
and other laboratories, both East and West are discussed. 

420 pages £8 5s. $21.00 


THE PHARMACOLOGICAL AND EPIDEMIOLOGICAL ASPECTS 
OF ADOLESCENT DRUG DEPENDENCE 

Edited by C. W. M. WILSON, Trinity College, University of Dublin 

These edited proceedings provide an up-to-date survey of the scientific, clinical, soeiclogical and legal 
aspects of drugs of dependence as they are being investigated and used by adolescen: culture at present. 
Attention is drawn to the relation between the legal restrictions on the use of drugs ef dependence and 


the adolescent abuse of these drugs in relation to the United States and eight European countries, 
506 pages £8 $21.00 
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IMPORTANT NEW BIOLOGY EDITIONS 





THE BIOLOGY OF 
MARINE MAMMALS 


Edited by HARALD T. ANDERSEN, Institute for Nutrition 


Research, University of Oslo, Blindern, Norway 


An advanced treatise on the physiological and 
behavioural functions of marine mammals. Special 
attention has been paid to the adaptive features of 
these animals which make them fit for an aquatic 
habitat. 


Sections : Age Determination of Marine Mammals. 
Hydrodynamics of Swimming and Wave-Riding Dol- 
phins. Deep Diving. Physiology of Circulation of 
Marine Mammals. Temperature Regulation in Marine 
Mammals. The Nervous System of Cetacea. Repro- 
duction and Reproductive Organs. Endocrine Organs: 
Hypophysis, Thyroid, and Adrenal. The Echolocation 
cf Marine Mammals. Marine Mammal Communica- 
tion: Social and Ecological Factors. Author Index. 
Subject Index. 

January 1969, 508 pp. 


ADAPTED MOLECULES 


A Molecular Approach to Ecology 


By MARCEL FLORKIN and ERNEST 
SCHOFF ENIELS, Department of Biochemistry, University of 


Liege, Belgium 


Stresses the importance of the comparative bio- 
chemical approach to the interpretation of the 
adaptation of animals to their environment. It is 
based upon the premise that adaptation at the 
molecular level may not necessarily be recognizable 
by a study of single isolated molecules, but may 
result rather from changes at the level of several 
molecular species involved in the complex polygenic 
adaptive mechanisms. These mechanisms, from 
the morphological down to the molecular level, are 
described in relation to their role in the colonization 
of the various environmental media. 


February 1969, about 196 pp. 


INTERNATIONAL REVIEW 
OF CYTOLOGY 


Volume 25 a Md 
Edited by G. H. BOURN E, Yerkes” Regional Primate, 


Research Center, Emory University, Atlanta, Georgia 


and JAMES F. DANIELLI, Amherst, New York 
March 1969, about 450 pp. 


MAMMALIAN FERTILIZATION 


An Atlas of Ultrastructure 
By ROBERT HADEK, Department of Anatomy, Stritch Schoo 


of Medicine, Loyola University, Hines, Illinois 


Presenting the most recent information available on 
mammalian gametes, this book elucidates the 
different aspects of mammalian fertilization through 
electron microscope observations. It describes 
changes in mammalian gamete morphology prior 
to and during fertilization, paying particular 
attention to the ultrastructure of spermatozoon 
morphology and to the morphology of the egg. 
The different phases of sperm penetration through 
the zone pellucida and phases of incorporation into 
the egg are described. The book also deals with 
the phenomenon of the vaginal plug and the 
possible function or functions of the corona 
radiata cells. 


March 1969, about 280 pp. 


CYTOLOGY AND EVOLUTION 


2nd edition 
By E. N. WILLMER, Fellow of Clare College, University o 


Cambridge, England 

Starting with the behaviour of cells in tissue culture, 
this book goes on to discuss the possible beginnings 
of cell differentiation in phylogeny. It then traces 
the further elaboration of cells and tissues and 
shows how the various organs and tissues of the 
vertebrates may have arisen. 1t is one of the few 
existing studies tracing the evolution of cells and 
tissues, rather than the evolution of the animals 
possessing them. 


1969, about 620 pp. 


VENOMOUS ANIMALS AND 
THEIR VENOMS 


Volume 2 
Edited by WOLFGANG BÜCHERL, Instituto Butantan, 


Sao Paulo, Brazil, 

ELEANOR E. BUCKLEY, Wyeth Laboratories, Philadelphia, 
Pennsylvania, 

and VENANCIO DEULOFELU, Faculty of Exact and 
Natural Sciences, University of Buenos Aires, Argentina 


April 1969, about 590 pp. 


111 Fifth Avenue, New York 10003 





Academic Press (AD Berkeley Square House, London, W.1 , 





NATURE. VOL. 221, JANUARY 11. 1969 


"Papers should be scientifically sound and also original. 
For the particular purposes of Nature, they should be of 
sueh immediate interest as to warrant a claim on space in 
a weekly journal. It is desirable that articles should 
have an interest extending beyond the branch of science 
with which they are chiefly concerned, and this is particu- 
larly important for the longer articles. Although it may 
be impossible to ensure that the whole of the front half of 
the journal is at once accessible and interesting to all 
professional seientists, this is the ideal towards which the 
journal aspires." 

Inevitably, this invitation. determines or should help 
to determine the selection of manuscripts which is eventu- 
ally made, although a little thought will show that the 
concept of "immediate interest" cannot be measured with 
a single yardstick. Who is to say which has the more 
"immediate interest" —the first announcement of an 
important but specialized discovery or a general argument 
drawing together pieces of science in a manner likely to 
interest a great many people? Evidently the process of 
selection is not automatic even when the referees have 
done their best. From this there follow two important 
corollaries for contributors to and readers of Nature. 
First, the decision to publish or not to publish is not a 
judicial aet but a necessarily subjective expression of 
interest (which is why it is in the best interests of science 
that there should be a great many scientific journals). 
In particular, the return of à manuscript to its author 
cannot be interpreted as a deliberate criticism. Second, 
the particular criticisms which referees make of manu- 
scripts are not necessarily the reasons why they are not 
selected for publication, which is why Nature differs from 
most scientific journals in not returning referee’s comments 
except when these may be particularly helpful to authors. 

Roughly two-thirds of the manuscripts which reach 
the Nature office eventually find their way to referees, 
and many of them make the journey twice or even three 
times. The result is that all but a small proportion of 
those published have been seen by somebody outside the 
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office. Luckily, most referees seem able to return manu- 
scripts quickly, which means : unt the median time 
oecupied by this part of the proce-s is just over two weeks. 
There remains the back-breaking P of attempting in the 
office to compare original manuscripts with the comments 
of the referees who have read them. This time, the 
necessarily subjective judgment of the journals staff is 
what matters. Sometimes a maauseript which has won 
praise from a referee will seem toc specialized, too obscure 
or just too long to be published as it stands or even at 
all. The result is that something like a third of all the 
manuscripts eventually published find their way into 
type only after correspondence with the author. The 
careful reading which all new raanuscripts receive also 
makes it possible to predict that a substantial proportion 
of the manuscripts reaching the office will not survive the 
selection process, usually becaus» they are clearly more 
suited for some more specialized cournal or because rapid 
publication does not seem essent.al. There has recently 
been some dismay among contmbutors because Manu- 
scripts picked out in this way ax» returned immediately 
together with a simple form lette suggesting that every- 
body's interest would be best served if the manuscript 
were quickly submitted to another journal, The trouble, 
of course, is that this is tantamourt to an open declaration 
that there is no such thing as a si-gle-valued entity called 
scientific merit which will decide which E N are 
published and which are turned away. Those who find 
themselves caught up with the orocess of selection are 
well aware that in the long rur the reputation of the 
journal rests on the fact that tae job should be done 
intelligently, meticulously and sympathetically 

But who is all this in aid of? s there a balance to be 
struck between the interests of readers and contributors ? 
And how will the balance change in the years ahead ? 
Questions like these are a natura part of the « question. of 
what the scientific literature is for. Experience suggests 
that they are asked with special frequency and insistence 
by scientists who publish papers m the journals and who 





THe phrases below are examples of the kind of writing that attracts editorial attention. 


Their 


common fault is that they use a polysyllable in plaee of “the more usual monosyllable. or two words 


where one would do, without any gain in precision. 


To the left are a selection of suchgphrases. drawn 


from manuscripts recently submitted to Nature; to the right is the edited version, 


As submitted 

Taking a range of evidence into account we 
incline to the view that 

Little information is available 

Effect their solubilization 

We are presently developing techniques to 
carry out à more precise and comprehensive 
study of these systems with the aim of solving 
these problems 

Placed adjacent to 

Reactions having different characteristics were 
observed 

An attempt was made to obtain some informa- 
tion as to how 

The present author 

Presumably attributable to the fact that 

The heart of the » problem of OnE mones 


as amodels 2 are cane formal ropresén tations of 
such theories 


The starting point for this investigation was the 
fact 


Edited version 


On balance we believe that 


Little is known 
Dissolve them 
We are looking into this further 


Put next to 
Different reactions occurred 


We tried to find out how 


I 
Presumably because 


The basis of a model is the theorvit represents 


It is known 
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may, for example, be concerned to see that an article 
is published with great speed. The truth is, however, 
that they are meaningless questions. The scientific 
literature can be no exeeption to the general rule that 
literature is meant for reading. from which 1t follows that, 
if the interests of readers and authors are in conflict, the 
interests of the readers must determine policy. This 
must be especially true of a journal like Nature, which 
thrusts itself on the attention of those who pay for it 
once a week. But in any case, of course, the interests of 
readers and authors usually coincide. If à scientist seeks 
rapid publieation for hia latest manuseript, those working 
in his field—the potential readers—are also likely to be 
more glad than sorry if it appears rapidly in print. Speed, 
fortunately. is something on which almost everybody 
agrees, and it is lucky that there is now in Nature à 
good prospeet of a further reduction of the time between 
the receipt and publieation of a manuscript. Elsewhere. 
the guiding rule is—or should be—that the interests o f 
readers should be paramount. 

What does this imply ? First of all, the increasing speed 
and competence to which Nature looks forward also 
imply an attempt more closely to adhere to the view 
that as much as possible of the journal should command 
general interest among scientists. This does not, of 
course, mean that scholarly papers will not be published, 
or even that reports of specialized researeh will not be 
published; scholarly papers are à part of the bread and 
butter of a journal for intellectuals, while reports of 
specialized research without immediate repercussions out- 
side a narrow field may create echoes elsewhere. And it is, 
of course, important that journals like Nature are among 
the few devices by means of which scientists can learn of 
progress outside the fields in which they themselves work. 
The professional community would be sadly fragmented 
if there were not journals to provide a continuing record 
of important steps in the progress of science. From this 
point of view, it is as important that journals like Nature 
should carry announcements of the discovery of, say. 
pulsating stars as it is that the daily newspapers should 
record assassinations and the fall of governments. 1t 
follows from this that contributors should not be against, 
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but rather pleased, that contributions should be judged 
by the appropriate equivalent of what the daily Journalists 
call “news value". In a nutshell, an act of communication 
must stimulate as well as inform, and the immediacy of 
the implications of what is communicated is bound to play 
an unportant part. 

The form of an article is more important than most 
professional scientists are willing to admit. Authors who 
earn a living by writing, and who are thus persuaded that 
it is à great indulgence on the part of readers to consent 
to read any article from start to finish, must constantly 
be surprised at the assumption by part-time authors that 
the written word is instantly devoured by all who see it. 
The problem is not simply language but the lack of 
conviction that authors must take trouble to help their 
readers understand. Only this ean explain why a great 
many of the covering letters accompanying manuscripts 
for publication are a good deal more interesting than the 
manuscripts themselves. (One author actually agreed 
that his covering letter should be published, not the 
formal text.) Informally, an author is willing to say why 
he has done the experiment he reports or to explain why 
he thinks it important, but his text will often lack any 
hint of these important aids to understanding. Some- 
times authors seem quite genuinely to be over-modest 
about their work, not wishing to seem to suggest that it 
may be important, but this is as unfair to their audience 
as to themselves. Sometimes there are sad hints of the 
opposite fault—a cultivation of obscurity for the sake of 
not giving too much away. And most authors are, of 
course, unpersuaded of the journalistic principle that 
something worth saying must—-almost by definition—be 
worth saving briefly. 

There is no purpose in seeking explicitly to identify 
all these faults and to suggest remedies for them. (In 
the narrow field of English usage, however, the accompany» 
ing table may illustrate what can be done.) In general. if 
is plainly an important part of the function of a journal 
like Nature to help authors—sometimes by coercion—~to 
find easily understood ways of saying what they wish to 
say. The months ahead should provide plenty of oppor- 
tunities for working in that direction. 


The Decay of Cosmos 253 Rocket 


by 
D. G. KING-HELE 
DOREEN M. C. WALKER 


Royal Aircraft Establishment, 
Farnborough, Hampshire 


P. E, L. NEIRINCK 


Radio and Space Research Station, 
Ditton Park, Slough, Buckinghamshire 


Tux first widely observed re-entry of an artificial satellite 
into the atmosphere occurred more than ten years ago, 
when Sputnik 2 met a fiery end over the Caribbean! on 
Since then there have been more than 


had put Cosmos 253 into orbit 7 days before, burnt out 
: i t? = LL Ur 19 Pd. GT yl. PRT 
over southern England at 17 h 57 m UT (18 h 57 m BST). 


On November 20 last year many people observed the decaying 
rocket that had put Cosmos 253 into orbit. 


It is difficult to predict the exact re-entry point of a 
decaying satellite more than an hour or two ahead. and 
regular satellite observers, after many fruitless vigils, have 
learnt to treat decay predictions with scepticism. The 
decay time of Cosmos 253 rocket, however, was correctly 
the British 


to those British observers who are in the Moonwateh 
network, Unfortunately, most of Britain was covered by 
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Track of Cosmos 253 rocket during decay. 


Fig. 1. 
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cloud on the evening of November 20, and most of the 
regular observers, including one of us (D. G. K.), saw 
nothing beeause of cloud. The other two of us were 
watching for the re-entry and observed it, though with 
some interference from cloud. We have analysed these 
observations and eighty-two other reports received at the 
Royal Greenwich Observatory, Herstmonceux, the Radio 
and Space Research Station and the Royal Aircraft. 
Establishment. "These sightings were mostly from south- 
east England, but two reports came from the crews of 
airliners over the English Channel and one from Scotland. 
Unfortunately, most witnesses were so impressed by the 
visual appearance of the object that they failed to note 
its exaet position in the sky, and few of the observations 
can be regarded as accurate to better than + 5°. 

The track of the decaying satellite over Britain, obtained 
from the position of the orbital plane as given in the final 
US Air Force Spacetraek prediction bulletin issued 9 h 
before decay, is shown in Fig. 1. The estimated error in 
the track over southern England is 10 km (SD). Marked 
on the track are times in hours and minutes UT and the 
probable height of the satellite, obtained by fitting to the 
observations various theoretical profiles of height versus 
distance? and choosing the profile that fitted best. The 
estimated error in height is about 5 km (SD). Observa- 
tions aceurate enough to be used in determining the height 
were made from Bromley (D. Rees), Datchet (P. E. L. 
Neirinck), Ottershaw (D. M. C. Walker) and Tonbridge 
(P. Daly). These sites are marked by squares on the map, 
and the azimuths of the useful observations are indicated 
by the broken lines. The sighting from St Andrews was 
helpful in confirming that the satellite was self-luminous 
at latitude 56° N, and the observations with binoculars 
from Margate (A. Fédou) confirmed the final burnout area. 

The striking appearance of the decaying satellite 
inspired a large number of sketches, often beautifully 
drawn in colour. Unfortunately, no photographs are 
available and the drawings differ so greatly among them- 
selves, in both shape and hue, that it would be misleading 
to select any single one of them as representative. The 
differences between the drawings can be partly attributed 
to the changes in the appearance of the satellite in the 
course of its decay, and the different angles from which 
it was being observed. As it crossed the north of England, 
from Lancaster to Nottingham, the object had a bright 
head with a cylindrical tail several degrees long, outlined 
by bright lines at its edges. A few fragments were being 
thrown off from the head, appearing as "balls of light" 
that gradually faded. As the incandescent rocket 
approached the London area, the bright head became 
larger, and greater numbers of fragments broke off, 
streaming behind the head and gradually falling away. 





by 

R. W. CAHN 

B. HARRIS 

Materials Science Division, 


School of Applied Sciences, 
University of Sussex 


ALTHOUGH carbon is not regarded as a conventional 
engineering material in the same way as steel, copper or 
polyethylene, it is nevertheless, in the scope of its useful- 
a more valuable material than almost any other. 


ness, 
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These balls of hght were thrown off upward as well as 
downward, were often as bright as Venus, magnitude — 4, 
and extended over an are of between 10° and 20°. At 


ceased to glow after they had dropped to a height of 
about 30 km. 

Cosmos 253 was launched on November 13, 1968, into 
an orbit with an initial perigee height of 200 km, an 
initial apogee height of 333 km, and an inclination to the 
Equator of 65-47. The satellite was recovered from orbit 
after 5 days. The final stage rocket, the object that 
decayed over England. had a rather similar initial orbit 
and was presumably the usual 65? Cosmos rocket*, about 
6 m long and 2 m in diameter, with a mass of about 
1,500 kg. These rockets usually tumble at a rate of 
about 1 r.p.s. and the visual appearance of the rocket 
during its decay was consistent with the assumption that 
it was still rotating, with pieces being thrown off above 
and below as it lost structural strength through heating. 

Solid lumps of metal have quite often been picked up 
from the ground after the re-entry of previous large 
satellites; for example, one of the pieces of Sputnik 4 
found near Lake Michigan* in September 1962 weighed 
9.5 kg. No reports have yet been received of pieces from 
Cosmos 253 rocket being picked up, and, as shown in 
Fig. 1, surviving fragments probably fell in the sea south 
of Dover, or in northern France. Objects have been 
re-entering the atmosphere from orbit at a rate of about 
one per day in the past year. Most of these pieces are 
small and burn up completely on re-entry, but about 
once a week a large object decays that might shower solid 
fragments into the lower atmosphere. This debris con- 
stitutes a small but not entirely negligible hazard to 
aircraft, and the Volunteer Flight Officer Network? 
already provides warnings to cooperating airlines about 
the times and tracks of decaying satellites that are likely 
to cross their traffic routes. 


! King-Hele, D. G., and Walker, D. M. C., Nature, 188, 426 (1958). 

* Roth, H., The Volunteer Flight Officer Network (in the press). 

* Chapman, D. R., NACA Tech. Note 4276 (1958). 

* King-Hele, D. G., Observing Earth. Satellites, ch. 2 (Macmillan, London, 
1966). 

* Lundquist, C. A.. Smithsonian Astrophys. Obs. Spec, Repa 100 (1902), 


Newer Forms of Carbon and their Uses 


Carbon is an unsung but vital engineering material. 
been manufactured in many different forms to suit various purposes, 
but in recent years, with the development of the nuclear and aero- 
space technologies, it has acquired a high degree of sophistication. 
What follows sets out details of the manufacture and properties of 
these new forms of carbon. 


It has long 


In this article we shall discuss sore fairly recently 
developed forms of carbonaceous material—pyrolytic 
graphite, vitreous carbon, and carbon fibre. But the 
term “newer forms” is at best relative, and it therefore 
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seems reasonable to begin with a survey of the current 
range of uses of the established forms of carbon and 
graphite, excluding diamond'-*. 

Industrial carbons are made either from natural graphite 
or artificially produced cokes, blacks, and so on, which 
are ground, sieved, mixed with binder. compaeted and 
heat-treated. The degree of erystallinity varies with heat- 
treatment temperature, and a well developed graphitic 
structure ean be produced in many carbons by heating 
them above 1,600? C. The density of the product may 
vary between 40 and 95 per cent of the theoretical 
density, and control of porosity is often an important 
requirement for engineering applications. For example, 
a low permeability is necessary for nuclear power uses. 
while & controlled high porosity is required. for certain 
fuel cells. 

Bulk carbon is most widely used for brushes for rotating 
electrical machinery and conductor current collectors. The 
requirements are that the contact should develop a smooth, 
self-lubricating surface, with a low rate of wear of the 
metal component and good contact stability. Graphite 
does this better than copper or steel and, if an exception- 
ally high contact stability is required, porous graphite 
impregnated with silver ean be used. For more critical 
applications, a silver/graphite brush on a silver surface 
gives the lowest contact resistance. An important aspect 
of brush technology is the effect of humidity on brush 
performance: a critical level of atmospheric water vapour 
is necessary for satisfactory running. and rapid brush 
wear ensues if the ambient humidity falls below this 
critical level. This rapid wear is associated with the 
breakdown of an oxide film on the commutator surface 
and artificial humidification has been used to combat. the 
effect, but a more satisfactory solution is to impregnate 
the carbon with film-forming substances. Metal halides 
and phosphates, boron compounds, oils, synthetic resins 
and polymers such as PTFE, have all been used as 
impregnants either for inducing oxide films or lowering 
the friction coefficient and increasing the chemical resist- 
ance and mechanical strength. 

In mechanical engineering, carbon and graphite are 
widely used as bearings and seals. The low friction and 
wear and chemical inertness make it possible to use 
graphite bearings in corrosive liquids and gases, and their 
lubricating properties rernain good at high temperatures. 
Graphite is also used as a seal and its self-lubricating 
quality makes it particularly suitable for bearings where 
ordinary lubricants must be excluded, where the bearings 
may need to run in liquids and solvents, in powder 
conveyors, drying plant, even in automatic washing 
machines. 

Carbon and graphite are used as electrodes, on a small 
scale for spectrographic work, on a larger scale for carbon- 
are welding. and on a mammoth seale in electric are 
furnaces for steel melting. In other fields of metallurgical 
technology, graphite 1s used for such things as hot-pressing 
dies, susceptors in induction furnaces, moulds, and melt- 
ing erucibles, where the ease with which it is machined. 
high thermal conductivity. and low wettability in contaet 
with molten metals are all of primary importance. 

The measurement of temperature above about 1,200* C 
in atmospheres containing carbon, silicon or sulphur is 
troublesome if an optical pyrometer cannot be used. 
Metallic thermocouples are quickly destroyed in these 
conditions, but graphite ean be used in conjunction with 
silicon carbide. or graphite/graphite couples can be made 
by doping to controlled impurity levels. The disadvantages 
of such thermocouples are that they are brittle, bulky and 
need individual calibration. But the e.m.f. of a graphite/ 
graphite couple is higher than that of a platinum/ 
platinum-13 per cent rhodium couple. and a SiC/graphite 
combination is better than either. Graphite/graphite 
eouples may last for more than 100 h in a carbonaceous 
atmosphere at 2,000? C. 

Traditionally carbon is used as very finely divided 
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sarbon blacks i in electrical dry cels, printing mks, paints 
e paper, as “molecular sieves” for absorbing gases, and 

a filler for elastomers. Some 95 per cent of all blacks 
are consumed by the rubber industry, and 90 per cent of 
that total finds its way into tyres As a filler for rubber, 
the carbon exists as colloidal parti:les with a large specific 
surface area and with a more or less active surface because 
of the presence of residual funetional groups on the 
particles. Electron spin resonane- shows the presence of 
unpaired spins (10!? to 10°°/g) seme of which are con- 
sidered to have access to the surface, perhaps through 
resonance inside the aromatie rimg system. The surface 
activity and the reinforcing abili y. of the black depend 
very much on the precursor material and on the heat- 
treatment. For example, grapkitization of the black 
particles considerably reduces their ability to reinforce. 
These roughly spherical particles, which may be 5-500 um 
in diameter and contain erystall tes of 15-20 A in size, 
are compounded ecolloidally with rubbers in loadings of 
up to 20 or 30 volume per cent They are mixed in- 
timately with the polymer before curing. and they give 
inereased hardness, strength and elastic modulus and a 
reduced ductility. These changes-are strongly dependent 
on the size of ‘particles, being greater the smaller the 
particle. The most natural explenation of the stiffening 
of polymers by carbon blacks is that the polymer chains 
bond directly to the active surfaces of the particles, which 
therefore act as cross-links in the slastomer. Some recent 
eleetron spin resonance studies support this and, indeed, 
enable a correlation to be made between reinforcement 
parameters and concentration c^ free radicals at the 
particle interfaces. But an additio sal source of strengthen- 
ing arises from Van der Waals/London type attractions 
between separate black particles which lead to the forma- 
tion of a carbon network. Ths is possibly the only 
explanation for the high shear moculus observed in carbon 
black/oil mixtures. 

Silicone rubber reinforced with sarbon black instead of 
the usual silica filler has recen ly been developed by 
the Nobel Division of ICI to »roduce an electrically 
eondueting rubber. The problem encountered in earlier 
attempts was that isoprene rubbers react with carbon 
black, and the resultant materia. was not reproducible. 
Silicone rubber does not do this (aad is more temperature- 
resistant), but it was at first impessible to “cure” (eross- 
link) in the presence of carbon, be«ause the carbon surface 
adsorbed the chemical added as «uring agent. This was 
overcome by incorporating a platiaum catalyst to achieve 
CTOSS- linking in the absence of a curing agent. The 
carbon black forms a conductin network (presumably 
because of attractive forces between the particles) but, as 
the rubber heats, the resistivity cf the network increases 
because of the thermal expansior of the matrix and the 
network. This new material, which can be used for 
domestic heating. has overeome fhe serious drawback of 

earlier earbon-reinforeed isoprene., which had a negative 
temperature coefficient of resistiv zv (no doubt associated 
with a negative thermal exparsion coefficient of the 
isoprene). 

Graphite for use as a nucleer moderator or (more 
recently) as a container for nuclear fuels needs to have a 
low, precisely controlled porosity. F disenss this later 
in the section on nuclear graphites. 

Control of pore size so as to aeaieve a high porosity is 
necessary for the production of porous carbon electrodes 
for fuel cells. Typically. oxygen ie forced through one side 
of a porous carbon electrode. waile hydrogen is forced 
through one side of another. The space between is filled 
with an alkaline electrolyte such ss potassium hydroxide, 
and the porous carbon provides a segion of maximum area 
of contact between the eleetrod:s, the electrolyte, the 
gaseous fuel, and the platinum or : »alladium catalyst with 
which the carbon is impregnated. Carbon is an excellent 
material for low temperature hydrogen/oxygen cells for 
several reasons. It is easily shap<-d into plates or tubes: 
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it is chemically stable; its pore size can be closely con- 
trolled; catalysts ean be easily applied; it has a high 
strength/density ratio, so that the thin sections required 
can be handled without damage; and it is, of course, 
eleetrically conducting. 

In modern rocketry, there is à need for a nozzle material 
that ean withstand the extremely high temperatures of 
exhaust gases. The two most natural candidates are 
graphite and tungsten, and, in view of the high density of 
the latter, graphite looks the more attraetive of the two. 
In solid propellant rockets the nature of the pressure/ 
burning rate characteristic of the fuel makes it vital, with 
nozzle throats only a few inches in diameter, that erosion 
be kept to a minimum. Graphite suitable for this purpose 
is preferably of a high density, obtained by impregnating 
with a carbonaceous material and then pyrolysing. which 
also inereases the strength of the graphite and inhibits 
tearing out of small grains by the high velocity gas stream. 
The ideal form of graphite is, in fact, pyrolytic graphite, 
which has a high degree of erystalline orientation: this 
important new form of carbon is discussed separately later. 
Refs. 1-9 provide further information relating to these 
introductory remarks. 


Nuclear Graphites 

The British nuclear programme has for many years 
depended on Pile Grade A graphite. When this material, 
a petroleum product, was first developed more than 20 
years ago, it was for its time a remarkable achievement : 
it Was necessary to maintain impurities at an exceedingly 
low level so as to avoid unacceptable neutron absorption. 
Today, there are dozens of grades of nuclear graphite, 
differing primarily in pore distribution, and the prepara- 
tion of these materials, together with an understanding of 
their resistance to neutron irradiation, their gas perme- 
ability*, oxidation, strength, elastic behaviour and thermal 
conductivity, has become a discipline in its own right. 

Nightingale's book’ is the standard reference, but in a 
number of respects it is already substantially out of date. 
More up-to-date accounts of irradiation damage in 
graphite, elastic behaviour, thermal conductivity, and the 
oxidation behaviour of various graphites have been pub- 
lished!!2, The specific use of pyrolytic graphite in 
nuclear technology formed the subjeet of a symposium!? 
and more recently has been reviewed by Goeddel'*. The 
complex subject of the elastic behaviour of graphite and 
its modification by irradiation has most recently been 
diseussed by Goggin and Reynolds". and the complica- 
tions of predicting the effects of radiation damage in 
graphite by widely varying distributions of neutron 
energies (as found in different reactor systems) have been 
described by Thompson and Wright!*. 

When moderator graphite is irradiated, atoms are 
knocked out of their lattice sites and become lodged in 
interstitial sites. Because of the anisotropic sheet struc- 
ture of graphite, the formation of interstitials causes the 
individual erystallites to elongate in the c direction and 
contract in the a direction, and if (as is usual) there is 
preferred orientation of the graphite crystallites, then the 
macroscopic form of a graphite block will be altered. 
Moreover, the thermal conductivity is severely reduced, 
and ultimately a great deal of potential energy is stored 
in the form of elastie strain energy in the regions around 
the interstitial atoms: this, the “Wigner energy , may 
suddenlv be released if the graphite is overheated, with 
eatastrophie results. All these undesirable changes are 
gradually reduced as the designed service temperature of 
the graphite rises (as it has steadily done during the past 
two decades), because self-healing, that is, the return of 
interstitial earbon atoms to lattice sites, takes place faster 


* It is noteworthy that there is a close connexion between permeability 
and porosity (which in turn relate to specitic surface area) and rate of oxida- 
tion. Pure vitreous carbon, which has zero porosity, oxidizes about a hundred 
times more slowly in air than the best grade of graphite, at a given tempera- 
ture. Moreover, a porous graphite becomes more porous once it starts to 
oxidize, so that the rate of oxidation progressively accelerates, 
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at higher temperatures, Above about 8007 C self-healing 
becomes progressively less effective, however, and for 
irradiation at high temperatures--above about 1,0007 C — 
distortion for a given neutron dose rapidly inereases with 
rising temperature, especially for pyrolytic graphites'’. 
This may be a serious problem for future high-ternperature 
reactors of the Dragon type. 

If the stored energy'®!* is so large that the amount 
released during heating 1 g of graphite from temperature 
T to T+ AT is larger than is needed to heat the gram 
through MT, then runaway energy release results, a part 
of the reactor overheats and fission products are released, 
as in the notorious Windscale accident some years ago. 
Following this accident, a substantial research effort was 
mounted and methods were developed to release Wigner 
energy at intervals during the operation of a reactor 
before it builds up to a dangerous level. 

During the past few vears, apart from particle-coating 
technology? 4.28, the most active field of development has 
been in the control of graphite porosity. This has arisen 
largely because of growing interest in high-temperature 
reactor systems; Dragon, developed im Britain as an 
international project under OECD, is the best known. 
When this project began about 10 years ago, the basic 
plan was to contain small spherulites of uranium carbide 
fuel in an exeecdingly unpermeable graphite, whieh should 
serve simultaneously as moderator and container, proof 
against the egress of fission products. An elaborate re- 
search programme was initiated to find methods of pro- 
ducing fine-pored graphites and impregnating them with 
chemical vapours which were then pyrolvsed into soot to 
block the pores. The early stages of these efforts are 
readably described by Godwin et a£.?, and the lumitations 
of impregnation technology are clearly explained. At 
that time a symposium??? was held to discuss possible 
graphites for Dragon which conveys a clear idea of the 
scale of the research effort. Ordinary Pile Grade A 
graphite has a permeability K (in m? s) of 8x 10^, 
improved to 4x 10-7? by impregnation. The best conven- 
tional graphite then available, HX12 (as distinct from 
pyrolytie graphite. which cannot be made in large blocks). 
gave A 4x10 before impregnation and A «4x 107" 
afterwardst. This is by no means low enough to retain 
fission products adequately. Furthermore. it was found 
that good dimensional stability under irradiation was not 
compatible with ultra-low permeabihty™. 

The design philosophy was then changed. A pyrolytic 
graphite coating was to be produced on each fuel particle??, 
with K of the order of 10-14 m? s74, so as to retain fission 
products in each "*eapsule", and these were to be fabricated 
into a conventional graphite of moderate permeability. 
Part of the stream of helium coolant was to be flushed 
through this porous outer cladding so as to drive any 
escaping fission products baek into the hollow fuel 
assembly, and then out by a separate purge stream for 
separation of the fission products. To achieve this, a 
two-pronged attack was needed: first, the theoretical 
problem of back-diffusion of gaseous and solid fission 
produets through and along the surface of the graphite 
pores, in the presence of a counter-flow of purge gas, had 
to be solved (see, for instance, Hewitt et a1.?*7*). It turned 
out?! that it was better, for this purpose, to make graphite 
with a small number of comparatively large pores than 
with a large number of small pores-—a drastic departure 
from the initial design philosophy ! It then became neces- 
Soot 


from another form of scrap graphite and bonding it with 
pitch in an elaborate thermal cycle, to produce the right 


+ By way of contrast, a typical helium permeability for vitreous carbon 
« 2-5 x 10-7 m* st, 
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pore distribution. This material, graphite H X30, is the 
most precisely eontrolled form of nuclear graphite vet 
made, and is the basis, together with the pyrolytically 
coated uranium carbide nodules, of the present design of 
Dragon, which is itself the precursor of a family of high- 
temperature, gas-cooled power reactors of the near future. 


Pyrolytic Graphite 

In the narrow etymological sense, all forms of carbon 
are pyrolytie, that is, generated by reactions at high 
temperatures. In practice, the term refers only to a form 
of carbon produced by causing a gaseous hydrocarbon 
(usually mixed with an inert carrier gas) to flow past a 
heated substrate, on or near which it decomposes, deposit- 
ing carbon. This simple definition encompasses an extra- 
ordinary range of decomposition products rivalling in 
variety and complexity the structures of carbon steel. 
Virtually all the developments in this field have been 
concentrated in the past decade, under the twin stimuli 


of rocketry and nuclear reactor technology, and most of 


the work has been done in the United States. The very 
large body of work done in the past few years has been 
ably reviewed by Bokros?’. 

Pyrolytie "graphite" (it is not really graphite at all and 
should properly be called ‘pyrolytic carbon") is a turbo- 
stratic material, using the terminology introduced by 
Biscoe and Warren?*.. Fig. 1 shows the essential difference 
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“Vitreous” carbon (see next secion) is essentially struc- 
turally similar to microcrystalline, strictly isotropic pyro- 
lytic graphite, with Le about 50:A, but it is made by an 
entirely different method; it abso differs from pyrolytic 
graphite in being entirely non-porous. As always with 
glasses, it is impossible to drew a clear dividing line 
between a genuine amorphous s ructure and an extreme 
microcrystalline structure. In certain conditions Le may 
be 100 A or more, and the maserial is then said to be 
granular in structure (if it is neasiy isotropic) or columnar 
Gf anisotropic). 

Apart from these cerystallograohie variables, pyrolytic 
graphites also differ in porositr, and it is therefore à 
problem to characterize the meterial satisfactorily. — ft 
is usual to combine X-ray difsraction methods of de- 
termining crystallite size and degree of preferred orienta- 
tion with polarized light microse«py to define category of 
mierostrueture?* and the deterremation of density and 
mechanical properties. For some purposes measurements 
of thermal expansion and conductivity are necessary as 
well and electron microscope stud 2s are now being made**. 

There are two distinct ways of depositing pyrolytic 
graphite on a substrate. In one, the gas is passed over a 
large heated object which is to be coated. In the second, 
more easily controllable and preferable technique, small 
particles of substrate are levitated in a hot zone by the 
flowing gas itself, so making a fluidized bed within which 





Fig. 1, Structures of crystalline graphite (left) and turbostratic carbon (right). Schematic, 


between a normal graphite crystal (left) and turbostratic 
"graphite" (right). The latter consists of crystallites, each 
eomposed of a family of imperfect, hexagonally bonded 
parbon sheets which are parallel but not necessarily in 
stacking registry with each other; the normal to the planes 
in a crystallite is still denoted as a c axis. The c spacing 
between adjacent planes is larger than in normal graphite. 
Adjacent erystallites will, in general, have quite dif. 
ferently orientated ¢ axes. If they are arranged entirely 
at random, the material is termed isotropic; if they are 
within a few degrees of parallelism, the material is termed 
laminar. Another important variable is the erystallite 
dimension Le (Fig. 1). 
satisfactorily with X.ray data, and is often ignored.) 
Usually, in pyrolytic graphite, Le is in the range 30-100 Å. 


there is excellent heat transfer, Toe two can be combined 


tion in the carrier gas and its pressure; the temperature 
of pyrolysis (in the range 900°-2,200° (0; the contact 
time, which is related to gas flow -ate; and the geometry 
—specifieally, the ratio of surfaee area of substrate to 


"s. 


ized material?: titanium is addec during deposition, and 
and 
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Table P. OUTLINE OF 


Micro- 
structure Deposited when 
Laminar Planar complexes form in the gas and then 
deposit hard and strong 
Isotropic Gas is supersaturated, carbon complexes Low or zero anisotropy, 
form in gas phase and drift on fo deposit 
Granular or Conditions favouring orderly crystal growth Moderate to low anisotropy, 
cobiminar (single carbon atoms deposit? large B 
gradually grow at the expense of the turbostratic 


maternal”. 

The structure of the pyrolytic deposit and its coneomit- 
ant properties are determined primarily by the relative 
importance of (a) direct deposition of individual carbon 
atoms, or (>) deposition of small fragments of single sheets 
of carbon atoms, or (c) deposition. of three- dimensional 
particles formed by extensive polymerization of carbon in 
the gas phase above the substrate. Preponderance of the 
first favours dense granular or columnar deposits, while 
the second favours highly anisotropie laminar structures, 
and the last favours isotropic deposits. Table 1 (based, 
with additions, on a table published by Bokros?) sum- 
marizes the relation between pyrolysis conditions and 
deposit structure. 

The mechanical properties are sensitive to conditions of 
preparation; an important structural variable here 
appears to be eross-hinking between the sheets, which is 
apt to be reduced by annealing. In general, small crystal- 
lite size makes for high hardness, as in vitreous carbon. 
Pyrolytic graphite resernbles normal graphite in that the 
strength increases rapidly at temperatures above 2,000° C; 
moreover, this is accompanied by an increase in ductility. 
to values as high as 30 per cent. Recent studies** have 
been concerned with the mechanism of plastie deformation 
at high temperature. An unpublished model due to 
Gy, M. Jenkins involves conservative and non-conservative 
motion of screw dislocations parallel to the e axis which 
results in essentially two-dimensional distortion of carbon 
sheets. The mechanism isdistinet fromthe more familiar mo- 
tion of basal plane dislocations in well crystallized graphite. 

Anneahng of pyrolytic graphite after deposition is of 
interest for a second reason. Natural graphite single 
crystals are small and methods of growing artificial ones 
are only now beginning to be developed (see final seetion). 
Ubbelohde and his eollaborators?*?* have found that the 
turbostratic structure of laminar pyrolytic graphite can 
be made somewhat more ordered by hot- -pressing, but ean 
be highly ordered (c axis misorientations as small as 2°) 
by annealing at about 3,000? C under a shear stress, and 
then annealing at still higher temperature. Gillin and 
Kelly”? have examined the early stages of this process by 
eleetron microscopy. This treatment, termed stress- 
recrystallization, needs to be carefully controlled, other- 
wise there can be explosive release of internal stress and 
the material then shatters into small fragments?*. Properly 
treated pyrolytic graphite becomes entirely non-porous 
and ordered in the sense that ervstallites grow and become 
more parallel and the layers achieve better registry. 

Ubbelohde?? has recently reviewed aspects of the aniso- 
tropy of various physical properties of laminar pyrolvtie 
graphite. The application of this material for rocket 
nozzles and nose-cones is well established because it 
makes possible, simultaneously, good distribution of heat. 
in the coating and good msulation of heat from the less 
refractory substrate. Ubbelohde points out that with 
stress-reerystallization anisotropy ratios in thermal con- 
ductivity of over 200 can be achieved, and this opens the 
way for the manufacture of composite crucibles or induc- 
tion susceptors which would allow temperature gradients 
of 300^ C/mm across the thickness while permitting uni- 
form temperatur es inside the erucible. 

Other recent applications of pyrolytic graphite depend 

* Alloying of carbon is in its infancy, and much remains to be investigated. 
It is indeed remarkable that the great variety of properties of present-day 


earbons haa been achieved virtually by means of variations on the atrueture 
of the pure element. 


CONDITIONS FAVOURING VARIOUS 
Typical properties 
High anisotropy, medium density, small A. 
density, small D, hard ‘and strong 


. softer and weaker 
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TYPES OF PYROLYTIC GRAPHITE. DEPOSITS 


Favoured by 
Low T, medium to high hydrocarbon partial 
pressure, large substrate surface area 
Low to medium 7, high hydrocarbon partial 
pressure, small surface ares 
High T, low hydrocarbon partial pressure, 
small surface area 


low to mediun: 


high density. 


on its excellent wear characteristics, whieh can be ex 
ploited at high temperatures if the graphite is alloved*; 
another is its use for surgical implants which can be used 
safely in contaet with body fluids?*. 

Potentially, however, the most important applieation 
of pyrolytic graphite is the production of dispersed nuclear 
fuels13.11.222?49,. "he advantage of coated uranium carbide 
fuel m the design philosophy of the Dragon reactor has 
been mentioned in the preceding section. Fig. 2 shows a 
typical fuel cross-section. The central idea is to coat 
carbide spheres in a fluidized bed with a succession of 
layers, of which the innermost is soft and highly porous*® 
and can accommodate fission products, especially gaseous 
ones, and protects the next layer from fission fragment 
recoils. There may next be an interlaver of dense pyrolytic 
silicon carbide?*, and there is an outer coating of highly 
dense, isotropic pyrolytic graphite. As Table | shows, 
this 1s not easy to make and requires very careful eontrol 
of conditions. This layer is strong; it prevents passage of 
fission products because it is non-porous, and the isotropic 
characteristies prevent serious distortion on irradiation. 
The precise design for the best characteristies of the outer 
layer is in fact à most complicated balancing of several 
eonsiderations??: 3, [f£ the laver is at all porous, n shrinks 








mmm mme mnm A Li = INCHES y Se Ree we RA 
[-— I —REICIOW PEG x1 30d 4 
Fig. 2. Uranium dioxide fuel particles, coated with two layers of 


pyrolytic carbon, the inner anisotropic, the outer isotropie, Polarized 


light, x 150. (After Gray and Catheart*.) 
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under irradiation (except at very high doses), because 
point defects generated by irradiation catalyse removal of 
pores; but it also expands macroscopically, if at all 
anisotropic, because of interstitial atoms lodged between 
carbon sheets. The matter is further complicated by the 
fact that the anisotropy itself is modified by irradiation. 
By carefully choosing the initial density and a slight 
anisotropy so as to balance the two effects, absence of 
distortion under irradiation can be achieved and retention 
of fission produets is then excellent. 


Vitreous Carbon 

When organic substances are pyrolysed, the resulting 
chars are usually heat-treated to convert the earbon to 
graphite. Some carbons, however, are much more resistant 
to graphitization than others, and they retain a non- 
erystalline structure even after treatments at temperatures 
above 2,000" C. For example, piteh, petroleum cokes 
and pyrolysed polyvinyl chloride all develop crystallites 
several hundred A in size on heating to 2,000° C, 
but carbons obtained from polyfurfuryl alcohol and 
phenol-formaldehyde do not form large crystallites even 
at 3,000" C. These so-called non-graphitizing carbons are 
obtained from polymers which have some degree of eross- 
linking, and it is believed to be the presence of these 
eross-linkages that inhibits the reorientation of the 
graphitic nuclei into crystallites during subsequent heat- 
treatments. By pyrolysing these polymers in closely 
eontrolled conditions, glassy or vitreous carbon is pro- 
dueed**, Some information on production methods can 
be gleaned from experimental papers and patent specifica- 
tions. For example, Higgins and Antill*? prepared samples 
by curing à phenol-formaldehyde liquid resin at 90° C 
followed by controlled heating to 1,600° C in argon. X-ray 
diffraction studies showed that the resulting material 
consisted of random graphite crystallites, of the order of 
40 À across, which were not significantly altered by 
subsequent heat-treatment at 2,7007 C for 30 min in 
argon. Lewis‘! produced vitreous carbon by pyrolysing 
high-purity phenol-formaldehyde and heating to 1.800? C. 
Yamada et al. discuss the properties of vitreous carbon, 
and although they are not specific about the precursor 
polymer they show that the effect of heat-treatment 
temperature is to produce a maximum in Young’s modulus 
at about 1,800° C. This is said by Cowlard and Lewis** 
to be the optimum limiting heat-treatment temperature 
for the preparation of material useful for a variety of 
purposes. | 

Vitreous carbon has some properties which are strikingly 
different from those of conventional graphites and carbons. 
X-ray diffraetion patterns from this material are very 
diffuse and the erystallite size, estimated from line- 
broadening, is about 50 À, compared with many hundreds 
of A for a typical electrode graphite. Similarly, the 
e spacing is about 3-5 A, compared with 3-35 A for properly 


Table 2, 
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erystallized graphite. Some of the properties of this form 
of carbon are given in Table 2. The density is low, and 
yet this is not a result of high porosity, for the permeability 
is much lower than that of anv other form of graphite. 


degree of anisotropy of that meterial. The material has 
approximately the same hardness as ordinary glass, and, 
like glass, is extremely brittle. it is interesting that pure 
carbon, according to its structure, may be the hardest 
substance known (eovalently bcund diamond), hard and 
brittle (like any mieroerystalline or vitreous material) or 
so soft as to be used as a lubricant or for easily ghding 
pencils (colloidal crystalline graphite). 

Because of its low porosity and permeability, vitreous 
earbon is more inert than graphite to a wide range of 
environments, including air. steam, carbon dioxide, fused 
salts, acids, interlamellar compound-formers (such as 
chlorine and bromine) and moiten metals (other than 
alkalis). Alkali metals attack all forms of carbon 
vigorously, because of the formation of intercalation com- 
pounds (see later) and vitreous. carbon is no exception 
here; potassium vapour causes 1. to shatter’. 

These properties suggest what raight be the most success- 
ful applications of glassy carbor. Its extreme chemical 
inertness, together with its umpermeability. make it a 
most useful material for chemicallaboratory "glass" ware, 
erucibles, and other vessels. It sas considerable advant- 
ages over metallic containers in £usions and where strong 
acids are used. It has advantages over glass and silicea 
where contact with alkalis and hydroflueric acid is 
required. Its properties also fit it.for work in the prepara- 
tion of high-purity materials for solid state applications — 
semi-conduetors and laser matemals, for example*. In 
vacuum work, the ease with which this non-porous carbon 
can be outgassed makes it particularly suitable both for 
melting-boats and for induetion-heating suseeptors. Its 
suitability as a boat material is turther enhanced by the 
fact that it is not wetted by æ wide range of metals, 
ineluding aluminium, silver, copper, precious metals and 
many others. The erosion resistance of vitreous carbon is 
much better than that of other grephites, and the material 
could also serve more than adequstely for steam, fuel and 
rocket. nozzles. It is valuable for carbon track potentio- 
metric equipment, and although the same features would 
make the material ideal for mos: electrical brushes, the 
present high cost of the carbon rules this out for all except 
specialized applications. The expansion coefficient of 
vitreous carbon 1s so close to that of some borosilicate 
glasses that satisfactory carbomglass tube joints and 
carbon/glass seals have been mace of it. In view of its 
structural similarity to isotropic pyrolytic “graphite”, 
vitreous carbon may be expected to have applications 
for surgical implants. 


SOME PROPERTIES OF CARBONS AND GRAPHITES 


Electrode Nuclear graphite l Vitreous Carbon 
graphite (Pile Grade A) Pyrolytic graphite earbion fibre Graphite whiskers 

Density 1:43-1:55 1:7 1*3 after beat-treatment 1:47-1:5 1-20 — ; 
(10* kg m-?) at 1,600? C to 2-1 

Permeability 2x10 Sx 10°° (before impreg- Range of values to e iS sx Het? — 

(m? gi) nation) to 4 x 107 - 102* minimum 
(after) 
Special grade: 4 x 10° 
( before impregnation) 
to 4 x 10-1? (after) 

Electrical resistivity 1 2-4 150-250 3-8 3 0-06 to (-Os (0-04 § basal 
at 20°C —— plane for single crys- 
(10^* ohm m} tals) 

Young's modulus 0-4 r3 3 3 23-41 100 
(10* N/mm?) ; € 

Tensile strength 8 10 (average) 95(qM — 5 1:5 x HP ie 234 108 
(N/mm?) 4 (e) 3.0 x 105 

Compressive strength 20 42 (average) 1600 (a) FO te ^ — 

ON mm?) 480 (e) 

Bend strength 7 (with grain) 40 (with grain) 160 (a) 70-210 wm 

ON /mm?) LL 


*a= Parallel with basal planes; e= perpendicular to basal planes; 1 N/mm*142 pounds;inch* 0-102 kg/mm', 


vag 


Apart from the high cost of this material, there is at 
present a limitation on the size and shape of articles that 
'an be made from it. Unlike other carbons and graphites, 
vitreous carbon cannot yet be made in sections thicker 
than about 8 mm. This is because conventional polymer- 
forming techniques are used to make the starting-shapes 
and the formed piece must subsequently be heat-treated 
so as to avoid disruption by the evolving gaseous products. 
Some machining of the vitreous carbon itself can be 
carried out, but this necessitates the use of diamond- 
grinding or ultrasonic techniques. 


Whiskers and Fibres 


Apart from the fact that the strength and elastic 
moduli of graphitic carbons rise with increasing tempera- 
turet, there is nothing remarkable about the actual 
values of these properties from the engineering viewpoint 
in the forms of carbon that we have discussed so far. A 


far from realizing the full potential of our material. Two 
instances of work designed to make better use of this 
latent strength are the recent developments of graphite 
whiskers and earbon fibres. 

Single erystal metal whiskers have been grown in which 
there are no mobile disloeations, and these whiskers, 
whieh are a few mierons in diameter, have strengths 
approaching the theoretical shear strength of the lattice, 
of order G/30. Graphitic whiskers have been produced? 
by forming a d.e. are between carbon electrodes in an 
inert gas at pressures of about 90 atmospheres. As the 
positive electrode is consumed, vapour is deposited in the 
form of a nodule which, when broken open, is found to 
contain a erop of whiskers a few microns in diamcter and 
with lengths up to 3 em. These apparently consist of 
graphite sheets several hundred A thick which are rolled 
into a tight scroll, rather like a jam roll. When such a 
whisker is stretched, the tensile force acts in the basal 
planes and because there are no free edges to facilitate a 
tearing failure the whiskers exhibit breaking strengths of 
the order of 2 x 104 N/mm, which is now much closer to 
the theoretical strength of the carbon-carbon bond. The 
elastic modulus of the whisker is now closely related to the 
elastic restoring force of the C-—C bond, and is found to 
be of order 10° N/mm?-—two orders of magnitude greater 
than that of pyrolytic graphite. This value is indeed 
greater than Mark's calculated modulus for the C—C 
bond which was based on a series combination of two 
mechanisms, one of which involves increasing the valence 
distances and the other increasing the valence angles. 
But it is almost identical with his estimate for the first 
mechanism operating alone. 

An alternative approach is to consider the carbonaceous 
product of the pyrolysis of polymeric fibres. We have 
seen that a bulk polymeric material in which there is some 
cross-linking can be pyrolysed to give vitreous carbon. 
But polymers such as nylon and polyacrylonitrile, which 
are crystalline, linear polymers, are used in the textile 
industry as cold-drawn fibres. The drawing process aligns 
the molecular chains and a considerable amount of erystal- 
linity is induced when the chains are so closely packed. 
When we stretch such a fibre we no longer have to begin 
by uncoiling the molecules, but are right away attacking 
the C—C bonds themselves. Drawn nylon is in fact 
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stronger, on a strength/density basis, than cold-drawn 
steel, and various estimates and measurements of Young's 
modulus for polymer fibres give values of about 10° 
N mum? (refs. 53 and 54). In a naive way we might suppose, 
then, that by stripping away the side chains from the 
polymer backbone we would be left with fibres containing 
nothing but rows of earbon atoms and an elastic modulus 
of this order of magnitude. 

The real process is much more complex. It has been 
deseribed by Tang and Bacon?? and by Badami et af.?*. 
For example, rayon fibres are pyrolysed in the absence of 
air or moisture in a reducing or inert atmosphere which 
may contain a catalyst, such as a vaporized iron com- 
pound. Two competing reactions oceur simultaneously. 
Chain seission of the macromolecule vields volatile carbon 
sompounds and chain condensation forms carbon-like 
residues. As the precursor fibre (which may have been pre- 
oxidized at a low temperature) is heated, it shrinks, 
undergoes additional cross-linking and thermally de- 
composes at 150^-200? C.  Oecluded gases and water 
vapour are driven off, and subsequent degradation involves 
chain condensation reactions in whieh ehain bonds are 
broken and re-formed before rupture of main ehain bonds. 
In the pyrolysis of rayon, laevoglucosan is formed! as an 
intermediate product. Further heating produces a car- 
bonaceous char and volatile tars. Unsaturated eyclie 
compounds and polynuclear hydrocarbons may be formed, 
and serve as precursors for the formation of graphite 
erystallites. The tars decompose to give additional 
polymer earbon and a variety of gaseous products. Cross- 
linking unites the crystallites into a randomly oriented 
mass. Additional thermal treatments of these carbon fibres 
at up to 3,000° C are necessary if a highly graphitic struc- 
ture is required. The process of pyrolysis is given by 
Schmidt?? as 


(CH O05 )n aia (Css H so) ud (C.H) 
“rayon | "earbon" "graphite" 


Virtually all the hydrogen and oxygen atoms are cleared 
away, and a earbon content of 99 per cent or more Is 
obtained. 

"arbon fibres obtained by pyrolysing textiles like cel- 
lulose have, of course, been known for many years. 
beginning with Edison, who made lamp filaments from 
cotton. Large tonnages of carbon fibre cloth, felt and 
yarn have long been produced by the carbon companies 
for a variety of uses. But these fibres were, in general, 
only ten to twenty times stronger than bulk graphites*?*. 
Normally such fibres have very little preferred orientation, 
although high-temperature annealing ean inerease this’. 

Continuing along these lines, several groups of workers 
have improved the pyrolysis process with startling results. 
The recent patent disclosure by Johnson ef al.* of RAE. 
Farnborough, shows that by applying tension to the fibres 
during pyrolysis, so that normal shrinkage is inhibited, 
carbon fibres can be produced with strengths, depending 
on the exact heat-treatment procedure, of order 2 x 10° to 
3x 10? N/mm2, and elastic moduli of 2:5 x 10° to 4-0 x 105 
N/mm?*. Polyaerylonitrile-based textile fibres are used 
as the starting material in this process. There are at 
present available two forms of the RAE fibre. whieh have 
either the high modulus and low strength or the lower 
modulus and high strength. As Table 3 shows, the specific 
properties of these fibres are now well in excess of those of 
high strength steel and glass fibre. "The fibres are poly- 
crystalline, consisting of small. turbostratic crystallites 
about 50 A in diameter. The basal planes have a preferred 
orientation parallel with the fibre axis with a spread of 
about +10°. It is the control of this orientation that is 
vital to the preparation of high strength/high modulus 
fibres. Structural studies*^*? indicate that the fibres 
contain long primary units, parallel to the fibre axis, 
which are bonded together to form a stretched network 

* The elastie behaviour of these fibres is non-Hookean at low stresses; 


this feature appears to be conneeted with stress-induced ehanges in the 
preferred orientation function’. 
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Table 3. SPECIFIC PROPERTIES OF FILAMENTARY MATERIALS 


Young’ s modulus Sur eng h 
Density De Si 
(iO m) (105 m) 
Steel 27 0-36-0-53 
Boron . 145-159 0-9 
RAE type I carbon fibre lisS-217 0.8 -1.0 
RAE type Uf carbon fibre 05-114 0-06-1-14 
S-glass (as drawn) 3o i-94 


of branched fibrils. The external appearanee of the fibre 
is shown in Fig. 3, which is a Stereoscan photograph of a 
fracture surface in polyester reinforced with carbon fibre. 
The most recent addition to the range of carbon fibres 
is deseribed by Yamada and Yamamoto“, They produced 
glassy carbon fibres 8 to 14 um in diameter by pyrolysing 
fibres spun from liquid phenol-formaldehyde or furfuryl 
alcohol mixtures with added “hardeners”. The fibres 
were carbonized at 1,000° C, and exhibited Young's 
moduli and tensile strengths. of up to 2-1 x 10° and 2-1 x 10? 
N/mm? respectively. Glassy carbon fibres are also being 
produced from ‘Saran’. a commercial copolymer of poly- 
vinylidene chloride and polyvinyl chloride. 

Commercial utilization of these whiskers and fibres will 
clearly be related to the facility with which large quantities 
can be produced. On this basis we cannot therefore sup- 
pose, at present. that whiskers can be commercially 
exploited. But the production of fibres has already 
progressed from the experimental stage. through batch 
production, to the manufacture of continuous fibre and 
yarn, and this is offered commercially by Morganite 
Carbon Ltd and by Courtaulds Ltd. Rolls- Royee at 
present manufacture its own supply. and the Atomie 
Energy Research Establishment at Harwell is also active 
in the field, 
manufacturing very long continuous fibres.) Because the 
most satisfactory way of using their high strength is to 
incorporate the fibres in plastic matrices to form com- 
posites, a continuous fibre will clearly be of the utmost 
importance in the production of filament-wound vessels. 

The most significant use, so far. of carbon-fibre laminates 
is in the manufacture of high- strength, low-density com- 
ponents for aerospace applications. As a particular 
example, gas-turbine compressor blades consisting of re- 
inforced epoxy or aromatic polyimide resins*? are being 
experimented with for lift engines in which. particularly, 
à low-density product is needed because the engine 
becomes merely dead-load once the vertical take-off period 





Fig. à. 


Scanning electron micrograph of fraetured carbon fibre em- 
bedded in polyester resin. ¢ « 6,100.) 


(Harwell, too, has developed a technique of 
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and 
s his 


blades are several feet. sd 


is accomplished. These | 
be ue er for 


carbon-fibre laminates are conside: maby 
purpose than glass-fibre laminates 
six times less rigid. In the Rolls Reve ce ‘R B 211 ihe shaft 
turbofan, carbon- fibre laminatessre used for the fan blades 
and also for the fan casing and parts of the intermediate 
compressor**. Other applic: ations of earbon-fibre-reinforced 
plasties stem from the much me r thermal and electrical 
conductivities of the fibre compared with those of the 
resin. High strength laminates ean thus be made electric- 
ally conducting. They are also considerably better under 
fatigue conditions than unreiniorced or glass-remforced 
plastics because of the ability of the to dissipate 
heat. Furthermore, the lubriating properties of the 
graphite make almost all carbon-fibre-remforced plastics 
as good as polytetrafluorethylene in low-friction/low wear 
appheations*. At Harwell, carbon fibres have been 
incorporated in metals, magnesium and glass, and the ability 
of these last two to withstand mechanical and thermal 
shocks is greatly enhanced™. A valuable up-to-date 
survey of the design implications of earbon-fibre-reinforced 
plasties, in a wide range of apolieations, has Just been 
published**. 

There are, nevertheless, manv problems to be solved 
before carbon-fibre-reinforeed plastics can be wide dy util- 
ized. First, the cost of the fibre is high. Originally offered 
at about £30 per pound, the price quoted by one manufac- 
turer has recently jumped to about four times this figure— 















fibres 


so that the design parameter strength/cost for these 
plastics is as yet too great for any but specialist. (non- 


consumer) applications. Second, ‘he bond formed between 
fibre and matrix is mecharucal rather than chemical, and 
is consequently relatively poor. The interlaminar shear 
strength of laminates made with untreate «i fibre is there- 
fore quite low**, and this can weil be a limiting factor in 
design. Current research is therefore aimed at improving 
the interfacial bond in order to rmprove the interlammar 
shear properties. Third, as with glass laminates, it seems 
likely that in aqueous environments water will enter the 
composites, and if it colleets at the interface this could 
seriously reduce the strength of the laminate. Preliminary 
results indicate that the problem os far less acute than it is 
in glass laminates. 


Intercalation Compounds of Graphite 
Graphite is able to absorb varicus kinds of metal atoms 
or radicals between the earbom sheets in substantial 


proportions; when the proportion is approximately 
stoichiometric, the product is termed an intercalation or 


crystal compound. The formation and properties of these 
compounds were reviewed by Ub^elohde and Lewis™ and 
more recently in a French treatese™. The intercalating 
agents may be either electron denors or acceptors, and 
they are incorporated from the vapour phase, from solu- 
tion, or by electrolysis. — Potassium, sodium, rubidium 
and caesium, halogens, nitrate, bmsulphate and phosphate 
radicals are the most important. 1atercalates. 

The nitrate’? and potassium’? compounds have 
recently been subjected to intensive crystallographic 
analysis. The compounds form through a succession of 
precursor stages as more intercalate is incorporated. In 
stage n, intercalate layers are inserted regularly m every 
nth layer, until a limiting : concentration is attained: then 

& stage of lower n begins to form, and the two stages co- 
exist in heterogeneous equilibriurs. Th n for potassium 
graphites, the stoichiometric dude are: Cak (stage Sh 
C,,K (stage 4), CK (stage 3), C,,K (stage 2) and C,K 
(stage 1). The introduction of an irterealate layer me xdifies 
the geometry of the stacking sequence of the graphite 
planes either side of the layer. I e transition from one 
stacking stage to the next is believed? to take place hy the 
movement of a boundary disloection which marks the 
extent of interealate penetration into the graphite inter- 
layer space. The dislocation has an out-of-plane com- 
ponent that leads to the macroscopic c-axis expansion of 
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the sample and an in-plane component which is a normal 
graphite dislocation of the type 1/3 a [1010] (ref. 75). 

Often the atoms within the intercalate layers are two- 
dimensionally disordered, but in some nitrate?? and potas- 
sium"? compounds the layers become ordered on cooling 
to a critical temperature. This transformation bears some 
structural resemblance to the "freezing" of a liquid ervstal. 
The exaet nature of the bonding in these compounds is 
still open to argument, but there is certainly an ionic 
component to it (private communication from B, Levene 
and G. S. Parry). 

Interealation compounds have normally been produced 
by starting with single crystal graphite or well-oriented 
pyrolytic graphite. CK, however, has been formed in 
carbon fibre exposed to potassium vapour'*, and the 
formation of C,,K in vitreous carbon, followed by shatter- 
ing of the carbon, has already been mentioned!*. 

Two praetieal applications have been reported for inter- 
calation compounds. The first makes use of the consider- 
able c-axis expansion when bromine is intercalated in 
graphite to simulate the expansion caused by neutron 
irradiation. In this manner, the liability of a new experi- 
mental graphite to irradiation damage can be quickly 
estimated. Bromine eompounds do not follow the ideal 
sequence; there are no precursor stages, bromine is 
continuously intercalated and stage 2 is the first to be 
erystallographieally identifiable??*. Considerable research 
has been done to establish the approximate equivalence 
of bromination and irradiation. and to establish the 
appropriate eonversion procedure; this has now been 
satisfactorily achieved and Brocklehurst and Martin/* 
have recently summarized the present position. 

Another application for graphite intercalation com- 
pounds is highly original. It is based on the recognition 
by several organic chemists that the electrical properties 
of some intercalation compounds suggest interesting 
catalytic properties. This has been amply confirmed. 
The potassium and sodium compounds in particular have 
been used to catalyse the low-pressure polymerization of 
ethylene and of some other monomers. These compounds 
have also been used to catalyse the isomerization reaction 
of various hydrocarbons: Ottmers and Hase** describe 
some detailed experiments and review earlier work. They 
found that poisoning of the catalyst in their reactions 18 
fairly rapid. They were able to verify the hypothesis 
that the catalytic role of the compounds stemmed in 
part from the considerable spatial separation of the K* 
sheets in the graphite strueture, whieh provided appro- 
priate steric hindrance for the reaction of molecules 
attached to neighbouring sheets. 

This use of alkali intercalation compounds to catalyse 
organie reactions has been developed to a commercially 
useful stage by Hambling and his collaborators at the 
BP Laboratories in Sunbury-on-Thames*!-*?, They 
showed that cheap propylene monomer could be effieiently 
dimerized by sodium/graphite and potassium/graphite 
intercalation compounds of appropriate composition, to 
form methylpentene. A compound was necessary; a dis- 
persion of sodium on graphite particles was ineffective. 
High purity of the initial graphite was needed to prevent 
undesired isomerization; for purposes of this work it was 
vital to produce the correct branched dimer. In contrast 
to Ottmers and Rase’s finding, the life of the catalyst in 
this reaction was very long. In the later stages of develop- 
ment9?, this catalytic procedure has been successfully 
used for producing cheaply, on a commercial scale, the 
appropriate dimer from propylene. This dimer is then 
polymerized in the usual way with Ziegler-Natta catalysts 
to produce isotaetie polypropylene. 

Finally, intercalation can be used to improve the fibre/ 
resin bond in carbon-fibre-reinforced plasties. Chlorine is 
applied commercially from hypochlorite solutions, and 
bromine has been intercalated, from the vapour phase, 
in our laboratory. Both treatments significantly improve 
the interlaminar shear strength of the composites. 


NATURE, VOL. 221. JANUARY 11. 1969 


Graphitization and the Growth of Graphite Crystals 


In conclusion, we return to the difficult problem of 
characterizing the statistical structure of graphites made 
by a variety of processes, and of so improving these pro- 
cesses that highly perfect crystals of useful size can be 
prepared. This is of importance to scientists studying 
the physical and mechanical properties of graphite: 
hitherto they have been restricted either to highly oriented 
pyrolytic carbon?! or to the very scarce natural erystals, 
and the small size of these has often dictated the design 
of experiments. For instance, F'eates**, in a recent careful 
determination of the anisotropic self-diffusion coefficients 
of carbon in pure graphite*, had to use an ingenious 
electron-microscopic technique in view of the small avail- 
able erystal size. 

Richards! has recently published a very complete 
review of the relationships between interlayer spacings, 
stacking order and crystallinity in carbon materials. 
Various "ordering parameters" which take account of 
probabilities of disorientation or correct stacking sequence 
between neighbouring layer planes are related to the 
crystallite sizes La and Le estimated from diffraction line 
widths, and these in turn are related to the mode of 
graphitization. It appears that in ordinary graphitization, 
even at temperatures approaching 3,000? C, crystallite 
sizes do not exeeed about 800 À at best, and this is not 
useful for experiments. 

One approach to the production of large crystals is to 
graphitize coke or vitreous carbon by heating under 
hydrostatic pressure, with or without catalysts. Because 
graphitization is accompanied by a decrease in volume, it 
is promoted by pressure. By these means, the highly 
turbostratie starting material has been turned, in favour- 
able circumstances, into well erystallized graphite. The 
extensive work done has just been reviewed by Noda*" 
and by Ubbelohde**. Another approach which has recently 
been successfully pursued is to grow graphite crystals 
from solution. Tulloch and Young** have grown graphite 
flakes up to 8 mm across by precipitation from solution 
in tantalum monocarbide (melting point 2,785? C), while 
Austerman et al.” have grown crystal plates up to 3 em 
across by precipitation from molten iron or niekel saturated 
in carbon. The dislocation population was determined by 
oxidation-etehing, using the methods developed by Roscoe 
and Thomas?! The smaller (columnar) crystals had a 
low defect strueture, though probably they were not as 
perfect. as those grown from tantalum monocarbide and 
characterized by electron microscopy. It is probable that 
synthetic graphite crystals large enough for many experi- 
ments will soon be eommercially available. 

"arbon has not yet exhausted its capacity to produce 
surprises. A report has recently appeared” of a completely 
new form of carbon, induced by shock and found in the 
form of lamellae in carbon-bearing gneiss rock in a 
meteorite erater. Both micrographic and X-ray diffraction 
studies showed that it was not graphite. It has a hexagonal 
unit cell with a = 8-948 + 0-009 A, c= 14-078 + 0-017 A, and, 
because no 0007 reflexions were observed, a layer structure 
is excluded! There are 168 atoms per unit cell, and the 
strueture, which is undoubtedly complex, is as yet un- 
known. A new task of some difficulty now faces the 
erystal-growers. 

We thank Drs J. C. Bokros, J. K. Hambling, P. M. 
Kelly, G. M. Jenkins, G. S. Parry, W. N. Reynolds, F. 
Roberts and J. M. Thomas for helpful advice and for 
making unpublished or recondite information available. 


* The results were: — Dlüez2-5:x10-* em!/s; D,c-2:9x 107? cm?*/s at 
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THE occurrence and fate of amino-acids in the biosphere 
and lithosphere have intrigued numerous investigators 
during the past few vears!-'. We are interested in 


Optically active amino-acids have been found in a sample of Pre- 
Cambrian Fig Tree chert at least three thousand million years old. 


cerning the origin and evolution of early life on Earth. 


Recent work from this laboratory? showed the presence of 
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about twenty-two amino-acids in ancient cherts which 
range in age from one to three billion years. As a continua- 
tion of the previous work, the optical configuration of the 
amino-acids associated with the oldest chert sample has 
now been determined by gas chromatography. (Chert 
is à microcrystalline sedimentary rock composed chiefly 
of SiO.) The chert sample examined here came from the 
Fig Tree Series of the Swaziland System at the Daylight 
Mine area of eastern Transvaal, South Africa. Its mini- 
mum age of about 3:1 x 10° years* places it among the 
oldest sedimentary rocks known. Recent studies of 
Fig Tree chert have revealed the presence of specific 
organic compounds such as n-alkanes’, isoprenoid hydro- 
carbons*:* and amino-acids?, as well as microfossils®®, 

Great care was taken in processing the chert sample for 
amino-acids in order to avoid contamination. Amino- 
acids could not be detected in procedural blanks. Analysis 
of the chert sample followed the previously published 
procedure. 
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Fig. 1. Gas chromatogram of N-trifluoroacetyl-(-- )-2-butyl esters and 

O-acetyl-N-trifuoroacetyl-(--)-2-butyl esters of amino-acids in the 

hydrolysate from Fig Tree chert and in the racemie standard. Abbre- 

viations for amino-acids are listed in the text. Column: 0-02ineh x 150 feet, 

UCON 50 HB 2000, Perkin Elmer 881 gas chromatograph with flame 

ionization detector. He=10 ml/min. Temperature programme from 
110° to 150? € at 1? C/min. 


Amino-acid analyser chromatograms showed that 
glycine and a trace of x-alanine were present in the chert 
as free amino-acids. Bound amino-acids in the HCl 
hydrolysate were glycine (Gly), serine (Ser), threonine 
(Thr), leucine (Leu), a-alanine (z-Ala), valine (Val), 
proline (Pro), aspartic acid (Asp), glutamie acid (Glu), 
f-alanine (8-Ala). phenylalanine (Phe) and isoleucine 
(lieu). These amino-acids are the same as the twelve 
most abundant ones discovered earlier in rock from the 
same area’, No analysis was made for basic amino-acids. 
The concentration of amino-acids found in this work is 
less than about 2 nmoles/g of chert. 

The optical configuration of the bound amino-acids was 
determined by gas chromatography’. For this work, 
N-trifiuoroacetyl-(+)-2-butyl ester derivatives of the 
amino-acids were used'!'. In the case of hydroxy amino- 
acids, the hydroxyl group was converted to an acetyl 
instead of a trifluoroacetyl group to give O-acetyl-N- 
triflucroacetyl-( + )-2-butyl esters. Previous work on 
this gas chromatographic method" established that the 
order of peak elution for diastereomers of racemic amino- 
acids is D(--), followed by L(+). (Db and r refer to 
amino-acid, and (+) to alcohol.) Gas chromatography 
of the derivatives was carried out on two capillary columns, 
each coated with a different liquid phase. 

Figs. 1 and 2 show the gas chromatograms of the 
derivatives of bound amino-acids in the hydrolysate from 
Fig Tree chert. The lower portion of each figure contains 
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a chromatogram of a mixture of twelve derivatized 
racemic amino-acids. The amino-acids were weighed out, 
except for leucine, in proportion to the twelve most 
abundant amino-acids found earlier’, and were derivatized 
in the same manner as the sample. The resulting standard 
chromatograms show two peaks for every derivatized 
amino-acid containing an asymmetric carbon atom 
except for the aspartic acid derivatives which are poorly 
resolved. Glycine and f-alanine, having no asymmetric 
centres, produce one peak each. For the Fig Tree sample, 
the retention times of the predominant amino-acid 
derivatives correspond to those of the L(+) diastereomers, 
the D(+) forms being present in very low concentrations 
or in concentrations below the level of aceurate detection. 
The presence of isoleucine could not be confirmed by gas 
chromatography because of interference from other peaks. 
Unidentified peaks appear in both ehromatograms, but, 
except for isoleucine, these peaks usually do not inter- 
fere with peaks attributed to amino-acid derivatives. 
Standard solutions of amino-acid derivatives were co- 
injected with the sample preparations, and augmentation 
of the expected peaks occurred. 

In the earlier work* several lines of evidence strongly 
suggested that the amino-acids were indigenous to the 
Fig Tree chert and dated from time of original sedimenta- 
tion. If this is true, the finding of predominantly 1 
amino-acids in these rocks indicates that biological 
processes as we know them were active three billion vears 
ago because, with few exceptions!?, amino-acids in modern 
living systems have the L configuration. Small contribu- 
tions to the amino-acids from abiotic or prebiotie processes, 
which probably would yield racemic products, cannot 
be excluded by our results. Chert apparently has pro- 
vided an extremely stable environment in which racemiza- 
tion reactions have been greatly inhibited. 
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Fig. 2. Same as Fig. 1, except column: 0-02 Inch x 150 feet, YE 60: 


temperature programme from 120° to 160? C at 1? Cimin. 


From another point of view, the finding of optically 
active amino-acids in this chert may suggest that the 
amino-acids are much younger than the rock itself. 
Contamunation im our laboratory is unlikely because of 
the stringent precautions and the absence of amino-acids 
in the numerous blanks that have been run. Entry of 
amino-acids into the rocks at some time subsequent to 
lithifieation may be possible. These amino-acids could 
have been carried in solution or could have been com- 
ponents of micro-organisms which have entered the rock. 
Although these cherts are dense and apparently imperme- 
able, discrete microfractures are evident in hand samples. 
In processing the chert, however, efforts were made to 
break the rock along planes of weakness, such as micro- 
fractures, so that these surfaces could be cleaned. The 
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work of Hare and Abelson™ has shown that complete 
racemization of amino-acids occurred in Mercenaria 
shells as young as Miocene—-about 11 million years. On 
the basis of this work, one might expect that amino-acids 
three billion years old should also be racemic. Final inter- 
pretation of the significance of optically active amino-acids 
in Fig Tree chert will require further laboratory study. 
We thank the Economie Geology Research Unit, 
University of the Witwatersrand, and Dr I. A. Breger for 
the chert sample. 
Received September 26; revised November 4, 1968. 
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We present here some of the results of experiments which 
indieate the presence in the Earth's atmosphere of water 
dimers—stable bound pairs of water molecules. This 
finding may be expected to have several implications in 
submillimetre and millimetre-wave physics. 

The first observation of the submillimetre-wave absorp- 
tion speetrum of the Earth's atmosphere using the Sun 
as source was made in 1957 (ref. 1). Between 10 and 
32 em! there were several features which could not be 
attributed to water vapour absorption and whieh were 
subsequently attributed to electrie dipole rotational tran- 
sitions in ozone* and magnetie dipole rotational transitions 
in oxygen?. These are the only atmospheric gases of 
significant concentration known to show noticeable absorp- 
tion in this wavelength range. An unpublished portion of 
the 1957 spectrum below 10 cm~! does, however. show? a 
further unidentified feature between 7 and 9 cm-^! and 
this has recurred in later observations*? with a strength 
that seems to be related to the amount of water vapour 
present in the observation path. Laboratory experiments 
were performed to ascertain whether the absorption could 
be assigned to an isotopic modification of H,O'5, such as 
HDO* or H,O!5, or even to a vibrationally excited state 
of the water molecule, but all these systems failed to 
reproduce the observed feature. 

The possibility of absorption due to the dimer of the 
water molecule (H,O), was considered. Although many 
anomalous properties of water vapour (for example, in 
P-V-T measurements) have been explained in terms of 
an attractive interaction between the molecules, the 
existence of the dimer in normal atmospheric conditions 
has scarcely been considered, especially as the cause of 
absorption in the far infrared and submillimetre wave 
regions. Such absorption was proposed in 1967 by 
Viktorova and Zhevakin® in a theoretical treatment of 
the dimer which explicitly predicted a discrete absorption 
at 7-1 em-! as well as a contmuum that can be used to 
partially account for the well known excessive absorption 
observed in the millimetre and submillimetre wave atmo- 
spheric “window” regions’~'°. The absorption measured 
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in the Earth's Atmosphere 


Two experiments using an interferometer and a maser have indicated 
the occurrence of submillimetre wave absorption by dimeric water. 
This form of water seems to exist in the Earth’s atmosphere. 


in these regions is invariably zreater than the value 
calculated using known absorption transitions in known 
atmospheric constituents and the discrepancy increases 
as the wavelength of the window region increases. The 
continuum is thought to consist of a large number 
of weak features due to rotational transitions, both 
in the vibrational ground state and excited states of 
the dimer, which effectively overiap to form a continuous 
absorption. 

A laboratory investigation to examine the possibility 
of submiliimetre wave absorption by dimeric water was 
approached by two complementary methods. The ex- 
pected concentration of dimer is very low-—for example, 
only approximately 0-1 per cent in water vapour at 0° C 
and 4 torr (ref. 6)-—so long absorption paths, obtainable 
only by the use of multipass cells, were necessary in each 
method. In one, the spectrum o£ pure water vapour was 
explored in the region 7 to 9 om^! in an attempt to 
reproduce the new feature in tae laboratory and then 
systematically study its properties. In the second ap- 
proach, the absorption in à spectral window was studied 
to ascertain whether a dimeric contribution was present. 
The window near 30 em was chosen so that a maser 
source could be used to obtain precise quantitative 
measurements. Both experiments will be reported in 
detail elsewhere, but here we outiine the more mportant 
findings. 

In the spectral study, the interval 5 to 30 em! was 


scopy. The absorption spectrum cf pure water vapour was 
measured at various temperatures, and at a range of pres- 
sures at 0° C. A discrete absorption feature was observed 
at 7-5 emt. Its integrated streng 
the square of the pressure (Fig. 1). which indicates that the 
absorption is caused by the interaction of pairs of water 
molecules. Furthermore, the tensperature study showed, 
through use of the Arrhenius plot. that the binding energy 


between the two molecules of each dimeric pair is 645 
kealories mol. Weaker absorptions were detected up to 


9-3 em-* and, again, in the vicinity of 22 em, but their 
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Fig. 1. Dependence of experimental integrated absorption strengths 

on total water vapour pressure. The smooth curves are obtained from 

least-squares fits to the data: ©, 14:9 em monomeric absorption: 

©. 75 cm^ new feature. For the 14-9 cm absorption, the pressure 

Gependence is linear while for the 7-5 cm~ feature it is quadratic. This 
indicates a dimeric origin for the latter absorption. 


intensities were too small to permit measurement of the 
variation of their integrated absorption strengths with 
pressure and temperature. 

In the next experiment the two radiations at 32-17 cm~? 
and 29-71 em-! from the HCN maser were used. The 
absorptance at 32-17 emr-' is dominated by two nearby 
(monomeric) water vapour lines, while at 29-71 cem- it is 
pranarily the background far-wing contributions that are 
observed. A comparison of these two absorptances ob- 
viated the need for absolute measurements and enabled 
a direct comparison to be made of the dependence on 
pressure of the relative attenuations. The results showed 
a distinetly different type of behaviour at the two wave- 
lengths and indicated the presence in the far-wing region 
of absorption which is attributable to dimeric water vapour 
and which accounts for about half the excess observed 
absorption. The temperature dependence of the intensity 
of the new contribution to the background enabled a 
binding energy of 5:24 L-5 kealories mol? to be de- 
termined (Fig. 2). Both this value and the estimate given 
earlier are in agreement with a prediction of Pauling" for 
a water dimer with an open linear structure containing a 
single hydrogen bond. 

Two independent and radically different experiments 
have therefore revealed a discrete band and a continuum 
of absorption In water vapour that can be accredited to 
bound pairs of water molecules. The laboratory investiga- 
tions were carried out using long pathlengths in vapour 
maintained in conditions of pressure and temperature 
normally encountered in the Earth's atmosphere. The 
findings can therefore be justifiably applied to the Earth's 
atmosphere to lead to the conclusion that dimeric water is 
present there. This view is supported by the observation 
in solar spectra of both the 7 to 9 cm- feature and the 
anomalies in the spectral windows. The dependence of 
the concentration of dimers on pressure and temperature 
suggests that the water dimer will be found in greater 
concentration at low altitude in the troposphere and lower 
stratosphere. 

The presence of dimeric water in the atmosphere has 
spectroscopic implications. It is exceedingly likely that 
a contribution to window absorption is provided by the 
dimer throughout the submillimetre and millimetre wave 
regions. Moreover, a vibrational mode of the dimer 


should exist as low as 100 em-!, but direct observation of 


this is rendered difficult both by the presence of very in- 
tense pure rotational monomer transitions, and perturba- 
tions which lead to a blurring of the vibrational spectrum. 
Viktorova and Zhevakin prediet* a stronger line at 21 om^! : 
the laboratory spectra show only a weak broad feature 


justification for this proposal. 
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near 22 cem! although recent solar observations? indicate 
a discrete unidentified feature of some strength near 
24 em~. Other workers have observed unidentified water- 
sensitive atmospheric absorption. Straiton and Tolbert!? 
report a feature at 110 GHz (3-67 cm!) which cannot be 
assigned to monomerie water and suggest an isotopie 
variation of H,O or the possibility of the rarer gases in 
the atmosphere varying in concentration in proportion to 
the water vapour density. There is little theoretical 
Farmer and Key?? have 
observed anomalous atmospheric absorption at 317-5 em-!. 
It is possible that the water dimer is responsible for both 
anomalies. 
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Fig. 2. Arrhenius plot of the absorptance due to the dimeric back- 
ground continuum near 30 eme? as a function of reciprocal temperature. 


The gradient is AEIR, where JF is the dimer binding energy and 
R the gas constant. 


In meteorology the newly found atmospheric eonstituent 
must be immediately included in caleulations of radiation 
balance and heat exchange in the atmosphere. Although 
the effeet of dimeric absorption will be smaller than that 
of the pure rotation band of monomerie water vapour. its 
contribution is significant because of the wide spectral 
extent of the dimer rotational and vibrational absorption 
which is expected to extend to 1,000 em-! (ref. 14). As 
an indication, the absorption due to the dimer in à stand- 
ard atmosphere (an absoiute humidity of 7-5 g of water 


vapour/m?) will represent approximately 10 per cent of 
the total horizontal path absorption in the window region 
near 28 em-! (our unpublished results). Empirical account 
has already been taken of the excessive absorption in the 
8 to 13 um window", but no adequate explanation of the 
effect; was offered. 

It has already been shown that absorption of sub- 
millimetre radiation in the atmosphere may be used to 
measure the concentration of stratospheric water vapour!’. 
It should now be possible to measure dimeric water 
absorption as an independent parameter. and, because this 
has a different temperature and pressure dependence from 
the monomer absorption, to use both sets of data to vield 
a pair of atmospheric parameters simultaneously-—for 
example. water pressure and temperature. Suitable lines 
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for this purpose would be 12-7 or 14-9 em^' in H,O and 
7-5 em- in (H,O), Measurements of this type could be 
accomplished at sites near sea level! because the atmo- 
sphere is relatively transparent below 15 em-!. 

The use by commercial organizations of high frequeney 
microwaves in communications is becoming widespread 
and there is an increasing demand for communication 
Ms satellites and other "high. ig Delect. As the 


will shift into ibó zn ens add even the papa lacie 
wavelength regions. Several experimental links have 
already been established to check the feasibility of such 
communications, but at present little attention has been 
paid to the quantitative values of absorption. Hence 
precise absolute measurements of natural atmospheric 
absorption in what were believed to be relatively clear 
window regions will be of obvious importance in the 
development of new techniques. The tasks are rendered 
mueh easier if it can be shown that theory and experi- 
ment are capable of produeing the same numerical result. 
The ee RE of Cp PA dE data d nd 


T ie Genk e a TON S of ‘transmission. in 
“clear weather" conditions may be due to meteorological 
variations—a phenomenon quite different from well known 
scintillation effects. 

Finally. mention should be made of submillimetre and 
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millimetre-wave astronomy-—a field related to those 
described. Absorption in the Earth's atmosphere 1s a 
great nuisance in these studies, but a precise knowledge 
of the absorption that does occur terrestrially must exist 
if spectra from astronomical sources are to bo properly 
interpreted. 
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In the following three articles, details are given of the structure 
and chemical typing of immunoglobulins. 


Structural Studies of Immunoglobulin G 


HuMAN immunoglobulin G (IgG) contains a mixture of 
four different antigenic types of heavy chains: yl, y2, 
y3 and y4 (refs. 1 and 2). Myeloma proteins carry the 
expression of only one type. Peptide “map” analysis of 
Fe fragments?, sequence studies at the C-terminal octa- 
deeapeptides* and sequence studies around intra-chain 
disulphide bridges at the C-terminal half of y1, y3 and y4 
chains*:* showed striking similarity between the four types 
of human y chains. The biological significance of the four 
tvpes of heavy chains within the IgG class is still poorly 
understood, although it is known that IgG4 does not fix 
complement, and IgG2 does not fix to the skin**. A com- 
parison of the types may thus throw some light on the 
structural bases of the functional differences, and is of 
importance also in connexion with the evolution of the 
immunoglobulin chains, and possibly with the molecular 
mechanism of the antibody response. 

The disulphide bridges of the immunoglobulin chains 
have provided a picture of the nature of their variable. 
as well as their invariable, basic structure. The earlier 
observation that kappa light chains contain two disul- 
phide bridges?:!*— one type specific and the other variable 
—each including about sixty residues!!—encouraged the 
study of the bridges on other chains. A similar distribu- 
tion of disulphide bridges was found in 4 ehains!9. 9, 
Here, we report results obtained with IgG2, and additional 
results on IgG3 and IgG4 myeloma proteins which, 
together with the previous results, show that while the 
intra-chain disulphide bridges are an extremely stable 
feature of the heavy chains, the inter-chain disulphide 
bridges are characteristically different in the four types 
of IgG molecules. 


The experimental approach used in these studies has 
been deseribed previously. Disulphide bridge diagonals 
were prepared to localize cystine peptides after digestion 
with pepsin or pepsin-trypsin*. Partial reduction and 
earboxymethylation were used in the preparation of 
labelled carboxymethyleysteine peptides, in conditions 
which would label only inter-chain 5-5 bonds! 7*. In some 
cases labelled peptides were obtained after complete 





Fig. Fig. 
a alonso aet i 
1b Fig. NE 
P 


Fig. 1. Sequences around the disuiphide bridges in human immuno- 

globulins of different types. Overleaf is shown a schematic represen- 

tation of the intra-chain disulphide bridges of light and heavy chains of 

an IgG molecule, Figs. 1a-d and 2 give the sequences around the bridges 
as indicated in this diagram. 
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(3) 


.Leu- Thr- CyS- Leu 
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Asp (Thr, Leu, Mety te- 


Asp (Thr, Leu, Met) (Ile, 


i 
Tyr (Thr, CyS, 


H= - ~~ Č loop of Fe (58 residues?) ~- —— I 
80 22 


Oo. Phe- Ser. CyS. 


* * x * * * * kd * 


7. Thr (CyS, Leu)... 2.5 s. .Phe- Ser (CyS, 


.Leu- Thr " Leu)... .......... .Phe-Ser (CyS, 8 


.Leu- Thr- Cy 





(Phe, Ser, 


Cys, 
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IV. 


195 136 


Ber Arg- Thr- Pro- Glu (Val, 


. Tle- Ser- Arg (Thr, Pro, Glu, Val, 


Ser- Arg- Thr- Pro- Gla- Yal- Thr- CyS- 


ser, Arg, Thr, Pro, Glu, Val, 


b 


CyS- Asn- Vab Asa- His- Lys (Pro, Ser, Asn, Thr) 





Asx, Val, Asx, His, Lys, Pro, Ser, Asx, Thr) 


———— 


* 


Ser, Lus) .. „CyS 
H 


Asx, Val, Mis, Lys, Pro, 


P A TEA A A AAE AS 


VIN 
Ga 


| 
Tvr- Thr- CyS- Asn- Val- 


Aap- His- Lys- Pro- Ner- Asp- Thr- Lya 


menm temm mnnera deir mtd. 
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(refs, 10, 
12, 13) 
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(refs. 10, 
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© Proe 
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.Pro- 





Ser- 


Thr, Cy S) Yal- Val (Val, Asp) . 


Thr, CyS, Val)... 


Thr, CyS, Val) 


20 residues ( 7) 
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Vale Met... 
Ser, Val, Met)... 
Val, Met). 

Ser, 


Val, Met)... 


. N-loop of Fe (60 residues 7). 


Val (Val, Val, Asp) . 


+ * * 


H 


e Vale Glu- Lys- Thr- Val- 


18 residues* 


Sere CyS- Gin- Val- Thr- His- Glu- Gly- Ser — Thr o———— 
ipee soar onenn nnne d Pact A P AT arri EE E tng ane ——— ore 
€ 
lw dus E ogtauaes d Cer, Thr, Ser, Gly, Gly, 


AU 
L 


Lew Ala- Pro- CyS- Ser- 
L 


Arg- Ser- Thr- Ser- Glu- Ser- 
| 

Leu- Ala- Pro- CyS- Ser- 
FJ 


| 
Leu- Ala- Pro- CyS- Ser- 


Arg (Ser, Thr. Ser, Gly, Giy, 


Arg- Ser Thr- Ser- Gli. (Ser, 


d 


l ‘The overiaps are not known. 

i The overlaps are deduced by comparison with other heavy chains! *?, 
The arrow indicates a peptide characteristic of Gm a- molecules, 

* 2 chains have two extra residues in this stretch, 


* The order of residues in the brackets is taken by comparison with protein DAW*. ‘The position of the interheawy CyS X in IgG3 is noi known, 
exeept that it is any where between the N-terminus and CyS 1X. 


** Heavy-chain-disease proteins. Previous results on these proteins have been published as follows: Car, Dee; Crati Kup, Bru; Zue*!5; Vinta, 
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reduction and carboxy methylation and the initial fraction- 
ation of the tryptic peptides was achieved on ‘Sephadex 
G-50' or on ‘Dowex 1x2'. In the case of yG2 a peptic 
digest was fractionated through a ‘Sephadex G-25' 
column in 5 per cent formic acid. Details of the methods 
and isolation and purification of peptides will be published 
elsewhere. In Figs. 1 and 2 we present the results which 
were obtained, and compare them with results obtained 
previously. 

Intra-chain bridges of Fc fragment, The partial sequence 
of rabbit Fe is known!? and has been taken as the basis for 
ordering the cysteine peptides. We have numbered the 
half-cystine residues starting at the C-end of the heavy 
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Fd fragments of IgG] and (gG3 myeloma proteins 
that we have investigated seem to contain at least two 
intra-chain disulphide bridges. One of them (Cys XI- 
Cys XII) seems to be part of ar. invariant section of the 
Fd fragments (invariant within cach heavy chain type). 
It has been studied in two myeloma proteins of each type. 
In addition the peptide spots ihat characterize the yl 
bridge have been identified in d:sulphide bridge maps of 
normal pooled human heavy chains. Heavy chains of the 
y2 and y4 type contain an almost identical disulphide 
bridged set of peptides, but at least two substitutions 
(one in yl and one in y3) have been detected near the Cys 
XI. The amino-acid sequence around this bridge is 
homologous to the sequence around the bridge that loops 
the invariant half of the light chains, which folds a 
sequence of about sixty residue: (Fig. led). For these 
reasons it is suggested that Cys XI-Cys XII is an intra-cham 


Pe ener en dS one bridge folding an invariant section of the Fd fragments 
(the C loop of Fd). The comparison of this stretch of the 
; aed XX" x " A "n. | eee H l2 a Ar De dA i - SX OT 
Lys- Gly- Leu- Pro- Ala- Pro- Ile- Glu heavy chains with the light chæns can be carried e en 
further (as indicated in Fig. 1) tc suggest that this is the 
intra-chain bridge nearest to the €-end of the Fd fragment 
Lys- Ala- Leu- Pro- Ala- Pro- Ile- Glu and that the peptide which iacludes the inter-ehain 
cysteines occurs immediately after the peptide which in- 
cludes Cys XI. This would place the inter-chain half 
Lys- Gly- Leu- Pro- Ser- Ser- Ile- Glu. 
b (continued) 
VI V 
218 ; l ; 
Lys- Thr- His- Thr- CyS- Pro- Pro- CyS- Pro- Ala- Pro- Glu- Leu (Leu, Gly, Gly, Pro, Ser, Val, Phe, Leu, Phe, Pro, Pro, Lys, Pro) {ysi 
i 
H H 
Fal Git —— —CyS- Pro- Pro- CyS- Pro- Ala (Prog Gly, Ala, Fal) Ser- Phe. 
H H 


Thr- Pro- Pro- Pro- CyS- Pro- Arge CyS- Pro Ala- Fro- Glu- Leu 
| 


I 


H H 


Tyr- Gly- Pro- Pro- CyS- Pro- Pro- CyS- Pro- Ala (Ser, Glu) 


H H 


Phe- Leu- Gly- Giy- Pro- Ser- Val- Phe- Leu- Phe- Pro- Pro- Lys- Pro- Lrs 


c (continued) 
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chains. The numbering of the residues indicating their 
position along the chain, also starting at the C-end, was 
derived from the partial sequence of IgG4 protein Vin. 
The position of Cys IV is not precisely known, but from 
homology considerations it was placed at position 186. 
The sequence around the bridge Cys I-Cys II (Fig. la) 
appears to be identical in the four human types, possibly 
folding a 58 residue loop (the C loop of Fe). The next 
half cystine (IIT) occurs 46 residues away in y4 chain Vin 
(Fig. 2). This distance is very similar to the distance 
between the two bridges of light chains. Cys III-Cys IV 
seems to fold a loop of sixty residues (the N loop of Fe) 
and the sequences around the bridge peptides are almost 
identical in the four types. A difference occurs six 
residues away from Cys III involving an Ala (yl and y3) 
Gly (y2 and y4) substitution, and in addition y4 differs 
from the other three in more ways. An arrow in the section 
between Cys IL and IIl in yl indicates the position of 
a tryptic peptide characteristic of Gm a- specificity?:". 
Such a tryptic peptide was isolated from the “heavy 
chain disease" protein CRA and also from another protein 
(PRE, yGl,Gm a-f*, ref. 3), and its sequence was Glu-Glu- 
Met-Thr-Lys. This is in accordance with results obtained 
with protein EU (ref. 18) carrying the same genetic marker, 
but differs from the published sequence of the “Gm a- 
peptide". 


cystine VII of yl, 42 and y3 heavy chains in a homologous 
position to the inter-chain half cystine of the light chains. 
In this way the distanee between Cys XI (the nearest 
intra-chain half-eystine) and Cys VH would be twenty 
residues. In light chains this distance is twenty and 
eighteen residues in kappa and lambda chains, respec- 
tively. This is, however, a teatative proposal to be 
established by further sequence studies. 

A second bridge observed in some Fd fragments has 
not been extensively investigated: but it seems to belong 
to a stretch which is variable in different myeloma 
proteins of the same type!* ?*, 

On the basis of the present data. and the general similar- 
ity of peptides present in light ard heavy chains it seers 
that (i) a loop of about sixty residues is a fundamental 
pseudo subunit which is repeated twelve times in an IgG 
molecule and (ii) four pairs of sue loops, one in the light 
and three in the heavy chains, are essentially invariant 
within each chain type and allotvpe. Very little is known 
about the suggested "variable loop” of Fd. Furthermore, 
the occurrence of additional bridges in the Fd is not 
excluded. The work of Press ef al. on protein DAW 
A linear 
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yivin)" -Glu- Tyr- Lys- d 
Tie- Gli- Lys- Thr- He- Ser- Lys- Ala- 
Thr- Leu- Pro- Pro- Ber- Gin- Glu- Glu- 
ylGm a~ -Giu- Glu- 
yiGm at Thr- Leu- Pro- Pro- Ser- Arg- Asp- Giu- 


* No Gm factors are known in y4 chains. 
Fig. 2. 
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Lys- Val- 
Lys- 


Ber- Asn- Lys- Gly- Leu- Pro- Ser- Ser- 
Gly- Gin- Pro- Arg- Glu- Pro- Gln- Val. Tyr- 
Met- Thr- Lys- Asn- Gin- Val- Ser- Leu- Thr- cys 
Met- Thr- Lys- 


Leu- Thr- Lys- 


Sequence between the two disulphide bridged loops of the Fc fragment of IgG4 protein Vin in comparison 


with the "Gm a peptides" of y1 heavy chains. 


conservative nature of the intra-chain bridge peptides, 
which are almost identical in all four types of y chains, 
the inter-chain bridges present remarkable variation 
(Figs. 1 and 3). IgGl and IgG4 molecules contain four 
inter-ehain bridges!'*?93?, Two such bonds join the 
heavy chains to each other and two bonds join heavy to 
light chains; the interheavy-light bridges occur in a 
non-homologous sequence and in a different position 
(Fig. 1). 

IgG3 molecules contain seven inter-chain bonds: 
two binding heavy to light chains and five Joining the 
heavy chains. In IgG3 diagonal maps have shown that 
Cys V is involved in a symmetrical bridge (Cy S V-CyS V) 
suggesting that the inter-chain bridges are all parallel!*. 
The position of Cys IX and X is not known. Cy$ IX is, 
however, tentatively placed in the position shown in 
Fig. le because it was absent from Fab fragments and 
on homology grounds. 

IgG2 molecules are cross-linked by six inter-ehain 
bonds, two bonds joining heavy to light chains and the 
other four binding both heavy chains. The unique half- 
eystine which binds heavy to light chains in IgG2 is 
found in similar sequences in y3 and y4 chains. But the 
sequence around the interheavy chain bonds of y2 is 
strikingly different from the other types; four half- 
eystines are present in a section eight residues long. This 
arrangement may explain in part the known resistance 
of IgG2 proteins to papain digestion?:?*. 

'These differences in the inter-chain bridges thus provide 
a clear cut structural difference between the types of 





IgG) i 


19G2 i 


IgG3 


1gG4 i 


Fig. 3, Suggested arrangement of 8-8 interchain bridges in IgG i, IgG2, 

lgG3 and igG4 myeloma proteins. The dotted lines indicate extra 

interchain bridges the precise location of which cannot be proposed at 
present or is based on weak homology. 


heavy chains. This has been used to develop a method 
for the chemical typing of heavy chains (see following 
article) which is now in use in our laboratory. 

Because disulphide bridges define the proximity of 
points along the peptide chains, it is pertinent to ask if 
the variation of disulphide bridges is eorrelated with large 
variations in the three-dimensional structure of the 
different IgGs. "This is diffieult to say at the moment. 
For example, the difference in the location of the point of 
attachment of the light chains on the heavy chains, 
dramatic as it appears (perhaps 100 residues along the 
chain), may involve in the three-dimensional structure 
only a minor readjustment of a few key bond angles. In 
fact, the point of attachment of y2, 43 and y4, as placed in 
Fig. 1, is brought nearer in space to the yl point of 
attachment by the common Fd intra-chain disulphide 
bridge. On the other hand, the presence of multiple 
cross-links between the heavy chains of IgG3 and TeG2 
might conceivably have a dramatic effect on the flexibility 
of the two arms of Y shaped IgG*5** and thus influence 
the potential antibody activity of the molecule. The 
biological significance of the remarkable variability of the 
distribution of inter-chain bonds in yG molecules remains, 
however, to be established. 
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Chemical Typing of Immunoglobulins 


Tur chief difficulty presented by the use of serological 
techniques for the classification of the heavy and light chain 
types of myeloma proteins is the produetion of large 
amounts of specifie antisera. Although these have been 
obtained with relative ease for the light chain classes 
(x and X) reagents for defining some of the four y chain 
subclasses, especially y2 and y4 (refs. 1 and 2), have been 
difficult to obtain, possibly because of the smaller number 
of structural differences between the subclasses. 

During the characterization of the inter-chain disulphide 
bonds of myeloma protein heavy chains (refs. 3-6 and 
preceding article) it became apparent that the sequences 
around these bonds differed, and appeared to be unique 
to, and characteristic of, each of the four types of y chains. 
An attempt was therefore made, based on these differ- 
ences, to develop a simple and rapid method for dis- 
tinguishing the chains. High voltage electrophoresis of 
a pepsin-trypsin digest of myeloma proteins, which had 
been partially reduced and alkylated with 'C-iodoacetate, 
gave autoradiographic patterns which were characteristic 
for each type of heavy and hght chain, and permitted the 
classification of both light and heavy chains by simple 
inspection. 

yG myeloma proteins were isolated from the sera of 
patients with multiple myeloma by starch zone electro- 
phoresis. Two additional proteins (CRA, ZUC) obtained 
from patients with "heavy chain disease" were isolated 
from the urine. Five mg of myeloma protein was dis- 
solved in 0:5 ml. of tris-hydrochlorie acid buffer (0-5 M, 
pH 8-2) and reduced with 10 ul. of a fresh solution of 
dithiothreitol (10 mg/ml.) to give a final concentration 
of 0-65 mM of DTT. After incubation for 90 min at 37^ C, 
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20 ul. of a stock solution of “€-iodoacetate was added 
(iodoacetate-2-*C stock solution G1 M 750,000 c.p.m./ 
umole) and incubated at room iemperature for another 
90 min. The same tube was then closed with a dialysis 
membrane secured by an elastis band, inverted into a 
beaker containing 5 per cent fermie acid and dialysed 
overnight. Digestion with pepsm (25 ul. of a 10 mg/ml. 
solution; enzyme/substrate ratie 1: 20) was carried out 
for 14 h at 37? C, and the conten: was then freeze dried in 
the same tube. The material wes dissolved in 0-5 mi. of 
15 per cent ammonium bicarbonste, pH 8-0, and digested 
with trypsin (10 ul. of a 10 mg/ril. solution) for 4-8 h at 
37? C. The digest was dried, dissolved in 0-1 ml. of water 
and spread on 4 em of 3 MM Whatman paper (up to ten 
samples can be tested in a single run). A mixture of 
glutamic acid, ¢-DNP-lysine and glycylalanine was applied 
at the sides of the paper as marker. The paper was then 
subjected to high voltage electrophoresis at pH $6 (1 h, 
60 V/ern). Peptides containing carboxymethyieysteine 
were detected by autoradiography. 

Fig. 1 shows the radioactive bands obtaimed after 
electrophoretic fractionation at pd 3-5 of a peptic/tryptic 
digest of partially reduced anc carboxymethylated G 
myeloma proteins. Myeloma prcieins containing each of 
the four types of y chain gave à specific autoradiographie 
pattern for the peptides derived from the inter-chain 
disulphide bridges. Only a few bands were eommon in 
different types; one of them, which migrated more slowly 
than Glu and is marked with a tain arrow is the charac- 
teristic C-terminal tryptic peptice (Gly-Glu-Cem) (Cem, 
carboxymethyleysteine) of x chains". The presence of this 
peptide indicates that the four myeloma proteins contain 
x chains. 

The thick arrows point to the darkest bands which 


0G; $G, 





Fig. 1. Autoradiographs obtained after electrophoresis at pH 3:5 of peptie-tryptic digests 

of partially reduced and carboxymethyiated G myeloma proteins of different types. Thick 

arrows Indicate the bands characteristic of heavy chain type; thin arrows indicate the 
light chain type (x chains). 
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Table 1. 
Mobility Mobility 
at pH 35 af pT 6-5 
0-51 


0-85 


Protein Type 
CAR yi -0- 00 
SA y2 —-1:0 
KUP y3 -0-13 0-55 
WUR wd o- OBS 0-59 
K — (65 1-0 
L — (22 0-80 


Gly- Glu- Cys 
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MOBILITY AT pH 3-5 AND G-5 OF THE MAIN PEPTIO-TRYPTIC CARBOXYMETHYLATED PEPTIDES CHARACTERISTIC OF y AND LIGHT CHAIN TYPES 


Sequence (refs. 4-6 and preceding paper) 


Thr. His- Thre CyS- Pro- Pro- CyS- Pro- Ala- Giu- Leu 
CyS- CyS- Val- Glx- CyS- Pro- Pro- Cy8- Pro- Ala (Pro,-,, Ala, Val, Gly) 
Ser- CyS- Asp- Thr- Pro- Pro- Pro- CyS- Pro- Arg- 

Tyr- Giv- Pro- Pro- CyS- Pro- Pro- CyS (Pro, Ala, Ser, 


Glu, Phe) 


Pro- Thre- Giu- CyS- Ser 


Mobilities are expressed relative to aspartic acid (at pH 6:5) and glycylalanine (at pH 3-5) arbitrarily taken 48 1:0. 


contain the eysteine residues involved in interheavy chain 
binding in IgG1, 1gG2, TgG3 and IgG4 myeloma proteins, 
respectively. Their mobility at pH 3:5 is shown in Table 1. 
This table also includes the mobility of the radioactive 
bands at pH 6-5. At this pH the darkest bands in IgGl, 
IgG3 and IgG4 (containing two Cem) were only poorly 
resolved. Electrophoresis at pH 3:5 was therefore chosen 
beeause of the marked differences in mobility of the 
different radioactive peptides. 


Long tryptic 
digestion 


Short tryptic 
digestion 


Gly- Ala poai - 





+ 


Fig. 2. Radioactive bands after electrophoresis at pH 3-5 of a peptic- 

tryptie digest of partially reduced and earboxymethylated JgGi mye- 

loma protein. The protein was digested with trypsin for 4 and 8 h, 
respectively. 


This method is easy to interpret. and to reproduce. In 
the case of IgG1, the time of trypsin digestion is rather 
important. Short periods of trypsin digestion (Fig. 2) 
give rise to an extra band which is not present for longer 
periods of digestion. This peptide contains three Cem 
(one involved in heavy-hght and two in heavy-heavy 
chain binding). migrates more slowly than the charac- 
teristic IgG1 peptide and results from incomplete splitting 
of the lysine. between interheavy—light and interheavy- 
heavy eysteine peptides’. Once this fact has been estab- 
lished, however, the oceurrence of either or both these 
two bands can be used as confirmatory evidence for the 
TeGi heavy chain type. 


As a further check, the radioactive band containing the 
interheavy carboxymethyleysteme peptide can be o xidized 
with performic acid vapour and then subjected to clectro- 
phoresis at pH 2. In the case of IgGl, IgG. and IgG4 
the band gives rise to three components. This behaviour 
is very characteristic of the peptides containing two Cem 
residues and is the result of incomplete oxidation*. In 
the ease of IgG2 the radioactive band containing four 
Cem gives rise to five components. 

In addition to identifying the heavy chain type, it is 
possible to characterize the light chain on the same run. 
Fig. 3 shows, with an arrow, the relevant band in the 
pattern of two IgG2 proteins; one is « type and the other 
is A type. Because the cysteine containing peptide linking 
the XA chains to the y chain is in a region where some 
interheavy Cem peptides are present, the identification 
of the light chain type is chiefly based on the absence 
of the x peptide. When confirmatory evidence is required, 
however, the faet that the peptide has the rare property 
of being isatin positive (it has N-terminal Pro) can be 
easily used. 


« chain A chain 





Asp “a 


Fig. 3. Autoradiography obtained after electrophoresis at pH 3:5 of 

peptic-iryptie digest of partially reduced and carboxymethylated G 

myeloma protein of different Hight chain type, The arrows indicate the 
bands characteristic of each type. 
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Table 2. COMPARISON OF CHEMICAL AND SEROLOGICAL TYPING OF 
G MYELOMA PROTEINS 
Light chain 
Protein Heavy chain Serological 
Serological Chemical and chemical 

CAR yi yl x 
DEE yl yl x 
BAC N.D. yl Á 

GRI yl yl x 
RIO yl yi x 
MAC yl yl x 
CRA* yl yl 

TIL y2 yg x 
DAV v2 y2 x 

SA yi yz Á 
BRU ye y x 
KUP ye y3 x 
HUS y3 y x 
ZUC* y3 y8 

WUR $4 y4 x 
DUN y4 y4 x 
VIN vá y4 


* “Heavy chain disease" proteins. N.D., not done. 


ln seventeen proteins belonging to all types which were 
studied, the correlation between serological and chemical 
typing was 100 per cent (Table 2). In the case of the 
“heavy chain disease" protein CRA, the antigenic type 
was difficult to determine. It resembled the yl type’, 
although it had previously been classified as y4°. 


The method reported here has the advantage of 


obviating the use of specific antisera and of providing an 
alternative and sufficiently clear cut tool to classify both 
the heavy and light chain types. In addition, it seems 
possible that differences in the mobility of some of the 
bands might provide easily detectable clues to the possible 
presence of unusual mutations. 
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Non-allelic Nature of the Basic Sequences 
of Normal Immunoglobulin K Chains 


ONE of the key problems in investigations of the molecular 
basis of the immune response is the mechanism by which 
the immunologieal system ean synthesize an indefinite 
number of different antibody molecules within a basically 
similar peptide structure. The structural variability of 
immunoglobulins can be conveniently classified into three 
categories. (1) The isotopic variants which are common 
to all individuals of the same species and which differ- 
entiate the x and X light chains, and the various types 
of heavy chains. (2) The allotypie variants which dis- 
tinguish the polymorphie forms of immunoglobulins 
within a given species. (3) The idiotypic variants which 
characterize individual antibodies and myeloma proteins 
within each isotope. This third category of variation has 
been the subject of much structural work on myeloma 
proteins. 
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It has recently been observed that the variability. of 
human immunoglobulin x charms can be considered as 
resulting from variations of :hree basic sequences*?, 
Variants of these sequences have often been incompatible 
with the hypothesis that the variability results from the 
for the variable section of the «hains. This information 
originated, however, from studies of abnormal proteins. 
Three questions therefore arise: (1) Can the three basic 
sequences be recognized in normal hght chains? (2) Is 
any one of them an allelic form sf another ? (3) Can more 
than three basic sequences be recognized in human light 
chains? In order to investigate these problems a search 
was made for the presence in nermal human light chains 
of selected peptides, characteristic of specific basic- 
sequences. In addition, the sequence of the first twenty- 
five residues of three selected pathological x chains has 
been determined. 

The y globulin of normal donors was prepared from 
sera (most of them kindly supplied by Dr Darnborough 
from the Blood "Transfusion Centre, Cambridge) by 
‘Pevikon’ block electrophoresis. Light chains, prepared? 
from pooled human IgG (Manr Research Laboratories, 
Cohn Fraction IL), from the IgG traction of individual sera, 
and from three pathological prote:ns, were fully reduced and 
carboxymethylated with MC-iodoacetate’. The carboxy- 
methylated chains in 1 per cent. NH,HCO, were digested 
with trypsin (enzyme/substrate ratio 1: 100) for 5 h at 
at 37° C. The digest was appüed on 3 MM Whatman 
paper and subjected to electropaoresis at pH 6:5 (1 h at 
60 V/cm). TNI and TN2 peptides were purified by 
electrophoresis at pH 2-0 (1 b. 60 Vjem) followed by 
descending chromatography in BAWP (butanol-acetic 
acid—water-pyridine (15:3:12. 10). Each peptide was 
oxidized with performie acid vapour in a desiccator for 
2 h, and the electrophoresis at pH 2 was repeated. 
Amino-acid analysis, eleetrophoretie buffers and appar- 
atus, and N-terminal analysis were as previously de- 
scribed?. 

A qualitative survey of the hght chains isolated from 
the sera of eleven normal donorssshowed that each sample 
had a very similar pattern of N-terminal residues, dansyl- 
aspartic and dansyl-glutamic being the chief derivatives. 
In all cases the ratio of one to the other of the intensities 
was very similar. Because aspartic acid is the N-terminal 
residue of basic sequence I and M, and glutamic acid that 
of basic sequence III, this result gave the first suggestion 
of the non-allelie nature of base sequences of x chains. 
Further studies were carried cut using samples which 
had been fully reduced and C carboxymethylated. 


Table 1. PEPTIDES TN] AND TN? WERE OPTAINED FROM A TRYPTIC DIGEST 
OF FULLY REDUCED AND CARBOXYMETHTLATED POOLED NORMAL LIGHT 
CHAINS 

TNI TNZ 
Arg IU i0 
CM Cys 0-851 GBS 
Thr 6-99 i175 
Ser OF «01 
Gly «01 c1 
Ala 1:02 
Val 1-08 
Tle 1-68 
Leu 0-07 PST 
N-terminus Ala Vai 

Fig. 1 shows the distribution o! the 9C carboxymethyl- 


ated tryptic peptides of normal light chains in a two- 
dimensional run. From their position in the map and 
staining characteristics it appears that peptides x, and 4, 
include the cysteine residue at position 194 and x, and 
Ag at 134, respectively, in x (refs. 3-7) and X (refs. 8 and 9) 
chains which form the invariart loop! (numbering of 
residues taken from ref. 11). Spot x, (present in one out 
of the seventeen samples tested) was identified as the Leu 
191 variety which is correlated wth the InV, a character 
in Bence Jones proteins". In addition to those spots 
there are, in the maps, two other prominent spots, TNI 
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A3 


BAWP 
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K3 
A3 
BAWP 
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Fig. 1. Autoradiography of a two-dimensional map of the tryptie digests of fully reduced 

and carboxymethylated (C-iodoacetate) normal light chains from two donors, The spot 

labelled «3a was present in one out of seventeen samples and is diagnostic of the presence 

of leucine at position 191 while x, is the more common variety containing valine. This 

substitution was shown to be correlated with the InV character in myeloma proteins’, 

Electrophoresis at pH 6:5 was run in the first dimension, and chromatography in BAWP 
in the second. 


and TN2, and two weaker spots. A number of ill defined 
spots only become apparent after longer exposure to 
autoradiography, and a eonsiderable amount of insoluble 
material is left at the origin. 

In order to identify spots TN1 and TN2, the peptides 
were isolated from pooled normal light ehains and their 
amino-acid composition determined (Table 1). Residues 
other than those listed in Table 1 were less than 0-1 mole/ 
mole of peptide. Peptide TN1 has a composition and 
N-terminal residue which are identical with the tryptic 
peptide containing the Cys at position 23 (refs. 1 and 2), 
in the basie sequenee III (see Fig. 2). Peptide TN2 
(sequence established as shown in Fig. 3) is identical with 
a variant of basic sequence I in which Gln 24 is substituted 
by Arg. Such a variant has now been detected in several 
individual samples of monoclonal human light chains 
(Fig. 3). 

Peptides TN1 and TN2 were present in the peptide maps 
of every one of the light chains isolated from the sera of 
the seventeen normal individual donors (these samples were 
different from the eleven used in N-terminal studies). Àn 
attempt was made to estimate the amount of peptide 
present in the individual samples. The radioactive spots 
were eounted and the relative amount present in each 
sample was calculated with respect to the amount 
of peptide x, taken as 1 (Table 2). Although the 
quantitative estimates are subject to considerable 
experimental error, they show that all samples contain 
both peptides, and suggest that together they may 
account for between 30 and 50 per cent of the total amount 


of the x chains (total amount of x chains being estimated 
by the amount of x; peptide). The ratio of the amount of 
peptides TN1 to TN2 is not the same in the individual 
samples, suggesting that normal individuals differ in the 
relative proportions of x chain subtypes. 

The recognition in normal light chains of the basic 
sequence, deduced from studies of Bence Jones proteins, 
rests on the possibility of producing characteristic peptides 
whieh preferably should fulfil two conditions. First, the 
peptides should be easy to purify in good yields and easy 
to recognize, and second, they should belong to a section 
of the chain which is not subject to a too high degree of 
variability. 

Of the two eysteines in the variable region, eysteine 88 
occurs in a section which is one of the most variable parts 
of the molecule!*, and cysteme 23 in proteins of the basie 


. Residues N 
Basie sequence (from 


ref. 1) 18 190 20 21 22 23 3294 
I Arg- Yal Thr- He- Thr- Cys- Gin 
II Pro- Ala- Ser- Ile. Ber- Cys- Arg 
IH Arg- Ala- Thr- Leu- Ser- Cys- Arg 


a Arg- Val- Thr- Jle- Thr- Cys- Arg 
(b) Arg- Ala- Thr- Ie- Thr- Cys- Arg 
(e) Arg. Val Ser- Ile Ser- Cys- Arg 
(d) Arg- Val- Thr- Leu- Ser- 


Cys- Arg 
Tryptic splits 


Fig. 2. Examples of expected sequences which should have derived from 
random crossing over of the basic sequences around Cys 23. 
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5 10 15 20 24 

Ale Asx-Ile-Glx-Met-Thr-Glx-Ser-Pro-Ser(Ser-Leu)Ser-Ala-Ser-Val-Gly-Asp-Arg/Val-Jhr-Leu-Thr-Cem-Arg 

Ce ATTIC fco ee MPO E ANS 

— one mnn loc dicus" ae Maan ame al pr cd 
EUR UTC TT: eom E Teer 
—* 

Car Asx-lle-Glx-Met-Thr-Glx(Ser,Pro, Ser) Thr-Leu-Ser-Ala-Ser-Val-Gly-Asp-Arg/Val-ala-Ile-Thr-Com-Arg 

€———————————— a Carer Da iON rr eer Ca TOTUM 
Dee Asx-Ile-Glx-Met-Thr(Glx,Ser,Pro,Ser,Ser,Leu)Ser-Ala-Ser-Val-Gly-Asp-Arg/Val-Chr-Ile-Thr-Com-Arg 

m ovx eÓMÀÀ DeTN1 nre rne nane 

«——————————— ————— MP a i $ Y met . * 

Rc co A — —R a. —. -py mr ema morge 
Eut AsSp-Ile-Glx-Met-Thr-Glx-Ser-Pro-Ser-Thr-Leu-Ser-Ala-Ser-Val-Gly-Asx-Arg/TVal-hr-lle-Thr-Cys-Arg 
TN2 
(pooled Val-7hr-Ile-Thr-Com-Arg 
light lx dcr is Eur 
chains) 


Fig. 3. The N-terminal sequence of kappa light ehains belonging to the variety of basic sequence I which includes a. arginine at position 24. 


Table 2. RELATIVE AMOUNTS OF PEPTIDES TN1 AND TN2 OBTAINED FROM 
THE LIGHT CHAINS OF SEVENTEEN NORMAL DONORS 

Donor TNI TN2 Donor TNI TN2 
135 0-23 0-19 780 0-18 0-21 
740 0:16 0-27 739 0-20 0-31 
595 0-10 0-30 764 0-20 021 
828 0-23 0-28 718 0-17 0-24 
124 0-31 0-36 762 0-18 0-25 
577 0-36 0-30 521 0-13 0-26 
810 0-39 0-31 686 0-13 0-14 
585 0-23 0-32 646 0-11 0-12 
656 0-33 0-32 


Each spot was purified by paper electrophoresis at pH 6-5 and 2, and 
chromatography in butanol : acetic acid : water : pyridine (15 :3 : 12 : 10 by 
vol.), cut out and counted in a liquid scintillator counter, Peptide x3 was 
purified and counted in parallel, The amount of peptide is expressed relative 
to the amount of peptide x3 in each individual sample. 


sequence I occurs in a large tryptic peptide, which is 
often insoluble and which includes a fairly variable 
section. On the other hand, Cys 23 in basie sequence ITI 
is present in a very characteristic tryptic peptide, making 
it amenable to large scale individual screening. A second 
peptide, which was a good candidate, was the variant of 
basic sequence I containing Arg instead of Gln in residue 
24. Both of these peptides (TN1 and TN2) were found 
and were well characterized in pooled chains. Other 
peptides from the N-terminal half were not investigated, 
but in the runs minor radioactive spots and considerable 
amount of insoluble material were present. 

The faet that seventeen out of seventeen samples con- 
tamed the two peptides TNI and TN? is an indication 
that they themselves do not derive from allelie genes. 
Variants not separable by the electrophoretie or chromato- 
graphic techniques would only be detected by amino-acid 
analysis. In fact, the amino-acid analyses of peptides 
derived from pooled chains (Table 1) were reasonably 
clean; residues other than those accounted for by the 
sequences were well below 0-2 mole/mole of peptide and 
are often observed as impurities when dealing with very 
smal] amounts of peptides. Amino-acid analysis was not 
carried out on the individual samples. 

The results show that variants of the basic sequences, 
if present, occur in pooled light chains at levels below 20 per 
cent. The only variant of these three basic sequences 
detected in normal light chains was in residue 24 (Arg/Gln) 
and this appears to be a variant of sequence I. This 
could be the result of a fourth basic sequence. Among the 
sequences of Bence Jones proteins which contain such 
Arg, protein Eu and Car (see Fig. 3) contain Thr at 
position 10, a substitution not previously found in basic 
sequence I. Ale and Dee, however, also contain Arg at 


24, but not Thr 10. More sequences are needed to see if 
Thr 10 is always associated with Arg 24, supporting 
further subdivisions of basic secuence E. 

The results presented here provide further evidence 
against the proposed mechanisms of the generation of 
diversity by random recombingstion events, The fact 
that two peptides only were fouad in normal chains, but 
not others as predicted by random recombination (see 
Fig. 2), is against such postulates. Thus if crossing over 
between basic sequence I and II is proposed (to such an 
extent that it would explain tke yields of the variant 
with an Arg in position 24 in th- basic sequence I), then 
Ala should have been detectec in the N-terminus of 
peptide TN2 and Val in the N-terminus of sequence TNI 
(Fig. 2, examples (b) and (d)). Furthermore, Ile (present 
in TN2) was absent in TN1, and 3er (present in TNI} was 
practically absent in TN2. 

The observations presented hsre, suggesting that tho 
basic sequences are not the resurt of polymorphism and 
that very little, if any, randora recombination events 
seem to occur between them, Ladicate the presence of 
three or more structural genes ccaling for the N-terminal 
half of the molecule. Previous genetic studies, however, 
on the C-terminal half were corapatible with one strue- 
tural gene coding for the C-terminal half of x chains. 
This provides, to our minds, the strongest evidence so far 
that a mechanism of specific rearrengement or insertion (at 
the chromosomal level or otherwise), affecting only a small 
section at the middle of the light-chains, operates as part 
of the genetic control of the immune response. Such a 
mechanism was proposed earlier" in order to preserve a 
germ line theory of antibody va.iability which assumed 
that a very large number of N~erminal half genes are 


present in the germ line. This aas not, however, been 
established. With the present information it seems 


equally possible to us that a small aumber of half genes are 
present in the germ line and that shese could produce the 
very large number of variants by somatie mutation 
events!i15, 
C. MILSTEIN 
MRC Laboratory of Molecular Bicdogy, 
Hills Road, Cambridge. 
CELIA P. MinSTEIN 
A. FEINSTEIN 


ARC Institute of Animal Physiolczy, 
Babraham, Cambridge. 
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Conformation of Ribosomal RNA of E. coli: an Infrared Analysis 
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Tug quantitative analysis of RNA conformation has been 
attempted by a number of methods all of them now known 
to be in some degree ambiguous. The ultraviolet hypo- 
chromicity depends on the extent of base pairing, and can 
in principle be analysed in terms of standard contributions 
from A-U and G-C components!?. This analysis is, 
however, fraught with assumptions concerning the 
sequence-dependence of hypochromieity!, the reliability of 
the standards, the dependence on helix length* and, in 
particular, the contribution of single stranded stacking! ^. 
Acid-base titration" has a sounder background, but is 
also subject to effects of stacking on pK values*. An 
optical rotatory dispersion (ORD) method has been 
developed by Tinoco and his associates’. This represents 
a great advance in that the ORD of single stranded 
stacked chains can be satisfactorily described in terms of 
pairwise interactions of successive residues in the chain. 
Unfortunately, however, the effect of base pairing can be 
described only in semi-quantitative fashion*-'*. 

It nevertheless seems that all these approaches, às well 
as some interesting modifieations!**, give broadly con- 
cordant results, ‘Thus various species of ribosomal RNA 
are all estimated to contain some 60-70 per cent of base 
pairs? 113244, There is less explicit agreement, however, 
on the composition of the double helical fraction?: 1*1, 


Infrared Spectra 

We have explored infrared spectroscopy as a method 
for determining the extent and composition of base 
pairing, because this offers the unique advantages of being 
largely insensitive to the stacking of single stranded 
chains, to the length of double helices and to the sequence 
of bases. 'The work of Miles and his associates? has 
shown that large shifts in the frequencies associated with 
groups of the heterocycles occur when base paired poly- 
nucleotide structures are formed. Thomas'* has shown 
that the infrared spectrum of RNA in the 1,550-1,700 em- 
region ean be well fitted by the sum of contributions from 
A-U and G-C base pairs and the four free mononucleo- 
tides. We describe here an analysis of base pairing 
in terms of differenee spectra of intaet and hydrolysed 
RNA, and the results for E. coli ribosomal RNA. 

Infrared spectra were measured in D,O solution in cells 
with ealcium fluoride windows of about 30 microns path 
length using a Grubb-Parsons grating instrument. For 
difference spectroscopy. demountable cells were matched to 
about 1 per cent in path by trial and error, using “Teflon’ 
spacers. Sample concentrations were generally in the 


The concentration of A-U and G-C base pairs in RNA can be 
measured by an infrared method, which has been applied to E. coli 
ribosomal RNA. Results are compared with those of other spectro- 
scopic methods. 


range 3-4 per cent, and for absolute spectra samples 
were first lyophilized from D,O. At our concentrations 
and path lengths total absorbances were sufficiently low 
to avoid artefacts of stray light. As a supporting electro- 
lyte for RNA solutions, 0-1 M NaCl was used, with 0-02 M 
cacodylate buffer when required. Hydrolysis was achieved 
by addition of 5 ul. of a D,O solution containing pan- 
creatie and T1 ribonucleases at a concentration of 
10 mg/ml. each to 0-5 ml. of RNA, and incubating at 37°C 
until no further change in the spectrum could be detected. 
For concentration determinations, the infrared cells were 
transferred to a Cary 14 spectrophotometer, and the 
ultraviolet spectrum was measured. In general, the 
absorbance at the maximum near 260 my was too great 
to be measurable, and the concentration was therefore 
determined from the long wavelength edge of the band. 
In order to eliminate wavelength setting error in this 
region, and to guard against the inhomogeneous field 
artefact!®, which is liable to occur at high absorbances if 
any small bubbles are trapped between the windows, the 
absorbances at a series of wavelengths were plotted against 
the corresponding absorptivities from a standard spectrum 
of the same material determined on the same instrument. 
The slope of the plot then gives the concentration. 
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Fig. 1. Hydrolysis difference apectra of poly(G + C) C———- )and poly- 


(A +Ü) ee). Double helix against hydrolysate, 
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Frequency (em!) 
Fig. 2. Hydrolysis difference spectrum of E. coli ribosomal RNA 
(native, 30^, against hydrolysate). , Observed difference spectrum ; 
— — — , calenlated difference spectrum for best fit (0-27 A-U, 0°33 G-C). 





Poly(A +U) and poly(G-- C) were prepared by mixing 
the homopolymers in 0-01 M tris buffer, pH 7-4. After 
standing for some days, the products were precipitated 
with ethanol and dried first with ether and then over 
P.O, in a desiccator. These materials were highly 
ordered two stranded polynucleotides, as judged by 
X-ray diffraction of fibres. (These determinations and 
the methods of preparation are due to Dr 8. Arnott.) 
Measurements were also performed on single stranded 
poly € and poly A at pD — 8, to assess the effect of stacking 
on the infrared spectrum. E. colt ribosomal RNA was 
prepared from ribosomes of E. colt MRE 600 by the 
phenol-SDS extraction procedure”. 

The standard difference spectra of poly(A+U) and 
poly(G--C) against their hydrolysates are shown in 
Fig. I. These are used for a simple two component 
analysis of RNA difference spectra. Fig. 2 shows the 
hydrolysis difference spectrum of E. coli ribosomal RNA. 
In terms of the standards of Fig. 1, this gives immediately 
the fractions of G-C and A-U base pairs as 0:33 and 
0-27 respectively; that is, some 60 per cent of the total 
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Fig. 3. Observed and calculated spectra of E. coli ribosomal RNA. 
— » Observed spectrum; — — — , spectrum calculated on the basis of 
the composition given in Table 1. 
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Table 1. BASE PAIRING OF E, coli RIBOSOMAL RNA AT 30° cC FROM INFRARED 


ANALYSIS 
A G IU C 
Base composition (from Cox’) O27 0-29, 0:20, 023 
Composition of paired part 0:22 028 0-22 0-23 
Composition of unpaired part i34 0:33 0-18 16 


RNA is paired at 30° C (Table 1). This value would be 
expected to increase perceptibly at lower temperatures. 


The Limits of Fit 

We may now examine how well the infrared spectrum 
of the intact RNA may be fitted by addition of the several 
components. The observed and calculated spectra are 
shown in Fig. 3, and it can be seen that the fit is quite good, 
though by no means exact. Similarly, the spectrum of 
the hydrolysate can be fitted with a mixture of the 


change in the character of the spectrum on hydrolysis. 
We have also measured the spectrum of intact RNA at 
temperatures near 100° C, using a heated cell-housing, and 
the curve in this case approaches closely to that of the 
hydrolysate in Fig. 4. 
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Fig. 4. Observed and calculated spectra of E. col ribosomal RNA 
hydrolysate. -, Observed nuclease hydrolysate; -~~, calculated 


spectrum of nucleotide mixture corresponding to the base composition 
given in Table 1. 


The results show that the infrared spectrum offers a 
means of determining the fraction and coraposition of 
base paired parts of the RNA, and that the difference 
procedure reduces the problem to a two component 
analysis. The only critical assumption is that only 
Watson-Crick base pairs are involved, and this there is at 
present no reason to doubt. At the same time, it is 
necessary to enquire into the limitations in the fit, which 
determine the precision of the method. A source of 
experimental inaccuracy is the possibility of introducing 
water into samples during manipulations. One may 
detect the presence of HDO absorption from the baseline 
to the high-frequency side of the polynucleotide absorption 
bands, and if its concentration 1s not too great the absorb- 
ance in this region may be used to calculate a corrected 
baseline for the speetrum. It appears, however, that the 
deficiencies in the fit are largely inherent in the spectra. 
It is well known** that unpaired RNA chains are in 
a partially stacked conformation at room temperature, 
and it is clear! that ribosomal RNA is no exception, 
It must be expected that this will result in some per- 
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turbation of the infrared spectra of the unpaired bases, and 
also perhaps to a slight extent of long double helices 
compared with short ones, the terminal bases of which will 
have full stacking contact on one side only. We have 
measured the spectra of single stranded poly C and poly À 
to assess the magnitude of the effect, and small wave- 
length shifts and other minor perturbations in the speetra 
are found. That this is an effect of stacking is shown by 
the close similarity of the hydrolysate with the spectrum 
of the essentially unstacked polymers at 80? C. The 
stacking perturbation is much smaller than the difference 
induced by base pairing. and in poly A and poly € the 
extent of stacking is high compared with that in à random 
sequence*P??, Nevertheless, this must be expected to set 
a limit to the extent of the fit of a calculated RNA 
spectrum that ean be obtained by the use of our standards. 
These strictures will apply to any infrared analysis. 
There will be stacking effeets due to incomplete digestion 
of the poly A in the poly(A +U) standard, and the re- 
siduum of oligonucleotides in the RNA digest. The 
overall effect is relatively small, as the satisfactory fit 
in Fig. 2 indicates, but must be expected to set limits of 
precision of the order of 5-10 per cent on the values of 
Table 1. 


Comparison with Other Methods 


We now examine to what extent our values for base 
pairing can be reconciled with the results of optieal 
rotatory dispersion (ORD) and ultraviolet hypochromicity 
measurements. Fig. 5a shows the ORD curve of native 
ribosomal RNA (Bellingham and Stanley spectropolari- 
meter) and calculated curves corresponding to the 
structure derived above are also shown. Assuming a 
random sequence, and using the procedure of Cantor 
et al.®, based on pairwise addition of dinucleoside phos- 
phate units along the chain, we obtain curve (b) for a fully 
unpaired structure. The introduction of base pairing 
requires much more drastic assumptions. One may use 
the difference method of Cantor et al., in which appropriate 
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Fig. 5. Optical rotatory dispersion of E. coli ribosomal RNA. a, 
Seared ORD curve (0-1 M NaCl, 0-01 M tris buffer, pH 7-6); b, ealeu- 
lated curve for composition given in Table 1, using the procedure of 
Cantor etal’: c, calculated curve based on the sum of a single strand 
and a separate double strand contribution (see text); d, calculated 
curve for no base pairing, after Cantor et al? assuming random sequence. 
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proportions of curves representing the differences 


(m Jpotyca + v) — 1/2(m ]porya + [mlporyu)) and ([m]lpotyca +0) 

s 1/2 ([mlpoyyG + [mpoiyc). 
in which [m] is specific molar residue rotation, are added 
to curve (a). This implicitly subtracts out a single strand 
contribution made up of hypothetical homopolymer 
segments, while adding poly(A+U) and poly(G+C) 
pairing contributions. The alternative procedure, which 
we have previously applied to yeast ribosomal RNA", 
is to partition the structure into a single stranded part of 
defined composition (Table 1) and a double stranded part, 
made up of a mixture of standard poly(A +U) and poly- 
(G+C) eurves???*, This latter procedure leads to curve 
(d) Although the observed curve clearly reflects the 
presence of pairing, by neither calculation is the quantita- 
tive fit very satisfactory; the second method, which 
appears to us the more logical, here gives rather worse 
results. 

We have applied also the approach of Boedtker!s, in 
which an estimate of the single stranded eontribution to 
the ultraviolet thermal hypochromicity is obtained by 
measurements on formaldehyde-treated, and thus fully 
unpaired, RNA. This gives à value for the total pairing of 
60 per cent. This should be a lower limit, for it does not 
take into account the diminished effeet of short helices on 
the hypochromicity*. Finally, it should be noted that 
despite the innate problems in other methods of studying 
base pairing, our results agree well enough with those from 
acid-base titration and pH dependent thermal melting 
curves’? (70 per cent pairing, 60 per cent of it G-C), 
melting curves in the presence of urea or guanidine 
hydrochloride! (some 50 per cent pairing) and our 
hypochromicity measurements, following Boedtker?. Our 
data contradict the inference of Bush and Scheraga??’, 
based on ORD measurements, that E. col ribosomal RNA 
contains few A-U base pairs. 

The infrared procedure seems to us, within the limits of 
its precision, to be reliable, reasonably simple in applica- 
tion, and will, it is hoped, be generally useful in the study 
of RNA conformation. The requirement in material, 
however, is relatively high (about 10-15 mg), but the 
method could without doubt be refined down by applica- 
tion of micro-sampling techniques. 
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scholarship. 
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LETTERS TO THE EDITOR 


PHYSICAL SCIENCES 


Pulsars: White Dwarf Atmospheric 
Pulsations 


Recent discussions of the pulsed radio sources discovered 
by Hewish ef al. have demonstrated the theoretical 
difficulties associated with these objects. The observed 
periods suggest that atmospheric pulsations of white 
dwarfs is the mechanism. I consider here a model of a 
thin, adiabatic atmosphere with a constant lapse rate. 
Only the non-degenerate portion of the star is considered 
as participating in the oscillation. 

The oscillation equation for small deviations from 
equilibrium may be obtained from mass, momentum 
and energy conservation equations of a fluid 
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where D/Dt is a convective derivative, and viscous terms 
are neglected. Expanding all terms about their equili- 
brium values and retaining only terms to first order, the 
adiabatic oscillation equation obtained is 


(yl +u)? ,.^ SS ' 
sx [Poly n(r)r)] + (o? 490/7) ponr) - 0 (2) 


where the subscript denotes equilibrium values, and y is 
the adiabatic index of the gas. Rotation is neglected, 


* * * . " , — 
and only radial motion is considered. The quantity nir) 
» + » e 
is related to the velocity of a fluid element by V (r,t) = 


-— 
D[v(r)e**"t ]| Dt. Curvature terms may be neglected for a 
thin atmosphere. The assumption of a constant lapse 
rate implies dZ7/drzconst.- —8. Utilizing these rela- 
tions and making the change of variable rz J?,— az3, 
with T(o)-0 and T(Hi/x) « T, equation (2) becomes 





dez) , (2ug, — Rf)dm(z) , — 4e — 
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where 6?— o*--4g,/R, and H is the depth of the atmo- 
sphere. Specifying «a? to make the coefficient of w«(z) 
unity, and defining p= (2ug, — RB)/RB, equation (3) may 
be written 





d dy(z) 
—4 gp — ) 4 xP = 
a ge) t= A 
The solution of (4) that is regular at z= 0 is 
niz) = const. z(1 -2/2J(, _4)/9(z) (5) 


In order to obtain the eigenvalues of the motion, an 
additional boundary condition is required. As a conse- 
quence of the degenerate character of the interior, con- 
duetion by electrons is efficient. Variation in temperature 
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Fig. 1. The mass-period relation for adiabatic atmospheric pulsations of 
white dwarfs with luminosity as a parameter. Curves for a given Iumin- 
osity are bounded above by values of n= Z and below by w= 1/2. 


at the interface would be rapidly distributed throughout 
the interior of the star, indicating that fluctuations in 
temperature at the base of the atmosphere should vanish. 


Analytically, this implies that (dy(z)/dz),= Hije = 0. 
The eigenvalues are then given by 
(y—-1+u)RGAn? AG AL = 
(ün* Sa Ser rs eo eS (0) 
Au? I 


where An is the nth zero of J(5 | ele) 


Table 1. CALCULATED ATMOSPHERIC PARAMETERS 


Luminosity 
Mass (Mo) (bo) PeO KE) HOG em) P.) HIR [ 
0-4 10 10-7 1:48 3-86 0-144 0-5 
0-4 10-5 0.79 0-11 1:02 0-011 0-5 
0-4 10-5 35-3 1:23 47-2 0-119 2-0 
0-7 10-* 9-35 0-390 10-7 0-052 5 
0-7 10-* 380-1 0-32 18.7 0-043 2-0 
1:22 10-* 7:89 0-048 0-14 0-018 Ob 
1:22 10-* 0-18 0-0028 0-045 0-001 2-0 


Numerical results were obtained by assuming a lumino- 
sity, from which a value of the temperature at the base 
of the atmosphere may be calculated. The temperature- 
luminosity relation depends on whether bound-free or 
free—free transitions dictate the opacity. The temperature 
so determined establishes the thickness of the atmo- 
sphere. Fig. 1 shows results of these calculations for the 
fundamental mode. Representative values of the atmo- 
spheric parameters are presented in Table 1. Of particular 
interest is the ratio of atmosphere thickness to the stellar 
radius. In all cases, the approximation of a thin atmo- 
sphere is valid. Moreover, neglect of core pulsation is 
justified for the eigenvalues. for the atmospheric oscilla- 
tions are much larger than those associated with the 
corresponding pulsation, indicating a weak coupling. 
The atmospheric pulsations discussed here are not to 
be identified with high overtones of core pulsation: the 
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functional dependence of period on mass and radius differs 
in these cases. 

The values for the period are consistent with observa- 
tions to date. The present efforts to obtain optical identifi- 
cation of the pulsars eould provide a check on this theory. 
Once the luminosity and colour are obtained, the mass is 
known. This would then yield a predicted value for the 
period. 

I thank Dr R. O. Pepin for his encouragement during 
the writing of this paper and Dr E. Ney. Dr P. J. Kellogg 
and Mr Don Strecker for many useful discussions on the 
subject. This work was supported by a contract with the 
US Office of Naval Research. 


Davip C. BLACK 


School of Physies and Astronomy, 
University of Minnesota, 
Minneapolis. 


Received November 15, 1968. 
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Frequency Structure of Pulsar 
Intensity Variations 


‘THIS communication reports that a programme of observa- 
tions at Jodrell Bank on ten pulsars has shown that the 
long term fading of pulse intensities at 408 MHz (ref. 1) 
has a characteristic frequency width which varies with 
the dispersion measure* ({Ndl) of the source. These 
results can be explained by a scintillation mechanism 
due to irregularities of electron density distributed 
throughout the interstellar medium. The results in this 
report refer to the total energy density received per 
pulse, referred to here as pulse energy or intensity. 

From earlier work!-^'?-15 and the present series of 
observations it is now clear that the complex pieture of the 
intensity fluctuations can be divided into at least two dis- 
tinet regimes of fluctuation; these will be referred to as the 
long term and short term regimes. The short term com- 
ponent is characterized by fluctuations with a time scale 
which is independent of frequency but which varies from 
source to source, from a fraction of a second (for example, 
OP 0950) to a few minutes (for example, CP 1919). The 
detailed pattern of the short term fluctuations is correlated 
over a wide frequency range'". For example, CP 0328 
shows pulse to pulse fluctuations at both 151 MHz and 
408 MHz, but the ratio of pulse energies at these frequen- 
cies remains constant for many seconds (see Fig. 2 in 
ref, 7). The long term fluctuations show themselves as a 
slow change of this ratio. These long term variations 
have time scales at 408 MHz ranging from a few minutes 
(for example, HP 1506) to a few hours (for example, 
CP 0950). The frequeney width for decorrelation of the 
fluctuations is very narrow, ranging from about 100 
kHz (PSR 1749-28) to 20 MHz (CP 0950) at 408 MHz. 
Both the time seale and the width of the frequency 
strueture increased with increasing radio frequency for a 
given source. 

For CP 1919 the present observations have shown that 
the two regimes are hard to distinguish. At 150 MHz 
the time scales and depth of modulation of the two regimes 
are similar, leading to the difficulties encountered in the 
interpretation of much of the published work?/$.1?-5.. At 
408 MHz the depth of modulation of the short term regime 
is much reduced and the long term fluctuations pre- 
dominate. 

Here the chief purpose is to present results on the long 
term fluctuations. These have been studied on the source 
CP 0328 using the digital autocorrelation spectrometer 
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CP 0328 
408 MHz 
Fig. i. Successive mean pulse spectra from CP 0328 at 408 MHz at 


intervals of about 50 s. The frequency resolution is 60 kHz and the 
spectra include the effeet of the receiver band-pass. 


recently built at Jodrell Bank. A full deseription of this 
instrument is in preparation by Ponsonby and Pointon. 
The spectrometer was gated to accept signals during an 
interval of 30 ms which included the pulse, as in the recent 
HI absorption measurements of de Jager et al.*. The 
pulse spectrum was then plotted out at intervals of about 
50s. Fig. 1 shows the results for CP 0328 at 408 MHz; 
successive spectra are shown with time increasing upwards. 
The spectra displayed include the pass-band of the receiver, 
which, while varying smoothly with frequency, does have 
a gradual cut-off near the edges of the diagram. The 
figure is a graphie deseription of the long term fading. 
showing features with a characteristic duration of 4 mun 
and frequency width of 150 kHz. There is no tendency 
for the features to drift in frequency, and their variation 
in both frequency and time seems to be random. This 
measurement shows clearly the characteristics of the long 
term fading, but does not reveal whether the fading is 
intrinsie to the source or a propagation effect. A scintilla- 
tion process seems a likely explanation, as suggested by 
Scheuer®, either due to a general interstellar distribution 
of irregularities in electron density or due to a localized 
irregular cloud between us and the source. 

In order to investigate the cause of the fading a system- 
atic study of the frequency structure has now been made 
on ten pulsars at 408 MHz. The technique was developed 
from the observation’ that the fading on CP 0328 was 
much deeper in a 0:35 MHz bandwidth than in a 4 
MHz bandwidth. The receiver was divided into three 
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channels; each one was centred on the same radio fre- 
queney but had different bandwidths in the range 0:1 
MHz to 4 MHz. Samples from these three channels were 
fed into the on-line computer and mean pulse intensities 
printed out every minute. This measurement, which will 
be referred to as the bandwidth experiment, was carried 
out on ten pulsars at 408 MHz for runs lasting from one to 
four hours. The result can be understood by referring to 
Fig. 1; a receiver of 2 MHz bandwidth will show very 
much less fluetuation than a receiver of 0-2 MHz band- 
width. From these runs a characteristic bandwidth By 
was determined for each source. By is defined as that 
receiver bandwidth which reduces the fluctuation index 
by a half over that observed with an infinitely narrow 
bandwidth. Fluctuation index is defined as the ratio of 
r.m.s. deviation in pulse energy to the mean pulse energy. 
Clearly, By will be several times larger than the typical 
frequeney width of the features in Fig. 1. 


Table 1. CHARACTERISTIC BANDWIDTH AND DISPERSION MEASURE FOR TEN 
PULSARS 
Í Nal Bn 
Source (pe em) (MHz) 

CP 0328 26-7 1 
CP 0808 o8 20 
CP 0831 12-8 4 
CP 09650 2-9 20 
CP 1133 4-9 10 
AP 1506 10-6 2 
PSR 1749-25 50-9 0-2 
CP 1919 12-5 3:5 
AP 2015 i432 0-8 
PSR 2045-16 11:4 19 


Table 1 lists the characteristic bandwidth Bn for the 
ten pulsars together with their dispersion measures 
({Ndl). The chief uncertainty in the values of By is the 
estimate of the zero bandwidth fluctuation index. This is 
compounded with increased noise present in the narrow 
band channels, and the probable errors in By are at best a 
factor of two in either direction. For CP 0950, CP 1133 
and CP 0808, By is in excess of the maximum bandwidth 
available (4 MHz) and has been estimated from a theoreti- 
eal expression assuming a Gaussian autocorrelation func- 
tion of the bursts in the frequency domain; the uncer- 
tainties here are consequently even larger. In spite of 
these large errors a clear relationship between Bn and the 
dispersion measure has been revealed. Fig. 2 shows a 
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logarithmic plot of By and [Nc, showing that sources 
with high values of dispersion meesure have finer frequency 
structure than those with low valees. The conclusion from 
this is that those electrons whica are responsible for the 
dispersion are also responsible fo the frequency structure 


cloud near the source. 
frequency structure shows that che long term fading of 
pulse intensities is caused by a propagation effect in the 
interstellar medium. Applying he theory developed by 
Uscinski!? for scintillation in an extended irregular 
medium and by Little! for finite bandwidth scintillation, 
a theoretical slope of —2 in F'g. 2 is predicted. The 
observed points he close to a line of this slope. The time 
scales of the fluctuations are consstent with relative trans- 
verse velocities between the Earn and the pulsars in the 
range 10-100 km s~. This and -he bandwidth result has 
led to a specific model of interstellar irregularities in 
The irregularities are characterized 





marized here. 

The pulsar intensity variations tan now be described as a 
short term fluctuation intrinsic to the source, modulated 
by a scintillation process due to »ropagation through the 
interstellar medium. This modelsuccessfully explains the 
observed variations, although tbsre remain a few incon. 
sistencies. The details of the nterstellar irregularities 
must be regarded as tentative a. this stage, although, if 
confirmed, they will have far reaching consequences on 
the minimum observable angular diameter of a radio 
source as a function of frequeney, and on the study of 
intensity variations in very small diameter sources at 
high radio frequencies. The results of the bandwidth 
experiment, however, are direct. evidence that the long 
term fading of pulsar amplitudes is caused by a samtilla- 
tion process in the interstellar medium, 

I thank Dr de Jager for making the measurements of 
Fig. 1 with the spectrometer, A. €. Lyne for his help with 
the observations and Professor F. G. Smith for valuable 
discussions on the results. 


B. J. BiQickegrr 


University of Manchester, 

Nuffield Radio Astronomy Laboratories, 
Jodrell Bank, 

Cheshire. 


Received December 9, 1968. 
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Atmospheric Noise at 33-5 GHz 


Ar millimetre wavelengths, any signal transmitted 
through the atmosphere will be attenuated by the oxygen 
and water vapour content of the atmosphere. This 
attenuation is well known! and can be calculated given 
the temperature and water vapour content of the atmo- 
sphere (available from radiosonde data). This type of 
attenuation varies slowly throughout the year and is 
effectively constant over periods of 3-4 days (ref. 2). 

A signal will also be attenuated by the liquid water 
content of any cloud it passes through. A series of obser- 
vations at 33-5 GHz has been made on clouds using a 
horn antenna with a beamwidth to half-power of 3° x 4° 
and a Dicke radiometer having an r.m.s. noise of 0-7° K 
(10 s time constant referred to the horn input (paper by 
A. M. F., J. C. S. Richards and I. H. H., in preparation) ). 
Observations were made at three zenith angles, z= 
32?. 55° and 75°. The effective temperature of a cloud 
is given by 


Teftective = (1 — c) T physical 
where e is the transmission coefficient of the cloud. 
As a cloud of high attenuation passes through the beam, 
the observed temperature rises by Terrective (Fig. 1). 
The results show a secant z dependence and a daily 
variation which is to be diseussed elsewhere by Foster. 
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Fig. 1l. Typical record of cumulus cloud. 
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There remains a residual effect in which, for all zenith 
angles, there is a noise-like component equivalent to 
L4? K r.m.s. for 70 per cent of the time (Fig. 2). This 
is most marked on days of cumulus cloud (in other 
words, convective activity) and is usually absent around 
midnight. The most obvious explanation is that it is 
due to very local convective activity. The total radiation 
temperature from the whole atmosphere, due to water 
vapour and oxygen, is 25°-30° K at 9 mm. The tempera- 
ture contribution from the liquid water content of a cum- 
ulonimbus cloud may exceed 200? K. Because the attenu- 
ation of liquid water droplets is very high (a hundred 
times that due to water vapour!), it may be that conden- 
sation oceurs irregularly in cells of small size. This 
noise compared with the figure of 0-2? K suggested by 
Urhaug? for 8 GHz. 
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Observations using the horn switched against a very 
small horn (beam 11? x 14^) eliminated the temperature 
ehanges due to elouds when both horns were pointed in the 
same direction. This is presumably because they are 
more than 10° across. The noise-like component was 
not eliminated, showing it to be of smaller scale. Obser- 
vations are planned to find the scale of these irregu- 
larities. 

This atmospherie noise may prove to be a limiting 
factor on radio-astronomical observations at millimetre 
wavelengths if it is of very small scale. 
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Interstellar Dust and Diamonds 


None of the classical models for the interstellar dust 
grains fit in with all the modern observations. Pure 
graphite particles produce insufficient extinction in the 
far ultraviolet’. The strong absorption band in the 
infrared predicted for ice or ice-coated graphite particles 
is not observed?. Neither type of particle has the combined 
properties of high albedo and nearly isotropic phase func- 
tion needed to fit the observations of the diffuse galactic 
radiation?. These difficulties would be eliminated if the 
dust grains contain an abundant element in an allotropic 
form not considered previously: carbon in the form of 
diamond. 

Diamonds are transparent at long wavelengths, but 
they absorb strongly beyond a fundamental absorption 
edge at about 2300 A (Fig. 1), which corresponds to the 
minimurn energy for a transition to the conduction band, 
Some diamonds also show a secondary absorption edge at 
3320 A, quite variable in strength, which is associated with 
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crystalline defects. We would therefore expect the extinc- 
tion produced by diamond particles to remain strong in 
the far ultraviolet, as does the observed interstellar 
extinetion (Fig. 2). 

The infrared absorption spectrum of diamond is complex 
and varies from sample to sample. The strongest bands 
occur near 8 and 5y (Fig. 3, inset) and correspond to 
lattice vibrations generated by absorption of one and two 
phonons respectively’. The 8u band occurs only in 
diamonds of type I (those with the secondary ultraviolet 
edge) and is thought to require stimulation by impurities 
or, more probably, by lattice defects. These lines are not 
very temperature sensitive. The maximum absorption 
coefficient in the 8u band is about 100 em~. To produce 
detectable (10 per cent) absorption requires 4x 10° g 
cm? of diamond in the line of sight, compared with 10-? g 
em~? kpe~? or carbon along an average path through the 
galaxy. We would therefore not expect these bands to 
be observed in the spectra of normally reddened stars. 

The surface density in a circumstellar cloud could be 
much higher, however; 104 Mg in a shell 7 A.U. in 
radius would eontain the required density of carbon. In 
this regard, it is interesting to note the correspondence 
between the diamond bands and absorption bands ob- 
served in the spectrum of such stars as u Cephei (Fig. 3), 
which are thought to be embedded in circumstellar 
matter. Although these bands may be largely attribut- 
able to the molecules CO and SiO in the stellar atmosphere, 
a careful study of their shape and strength is warranted. 

At visible wavelengths, the absorption coefficient for 
diamond is less than 0-1 cm- (ref. 4). The imaginary 
part of the index of refraction is thus of order 10-? and 
the albedo must be very close to unity. The real part of 
the index of refraction is about m-— 2-4. It ean be seen 
from the scattering diagrams given by van de Hulst” that 
the phase function for scattering spheres becomes more 
isotropic with increasing index of refraction. We there- 
fore expect that diamond particles would satisfy the 
conditions of high albedo and nearly isotropic phase 
function imposed by the observations of the diffuse 
galactie radiation. 

As the index of refraction increases, the extinction 
curve for spherical particles becomes more sharply peaked, 
the maximum occurring at a wavelength such that the 
parameter pz4zr(m-1)/xa4 (ref. 8). For diamonds, 
therefore, we expect that the extinction at any wave- 
length wil be produced primarily by particles of radius 
ra 4| l:44, and the variation of extinction with wavelength 
will be primarily due to a corresponding variation in the 
size distribution function. (For example, to produce an 
extinction proportional to 4-1 at visible wavelengths, the 
distribution function must vary approximately as r-3 
for particles of radius 0-1 micron.) 
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Fig. 2. Interstellar extinction curves’. Theoretical calculations for 
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spectrum of type I diamond? (inset? 


Two other observational faete may be relevant. The 
presenee of diamonds in meteomtes is usually taken as 
evidence that the meteorites have been subjected to high 
pressures in the interior of somes primaeval planet, but 
certain other high pressure phases of minerals which would 
also be expected to form in taese conditions are not 
observed’. If the meteoritie di.mond were part of the 
primordial solar system material. this particular difficulty 
would be removed. Second, it ic known that dust grains 
do exist in the interior of some hot HII regions". Particles, 
such as diamond, which have a very high melting point 
and are resistant to sputtering would be more likely to 
survive in such conditions thea would more volatile 
substances. 

One might think that diamend could not form in 
stellar or interstellar conditions, fer at ~ 1,000? K diamond 


under pressures greater than ~ 20,000 atmospheres, and 
even in the limit 7—0" K, di-mond is stable only if 
P>17,000 atmospheres. In sondensation processes, 
however, details of the chemica kinetics may well lead 
to preferential formation of species which are thermo- 
dynamically unstable, but which nevertheless have a long 
lifetime. The experiments of Brower™, which show that 
earbon atoms impinging on graphite have a very low 
sticking probability, can be expeined on the basis that 
new carbon atoms can attach taemselves strongly only 
at the edges of the graphite sheets, which constitute a 
very small fraction of the total arsa. Carbon atoms which 
land at an arbitrary site are more likely to be removed by 
collisions than to migrate to the -dge of a sheet and stick 
there. The more symmetrie diamond erystal is not limited 
in this way, and one might therefore expect that, other 
things being equal, diamonds would grow more rapidly 
than graphite particles from æ supersaturated carbon 
vapour, Although diamonds have not vet been formed 
directly from carbon or hydrczarbon vapours in the 
laboratory, they can be grown! “rom small seed crystals 
even at sub-atmospheric pressures and temperatures 
of ~1,000° K. Similar conditions are found in the 
atmospheres of some cool stare The condensation of 
diamond nuclei may be initiateé and enhanced in shock 
waves in the stellar atmosphere. “The diamonds produced 
in this way may have numerous lactice defects which would 
enhance their infrared absorption :ompared with diamonds 
made under high pressure.) It taerefore seems plausible 
that diamond grains with the obs- rved properties of inter- 
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stellar dust could be formed in astrophysical condi- 
tions. 

There are two important problems which must be solved 
before we can say that diamonds definitely exist in 
interstellar dust. First, it will be necessary to compute 
detailed Mie extinction curves for various particle distri- 
bution functions. For this the ultraviolet absorption 
coefficient must be measured accurately beyond ~ 2100 
A (ref. 13). Second, it is necessary to understand the 
polarization properties of diamonds and whether aniso- 
tropie crystals can be formed through the effects of im- 
purities or anisotropic pressures. The unusal phenomeno- 
logical theory of nucleation is unlikely to be helpful 
here because kinetie effects dominate. Both these prob- 
lems are further complicated by the solid-state effects 
on diamond of ultraviolet, eleetron and cosmic ray 
bombardment. 

We hope that this report will stimulate inquiry into 
these problems and lead to a more thorough study of the 
astrophysical properties of diamonds and the mechanisms 
of their formation. 

One of us (W. C. S.) thanks the Miller Institute for 
Basic Research in Science for a research fellowship. 
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Polarization-Albedo Relationship for 
Selected Lunar Regions 


I HAVE tested the accepted theory that there is a strong 
inverse relationship between brightness and polarization 
on the lunar surface, by measuring the polarization of 
several examples of "pure" maria (dark and light), 
highlands and mountains in five passbands with a photo- 
eleetrie Wollaston polarimeter. The effective central 
wavelengths were 3360 A, 3640 A, 3830 A, 4500 A and 
5340 A and the bandwidths (half-response points) ranged 
from 330 to 560 A. The short wavelengths are uncertain 
(+30 A) because of unknown atmospheric extinction. 
Observations of the 30 s of are diameter regions were 
made within a suffieiently short period of time during 
each observing session that the lunar phase angle ( — 1077) 
Table 1. LUNAR REGIONS OBSERVED AND AVERAGE POLARIZATIONS BY TYPE 
Average polarizations 
45340 À —— 33360; 


‘Topographic type Selenographic 


Longitude Latitude (per cent) (per cent) 
Dark maria + 24° 417 15:8 30 
+ 28 + 26-5 
Light maria + 26 4-215 13:5 26 
+19 + 25-5 
Mountains + 18-5 + 39 8 145 
Highiands + 21 ~ 23-3 66 Te 
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Fig. 1. Normalized values of the average polarizationa of the lunar 


regions studied showing the different dependences on wavelength for 
the topographical types. 


did not change by more than +1-5°. The probable error 
was +006 per cent in polarization. The observations 
were made on June 14, 1967, and May 4, 1968, UT. Some 
of the regions were measured on both dates. 

The average polarization values of the topographical 
types at the two extreme wavelength bands are shown 
in Table 1, which also gives the eoordinates of the regions. 
The darker and lighter maria show approximately twice 
the polarization to that shown by the mountains and the 
highlands respectively. The difference in polarization 
of 2-5 per cent between highlands and mountains was 
not expected, for their albedoes are almost indistinguish- 
able. 

The influence of albedo on the polarization was re- 
moved by normalizing the light maria, the highlands 
and the mountains to the observed values for dark 
maria at the longest wavelength (5340 À). The normalized 
curves depart from one another and from the dark maria 
by amounts which increase as the short wavelengths 
are approached (Fig. 1). 

Other examples of these topographical types were 
measured at other phase angles and the same trends 
were found. 

These data suggest that there are differences in the 
mean internal optical pathlength of the particles that 
cover the different topographies. The mean internal 
optical pathlength is a function of the effective refrac- 
tive index (wavelength) and the particle size. Further- 
more, the relative magnitude of external scattering 
between the particles compared with internal path- 
lengths might differ on the topographic types. 

S. F. PELLICORI 
Lunar and Planetary Laboratory, 
University of Arizona, 
Tucson, Arizona. 
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Generation of Seismic Anisotropy 
in the Upper Mantle along the 
Mid-Oceanic Ridges 


Hess! suggested that the uppermost mantle beneath the 
oceans might be seismically anisotropic as a result of ¢ 
preferential orientation of its constituent olivine erystals 
In support of his hypothesis he cited seismic refractior 
measurements by Raitt? in the region of the Mendocint 
fracture zone and by Shor? in an area north of the Hawal 
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Hess) Predominant glide direction after Raleigh. 


ian Islands adjacent to the Molokai fracture zone. The 
measurements showed low seismic ( P5) velocities perpendi- 
cular to the fracture zones and high velocities parallel to 
them. This, Hess claimed, is what one would expect, 
for with flow in the upper mantle the glide planes of olivine 
erystals would tend to hne up parallel to the major 
shear zones. Fig. 1, largely from Hess's paper, summarizes 
the optical and seismic characteristics and the position 
of the glide plane for magnesian olivine. The seismic 
velocities shown here are laboratory measurements by 
Verma. A statistical orientation of olivine erystals so 
that the 6 crystallographic axes tend to he perpendicular 
to the fracture zones could explain the observed aniso- 
tropy. 

Detailed seismic refraction surveys carried out by Raitt 
ef al.* off the coast of California confirm the existence of 
anisotropy in the upper mantle, although the magnitude 
of the velocity difference, 0-3 km/s, is only half that 
timated by Hess. Furthermore, there can be little 
doubt that olivine is the predominant mineral in the com- 
position of the uppermost mantle, so it can be assumed 
that the anisotropy 1s the result of statistical orientation of 
olivine crystals. The purpose of this communication is 
to question the mechanism Hess proposed by which this 
statistical orientation comes about, and to suggest an 
alternative one. 

Seismic refraction shooting at sea provides information 
about only the very uppermost part of the Earth’s mantle. 
Whether the first arrivals from the mantle are head waves 
or refracted by a velocity gradient. the ranges involved 
are such that the arrivals will have been influenced by only 
the Be few kilora ties of Mp hus in o model of 
can | satisfy the A ieee E seismic riu Rose 
by an 8-2 km/s layer only 3 km thick lying immediately 
beneath the Moho, and yet retain an essentially low velo- 
city upper mantle as the surface wave dispersion requires. 
Morgan’ has recently demonstrated that vast areas of the 
Earth's crust, delineated by mid-oceanic ridges, transform 
faults and trenches or mountain chains move as rigid 
blocks with no appreciable distortion within a block. 
The base of these rigid blocks beneath oceanic areas will 
certainly extend well into the mantle, possibly to the 
region of the low velocity zone. It seems inconceivable 
therefore that, away from the generation of new block 
surface along the mid-oceanie ridges, therelative movement 
of blocks along transform faults will be able to impose 
sufficient deformational strains over a wide area of the 
uppermost mantle to cause translational gliding and hence 
orientation of olivine crystals. Gliding seems even more 
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improbable when one considers tae likely physical proper- 
ties of rocks immediately beneata the Moho, of which the 
average depth below sea level “or the Pacific Ocean is 
about 11 km (ref. S). The temperature and pressure are 
approximately 200° C and 2 koars respectively. giving 
conditions in which upper manti type rocks still exhibit 
essentially brittle fracture’.  Athough little is known 
quantitatively : about creep in ul ramafie rocks, at 200^ C 

and 2 kbars even creep is probak.y insignificant. Only at 
higher temperatures and pressares, when the rock is 
either ductile and deforms plastically or shows appreciable 
creep, does translational gliding become an important 
process of deformation. ‘The rocs the fossil anisotropy of 
which is detected by seismic re fraction shooting will have 
been in this condition during xs generation "along the 
mid-oceanic ridges, and it is tc those structures rather 

than to fracture zones that we raust look for the process 
by which the orientation of ths olivine crystals comes 
about. 

In the past few years there has seen considerable discus- 
sion about what constitutes a realistic model of the pro- 
cesses which are taking place alora the axes of mid-oecanic 
ridges!?-?. In particular, Orowar. pointed out that because 
the ascending current beneath > ridge cannot suddenly 
turn over there must be a zone of stagnation. along its 
axis on either side of which the emist gradually accelerates 
to full spreading speed. Magneac and petrological data 
set quite stringent constraints or the size of the stagnant 
area, and Cann has used these to attach both a vertical 
and a horizontal seale to the mod. 1?. Fig. 2 is essentially 
Cann's model for a smooth ridge such as the Hast Pacific 
Rise. Away from the ridge axis tac crust will have acceler- 
ated to the full spreading speed and along a section into 
the mantle such as RS there will be no appreciable 
velocity shear. The situation im the stagnant region is 
more difficult to envisage. It wid obviously be a zone of 
igneous activity, and the injecticn of dy kes will generate 
new erust and push older crast aside, complieating 
Orowan's simple picture. Crusta spreading in this region 
is probably a spasmodie activity. and though over periods 
of thousands of years keeping im step with the smoothly 
spreading flanks of the ridge tbe stagnant region may 
provide an effectively stationary boundary to the mantle 
turning over beneath it. Both fo this reason and because 
the mantle convection currents are making a drastic 
change of direction, it seems certain that along a section 
such as PQ there will be an appreciable gradient of 
velocity shear. 

Before examining how this regon of velocity shear can 
generate anisotropy of the appropriate polarity, 1b is 
necessary to look in more det.il at the translational 
gliding of olivine. Hess pointed out that the (010) plane 
is the most probable glide plane for this mineral. Turner? 
insists, however, that “the possibility of deformation 


governed by a definite glide plane without any predominat- 
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ing glide direction must be discarded for olivine”. The 
controlling glide direction which can explain the pheno- 
mena of undulose extinction and lamellar structure in 
olivine is [100] (the direction of the a crystallographic 
axis). One would expect this theoretically because it is 
the direction of maximum atomic density!*, Raleigh!»'* 
has eompared the slip mechanisms of experimentally and 
naturally deformed olivine and finds that (010), [100] 
glide can only be produced experimentally at tempera- 
tures greater than 1,000° C. But the mechanism seems to 
depend on the strain rate, and he concluded that at the 
much smaller strain rates of geological deformation 
(010), [100] glide would indeed be predominant. In his 
most recent paper", however, Raleigh generalized this 
result, and now considers that {044}, [100] is the predomin- 
ant slip system in naturally deformed terrestrial olivine—- 
that is, pencil glide in the @ crystallographic direction. 
(010), [100] glide may still be a significant part of this 
system. But the important point to notice is that while 
slip may occur on several different planes, the [100] slip 
direction is predominant. The next most likely glide 
mechanism is on the planes {110} in the direction [001]. 
and this would probably become predominant in nature at 
temperatures in excess of 1,000" C. 

That part of the ascending convection current which 
forms the uppermost mantle turns over and suffers 
deformation between about 10 and 20 km below sea level 
along the axis of the ridge (Fig. 2). Its temperature in 
this region probably falls in the range 4007-800" C and 
we may expect plastic deformation with {0k}, [100] glide 
as the principal mechanism. For simplicity let us first 
consider the case of (010), [100] glide. The velocity shear 
will tend to orient olivine crystals so that the (010) 
glide planes lie in the planes of flow and the [100] directions 
point along the direction of flow. Thus away from the 
zone of deformation the tendency will be for the 6 crystal- 
lographie axes to be vertical and the a crystallographic 
axes to lie perpendicular to the trend of the ridge (Fig. 2). 
The low seismic velocities observed perpendicular to 
fraction zones and the high ones parallel to them then 
follow because mid-oceanic ridges and their associated 
fracture zones are in general orthogonal. Generalizing 
to the case of {Okl}, [100] glide does not change the 
tendency of the a erystallographic axes to point away from 
the ridge axis. But the 6 and c crystallographic axes 
will now be more or less randomly oriented in the vertical 
plane embracing the ridge axis. The seismic velocity in 
this plane will be some average of the b and c direction 
values. As before, the seismie velocity will be high 
perpendicular to the ridge and low parallel to it. 

It should be added that a statistical orientation of the 
olivine crystals as a result of {110}, [001] glide would be 
less efficient at producing seismic anisotropy than (046, 
[100] glide, because all velocities in the plane perpendicu- 
lar to the glide direction would be intermediate between 
the a and b velocities—in other words, comparable with 
the velocity along the c axis. 

The most accurate measurements of seismic anisotropy 
published so far apply to an area off the coast of Cali- 
fornia between the Pioneer and Murray fracture zones’. 
The mean velocity here is 8:14 km/s, close to the average 
for the oceanic mantle!?, the extreme velocities produced 
by anisotropy being 8-0 and 8-3 km/s. It might be thought 
that comparison of these velocities with those measured 
by Verma? in a single olivine crystal (Fig. 1) would indicate 
which particular orientations of the mineral are responsible 
for the anisotropy. Unfortunately the variations observed 
between different mantle-type rocks are too great to allow 
this approach to be of value. Table 1 gives compressional 
velocities at 2 kbars and modal analyses for three dunites 
as reported by Birch!*??, (The values at 2 kbars are indi- 
cated because this pressure corresponds closest to the 
oceanice Mohorovicic discontinuity. It also eliminates 
most of the porosity of the rock, allowing comparison 
with Verma’s measurements on a perfect erystal at atmo- 
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spheric pressure.) The ranges of velocity observed between 
orthogonally oriented specimens of each sample were 
considerably greater than the experimental error and were 
interpreted by Birch to be the result of anisotropy pro- 
duced by the non-random orientation of erystal grains. 
Quite subtle changes in the composition of the rock 
produce appreciable changes in the velocities. The 
velocity measurements of Verma‘ indicated in Fig. | 
were made on an olivine crystal of formula 


?(Mg,,.,Fe,.,)0.8i0,, 


a chemical composition practically identical to the 
olivine in Mount Dun or Balsam Gap dunite. A random 
aggregate of such crystals would have a compressional 
veloeity of about 8-56 km/s’, considerably greater than the 
mean velocities of the dunites. Thus a very small change 
in the mineralogical composition of the rock or in the 
Mg/Fe composition of the olivine has a marked effect on 
the seismue velocity. 

If the anisotropy of the oceanic upper mantle indeed 
originates along the mid-oceanie ridges, that of the Atlantic 
Ocean may be less than that of the Pacific Ocean. This 
discussion relates to an East Pacific Rise type ridge. the 
properties of which are associated with a sharply turning- 
over convection current'?. The Mid-Atlantic ridge is more 
rugged, spreads more slowly, is more seismic and has a 
smaller heat flow anomaly than the East Pacific Rise. 
These differences can be explained by the more gradual 
turnover of a slower-moving convection current beneath 
the Atlantic Ocean'*. In spite of the more rugged topo- 
graphic features of the Atlantic ridge, the more gradual 
turnover probably implies less deformation and hence 
less orientation of the olivine erystals in the convecting 
mantle. In addition the lower temperatures at which the 
deformation is occurring may be low enough for other 
deformation mechanisms to predominate. 

Francis has interpreted the different seismicities of the 
two ridges to mean that whereas beneath the East Pacific 
Rise the rock chiefly deforms plastically, beneath the 
Mid-Atlantic Ridge its deformation is largely eataclastic?!. 
A cataclastie but schistose dunite examined by Turner’ 
was found to lack a preferred orientation of olivine 
erystals. Thus as à result of both less deformation and 
different deformation mechanisms the uppermost mantle 
beneath the Atlantic ocean is probably less anisotropic 
than that beneath the Eastern Pacific. 

No detailed measurements of seismic anisotropy have 
been made in the Atlantic Ocean, although Whitmarsh’. 
from a study of published seismic refraction measurements 
in the Atlantic and Indian Oceans, claims an appreciable 
anisotropy at distances of less than about 200 nautical 
miles from the ridge. Outside this range Atlantic stations 
seem to show no anisotropy. The detailed Pacific Ocean 
measurements’ were made at distances considerably 
greater than 200 nautical miles from the axis of the mid- 
oceanic ridge, but Hess's original study! included stations 
both near to and distant from the ridge axis, and it is 
clear that beneath the Pacific Ocean anisotropy is fairly 
general and not just confined to an axial zone along the 
ridge. A possible explanation for Whitmarsh’s result 
might be that while profiles parallel to the ridge "sample" 
only anomalous mantle, those perpendicular to the ridge 
are more likely to "sample" a mixture of anomalous 
mantle and normal mantle and thus record à higher 
velocity. 

The depth to which anisotropy extends is not known, 
but the processes thought to be responsible suggest that 


Table 1. COMPRESSIONAL VELOCITIES IN KM/S AT 2 KBARS PRESSTRE AND 
MODAL ANALYSES FOR VARIOUS DUNITES (AFTER BIRCH!* 9) 
Range of velocities Mean 
Rock o Olivine Ser- Rest between three velo- 
pentine orthogonal specimens city 
Mount Dun, E e 
New Zealand 39:258 97fa, 3 1:48-8:25 rt 
Baisam Gap, . M 
North Carolina 8:267 97fa, 2 1 7410-840 8:01 
Twin Sisters, aa N 
Washington 3-312 92fa,, 0-3 7 1:92-8-85 GN 
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it is essentially a surface characteristic of the oceanie 
mantle and extends at most a few tens of kilometres 
beneath the Mohorovicie discontinuity. It may. however, 
be sufficiently extensive to affect. surface wave propagation 
across oceans and introduces a further source of variation 
in models required to satisfy both Love and Raleigh wave 
dispersion curves. Unfortunately, to judge by measure- 
ments on both a single crystal’ and whole rock samples**, 
the shear velocity anisotropy of olivine-rich rocks appears 
to be less marked than that of the compresstonal velocity, 
and the effect on surface wave propagation might be 
undetectable. Nevertheless, it is worth asking whether 
the horizontally laminated, alternately hard and soft. 
mantle Aki has proposed?! to account for both Love and 
Raleigh wave dispersion in Japan could not be alterna- 
tively described as an essentially homogeneous mantle 
with anisotropie properties. 

In conclusion, it has been suggested that the anisotropy 
of the oceanic upper mantle is generated beneath the mid- 
oceanie ridges and results from the tendency of the a 
erystallographic axes of olivine erystals to lie perpendicu- 
lar to the trend of the ridge. 

T. J. G. Francis 
UKAEA, Blacknest, 
Berkshire. 
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W orldwide Distribution of Earthquakes 


A COMPILATION by Barazangi and Dorman! of the world- 
wide epicentres of earthquakes reported by the US 
Coast and Geodetic Survey for the years 1961 to 1967 
strikingly demonstrates the limited extent of seismically 
active areas. Almost all earthquakes occur in very 
narrow bands along oceanic ridges and transform faults, 
along continental transcurrent faults, or in broader zones 
below and behind island ares. The depth distribution of 
earthquakes is also very limited. Almost all seismic 
energy is released in the erust?. Intermediate and deep 
focus earthquakes occur almost without exception in 
narrow planar zones which dip at angles of about 45° 

below island ares??. Apart from minor seismicity associ- 
ated with volcanic activity. seismic activity decreases 
to a very low level at quite shallow depths in all other 
regions. In California, for example, no earthquakes 
have been observed below about 15-20 km. This remark- 
ably non-uniform geographical distribution implies that 
the occurrence of earthquakes requires very special 
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conditions. It is the purpose o- this communication to 
suggest that a necessary condzion is the presence of 
relatively acidie rock. 

Earthquakes result in differerzial movements between 
major blocks of the erust and on à worldwide scale there is a 
consistent pattern of movement *, so it is necessary to 
suppose that the deviatoric stresses which are directly 
responsible for earthquakes mus occur quite w idely and 
cannot be restricted to seismic zones. Much of the mantle 
must flow aseismically. What then are the conditions 
required for deep focus earthquekes ? 

Oliver and Isacks?:? have suggested that the deep earth- 
quake zones behind island ares delineate the upper 
surface of a slab of lithosphere which has plunged into. 
the mantle. If this is so, it seer.s that deep focus earth- 
quakes oecur in rocks of crust.l or uppermost mantle 
types. This is a feature shared wth all other earthquakes, 
which suggests that earthquakes are characteristic of the 
rheology of only certain rock types. 

Earthquakes associated with 2ontinental transeurrent. 
faults such as the San Andreas are almost always above the: 
Conrad discontinuity. This can »e understood from field. 
and laboratory studies (ref. 6 ane my unpublished results 
with M. Wyss and S. W. Smith) which indicate that stick- 
slip friction is not likely to ocear in basic or ultrabasic 
rock. Below the Conrad, fricticnal sliding, if ib occurs 
seems to be stable and does nct result in earthquakes. oS. 
This demonstrates the strong effect of chemical composi- 
tion in the one ease where the carthquake mechanism is 
fairly well understood. 

The primary difference between crustal and mantle 
materials is in their silica conterts. The Si-O bond has 
been found to play a vital partin he rheological behaviour 
of silicates, for it is this strong bond which gives these 
minerals their generally high strength. For example, 
cleavage almost always occurs n planes which do not 
cut Si-O bonds. Laboratory stueies at high temperatures 
and pressures have shown that dislocations are not mobile 
on such planes’. Consequently she ease with which con- 
tinual plastic flow ean be mantained by dislocation 
motion without rupture should mnerease with deereasing 
silica content. The same generaization can be made for 
viscous deformation: the high strength of the S1-O bond 
would result in a very high ae ivation energy for self- 
diffusion of either of these atomi: species or for activated 
mobilization of dislocations wach cut those bonds. 
Even in the liquid state this generalization seems to hold: 
basaltic magmas have lower wscosities than rhyolitie 
ones*. Barco pue we should neck d i discontinuity 





M as well as ‘the ConPud poesi if these discantimits 
ties represent a sharp compositional change towards lower 
silica content. 

Necessary conditions for the generation of earthquakes 
seem to be the presence of high. differential motion and 
that such motion takes place. 13 erustal or uppermost 
mantle rock. Any hypothesis of the mechanism of 
earthquakes, whether involving rupture or a phase 
transformation, must take into aecount both these condi- 
tions. 

This work was supported by a US National Science 
Foundation grant. 
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Distribution of Catalytically Active 

Sites on Clean Metal Surfaces 

Iw spite of the fundamental and technological impor- 
tance of heterogeneous catalysts, it has still not been 
possible to decide whether their catalytic activity is 


located at a few special sites or is distributed over much of 


the surface. In an attempt to provide an answer to this 
problem, in at least one case, we have chosen as a model 
system a simple and well characterized heterogeneous 
reaction; the equilibration of a mixture of the nitrogen 
isotopes ?"N, and ?*N, by a clean, hot tungsten wire. 
This is one of the few surface reactions for which there is 
quantitative agreement between the results obtaimed in 
different laboratoriesb^?. The catalytic activity of the 
tungsten can be measured conveniently and accurately 
by using a mass spectrometer to determine the compo- 
sition of a mixture of nitrogen isotopes as the gas streams 
through the apparatus eontaining the wire. An increase 
in the peak due to mass 29 (ANN) when the filament 
is heated shows that the equilibration reaction 
"SN. 4 HN, Sa DN 

is Cecurring. 

Using a gas pressure of about 6 x 10-5 torr, the reaction 
first becomes measurable when the filament temperature 
reaches about 900° K and a maximum efficiency of 1:7 
per cent is reached at about 1,300? K. At this temperature 
the tungsten adsorbs only a small fraction of a mono- 
laver of nitrogen and the filament is therefore essentially 
clean. 

There is substantial evidence to show that the nitrogen 
most strongly bonded to tungsten, which is usually 
called the 6-nitrogen, is m the form of atoms? and that 
it is only this nitrogen which undergoes the isotope 
exchange reaction. Detailed experiments have shown 
thet the adsorption of nitrogen 1s sensitive to the structure 
of the surface and that of the low-index planes expected 
on a well annealed tungsten filament the (100) and (111) 
can adsorb above room temperature but (110) cannot. 
If, therefore, an adsorbate could be found which would 
compete successfully with nitrogen for sites on the re- 
active planes, the reaction would be expected to be 
inkibited. The effectiveness of the inhibitor will then 
provide an answer to the principal problem; if a low 
coverage produces a large change in activiby if may 
be concluded that there are active centres and vice versa. 

A suitable adsorbate will be one which is stable on 
the surface at the temperature of maximum exchange 
and which can be added in controlled and known doses 
to the catalyst. It is also experimentally convenient 
if the inhibitor can subsequently be removed easily 
to permit a regular check on the properties of the clean 
surface to be made. A substance which fulfils these 
criteria is adsorbed oxygen, which is already known 
to reduce the activity of tungsten in nitrogen isotope 
exchange? and which ean be removed from the surface 
by heating to 2,000° K Zn vacuo*. A convenient source 
of oxygen for adsorption is nitrous oxide, the reaction 
of which with tungsten has been investigated in detail’. 
The filament can be oxygenated by allowing it to adsorb 
nitrous oxide at room temperature and then he: ating it 
brieflv to about 1,300^ K. At this temperature the nitrogen 
desorbs but the oxygen remains. (Oxygen gas is an 
experimentally intractable material in the conditions 
of this experiment and is a much less suitable source 
of adsorbed oxygen.) 

The apparatus consists of an ultra-high vacuum chamber 
in which the tungsten wire catalyst of length 20-7 em 
and area 0-83 em? is situated. The wire can be heated 
electrically to any ehosen temperature. The reactions 
of this wire with. nitrogen, nitrous oxide and mixtures 
of nitrous oxide with N, have been studied earlier®. 
No change was made in the apparatus for this experi- 
ment. 
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The catalytic activity of the wire was measured by 
allowing à stream of nitrogen containing approximately 
equal parts of N, and ?*N, to flow over it and recording 
with the mass spectrometer the peak heights of masses 
28, 29 and 30. 'The total gas pressure was 6 x 10-? torr. 
The efficiency, E, was then calculated from the results 
and the formula: 


a = 9keV € — eon buio 23 HA 


thon gas exit an. 0-2 s oe c is a constant E SUE 
the number density of molecules to the pressure; F is 
the volume of the apparatus; iX is the mole fraetion 
of any XP of nitrogen when equilibration is occurring 
and ? is the mole fraction of N, when the filament 
is cold d no equilibration is occurring; A is the area 
of the filament and Z is the collision rate with 1 ern? 
of filament at a pressure of 1 torr*. 

E was first measured for the clean filament over the 
temperature range 203 —1,940" K. A measured dose of 
nitrous oxide was then administered to the filament 
and the catalytic efficiency was again observed up to 
1,940? K. At the highest filament temperature the oxygen 
was desorbed and the filament recovered its initial 
catalytic activity. It was then fully cleaned at 2.000° K, 
allowed to cool and a new dose of nitrous oxide was 
admitted. 

The changes in surface topography which oceur when 
an oxygenated tungsten surface is heated have been the 
subject of extensive study, particularly by field emission 
and field ion microscopy, and by low energy electron 
diffraction (refs. 7 and 8 and unpublished work of G. K. 
L. Cranstoun). The chemical reaction between oxygen 
and tungsten has been investigated by convent ional 
measurements of adsorption? and also by mass spectro- 
metric analysis of the species desorbed from a hot tungsten 
surface on which a beam of oxygen molecules impinged"). 
The effects of pre-adsorbed oxygen on the catalytic 
efficiency of the tungsten wire, which are shown in Fig. 1, 
are broadly consistent with these earlier experiments. 

The earlier study of the adsorption of nitrous oxide 
established that this filament has two types of adsorption 
site’, "Type (1) will adsorb either nitrogen or oxygen, 
type (2) will adsorb only oxygen; there are about twice 
as many of type (2) as of type (1). For this work 1t was 
necessary to establish how much of the adsorbed oxvgen 
had gone onto the type (1) sites. The dependence of the 






uptake of nitrogen on the amount of pre-adsorbed 
oxygen was therefore measured. Nitrous oxide was 
let in when the filament was clean and cold, and the 
nitrogen co-adsorbed with the oxygen was removed 
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by heating the filament to about 1,300? K. It was then 
allowed to eool to room temperature and to saturate 
with nitrogen at a pressure of 4 x 10-* torr. The pressure 
burst of desorbed nitrogen when the saturated filament 
was flashed to 1,325? K was recorded by an ionization 
gauge control unit with a pen oseilloscope!?. The redue- 
tion in the amount of nitrogen adsorbed as the degree of 
oxygenation was increased is shown in Fig. 2. After 
absorbing at room temperature nitrogen is evolved from 
a tungsten wire in two separate pressure bursts, but 
because isotope equilibration is only associated with the 
higher temperature state. B, it is the uptake of this gas 
that 1s shown in Fig. 2. 

The most important feature of the results shown in Fig. 
| is that relatively large uptakes of oxygen are needed 
to inhibit the exchange reaction at the optimum filament 
temperature, 1,3007 K. Furthermore the initial rapid fall 
in the uptake of 8-N, shown in Fig. 2 indicates that much 
of the oxygen taken up in the first stages of adsorption 
goes onto the type (1) sites. The very similar effect of 
oxygenation on both the catalytic activity and the adsorp- 
tion of 8-N, is clearly demonstrated by Fig. 2. 

These results strongly suggcst that at the very low 
pressures of gas used for the reaction the catalytie activity 
is distributed over much of that part of the surface 
which is capable of adsorbing nitrogen, and that areas 
of high aetivity do not contribute signifieantly to the 
'atalysis. 

We thank M. F. King for help with the experiments 
and the Science Research Council for the grant with 
which the mass spectrometer was purchased and for a 
research grant for P. R. Vaight. 
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Structure and Performance of 
Hydrophobic Gas Electrodes 


HYDROPHOBIC gas electrodes can demonstrate high 


These 
such as Pt black, with polytetrafluoroethylene (PTFE) 
dispersion and applying the mixture to à porous conduct- 
ing substrate, such as a metal screen. The electrodes are 
dried and cured at 300^ C for 1 h. 

A general picture of the structure and operation of these 
electrodes can be built up from electron micrographs. 
These show the catalyst present largely in the form of 
porous aggregates, which form a chree-cimensional inter- 
connected network throughout the eleetrode. — Inter- 
mingled with this there is an mterlocking network of 
porous PTFE. In the cell the hydrophilic catalyst net. 
work becomes flooded with electrolyte, while the hydro- 
phobic PTFE remains full of gas and provides a gas 
supply throughout the electrode. In this way, the whole 
thickness of the electrode can, im principle, be utilized. 

In such porous electrodes, operating around ambient: 
temperature, there is a very complex situation deriving 
from the faet that most of the processes concerned-—for 
example, reactant and product diffusion, ionic migration 
and electron transfer all have raies of a similar order of 
magnitude. 

The structure of the electrode must provide the best 
compromise between several eonflicting needs. For 
example, if the aggregate size of she catalyst is mereased, 
the diffusion rates of reactant gas to the middle of the 
aggregate will be decreased and, in the limit, the centre 
part will not be used. On the other hand, if the aggregate 
size is decreased too much, i0nic resistance will become 
large and mass transport in the electrolyte will become 
restricted. The performance of toe electrodes is therefore 
very dependent on their microstracture*, 

As part of an attempt to look rather deeper into the 
factors concerned, we were interested in the effect on. 
performance of varying the surface area of the catalyst. 
We were able to do this by using graphite powder as the 
catalyst. The graphite powder was prepared by grinding 
in à ball mill and the surface erea could be varied by 
varying the grinding time. The powders were then 
incorporated into hydrophobic electrodes and tested as 
oxygen cathodes in a floating electrode cell‘. 

Fig. 1 shows the way the performance varies with the 
surface area (BET value) of the graphite powder. The 
current density at 0-7 V, versus a hydrogen reference 
electrode in the same solution, is taken as the index of 
performance. 

Other things being equal, we would expect performance 


to Increase as surface area increcses. In fact, we found 
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à very marked maximum towards the lower end of the 
surface area range, leading to a minimum at higher 
surface area. Clearly another factor is superimposed. 
Earlier, we noted that aggregate size might be important, 
and with this in mind it is worth considering the grinding 
process in more detail’. In the initial stages of grinding, 
the particle size of the graphite will be reduced and the 
surface area increased. As the grinding is continued, 
there will be an increased tendency for the small particles 
to aggregate together. 

We measured the average aggregate size of the catalyst 
samples with a Coulter counter*. This method can be 
criticized on the grounds that the degree of dispersion of 
graphite powder in the Coulter counter measurement 
may not be the same as that in the eleetrode. Clearly it 
would be dangerous to take these as absolute values, but 
it is reasonable to assume that the relative values are 
right and the results obtained scem to justify this assump- 
tion. The results are shown in Fig. 2 as a plot of average 
aggregate size versus surface area. The plot of perform. 
ance versus surface area from Fig. 1 is superimposed for 
comparison. This brings out the very striking correlation 
between aggregate size and performance. Within the 
limits of these tests, maximum performance was obtained 
at minimum aggregate size—and vice versa. This implies 
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that higher performance may be possible if the aggregate 
size could be further reduced by better dispersion, 
particularly with the higher surface area material. 

We thank A. J. Groszek and BP Research Centre for 
help in providing suitable samples of graphite and E. J. 
Argent for making the eleetrochemieal measurements. 
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Determination of the Cleavage Velocity 
in Tungsten using Ultrasonic 
Fractography 


A CLEAVAGE crack propagating through a solid will also 
cut through the strain field associated with microscopic 
surface flaws, and this releases energy in the form of a 
stress pulse. If the material is elastically isotropic, 
this pulse will travel out:vards from each flaw at a con- 
stant velocity in all directions, and the interaction of the 
stress pulse with the moving crack front will cause a slight 
localized deflexion of the crack. Thus a series of curved 
“Wallner lines"! are produced, and these are easily visible 
on the fracture surface. Because the velocity of the stress 
pulse is à known constant for materials such às glass, the 





Fig. 1. 


Scanning electron micrograph of ultrasonic ripples on the fracture surface of. tungsten. ( 


* SRU.) 
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presence of these lines provides a simple method of 
measuring the cleavage velocity??.  Kerkhof* was the 
first to point out that, because the fracture surface can be 
modulated by à single stress pulse, it should also be 
possible to produce a series of faint permanent ripples 
on the fraeture surface using ultrasonies. Knowing the 
frequency of oscillation, the velocity of fracture is obtained 
directly from the spacing between the ripples. This 
technique has been used successfully on glass* and a 
polymer (polymethyl methacrylate (ref. 6 and private 
communication from K. Saito)), but its application to 
crystals with well defined cleavage planes is less obvious, 
for a large energy is then necessary to force the crack to 
deviate slightly from this plane. "The method ean be 
used on ionic crystals (magnesium oxide’, potassium 
chloride (private communication from M. Schinker) ), 
and we report here the successful application of the tech- 
nique to a metal. 

Experiments were carried out on a high purity tungsten 
single erystal, in the form of a rod of ~ 0-7 em diameter 
and ~ 3-0 em initial length, and oriented such that each 
end was a (001) cleavage plane perpendicular to M 
eylinder axis. A small notch, parallel to (001), was 
spark- machined on the longitudinal edge of the Role 
and the rod was then stuck firmly by one end to a trans- 
ducer consisting of a quartz crystal powered by an oscilla- 
tor, frequency doubler and amplifier. A small chisel was 
positioned in the notch, held lightly in a horizontal posi- 
tion, and the crystal was cleaved by striking the chisel 
with a pendulum. Ultrasonically induced ripples were 
visible on the fracture surface after cleav age at room 
temperature, and these were examined with the scanning 
electron microscope, as shown in Fig. 1. In this experi- 
ment, the frequency of the transverse ultrasonic wave 
was 5x 10° Hz, and the average velocity of cleavage was 
estimated as ~ 9m/s. This value is extremely low, because, 
by substitution of the Rayleigh surface wave velocity 
into the results of Hull and Beardmore’, it appears that 
cleavage velocities in tungsten at room temperature are 
typically some hundreds of m/s. No velocities of this 
magnitude were observed, and the results suggest therefore 
that the ultrasonic technique may only give rise to ripples 
on the fracture surface when the cleav age velocity is very 
low, probably because at high velocities the oscillating 
tension of the superimposed wave is insufficient to deflect 
the fracture path from the cleavage plane. Some indirect 
evidence was obtained to support this suggestion, for no 
ripples were observed on a erystal cooled in liquid nitro- 
gen; it is known that at 77° K rhe fracture velocity may 
rise to a value greater than ~ 2,000 m/s (ref. 8). These 
preliminary results indicate that ultrasonic fractography 
may be useful on some metals, although possibly only 
under restricted conditions. 

The late Professor F. P. Bowden provided research 
facilities. We thank Dr J. E. Field for helpful discussions, 
and the Science Research Council for supporting this 
work, 
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Bismuth (V) Aqueous Fluoride Solution 


Wer wish to report the preparation and properties of 
moderately stable solutions of »entavalent bismuth m 
aqueous fluoride solutions. Apa. t from brief reports in 
two early papers'?, the solution chemistry of BHV} has 
remained unexplored up to now. 

Several solid state compouncs of BV) have been 
deseribed? and these give some guide to the possible 
species to be ex pected in solution. Fhe yellow-brown 
sodium bismuthate(V}) is comnmeercially available; its 
composition 18 indefinite. but the : ‘allowing formulae have 
been suggested in various cond sions of preparation: 
NaBiO,. NaBiO,.2H,O and Na,BeO,. "Phe lithium salts", 
Li,BiO,, Li;BiO,, and Li,BiO,. heve been prepared in the 
pure crystalline state, and potas.ium* and barium” salts 
have also been reported. The known fluorine compounds” 
include BiF, BiOF, BiOF,3FF, [BrE,] [BiF,] and 
AgBiF,; they are all white solide readily decomposed by 
water. A number of higher oxides of bismuth have been 
reported’. (010631; BLO, BLO, E0, and Bi0, They 
range in colour from yellow-orange to red-brown and are 
all unstable compounds of indefinite composition. Tt is 
possible that they represent a seres of non-stoichiometrie 
oxides of increasing oxidation nember, or perhaps they 
are simply mixtures of the no mal oxide 61,0, w ith 
unstable B1,0,. 

All the compounds mentioned are powerful oxidizing 
agents. Thus sodium bismuthate V) is used as a reagent 
for the oxidation of organic hydrexy compounds!* or the 
determination of manganese by cxidation to permangan:- 
ate™, It is significant that in these applications the 
oxidizing agent is used as an insoluble suspension, and 
exeess Bi(V) ean be removed cempletely by filtration. 
Weinland and Lauenstein? in 189 dissolved Bi, sO, on 40 
per cent HF to obtain a strongly cxidizing solution. Ruff” 
later obtained similar solutions aad his analyses showed 
that 98 per cent of the dissolved »ismuth was Bi(V). 

We have found that sodium bisrsuthate(V) is completely 
digested by a solution of 1-00 M AC ME with 1:52 M HF 
to yield a colourless solution and & red-brown precipitate, 
The precipitate, which decomposed on standing in sir, 
was diamagnetic and evolved oxwgen on warming, and 
we conclude that it was probably 31,0,. The solution was 
analysed for the number of oxidizing equivalents per |. 
(a) by treating an aliquot with ezeess Nal and titrating 
the iodine with standard thiosulphate. The sample was 
then adjusted to pH 2-3 with dilute ànunonia and the 
Bi(III) concentration (b) was dstermined by titration 
with standard EDTA using the yellow colour of Bil 
already present as a self-indicator. The mean valency of 
bismuth is z — 3-- ajb, and the resu £s are shown in Table | 
The freshly prepared samples A and B give a mean valency 
just under five, and we concluce that these solutions 
contain Bi(V) (concentration = a/) together with a little 
B(T). It is known!*5 that in hydrofluoric acid solutions 
Bi(IIl) exists as a mixture of the cations Bit, Bi1F** and 
BiF,*, while Bi(V) is undoubtedl7 anionic. Án attempt 
was therefore made to remove the BHII with a cation 
exchange resin, but Bi(V) attac.ed the resin and the 
resulting samples C and. D show a r duced Bi(V) concentra- 
tion. Suecessive analyses of the smne solution E show the 





Table 1. ANALYSIS GF Bi(V) SOLUTIONS IN. 1:00 M HCO, SAM HF ar 
zo 
a h z BEV: 
"ample mimoles/t. mmioles;]. mnmiolesa/]. 
A 8-98 4-36 4-83 i49 
H 9-14 4-70 4°04 £57 
p 2-38 5-83 3.62 pig 
D* 2-05 3-80 3:54 18 
E After 0 hours 4°34 
After 21 hours 3.03 
After 44 hours 3:50 
After 71 hours 2T, 
After 95 hours 2.24 
After 118 hours 1-73 
After 142 hours 1:38 


samples © and D were passed « 
dA 30H'- X € before analysis. 


lown n ec iepnn of cation exchange resin 
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Fig. 1. Voltammetry of approximately 10 * M Bi(V) in 1:00 M HCIO,, 


152M HF at a Pt microelectrode, Stirring rate 1,800 r.p.m,, 16° € 
Potentials are relative to the standard hydrogen electrode. Positive 
and negative currents are anodic and cathodic respectively, 


steady decomposition rate of Bi(V) with a 
about four days at 25° C. 

The Bi(V) solution is a powerful oxidizing agent and it 
was found to oxidize I- to I, Br- to Bry, HO, to O,, 
NH,NH, to N,, Mn** to MnO,-, VO% to VO?+ and Cr’ 
to Cr,O?-. The voltametrie behaviour at a Pt microelec- 
trode is shown in Fig. 1. The rest potential is 1:81 V, but 
this is not a thermodynamically reversible potential. The 
anodic current wave starting at 2:0 V corresponds to the 
evolution of oxygen. The cathodie process with a half- 
wave potential of 1:18 V is assigned to the irreversible 
reduction: Bi(V)-2e-——-Bi(HI). This is followed by a 
further reduction reaction, Bi(IID)-- 3e — Bi, at 0-12 V, 
Polarography with the dropping mercury electrode was 
unsuccessful because Bi(V) attacked the mercury, but it 
Was possible to observe a cathodic current at all accessible 
potentials. 

The ultraviolet visible spectra of these solutions showed 
no sign of any Bi(V) adsorption, but a peak due to Bi(III) 
was observed at 208 nm. This agreed with standard 
Bi(HI) solutions in the same 1:00 M HCIO, 152 M HF 
medium (208 nm, s=7 x 10°). We note the complexing 
with fluoride'* has caused a spectral shift relative to 
Bi(aq)** (222 nm, e= 11 x 10?)!*, 

As(V) and Sb(V) form fluorohydroxo complexes of the 

following types!'?:!5, AsF,-, AsF,(OH)-, AsF,(OH),', SbFy-, 
SbF,(OH)-, SbF,(OH),-, SbF,(OH),", and SbF,(OH),-. so 
it is reasonable to suggest that Bi(V) likewise forms a 
series of complexes BiF;(OH);... with x-—6, 5, 4. 
It may prove possible to characterize these complexes 
more precisely by using the glass electrode in fluoride 
buffers, or by determining the solubility of B1,0; as a 
funetion of the pH and fluoride concentration of the 
solution. 
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Crystalline Deposits in Striped 
Muscle in Xanthinuria 


XANTHINE Oxidase (xanthine : oxygen oxidoreductase, 
EC 1.2.3.2) catalyses the oxidation of hypoxanthine to 
xanthine and of xanthine to uric acid. The increased 
excretion of hypoxanthine and xanthine, and the very low 
concentrations of uric acid in blood and urine which are 
characteristic of xanthinuria, were first reported by Dent 
and Philpot! and by Dickinson and Smellie?, 
deficiency of jejunal and hepatic xanthine oxidase was 
reported by Watts ef a/.? and by Engelman et al.*. We 
report here the occurrence of crystalline material resem- 
bling xanthine and hypoxanthine in the striped muscle of 
two xanthinurie patients. 

Patient A is à 31 year old negro male from Guyana, 
the fourth of nine siblings of a non-consanguimeous 
marriage. There is no family history of muscle disorder 
or renal For four years he has had painful, 
"tight" sensations in the thighs and calves. These are 
present at rest and increase slowly on exertion. He is of 
athletic build. There are no abnormal neurological signs 
and he shows no evidence of peripheral vaseular disease. 
There is no muscle weakness or tenderness (either before 
or after exercise) and no suggestion of myotonia. Electro- 
myography of a gastrocnemius muscle showed many poly- 
phasic potentials of short duration, which is characteristic 
of a myopathy. The mean plasma concentrations of 
urie acid and oxypurines (hypoxanthine plus xanthine) 
were both consistently 0-4-0-5 mg/100 ml., and the mean 
urinary excretions of urie acid and the oxypurines 
were 21 (range 2-33) and 311 (range 166-491) mg/24 h 
respectively. These determinations were made by enzym- 
atic speetrophotometrie methods* while the patient was 
taking a purine-free diet; the oxypurine results are 


Ciross 


stones. 


expressed as uric acid, the ratio of xanthine to hypoxan- 
The identity of 


thine being about 9: 1. the urimary 





Fig. 1. Photomicrograph of an unstained frozen section of the musi le 
biopsy of patient A examined under polarized light. (x 500.) Most ot 
the erystals in this patient's muscle are of the smaller xanthine type. 
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Fig. 2. Photomicrograph of an unstained frozen section of the muscle 
biopsy of patient B examined under polarized light. (x 500.) Most of 
the erystals in this patient's muscle are of the elongated hypoxanthine 
type. 
oxypurines was established initially by high voltage 
electrophoresis of 75 ul. of urine (80 V/em on Whatman 
3WM paper in 0-05 M borate buffer, pH 9-6, containing 
ethylenediamine tetraacetate 0-001 M) and by ultraviolet 
spectrophotometry of the separated substances. 

Patient B is the xanthinuric patient in whom the 
deficiency of xanthine oxidase was first demonstrated? +, 
She has recently developed cramp-like muscle pains in 
her legs after exertion. 

Muscle was obtained from both patients by surgical 
biopsy. Frozen sections of unfixed tissue were examined 
by polarization microscopy and numerous birefringent 
crystals were seen (Figs. 1 and 2). Two types of crystals 
were present which have been provisionally identified as 
xanthine and hypoxanthine. 

One type of crystal has optical properties which agree 
with those of known xanthine erystals examined in 
the same conditions: (1) the ratio of the crystal AXES 
a:b=1:5:1; (2) the extinction angle of the crystal= 
45°: (3) the fast axis of the crystal is at 45° to the a axis 
of the crystal; and (4) the refractive index is approximately 
1-74. 

The second type of erystal has optical properties which 
agree with those of known hypoxanthine erystals exam- 
ined in the same conditions: (1) the erystals are plate- 
like with an axial ratio a:b=3:1: (2) the extinction 
angle of the crystal = 180°; (3) the slow axis of the crystal is 
along the a axis of the crystal and the fast axis is across the 
plate of the crystal; and (4) the refractive index is between 
1:55 and 1:66, being apparently matched by the refractive 
index of bromonaphthalene (1:66) and bv the refractive 
index of muscle (1:55). 

Table 1. THE BIREFRINGENCE OF THE CRYSTALS IN THE MUSCLE OF A PATIENT 
WITH XANTHINURIA 


Birefringence (Sénarmont method) 
(nm optical retardation) 


Hypoxanthine-like Xanthine-like 


Medium Crystal 1 at a right Crystal 2 parallel 
angle to the to the quarter Axes similar 
quarter wave plate wave plat 

Air I0 21 47 
Zeiss oil (*R.I.1.52) is on 47 
Bromonaphthalene 

(R.1.1.66) 17 27 (0:5) 32 
Diiodomethane 

( R.I.1.74) 18 32 32 


* R.I. = Refractive index. 


The difference between the two types of crystals was 
also demonstrated by measuring their degree of bire- 


fringence by the Sénarmont method. The results are 
shown in Table 1. 
Control muscle tissue was obtained from the thigh 


muscles of patients undergoing orthopaedie operations 
for non-traumatic conditions. Fifty-five sections (3x 3 


171 
mun) were examined from six control subjects: two to 
five small crystals resembling hypexanthine were detected 


in some of the sections. No xarthine-like ervstals were 


found. Forty sections (3x 3 mr.) were examined from 
each of the xanthinuric pati nts. 
The crystals were most numerous in patient ZB, all 


ndred ery 
from 


two h 
The tissue 


SECTIONS Containing about 
of the hypoxanthine type. 
contained numerous small crvstels resembling xanthine 
and a few hypoxanthine-like crystals. The 
was somewhat less florid than im the case of patient B, 
but thirty-six of the forty seeticis examined each con- 
tamed more than two hundred crystals. 

We conclude that crystals re 
and xanthine can occur in the muscle tissue of xanthin 
uric patients. The relationship o these to the pain and 
stiffness of which the two patierts complained remains 
to be established. A more detail d report 1s being pre- 
pared. 

We thank Dr J. E. Seegmiller, of Us National 
Institute of Arthritis and Me abolie who 
arranged for R. W. E. W. to study patient B when he 
Was a visiting consultant at the U3 National Institutes of 
Health. Patient A was studied first at Hammersmith 
Hospital and subsequently in the Metabolic Unit at St 
Bartholomew's Hospital. We thank Mr J. S. Allan, of 
St Bartholomew's Hospital, who performed the biopsy 
on patient A. 
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Inhibitory Nerves to Insect Spiracles 


THE presence of peripheral inhibi Ory nerves m 
is now well established and in maay respects they seem 
to be similar to those in Crustacea’ *. Their physiological 
properties are well defined and w rk Is In 
elucidate their funetion in the con rol of leg movements 
in locusts*. Evidence is presented aere which shows that 
some imsect spiracle muscles receiv both exelt ators and 
inhibitory innervation and that oth types 
in the control of the normal aetvity of the spiracle. 

The single muscle of the first spiracle of thy 
thorax of Blaberus discoidalis (Serville) is innervated bx 
two excitatory motor Axons from thu pro 
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Fig. 1. Diagram of the innervation of the left spiracle 1 of Blaberus 
discoidalis. Two excitatory motor axons run in the transverse nerve 


(TR) from the prothoracie ganglion (1) to the spiracle muscle (SP M). 

An inhibitory axon runs towards the mesothoracie ganglion (IY) in 

9Ar? ond then joins the transverse nerve via 2Brib. (Pipa and Cook's* 
system of nomenclature.) 


thoracic ganglion in the dorsal median nerve. As in 
other insects! the axons split at the junction of the 
median nerve into right and left transverse nerves: thus 
left and right spiracles of the segment receive identical 
motor excitation from the median nerve and one spiracle 
ean be used as a control while experiments are carried 
out on the other. A further motor axon supplies the 
spiracle muscle: it is paired and also arises in the pro- 
thoracic ganglion, but makes an excursion towards the 
mesothoracie ganglion before running to the spiracle 
(Fig. 1). This axon inhibits contractions in the spiracle 
muscle and will be called the inhibitory nerve. 

Spiracle movements were recorded by attaching very 
small mirrors to the valves of left and right spiracles 
and making each reflect a beam of hght onto a photo- 
transistor stationed close to it. Each phototransistor was 
connected to one channel of an oscilloscope. In a pre- 
paration with transverse nerves intact and nerve 2Ar2 
(Fig. 1) cut anteriorly, electrical stimulation at 20 shocks/s 
was applied at various points along nerves 2Ar2 and 
2Brlb. It produced immediate opening of the ipsilateral 
spiracle. The contralateral spiracle remained closed. 
Spontaneous excitation continued to reach both spiracles 
without ehange and this was monitored either in the 
transverse nerve or as junctional potentials at the muscle 
with intracellular electrodes. 

In a further set of experiments, both excitatory (trans- 
verse nerve) and inhibitory (2Ar2 or 2Brlb) supplies 
were cut centrally and each was stimulated independently. 
Stimulation of the transverse nerve (both axons) at 
frequencics greater than 8 /s produced a maintained 
elosure of the valve. Simultaneous stimulation of the 
inhibitory nerve at 20/s caused the muscle to relax and 
the valve to open after a delay of 100 ms (Fig. 24, B} 
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It closed agam when inhibitory stimulation ceased. 
Stimulation of inhibitory nerves at lower frequencies 
(10—15/s) caused the musele tetanus to break into discrete 
and weak tension peaks and the valve fluttered near 
the fully open position, much as when the spiracle of the 
intact insect is treated with CO,. 

After section of all nerves, tension is often maintamed 
in the musele and the spiracle may remain closed, particu- 
larly in starved insects. This behaviour is comparable 
with that seen in the locust spiracle 2 in similar conditions, 
which Hoyle* has shown to be probably due to a potas- 
snun contracture. Stimulation of the inhibitory nerve 
in Blaberus produces museular relaxation m such cases 
and the denervated spiracle remains open for as long as 
stimulation is maintained. | 

Intracellular recordings with micropipeites filled with 
0-6 M K850, have shown that most fibres receive branches 
from both excitatory axons. In many fibres both axons 
produce depolarizations 15-20 mV in size (Fig. 2€); 
in some fibres the response to one of the axons may be 
only 1-3 mV in size whereas the other produces responses 
of 10-15 mV. 

Stimulation of the inhibitory nerve produces no detec- 
table response in most fibres penetrated, but small hyper- 
polarizations, ranging in size from 1 to 8 mV, have been 
recorded in several cases. In preparations with the 
inhibitory nerve intact and the transverse nerve cut 
they have also been obtained as a result of spontaneous 
activity (Fig. 2D). | 

Many arthropod museles are known to comprise fibres 
of differing diameter and sarcomere length?. In the spiraole 
muscle of Blaberus two groups of fibres can be recognized: 
large diameter fibres (20—30 microns) with short sarcomeres 
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Fig. 2. dA, B, Records of spiracle valve movements recorded with a 
mirror and a phototransistor (lower lines). Valve opening is downwards. 
Top lines show incidence of shocks applied to transverse nerve (dots below 
the line) and separately to 2Ar2 (dots above the line). In A the trans- 
verse nerve is stimulated continually at 8-5 shocks/s: shocks are then 
also given to 2Ar2 at 23/s and the valve opens. In B continual shocks are 
delivered to 2Ar2 at 23/s: the transverse nerve is then stimulated at 
13/s and the valve closes. C, D, E, Intracellular records from the spiracle 
1 muscle. C, Depolarizations resulting from spontaneous activity in the 
iwo excitatory axons in the transverse nerve. D, Hyperpolarizations in 
three different fibres resulting from spontaneous activity in the in- 
hibitory nerve (transverse nerve cut). £, Miniature excitatory end-plate 
potential in a fibre not innervated by inhibitory nerve (transverse 
nerve eut). Note the shorter time course as compared with inhibitory 
junction potentials in D. F, G, Simultaneous recordings from right 
(upper) and left Gower) spiracle 1 valves using mirrors and phote- 
transistors. Valve opening is upwards, F, Intact nerves, G, Right 
2Ar2 ent. Opening in the right spiracle is now much slower than in its 
twin. Vertical seales in mV: horizontal scales in 8. 


NATURE. VOL. 221, JANUARY 11. 1969 


(2-3 microns) and slender fibres (5-10 microns) with long 
sarcomeres (5—7 microns). There are few fibres of inter- 
mediate sarcomere length. A similar division of the 
fibres ef the locust spiracle 2 muscle was noted by Hoyle*. 
Hyperpolarizations in response to stimulation of 2Ar2 
or 2Brlb were probably recorded in the small fibres 
which were usually diffieult to hold. Such fibres with long 
sarcomeres would be expected to produce more tension 
but to contract more slowly than an equivalent cross- 
sectional area of short sarcomere fibres’. These fibres in 
the spiracle musele may be primarily involved in control- 
ling the gape of the spiracle valve when excitation slows 
or ceases and they may also produce tension in the 
denervated muscle. 

The large fibres are apparently not innervated by the 
inhibitory nerve. A burst of inhibitory impulses may then 
cause relaxation in the small fibres and the elastic cuti- 
cular hinge overcomes tension in the large fibres and 
opens the valve when a low frequency of excitation is 
maintained. When the excitatory frequency is high, 
inhibition is without effect on the valve. 

Spiracle 1 in Blaberus makes movements synchronized 
with ventilation, closing with the expiratory stroke. 
To examine the contributions of the inhibitory nerve to 
this activity, 2Ar2 or 2Brlb was cut unilaterally and the 
subsequent movements of the valves of the two spiracles 
compared using mirrors. This showed that the rate of 
opening in the operated side when excitation ceased was 
considerably slower than on the intact side. The effect 
was most marked when ventilation was slow (Fig. 2F, G). 
In another experiment the transverse nerve was cut on 
one side, and the inhibitory nerve left intact. The spiracle 
remained half closed, but opened rhythmically with each 
pumping stroke. That this was not a mechanical effect 
caused by the rush of air was shown by cutting both 
excitatory and inhibitory supplies on the other side 
and observing no movement with ventilation. In a further 
experiment recordings were taken from nerve 2Brlb 
sectioned peripherally. Bursts of motor impulses were 
observed to start just before and continue during each 
valve opening, and they probably occurred in the inhibi- 
tory nerve. 

The experiments suggest that an inhibitory nerve, 
arising in the prothoracie ganglion, supplies the muscle 
of spiracle 1 and that it accelerates muscular relaxation 
when excitation ceases during activity synchronized with 
ventilation. By interacting with excitation it may also 
cause the fluttering of the valve which is sometimes 
observed. Its chief function is probably to overcome 
tension in the small fibres of the muscle which remains 
when excitation. ceases. 

The left and right spiracles receive separate inhibitory 
nerves but share a common excitatory supply, so the 
small differences in behaviour of the two spiracles, ocea- 
sionally recorded, may arise from differing activity in 
the two inhibitory nerves. In many insects the spiracle 
nerves have been seen to be associated with branches 
of a nerve from the succeeding segment: this suggests 
that an inhibitory supply may be a common feature of 
single-muscle spiracles. 
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Down's Syndrome and Maternal Age 


THE risk of producing offspring with mongolism (Down's 
syndrome) increases abruptly with maternal age after 
the age of 30. German! argued that a decreasing fre- 
queney of coitus with age, and an increase in the average 
interval between the follicular release and the fertilization 
of the female germ cell, might account for the observed 
age dependenee. He regards the second maturation 
division as the vulnerable stage, during which errors in 
chromosomal segregation could occur.  Cannings and 
Cannings? criticized this argument on the grounds that 
it fails to account for the general form of age dependence. 
James? disagrees both with German and with Cannings 
and Cannings. 
cannot, without auxiliary hvpot: 
magnitude of the age dependence. 

In this communication 1 wisk to: (1) examine the 
mathematical form of the dependence of Down's syndrome 
births on maternal age; (2) conssder the significance of 
the association between so-called "autoimmune" disease 
in the mother and Down's syndrome; and (3) show that 
(1) and (2) are consistent with a unified theory? of growth 
and disease. 

Fig. 1 presents log-log graphs of the relative frequency 
of Down’s syndrome births compared with births in the 
control populations (P), against maternal age (4), for 
Swedish and English populations*. (Data for the English 
population were supplied to Akesson and Forssman by 
Professor L. S. Penrose.) Fig. 2 shows the absolute risk 
of Down's syndrome in relation to total live births in 
Serbia, 1950 to 1964, as a funceuon of maternal age’. 
Statistics for all three populations reveal the same general 
features: age dependence is slight from 15 to 25 yr, but 
after the age of 30, P rises with a high power of age. 
Each of the three sets of data can be described by the sum 
of two mathematical functions: the first attains a plateau 
at t~20y; and the second obeys the relation Pat up 
to about t= 40 yr, beyond which the steepness of the age 
dependence declines slightly. 


“soa, account for the 
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Fig. 1. Frequency of Down's syndrome births in relation £o ny to- 

genetically normal births in England and Sweden, as a function of 

maternal age*. Log-log scales. Data for cainquennial ARE Troupe are 

plotted as points at the beginning of each age group instead of histo- 

grams: figures alongside points represent the number of Down's 

syndrome births. From Åkesson and Foreman’. The assumed latent 
period correction is 2 5 yr. 
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Fig. 2. Absolute risk of Down's syndrome births in relation to total live 


births in Serbia, 1950 to 1964, as a function of maternal age. Log-log 
scales, From Morie-Petrovic and Kalicanin'. 


P ean be regarded as being proportional to the age 
specifie prevalenee of women who are liable to produce 
mongoloid offspring. Probably the two mathematical 
functions relating P to £ represent particular cases of 
a general biological law*5*. I find the absolute age preval- 
ence (Pi) of many diseases and ageing conditions of so- 
called "autoimmune" (I prefer the term autoaggressive') 
or unknown aetiology can be deseribed by the general 
stochastic equation? 

Pi=85(] — exp — ktr)" (1) 


Where P; is the age specifie and sex specifie prevalence of 
initiated disease at age t; S is equal to, or proportional to, 
the fraction of the general population (by sex when there 
are sex differenees) predisposed to the disease from birth; 
k is à constant from birth to death. For a well-defined 
disorder, the value of k remains the same for all similarly 
predisposed people, and in all ordinary environments’. 
The parameter r is a positive integer which can take values 
from 1 to at least 12, depending on the disorder; and n is 
a positive integer which can take values from 1 to at least 
5; often, but not always, either n or r is unity’. The 
random events initiating this general class of disorder 
have been equated with a form of spontaneous somatic 
gene mutation in mesenchymal stem oeellst**-7. An 
interval or latent period elapses between the last random 
initiating event (somatie mutation) and the first overt 
manifestation of the disorder. 

I can therefore offer the biu unified interpretation 
of the data in Figs. 1 and 2. Within a general population 
of women, two sub-groups S, and S, (at least) are pre- 
disposed to produce offspring with Down's syndrome. 
In vounger mothers of mongoloids ( (the S, sub-group) the 
penetrance of this condition is effectiv ely complete by 
about 20 yr. although the number of events required to 
initiate the condition cannot be determined from Figs. I 
dn ii : ETUR oy Ln n random events Ane the RA 


in period E ihe talie ey n. or more kely 3 r, or nr, m 
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equation (1) is 10. An average interval (latent period) 
of about 2-5 yr elapses between the last initiating event 
and the first expression of the disorder in the form of non- 
disjunction of chromosome 21 during meiosis. Beyond 
the end of the latent period, the probability that non- 
disjunction will oceur is independent of age, during the 
fertile period. Differences in the values of S, and Se 
can be observed between one population and another. 

Any adequate theory of Down's syndrome must be able 
to aceount not only for the maternal age effect, but also 
for the high prevalence of thyroid disease and thyroid 
autoantibodies or both in the mothers of mongoloid 
children!-!*,  Fialkow!5 finds the raised prevalence of 
thyroid autoantibodies to be confined chiefly to younger 
mothers («35 vr) His detailed investigation supports 
the conclusion I have just drawn from age analysis that 
(at least) two groups of women (5, and &,) are liable 
to produce mongoloid offspring. The 5, group has a 
greater prevalence of thyroid autoantibc ides and thyroid 
disease (sueh as Hashimoto's thyroiditis) than either the 
5, group or the general female population'*. Predisposi- 
tion to Hashimoto's thyroiditis is inherited. and one or 
more pleiotropie genes w ould therefore appear to be unpli- 
cated in the genotypes associated (a) with thyroid disease, 
and (b) with “early onset" production of offspring with 
Down's Core Interpopulation differences between 
the values of S, and S, will be largely due to differences 
in the frequencies of predisposing genes. 

This genetic interpretation also helps to explain the 
high prevalence of thyroid autoantibodies found in patients 
with Down's syndrome?*?!, Mothers with a predisposition 
both to produce offspring with Down's syndrome and to 
thyroid disorders transmit genes—and those on chrorno- 
some 21 usually in double dose—to their offspring with 
Down's syndrome. 

Al the foregoing evidence, and that relating to certain 
other chromosomal aberrations, especially of the X 
chromosome, supports the earlier contention of Engel and 
Forbes??*: ©., . chromosome non-disjunetion oceurs more 
frequently in families with genetic predisposition to 
autoimmunity’. Fialkow?? and Burch et a£.?* elaborated 
this view. 

According to the unified theory of growth and disease!*, 
idiopathic “autoimmune” (autoaggressive) disorders arise 
in genetically predisposed persons. as the result of spon- 
taneous somatic gene mutation in mesenchymal growth- 
control stem eells. "The mutant stem cell propagates a 

"forbidden elone 9:195 of cells, which produces humoral 
or cellular (but non-immunoglobulin**) “autoantibodies” 
Primary ‘autoantibodies’ are better  deseribed as 
"mutant" mitotic control proteins ( mutant’ MCPs). 
In its "non-mutant" configuration, each specific MCP 
regulates the normal growth of a specifie target tissue. by 
controlling symmetrical mitosis; an appropriate ly 

"mutant^ MCP carries out an autoaggressive attack on the 

specific tissue the growth of which it normally regulates’ 
All tissues external to the “central” growth control Sy stem 
are target tissues by definition, and it has been pre dicted 
that at least one autoaggressive disorder will be associated 
in the appropriate genotype, with each distinctive target 
tissue*. Germ cells (male and female) cannot be exempted 
from this generalization. It has been argued?! that 
chromosomal non-disjinetion during meiosis usually 
results from an autoaggressive attack on germ cells. 

Furthermore, we expect the sex and age distributions 
of all disorders of this general (autoaggressive) class to 
conform to equation (1) or its differentiated version’. The 
data graphed in Figs. | and 2 do not contradiet this 
expeetation. Il propose therefore that non-disjunction 
during meiosis leading to Down's syndrome is eaused by 
a specific breakdown in the central growth control system. 
This breakdown results in an autoaggressive attack on 
the germ cell. 

These arguments bear on the fundamental basis of 
chromosomal abnormalities, but they do not illuminate 
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the details of the effeetor mechanism, or the stage at which 
it operates. To account for the specificity of the affected 
chromosomes, and their non-disjunetion in people with a 
particular genetic predisposition, it is necessary to postu- 
late. however, that the final pathogenie agent recognizes 
and acts at the level of the target chromatids or chromo- 
somes. 

Henderson and Edwards** have found that the frequency 
with increasing age. From these detailed observations 
and scantier human material, they consider that a failure 
of chiasma formation at the first meiotic division probably 
leads to the unequal segregation of the resulting unival- 
ents at anaphase. They present two alternative explana- 
tions for the decline in the frequency of chiasmata with 
age. In their first hypothesis, they suggest that "gradients" 
could be present in the foetal ovary at the time of chiasma 
formation, and these lead to differences along the “‘produc- 
tion line” of oocytes. 

Because the complex dependence of Down's syndrome 
births on maternal age agrees well with autoaggressive 
statisties (Figs. 1 and 2), and because other kinds of 
chromosomal non-disjunction show a markedly different 
age dependence? the applicability of this hypothesis 
must be doubted. As an alternative, Henderson and 
Edwards** suggest that chiasmata may form normally 
during foetal life, but be lost during dietyotene. Extrinsic 
factors, such as infective agents, might promote the separa- 
tion?*, although Stoller and Colmann' s?* evidence for a 
concomitant variation between the incidence of viral 
hepatitis and Down's syndrome births 9 months later, has 
not been confirmed by several other investigators?*. In 
any case, the regularity. and the detailed mathematical 
form of the statistics from three different countries shown 
in Figs. 1 and 2, conflict with the idea that a chance 
infection could directly effect specific chromosomal non- 
disjunction, at any stage of dietyotene or meiosis. Never- 
theless, an appropriate infection often precipitates or 
exacerbates a latent autoaggressive condition®, and a 
specific intrinsic factor, such as a mutant MCP, could 
conceivably abrogate an already formed chiasma. 

Alternatively, a bi or polyvalent mutant MCP might 
combine with homologous chromosomes or chromatids to 
prevent their separation at anaphase of either the first or 
second meiotic divisions. This latter hypothesis, unlike 
those of Henderson and Edwards?*, can also account for 
non-random?* translocations in man—such as 13-15/21— 
provided both (non-homologous) chromatids or chromo- 
somes carry common antigenic determinants. Goh and 
Sumner?! have recently demonstrated a non-viral humoral 
agent in the plasma of irradiated patients that induces 
chromosomal breaks in normal cultured leucoeytes. It 
remains to be shown that a humoral factor causes chromo- 
somal non-disjunetion during meiosis. 

P. R. J. Burcu 
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Klinefelter's Syndrome, Dizygotic 
Twinning and Diabetes Mellitus 


Engel and Forbes'? noted that chromosomal non-disjunc- 
tion commonly oeeurs in families with a genetic predis- 
position to “autoimmunity”. From a review of the 
literature, and a study of eighteen patients with chromatin- 
positive Klinefelter’s syndrome, Nielsen? proposed that 
this syndrome is probably associated with dizygotic 
twinning. He also summarized the results of three 
surveys which indicate that the frequency of twin births 
in sibships containing Turner’s syndrome is about twice 
that in the general population. He conclud d? that similar 
mechanisms may be responsible for sex chromosome non- 
disjunction and dizygotic twinning. 

In the preceding communication I showed that the 
dependence of Down's syndrome births on maternal age-— 
together with other evidence--agrees with the view 
that a so-called "disturbed tolerance autoimmune" (or, 
as is preferred, autoaggressive) mechanism may be 
responsible. The dependence of dizygotic twinning on 
maternal age is pertinent to any discussion of mechanisms. 
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Fig. 1. Dizygotie twinning rate per 1,000 confinementa in relation to 

maternal age. Legitimate births, England and Wales, 1938 to 1956 (ref. 

4) Data for quinquennial age groups are plotted as points, instead of 

histograms, at the beginning of each age group. "This is roughly equiva. 

lent to assuming an average latent period of 2-5 yr between the initiation 

and the first expression of me condi Hon in the form of dizygotic twinning. 
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Fig. 2. As for Fig. 1. 
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a, Data for Denmark’, 1896 to 1910; b, Finland*, 1061 to 1964; and e, California’, 1950 


to 1959. @, Negro; ©, White. 


Fig. 1 illustrates the relation between dizygotic twin- 
ning rate (P,) and maternal age in England and Wales‘ 
(1938-56) and Fig. 2 shows similar data for Danish’, 
Finnish* and negro and white populations? in California. 
Despite the environmental, temporal and raeial diversity, 
the same value of k (5-2 x 10-1y-?) in the equation Pis 
(1—exp -- Et?) describes each set of statistics from ¢= 15 
to tc 35y. The value of S, which is proportional to the 
fraction of women predisposed to dizygotic twinning at 
birth, ranges from 0-025 (Californian Whites) to 0-045 
(Californian Negroes). (Given that an autoaggressive 
“forbidden clone” has been initiated, these data do not 
make possible an estimation of (a) the chance that it will 
induee double ovulation, (b) the chance that both eggs 
wil be fertilized, and (c) the chance that both zygotes 
will develop successfully to result in a twin delivery. If 
the overall probability of (a) and (b) and (c) is p. and if 
this is constant with age up to t= 35y, then the proportion 
of women with a genetic predisposition to dizygotic 
twinning is S/p.) 

A complication arises after the age of 35, where Pi, 
instead of following the theoretical curve (broken limes) 
falls abruptly. This suggests that another (probably 
&utoaggressivo) mechanism intervenes which tends to 
prevent dizygotic twinning after the age of 35. It would 
be interesting to survey the fecundity of mothers of 
dizygotie twins older than 35, and also to assess the 
distribution of their menopausal age. 

Positive associations between groups of autoaggressive 
(“autoimmune’’) disorders are commonly observed’*, and 
Í stressed in the preceding communication the importance 
of the connexion between "autoimmune" thyroid disease 
and Down's syndrome. In addition to the connexion 
between Klinefelter's syndrome and dizygotie twinning, 
Nielsen? has reported a high ineidence of diabetes mellitus 
in the parents and close relatives of patients with Kline- 
felter's syndrome. His findings have been confirmed by 
Menzinger et al, Wais and Salvati" and Zuppinger 
et al.?. Sex and age distributions of diabetes mellitus 
indicate that this is an autoaggressive disorder. Age 
specific initiation rates (dP/dt) for late onset cases in the 
Ünited States population studied by Spiegelman and 
Marks? conform to the stochastic equation? 


dP/dt= 5kSt!* exp — ke (1) 


Where ke= ky zz 10 x 1077y-5; Spo 67x 107; Sum 40x 
10-2; giving a sex ratio (M/F) of 06 (ref. 8). The average 


latent period between initiation and diagnosis 1s about 5 
yr for both sexes. 

If diabetes mellitus and meiotic non-disjunction of the 
X chromosome producing Klinefelter's syndrome are both 
genetically based autoaggressive disorders, then because 
they are positively associated in parents, it follows!! that 
patients with Klinefelter's syndrome should also have an 
increased incidence of diabetes mellitus. This deduction 
has been verified ?:!*, 

Vallotton and Forbes" investigated immunoglobulin 
antibodies to some thyroid, stomach, nuclear and gonadal 
antigens in patients with gonadal dysgenesis (various 
karyotypes), and their parents, patients with Klinefelter’s 
syndrome, and eontrols. Patients with gonadal dysgene- 
sis, but not Klinefelter's syndrome, had a significantly 
greater incidence of these antibodies than controls. For 
many reasons, Vallotton and Forbes!* conclude that the 
families with patients having gonadal dysgenesis differ 
from those with Klinefelter's patients. For example, the 
defect in Klinefelter's (X X Y) syndrome has been traced 
more often to the maternal than to the paternal line, 
whereas the reverse connexion holds for XO Turner's 
syndrome. 

Finally, it must be pointed out that the connexions 
between diabetes mellitus, Klinefelter's syndrome and 
dizygotic twinning provide potential complications for 
certain genetic studies. Thus age specific onset rates of 
diabetes mellitus in the sub-population of dizygotie twins 
should be higher than in the general population, or in the 
sub-population of monozygotie twins. (This assumes no 
connexion between monozygotie twinning and diabetes.) 
Thus concordance for diabetes mellitus should be “anomal- 
ously” high in dizygotic twins. Misleading concordance 
rates will also be registered for any other disease which 1s 
positively or negatively associated with the predisposition 
to dizygotic twinning. 

P. R. J. BURCH 
Department of Medical Physics, 
University of Leeds. 


Received August 31; revised October 31, 1968. 


D Engel, E., and Forbes, A. P., Harper Hosp. Buil., 21, 83 (109621, 

* Engel, E., Lancet, i, 1271 (1967). 

3 Nielsen, J., J. Med. Genet., 8, 77 (1966). 

1 Registrar General's Statistical Review of England and Wales for the Year 
1956, Part ILI (HMSO, London, 1958). 

5 Eriksson, A. W., and Fellman, J., Acta Genet. Basel, 17, 385 (1 967), 

‘Shipley, P. W., Wray, J. A., Hechter, H. H. Arellano, M. G., and Borhan!, 
N. O., Amer. J. Epidemiol, 85, 147 (1967). 


NATURE. VOL. 221. JANUARY 11. 1969 


"Mackay, J. R., and Burnet, F, M., Awoimmane Disease (Thomas, Spring- 

field, Illinois, 1903). 
* Burch, P, R. J., An Inquiry Concerning Growth, Disease and Ageing 

(Oliver and Boyd, Edinburgh, 1963). 

* Nielsen, J., Lancet, i, 1376 (1966). 

** Menzinger, G, Fallucca, F.,and Andreani, D... 

u Wais, S., and Saidil. B., Lancet, i, 747 (1908). 

u Zuppinger, K.. Engel, E., Forbes, A. P., Mantooth, L.. 
Acta Endoerinol., Suppl. 118, 54, 5 (1967). 

'* Spiegelman. M., and Marks, H. H., Amer. J. Publ. Health, 86. 26 (1946). 

^ Burch, P. R. J.. Rowell, N. R., and Burwell, BR. G., Lancet, ii, 70 and 748 
(1966), 

i Nielsen, J., Lancet, ii, 748 (1900). 

e Vallotton, M. B. and Forbes, A. P., 

57 Bureh, P. R. J.. and Burwell, R. G., 


Lancet. i, 747 (1960). 


and Claffey, d. 


Lancet, i, 648 (19867), 


Quart. Rer. Biol., 40, 252 (1865). 


Role of the Vagus Nerve in the Control 
of the Concentration of Angiotensin ll 
in the Circulation 


HAEMORRHAGE causes an increase of the concentration 
of renin'-* and of angiotensin*-* in blood; when the blood 
volume of anaesthetized dogs 1s reduced this rise in 
concentration of renint and of angiotensin? can be pre- 
vented by local anaesthesia of the renal nerves, which 
suggests that it is brought about by reflex activation of 
the nerves. The changes of angiotensin concentration 
correlate not with changes of arterial pressure but with 
changes of central venous pressure’. Changes of central 
venous pressure are usually accompanied by changes of 
pressure in the atria and the pulmonary circulation; these 
areas are plentifully supplied by vagal afferent fibres and so 
it seemed possible that the vagus nerve might form the 
afferent limb of the reflex. We have therefore studied the 
effect on the generation of angiotensin of interrupting 
conduction in the vagus nerve. 

The blood-bathed organ technique’ was used to assay 
continuously the concentration of angiotensin Il in the 
circulation of dogs. The assay organs—a rat stomach 
strip!’ and two rat colons*:! —were suspended in poly- 
propylene chambers and superfused!? with Krebs solution 
while the dog was being prepared. Their movements 
were recorded by auxotonic levers!? which produced a 
magnification of 16 : 1 on the kymograph or amplified by 
Harvard transducers on to the Beckman Offner 8-channel 
dynograph. The load on the tissues was between 1 and 3 g. 
All three organs contracted in response to angiotensin II. 
the rat colons much more strongly than the rat stomach 
strip. The latter was included in the assay system to 
detect catecholamines which cause it to relax“. One of 
the rat colons was perfused intraluminally with pro- 
pranolol (1 mg/ml. at 0-1 ml./min) to prevent any relaxant 
effects of catecholamines which would otherwise interfere 
with the contraction induced by angiotensin II. 

Dogs of either sex weighing 12-34 kg were anaesthetized 
with halothane delivered from a Goldman Vaporizer ; 
anaesthesia was maintained with chloralose (100 mg/kg 
intravenously) and supplemented when necessary with 
pentobarbitone (5-10 mg/kg, intravenously or intra- 
museularly). The trachea was cannulated and the lungs 
were ventilated mechanically. Polyethylene cannulae 
were tied into a carotid artery and an external jugular 
vein for removal and replacement of blood. Mean 
arterial blood pressure was recorded either with a mercury 
manometer on a kymograph or with a Statham P23 Db 
transducer on the dynograph. Heparin (1,000 1v/kg) 
was injected intravenously and the assay organs were 
then superfused with arterial blood delivered by a roller 
pump of constant output at 15 ml/min. The blood 
then collected in a reservoir and was returned intraven- 
ously to the dog by gravity. 

The specificity of the rat colon as an assay organ for 
angiotensin II has already been diseussed*.. Renin has 
no activity on the rat colon*; angiotensin I in Krebs 
solution has 2-15 per cent of the contractor activity of 
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nents du QR T pd R “of 
angiotensin IT in the arterial bloed. The concentration 
of angiotensin Il in circulating blood was determined 
by infusing synthetic angiotensin II (valine?-angiotensin 
i aum Ed LOIR directly into the blood 


Th. as an cd of 15 ng; 


concentration of 1 ng) Heal eed T Nae rate nar generation 
of angiotensin Il in the circuletion was assessed by 
matching the responses of the .ssay tissues to those 
obtained by known rates of infusion of angiotensin H 
intravenously. 

Conduction in the vagus nerve was interrupted either 
by vagotomy or by cooling. A cole iminersion technique! 
was used to block rever sibly conduction of impulses in the 
vagi in the neck. After carefu. dissection they were 
immersed in a pool of Krebs solution maintained 
4°-6° C. The pool on each side of the neck was made by 
retracting the skin and subcutaneous tissues laterally so 
that the trachea, oesophagus and sternothyroid museles 
formed the medial wall while the :arotid vessels, muscles 
and connective tissues formed tae base. For cooling, 
the vagi were lifted from the su rounding tissues by a 
thermocouple which recorded the temperature, or by an 
aneurysm needle. The reduced temperature was mam- 
tained by varying the rate of flow of cold Krebs solution 
from a flask surrounded by solic carbon dioxide in an 
insulated bucket suspended abcve the dog. Excess 
Krebs solution was removed from the pools in the neck 
bv suetion. 


Table 1. EFFECT OF VAGAL COOLING ON THE CONCENTRATION OF ANGIOTENSIN 
HOIN THE CIRCULATION (EXPRESSED AS TOE EQUIVALENT INCREASE OF 
GENERATION RATES) 

Vagi eooled (27-6 € Response of rat eolon 
Biood pres expreased as the 
Dog Weight Dura- — sure rise Hat equivalent increase 
No. (kg) Period tion (mun of colon inrateof angiotensin 
(min) — mereurv? [1 (egimin) 
1 12 ist 10 20 E! Ü 
B ü 
2nd & 8 A u 
R 0 
Pi 17 lat 21 20 A 0-2 
B 0-18 
2nd 20 30 E 0:15 
E i8 
3 26 ist 23 12 A UB 
E 0-15 
4 23 ist Qe 20 E! 0-2 
B 2 
à 26 Ist 20) 16 A (^4 
E Oe 


The increased generation rate of angiotensin IE produced by cooling the 
vagi was calibrated against intravenous inf. sions of angiotensin TY. An 
example of the assay by rat colon 4 in dog 3 i illustrated im Fig. 1. 


The Krebs solution was made with distilled water and 
had the following composition n g/l. final solution: 
NaCl, 6:9; KCl, 0-35; CaCl,6H,Q° 0-55; oe O16; 
Mg80,7H,0, 0-29; glucose, 1; NadiCO,, 2-1. 

Bilateral cervical vagotomy w.s performed in seven 
dogs; in five, there was an iner-«ase in the blood con. 
centration of angiotensin Il afte the nerves were sec- 
tioned. Vagotomy caused a transient rise in blood 
pressure which preceded the contr.ction of the rat colons. 
Fig. 1 shows an experiment in whien the rise of angiotensin 
It concentration due to vagotomrz was equivalent to an 
increased generation rate of more than 0-2 ug/mun. The 
increased concentration of angio ensin IT persisted for 
more than 50 min after vagotomy. ‘To determine whether 
the angiotensin concentration retarned to normal when 
conduction in the vagus nerve was restored, we studied 
the effect of vagal cooling. 

Cooling the vagi to 4^—6" C caused a maintained rise in 
blood pressure of from 8 to 30 mm of mereury. The blood 
pressure rapidly returned to its basal level when the 
temperature was returned to 37^ €. In the experiment 
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Fig. i. Tracing of an experiment in which a 
with ehloralose. The lower record is of blood pre ‘SOULE. 
intravenously) gave a contraction of the rat colon. 
concentration of angiotensin II in the circulation, r 

Time, 10 min: 





Pig. 2, Ayrat colon was superfused with arterial blood from a dog anaesthetized with chloralose. 
panel shows the effe ots of two infusions of angiotensin 11 (0-5 ug and @- 2 ugimin intravenously). When the vagi were cooled to 4° ee 
there was an inereased concentration of angiotensin 11 in the circulation about equivalent to an infusion of 0-1 ugi A 


shown in Fig. 2, intravenous infusions of angiotensin [T 
(0-2 and 0-5 ug/mm) caused graded contractions of the 
rat colon. When both v agi were cooled to 4^-6^ C the 
rat colon gradually contracted, indicating an increase in 
the concentration of angiotensin Il in the circulation. 
Calibrations of the contraction of the rat colon at its 
maxumun showed that the increased concentration 
corresponded to an increased generation rate of just over 
OE ug/mm. When the temperature of the vagi was 
imcreased to 37° C, the blood pressure returned rapidly to 
its previous level, whereas the contraction of the rat eolon 
declined very much more slowly. The time course of the 
response of the rat colon was characteristic of the duration 
of action of renin in the eireulation; renin has a half-life 
of 15-20 min*, but angiotensin Il has a half-life of only 
about 20 s in the eireulation!*. 
in four out of five dogs, cooling the vagi (4^-6^ C) for 

23 min caused an increased concentration of angio- 
tension Il equivalent to an inereased generation rate 
ranging from 0-1 to 0-5 ug/min; the absolute increase in 
concentration in the blood was less than 0-3 ng/ml. The 
fifth dog showed no response; this might have been due 
to the brevity of the period of vagal cooling. 

In each of seven dogs it was first coated that 
haemorrhage (10-26 ml/kg) caused the usual rise of 
angiotensin Il concentration. The blood was then 
returned and the vagi were cut in the neck. After the 
tone of the assay tissues had stabilized again, hae morrhage 
was repented and in five of the seven animals the rise of 
blood angiotensin H eoneentration still occurred. Similar 
results were obtained in two animals subjected to eooling 
of the vagus. 

These Bae riments show that ne One’ entration Dd 
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cutting the vagus nerve. The influence of the vagus nerve 
may be due either to changes of the rate of secretion. of 
renin from the kidney, or to changes of other factors 
affeeting the rate of generation of angiotensin Ii or to 
changes of the rate of destruction of angiotensin TT in the 
cweulation. Phe first of these explanations seems the 
most likely and the time course of the changes of endogen- 
ous angiotensin IL concentration in these experimenta 
corresponds elosely with this explanation. 

Afferent impulses in the vagus originate from the low 
and high pressure system of the cireulation!*. The low 
pressure system comprises the capacitance vessels of the 
cireulation—the veins, the right heart chambers, the 
pulmonary circulation and the left atrium; the high 
pressure system comprises the left ventricle and the 
arteries??, The physiological significance of afferent 
impulses from the low and high pressure system in rela- 
tion to blood volume reflex adjustme nt has been studied in 
dogs'*. When the blood volume was increased or reduced 
from 10 to 30 per cent. the firing rate of the aortie baro- 
receptors did not change significantly. In eontrast, the 
fring rate of the atrial streteh yecepirs was increased 
Seve €: fold when the blood volume was expanded by 
transfusion, and the firing rate was significantly reduced 
when the blood volume was reduced by haemorrhage. Thus 
the effect of à reduction of blood volume on the firing rate 
of atrial streteh receptors is similar to blocking the trans- 
the vagus. In our 
experiments both procedures caused an increased genera- 
tion of angiotensin II in the circulation. and the simplest 
explanation for these results 1s that afferent fibres in the 
vagus nerve play an important part in adjusting the 
activity of sympathetic nerves to the D , thereby 
causing changes in renin secretion. 
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The vagus nerve seems also to be important in regulating 
the blood concentration of other hormones involved in 
circulatory homeostasis. The secretion of antidiuretic 
hormone (ADH) seems to be partly controlled by factors 
very similar to those we have discussed for angiotensin 
generation.  Over-transfusion and atrial distension*!:** 
inhibit the release of ADH and vagotomy increases its 
secretion, The rate of aldosterone secretion increases 
after vagotomy*?! and this may well be due to the changes 
of angiotensin II concentration which we have deseribed. 

Other evidence suggests that an intact vagus nerve is 
necessary for optimal functioning of the systems con- 
trolling blood volume. Vagotomy in eats reduced both 
the diuretic and natriuretic responses to dextran infusion?*, 
In dog, vagotomy reduced the diuretic response to in- 
fusions of plasma?* and dextran?’ and also reduced the 
natriuretic response to plasma infusions?*. The vagus is, 
however, clearly not the only afferent pathway involved 
in the reflex regulation of blood volume. Changes in the 
rate of angiotensin generation?* and of ADH secretion?? 
ean occur in response to carotid oeclusion. and in our 
experiments vagotomy did not prevent the rise of blood 
angiotensin II which oceurred in response to haemorrhage. 
A plausible hypothesis is that the primary afferent 
pathway causing an increase of angiotensin generation rate 
after haemorrhage is via the vagus nerve, but that after 

vagotomy afferent nerves from arterial baroceptors can 
subserve a similar function. 
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Post-tetanic Potentiation of Twitch 
Contractions of Cross-innervated 
Rat Fast and Slow Muscles 


A BRIEF period of repetitive stimulation causes transitory 
post-tetanie potentiation (PTP) of the isometrie. twitch 
contractions of mammalian fast skeletal muscles whereas 
there is a depression im the response of slow muscles! *. 
We have investigated the possibility that this difference 
between fast and slow muscles is under neural control 
using the method of operative eross-union of motor nerves 
whieh has been employed previously im investigations 
into neural influences on various properties of skeletal 
muscles?-!5, The after-effects of repetitive stimulation on 
isometric twitch contractions have been determined for 
fast extensor digitorum longus (EDL) and slow soleus 
(SOL) muscles of the rat hind limb and the results com- 
pared with those obtained for eross-innervated and self- 
innervated EDL and SOL muscles. 

Operative cross-union of the nerves to EDL and SOL 
muscles was performed on 3 week old fernale Wistar rats 
in aseptic conditions; the anaesthetic was 50 mg pento- 
barbital sedium/kg body weight, injected intraperiton- 
eally. In four animals the nerves to EDL and SOL were 
transected and cross-united in the right leg. In two of 
these animals the same nerves in the left leg were tran- 
sected and self-united; in the other two animals no 
operation was performed on the left leg. Experiments 
were performed 140-216 days after operation. Isometric 
contractions in response to indirect stimulation were 
recorded with the museles £n» situ using methods and 
apparatus described previously!*. The procedure for 
determining the after-effects of repetitive indireet stimula- 
tion was the same as that deseribed previously for direct 
stimulation’. AH measurements were made with the 
muscles at 35" C. 

Fig. 1 shows representative records of isometrie re- 
sponses of normal (N-EDL, N-SOL), cross-innervated 
(X-EDL, X-SOL) and self-innervated (S-EDL, S-SOL) 
EDL and SOL museles. For each muscle the records are, 
from left to right, a control twitch recorded 10 s before the 
tetanus, the tetanie contraction m response to stimulation 
at 200 Hz for 1 s and the post-tetanie twitch contraction 
recorded 10 s after the end of the tetanic train. The 
records of pre-tetanie twitehes and tetanie contraetions 
illustrate the effects of nerve eross-union, which results 
in an increase of the speed of responses of X-SOL and a 
slowing of those of X-EDL, and the absence of changes 


in speed of contraction following self-innervation; these 
effects have been deseribed in detail elsewhere, The 


records of post-tetanie twitches show PTP of contractions 
of all muscles innervated by EDL nerve (N-EDL, S-EDL 
and X-SOL) whereas in museles innervated by SOL 
nerve there is either little or no PTP as in X-EDL, or 
post-tetanic depression as m N-SOL and S-SOL. PTP 
of N-EDL, S.EDL and X.SOL involves little or no 
alteration of the twitch contraction time whereas post- 
tetanic depression is accompanied by a slight decrease in 
contraction time. The records of contractions of X-8OL 
elicited by indirect stimulation. (X-SOL a) are identical to 
those obtained by direct stimulation (X-SOL b) of the 
same muscle after curarization (2 mg of d-tubocurarine 
chloride/kg body weight injected — intraperitoneally). 
Consequently the inerease in peak twitch tension is the 
result of potentiation of the muscle response and is not 
attributable to recruitment of muscle fibres through 
facilitation at the neuromuseular junction. A comparison 
of the effects of indirect and ect stimulation of X-EDL 
muscles was not carried out because in all these prepara- 
tions some of the EDL muscle fibres were reinnervated by 
"fast" nerve fibres from the peroneal nerve. 

The records in Fig. 1 are part of a series described in 
Fig. 2 in which the ratios of the peak tension of post- 
train twiteh (P,*) to the peak tension of the pre-train 


180 


twitch (P)-—Pi*|[P—are plotted against time after the 
end of 200 stimuli at 200 Hz (O) and 20 Hz (e). The 
maximum degree of potentiation and the time course of 
decline of PTE for N-EDL and S-EDL are about the same 
as those reported for normal EDL muscles in vitro’. 
X-EDL shows little or no PTP initially; the mean P,*/P, 
at 10 s after the end of the 1 s tetanus at 200 Hz for the 
three X-EDL muscles examined was 0-093 (range 0-91- 
1:07), and in all these muscles there was a late phase of 
depression as shown in Fig. 2E. The mean Pi*/P, 
for four X-SOL muscles at 10 s after the end of the 1 s 
tetanus at 200 Hz was 1-26 (range 1-18-1-37). 

Twitch : tetanus ratios of X-EDL and X-SOL muscles 
are altered transitorily during the post-operative period 
in which these observations were made but return to 
near normal values at longer times after operation’. 
In the present study the twiteh : tetanus ratio was 0-324 
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Fig. 1. Records of isometric contractions of normal (N-EDL, N-SOL). 
eross-innervated (X-EDL, X-SOL) and self-innervated (S-EDL, 8-SOL) 
extensor digitorum longus (EDL) and soleus (SOL) muscles. The records 
from left to right are for pre-train twitches, isometric tetanic contrac- 
tions in response to stimulation at 200 Hz for 1s, and post-train twitches 
recorded 10 s after the end of tetanic stimulation. All the records are for 
eontraetions elicited by indirect stimulation exeept those for X-SOL, 
which are for both indirect (X-SOL a) and direct (X-SOL b) stimulation 
of the same muscle, Tension calibrations for post-train twitches are the 
same as those for the corresponding pre-train twitches. The normal and 
eross-innervated EDL and SOL muscles were from a rat 202 days after 
operation; the S-EDL and S-SOL were from another animal 214 days 
after operation. Muscle weights: N-EDL-84 mg, X-EDL=55 mg 
{this muscle was innervated by fibres from both the soleus and peroneal 
nerves), S-EDL —-100 mg, N-SOL=84 mg, X-SOL=82 mg, 5-SOL= 
65 mg; mean fibrelengths: N-EDL =11 mm, X-EDL -11.5 mm, S-EDL 
-129-3 mm, N-SOL=13-5 mm, X-SOL=16-5 mm, 8-SOL- 15-5 mm. 
Temperature: 34-77-35-0* C. 
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Fig, 2. Time course of post-tetanic potentiation or depression of the six 
muscles described in Fig. 1, following 200 indirect stimuli at 200 Hz (©) 
and 20 Hz (€). Ordinate: Pir*/ Pr that is ratio of the peak tension of 
the post-train twitch (P:*) to the peak tension of the pre-train twitch 
(Pr). Abscissa: time after the end of the repetitive stimuli in minutes. 
A, N-EDL; B, N-SOL; C, S-EDL: D, S-8SOL; E, X-EDL; F, X-SOL. 


(range: 0-212—0-426) for three X-EDL and 0-125 (range: 
0-112—0-145) for four X-SOL. These values differ from 
the mean of 0-19 and 0-25 for normal adult EDL and 
SOL museles respectively. 

'The results show that eross-union of nerves to rat EDL 
and SOL muscles leads to loss of P'TP in X-EDL and 
its appearance in X-SOL, and in this respect PTP is 
controlled by a neural influence. The intrinsic speed of 
shortening of the contractile material of rat muscles is 
also under neural control’. — It has been shown that PTP 
in fast museles appears during development along a time 
course similar to that for the increase in intrinsic speed of 
shortening! and that there are related changes in PTP 
and intrinsie speed of shortening in both fast and slow 
muscles following nerve eross-union. but it is not possible 
at the present time to deeide whether these are causally 
related. 

There are two observations which seem to contradict 
the general finding that muscle fibres innervated by 
"fast" nerves undergo PTP of twitch contractions and 
those innervated by "slow" nerves do not show PTP. 
The first!* is that there was no PTP in cat X-SOL even 
though these muscles undergo changes leading to an 
increase in speed of response of isometric twitch contrac- 
tions following nerve cross-union. The other observation 
is that there is potentiation of twitch contractions of 
normal soleus muscles of newborn kittens following 
indirect repetitive stimulation’, but it is not clear whether 
this was the result of recruitment of musele fibres, repeti- 
tive firing or potentiation of the response of individual 
muscle fibres. 

R. CLOSE 
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Australian National University, 
Canberra. 
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Isolation of Intramuscular 
Connective Tissue 


BECAUSE of their accessibility and relative. purity, the 
most widely used sources of tissue for the study of colla- 
genous proteins have been mammalian skin (particularly 
calf and rat), rat tail tendon, fish skin and fish swim 
bladder!. Although contributing much to the basic 
knowledge of the structure and chemistry of collagen, it is 
not known with certainty whether collagen from these 
sources is typical of that found in other more inaccessible 
tissues of the body. 

Some workers have attempted to isolate and character- 
ize the collagen from muscle tissue*?. All the methods 
used so far on this source have been based on extraction 
methods designed to remove interfering muscle proteins, 
leaving the collagenous residues intact‘, and the extract- 
ants used to remove the muscle proteins have included 
urea, sodium acetate and dilute sodium hydroxide’. 
These solvents are known to extract certain collagen 
fractions and, perhaps, denature the collagenous proteins. 
I wish to describe a simple procedure for isolating intra- 
muscular connective tissues in the native state, and to 
report the results of preliminary studies of the subunit 
composition of the collagen from this source. 

The method is based on the selective fragmentation 
of the muscle tissue at low temperatures. Fresh muscle 
samples were freed Y adhering fat and connective tissue 
and frozen at —40° C. All subsequent operations were 
carried out in a — 20° C freezer. The samples were frag- 
mented with dry ice in a high speed commercial blender 





Fig, 1. 


Intramuscular connective tissue isolated from bovine semimem- 
branosus muscle, 
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Fig. 2. Dise gel electrophoresis patterns o denatured acid-soluble 64» 

and salt-soluble (B) collagen from bovine intramuscular connective 

tissue. The bands are designated’, from bettom to top, a2, al, Bys, Ay, 
and a trace of y 


for 2-3 min to reduce muscle part.cle size, The samples 
were then disintegrated with drv ice in a one quart 
stainless steel blender for 4-5 min at high speed (approxi- 
mately 14,000 r.p.m.). 

The less highly fragmented intramuscular connective 
tissues were isolated by passing the blended samples 
through a stack of three sieves “from top to bottom, 
size 10, 14 and 16). The connective tissue residue remain- 
ing on each of the sieves still contained small quantities 
of adhering muscle tissue and was therefore blended for an 
additional 5 min in a microblender. The final blending 
resulted in a white fibrous mass of connective tissue, 
which was almost completely fre of adhering musele 
tissue (Fig. 1). l 

The tissue isolated by this pro edure is undoubtedly 
of paramysial and endomysial orgin, with the former 
probably making up the highest pecentage. Reasonably 
large yields of this tissue have been obtained. Approxi- 
mately 0-5-1-0 per cent of the rauscle mass has been 
recovered in the case of porcine lorgissimus dorsi muscle, 
and yields as high as 2-0 per cent heve been obtained with 
bovine semimembranosus muscle. 

The intramuscular connective tisues obtained by this 
method were subjected to salt and acid extraetion*. The 
yields of salt-soluble collagen wer similar for the two 
tissue sources (Table 1). The acid-soluble fraction, 
however, was much greater in the collagen from porcine 
intramuscular connective tissue than in that from the 
bovine. The yields from bovine s mimembranosus were 
very similar to those reported for human infant skin. 


Table 1. APPROXIMATE SUBUNIT DISTRIBUTI©N IN DENATURED COLLAGEN 
FROM INTRAMUSCULAR CONNEGTIVE TISSUES 
Colla cmn subunits* 
Intramuscular Percentage 
connective of solub! a al P Bir 


tissue source collagen t 


Porcine 1, dorsi 


Salt extracted O42 Jou H-U 24°) 12:0 

Acid extracted t-93 10-0 So 50-0 19-0 
Bovine semimembranosus 

Salt extracted IEE to 21-0 500 16-0 7*0 

Acid extracted LIS 10-0 33:0 36-0 12-0 


* Calculated from densitometer tracings obtai «d from dise gels. The small 


quantity of y-component present was not includ «I. 
t Yield of soluble collagen as a percentage of the total collagen. 


The soluble fractions were puri-ed, and the subunit 
composition determined by dise gel electrophoresis’. 
Densitometer tracings obtained from the dise gels revealed 
the typical subunit composition shown in Table 1. As 
found with other collagen sources!, the salt-soluble colla 
gens contained a higher perce ntage of a-components than 
the acid-soluble (Fig. 2). These daa, however, revealed 
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some marked differences in subunit composition in the 
tropocollagen from the two muscles. Both acid and salt- 
soluble fractions from porcine intramuscular connective 
tissues seemed to contain a higher percentage of cross- 
linked components than that from the bovine. 

No firm conclusions about the nature of the differences 
in solubility and cross-linking in the collagen from the 
two muscles can be drawn from this preliminary investiga- 
tion. With the use of the isolation method, however, the 
collagenous proteins from previously inaecessible intra- 
muscular connective tissues will now be attamable for 
detailed studies. 

P. E. MCCLAIN 
US Department of Agriculture, 
Agricultural Research Service, 
Human Nutrition Research Division, 
Beltsville, Maryland. 
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Effect of Demyelination on Conduction 
in the Central Nervous System 


DEMYELINATION is an important pathological process 
affecting nerve fibres. It is characterized histologically 


by destruction of the myelin sheath with preservation of 


axis cylinder continuity. The process affects peripheral 
nerves in various forms of polyneuritis. and the central 
nervous system in multiple (disseminated) sclerosis. The 
effects of demyelination on conduction in the peripheral 
nervous system are now well established', but little is 
known of the way in which conduction in the central 
nervous system is affected by myelin damage. 

Several methods have been used in the past to produce 
demyelination experimentally in the central nervous 
system, but none have made possible the precise localiza- 
tion of a circumscribed lesion at a given site. They are 
therefore rather unsuitable for electrophysiological studies 
of conduction in fibres containing both normal and 
demyelinated segments. In the rabbit? and cat*, systemic- 
ally administered diphtheria toxin produces localized 
demyelination in the peripheral nervous system. but not in 
the central nervous system.  Waksman* has shown that 
the distribution of demyelination is dependent on differen- 
tial uptake of the toxin. We therefore decided to attempt 
to produce focal demyelination in the central nervous 
system by direct micro-injection of diphtheria toxin into 
the spinal cord. 

Twenty-four adult cats were used. Twelve injected 
eats, four normal controls and eight cats with chronic 
posterior column sections have been studied physiologic- 
ally and histologically. Crystalline diphtheria toxin 
was dissolved in a phosphate buffer at pH 7:4. Under 
pentobarbitone anaesthesia (40 mg/kg intraperitoneally) 
and with aseptic precautions, a low thoracie or high 
lumbar laminectomy was performed. The dura was 
opened and a 30 gauge needle, attached to a miero- 
meter syringe, was inserted to a depth of 1 mm in a 
rostral and slightly medial direction into the dorsolateral 
sulcus of the spinal cord. We injected 0:002-0-005 ml. 
of diphtheria toxin at a concentration of 1 flocculation 
unit/ml. The wound was then irrigated with sterile 
normal saline. The dura was left open, but the rest of the 
wound was closed in layers. After 13-29 days the animal 
was anaesthetized as before and the laminectomy extended 
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by several segments rostrally and caudally. The animal 
was rigidly fixed in a metal frame and a paraffin pool 
constructed from skin flaps. The temperature of the 
animal was maintained between 37 and 39-5° C and that 
of the pool at 36°-37° C. The pool and body temperatures 
were usually within 1°C. After conduction had been 
studied across the injection site the animal was perfused 
with 10 per cent formaldehyde saline. Paraffin sections 
were studied. 

Clinically, the animals showed rigidity and weakness of 
the ipsilateral hind limb. Macroscopically, there was some 
swelling of the cord at the original operation site. Micro- 
scopically, the lesion chiefly involved the posterior colurnn 
and the dorsal part of the lateral funiculus on the injected 
side. Fig. lais a longitudinal section through the posterior 





Fig. 1. a, Circumscribed 


Longitudinal sections of posterior column, 
zone of myelin loss ( x 9); b, normal cat ( x 400); c, demyelination pro- 
duced by injection of diphtheria toxin 15 days previously ( x 400); d, 


Wallerian degeneration produced by section of terior column 12 days 
previously (x400). a, Loyez method; 6 and c, Holmes silver—luxol 
fast blue—cresyl fast violet method; d, Glees and Marsland method. 





NATURE, VOL. 221. JANUARY 11. 1969 


columns and shows the circumseribed nature of the lesion 
which was usually 5-10 mm long. Fig. lb is from a 
normal posterior column. The irregular appearance of the 
myelin around the homogeneous axons is characteristic 
of the Holmes silver-luxol fast blue-eresyl fast violet 
staining method. Fig. le is taken from the swollen 
cord in the region of an injection made 15 days previously. 
The appearances are characteristie of demyelination: 
intact axons are surrounded and displaced by fragments 
of disintegrating myelin. This picture contrasts with 
that of Wallerian degeneration produced by transection 
of the posterior columns 12 days previously (Fig. Id). A 
variable amount of the Wallerian type of degeneration 
was also found in the injected animals, depending on the 
dose injected. There was an intense cellular reaction. 

We studied conduction in the posterior columns. 
Effective isolation of these tracts rostral to the lesion was 
achieved either by mobilizing about 2 em of the posterior 
columns and stimulating the free end, or by completely 
undercutting the posterior columns leaving them as the 
only “bridge” connecting the rostral and caudal portions 
of the cord. With the latter arrangement stimulating 
electrodes were placed on the cord dorsum rostral to 
the bridge. Recording electrodes consisted of a platinum 
ball on the posterior column caudal to the bridge, and an 
indifferent lead on nearby bone. 

Fig. 2 shows typical antidromic compound action 
potentials evoked by single shock stimulation of the 
mobilized posterior columns several segments rostral to a 
lesion induced 14 days previously. The numbers refer to 
the conduction distance in mm measured from the first 
recording site which was approximately 8 mm rostral to the 
lesion. From this site for 7 mm the records are in- 
distinguishable from those obtained from our normal 
controls and from those described by previous authors’. 
At 8 mm there is an abrupt change, with a decrease in 
negativity. At 9 mm very little negativity remains and 
at 12 mm none. The remaining positivity decays in an 


,:200,V 
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Fig. 2. Antidromie conduction block. Compound action potentials 
recorded from the posterior columns. Stimulating cathode was situated 
approximately 1 cm rostral to the first recording site. Records,are 
from specessively more caudal sites. Numbers on the left of the records 
represent conduction distance measured in mm from the first recording 
site. Stimulus artefact indicated by arrow. Positivity downwards. 
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approximately exponential manner with increasing con- 
duction distance. These changes in the form of the 
antidromic compound action potential mdicate, first, a 
relatively abrupt failure of conduetion at the level of the 
lesion and, secondly, that manr nerve fibres passing 
through the lesion from cell bodies more caudally situated 
remain intact. 

It might be argued that the vcley recorded rostral to 
the lesion represented conduction. only in the descending 
collaterals of afferent fibres entermg the cord at a higher 
level, or in descending propriosprial fibres, and that all 
ascending fibres passmg through the lesion had in fact 
degenerated. Although such an interpretation was not 
consonant with the histological endings, we decided to 
determine for the high lumbar region the eontribution to 
the “antidromic” compound actior potential of conduction 
in fibres with cell bodies which lie rostral to the lesion. We 
have compared in two groups of animals the size of the 
maximal compound action potentials recorded rostral to 
the level of complete conduction blsck induced by injection 
with those recorded in identical eenditions after posterior 
column section leading to Walerian degeneration. To 
standardize recording conditions, we combined each lesion 
with bilateral section of the imraediately rostral dorsal 
root. The recording site was approximately 5 mm rostral 
to the lesion, and the stimulating dectrodes 40 mm rostral 
tothis. In three cats with demyelization, action potentials 
of normal configuration were recomled with amplitudes of 
505 uV, 143 uV and 348 uV; in one cat with Wallerian 
degeneration no action potential sould be recorded, and 
in two others only ul defined potentials were present 
which did not exceed 30 uV in aruplitude. These results 
show that conduction in descendirg fibres cannot account 
for the amplitudes of the actioa potentials which we 
recorded from the posterior columns in our animals with 
demyelination. 

It is clear from these results thac in the central nervous 
system, as in the peripheral nervous system®’, demyelina- 
tion may result in a localized *sonduetion block with 
preservation of conduction in tze distal parts of the 
damaged fibres. Our technique fer producing a prepara- 
tion in which there is focal demyelination has a two-fold 
interest. The positive potentiale at the margin of the 
lesion and within reflect the pase ve sources of outward 
current provided by the demyelineted segments of indivi- 
dual nerve fibres in which conduetion has been blocked. 
A study of these potentials showd provide information 
of fundamental importance corzerning the electrical 
properties of mature axons without their myelin sheaths. 
The preparation also provides a convenient model for the 
physiological study of demyelinatien in the human central 
nervous system, 

We thank Mrs M. H. Anderson and Mr K. Yogendran 
for technical assistance, and Mr W.F. Hinkes and Mr J. A. 
Mills who took the photomicrographs. Dr M. A. H. 
Robertson helped with some of che experiments. The 
work was supported by grants from the Medical Research 
Council and the National Fund for Research into Crippling 
Diseases. Diphtheria toxin was pr«vided by the Welleome 
Research Laboratories. 
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Potentiation of Adenosine Activity 
by Low Oral Doses of Lidoflazine 


ADENOSINE occurs naturally in heart muscle as a break- 
down product of adenosmetriphosphate (ATP); its 
concentration in tissue increases during ischaemia and it 
is beheved to play a key part in the regulation of coronary 
blood flow!-?. Lidoflazine is a newly developed and orally 
long-acting coronary vasodilatori-? which, when injected 
into the right atrium of the anaesthetized dog, potentiates 
the vasodilating properties of exogenous adenosine’. 
This communication concerns the enhancement of exogen- 
ous adenosine activity in the conscious dog by low oral 
closes of lidoflazine which, per se, have no significant. effect 
on coronary arterial flow®. 

The experiments were performed on eight mongrel 
dogs, male or female, weighing 16-20 kg. The animals 
were of unknown age and were selected for docility and 
ease of handling. Electromagnetic flowmeters of our own 
design? were nnplanted around the left circumflex artery*, 
and a period of 2-3 weeks was allowed for full recovery 
before the start of the experiments, 


0-31 nig/kg lidoflazine 0-63 mg/kg lidoflazine 
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In preliminary trials, adenosine (in Ringer solution) 
was repeatedly injected during an 8 h period into the 
saphenous vein (per catheter by the Seldinger technique), 
at dose rates of 1, 10, 100 and 1,000 ug/kg body weight. No 
potentiation or tolerance resulting from the repeated 
adenosine treatment was observed. To investigate the 
possible effects of haeraodilution and haemolysis by the 
vehicle, 10 ml. of distdled water was injected into the 
saphenous vein before adenosine treatment at each dosage. 
No modification of the effect of adenosine on coronary 
blood flow was seen. 

In the principal experiments, lidoflazine was adminis- 
tered orally in doses of 0-31, 0°63, 1-25 and 2-5 mg/kg as a 
micronized powder (particle size <5 micron) eontained in 
a gelatine capsule together with a few drops of “Tween 80’. 
Adenosine was injected into the saphenous vein in doses 
of 0:1, 1, 10 and 100 ug/xg, and at times immediately (0 h) 
and 1, 2, 3, 4, 5 and 8 4 after administration of the hdo- 
flazine capsules. 

The results are shown in Figs. 1-3. À 1 mg/kg (1,000 
ug/kg) dose of adenosine more than doubled the rate of 
coronary flow in the conscious dog (Fig. 1) and vaso- 


1:25 mg/kg lidoflazine 2-5 mg/kg lidoflazine 
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Threshold Logic 
C. L. Sheng 
March 1969, xii+ 206 pp., 65s. 


Threshold logic is a switching theory developed in the past ten years for a new type of gate: the 
threshold logic element. This element is logically a more powerful basic building block for digital 
systems because it is more general than conventional gates, such as AND, OR, NAND, or NOR gates; 
also a switching function can, in general, be realized with a much smaller number of threshold logic 
elements. This book is based on lecture notes for a graduate course offered at the Department 
of Electrical Engineering of the University of Ottawa, and includes the results of the author's own 
research work in this field. Thus it may be used as a textbook for a specialized course on threshold 
logic or it can be used as a reference work for graduate students, switching circuit designers, or research 
workers. 

CONTENTS: Chapter i: Switching or Boolean Functions. Chapter 2: Definition of Threshold Function and Basic Concepts 
af Linear Separation. Chapter 3: Characterization af Threshold Functions. Chapter 4; Unateness, Monotonicity, and dssuma- 
bility, Chapter 5: Admissible Transformations, Partial Ordering, and Weights. Chapter 6: Testing and Realization of Thres- 
hold Functions. Chapter 71: The Successive Higher Ordering Method for Testing and Realization, Chapter 8: Compound 


Synthesis, Chapter 9: Sensitivity of Weights and Threshold. Chapter 10: Application of Threshold Logic Element, Chapter 
li: Threshold Logic Elements for Probability Transformation. Index. 
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Animal Discrimination Learning 


Edited by R. M. Gilbert and N. S. Sutherland 
March 1969, xvi+501 pp., 135s. 


This work contains both original material and reviews of many recent developments. Considerable 
emphasis is placed on the role of selective attention. Several chapters are devoted to the important 
but neglected problem of interspecies differences in discrimination learning. The book will be of 
importance to experimental and physiological psychologists, to comparative ethologists, to psycho- 
pharmacologists and to all who study animal behaviour. 

CONTENTS: The use of Operant Conditioning Techniques to Investigate Perceptual Processes in Animals, Attention Factors 
Governing the Slope of the Generalization Gradient, Stimulus Generalization versus Discrimination Failure in Conditioned 
Suppression. Incidental Stimuli and Discrimination Learning. Attention Theory and Discrimination Learning. Comparative 
Studies of Reversal and Probability Learning: Rats, Birds and Fish. Habit-Reversal and Probability Learning: Rats, Birds 
and Fish. Discrimination Overtraining and Shift Behaviour. Behavioural Contrast and the Peak Shift. An arousal-decision 
Model for Partial Reinforcement and Discrimination Learning. Consciousness, Discrimination and the Stimulus Control of 
Behaviour. Temporal Discrimination. Cortical Mechanisms and Learning. Response Continuity and Timing Behaviour. Out- 
lines of a Theory of Visual Pattern Recognition in Animals and Man. Discrimination Learning Under Avoidance Schedules. 
Discrimination Learning. Author Index. Subject Index. 


Heavy Clay Technology 


F. H. Clews 
Second Edition, revised and enlarged 
January 1969, xvi+ 484 pp., 100s. 


This edition has been carefully revised and considerably enlarged. It describes the characteristics 
of the raw material, the physical and chemical changes which occur in its processing, and the properties 
of the finished products; bricks, tiles, pipes, etc. Plant layout, process control and instrumentation 
are all thoroughly covered. The section on testing underlines the part played by the technologist 
in enabling the essential properties of the material to be developed. 

CONTENTS: Clay: Its Formation and Characteristics. The Building Clays of Great Britain. The Winning of Clay. Clay 


Preparation. Shaping. The Drying of Heavy Clay Wares. The Action of Heat on Clay. Principles of Combustion and Heat 
Transfer. Kilns. Layout, Transport, Handling, Labour. Testing. Instrumentation. 


Catalytic Conversion of Hydrocarbons 


J. E. Germain 
January 1969, xii +322 pp., 80s. 


This book discusses the chemistry of homo- and heterogeneous catalysis of hydrocarbons, alone or in 
the presence of simple reagents such as hydrogen, oxygen, water or carbon monoxide. Wherever 
possible, mechanisms and kinetics have been presented, and the unitary theory of catalysis, based on 
the chemistry of inorganic complexes, has been utilized. The principles of a large number of modern 
petroleum refining and petrochemical synthesizing processes (for example, hydrogenation, dehydro- 
genation, cracking, alkylatior, and oxydation) have been used as illustrations. A suitable bibliography 
is included to indicate the sources of further information. 


CONTENTS: Preface. The Carbon-Hydrogen System. Mechanisms of Hydrocarbon Catalysis. Carbon- Hydrogen. Bond 
Formation and Rupture. Carbon-Carbon Bond Formation and Rupture. Attack of Carbon- Hydrogen Bonds by Oxygen and 
Related Reactions. Reactions of Hydrocarbons with Carbon Oxides. Author Index. Subject Index. 
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Adenosine dosage (ug/kg) 


Fig. 3. Peak enhancement by lidoflazine of the increase in coronary 

blood flow after intravenous injection of adenosine into the conscious dog. 

Each point represents the average maximum value from five experimenta. 

a, Control, Oral doses of lidoflazine: b, 0-31 mg/kg; e, 0°63 mg/kg; 
d, 1:25 mg/kg; e, 2-5 mg/kg. 


dilation was sustained for 60-80 s (Fig. 2). Low oral doses 
of lidoflazine greatly inereased the intensity (Fig. 1) and 
rate of coronary flow (Fig. 2) after injection of adenosine, 
giving a marked dose-related potentiation of the nucleo- 
side, up to about 1,000-fold (Fig. 3). The lowest dose of 
lidoflazine tested (0:31 mg/kg) gave a 10-fold enhancement 
of the effect of exogenous adenosine, and represented 
about one-tenth of the oral dose of lidoflazine necessary to 
produce coronary vasodilation if given alone. 
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Sex and Tissue Specific Differences in 
Concentrations of «-Tocopherol in Mature 
and Senescent Rats 


A DIETARY deficiency of a- tocopherol (vitamin E) in the 
albino rat results in deposition i in the adrenal glands of a 
fluorescent pigment which is morphologieally indistin- 
guishable from the lipofuscin which is characteristic of 
ageing, in both appearance and tissue localization!. 
Studies of the accumulation of lipofusein in mature and 
senile male and female rats from the same colony have 
shown that there is a larger proportion of lipofuscin within 
the tissues of male rats?. In an effort to extend the corre- 
lation of the dietary study of adrenal pigmentation, con- 
centrations of a- tocopherol were determined in tissues 

from mature and senile male and female rats from the 
same colony as before. This study has shown that 
there are sex and tissue specifie differences in the concen- 
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trations of a-tocopherol in several tissues obtained from 
mature and senescent rats. Our ia e corroborate 


larger concentrations of ibo con hail in n tissues ris 
male rats of the same age. 

We used four groups of 12 and 29 month old male and 
female Wistar rats, previously maintained on a diet of 
Purina CHOW (50 E BE a- Taa RE of diet j. Each 


adrenals a brain were removed! in “that ome Fach 
organ was rinsed in 0-25 M sucrose containing 0-01 M tris- 
0-001 M EDTA buffer (pH 7-4), ard blotted before being 
weighed on a Mettler balance. Tissues were maintained 
at — 15? C in a freezer until they vere extracted. 

Tissues were homogenized in the same buffer and 
a sample was retained for determination of protein 
by the Lowry modification of the Folin-Ciocalteau 
procedure’. Homogenates were saponified according to 
Bieri et al.. a-Tocopherol was molated from the non- 
saponifiable fractions and quan.itated by gas-liquid 
chromatography of the trifluoreacetate derivative*-*, 
Student's t test for unpaired groups was used to determine 
significance levels. 


Table 1. INFLUENCE OF SEX AND AGE ON THE a-TOCOPHEROL, PROTEIN AND 


WET WEIGHT OF RAT LIVER 


12 month. old $9 montha aid 


Males kemales Males Females 

Total liver wet weight (g) 13:58 288 12.01 90-08 
O-816* 4-201* (-978* 1-149* 

Total liver protein (g) 2-39 50 2-18 j:80 
0-123* ool -1890* ("219* 

a-Tocopherol (ug/g of liver wet 4-20 92 18-75 iB-42 
weight) Ligi” 9-743" 1-584* i 52* 

a-Toeopherol (ug/z of liver 23-00 35:25 385 104-75 
protein) 6:088* $250* 6:420* 9-408* 
Results are expressed as mean of four indivelual observations; there were 


four animals in each group. 
* Standard error of mean. 


Table 1 shows the a-tocopherol content of livers of 12 
and 29 month old male and female vrats. The wet weights 
of livers from female rats were cousistently smaller than 
those from male rats in both age groups, and there was a 
parallel relationship in their prezem contents. There 
were no significant differences, however, in wet weights or 
protein contents between livers of raature and of senescent 
animals within the same sex. ly sharp contrast, livers 
of female rats had higher concent ations of «- tocopherol 
compared with those from male animals m both age 
groups, the differences being more noticeable when a. 
tocopherol was expressed in relateon to protein content 
of the livers. 

Livers from both male and femeile animals of the older 
group had significantly higher concentrations of «-toco- 
pherol than the corresponding liwers from the younger 
group (P< 0-005 to <0-001), and .o ageing in this tissue 
is not accompanied by a concomitant decrease in x-toco- 


pherol content. 
Table 2, INFLUENCE OF SEX AND AGE ON a-TOCOPHEROL, PROTEIN AND 
WET WEIGHT OF RAT GRAIN 


12 months cl 298 month old 


Males Feenales Males Females 
Total brain wet weight (g) 101i 179 i:93 1:79 
(»050* 8023* 0-050* 0-041* 
Total brain protein (g) 065 02 0-067 0-001 
i-001* E EE 0-002* GRES 
a-Tocopherol (ug/g of brain 6-07 157 5.182 8-07 
wet weight) 0-868* your -80* GRG 
a-Tocopherol(ug/gofbrain 178-07 300825 147:5 26T-80 
protein) 23-07* pieng * 20°01 * 14:78* 


Results are expressed as mean of four indiv inal observations; there were 
four animals in each group. 


* Standard error of mean. 


Table 2 shows the -tocopherol sontent of brain tissue 
from 12 and 29 month old male and female rats. As in 
the liver, the wet weights and total proteins of brain 
tissue from both mature (12 months and senescent animals 
(29 months) showed no differences an observation which 
is consistent with the fact that bram growth and develop- 
ment are completed before the annal is 12 months old. 
At the same time, unlike the liver, taere were no significant 
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Table 38. CONCENTRATIONS OF a-TOCOPHEROL IN POOLED ADRENALS AND 


HEARTS FROM 12 AND 290 MONTH OLD RATS 


Males Females 
12 29 12 29 
months months months months 
mE Adrenals 
a-Tocopherol (ugg wet weight) 139-0 321-0 84:6 249-0 
a- Tocopherol (ug/g protein) 686-0 1,407-0 376-0 1,495-0 
. n" — Hearts 
a-Tocopheral (ugig wet weight) 17-9 28:6 22-5 35-1 
a-Tocopherol (ugig protein) 104-7 192-7 122.2 389-0 


In each case, tissues from four animals were pooled, 


differences in weight or protein content between the brains 
of the two sexes. Concentrations of «-tocopherol, how- 
ever, were higher among females in each age group, the 
difference being significant (P<0-02) in the older (29 
month old) animals. Although the concentrations of the 
vitamin in brain from male and female animals decreased 
with inereasing age, the differences were not significant in 
magnitude. 
Table 3 shows concentrations of «-tocopherol from 
pooled samples of adrenals and hearts from 12 and 29 
month old male and female rats. In both organs, inereas- 
ing age was accompanied by a corresponding increase 
im the concentrations of the vitamin, although the differ- 
ences in a-tocopherol content between males and females 
are of doubtful significance. 
These studies have shown that there are tissue and sex 
speeifie responses in the relationship between «-tocopherol 
eontent and ageing. It should also be emphasized that, 
with the exception of the brain, all other tissues studied 
showed a positive eorrelation with advancing age. In 
this study, the decrease in à-toceopherol in brain with in- 
ereasing age is interesting in relation to studies of the 
accumulation of lipofuscin in rat brain, in which senile 
animals have been shown to have more age pigment than 
vhe corresponding mature animals’, 
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Modifications of Receptive Fields of 

Cells in the Visual Cortex occurring 
Spontaneously and associated with 

Bodily Tilt 

THE spontaneous activity of many cells in the visual 
eortex of the cat is influenced by electrical stimulation of 
the labyrinth and by calorie stimulation'?. The func- 
tional significance of this vestibular input to the visual 
pathways is not known. We present here a preliminary 
account of observations which might provide a role for 
this input. 





NATURE, VOL. 221, JANUARY 11, 1969 


The experiments were conducted on eight cats an- 
aesthetized with a mixture of urethane (6-5 ml/kg of 
25 per cent aqueous solution) and pentobarbitone sodium 
(13 mg/kg) administered by the intraperitoneal route, 
The right eye was occluded and the pupil of the left eye 
was dilated by atropine sulphate eye drops. The eye was 
sutured to a steel ring clamped to the stereotaxie frame. 
A contact lens was fitted and the retina made con jugate 
with the testing plane. All the experiments were con- 
ducted in photopie conditions and the stimuli, consisting 
of spots and slits projected on to the sereen, were between 
l and 1:5 log units brighter than background luminance. 
The stereotaxie instruments on whieh the animal was 
mounted was clamped to a base which could be rotated 
up to + 50° about the animal's longitudinal axis. Ina 
positive rotation the right shoulder moved downwards. 

Tungsten microelectrodes‘ were used to record from cells 
in the visual cortex. After amplification the impulses 
were fed into a pulse height discriminator and counter. 

Units were selected for detailed analysis if they possessed 
simple receptive fields? with a well defined meridional 
axis. This was determined using a narrow slit of light 
which was moved at various orientations aeross the 
receptive field. The field axis determined in this way 
corresponded closely with the axis plotted with a small 
stationary spot of light. The field was plotted several 
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Fig. 1. Example of a non-drifting field axis. The axis of the receptive 
field of this cell was at an angle of —22* to the head axis when the field 
was first plotted at time zero. From 0 to 47 min the animal was main- 
tained with its frontal eye plane parallel with the floor. A second field 
plot, taken at 25 min, showed the field axis to be at — 23° to the head axis. 
This value is shown in the figure as a deviation of — 1? from the axis of the 
initial plot. The animal was tilted to +45° at 48 min (first arrow) and 
remained there until 80 min when it was tilted to — 45° (second arrow) 
where it remained until 112 min. The angle between the field and head 
axis was relatively stable throughout these manoeuvres, its mean value 
(broken line) being at — 21-6* and standard deviation 0-77, 
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Fig. 2. Correction of the meridian of maximum response of a receptive 
field associated with tilting the animal about its longitudinal axis. A 
shows the position of the field axis (FA) relative to the head axis (HA) 
and gravitational vertical (G V) when the field was initially plotted with 
the animal in the horizontal position. F is the location of the area 
centralis. B shows the relationships of these axes when tne field was 
re-plotted with the animal tilted — 30°. FA represents the actual field 
axis and E FA the “expected” field axis, had the field axis maintained the. 
relationship with the head axis shown in A. C shows the relationship of 
the axes when the field was re-plotted on return of the animal to the 
horizontal position, following 23 min of tilt. The small dashes represent 
the edges of the region giving off responses to a stationary spot of light 
f with a diameter of 20° of arc. 
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times in each experiment and each plot was independently 
drawn on à separate sheet of paper. The present report 
is based on a study of 57 units. 

In the absence of any correcting factors, it would be 
expected that when an animal is rotated about its 
horizontal axis, the axis of a receptive field would rotate 
the same amount. Thus the relationship between the 
head axis (perpendicular to the frontal eye plane) and the 
field axis should remain constant. Such a relationship 
is Hlustrated in Fig. 1. 

In some units. however, the angle between the field 
axis and the head axis changed after tilting the body. 
Where such a change occurred it was, with rare exceptions, 
always in the direction of the original meridional axis, 
determined when the animal was horizontal, that is, 
there seemed to be some compensation for bodily rotation. 

The compensatory torsion varied from cell to cell 
and sometimes gave a near complete compensation for the 
bodily rotation. An example of such behaviour is given 
in Fig. 2. Throughout the experiment the meridional 
orientation of the axis of this receptive field remained 
almost stationary with respect to gravitational vertical, 
moving slightly (+4°) in the opposite direction from 
that of the bodily tilt. 

Typically, after tilting the animal back to the horizontal 
position, the axis of the field returned to this original 
meridional orientation, though occasionally there was 
some “overshoot”. The responses of a unit which showed 
this and other interesting effects are shown in Fig. 3. 
Each point on the curves represents the mean spike count 
for six movements of a slit (26'x 24° of are) through 
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Fig. 3. Response of a unit to a bodily tilt of +40°. Curve 1 shows the 
initial responses of the unit when plotted before tilt. The meridian of 
maximum response, through which the vertical line is drawn, is shown 
together with the proportional responses at adjacent meridia. The 
middle two curves represent the responses of the unit following a tilt of 
+40°, Curve 2 represents the responses of the primary receptive field 
and curve 2’ the responses of the secondary field. This field was present 
only during the tilt condition. The lower two curves show the responses 
of the unit on return of the animal to the horizontal position. Curve 3 
Yepresents the responses immediately on return to the horizontal and 
> eurve 4 the responses 81 min later. The meridian of maximum response 
— for each field plot described above is drawn at the right in respect of true 
l (gravitational) vertical ( V). 
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Fig. 4. Responses of a unit over a 105 mm period during which the 
animal was maintained in the horizontal pesition, The firet field plot 
(curve 1) was commenced at 0 time and subsequent plots commented at 
the time indicated on the ordinates. The axisof the first plot was sharply 
defined at — 20° to gravitational vertical assi meridional deviations of 
the moving slit (7' x 12° of are) from this axissresulted in a rapid attenua- 
tion of the response. In subsequent plots (55 and 105 min? the region 
of high responsiveness broadened. These variations oceurred “anon 
taneously”, 


a given angle. In order to standardize the curves, each 
mean is scaled with respect to the maximum mean for each 
plot taken as 100 per cent. The orentation of the axis is 
given relative to gravitational vertmal. The centre of the 
field was 21° temporal and 8? inferier to the area centralis. 
Immediately before tilting, the axis was at + 59? to vertical. 
The field was plotted three times after tilting the animal to 
+40°. The expected angle of the exis from gravitational 
vertical was +99°. The observed angles were + 94°, 
+ 94° and + 87? respectively, showing a slight and increas- 
ing compensatory drift. The secor of these three plots, 
completed 15 min after tilting, is shewn in curve 2 (Fig. 3). 
The animal was kept tilted at + 40° Sor 43 min, after whieh 
it was returned to horizontal and the field plotted again. 
Instead, however, of returning to its original orientation 
(curve 1, Fig. 3), its axis overshot sy — 24°, and ita zone 
of high responsiveness had broadened (curve 3, Fig. 3). 
When the field was plotted 42 mim later (curve 4, Fig. 
3) with the animal still in the herizontal position, the 
axis of the field was almost identical with that of the 
original field (curve 1, Fig. 3). 

The unit of which the responses ere illustrated in Fig. 3 
showed an additional interesting property. After the 
animal had been tilted -- 40^, there-appeared, in addition 
to the original (primary) receptive field, a secondary 
field, the centre of which was 6° superior and 9? temporal 
to the area centralis. The two fields could be plotted 
independently of each other. The size and shape of the 
action potentials evoked from eack field were identical, 
indicating that the two fields activated the same unit. 
The secondary field was plotted on three suecessive 
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oceasions with a moving slit. The mean spike count for 
one of these plots is shown in curve 2’, Fig. 3. It can be 
seen that the axis of the secondary field was different from 
that of the prunary field plotted when the animal was 
tilted (curve 2, Fig. 3). Whereas the axis of the primary 
field had shifted some + 35? on tilting the body + 40°, the 
axis of the secondary field was parallel with the axis 
of the primary field as plotted when the animal was 
in the initial horizontal position. On returning the animal 
to the horizontal plane, the secondary field disappeared. 

In addition to effects which are associated with varia- 
tions in the position of the body about its longitudinal 
axis, we have observed variations in the meridional 
axis of fields which appear to occur spontaneously. An 
example is illustrated in Fig. 4. All the eurves shown in 
this figure are successive field plots made while the animal 
remained horizontal. Throughout this experiment a 
peak response was given in the vicinity of — 22°, but the 
region from which response maxima could be obtained 
broadened by — 18°, though there was no significant 
broadening in the opposite (positive) direction. 

The experiments described here show that neither the 
axis nor the threshold of simple receptive fields in the 
visual cortex is immutable. They undergo spontaneous 
changes and changes associated with rotation about the 
longitudinal axis of the body. Some of the latter effects 
appear to parallel the space constancy effects described by 
Wiersma’ in the crustacean eye, and they may provide a 
basis for certain psychophysical phenomena, such as those 
described by Day and Wade? in which, following head tilt 
in humans, subjects estimate gravitational vertical with 
an error, the direction of which is opposite to that of the 
head tilt. The findings reported here raise the possibility 
that those units with modifiable receptive fields are con- 
nected to feeder cells which are selected from an array of 
such cells. The connexions must be dynamic rather than 
static. 

We thank Mr R. Brignell for building the tilting table 
and the US Public Health Service for financial assistance. 
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Interference of Various Antibiotics 
and other Compounds with Protein 
Synthesis in Muscle and their 
Influence on Metabolic Regulation 


Tue bulk of the incorporation of amino-acids into protem 
observable in isolated rat diaphragm takes place outside 
mitochondria! as judged by the use of selective inhibitors 
of microsomal and mitochondrial incorporating activity? *. 
The conclusions assume that negative results attainable 
with intact tissue do not merely indicate failure of adequate 
penetration. The latter is unlikely because (a) eyclo- 
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heximide reduced incorporation virtually to zero, so con- 
firming the microsomal origin of the incorporating activity, 
and (b) evidence to be presented here indirectly indicates 
an impressively rapid access to and penetration of mito- 
chondria in cells by various agents of large molecular 
weight. 

Protein synthesis is à sensitive indicator of disturbance 
in metabolism and possible inhibitors are readily monitored 
this way (for example, ref. 3). The extent to which the 
classic interrelationship of glycolysis and respiration fol- 
lows in the presence of the various inhibitors is also of 
interest. 

Incorporation of amino-acids into protein by dia- 
phragm is depressed by anoxia and common respiratory 
poisons*?, and also by antimycin, rotenone, oligomycin, 
valmomyecin, nigericin, dianemycm and gramicidin (Table 
1). No inhibition by atractylate at 8 uM was seen and 
inhibition was only slight at 1-2 mM. Inhibition by anti- 
mycin and rotenone is not surprising given their known 
functions. Inhibition of incorporation by the ionophorous 
agents—-valinomycein and so on— which is occurring in a 
milieu presumably rich in potassium indicates their rapid 
interference with maintenance of normal levels of ATP. 
In one experiment tissue exposed to valinomycin had a 
content of ATP of 0-21 moles/g (control 2-8 wmoles/g). 
Loss of tissue potassium also occurs (Table 2). 


Table 1. INHIBITION OF INCORPORATION OF AMINO-ACIDS INTO PROTEIN OF 
ISOLATED RAT DIAPHRAGM BY VARIOUS AGENTS WHICH INFLUENCE MITO- 
CHONDRIAL ACTIVITY 
Relative rate 
of incorpora- 


Concentration [^C] Amino-acid 


Agent (ugiml.) added to medium tion (per cent 
of control) 
Antimycin Glycine 27 
ltotenone Glycine 28 
Dianemycin 15 Glycine* 70 
Gramicidin à Glycine* 74 
Nigericin 1-5 tilyeine 44 
Valinomycin 1-5 Glycine* 21 
Valinomycin pā Phenylalanine” 17 
Oligomycin 1 Glycine 52 
Oligomyein 5 Giycine 45 
Oligomycin 20 Glyceine 33 
Oligomycin 1 Phenylalanine 65 
Atractylate 5 Glycine 102 
Atractylate 1,000 Glycine 83 


Except for the first two experiments, each fizure is derived from the mean 
of at least six observations. Incubation was for 2 h in Krebs-Ringer bi- 
carbonate buffer containing no added glucose—the general procedure i& 
deseribed elsewhere**. Concentration of added amino-acid was with asterisk 
1l mM, otherwise about 16 uM. 


Table 2. INCREASE OF LOSS OF POTASSIUM DURING INCUBATION INDUCED 


BY VARIOUS AGENTS 
Potassium content of tissue 


Concentration after ineubation 


Agent (ugiml.) (uequiv./g tissue) 
Control Experiment 

Nigericin 1:5 61 32 
Valinomyein 1-5 60 a 
Oligzomycin 1 63 51 
Oligomvcin 5 63 42 
Oligomycin 20 03 39 
Atraetylate 1,000 71 61 


Each figure is the average of a£ least three observations, Potassium was 
gu H i 


estimated with the EEL flame photometer. 


A lowering of cellular ATP and interference with normal 
mitochondrial activity will stimulate glycolysis (rom 
glycogen) as shown in Table 3 in increased breakdown of 
glycogen and output of lactate. A fortiori use of respira- 
tory energy for mitochondrial ion movements might be 
expected to relax respiratory control and increase oxygen 
uptake (for example, refs. 6-8). Stimulation of respiration 
by valinomyein is shown in Fig. 1, but inereased respiration 
was not seen with nigericin; in fact a decrease gradually 
appeared-—this has been ascribed with isolated mito- 
chondria to loss of substrate*. The fungal antibiotics, the 
molecular weights of which range from around 400 for 
oligomyein to 3,700 for the gramicidins, thus appear at 
relatively low concentration to act quickly on the cellular 
mitochondria and must presumably penetrate rapidly 
both cell and mitochondrial membranes. 
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Table 3. EFFECT OF VARIOUS AGENTS ON THE OUTPUT OF LACTATE DURING 
INCUBATION AND RESIDUAL GLYCOGEN CONTENT OF ISOLATED RAT HEMI- 


DIAPHRAGMS 
Concentra- Lactate formation Remaining glycogen | 
Agent tion (umoles/g of tissue) (mg glucose/g of tissue) 
(ugiml.) Control Experiment Control Experiment 
Nigericin 1:5 11:5 13-0 1404 (38 
Valinomycin 15 m2 13:2 i86 02 
Qligomycin 1 29 12:3 
Oligomycin 5 9-9 14-4 
Oligomvein ag 0-8 10.7 
Atractviate 1,000 10-8 15.9 
Ouabain 5 EE! 6-0 2:11 2-84 


Each figure is the mean of not less than three observations, Conditions of 
incubation were as in Table 1. Glycogen after hydrolysis was estimated as 
glucose with glucose oxidase. Lactate was measured with lactic dehydro- 
genase??, 


Lack of effect of atractylate at low concentration was 
surprising, but glycosides may not penetrate readily. 
Deeline of respiration by diaphragm in the presence of 
1-2 mM atractylate is demonstrable, but the slow onset 
may be indicative of a pharmacological toxicity. A small 
inhibition of respiration by diaphragm is observable on 
addition of another glycoside, namely ouabain (Fig. 1). 
Such inhibition is seen!!-1? with brain and kidney cortex 
slices and is interpreted in terms of a reduced energy 
demand when operation of the sodium pump is prevented. 
In these conditions there is decrease of glycogen break. 
down and laetate output (Table 3). Increased glycogen 
synthesis in diaphragm and diminution of laetate forma- 
tion in the presence of glucose are reported!*. For inhibi- 
tion of the sodium pump, the glycoside need not necessarily 
penetrate the cell, and the fact that much higher con- 
centrations of ouabain are required to produce any 
diminution of amino-acid uptake or incorporation than 
are needed for effects on potassium content (ref. 15 and 
unpublished observations) may indicate that such 
effects are non-specific. Change in tissue potassium 
content does not therefore per se affect the rate of protein 
synthesis. Whittam?™ estimated that about 40 per cent 
of the metabolic energy of brain and kidney cortex slices 
was used by the ion pump. Creese!* found for diaphragm 
muscle a figure as low as 2 per cent, though recalculation 
of his data on the basis of one ATP used for three Na* 
ions moved!” raises this figure to 4 per cent. In present 
conditions the requirement seems to be 10-15 per cent. 


Oxygen uptake (ml./g tissue) 





0 30 60 00 120 
Time (min) 


Fig. 1. The uptake of oxygen by isolated rat diaphragm muscle. 

Incubation was in Warburg apparatus with 2 ml. of Krebs-Ringer phos- 

phate buffer, pH 7-2. a, Control rate of respiration; b, valinomwvcein, to 

make a final concentration of 1-5 ug/ml., added from side arm after 

30 min; c. ouabain, 6 ug/ml., present from the start; d, gas phase air 
instead of oxygen. 
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‘The manner of respiratory control in maminalian tissues 
presents several problems. Tobm and Slater? and 
others!?-?? found only partial inhibition of the respiration 
of diaphragm and other tissues by oligomycin and con- 
cluded that mitochondria in situ maintain low respiratory 
control. The ascites tumour cell is exceptional in showing 
substantial reduction of respiration with ohgomyoein??. 

Interference with glycolysis should stimulate oxygen 
uptake. Addition of 2-deoxyglucose to rat brain or liver 
slices or diaphragm, however, does not increase respira- 
tion? despite the decrease in ATP and inhibition of 
incorporation of amino-acids into protein’, The ATP 
content of diaphragm was raised and the inhibitory 
effect of deoxyglucose on amino-acid incorporation over- 
come by addition of glucose but not of a mixture of 
pyruvate and succinate*®:**, These observations are 
surprising, in that addition of TCA. cycle intermediates to 
stimulation of respiration than does addition of glucose 
(refs. 27-29 and unpublished observations). In resting 
muscle we might expect mitochondria to be in state 4 
(dependent on ADP), yet stimulation by substrate is 
consistent with state 2, Respiration of isolated diaphragm 
is less in air than in oxygen (Fig. 1) so they also exhibit 
the stigmata of state 5—yet remain responsive to addition 
of substrate (unpublished results). 

Tobin and Slater!’ observed some stimulation of respira- 
tion by diaphragm on addition of dinitrophenol, but 
nothing comparable with the relative increase seen with 
frog muscle. Given the much greater Qo, of diaphragm 
than frog muscle, availability of oxygen becomes rate 
limiting more rapidly in response to uncoupling. The 
poorer proportional response of diaphragm to dinitro- 
phenol is, however, also consistent with low respiratory 
control. The respiratory quotient of diaphragm in the 
absence of added glucose is around 0-7—0-8; mitochondria 
in situ display a form of fatty acid uncoupling possibly 
related to homeothermie regulation?*. That mitochondria 
in situ are readily susceptible to uncoupling by fatty acids 
is suggested by the pronounced inhibitory effect of the 
latter on amino-acid incorporation (Table 4), a point 
also noted by Buse and Buse?!, 


Table 4. EFFECT OF VARIOUS FATTY ACIDS ON INCORPORATION oF [HE] 


GLYCINE INTO PROTEIN OF ISOLATED RAT DIAPHRAGM 


Relative rate of 
incorporation 


Fatty acid 
(percentage of control} 


Concentration 
(mM 


Octanoic 0-2 100 
Octanoic T 15 
Octanoic 5 43 
Butyric 5 AR 
Hexoic 5 AB 
Octanoic D 5T 
Deeoie 5 17 143% 
Laurie 5 8) ü* 
Mvristic 5 RO 19* 


* |n Ca**-free. Ringer—in the presence of Ca?* these acids precipitate, 
The acids were added as their sodium salts—otherwise conditions were 
as in Table 1. 


A Qo, of 5, with a P: O ratio of 3, corresponds to a 
rate of ATP formation of 300 umoles/g of tissue/h. Lactate 
formation from glycogen of 6-7 umoles/g/h yields 10 
umoles~ P/g/h. Glycolysis thus provides a very small 
proportion of the potential ~P production. The rate 
of lactate formation might be sufficient to support 
the energy needs of the ion pump in frog musele?? but 
probably not in diaphragm. That mitochondriallv gen- 
erated ATP is undoubtedly required for reactions im the 


cytoplasm is clear from the loss of potassium and ATP 
under anoxia and when respiration is inhibited. Protein 
synthesis is also prevented. Equally, glucose alone in the 
absence of oxygen provides little support for ion pumping 


or protein synthesis (unpublished results). Either the 
ionophorous antibiotics promote a very substantial de- 
mand for energy or we must assume that a considerable 
proportion of the energy of the putative 300 umoles~ P 
is dissipated in the mitochondrion for it to be readily 
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possible for the rate of glyeolysis to respond to mito- 
chondrial function. The conflict of the stimulation 
by insulin of respiration of frog but not mammalian 
muscle??-355 and some of the problems concerning thyroid 
aetion?*-?* may ultimately be resolvable with fuller know- 
ledge of the use to which the energy released in respiration 
is put by mitochondria in intact cells. 

I thank Dr E. J. Harris for many helpful discussions 
and for the gift of some of the inhibitors. I also thank 
Mrs K. Parkes for technical assistance and the Medical 
Research Council for financial support. 
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Chemical Structure and Juvenile 
Hormone Activity 


JUVENILE hormone acts directly on individual cells of the 
insect and ensures the appearance and maintenance of 
those structural features which characterize the larval 
stage!. Because this hormone is merely controlling the 
manifestation of certain genetically determined charac- 
ters which are latent in the epidermal cells, I predicted 
that “it would be by no means impossible for a variety of 
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chemical substances to exert such an effect-—just as a wide 
variety of chemicals can exert an "anti-bar" effect in 
bar-eyed mutants of Drosophila ?. It is, however, still 
unknown whether the site of action of the hormone is 
the cytoplasm or the nucleus. In a survey of the mode of 
action of growth hormones in insects I suggested that the 
juvenile hormone could be “concerned in the regulation of 
permeability relations within the cell—in such a way that 
the gene-controlled enzyme system responsible for larval 
characters is brought increasingly mto action when the 
juvenile hormone is present ?. 

These ideas have received some support from the 
comparison of chemical strueture and juvenile hormone 
activity in a fairly long series of chemicals tested on 
Rhodnius?. There seems to be a eritical molecular size 
for the production of juvenile hormone effeets^; apart 
from that it proved impossible to single out any one 
chemical grouping, in isolation or in combination with 
others, which eould be regarded as essential for activity. 
On the other hand, certain characteristies which might 
be expected to influence the association or interpenetration 
of the moleeule into cellular membranes containing pro- 
tein and oriented lipid gave predictable effects’. 

Results on Rhodnius confirm those of other authors? in 
showing that geometrical isomerism is an important 
factor in activity. Farnesene derivatives, notably 
farnesyl ethers and esters of farnesenic acid, are far more 
active with the trans, trans configuration at C-3 and C-7. 
Of the eight isomers of the synthesized Juvenile hormone 
of the cecropia silkworm’, the natural isomer, the trans, 
trans, cis form, and the trans, trans, trans form, stand far 
ahead of the others in activity**. These trans, trans 
isomers would be expeeted to associate most readily with 
lipid membranes containing phosphatides and cholesterol 
in organized form—just as straight chain compounds tend 
to be retained by liquid erystalline materials such as 
cholesteryl! esters used as the stationary phase of gas- 
liquid chromatography columns’. A comparable example 
is, perhaps, that of the straight chain propy! ether of 
farnesol which has been shown to be quite active in 
Lepidoptera, whereas the isopropyl ether was completely 
inactive’. The straight chain dodeeanyl methyl ether, 
which shows some activity in Tenebrio! and quite high 
activity in Lepidoptera’, shows small but definite activity 
in Rhodnius'. 

Farnesene derivatives carrying highly polar groups 
such as —COOH, —OH, —NH, have very low activity’; 
but completely apolar compounds such as farnesene* are 
virtually inactive. A certain hydrophilie-hydrophobie 
balance seems to be needed in the molecule. That again 
might be expected if it is to react with lipoprotein mein- 
branes!!. 

The presence of an epoxy ring at the C-10,11 position, 
both in the farnesene derivatives and in the cecropia 
juvenile hormone, is important for activity", but 1t 18 
not essential: in Rhodnius the cecropia hormone is only 
four times more active than the all-trans isomer of farnesyl 
methyl ether, with no epoxy ring. Transfer of the epoxy 
ring to C-6,7 or to C-2,3 greatly reduces aetivity in both 
types of eompound*;?? and the presence of à second 
epoxy ring reduces activity still more’. It is conceivable 
that these small changes affect significantly the polar- 
apolar balance along the molecular chain. 

There are striking differences in the relative activity of 
these various chemicals when applied to different species. 
Species differences in the properties of cell membranes 
have long been recognized. 

Finally, it has recently been reported that substances 
with juvenile hormone activity have a depolarizing effect 
on the plasma membrane of the salivary glands in 
Galleria, apparently by raising the conductivity of the 
membrane, 

The hypothesis that physico-chemical action on cellular 
membranes may provide the basis for juvenile hormone 
activity merits further consideration. 
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Synthesis of Functional Proteins in 
X-irradiated Mammalian Cells 


RECOVERY from X-ray induced division delay in Chinese 
hamster cells cultured in vitro requires protein synthesis 
but not synthesis of DNA or RNA??, suggesting that the 
primary lesion is at the level of translation. The question 
then arises whether or not normal proteins are synthe- 
sized during the recovery period. Although it is well 
established that the rate of amino-acid incorporation 
into polypeptide is only slightly reduced after moderate 
doses of X-irradiation?-5, it does not necessarily follow 
that the protein species synthesized in these conditions 
are funetional. For example, cessation of functional 
protein in the presence of low doses of puromycin is 
almost immediate despite the fact that the rate of amino- 
acid incorporation is only slightly affected’. 

The ability or inability of a cell recovering from radi- 
ation damage to support synthesis of functional proteins 
ean be established by introducing into the intact, irradi- 
ated cell an alien messenger species and determining 
whether or not the cellular synthetic machinery (that is 
ribosomes, transfer RNA species and so on) ean support 
synthesis of the corresponding functional non-cellular 
protein. This experiment has been carried out by infecting 
irradiated Chinese hamster cells with the RNA virus 
mengovirus and determining the time course of production 
of infective virus particles. The infecting viral genome 
is the alien messenger species, and only particles with 
normal protein coats (indicating synthesis of functional 
protein) are able to infect cells and initiate plaque form- 
ation in the infectivity assay. Results obtained indicate 
that virus production proceeds normally (both in terms 
of the time of production and the yield of particles per 
cell) in cells recovering from radiation damage. 

Chinese hamster cells (ine CHO?) maintained free of 
PPLO were grown in F-10 medium without added calcium, 
supplemented with 10 per cent low ‘“‘poliovirus-inhibitory” 
ealf serum (Microbiological Associates, Bethesda, Mary- 
land), penicillin and streptomycin. Suspension cultures 
were irradiated with a General Electric Maxitron X-ray 
therapy unit as described previously”: The heat-resistant 
37A strain of mengovirus? was used throughout. Infec- 
tivity was determined by plaque formation on CHO cell 
monolayers essentially as described previously!*. except 
that plaque identification was accomplished by staining 
the monolayers with crystal violet solution after the 
method of Holland and McLaren. 

Two suspension cultures of CHO cells in exponential 
growth were prepared. and one was irradiated with 
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Fig. 1. Production of plaque forming unis as a function of time 

After infection of Chinese hamster celis with mengovirus, Dh Culture 

irradiated (600 rads of X-irradiation) immediately before infection: 
@. non-irradiated control, 


600 rads which resulted in a divisiondelay period of 7-5 ht. 
Immediately after irradiation, both cultures were infected 
with mengovirus at a multiplicity cf infection of 6. The 
time required for a single cycle of mengovirus production 
in the CHO cell is 6:5 h”, and so a eyele of virus replication 
could take place during the recovery period in the irradi- 
ated cell provided the cellular synzhetic machinery was 
not damaged. In Fig. 1 the number of infectious particles 
per cell is plotted as a function of tme in both the irradi- 
ated and non-irradiated control culsures. It is apparent 
that both the time course of virus production and the 
total yield of infectious particles oer cell are identical 
in the two cultures. 

Thus the cellular machinery for protein synthesis 
in the irradiated cell is capable of synthesizing functional 
species because, under the directien of the viral RNA 
genome, faithful copies of the vimus have been made. 
Clearly this conclusion is valid oniy to the extent that 
translation of the viral genome mnumies the translation 
of cell messengers. Further studies of the nature of the 
radiation lesion or lesions are eontir ung. 

This work was supported by the US 
Commission. 
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Effect of EDTA on Electrophoretic 
Mobility of Slime Mould Cells and its 


relationship to Current Theories of 
Cell Adhesion 


Ir has been suggested that"? EDTA disaggregates cells 
by removing divalent cations from the electrostatic double 
layer, increasing the surface potential and thus the electro- 
static repulsive force between cells. This hypothesis has 
never received confirmatory evidence and recent work 
has cast doubt on its validity*-*. We have used post- 
feeding cells of the cellular slime mould, Dictyostelium 
discoideum, to demonstrate that EDTA does not aet 
through an inerease in average electrostatic repulsive 
force. But in other conditions these forces seem to be im- 
portant in determining whether or not the cells can adhere’. 

For electrophoresis, cells were grown on SM agar* in 
association with E. coli B/r and collected just before 
aggregation in cold distilled water. They were washed 
three times in distilled water to remove bacteria and were 
incubated for 2 h at 22° C on ‘Millipore’ filters saturated 
in a buffered salt solution, pH 6-2, containing either 
magnesium chloride (0-5 mg/ml.) or EDTA (10 M). 
This period of preincubation was considered necessary 
so that the cells could consume any bacteria which had 
not been washed away by centrifugation: freshly col- 
lected cells frequently have bacteria stuck to their surfaces 
and we have evidence that this affects their electrophoretic 
mobility. At the end of 2 h the cells were washed off the 
filters with distilled water, centrifuged down (100g for 
5 min) and resuspended in the electrophoresis solutions. 
Those which had been incubated with magnesium were 
suspended in 10-* M phosphate buffer at pH 7-05, and 
those which had been treated with EDTA were suspended 
in 10-* M buffer plus 10-* M EDTA at the same pH. They 
were electrophoresed at 23° C in a Zeiss eytopherometer 
with a current of 1 mA supplied by a modified Baird and 
Tatlock electrophoresis power pack, and were timed over 
a distance of 4u. 

Cells in buffer and cells in buffer plus EDTA had almost 
identical electrophoretic mobilities. The value for cells 
in buffer was 1-42+0-12 u/s/V/em and for cells in buffer 
plus EDTA the value was 1:41 + 0:12 u/s/V/cm. The zeta 
potentials calculated from these results were, for cells 
in buffer—18:95 4- 1-50 mV (+ standard deviation from 
sixty-six observations), and for cells in buffer plus EDTA 
—18-32 + 1-54 mV (+ standard deviation from 131 
observations). 

Cells in phosphate buffer plus EDTA are in a medium 
of higher ionic strength than those in phosphate buffer 
alone, and therefore, because they have similar zeta 
potentials, must have a higher negative surface charge 
density. The charge densities of EDTA-treated and 
untreated cells have been calculated by a method which 
does not assume low potentials, low concentrations or 
simple electrolytes (see ref. 10, page 133). For cells in 
10-* M phosphate buffer the surface charge density was 
— 1:84 + 0:15 x 10? egsv/em? while for cells in 10-* M buffer 
plus 10-* M EDTA it was — 1:96 + 0-16 x 10? kesv/em?. A 
t test shows that this difference is highly significant 
(t— i2 for 195 degrees of freedom: P<0-001), This 
result is similar to that which has been obtained with 
human RPMI No. 41 cells*. 

The most important point to emerge from the electro- 
phoresis experiments is that cells in buffer alone and cells in 
buffer plus EDTA have similar zeta potentials. This means 
that the net electrostatic repulsive forces between cells 
in the two groups are also approximately the same and, 
aceording to the colloid electrostatic double layer theory 
of cell adhesion, they should adhere to similar extents. In 
order to test this theory of cell adhesion it was therefore 
necessary to see whether EDTA reduced adhesiveness in 
conditions identical to those of the electrophoretic experi- 
ments. 
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Cells were collected as for electrophoresis and were 
incubated as before with either magnesium or EDTA. 
At the end of 2 h of incubation the cells were washed 
from the filters with distilled water, centrifuged down and 
resuspended in distilled water. Samples of each cell 
suspension (1 ml.) were placed in separate test tubes. To 
the suspension which had been incubated with magnesium 
was added 1 ml. of 2x 10-* M phosphate buffer, and to 
the suspension incubated with EDTA, 1 ml. of 2 x 10-* M 
phosphate buffer plus 2 x 10-? M EDTA was added. The 
coneentrations in each tube were therefore the same as 
those used for electrophoresis, in which conditions the 
EDTA-treated cells and the controls were shown to have 
approximately the same zeta potential. 'The tubes were 
allowed to stand at room temperature for 10 min. At the 
end of this time à sample was taken from the bottom of 
each tube with a broad Pasteur pipette, placed on a slide 
under a supported coverslip and examined. The initial 
suspensions in distilled water were slightly different in 
that those cells which had been incubated with EDTA 
were all single whereas those incubated with magnesium 
were slightly clumped. Examination of samples after 
treatment showed that the cells in phosphate buffer had 
formed enormous clumps (Fig. la) whereas those in buffer 
plus EDTA remained separate (Fig. 1b). These results 
show quite unequivocally that in the presence of 1 mM 
EDTA cell adhesion is dramatically reduced while the net 
surface electrostatic potential remains unchanged. Thus 
it seems that EDTA does not inhibit aggregation by simply 
increasing the net electrostatic repulsive force between 
cells. We cannot, however, exclude the possibility that 
small localized changes in surface potential occur. 





a b 


a, Cells preincubated with magnesium and treated with 10** M 
b, Cells preincubated with EDTA and 
10 mit 


Fig. l. . m 

phosphate buffer for 10 min 

treated with 10° M phosphate buffer plus 10" M EDTA for 
(x c, 350.) 


How then does EDTA prevent cell aggregation? At 
present we cannot answer this question. We do not know 
in any detail what effects EDTA has on the cell surface, 
nor indeed whether its action is limited to the surface. 
Our results do show, however, that the negative surface 
charge density is slightly but significantly raised in the 
presence of EDTA. A similar increase in charge density 
has been reported for RPMI 41 cells*, but was not found 
with ascites cells’. An alteration in charge could result 
either from an increase in negative charge or a decrease 
in positive charge in the electrophoretic shear zone. 
Causal factors might include the chelation and removal 
of divalent cations from the surface; adsorption of nega- 
tively charged EDTA to the cell surface perhaps by 
complexing with positive groups, or a more complex 
rearrangement of surface molecular structure. It is not 
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immediately elear how any such changes might be related 
to redueed adhesiveness, although in a general sense if 
adhesion does involve chemical bonding between cells 
the bonding sites may be affected by EDTA in the ways 
suggested. 

Apart from increased surface charge density, the only 
other effect of EDTA which has been measured is an 
increase in cell surface deformability?:*. Thus it cannot be 
argued that increased stiffness of the surface prevents 
large areas of adhesion from forming. lt is possible that 
the first process in adhesion involves the production of fine 
pseudopods from cell to cell"; the decrease in adhesive- 
ness might be explained if EDTA interferes with the 
ability to form such protrusions. It may be significant 
that a contractile phenomenon, activated by Ca** and 
abolished by EDTA, has been described"? at a cell peri- 
phery, immediately beneath the membrane, and it is 
conceivable that the mechanism of relaxation of other 
cell surfaces induced by EDTA may be related. 
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Behaviour of Infectious RNA from Four 
Different Viruses in Continuously 
Subcultured Aedes aegypti Mosquito 
Embryo Cells 


One of the characteristics of arboviruses is their capacity 
to propagate in insect vectors, although insects are 
refractory to other RNA viruses!. I have already shown 
that mosquito tissue culture, hke intact mosquitoes, can 
support the proliferation of various group A and group B 
arboviruses*?, Attempts to propagate encephalomyo- 
carditis (EMC) and polio pieornaviruses in mosquito 
tissue culture gave consistently negative results, similar 
to the in vivo situation. These results were not affected 
by the use of DEAE dextran, a substance which has been 
shown to affect the susceptibility of mice to a non- 
pathogenic variant of EMC virusi. 

Failure to abolish the resistance of mosquito cells to 
the two picornaviruses led us to test whether this resist- 
ance could be overcome by infecting the cells with naked 
RNA, a method applied successfully to unsusceptible 
mammalian cells’. As far as I know there has been no 
report of infection of mosquito cells in vitre with any viral 
RNA. I therefore decided to test whether (a) mosquito 
tissue cultures could be infected with specific viral RNA 
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and (b) whether there is any difference in the susceptibility 
of mosquito cells to RNA from arboviruses and from 
pieornaviruses. 

Semliki Forest and West Nile arboviruses, as well as 
EMC picornavirus, were grown in suzkling mice, and RNA 
was extracted from 20 per cent saline suspensions of 
infected mouse brains. Poliovirus itype 1 Sabin's vaccine 
strain) was grown on primary moukey kidney cells, and 
the virus released into the supernatent served as the source 
for RNA extraction. RNA was extracted from all four 
viruses with phenol in the presence of bentonite, using the 
procedure of Bellett*. RNA preparations and the corre- 
sponding viruses, with the exception of polioviruses, were 
titrated in 3 week old mice by inoculating 0-03 ml. of the 
test material intracerebrally, using six mice for each 
dilution. Poliovirus and its RNA were titrated in primary 
monkey kidney cells by inoculatimg 0-1 ml. of the test 
material into five test tubes for eash dilution. Tho LD,, 
and the TCID,, were caleulated aczording to the method 
of Reed and Muench’. The infectivity of the various 
RNA preparations was 0-1-0-01 per cent of the virus 
suspensions from which they were extracted. The im- 
fectivity of the RNA preparations was abolished in 15 min 
at 37° C by 50 ug/ml. of RNase. 

The origin of the mosquito cells as well as the growth 
medium used in these experiments have been described 
before?, Cells from previous passages were removed by 
careful shaking of the culture dishes, The cells were 
counted and diluted in the grow:h medium to a con- 
centration of 2x 105 cells/ml, dissributed in samples of 
1 ml./test tube, and incubated at £8? C. In these condi- 
tions monolayers were formed 5-7 days after seeding. 

Cell cultures from passages 24-35 were used in this 
study. Before seeding with RNA the culture medium 
was removed; the cells were washed twice with 2 ml. of 
growth medium not containing calcium, magnesium or 
serum. Each tube received 0:2 rol. of RNA diluted in 
this same medium. After an hour ‘or absorption the cells 
were washed three times, fed with I ml. of growth medium 
and reineubated at 28? C. Triplicate 0-1 ml. samples were 
later removed, pooled and titratec. Table 1 shows that 
RNA extracted from the two arboviruses yielded progenies 
which were infective for mice, whereas RNA derived from 
the two picornaviruses failed to produce infective virus. 
The virus progenies which wece produced by RNA from 
arboviruses were resistant to RNase, and were identical 
with the donor viruses as proved by neutralization with 
homotypie hyperimmune serum. 


Table 1, RESULTS OF INFECTIVITY TESTS OF MEDIUM TAKEN AT VARIOUS 
TIMES FROM MOSQUITO TISSUE CULTURES DIEOCULATED WITH INFECTIOUS 
RNA FROM FOUR DIFFERENT VIRUSES 


Amount of virus recovered 


Time after Log LD,,/0:03 zal. Log TOI Bao! 
yest 


inoculation Semliki wW ed rni, 
of RNA Forest Nile EMC Pollo 
12h NT NT (* o” 
24 3-6 2.3 0 Ü 
2 days 5B 3:6 t ij 
3 4-6 4:8 n E 
4 4-2 Bed {} G 
5 a0 52 ü 0 
10 4.2 4-6 G 
15 3*0 4-8 ü 0 
20 3*0 4-8 Ü ü 
25 3.9 5-0 ü 0 
30 239 4:6 ü 0 


Cultures were inoculated with 0-2 ml. of these respective viral RRA prepa- 
rations. RNA from polio virus contained 10* CI D,,IO-1 ml. ; the other three 
RNA preparations contained 107% —10*5LD,./0-03 mi. 

NT, not tested. 

* No virus was detected by the methods used: 


Substances such as NaSO, dimethyl sulphoxide 
(DMSO) and DEAE dextran, which are known to enhance 
the penetration of RNA into mammalian eclls**° did not 
change the inability of RNA of EMC and poliovirus to 
induce infection in mosquito cells. in parallel experiments 
facilitators used together with RNA from the two arbo- 
viruses slightly increased the yisld of infective viral 
progeny. 
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All these experiments involved only cells in mono- 
layers at a constant temperature of 28° C, and so I 
tried to test whether RNA from EMC and polioviruses 
can replicate if mosquito cells are infected in suspension, 
and the temperature is changed to 37° C. None of these 
changes affected the results—RNA from EMC and 
pohoviruses remained refractive to these cells, while 
RNA from Semliki Forest and West Nile viruses continued 
to produce infectious viruses in these conditions. 

It ean be concluded that continuously passaged mos- 


quito embryo cells inoculated with isolated RNA of 


Semliki Forest and West Nile arboviruses yielded virus 
progenies which were identical with the viruses supplying 
the RNA. The same cells, however, failed to produce 
viruses after inoculation with RNA derived from EMC, 
and polio picornaviruses. These differences of the growth 
behaviour of RNA from arboviruses compared with that 
from picornaviruses are probably related to intracellular 
factors rather than to factors involved in the penetration 
of these cells. It is hard to imagine that RNA from 
picornaviruses in contrast to RNA from arboviruses is 
selectively barred from penetrating the mosquito cells. 
Failure of the RNA to reach the site within the cell where 
replieation takes place, or the absence in mosquito cells of 
the metabolic machinery for the production of picorna- 
viruses, might be the reasons why mosquito cells in vitro, 
and possibly in vivo, are refractory to these viruses. 
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Viruses isolated from Sheep 


ALTHOUGH members of the enterovirus!-?, reovirus* 
and adenovirus*-'* groups have been isolated from several 
domestic animals, there are no records of these isolated 
from sheep. The failure to recover these viruses is surpris- 
ing, for these groups are easily isolated from bovines and 
precipitating antibodies to adenovirus'? and haemag- 
glutinating inhibitory antibodies to reoviruses'* have 
been recorded in sheep. 

Viruses are very important in intensive cattle pro- 
duction and with the present intensification of sheep 
husbandry it is essential to determine where these viruses 
occur in sheep and if they are associated with disease. 

Adenoviruses have been associated with respiratory 
illness in man causing many clinical conditions ranging 
from simple acute pharyngitis'® to broncho-pneumonia!*, 
In cattle adenoviruses have been isolated from field out- 
breaks of respiratory disease and enteritis’? and experi- 
mentally the disease has been reproduced!*:3*?, The role 
of enteroviruses and reoviruses in causing animal disease 
is not so well defined with certain exceptions such as the 
Teschen virus in pigs*® and rcovirus in calves*. 

Faeces from sheep received for post-mortem examin- 
ation and from specimens sent to the laboratory for 
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Fig. 1. Enterovirus from sheep 114. (Marker represents 100 mmicrons.) 
cor c 
Fig, 2. Reovirus from sheep PU 652. (Marker represents 100 mmicrons.) 


parasitologieal examination were inoculated into primary 
sheep kidney tissue culture. Early in the investigation 
eytopathie changes typical of these viruses were seen, 
but it was not possible to reproduce the changes on 
passage. Latterly, it was found that with initial passage 
the viruses were cell-assoeiated and only grew in actively 
dividing cells. Satisfactory passages were obtained 
when the tissue cultured cells were scraped from the glass 
and inoculated into a suspension of second passage cells. 
These were incubated stationary for 18 h at 37° C, then 
rotated and the cytopathic effects of the viruses were 
seen in 3—4 days. 

On the basis of morphology. five picornaviruses, eight 
adenoviruses and two reoviruses were isolated. One 
virus from each group was selected, purified and studied 
in more detail (Table 1). Presumptive evidence of the 
nucleic acid type was made on the basis of inhibition by 
5-iodo deoxyuridine of the production of DNA and 
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Fig. 3. Adenovirus from sheep SI. (Marker represents 100 mmicrons.) 


the aetion of thymidine in reversing the effect. Human 
group O, rhesus monkey, cattle, sheep, rat and guinea-pig 
erythroeytes were tested for haemagglutination by these 
viruses (Table 1). 


Table 1 


Enterovirus Reovirus Adenovirus 
PU 682 SI 
Size 23-25 my 79 mj 90-100 my 
Chloroform sensitivity Resistant Resistant Resistant 
H 3 stability Stable Stable Stable 
Nucleic acid type RNA RNA DNA 
Resistance to 60° € for Inactivated Resistant Inactivated 
30 min 
Haemagglutination of Xo erythrocytes Human group O. Hat 
erythrocytes agglutinated 


All these isolates were made from pathological condi- 
tions and in most of these diarrhoea was present. In some 
of these outbreaks there was a heavy worm infection, 
but in others no apparent cause of diarrhoea, apart 
from the viruses, could be established. Preliminary 
observations on the adenovirus isolate suggest that it 
may have a role in the aetiology of respiratory illness and 
in enteritis in sheep. 

J. B. McFERRAN 
H. NELSON 

J. M. MecCRACKEN 
J. G., Ross 


Ministry of Agriculture Veterinary 
Research Laboratories. Belfast. 


Received October 10; revised November 28, 1908, 


' Betts, A. O., Kelly, D. F., Lamont, P. H.. and Sheffy, R. E., Vet. Rec., 
78, 752 (1961). 

* Bohl, E. H., Singh, K. V., Hancock, B. R.. and Kasza, L., Amer. J. Vet. 
Res., 91, 99 (1060). 


* Kunin, C. M., and Minuse, E., J. [Immunot., 80, 1 (1955), 
t La Placa, M., Twelfth Cony. Microbiol.. Perugia, 195 (1063). 
' McFerran, J. B., Ann, NY Acad. Sci.. 101, 436 (1962). 


“Lamont, P. H., Darbyshire, J. H., Dawson, P. S., Omar. A. R., 
Jennings, A. R., J. Comp. Pathol.. 78, 23 (1968). 


* Rosen, L., Abinanti, F. R., and Hovis, J, F., Amer. J. Huy.. 77, 38 (1963). 

* Bartha, A., and Aldásy, P., Acta Vet. Hung,, 16, 107 (1965). 

* Clarke, M. C., Sharpe, H. B. A., and Derbyshire, J. B., Archiv. für Virus 
Forschung., 91, 91 (1967). 


" Darbyshire, J. H.. Dawson, P. S., Lamont, P. H.. Ostler, D. C., 
Pereira, H. G., J. Comp. Pathol., 75, 327 (1965). 


" Kasza, L., Amer. J. Vet, Res., 97, 751 (1960), 

* Klein, M., Early, E., and Zellat, J., Proc. Soe. Exp. Biol. NY, 109, 1 (1959)- 

» Darbyshire, J. H., and Pereira, H. C Nature, 201. 805 (1904 , 

* Stanley, N. F., Leak, P. J., Grieve, G, M., and Perret, D., . J. E: 
Dial Mei Su AE STR thea [., and Perret, D., Austral. J. Exp. 

' Bell, J. A., Ward, T. G., Huebner, R, J., Rowe, W. P., Suskind, R. G., and 
Paffenberger, jun., R. S., Amer. J. Pub. Health, 48, 1130 (1956). 


and 


and 


195 


'* Berge, T. O., England, B., Mauris, C., Shuey, H, E., and Lennette, E. H., 
Amer. J. Hug., 62, 283 (1955). 

" Aldásy, P., Csontos, L., and Bartha, A.. Acta Vet. Hung., 15, 167 (1964), 

'* Mohanty, S. B., and Lillie, M. G., Proc. Soe. Exp. Biol. N ¥,120, 679 (1905). 


'* Darbyshire, J. H., Jennings, A. R., Dawson, P. S.. Lamont, P. H., and 
Omar, A. S., Rea. Vet. Sci., 7, 81 (19866), 


^ Manuelidis, E. E., Sprinz, H., and Horstmann, D. M., Amer. J. Pathol.. 30, 
507 (1954). 


Additional Specificities of Australia 
Antigen and the Possible Identification 
of Hepatitis Carriers 


IN 1964 (ref. 1), we identified an antibody which is com- 
mon in the blood of transfused haemophiliacs and whieh 
reacts with an antigen (first identified in an Australian 
aborigine, thus “Australia antigen ) found im some 
human sera*. Australia antigen. Au(l), is found tran- 
siently in the sera of many patients with acute viral 
hepatitis*-* (13 per cent in infectious hepatitis. 34 per cent 
of post transfusion hepatitis’). This association with 
hepatitis has been confirmed by other workers using refer- 
ence antisera from our laboratory (refs. 10 and 11, and 
unpublished results of Vierucei). Okochi and Murakami!? 
used an anti-Australia antiserum from a transfused 
patient which seems to be identical with reference sera we 
have exchanged. The “SH antigen” recently described 
by Prince is identical with Australia antigen". In addition 
to its presence in acute viral hepatitis, Australia antigen 
is found in patients with some forms of leukaemia? and 
Down's syndrome (who have chronic anicteric hepa- 
titis)* 31213, It is also found in 5-20 per cent of apparently 
normal populations in the tropics and south-east Agia?*14, 
who may be hepatitis carriers’. 

Soon after the discovery of the antiserum in transfused 
patients, a method was developed for producing a very 
similar antiserum by immunizing rabbits with the sera of 
patients with Australia antigen and absorbing with normal 
sera!^. These rabbit antisera, and the human antisera 
which seemed to have the same specificity by immuno- 
diffusion and absorption experiments, were referred to 
as anti-Au(1) and the antigen as Au(1). 

On the basis of previous experience with iso-antigens 
from transfused patients (the Ag svstem, inherited iso- 
antigenic specificities on the beta-lipoproteins)'* we had 
reason to believe that other specificities could be found or 
produced by appropriate rabbit immunizations. A rabbit 
was therefore immunized with the serum of a patient with 
leukaemic reticuloendotheliosis (C.F.) using the same 
procedure as in our earlier immunization!*. The serum 
from this patient had given an unusual and inconsistent 
reaction with anti-Au(1) serum. The immunization pro- 
duced an antiserum (anti-Au(2)) which had at least one 
specificity in common with anti-Au(1) but one in addition 
to this. Furthermore, anti-Au(1) was found to have two 
specificities, only one of which was common to that in 
the "new" anti-Au(2) rabbit antiserum. Antisera which 
gave the same reactions as anti-Au(2) were produced in 
two other rabbits. These identities and dissimilarities of 
specificities were demonstrated by the formation of spurs 
in Ouchterlony immunodiffusion experiments (Fig. 1). 
Hence the anti-Au(1) identifies at least two specificities 
of Australia antigen. a and e; and anti-Au(2) identifies 
at least two specificities, a and b (Table 1). 

Anti-Au(1) has been useful in detecting hepatitis carriers 
and patients with chronic anicteric hepatitis in several 
situations—for example, Down's patients with chronic 
anicteric hepatitis?" (30 per cent of institutionalized 
patients). and patients receiving frequent haemodialysis 
Table 1. ANTI-AU(1) AND ANTI-AT(2) AND THEIR PRESUMED &PECIFICITIES 

Antiserum Spectficities 


Anti-Au(l) 
Anti-Au(2) 


a, c 
a,b 
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for chronic renal disease!* (eight of nine patients). It has 
been less useful in deteeting hepatitis carriers among 
blood donors in the USA where Au(l) specificity is rare 
(about 0-1 per cent). Au(1) is, however, more common in 
Japan (about l1 per cent) and much more common in 





Patient sera 


chronic hepatitis 
oN 
| G) 


Anti-Au(l) Anti-Au (2) 


b 


Patient sera 
leukaemic reticuloendotheliosis 


a,b 


Anti-Au (I) Anti -Au (2) 


» 


Fig. 13, a, Ouchterlony double diffusion experiment demonstrating the 


presence of a specificity in human antiserum anti-Au(1) (well 1) which 
Ai ieast two 


does not exist in human antiserum anti-Au(2) (well 2). 





specificity a, The lines on this precipitin experiment were too faint for 
photographic reproduction. 
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south-east Asia and elsewhere in the tropics (2-20 per 
cent) Okochi and Murakami' have used anti-Au(l) 


antiserum to detect carriers among blood donors and 
have shown that patients transfused with Au(l) may 
develop hepatitis associated with Australia antigen, or 
antibodies against Au(1) with no clinical disease. 

The distribution of reactions with anti-Au(2) is very 
interesting in this regard (Table 2}. The frequency of 
reactors is very high in acute viral hepatitis, in institu- 
tionalized patients with Down's syndrome (in whom 
chronie anicteric hepatitis is very common), in employees 
of institutions for mentally retarded patients who are 
known to have a high frequency of hepatitis, and in thalas- 
saemia patients who have received very large numbers of 
transfusions. The frequeney in apparently normal blood 
donors approximates that suggested as the carrier rate 
in volunteer blood donors m the Philadelphia area’. 


Table 2. DISTRIBUTION OF REACTIONS WITH ANTI-AU(1) AND ANTI-AU(S) 
SPECIFICITIES OF AUSTRALIA ANTIGEN IN DIFFERENT DISEASES AND POPULA- 


TIONS 
Auli) Auc) 

Population Total NO. Per No. Per 
cent cent 
Blood donors 203 0 ü 2i 7-2 
Down's syndrome 200 66 31:6 155 TER 

Employees of institution 
for mentally retarded 114 0 0 60 52:6 
Acute viral hepatitis SA 10 17:2 4i TO 

Thalnssaemia, trans- 

fused 128 70 124 906-9 


Blood donors are from the Philadelphia area; the Down's syndrome 
patients, the employees and the hepatitis patients are from nearby institu- 
tions. Thalassaemia patients are from the Philadelphia and New York City 
area and from North Italy. 


The much higher frequeney in the hepatitis patients as 
well as others with a high likelihood of contracting 
hepatitis, taken with its antigenic relation to Au(l), 
suggests that anti-Au(2) may detect additional specificities 
associated with hepatitis virus which are more widely 
distributed or more readily detected in human sera. 
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Book Reviews 


WHAT IS AGEING? 


An Inquiry Concerning Growth, Disease and Ageing 
By Philip R. J. Burch. Pp. vii 4-213... (Oliver and Boyd: 
Edinburgh, November 1968.) 63s. 


A MEDICAL physicist. in this book, expounds a theory 
which seeks to bring into a single conceptual framework 
some of the most puzzling problems of biology and 
medicine; among them, the regulation of growth, devia- 
tions of normal growth (cancer), ageing and the origin of 
certain chronic or remitting diseases of hitherto unknown 
aetiology. In the first chapters Burch describes the way 
m w hich he came to formulate ideas which derive both 
from Macfarlane Burnet's "forbidden" clone theory of 
auto-immune diseases and Burwells suggestion that the 
growth of mammals is centrally regulated by the lymphoid 
system. After detailed and complex analyses of the 
mechanisms at work, and of the application of his theory 
to biological and medical problems, the author observes 
in the course of his final reflexions: “the would-be 
synthesizer is obliged to survey fields in which he has no 
specialist training, and he cannot always distinguish . . 
that which is scientifically established from that which is 
mythology and dogma”. 

I find myself in the identical position. and I have had 
to take on trust, among many biologieal and highly 
specialized medical matters, the author’ s mathematics. 
An adequate critique of this book would require a multi- 
disciplinary symposium. All that can be attempted here 
is to give through the reviewer's 
the theory and of some of its implications. 

Briefly, then, the organs of the body consist of anything 
between 10$ to 101° of distinctive tissues; for example, 
every single dermal ridge of the finger print, every com- 
ponent of the kidney. has its distinctive pattern of growth 
and final mor phology. Originally, these characteristics 
are, of course. laid down in the genes of the fertilized 
ovum, and they are then passed on to groups consisting 
of fixed numbers of mesochymal stem cells. Each of 
these groups guides the development of cach distinctive 
tissue, and later on is thought to regulate its growth and, 
in the ease of many tissues, its regeneration. These 
growth control stem cells form what amount to compara- 
tors, and are thought to transmit to the growing target 
tissue à substance which stimulates mitoses. Each 
distinctive tissue responds to a stereochemically specific 
and thus recognizable mitotic control protein (MPC), 
which reaches it on the outer membrane of certain small 
lymphocytes. or electrophoretically in humoral form in 
the case of tissues beyond the blood-tissue barrier (for 
example, in. the br ain). In return, the cells of the t target 
tissue seerete another protein (tissue coding factor, TCE). 
which is equally specific and unique in strueture, and which 
homes on to the related group of mesenchymal stem cells 
(that is, the comparator). Growth and its cessation can 
thus be regulated by phase reversal within a feedback 
system. 

The antithesis to growth is ageing. and for this there 


eves n bald outline of 


[5 


f theory. On the one 
Wand. ageing m been pue as a programmed pheno- 
menon; on the other, as the result of the accumulation of 
random errors, most likely the result of spontaneous 
somatic mutations leading to chromosomal defects. 
Burch adduces convincing eviden«e against either type 
Br cud but gives Rode to an PASSUM Ac (both 
| t 2. of 
ageing. g 
mutations. occurring in S he. eT stem ce Jis give 
origin to ` forbidden" clones. which in turn secrete mutant 
MCP. This is the primary "auto-agtibody which attacks 
mig nents Ss tissue. Hence :t is suggested that an 
ye rather than an auto-immunoe disorder 

EI 

Numerous observations in the fleld of pathology appear 
to support the role of mesenchymal stem cells and of 
random changes in their chromosome materials. To 
give but one or two examples. denzal caries occurs almost 
exclusively in certain sites of certaig teeth in fixed patterns 
of distribution, though all teeth amd their entire surfaces 
are equally exposed to external azents favouring decay. 
This localization is explained in cerms of the dentition 
being made up of different distinctive tissues, several of 
which contribute to the make-up of individual teeth 
Mutations in the stem cells of one growth control centre 
will thus cause auto-aggressive changes only in certain 
portions of several teeth. Another application arises 
from the assumption that mutations occurring in a fixed 
number of stem cells are random events, the frequency 
of which is expressed by the same type of differential 
equation as other stochastie events, such as the de Cay of 
radium. In fact. surprisingly goad fits can be demon- 
strated between the age incidence eurves of many diseases 
and curves representing stochastic. differential equations, 
after the addition of certain faezors. These allow for 
genetie predisposition, the time thet has to elapse between 
the initiation of the auto-aggressive process in the tissue 
to the manifestation of the disease, and the number of 
mutations required for the process 1o get started. Bureh's 
theory helps to understand differesce in the sex incidence 
of certain diseases, keepmg in mund that women have 
two X chromosomes as against the male X Y constitution. 
Trisomy of chromosome 21 in mongols (Down's syndrome) 
is related to a considerably higher incidence of a certain 
kind of leukaemia. There is room in Burch’s theory for 
an explanation of known genetic mechanisms and also 
for the role of immunological defences. In addition, 
modifiable pathogenie factors ase rec "ognized, ranging 
from viral and bacterial infections to mental stress. For 
instanee, infection alone results in a symptomless carrier 
state, unless several other factors are present, among them 
the oeeurrence of a requisite nurnber of mutations, the 
absence of immunity due to earlier infeetions and the like. 
In the absence of medical propkylaxis. chance events 
determine whether or not. and at what time. we fall ill. 

Apart from its eomprehensiveness and elegance, 
Burch's theory bears another hedlmark of quality: it 
leads to numerous testable prediesions, and is thus wide 
open to decisive rejection, to «confirmation or. 
likely, to modification. B. 
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ALL THE STARS 
The Molecular Basis of Life 


An Introduction to Molecular Bielogy. With introduc- 
tions by Robert H. Hayes and Philip C. Hanawalt. 
(Readings from Scientific American. ) Pp. 368. (Freeman: 


"an Francisco and London, January 1968.) 84s cloth: 
428 paper. 


Tuis book, the latest volume in the series “Rez adings 
from Scientific American", needs ao introduction: it will 
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automatically appear near the top of every biology 
student's reading list, in multiple copies on the shelves of 
student libraries and in more than a few of their lecturers’ 
bookeases. Like its predecessors, the book contains an 
invaluable selection of articles on various aspects of 
molecular biology which have appeared in Scientific 
American over the past dozen or so years. 

The thirty-four papers are grouped into five sections 
dealing with increasingly complex levels of organization 
and function: macromolecules, the virus, gene action in 
protein synthesis, modification of gene action and radiant 
energy and the origin of life. Each section has a short 
historical introduction by either R. H. Hayes or P. €. 
Hanawalt outlining the state of understanding at the 
time eaeh artiele was originally published and subsequent 
developments. But the meat of the book is, of course, 
the articles themselves. All the classics are there, with 
their profuse illustrations; there are the papers of Perutz 
and Phillips on haemoglobin and lysozyme, Delbrucks, 
Stent, Horne and Benzer on viruses, Crick, Spiegelman, 
Nirenberg and Yanofsky on the gene in action, and 
80 On. 

There can be few better introductions to the literature 
of moleeular biology, and at forty-two shillings the paper- 
back edition is within everyone's reach and is very good 
value for money. J. Tooze 


ISLAND BIRDS 
History of the Birds of the Cape Verde Islands 


By David Armitage Bannerman and W. Mary Banner- 


man. (Birds of the Atlantic Islands, Vol. 4.) Pp. xxxi+ 
458 +85 plates. (Oliver and Boyd: Edinburgh, 1968.) 
1265. 


‘THs is the final volume in Dr Bannerman's series dealing 
with the birds of the island groups lying in the Atlantic 
Ocean off southern Europe and northern Africa, the earlier 
volumes having covered respectively the Canaries, the 
Madeiran Islands and the Azores. Although the inclusion 
of the more southerly Cape Verde Islands was an after- 
thought, the resulting volume is in some ways the most 
interesting. That is partly because a great deal of other 
than purely ornithological information is given about 
this relatively unfamiliar archipelago; and partly on 
account of the zoogeographical questions that arise. 
These islands of mainly voleanie origin, lying nearly 
300 miles from the African coast, are definitely within the 
tropical zone (15° N lat.); they have, however, an oceanic 
temperate climate and merely subtropical vegetation. 
Bannerman reviews the controversy about the origin 
of the fauna, apart from introductions by man, but in so 
far as the native birds are concerned it is clear that most 
are derived from Europe and North Africa, and only a 
few elements from the mainland tropies. The opposite is 
nevertheless true of butterflies, on which N. D. Riley 
contributes a chapter, nearly all of these having been 
derived from the south-east. 

The avifauna is not rich; forty-three species breed or 
are believed to have bred, and thirty-eight of these may 
be regarded as regular. Among them are ten species of 
sea birds, but including no gulls or terns—another prob- 
lem. The rate of endemicity is high, as one would expect, 
and about two dozen forms are peculiar to the islands. 
Most of these rank as subspecies, but two endemie species 
are of special interest and have odd local distributions: 
the Razo lark (Alauda razae) is restricted to the island 
from which it is named, although others of apparently 
similar ecology lie within sight; and Dohrn’s cane 
warbler (Acrocephalus brevipennis) is found only on three 
islands and not on others that lie between. 

Knowledge of the birds rests almost entirely on the 
observations of professional scientists and of ornithologists 
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who have gone there for the purpose. "These visitors have 
not been numerous but represent several nationalities; 
Darwin was there briefly, and Boyd Alexander twice. 
Within the past two decades there have been W. R. P. 
Bourne, who às à young man in 1951 did it the hard way 
and made valuable observations; the Abbé René de 
Naurois, who has paid several visits and is preparing à 
book of his own; and lastly the Bannermans. To the 
account of their journeys among the islands in 1966, 
Mrs Bannerman appends extracts from her diary that 
give a personal touch and exemplify the vicissitudes 
endured by an octogenarian and his wife in their quest 
for knowledge. 

The book is sumptuously produced, with many colour 
plates by D. M. Reid-Henry and P. A. Clancey and from 
photographs; there are also half-tone plates and text 
figures. LANDSBOROUGH THOMSON 


WORLD MAMMALS 





Oil-palm squirrel (Protoxerus strangeri) (photo by George Cansdale) 
from volume two of Mammals of the World, by Ernest P. Walker. 
A second edition of this well-known work, revised by John L. 
Paradiso, has now been published (Johns Hopkins Press: Baltimore; 
Oxford University Press: London, 1968, 285s). There are over 
eighty new photographs in the first two volumes of the new edition 
—the third volume, which is a bibliography, has remained essentially 
unchanged. 


VISUAL WORLDS 
The Eye 


Phenomenology and Psychology of Function and Dis- 
order. By J. M. Heaton. Pp. xii+336+ 10 plates. 
(Tavistock: London; Lippincott: Philadelphia and 
Toronto, 1968.) 70s. 


Tue subtitle of this book—phenomenology and psy- 
chology of function and disorder—gives an indication of 
its wide and unusual scope. As an ophthalmologist I 
feel unfitted to review in a critical manner the psycho- 
logical and philosophical aspects, but, as the author's 
intention is to enlighten the ophthalmologist and remind 
him that the eye is only part of the whole man, I hope 
the omission will be excused. 

Briefly, Heaton's thesis is that we can never have a 
full understanding of a disease unless we take into account 
what Verrey, the Swiss ophthalmologist, calls the terrain; 
that is. the individual as a whole and his reactions to his 
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environment. The importance of this approach is most 
clearly seen in so-called functional disorders such as 
habit-spasms or allergie conditions where stressful situa- 
tions induce exacerbations of urticaria or eczema. The 
evidence that personality and psychological factors play 
an important part in the major eye diseases is much less 
convincing. 

The fact that cataract is common in mental defectives 
does not help in elucidating the cause of senile cataract. 
No clear-cut evidence exists that glaucoma is associated 
with a specific type of personality, although emotional 
factors may precipitate an attack of acute glaucoma in 
those predisposed to the disease by anatomical factors 
which themselves are genetically controlled. 

Eyestrain is the one ophthalmological condition in 
which psychological factors are all-important, and it is 
this chapter of the book which has most to commend it 
to the ophthalmologist. The symptoms of eyestrain, as 
the author clearly demonstrates, cannot be easily corre- 
lated with organic disease of the eyes or optical anomalies 
such as refractive errors. "Eyestrain develops because the 
patient is unable to live fully in the visual world." ""The 
visual world gives a person a sense of stability; therefore 
it is not surprising that if he ceases to live fully in the 
visual world, he may feel unstable and sick. Conversely, 
any condition that makes a person feel unstable may 
diminish the apparent stability of the visual world." 
There is undoubtedly a great deal of truth in these 
explanations and the traditional correction of refractive 
errors and the prescribing of soothing lotions act largely 
by encouraging the patient to come to terms with cireum- 
stances and are often little more than placebos. 

Much has been written previously eoneerning the psy- 
chological reactions to blindness, and the brief chapter in 
this book serves as a reminder of the difficulties of adjust- 
ment experienced by blind persons. It is a pity that the 
author does not deal with the patient's reaction to eye 
diseases, which, although not necessarily leading to blind- 
ness, can undoubtedly produce marked psychological 
effects. 

The first half of the book deals with man’s relationship 
to the visual world in general-—-clisorders of perception, 
illusions and hallucinations. Again, the emphasis is on 
the interaction between the visual world and the observer 
and shows that neither can be studied in isolation. The 
final chapters on treatment reveal the difficulties of treat- 
ing any psychological disturbance but do not add much of 
value to the therapeutie armamentarium of the ophthal- 
mologist. The final phenomenological analysis of a patient 
seems to me almost totally irrelevant to ophthalmologieal 
practice. 

In summary, this is a courageous attempt to cover an 
extremely wide field, and though it may fail to convert 
the average ophthalmologist it should make him aware 
of the wider horizons beyond the limits of his ophthalmo- 
scope. The book is well produced and the bibliography is 
extensive. E. 8. PERKINS 


AUTOMATED GEOLOGY 


Computer Applications in Stratigraphic Analysis 
By John W. Harbaugh and Daniel F. Marriam. Pp. 
xii--282. (Wiley: London, August 1968.) 140s. 


THE purpose of the book is to describe and illustrate a 
selection of the principal computerized methods of analysis 
of stratigraphie data, with an emphasis on techniques of 
use in problems involving the determination of spatial 
relationships of data. The book is intended primarily 
as a reference text for workers in stratigraphy, sedimenta- 
tion, structural geology and palaeontology, and to a 
lesser extent in exploration in the petroleum and mining 
industries, and for workers in different fields where the 
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methods have application. Users of the text are expected 
to have a moderate background in geology, a working 
knowledge of algebra, and some knowledge of elementary 
statistics, basie appreciation of calculus and matrix 
algebra would be useful, though knowledge of computer 
hardware and programming is not assumed. The deserip- 
tion of the techniques is designed to cater for non-mathe- 
matical geologists with reference only to mathematical 
aspects where necessary. 

Seven principal classes of appliea:ion are considered 
data storage and retrieval methods aud automated inform- 
ation systems; mapping techniques including machine 
contour mapping; time-trend analyses and related elemen- 
tary smoothing techniques; various "orms of least squares 
trend surface analysis, including conventional polynomial 
trend analysis and harmonie trend aaalysis; classification 
systems; and the numerous forms of mathematical 
simulation, particularly those that deal with dynamic 
systems with numerous, interdeperdent geological vari- 
ables, 

The text, prepared by two leadmg authorities in the 
field, is an extremely well construetec review and examples 
are lucidly presented of a wide varety of data handling 
and interpretational problems largel- drawn from special- 
ized publications. The clarity of presentation should 
serve to whet the appetite of workers for the benefit to be 
derived by the use of computers in a broad spectrum of 
specializations but with no more than a working know- 
ledge of interpretational problems “acing stratigraphers. 
Undoubtedly the techniques described have a much wider 
application in the Earth sciences tnan hitherto realized, 
and this text will serve as an excellent souree book. 

TAN NICHOL 


FIRST COURSE 


A First Course in Functional Analysis 

By Martin Davis. (Notes on Mathematics and Its 
Applications.) Pp. xii+110. (Nelson: London. July 
1968.) 50s. 


Tus volume, like its companions in the series to which it 
belongs, consists of "reprinted lecvure notes, edited at. 
least to a satisfactory level of completeness and intel- 
ligibility, though not necessarily to the perfection which 
is expected of a book". It seems very questionable as to 
whether the publishing world shouEl produce a work on 
such a basis, especially at the high price of fifty shillings 
for one hundred and ten pages. The printing is very clear, 
however. and the exposition, although somewhat con- 
densed, should be of value to the puse mathematician who 
decides on a purchase. 

The author sets out with a rether deep ambition. 
namely, “to demonstrate the essent:al unity of twentieth 
century mathematies", but, of course, it need hardly be 
said that this is only partly achieves. On the other hand, 
the "unity" of algebra and analysis is demonstrated by 
careful preparation for, and expounding of, the proof bv 
Gelfand, via maximal ideals, of Wiener’s theorem that if 
an absolutely convergent trigonometrie series has a non- 
vanishing sum, the reciprocal of she sum can also be 
expanded into a similar series. ‘Phe steps proceed via 
chapters on normed linear spaces aad algebras, functions. 
on Banach spaces and homomorphisms on normed linear 


graduate students “with quite modest preparation”. 
Each chapter is accompanied by a set of problems which 
were previously assigned to the stadents on the course. 
It is surprising that there is no bibliography and the 
student who wishes to read further will have to look for 
references in other texts on the subject. 

L.S. GODDARD 
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MATHS FOR ENGINEERS 


Special Functions for Scientists and Engineers 
By W. W. Bell. Pp. xiv 4-247. (Van Nostrand: Princeton, 
N.J.. November 1968.) 30s paper; 65s boards. 
Tus deseription of natural phenomena often involves the 


use of sophisticated mathematics, but—in this country at 
any rate—the mathematical training imparted to physi- 


cists and engineers does not err on the side of robustness. 
A writer of a mathematieal textbook designed for such 
readers thus finds himself in a dilemma: should he 
observe all the niceties of strict mathematical reasoning 
and risk blank incomprehension or, alternatively. should 
he shun the rigours of "real" mathematics and exhibit a 
largely formal development of the subject ? The author 
of the book reviewed here has chosen the latter course and, 
in the present climate of the educational environment, It 
is difficult to cavil at his decision. 

His object is to acquaint the reader with the principal 
properties of special functions (in particular those asso- 
ciated with the names of Legendre, Bessel, Hermite, 
Laguerre and Chebyshev) which constitute the small 
change of mathematical physics. He writes for readers 
whose knowledge of mathematics barely extends beyond 
the calculus and a nodding acquaintance with series, and 
consequently he has to skate lightly over questions 
involving the justification of infinite processes. As may be 
expected, the stress is predominantly on the formal side 
of the subject: the main concern is with identities and 
differential equations satisfied by special functions, with 


their orthogonality properties, and with generating 
funetions. The text is confined to the mathematical 


theory; the author avoids, as a matter of policy, the 
treatment of physical applications. The arguments are 
deployed in considerable detail, and the presentation 18 
easy to follow, 

On its own ground, this is a nice, unpretentious and 
useful book. It is not outstanding, but it will give very 
considerable help to students and practitioners of physical 
science for whom mathematics is a daily, if not always a 
highly regarded, tool. L. Mirsky 


GERMAN UNIVERSITIES 


Guide to German Universities 

Compiled by Karl-Otto Saur. Part 1: Universities. 
Pp. xxx--666. Part 2: Technische Hochsehule. Pp. 
xxxiv + 667-1296. (Verlag Dokumentation: Miinchen- 
Pullach. Distributed in the UK by CBD Research, 
Beckenham. Kent, 1967/1968.) 250s. 

Turse two volumes provide a compact and informative 
guide to German universities; their main value is likely to 
be the very comprehensive list of German professors 
which is included. General information about the uni- 
versities is scantier—the guide makes no attempt to give 
details of courses, constitutions or administrative frame- 
worka-—but it is encouraging to find that the West German 
publisher has been open-minded enough to include infor- 
mation about the German Democratic Republic as well 


thrown in for good measure. 
for the Technische Hochschule, and includes the complete 
index for both volumes. The index covers faculties, towns, 
and individuals, as well as a special index of institutes and 
professors. No academie staff apart from professors 
are mentioned. A final index. in English, is a list of 
the reader to locate all the 
say, Arabian 


departments in Germany interested in, 
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Unfortunately, the layout of the volumes tends to 
confuse rather than illuminate. It compares poorly. for 
example, with the Commonwealth Universities Yearbook, 
another handbook which performs a similar function for 
universities in the British Commonwealth. Diligent index- 
searching does enable this drawback to be overcome. It 
would also have been an enormous advantage to have 
some idea of the special interests of the professors listed, 
but this would doubtless have meant a much more bulky 
volume. It is hard to test the publisher’s claim that the 
volume is up to date, but the intention is to issue a new 
edition in 1968. The same publisher is also intending 
to produce similar guides for the Austrian and Swiss 
universities. NIGEL HAWKES 


Professor W. M. Court Brown 


Prorressor W. M. Court Brown died on December 16, 
1968, at the age of 50. He was director of the Medical 
Research Council Clinieal and Population Cytogenetics 
Research Unit at the Western General Hospital, Edin- 
burgh. 

His early training was in radiotherapy and his first 
researches were concerned with elucidating the nature of 
radiation sickness. He then moved on from studying 
the more acute effeets of radiotherapy to some of its 
possible long term consequences. He was the first to 
establish that radiotherapy as used for conditions such as 
ankylosing spondylitis could lead to the development of 
leukaemia. Subsequently with W. R. 5. Doll, it was 
shown that the incidence of leukaemia was roughly 
proportional to the amount of radiation received by the 
bone marrow. They deduced a quantitative relationship 
between the dose of radiation and the risk of developing 
leukaemia that has been used internationally as a basis 
for deciding permissible levels of industrial and medical 
exposure. 

Much of this work was done at the Postgraduate Medical 
School. London, where Court Brown was a member of the 
Medical Research Council staff. In 1956 he moved to 
Edinburgh and was appointed director of a newly formed 
Medical Research Council unit. 

The late fifties saw the first reports of the new techniques 
which made the direct. investigation of human chromo- 
somes a practical possibility, and laid the foundations 
for the quite explosive developments in human cyto- 
geneties which subsequently occurred. Court Brown 
immediately saw the possibilities opened up by these 
technical advances and he set about building up in his 
unit a research group to take advantage of them, not 
only in connexion with the investigations into the effects 
of radiation, but more widely. His unit has since estab- 
lished itself among the leading international research 
teams in human cytogenetics, and has made many impor- 
tant contributions. These include, among others, the 
first descriptions of the XX Y and X AX abnormalities in 
1959; the demonstration in 1961 of the high incidence of 
sex chromosome abnormalities among women with prim- 


eytes could be detected ten years or more after a single 
course of X-ray treatment; the finding in 1963 of consis- 
tent inereases in the number of aneuploid cells in the older 
age groups, which differ in character in men and women; 
the discovery in 1965 of the quite unusual incidence of 
XY Y males in maximum security institutions for people 
of partieularly violent disposition; and the first. system- 
atic studies of the incidence of chromosomal aberrations 
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of different tvpes among randomly seleeted individuals 
in the general population. 

Court Brown was among the first to appreciate the 
importance of applying the techniques for chromosome 
analysis to population surveys, and it is in this field that 
he made his own special contribution. He saw that 
it would be necessary to determine the 
chromosomal abnormalities both in the newborn and in 
the general adult population in order to assess the signifi- 
cance of the findings obtained in selected groups, such 
as the mentally retarded or disturbed. the congenitally 
handicapped, the infertile or groups of people persistently 


exposed to particular external hazards such as low doses of 


radiation. He also saw that the study of individuals 
with specifie types of chromosomal aberration, ascertained 
through sueh population surveys, would open up new 
possibilities in medicine and in human genetics. 

To translate these ideas into practice was a formidable 
undertaking. and it is a remarkable tribute to his powers 
as an organizer of such multidiseiplinary research, and 
his insight into its fundamental significance, that so much 
was achieved in just a few years. A great deal has still 
to be published in detail, but the principal findings are 
presented and eritically discussed in the short monograph 
Chromosome Studies in Adults (Cambridge University 
Press, 1966) and in a valuable review just published in 
the British Medical Bulletin (25, No. 1; 1969). His ideas 
on the medical and biological significance of the work 
are ably presented in his book Human Population Cyto- 
genetics (North-Holland Press, 1967). 

Court Brown was very conscious that the time consum- 
ing and laborious nature of chromosome analysis by direct 


mieroscopy imposed a severe restriction on the numbers of 


individuals who could be studied in such investigations. 
He concluded that the speed of advance would be much 
inereased if computer aided techniques for the automatic 
counting and analvsing of ehromosomes in cells eould be 
developed. With characteristic enthusiasm a great deal 
of his energy in the past three years was devoted to getting 
a research programme started in his unit to solve this 
problem. Much progress has already been made, and it 
is a tragedy that he will not be able to see it brought to 
fruition, or be able to take part in organizing the new 
and exciting epidemiological studies which its successful 
development should make feasible. 

Human population cytogenetics, although a very recent 
field of study, has already been shown to have important. 
implications both in medicine and in human biology. ‘To 
Michael Court Brown must go much of the credit for the 
emergence of this new subject. 





orrespondence 


Monsters by Sonar 


SIR,—My scientific complacency was utterly shattered by 
the nature and tone of your News and Views note entitled 
"Monsters by Sonar" (Nature, 220, 1272; 1968). I was 
‘particularly shocked by the way mud was thrown in the 
eyes of two reputable British scientists. The problem of 
the so-ealled Loch Ness monster is still a very real one and 
l was surprised that a famous scientific journal should be 
willing to dismiss the topic solely on the grounds of the 

Prca views of one man. Had. your writer Den Een 
Lach Ness ad dli. to interview some of a re jade ely fox 
people who have seen the so-called "monster", his opinion 
would probably not be so narrow minded. 

There is a very definite problem which still defies a 


iIneidence of 
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rational solution and it is in this context that Professor 
Tucker and Dr Braithwaite's results are particularly in- 
teresting. Of course sonar, like all electronics, is open to 
artefact: but Professor Tucker is presumably also aware 
of this. Admittedly their results would have been more 
valuable had calibrations been provided of the kind « af 
reflexion which could be obtained from specified objects- 
both animate and inanimate—a: known ranges Bhd 
depths; but this does not detract from the conside red 
opinion of both Professor Tucker and Dr Braithwaite 
that they obtained evidence for some object or objects 
which moved both horizontally ard vertically at speeds 
of up to 5-10 knots. Whatever the explanation of these 
particular recordings, ‘ney re present a sensible scientific 
approach to a very real problem and certainly do not 
merit the sneer with which they appear to have been 
greeted. 
Yours faithfully, 

P. F. BAKER 
Emmanuel College, 
Cambridge. 


Is Botany Dead ? 


SiR.-—In the light of recent correspondence in Nature, I 
cannot resist sending the enclosed letter which, if it. does 
nothing else. will show the botanis:s that there is nothing 
new in the criticisms to which thew branch of learning is 
now being subjected, and that the remedies now being 
suggested were also pointed out almost two centuries ago 


— by one whom we remember mostly as a zoologist: 


The standing objection to botany has always been 
that it is a pursuit that ameses the fanev and 
exereises the memory. without improving the mind 
Or advancing any real knowledge; and, where the 
science is carried no farther than a mere systematic 
classification, the charge is but too true. But the 
botanist that is desirous of wipmg off this aspersion 
should be by no means content with a list of names; 
he should study plants philosophically, should 
investigate the laws of vegetatson, should examine 
the powers and virtues of ene acions | her E sheuid 
eiut Enel er vations: 


gist. is "ig 


any means ta pa 


TEM ade pes adig system the field of Nature 


would be a pathless wilderness. but svstem should 
be subservient to, not the main object of, pursuit. 
[And so I could go on, but tae rest of this letter, 
which I wrote to my friend Daines Barrington some 
time ago, is already in print for those who might 
wish to consult itt. I venture so think that it may 
be dd to Hip discussion in which our botanical 
' engaged in the columns of 
yc our R pers 
Yours faithfully. 
Gilbert. White, 


selbourne, 1778. 


and several subsequent 


2nd, 


t The 
editions, 


x ours faithfully, 


G. FRYER 
Freshwater Biological Association, 
Windermere Laboratory, 
Ambleside, 


Westmorland. 
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Moonshot 


SrR,—I was appalled to read in Newsweek (December 30) 
that “urine (from the astronauts) is dumped overboard 
through a special vent". 

The week-long extraterrestrial flight of Apollo 8 could 
have provided a heaven-sent clue to the origin of cir- 
cadian rhythms if the samples had been collected and 
analysed for exeretory rates of electrolytes, hormones, ete. 

While evidence of intrinsieness is accumulating from 
isolation studies, abnormal daily routines, ete., this was 
a unique opportunity to study biorhythms in an environ- 
ment freer of any conceivable influence from the Earth 
than ever before. 

One is driven to assume that the medical attendants 
were clinically rather than scientifically orientated. 


Yours faithfully, 


HucH SIMPSON 
Department of Pathology, 
380 Lyon Laboratories, 
Minneapolis, 
Minnesota 55455. 


University News 


Dr D. M. Watt has been appointed to the chair of restora- 
tive dentistry in the University of Edinburgh. 


Professor Maurice Freedman has been appointed to 
the chair of anthropology tenable at the London School 
of Economics and Political Science. 


Appointments 


Mr H. Peter Jost, K. 5. Paul Products Group, has been 
appointed a member of the Advisory Council on Tech- 
nology. 


Lord Crowther has been appointed the first chancellor 
of the Open University (Britain’s university of the air) 
which is expected to receive its charter this spring. 


Dr Norman Franklin and Dr Hans Kronberger have 
been appointed members of the UKAEA; Dr Franklin 
is made member of production and Dr Kronberger member 
for reactor development. 


The following have been appointed. vice-presidents of the 
Royal Society for the year ending November 30, 1969 : 
Sir Frederick Bawden, Rothamsted E xperimental 
Station; Professor M. J. Lighthill, Imperial College 
of Science and Technology, London ; Professor B. Katz, 
University College, London; Sir Harold Thompson, 
Physical Chemistry Laboratory, Oxford; Mr G. B. R. 
Feilden, British Standards Institution: Professor F. C. 
Frank, University of Bristol; Sir Charles Goodeve, 
British Iron and Steel Research Association; Sir John 
McMichael, British Postgraduate Medical Federation. 


Announcements 


Tur Royal Society has awarded the Rumford Medal to 
Dr Dennis Gabor for his contributions in the field of 
opties and his diseovery of holography. 


CORRIGENDUM. In the communication "Production of 
Hydrogen by Green Photosynthetie Bacteria (Chloro- 
pseudomonas) ` by E. N. Kondratieva and I. N. Gogotov 
(Nature, 221, 83; 1969) the eolumns in Table 2 were 
wrongly labelled. The left-hand column should be "Light" 
and the right-hand should be “Dark” 
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EnnRaATUM. In the article “Factor Stimulating Transerip- 
tion by RNA Polymerase” by Richard R. Burgess et al. 
(Nature, 221, 43; 1969) the fourth sentence of the third 
paragraph should read: "Using the same method through 
the DEAE cellulose step, J.J. D. and E. K. F. B., from 
Rutgers, purified the enzyme by binding it to a cellulose 
column containing immobilized T4 DNA and eluting the 
bound enzyme with high salt". The second sentence of the 
first paragraph on page 46 should read "We are investigat- 
ing whether the enzyme and faetor are in rapid equilibrium 
with complex and whether factor is released for re-use in 
other complexes by the act of initiation”. In the legend to 
Big. 3. E cs 6-6 should read E. "a 6-6, and the last 
but one subheading on page 45 should read 
not a Nuclease’. 


“Factor 1s 


In the eommunieation “Mice reared with Rat 
Effeet ts on Plasma Corticosterone and Open Field 
Activity” by Victor H. Denenberg et al. (Nature, 221, 73; 
1969) the seventh paragraph should read: "In the first 
experiment the proeedure of priming rat aunts required 
elaborate seheduling to assure that they had received 
6 days of experience with a rat litter before being placed 
with a 4 day old mouse litter. Therefore, in the second 
experiment. nine non-lactating Purdue-Wistar female rats 
were placed with pregnant Swiss~Albino mice approxi- 
mately 3 days before expected parturition, while nine 
other pregnant mice were randomly assigned to the 
control group". The last sentence of the tenth paragraph 
should read: “This was true even though the rat-aunt 
preparations differed in the two experiments”. The fifth 
sentence of the last paragraph should read: ‘Thus, the 
rat aunt preparation has the same qualitative effect on 
open field aetivity as the rat mother preparation, but to 
a somewhat lesser degree". In the second sentence of the 
thirteenth paragraph "rats" should read “mice”. 


ERRATUM. 
Aunts: 


International Meetings 


January 22, Moisture Measurement in Solid Materials, 
Harwell (Mr C. G. Clayton, Isotope Research Division, 
Wantage Research Laboratory, AERE, Wantage, Berk- 
shire). 

January 29-30, Structure and Function of the Mam- 
malian Motor End-plate in Health and Disease, 
London (Dr J. Hume Adams, Department of Pathology, 
Western Infirmary, Glasgow, W1). 


March 24-25, Laser Safety, Cincinnati (Dr Leon Gold- 
man, International Laser Safety Conference, c/o Laser 
Laboratory, Children’s Hospital Research Foundation of 
the Medical Center, U niversity of Cincinnati, Elland and 
Bethesda Avenue, Cincinnati, Ohio 45229). 


March 26-27, Maintenance Developments in Process 
Industries, Durham (Mr R. 5. Glynn, Conference 
Department, Institution of Mechanical Engineers, 1 Bird- 
cage Walk, Westminster, London SW1). 

March 26-28, Biomathematics and Computer Science 
in the Life Sciences, Houston (Office of the Dean, The 
University of Texas Graduate School of Biomedical 
Sciences, Division of Continuing Education, PO Box 
20367, Houston, Texas 77025). 

June 8-12, Health Physics Society meeting, Pittsburgh 
(W. E. Piros, Atomic Equipment Division, PO Box 217, 
Cheswiek, Pennsylvania 15024, USA). 


July 2-4, Lasers in Medicine, London (Meetings Officer, 
Institute of Physics and the Physical Society, 47 Belgrave 
Square, London SW1). 

July 7-8, Biomedical Polymers, California Institute of 
Technology (Dr Mitchel Shen, Science Center, North 
American Rockwell, Thousand Oaks, Califorma 91360, 
USA). 
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July 7-11, New Horizons for Chemistry and Industry 
in the 1990's, Lancaster (W. E. Cowley, The Associated 
Octol Company Limited, PO Box 17, Ellesmere Port, 
Cheshire). 


July 8-10, Rational Development and Application of 
Drugs, Nijmegen (Organizing Committee, Symposium on 
the Rational Development and Application of Drugs, 
Department of Pharmacology, University of Nijmegen, 
Geert Grooteplein 21, Nijmegen, The Netherlands). 


Julv 8-10, Isotope Effects, York (Dr John F. Gibson, 
Seientifie Affairs Officer, The Chemical Society, Burlington 
House, London WIV OBN). 


July 14-18, Atomic Absorption Spectroscopy, Shef- 
field (AAS Conference Secretary, Society for Analytical 
Chemistry, 9-10 Savile Row, London W1). 


July 14-19, Optical Instruments and Techniques, 
Reading (Dr A. Thetford, c/o Applied Optics, New Applied 
Physical Science Building, The University, Whiteknights, 
Reading, Berkshire, UK). 


July 15-17, Oral Pathology, Johannesburg (Professor M. 


Shear, Conference Chairman, International Academy of 


Johannesburg, South Africa). 


July 15-19, Nuclear Magnetic Resonance Spectro- 
scopy, Birmingham (Dr John F. Gibson, Scientific 
Affairs Officer, The Chemical Society, Burlington House, 
London W1V OBN). 


July 17-19, Surface Area Determination, Bristol 
(Professor D. H. Everett, School of Chemistry, University 
of Bristol, Bristol BS8 1TS, UK). 


July 21-24, Clustering Phenomena in Nuclei, Bochum 
(P. Kramer, Theoretical Physies Department, Garten- 
Strasse 47, D 74 Tübingen, Germany). 


July 22-24, Synthetic Methods and Rearrangements 
in Alicyclic Chemistry, Oxford (Dr John F. Gibson, 
Scientific Affairs Officer, The Chemical Society, Burlington 
House, London WIV OBN). 


July 24-28, Neuroradiology, Rio de Janeiro (Dr A. 
Tomax Rezende, Hospital dos Servidores do Estado, 
ZC-05 rua Sacadura Cebral 178, Rio de Janeiro, Brazil). 


August 3—7, Society for Cryobiology Annual Meeting, 
Buffalo (Mr Richard E. Greco, Local Committee, Society 
for Cryobiology, 3175 Staley Road, Grand Island, New 
York 14072, USA). 


August 25-29, Formation and Organization of Human 
Motion, Eindhoven (2nd International Seminar on 
Biomechanics, J. Vredenbregt, Instituut voor Perceptie 
Onderzoek, Insulindelaan 2, Eindhoven, Holland). 


Sabbatical Itinerants 


In the hope of providing some practical assistance in the 
good cause of mobility between laboratories Nature is 
proposing to advertise the needs for housing of families 
about to take up periods of sabbatical leave. To begin 


with, no charge will be made for advertisements like this. 
it is hoped that a period of experiment will show what 
form these advertisements could most usefully take and 


whether they are effective. 


VACANT : 6-bedroomed house in North-west 
London (Highgate) suitable for a family with several 
children. Long letting, at least to end of academic 
year 1969, preferred. Please write to Dr W. Davis, 
International Agency for Research on Cancer, 
16 avenue Marechal Foch, 69-Lyon (6e.), France. 
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BRITISH DIARY 


Monday, January 


INSTITUTION OF MECHANICAL ENGINEERS, MANUFACTURE AND MANAGE- 
MENT GROUP (at 1 Birdcage Walk, Westminster. London, SW), at 6 p.m.— 


Discussion meeting on "Making the Most of the Industrial Training Act. 


Tuesday, January 14—VVednesday, January 15 


ROYAL SOCIETY (at 6 Carlton House Terrace, London, 8W1), at 9.30 a.m. 
daily— Discussion Meeting on '"The Irish Sea" organized by Professor D. d. 
Crisp, FRS, and Mr J. W. Ramster, on behalf ef the British National Com- 
mittee on Oceanic Research. 


Wednesday, Januar» 15 


INSTITUTE OF NAVIGATION (at the Royal Inssitution of Naval Architects, 
10 Upper Belgrave Street, London, SW1), at 5 D.m.—Mr J. Watt: "Marine 
Radar Display Systems". 

ROYAL METEOROLOGICAL SOCIETY (at 49 Cromwell Road, London, SW), at 
5 p.m.--Scientific Papers. 

INSTITUTE OF FUEL (at the Duke of York's HQ, Sloane Square, London, 
SW3), at 5.30 p.m.—Mr D. N. Simpson: "Modern Methods of Coal Produc- 
tion and Preparation”. 

INSTITUTION OF ELECTRICAL ENGINEERS (af Savoy Place, London, WERS 
at 5,30 p.m.—Mr J. Brennan: "Project Planning and Control”. 

INSTITUTION OF THE RUBBER INDUSTRY (at tac Eccleston Hotel, Eccieston 
Square, London, SW1), at 5.30 p.m.-—Mr R. P. Torr: "Marine Applications 
of Rubber"; Mr M. E. Cain: “Rabber-bound Antiosidante—a Solution to 
Leaching Problems". 

INSTITUTION OF ELECTRONIC AND RADIO ÉEPGINEEHS, INSTRUMENTATION 
AND CONTROL GROUP (at 8-0 Bedford Square. London, WC. at 6 pare- 
Discussion meeting on '"Auto/Manual, and Eaek-up Control Problems in 
Plant Operation". 

INSTITUTION OF MECHANICAL ENGINEERS, APPLIED MECHANICS GROUP; 
and JOINT BRITISH COMMITTEE FOR STRESS ANALYSIS (at 1 Birdeage Walk, 
Westminster, London, SW), at 6 p.m.—Discussion meeting on ‘Recent 
Techniques in Strain Measurement", 

SOCIETY OF ENVIRONMENTAL ENGINEERS (ip the Mechanical Engineering 
Department, Imperial College, London, SW", at 6 p.m.—Mr a. H. A. 
Crockett: “The Environmental Problems in CSi Engineering Projects". 


ROYAL SOCIETY oF Arts (at John Adam Steet, Adelphi, London, WC2), 
at 6 p.m.—Lord Ritehie-Calder, CBE: ‘“Seierve and the Public’ (Peter Le 
Neve Foster Lecture). 


Wednesday, January 15—Thursday, January 16 


INSTITUTION OF MECHANICAL ENGINEERS. TRIBOLOGY AND PROCHSS 
ENGINEERING GROUPS, at 1 Birdcage Walk, London, SW1--»ymposium on 
“Lubrication in Hostile Environments”. 


Thursday, January 16 


INSTITUTION OF MINING AND METALLURGY (at the Geological Society, 
Burlington House, Piceadilly, London, W1), at 5 p.m. Professor F, M, 
Vokes: “Regional Metamorphism of the Palseozoic Geosynelinal Sulphide 
Ore Deposits of Norway"; Dr A. C, Waltham: ‘‘Classification and Genesis of 
Some Massive Sulphide Deposits in Norway’ Mr M. P. Jones and Dr J, 
3avrilovie: "Automatie Searching Unit for dhe Quantitative Location of 
Rare Phases by Electron-Probe X-ray Microanalysis’, 


INSTITUTION OF ELBCTRICAL ENGINEERS (at’Savov Place, London, WC), 
at 5.30 p.m.—Mr E, W. Allwright: “The Work of the Organization for 
Legal Metrology”, 

SOCIETY OF CHEMICAL INDUSTRY, ROAD ANE BUILDING MATERIALS GROUP 
(at 14 Belgrave Square, London, SWIER at 6 s.m.--Mr W, G, Wiman and 
Mr L. Jenner: “Polymer Tar Blends for Surface Dressing’, 


ROYAL SOCIETY Or TROPICAL MEDICINE ANE HYGIENE (at Manson House, 
26 Portland Place, London, Wih at 7.30 p.m.— Dr M. A. C. Dowling and Dr 
W. L. Barton: “Human Resources in Tropical Health Programmes--Somo 
Aspects of Long-term Planning and Training'"followed by a Diseusaion, 


Friday, January 7 
SOCIETY OF CHEMICAL INDUSTRY, FINE CHEMICALS GROUP (at 14 Belgrave 
Square, London, SW1), at 6.30 p.m.-—Professo: B. R, Porter: “The Chemical 
Structure of Antibodies", 
Monday, January 20 
SOCIETY or CnuEgMICAL INDUSTRY, PESTDODES GROUP fat the Royal 


on “Control of Insects in Stores of Home-Grown Grain’. 


INSTITUTION OF ELECTRICAL ENGINEERS (a: Savoy Place, London, WC), 
at 5.30 p.m.—Captain G. Huggett, RN: ‘Commuter Aided Instruction". 


INSTITUTION OF ELECTRICAL ENGINEERS (a: Savoy Place, London, WC2), 
at 5.30 p.m.—Dr G. 8. Brayshaw: Kirchoff and After-—190 Years of Wet- 
work”, 

UNIVERSITY OF LONDON (at King's College, Strand, London, WC), at 
pee p.m.—Professor Sir Alister Hardy: “‘Seience and the Experimental 
taith”. 


REPORTS and other PUBLICATIONS 


(tot included in the monthly Books Supplement) 
Great Britain and beland 
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Pp. 49. (West Wickham, Kent: CHART, 1968. Orders to Mrs M. E. Newton, 
23 Sheringham Road, London, SE20.) 7s. 6d. ‘1112 

The Zoological Record. Vol, 102, 1965, Section 10: Crustacea, Part 1 
(Recent), Part 2 (Fossil), Compiled by Ray Ingle, Hazel Bartlett, Lavinia 
Beckett, Carolyn Rooke and Lorna Goldsmith. Pp. v+102. UK and Eire 
40s.; Overseas 47s. (US $5.70), Vol. 103, 1966, Section 4: Coelenterata. 
Compiled by Hazel A. Bartlett and Patrick D. Armitage. Pp.iii--33. UK 
and Eire, 20s.; Overseas 24s. (US $2.90), (London: The Zoological Society 
of London, 1968.) 1212 

Bulletin of the British Museum (Natural History). Zoology. Vol. 16, No. 
8: An Account of a Pathologie Structure in the Faviidae (Anthozoa): a 
Revision of Faria vcalenciennesii (Edwards and Haime) and Its Allies. By 
Brian R. Rosen. Pp. 323-352+8 plates, (London: British Museum 
(Natural History), 1968.) 245. [1212 

Meteorological Office, Averages of Earth Temperature at Depths of 30 em 
and 122 em for the United Kingdom, 1941-60, (Met. O. 794.) Pp. iv + 232. 
(London: H.M. Stationery Office, 1968.) 55s. net. T2912 

British Library of Political and Economic Science. Annual Report 1967/68. 


Pp. 17. (London: British Library of Politieal and Economie Science, 
1968.) [1212 


Ministry of Transport: Road Research Laboratory. RRE Report LE209: 


A Study of Road Traffie Crossing the Cordons Round the Central Areas of 


Eight Towns with Populations Ranging from 18,000 to 8 million. By P. W. 
Munt and Dr FE. V. Webster. Pp. 96. (Crowthorne, Berkshire: Road 
Research Laboratory, 1968.) Gratis. [1212 

Schools Council, Practical Support for Curriculum Change. Pp. 8, 


(London: The Schools Council, 1968.) Gratis, (1213 
Diamond Research 1969, Pp. 33. (London: Industrial Diamond Infor 
mation Bureau, 1968.) 10s. [1212 


Machine Tools for Metric Production: Some of 
the Factors to be considered by Machine Tool Users. Pp. 22. (London: 
Ministry of Technology, 1968.) [1312 

Report of the Agricultural Research Council for the year 1967-68. Pp. 
vil--111. (London: H.M. Stationery Office, 1968.) 10s, 6d. net. [1212 

Institute of Geological Sciences. Hydrogeological Map of the Dartford 
(Kent) District including parts of Hydrometric Areas 37, 40 and the London 


Ministry of Technology. 


Excluded Area. (London: Institute of Geological Sciences, 1968.) 
198.* {1612 


Department of Education and Science, List of Independent Schools in 
England and Wales recognized as efficient under Rules 16. (List 70, 1968.) 
Pp.107. (London: H.M. Stationery Office, 1968.) 12s. 6d, net. [1612 

National Parks and Access to the Countryside Act, 1949: Countryside Act, 
1968,  Nineteenth Report of the National Parks Commission and First 
Report of the Countryside Commission for the vear ended September 30, 
1968. Pp. viil+76+6 plates. (London: H.M. Stationery Office, 1968.) 
10s. 62, net. [1612 

Philosophical Transactions of the Royal Society of London. Series A: 
Mathematical and Physical Sciences. No. 1143, Vol. 263 (12 December, 
1968): Reversals of the Earth's Magnetic Field. By Sir Edward Bullard, 
FRS. (The Bakerian Lecture, 1967.) Pp. 481-524. (London: The Royal 


Society, 1968.) 235,; 83. [1612 
. Northern Ireland: Ministry of Agriculture. Leaflet No. 22: Leather- 
jackets. Pp.3. (Belfast: Ministry of Agriculture, 1968.) [1612 


Building Research Station. Current Paper 72/68: The Maintenance and 
Running Costs of School Buildings. By Margaret A. Clapp and B. D, Cullen. 
Pp. 11. (Garston, Watford: Building Research Station, 1968.) Gratis, [1712 

Ministry of Transport, Road Researeh Laboratory. RRL Report No. 
LR 197: A Survey into the Accident Rates of Articulated and Rigid Commer- 
cial Vehicles; By B. N. Farrand L D, Neilson, Pp. 16. (Crowthorne: Road 
Research Laboratory, 1068.) Gratis. 1412 

Radioactive Fallout in Air and. Rain- Results to the Middle of 1968, By 
R. S. Cambray, Miss E. M. R, Fisher, W. L. Brooks and D. H. Peirson. 
Pp. 49. (Harwell: Health Physics and Medical Division, AERE, 1968. 
Available from H.M. Stationery Office.) 8s. net, [1712 

Report from the Select Committee on Education and Science in Session 
1967-68. Part 1: Her Majesty's Inspectorate (England and Wales)— 
Observations by the Department of Education and Science on the Recom- 
mendations in Part 1. (Cmnd, 8860.) Pp. 4. (London: H.M. Stationery 
Office, 1968.) 92, net. [1812 

Thermodynamics: The Men Behind the Laws. By Professor J.S. Dugdale. 
(Inaugural Lecture.) Pp. 152 plates, (Leeds: University Press, 1968.) 
2s. 6d. [1812 


Other Countries 


ate of California, The Resources Agency— Department of Fish and 
Game. Fish Bulletin 139: Utilization of Kelp-Bed Resources in Southern 


California, Compiled and edited by Wheeler J. North and Carl L. Hubbs. 
Pp. 264. (Sacramento: Documents Section, Department of Fish and 
Game, 1968) [1612 

Studia Forestalia Suecica. Nr. 63: Temperature Response of Pollen 
Mother Cells in Larix and Its Importance for Pollen Formation. 
Eriksson. Pp. 131. (Stockholm: Skogshógskolan, Royal School of Forestry, 
1968.) 25 kr. [1612 

Annales Academiae Seientiarum Fennieae, Series A. HII: Geologica-— 
Geographica, Nr. 05: The Movement of the Continent of America: Facts 


HOW TO BUY NATURE 


Volumes start in January, April, July and October, but subscriptions 
may begin with any issue, 
The direct postal price per subscription for one copy of NATURE 
each week is: 

*12 MONTHS (52 issues and 4 indexes) 


Great Britain and Eira... cece eee £14.0.0 each 
United States of America........ (by air freight) .........L. $48 each 
Cañada cessa bonus (by air freight)... 0.0.00... $52 each 
Elsewhere overseas by surface mail.............0...... £14.0.0 each 


(Charge for delivery by air mail on application) 
*Shorter periods pro rata. (Minimum three months.) 
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and Assumptions. By Aarno Niini, Pp. 21. (Helsinki: Suomalainen 
Tiedeakatemia, 1968.) [1612 

The Nucleus—Annual Review of the Science Foundation for Physics and 
the School of Physics within the University of Sydnev, January 1969. 
Pp. 76. (Sydney: Science Foundation for Physics, The University, 


1969.) A [1612 
Council for International Organizations of Medical Sciences. CIOMS 


Round Table: Evaluation of Drugs-- Whose Responsibility? (Conference 
organized with the assistance of WHO and Uneseo, World Health Organiza- 
tion Headquarters, Geneva, 8 and 9 October 1968.) Pp. 127. (Paris: Council 
for International Organizations of Medical Sciences, 1968.) 11612 

Report of the King Institute of Preventive Medicine, Guindy, for the 
period from Ist April 1965 to 31st March 1966. By Dr N. R. Ratnakannan. 


Pp. 20. (Guindy, Madras: King Institute of Preventive Medicine, 
1968.) [1612 


Twenty-third Annual Report of the Queensland Institute of Medical 
Research for the year ended June 30, 1968. Pp. 19. (Brisbane: Queensland 
Institute of Medical Research, 1968.) [1612 

Arquivo do Instituto Gulbenkian de Ciencia. B: Estodis de Economic e 
Pinancas. Vol. 1, No. 1: Considérations Autour de la Détermination de 
l Espérance de vie Active. Par A, Simoes Lopes. Outline of a Specification 
of à Quarterly Model of the Canadian Economy. By Sydney May. Pp. 35. 
Vol 1, No. 2: Realizability and Minimum-Delay Aspects of Multichannel 


Models. By Enders A. Robinson. Pp. 39-102. Vol. 2, No, 1: Forecasting 
and Scientific Method, By Herman O. Wold. Microeconomic Analysis for 
Prediction of National Accounts. By Guy H. Orcutt. Pp. 1-22. Vol. 2, 


By Daniel 
(Lisboa; Fundacao Calouste Gulbenkian, 1966 and 
1967.) [1712 

Reactor Centrum. Nederland. Summary. of Activities, July 1], 1967- 
June 30, 1968. Pp. 14. (The Hague: Reactor Centrum Nederland, 


No. 2: Applied Econometrie Forecasting and Policy Analysis. 
D. Suits. Pp. 87-150. 


1968.) l M [1712 
Transactions of the Royal Society of New Zealand. Botany. Vol. 3, 


No. 12 (September 12, 1968}: Structure and Growth of Mite-induced Galls 
on Coprosma robusta Raoul. By B. C. Arnold. Pp. 1990-20141 plate. 
General, Vol. 2, No. 5 (Jannary 30, 1968): Some Hydrological Observations 
in Auckland and Otago Harbours. By D. J. Nlinn.. Pp. 70-97. Vol 2, No. 6 
(May 15, 1968): The Royal Society of New Zealand —a Century of Scientific 
Endeavour. By C. A. Fleming, Pp. 99-114 —2 plates. Vol. 2, No. 7 (Sep- 
fember 25, 1968): Man, Moa and the Forest. By D. R, Simmons. Pp. 
115-127. (Welington: Roval Society of New Zealand, c/o Victoria Univer- 
sitv of Wellington, 1908.) [1712 

Transactions of the Royal Society of New Zealand. Geology. Vol, 6, 
No. 1 (June 4, 1968): Contributions to the Voleanie Succession and Petrology 
of the Auckland Ishinds, New Zealand, HHE: Minor Intrusives on the Ross 
Volcano. By J.B. Wright. Pp. 1-113 plates. Vol. 5, No, 8 (January 22, 
1968): Petrology of Metamorphosed Pelitie Rocks and Quartzices, Pikikiruna 
Range, North-west Nelson, New Zealand by Edward D. Ghent. Pp. 193- 
213-1 plate. Vol. 5, No. 9 (January 30, 1968): The Stratigraphy and 
Structure of the Waipapa Group on the Islands of Motutapu, Rakino, and 
the Noisies Group near Auckland, New Zealand. By W. Mayer. Pp. 
215-2334 2 plates. Vol 5, No. 10 (January 30, 1968): Redescription of the 
Permian Brachiopod Aidanthis springsurensis Booker. By J. B, Water- 
House. Pp. 263-248 + 1 plate. Vol, 5, No. 11 Glanuary 22, 1968): Tertiary 
Fossils from the Auckland Islands. By ©. A. Fleming. Pp. 245-259, 
(Wellington: Royal Society of New Zealand, e/o Vietoria University of 
Wellington, 1968.) (1713 

Transactions of the Royal Society of New Zealand. Zoology. Vol, 10, 
No. 10 (January 22, 1968): The Aradidae of New Zealand (Hemiptera, 
Heteroptera), LJ- Phe Aradinae and Calisiinae, By J. G. Pendergrast. 
Pp. 81-88. Vol. 10, No. tb Clanuary 30, 1968): An Ecological Study of a 
Sandy Beach near Auckland, New Zealand. By D. H. Wood. Pp. 59-115 ] 
plate. Vol 10, No. I2 Clune 4, 1908): Elytrophora brachuptera Gerstaecker 
(Euryphoridae, Caligoida) from New Zealand Waters, with a Tentative 
Revision of the Genus. By G, C, Hewitt. Pp. 117-126. Vol. 10, No. 13 
(May 15, 1968): A New Genus of Notonemourinae (Plecoptera, Capniidae) 
from New Zealand. By PD. MeLellan and M.F. Winterbourn. Pp. 127-131. 
Vol. 10, No. 14 (May 15, 1968): A Revision of the Genus Nofopnemousrd 
(Plecoptera! Notonemourinae) By I. D. MeLellan.. Pp. 133-140. (Welling- 
ton: Royal Society of New Zealand, e/o Victoria University of Wellington, 
1968.) 11712 

Australia: Commonwealth Scientific and Industrial Research Organiza- 
tion. Annual Report of the Division of Entomology 1986-67. Pp. 49. 
(Canberra: Commonwealth Scientific and Industrial Research Organization, 
1968.) [1812 

Spare Life Scienees, Vol. 1, No. 1 (March, 1908). Subscription 
price per volume of 4 issues: Dfl. 140, SUS 30,50. D, Reidel 
Publishing Company, 1968.) [1812 

Université Officielle du Congo a Lubumbashi. Rapport Annuel, 1965- 
1866, Pp.96, Séance Solennelle d'Ouverture de l'Année Académique 19066- 
1967, Dixiéme Anniversaire dela Fondation del’ Université, 19-21 Novembre 
19685, Pp. xii-- 73. Publications, Vol. 20 (Mai 1968) Statut Juridique du 
Fonds Beigo-Congolais d'Amortissement et de Gestion. (Contribution a la 
Théorie des Etablissements Publics Enternationaux,) Par Gérard Balanda. 
Pp. vi--231. Publications. VoL, 18: Contribution a la Morphologie Comparée 
du Crane des Ophidiens de l'Afrique Centrale. Par Monique Bourgeouis. 
Pp.293. (Lubumbashi; Université Officielle da Congo, 1968.) [1812 


Pp. 1-152. 
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Cables: Micromlabs London SW1 4. Telephone: 01-876 B2289 
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| TEXTBOOK or HUMAN 
ANATOMY 


By 


Professors SIR WILFRID E. Le GROS CLARK, W. J. HAMILTON (Editor), 
J. M. YOFFEY, SIR SOLLY ZUCKERMAN, the late A. P. APPLETON 
and the late J. D. BOYD 





| Without sacrificing any of the information which will always be essential 
for the non-specialist medical practitioner, this important work covers the 
field of anatomical knowledge which the medical student is expected to have 
acquired by the end of his pre-clinical course. 


Although designed primarily for medical students, it is also suitable for 
| students of physiotherapy, radiotherapy, dentistry, physical education, as well 
| as biologists generally. 


1,040 pages 10; x 72 inches Printed on art paper 
Profusely illustrated with drawings (most of them in colour) by A. K. 


Maxwell and Frank B. Price, and micro-photographs. 
Second printing, £6 15s 





MACMILLAN & Co. 


Little Essex Street, London, W.C.2 
St. Martin’s Press, New York 
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Classified Advertisements 


All copy is subject to the approval of the Pub- 
lishers, who retain the right to refuse or 
withdraw advertisements at their discretion. 
The Publishers will not be liable for any loss 
occasioned by the failure of any advertisement 
to appear from any cause whatever, nor do 
they accept liability for printers’ errors, 
although every care is taken to avoid mistakes. 
Semi-displayed £6 per single column inch, 
Minimum £3, each additional 1/12ch of an inch 
lOs. Full page £158, Half page across £80. 
Colour (orange) £20 extra. 2/6 is charged 
for the re-direction of replies to advertise- 
ments with a box number, 

ADVERTISEMENTS SHOULD BE ADDRESSED 
TO: T. G. Scott and Son, Limited, | Clement's 
Inn, Strand, London, W.C.2. Telephone: 
peri 4743. Telegrams: Textualist, London, 








APPOINTMENTS VACANT 


Houghton Poultry 


Research Station 


(Financed jointly by the Agricultural 
Research Council and the Animal Health 
Trust) 


PHYSIOLOGY AND 
BIOCHEMISTRY DEPT. 


Applications are invited from 


BIOCHEMISTS & 
PHYSIOLOGISTS 


interested in joining a group engaged in 
fundamental research into the metabolism 
of normal and diseased poukry. Projects 
ingude the physiological response to 
disease, the influence of stress and nutri- 
tional status on metabolic activity, the con- 
trol of carbohydrate and lipid metabolism 
by hormones and intermediary metabolites, 
and the mechanism of thermoregulation, 
Opportunity to work for a higher degree. 


The appointment will be made in the 
S.O. or S.S.O. grade according to age, 
qualifications and experience. (Salary scale 
£1,020 to £1,740 per annum or £1,925 to 
£2,372 per annum.) Superannuation under 
F,S.S.U. 


Further particulars and application forms 
from the Secretary, Houghton Poultry Re- 
seatch Station, Houghton, Huntingdon, to 
whom completed application forms should 
be returned by January 31, 1969. — (18) 





UNIVERSITY OF BRITISH 
COLUMBIA 
DEPARTMENT OF CHEMISTRY 


POSTDOCTORAL TEACHING 
FELLOWSHIPS 


Applications are invited for a number of 
Postdoctoral Teaching Fellowships. These 
Fellowships, which carry a basic stipend of 
$8,000 per annum are designed to enable 
Postdoctoral candidates to gain university 
teaching experience (maximum fout hours/ 
week) while carrying out research scholarly 
work. Candidates must have high academic 
ability. The Fellowships are tenable in the 
first instance for one year from September 
t, 1969, but are renewable, They also 
carry a travel grant. Married fellows with 
one or more children are eligible for an 
additional stipend. 

Applications consisting of a curriculum 
vitae, and the names and addresses of three 
referees, should be sent immediately to the 
undersigned from whom further particulars 
may be obtained. 

Professor C. A. McDOWELL, Depart- 
ment of Chemistry. The University of 
British Columbia, Vancouver R, British 
Columbia, Canada. (12 
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OGIENTIAG GIVILS 


FOOD STANDARDS, SCIENC: AND 
SAFETY DIVISION 


Ministry of Agriculture, Fisheries and Food 
based at Food Research Institute, Norwich 


SENIOR RESEARCH FELLOWSHIP to investigate the usc of sumphites in inhibiung 
non-enzymic browning in stored foods, Studies on the interactioms of sulphites with 
specific components of foods and on the metabolic behaviour c^ ihe producis are 
envisaged and are expected to involve the preparation and isolation of organo-suiphur 
compounds and the use of radio-active tracer techniques. 

Qualifications : First- or second-class honours degree. or an equivalent qualification, 
in an appropriate subject. Candidates must have had at least three years’ posi- 
graduate research experience and will be expected to show evidence of a high standard 
of ability in research. 

Salary : Fixed in the range £1,925 to £2,370. Tenable for three years. Superannuation 
under F.SS.U. 

APPLICATION FORMS are obtainable by writing to the Secretary Civil Service Com- 
mission, 23 Savile Row, London, WIX 244, or by telephoning 0-734 6010, ext, 229 
(after 4.30 p.m. 01-734 6464 " Ansafone " Service), Please quot  5/570/68/M AF / 4. 
Ciosing date February 7, 1969, 


NATIONAL PHYSICAL LABORATORY 


Ministry of Technology, Teddington, Micllesex 


PHYSICIST OR PHYSICAL CHEMIST (graded P.S.O./S.5.0) ty take charge of a 
newly constructed mass separator to provide highly purified sammis of radioactive 
isotopes for precise decay scheme measurements and standards of activity. This post 
will be particularly interesting 10 a man who wishes to combine a1uclear physics and 
chemistry with the physical and engineering problems which wi arise out of the 
running of the mass separator, and he will be encouraged ro take cart in such project 
às well as actively pursuing his own Ene of research, — Applicams should preferably 
have had experience with mass separators and/or handling of ra ic-isotopes, 
Qualifications: First- or second-class honours degree, or equivaíet or higher qualifi- 
cation in appropriate subject and at jeast 3 years’ post-graduate zxperience. 

Salary (Outer London): P.S.O. £2,550 to £3,500: S.8.O. (minimu 3x age 26) £2,000 to 
£2,447. 

Superannuation under F S.S.U, for Principal Scientific Officer: pr«spect of permanent 
pensionable appointment for Senior Scientific Officer. 

APPLICATION FORMS from the Director at the above address. Please quote HC/ 
2D/1630/G. Closing date February 7, 1969. 


WARREN SPRING LABORATORY 


Ministry of Technology, Stevenage, Herts. 


PHYSICAL CHEMIST, CHEMICAL or MECHANICAL ENGINEER or PHYSICIST 
(graded S.S.0./S,0) to join a group in the Materiais Handling Wivision, working on 
practical industrial problems concerned wih storage, handing ard qmixing ot pastes, 
and to carry out further basic research on the physical and chemical factors which 
influence the behaviour of particulate solids in storage and in flew. 

Qualifications : First- or second-class honours degree, or equivalest or higher qualifi- 
cation in appropriate subject and, for S,S.0., at ieast 3 years’ most-graduaie experi 
ence, 

Salary: S.5.0O. (minimum age 26) £1,925 to £2,372; $.O, £1,020 o £1,740. 

Prospect of permanent pensionable appointment, 

APPLICATION FORMS from the Director at the above address Please quote HC 
2D/1688/G. Closing date February 7, 1969, 


PLANT PATHOLOGY LABORATORY 


Ministry of Agriculture, Fisheries and Food 
Hatching Green, Harpenden, Hert.. 


CHEMIST (graded E.O./A,E.OO to join an expanding group concerned with plant and 
soil analysis for pesticide residues. Technijues used in this work include gas. paper, 
column and thin layer chromatography, spectroscopy and polarceraghy. The group 
is investigating problems arising from the commercial use of iroecticides, fungicides 
and herbicides, and is also involved in the development of armmliyical methods for 
these compounds. Reference: PRG. 

CHEMIST or BIOLOGIST with chemical training (graded E.O. A.E D9 to work in 
a small group conducting lierature searches, indexing of references, and the prepara- 
tion and dissemination of information on pesticides, mainly in respect of hazarde of 
use and analytical methods. Feature cards are presently being ased and there is a 
possibility of extension of topics being covered. Reference : INZAG, 

Qualifications : Degree, HNC., or equivalent in appropriate — ubikwt, — Ünder 23, 
minimum qualification is G.C.E. in five subjects, including two Scentific/ Mathematical 
subjects at "" A" level or equivalent level, 

Salary: EO, (minimum age 26) £1.514 to £1,916: AEO., £650 (e 18) zo £RUS (Gi Z2) 
i0 £1,150 (at 26 or over) to £1,385. 


Prospects of permanent pensionable appointments. 


APPLICATION FORMS from the Director at the above address. Please quote appro- 
priate reference. Closing date January 27, 1969, (114) 
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NEW ZEALAND 
Marine Department 


Applications are invited for the under- 
mentioned vacancy: 


VACANCY B 13/13/32/105 

SCIENTIST (BIOMETRICIAN) 

FISHERIES RESEARCH DIVISION, 
HEAD OFFICE 


The Fisheries Research Division of the 
New Zealand Marine Department. requires 
a Fisheries Statistician to work on popula- 
tion dynamics, Applicants should have an 
honours degree in mathematics. 

Salary; Appointment will be msde in 
the range of $NZ2,600 to SNZ2.S40 for 
honours, §NZ2.960 to  $SNZ1.440 for a 
newly qualified Ph.D. and up to $NZ4.450 
for a suitably experienced officer. 

Passages: Fares for appointee and his 
wife and family, if married, will be paid. 

incidental expenses: Up to £38 for a 
single man and £100 for a married man 
can be claimed to cover the cost of taking 
personal effects to New Zealand. 

Application forms and general informa- 
tion are available from the High Commis- 
sioner for New Zealand, New Zealand 
House, Haymarket, London, S.W.1, with 
whom applications will close on February 
12, 1969, 

Please quote reference B. 13/13/32/103 
when inquiring. (120 
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BIRKBECK COLLEGE 


(University of London) 


RESEARCH ASSISTANT 
—Mycologist 


Applications are invited for the above 
post to work on the ecology af wood. 
decomposing organisms. The work is sup- 
ported by a three-year grant from N.E.R.C. 
and is part of a study of woodland decom. 
poser systems contributing to the British 
section of the International Biological Pro- 
gramme (PT) Salary: £890 by £55 to 
£1,600. F.S.S.U, Qualifications: Good 
honours degree in biological sciences with 
particular interest and experience in Myco- 
logy or Microbiology. 

Applications, with full details to Dr. 
M. IJ. Swift, Department of Botany, Birk- 
beck College. Malet Street, London, W.C.1 
As soon as possible, (1243 





CHICAGO AND 
SAN FRANCISCO 


A selection board of scientists rcpresznt- 
ing the Civil Service, the ULK, Atomic 
Energy Authority and the Central Elec- 
tricity Generating Board will be in Chicago 
from April 10 to April 22, 1969--and in 
San Francisco from April 29 to May 9, 
1969, 10 meet 


BRITISH SCIENTISTS 


in the U.S.A. who are thinking of return- 
ing to 


RESEARCH IN BRITAIN 


Payment of fares (including family} to 
the United Kingdom will be considered. 


Tf vou know anyone who would Hke to 
meet them please tell fum to wire to: 


Mr, R. G, Voysey, Director, 
United Kingdom Scientific Mission. 
British Embassy, 
Washington D.C. 20008, 
before February 10, 1969. | 

(102) 





Ministry of Overseas Development 


Deputy 
Animal Health Adviser 


(£3,975 to £4,525) 


This senior advisory post is based at the Ministry’s London head- 
quarters but will involve extensive travel in overseas countries to 
which H.M. Government is giving assistance in the field of animal 
health. The holder will (a) advise on all technical and professional 
aspects of plans and projects for development (mainly in the field 
of tropical animal health); (5) advise on the recruitment and 
training of professional and technical staff for overseas service 
and on the training in the U.K. of overseas veterinary staff. He 
may be required to represent H.M. Government at international 
and other meetings when matters relating to technical assistance 
in the veterinary field are under discussion. 


Candidates (men only) should normally be at least 45 years of 
age and have an honours degree and other appropriate qualifica- 
tions. They must have had considerable practical experience of 
improving animal health and livestock industries overseas, par- 
ticularly in tropical conditions. Candidates under 45 will be con- 
sidered only if they have had considerable experience in a senior 
capacity. 

Starting salary could be above the minimum of the above scale: 
non-contributory pension scheme. 





Fuller details of this appointment may be obtained by writing to 
the Civil Service Commission, 23 Savile Row, London WIX 2AA. 
or by telephoning 01-734 6010, ext, 229 (01-734 6464 " Ansafone " 
service after 4.30 pm). At all times please quote 7065/U. Closing 
date 7th February, 1969, 


(135 





Metropolitan Police Laboratory 


Vacancy for 


SENIOR SCIENTIFIC OFFICER 
or SCIENTIFIC OFFICER 


The Commissioner of Police invites applications for the above post in 
forensic science work covering a wide and interesting held of enquiry and 
research. 


Candidates should have post-graduate experience in physical chemistry or 
physical-organic chemistry and a good knowledge of spectroscopic 
techniques. 


Qualifications : "P 
Scientific Officer: Ist or 2nd class honours degree or Dip. Tech. or 
equivalent in appropriate subject. Age under 29. 
Senior Scientific Officer: As above, plus at least 3 years post-graduate 
experience. Age 26 to 31, 


Salaries 
Scientific Officer: £1,145 to £1,865 (starting salary may be above the 
minimum), 
Senior Scientific Officer: £2,050 to £2,497. Further advancement on 
promotion is possible to over £4,500, 


Over 4 weeks annual leave (increasing with service). 


Apply to Secretary, Room 733 (Lab.), New Scotland Yard, Broadway, 


S.W.1 for further particulars. 112 
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Medicine ... designed for health ... produced with 


care 


— —— 


——— (RUE 


| A International Product 
Research and Development 


The initial functions of this recently established, expanding department 


include the development and improvement of new dosage forms and 


drug delivery systems; 


investigation of drug release, absorption, 


metabolism, compatibility and stability; formulation; development of 


! production methods. 


Pharmacy 


Chemistry 


Microbiology 


|. Pharmacology 


pleasant part of North Sussex. 


Theoretical and physical; 
processing. 


Organic and biochemistry, 
instrumentation, to monitor drug trans- 
port and stability data. 


Positions for graduates on various levels and for undergraduate labora- 
tory technicians will be open in the following disciplines. 


formulation ; 


analytical 


to monitor antimicrobial activity and to 
apply analytical microbiological methods. 


to monitor drug action and toxicity. 


The department occupies modern laboratory premises situated in a 


The employee benefit plans and salary policy of the Company are 


progressive and attractive. 


Interested applicants should write to, 


| PERSONNEL MANAGER, 
Upjohn Limited, Fleming Way, Crawley, Sussex 


COVENTRY HOSPITAL 
MANAGEMENT COMMITTEE 


SENIOR BIOCHEMIST required for this 
Group of hospitals (2,306 beds) which includes 
à new District Hospital. The successful appli- 
cant will be responsible for the group chromato- 
graphic service and should have experience in 
this field. Consideration would be given to can- 


didates without previous hospital experience. 
Salary (Senior, £1,961 rising to £2,435 or, if 


basic grade, £1,030 rising to £1,774). Assistance 
with removal expenses may be given to a Senior 
Biochemist. Applications, stating qualifications, 
age, experience and quoting the names of two 
referees, should be submitted not later than 
January 17, 1969, to the Group Secretary, 
Coventry. H.M.C., The Birches, Tamworth Road, 
Keresicy, Coventry. 


Further information from Dr. Trounson. 
Coventry and Warwickshire Hospital, Stoney 
Stanton Road, Coventry. 





LECTURESHIP IN PHYSIOLOGY 
Applications are invited for a Lectureship in 


Physiology. Salary scale: £1,470 to £2,630 per 
annum. Initial salary according to experience 


and qualiicauons. ESSU. 

Applications (eight copies) should be lodged, 
not later than March 10, 1969, with the under- 
signed, from whom further particulars may be 


obtained, 
ROBT. T. HUTCHESON. 
Secretary of the University Court. 
(773 


vao (169) 


ARE YOU interested in one of the 
hundreds of posts at G.K. Bureau, 
including : 

1. Immunologist for 
arthritis. 

2. Ph.D. Experimental Biologist for histopatho- 
logical research connected with muscular dys- 
trophy. 

3. Biochemist or Microbiologist for enzyme iso- 
jJation and enzyme kinetics. 

4. Biochemical Technician (German-speaking) to 
market scientific instruments. 

5. Bacteriologist to supervise small laboratory in 
pharmaceutical company. 

& Senior Physiology Technician for 

vascular research, 

. Technician for privately sponsored cancer re- 

search in Kent—very good salary. 
NO FEES TO PAY 
Write or telephone: Miss J. Horin, G.K., Bureau, 


research on rheumatoid 


cardio- 


- 


1? Shaftesbury Avenue, London, Wi, Tel: 
01-437-6886 or 437-6779, (158) 


JUNIOR POSITION IN ENVIRONMENTAL 
toxicology. Academic position open at Univer- 
sity of California, Davis. Duties research and 
teaching in environmental toxicology. Educa- 
tional prerequisite Ph.D. in chemistry,  bio- 
chemistry, chemical engineering or closely related 


discipline, Experience in field desirabie but not 
essential. Prefer person under 40 years of age.— 


Send curriculum vitae to Dr. G. F. Stewart, 

Agricultural Toxicology Laboratory. University 

of California, Davis, California, U S.A., 95616. 
(1D 
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NEW ZEALAND 


Marine Department 
Applications are invited for the under- 
mentioned vacancies: 
VACANCY B 1i/13/31/110 
SCIENTISTS (2) 


FISHERIES RESEARCH DIVISION, 
WELLINGTON 


The Fisheries Research Division of the 
New Zealand Marine Department requires 
two scientists for research of mollusca and 


demersal fish. Applicants showd have a 
degree with first- or upper second-class 


Honours in Zoology. 

Salary: Appointments wil be made in 
the range of SNZ2.840 for — Honours, 
$NZ2,960 to SNZ3,440 for a newly quali. 
fied Ph.D. and up ta $N2Z5,999 for surtably 
experienced scientists, 

Passages: Fares for appointee and hus 
wife and family. if married, will be paid. 

Incidental expenses; Up to £15 for a 
single man and £100 for a married man 
can be claimed ro cover the cost of taking 
personal effects to New Zealand. 

Application. forms and general informa- 
tion are available from the High Comntus- 


sioner for New Zealand, New Zealand 
House, Haymarket, London, 8.3.1, with 


whom applications will close an February 
i4. 1969. 
reference. B 


Please quote 


when ingquiring. (1221 | 


UNIVERSITY OF SHEFFIELD 
DEPARTMENT OF HUMAN 
BIOLOGY AND ANATOMY 


ASSISTANT LECTURER or DEMONSTRA» 
TOR required March L [969 or date to be 


Should be capable of teaching topo- 
Excellent: research facilities 


arranged. 
graphical anatomy. 


and opportunity of working for a research de- 
gree. Salary scale for those with medical gual- 


fications in range £1.470 to £1,830 (non-medicai : 


£1,105 to £1,340), 


Wree, giving details of career and special ine 
terests, io Professor R. Barer. Department. of 
Human Biology and Anatomy. The University. 
Sheffield S10. FIN. Quae Ref, R OIE. (9232 





NEW ZEALAND 
Agriculture Department 


Applications are invited for the under- 


mentioned vacancy: 
VACANCY B 13/2/134/4263 
SCIENTIST 
(ANIMAL HUSBANDRY FIELD 
RESEARCH SECTION) 
RUAKURA AGRICULTURAL 
RESEARCH CENTRE 


Salary: Payable up to SNZ65,380 accord. 
ing to qualifications and experience. 

Duties: Plan, co-ordinate and summarise 
experiments in animal nutrition amd animai 
husbandry that are carried out by field re- 
search officers in various districis of New 
Zealand, and to conduct personal research 
in this field. Keep scientific staff of the 
Field Research Section folly informed of 
new developments in this sphere of work, 
both in New Zealand and overseas. 

Qualifications desired: Degree in Agri- 
cultural or Veterinary Selence, preferably 
M.Agr. Science with honours. 

Passages: Fares for appointee aad his 
wife and family, if married, will Be paid, 

Incidental expenses: Up to £35 dor à 
single man and £100 for a married man can 
be claimed to cover the cost of taking 
personal effects to New Zealand. 

Application forms and general informa- 
tion are available from the High Com- 
missioner for New Zealand, New Zealand 
House, Haymarket. London, S.3W.1, wth 


whom applications wil close on February 
17, 1969. 

Please quote reference. B. 13/2/134/4263 
when inquiring. 


(4119) 
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NATURAL PRODUCTS 
CHEMIST 


The expansion of our research pro- 
grammes at the Vitamins Research station, 
Walton Oaks, Tadworth in Surrey has 
given rise to a senior graduate vacancy. 

A chemist is needed to work in the De- 
partment of Basic Research (Nutrition) as 
à member of a team dealing with the isola- 
tion, identification and synthesis of natural 
products of interest in the fields of nutri- 
tion and metabolic disorders. 

Applicants should have a good honours 
degree, preferably with postgraduate experi- 
ence, and a strong background in organic 
and biological chemistry. Previous research 
experience is essential, preferably in the 
field of natural products, with a sound 
knowledge of modern techniques of isola- 
tion. 


A generous starting salary will be offered 
and the person selected will qualify for the 
Beecham Group's excelient non-contribu- 
tory fringe benefits including profit-sharing, 
pension and life assurance schemes. Con- 
sideration may be given to relocation ex- 
penses for a married man involved in house 
sale and purchase. 


Applications, giving full career details, 
should be sent to: the Head of the Per- 


sonne] Department, Beecham Research 
Laboratories, Brockham Park, Betchworth, 
Surrey, (94) 


UNIVERSITY OF EXETER 


LECTURER /ASSISTANT LECTURER IN 
BIOLOGICAL SCIENCES 


Applications are invited for this post which is 
tenable from October 1, 1969, On this date a 
Department of Biological Sciences will be formed 
from the existing Departments of Botany and 
Zoology. Preference will be given to candidates 
with graduate experience in cell physiology and/ 
or developmental biology. Salary scales: Lec- 
turer, £1,470 by £90 to £2,010 by £85 to £2,180 
by £90 to £2.630 per annum; Assistant Lecturer, 
£1,105 bv £75 to £1,180 by £80 to £1,340 per 
annum. The initial salary will depend upon the 
qualifications and experience of che successful 
candidate, 

Further particulars may be obtained from the 
Secretary of the University, Northcote House, 
The Queen's Drive, Exeter. Closing date for 
applications (eight copies; one copy from candi- 
dates overseas) February 10, 1969, (117) 


UNIVERSITY COLLEGE HOSPITAL 
GOWER STREET, LONDON, W.C.1 
DEPARTMENT OF CLINICAL PATHOLOGY 


SENIOR TECHNICIAN IN HAEMATOLOGY 
required. 

The successful applicant will be seconded to 
the North London Blood Transfusion Centre, 
Edgware, until the new Pathology Laboratories 
at University College Hospital are opened (which 
it is haped will be in April 1969). 

Applications, with names of two referees, to 
Assistant Secretary. (118) 


UNIVERSITE DE MONTPELLIER 
RESEARCH ENZYMOLOGIST 


Applications are invited for the post of Re- 
search Enzymologist in the Department of 
Organic Chermastry to join a smal research team 
concerned with the mechanisms of enzymatic 
reactions of biochemical importance. Ph.D. in 
Enzymology or equivalent experience is required. 
Salary about £1,500 per annum but could be 
higher depending on age and experience. Tenure 
of appointment at least one year. Fluency in 
French of no importance. 

Applications, together with the names of two 
referees, should be sent to Box 29 Nature, T. C. 
Scott & Son Ltd. 1 Clement's Inn, London, 
W .C.2. (29) 


UNIVERSITY OF BRISTOL 


Applications are invited from  post-«loctoral 
candidates for a research post in the department 
of Physics. The successful applicant will be re- 
quired to work in the X-ray astronomy group 
and should have had experience in the construc- 
tion and use of nuclear particle detectors. 

The appointment wil be made on the salary 
scale £1,108 to £1,340 per annum (ísubiect to re- 
vision? according to age and experience. 

Applications should be made to the Registrar, 
"University Senate House, Bristol, BS8 ITH, from 
whom further particulars may be PRO 
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CSIRO RESEARCH 
AUSTRALIA SCIENTIST 


DIVISION OF WILDLIFE RESEARCH 


GENERAL The Organization’s Division of Wildlife Research located at Canberra, 
A.C.T., is undertaking a wide range of studies of mammals and birds in Australia. The 
work seeks to provide knowledge of the status and basic biology of many native and 
introduced animals and to increase existing scientific knowledge by research on funda- 
mental principles in animal ecology, behaviour and physiology. Work of parasitologists, 
and a biochemist is also integrated in the overall programme. 


DUTIES The appointee will be required to develop research of the ecology of rabbits 
in arid regions and to help initiate a long term regional study aimed to elucidate basic 
principles of rangeland management in close co-operation with workers in other 
disciplines including pasture, stock and other wildlife ecologists. 


QUALIFICATIONS Applicants should have a Ph.D. degree in Science, or have had 
postgraduate research experience of an equivalent standard and duration, preferably 
in the field of ecology, supported by satisfactory evidence of research ability. 


SALARY Depending upon qualifications and experience, the appointment will be 
made within the salary range of Research Scientist, $A5,321— $46,693 p.a., or Senior 
Research Scientist, $A6,963— $A8,045 p.a. Salary rates for women are $A428 p.a. 
less than the corresponding rates for men. Promotion within CSIRO to a higher classifica- 
tion is determined by merit. Fares paid for the appointee and his dependen: family, 
Further particulars supplied on application, 


CONDITIONS The duration of the appointment will be determined in consultation 
with the successful candidate; some applicants may prefer a fixed term appointment 
for three years. The appointment will be conditional upon a satisfactory medical 
examination and an initial probationary period of twelve months may be specified. 
Confirmation of an indefinite appointment carries with it Commonwealth Superannuation 
Fund or Provident Account privileges. 


Applications (quoting Appointment No.: 560/250), and stating full name, place, date 
and year of birth, nationality, marital status, present employment, details of qualifications 
and experience, together with the names of not more than four persons acquainted with 
the applicant's academic and professional standing, should reach =- 


Mr. R. F. Turnbull, 

Chief Scientific Liaison Officer, 
Australian Scientific Liaison Office, 
64—78 Kingsway, 
LONDON, W.C.2 by the 7th February, 1969. 


(163) 





POULTRY SCIENTIST 


A Graduate in a Biological Science with post graduate experience in poultry physiology 
and nutrition is required for a new post in the Animal Nutrition Research Department. 

The successful applicant will be responsible for the work of a Section of the Depart- 
ment concerned with various aspects of the nutritional physiology of poultry. In addition 
to experience tn this field, experience in the design and execution of trials in large-scale 
broiler houses and tier brooder units would be desirable. 

The post also calls for substantial involvement in basic research at the laboratory level, 
which is conducted in close collaboration with other disciplines in the Research 
Division, notably Chemical Research and Biochemical Research Departments. 

The work of the Animal Nutrition Research Department covers all the major species 
of farm animal, close liaison being maintained between the various aspects of the overall 
programme. 

The Company is located on the Kent Coast at Sandwich which offers a wide choice of 
residence in coastal and rural districts. 

The starting salary will be dependent upon age, qualifications and experience. The 
fringe benefits include non-contributory pension and life assurance schemes. 


Applications, giving brief personal details and career to date should be addressed to :— 
D. W. Sells, Personnel! Manager, 
Research Division, Pfizer Limited, 
Sandwich, Kent. 


1969 
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pee eed RESEARCH 
— SCIENTIST 


DIVISION OF APPLIED PHYSICS 


GENERAL The Division of Applied Physics of the Commonwealth Scientific and 
industrial Research Organization, located in the University Grounds, Chippendale, 
Sydney, N.S.W. is one of the two Divisions comprising the Organization's National 
Standards Laboratory, and is responsible for the establishment and maintenance of 
standards and related measurements in Australia. 


DUTIES The appointee will be required to participate in a research programme 
concerned with the development of precise standards and measurement techniques 
at microwave and high radio frequencies. 


QUALIFICATIONS Applicants should have a Ph.D. degree or have had post- 
graduate research experience of equivalent standard and duration, supported by 
satisfactory evidence of research ability. Familiarity with modern digital computers and 
their programming techniques would be an advantage. 





SALARY Depending on qualifications and experience, the appointment will be made 
within the salary range of Senior Research Scientist, $A6,963— $AB,045 p.a. Salary 
rates for women are $A428 p.a. less than the corresponding rates for men. Promotion 
within CSIRO to a higher classification is determined by merit. 


CONDITIONS The appointment, which carries with it Commonwealth Superannua- 
tion Fund or Provident Account privileges, will be conditional upon passing a medical 
examination. An initial probationary period of twelve months may be specified. Fares 
paid for the appointee and his dependent family, Further particulars supplied on 
application. 


Applications (quoting Appointment No.: 750/421), and stating full name, place date 
and year of birth, nationality, marital status, present employment, details of qualifications 
and experience, together with the names of not more than four persons acquainted 
with the applicant's academic and professional standing, should reach =- 


Mr. R. F. Turnbull, 

Chief Scientific Liaison Officer, 

Australian Scientific Liaison Office, 

64—78 Kingsway, 

LONDON, W.C.2. by the 7th February, 1969. 





UNIVERSITY OF HONG KONG 
LECTURESHIP/ASSISTANT LECTURESHIP 
IN MATHEMATICS 


Applications are invited for the above- 
mentioned post. Appkcants should specialize in 
a major branch of mathematics, preferably geo- 
metry or topology. 

Annual salaries (superannuable) lapproximate 
equivalents at current rate of exchange in 
brackets] are: Lecturer, SHK30,880 by SHK 1.440 
to. SAHK49.600 [£2,122. to £3,409) (man); 
$HK25,720 by SHK1.760 to SHK32.000 to 
SHK33.280 by SHK2.000 to SHK45,280 by 
SHK1.440 to SHK49,600 [£1,836 to £3,409] 
twoman). Assistant Lecturer,  SHK20,800 by 
SHK 1.440 to SHK25,120 [£1,429 to £1,726] 
(man); SHK15.760 by SHKI,520 to SHK20,320 
i£1,083 to £1,396] Cwoman). 

Further particulars and application forms may 
be obtained from the Secretary-General. Associa- 
tion of Commonwealth Universities, Marlborough 
House, Pall Mall, London, $.W.l, or the Regis- 
trar, University of Hong Kone. Applications 
closce in Hong Kong and London on February 


UNIVERSITY OF BRITISH 


COLUMBIA 
DEPARTMENT OF CHEMISTRY 


GRADUATE TEACHING 
ASSISTANTSHIPS 


Graduate Teaching Assistantships are 
available for candidates with high academic 
records who wish to pursue further studies 
towards the Ph.D. degree in Chemistry. 
Excellent research facilities are available in 
all areas of modern Chemical Science. 
ranging from  Bio-Organic Chemistry to 
Chemical Physics.  Stipends $3,500 (mini 
mum) per annum. 

Application forms and further particulars 
may be obtained from the undersigned. 

Professor C. A. McDowell, 
Department of Chemistry, 

University of British Columbia, 
Vancouver 8, British Columbia, 
Canada. (12 


i5, 1969. (128) 
UNIVERSITY OF NATAL GALLAHER LIMITED 
PIETERMARTIZBURG RESEARCH AND DEVELOPMENT 
WATTLE RESEARCH INSTITUTE DIVISION — 
ASSISTANT PLANT PHYSIOLOGIST (PLANT A STATISTICIAN is required in our 
3A” , Data Group in Belfast. The work involves 
PATHOLOGY) TH NE hohes 
"UR mM : the design and analysis of experiments. 
Applications are invited from male candidates statistical investigations, data storage and 
for appointment to the above-mentioned vacant retrieval in addition to the application of 
post in the Wattle Research Institute. of the statistical and O.R. techniques to Research 
University of Natal, Pietermaritzburg. This post Management. Applicants should be Gradu- 
wil be graded initially as follows: Research ates with Statistics as a main subject. 
Officer (R3,000 by R150 to R4,800) or Assistant Associates of the Institute of Statisticians, 
Research Officer (R2,400 by R150 to R3,000). or have equivalent qualifications in addi- 
The grade and point of entry for each post will ion to having at least two years’ post- 
be determined by qualifications and experience. graduate experience. A knowledge of 
Application forms, particulars of the work, and OR techniques would be an asset. 
conditions of service may be obtained from the “Applications should be made to the Re- 
Association of Commonwealth Universities search Manager, Research and Develop- 
(Branch Office), Marlborough House, Pall Mall. ment Division, Gallaher Limited, Henry 
Fondos e Street, Belfast, BT15 IJE. (154) 


Applications should be submitted not Pater 


than January 31, 1969. (129) ES eS ee ae en Oe ate NOUR eae nna aa 
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UNIVERSITY OF 
WESTERN AUSTRALIA 
SOH. SCIENCE 
Applications are invited for appointment as 
LECTURER 
(Crystallography or Mineral Chemistry 
in the Department. of Soil. Science and Plant 
Nutrition, Institute. of Agriculture. — Appiicants 
should have a Ph.D. or equivalent experience in 
Physics (Crystallography), Inorganic Chemistry or 
Mineral Chemistry. Applications will alsa be 
welcomed from Agricultural Science graduates 
with postgraduate experience in clay mineralogv 
and soil chemistry. The salary range is 585,400 
to $A7,300 per annum pius superannustion. 

The Department already has research in pro- 
gress in soil coHoid mineralogy concerned with 
the structure, synthesis and degradation cf oxides 
and alumino-silicates. The appeintee will be ex. 
pected ta develop his research programme in this 
general area and to extend this research to 
studies of agricultural and pedologina! signifi- 
cance. The Department's equipment includes an 
electron microscope with high resolution electron 
diffraction holder, X-rav diffraction equipment, 
an X-ray fluoressence spectrograph and an infra- 
red spectrophotometer. Further details of the 
position may be obtained from the Head of De 
partment, Professor J. P. Quirk. 

Intending applicants are requested to obtain 
details of the procedure to be followed in. appiv. 
ing for the post and a copy of the conditions of 
appointment before submitting their applications. 
This information is available from the  Associa- 
tion oof Commonwealth Universities tBranch 
Office). Marlborough House, Pall Mall, London, 
S.W.t. Applications close in Australia and 
London on March 1. 1969. (1265 


UNIVERSITY OF SYDNEY 
LECTURER /SENIOR LECTURER [NM THE 
BASSER COMPUTING DEPARTMENT 
Applications are invited for the above- 
mentioned position. | Applicants arc required. to 
have special experience in one or more of the 
following fields: operating systems, computer 
architecture. analogue and hybrid commutation, 
system simulation, computer graphics, comeouter 
aided design, interactive programming, artificted 
intelligence and heuristic programming, informa- 
tion retrieval, computational aspects of numeri 
cal analysis, numerical methods in oporations ve. 
search, the theory of computability, the theory 

of automata, 

The Department is equipped with ac Engilish 
Electric KDE 9 and a CDC.i700, which have 
been interconnected {fo operate under compiler 
control as a network. with a number of remote 
consoles, A PDP.8 with display. ficiltes, and 
an TBM. 7040/1401 are also being connected go 
that they will participate in the facilities of the 
nerwork. 

The Department conducts 3 posteracduatrc 
Diploma, various introductory courses, and offers 
courses in the third year of a B.Sc. sequence 
and an Honours year. 

In addition to participating in the Depart 
ments undergraduate and postgraduate — pro 
gramme of teaching and research, the successful 
applicant will be encouraged to engage in re. 
search activity of his own choosing. 

Salary: Lecturer, $A5S,400 by SAP to $AT7,300 
per annum: Senior Lecturer, $47,600 by RATIO 
to SAS 7450 per annum. 

Information about superannuation. — housing 
Scheme, sabbatical leave. etc. and method of 
application from the Association of Common- 
weatth Universities (Branch Office), Mariborough 
House, Pall Mall, London, S.W i.  Ampliications 
close in Australia and London on February P5, 
1969. (127) 


UNIVERSITY OF SURREY 
Applications are invited for appointment as 
EXPERIMENTAL OFFICER 
in the newly formed Measurement Science Divi- 
sion of the Department of Chemical Physics to 
assist on research projects and to undertake de. 
sign and manufacture of experimental apparatus 
relating to the development of new radio fre- 
quency coaxial techniques for the measurement 
of electrical and physical quantities and the 
parameters of passive and active networks, inte- 
grated circuits, components and materials. 
Emphasis will be placed on wideband techniques 

suitable for automation. 

Applicants should have H.C. or specialist 
certificate in one required skill or exceptionaliy 
specialist skill, Previous experience shopki ir- 
clude at Jeast two years in a R and D environ- 
ment and a sound knowiedge of circud: theory 
and design. Previous teaching experience would 
2 an advantage. 

Salary range £1.250 to £1.630. 

Applications, giving the fullest possible details 
of age, education and experience should be for. 
warded to the Staff Officer, University of Surrey, 
Guildford, Surrey. iiam 








ions early as possible in 1969. 
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UNIVERSITY OF MALAYA 
SCHOOL OF BIOLOGICAL SCIENCES 


 Applicatious are invited for two posts of LEC- 
TUR ER ASSISTANT LECTURER in the School 
of Biological Sciences. Candidates should have 
an Honours degree, a research degree or equiva» 
lent research experience in a biological science 
and/or some university teaching experience. 
Specialisis in the following areas will be con- 
sidered : Cryptogamic Botany, Plant Pathology, 
Plant Ecology, or Quantitative/ Animal Breeding 
Genetics, 

Salary Seales (approximate sterling equivalents 
at current exchange rates) : Lecturers, £1,498 by 
£68 to £1,889/£1,934 by £73 to £2,320 ; Assistant 
Lecturers, £1,303 by £65 to £1,433. In addition 
to basic salary the following allowances are pay- 
able: variab e allowance. 33 per cent of basic 
salary, subject to certain maxima depending on 
Marital status ; minimum £244 per annum, máxi- 
mum £651 per annum.  Inducement allowance 
Gf awarded): (a) for Lecturers, up to £488 per 
annum, (Lb) for Assistant Lecturers, up to £325 
pert annum. Housing wilh be provided, if avail 
able, for which a rent of up to £163 per annum 
wil be charged. Provident Fund: Staff member 
contributes 5 per cent and University 15 per cent 
of basic salary. 

Further particulars and application forms are 
obtainabie from the Association of Common- 
wealth Universities (Branch Office), Marlborough 
House, Pali Mall, London, S.W.1. The closing 
date for receipt of applícations is January 31, 
pe Gi 


AUSTR ALIAN NATION AL 
UNIVERSITY 
LECTURER IN BIOCHEMISTR Y 

Applications are invited for a new post of 
Lecturer in the Department of Biochemistry, 
which is responsible for undergraduate and post- 
graduate instruction in the Faculty of Science. 
The appointee would be expected to take up duty 
Apnlicants should 
Doctor of Philosophy or 
Similar Qualifications. The appointee will be ex- 
“pected 1o pursue his own research project and 
to assist in the training of postgraduate students, 
Special emphasis is placed on biochemical studies 
"Bf development in the research interests of the 
Department, ‘but applicants working in any field 
of biochemistry will be considered. Salary on 
appointment will be in accordance with qualifi- 
cations and experience within the lecturer range 
$AS,400 by $4270 (6) by $4280 (D to $47.300 
per annum, The University. provides reasonable 
travel and removal expenses and assisiunce with 
housing. Superannuation is on the F.S S.U, pat- 
tern with supplementary benefits and financial 

assistance towards study leave is also available. 
Further information and the forms which 
should accompany an application may be ob- 
tained from the Association of Commonwealth 
Universities (Branch Office). Marlborough House, 
Pall Mall. London, S.W.1 Apnlicatons close 

in Australia and London on February 16, 1969, 

ME 


"held the degree of 


UNIVERSITY OF OTAGO 
DUNEDIN. NEW ZEALAND 
ELECTRON MICROSCOPIST 

Applications are invited from science or medi- 
caj graduates to take charge of electron. micro- 
scopy in the Depariment of Pathology. Appli- 
canis should have some experience in specimen 
preparation and be capable of operating a high 
resoluiion mécroscope. Salary according to age 
and experience within the following scales: 
Science Graduate, Scientific Officer-—Grades 
tl and HI, ranging from $NZ2,344 to $8NZA,2 
per annum, For an applicant of high cud 
status a salary in a range up to $NZ6,600 per 
annum could be approved, Medical Graduate, 
Lecturer. $NZ4.270 to $NZ6,800, with a bar at 
&NZ 5,500. ner annum, Senior Lecturer. $NZ7,000 
ay SNZ8.100 per annum, (Note: $NZIOO0 equals 
£46 135, 4d. sterling; SUSII2; $4100) Super- 
annuation. Assistance with removal. 

Farther particulars may be obtained from the 
Secretary-General, Association of Commonwealth 
Universities (Branch Office), Marlborough House, 
Pall Mall, London. S.W.i, or the Registrar of 
the University. — Applications should be received 
in London and New Zealand by February 21, 
1969. es 1 XM 






ENICAL ASSISTANT. Mj R v 
Assistant of technician or junior tech- 
nical officer standard. Previous experience in 
microbiology essential The person appointed 
wil be expected ro exercise a degree of initiative 
in helping with the research programme. Salary 
in accordance with Whitley Council scales -— 
Applications, with names of two professional 
referees, to. Professor L. H. Collier, The Lister 
Institui of Preventive Medicine, Chelsea Bridge 
Road, London, S.W.1. (144) 


TEC 
Technical 


GSii$O0O POSTDOCTORAL 


AUSTRALIA 


FELLOWSHIP 
IN DYEING 
MECHANISMS 


DIVISION OF PROTEIN CHEMISTRY 


GENERAL The Organization's Division of Protein Chemistry located at Parkville, 
Victoria, has a research staff of some 60 organic and physical chemists, biochemists and 


biaphysicists. 


Research within the Division includes projects on the structure and 


chemistry of the wool fibre and its constituent and related proteins on the photo- 
chemical degradation of wool and on synthetic peptides and metallo-protein complexes. 


DUTIES 


it is proposed to intensify research on dyes in the Division and especially 
on the mechanism of some recently developed wool dyeing processes. 


Particular 


attention will be given to the mode of action of additives which affect the rate of 
diffusion of dyes into the fibre and their reaction with the wool proteins. 


QUALIFICATIONS Applicants should have a Ph.D. degree in an appropriate field 
such as physical, protein or dye-chemistry or have had postgraduate research experi- 
ence of equivalent standard and duration, supported by satisfactory evidence of research 


ability. 


SALARY Depending upon qualifications and experience, the appointment wall be 
made within the salary range of Research Scientist, $A5,321— $A6,693 p.a. Salary rates 
for women are $A428 p.a. less than the corresponding rates for men. Promotion within 
CSIRO to a higher classification is determined by merit. 


CONDITIONS The Fellowship will be for an initial period of 3 years, The appoint- 
ment will be conditional upon a satisfactory medical examination and an initial probation» 
ary period of twelve months may be specified. Fares paid for the appointee and his 
dependent family. Further particulars supplied on application. 


Applications, (quoting Appointment No.: 462/321), and stating full name, place, date 
and year ot birth, nationality, marital status, present employment, detaiis of qualifications 
and experience, together with the names of not more than four persons acquainted with 
the applicant's academic and professional standing, should reach -— 


Mr. R. F. Turnbull, 
Chief Scientific Liaison Officer, 

Australian Scientific Liaison Office, 
64-78 Kingsway, 
LONDON, W.C.2 





aA UNTERTITEL AARAU mt 


QUEEN ELIZABETH COLLEGE 
(UNIVERSITY OF LONDON) 
CAMPDEN HILL ROAD, W.8 


DEPARTMENT OF 
MATHEMATICS 


Applications are invited for the post of 
Assistant Lecturer. in Pure or Applied 
Mathematics, vacant October 1, 1969. 
Salary scale £1,105 to £1,340 plus £60 
London Allowance. 

Further particulars from the Secretary to 
whom applications should be sent by Janu- 
ary 31. (105) 
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NEW HALL, CAMBRIDGE 


New Hall invites applications from 
women graduates for the post of COLLEGE 
LECTURER in Law, Mathematics, Physi- 
Sociology, Social Psychology orf 


ology. 
Physics. 
Particulars can be 


obtained from the 
President, New Hali, Cambridge, to whom 
applications should be sent by Jnuary 27, 
1969. (16) 





by the 7th February, 1969. 


(164) 


TOBACCO RESEARCH COUNCIL 
LABORATORIES 


Applications are invited for a SENIOR POST 
in the Department for Respiratory Research at 
these Laboratories. Applicants should be gradu- 
ates in medicine, veterinary science, or one of 
the biological sciences, and should have experi- 
ence in experimental and histopathology Gn 
oncology would be an advantages Dunes would 
include assistance in the design, planning and 
running of animal experiments with particular 
reference to the respiratory aspects of smoking 
and health, 

For further particulars write, giving brief de- 
tads af qualifications and experience, t0: Per- 
sonnel Officer, Harlow Hill, Harrogate. (98) 





MEDICAL RESEARCH COUNCIL 

RADIOBLOLOGICAL RESEARCH UNIT 

SCIENTIST (CYTOLOGIST OR GENETI- 
CIST) needed to join a group working on genetic 
effects of radiation in small mammals, with same 
time free for research of ihe candidate’s own 


choice, Applicants should have a good honours 
degree, Salary on M.R.C. scales according to 
age and experience, Excellent research facilities 


in this large Unit, It may be possible to regis- 
wr for a higher degree, Fringe benefits include 
modern hoste! accommodation for single men 
and women, housing for married men, and 
proximity to Oxford. Applications, with names 
of two referees, t0 : The Administrator, M.R.C. 
Radiobiological Research Unit, Harwell, Berk. 
shire, Ref. MFL/17. (138) 
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Development Chemist 





Pharmaceutical 
Formulations 


This position is being created to give impetus to the 


Company's development effort. 


The candidate visualized 


will have had experience in the formulation of 
pharmaceuticals of various types, possess a good 
knowledge of available basic raw materials and their 
potentialities, and have a flair for converting ideas into 
the concrete form of marketable preparations. 
Qualifications: B.Sc., B.Pharm., M.P.S. or equivalent. 
An excellent salary is offered; pension scheme is 


available. 


Write for application form, giving brief preliminary 
Dr. H. A. Fisher, F.R.1.C. 


details to:— 


Lloyd 


Hamol 
Limited 


Clerk Green, Batley, Yorkshire 


UNIVERSITY OF MALAYA 
CHAIR OF BOTANY 


Applications are invited for appointment to 
the Chair of Botany in the School of Biological 
Sciences in the Faculty of Science of the Uni- 
versity of Malaya. The post will become vacant 
when the present incumbent leaves at the end of 
January 1969 on completion of contract. Candi- 
dates should have high academic qualifications in 
botany and wide experience in teaching and re- 
search, Administrative experience might be con- 
sidered an advantage. 


EMOLUMENTS (approximate sterling equiva- 
lents at current exchange rates): (a) Salary: 
There is a range of basic salaries, to a point on 
which a Professor is appointed, depending on 
his qualifications and experience. These are 
£2,882, £2,980, £3,077, £3,175, £3,273, £3,370, 
£3,468 per annum. In addition, the following 
allowances are payable : (b) Variable allowance: 
Minimum £244 per annum: maximum £651 per 
annum calculated at 3594 of basic salary. (c) 
inducement allowance: (if awarded) varies up to 
£1,628 per annum. (In exceptional cases an in- 
ducement allowance exceeding that amount may 
be granted.) 


HOUSING: will be provided, if available, 
for which a rent of £163 to £204 per annum 
will be cbarged. 


PROVIDENT FUND: Staff member contri- 
butes 594 and university 15% of basic salary. 

Further particulars and application forms are 
obtainable from the Association of Common- 
wealth Universities ranch Office), Marlborough 
House, Pali Mall, London, S.W.1. The closing 
date for the receipt of applications in London 
and Kuala Lumpur is January 31, 1969. (4D 


pn —————————— edd 


INSTITUTE OF DENTAL SURGERY, EAST- 
man Dental Hospital. Research Fellowship in 
dental science or related basic sciences. Appli- 
cations are invited from either dental or science 
graduates who wish to undertake an approved 
project of their own choosing and/or assist in 
existing research. The project should be capabie 
of application in the dental field. Clinical facili- 
ties will be available to a dentaliy qualified 
Fellow. The award will be for one year in the 
first instance and will be on the scale £1,650 to 
£1,950 per annum.-—Further particulars from the 
Secretary, institute. of Dental Surgery, Eastman 
Dental Hospial, Grays Inn Road, WCL 

(104) 


(156) 





BRITISH MUSEUM (NATURAL 
HISTORY) 
CROMWELL ROAD, LONDON, S.W.7 


ANALYTICAL CHEMIST (graded 
S.8.0./S$.0) required in the Depariment of 
Mineralogy to undertake, and to supervise 
others in, the chemical analysis of rocks, 
minerals and meteorites. Familiarity with 
microchemical methods an advantage. 


QUALIFICATIONS: First- or second- 
class honours degree, or equivalent or 
higher qualification in appropriate subject 
and, for S.S.O., at least three years! post- 
graduate experience. 


SALARY (Inner London): S.S.O. (mini- 
mum age 26) £2,050 to £2,497; S.O., 
£1,145 to £1,865. WNon-contributory pen- 
sion. Promotion prospects. 


WRITE to the Secretary, Civil Service 
Commission, 23 Savile Row, London, 
WIX ZAA for application form, or tele- 
phone 01-734 6010 ext. 229 (after 4.30 
p.m. 01-734 6464 " Ansafone" Service), 
Please quote §/52-53/68/BMCNH)/3. Cios- 
ing date February 10, 1969, 013) 





UNIVERSITY OF 
SOUTHAMPTON 


CHAIR OF THEORETICAL PHYSICS 


Applications are invited for a CHAIR 
OF THEORETICAL PHYSICS within the 
Department of Physics. Salary within the 
professorial range £3,470 to £4,990. 
FSS.U, 

Further particulars (quoting ref. N) may 
be obtained from the Secretary and Regis- 
trar, the University, Southampton, | SOS 
SNH. to whom applications (fourteen 
copies from applicants in the United King- 
dom), should be sent before February 10, 
1969, (1500 





DEVELOPMENT AND 
CONTROL 





PHARMACIST required, well qualified, 
for research in BharmaceuUcs  Develon- 
ment and Analysis. Modern well-oquinped 
Laboratory. Apply in confidence, with full 
curriculum of qualiscations and experience. 
to The Research TDuürector, Biorex Labora- 
tories Limited, Bierex House, Canonbury 

Villas, London, N.i TIBG? 








MEDICAL RESCARCH COUNCIL 


RADIOBIOLOGICAL RESEARCH UNIT, 
HARWELL, DIBCOT, BERRSHIRE 
GENETICIST OF MICROBIOLOGIST 

Applications are invited for a vacancy in a 
team investigating the effects of radialion on the 
genetic material of cells, expressed as physico- 
chemical changes DUN.A., as mutations and 
chromosome aberratioss, and as derbai eects. 
The primary responsibilty in this post will be 
the investigation of mation induction in fungi: 
the emphasis of this and the other work of the 
team is on the elucide:ion of the basic mechan- 
isms of the cellular ceca of radiation. Salary 
on MRC., scientific scales according to age, 
qualifications and expecience ; contributory super- 
annuation scheme; housing is available. 

Applications, in writng, stating the names and 
addresses of (wo referees and quoting Reference 
GJN/12/3, should be «ent t0 : The Administra- 
tor, MARC. Radiobological Research Unit, 
Harwell, Didcot, Bene den 





ST. BARTHOLOMEW'S HOSPITAL 
LONDMeN, EC. 
COMPUTER UNIT FECR MEDICAL SCIENCES. 

Applications are invited for the post sof 
DIRECTOR for the sew Commer Unit for 
Medical Sciences which is to be set up in the 
hospital. The Unit wif develop the use of com- 
puters in clinical medecine. jfi will be concerned 
with the application of computer techniques fo 
a wide range of research and development pros 
grammes undertaken in the hospital and Medi 
cal College. including sutemation and data pro- 
cessing techniques in  para-medical fields. A 
university degree in science, or engineering "or a 
medical qualification is essential The post will 
be on a salary scale (462,520 by £105 increments 
to £2,940 and then, subject to review, to £3,255 

mus £80 London &Hownce). 

Further detalis are available from the Clerk to 
the Governors, to whos applications shouid be 
sent before February 15, 19690, and quoting 
Reference ASC/1726. (1623 
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UNIVERSITY OF THE WEST 
INDIES, TRINIDAD 


Applications are invised for GO RESEARCH 
FELLOWSHIP or (br JUNIOR RESEARCH 
FELLOWSHIP (PLAN? PHYSIOLOGY) in the 
Cocoa Research Unit e? the Regional Research 
Centre. Appointee wil work on onc or meore 
problems associated with the response of the 
crop id its environmect, mnurrient uptake and 
water relations. Labor:tory facilities are good 
and include constant ereironment growth rooms, 
tracer equipment and analyucal faciliries, Re- 
search experiences in teese fields is important, 
experience of the crop less so, — Appoinument 
for three years initialivy. Salary scales: (a) 
£1.550 to £2,530 per anmum, (b £1,250 to £1410 
per annum. Child allowance. PSS Return 
family passages, 

Detailed applications @ix copies), naming threw 
referees, by February 3. 1969, by persons living 
in the Americas and Casbbean area to Aecretatv, 
University of the Wes Indies, St. Augustine, 
Trinidad, and by all oshers to Inter-Universite 
Council, 90/91 Tottenham Court Road, London, 
W 1. Further particulam obtnainabie similariv. 

sea 


UNIVERSITY OF M ANC HESTE R 


KEEPER IN ARCHAEOLOGY ANT 
EGYPTSLOGOY 

Applications invited for this post in the MAN. 
CHESTER MUSEUM. Candidates should be 
graduates whose interess He in game Geld of 
classical studies, archaeciogy or ancient history, 
and should have experience in curating archaeo- 
logical collections, Preference will bo given to 
holders of the Museums Association Diploma, 
Duties commence October 1, 1969. Salary range: 
£1.470 to £2,630 per anram. FESSA, 

Particulars and application forms (returnable 
by January 3D from the Registrar, The Univer- 
sity, Manchester M13 9PL. Quote Ref. 249/68] 
Na. ais 





DE 


NATURE, JANUARY 11, 


1 969 


etenim Ha eH sm S ARR PII A IIIS P eben PH PSP E MIDI Ae abet Jot e Na re " mara Het tette tere I tr — te i Beater tere EINE TAE MET HET AR EEG EUM EE ECCLE 
" É : P sanansa aiamaa amanan nananana: in Mime mee oa en T AEA eb MAH MARI MUS VM 


UNIVERSITY OF OTAGO 
DUNEDIN, NEW ZEALAND 
CHAIR OF PURE MATHEMATICS 


The University Council invites applications for 
appointment as Professor of Pure Mathematics. 
The Council wishes to make a permanent ap- 
pointment, but it would be prepared to consider 
applications for a three-year appointment as a 
Visiting Professor with return fares paid. After 
April 1, 1969, Professorial Salaries are fixed at 
various points within the range of $NZ7,400 per 
annum to $NZ10.500 per annum. (Note: 
$NZ100 equals $US112: $A100; £45 13s. 4d. 
sterling.) 

Further particulars are available from the Sec. 
retary-General, Association of Commonwealth 
Universities (Branch Office), Marlborough House, 
Pall Mall. London, S.W.1, or from the Regis- 
war of the University. Applications close in 
New Zealand and London on March 31, 1969, 

(125) 


‘UNIVERSITY OF 
NEW SOUTH WALES 


PROFESSOR OF PASTORAL SCIENCES 
in the 
SCHOOL OF WOOL AND PASTORAL 
SCIENCES 


Applications are invited for appointment to 
the above-mentioned position. 

The present Head of the School is Professor 
P. R. McMahon. The successful applicant for 
this second chair wil be expected to foster the 
development of plant work including range man- 
agement, pastoral aspects of agronomy, pasture 
establishment and pasture improvement and 
Should be interested in the ecology and physio- 
logy of species important in the pastoral industry. 

Salary: $A12,000 per annum. 

Subject to the consent of the University Coun- 
cil, professors may undertake a limited amount 
of higher consultative work. 

The University reserves the right to fill any 
chair by invitation. 

Details of appointment, including superannua- 
tion, study leave and housing scheme, may be 
obtained from the Association of Commonwealth 
Universities (Branch Office), Marlborough House, 
Pall Mall, London, S.W.l. 

Applications close in Australia and London on 
February 24, 1969. (4D 


UNIVERSITY OF BRADFORD 
RESEARCH APPOINTMENT IN CHEMISTRY 


Applications are invited for a postdoctoral or 
postgraduate appointment in Structural Chem- 
istry. person appointed would be expected 
to undertake research in the general field of the 
stimulated Raman effect in collaboration with 
Professor D. A. Long. For the postdoctoral 
appointment the salary will normally be in the 
range of £1,105 to £1,340 (may be subject to 
revision). For the postgraduate appointment the 
remuneration will be at the rate of £530 per 
annum, together with approved fees, and addi- 
tional allowances in certain circumstances. 

Further particulars may be obtained from the 
Registrar, University of Bradford, Bradford 7, 
to whom applications should be sent not later 


than January 27, 1969. Please quote ref. SC/ 
RA/(s)/3). (134) 
UNIVERSITY COLLEGE OF 
RHODESIA 


Applications are invited for (a) CHAIR OF 
PHYSICS and (b) SENIOR LECTURESHIPS or 
(c) LECTURESHIPS IN PHYSICS. Inquiries 
welcomed regarding secondment under special 
arrangements for a limited period. Salary scales 
(Rhodesian currency-—present exchange rate £6 
Rhodesian--£7 sterling), (a) £3,900 to £4,680 per 
annum ; (b) £2,808 to £3,768 per annum; (c 
£1,812 to £2,916 per annum. Installation loan. 


Family passages. Sabbatical and triennial 
(biennial for Professors) visits with travel allow- 
ance, Superannuation. 


Detailed applications (six copies), naming three 


referees by February 12, 1969, to Inter-Univer- 
sity Council, 90/91 Tottenham Court Road, 
London, W.1, from whom particulars are avail- 
able. (136) 
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UNIVERSITY OF SOUTHAMPTON 


THE RANK CHAIR OF APPLIED 
NUTRITION 


Applications are invited for the above Chair, 
tenable in the Department of Physiclogy and Bio- 
chemistry. Salary within the professorial range 
£3,570 to £4,990. F.S.S.U. 

Further particulars (quoting Ref.: Nj, may be 


obtained from the Secretary and Registrar, the 
University, Southampton, SO9 SNH, to whom 


applications (fifteen copies from applicants in the 
United Kingdom) should be sent before January 
3i, 1969. (15D 


n: 


UNIVERSITY OF SURREY 
A vacancy exists for a 
POSTGRADUATE STUDENT 


in the newly formed Measurement Science Divi- 
sion of the Department of Chemical Physics to 
undertake research into radio frequency coaxial 
techniques for the measurement of the 2-port 
parameters of power transistors up to 100 MHz 
including the interface problem. Emphasis will 
be placed on wideband techniques suitable for 
automation. 

The post is supported by a three-year Ministry 
of Technology grant including a salary of £600 
per annum. Applicants must have an appropriate 
honours degree. There is the possibility that the 
research may lead to a higher degree. 

Applications, giving the fullest possible details 
of age, education and experience, should be for- 
warded to the Staff Officer, University of Surrey, 
Guildford, Surrey. (148) 


UNIVERSITY COLLEGE CARDIFF 
CHAIR OF ZOOLOGY 


The Colege proposes to fill the Chair of Zoo- 
logy from October 1, 1969 on the retirement of 
Professor James Brough. Applications are in- 
vited from scientists working ín any field coming 
under the broad heading of animal biology. 

Applications (two copies), with the names of 
three referees, should be sent not later than 
February 15, 1969, to the Registrar, University 
College, Cathays Park, Cardiff, CF1 3NR, from 
whom [further particulars may be obtained. 

(147) 


UNIVERSITY OF WALES 


UNIVERSITY COLLEGE OF 
SWANSEA 
DEPARTMENT OF PURE MATHEMATICS 


Applications are invited, from mathematicians 
with research interests in any branch of PURE 
MATHEMATICS or MATHEMATICAL 
STATISTICS, for appointment as LECTURER 
or ASSISTANT LECTURER in the Department 
of PURE MATHEMATICS. The post will be 
tenable from a date to be arraneed with the suc- 
cessful candidate. 

Salary scales (currently under review}: Assist- 
ant Lecturer, £1,105 to £1,340; Lecturer, £1,470 
to £2,630; together with F.S.S.U. benefits. 

Further particulars, quoting reference number 
B.6, may be obtained from the Registrar, Uni- 
versity College of Swansea, Singleton Park. 
Swansea, SA2 SPP, by whom applications should 
2 received by Saturday, February 1, 1969. 

( 








AGRICULTURAL RESEARCH 
COUNCIL 


INSTITUTE FOR RESEARCH ON ANIMAL 
DISEASES 


Experimental Pathologist required for a research 
appointment in the Department of Cellular 
Pathology. The work of the Institute is in rela- 
tion to various aspects of disezses of animal, 
and the department has ample modern equip- 
ment including two electron microscopes. 

The basic qualification required is a veterinary 
medical or honours science degree ; possession of 
à higher degree or experience in a related field 
such as immunopathology would be an advantage. 

Appointment will be made in the Scientific 
Officer (£1,020 to £1,740) or Senior Scientific 
Officer (£1,925 to £2,372) grade. Superannuation 
under F.S.S.U. 

Applications should be forwarded to the Sec- 
retary, Institute for Research on Animal Diseases, 
Compton, Berkshire, together with the names of 
two referees. (152) 


EXPERIMENTAL | MORPHOLOGIST 


Botany Department, University of Minnesota, 
Minneapolis, Minn. 55455, has a position avail- 
able for an Experimental Morphologist interested 
in working with either higher or lower plants. 
Rank and salary open. 

Address inquiries and professional résumés, in- 
cluding names of three referees, to Prof, E. 
Gorham, Head of Department. (170) 
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RADIOBIOLOGICAL RESEARCH UNIT 
Transfusion Service has a vacancy for a male or 
female Scientific Officer in its laboratories in 
Manchester. An Honours degree in science, 
pharmacy or biology is essential. Salary £1,030 
a year (first- or second-class honours), rising to 
£1,774 a year, though candidates with postgradu- 
ate qualifications or experience may be given a 
higher starting salary. Applications should be 
sent to the Director, Regional Blood Transfusion 
Centre, Roby Street, Manchester Mi 3BP, from 
whom further particulars may be bc 


UNIVERSITY OF SHEFFIELD 


DEPARTMENT OF HUMAN 
BIOLOGY AND ANATOMY 


TEMPORARY LECTURER or ASSISTANT 
LECTURER required for session starting Octo- 
ber 1969, The vacancy is expected to become 
available for a period not excceding one academic 
year. Candidates should preferably be medically 
qualified and capable of teaching topographical 
anatomy and/or histology, Excellent research 
facilities are available. Salary scale: Lecturers 
(pre-clinical), £2,005 to £2.755; (non-medical), 
£1.470 to £2,630; Assistant Lecturers (pre- 
clinical), £1,470 to £1,830; (non-medical), £1,105 
to £1,340. 

Please write, giving details of experience and 
interests, to Professor R. Barer, Department of 
Human Biology and Anatomy, The University, 
Sheffield S10 ZFN, quoting Ref. R.31/G. dE 

(1 


UNIVERSITY COLLEGE LONDON 


Research. Team studying use of space and 
facilities in Universities developing complex 
mathematical models of timetabling and space 
needs requires experienced COMPUTER PRO- 
GRAMMER/SYSTEMS ANALYST. Applicants 
should be graduates (Mathematics background). 
Starting salary £1,800 to £2,000 depending on ex- 
perience. 

Applications, by Monday, January 20, 1969, 
to Unit for Architectural Studies, Bartlett School, 
University College London, Gower Street, d 

(137 


WEST MIDDLESEX HOSPITAL 
ISLEWORTH, MIDDLESEX 


BASIC GRADE BIOCHEMIST required. A 
wide range of experience and facilities for study 
for higher qualifications are available. Salary 
according to Whitley Council, pius London 
Weighting. 

Further information from, and applications to, 
the Consultant Chemical Pathologist, West 
Middlesex Hospital, Isleworth, Middlesex. 





UNIVERSITY COLLEGE OF WALES 
ABERYSTWYTH 
DEPARTMENT OF AGRICULTURAL 
BOTANY 


Applications are invited for the post of LEC- 
TURER /ASSISTANT LECTURER in the above 
Department from candidates with a special 
interest in either biological statistics or fungal 
genetics. Postgraduate experience desirable. 

Application forms are obtainable from the 
Registrar, to whom all applications should be 
sent by February 28, 1969. (157) 


MASSEY UNIVERSITY 
PALMERSTON NORTH, NEW ZEALAND 


JUNIOR RESEARCH OFFICER—PIG 
HUSBANDRY 


Applications are invited for this position from 
graduates in Agriculture or Agricultural Science. 

Salary $NZ2,500 to $NZ2,900 (by SNZIOO0) as 
from April 1, 1969. 

Further details and conditions of appointment 
are obtainable direct from the University or 
from the Association of Commonweakh Univer- 
sities {Branch Office), Marlborough House, Pall 
Mal, London, S.W.I. 

Applications close in New Zeaiand and London 
on February 7, 1969. (142) 











TWO LABORATORY TECHNICIANS (FULL- 
or part-time) are required by the Department of 
Physical Sciences to assist development and re- 
search work on the physical properties of 
materials used in dentistry. Salary scales : £373 
to £1,007 per annum plus London Allowance 
(commencing salary according to age, qualifica- 
tions and experience). Promotion to a higher 
scale is posible. Applicants shouid have “O7” 
level passes in physics and chemistry, '" A Y level 
(or equivalent) in physics, and appropriate labora- 
tory experience, unless straight from school, 
Facilities for further study in appropriate subjects. 

Applications to: The School Secretary. The 
Royal Dental Hospital, School of Dental Surgery 
ee of London), Leicester Square, London, 
W.C.2 (168) 
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RESEARCH ASSISTANT REQUIRED IN 
Department of Chemical Pathology, knowledge 
of gas chromatography useful. Salary on the 
scale £1,095 to £1,225.—Apply in writing to 
Professor J. N, Cuminsgs, Department of Chemi- 
cal Pathology, Institute of Neurology, The 
National Hospital, Queen Square, ee SO 
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COSMETIC CHEMIST 


Young, progressive Company in Caracas, 
Venezuela, requires an aggressive Cosmetic 
Chemist with formulation and production experi- 
ence. 

Send résumé and salary required to: Person- 
nel Manager, Apartado 6466, CAM 
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DEPARTMENT OF CHEMISTRY 


Applications are invited for the Chair of Or- 
ganic Chemistry. 

Two copies of applications, including the names 
of three referees, should be received not later 
ihan February 15, 1969, by the Registrar, Uni- 
versity College, Cathays Park, Cardiff, from 
whom further particulars may be obtained. 

E, R. EVANS, 
Registrar. 
(1 


UNIVERSITY OF GLASGOW 
ASSISTANT LECTURESHIP IN CHEMISTRY 


Applications are invited for the post of ASSIS- 
TANT LECTURER IN CHEMISTRY, Salary 
scale £1,105 to £1,340 per annum.  F.S.S.U. 
Applicants should have a background in radio- 
chemistry with experience in tracer techniques 
and an interest in studies of environmental pro- 
cesses, 

Applications (three copies), stating age, quali- 
fications and experience, and the names of two 
referees, should be lodged not later than January 
27. 1969, with the undersigned. 


ROBT. T, HUTCHESON, 
Secretary of the University Court. 


(109) 


MINISTRY OF AGRICULTURE 
(NORTHERN IRELAND) 


and 
THE QUEEN'S UNIVERSITY OF 
BELFAST 


A vacancy, due to retirement of Professor P, A. 
Linehan, will arise during 1969 for the combined 
post of : (2) Head of the Field Botany Division 
in the Ministry of Agriculture ; and (b) Chair of 
Agricultural Botany in the Faculty of Agriculture 
of the Queen's University of Belfast. 

Appointments will be made within the scale 
£3,850 to £4,400 and there is a non-contributory 
pension scheme. 

Application form and further details from 
Secretary. Civil Service Commission, Stormont, 
Belfast, BT4 3SZ. Closing date February 28, 
1969. Please quote §.B.130/68/64. (103) 


UNIVERSITY COLLEGE OF 
RHODESIA 


Applications are invited for the post of 
DIRECTOR OF THE INSTITUTE OF MINING 
RESEARCH which has been recently established. 
The appeciatee will be involved in the detailed 
planning and operations of the Institute, which 
will initially focus its attention on the two main 
fields of ecenomic geology and extractive metal- 
turgy. Salary scale (Professorial) (Rhodesian cur- 
rency-—present exchange rate £6 Rhodesian = £7 
sterling), £3,900 to £4.680 per annum. Family 
passages; sabbatical and biennial visits with 
travel allowance. Superannuation. Detailed 
applications (6 copies), naming 3 referees, by 
February 24, 1969, to Inter-University Council, 
90/91 Tottenham Court Road, London, W.1, 
from whom particulars are available, (160) 
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TECHNICIAN (MALE) REQUIRED BY THE 
Plasma Fractionation Laboratory of the Oxford 
Haemophiia Centre for work on the preparation 
from human Wood plasma of therapeutic 
materials used in the treatment of patients suffer- 
ing from defects of blood coagulation, National 
Certificate or LS.T. qualifications in chemistry 
or biology and several years’ experience in 
separation of natural products, or in aseptic 
handling techniques, would be an advantage. The 
appointment would be to the staff of the Lister 
Institute. Salary scale £890 to £1,130 per annum. 
Apply to The Secretary, Oxford Haemophilia 
Centre, Churchill. Hospital, Oxford, OX3 71J. 

(172) 

(TECHNICIAN REQUIRED FOR PLANT 
biochemistry work in Botany Department, Half 
Moon Lane, S.E.24. Salary within scale £692 to 
£1,007 ples £75 London Weighting.—Apply in 
writing, giving age and experience, to the Head 
Cierk Ref, 2436), King's College London, Strand, 
W.C.2. (175) 





UNIVERSITY OF DURHAM 
CHAIR OF CHEMISTRY 


The University wishes to make an appointment 
to the established Chair of Chemistry which has 
become vacant on the resignation of Professor 
G. E. Coates. The University would welcome 
the opportunity to extend the research fields in 
the Department of Chemistry in one of the 
following directions: synthetic inorganic cbem- 
istry, catalysis and surface chemistry, thermo- 
chemistry, inorganic equilibria and kinetics, and 
structural chemistry. The appointment will 
made from October 1, 1969 or such other time 
as may be arranged, and the salary will be in 
accordance with the Professorial scale (£3.675 
per annum by £210 every two years to a maxi- 
mum of £4,515 per annum), together with 
F.S.S.U. 

Applications (three copies) together with the 
names of three referees, should be sent not later 
than February 14, 1969, to the Registrar and 
Secretary, Old Shire Hall, Durham. (9) 
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ROTHAMSTED EXPERIMENTAL 


STATION 
HARPENDEN, HERTS 

ORGANIC CHEMIST to work on syntheses 
of insecticidally active compounds. Appointment 
for one year only. Salary up to £1,500 a year, 
depending on age, qualifications and experience. 

Reply in writing to the Secretary, quoting 
Reference 1051/100. (174) 








LECTURES AND COURSES 





UNIVERSITY OF EDINBURGH 
DIPLOMA IN PLANT TAXONOMY 


The postgraduate course leading to a Diploma 
in Plant Taxonomy will run from October I, 
1969, to the end of June 1970. It will be given 
in conjunction with the Scientific Staff of the 
Royal Botanic Garden and will provide a special- 
ised training in the aims and methods of taxo- 
nomy, Students who reach a sufficiently high 
standard in the Diploma will be eligible (subject 
to satisfactory financial arrangements) to proceed 
to a further two years’ research leading to a 
Ph.D. Applicants should have an Honours De- 
gree in Botany or equivalent qualification, British 
candidates may apply for Advanced Course 
Studentships awarded by the Science Research 
Council, 

Further particulars and form of application 
may be obtained from the Professor of Botany, 
University of Edinburgh, The King's Building, 
Mayfield Road, Edinburgh, 9. (99) 


TECHNIQUES' TRAINING 
COURSE 

IN 

BIOCHEMISTRY 


The Department of Biochemistry, 
University of Strathclyde proposes to run 
a short course in Biochemical Techniques 
commencing April I4, for a total of 12 
weeks. The Course is divided into three 
segments of four weeks, each of which 
may be taken individually, and is designed 
to meet the needs of Industrial Concerns, 
for training of Technical and Research 
Staff in modern Biochemical Method. 
The Course is supplemented by Lectures in 
Biochemistry. 


Fees: £150/month, exclusive of 
accommodation. 


Further details and Application forms may 
be obtained from Professor P. J. Heald, 
Ph.D.. D.S., F.R.S.E., Department of 
Biochemistry, University of Strathclyde, 
George Street, Glasgow, C.L (133) 
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UNIVERSITY OF ABERDEEN 
M.SC. IN MEDICAL PHYSICS 


Applications invited for places in 12 months’ 
intensive course in application of physical 
methods in medicine commencing October 1. 
Excellent preparation for studemts wishing a 
career in medical or hospital physics. Depart- 
ment internationally known for its work. S.R.C. 
support may be available for suitable candidates. 

Further information from Professor J. R. Mal- 
lard, Department of Medical Physics, University 
of Aberdeen, Tel.: Aberdeen 23423, ext. 2499, 

73) 


UNIVERSITY OF LONDON 

M.SC. DEGREE IN RADIATION BIOLOGY 

Applications are invited for a one-year course 
in Radiation Biology leading to the M.Sc. De 
gree of the University of London. The next 
course will commence in mid-September 1969. 
and will be organized by the Medical Schools of 
Guy's, the Middlesex, Royal Free and St. Bar- 
tholomew's Hospitals. Apolicants must hold an 
Honours Degree in a physical or biological sub- 
jet or an appropriate medical qualification. 

Further information and application forms may 
be obtained from Dr. N. E. Gillies, Department 
of Biology as Applied to Medicine, The Middle- 
sex Hospital Medical School, Cleveland Street, 
London, WIP 6DB. R is expected thar Ade 
vanced Course Studentships will be available for 
suitably qualified candidates. (143) 


UNIVERSITY COLLEGE LONDON 
DEPARTMENT OF BIOCHEMISTRY 
M.SC. COURSE IN BIOCHEMISTRY 


Course provides comprehensive survey of 
logy at molecular level, including structure and 
function of biological macromolecules, mecha. 
nism of enzyme action, regulation and integration 
of intermediary metabolism, molecular genetics, 
and biochemistry of subcellular — particies, 
Modern biochemical techniques form basis of 
extensive laboratory work involving short te- 
search project, Limited number of grants aval 
able to enable students from U.K. to attend this 
course. Normal closing date for applications for 
the session 1969-70 is February 25, 1969. 

Further information from the Secretary, 
partment of Biochemistry, | University 
London, Gower Strect, WC. T. 
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PSYCHO-ANALYSIS 

Six * Winter Lectures 1969 ° weekly 
for February 11) by Members of The 
Psycho-Analytical Society. 

First Lecture: 

= THE PSYCHO-ANALYTIC VIEWPOINT" 
by E. Brenman, M.B. BS, DPM. on Tues 
day, January 21, 6.30 pm, at the Porchester 
Hall, Porchester Road, London, W.2, 

Tickets (£2 for course or 8s. a iecture : students 
10s. for course, or 2s. single lecture) and gro- 


fexcepnt 
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gramme from E. H. Wedeles, M.D., 63 New 
Cavendish Street, W.1, or at the lectures, 
(132) 


UNIVERSITY COLLEGE LONDON 


FREE PUBLIC LECTURES, SPRING TERM 
1969 
Monday, January 26, 27, at 58 pm. (D 


" Mechanochemical and Osmotic Basis of Energy 
Transduction in Mitochondria " ; (2) " Energized 
Jon Translocation in Chloroplasts: a Unified 
Hypothesis of Membrane Structure. and Func 
tion," by Dr. Lester Packer. 

Monday and Thursday, February 24, 27, at 
S pm, “The Reactions of Myoglobin and 
Haemoglobin with Ligands,” by Professor Eraido 
Antonini, 

Tuesday, January 28, at 5.30 pom. " Neuron 
Circuits in the Dorsal Horn of the Spinal Cord," 
by Professor J. Szentágothai. 

Complete list of public lectures from Publica- 
tions Office, University College London, Gower 
Street, W.C.] (stamped. envelope required}. 
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GRANTS & SCHOLARSHIPS 





DALHOUSIE UNIVERSITY 


DEPARTMENT OF PHARMACOLOGY 
HALIFAX, NOVA SCOTIA, CANADA 


Applications are invited from students with 
training in chemistry, biology, biochemistry, 
physiology or medicine for graduate training and 
post-doctoral research in pharmacology, The 
Department provides oppor unities for advanced 
study and research leading to the degrees of 
M.Sc. and Ph.D. in addition to post Ph.D, and 
post M.D. research. The interests o£ the depart- 
ment include adrenergic pharmacology, drug 
metabolism, cardiovascular electro-phütmacology, 
CNS pharmacology, and the subcellular localiza- 
tion of pharmacologically active substances. 
Graduate Scholarships are available in amounts 
up to $4,000. Izaak Walton Killam Memorial 
Scholarships are offered to outstanding students 
in amounts up to $5,506. 

Address all inquiries to: Chairman, Depart- 
ment of Pharmacology, Dalhousie University, 
Halifax, Nova Seotia, Canada. (5 














UNIVERSITY OF MANCHESTER 
INSTITUTE OF SCIENCE AND 
TECHNOLOGY 
DEPARTMENT OF POLYMER AND 
FIBRE SCIENCE 
RESEARCH IN THE USE OF NON-AQUEOUS 
SOLVENTS IN TEXTILE PROCESSING 

Research grants are available for fundamental 
studies in the dyeing and chemical finishing of 
textile materials from non-aqueous solvents. 
This is a new development requiring the appli- 
cation of both physical and organic chemistry 
and having important industrial possibilities. 

Recipients of the grants, which are of the 
value of £530 per annum plus fees, will be ex- 
pected to work for a higher degree. Applicants 
should hold a good honours degree or its equiva- 
lent, or expect to obtain this qualification in 
the summer of 1969. Work can be started at 
any date up to October 1, 1969, by agreement 
with Professor iR, H. Peters, to whom all in- 
quiries should be addressed: P.O. Box 88, Manm- 
chester, M60 10D. (97) 
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THE NUFFIELD FOUNDATION 
FOOD SAFETY TRAINING 
SCHOLARSHIPS 


(FOOD TOXICOLOGY—THE BIOLOGICAL 
EFFECTS OF THE CHEMICAL AND 
PHYSICAL TREATMENT OF FOOD) 


The Nuffield Foundation offers annually up to 
five scholarships for science graduates and three 
scholarships for medical or veterinary graduates, 
to help advance fundamental research into the 
human biological effects of the chemical and 
physical treatment of foods. The awards, tenable 
for periods of up to four years, are intended to 
provide research experience to Ph.D. level, to- 
gether with formal training in selected subjects, 
with special reference to pathology, toxicology, 
biochemistry, bacteriology or pharmacology. The 
value of the awards will be fixed according to 
age, qualifications and experience, and can be 
supplemented by the amount of fees, marriage 
and child allowances, and in appropriate cases, 
research expenses. The scholarships arc open to 
men and women holders of a science, medica! 
or veterinary degree. of a U.K. or other Com- 
monwealth university. 

Applications should be submitted by March 1, 
1969. Further particulars and forms of applica- 
tion are available from the Nuffield Foundation, 
Nuffield Lodge, Regents Park, London N.W.1. 


INSTITUTE OF SCIENCE AND 
TECHNOLOGY 
RESEARCH IN CHEMISTRY 


Post-doctoral grants tenable from October 1, 
1965, and ranging in value to £1,500 per annum, 
are available for work in aliphatic, aromatic or 
heterocyclic fluorine chemistry, organosilicon 
chemistry, organic photochemistry, or carbanion 
chemistry. 

Research grants are available for British stu- 
dems at post-Grad. R.LC., post-Dip Tech. level 
for research in any of the above-named topics 
and the following. Grants available range from 
£850 to £900 per annum. 

Organometallic Chemistry 
Metal Carbonyls 

‘Inorganic Polymers 
Organophosphorus Chemistry 
Organic Reaction Mechanisms 
Polymer Synthesis 

Oxidatien Reactions 
Organo-sulphur Chemistry 

Free Radical Chemistry 
Synthetic Organic Chemistry 

Applications should be addressed, as soon as 
possible after the appearance of this advertise- 
ment. to Professor R. N. Haszeldine, FRS. 
Department of Chemistry at the Institute, P.O. 
Box 88, Manchester, M60 10D. (96) 





FOR SALE AND WANTED 







WM. DAWSON & SONS LTD. 
“ Back Issues Department, 
16 West Street, Farnham, Surrey, 


England. 

Tel.: Farnham 4664, 
Offer top prices for: 
BACK RUNS OF JOURNALS 
IN SCIENCE AND THE HUMANIS 














FELLOWSHIPS AND 
STUDENTSHIPS 


UNIVERSITY OF LIVERPOOL 


Applications are invited for UNIVER- 
SITY NUCLEAR PHYSICS RESEARCH 
FELLOWSHIPS. Candidates should be of 
Ph.D. standard, with special aptitude for 
research in high or low energy nuclear 
physics. The Fellowships are tenable year 
by year for not more than three years, at 
an emolument within the range £700 to 
£1,400 per annum, together with F.S.S.U. 
benefits under certain circumstances. 

Applications, three copies, stating age, 
details of qualifications and experience, 
publications, research work in progress and 
completed, together with the names of two 
referees, should be received not later than 
March 1, 1969, by the Registrar, The Uni- 
versity P.O. Box 147, Liverpool, L69 3BX, 
from whom further particulars may be 
obtained. (Candidates overseas who find 
it more convenient to do so may send one 
copy only, by airmail.) Please quote Ref.: 
RV/773/]N. (101) 





UNIVERSITY OF YORK 
DEPARTMENT OF BIOLOGY 


POST-DOCTORAL FELLOW 


A person of post-doctoral status (or with 
appropriate experience) is required to participate 
in a research project to investigate the structure, 
formation, and metabolism of the iron-protein 
complex, phytoferritin, in leguminous seeds. The 
successful candidate will preferably have had 
previous experience in biochemical techniques 
associated with the isolation and characterization 
of subcellular components, and will collaborate 
with Dr. A. W. Robards in studying the com- 
plex by electron microscopical methods. The 
starting salary will be on the scale £1,105 to 
£1,260, with F,S.S.U. 

Four copies of applications, naming three 
referees, should be sent by February 7, 1969, to 
the Registrar, University of York, Heslington, 
York YO SDD. from whom further particulars 
may be obtained. Please quote Ref. No. 69/ 
Lc. (116) 


UNIVERSITY OF 
MANCHESTER 


TURNER AND NEWALL 
RESEARCH FELLOWSHIPS 


Applications are invited for the above 
Research Fellowships founded by Messrs. 
Turner and Newall Ltd., tenable in the 
University and available for research in 
Engineering, Inorganic Chemistry, Physics 
and allied subjects. Appointments will 
normally date from October 1, 1969, for 
two years. The value of the Fellowships 
will normally be within the range of £1,155 
to £1,365 per annum according to qualifi- 
cations and experience, with membership 
of the F.S.S.U, in appropriate cases. Fur- 
ther particulars and application forms (re- 
turnable by February 11, 1969) from the 
Registrar, the University, Manchester M13 
9PL. Please quote Ref. MIROIR ; 
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UNIVERSITY OF LIVERPOOL 


Applications are invited from three 
LEVERHULME POSTGRADUATE FEL- 
LOWSHIPS, two in the Faculty of Science 
and one in the Faculty of Engineering 
Science, tenable for one year at a value 
between £700 and £1,400 and renewable 
for a second year. 

Applications, three copies, stating age, 
details of qualifications and experience, 
publications. research work in progress and 
completed, and an outline of the proposed 
ficid of research, together with the names 
of two referees, should be received not 
later than March 1, 1969, by the Registrar, 
The University, P.O. Box 147, Liverpool, 
L69 3BX, from whom further particulars 
may be obtained. Please quote Ref.: RV/ 
TISIN., (00) 
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NEW ZEALAND NATIONAL 
RESEARCH ADVISORY COUNCIL 


RESEARCH FELLOWSHIP IN 
MYCOTOXIC DISEASE 


Applications are invited from scientists with 
interests in biochemistry, experimental pathology, 
or microbiology for a Research Fellowship in 
Facial Eczema, Facial eczema is a mycotoxic dis- 
ease of ruminants characterised by diver injury 
and photosensitization. It can cause serious 
losses in animals and production. The toxic 
agent responsible is sporidesmin, a metabolite of 
the fungus Pithomyces chartarum which contami- 
nates pastures in New Zealand under suitable 
weather conditions, when the toxin is acquired 
by the grazing animal. 

The appointee will work in close association 
with the existing groups at Ruakura Agricultural 
Research Centre. In relation to his interests and 
experience he will be free to choose an aspect 
for study from a broad field——e.g., deranged 
enzyme systems, detoxification mechanisms, in- 
flammatory reactions of animal tissues, electron 
microscopy, sporidesmin biosynthesis by the 
fungus, microbial ecology of pasture plants. 

Good facilities are avallable for biochemical 
or mycological techniques and for experimental 
pathology including tissue culture and electron 
microscopy. Adequate supplies of laboratory and 
farm animals are available. 

Fellowships are normally for a period of from 
2 to 4 years with the right, by agreement, to 
remain at the end. The emolument wil be up 
to $NZ8,200 a year depending on scientific merit. 
The emolument is taxable.  $NZIl is approxi- 
maiefy 9s, dd. sterling or $USI.12. If applic- 
able, the employers contribution to a super- 
annuation scheme will be paid. If reciprocal 
social security between the Fellow's country and 
New Zealand does not apply a medical insurance 
premium will be paid. 

A grant equivalent to return economy-class air 
fares from the Fellow's home to New Zealand 
will be paid. Hf the Fellow’s wife and family 
accompanies him a grant equivalent to their re- 
turn fares will also be paid. A grant will be 
made towards the cost of transport of personal 
effects, While in New Zealand reasonable travel- 
ling expenses incurred in connection with the 
research work will be paid. Housing is available 
for a married Fellow. 

Further details and application forms are avail- 
able from: The Director, Ruakura Animal Re- 
search Station, Private Bag, Hamilton, New 
Zealand. 

Applications close with The Secretary, National 
Research Advisory Council, P.O, Box 8004, 
Wellington, New Zealand, on April 30, 19069, 
(123) 


UNIVERSITIES OF DURHAM AND 


NEWCASTLE UPON TYNE 
TURNER AND NEWALL FELLOWSHIP 


Applications are invited for the Turner and 
Newall Fellowship tenable for two years in either 
of the Universities of Durham or Newcastle upon 
Tyne from October 1, 1969, or from such earlier 
date as may be arranged, and available for re- 


search in applied mathematics, engineering, 
chemistry, geology, medicine, metallurgy, 
mineralogy, physics, or related technologies. 


Candidates should not be more than 28 years 
of age on taking up their Fellowship. and must 
hold the Ph.D. degree or have equivalent re- 
search experience. The initial stipend will de- 
pend upon qualifications and experience, but will 
normally be within a range beginning at £1,175 
per annum, together with F,S.S,U. benefits. 
Further particulars and application forms avail- 
able from the Registrar of the University of 
Newcastle upon Tyne, 6 Kensington Terrace, 
Newcastle, 2, with whom applications should be 
lodged not later than February 14, 1969, (121) 


UNIVERSITY OF CAMBRIDGE 
BROODBANK FELLOWSHIPS 


Managers of the Broodbank Fund for further- 
ance of research in biochemistry or biophysics 
with special reference to the Principles and Prac- 
tice of Pood Preservation invite applications for 
Broodbank Fellowships for full-time research at 
Cambridge Cor in part elsewhere with Managers’ 
consent). Period of tenure at Managers’ discre- 
tion. Stipend in range £1,050 to £2,000 accord- 
ing to qualifications and experience. Grants in 
aid of research expenses. Applications should 
state candidate’s date of birth and career and 
outline proposed research indicating fits relevance 
to the principles and practice of food preserva- 
thon. Copies of or references to papers pub- 
lished and names and addresses of at least two 
referees should be given. 

Full particulars from the Registrary, Univer- 
sity Registry, Cambridge ; applications to reach 
him by February 28, 1969. (171) 
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Finite Differences 


Did you know ? . . . that 


eX =: [--x 





| —x 














This is a simple consequence of Thiele's theorem, 
itself the basis of an important method for numerical 
interpretation involving the reciprocal differences. 
The treatment of this topic in The Calculus of Finite 
Differences by Professor L. M. Milne-Thomson remains 
one of the outstanding features of that distinguished 
book, first published in 1933. 

The technique based on reciprocal differences is a 
systematic way of interpolating between given values 
of a function. Thiele's theorem makes it possible to 
represent the function concerned by some rational 
function which is particularly suited to interpolation. 
For many informal uses but also in machine calcula- 
tions of various kinds, it has considerable advantages. 

But this is only one of the reasons why finite dif- 
ference techniques should not be forgotten. They 
are, of course, the basis of much of the numerical 
analysis carried out in engineering applications. They 
are also a natural development of the method of fluxions 
which Newton first invented. 

Professor Milne-Thomson's book remains, after 
nearly a quarter of a century, the only comprehensive 
treatment of the subject. 


The Calculus of Finite Differences by L. M. 
Milne-Thomson, £2 10 


Other classical mathematical works from Macmillan... 


A Treatise of Differential Equations by 
A. R. Forsyth, £1 15 


Theoretical Hydrodynamics by L. M. Milne- 
Thomson, Fifth Edition, just published, £5 5 


Theoretical Aerodynamics by L. M. Milne- 
Thomson, £3 10 
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Energy & Entropy 


“Think of a truck on rails at the top of an incline. By 
means of ropes and pulleys the tendency of the truck to 
move can be harnessed to lift heavy weights from one 
floor of a building to another, for example (or to turn 
the armature of a dynamo). The movement of the 
truck can naturally be made to do different amounts of 
work by lifting different weights: the lighter the 
weight, the faster the truck will move down the 
incline—the greater its kinetic energy. There is, 
however, an upper limit to the amourt of work it can 
do, and this can be measured in terms of the weight 
that just balances it. A very slight reduction in this 
weight will allow the truck to move very slowly down 
the incline (with very little kinetic energy), doing an 
amount of work very near to the max:mum work. By 
slightly increasing the weight the truck can be pulled 
slowly back up the incline. For this reason, when the 
tendency to change is harnessed to the maximum 
extent the system is said to be operating reversibly, 


“The extension of these ideas to chemistry is not as 
difficult as it seems at first sight. Just 2s with physical 
changes, spontaneous chemical processes can in 
principle be opposed and even reversec by the applica- 
tion of suitable forces. When the chemical change is 
only just allowed to proceed in the natural direction 
the (maximum) work done against the applied forces 
measures the tendency of the change to take place. 
Quantities called chemical potentials, mepresented by 
the symbol yu, have just the properties required for 
putting this idea on a numerical basis." 


This passage is the starting point for the illuminating 
argument with which Dr H. P. Wyatt constructs his 
system of chemical thermodynamics. 


Energy and Entropy in Chemistry by 


P. A. H. Wyatt, £1 10 


Other books in the series Topics ir Physics and 
Chemistry... 


Laser Light by C. C. Eaglesfield, £1 10 





Masers and Lasers by J. S. Thor», £2 2 
Solid State Physics by H. Clark. £2 
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Heathway Glassworking Lathe of the latest design with 
the following new specification for Colour Television | 


aise: 


* New wide bed section 
* Spindle speeds infinitely variable 


* 6 splined main drive shaft completely covered 
by bellows 


* Electric clutch to disengage tailstock 


May we send you details of our range of lathes and equipment 


Write or phone 


The HEATHWAY MACHINERY CO., LTD. 
UXBRIDGE ROAD, HILLINGDON, MIDDX 
TEL. UXB 36345/6 . GRAMS: HECO UXBRIDGE 





Or contact one of our Overseas Agents : Canada: Nortel Manufacturing Ltd.--Scarborough, 
Ontario. France: P, Foulon—Paris. Holland & Belgium: A, Bruyaux— Amsterdam. Australia: H, B. 
Selby. Scandinavia: — Kebo—Stockholm. U.S.A.: Bethlehem Apparatus—Hellertown PA, 
Switzerland: Ernst Keller--Basle. Germany: Hahn & Kolb--Stuttgart. 
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These days, over £15,000 is a lot of money to 
raise for a fast scanning mass spectrometer: 


That's why EDWARDS HAVE PRODUCED 
THEIR NEW 60° FAST SCANNING MODEL 
TO SELL AT £7,500 COMPLETE 





Features 
Mass range up to 350 a m.u WE Masses 1 to 25, or 2 to 50, or 12 to 200, or 26 to 350 can be scanned in 


. O-1s. Exponential scan gives constant peak widths and rise time, 
complete mass separation WM Versatile unit can be used as a conventional analyser for injected samples 


e.g. continuous analysis of gas chromatography eluted fractions 


at mass 200 "on ow or can be adapted to nude source instrument for 'in system' analysis. 


Until now if you were interested in WM Variety ofsempleiniet systems, | | 
WB Head with electronic contro! system available separately for nude 
the mass range up to 350 a.m.u. and a dM on. 
fast scan was essential you had a Wi Asa nude source analyser, the instrument has an unequalled 
reasonable choice and only one prob- performance/cost rating. 
lem—raising about £15,000. Edwards B Stainless steel head. bakable to 350°C. Robust rigid construction 
i : , f ensures reproducible results even after baking. 

new 60° fast scanning mass spectro- W Partial pressure sensitivity 10-'? torr nitrogen equivalent with O-1s 
meter adds to the choice and reduces scan, 10°'4 torr with slow scan. 
the problem by half. Two good reasons W Controlled filament warm up and current limiting circuits prolong 

: i t ife, S Ch ISS} t é ant filam 
for requesting our 12pp brochure. filament life, Space charge emission control means constant filament 


temperature. 
Wi fon source can be OPERATED up to 250°C. 
W Easily demountable spectrometer head for simple maintenance. 


Edwards Edwards Instruments Limited 4 member of the BOC group 


4 S$ pid Manor Royal, Crawley, Sussex, England A 
"us : Telephone Crawley 28844 Telex 87123 Edhivac Crawley 
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A new research microscope... 
the Standard RA 


You'll never know ease of focusing 
until you turn the fine- focusing 
control on the "RA". li operates 
throughout the entire range of 
stage movement. No backlash. 

No annoying stops. 


We have added a large new 
rectangular base for solid 
stability. The new light grey 
finish is easier to clean, more 
corrosion-resistant. We couldn't 
improve the optics nor the silken 
ease of the mechanics, nor 
expand on interchangeability for 
which all Zeiss microscopes are 
noted. No one can. So we have 
maintained them. 


Se oo v 


-ull details from Cari Zeiss at 
P". Degenhardt & Co. Ltd., Carl Zeis: 
p House, 31-36 Foley Street, 
ai London W1. 
01-636 8050 (15 lines) 


[4 HJegenhardt - 
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CIRCON -controls a situation 


Circon converts almost any vessel to a thermostatically controlled waterbath. 


Range: ambient temperature to 90°C. 
Accuracy: within + 0.05°C. 

Capacity: unlagged tanks up to 91 litres. 
Minimum water level: 14cm. 


i 


Pump output: 12 li res/minute within waterbath 


5 litres/minute against 61cm. head of water. : 
Dial-a-temperature control. || 


The “Circon” will circulate temperature controlled water through external equipment 
whiist stirring and maintaining the temperature of the waterbath. 


Price £30 (standard) Cat. No: 329/0025. Ask for leaflet 7172. 
Write or 'phone for further information. 





LIMITED 





PRECISION EQUIPMENT MANUFACTURED BY BAIRD & TATLOCK (LONDO 


EE 


Baird & Tatlock (London) Ltd., Chadwell Heath, Essex, England. Tel: 01-590 6081 
Member of Tarmac Derby Limited Telex: 24225. Cables: Barette, Romford. 


TAS/BT.204 
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| Amino Acids, Derivatives, 
: Related Compounds 
: Antimetabolites, Biologically 
Active Compounds 
Carbohydrates, Related Products 
Coenzymes, Analogs 
. [|  Deoxyribonucleosides 
| Deoxyribonucleotides 
. | Enzymes 
Enzyme Inhibitors 
: Enzyme Substrates 
Nucleic Acids 
Peptide Intermediates 
Polyribonucleotides 
Purines and Pyrimidines, Bases 
: and Derivatives 
. [ Ribonucleosides 
1 Ribonucleotides 
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isotopically labeled. 





2. A Product Analysis Report with each 
shipment which gives you all the quality 
control data pertaining specifically to the 
material you receive. And — when 
appropriate — we include a most revealing 
radiochromatogram with 0.5% sensitivity. 
This precise evidence of quality enables you 
to use all of your time for research. (We'il 


take care of the quality control chores.) 


3. A further assurance of the quality of our 
radiochemicals: our continuous reassay 
program. Every batch of every radiochemical 
in the house is reassayed at appropriate 
intervals. Any batch showing a breakdown in 
excess of 396 is withdrawn from stock for 
repurification. No maybes. (And whenever a 
lot has been repurified and reassayed, these 
new data too are included on the Product 
Analysis Report that you receive.) 


4. More information. Check the categories in 
the left-hand column that interest you and 
mail us this page (or copy of same) with 
your name, address, and zip code. Please 
address your request to department 107 N, 
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comprehensive multidisciplinary | 
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the possibilities with you 
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Randall R. Graham, Market. 
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This system has been tested and 
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neering and medicine. 
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afford to be without such a serv ce) 


" | ISI will lease not only its comp ete 
B Magnetic Tape file—covering well 


over 10,000,000 bibliographic cita- 
tions (after 9,999,999 who ke3ps 
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software system-a series of com- 
puter programs developed and de- 
bugged at a cost of millions of 
dollars (after $999,999 Hee keeps 
counting). 
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withstand temperatures up to 200°C. 
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and applications, 


4 Shakespeare Road, 
Finchley, 

London, N.3. 

Tel: 01-349 9241 


JEOLCO (U.K.) Ltd. 











See this instrument at the new JEOLCO 
(U.K.) Demonstration Cencre 


Many of the unique design features o* the pace-setting 
JEOL N.M.R. spectrometers will be foand in the 
MINIMAR. The magnet unit is of compact size, 
lightweight and all solid state circuitry A new sample 
probe incorporates unique field-lock casign. Upon 
insertion of sample into probe, the field is instantaneously 
locked and held for periods of long duration without 
requiring any manual control. 

This is the only low-cost N.M.R, Specirometer 

which incorporates the following outstanding features 
in the basic instrument without additienal cost: 


W Field/frequency lock 


E Frequency sweep homonuclear double 
resonance facilities 


M Variable sample temperature 0 C to 86° C 
W internal and external lock 
B Full size, flat bed recorder 


E Easy to operate control panel (see above 
photograph) 


in addition to these features JEOL offer an inexpensive 
S/N booster for sensitivity enhancement which can 

be incorporated into any of our spectrometers, 

including the MINIMAR, This latest addition to our range 
of N.M.R. spectrometers makes possibie routine 
measurements by persons of less technological 
orientation and education than requiree with 

present N.M.R, instruments. 

Why not ask for additional information or a 

demonstration ? 





The range of JEOL research equipment .ncludes: 


Computers, Nuclear Magnetic Resenance 
Spectrometers, Electron Spin Rescnance 


Spectrometers, Mass Spectrometers, 
Amino Acid Analysers, High Voltage, Metallurgical, 


Biological and Compact Electron Microscopes. 
Electron Probe Microanalysers anc Scanning 
Microscopes. 
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PUBLISHING CORPORATION 


Free sample copies of these 
journals available upon request 
from: 


Plenum Publishing Co., Ltd., 


Donington House, 
30 Norfolk Street, - l l 
London, W. C. 2. (Tel, 01-836 5238) 
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~NEW AND 
FORTHCOMING TITLES 


Germ-Free Biology 


Experimental and Clinical Aspects 


Volume 3 of Advances in Experimental Medicine and Biology 

EDITED BY E. A. MIRAND 

Associate Institute Director, Roswell Park Memorial Institute, Buffalo, N.Y. 

AND N. BACK 

Department of Biochemical Pharmacology, School of Pharmacy, State University of New 
York at Buffalo 

Presents the most recent developments in the use of gnotobiotics and studies related to 

patient care. Papers discuss advances in the fields of leukemia, carcinogenesis, disease 

resistance and immunological response. Use of gnotobiotic technology in establishing 

animal and tissue culture cell lines and the nutrition of the gnotobiotes are covered. 

Approx. 388 pages PP February 1969 $22.50 £10 10s. 


In Preparation... 


Drugs Affecting Lipid Metabolism 


Volume 4 of Advances in Experimental Medicine and Biology 


EDITED BY WILLIAM L. HOLMES 

Director, Division of Research, Lankenau Hospital, Philadelphia, Pennsylvania 
LARS A. CARLSON 

King Gustaf Vth Research Institute, Stockholm, Sweden 

AND RODOLFO PAOLETTI 

Chairman, Institute of Pharmacology, University of Cagliari, Cagliari, Haly 


Doklady Biological Sciences 

EDITOR-IN-CHIEF: ACADEMICIAN A. I. OPARIN 

Director, Institute of Biochemistry, Academy of Sciences of the USSR 

This journal reports the latest research in cytology, embryology, endocrinology, evol- 
utionary, morphology experimental morphology, genetics, history, microbiology, and 
ohysiology. 

Annual Subscription (6 issues) 1969 $95.00/£40 75. 
Single issue $30.00/255s, Single article $15.00. 1275. 

(Please add $5.00/42s. for postage on subscriptions outside the United States.) 


Doklady Botanical Sciences 


EDITOR-IN-CHIEF: ACADEMICIAN A. I. OPARIN 

Director, Institute of Biochemistry, Academy of Sciences of the USSR 

Research reports range across general botany and discuss plant anatomy, embryologys 
biochemistry, biosynthesis, and photosynthesis. 

Annual Subscription (6 issues) 1949 $50.00/£21 5s. 
Single issue $15.00/127s. Single article $7.50 64s. 

(Please add $5.00/42s. for postage on subscriptions outside the United States.) 


Doklady Biochemistry 


EDITOR-IN-CHIEF: ACADEMICIAN A. l. OPARIN 

Director, Institute of Biochemistry, Academy of Sciences of the USSR 

Publishes articles on the effect of organic and biochemical compounds on plant and animal 
cells, biosynthesis and photosynthesis, and systems of biochemical reactions, 

Annual subscription (6 issues) 1969 $65.00/£27 12s. Single issue $30.00/255s. 

Single article $15.00/1275s. | 

(Please add $5.00 42s. for postage on subscriptions outside the United States.) 


Doklady Biophysics 

EDITOR-IN-CHIEF: ACADEMICIAN A. i. OPARIN 

Director, Institute of Biochemistry, Academy of Sciences of the USSR 

Publishes papers on all aspects of biophysics, with particular emphasis on the effects on 
cells and organs of high-energy and optical radiation, 

Annual subscription (3 issues) 1969 $50.00/£21 55, Single issue $30.00 255s, 


Single article $15.50/131s. "e " - VP 
(Please add $5.00/42s. for postage on subscriptions outside the United States.) 
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Because it combines the highest accuracy with 
complete versatility to make it the ideal 
spectrophotometer for research laboratories. 

The SP700 is a double-beam ratio-recording 
spectrophotometer for the ultraviolet, visible and near 
infrared regions of the spectrum——with near infrared 
coverage of up to 3.57 u (2,800 cm- ). A choice of 
linear wavelength (SP700A) or linear wavenumber 
(SP700C) is available. 

There are 5 scan speeds, 4 chart speeds, 

5 transmittance, 3 absorbance scales, and an energy 





scale for single beam work. All of which combine to 
make the SP700 one of the most versati.e 
instruments available, 

And accuracy ? Wavelength (wavenumber) accuracy 
is 0.05 nm at 200 nm (5 cm^* at 50,000 cmi), 
Then to ensure constant precision there is a 
multipotentiometer system to give accurate control of 
the baseline profile. 

We should like to convince you too about Pye 
Unicam's master instrument. VVrite or telephone today 
for our brochure, Better still, ask for a demonstration, 
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: microbiological reagents 
; and media 
THE ONLY COMPLETE LINE OFFERED IN U.K. 
Culture Media Peptones Requirements of the Bacteriologist, Bio- 
A EE, Hydrolysates chemist Biologist, Pathologist and Pharma- 
Asti Medi cologist can usually be met promptly from 
ONARE Amino Acids our extensive stocks. We shall always be 
Tissue Culture Media Pnsymes pleased to obtain other items specially to order. 
Serological Reagents eee Please send for the latest technical information. 
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MODEL LCO100 LABORATORY DIAMOND 
OR ABRASIVE WHEEL CUTOFF MACHINE 


Precision built cutting machine with high 
speed vibration free spindle. 

Maximum area of cut with 6 in. dia. cutting 
disc 6 in. x 2 in.; with 8 in. dia. 5 in. x 3 in. 
Wheel head cross traverse 2$ in. 

Hand wheel A adjusts this cross traverse and 
is calibrated in 1/10 mm. divisions. 

Wheel head vertical traverse 4i in. 

Area of slide table 6 in. x 5 in. This table has 
two tee slots for clamping specimens, vise or 
special fixtures. 

VISE UNIT can be clamped in two positions 
on the table. 

Maximum capacity 1i in. dia. 





OTHER EQUIPMENT : Rotary table 3j in. dia. adjustable through 360? calibrated in 


1? increments. 
Orientating stage this fits on the rotary table has a 1 in. dia. platform which can be inclined 


up to 45? in any direction. l 
Machine dimensions—Width 27 in., Back to front 29 in., Height 19 in, Weight 140 Ib. 


CUTROCK ENGINEERING CO. LTD. 


35, BALLARDS LANE, LONDON, N.3. Telephone FINCHLEY 5978 
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NATURE 
Keep off the Grüss 


THE committee under Baroness Wootton which reported 
last week on the use of cannabis in Britain (HMSO, 
7s 6d) is a curious mixture of courage—some say 
brashness—and timidity. It is understandable that 
the committee should have found it hard to steer a 
convincing line between the view that cannabis is, if 
anything, safer than tobacco and the view that it 
represents a hazard to society in its own right but the 
thin end of a very nasty wedge as well. The problem 
is difficult. The majority of the committee—only 
two dissenting voices out of eleven—settles for the 
argument thet cannabis should remain as at present 
an illicit material but that the penalties for possessing 
it should be made more flexible and, often, lighter. A 
reading of the report, however, will show that the 
sympathies of the committee lie somewhat on the 
permissive side of this position. In time, the committee 
implies, evervthing will be simpler, and then it will 
probably seem as sensible to put cannabis on public 
sale as it is now to allow people unrestricted access to 
tea and even coffee. "This is why the committee has 
already ineurred the wrath of Mr Quintin Hogg (who 
complains, with some justice, that not enough attention 
has been paid to purely legal matters). A more cogent 
complaint, however, is that the committee has failed 
tolay assure a foundation for the arguments of principle 
which should occupy the next few years. 

None of this should detract from what the committee 
has to sav about sentencing poliey. Whatever the 
rights and wrongs of cannabis smoking, whatever even 
the risks that cannabis may lead on to heroin, it is 
surely dangerous to perpetuate a system of penalties 
for possessing cannabis which fitfully bestows draconian 
penalties on à small proportion of the large number of 
people, most of them young, who are now to be found 
taking cannabis in one form or another. Although the 
number of people convicted of cannabis offences in 
Britain in 1967 amounted to nearly 2,500 (a quarter 
of whom were sent to prison), this is probably only é 
small fraction of those who made some use of cannabis, 
This is why the committee is right to draw attention 
to the breakdown of prohibition in the United States. 
That, too, was an occasion when legislation and police 
activity were unable to stamp out a social practice. 
The problem now should be to find ways of heading off 
similar troubles with cannabis, and a more moder ate 
sentencing policy should provide some breathing space. 

It is also important that nobody can be sure that 
cannabis is safe in the narrow sense of pharmacology. 
The report should have been more explicit here. 
Another problem is that there is no means of being 
sure that the use of cannabis will not lead on to heroin. 
The no Com bd. argues quite properlv that 
of the association between 
i a e herein do not prove that cannabis leads 
on to heroin. But this is not the same as saving that 
cannabis never leads people to heroin who would not 


otherwise have been made dependent on it-—this is a 
point which Professor W. D. M. Paton made cogently 
at the British Association last summer. Certainiv 
there is no evidence to predict how many heroin 
dependants there would be in Britaia if the Government 
were promptly to give in to those who ask that the use 
of cannabis should be legalized inwnediately, 





Pharmacological hazards may, however, be less 
forbidding than social hazards. To say that the 


legalization of cannabis would nct create problems 
more serious than those caused by the now soeially 
acceptable consumption of alcohol as not to say very 
much in support of legalization. The report points 
out that in Britain the "devil we know” led to the 
conviction of 70,000 people for drenkenness in 1966. 
Outright delinquency is not, however, the oniy danger. 
The real difficulty is to guess at the social consequences 
of widespread lotus-eating, for that is what it is. It 
would be wrong to think that the answers to these 
and similar questions would always argue against 
legalization. The point is merely t ale t iura is at present 
no means of knowing what the answers will be. This 
is why the most urgent need is for the Lud of sociologi- 
eal research which is likelv to prov:de some guidance 
in the years ahead when, in all probabilit v, familiarity 
with, though not necessarily regular use of, cannabis 
will grow. 

But why should not people be lctus-eaters if they 
wish to? And is it not therefore ar interference with 
personal liberty to deny a person cannabis if he is 
prepared to take the consequences, whatever they may 
be? This is the tip of a gigantic iceberg, and in spite 
of everything the philosophers have said about the 
nature of social interdependence, there is no wav of 
compelling silence if people want to go on arguing. 
The closest analogy with the claim fer legalized canna- 
bis, however, is the tendency for voung people 
assert their right to opt out of social eonventions which 
are usually accepted without much protest. It must 
surely be more than just a coincidence that cannabis 
looks a likely symbol for social aon-participation. 
And the trouble, of course, is tha: there are quite 
serious if unpleasant reasons why he indulgence of 
even liberal societies for the wishes of the potentially 
wayward is tempered by the hostility of those who are 
ready to conform. The pace of change is therefore as 
much determined by the ease with which the reform 
can persuade the more conventional to follow suit as 
by the rigour with which they can 
The Te is à ih way to go on 1 cannabis 

x cf legal problems 

w hich d e attention. Pa Br m n, the Wootton 
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The less obvious one is that the committee will seem 
like one of many pressure groups. Internationally, 
there are important questions about the operation of 
the international agreements, largely administered by 
agencies of the United Nations, on the traffic in cannabis 
and other drugs. "These require that there should be 
domestie legislation making it an offence for people to 
possess cannabis and other drugs. Although the 
objectives of these conventions, to reduce the inter- 
national traffic in the drugs, are as valid now as they 
have ever been, they are not really as flexible as cir- 
cumstances require, at least where cannabis is con- 


THE Ministry of Public Building and Works, through 
the Inspectorate of Ancient Monuments, supports a 
large part of British archaeology. In 1967, for example, 
it provided funds for eighty-three rescue excavations, 
ranging from major sites taking several years to 
excavate to small digs lasting two or three weeks. 
The scale of the ministry’s support of excavations has 
increased steadily over the past decade to a total of 
more than £125,000 a year, in part no doubt because 
of the increase in the rate of building developments 
which threaten important sites, but also because of 
inereasing awareness that archaeological sites are as 
much a part of the environment as rivers or woods. 
The majority of field archaeologists obviously have 
neither the funds nor the facilities for making detailed 
examinations of the majority of the objects that they 
unearth or to conserve them if they are sufficiently 
important. This is the responsibility of the ministry's 
Ancient Monuments Laboratory in London, which has 
become, in effect, the central clearing house for a 
sizable fraetion of newly discovered archaeological 
material. As such, the laboratory should, by rights, be 
one of the foremost centres in Europe and at the very 
least command the respect of British archaeologists. 
In fact, however, many field archaeologists are critical 
of the laboratory. What is the truth, and what needs 
to be done ? 

One of the chief complaints, and the most tangible, 
is that the laboratory takes too long to deal with the 
material which excavators send to it. One way and 
another, there seems to be substance in this charge. 
Some of the objects lying in the laboratory's store- 
room have been waiting there for anything up to ten 
years without being examined. The backlog of work is 
estimated at thirty man-years—three years flat out 
for the present staff employed on all the laboratory's 
functions. In practice, the laboratory tends to live 
from hand to mouth, paying most urgent attention to 
objects which would, by their physical nature, deterior- 
ate rapidly if they were left untreated and then, when 
there is a breathing space, to the Saxon finds on which 
the interests of a great many British archaeologists 
are at present centred. Even so, the backlog of work is 
growing, chiefly because of the way in which the number 
of productive sites has recently increased. In the 
circumstances, it is only natural that there should be 
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cerned. It is, for example, entirely possible that some 
governments might wish to resolve the contradictions 
inherent in a situation in which an illegal act is widely 
practised by seeking to licence the use of cannabis, 
much in the way or at least the spirit that aleohol is 
regulated through state shops in Finland, for example. 
It is even possible that such a device would limit the 
use of cannabis more effectively than the present 
uncertainties of the black market. It is unthinkable 
that Britain should ever abrogate the conventions, 
but issues like this will need to be thought about in 
good time. 


fears for the safety and even the continued existence 
of many of the objeets which have accumulated at the 
laboratory, stored as they are in the basement of an 
eight-storey building in a room thirty feet away from 
the boiler and innocent of air conditioning and humidity 
control. 

Why should this be ? There seems very little doubt 
that the immediate reason for the gulf between the 
responsibility of the laboratory and its capacity to 
shoulder it stems, in part, from a pitiful inadequacy 
of resources. The ministry itself must have recognized 
the need of improvement when it appointed the new 
director, Mr J. W. G. Musty, and inereased the total 
establishment of the laboratory from seven to eleven, 
But staff is hard to recruit at the salaries which the 
laboratory can pay, while the rooms in which this tiny 
establishment is housed are divided between West- 
minster and Lambeth, on the north and south bank of 
the Thames respectively. The budget on which the 
laboratory rubs along sounds rather like a joke— 
there is now £5,000 a year for equipment and £2,000 
a year for running costs. Although the laboratory no 
doubt profits indirectly from the way in which it farms 
out carbon-l4 analysis, pollen analysis and bone 
analysis to the National Physical Laboratory, the 
Government Chemist and some of the universities, 
there are many who will wonder how it can hope 
to keep in touch with the outside world on such a 
pittance. 

The most obvious inference is that there is very little 
relationship between the scale on which the laboratory 
is expected to function and the resources with which 
it is provided. Deciding just who should be blamed for 
this would probably be almost impossible. There is 
no doubt, however, that, as things are, a good deal of 
the money which the ministry generously spends on the 
support of archaeological investigations is squandered 
by parsimony at the laboratory. That is something for 
the cost-benefit people to worry about. For archaeo- 
logists, however, it is more serious that the value of 
much of the excavation carried out in Britain is being 
blunted by needless delay—archacology is, after all, a 
form of scholarship, not kleptomania—while the very 
existence of some of the finds is put in jeopardy. 

But could there ever be a state of affairs in which 
the laboratory could be confidently in command of 
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the flow of work? Will not the volume of new finds 
always increase so as to overwhelm the resources avail- 
able ? On the face of things, this would seem a sensible 
extension of Parkinsonism, and, even as things are, 
Mr Musty reckons that he must piek and choose be- 
tween potential candidates for detailed examination 
and eonservation. Sometimes only 10 per cent of the 
objects recovered from an excavation will qualify for 
special treatment. This discrimination, inevitable 
though it may be, raises all kinds of questions about 
the wisdom of the procedure. Is it right, or even wise, 
that the laboratory, the ministry and individual 
investigators should decide among themselves how 
particular objects should be dealt with? "There is a 
case for asking that the laboratory should work out 
a more manageable system of priorities than it has at 
present, and that it should do this more publicly. 
But what about research ? As things are, the labora- 
tory tends to take the view that it would be only too 
happy to undertake the great burden of working out 
methods of examination and preservation more suited 
to the spate of objects now flowing in its direction if 
only it had the time and effort. But this, of course, 
raises the whole question of what the laboratory is for. 
To begin with, it may have been a prudent device for 
making sure that amateur diggers would not ignorantly 
destroy the treasures they uncovered. There is probably 
still a need for central services such as carbon-14 dating 
and X.ray analysis, but there is no earthly reason to 
believe that qualified excavators, working in conjunc- 
tion with museums and universities, could not indi- 
vidually undertake the tasks of examination and 
preservation—indeed, these are as much a part of 
modern archaeology as is the analysis of data in the 
physical sciences. The laboratory itself could then be 
more free to undertake the kind of long-term work 
necessary to lay 
use of polymer materials for preservation or new kinds 
of photography (why not holography ?) for recording 
data. But even this, of course, is a job which could 
respectably be farmed out to a university or even per- 
haps to the larger museums. Dispersal along these lines 
would certainly be preferable to the present half-way 
house in which the laboratory exists. And if the 
ministry does not see fit to provide the laboratory with 
the money and the staff it needs to do its job respect- 
ably, it should at least give some serious thought to 
the Fulton-like possibility that the laboratory should be 
turned into a public corporation, paying its way with 
fees charged to investigators and owners for work done. 





Table 1 
1961-62 
Amount 
(£ million) Percentage 

Government 

Defence 93-2 14-2 

Civil 61-9 9-4 

Research councils 23-0 3-5 
Universities 32.4 4.9 
Public eorporations 2]:4 3:3 
Research associations 10-1 1-5 
Private industry 389-4 59-2 
Other 26-3 4-0 
Total 657-7 100 
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STATISTICS 
* = 9 + . +. ; 
Britain’s Science Expenditure 
ACADEMICS still fuming over Mr Aubrey Jones's claim 


that they do too much research should be discouraged 
from re ading the latest Statistics of Science and Tech- 
nology 1968 (HMSO, £1 2s 6d). They show, among other 
things, that the universities have taken a growing 
share of the research and development expenditure 
in Britain over the past five years. The university 
share (see table) has gone up from 4-9 per cent of the 
total to 7-1 per cent, though there is evidence that it 
has now stabilized at around this figure. Although this 
has happened during a period of rapid expansion, when 
there has been a growing number of university mouths 
to feed, academics can scarcely feel deprived. 

Although the total research and development budget 
has grown rapidly, a steadily decreasing peo portion of 
it is supplied from central government sources. The 
decline of the defence research budget, in partiċular, 
has had the effect of reducing the central government 
share from 57-5 per cent in 1961-62 to just over 50 per 
cent in 1966-67. During the same period, the propor- 
tion provided by private industry has increased mar- 
ginally, to 39-9 per cent, but the greatest increase has 
been shown by overseas sponsors of British research 
and development. The contribution under this head 
now amounts to £27-6 million, 3-1 per cent of the total 
budget. Although the defence research budget has only 
been holding its own, there does seem to have been a 
genuine switch of government resources into civil 
research. The amount spent in this way has more than 
doubled, from £135 million to £278 million in the five 
years between 1962 and 1967. Within the civil research 
expenditure, atomie energy has held its own at around 
£49 million a year, while all the other sectors have 
grown; the most dramatie growth is shown bv trans- 
port research, which has increased from a miserable 
£293,000 to a more reasonable £4-7 million. 

The statistics also say something about the exchange 
of information in the form of royalty transactions 
between UK companies and those abroad. The broad 
pieture is that Britain has a small surplus in what is 
called the technological balance of payments, with the 
deficit on the export of royalties to overseas branches 
and subsidiaries, associates and parents being slightly 
exceeded by the surplus on transactions with other 
concerns overseas. Total receipts in 1965 were £478 
million, while total expenditure was £45-9 million. 
Despite Britain's exclusion, the European Economie 
Community is a big buyer of British technology, 
spending £10-67 million on it in 1965, while Britain 
spent only £4-02 million in the EEC. West Germany 
spent the most, £434 million in 1965, and France 


DIVISION OF UK RESEARCH AND DEVELOPMENT BY PERFORMER 


1964-65 19866-67 
Amount Amount 
(£ milion) Percentage (£ million) Percentage 
194-6 2240 
b i 5 1 1-9 
72.7 0.4 
28-1 3.6 
55-9 72 62.3 1.1 
24-5 3-2 30-6 S5 
12-0 1-6 14-4 p 
467-0 60-5 560-5 863.5 
19-6 2.5 20.6 2.83 
11l:4 100 882-9 100 
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spent £2.13 million. But the chances are that these 
statistics are not entirely reliable—most countries 
somehow contrive to show themselves in a good light 
where statistics of this sort are concerned. 

Included in the tables are some further details of the 
choice of subject at school. In 1967, the numbers of 
pupils reading A-level studies in science fell by 1,000 
to 35,000. This was the second successive year in 
which the total has fallen by 1,000. The numbers of 
arts students inereased to 51,500, and those following 
à mixed eourse went up to 13,000, showing by far the 
most rapid rate of growth. 


ENGINEERING 


Cunard’s Shake-down 


Ir Cunard’s publicity department had been told that 
the first cruise of the Queen Elizabeth 2 would win 
front page stories every day for a week, it would have 
laughed aloud. Unfortunately it has been the wrong 
sort of publicity. For one thing, the QE 2 (like many 
another passenger ship) was lamentably unfinished 
when the “shake-down” cruise began. This was bad 
enough, but worse was to come. As the cruise pro- 
gressed, the two high pressure turbines began to run 
rough, and eventually the ship was forced to come home 
to Southampton at half speed. When the turbines were 
opened up, it was found that both had shed blades, 
although apparently without destroying the whole 
engine in the process. While workmen finish the interior 
of the ship at Southampton, the turbines are back at 
John Brown Engineering on Clydeside, being rebuilt 
and rebalanced. 

John Brown is saying very little yet about the 
mode of failure of the blades. It is probable, however, 
that the blades failed in fatigue induced by vibration, 
and it is only fair to say that this kind of thing can 
happen to any new turbine design. The high pressure 
turbines in which the failures occurred have eleven 
stages of blading, increasing very gradually in size 
from about 2 ft overall diameter at the upstream end 
to about 2 ft 6 in. at the exhaust end. The first few 
blades are made from stainless iron containing molyb- 
denum, niobium and vanadium, but further down the 
turbine, where temperatures are lower, the blades are 
simply molybdenum stainless iron. The rotor shaft 
and disks are made as a single forging in chromium 
niobium vanadium steel, and the high pressure turbine 
runs at speeds of up to 5,207 revolutions per minute. 

Each set of blades, because of changes in dimensions 
and materials, has a slightly different natural frequency 
of vibration. The blades themselves can vibrate in 
various modes, and the whole bladed rotor assembly 
also has a characteristic resonance frequency. The 
first step is to calculate the single blade frequency, 
which is itself something of a task, as the blade is a 
continuously twisting beam which gets thinner to- 
wards the tip. But modern techniques make it possible 
to get within 5 per cent or so of the right answer. The 
calculation can be checked by making a mock blade in 
mild steel, and finding its vibration frequencies experi- 
mentally, The next stage is to produce a fully bladed 
disk and run it in a vacuum wheel chamber, where a 
number of magnets are used to simulate the impulses 
acting on the blades. Strain gauges are used to 
measure the frequencies of the vibrations of the com- 
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plete assembly. (The process of testing turbines for 
vibration is admirably described by Mr F. R. Harris 
in the latest issue of the GEC-AEI Journal of Science 
and Technology.) 

When the vibration frequencies are known, they can 
be compared with the frequencies of disturbances 


m 


of balance, the turbine would be subject to a vibration 
equal in frequency to the rotational speed of the rotor: 
thus at a speed of 5,000 r.p.m., the vibration frequency 
would be 5,000 cycles per second. If this coincided 
with a natural frequenev, there would be a danger of 
resonance in the system. In addition, there are many 
disturbances which occur as higher multiples of the 
rotation frequency which have to be taken into account. 
The technique is to plot all these as "order lines" on 
a Campbell diagram, in which frequency is plotted 
against rotational speed. The order lines are lines 
passing through the origin with a gradient which 
depends on the multiple of the rotational speed which 
they represent. Also plotted on the diagram are the 
characteristic vibration frequencies for different modes: 
where the vibration frequencies eross the order lines, 
there is a danger of resonance. 
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The ideal, of course, is to prevent all resonance from 
oceurring, but this is in praetice impossible. Instead, 
the designer tries to make sure that the range of speeds 
over which the turbine is expected to operate is rela- 
tively clear of them. With a ship turbine, which has to 
operate over a wide range of speeds, this is difficult, 
and John Brown Engineering clearly failed to manage 
it. What seems to have happened is that steam con- 
ditions, apparently between the eighth and ninth sets 
of blades, set up a vibration which matched the 
resonant frequency of the blading. Once the resonant 
vibration began, it was only a matter of time before 
the blades failed. 

What John Brown can now do is to replace the 
offending blades with new ones of slightly thicker 
section. "This will prevent the repetition of the same 
resonance, but it does of course make it possible fo: 
other resonances to occur which might be just as 
serious. Turbine design is a very difficult business, 
as the QE 2 affair has illustrated. In its way, it 
provides a timely but rather backhanded compliment 
to the engineers of the CEGB and its suppliers, who 
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have managed to avoid failures of this sort in electricity 


generating plant for the past few years. 


TRAFFIC 


Controlling Motorways 


Tue first of the winter's series of major accidents on the 
motorways, in freezing fog and black ice last week, 
found the British Ministry of Transport in a strangely 
uncommunicative mood. The accidents involved large 
numbers of vehicles——as many as 200 at one stage on the 
M1, according to one police officer, Mr Dudley Smith, 
Member of Parliament for Warwick and Leamington, 
declared that the ieu of Transport was "com. 
placent" about motorway safety, demanded a system 
of motorway warning PE and said he intended to 
raise the matter in Parliament. 

To all this the ministry has made no audible response. 
Yet it has recently signed a contract with the General 
Electric Company w hich will equip 62 miles of motorway 
in the West Riding of Yor kshire (38 miles of it on the 
M1) with a warning system as advanced as any in the 
world. The system should be operational by the autumn 
of this year, and will be followed by similar systems 
on other motorways which should cover the whole of 
Britain by the mid-seventies. So far, however, it is a 
development which has gone almost unnoticed, al- 
though the first system, built by Plessey Ltd, has been 
operating on the Severn Br idge section of the M4 for 
six months. Within the next two months, the next 
system, built by GEC and Elliott Automation on the 
overhead sections of the M4 (and on as far as Heathrow 
airport), will come into operation. 

The purpose of the signals is to give drivers advice 
about maximum speeds in bad weather, or to stop them 
altogether when there has been an accident. On the 
Severn Bridge road, the signals (which use an array 
of bulbs) will be able to show speeds of 10, 20, 30, 40 
and 60 m.p.h., and two signals which indicate either 
that the lane is closed or that it is clear, On the Severn 
Bridge approach and on the elevated section of the M4, 
the signals will occur at intervals of a quarter of a mile, 
although in open country the interval is likely to be 
one mile. When conditions are normal, no signal 
will be shown; but in fog or bad weather, or after 
an aecident, the signal will show the maximum speed 
which is advised. The signal will not have the force 
of law except when it registers stop; drivers ignoring 
this will risk a £20 fine. 

So far, the systems designed have concentrated on 
the output of information to the motorist from a central 
control point. But they will be ineffective unless the 
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input side, from the road to the control, also shows 
a considerable improvement. One major advance 
would be a system eapable of detecting when & car or 
a line of cars had stopped. Sensors built into the road 
in the form of a ring might be one method of doing this; 
the moment à car entered the ring would be detected 
by the central computer, as would the moment it left it. 
If the car stopped within the ring, it would immediately 
be detected by the computer, and information could 
be displayed on the signals to prevent other cars piling 
up behind it. À system like this would have a response 
time very much less than is possible under present 
plans. (When the system is installed on the elevated 
section of the M4, the central control will have to rely 
on motorists telephoning to say that they have broken 
down. By the time the signals are activated, there will 
have been ample time for a pile-up.) 

Another drawback is that the signals are onlv 
advisory. There is a danger that drivers will simply 
ignore them, as they have ignored the temporary 
warning lights which have operated in emergency 
conditions on British motorways. If this happens, then 
it is likely that the signals will have to be given the 
force of law and some means devised for making sure 
people observe them. This emphasizes the need for 
detectors in the road which could measure the speed 
of vehicles, combined perhaps with television cameras 
in the overhead signals. In fact, although few people 
realize it, cameras “of this sort alrea dv operate on the 
elevated section of the M4, and may provide a useful 
adjunct to the emergeney telephones when the signals 
come into operation. 

In spite of the fuss after last week s accidents, it is of 
course true that motorways have a better safety record 
than other roads. When aecidents do occur, the 
density of the svstem ensures that they are big ones. 
In a sense, the nature of the motorways may be 
one cause of this; a svstem which sets out to remove 
all unexpected situations is likely to find its users un- 
prepared when they do arise. This is why the warning 
signals are so important and why it is v ital that thev 
should remain credible. Like the boy who cried wolf, 
British transport authorities are all too imelined to 
scatter signs warning of danger where there is none, and 
motorists soon learn that the signs can be safely ignored. 


INVENTION 


Something lor Everybody 


New oual Hall in We es Aer p y d 
involved the onlooker in frantic changes of mood, 


switehing his attention one minute to prac tical mechani- 
cal devices and the next to the thrills of psychedelic 
lighting or the niceties of tea blending. Unfortunately 
the air of enthusiasm was not carried over to the 
presentation of some of the individual items, many of 
which were poorly looked after and inadequately 
advertised. The hundred or so inventors who were 
showing their own products no doubt contri ibuted 
somewhat to the lack of professionalism; but the 
layout of the stands was not all that it CH have 
been. i 

The inventions themselves could be divided into t1 
mechanical, dominated by motor vehicle parts: the 
general utilitarian, such as household devices: and t1 
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artistic or gimmicky. In the first category a very light 
turbine engine, an automatic brake condition indicator 
and a camera capable of a shutter speed of less than 
one hundred-millionth of a second were among the 
items on view. Several firms proclaimed their prowess 
through pamphlets and rather minor products. Com- 
puter Technology Ltd perhaps caught the spirit of the 
exhibition best with a small computer which asked the 
visitor questions about his job and conducted a brief 
psycho-analysis. This technique, in which each 
question posed by the computer is dependent on 
previous answers, is designed for opinion research. 

Among the household items was a flower pot designed 
to maintain a steady trickle of water in the gardener's 
absence, a new type of safety window for schools and 
hospitals, and for a wider audience a typewriter with 
keyboards in Japanese, musical notation or what you 
will. The National Reference Library had an inter- 
esting stand, and one of the other items that earned 
widespread approval was that showing a spring-loaded 
traffic sign which simply distorted itself by ninety 
degrees on impact. 

Some of the products on display required an agile 
imagination to be considered as new inventions, and 
although whimsicality must necessarily have a place 
in an exhibition of this kind many people will have 
doubtless felt some disappointment that there was not 
more to stimulate the inquisitive mind. 


SOCIETIES 


Unmilitant Engineers 


Tue militant activities of Mr Clive Jenkins and his 
colleagues at the Association of Scientific, Technical 
and Managerial Staffs—the enlarged version of ASSET 
—a8ppear to have hardened the resolution of the 
chartered engineers to steer clear and to set up instead 
a kind of engineers’ “BMA”. This body is intended to 
play a similar part to that of the BMA or the Institu- 
tion of Professional Civil Servants in negotiating salary 
scales and other working conditions for its members 
without waving the banner of strike action. 

The position at the moment is that the Registrar 
of Friendly Societies is casting his eye on the claims of 
chartered engineers to be registered as a friendly 
society, and that the draft of a rule book is in the hands 
of a solicitor. The enrolment procedure for those 
engineers who may wish to join the new body is 
intended to be through the Engineers’ Guild. 

Status or prestige apart, do the engineers really 
need such a new body? Will it really be able to 
rectify any injustices in the engineering industries ? A 
spokesman for the Engineers’ Guild claims that, 
whereas engineers have had the services of the Council 
of Engineering Institutions to look after their academic 
needs, similar attention has not been paid to their 
financial needs. There are felt to be some notable 
disparities within Britain, both in the salaries and 
security of engineers, which particularly affect those 
in the Midlands. It is also felt that the particular 
idiosyncrasies of chartered engineers require them to 
carry out their negotiations independently of engineers 
in allied fields, although the freedom from political 
affiliation or affiliation to the TUC is elearly an impor- 
tant factor in the argument. 
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The supporters of the new union are hopeful that 
the 120,000 or so potential members will respond to 
the call to join, and that it will soon have sufficient 
members to be officially recognized as a negotiating 


body. 


SPACE 


Murs, Venus and Beyond 


THe Soviet Union is obviously not going to let the 
Moon go to the Americans by default. The past week's 
flurry of Soviet launchings—two Venus probes (Venus 
5 and 6 launched on January 5 and 10 respectively) and 
then another manned Soyuz (January 14)—demon- 
strates the persistence of Russia's explicit long-term pro- 
gramme-——- ‘exploration of the Moon and the planets”. 
It is perhaps just possible that by employing an 
Earth-orbital strategy and building up à space station, 
the Russians may overhaul the American lead in the 
manned landing stakes, but they still have a long way 
to go. What seems more likely is that they will con- 
tinue steadily with manned shots and in parallel will 
spend more effort on the planets, at least for the time 
being, with unmanned spacecraft. The Russians have 
already launched about twice as many planetary probes 
as the Americans and, in terms of payload, the dis- 
crepancy is more like 4 to 1. The programme's cul- 
mination so far was the probing of the Venusian 
atmosphere by a slowly descending landing capsule 
from Venus 4 a littl more than a year ago. The 
Americans have not so far attempted a landing on 
any of the planets; this year they are not going to 
Jaunch for Venus at all and their planetary programme 
generally looks very much the poor relation of Apollo. 

In mid-February, the Mars window opens and NASA 
is to launch two enlarged Mariners to make a close 
fly-by. It will be surprising if the Soviet Union lets 
this opportunity pass. 

The chief purpose of the two Soviet Venus probes 
now on their way to the planet (and cach weighing 
over a ton) is to clear up the confusion over the 
Venusian atmospheric and surface temperature and 
the chemical composition of the enveloping cloud. The 
Soviet Venus 4 and US Mariner measurements last 
year did not agree. Soviet scientists now seem to 
have accepted the American interpretation that the 
spacecraft was not actually at the surface when it gave 
its final (and highest) reading, 280? C, so that the 
surface may be considerably hotter, as indicated by the 
instruments of Mariner 5 using another method. It 
seems that both the new Soviet Venus probes will 
make a soft landing, but one will descend on the 
sunlit portion of the planet while the other lands on 
the dark side. Arrival is expected in the middle 
of May. The Alma-Ata observatory in Kazakhstan 
sueceeded in photographing Venus 6 as it passed over 
at a distance of 100,000 km on January 10. 

In the meantime, the NASA Jet Propulsion Labora- 
tory is putting the finishing touches to two improved 
Mariner spacecraft which are due to observe different 
regions of Mars in July and must be launched between 
mid-February and mid-April. A total of sixty-six 
television pictures of the planet is scheduled as the 
main experiment to be carried out during fly-by at 
about 2,000 miles above the surface. This is a factor 
of ten up on the 1965 photographs, the first ever to be 
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obtained from near to (20,000 miles). One Mariner 
spacecraft will fly over the south polar cap and the 
other over the equatorial zone. These spacecraft are 
nearly twice the weight of their predecessor, 900 lb 
each instead of 565 Ib. 


MUSEUMS 


Ships at Greenwich 


THE accompanying contemporary print of the interior 
of a "first rate" ship of the late seventeenth century 
is one of several items from the strongroom of the 
National Maritime Museum, (Greenwich, recentlv to 
have gone on display in the Queen's House. [t is 
currently part of a special exhibition: of "The Wasa, 
and her Place in History" centred on à small travelling 
exhibition illustrating the recovery and relies from the 
famous seventeenth centur y Swedish "admiral" ship 
which went down in Stockholm harbour at the start 
of her maiden voyage and was raised intact in 1961. 
When the Wasa travelling exhibition moves on, how- 
ever, many of the newly display ed museum items will 
remain on view. The National Maritime Museum has 
a unique collection of early ship models, drawings and 


oils. The excellent ship models alone are worth a à 
visit. The delicate wash sketches of Renaissance 


ships by Van de Velde now in the Queen’s House have 
not been on view for many years. They appeal strongly 
to modern taste—not least in their evocation of the 
misty northern waters in which these ships operated. 
The current exhibition and the new exhibits are well 
set off by the redecoration to the seventeenth century 
Queen’s House which forms the centre building of the 
museum complex. Redecoration has just been com- 
pleted under the museum's new director, Mr Basil 
Greenhill. An effect of subdued richness has been 
admirably achieved by the Ministry of Works’ architect, 
Mr H. G. Yexly, and is believed to be authentic to 
Inigo Jones's design for Charles Il's queen, Catharine 
of Braganza. There are traces of the original paint. 
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work on the balustrade round the gallery of the Great 


Hall. 


MEDICINE 


Costly Transplants 


Waite the ethical and legal problems of organ trans- 
plantation have been repeatedly thrashed out, compara- 
tively little consideration has been ziven to the alloca- 
tion of resources between this specialized form of treat- 
ment for the chosen few and the more conventional 
and less demanding treatments whch are available to 
all. Last June, however, the annual representative meet- 
ing of the British Medical Associatioa asked the associa- 
tion's Planning Unit, under its director, Professor Henry 
Miller, Vice-Chancellor of Newcastle Univ ersity, to look 
at the problem of financial prioritie: in medicine. The 
conclusions reached by the unit are set out in a report, 
Priorities in Medicine, published lass week. 

The report strongly rejects the view that Bi ec 
tion should be neglected or discouraged i oe the “dubious 
expectation that this would in some w ay lead to much. 
needed improvements in the quantty or the quality 
of existing services". On the contrary, it believes that 
organ transplantation and mech anical organ replace- 
ment are of enormous potential benefit and should be 
the subjects of vigorous clinical research. At the same 
time, however, it emphasizes that the greatest immedi- 
ate encouragement should be given to those forms of 
transplantation which already offer practical benefits 
to a large number of patients. For tke present at least, 
resources for an accelerated programme of ' ‘relevant 
scientific research” should take priority over National 
Health Service provision for heart and lung transplanta- 
tion. 

In spite of the high cost of renal :ransplantation— 
about £6,000 per patient—this procedure is stated to 
be a better investment than long-term dialysis; the 
patient enjoys better health than the subjeet of 
dialysis and requires much less medieal attention. 





Design for a warship in 1680 (National Maritime Museum). 
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Liver transplants also receive a few kind words although 
there are technical problems that have yet to be over- 
come. And if it does prove possible to control the 
haemophiliae tendeney by transplantation of a normal 
spleen, this would transform the management of a 
chronie disease which is at present complex, hazardous 
and expensive. Cardiac transplantation, however, is 
considered unlikely to make a serious contribution to 
the general problem of degenerative heart disease. "There 
are about 150,000 deaths annually from chronic heart 
disease, but there is no potential supply of donors on 
such a seale. The real value of the operation is likely 
to be in young patients with congenital heart disease 
unamenable to orthodox heart surgery. 

The report repeats the well-worn criticism that the 
overall expenditure on medicine in Britain is well below 
that allocated to it in other developed countries, and 
urges that financial allocation to the Health Service be 
substantially increased to meet the cost of advancing 
research and techniques. It adds that if a surgeon 
absorbed in organ transplantation is denied the facili- 
ties and Scope he requires, he is likely to offer his 
services “where they would be regarded as a national 
or civic asset rather than a regrettable form of self- 
indulgence enjoyed at the publie expense". 


SAFETY 


Reducing Accidents 


THE construction industry loses some £100 million each 
vear through accidents on the construction site. In an 
effort to reduce this large figure a special committee of 
the Institution of Civil Engineers under the chairman- 
ship of the president, Mr H. Shirley-Smith, has been 
studying safety in civil engineering work. The commit- 
tee's recommendations on the safety of the structure 
during erection or demolition, the safety of construction 
plant, “and the safety of personnel have now been pub- 
lished (Proceedings of the Institution of Civil. Engineers, 
49. 143; January 1969). Failures during the life of a 
building were not within the committee's 
reference, so that structural collapse, like that seen 
recently in the Ronan Point block of flats, was not 
considered. 

From more than 2,000 cases studied, the committee 
found that collapse or failure was generally caused 
by inadequate or impracticable designs, faulty methods 
of ereetion or demolition, overloading, creation of 
reverse stresses, earth pressure or movement, poor 
workmanship or effects of extreme weather conditions. 
The committee makes several recommendations. They 
include pleas for more training in sa fety, more publicity, 
a revision of the existing accident classification as 
published by HM Inspectorate so that realistic accident 

statistics can be collected, monthly safety meetings on 
site and the redrafting of parts of the statutory regula- 
tions for construction. work. 

In 1967, there were 46,475 reportable accidents on 
building operations and engineering construction in the 
UK, of which 197 were fatal accidents (a reportable 
accident is one in which a man is disabled for more than 
three days). By far the largest number of these accidents 
and deaths were falls from a height (114). The commit- 
tee suggests therefore that to make means of access and 
places of work more safe, ladders, stairs, gangways, 
working platforms and the like should be planned as 
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part of the design. All new employers, it says, should 
be given instructions on safety, and crane and plant 
operators should be licensed. 


NEW YORK 


A View of the River 


SOME conservationists will argue that the onlv good 
road is a dirt road. The Neu York Times is among 
those who consider that the proposed six-line motorway 
along the eastern bank of the Hudson River in New 
York State is a disaster for the river and for nature 
lovers. But its honourable argument, for once, may 
be wrong. The US Bureau of Outdoor Recreation has 
advised the conservation- happy Department of the 
Interior not to oppose the building of the motorway. 
The new road, the bureau contends, would give many 
more people a view of the majestic river as it sweeps 
down from Canada than is now allowed by the Penn 
Central railroad along the river bank. From Highway 9, 
the road to New York, which also runs along the 
Hudson but further inland, one can hardly see the 
river at all. 

The proposed motorway would run for nearly ten 
miles from the Tappan-Zee Bridge to Ossining, the 
town which houses among other things Sing Sing Prison. 
The road would run between the tracks and the river 
or on filled land along the water's edge. Along with its 
development, there would be built publie tennis and 
badminton courts, pienic areas and fishing piers, as 
well as a marina and car parks. It is also expected that 
a private estate will be given to be used as a publie 
park and golf course. 

Conservation societies along the Hudson River 
Valley are preparing to fight the motorway in the 
courts. A matter worthy of their concern is what will 
happen to the poor families, many of them negro, who 
would lose their homes to the new road. But if these 
can be provided for, one can only hope that the road 
will be built. As the recreation bureau's report put it, 
in quaint federalese, the Hudson's ‘scenie and recrea- 
tion potential has remained largely untapped because 
of lack of easy accessibility to the shoreline". Anybody 
who has spent a peaceful afternoon at Croton Point 
Park on the Hudson, only to say goodbye to the river 
and gaze at nothing but traffic lights and pizzaburger 
stands all the Way back to Manhattan, will say amen. 

Ni Tons Tan be aia aw vay fr om rivers in 


after all, sa Seer ners (onus rd es 
would be far more bearable if one could diu along the 
edge of the Thames for more than the few miles now 
possible, the claustrophobia of the car re Jieved by the 
spaciousness of the view in the way that it 1s along the 
east and west sides of Manhattan. 


FUEL 
Chemicals from Gus 
Tue Gas Council, celebrating the negotiation of a £250 


million contract to supply natural gas to Imperial 
Chemical Industries, is unlikely to be very sorry that 
the affections of the British Steel Corporation have 
turned towards oil rather than gas. The £140 million 
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of BSC money which was being offered to the Gas 
Council would have proved a very mixed blessing and 
the BSC was unwilling to increase this figure. Although 
the price of between 4d and 5d a therm put forw ard 
by the BSC is comparable with that which ICI will 
be paying, the differences in structure between the two 
industries imply the need for very different criteria in 
costing gas supply. 

One of the factors that must have swayed the Gas 
Council is that the ICI plants at Billingham and 
Severnside, which will be the main users of the natural 
gas, can be slotted tidily into the existing pipeline 
system of the gas industry, while the BSC's demand 
would have been more evenly spread throughout 


Britain. This would have required the construction of 


many new links, at considerable expense to the Gas 
Council. Furthermore, the ratio between the average 
and the maximum rates of delivery, known as the load 
factor, is likely to be considerably higher for the 
chemical industry than it would have been for the 
steel industry. This allows for a correspondingly more 
uniform and economical supply system. The Gas 
Council estimates that the gas industry's overall load 
factor will be increased bv about 3 per cent as a result 
of the ICI deal. 

The enormous size of the ICI contract can be seen 
from the fact that it has virtually doubled the sales of 
gas to British industry overnight. The 250 million 
cubie feet of North Sea gas that will be flowing into 
ICI plants each day will inerease by about a fifth the 
total sales of the gas industry to its 13-5 million cus- 
tomers, and this represents more than the combined 
increase in total sales over the last two financial years. 

Most of the natural gas will be used to synthesize 
ammonia at ICI's works at Billingham, Immingham 
and Severnside. This will replace more than a million 
tons of naphtha a year and will save an estimated £10 
million à year in foreign exchange. The naphtha will 
also be freed for the ‘production of other chemicals, 
such as methanol. The BSC's decision to rely on oil 
rather than raise its offer to the Gas Council shows that 
it is influenced by the flexibility which oil offers, as well 

as bv a desire to avoid the large conversion costs needed 
to accommodate a new fuel. It may well be that the flir- 
tation of the Gas Council with the two industries has 
produced benefit to all parties concerned. 


DRUG COMBINATIONS 


FDA in Earnest 


AFTER stopping the sale in the United States of several 
dozen drugs which were either marketed by small 
companies or were of little commercial importance, the 
Food and Drug Administration of the US Department 
of Health, ` ducati ion and Welfare has now decided to 
challenge three of the largest drug companies in the 
United States—Upjohn, Lederle and Squibb. On 
December 24, 
prohibiting the sale of twelve widely prescribed drug 
combinations, adding that any interested person who 
might be adversely affected by the decision had 30 
days in which to submit evidence against the decision. 
Like its previous decisions in this field, the FDA's 
proposal is based on the reports of a study group, set 
up by the National Academy of Sciences—National 
Research Council at the request of the FDA, which is 





the FDA announced its intention of 
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reviewing the efficacy of nearly 4,000 drugs sold between 
1938 and 1962. The twelve preparations which are 
likely to be banned are combinations of antibiotics 
or antifungal agents, and the point at issue is not 
whether the individual components are safe or effective 
but whether they are more effective in combination 
than alone. Seven of the twelve preparations--one a 
mixture of novobiocin and a sulphonamide, the other 
six various mixtures of tetracveline and novobiocin~— 
are made by Upjohn. Four, mixtures of tetracycline 
and a fungicide amphotericin, are sold by Squibb and, 
completing the list, there is a mixture of tetracycline, 
hydrocortisone and phenylephrine sold by Lederle as a 
nasal ant icongestant. 

The drug companies maintain that the combinations 
are more convenient for doctor and patient alike than 
separately prescribed drugs and that combinations are 
more effeetive than the components alone. The study 
group and the FDA, however, have come to the con- 
clusion that there is no proof of synergistic effects and 
thev dismiss as hopelessly inadequate the tests, pub. 
lished in the medical literature, which purport to show 
synergism. One comment is that "a large number 
of papers purporting to demonstrate clinical efficacy 
of this combination were reviewed. No proper ly 
controlled studies were located, and most consisted of 
reports of a few patients treated with variable results. 
It is the considered judgment of the panel that this 
combination has no place in rational therapeuties and 
should not be marketed." 

The reports point out that it is not simply that the 
combinations do not match the claims of efficacy made 
for them, but that they are hazardous as well. Needless 
exposure of patients to essential antibiotics is bound 
to entail the risk that patients may be sensitized, 
while the same procedures may also assist drug resis- 
tant strains of pathogens. The antibiotic novobiocin, 
which is a component of six of the combinations under 
review, is singled out for special attention—it has a 
narrow antibacterial spectrum, it is one of three drugs 
against which micro-organisms readily develop resis- 
tance and it frequently induces adverse reactions in 
recipients. On these grounds alone it would be unwise 
to include it in a widely used combination drug. But the 
FDA also claims that the amount of novobiocin in the 
combination complained of is too low to be effective. 

The FDA has much the same to sav about the nasal 
suspension marketed as 'Achromysin. This is a 
mixture of two decongestants, hydrocortisone and 
phenylephrine, together with the antibiotic tetra- 
cyeline. The report says that “it seems unlikely that 
tetracycline in this form will effectively reach the 
organisms responsible for acute sinusitis, pharyngitis 
or other syndromes in which bacteria may be important 
pathogens" and the re port seizes with some relish on 
the package insert which is said to contain the warning 
that "it may be inadvisable to augment local treatment 
by administration of tetr acyeline therapy in cases of 
infection". 

The chances that the companies will be able success- 
fully to appeal against the FDA's decision seem slim. 
It is difficult enough to pinpoint the effect of any one 
drug in a patient who is receiving several, without 
trying to prove that a combination is more effective 
than its components given separately. The ranks of 
academic medicine seem to be firmly behind the FDA 
on this issue. 
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ASTRONOMY 


Green Light for Infrared 
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from our Astronomy Correspondent 


THE new branch of astronomy based on the observation 
of celestial objects in infrared light has received a 
significant boost from the Science Research Council 
in the form of a grant to the infrared astronomy group 
at Imperial College. Although the grant of just over 
£27,000 is modest by today’s standards, it will be 
enough to construct a 60-inch flux collector—an infra- 
red telescope—and to prepare the way for a more 
elaborate instrument. At a mirror diameter of 60 
inches, the telescope will be as large as any infrared 
instrument now operating. This is a measure of the 
return which infrared astronomy yields for a compara- 
tively small investment. Professor J. Ring, who heads 
the Imperial College team, says that a 120-inch infra- 
red telescope—the logical next step—would cost about 
£60,000, with perhaps another £90,000 for the building, 
instruments and so on. By comparison, the 150-inch 
optical telescope now being built in Australia is costing 
around £5 million. The reason for the difference Is 
that the optical criteria of an infrared telescope are less 
stringent. 

Naturally enough, astronomers are delighted that a 
-yeal start is at last being made, and there is every 
eonfidence that, in a year or so, the Science Research 
Council will be able to give the go-ahead for a 120-inch 
instrument. 'The committee of the SRC which deals 
with astronomy has made no secret of its faith in the 
future of infrared astronomy, and it seems likely 
enough that the SRC would have been happy enough 
to approve the more ambitious programme at the same 
time as it announced the grant to Imperial College. 
Treasury dissatisfaetion with a seheme which is still 
ill-defined—there is still no suitable site for an observa- 
tory—is probably the reason why Professor Ring and 
his colleagues will be in suspense for some time to come. 

The rule that the opening up of unexplored regions 
‘of the electromagnetic spectrum leads to exciting and 
unsuspected discoveries is the chief motivation behind 
the interest in this new branch of astronomy. Infrared 
emissions from cool stars, and from regions which may 
be the birthplaces of stars, are regarded as merely hints 
of what is waiting to be discovered. Astronomers in 
France have also argued that infrared spectroscopy 
may be important in a more parochial sense, in the 
study of the planets. 

In the first instance, however, the 60-inch telescope 
which Professor Ring and his team are to build will 
be used to test possible locations for a permanent 
infrared observatory. As well as the usual criteria of 
ease of access and good seeing conditions, the site will 
have to be in an area where absorption of the infrared. 
signals by water vapour in the atmosphere is likely to 
be low. The site in the European Alps near the Matter- 
horn which Professor Ring has been using has not 
turned out to be ideal. Oddly enough, considering the 
water vapour problem, the current favourite is the 
island of Tenerife in the Canaries, 200 miles off the 
African coast in the Atlantic Ocean, where during the 
past twenty years 90 per cent of summer nights have 
been clear. Above aninversion layer which seems to be 
a more or less permanent feature over the island, the air 
is dried by circulation into the stratosphere. This also 





seems to be why Hawaii is used by American infrared 
astronomers from the United States. Second favourite 
is in the Sierra Nevada Mountains near Granada in 
southern Spain. The present Testa Grigia site in the 
Alps is a poor third. The aim is to have the 60-inch 
instrument built within twelve months or so. Designed 
to be robust and transportable, it will be used for 
perhaps a year on the urgent business of testing pos- 
sible sites. When a site is settled, the telescope will 
have a useful life of several vears. 

Although larger instruments are likely to have a 
primary mirror made up of a mosaic of hexagonal 
components, the 60-inch telescope will have a simple 
paraboloidal mirror. An equatorial mounting has been 
chosen, as much as anything to test its feasibility for 
future large instruments. The design for the 120-inch 
telescope which will come out of experience with the 
instrument now being built is likely to be quite dif. 
ferent. For one thing, the primary will be built up of 
six separate hexagonal components, each with spherical 
curvature, fitted together so that there is a gap in the 
place which would be occupied by the seventh com- 
ponent. Spherical aberration will be corrected at the 
secondary. Several out of the way schemes are being 
considered to mount the instrument. One design in- 
volves an altazimuth mounting—-a familiar example is 
the Mark I telescope at Jodrell Bank-—which has 
advantages in dealing with deformations of the primary 
due to bending. Steering is then by computer. Difficul- 
ties which the Russians are said to be having with the 
altazimuth mounting of their 240-inch optical telescope 
are not a propitious omen, however. Another possibil- 
ity, suggested by Professor P. B. Fellgett of Reading 
University, who has had much to do with the instru- 
mentation of infrared astronomy, has the dish sitting 
on six hydraulie legs whieh control the direction of 
pointing. A mirror with a spherical support of fluid 
bearings is also under consideration. 

Besides Imperial College, groups at Queen Mary 
College and University College in London and the 
Royal Observatory in Edinburgh are involved, and 
will share the facilities. Professor Ring is to be chair- 
man of a committee which will manage the instrument, 
and a scientific committee on infrared astronomy is 
being set up by Sir Harrie Massey. 

Britain is also to have a stake in American infrared 
astronomy through a Science Research Council contri- 
bution to the Universities of Minnesota and California. 
This will pay for British students to visit the United 
States for training and, perhaps more important, will 
give British theoretical astronomers first crack at 
American results to cover the hiatus before an infrared 
observatory is built on the east of the Atlantic. In 
effect, the sum of £40,000 over four years which will 
be the British contribution will pay for a fair propor- 
tion of the facilities being developed by the cooperative 
team from Minnesota and California, who have a 
30-inch telescope and are building a 60-inch telescope at 
a cost of £50,000. Compared with the £27,000 being 
spent on the new British telescope, the Science Research 
Council would seem to be getting good value from 
Professor Ring's team. 


MOON HARVEST 


Fig. 1. The Moon as the astronauts saw it. Features near the top are on the visible face, lower half is part of the far side. Dark 
circular mare towards the top is Mare Crisium with Mare Fecunditatis in the upper left hand corner. The prominent crater at th: 
left of the picture on the edge of Fecunditatis is Langrenus. Bright crater on the far side had not previously been recogniz: 
rayed crater. Diameter of the Moon is 3,476 km and its distance from the Earth is 384,000 km, roughly 60 Earth radii. Thi: 

graph was taken from an unspecified altitude 





Fig. 2. Oblique view of the 
crater Tsiolkovsky on the 
Moon's hidden side. The 
craters central peak and the 
floor of dark mare material 
are prominent in this photo- 
graph. Tsiolkovsky is about 
265 km across, and has a 
complex configuration —the 
walls of the crater have been 
extensively modified by 
slumping and avalanches. 
Studies of this area may help 
in understanding the forma- 
tion of mare basins. Tsiol- 
kovsky was first identified on 
the Russian Lunik Il! pictures 
of 1959. One opinion is that 
it is an impact crater, others 
believe it has a volcanic 
origin 


Fig. 3. Near vertical photo 
graph on the far side of the 
Moon at 155 west, 3 soutł 
close to the terminator—the 
dividing line between tht 
illuminated and the darb 
hemispheres of the Moon 
This is the reason for the 
long shadows in this de 
tailed view of the surface 
Some detail may have beet 
lostin the Apollo photograph 
due to misting of the cabin 
windows 





Natur Jan tiit L 


Fig. 4. Near vertical view of a 
crater at 164 east, 10 south 
on the far side. The colours 
in many of the photoaraphs 
which have so far been 
released by NASA are not 
what the  astronauts  de- 
scribed. Faint colour in an 
essentially monochromatic 
body such as the Moon is 
notoriously hard to capture 
correctly on colour film 


Fig. 5 View through the 
cabin window of Apollo 
8 as the Earth rises above 
the lunar horizon. Unidenti 
fied features in the fore 
ground are on the far side 
near 105 east, 12-5° south 
Apollo 8 was initially it! 

jected into an elliptical orbit 
lying between 111 km and 
315 km around the Moon 
Later this was changed to a 
circular orbit at 111 km 
In all the astronauts orbited 

the Moon ten times 
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First Look at the Apollo 8 Pictures 


from a Special Correspondent 


THERE is no question that history has been made by the 
incredible voyage of astronauts Lovell, Borman and 
Anders, who flew in two high orbits and eight low 
circular orbits around the Moon on December 24—25, 
1968. Viewed as a single step in a protracted space 
programme in which one exercise hinges on the success 
of its predecessor, the importance of the Apollo 8 flight 
is at once obvious. Although doubts have been broad- 
cast about the scientifie usefulness of the lunar photo- 
graphs secured by the astronauts, in my opinion the 
photographs alone (other scientific data were collected) 
are of considerable scientific value. 

It is unfortunate that the first lunar photographs on 
publie release from a space mission have nearly always 
been numbered among the poorest. For example, 
although photographs of the Earth and Moon taken by 
the unmanned Lunar Orbiter I were released shortly 
after they were transmitted to Earth in 1966, their 
“electronically enhanced” counterparts, superior in 
quality, were prepared only recently. In the case of 
Apollo 8, the poor pictures were those televised from the 
space capsule via auxiliary television stations. These 
were the pictures television viewers were shown in 
December 1968. The astronauts carried long rolls of 
colour and monochrome film and returned the exposed 
films to Earth for processing in the usual way. These 
films contain the material that will be used in the long 
term analysis of the lunar terrain and in the assessment 
of the best landing sites. 

Six of the first prints from the returned colour film are 
reproduced here. Clearly the question about the scien- 
tific usefulness of the Apollo 8 photographs should 
refer to the returned film records. They are superior 
to the televised pictures. 

To render colour faithfully is difficult, and little 
reliance should be placed on the precise colours of 
reproductions. The best guide to the overall colour of 
the Moon was provided by the astronauts when they 
flew over the lunar landscape and described it as grey. 
On the other hand, one may be justified in searching for 
colour differences in the photographs. For this purpose 
a greater degree of reliability may be obtained by com- 
paring monochrome negatives of an area secured in red 
and blue light, respectively. Thus, scientifically more 
useful records were obtained by the astronauts using 
special filters. These further photographic data may 
well be useful in defining colour contrasts on the Moon; 
in particular, in the maria, where discrete lava or ash 
flows of slightly different colour may occur. 


Fig. 1 shows the Moon under a range of illumination 
angles. In the top right hand corner the Sun is only a 
matter of several degrees above she local horizontal 
whereas, in the lower parts of the picture, the elevation 
of the Sun is as much as 70°. The bright/dark boun- 
dary on the left is an artificial limt to the view of the 
Moon. The upper half of the picture shows well known 
parts of the Moon’s face; the lower half shows part of 
the lunar far side. The northern hcrizon is to the right. 
Lunar observers will recognize the 130 km diameter 
crater Langrenus on the edge of Mare Fecunditatis in 
the top left hand corner, and Palus Somnii and Mare 
Tranquillitatis in the top right hard corner. The rays 
of Proclus may be seen erossing the dark Mare Crisium 
towards the upper right corner. Another polygonal, 
dark area, Mare Smythii, is compamble in size to Mare 
Crisium and lies, with the irregularly shaped Mare 
Marginis, close to the centre of tke illustration. The 
two maria, which are centred at the selenographic 
longitude 85? E, are separated by the large, dark 
floored crater Neper. 

Few lunar formations beyond tae longitudes + 90° 
have been officially named. Some, close to the limb, 
may be seen at times of favourable libration; and part 
of the “libration zone" is depicted in a central, nearly 
horizontal band in Fig. 1. It is true that excellent 
photographs of this zone were taken with the cameras 
looking vertically down from the earlier automatic 
Lunar Orbiter vehicles. Nevertheless, the Apollo 
photograph adds much to our knowledge of the libra- 
tory and averted zones of the Moon covered by it, for, 
although the resolution of the Orbiter pictures is 
vastly superior to that of this particular Apollo frame, 
the Sun's altitude above the horizon in the Orbiter 
photographs is commonly less than 20° and is thus much 
less than the average solar altitude in Fig. 1. Many 
highlights in Fig. 1 are undetectzble in the Orbiter 
photographs. 

One particularly interesting feature in Fig. 1 to which 
attention should be directed is the double, concen- 
tric appearance of some of the large craters in Mare 
Smythii. The positions of these bright features may 
be studied with profit under high solar illumination. 
Again, rays are conspieuous only under conditions of 
high lighting. The astronauts reported seemg many 
bright ray systems—which radiate from certain craters 
like splash marks—that were not visible on the Lunar 
Orbiter photographs. One conspicuous ray system, 
recorded in the lower right hand part of Fig. 1, and 
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traversing the Earth-turned face of the Moon in the 
direction of Mare Crisium, diverges from a centrally 
peaked crater, a few tens of kilometres in diameter, 
shown clearly in the Orbiter photographs. This example 
illustrates how two sets of photographs, taken at 
different times and under different lighting conditions, 
far from rendering one set redundant actually comple- 
ment one another. It is scientifically important that 
complementary sets of data are available in order that 
the maximum amount of information about a given 
lunar formation may be extracted to feed and impose 
controls on theories of origin of that formation. Thus, 
the high quality Apollo photographs——and those taken 
earlier by the Russian vehicles that probed the far side 
of the Moon—add significantly to our knowledge of the 
Moon on this count alone. 

Fig. 2 offers an oblique view of part of the 200 km 
diameter crater Tsiolkovsky, looking southerly. This 
formation is centred on the far side of the Moon at 
longitude 128° E, latitude 21° S. The path of Apollo 8 
was inclined at only 12° to the Moon’s equator and, at 
the altitude from which this photograph was taken, 
it was not possible to obtain a vertical view of the vast, 
dark-floored formation. The oblique view presents a 
new and impressive aspect of part of the compound 
central eminence of Tsiolkovsky. New details on the 
near and far terraced walls are also visible. The Sun 
was shining at an elevation of about 80° and shadows 
are absent in this picture. 

The dark floor of Tsiolkovsky is peppered by small 
craters. Statistical methods applied to Lunar Orbiter 
photographs have been used to show that some 30 per 
cent of the craters on the dark floor may be internal in 
origin. Even if only 70 per cent of the craters on the 
dark floor are primary impact craters, there is still an 
anomalously high number of craters per unit surface. 

One possibility is that some of the craters in Tsiol- 
kovsky are secondary impact craters. Another is 
that Tsiolkovsky itself is one of the oldest features on 
the Moon’s surface. A third possibility is that a large 
fraction of the craters on the floor are of internal origin. 
Without further information, an even wider choice of 
hypothesis may be made. Therefore, it is important 
to study other parts of the Moon’s averted hemisphere 
and to make comparisons of its characteristics with 
those of the Earth-turned face in order to narrow the 
choice of hypothesis. The early Russian probes Luna 3 
and Zond 3 first indicated that the far side of the Moon 
was more intensely cratered than the near side. The 
better photographs taken from the Lunar Orbiters I 
through V, from the later Zond probes, and from Apollo 
8 will throw more light on this interesting question. 

Fig. 3 presents a high resolution view of the terrain 
at 155° W, 3° S, only a few degrees from the sunset 
terminator on the far side. South is at the top. Because 
the Sun is low, even shallow craters are conspicuous in 
this high contrast frame, which depicts a ridged part 
of the interior of a basin 300 km in diameter. At a 
guess the largest craters shown are of the order of 100 m 
in diameter. The high intensity of cratering down to 
the smallest visible craters is well illustrated. 
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The trained eye can detect linear trends that run 
nearly parallel to the diagonals of the frame. For 
example, the elongated patch of shadow towards the 
centre of the right hand edge of the photograph is inter- 
fingered by ridge crests catching the sunlight. These 
interdigitating ridges are the most noticeable of many 
sub-parallel lineaments (linear features) that traverse 
the frame. Other lineaments—-some of which are seen 
to be chains of small craters—intersect the first set at 
somewhat less than a right angle and the result is a 
network or grid. The grid is moonwide and is the 
surface expression of tectonic forces at depth. The 
precise nature of these forces is unknown, but detailed 
maps of the far side lineaments combined with maps of 
lineaments on the near side of the Moon will greatly 
assist our evaluation of lunar tectonie processes. 

Fig. 4, which is again oriented with south upwards, 
shows part of the interior of another far side structure, 
about 170 km in diameter, centred at 162? E, 10° S. 
The upper left hand part of the frame shows a portion 
of the eastern, terraced wall of the structure; the upper 
right shows part of its relatively smooth floor. Both 
these units are liberally punetured with small eraters, 
and shading-—produced by the Sun shining from an 
altitude of 45° + 5^——in the craters suggests that, 
whilst some are flat floored, others are more nearly 
conical in shape. The latter are suggestive of craters 
produeed by the drainage, underground, of fragmental 
material. 

The lower half of the frame is occupied, largely, bv 
part of a 40 km diameter crater which has striae on its 
rim. Some of these striae run down the inner rim and 
may be due to rolling blocks or rock avalanches. Other 
striae run parallel to the lip of the crater and may be 
due to slumping or to the progressive, downslope creep 
of material. Yet again, some markings in the photo- 
graphs trend in neither of these directions and this 
gives reason to suppose that at least some of the striae 
are structural in origin. 

Fig. 6 depiets the well known structure Langrenus, 
also diseussed with Fig. 1. Langrenus has a diameter 
of 130 km, a depth of about 4 km and several central 
peaks, one of which rears nearly 2 km above the floor. 
Even so, the central peaks squat below the terrain 
outside this huge structure. The solar altitude was 
about 32? + 5° when this oblique photograph was taken. 
Because this angle i$ approximately equal to the mean 
inner slope of the walls, only the steepest parts of the 
walls cast shadows in Fig. 6. 

It will be noticed that, unlike the floor of the sunilar 
sized Neper (Fig. 1), the floor of Langrenus is bright. 
Fig. 6 shows that a large fraction of the floor of Lan- 
grenus is covered with bright hillocks and their 
presence may account for the different overall reflecting 
powers of the two formations. 

The astronauts were impressed by the well developed 
terraces, which may be produced by faulting or 
slumping. The exterior rim of Langrenus is hammocky, 
and partiy because this is à characteristic of small, 
artificial explosion eraters, some argue that Langrenus 
is of impact origin. Fig. 6 is printed with north in the 
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direction of the right hand lower corner. A crater 
15 km in diameter, called Langrenus C, lies to the north 
of Langrenus. It has a small, flat floor on which domes 
or hills may be seen. It has a depth of about 1-7 km, 
or à depth/diameter ratio of about 0-1. This is not 
inconsistent with its being an impact erater and there 
appears to be some blanketing—presumably by ejecta 
from the crater—of topography around Langrenus C. 
Therefore it is plausible that the crater C formed later 
than Langrenus itself. 

Relative dating in this fashion, by stratigraphy, is 
one example of how techniques that are standard in 
geology can be applied to the Moon. With the suecess 
of future soft landing missions, isotopie dating and 
analysis of lunar rocks will at last provide an anchor 
for lunar theories and assist in untangling not only the 
history of the Moon but also the history of the whole 
solar system. 


MOLECULAR BIOLOGY 


How the Code Began 


Wuar were the origins of the genetic code ? The latest 
issue of the Journal of Molecular Biology offers two 
papers on the subject, from F. H. C. Crick (88, 367; 
1968) and L. E. Orgel (38, 381; 1968). Although 
primarily concerned with the genetic apparatus, the 
papers necessarily come to terms with the origin of 
life itself, and they demonstrate how fully the successes 
of molecular biology have transformed our approach 
to the problem of life's origin. 

The two papers complement each other nicely. 
Crick outlines a possible genealogy for the code largely 
by back extrapolation from its contemporary proper- 
ties, while Orgel is more concerned with forward 
extrapolation from the primeval broth. Crick's analy- 
sis, first presented two years ago at a meeting of the 
British. Biophysieal Society, hinges on two properties 
of today's genetic code: its universality and the 
evident non-randomness of its structure. Crick 
distinguishes two theories which account for the 
universality. First, the relationships between triplet 
and amino-acid may be invariant, because they are 
determined in some way by the chemical structures 
involved. There have been several attempts to 
demonstrate some specific fit between amino-acid and 
either codon or anticodon, but none so far have been 
convineing, and Crick now says that he has more faith 
in a second theory, that the structure of the code is a 
frozen accident. This theory assumes the common 
ancestry of all organisms and it holds that the code is 
universal because, once established, any change in it 
would. be lethal. 

The second feature of the code provides for Crick a 
clue to its origins. Very early on in the evolution of 
life, there was probably a stage when nucleic acids 
managed to replicate themselves without the agency 
of protein. The high content of non-informational 
nucleic acid in today’s machinery for protein synthesis 
may be a relic of this time, and, m a neat aphorism 
for the laboratory, Crick suggests that {RNA looks 
like nature’s attempt to make RNA do the job of a 
protein. 

But as amino-acids became available, presumably by 
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arrival. This process would have the outcome that 
similar amino-acids related to similar codons, as is the 
case in the present code. | 

Orgel considers the prospects for life without nucleic 
acids and life without proteins. Amino-acids appear 
from mixtures of simple gases mome easily than do the 
nucleotide bases, but the tendencies to complementary 
replication inherent in the bases themselves make 
nucleic acid svstems much the more hopeful as pre- 
eursors of living organisms. 

There remain formidable problems in explaining the 
origins of the contemporary genetic apparatus, but 
Orgel is hopeful that experiment may provide useful 
evidence. Clues may come from geological finds, 
meteorites, the space programme (two genetic codes 
would be easier to explain than one), further study of 
contemporary organisms and perhaps the discovery 
of "living fossils". "There is a growth on the walls 
of Harlech Castle which thrives in 10 N ammonia 
and apparently resembles certain Pre-Cambrian fossils 
more closely than any surviving omranism. Studies of 
its biochemistry and geneties are awaited with some 
interest. 


RNA PHAGE 


Strange Ends 


from our Cell Biology Correspondent 


RNA. 

They decided to analyse the sequence of the 5' end 
of QB RNA to see to what extent the 5’ and 3' ends 
have complementary sequences and could base pair to 
give the molecule secondary stracture. To their 
surprise they found that for any g ven population of 
RNA molecules, from phage grown from a single 
parental phage particle, there are two types of 6 
sequence. Roughly half the melecules have the 
sequence GGGGAAC whereas the other half have 
GGGGGAAC. These two sequences, one beginning 
with five G residues the other with four, were 
found in four separate phage preparations in the 
same proportions so they are not likely to be the result 
of a chance mutation in one experiment or some other 
artefact. 
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This finding immediately raises several questions. 
First, what is the mechanism for adding or losing a base 
during replication; second, why does the addition or 
loss of a base occur so frequently, 50 per cent of the 
time, and are both types of molecule infective ? If it 
turns out that both classes of molecule are infective, it 
follows that the number of bases preceding the initia- 
tion signal which starts protein synthesis is unimpor- 
tant because the initiation signal in Q8 RNA lies 
beyond the 5’ terminal sequence. This in turn would 
imply that the bases preceding the start signal do not 
have to be read in any particular reading frame. It is, 
of course, early days yet and it will no doubt take 
several months to digest this apparent contradiction 
of the current idea that viral RNA molecules are a 
structurally homogeneous population. 


CANCER 


Urinary Steroids in Breast Cancer 


from our Medical Biochemistry Correspondent 


Breast cancer kills several thousand women in Britain 
each year. The growth of the tumours is often in- 
fluenced by sex hormones, and advanced cases are 
often treated by giving sex hormones (additive therapy) 
or surgical removal of endocrine glands (ablative 
therapy). In 1960, Bulbrook et al. (Lancet, i, 1154; 
1960), studying the urinary excretion of steroids, 
defined a discriminant function (DF) as 80-80 [17. 
hydroxycorticosteroids (mg/24 h)] + aetiocholanolone 
(ug/24 h). In a random trial, women with a positive 
DF were more likely to respond to ablative therapy 
than women with a negative DF. 

Since 1960 several groups have found that steroid 
assays are useless in predicting the response to additive 
therapy. And last year Sneddon, Steel and Strong 
(Lancet, ii, 892; 1968) showed that the DF was always 
depressed in the presence of abnormalities in thyroid 
function. The predictive value of the test will there- 
fore be reduced when the thyroid is abnormal. 

The group who introduced the DF recently reported 
a new trial where pituitary removal (hypophysectomy) 
in DF negative patients had a success rate of 13 per 
cent compared with removal of the adrenals and 
ovaries in DF positive patients, with a success rate of 
30 per cent (Lancet, ii, 1261; 1968). In an aecompany- 
ing paper (Lancet, ii, 1255; 1968) they reviewed the 
results of ten years’ investigation of the DF. A positive 
DF was significantly associated with a good response 
to hypophysectomy, but for adrenalectomy the differ- 
ence was not statistically significant. The two opera- 
tions were equivalent for patients whose breast had 
been removed (mastectomy), but all patients who 
had not had a mastectomy responded verv poorly to 
adrenalectomy. The success rate increased with the 
length of the “free period” (between mastectomy and 
recurrence of symptoms) particularly if the DF was 
negative. The response was not related to the meno- 
pause in DF positive patients, but in DF negatives 
the response was worse immediately after the meno- 
pause than before or more than six years later. The 
rather depressing conclusion is that the situation is 
more complex than it seemed. Different types of 
breast tumours respond to hormones in different ways, 
and very large-scale studies are needed-—surely a good 
subject for a cooperative study involving several 
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different centres. At the least, however, the DF can 
now identify women who are most unlikely to benefit 
from the major surgery of ablative therapy. These 
patients should be spared surgery and treated in some 
other way. 


PLANT PATHOLOGY 


Plants from the Air 


from our Microbiology Correspondent 


A STIMULATING review of the present and projected use 
of aerial photography in the study of plant diseases 
has been made by G. H. Brenchley (Ann. Rev. Phyto- 
pathol., 6, 1; 1968). Although this means of surveying 
plant disease was considered first in the 1920s, little 
notice was taken of it until the past decade. The 
realization of aerial reconnaissance in plant pathology 
has been slow, but Brenchley’s discussion should 
direct further thoughts in this direction. The principal 
advantages of aerial photography appear to be the 
detection of diseases--and sometimes their identifica- 
tion—and their distribution in time and space. The 
definition of patterns of disease incidence, severity 
and development may be possible only from aerial 
photographs, while the feasibility of very large scale 
studies is obvious. Brenchley stresses that aerial 
photography, far from being a rival or substitute, can 
be an ideal complement to ground investigations and 
that the collaboration of various specialists such as 
soil physicists, soil chemists, agronomists and patholo- 
gists may be essential for the decipherment of aerial 
photographs. 

The technologv of this branch of phytopathologv 
clearly requires expansion and refinement. Although 
diseases which produce patchwork patterns caused by 
necrosis, colour change or abnormal growth are 
relatively easy to spot, those that cause a general reduc- 
tion in vigour or only a slight colour change will require 
special techniques. It will be hard to distinguish 
between minor tonal and colour changes caused by mild 
disease symptoms and those for which other factors are 
responsible. The identification of a disease from aerial 
photographs is more hazardous, but the use of multi- 
band photography (series of different film-filter com. 
binations) can lead to exact diagnosis and equivocal 
situations can be investigated further from the ground. 
The unique contribution of aerial photography to phy- 
topathology is its ability to record accurately and 
clearly distribution patterns of diseases. This feature 
is illustrated well by reference to recent occurrences of 
sugar beet stunting and take-all of wheat in eastern 
England. Aerial studies showed that the beet condition 
was confined to drift soils, particularly if they had a 
poor structure, while impeded drainage was found to be 
a major factor in take-all distribution. 

Aerial photography provides an ideal means for 
making dynamic studies of plant diseases and may be 
the only effective way of monitoring the rapid spread 
of epidemics over a large area. Thus the success in 
forecasting the spread of potato late blight in East 
Anglia has resulted from a joint recourse to photo- 
graphic and local meteorological records. By a judi- 
cious choice of photographie techniques and film, 
it may be possible to obtain data on the present con- 
dition and recent history of epidemic disease foci, 
for instance, information which could be verv 
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difficult for the person on the ground to derive. 
The use of aerial photography for quantitatively 
assessing diseases is also possible, but further technical 
development, coupled with a high degree of expertise 
in interpreting photographs, is now needed. Regular 
photographie recording of agricultural land should be 
an ultimate aim; such records should provide definitive 
information about the relation between disease incid- 
ence and climatic conditions, and on the continually 
changing pattern of farming practices. 


PHYSIOLOGICAL PSYCHOLOGY 


Controls without Mice 


from a Correspondent 


ALTHOUGH probably responsible for much of the con- 
siderable interest which now exists in the physiological 
basis of selective attention, the first experiment on 
this topic by Hernandez- Peon, Scherrer and Jouvet 
(Science, 193, 331; 1956) was in many ways rather 
unsatisfactor y. Reponses evoked by sounds delivered 
from a loudspeaker were recorded at electrodes im- 
planted in the cochlear nucleus of unanaesthetized 
cats. The responses were reported to be greatly 
reduced when the cat paid attention to stimuli such as 
two mice in a bottle. The authors sought to explain 
their results in terms of inter-modality selection of 
sensory input “by blocking of afferent impulses in the 
lower portions of the sensory path". Lack of eontrol 
of active movements bv the eat, possible changes in 
position with respect to the loudspeaker, failure to rule 
out contractions of middle-ear muscles and a number 
of other features of the experiment made it difficult 
to accept the authors’ interpretation as the only one 
possible. 

À number of papers have since appeared in which 
improvements have been made to the original design. 
Only recently, however, has a series of experiments 
been performed (Wickelgren, J. Neurophysiol., 81, 757. 
169 and 777; 1968) in which most, if not all. of the 
important variables have been taken into account. 
Wickelgren reports the changes in evoked responses to 
auditory clicks delivered through earphones to freely 
moving cats. Chronie electrodes were placed in the 
cochlear nucleus, superior olive, inferior colliculus. 
medial geniculate body, auditory cortex and in some 
cases in the cerebellar vermis. Cats with and without 
middle- ear muscles were tested. uoi were S Even 


doner before E session. P visible extraneous 
movement of the animal, however slight, or any 
change in the general state of the EEG, eliminated the 
trial in which this occurred from the series. After 
thorough habituation to the trains of clicks, testing 
began. 
In the first experiment, the state of sleep or wakeful- 
ness was found not to affect the extremely constant 
responses evoked from the lower parts of the auditory 
system. Responses in the medial geniculate and cortex 
were, however, much more labile, and changed in 
shape and amplitude with the level of arousal. A 
second experiment indicated that well practised quiet 
walking on a treadmill, E bep ce ecu by p. 
did not change the BUE of potentials in any 
part of the auditory system, although the click. 
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evoked responses in the cerebellar vermis were attenu- 
ated by 30 to 70 per cent. In ancther experiment, the 
habituation process was followed, «nd here only genicu- 
late and cortical responses attenuated during sessions 
of between 18 and 40 trials, each trial being a series of 
thirty-two clicks. Experimental sessions stopped as 
soon as cats showed signs of decreased general arousal. 
Here, as in the other experiments, cats without middle- 
ear muscles showed no differences from intact animals. 

For a novel and distracting visual stimulus, Wickel- 
gren used a flashing stroboscope and put cats in a 
chamber lined with mirrors. After waiting until the 
subjects had stopped staring fixedly at the flashing 
light or its reflexion, tests with clicks and light, or 
with the clicks alone, were made. No effect of the 
flashing light on the click-evoked responses in the 
auditory pathw ay was seen, even though the eats were 
described as being fascinated by the visual stimulus. 
Wickelgren chose "not to use a mouse as a distracting 
stimulus because this is difficult to present in a standard 
way; being sure the cat notices i while not allowing 
any trials in which the subject makes a bodily move- 
ment. Nevertheless, Wickelgren has set new standards 
for this type of experiment. In making clear some of 
the criteria by which one will reeognize evidence tor 
efferent neural blocking of auditory pathway signals, 
he has kept open the question as to whether a satis- 
factory animal experiment showing positive evidence 
for an intermodality attention effe: t on auditory input 
has vet been performed. 





MOLECULAR GENETICS 


The Lactose Operon 


from our Cell Biology Correspondent 

STUDIES of protein synthesis in bacterial cell-free 
systems have proved that one necessary condition for 
the initiation of protein synthesis is the presence near 
the beginning of a messenger RNA of an AUG or GUG 
codon which specifies the insertion of N-formylmethio- 
nine, the initiating amino-acid. The studies have also 
shown that when these codons occur in the middle of 
a message, they are translated as methionine or valine 
respectively. But is an AUG or a GUG codon a suffi- 
cient as well as a necessary condition for polypeptide 
chain initiation? The in vitro experiments do not, 
for example, rule out the possibility that the mitiator 
site comprises either of these codons in nee 
with other codons. The fact taat the messeng 
RNA of RNA bacteriophages has neither AUG nor 


GUG at the 5' end means that there is a sequence of 
bases preceding the first N-formyimethionine codon. 


The question is what part these play in the initiation 
process. 

In the current issue of the Jornal of Molecular 
Biology (88, 305; 1968), Grodzicker and Zipser report the 
isolation of a class of mutations in F. coli which contain 
initiator sites for protein synthesis With luck, these 
mutants could provide answers to some of the remaining 
questions about chain initiation. Essent aliy, Grod- 
zicker and Zipser's g 
polar nonsense muani: of the en ie operon ‘of E. E 
which cause the premature ternenation of protein 
synthesis, and to look for revertan:s in which protein 


synthesis is re-initiated after termination by the 
nonsense mutation. The polar rautants of E. coli 
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used cause the termination of synthesis of the first of 
the three enzymes specified by the lactose operon and, 
moreover, prevent synthesis of the two subsequent 
genes in the mRNA even though these do not them. 
selves contain mutations. In the revertant strains, the 
translation of the first gene is started, then terminated 
by the nonsense mutation and finally re-started by the 
new initiator site. As a result, although the first gene 
is translated not as a single functional enzyme molecule 
but as two pieces, the second and third genes of the 
mRNA are translated to produce enzyme. 

The initiator reversion can be used to determine the 
nature of the initiator sequence by constructing, in 
genetic crosses, a strain of bacteria in which the new 
initiator oceurs before and not after the nonsense 
mutation. The only differences in the sequences of 
amino-acids in the polypeptide chains produced by 
the initiator-nonsense strain and the nonsense strain will 
be specified by the initiator sequence of codons. Thus 
it should be possible to work out whether the initiator 
is simply an AUG or GUG codon or a more elaborate 
sequence, 

In the same issue of the Journal of Molecular Biology 
(page 413), Beckwith's group report vet another step 
in the elegant analysis of the lactose operon of E. coli. 
By deletion mapping, they have now confirmed their 
earlier suggestion that the order of the genes in the 
operon. i8 repressor gene, promoter gene, operator gene 
and then the genes for the three enzymes-—f galacto- 
sidase, permease and transacetylase. Moreover, they 
have also shown that the promoter and operator genes 
are distinet, that the base sequence of the former 
determines binding of RNA polymerase while the 
sequence of the operator serves as a binding site for 
repressor protein. There may be some overlap, for 
strains lacking the promoter make very small amounts 
of the three enzymes, implying that RNA polymerase 
can bind weakly to the operator, although there is no 
doubt that in the main the two regions are distinct. 
The combined promoter-operator region is apparently 
only a small part of the operon; the two genes are 
very much smaller than average, perhaps only a hun- 
dred base pairs. 


ENZYMES 


How Enzymes Work 


from a Correspondent 


Iv is mere than three years since the crystallographic 
studies of Phillips and his colleagues revealed the 
complete three-dimensional structure of lysozyme. 
Other enzymes soon followed—chymotrypsin, ribo- 
nuclease, carboxypeptidase, papain-——and the latest 
in the series 1s published on page 235 of this issue. 
The structure of the enzyme subtilisin BPN’ has been 
determined at 2-5 A resolution by Professor Kraut 
and his colleagues of the University of California. 
Enzymologists have on occasion been sceptical whether 
the statie images of erystallography would ever suffice 
to interpret the transient events of catalysis. There 
was perhaps some justification for this pessimism 
initially: in no case did the plethora of new structural 
information reveal unambiguously the details of func- 
tion that were of prime interest to enzymologists. But 
recently X-ray studies have begun to vield results that 
should exeite even the most hardened sceptic. 
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The recent work of Lipscomb and his associates on 
carboxypept idase 4 has been of enormous interest. 
They have shown that when a substrate, glycyltyrosine, 
binds to the active site of the enzyme, a widespread 
conformation change is induced which involves the 
movement of a tyrosine residue through no less than 
14 A. This is an important observation for several 
reasons. It is the first unequivocal demonstration of 
induced fit, the theory that the act of binding of sub- 
strate to enzyme induces a necessary alignment of 
catalytic groups on the enzyme surface. Furthermore, 
the sandwiching of the substrate beneath the hydro- 
phobic flap of tyrosine, and on top of a charged zinc 
atom, suggests a strategy of enzyme action, the pitting 
of electrostatic energies against hydrophobic energies, 
which may be of general relevance. 

Professor Kraut’s new work continues this theme in 
an unexpected way. Subtilisin BPN' is an extracellular 
protease produced by Bacillus amyloliquefaciens: like 
chymotrypsin and trypsin its catalytic power depends 
on a reactive serine residue. Although subtilisin has 
no resemblance to chymotrypsin at the level of primary 
sequences, Professor Kraut’s analysis of subtilisin 
reveals that, again like chymotrypsin, the reactive 

serine residue probably hydrogen bonds to a histidine 

residue. And it emerged at the Royal Society meeting 
on proteolytic enzymes in December that the chemical 
parallel between the two enzymes goes beyond this, 
for in both cases the active site histidine also hydrogen 
bonds by its distal nitrogen atom to a buried acid 
group, aspartate. [t was announced at the same 
meeting that a third protease, pig pancreatic elastase, 
shares this pattern. 

The negatively charged aspartate, embedded among 
hydrophobie residues, presumably alleviates its situa- 
tion bv a transfer of charge along the chain of hydrogen 
bonds via histidine to the serine in the active site at 
the surface of the molecule. And the serine residue 
in the active site is thereby made more nucleophilic. 
This was à revelation for even the most classically 
minded enzymologist: the hypothetical coupling, by 
hydrogen bonding, of serine and histidine at the active 
sites of enzymes has been a popular pastime for years, 
but always seemed dubious given the enormous gulf 
in acidity between histidine's imidazole and serine's 
aliphatie hydroxyl. Coupling of an imidazole group to 
a buried acid group will effectively lower its acidity, 
and facilitate its hydrogen bonding with the serine 


residuo. 


Other features of subtilisin structure are less sur- 
prising. Like chymotrypsin, the active site does not 
lie in any particular cleft; like carboxypeptidase A, 
much of its core is in a pleated sheet structure; like 
papain, the backbone chain has points of definite 
overall folding, and the active site is situated at a point 
of convergence of different segments of the main chain. 
The side chain movements seen on sulphonylation of 
the reactive serine appear very similar to those in 
a-chymotrypsin. 

There is every expectation that the crystallographers 
will keep up this pressure of new ideas about even quite 
familiar biochemical systems. Proteases have had 
more than their share of the spotlight recently, and it 
is good news that the structures of several dehydrogen- 
ases are in the pipeline and that even aspar tate trans- 
carbamylase, the touchstone of allosterism, shows 
signs of yielding to attack. 
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He's a teacher 


George Agar's rapid promotion—he was 
appointed head of chemistry at King's Norton 
Grammar School, Birmingham, when only 27 
—Àjs by no means exceptional. Over half the 
maths and science graduates who started 
teaching seven years ago now head their 
own department. j 

With a good degree and teacher A 
training, salaries start at £1,100 (more in és 
London) and rise quickly with BE 
promotion. A few head- 
masters earn over £4,000, 
and one graduate teacher in 
fiveis a headmaster while in 
his forties. Salaries are now 
under review. 

All this with security, generous 
holidays and a stimulating and 
satisfying working environment. 
Teachers play a leading part in so 
many activities. Take George Agar. 
He helps run a sixth-form scientific 
society, and a junior science club 
which recently produced its own nylon. We 
He has travelled to Switzerland and Rome 
with school parties. Believing that the more vou 
put into teaching the more you get out, he gives 
a hand with sports teams, and has helped in 


arranging s bool plays and dances. 
For mes like George Agar, the 
uture locks exciting. "In science 
teaching today there are loads of 
opportunities for anyone with 
ideas." he says, The Nuffield 
approach, with its emphasis on 
experiment rather than 
demonstration, gives ever more 
score to the original mind. 
Whiteise attracts so many 

able young men to teaching? 
You'll find most of the answers 
ina new booklet, The Scientist 
as Teacher. For your copy write 
now to the Department of 
Education and Science, Room 
162 (Dept, N.2), Curzon 

Street, London W.1. 


Pu M NATURE. JANUARY 18. 1969 


SES eat nts nee ne tence et ete weer lesa a a a m E A a, AESA Ui iA i aaa E aa A AAi aaia ina F i T a ra aia ia oiia S aiiai a s i i i a i A a i'd: a PON P ENEE EE 





Unlike other biochemical supply 


[i |i houses, mere re-sellers, we make all 

our own enzymes. We have adapted 

A such specialized analytical techniques 
WORTHINGTON 


as column chromatography, free-flow 
electrophoresis, and disc gel electro- 
phoresis to routine enzyme produc- 
tion. From our efforts come enzymes 
with the purity and high activity re- 
quired for demanding research work. 


yi 


* For example, our chromatographi- 
e cally-prepared pancreatic ribonu- 
cleases, RAF and RASE, are free 
of that last 1% impurity found in 
other preparations. Even though we 
sacrifice half our yield in final puri- 
fication, our RNA materials are 
priced competitively. 


* Another ribonuclease for nucleic 
acid chemists, our RT, has twice 
the activity of any other commer- 


RNase-free DNase, cially-available product. 


Qur standard once-crystallized 


DNase and our chromatographi- 
DNase-free RNase ecc cally-prepared alkaline phospha- 
tase both are upgraded electropho- 
retically to eliminate trace RNase 


the cleanest, sharpest tools The preparation of each of our 200- 


plus enzymes is carried through by 


for molecular biology the one person who best understands 


the process. His records provide the 


come ío you direct complete history of each batch of 
from Worthington every enzyme. If necessary, we can 


trace any material back to its source. 


Re-sellers can't do this. They merely 
slap a new label on the bottle and 
stick it on the shelf. 


Ask for the Worthington catalog. 
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Dissemination of Astronomical and Atomic Time 


by 
H. M. SMITH 


Royal Greenwich Observatory, 
Herstmonceux Castle, 
Sussex 


IN recent discussions about the determination and dis- 
semination of accurate time, it has sometimes become 
necessary to distinguish two aspects of time: an instant, 
or point in time at which an event occurs, and an interval 
or period, the duration of whieh 1s to be specified. Until 
recently, no dichotomy arose. Mean solar time could be 
used to designate an instant, and the second of mean 
solar time was the accepted unit of time interval. 

The diseovery of small variations in the rate of rotation 
of the Earth implied corresponding variations in the 
accepted unit of time interval, the second, defined as 
1/86,400 of a mean solar day. In relation to the standard 
of precision currently demanded, these variations became 
significant and could no longer be tolerated in a funda- 
mental physical unit. 

As a first step the effects of known variations were 
removed. One cause of non-uniformity in a time scale 
based on the rotation of the Earth is the “wobble” of the 
Earth relative to its axis of rotation—a phenomenon 
known as "polar variation". The displacement of the 
pole may be determined from eurrent world-wide observa- 
tions of latitude variation, and the corresponding longitude 
variations (which affect time observations) can be caleu- 
lated. In the Time Service of the Royal Greenwich 
Observatory, corrections for polar variation have been 
applied in the published results since January 1948. 

The existence of a seasonal fluctuation in the rate of 
rotation of the Earth had been indicated in 1935 from a 
comparison of astronomical observations with the quartz 
clocks of the Geodetic Institute at Potsdam, but the 
determined amplitude was too large’. In 1936 and 1937, 
Stoyko published the results of an investigation using 
principally pendulum clocks*. The determined amplitude 
was confirmed by analyses by Scheibe and Adelsberger’. 
Uhink? and Finch‘, the latter being based on the quartz 
clocks of the Royal Greenwich Observatory. On the basis 
of this evidence, corrections were introduced in the pub- 
lished Greenwich results from 1950. Tt soon became clear. 
however, that the amplitude was still too large, and my 
own analysis®, which largely eliminated the effects of 
errors in the clock parameters, and that by myself and 
Tucker? which took account of periodic errors in star 
places, gave amplitudes which are in accord with sub- 
sequent experience. 

Accordingly on July 1, 1953, a time system, designated 
Provisional Uniform Time (PUT), was introduced in both 
the radio time signal emissions and the published results 
of the Royal Greenwich Observatory. This system, re- 
named UT? and using corrections supplied by the Bureau 
International de l'Heure, was adopted internationally 
from January 1, 1956 (International Astronomical Union, 
Dublin, 1955). 

Although UT2 takes account of the quasi-periodie varia- 
tions in the rate of rotation of the Earth, there are un- 
predictable irregular changes. The cumulative effect of 
these may be determined subsequently from astronomical 
observations of the orbital motions of the bodies of the 
solar system. It therefore follows that these motions can 
be used to establish a time scale unaffected by the varia- 
tions in the rotation of the Earth on its axis. Ephemeris 
Time (ET) is defined in terms of the annual motion of the 


The standards by which time and intervals o' time are measured 
are at present under review. 


Earth around the Sun, and may, in theory, be determined 
by observation of the apparent mo-ion of the Sun. The 
motion of the Moon around the Earth has been extensively 
studied and, by using the accurate tables available, ET 
can be determined more conveniently and more accurately 
by observing the position of the Moon relative to the 
background of the stars. 

It was natural that ET, as a uniform scale of astro- 
nomical tame, should be adopted in the national ephemer- 
ides*. It was understandable that it should be considered 
as à solution to the growing need for an invariable unit of 
time interval. In 1956 the second o ephemeris time was 
adopted as the legal second by the International Com- 
mittee of Weights and Measures (CIPM)*. lt soon 
became evident, however, that the second of ET, though 
fulfilling the requirement of invariability, did not fulfil 
the equally important requirement cf accessibility. ft ls 
only available in arrear, and the aceuracy with which it 
ean be defined by astronomical observations spread over 
2 or 3 years is inadequate for many modern applications. 

The idea of utilizing frequencies associated with atomic 
and molecular resonances as practical standards of fre. 
quency and time interval had long seen considered but 
rejected as impracticable. The first successful attempt 
was made by Lyons of National Bureau of Standards, 
USA, in 1949 (ref. 10), who constructed a standard based 
on an ammonia absorption line. Further investigations 
in the USA favoured atomic beam standards, but the first 
beam standard to be placed in regular operation was 
constructed by Essen and Parry at the National Physical 
Laboratory. The caesium transition frequency was first 
determined in terms of the PUT time scale of the Roya! 
Greenwich Observatory". Later, by eooperation between 
the NPL and the US Naval Observatory, the frequency 
was measured in terms of the ephemeris second. The 
value obtained. 9 192 631 770 cycles per second (ETv*. 
has been closely confirmed by subsecuent investigations 
(for example, Nicholson and Sadler!*). 

It was soon realized that the atomie standard provided 
a convenient means of making the second of ephemeris 
time currently available, and the Twelfth General Con- 
ference of Weights and Measures (1954) recognized this 
by adopting the atomic definition of the second "to be 
employed temporarily for physical raeasures of time”. 
The disparity between the aecuraece of astronomical 
measures of the second of ET and the precision with which 
atomic frequencies could be measured ed to the adoption 
in 1967 by the Thirteenth General Corference of Weights 
and Measures of the following resolution: 


"that the unit of time in the International System of 
Units shall be the second, defined as follows: 

The second is the duration of 9 132 631 770 periods 
of the radiation corresponding to the cransition between 
the two hyperfine levels of the greund state of the 
caesium atom 133." 


Development of a Compromise System 


26x ; 


One group, concerned with astronomy and navigation and 
survey, or with making other observations of extra- 
terrestrial objects from a point on the surface of the 
rotating Earth, requires time directly related to the angular 
position of the Earth, that is, UT. Others, requiring a 
fundamental unit of time interval for laboratory measure- 
ments in physies and, particularly, in the measurement 
of frequency, demand that the radiated time signals 
should conform strictly to a uniform time scale. Clearly 
the two groups of users have needs that are inherently 
irreconcilable, and as an interim solution it has been 
necessary to adopt a compromise system by which both 
ean be served with an acceptable modicum of incon- 
venience. 

To meet as far as possible the needs of frequency 
standardization the Royal Greenwich Observatory adopted 
as long ago as 1944 a method of control of radio time 
signals designed to this end. The daily rate defined by 
signals radiated at 24 h intervals was kept as constant as 
possible (in terms of a mean of the quartz clocks then 
available) and precise step adjustments in time were made, 
when necessary, on a Wednesday, to restore agreement 
with UT. Thus from day to day (with the possible 
application of a correction for Wednesdays) the radio 
time signals defined 24 h intervals to the best precision 
attainable. The insertion of step adjustments when 
necessary ensured an adequate accuracy as radiated for 
all known users of UT. (Many users requiring UT to high 
accuracy are, fortunately, able to wait for the subsequent 
published corrections.) 

The advent of atomic standards which are not subject 
to the secular drift associated with quartz crystal stand- 
ards makes it possible to control the day to day uni- 
formity of rate of the time signals within much closer 
limits. The inereased accuracy of modern astronomical! 
observing equipment (such as the PZT and Danjon 
Astrolabe) provides a better delineation of UT. 

In the UK the principal time signal emissions are from 
the Post Office Radio Station at Rugby. The international 
time signals from the VLF transmitter GBR (16 kHz) 
established in 1927 have provided a general world-wide 
coverage. There are now four emissions daily (0300, 0900, 
1500 and 2100 UT), each of 5 min terminating at the 
exact hour. For many years GBR has been supple- 
mented by HF emissions, but these ceased on December 
31, 1968. In 1950 the MSF standard frequeney service 
was established on a regular basis by the National Physical 
Laboratory. These emissions carry superposed time 
signals and now operate continuously on 60 kHz, 2:5, 5 
and 10 MHz. From April 1960 (ref. 15), by agreement 
between the Royal Greenwich Observatory and the 
National Physical Laboratory, all the Rugby time signals 
are derived from the same master oscillator, which also 
controls the MSF standard frequencies and the carrier 
frequency of GBR. The NPL is responsible for the 
accuracy of the radiated frequencies, and the RGO is 
responsible for the time. The method of control, which 
followed the system adopted by the US Naval Observa- 
tory, is to offset the carrier frequencies (and the rate of 
the seconds pulses) by an amount necessary to allow for 
the predicted relative drift of UT on the atomic standards. 
The amount of the offset (in multiples of 50 parts in 104) 
remains unchanged throughout each calendar year. If, 
because of unpredictable changes in the rate of rotation of 
the Earth, the departure of the time signals from UT 
exceeds the amount considered tolerable for navigational 
and survey needs, a jump adjustment is applied to the 
time signals. These adjustments are made, when neces- 
sary, at 0000 UT on the first day of à month. 

Ón January l, 1961, full coordination of the UK and 
US radio time signals was inaugurated. The signals were 
synchronized, the same values of frequency offset were 
adopted and adjustments of 100 ms, when necessary, 
were made simultaneously. Other organizations, appre- 
ciating the advantages of this system, adjusted their 
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radio time signals to agree with the UK/US system and 
coordination soon extended to Argentina, Australia, 
Canada, Czechoslovakia, France, Italy, Japan, Switzerland 
and South Africa. 


Coordinated Universal Time 

In October 1912 the first Conference Internationale de 
l'Heure met in Paris and recommended the establishment 
of a Commission Internationale de l'Heure to secure 
unification of radio time signals; to ensure the universal 
use of GMT; to create an executive organization, 
the Bureau International de PHeure, in Paris to co- 
ordinate results from observatories and to deduce the 
most exact time. 

Following the eleventh General Assembly of the Inter- 
national Astronomical Union (Berkeley 1961) and the 
tenth Plenary Assembly of the International Radio Con- 
sultative Committee (Geneva 1963), the system of co- 
ordination which had been initiated by the UK and US 
was formally recommended for universal adoption, with 
the Bureau International de PHeure acting as the co- 
ordinating body. The system, now known as UTC 
(Coordinated Universal Time), provides a uniform time 
seale based on atomie standards, but offset by a known 
amount, and time signals within specified limits of UT2. 
The question which now arises is whether the compromise 
system, used so far, is the best suited to current 
needs. 

In particular, the adoption by the CIPM of an atomic 
definition of the second has led to a strong and readily 
understandable demand that the radio time signal dots 
be spaced at intervals of exaetly 1 s: this is equivalent 
to abandoning the offset. Acceptance of this demand 
necessarily involves either an inerease in the number of 
step adjustments or an inerease in the permitted difference 
from UT2; unless the increase in tolerance is large, both 
may be needed. Currently, time signals (on the atomic 
time seale) are departing from UT by about 2:5 ms/day, 
but this rate is not constant and could be appreciably 
greater or smaller. The cumulative difference between the 
Greenwich Atomic Time Scale (epoch 1955) and UT2 will 
reach 8 s early in 1969. Retention of the present limit 
of +100 ms from UT2 would necessitate frequent adjust- 
ments (which might in the future have to be at times 
other than the first day of a month), and these might well 
become an intolerable nuisance to some users. 

The present tolerance of +100 ms corresponds well to 
the human time-diserimination and thus to the timing 
accuracy of visual observations; moreover, it is nearly the 
limit that ean be achieved in practice while giving adequate 
notice (2 or 3 months) of adjustments. Its abandonment 
would make it necessary for some users (how many 
depends on the amount of the increase) to apply corrections 
to the times of their observations, and these corrections 
would (unless the increase in tolerance is very large) 
oscillate in sign and suffer discontinuities. The most 
stringent navigational demands. however, could probably 
be satisfied by +200 ms or even +025 s; but, even 80, 
jump adjustments would give rise to many discontinuities 
in the time scale. 

One suggestion that has been put forward is that the 
tolerance should be raised to + 0-5 s approximately, and 
adjustments, when required, should be in steps of ls 
exactly. (CCIR Study Group VII Interim Meeting. 
Boulder, 1968.) This has the great advantage that world- 
wide radio and electronic systems which are linked to 
UTC would require no physical adjustment: the re- 
numbering of the seconds would be a clerical entry. lt is 
proposed that users who require higher accuracy in UT2 
immediately could be served by the addition of coded 
corrections to the radio emissions. On the other hand, 
these corrections would be an added source of possible 
errors, particularly as their use would fall to the navigator 
and the field user rather than to the laboratory worker 
who may be better able to cope. Furthermore, many 
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users listen to secondary time signals (such as the BBC 
six pips) which might not be able to provide coded correc- 
tions. There would be an unacceptable danger of confusion 
unless all time services, including some accurate public 
clocks, made the adjustment simultaneously. Under this 
scheme, adjustments could be on the first day of any 
month, and would be widely publicized with adequate 
notice. Another scheme which has been proposed is to 
make the adjustment of variable magnitude (multiples of 
200 ms) at fixed dates once (or, if necessary, twice) per 
year. This would ease the communication problem, for 
users would be sure of the dates when steps might occur. 
Both schemes could maintain a tolerance of the order of 
0-5 8 (rather more in practice). 

The question naturally arises whether the tolerance 
can be further increased, essentially leading to the adop- 
tion of straight atomic clock time, with perhaps rare 
adjustments of, say, 10 s. 1 min, or on leap year day every 
fourth year. This would greatly inerease the number of 
users who need to applv corrections, but the corrections 
would be large, of the same sign and would only have 
rare discontinuities: to within the tolerance of 40-5 s; 
values of the correction could be predieted at least 6 
months in advance (it should be noted that this is inde- 
pendent of the availability of more accurate coded 
corrections). 

At a meeting of experts held under the auspices of the 
CIPM, there was general agreement to the abolition of the 
offset (inevitably, not all interested users could be repre- 
sented). Opinion was divided on the magnitude and 
frequeney of the step adjustments; some wished to retain 
the present tolerance or extend it to +200 ms at most. 
Others accepted a 0-5 s tolerance, and wanted either fixed 
steps (1 s) at dates to be chosen or fixed dates and variable 
steps (n x 200 ms). At the meeting at Boulder, CCIR set 
up an International Working Party VII/l to receive 
proposals and comments, to reconcile as far as possible 
any objections, and, if possible, to prepare a draft revision 
of the present UTC system. Several administrations and 
organizations have expressed a willingness to participate, 
and submissions, preferably through the CCIR national 
committees (although other contributions are invited), are 


Electron Density Distribution above the Winter 


by 
M. K. ANDREWS 
J. O. THOMAS 


Department of Physics, 
Imperial College of Science and Technology, 
London 


GROUND-BASED experiments have built up a considerable 
body of information on the nature of the polar ionosphere. 
In particular, ionosondes have provided a great many 
data on a regular, routine basis about the electron dis- 
tribution in the F region with respect to both altitude 
andlatitude. Because the polar ionosphere is a region with 
much fine structure, this work has unfortunately been 
handieapped by the large spatial separations of the 
stations in the recording network. In recent years, 
satellite-borne instruments have permitted a more 
detailed study of the region by providing a virtually 
continuous record of the electron density variations, at 
different altitudes, along the track of the vehicle. In our 
work, data from the Alouette I “topside sounder” satellite 
were used to provide electron density measurements in 
the polar exosphere with a horizontal spatial resolution 
of about 100 km. 


ens 


requested by the end of January 1959. It will be the task 
of this Working Party to consider tae documents received 
and decide whether any particular modification of the 
present system would better mest current needs or, 
because such a solution might onky serve as an interim 
measure, to ascertain whether the teme is now ripe for the 
introduction of a straight atomic clock time scale. 

The prospects of this latter solution, which would clearly 
satisfy the wishes of those whose chief requirement is for 
standards of frequency and of time mterval, must depend 
largely on the views of the astronomical, navigational and 
survey users who require time (UT) as distinct from tume- 
interval, 





The TAU has been invited to submit comments 
on the proposal made by CCIR Study Group VIT, but it is 
clearly desirable that those more divectly concerned with 
visual observations related to topographic positions on the 
Earth should similarly put forward their views, and it is 
hoped that they will do so. Any substantial change in the 
present system might also have repercussions in legal 
designations of time of day, and Government action may 
be involved. 

International Working Party VII/: will report to CCIR 
Study Group VII at the meetings im Geneva towards the 
end of 1969, preparatory to the Plenary Assembly early 
in 1970, where it is hoped that a useful decision may be 
achieved and unanimously adopted. 
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Measurements by the Alouette | satellite over the winter pole 
reveal an electron density distribution which :s stationary with 
respect to the Sun. The chief feature is a ring of Figh density plasma 
throughout the height range accessible to the satellite. 


In a previous paper! we were able to show that, to a 
first approximation, the eleetron densities found along 
consecutive tracks of a satellite moving at a fixed direction 
to the Earth-Sun line in the polar regions follow a con- 
sistent pattern. It was suggested thet this observation 
implied that there is a density distribution at high 
latitudes, approximately fixed with respect to the Sun, 
and under which the Earth rotates. Earlier ground-based 
studies of the polar ionosphere have consistently indicated 
a “tongue” 





conjecture that particle precipitation is responsible for 
the maintenance of high densities in the polar ionosphere. 
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Fig. 1. Three-dimensional scale model of the electron density, Vs, at the Alouette I orbit 
(71,000 km above the Earth's surface) for a series of consecutive passes (565-569) above 
E Each pass shows the same twin peaks of density at 
Circles of geographic latitude are indicated (from ref. 1). 


the north pole on November 9, 1962. 
high latitudes. 


Densities observed on Trans-polar Passes 


In ref. 1 we discussed reasons for considering the iono- 
sphere to be made up of two parts, the part at low latitudes 
(lying within the plasmasphere), predominantly solar 
controlled, and the region at high latitudes which is 
aurorally associated. With this interpretation, the mid- 
latitude “trough” (so called because the electron density 
at a given altitude, when plotted versus latitude, often 
shows a sudden decrease followed by an Increase) arises 
as the result of the proximity of the two ionospheres, and 
the low latitude side of the trough becomes associated 
with the plasmapause. At higher latitudes, the electron 
densities encountered tend to be rather variable, but a 
pattern may be extracted. 

Using data primarily from the Canadian topside sounder 
satellite Alouette I, it was shown that the densities 
sampled along a track at a fixed direction to the Earth- 
Sun line may be quite repeatable in the sense that 
the form of the eurves and their approximate magnitudes 
are similar on consecutive passes. In Fig. 1, the exosphere 
electron density on a number of consecutive passes is 
shown. In this instance the distribution of ionization 
(two peaks of high density surrounding a zone of low 
density over the pole itself) is seen to be repeated over a 
period at least as long as transits were available, about 
ten hours of universal time. This implies that the density 
is dependent on local time, but not, to a first order, on 
longitude, as the Earth rotates 180° in the interval of the 
passes of Fig. 1. It should be noted that changes with 
universal time do, however, occur, as will be discussed 
later. The twin-peaked pattern of density, usually on the 
dayside, was discernible however disturbed, but on 
occasions an equally stable single-peaked distribution was 
observed. 

During February 1963 the satellite passed on the night- 
side of the pole on a track approximately parallel to those 
of November when the passes of Fig. 1 were recorded. 
Here again, twin peaks of density were seen with the 
same zone of very low density over the highest latitudes. 
Passes in other directions throughout the winter of 
1962-63 were also considered, and it was found that, 
despite a large variability, an approximate but con- 
sistent pattern was present along a given direction to the 
Earth-Sun line. 


Model of the Polar lonosphere 

On the basis of these measurements, and those in ref. 1, 
it is possible to formulate a tentative model of the in- 
stantaneous electron density distribution over the polar 
region. Although features may become indistinct or 
absent on particular passes, the fact that it is possible to 
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detect an average shape along a particular 
line indicates that a characteristic distribu- 
tion of density exists, however perturbed 
it may become at times. 

The features of a stationary density dis- 


tribution in the upper F region consistent 
with those found on intercepts in different 

*. directions are shown diagrammatically in 
26 Fig. 2, where darker shading represents a 
4 greater electron density. The picture 
x suggested is a crescent-shaped trough of 
1% low density plasma surrounding the pole, 


narrow on the evening side, wide during 

the morning hours, together with a large 
0 depression of density over the polar cap 
itself, elongated and displaced in the mid- 
night direction. Alternatively, if the 
ionosphere is considered in two regions, 
this pattern could be deseribed as a 
relatively steep-sided ring of ionization 
about the pole, surrounded eecentrically 
by the low latitude ionosphere which 
terminates rather abruptly, particularly 
during the afternoon hours. The noon portion of the 
mid-latitude ionosphere is here assumed to overlap 
the central core of ionization so that the trough dis- 
appears. 

The range of electron density within the polar eap is 
rather large. The average density seen towards the night- 
side of the polar cap depletion and in the trough was 
(-5x 105 cm. Densities within the high-latitude peaks 
were rather variable and did not correlate well with 
magnetic activity, as indicated by Kp. On the nightside, 
typical densities lay in the range 1:5-2:5 x 10° em™, rising 
to 3-5—4-5 x 10° em- on the dayside. These densities are 
representative of conditions at minimum solar activity. 
Features usually seemed to be most clearly defined in 
quiet magnetic conditions. 

Using this model, it is possible to suggest qualitatively 
reasons for some of the apparent variability of the iono- 
sphere from one pass to the next, even during magnetic- 
ally quiet periods, if it is assumed that the whole ioniza- 
tion distribution ean move relative to the Earth with, 
for example, universal time. Limited evidence for this 
has been obtained. The apparent production of ionization 
during the sequence of Fig. 3, in which a peak and a 


Kp min 9°, 





Fig. 2. Idealized distribution of electron density in the altitude range 
300-1,000 km above the winter pole, in which darker shading represents 
a greater particle density, showing the polar cap depletion and the 
trough. The sketch on the right shows two possible density-time records 
which may be obtained from the same pattern if the whole distribution 
moves with respect to geographie coordinates as it might if, for example. 
it followed magnetic control as the Earth rotates. Compared with the 
density pattern, that is, magnetic coordinates, the satellite tracks 4 and 
B would appear displaced as indicated. The approximate position of the 
geographic pole is indicated. 
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Fig. 8. The density Na F2 of the F layer peak seen on four consecutive 

passes during a very quiet magnetic period when the vehicle was travel- 

ling approximately in the direction of the passes 4 and B marked in 

Fig. 2. A rise to higher densities is consistently seen about L7, but at 

higher latitudes a large apparent production of ionization occurs as 

thne increases, "This may be related to the effective displacement of the 
satelite tracks as indicated in Fig. 2. 


plateau of ionization were seen to approach each other, 
is simply explained geometrieally if the ionization moved 
slightly towards the dusk side with respect to the satellite 
track. Relative to the ionization, the tracks seem dis- 
placed and the rather different profiles indieated in Fig. 2 
would be obtained. 

In a similar way, the radically different 
November sequences in the photographs of 
Figs 3 and 4, in ref. 1, one with and the 
other without two peaks, could be explained 
by a shift of the ionization a small distance 
towards the night hemisphere with respect 
to the November passes, such that the 
vehicle was only just encountering or 
avoiding the polar cap depletion region. 

The statistical position of the boundaries 
of the enhancements of density at high 
latitude has been investigated. Because 
of the high latitudes involved, large differ- 
ences can occur between the local solar 
time and the local magnetic time at a 
point in space. For each point, the co- 
ordinates used were the eccentric dipole 
time* and the generalized invariant lati- 
tude, both caleulated at an altitude of 
300 km. Where polar enhancements were 
seen in the records of M ,,F2, the position 
of the mid-point of the density rise was 
noted. From 276 observations, the posi- 
tion of the low latitude boundary was 
computed in two hour sections of time, 
as a function of Kp index from thirty 
hours before to thirty hours after the time 
of observation. 

Somewhat fewer data are available on 
the high latitude boundaries of the peaks. 
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From 187 observations the location of the upper boundary 
has been calculated, again for each two hour interval of 
eccentrie dipole time. 

The contours representing the smoothed boundaries of 
the ring are drawn in Fig. 4 for à Kp index of 3. Also 
shown on the same figure is the auroral oval for a 75-90 
per cent occurrence of aurora’, together with the contour 
above which latitude the flux of 40 keV electrons is less 
than 101 em-? s-! (ref. 4), and the position of the low latitude 
boundary of the trough!. The flux contour is identified 
with the average boundary of the trapping zone. The 
position of the ring lower boundary is statistieally more 
accurate on the nightside, where the density rises very 
sharply (see, for example, Fig. 3), and rather less accurate 
on the dayside, largely as a result of the poorer definition 
(smaller density gradients) near the point being measured. 
The position of the upper boundary of the ring showed 
considerable variability, and the position shown on the 
figure has been smoothed considerably. At such latitudes, 
the use of invariant latitude in organizing data censes to 
have any physical justification. 

From the regression equations calculated for each 
sector, the lower boundary of the ring was shown to move 
towards the equator with increasing magnetic activity. 
No time lag of any significance was seen between the time 
of the observation and the time of the magnetic index 
showing the best correlations with the regression. ‘The 
correlations obtained, however, were in general not highly 
significant, reflecting the great variability of the high 
latitude ionosphere. Nevertheless, one of the more sig- 
nificant correlations and regressions towards the equator 
comes from the 0-0200 h time sector, where from the 
December data for 16 clear peaks the equation for the 
position A’ in invariant latitude of the lower boundary was 


A peas 65:3 wes 2:3 Ky 


and the correlation coefficient was 0-70. This is in eon- 
trast with the low latitude boundary of the trough, where 
the correlation of position with magnetic activity was 
highest in the evening sector and almost zero at mud- 
night. This behaviour underlines the essentially different 
nature of the ionosphere at high latitudes compared with 
that at latitudes below the trough. 

The density distribution discussed is applicable only to 


the winter hemisphere. During the summer months, the 


NOON 





Fig. 4. The relative location of various high latitude phenomena in terms of invariant 
latitude and local time fora Kp of 3. The plasmapause in the ionosphere is taken to be the 
low latitude boundary of the trough!. The smoothed upper and lower boundaries of the 
high latitude ring of enhanced electron density are shown and are seen in relation to the 


visual auroral oval. 
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whole of the polar cap is illuminated continuously and 
there is little evidence of the peaks and depletions seen 
in winter. This is not to say that there are no differences 
between the polar and mid-latitude ionospheres. As over 
the winter pole, the summer high latitude ionograms show 
more trace spreading and are generally more disturbed 
than those from lower latitudes; again, the transition 
from one type to the other may take place over a narrow 
range of latitude. 


Analysis of Polar Topside lonograms 


The changes occurring in the ionosphere across the pole 
may be seen in more detail after carrying out a real 
height-density analysis of ionograms in the region. This 
has been done for a few sequences of ionograms during 
which the satellite traversed some of the polar features 
deseribed earlier. The results are preliminary, but are 
representative of the passes analysed. 

lonograms were reduced to real height profiles by the 
method of contiguous parabolas?, after which interpolated 
densities and seale heights were computed at 50 km 
intervals from 1,000 km downwards. For high dip angles, 
if diffusive equilibrium prevails, the scale height H is 


given by 
] E mai g 1 d(Ti + Te) 


H KTS 7.) Ti+Te dh 


where g is acceleration due to gravity at an altitude h, 
mis the mean ionic mass at that altitude, 7; and Te are 
the absolute temperatures of the ions and electrons, and A 
is Béltzmann’s constant. The second term in the expres- 
sion is small but not zero, as over the range of altitudes 
considered the ion temperature is rising from that of the 


neutral atmosphere to that of the electron gas. Smith 
v ds + Pe) de 
and Kaiser? estimate . — ——— to be 2-3? K km- at 
dh 


high latitudes, and so at heights of around 700 km, where 
this temperature gradient is probably highest, and (T; + Te) 


typically 3,000° K, —— — —— 

YI > KU T) 

contributes about 13 per cent to H. 'Thus H basically carries 
7M. £ 


~ 200 km-!, the second term 


3 Lu ; . 
— ——-. Although there remains 
Tu 


considerable doubt as to whether the polar ionosphere is in 
diffusive equilibrium, speeds and times of diffusion along 
field lines (that is, nearly vertically) such as those eal. 
culated by Lund et al.’ suggest that during a steady 
state period such as prevailed during the passes of Fig. 1, 
the ionosphere topside N(h) profiles are probably not 
much different from those corresponding to diffusive 
equilibrium in the height range considered. The seale 
height values have then been interpreted qualitatively 


T, t+ To 
in terms of relative changes m meee, 
mi 


show that: (1) The density variations at all heights 
follow those at the F layer peak, and so the total 
electron content of the topside ionosphere com- 
puted between 450 and 950 km also followed the 
Nm? variations. This shows that the peaks and troughs 
are not caused simply by a vertical redistribution of 
ionization. (2) The seale height at 500 km frequently 
rises at the trough from mid-latitude values; for example, 
during one pass (620) H rose from about 110 km to 
140-150 km inside the trough and the high latitude peaks. 

Because the dominant ion at 500 km is O+ (ref. 8), the 
change in H from mid-latitude to the polar ionosphere 
represents a sudden temperature rise, with the result that 
the change from 0* to lighter ions does not occur below 
1,000 km over the pole. Although the ionospheric electron 
content between two fixed heights may differ by an order 
of rnagnitude from the trough to a polar peak, the shapes 
of the N(h) profiles (caused by the variation of H with 


information on the ratio 


Our analyses 
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altitude) often remain remarkably similar, indicating a 
similarity of temperature and composition above the 
plasmapause. 

The heights of the polar layers seem to be quite low. 
Although the height hm of the layer peak is not usually 
found from topside ionograms, “the profiles could be 
traced to about 300 km outside and 270 km inside the 
polar ionosphere. In view of the higher temperature of 
the latter, it might be expected that the layer would be 
higher inside the pole, but this was not the case. On the 
nightside of the Earth, polar profiles apparently free 
of oblique traces have been traced to altitudes below 
250 km in the density enhancements. 


Comparison with other Results 

The distribution of ionization above the winter pole 
derived in this survey may be compared with results 
reported by workers using different techniques. 

Using results from Alouette I N(A) analyses published 
by the Canadian Defence Research Establishment, 
Nishida® has produced computer averages of electron 
density over the north polar cap in the form of density 
contours on maps of corrected local time and correct ted 
geomagnetic coordinates’, The crescent shaped trough 
on the nightside is apparent, but the chief difference is 
that there is no suggestion of a polar depletion region. 
The difference could arise in that automatic averaging 
wil lose features which do not oceur consistently at a 
particular latitude. The mesh size used by Nishida was 
fairly large: 2 h of local time and 4° of latitude. A grid 
of these dimensions Is necessary in practice to encompass 
sufficient data points so that the standard deviations 1n 
the averaged quantities are low. To avoid these inherent 
difficulties, we have considered the density variations 
along individual tracks melined at approximately the 
same angle to the Earth-Sun line, and built up a model 
from the characteristie shapes observed. 

Comparison with ground-based data is diffieult because 
of the scattered nature of the sounding stations. Results 
comparable with ours are contours of constant critical fre- 
queney at various universal times for winter days in the 
southern hemisphere (in ref. 11), and similar contours, 
though in the form of monthly averages, for several uni- 
versal times over the North Pole region (ref. 12). A com- 
parison of the data in these two references shows that in 
essence the same density configuration is present in both 
hemispheres, in spite of the fact that the relationship 
between magnetic and geographie coordinates differs 
considerably in the two regions. This configuration was 
described as a tongue of ionization extending into the 
polar cap from the solar direction. A diagram from ref. 11 
is redrawn in Fig. 5. Although the results are in terms 
of geographic latitude, the crescent shaped trough is 
evident and is wider on the dawn side than on the dusk 
side. Although, again, no polar cap depletion is shown, 
the tongue structure seems equivalent to the high latitude 
ring of ionization. 

The approximately stationary density distribution 
above the poles deseribed here should give rise to detect- 
able effects in the ionospheric data of stations rotating 
beneath it. This may be investigated using f-plots, or 
daily graphs of frequency data read from ionograms. 

College, Alaska, at a magnetic latitude of 65? , ig an 
auroral zone station; that is, it lies inside the position of 
the auroral oval and within the zone where, from topside 
studies, density enhancements might be expected. Winter 
f-plots show that the dayside records are normal, with 
the density peaking shortly after noon, but that during 
the night hours, if the station is not covered by a layer 
of blanketing sporadic E, reflexions may be “obtained 
from anomalously dense layers. Such reflexions may 
commence suddenly and are frequently spread, sug- 
gesting an irregular reflecting medium. 

Resolute Bay, at 83° magnetic latitude, hes above the 
auroral oval. The geographic latitude of this station 





NATURE, VOL. 221. JANUARY 18, 1969 










NOON 
TEN d DAWN ee s 
/ 1 4 MuR 12 
" = 
MIDNIGHT — MJ ne 
90° Seca Ss 
12s —— 10 
13> > 9 
12 " : at NT ninm ^ * N, - 1 8 





Fig. 5. Contours of monthly median critical frequencies (f,F2) in MHz 
at a particular universal time (0900 UT, June 1958) across the polar cap 
(after ref. 11). The tongue of high density plasma entering the cap from 
the dayside corresponds to the present high latitude ring of ionization 
( Fig. 2), and the elongated depression of density on the nightside is the 
ionospherie trough. Geographic latitude and longitude are indicated, 


75° N) ensures that the Sun does not rise below an 
altitude of 70 km during mid-winter, at which time the 
minimum solar zenith angle is 98?—99?. f-Plots for this 
station show that the night enhancements of F-region 
density are rarely seen, but that frequently the overhead 
density peaks around noon. The values of f,F2 are 
commonly 6 MHz, which is excessively high for photo- 
ionization at zenith angles of the order of 100°. Such 
diurnal behaviour is what might be expected from a 
station rotating predominantly inside the eccentric 
central core of Fig. 2 and cutting it slightly on the dayside. 
King et al. have suggested that many of the density 
fluetuations at high latitude stations are caused by the 
component of a horizontal neutral wind forcing ionization 
along field lines. Such an explanation must be inadequate 
for the large density fluctuations seen at Resolute Bay, 
for the near-vertieal field (dip — 89?) would give a negligible 
foree component along the field lines. 

It seems likely that the phenomenon of layer replace- 
ment such as that noted at Halley Bay, in which a 
denser layer appeared over the ionosonde during the night 
hours, is the same effect as that described previously for 
an auroral zone station. Bellehambers et al.!* noted that 
if the new layer was considered to be at the same height 
as the old, then a relative speed of advance could be 
deduced for it. This consistently appeared as 70 m s-!, 
with extreme values of 40 and 150 m s-1. The geographic 
latitude of Halley Bay is 75-5? S, so the radial speed of 
the station is 116 m s-'. Measurements show the low 
latitude boundary of the inner ring of ionization moves 
towards the equator with increasing magnetic activity; 
from the consideration of oblique echoes, Bellehambers 
et al.^ conclude that in very quiet conditions the 
replacement layer did not extend over Halley Bay, and 
on disturbed days the layer was seen “abnormally early". 
These faets are consistent with the passage of the station 
under à pattern of higher density which expands with 
magnetic activity. 


Possible Explanations 

The relative positions of the auroral oval (the signifi- 
cance of the boundary of which is merely a certain per- 
centage probability of the oceurrence of aurora) and the 
lower boundary of the density ring naturally suggests 
that the higher densities are the result of soft particle 
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bombardment causing ionization chiefly in the approxim- 
ate height range 100—200 km, which then diffuses upwards. 
Some support is lent to this view bs the very irregular 
nature of the ionosphere in the peaks ¿s inferred from iono- 
grams, and from the fact that profiles may be computed 
down to below 250 km. This implies a very low hm for such 
a hot layer, and suggests a source lcav down in the iono- 
sphere. King!5 has discussed bottomeide ionograms taken 
during disturbed conditions on which the E and F layers 
seem to be continuous. If, however, auroral region 
precipitation is the basic cause of the high latitude ring 
of ionization, it remains to be explained quantitatively 
why densities on the dusk-side are greater than on the 
dawn-side, and why it is that the censities in the mid- 
night sector, which experiences most auroral activity, are 
not greatest. This is probably related to the energy 
spectrum of the precipitating flux. Fecent measurements 
on low energy («5 keV) eleetrons'** indicate that these 
particles, which would cause F region ionization, show a 
"polar cavity”; that is, there is n» flux at very high 
latitudes. There is also a day—night asymmetry, with 
fluxes on the dayside exceeding those on the night. 

A possible explanation of the high temperatures inferred 
throughout the polar ionosphere including the trough may 
be found in current models of the magnetosphere. Within 
the magnetosphere, most models predict a large scale 
convection of hot plasma and field Imes, which is away 
from the Sun across the polar cap**??, Such a flow 
requires a return path back towards the Sun inside the 
magnetosphere. ^ Fairfield? found an average flow. 
irrespective of disturbances, which was across the polar 
cap from a direction west of the Sun. with a return flow 
just outside the auroral oval. In the -econnexion model’ 
the field lines carrying with them hot plasma from the 
tail enter the magnetosphere on tbe nightside in the 
region (in the equatorial plane) between the plasmapause 
and what may be taken as the trapping boundary. (It 
is the movement of the feet of the fieid lines in the iono- 
sphere which sets up the current system.) The base of the 
field lines in this region reaches the ionosphere between 
the auroral oval and the plasmapauss projected back to 
the ionosphere, that is, the trough. The present deduc- 
tions of high temperatures are consistent with this overall 
circulation picture, in which the temperatures could be 
due to the joule heating of the current system, and by 
downwards conduction from the hot convecting plasma. 
Donley (unpublished results) has reported some pre- 
liminary plasma density and temperature results at 
altitudes of 2,000-3,000 km from probes aboard Explorer 
31, From figures in his work, a simiar rise in the tem- 
perature inside the trough may be detected. 
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We wish to report a new and successful demonstration of 
the use of total absorption shower detectors for electrons 
and y-rays in the GeV energy range. Such detectors have 
the following attractive properties: (a) 100 per cent 
detection efficiency; (b) good energy resolution; and (c) 
large dynamie range. Furthermore, there is virtually no 
upper limit to the energy detectable by this means 
because the size of the detector varies only logarithmieally 
with the energy of the incident electron or y-ray’. 

Total absorption y-ray detectors!, in which a large block 
of scintillator produces a light pulse proportional to the 
y-ray energy, are frequently used in nuclear physics for 
y-ray energies up to several tens of MeV. The absorbing 
material is often NaI(Tl), which has an excellent scintilla- 
tion yield, a high density (3-67 g cm~?) and a correspond- 
ingly small radiation length (~ 1 inch). The use of Naf(Tl) 
total absorption detectors at higher energies? has not 
become common, principally because of the required 
absorber size. Until the work reported here the properties 
of such detectors in the GeV range have remained totally 
unexplored. On the other hand, the absorber size needed 
at GeV energies can be deduced from both calculations? 
and measurements! of the electron-photon cascade, and 
Nal(Tl) crystals of the appropriate size are now available. 
We describe here the response of a suitably large NaI(Tl) 
total absorption detector to electrons, and therefore y-rays, 
in the range 4—14 GeV. 

The detector under discussion consists of six separate 
Nal(Tl) crystals, ranging in size from 11:5 inches to 13 
inches in diameter and from 3-75 inches to 7 inches in 
thickness. Each erystal is sealed in a thin aluminium case 
and viewed radially by four RCA 8054 or 8055 photo- 
multipliers. A photograph of one of the erystal assemblies 
is shown in Fig. 1. The six erystals are mounted coaxially 
to simulate one large crystal 27 inches (approximately 27 
radiation lengths) thick. In the tests to be described, the 
erystals were placed in a momentum-analysed, negatively 
charged, 3? secondary beam at the Stanford Linear 
Accelerator Center. This beam was produced by bombard- 
ing a Be target with 16 GeV electrons and consisted pre- 
dominantly of electrons over the whole range of secondary 
momenta. 'lhe monochromatie target image size of the 
beam was 0-75 inch x 0-75 inch at the position of the 
erystals and the horizontal momentum dispersion was 
1-7 ineh/per cent. A 4 foot steel collimator with a hori- 
zontal aperture of 0-5 inch was placed immediately in 
front of the erystals and allowed the beam particles to 
pass down the axis of the detector. The momentum 
spread in the accepted beam, essentially determined by 
the finite target size, was therefore ~ 0-4 per cent. 

The experimental apparatus is shown schematically in 
Fig. 2. Signals from the photomultipliers on each erystal 
were passively mixed and subsequently mixed with the 
signals from each of the other erystals to provide a single 
output pulse. The decay time of each photomultiplier 
pulse was ~ 250 ns, characteristic of NaI(T!), but the sum 
pulse was shaped during amplification to a symmetric 


A total absorption Nal(TI) detector can be used to define the energy 
of an incident electron, or y-ray, to a precision of | to 2 per centin 
the range of 4 to 14 GeV. 


pulse of ~ 250 ns full width at half maximum. Although 
the signals from the crystals can easily be elipped to a 
half-width comparable with the rise time of the photo- 
multipliers (^15 ns), no attempt was made to optimize 
the speed of the detector in the measurements to be 
described. Plastic scintillators S, (2:5 inches x 2-5 inches) 
and S, (0-5 inch x 0:5 inch) were used to define the incident 
beam and scintillators V, and V, to reject unwanted 
off-axis particles. Coincidences between 8, and S, were 
used to open a 500 ns linear gate to pass the amplified 
analogue pulse from the Nal(Tl) crystals into a 256 chan- 
nel pulse height analyser. The circuitry shown in Fig. 2 
was used to prevent the gate opening more than once 
during each beam burst (L5 us) and to avoid recording 
pulse heights either (a) when two 8,8, comeidences 
occurred within 500 ns of each other, or (b) when an 
off-axis particle was detected by V, or V; either within 
2 us immediately preceding the comeidence or following 
the coincidence but within the 500 ns gate. 

Fig. 3 shows the pulse height distribution observed 





Fig. 1. A photograph of an Nal(T)) crystal 13 inches in diameter and 
7 inches thick, showing the crystal mounting. This crystal is viewed 
by four 5 inch RCA 8055 photomultipliers. 
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when 8 GeV electrons are incident on the crystals. Fig. 4 
shows the dependence of the resolution on electron energy 
in the range 4-14 GeV, and Fig. 5 shows the linearity of the 
relation between pulse height and electron energy. In 
preparing for these measurements the detector required 
one simple adjustment, the equalization of the gains of 
the six crystals relative to each other in order to compen- 
sate for the fluctuations in shower development. This was 
done by passing 8 GeV pions through each crystal in turn 
and normalizing the photomultiplier gains to the sharp 
edge in the Landau straggling distribution, corrected for 
the different crystal thicknesses. This method of equaliza- 
tion was checked by observing an electron peak and 
optimizing the photomultiplier gains to obtain the 
minimum peak width. 

It is apparent from Fig. 4 that the observed resolution 
at all energies is clearly larger than that due to the 
spread in the beam momentum (~0-4 per cent). We 
consider the following additional sources of resolution. 

(a) Photon statistics. Taking the number of photo- 
electrons produced at the photocathode to be ~ 5/keV, 
a 6 GeV electron will result in 3 x 10? photoelectrons. The 
statistical fluctuations in this number are extremely small 
(~ 0-04 per cent FWHM). 
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Fig. 3. The pulse height distribution observed when 8 GeV electrons 

are incident on the detector. The zero of the abscissa is offset to illustrate 

the ge shape. The curve is a Gaussian peak shape normalized to the 

height and width of the experimental distribution. This comparison is 
typical of the energy range 4 to 14 GeV, 





Schematic diagram of the experimental apparatus and of the associated electronics. 


casing thickness in the plane perpendicular 
to the beam was 1/16 inch. This was 
artificially increased by inserting additional 
aluminium plates between adjacent crystals 
and measuring the resolution as a funetion 
of casing thickness. Extrapolation to zero 
thiekness showed the contribution due to 
straggling to be x 0-5 per cent. 

(c) Shower leakage from the crystal 
volume. The expected resolution due to 
oue can be estimated from the Monte 

Carlo calculations of  Vólkel?. These 
ealeulations show that in the range 4 to 
14 GeV a constant fraction, approximately 
2-2 per cent, of the incident energy escapes 
from the erystal volume and that this 
escape is almost entirely radial. The 
radiation escaping is in the form of y-rays 
and the spectrum of the escaping radiation, 
which peaks around I MeV, is essentially 
independent of the incident electron 
energy. These results imply à resolution 
due to leakage of 0-6 per cent (FWHM) at 
4 GeV and 0:3 per cent at 12 GeV, These 
figures are not 1n good agreement with the 
measured values but do exhibit the 
observed improvement in the resolution 
with increasing energy. 

(d) Photo-neutron production. Neutrons produced dur- 
ing electromagnetic showers initiated at GeV energies 
have been measured by Bathow ef al. These results 
suggest that an average of 2-7 neutrons are produced 
during each 6 GeV shower and that this rate is dominated 
by photoproduction at the giant dipole resonance at 
15 MeV y-ray energy. If, as expected*, the total track 
length for 15 MeV y-rays varies lhnearly with the incident 
energy, the expected resolution due to neutron production 
is 1-2 per cent (FWHM) at 4 GeV and 07 per cent at 
14 GeV. These estimates, which also predict an improve- 
ment in the resolution with increasing energy, must, 
however, be regarded as upper limita because each neutron 
has to traverse approximately one nuclear mean free path 
before it can escape from the crystal volume. A fraction 
of the energy expended in neutron production may there- 
fore be returned to the erystal and the calculated resolu- 
tion correspondingly improved. Nevertheless, until more 
is known about the production and reabsorption of 
neutrons in Nal(Tl), photo-neutron production must be 
regarded as a possible source of a significant part of the 
observed resolution. 
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Fig. 4. The observed resolution (FWHM) versus electron energy. 
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We do not consider other sources of resolution, such as 
saturation effeets in the photomultipliers during fluctua- 
tions in the shower development and variations in the 
light eollection efficiency throughout the erystal volume. 


at the level of resolution with which we are concerned. It 
is apparent, however, from tests performed by moving a 
89C0 y-ray source across one of the crystal faces, that the 
uniformity of the light collection efficiency is remarkably 
good. A change of less than 2 per cent was observed in 
the mean pulse height of a Co peak (FWHM ~6 per 
cent) over 85 per cent of the crystal face. Neverthe- 
less a reliable estimate of the limits to the resolution set 
by the light collection efficiency will require a careful 
study of the optical characteristics of these large crystal 
assemblies. 

In summary, we find that a total absorption Nal(Tl) 
detector, approximately 11-5 inches in diameter and 27 
inches long, can be used to define the energy of an incident 
electron, or y-ray, to a precision of ~ 1-2 per cent in the 
range 4 to 14 GeV. We also find that this resolution is 
maintained over a circle of 7-8 inches diameter centred 
about the deteetor axis for electrons incident normal to 
the crystal face and that the resolution deteriorates by 
only a factor of two as the spectrometer length is reduced 
to 15 inches. We have not clearly identified the source of 
the observed resolution and cannot therefore define the 
limiting resolution which might eventually be achieved 
with this type of spectrometer. This conclusion depends, 
of course, on the reliability of the present Monte Carlo 
ealeulations on shower development, particularly at large 
depths in the absorber and at large distances from the 
shower axis and also at secondary photon energies as 
low as ^1 MeV. Finally, we note that the energy resolu- 
tion already achieved by the Nal(T!) detector in the GeV 
range is clearly superior to the alternative methods of 
total absorption which have been reported. These include 
lead-scintillator sandwich counters (21-6 per cent (FWHM) 
at ] GeV and 7-6 per cent at 4 GeV)’, and crystalline lead 
fluoride Cerenkov counters (7-5 per cent (FWHM) at 
4 GeV and 5:5 per cent at 14 GeV)*. 

This work was supported in part by a US Office of 
Naval Research eontract. We thank Dr Joseph J. Murray 
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Femoral Fragment of a Robust Australopithecine from 


Olduvai Gorge, Tanzania 


| This fossil femur from Olduvai confirms that the larger or robust 
by australopithecines lived in both East and South Africa during the 


M. H. DAY 


Department of Anatomy, 
Middlesex Hospital Medical School, 
London 


Derse the excavation of site HWK, Olduvai Gorge, 
Tanzania, in 1959, a femoral fragment (1959/H WA/399) 
was found on the surface of lower Bed II or upper Bed I. 
Although the fossil was not in situ, its degree of mineral- 
ization and eolour agree elosely with those of other bones 
from the same area known to be from lower Bed Il. 
From the same site a skeleton of Giraffa gracilis was 
found associated with Oldowan choppers. Because the 
new fossil material lacked articular surfaces, it was marked 
in the field and put aside for later examination. Recently 
material from this excavation was reviewed by Mrs M. D. 
Leakey, and the fragment was recognized as hominid. It 
has been allocated the number Olduvai Hominid 20 
(H.20). | 

= The fragment consists of the upper end of the shaft, 


Pleistocene. This specimen and femora from Swartkrans in South 
Africa are very similar anatomically, suggesting similar locomotor 
characters for the two species. Some inferences can be made as to 
the gait and stance of these australopithecines. 


greater trochanter, lesser trochanter and neck of a robust 
left femur. The head of the bone is missing as well as 
small portions of both greater and lesser trochanters. 
The fossil is heavily mineralized and undistorted; it 
appears to be adult (Fig. 1). 

The shaft of the bone is stout and oval in section, the 
long axis of the section lying transversely; its anterior 
surface is smooth and featureless but its postero-lateral 
margin is roughened by a considerable crista hypotro- 
chanterica for the attachment of gluteus maximus muscle. 
This attachment extends proximally and merges with the 
attachments of the other glutei. The posterior surface of 
the shaft is marked by a prominent ridge which leads up 
to the base of the lesser trochanter, buttresses the attach- 
ment of psoas major muscle and may have provided 
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is preserved at its junction with the head. Thus 1 


recorded for modern man. Gorilla amd Pan. b 
approaches those of both robt t AtS mom lud 
(Fig. 2). The anterior aspect of th- neck is pari 


striking in that it shows neithi 
femoral tubercle, suggesting that the capsular lig 
the hip joint had no thickening of it femora 
a conspicuous feature of moderm human | 
Similarly there is no evidence of toe thiekenu 
hgament on the bones of Africa! nuckle-wa 
and none on the Swartkrans femora 

The posterior aspect of the ne ; smooth 
evidence of the shallow groove oceuwed D thi 
obturator externus muscle in the hy pere xt« nd 


of the hip; a well reeognized bip: d characte 
modern sapieri femora md pri I" iti i 
Neanderthal lemur (Sp) the Rhocesian fern 
Homo erectus (Trinil) femur. This #roove has 
observed on both the "wartkrans femora! Iran gm« 





suggests most strongly that the halatual s 
Fig. 1 Ihe Hominid 20 femoral fragment from Olduvai (org of 
Tanzania. (Anterior view.) 


these forms, as well as the Oleuvai orm 


of relative length of femoral meek! | "reater than 


hyperextension of the hip. The complete absence 


anchorage for iliacus muscle, The lesser trochanter Is of obturator externus CPOOVe OF the neeks of m (det 


considerable interest because its position on the Postero- apes Is consistent with the obs FVA that luring 
medial aspect of the shaft, at its junetion with the femoral grade stance and knuckle-walking locomotior 
neck, resembles that found in Gorilla. Pan and in both jomt is not hyperextended 

robust australopitheeine femora from Swartkrans (SA 82 Preliminary examination and cowmpariso 

and SK 97). In all of these forms, and the new fossil (with the new fossil is very similar to both of the 

a minumum of reasonable reconstruction). the tip of the pith Cine specimens from Swartkrans (SA 82 


lesser trochanter is barely visible when the bone is viewed (Fig. 3). These fossils have been attributed | 


from the front. This contrasts with the condition found pithecus robustus [ Paranthropus rolinustiu 


itt Homo sapu HS and Homo erectus im which the lesser othe r hominid material l''00NV erTi (1 rior thi IM 
troehanter projects much further medially and hreaks the Site includes the two dei lanthropu ITI unicdibl 
line of the inner aspect of the neck when viewed similarlv. maxillary fragment and nri isolated pr molar f 


The greater trochanter is of moderate size but bears all regarded by some as belongug: to Horm 
well marked impresses for both gluteus medius and Features shared by these three femoral specimer 
minimus; however, it does not have the lateral expansion the breadth and relative length of tae femoral ri 
characteristic of human femora. In this respect it re- of lateral expansion of the great trochanter, al 
sembles the femora of modern African apes as well as the the trochanteric line and femoral tubercle. b; 
femora from Swartkrans. In spite of the lack of a femoral direction of the lesser trochant: r, amd possessi 
head it is probable that the INAXIMUIM height of the great it deep trochanteric fossa and an obtur 
trochanter was well below the level that the head would PrOOVE, These shared characters, with the exe 
have reached ; also, the great trochanter appears to the obturator externus groove which is comin 


possess A deep trochanteric fossa, a feature shown by distinguish these three femora from thosi 
both Swartkrans femora, man, Neanderthal man and Homo ezectus 
The neck of the new femur is broad-based, long and Two other upper ends of australoy itheeine femora hy; 


very flattened antero-posteriorly. The superior border of been reported?. One was found wath the Ste 
the neck is almost horizontal while the inferior border pelvis, and a second is believed to havi been 
runs smoothly into the shaft buttressed by a stout ridge Bolt’s Farm a few miles from the Sterkfontein T 
that runs upwards and medially from the base of the The first femur was briefly deseribed in the beliet 
lesser trochanter. It is possible to determine the length of second specimen was better preserved and 
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Fig. 3. The Olduvai Hominid 20 femoral fragment compared with a 
cast of the Swartkrans A. robustus femoral fragment (SK 97), posterior 
view. 
described subsequently. No further reference to the 


second femur has been traced. The first femur is said to 
be in poor condition, the bone is badly crushed, the head 
has been extensively reconstructed and the surface of the 
bone is damaged, making accurate observation difficult 
(Brain, C. K., personal communication). The original 
reference to this specimen, however, draws attention to 
the posterior position of the lesser trochanter, the weak- 
ness of the trochanteric crest and the shallowness of the 
trochanteric fossa; the illustration that the 
great trochanter may be less flared than that of a Bushman 
drawn for comparison. 

On the basis of these anatomical features it seems clear 
that the femur of Olduvai Hominid 20 belongs to a robust 
as opposed to a gracile australopithecine, although some 
of the features of the robust specimens may be present 
in the single gracile example. The only other robust 
australopithecine material recovered from similar deposits 
in Olduvai Gorge is the Hominid 5 cranium (‘‘Zinjan- 


suggests 


thropus") and some isolated teeth (H-3 and H-15). 
This cranium has recently been the subject of an 
extensive monograph®. The conclusion drawn from 


that study was that Olduvai Hominid 5 is the hypodigm 
of a new species of Australopithecus, namely Australo- 
pithecus boisei, and evidence was adduced to support its 
specific distinctiveness from A. robustus. In view of this 
it would seem reasonable to allocate the new femoral 
fragment to Australopithecus cf. boisei on the anatomical 
grounds outlined earlier and bearing in mind the geo- 
graphical and probably temporal distances separating the 
čast and South African robust australopithecines. 

In functional terms it is clear that the information to 


be gained from the new find is limited by the absence of 


both upper and lower articular surfaces. None the less its 
combination of anatomical features, which are paralleled 
to a large extent in the specimens from Swartkrans, 
permits some tentative conclusions to be put forward. 

The relative smallness of the greater trochanter suggests 
that the gluteus medius and minimus muscles were also 
small, and this in turn implies that the alternating pelvic 
support mechanism, characteristic of an efficient bipedal 
gait, was less well developed. Similarly the posterior 
position of the lesser trochanter suggests a somewhat 
laterally facing acetabular position. Both of these points 
have already been noted with respect to the Swartkrans 
femora! and may be true of the Sterkfontein femur. 

The presence of an obturator externus groove on the 
posterior aspect of the neck of the new femur (also clearly 
present but not previously recognized on both of the 
Swartkrans femora, the Spy femur and the Trinil femur) 
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is extremely significant. In modern man, obturator 
externus muscle comes into contact with the neck of the 
femur in hyperextension of the hip joint and thus makes 
its groove. In modern African apes, hyperextension of the 
hip joint plays no part in normal pronograde stance and 
knuckle-walking quadrupedalism, the tendon does not 
press on the neck and there is no groove. Articulation of 
the Swartkrans innominate (SA 50) and femur (SK 82), 
orientated by maximum congruity of the joint surfaces, 
shows that the line of pull of obturator externus muscle 
crosses and touches the neck of the femur in the region of 
the groove. Progressive flexion of the hip will lift. the 
muscle away from the surface of the neck until in the 
semi-flexed or pronograde position there will be no contact 
between muscle and neck, as shown by the new line of pull. 
It therefore reasonable to suggest that this is 
further evidence that the habitual stance and gait of the 
larger australopitheeimes included full extension and/or 
hyperextension of the hip joints—movements charac- 
teristic of upright bipedalism. On the other hand, lack of 
evidence of an ilio-femoral thickening to the capsule of 
the hip joint, coupled with the trochanteric features 
already mentioned, seems to detract from this view—this 
may not necessarily be the case. 

The centre of gravity of the human body is usually 
regarded as being just anterior to the second sacral 
vertebra in the midline, thus posterior to the hip joints*-*. 
This means that, while standing, the torque produced by 
the body weight above hip level will act in the sagittal 
plane but with posterior direction’. The role of the ilio- 
femoral ligament in providing static resistance to this 
posterior body torque has been emphasized by several 
authors*-'", In addition, it has been suggested that psoas 
major is constantly active in the standing position*, but 
Joseph was unable to confirm this and has stated that the 
maintenance of ereet posture, at the hip, depends on 
ligaments alone", In modern African knuckle-walking 
apes the centre of gravity of the body lies anterior to the 
hip joints in the midline, and body torque acts sagittally 
but in an anterior direction. Thus the ilio-femoral ligament 
is not thickened and the necks of the femora show neither 
marked trochanteric lines nor femoral tubercles. 
thickening of the isehio-femoral ligament, to counteract 
anterior torque, would severely limit flexion and hamper 
movements desirable for elimbing and knuckle-walking 
locomotion. The presence of a posterior tubercle of the 
neck of the femur. however, in ?Proconsul (Maboko), 
? Proconsul. nyanzae (Rusinga) (? = Dryopithecus nyanzae), 
Paidopither (— Dryopithecus fontani), Pliopithecus vindo- 
bonensis, and in a range of New and Old World monkeys 
and lemurs, may be related to some thickening of the 
ischio-femoral ligament in these forms':'*. A possible 
alternative is to elongate the ischial segment of the 
pelvis, improve the mechanical advantage of the hip 
extensor muscles, and thus restore the dynamic equilib- 
rium between flexor body torque and extensor power. 
A long ischial segment is typical of the African ape pelvis. 

I suggest therefore that in the larger australopithecines 
the eentre of gravity of the body may have been located 
in the midline but anterior to the hip joints in the upright 
position. Even in full extension and/or hyperextension of 
the hips (as shown by the presence of an obturator exter- 
nus groove) body torque therefore would have acted 
anteriorly, thus rendering unnecessary thickening of the 
ilio-femoral ligament but perhaps requiring the lengthen- 
ing of the ischial segment of pelvis shown by the A. 
robustus innominate (SA 50). 

The principal anthropological implications of the new 
find are to confirm further that the larger australo- 
pithecines existed in both East and South Africa during 
the Pleistocene period, and to show that the locomotor 
characteristics of the two described species—although 
certainly geographically and possibly temporally as well 
as ecologically separated—are essentially similar on the 
basis of the anatomy of the femoral neck. 
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Further examination of the new fossil is in progress. 
including radiological studies that have revealed the 
internal architectural pattern of the bone. 

I thank Dr L. S. B. Leakey for allowing me to study 
this new fossil, the British Council and the Middlesex 
Hospital Medical School for financial support which 
enabled me to visit the National Museum of Kenya 
(Centre for Prehistory and Palaeontology) and Olduvai 
Gorge, Tanzania, and Mrs M. D. Leakey for many kind- 
nesses during my visit. 
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Sequences at the 5'-Terminus of Bacteriophage QB RNA 
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amounts 


SEVERAL studies on the primary structure of viral RNA 
molecules have dealt with the base sequences at the 
terminals. The results have been somewhat disappointing 
in the sense that no chain-terminating codon has yet been 
found in the 3’-terminal RNA sequences of the bacterio- 
phages MS2!, f2?, R17? and Q9?, and of TMV‘, and no 
chain initiation eodon in the 5'.terminal RNA sequence 
of MS2***. Comparison of both terminals of M32 RNA 
revealed a sequenee complementarity extending over 
four bases on either side, which led us to suppose that the 
secondary structure of the phage RNA molecule could be 
such that both ends form a short double stranded segment. 
To test this hypothesis we have investigated the 5'.ter- 
minal sequence of the RNA of the bacteriophage QB, 
using the methods worked out with MS2 RNA*. The 
5'-terminal end group of QB RNA is pppGp’, and the 
3’-terminal sequence has been recently reported as 
GpCpCpCpUpCpCpUpCpUpCpUpCpCpCpA?, To our 
surprise we detected two 5'-terminal sequences, identical 
except that one eontains one more G residue than the 


Table 1. DISTRIBUTION AND pppGp CONTENT OF OLIGONUCLEOTIDES IN A 


PANCREATIC RIBONUCLEASE HYDROLYSATE OF QS RNA 
Percentage of Percentage of 


Peak No.* radioactivity present pppGp content t 
la 3-30 — 
1b 24:50 — 

2 20-90 — 

3 19.7 — 

4 10°35 — 

5 6-30 6 

6 4-00 0 

7 2-40 Ü 

8 1-28 0 

9 0-83 (028 
10 0-11 0:023 
11 6:35 0 
12 4-98 ~~ 

100-00 


256 mg QE RNA with an activity of 1-74 x 10* d.p.m. *P was hydrolysed 
with 0-25 mg pancreatic ribonuclease, and the oligonucleotides were separated 
on à DEAE-cellulose column at pH 7-9 in 7 M urea in conditions similar to 
those described by Fiers et «.*. 


* "This refers to the chain length of the oligonucleotides, Peak 1« consists 
of C-eyclie-p and U-cycelie-p, peak 15 of Cp and Up. Peak 10 consists for 
about 50 per cent of 5'-terminal oligonucleotide. The rest of the activity is 
not sufficient to account for a decanucleotide and is supposed to consist of 
slight amounts of nona and undecanucleotides. Peak 11 corresponds to a 
unique sequence. Peak 12 is residual material recovered by stripping the 
column with 1 M acetate solution. 

+ Expressed as percentage of the total radioactivity eluted from the 
eohnnn. The pppGp content waa determined by alkaline hydrolysis and 
paper chromatography as described in Table 2 and ref. 6. 


Two beginning sequences, pppGpGpGpGpApApCp . . . and 
pppGpGpGpGpGpApApCp . . ., have been identified in the RNA of 
bacteriophage Q6. 


Both were consistently found in nearly equal 


other. Both sequences were present ir. four different virus 
preparations, each of which was derived from a single 
plaque. 


Table 2. ALKALINE AND RIBONUCLEASE Ti HYDEOLYSIS OF THE ISOLATED 
D'-TERMINAL OLIGONUCLEOTIDES 
53 P Activity ratio 

Hydrolysis Product Secuencee a Sequence 5 
i pppGp de l 00 
* j Gp a2 j è. SIS 
Alkali Cp 9-89 LDI 
(Ap 1-783 153 
( pppGp 4-00 4-00 
RNase T1 “Gp 2.61 3°95 
| ApApCp 3.70 2.4 


Material eluted from the fast-moving spots obtazaed by rechromatography 
(Fig. 1) of peaks 9 and 10 (Table 1) was hydrolysed with 1 N KOH, or with 
ribonuclease T1 (Sigma) in a weight ratio of 1:1 zz pH 7-6. The hydrolysis 
products were separated on Whatman 3.MM paper with isobutyric acid- 
1M NH,OH (10:6 by volume) as a solvent, ard are Usted in order of 
increasing Ry value. The Gp spot of the alkaline hydrolysates was free of 
Up as determined by electrophoresis at pH 3-5. The ApApCp chromato- 
graphed with the trinuclestides in the DEAE-cellulose paper system 
described under Fig. 1, and yielded Cp and Ap in tae ratio 1 : 2-22 (sequence 
a) and 1: 1:84 (sequence b) after alkaline hydroly7is. 


QS RNA labelled with “=P was prepared essentially as 
described for MS2 RNA by Fiers et œ.. The RNA was 
hydrolysed with pancreatic RNase, and the resulting 
oligonucleotides were separated according to chain 
length by column chromatography en DEAE-cellulose 
at neutral pH in the presence of 7 M urea’. A typical 
distribution of the (Pup)4Pyp oligonucleotides is given in 
Table 1. pppGp is eluted approximately in the tetra- 
nucleotide position in these eonditions*. so the 5 -terminal 
oligonucleotide pppGp(Pup).Pyp sbould be present 
among the tracts of chain length 5 or higher. Each peak, 
from the pentanucleotides onwards, was therefore desalted, 
and the pppGp content was determined by alkaline 
hvdrolvsis and paper chromatography as described by 
De Wachter et al.*5. Material from the peaks moving in 
the nona and decanucleotide positeons, which both 
contained pppGp (Table 1), was asphed to DEAE. 
cellulose paper and further separatec by salt gradient 
chromatography at neutral pH in the presence of 8 M 
formamide. In these conditions the pppGp-containing 
oligonucleotide of MS2 RNA migrated considerably faster 
than expected on the basis of its negatwe charge*. Auto- 
radiography (Fig. 1) revealed that the aonanucleotides of 
QS RNA are preceded by a spot mowing in the hexa- 
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Start 


Fig. 1. Isolation of 5'-terminal oligonucleotides from nona and decanucleotide fractions obtained by column chromatography. The material 
obtained by desalting of peaks 9 and 10 (Table 1) was mixed with a carrier pancreatic ribonuclease digest of veast RNA and applied 


to positions « and b respectively of a 15 em wide strip of Whatman DE 81 paper. 


The chromatogram was developed with a 40 mi. linear 


gradient from 0-1 M tris acetate + 0-05 M tris + 8 M formamide to 0-8 M tris acetate + 0-4 M tris +8 M formamide, using the apparatus described 


by R, D. WL. 
gram. 


: The photograph represents an ultraviolet contact print (upper half) and an autoradiogram (lower half) of the same chromato- 
The chain length of the carrier oligonucleotides, as indicated on the top, was deduced from the position of a spot of tetranucleotides run 


between the two mixtures, Seven per cent of the radioactivity of peak 9 migrated with the hexanucleotides and 54 per cent of the radioactivity 
of peak 10 with the heptanucleotides, 


nucleotide position, while the material from peak 10 
consisted chiefly of a spot moving in the heptanucleotide 
position. Both fast-moving spots were eluted and the 
composition of each was determined by alkaline hydrolysis 
and digestion with ribonuclease Tl. — The sequenecs 
deduced from the results, listed in Table 2, are pppGpGpGp- 
GpApApCp for the component eluted from the hexa- 
nucleotide position (sequence a) and pppGpGpGpGpGpAp- 
ApCp for the component eluted from the heptanucleotide 
position (sequence 6). 

The presence of two different 5'-terminal sequences in 
a pure preparation of viral RNA contradicts the current 
idea that such RNAs are structurally homogeneous. The 
occurrence of two sequences could be explained by a 
mutation (an insertion or a deletion of a single nucleotide) 
which took place at an early stage during the growth pro- 
cesses. The chance, however, for such an event to occur 
in the terminal sequence would be extremely low. To 
cheek this possibility, three more preparations of Qf 
RNA were carried out, each starting from a single plaque 
isolate. Each RNA preparation was hydrolysed with 
pancreatic ribonuclease and the resulting oligonucleotides 
were separated on a DEAE-cellulose column as described 
earlier. As in the previous experiment, sequences con- 
taining pppGp were only present in the nona and deca- 
from each of these three additional RNA preparations 
by rechromatography (Fig. 1), and identified by their 
position on the chromatogram and by alkaline hydrolysis. 
For each virus preparation, the results confirmed the 
two 5’-terminal sequences reported. 

The relative concentration of the two sequences in the 
different experiments is given in Table 3. The percentage 
of the total ??P.radioactivity, present m the terminal 
pppGp, amounts theoretically to 0-121 for a chain length 
of 3,300 nucleotides. The activity actually recovered in 
the form of pppGp in the two terminal sequences ranged 
from 0-028 to 0-048 per cent. Additional material con- 
taining pppGp could, however, be eluted with 1 M acetate 
buffer. In experiment 4, the column was further stripped 
with 2 M Na,CO,, and again material containing pppGp 
was released (Table 3). This increased the total recovery 
of pppGp in the latter experiment to 73 per cent of the 


theoretical. The presence of pppGp in the last column 
fractions could be due to another, still longer terminal 
sequence. A more likely explanation, however, is the 
aggregation of sequences with a high G eontent!!:!?, 
Indeed, the 1 M salt peak (experiment 4) was also 
rechromatographed on DEAE-paper, and oligonucleo- 
tides of chain length 5 and higher were detected; alkaline 
hydrolysis, however, revealed pppGp only in the hexa- 
and heptanucleotide spots, that is, in the positions occu- 
pied by the sequences pppGpGpGpGpApApCp and 
pppGpGpGpGpGpApApCp. 

The fact that the two sequences are present in approxi- 
mately equal amounts in four different preparations, each 
originating from à single virus, strongly suggests that 
during the growth process some sort of equilibrium is 
reached between two species of RNA molecules. A 
mechanism must then exist which allows production of a 
viral RNA chain starting with 5 Gs from one starting 
with 4 Gs and vice versa. Two possible mechanisms for 
such elongation or shortening of the molecule by one base 
are here proposed. The first mechanism supposes that 
"errors" are occasionally committed by the viral RNA 
polymerase when it begins to synthesize new plus strands, 
as illustrated in Fig 24. A "short" plus strand could be 
synthesized on a "long" minus strand if the polymerase 
started replication opposite the penultimate base instead 
of the terminal one. Conversely, a "long" plus strand 
could originate from a "short" minus strand by slipping 
of a short segment of newly synthesized plus strand on 1ts 


Table 3. pppltp RECOVERY IN THE TWO S'-TERMINAL SEQUENCES AND IN 


RESIDUAL COLUMN PRACTIONS 


Experiment 


Fraction 1 2 3 4 
PpPpGpGpGPGpApApEp 0-024 0-011 OO 0-011 
pppGpGpGpGpGpApAptp (024 0-013 ó-020 0-017 
1 M acetate, pH 7:8 — 0-023 0-030 0:020 
2M NaCO, pu aum. MEM 0:040 


The pppGp content is expressed as a percentage of the total RNA radio- 
activity, 

The percentage of ppptip recovered in the terminal sequences was caleu- 
lated from the activity distribution after column chromatography (Table 1° 
and after further separation an DEA E-cellulose paper (Fig. 1). 

The pppGp recovered in the 1 M acetate and 1 M. NaCO, fractions was 
determined by alkaline hyilrolvsis of these fractions. 
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template. Such a slipping has been postulated in order 
to explain the in vitro synthesis of poly A by RNA polv- 
merase on DNA as template!’ and of poly d(AT) by DNA 
polymerase on oligo d(AT) as template". A second 
possible mechanism (Fig. 2B) is that during the synthesis 
of new plus strands a cytidine residue can be split off from 
or added to the 3’-terminus of the minus strand by a 
cellular enzyme, for example, transfer RNA . . . CpCpA 
pyrophosphorylase. In the case of MS2 RNA, however, 
no evidence for two 5’-terrninal sequences was obtained, 
although plus strand synthesis also starts opposite a series 
of Cs on the minus strand. The two mechanisms each 
offer a possibility both for adding and for subtraeting 
one G residue at the 5’-terminus; but one of the two 
transitions, either addition or subtraction, could be 
suffieient if it 1s assumed that only one of the two RNA 
molecules is infective. For example, if only the “short” 
RNA molecule starting with 4 G residues were infective, 
a mixture of "short" and "long" molecules eould result 
if an addition mechanism occasionally operated during 
replication. Only the short copies would give rise to 
further progeny, again consisting of a mixture of "long" 
and “short copies, and so on. Further studies-—for 
example, on the in vitro synthesis of Q8 RNA—may 
elueidate this problem. 

As in the case of MS2 RNA, the 5'-terminal sequence of 
Q8 RNA does not contain an initiation codon for protein 
synthesis. If both moleeular species, starting either with 
4 or with 5 Gs, are infective, then it follows also that the 
number of nucleotides, preceding the message for protein 
synthesis, is unimportant for initiating the translation 
in the correct reading frame. Inspection of the terminal 
sequences of QB RNA reveals that the 5’-fragment ppp- 
GpGpGpGpGpAp. .. could be base paired with the 3'. 


Possible mechanisms for the production of two 5'-terminal sequences. 


A, Shortening or elongation, or both, by a single monorier 


D, 3 Terminal turnover of the minus strands. 


fragment ...UpCpUpCpCpCp(A) by five standard base 
pairs and one G.U pair. It seems a rule, however, that 
bacteriophage RNAs start with a row of G residues and 
end with a row of € residues, so this base complementarity 
may be fortuitous, and cannot be considered as evidence 
for pseudo-cireularity*. Bishop ef al.1 recently reported 
that their “little variant" of Q8 RNA? starts with ppp- 
GpGpGpGpApApCp.... The identical 5’-sequence seems 
to indicate that this part of the molecule has been con- 
served in the monster, although the total length has been 
redueed to one sixth of the original. 

This work was supported by grants from the US 
National Institutes of Health and the FKFO. Mr. J-P. 
Verhassel collaborated in this work. 
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Structure of Subtilisin BPN' at 2:5 À Resolution 


by 

CHRISTINE SCHUBERT WRIGHT 
RICHARD A. ALDEN 
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La Jolla, California 


SUBTILISIN BPN’ is an extracellular protease produced 
by the soil organism Bacillus amyloliquefaciens. Formerly 
this organism was thought to be a strain of B. subtilis, 
but recently Welker and Campbell! have shown that it 


The single polypeptide chain is folded into three parts, with the 
active site at their conjunction. 
chain of His 64 is in a position consistent with the formation of a 
hydrogen bond between it and the CH group of Ser 221. 


In the active enzyme, the side 


should be classified as a distinet species. Nevertheless, 
we propose to retain the name subtilisin for the enzyme 
and for other homologous proteases. Other names that 
have been applicd to subtilisin BPN’ have been tabulated 
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by Drenth and Hol, Subtilisin Novo is probably 
identieal*-* with subtilisin BPN’. On the other hand, 
subtilisin Carlsberg from B. subtilis (EC 3.4.4.16) is 
readily distinguishable from the BPN’ and the Novo 
enzymes SAT, 

Amino-aeid sequences for the BPN’ and the Carlsberg 
subtilisins have been determined by Sinith et a[.9:5-19, 
The sequence for BPN’ is shown m Fig. 1. The Carlsberg 
enzyme differs by 84 substitutions, plus one deletion at 
residue 56. An interesting feature of these proteins is 
the existence of à number of repeating homologous seg- 
ments within the chain. 

While the two types of subtilisin are quite similar in 
their enzymatic behaviour, and will usually catalyse the 
hydrolysis of the same substrates or react with the same 
inhibitors, their respective kinetic parameters are, in 
many cases, significantly different. Although both show 
a broad specificity toward amino-acid esters, Barel and 
Glazer} have concluded that the substrate binding site 
of the Carlsberg enzyme is less polar than that of the 
Novo enzyme, and that the catalytie groups in the Carls- 
berg enzyme are more reactive. Little quantitative 
information is available on the relative activities of the 
two types of subtilisin toward peptide and protem sub- 
strates, but qualitatively it seems that the BPN’ or Novo 
enzyme is at least as active as the Carlsberg, and in certain 
cases (for example, toward clupeine) much more active!!!’, 
In addition, the bond most rapidly hydrolysed in ovalbu- 
min!?-^, insulin?! and ribonuclease!*-?? is the same for 
both enzymes. 

In many respects the subtilisins are similar to chymo- 
trypsin and trypsin. Both types of enzyme contain a 
reactive serine that is phosphorylated, sulphonylated or 
acylated by the specific reagents phenylmethanesul phony] 
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nd 


fluornide?'-? (PMSF), dusopropyl 
trans-cinnamoylimidazole?'?* or other §-arylaecryloyl- 
imidazoles??? Further, the best small molecule sub- 
strates for chymotrypsin, like N-acetyl-L-tyrosine ethyl 
ester (ATEE) or N-benzoyl-L-tyrosine ethyl ester, are 
also good subtilism substrates!) 1?:2022.55,?!, and a number 
of aromatic compounds, like phenol or indole??.9?, are good 
competitive inhibitors for both enzymes. Still another 
similarity between subtilisin, on the one hand, and 
'hymotrypsin or trypsin on the other, is the involvement 
of a histidine side chain in the catalytic mechan- 
pagni 28582,34-97 

Despite their catalytic similarities, however, the amino- 
acid sequences are entirely unrelated for the two classes 
of enzyme.  Subtilisin eontains no disulphide bridges’, 
whereas chymotrypsin contains five?* and trypsin con- 
tains six?®, Even in the immediate viemity of the reactive 
serine residue, there is no resemblance between the 
amino-acid sequence characteristic of the mammalian 
enzymes and that of subtilisin'?:!!, 

Because of the absence of disulphide bridges in subtili- 
sin, ib. is stable toward treatment with SH reagents. 
Advantage has been taken of this fact to prepare cherni- 
eally modified subtilism BPN’ (and Novo) in which the 
OH group of the reactive serine 221 is replaced by an SH 
group?^??, The resulting thiol-subtilisin shows little or 
no activity toward ATEE or toward protein substrates, 
and is only one-third as active as the unmodified enzyme 
toward hydrolysis of p-nitrophenyl acetate. Wang? 


fluorophosphate?!-?$, 


has interpreted these observations as indicating that 
accurately positioned hydrogen bonds are required in 
the enzyme-substrate complex to facilitate the catalytic 
mechanism, and that replacement of the OH group by 
an SH group disrupts this hydrogen-bonding system. 
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Fig. 1. 


Amino-acid sequence of subtilisin BPN’, according to Markland and Smith’. Wavy sections indicate a-helical segments, 


NATURE. VOL. 221. JANUARY 18, 1969 


Preparation of Crystals and Heavy Atom Derivatives 


We purchased subtilisin BPN’ from the Enzyme 
Development Corporation, New York. The protein was 
purified by repeated y reprecipitating it with ammonium 
sulphate at pH 5-5 (0-05 M sodium acetate buffer), re- 
dissolving the precipitate in buffer, and desalting on 
a ‘Sephadex G-25' column. 

Crystals were obtained from a solution containing 
10-156 mg/ml. of protein, 1:3 M in ammonium sulphate, 
0:05 M in sodium acetate buffer, pH 5:8-6-0. The solution 
was left at 4° C, and crystallographically usable crystals 
grew in 6-8 weeks. 
rhomboidal plates appr oximately 0 i 
on a side. 

PMS-inhibited subtilisin was prepared from initially 
unpurified enzyme by reaction in solution. A ten-fold 
molar excess of PMSF in acetone was slowly added to a 
l| per cent protein solution at pH 7-8, at room tempera- 
ture, and the reaetion allowed to proceed for several 
hours, or until not more than 1 per cent of the initial 
enzyme activity toward ATEE was detectable. Subse- 
quent purification and crystallization was identical to 
that of the native enzyme. 

When crystals had grown to the appropriate size, the 
mother liquor was replaced by a 2-1 M ammonium 
sulphate solution, containing the same 0-05 M acetate 
buffer, pH 5-9. 

Heavy-atom derivatives were prepared by transferring 
pre-grown crystals into dishes containing the same 
buffered 2-1 M ammonium sulphate, plus heavy atom 
reagents at suitable concentrations. The heavy atom 
reagents finally used to prepare the isomorphous deriva- 
tives used in phase calculations at 2-5 A, and their final 
concentrations in the soaking medium were: 


0-2 mm thick and 0-4 mm 


K,PtCh, 6-5 x10 M 
KI; 0-2x10-* M 
Mersalyl 2-5 x 10-7 M 
SMBF* 30x10 M 


* p-(Carboxymethylmercaptomercuri)-benzenesulphony! fluoride. Active 


subtilisin BPN’ crystals were used to prepare this derivative. 
Crystals were allowed to soak for from 10 days to 6 weeks 
before being mounted for intensity data collection. 

In addition, three heavy atom derivatives discovered 
in the course of preliminary experiments were subse- 
quently discarded. These were Hgl4, p.iodophenyl- 
sulphonyl fluoride and KAu(SCN},. 


X-Ray Crystallographic Data 

PMS-subtilisin BPN’ was chosen as the parent protein, 
because crystals of the PMS-inhibited enzyme are more 
nearly isomorphous with the SMBF heavy atom deriva- 
tive, and, in addition, are somewhat more stable than 
those of the active enzyme. 

The erystal space group is C2, with a=667 A, b= 
54:4 A, c= 62- 9 A and f= 91-9°. There are four molecules 
per unit-cell, one per asymmetric unit. The erystals 
diffract quite well, reflexions that are significantly above 
background occurring at least out to a Bragg spacing 
of 2 A. Crystals of the native enzyme and of the four 
heavy atom derivatives are isomorphous with the parent 
crystals to within 0-2 per cent or better in the unit-cell 
parameters, X-ray intensity data were collected with a 
Hilger and Watts automatic diffractometer on erystals 
mounted in glass capillaries in the conventional way 

Reflexions were scanned by the method of Wyckoff 
et al.. Typically, counts were accumulated for 2-5 s 
per step, for eleven steps of 0-01° in «e. The maximum 
sum of four contiguous counts was considered propor- 
tional to the intensity. Background corrections were 
taken from an empirically established curve of background 
scattering against 20 for each crystal. An empirical 
absorption correction curve’! was also determined for 
each erystal. 

Heavy atom derivatives were evaluated for three. 
dimensional high-resolution data collection by first 
examining kOl projections at 2 A resolution. Interpreta- 


They usually took the form of 
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tion of these projections was substantially facilitated by 
results obtained from an earlier three dimensional iso- 
mor rphous replacement study of the active BPN’ crystals 
at 5 A, using some of the same heavy-atom reage s 
Our criterion for selecting high- resolution derivatives wa 
the prominence of heavy atom pe: aks in differenee-Fourier 
projections calculated from data between 5 A and 2 A. 

In one asymmetric unit of reciprocal iod there are 
7,918 reflexions with a Bragg spacing of 2:5 A or greater. 
Each unique Akl and its Friedel mate, hi , was measured 
twice, once on each of two different ervstals, for the 
parent PMS-subtilisin. For the heavy atom derivatives, 
and for the active enzyme ery: stals, a minimum of one 
measurement of kkl plus one of hkl was made. Three 
standard reflexions were monitored automatically for 
crystal deterioration after every 100 measurements, and 
approximately ten selected AO! reflexions showing large 
intensity changes due to the heavy atoms were also 
periodically examined. A decrease of 15 per cent in 
any monitored intensity was considered the maximum 
allowable. In all cases s except the SMBF derivative, no 
significant deterioration was observed during the course 
of data collection. Thus a single erystal provided a full 
set of data, consisting of about 18,000 intensity measure- 
ments and requiring about 170h of X.ray exposure, 
except for the SMBF derivative, where two crystals were 
used. The degree of reproducibility of intensities is 
indicated by the fact that the scaling R-factor between 
the two sets of parent data was 6 per cent. Considering 
each set of data individually, the average ratio of the sum 
of peaks to the sum of backgrounds for the 1,600 reflexions 
in the range 2-5-2-7 A was between 7 and 11. 


Phase Refinement 

Intensities for hkl and hkl reflexions were averaged for 
phase calculations; no use was made of Bijvoet differences 
in phasing. Refinement of phases was canned out on a 
CDC-3600 by the usual method of minimizing SA F yfobs) 
— Fy(eale)]? in alternating eveles of phase calculation 
and refinement of parameters. Parameters refined in 
the last few eveles, and their final values, are indicated 
in Table The y-coordinate of the site Pt I was fixed 
throughout the calculations. Table 1 also shows the 
final values of various refinement statistics. The behavi- 
our of the centroid, or figure of merit*, as a funetion of 
sin 9/2, is shown in Fig. 2. 

Refinement of the temperature factor correction 
parameter, c, for each heavy atom derivative proved to 
be an important device. This parameter would, of course, 
be zero for any given derivative if the fall-off of the 
average intensity, as a function of sin 6/4, were identical 
with that of the parent erystal. But there is no reason 
to expect that this should always be the case. In fact, 
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Fig. 2. Fall-off of mean figure of merit with sin 3/24. 
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Table 1. 


PT Site eC M z 
Derivative No. tt b 6G Bi Pss Baa Bia 
PL 1 0-37 0-58 eds 32:1 48-5 21:8 23-6 
2 0-11 (0-99 0-15 42-6 45-0 SEG 5:2 
Mersalyl 1 0-1i 0-01 1S 20-2 30-2 91:0 -—2-2 
2 0:40 0-70 0:10 16-85 11°5 13:8 17 
3 0:13 0-06 23 29.5 45-9 41-3 4-3 
SMBF 1 0-14 0-09 0-00 1415 45:7 25-6 3:5 
2 11 0:00 0:15 17-4 52.0 29.8 — 2:2 
Ij i 0-10 0:25 0-31 T0 14-4 9-2 — Q4 
2 0-02 0-2 0:33 28-1 59-8 27-7 9:5 
3 0-18 0-92 0-09 12-6 14:5 14:2 ~4°8 
4 0-16 0-07 0:17 10-3 Ti 4-0 Mil 
5 0:13 0:42 0-30 18-2 18-8 12-7 | - 0:5 
6 014 0-59 0:28 1:3 10-2 1460 —447 


Mean figure of merit = 0-80, 
B as given here is defined by: 
Z is the occupancy in electrons. 


T = expi Ls 10-3 ( 8, + Baek? + Baal” -+ 2Blik + 
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STATISTICS FROM THE LAST CYCLE OF REFINEMENT 


k is the scale factor to put the structure factor for a derivative on the same scale as the parent, 


c is the factor that compensates for any difference in the temperature factor between the derivative and the parent: k’ =k expe 


fuis the calculated heavy atom contribution to the structure factor. 
E is the closure error, JA Fu(obs) - Fa(ealo)!. 


R, = Ei Fatobs) — Fa(caley suns over all Akl, 


Sk’ Faiobs) 


R, = Y|[E'Fatobs) F F(obs)] — fa! 





~ Sik’ Fu(obs) F F(obs) 


when allowed to vary during refinement, the ¢ parameters 
stabilized at non-zero values between — 1-4 and +12 Åe, 
Although these are small in comparison with the usual 
overall temperature factors observed for both protein 
erystals themselves (around 12 Å? for subtilisin BPN’) 
or for typical heavy atom sites (10-50 À?), the appearance 
of the electron density map in the neighbourhood of the 
heavy atom binding sites is sometimes improved by 
proper adjustment of the c parameters. Specifically, we 
have found that spurious holes occasionally observed at 
heavy atom binding sites can be eliminated by a suitable 
choice of c for the corresponding derivative. 

The heavy atom site occupancies in Table 1 are given 
in electrons. Conversion from our initial arbitrary 
occupancy seale into electrons was based on the assump- 
tion that the Pt 1 site is fully occupied. 

As a final check on the quality of the refined phases for 
reflexions in the outermost shell difference-Fourier 
maps were calculated for each heavy atom derivative 
using only terms corresponding to reflexions between 
2.7 A and 25 A. All major heavy atom sites appeared 
in their correct locations with peak heights at least four 
times the background level. 


Electron Density Map and its Interpretation 


We calculated the electron density map on a l Ax 
L4 Ax1A grid from centroid phases, but without cen- 
troid weighing factors. Thirty-six contoured selections, 


: l8 53 | "T | 
from 29 to 2 were drawn by a CalComp 763 plotter, 


£o a scale of 0-138 inch/A, with the lowest contour at 
O-2e/À*, and at subsequent intervals of 0-2e/À*. The 
eontoured sections were then transferred onto transparent 
plastic sheets with a Xerox 914 copier, and the sheets 
were affixed to 3/16 inch thick ‘Plexiglas’ plates to produce 
a vertical spacing on the same scale as that in the hori- 
zontal plane. The plates are relatively small, 10x 12 
inches, making the electron density map easy to handle; 
at no stage was a large-scale map required in building 
the model. 

An individual molecule had been picked out earlier in 
an unpublished 5 A crystallographic study of the active 
enzyme, but at that resolution it was not possible to follow 
the entire course of the backbone chain, although it was 
apparent that several segments of helix were present, and 
that many chain segments were parallel to one another. 
In the new 2-5 A map the backbone chain in the presumed 
helieal segments was clearly distinguishable, but it now 
appeared that we had the wrong enantiomorph, because 


Bis Bas Z k e rms fu rms E Ri R 
5u — Hl 738 1.045 —1360 9265 46-5 0-07 0-47 
-14  -39 H 
~ 12-4 3:2 60 1:000 — —0-336 1092 4T-O 0-06 0:54 
-L8 ~ 2:6 33 
~ 10 11-0 21 
= 1D 0-0 53 1-078  — 288 196 43° 0-06 0:50 
14-2 — 6-8 25 
2:6 ~- l-l 4T 0-974 1:200 1359 42:3 0-06 0-43 
2:0 10-8 30 
1-0 1:0 39 
4:3 -l5 20 
~p ~ T6 1i 
1:6 —3°8 8 
25,4 + 2B, kl. 
sin ü 


A 


y 


sums over centric-zone reflexions only. 


the helices were left-handed. This was verified by corm- 
puting (with a program written by Dr X. T. Freer) a 
Bijvoet-difference Fourier map‘? of the PtCl, derivative, 
which, as expected, showed a prominent hole at the 
principal binding site. Parenthetically, it may be noted 
that the clarity of this map was an encouraging indication 
of the quality of our unreplicated intensity data. We 
reversed the sense of the y-axis to produce the correct 
enantiomorph, and we began model building. 

We started matching the known sequence to the elec- 
tron density map with the helical segments, because in 
these regions the conformation of the backbone chain, 
and hence the locations of the $-carbon atoms, could be 
assumed. It was quickly discovered that models of «- 
helical segments could indeed be fitted to the electron 
density in these regions if allowance was made for a 
certain amount of distortion. When this was done, it 
was evident that the side chains were represented by 
bulges of various shapes and sizes in the right places. 
It was then relatively easy to match their order to the 
corresponding segments of the amino-acid sequence im an 
unambiguous way. The next step was to follow the rest 
of the chain by checking for especially prominent side 
chains. Further checks were provided by difference- 
Fourier maps which confirmed the location of the PMS 
group at Ser 221, a pair of iodine atoms on Tyr 104 in 
the I; derivative!*, and a PtCly binding site at Met 50. 
The way was now prepared for building a complete 
Kendrew-Watson skeletal model of the molecule with 
components purchased from Cambridge Repetition Engin- 
cers Ltd. The model was built to a scale of 2 cm/A. 

When the skeletal model was completed, a smaller 
model of the backbone chain was constructed, to a scale 
of 0:1 inch/A, by soldering together short lengths of 1/8 
inch copper tubing, each representing a segment of back- 
bone chain connecting adjacent a-carbon atoms. A 
stereo view of this model is shown in Fig. 3. It should be 
cautioned that certain segments of the backbone chain 
in the electron-density map are unclear, and so the precise 
chain conformation in these regions must still be regarded 
as tentative: Val 51-Thr 55; Asp 61-Ser 63; Asp 
98-Gly 102; Ala 115; Gly 131; and His 238-Trp 241. 


Description of the Molecule 

The overall shape of the molecule is roughly spherical, 
with a diameter of 42 A. There is no especially pronounced 
cleft or depression at the active site. As we have come to 
expeet from previously determined protein structures, 
the core of the molecule is composed almost entirely of 
packed hydrophobie side chains. Both backbone chain 
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Fig. 3. Stereoscopic view of the backbone chain of subtilisin BPN’. 


ends are held closely against the body of the moleeule by 
several hydrogen bonds. For this reason the chain ends 
could not be discerned in the electron density map until 
the entire length of the chain had been followed with the 
aid of the amino-acid sequence. 

The molecule contains cight segments of right-handed 
a-helix, ranging in length from six to sixteen residues. 
The helical regions are indicated in Fig. 1 by wavy 
sections of sequence. We have designated them as 
follows: (A) Pro 5-Gln 10; (B) Pro 14-Gly 20; (C) His 
64-Ala 73; (D) Gln 103—Asn 117; (E) Ser 132-Ser 145; 
(F) Ala 223-His 238; (G) Thr 242-Asn 252; (H) Asn 
269-Gln 275. The criterion for including a partieular 
residue within a helix was that it contributes an N—H 
group or a C=O group, or both, to form a helix hydrogen 
bond. By this criterion, eighty-six residues, or 31 per cent 
of all the residues in the molecule, lie in helical regions. 

Except for helix 6, all the helical segments are approxi- 
mately parallel to one another, lying within 15 of a 
common direction, and in fact actually have the same 
N-terminal to C-terminal sense. "The longest helix, F, 
runs roughly through the centre of the molecule. The 
seven C-terminal residues comprise helix H. It is quite 
intriguing that two segments of repeating sequence’, His 
67 to Leu 75 and His 226 to Leu 233, happen very nearly 
to coincide with helical segments C and F. Many distor- 
tions from the standard «r helix* conformation are found 
in the various helieal segments, but a detailed analysis 
has not yet been made. 

Another feature of the backbone chain conformation is 
the presence of a twisted parallel chain pleated sheet*’. 
It is composed of five extended chain segments, Val 148- 
Ala 152, Asp 120-Met 124, Val 28-Asp 32, Ala 89-Lys 94, 
Ala 45—Met 50, running from top to bottom. The angle 
of twist between the top and bottom chain segments is 
about 45?. Nevertheless, out of twenty potential inter- 
chain hydrogen bonds in such a pleated sheet structure, 
only four are sterically impossible. The side chains of 
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uoo: 


Each segment of rod represents a peptica 

unit joining adjacent Ca atoms. The N and C indicate the amino-terminal and carboxy-terminal ends of tb^ 

chain. The location of active-site Ser 221 is also indicated. Folding of the single polypeptide chain into three 
distinct parts is illustrated by white, grey and black shadings of the respective chain lengths. 


these segments form a large part of the hydrophobic 
core of the molecule. 

Particularly striking is the way in which the overall 
folding of the backbone chain seems tc have occurred in 
three distinct pieces. To make this more obvious, we have 
painted the backbone-chain model in three colours: blue 
from Ala 1 to Gly 100, yellow from G y 100 to Ala 176 
and red from Ala 176 to Gln 275. Th. three differently 
coloured pieces can be distinguished in Fig. 3 as black, 
white and grey respectively. It is especially interesting 
that the reactive Ser 221 lies in the æd piece (grey in 
Fig. 3), quite near to one of the two points on the molecular 
surface where the three pieces come togesher. It is already 
known from chemical evidence?'??5? that some histidine 
residue is also involved in the active site so it is encourag- 
ing to note that the imidazole side cham of His 64 is 
close to the PMS group bound to Ser 221. This histidine 
lies in the blue piece of the molecule black in Fig. 3), 
and is also near the conjunction of the three pieces referred 
to. Further evidence that His 64 is actually involved in 
the catalytic mechanism will be presented. His 64 is the 
N-terminal residue of helix C, and Ser 228 lies two residues 
before the N-terminus of helix F. the long central helix. 
In fact, helix F might readily be considered to extend 
back to Thr 220, except that the hwdrogen bonding 
system of the first turn is disrupted by Ero 225. As noted 
here, helices C and F are the very ones that nearly 
coincide with two segments of repeatiag sequence. It 
has not escaped our attention that these observations may 
in some way be related to the evolutionary history of the 
subtilisin type of enzymes. 

We return now to consider the various features seen on 
a difference-Fourier map calculated for the parent PMS- 
subtilisin minus active subtilisin. A composite drawing 
of this map, including sections x — 8/64 through 11/64, is 
shown in Fig. 4. As mentioned previously, this map 
clearly showed, as its largest peak, the location of the 
PMS group covalently bound to Ser 221, thereby providing 
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a useful chain label. In addition, however, several other 
peaks and holes were observed. The second largest peak 
coincided with the side chain of His 64, and the largest 
hole was 4:0 A away from it. When the skeletal model 
was examined, it was found possible to rotate the side 
chain of His 64 by about 80° into the position of this hole 
without appreciably disturbing the backbone chain. If 
the PMS group in the model is now removed, and the Ser 
221 side chain is rotated by about 30°, the distance between 
the oxygen atom of Ser 221 and the Ne2 atom of the His 64 
side chain is 3-5 A. This distance is somewhat larger than 
expected for a hydrogen bond, but is probably within 
permissible limits in such a model. Further, the bond 
angles are reasonable. The most straightforward inter- 
pretation would be that the His 64 side chain is hydrogen 
bonded to the side chain of Ser 221 in the active enzyme, 
in the manner suggested, and that, in the sulphonylated 
enzyme, the histidine side chain swings away from the 
reactive serine residue. In faet it seems likely that, in 
the inhibited enzyme, the N31 nitrogen atom of the His 
64 side chain is in position to form & hydrogen bond 
to the carbonyl group of Asn 62. It is not possible to be 
certain of this, however, because the loop of backbone 
chain between Asp 61 and Ser 63 is rather weak in the 
electron density map. 








Fig. 4. Difference electron density between PMS and active subtilisin 


BPN’ in the vicinity of the active site. Contours are separated by 
0-2e/À*, with negative contours dashed and the zero contour omitted. 
The figure is a composite of sections z— 8/64 through 11/04, The area 
shown goes from y = 22/52 to 48/52 and z=0 to 1/2. The PMS group and 
His 64 side-chain are shown in solid outline as they are presently posi- 
tioned in the skeletal model of the inhibited enzyme. A second orienta- 
tion of the His 64 side chain is shown in dashed ontline as it is presumed 
to appear in the active enzyme. This position coincides with the largest 
negative region of the difference map. 


One further minor feature of the difference-Fouricr map 
ean be interpreted as a movement of the Met 222 side 
chain away from the PMS group by about 1 À when the 
enzyme is sulphonylated. 

Perhaps one of the most striking results of this study is 
the similarity of the side cham movements observed in 
subtilisin BPN’ and in o-chymotrypsin on sulphonylation 
of the reactive serine. In subtilisin, the side chains which 
move are those of Ser 221, Met 222 and His 64. In 
&-chymotrypsin?*, similar effects are noted at Ser 195, 
Met 192 and His 57. This lends strong support to the 
idea that the catalytic mechanisms of the two enzymes 
are similar. It should be emphasized, however, that there 
is certainly no obvious similarity in the overall three- 
dimensional struetures of the two molecules. 

Fig. 5 is a perspective representation of the backbone 
chain, also showing the side chains of His 64, Met 222 and 
the PMS group attached to Ser 221. Tt was drawn with 
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the aid of a modified version of the plotting program 
ORTEP*!, 

In the absence of binding studies with pseudo-substrate 
inhibitors, it is not yet possible to identify those additional 
residues that may be directly involved in the enzymatic 
mechanism. The side chains of the following residues, 
however, are close to the molecular surface and within 
10 A of the reactive Ser 221 side chain: Asp 32, His 64, 
His 67, Val 68, Ser 125, Ala 152, Asn 155, Glu 156, Tyr 
217, Thr 220 and Met 222. In addition, glycine residues 
127, 154 and 219 are also within this region. It is note- 
worthy that the side chain of Asp 32 is within 3 A of the 
N81 atom of His 64, and a hydrogen bond could exist 
between therm in the active enzyme*. 

As mentioned previously, the core of the molecule is 
composed predominantly of non-polar side chains. Several 
polar side chains, however, are also either inside or he in 
surface crevices: His 17, Asp 32, His 39, Asp 60, His 67, 
Lys 94, Asn 123 and His 226. This is in aecord with 
Ottesen's' observation that one lysine residue out of 
eleven cannot be suecinylated, and his prediction that one 
or more histidines may be buried in the interior of the 
moleeule. In addition, three serine residues and three 
threonine residues are also found inside the molecular 
surface. There are no internal ion-pair bonds, but it 
appears likely that such an interaction takes place on the 
molecular surface between the e amino group of Lys 237 
and the free carboxyl group of the C-terminal Gln 275. 
Three or four other such surface interaetions between 
lysines and either aspartic or glutamic acid residues may 
also occur. There are no obvious hydrophobic clusters 
on the outside of the molecule, although many residues 
which are often considered to be hydrophobic do resice 
on the surface: all three tryptophanes, all three pheny!- 
alanines, all ten tyrosines, one out of five methionines, 
three out of eleven isoleucines, five out of ten leucines, 
six out of twenty-four valines, nine out of twenty-eight 
alanines, and nine out of fourteen prohnnes. It is curious 
that, although all ten tyrosines are on the surface, only 
four are iodinated in the erystal by an excess of I5 reagent. 
Furthermore, there is no obvious correlation between the 
local environments of the tyrosine residues and their 
reactivities toward I). 

While constructing the skeletal model, it was necessary 
to connect the peptide bond between Tyr 167 and Pro 168 
in the cis configuration. All the remaining thirteen proline 
peptide bonds were in the normally expected trans con- 
figuration. A single cis proline has also been reported in 
ribonuelease??, 


Heavy Atom Sites 

The principal binding site for PtCl, is about 2 A from 
the S atom of Met 50. A very minor second platinum 
binding site is 2 À from His 64, and coincides with the 
principai mercury binding site in the mersalyl derivative, 
and with the second mercury binding site in the SMBF 
derivative. It is noteworthy that in the earlier 5 A study 
of the active enzyme this common heavy atom binding 
site was absent in the PtClj derivative and only weakly 
occupied in the mersalyl derivative. This observation 
provides supporting evidence for the idea that the side 
chain of His 64 moves into a more exposed position in the 
sulphonylated enzyme. The secondary mereury binding 
site in the mersalyl derivative is about 3 Å from the 
amino group of the N-terminal Ala 1. The third mercury 
binding site in the mersalyl derivative is 3 À from the 
His 64 side chain, but is on the other side of the imidazole 
ring from the primary mersalyl mercury site. 

The primary mercury binding site in the SMBF deriva- 
tive is 5:6 À from the sulphonyl group in the parent 


* While this communication was in press, it was learned that a similar set 
of hydrogen bonds involving the active site Ser 195, His 57 and Asp 102 
(chymotrypsinogen numbering) is now also thought to exist in both a-chymo- 
trypsin and elastase. Occurring as it does in the two widely differing types 
of serine proteases, the subtilisins on the one hand and the pancreatic enzymes 
on the other, it is likely that this common hydrogen bonding system plays 
some fundamental part in the enzymatic mechanism. 
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Fig. 5. 
and each length of rod represents a single residue. 


PMS-subtilisin. A distance of ~ 6:3 A would be expected 
if the mereury is in fact covalently bonded to the benzene 
ring. Although the SMBF derivative crystals are enzym- 
atically inactive, we eannot be certain that the observed 
mercury sites are still part of the inhibiting group. 

In the Ij derivative, sites 1 and 2 are near Tyr 104, 
sites 3 and 4 are near Tyr 217, site 5 is situated between 
Tyr 167 and 171, and site 6 is found near Tyr 21. In the 
cases of Tyr 104 and 217, it appears that slight movements 
of the side chains are required to explain the observed 
iodine locations. Kretsinger?*? has observed similar effects 
on iodination of myoglobin. 


Relation of Carlsberg to BPN’ Subtilisin 

As mentioned in the introduction, the Carlsberg enzyme 
differs from the BPN’ enzyme at eighty-four residues, and 
also has a deletion at residue 56. Based on the assumption 
that the overall three-dimensional folding of a protein 
molecule is predominantly determined by the interior 
residues™, and on the observed spatial distribution, in the 
model, of the side chains that differ between the BPN’ 
and Carlsberg subtilisins, we conclude that the two 
enzymes must have very similar three-dimensional struc- 
tures. All differences, with one exception, occur in exterior 
chain segments. The exception is Ile 31, which changes to 





Perspective drawing of the PMS-subtilisin BPN’ backbone chain. Vertices represent a-carbon acoms 
The active site region lies within the circle containing theside 
chains of His 64, Met 222 and Ser 221 with its covalently bonded PMS group. The side chain orientations of 
His 64 and Ser 221 in the active enzyme are shown in pale outline. 


a leucine in the Carlsberg enzyme. Furthermore, the side 
chains of seventy-five out of the eighty-four substituted 
residues are pointing outward, anc these seventy-five 
changes appear to be more or less random with respect to 
residue type. That is to say, forty-tour are conservative 
substitutions, fifteen go from pola: to non-polar, and 
sixteen go the other way around. Cn the other hand, of 
the nine inward-pointing side chair substitutions, eight 
are conservative and only one is non-conservative, that 18, 
Ser 88 becomes a valine in the Carisberg enzyme. The 
single deletion at Pro 56 oecurs in aa outside loop of the 
backbone chain. These observationslend further support 
to the idea that it is the interior side chains which are of 
primary importance in determining the three-dimensional 
structure of a protein molecule. 
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THe mature chromosome of bacteriophage 2% is a 
helical duplex of DNA consisting of about 50,000 nucleo- 
tide pairs with short single strands (twenty nucleotides) 
protruding at the 5 end of each ehain*?. The 5’ termini 
are complementary and base pairing between these 
cohesive sites makes it possible for X chromosomes to 
form circular monomers and linear or circular polymers. 
Genes A and R, which are located at the ends of the 
mature chromosome, thus become adjacent. ‘The single 


Covalent closed circles are found shortly after infection of 
sensitive or lysogenic baceteria??. They can now be 
obtained in vitro using the bacterial enzyme ligase’, 

The ìà chromosome is usually believed to replicate as 
circles® or as linear *coneatenates". This imphes that 
the maturation of phage particles involves some process 
which unlinks genes A and R to restore the free ends of 
the chromosome. More precisely, if 3’ 5’ covalent bonds 
are formed between the two opposite termini early in 
normal phage development, a highly specific endonuclease 


(perhaps two) must be active later on. This enzyme would 
make two single strand cleavages, twenty bases apart on 
opposite strands of the chromosome. 

We show here that there is indeed a function (Ter, 
from termini) which cuts the 4 chromosomes specifically 


between genes E and A. 


Bacterial strains lysogenic for two prophages in tandem undergo a 
special kind of prophage excision (‘‘dilysogenic excision") which does 
not depend on the three known recombination mechanisms. This 
excision is specifically between genes R and A—the terminal genes of 
the mature chromosome. 
a function which generates linear 1 chromosome from structures in 
which the termini are linked. 


This is evidence for the existence of Ter, 


Heteroimmune superinfection exeiscs very efficiently a 
recombinant prophage from tandem double lysogens?’’. 
This "dilysogenie excision" is mdependent of the integrity 
of the three known recombmation mechanisms: it 


operates just as efficiently if the bacterial strain is re- 
combination-less (ree) and the viral genome(s) is deficient 


for general recombination (red: ) and for the integration- 
excision system (int). 

We have suggested’ that dilysogenic excision is an 
accessory effect of the hypothetical Ter function. If such 
a function is expressed during phage development the 
enzyme system produced after heteroimmune super- 
infeetion of a dilysogen would be expected to create 


cohesive cnds not only on the replicating chromosomes of 
the superinfeeting type but also on the prophages. This 


would excise a recombinant chromosome from the tandem 
(Fig. 1). More precisely, the hypothesis predicts that 
excisions will be specifically between genes A and A. We 
confirm this prediction here. A short report of preliminary 
results indicating the same conelusions has already been 
published!*, 

We constructed ree- strains lysogenic for both xim; R- 
and Xim,4,AÀ- phages. The structure of these dilysogens 
was determined by checking joint Pl-transduction of the 
prophage markers with bacterial markers for galactose 
fermentation (gal) and biotine synthesis (bio) (Table 1). 
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Table L 


Pl TRANSDUCTION FROM STRAINS 
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RH 834 AND RH 835 


Nature of the transductants 


Strain Seleetion Total Immune versus Immune versus Immune versus inferred order 
analysed Non-imimune À alone À and 434 434 alone 
RH 834 gal* 44 ii 19 22 I gal-4W-ÀA NARAR AI 
7]? Ro AS 
bio" 12 1 0 0 E 
a 10 ROA 
RH 835 gal’ 28 12 0 6 10 gal A3AR* AMARA“) 
6/6 R^ A- 
bio 14 9 E 2 Ü 
2/3 R7 At 
PI transductions were performed by Signer’s method’, from the doubly iysogenic strains RH 834 and RH 835 inte the nas-lysegenic, gai" bic strain 


W602, 


It is clear that in strain RH 834 im; is linked with gal and 
im,4 with bio. In addition gal*+ transductants lysogenic 


for » alone carry the markers R- and A*, and most (8/10) 
bio* transductants lysogenic for 434 alone carry the 


markers H* and Av. T he order of the prophages in this 
strain is thus gal (im; R-AÀ*) (im,;,R* A`) bio. Similarly, 
in strain RH 835, the order is gal GM, RHA- ) amy RA +} 
bio, for here im,,, is linked with gal and m; with bio. In 
addition, all the gal’ transductants lysogenic for 434 alone 
carry the markers Rt and A-, and of the three bio* 
transductants lysogenic for A alone, two are R-At, As 
might be expected, there is little if any cotransduction of 
gal and bio together with the two prophages; the only 
gal* biot transductant found had only one prophage. 


Sirain RH 834 








ga 1* im, RT At im434 R*A bio* 
"t ba ga ab’ 
Ter 
Sirain RH 835 
gal im434 R* A im, R^ At bio’ 
: ba aa ab 
Ter 


Fig. 1. Structures of the dilvsogenic strains used in this work. b a’, 
aa’ and a b' are the Campbell recognition regions!!. Prophage integra- 
tion is known to consist formally of a reciprocal crossing over between 
recognition regions on the bacterial chromosome (b b') and on the 
cireularized viral chromosome (a a’). "This results in a circular permuta- 
tion of the genetic map; the markers R and A, which are located at the 
ends of the "vegetative" map, are adjacent to each other in the prophage 
map. The bacterial strains RH 834 and RH 835 are dilysogenie deriva- 
tives of the rec-a strain KMBL 241", This strain is permissive (su*) 
for amber (sus) * mutants. Aima is the thermoinducible mutant 
Acl. ARNa ds 434 hy". H- and A` are sus R, and sus A7, 
respectively, 


These strains were superinfected with the heteroimmune 
phage 21 hy cl red-,int~, (provided by Dr M. Y Y) 
as well as with 21 hy el red* int^. As shown in Table 2, 
the partieles of prophage immunities produced after 
superinfection with 21 hy red* int* are predominantly 
im,4, in the case of strain RH 834 and predominantly im; 
in the case of strain RH 835. If there is a shift from the 
redt int* to the red~, int-, superinfecting phage, then for 
both baeterial strains the number of majority prophages 
remains essentially unchanged (as expected if it is a 
result of dilysogenie excision) whereas the minority 
prophages decrease by a factor of 30-50 (as expected if it 
is a result of excision by the Int system). 

Thus, when the superinfecting phage is red-int-, the 
particles of prophage unmunities are almost all im,,, 


The transductants were selected for gal* or bio’, purified and analysed for immunity and the amber markers, 


o0 


wa 


HETEROIMMUNE SUPERINFECTION OF THE 4-434 DILYSOGENS 
Yield (particles with prophage immuniiy/bacterium) 


Strain RH 834 Strain RE 535 


Table 


Superinfecting reer (img Rv} Cuna, AO) gee (maa, Av} img B} 
phage ima imas ima nts. 
21 hyeyredtint* 0-16 L0 090. 017 — 
9/10 A> Ro 15/15 A* K^ RIA Re 15/15 At Be 
91 hycyred-,int-, 0-0037 ORA (85 80045 
8/10 A- Ro 15/15 A* R* 10/10 Av Re BiS AY B? 


as described by Thomas’, 


The dilysogenic strains were superintected Omar 
a normal production 


using a multiplicity of 3, "There was in eac E Case 
(about 50 phages/bacterium) of the phage of che superinfeeting type (not 
represented in the table). Thelysates were platec on su (21 hy) and incubated 
at 42° C before titrating the particles of img ‘clear plaques) and of ima 
(turbid plaques). 





(more than 200 times more im,,, than im;) in the case of 
strain RH 834 and almost all im: (about 200 times more 
im; than im,,,) in the ease of strain RH 835. The 434 
excised from strain RH 834 are usually if not always 
(30/30) R*A-* whereas the 4 exeise& from strain RH 835 


(18/19) are double mutants R-A-. Thus it is clear that 
dilysogenie excision takes place spe cifically between 


genes R and A, as expected, if it is mediated by Ter. 

The fact that the minority prophage is usually (17/20) 
A-R- in strain RH 834 and AR: (23/23) in strain RH 835 
is interesting in that it shows a frequent assembly of 
chromosome arms located at the extreme left and the 
extreme right of the tandem. “his situation will be 
analysed elsewhere (Thomas, Mousset and Brachet, 
In preparation). 

The results directly demonstrace the operation of a 
function (Ter) which cuts linear chromosomes, terminated 
by genes 4 and R, out of structures in whieh these termini 
are linked. Insofar as cohesive enews (or at least one such 
structure) are required for infectivity?’, Ter must be an 


essential function in DNA matwration'  Dilysogenic 
excision, which has enabled us to demonstrate the 
existence of Ter, represents only an accessory effeet of 


this essential function. Apparenily Ter also completes 
the action of the recombination svstems Int (as already 
suggested?) and Red. Recombination between circular 
(or formally circular) chromosomes would usually require 


an even number of recombinaticnal events and give a 
circular map. But if the cirealar chromosomes are 


always cut at a precise place durimg maturation, as m the 
ease of lambdoid phages, the situation is different. A 
single recombinational event between two genes suffices 
to unlink them, provided that it takes place in the interval 
which does not contain the po:sential free ends; this 
explains the linear genetie map terminated by the phy sical 
ends. 

Ter- mutants have not vet been clearly identified. A 
severe alteration of function Ter is probably lethal; 
one would expect to find ter- mutants either in the 
prophage state or as conditional defective mutants!? (in 
contrast with int- and red- mutarts, which have a normal 
growth eyele). 

This work was carried out under à contract with 
Euratom and with support by the Fonds de la Recherche 
Fondamentale Collective. S. M. as an aspirant au Ponds 
National de la Recherche Scientifique. 
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Tug problems of morphogenesis are well shown in the 
embryonic development of the pentadactyl limb in 
vertebrates. Originating as a simple leg in amphibia, the 
adult limb has been modified in a variety of ways during 
evolution, yet in its early embryonic limb bud stages 1t 
has remained remarkably uniform throughout the 300 
million years since the origin of the land vertebrates. 
This, then, is a very stable biological form, which suggests 
that its morphogenetic mechanism is basically simple. In 
its earliest stages, the bud is a simple beehive-shaped 
mass of undifferentiated mesenchyme cells, covered by a 
thin sheet of ectoderm celis (Fig. LA). At this stage it 
can be cultured in isolation from the rest of the embryo, 
that is, it contains all the material necessities for develop- 
ment. The bud becomes slightly elongated (Fig. 18), and 
then expanded at its distal end (Fig. 1C); it is slightly 
flattened dorso-ventrally and the ectoderm at its tip is 
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Theoretical models of limb bud growth may be simulated by a 
digital computer, using programs designed to reproduce the chief 
cell activities involved. 


modified to form an apical cap or ridge. During the 
elongation of the bud, a central condensation of the 





A C 


Development of a generalized vertebrate limb bud. 4, Early 
stage without precartilage condensation. B. Elongation stage with 
central preeartilage condensation. (C, Late stage showing pentadaety! 
pattern of precartilage condensations. 
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Fig. 2. Sequence of iterations in typical model growth. 
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A, Iterations 1-5. B, Continuation of sequence, iterations 6-10, C, Continuation of 


sequence when a portion of the pattern in iteration 10 is removed, iterations 11-15. 
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mesenchymal cells appears (Fig. 15), which later becomes 
subdivided to form the elements of the pentadactyl 
skeleton (Fig. 1C). Here then is a rather simple biological 
form, about which there has been a great deal of deserip- 
tive and experimental work, vet no model has been 
suggested which accounts for the production of this form. 

Biological shapes are usually difficult to define in 
mathematieal terms even when they appear intuitively 
simple; for example, a hen's egg. It is still more difficult 
to define ehanges in shape, though it is possible to do so 
by systems of mapping functions according to the method 
described by D'Arey Thompson? and developed by 
Medawar* But even when this is done, deseriptions of 
shape changes in terms of the geometry of the total 
strueture suggest little about the biologieal processes 
underlying them. For this reason, morphogenesis, the 
emergence of biologieal struetures in embryonic develop- 
ment, has been regarded as a mysterious process. It 
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appears less mysterious if considered in terms of the 
biological acts by which structures are produced, that is, 
as products of populations of individuals arranging them- 
selves in accordance with certain rules, in the same way 
as patterns emerge in a drill squad or a corps de ballet. 
The shapes in biology, including the limb bud, are formed 
by masses of cells cohering, sometimes separated from 

each other by extrace Halar matrix material, dividing, 
hand in size and shape and moving about, Thus the 
individuals in our analogy are the cells, and the rules 
are the genetie instructions coded in the nuclear genes of 
each. It is generally be lieved that the genetie material 
of each cell is ideatieal, but that the particular genes 
operating at any time depend on the local environment 
of each cell. This situation can be simulated in some of 
its important aspects using a digital computer, where the 
cells are represented by numbers stored in the computer 
and their genetic instructions are represented by parts 
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Fig. 3. Flow diagram of main program. 
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of the program. Because of the limitations imposed by 
the methods of print-out and core-store capacity there are 
very compelling reasons for restricting the model, at least 
in the first instance, to the study of growth patterns in 
two dimensions only. 

Programs, written in Atlas Autocode, have been run 
on the KDF9 at the Edinburgh Regional Computing 
Centre. A two-dimensional array of numbers is allocated 
to represent the available cell sites, 1 indicating that a 
particular site is occupied by a cell, 0 an empty site. 
At each iteration the array is scanned, some of the cells 
are made to reproduce and each daughter cell is made to 
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occupy a vacant site m the array. Rules ("genetie in- 
structions’) incorporated in the program determine 
whether a cell is to divide or not, and what happens to 
its daughter cell if it should do so, according to its 
position in the total cell mass. When the array is read 
for print-out a convenient symbol, an asterisk, is used to 
represent each cell. A typical print-out (Fig. 24) will 
display the patterns formed by the cell mass at each 
iteration in sequence so that the developing form is shown 
graphically. As many iterations ean be produced as 
desired, subject to the cell mass not exceeding the bounds 
of the lattice in any direction. If continuation from a 
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No 


Yes 















complete 






store 


Fiow diagram of program sub-routine, 
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previous print-out is required, this ean be obtained 
(Fig. 2B), or we can start from an arbitrary pattern; for 
example, we can make an incision in a previous pattern 
(Fig. 2€). 

In designing a model to simulate a biological process 
it is obviously desirable that it shall be free to operate 
subject only to such constramts as are biologically 
meaningful. Such an objective is, of course, seldom com- 
pletely achievable, in which case we must at least set out 
to understand clearly those constraints which have been 
imposed, both deliberately and involuntarily. Table 1 
shows the biological parameters which we believe to be 
involved in limb bud growth, together with the extent 
to which these factors have been simulated in the present 
computer program and, in those cases where the simu- 
lation is restrictive, our appraisal of the difficulties likely 
to be encountered in making the model increasingly 
realistic, having regard to the currently available per- 
formance and capacity of digital computers. 


Tabe 1, COMPUTER SIMULATION OF BIOLOGICAL PARAMETERS IN LIMB BUD 
DEVELOPMENT 
Biological Simulation in Possibility of X 
parameter present program improving simulation 


Easily increased on lar- 
ger capacity machine 
and/or cell groups 
could be manipulated 
by more sophisticated 
programming 


Maximum 6,400 CK 
Reality: several 
1,000,000 


1 Cell number DF) 


Simulated at realistic 


2 Cell proliferation 
rates 


3 Cel! position 


4 Celi movement 


5 Celi size 
6 Cell shape 
7 Cell packing density ! 


Simulated to the extent 
deseribed below 


Subject to limitation that 
movement is quantized 
by lattice size. Simu- 
lated in one direction 
only 


} 
> Assumed constant 


Gradient could be made 
more nearly contin- 
uous by program 
modification 

Lattice size smaller on 
larger capacity mach- 
ine. Movement in 
ather directions could 
be simulated by pro- 
gram modification 

Could be simulated on 
larger capacity mach- 
ine subject to limita- 


tion of quantization 
due to constant lat- 
tice size 

Could be simulated by 


8 Surface tension (for Nof simulated 


example, as pro- program modifica- 
duced by any tion, but only applic- 
membrane sur- able if 5, 6, 7 dealt 


rounding the main with 


cell mass, such as 
the ectodermal 
layer) 


The funetion of the program and its sub-routines are 
indieated in the flow eharts (Figs. 3 and 4). The principles 
underlying its design are as follows. 

(1) Cell number. The array size is 80 x 80, and we start 
from a filled baseline ("limb competent flank cells") of 
forty cells, centrally situated in one side of the array. 

(2) Cell proliferation. This is obtained by making every 
rth cell produce a new cell. It is difficult to position the 
daughter cells because in reality they would displace 
other cells, and this is impraetieable in the model. One 
solution, which we have adopted here, is to put each 
daughter cell into the nearest available vacant site in 
the array. Because all eells are assumed constant in size, 
shape and packing density, this has an equivalent effect 
on the total cell mass. Searching the whole array for a 
vacant site would occupy considerable computer time, so 
the search is limited to a portion of the array, the size of 
which may be specified. More than one vacant site may 
be found at the nearest available distance, so that a 
choice between these must be made. In our program 
the first-found nearest available site is chosen. The 
directions in which the search area is scanned will con- 
sequently have an effect on the position of the chosen 
site; to avoid biasing the growth in a particular direction, 
therefore, the search area and sean directions are changed 
at each interaction, four search areas (anterior. posterior. 
distal and proximal) being used sequentially. 

(3) Cell position. 1t is important that the model should 
strictly reflect that the behaviour of a cell is determined 
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only by eues derived from its immediate local environ- 
ment. Thus it would be trivial to set out an outline m 
the computer and instruct cells not to divide further on 
reaching this boundary. But it is permissible to create 
gradients within the ell mass such that, for example, 
cells near the boundary of the limb bud as it exists at 
any time are instructed to proliferate more rapidly than 
those at the centre. In this study it is assumed that for 
some models the position of the cell in a proximo-distal 
gradient of some kind is important in relation to its rate 
of pron ration This is incorporated in the program in 
the simplest possible way by instructing that cells within 
a specified number of rows from the distal tip of the cell 
mass shall reproduce while more proximal cells shall not. 

(4) Cell movement. This work was originally under- 
taken in order to test a particular model of limb bud 
growth! which supposes a distalward movement of cells 
to occur and to be important. Provision for this is meor- 
porated in the program by making each daughter cell 
move distally in the array by a specified number of E 
before being positioned in the nearest vacant site. Fig. 
illustrates one of the four search areas in which this 
nearest vacant site will be discovered. 
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Fig. 5. Portion of lattice showing one search area and method of 
advancing cell from site of origin. New cell will be placed at first-found 
closest distance to searel area focus, 
This program 1s sufficiently comprehensive to test 
simple models of limb bud growth, notably to test the 
effects of gradients of cell proliferation and of distabward. 


cell movements (Fig. 6). Gradients of cell division, with 
increased proliferation distally, have been stated to occur 
in the chick embryo by Amprine®, but Cairns (personal 
communication) finds no evidence for sueh a gradient 
at least up to stage 22 (approximately 3 davs of incuba- 
tion). Model 1 (Fig. 64) shows that for early stages of 
limb bud growth, that is, to produce a bee hive- shaped 
mass without elongation such as is found at this stage 
(Fig. 64’), no gradient is required. Ede and Agerbak! 
have suggested "that elongation of the normal chiek limb 
bud may be accounted for by a slight distalward move- 
ment of the mesoderm cells, and that reduction of this 
movement would aecount for the broad, short, fan-shaped 
limb bud in the talpid®? mutant of the fowl. Model 2 
(Fig. 6B) shows that cell proliferation with a gradient but 
without distalward movement does produce an approx- 
imation to the mutant rather than to the normal limb 
form. Model 3 (Fig. 6C), in vius Era mov tue 
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NATURE, VOL. 221, JANUARY 18, 1969 


LETTERS TO THE EDITOR 


PHYSICAL SCIENCES 


Measurement of Pulsar Distances by 
Galactic Hydrogen Absorption 


THe wide band radiation from a pulsar will be absorbed 
near a wavelength of 21 em by the galactie neutral hydro- 
gen lying between the Earth and the pulsar. On the other 
hand, the 21 em emission from neutral hydrogen in 
directions adjacent to the pulsar's position comes from the 
whole path length through the galaxy. A comparison of 
these two types of spectra may therefore lead to an 
estimate of the distance to the pulsar. A measurement 
has already been made at Jodrell Bank! on CP 0328, 
vielding a lower limit of 4 kpe for this particular source. 

Here we deal with absorption measurements of eleven 
pulsars with the transit telescope at Nancay. CP 0328 
was found to be absorbed by hydrogen in the local spiral 
arm without any significant feature corresponding to the 
Perseus arm. This leads to a distance estimate which is 
many times smaller than the 4 or 6 kpc implied by the 
Jodrell Bank paper. PSR 1749-28, a weaker pulsar near 
the galactic plane, does not show any absorption and so 
must be located within 1 kpe. Measurements of the 
other pulsars did not lead to significant distance estimates. 


Table 1. PULSAR ENERGIES 


W mean Wmax 
Source (10-?* J m° Hz) (10? J m> Hz!) 
CP 0328 200 1,200 
CP 0808 25 30 
AP 0823 +26 15 60 
CP 0834 18 15 
CP 0950 30 50 
CP 1133 30 90 
PSR 1749 —28 20 70 
CP 1919 5 20 
JP 1933 10 15 
AP 2015+28 10 20 
PSR 2045 ~ 16 * 25 


* Detected only once. 


The measurements were earried out from October 31 
to November 6, using à new eooled parametrie amplifier 
brought into operation at the end of October with the 
line receiver at the Nancay radio telescope. The antenna 
has an effective area which varies from 13,000 m? to 1,800 m? 
depending on source declination. The system noise— 
temperature is 150° K including antenna spill-over. The 
receiver configuration provides a spectrum of twenty-six 
points with channel width and channel spacing of 12-7 km 
s^. The channel outputs were digitized and integrated by 
an on-line computer with time constants ranging from 
40 to 60 ms. Successive pulsar periods were added for 
some minutes. Continuum fluxes and their variability 
observed in a 5 MHz channel of the receiver were a by- 
product of the measurements. Table 1 gives the mean 
continuum pulsar energies, Wmeans together with a 
value of the maximum, W max, observed. The mean 
error ranges from 2 to 4x10- J m Hz-, Due to 
the good resolving power of the telescope in right ascension, 
4 are min at 21 em, it was only necessary in a few cases 
to search for a slightly better position of the sources. 
Table 2 gives the right ascension of three pulsars. 
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Table 2, RIGHT ASCENSION OF “THREE PULRARS 
Source Right ascension (1850-0) 


93h 29m Ofs + 10s 
O8h 23m 2a + 108 
30h 15m 588i 108 


CP 0328 
AP 0823 +26 
AP 2015 +28 


The only source providing a signal to noise ratio accept- 
able for a positive detection of absorption was CP 0328. 
Fig. 1 shows the Nancay spectrum and, for comparison, 
the spectrum obtained at Jodrell Bank integrated over 
the width of our 12-7 km s channels. At velocities higher 
than — 20 km s~ both spectra show the two features due 
lower velocities, the two spectra are in total disagreement, 
our spectrum showing no evideuce of absorption cor- 
responding to the Perseus arm. An analysis of emission 
measurements from Dwingeloo? nas shown that at b= 
+ 155, that is to say, outside any spiral arm but the local 
one, the velocities do not extend ‘ower than = 30 km s7 
in the direction of CP 0328. On the other hand, it must be 
emphasized that emission from the Perseus arm is stronger 
than from the local arm”. There is thus very little chance 
that absorption by the Perseus region should be much 
weaker than absorption by local hydrogen for an object 
deep in the Perseus arm. In our spectrum, absorption by 
the Perseus arm, if any, is at least seven times weaker 
than the deep absorption shown by the local arm. At the 
same time there is no suggestioa of absorption bv the 
"distant arm" at —75 km s^. Assuming a uniform HI 
density of 1 atom cm, and a hydrogen spin temperature 
of 125° K, with the mean optical depth of Fig. 1 over 
25 km sł, we can compute an approximate distance of 
0-8 kpe. This kind of computation, based on published 
hydrogen emission observations and checked against 
absorption speetra*:?, leads sometimes to an overestimate 
of the observed absorption by a ‘actor of two. This may 
be the case for this evaluation. At any rate, the important 
fact is that CP 0328 lies nearer ‘han the Perseus arm, 
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Fig. 1. Absorption spectrum of CP 0328 measured at Nancay (dots). 


For comparison the Jodrell Bank spectrom (squares) is shown averaged 
over our channels (1:57 km s), 


The pulsars CP 0950 and CP :133 gave upper limits for 
absorption of 25 and 35 per cent respectively. Fig. 2 
shows the observed spectrum fer CP 0950. Due to the 
high galactie latitudes of these two sources, the limits 
quoted do not yield a elear eorzlusion about whether or 
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Among pulsars located along with CP 0328 in the Milky 
Way, PSR 1749-28, 2° from the direction to the galactic 
centre, was strong enough to provide a usable signal in 
the narrow bands. Fig. 3 shows the observed spectrum, 
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Fig. 9, Spectrum observed for CP 0950. 


Around zero velocity the absorption cannot be greater 
than 40 per cent. Assuming that the neutral hydrogen 
layer has a thickness of 200 pe, the line of sight in the 
direction of PSR 1149-28 will leave the layer at 6 kpe 
from the Sun. At such a distance, or farther out, a mean 
value for the optical depth in a bandwidth of 25 km s^! 
would be three with an assumed uniform density of one 
atom cm. The subsequent absorption should be total. 
Because this is obviously not the case, we must assume that 
PSR 1749-28 is located within the hydrogen layer. The 
upper limit of 40 per cent for the absorption in two narrow 
bands yields an upper limit of 1 kpc, following the same 
assumptions. The estimated distance of C P 0328 (0-8 kpe) 
is greater than that from dispersion assuming an electron 
density of 0-1 em~. If we assume that 0-1 em is an over- 
estimate, the 500 kpe distances of PSR 1749-28 computed 
with this value* lead to a lower limit in agreement. with 
our upper limit of 1 kpe. 

Our measurements seem to establish that CP 0328 and 
PSR 1749-28 are located within the galaxy. The distances 
found are interesting for these sources show great dis- 
persions of pulse arrival time and consequently are 
probably among the most distant. 

We thank Professor N. S. Kardashev for drawing our 
attention to the topie, and Miss O. Franquelin and Mr 
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Fig. 3. Speetrum observed for PSR 1749-28. 
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Proposed Test for the 
Radiation Mechanism of Pulsars 


Gornp! has proposed an interesting model for pulsars, 
which goes a long way towards explaining some of their 
more baffling properties. His model, briefly, is that 
pulsars are rapidly rotating neutron stars, with an axially 
asymmetrie magnetie field "frozen in" to the star. and 
thus rotating with it. A plasma surrounds the star and 
co-rotates with the magnetie field, out to, or nearly out to, 
the critical radius at which the tangential veloeity would 
be the velocity of light. Relativistic effects in this rapidly 
spinning plasma are to account, in a general way, for the 
radiation emitted. The exact mechanism is not specified. 
although charges embedded in the plasma are mentioned. 


R= Clea 





Fig. 1. Rotating neutron star ( shaded object) with attached plasma 
(out to Re) for the case of a dipole field lying in the equatorial plane, 


I wish to make three comments on this model-—a 
model which I find plausible. First, the plasma currents 
themselves will radiate, and strongly, if the plasma is 
moving with ve; no embedded charges are needed. One 
can, if one likes, replace the current loops by magnetic 
dipole layers, and regard the relativistically moving 
“magnetic poles" as the source of the field. The radiation 
would be coherent radiation of these poles under the 
centripetal acceleration of the rotation. Arguments 
that the observed radiation is probably eoherent in this 
sense have been given by Gold'. 

An alternative way of looking at this is to observe that 
eertain components of the magnetie field (namely. the 
radial eomponent, in à eylindrical coordinate system) 
cannot maintain the eco-retation beyond the critical 
radius. beeause otherwise one would have energy concen- 
trations travelling at greater than the speed of li ght. 
The radial component of magnetic field will thus be con- 
tinually sheared off, and radiated away, forming a coher- 
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draws on research with all types of 
organisms wherever this research has 
made available results at a molecular 
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attempted to interpret alkaloid action in 
terms of specific molecular interactions, 
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Finite Differences 


Did you know ? . . . that 
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This is a simple consequence of Thiele's theorem, 
itself the basis of an important method for numerical 
interpretation involving the reciprocal differences. 
The treatment of this topic in The Calculus of Finite 
Differences by Professor L. M. Milne-Thomson remains 
one of the outstanding features of that distinguished 
book, first published in 1933. 

The technique based on reciprocal differences is a 
systematic way of interpolating between given values 
of a function. Thiele's theorem makes it possible to 
represent the function concerned by some rational 
function which is particularly suited to interpolation. 
For many informal uses but also in machine calcula- 
tions of various kinds, it has considerable advantages. 

But this is only one of the reasons why finite dif- 
ference techniques should not be forgotten. They 
are, of course, the basis of much of the numerical 
analysis carried out in engineering applications. They 
are also a natural development of the method of fluxions 
which Newton first invented. 

Professor Milne-Thomson's book remains, after 
nearly a quarter of a century, the only comprehensive 
treatment of the subject. 


The Calculus of Finite Differences by L. M. 
Milne-Thomson, £2 10 


Other classical mathematical works from Macmillan... 


A Treatise of Differential Equations by 
A. R. Forsyth, £1 15 


Theoretical Hydrodynamics by L. M. Milne- 
Thomson, Fifth Edition, just published, £5 5 


"Theoretical Aerodynamics by L. M. Milne- 
Thomson, £3 10 
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Energy & Entropy 


“Think of a truck on rails at the top of an incline. By 
means of ropes and pulleys the tendency of the truck to 
move can be harnessed to lift heavy weights from one 
floor of a building to another, for example (or to turn 
the armature of a dynamo). The movement of the 
truck can naturally be made to do different amounts of 
work by lifting different weights: the lighter the 
weight, the faster the truck will move down the 
incline—the greater its kinetic energy. There is, 
however, an upper limit to the amount of work it can 
do, and this can be measured in terms of the weight 
that just balances it. A very slight reduction in this 
weight will allow the truck to move very slowly down 
the incline (with very little kinetic energy), doing an 
amount of work very near to the maximum work. By 
slightly increasing the weight the truck can be pulled 
slowly back up the incline. For this reason, when the 
tendency to change is harnessed to the maximum 
extent the system is said to be operating reversibly. 


“The extension of these ideas to chemistry is not as 
difficult as it seems at first sight. Just as with physical 
changes, spontaneous chemical processes can in 
principle be opposed and even reversed by the applica- 
tion of suitable forces. When the chemical change is 
only just allowed to proceed in the natural direction 
the (maximum) work done against the applied forces 
measures the tendency of the change to take place. 
Quantities called chemical potentials, represented by 
the symbol u, have just the properties required for 
putting this idea on a numerical basis.” 


This passage isthe starting pointfor the illuminating 
argument with which Dr H. P. Wyatt constructs his 
system of chemical thermodynamics. 


Ener and  Entropy 


in Chemistry by 
P. A. H. Wyatt, £1 10 


Other books in the series Topics in Physics and 
Chemistry... 


Laser Light by C. C. Eaglesfield, £1 10 
Masers and Lasers by J. S. Thorp, £2 2 
Solid State Physics by H. Clark, £2 
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This new 
immuno-fluorescence 
microscope 


from Polaron 


features Tiyoda's UV 
Superwide Darkfield 
Condenser 


This new superwide darkfield 
condenser passes far more light 
than conventional condensers and 
is ideal for fluorescence micro- 
scopy. 

Fittings are available to enable 
the condenser to be used with 
most makes of microscopes, such 
as Zeiss, Reichert, Leitz, etc. 
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The Tiyoda RI microscope is 
an ideal research instrument, 
featuring a wery fine focusing 
mechanism, positive stops, ro- 
tating stage and precision binocu- 
lar head. t is especially suitable 
for fluorescenee microscopy when 
fitted with "uorite objectives, 
special oil grooved stage and 
mounted on a UY pedestal. 
Photographic facilities are also 
available. 


Full details sent omrequest from Polaron, whe 
oberate comprehensive sales, démonstration 
ond servicing faciities throughout. Europe. 


Head Office: Shakespeare Road, Finchley, Lonaon, N.3 
Telephone; 01-349 9241 


France: Unioptique, 88 Gabriei-Faure, 


LEFT The conventional darkfield condenser 
RIGHT The new Superwide darkfield condenser 
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one each x10 and x15 eyepieces. Magnification range x50 to x600. Complete 
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Also available Model F.E.E. as above but incorporating a 15 watt light source 
using mains supply. Price £46. 2s. 6d. 

PB/N2. 
For immediate despatch from : 


W. A. QUINN LTD. 


12 FULWOOD PLACE, HIGH HOLBORN, LONDON, W.C.1 
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Meromorphic Functions 
W. K. Hayman 


This book is concerned with the study of 
functions meromorphic in the plane and in 
the unit circle. It should be accessible to 

any student who has had a first course in the 
theory of functions of a complex variable, and 
introduces the reader to modern research. 
The basic tool is the fundamental theory of 
Nevanlinna which relates the frequency of 


values of a with the growth of the characteristic 
function T (rjf) "This is a corrected reprint 

of a book first published in 1964. 

75/- net paper covers 63/— net 

Oxford Mathematical Monographs 


Total Positivity 


Volume I 
Samuel Karlin 


In this volume, the first of two, Professor 
Karlin develops the idea of total positivity 
as a theoretical concept of considerable 
power that plays an important part in the 
domains of mathematics, statistics, and 
mechanics. More than half the material is 
published here for the first time, and an 
extensive bibliography is included. 

£8/6/6 net 

Stanford University Press 


Classical Harmonic 
Analysis and 
Locally Compact Groups 


Hans Reiter 


The book deals with various current 
developments in analysis centring around the 
fundamental work of Wiener, Carleman, and 
especially A. Weil. The purpose of the work 
is to establish clearly the relations between 
classical analysis and group theory, and to 
study basic properties of functions on abelian 
and non-abelian groups. As well as providing 
a systematic introduction to these topics, 

this book also encourages further research. 
Paper covers 75/— net 

Oxford Mathematical Monographs 
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ent, highly directional, highly polarized rotating beacon. 
The hypothetical situation for a dipole field at 90° to the 
axis of rotation is sketehed in Fig. 1. Prodigious amounts 
of energy can be radiated in this way, because the entire 
energy stored in the field concentration near the poles is 
radiated away in the time it takes to turn through about 
one radian. For B~ 10* gauss, Re~ 10? km, w/2r=5 87, 
we obtain ^ 10%? ergs/s radiated. The field does not have 
to be a dipole field, of course; this is only used as an 
example. 

The second comment is that if this mechanism is the 
source of the radiation. then a different kind of coherence 
should prevail, namely coherence between successive 
pulses. Because the radiated field at emission has a fixed 
phase from one pulse to the next, phase relationships 
between successive pulses must be respected on reception. 
This is true even after dispersion in the interstellar medium 
has been taken into account. Thus the Fourier analysis 
of the radiation emitted should be a Fourier series rather 
than a Fourier integral. The spacing between successive 
frequencies will be Av 1/T. where T is the period of the 
pulses. The power output of a narrow-band (Av<1/T) 
receiver (looking at the received radiation before detec- 
tion) plotted as a function of its frequency would look as 
in Fig. 2a, instead of being a smooth curve as in Fig. 25. 
The effect of the interstellar medium is to shift the phase 
of the radiation received in adjacent maxima of Fig. 2a; 
but this is of no consequence for the output power 
speetrum. 





a b 


Narrow-band receiver outputs. a, Coherent case; b, incoherent 
Case. 


Fig. 3. 


The observed amplitude fluctuation of the pulsar signals 
will smear out the effect, but should not obseure it com- 
pletely. 

This observation is a specific test for emission mechan- 
isms in which a static field in the rotating frame is the 
source of the observed radiation. All other mechanisms 
will give a null result (as in Fig. 25) because the phase 
of the emitted signals will not be locked to the rotation 
angle of the star. This would then seem to be a decisive 
test. of Gold’s model. 

If the radiating field is in fact due to a cocked dipole. 
then the period of rotation can be derived from the narrow 
band receiver and will be twice the observed pulse arrival 
period, because there are two pulses per turn in this case 
(but of opposite polarity). Thus if these effects are 
observed, one can also learn something about the shape 
of the field. 

The third comment is that if this mechanism is correct, 
then there are many more pulsars than are observed. 
The reason is that the relativistic collimation of the 
radiation works vertically as well as horizontally. Thus 
the only ones we see are those for which the axis of rotation 
is very nearly perpendicular to the line of sight. 

Much of this communication was worked out in discus- 
sions with C. N. Yang. who, however, is in no way 
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responsible for errors. I also thank N. Balazs and 
R. deZafra for stimulating discussions. 


M. L. Goon 
Department of Physies, 
State University of New York at Stony Brook, 
Stony Brook, 
Long Island, New York. 


Received December 5, 1965. 
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Interpretation of Doppler Shifts in 
the Zodiacal Light Spectrum 


Reay and Ring! have recently presented measurements 
of Doppler shifts in the spectrum of the evening zodiacal 
light obtained in the plane of the ecliptic. They compare 
the data with the assumption that the mterplanetary 
dust particles are in direct circular orbits, the number 
density of dust particles varying with heliocentric distance, 
r, as rË, where $3. The agreement between theory and 
observations is imperfect; nevertheless, their suggestion 
about the dust density is of great importance to an 
understanding of the origin of the zodiacal dust cloud. 
We have therefore tried to obtain an improved fit to these 
observations by using a more general distribution of the 
orbital parameters of the dust particles in the hope of 
drawing a more definite conclusion concerning the value 
of &. 

We assume that each particle gives rise to a single 
narrow line which contains all the energy in the solar 
line and which is displaced from the position of the centre 
of the solar hne (at ħa) by an amount ÅA = {r t v), 
where vy is the radial component of heliocentric velocity 
of the particle, v the component along the line of sight of 
the particle’s velocity relative to the observer (Earth), 
and c the speed of light. For convenience we shall use the 
notation of Ingham?: the surface brightness, dB, of the 
zodiacal light at elongation e contributed by particles 
with scattering angles between 9 and 9+ d6 1s proportional 
to 1(8) (cosee e) ^? sin?0 dO, where J(0) is the scattering 
function. We assume that the scattering is isotropie-—the 
major anisotropy will be approximately in the ranges 
§=0° to 15°, and 165° to 180^. The assumption of isotropic 
scattering will not greatly influence the present results 
except at s> 165°, but here the Doppler shift is in any 
case small. We define the effective wavelength, he, of the 
spectral line in the zodiacal light by 


- ^ ~ 7 i 4 ^ 2 ^ å A x N 
Ae = Ag + f AAUB/ [dB = hal l + £2 (1) 
N Ag v 


We emphasize that, although the solar line is highly 
symmetric, the line in the zodiacal hght will, in general, 
be asymmetric. Thus from our definition of X. it is clear 
that we are calculating the wavelength at whieh the line 
is divided into equal areas. This wavelength will differ 
from the point of maximum absorption in the seattered 
line. Taking the profile for direct orbits as caleulated by 
Ingham? we find that these two wavelengths differ by 
about 0-03 A, which corresponds to a velocity difference 
of L8 km s~. We assume that this case is typical and that 
Ae calculated as in equation (1) is the relevant effective 

We also assume that (1) the orbital elements of the 
zodiacal dust are independently distributed, (2) all values 
are equally likely, and (3) the dust concentration varies 
as 77, which is consistent with assumption (1) (ref. 4). 
Following from (1), the total number of particles in the 
zodiacal cloud with semi-major axis a. eccentricity e and 
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inclination i in the ranges a to a+da, e to e+de, i to 
t+ de is 

F(a,e,i) da de di = const. ach(e)j(i) da de di (2) 


where x 2-68 (see ref. 4). Then we find 


/ A AL he iia Ag 
A mum P mL E A = 
Ay Ko 
To E 
y | f (sin 80/*3/2060 | 
Bos sine 4 1 — € (eos i —— ——— — — — - (3) 
| (sin £)*^* f (sin 0)^d6| 
1 € } 


E 


where V is the Earth's orbital velocity, 
q 


| cos tj (2) Ses 
0 Sin 


o. d 
0 


<cost> = 


(4) 


sin t 
and where 


h(e)de. 





de 


The plus sign in equation (3) refers to the morning, and 
the minus to the evening, zodiacal light. Note that 
because of assumption (2) v, does not contribute to 
CAX/X» in equation (3). 

First, we consider the case of purely circular orbits, 
where 2=1. For the extreme case of entirely direct 
(retrograde) orbits, (cos ?» = + 1(— 1), and the correspond- 
ing Doppler shift is illustrated in Fig. 1, for 8=0 to 5, 
together with the observational points of Reay and Ringt. 





Q 30 60 90 130 
Elongation (deg) 


130 


Fig. 1. Effective radial velocity, < nd » 

ecliptic in the evening zodiacal light. Dust concentration varies as r P 

Solid curves: orbits are circular, in the plane of the ecliptic and either 

direct (lower curves) or retrograde (upper curves). Dotted curve: orbits 

have eccentricity near unity, zero inclination and 8:0. Solid dots are 
the data of Reay and Ring. 


ec, versus elongation in the 


NATURE, VOL. 221, JANUARY 18, 1969 


l4 


B= 
T" p 
n adi 


Ord 
o2 


0-0 
0-0 0:3 ("4 Q6 
fs 


0-8 1:0 


Fig, 2. Eeccentricity factor, (e), asa function of elongation e, and for 


various values of 2, 


The number of particles in retrograde orbits is evidently 
small. Even if all orbits are assumed to be direct and have 
small inclinations (that is, (e08s 25-1), the agreement 
with the observations is not completely satisfactory, a 
conclusion already reached by Reay and Ring. As 8 
increases from 0 to 5, the fit improves for e» 80? and 
slightly deteriorates for ¢< 80°. We feel that the best 
value of 6 is not well determined and that high values of 
9 (710, say) are most acceptable. Such high values seem 
unreasonable for any plausible theory of the dynamics and 
origin of zodiacal dust. Thus the assumption of purely 
circular orbits leads to an unsatisfactory result. We 
therefore consider eccentric orbits. 

To explain the vanishing, or slightly negative, values 
of <AK/A> for ¢< 80° the theory requires that 


(sin 0)? +3/2d6 


t3 


t^ 


ptm 
» 


E (cos i» ——————— -— = Ecos?) R>1-0 


d E 
(in s)? (sin 0 dd 
£ 





To find how £ varies with average orbital eccentricity 
we let all orbits have the same eccentricity e; and compute 
Z for various values of eg and 8>0. As Fig. 2 shows, 
only values of 8 « 0-8 give E>1, and even for B=0, Z is 
less than about 1:2. To have <AA/A>=0 at c=90°, R 
must be greater than 0:83, for (cos 2» —- 1. Yet, for 8—0, 
k=0-6. The corresponding curve of e< AX/X5 (see Fig. 1) 
evidently does not fit the observed points any better than 
a model assuming direct circular orbits and high values 
of B. 

We have used admittedly a simple (and perhaps un- 
realistic) model for the orbital distribution. This was done 
in order to limit the number of adjustable parameters. 
One would expeet that the distribution ehanges with 
helioeentrie distance because of such perturbational forces 
as radiation drag, corpuscular drag and Lorentz forces. 
These would also invalidate a concept of separable orbital 
distributions f(a,e,2). Furthermore, it is possible that the 
nodes and perihelia are not, as is usually assumed in 
zodiacal theory, uniformly distributed. For instance, 
perturbations by Jupiter of particles in moderately 
eccentric orbits (ea: 2/3) could produce such an anisotropy. 
Because most of the particles are in direct orbits, we 
anticipate that the velocity curve will be moved towards 
more negative velocities (in the evening zodiacal light) 
when the direction of observation 1s 180° away from that 
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of Jupiter. This would presumably produce a variation of 
the velocity curve during a period equal to the synodic 
period of Jupiter. An additional effect which is due to the 
non-eancellation of the term due to e; would also change 
the velocity curve in a manner which is. however, not 
immediately obvious to us. 

'The measured rates of impact of interplanetary dust on 
satellite and space vehicles do not favour the idea of 
highly eccentric orbits*. Nevertheless, some theories of 
the origin of zodiacal dust are not in conflict with the 
assumption of eccentric orbits, and further experimental 
tests seem desirable to distinguish between the two 
extreme models discussed here, namely (a) e=0, 
87 5, and (b) ez 1. 8-0. Consider, for instance, observa- 
tions of the line profile in the direction of the ecliptic 
poles. The value of (42/25 will be nearly zero for both 
models if the inclinations are as small as is indicated by 
the data of Reay and Ring. The line width, however, 
should be much greater in case (b) than in case (a) because 
the absolute value of the wave shift (for an individual 
particle) is proportional to |r|. which is zero in case (a) 
but not ease (b). Furthermore, if the distribution of peri- 
helia and nodes is indeed isotropic, then the line would 
be asymmetric and show an annual variation. Provided 
plausible forms of j(i) and h(e) can be found, the hne 
profile can be ealeulated from a knowledge of the solar 
profile. Some plausible forms of the distribution of 
inclinations and eccentricity can be given for zodiacal dust 
of asteroidal or cometary (short period) origin. Work in 
this direetion is in progress and will be diseussed else- 
where. 

Finally, the velocity curve cannot be explained in 
terms of particles in geocentrie orbits. This is because 
CAA X,» would be roughly proportional to + (— ) sin e for 
direct (retrograde) geocentric orbits, which is in conflict 
with the observations. 


L. W. BANDERMANN 
R. D. WorLnsTENCROFT 
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Taylor Vortices with Eccentric Rotating 
Cylinders 


THe stability of circumferential laminar flow between a 
rotating inner cylinder and a stationary outer cylinder 
has been shown!, using a flow visualization technique, to 
be modified by eecentric positioning of the cylinders. I 
recently? presented rotor torque data for evlinders with 
a radius ratio R,/fy=0-828 (equivalent to a clearance 
ratio (R,—R,){/R,=0-207) showing the progressive rise 
of critical speed as the eccentricity ratio e (that is, dis- 
placement of centres divided by radial clearance) is 
increased from zero. 

Because the eylinder radius ratio is a significant variable 
in determining the eritical speed for concentric evlinders, it 
might also be expected to influence the results obtained 
with ececentrically positioned cylinders. Using an im- 
proved air-bearing dynamometer, 1 have now extended 
my torque and critical speed measurements to cylinders 
having radius ratios of 0-630 and 0-954 (corresponding to 
clearance ratios 0-587 and 0-048 respectively) with the 
results shown in Fig. 1. The percentage rises in critical 
speeds over the concentric values are given in Fig. 2, 
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where I have also included my esrlier torque data for 
radius ratio 0-828 (clearance ratio *207); a single curve 
has been drawn to fit the results and it seems that the 
effect of cylinder radius ratio is small for eccentricity 
ratios up to 0-5 or 0-6. At higher eccentricity ratios, the 
experimental points show very considerable seatter. As 
in my earlier experiments?, the diseontinuity in the slope 
of the torque-speed relation denotiug the onset of Taylor 
vortices becomes less pronounced ss eccentrieity ratio is 
inereased, the more so as the sylinder radius ratio 
approaches unity, so that the critical speed becomes 
less sharply defined. Although torques were measured to 
an estimated accuracy of 0-2 per cent, speeds to 0-2 per 
cent and viscosities (in conjuncticn with viseosity—tem- 
perature effects) to 0-3 per cent, the dimensio: less critical 
speeds deduced from the torque-speed discontinuity could 
be 1 per cent in error for ¢=0, 6 per cent for £ 0-6 and 
12 per cent for c= 0-7. 

The results of Fig. 2 are comparable with my measure- 
ments of the eritical condition ob«ained by traversing 2 
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Fig. 1. Relation between critical speed determined from torque 
measurements, and eccentricity ratio. V, is eritieal surface velocity of 
rotor, R, is rotor radius, R, is outer cyinder radius, vr is Kinematic 
viscosity and J is cylinder length. +, aif = 0-030, RH, 0-083151 m, 
Lz0968m,5-0.727 St. x, RR, = 0-054, Ay = 0-047738 m, Lo 0-206 m. 
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Fig. 2. Percentage inerease in critical speed over concentric value, 

determined from torque measurements, r, R,/R,20-630, BH, 0-03151 

m, £=6-266 m, s:z0 727 St, O, Riiie —0: 898, RR, 0:03151 m, L= 

0.356 m, r- 0:105 St. x, RiR rG FR, 004778 m, L0: 266 m, 
vex O-O78 St. 
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determined from heated probe iraverses. 

9.04207 m, L-0-229 m, r=015 Bt (ai. ©, Ri/R,=0-730, AR, 

0.03651 m, L:-0-266 m, » « 0-15 St (air), 0-10 St (silicone). x, R/R = 

07785, R,: 004986 m, L «0-229 m, v=0 15 St (air), V, R/R: = 0-829, 

R = 003152 m, L=0-207 m, 5: 0-03 St (silicone). +, R,/R; 0-859, 

HQ20-04292 m, L:0:2290 m, v—05 St (air). A, RQJ/R,— 0-870, Rm 
0-055584 m, L = 0-229 m, 9»: 0-15 St (air). 
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Fig. 4. Percentage increase in critical speed over concentric value, 
determined from torque measurements by Vohr* and Castle and Mobbs 


(unpublished), +, R,/R,= 0-899, Ry = 0-053905 m, 550-6 m (Castle and 
Mobbs. x, RRs 0-01, R,—0-04624 m, L= 0-565 m (Vohr). ©, 


R,QÍB, 0-99, R, = 004624 m, L= 0-565 m (Vohr). The curve is taken 


from Fig. 2. 


amall heated probe axially in the elearance spaee between 
the cylinders. Fig. 3 shows my published? and unpublished 
results using this method for six eylinder radius ratios 
from 0-677 to 0-879 (clearance ratios 0-478 to 0-138). The 
mean curves of Figs. 2 and 3 are in close agreement for 
eecentricitv ratios up to 0-5. 

Experimental data are now available from other sources. 
Vohri has made torque measurements for two radius 
ratios. 0-91 and 0-99 (clearance ratios 0-099 and 0:010), 
and Castle and Mobbs (paper read at the 1968 Tribology 
Convention of the Institution of Mechanical Engineers) 
have made torque measurements for a single radius ratio, 
0- 899 (clearance ratio 0-112). These critical speed observa- 
tions have been replotted in Fig. 4 and the mean curve of 
Fig. 2 has been superimposed. Figs. 2 and 4 are similar 
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and, for eccentricity ratios up to 0-5, critical speeds for 
all six clearance ratios lie within 6 per cent of the mean 
curve of Fig. 2, At higher eccentricity ratios, Fig. 4 
shows more scatter and in particular Vohr's results for 
the largest radius ratio so far investigated, 0-99, are 
systematically below my mean curve. The small clearances 
involved in radius ratios as close to unity as 0-99 lead to 
difficulty in presenting accurately thecylinder eccentricity. 
Thus an error of about 0-006 em in Vohr’s settings here 
would account for the divergence of his observations 
from my mean curve. Nevertheless, Vohr's qualitative 
and more observations for eylinder radius ratios close to 
unity are evidently needed. 

On the basis of these results for eylinder radius ratios 
ranging from 0-630 to 0-954 (clearance ratios (0-587 to 
0-048), it seems that the percentage Increase in critical 
speed above the concentric value is little affected by 
cylinder radius ratio for eecentricity ratios up to 0-5 or 
0-6. At higher eccentricity ratios, the critical condition 


has yet to be explored. 
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BIOLOGICAL SCIENCES 


a-Naphthylamine and 9?-Naphthylamine 
in Cigarette Smoke 


EPIDEMIOLOGICAL data suggest an association between 
cigarette smoking and urinary bladder cancer in ment”. 
In mice experimental application of cigarette smoke has 
led only to inflammation and hyperplasia of the bladder 
mucosa, but not to histologically proven bladder tumours’. 
Recently. however. tumours were reported in the renal 
pelvis of mice painted with “refined cigarette tar *. 
These observations suggest the need for investigations of 
bladder carcinogens in cigarette smoke. Two earher 
attempts failed to prove the presence of some of the 
known experimental bladder carcinogens in the group of 
aromatic amines*^. Recently, naphthylamines were 
found to be formed on pyrolysis from amino-acids*. This 
communication describes the identification and quantita- 
tive determination of « and B-naphthylamine in cigarette 
smoke. 

The mainstream smoke of 300 US non-filter cigarettes! 
was led through cold methanol containing 3:5 per cent 
HCl. The dry. basic fraction of the trapped smoke 
(~ 3-0 g) was dissolved in ether and treated with penta- 
fluoropropionie anhydride (1-5 g). After 18 h at room 
temperature the ether solution was extraeted with HCI 
and NaHCO, The dry and neutral residue containing 
N-pentafluoropropionamides of the non-volatile primary 
and secondary amines was chromatographed on ‘Florisil’ 
(50 g). The pentafluoropropionamides of x and B-naphthyl- 
amine (I and IT) were eluted from the column by 1:1! 
hexane-benzene in two non-consecutive fractions. The 
concentrates of these eluates were separated by gas 
chromatography at 145° C on a glass column filled with 
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7-5 per cent ‘Silicon QF-l' and 5 per cent ‘DC-200° on 
‘Gas Chrom P' (Fig. 1). Using an electron capture detec- 
tor the sensitivity for I and IT reaches 10-* g. For the 
quantitative analysis, « and BP-naphthylamines labelled 
with MC were used as internal standards; these limit 
experimental deviations to +8 per cent. The average 
values from the smoking of 3x 300 cigarettes for each 
amine were (per cigarette) 2-7 x 10-* g «-naphthylamine 
and 2-2 x 10-* g 8-naphthylamine. 


GAS CHROMATOGRAM OF 
CONCENTRATES OF PENTAFLUOROPROPIONAMIDES 
OF a- AND A- NAPHTHYLAMINES FROM CIGARETTE SMOKE 
I1 


Phase. 75% QF-1«5*& DC-200 
on Gas Chrom Q 80/100 

Temperature I45"C 

Carrier Gas; Ny 


| Column: 17m, 3mm (Glass) 
| 
f Detector: Electroncapture 
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For the isolation and identification of x and $-naphthyl- 
amines the mainstream smoke of 12,000 cigarettes was 
trapped; from the basie portion of the "tar" penta- 
fluoropropionamides were formed and twice chromato- 
graphed on ‘Florisil’. The column fractions containing 
I and Il were separated by vapour phase chromatography 
in conditions similar to those discussed, except that the 
column effluent was split with 10 per cent for the flame 
ionization detection. The remainder of the effluent with 
the retention time ofthe pentafluoropropionamides of either 
æ or D-naphthylamine was collected in capillary tubes and 
subsequently identified by mass spectrometry. The 
spectra of the two isolated components were practically 
identical with those of the newly synthesized reference 
compounds I and II (Fig. 2). 

To our knowledge, this is the first successful identifica- 
tion of a bladder carcinogen in a non-industrial respiratory 
environment. The bladder carcinogen 8-naphthylamine, 
however, is present in cigarette smoke in such minute 
quantity (2-2x 10- g per cigarette) that we hesitate to 
attach a biological significance to the finding. Currently. 
we are attempting to isolate and identify other known or 
potential bladder carcinogens in cigarette smoke, 
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Lipid to Protein Chromophore Transfer 
in the Photolysis of Visual Pigments 


VERTEBRATE visual pigments in their native state are the 
principal components of the membranes of rod and cone 
outer distal segments!. Like all membrane structures they 
have a predominantly lipoprotein eomposition??. The 
traditional pieture of the native form of these pigments, 
developed largely from their preponderant protein 
properties’, is one of a polyene chromophore bound to a 
protein through a Schiff base linkage? and, indeed, the 
recent demonstration of Bownds* and Aktar’ of the 
NaBH, reductive affixation of the retinvlidene chromo- 
phore to the ¢-amino group of a lysine residue in irradiated 
bovine rhodopsin seems to support this notion. But to 
assume that this is the binding site in native rhodopsin 
discounts the possibility of migration of the chromophore 
in the early stages of the physiological process, and further 
implies that the chromophore could not have migrated to 
this particular c-amino group of lysine from some other 
site in the near neutral pH conditions of the NaBH, 
reduetion*^* where Schiff bases are known to hydrolyse 
readily and undergo imine exchange’. 

We wish to report briefly results which point to a 
picture quite different from the traditional as regards not 
only the structure of native vertebrate visual pigments but 
also the molecular events in their photolysis cycle. 

Bovine rod outer segments (ROS) prepared by the 
method of Erhardt et al.” were lyophilized, and divided 
into three aliquots; one being kept in the native condition 
(in the dark) while the other two were illuminated with 
white light so as to produce metarhodopsin,,,Í. One of 
the illuminated aliquots was taken up in a few millilitres 
of aqueous phosphate buffer, at pH 4, kept at 3° C until 
metarhodopsingg ll was formed and then lyophilized. 
Each of the three ROS aliquots, native rhodopsin, meta- 
rhodopsin, and metarhodopsin;,,IH was extracted in the 
dark under nitrogen at 3° C with dry methanol 10-5 M in 
HCl gas. In these conditions no hydrolysis or imine 
exehange of the ehromophore was observed in model 
Schiff bases of retinal. 

Both the native rhodopsin and metarhodopsin,,,] ROS 
extracts had spectral maxima at 235, 397 and 445 nm, 
which proved to be characteristic of the retinylidene 
Schiff base of the lipid, N-retinylidene phosphatidyl 
ethanolamine (N-RPE). To confirm this identification an 
aliquot of the extract was purified on a column of 'Sepha- 
dex LH.-20', its elution pattern in acid methanol corre- 
sponding to synthetic N-RPE. The acid methanol extract 
was reduced with NaBH, to N-retinyl phosphatidyl 
ethanolamine (N-RH,PE) with spectral maxima at 275 
and 325 nm. Further reduction with hydrogen over 
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Pd/charcoal yielded N-perhydroretinyl phosphatidyl 
ethanolamine (N-RH,,PE). Acid hydrolysis of the pro- 
duct yielded N-perhydroretinyl ethanolamine (N-RH,,E) 
which was positively identified by gas chromatography 
and thin-layer chromatography (TLC) in two different 
solvent systems against the synthetic standard as well as 
by elemental analysis. 

The third ROS aliquot, metarhodopsing, lI, yielded no 
ehromophorie material when a small portion was extracted 
with 10-5 M HCl in methanol under N,. Extraction of 
the remainder with aqueous cetyltrimethyl ammonium 
bromide (CTAB) containing NaBH, at pH 4-6 to prevent 
imine exchange, followed by alkaline hydrolysis of the 
extract, yielded a retinyl fragment in yields greater than 
50 per cent which had an Rr value on TLC identical to 
synthetic N-retinyl lysine. 

In order to make a more direct comparison of our 
results with those of Bownds® and Aktar’ we repeated 
our experiments on lyophilized CTAB extracts!* of native 
rhodopsin, metarhodopsin,,,f and metarhodopsing, lI. 
The behaviour of all three on extraction with acid 
methanol was much the same as for their ROS counter- 
parts, yielding N-RPE in the case of rhodopsin and 
metarhodopsin,;,! and only traces of retinal in the case 
of metarhodopsins,,l1. But when this dried CTAB 
micelle of metarhodopsin;,,[1 was reduced with NaBH, 
in 10-35 M HCI in methanol and subsequently hydrolysed 
as before, substantial quantities of N-retinyllysine were 
found. 

The experiments here described confirm the findings of 
Downds* and Aktar? only in so far as the chromophore 
binding site in illuminated rhodopsin (metarhodopsin;,,I) 
is concerned; and assuming the extraction conditions of 
our experiments preclude imine exchange of the chromo- 
phore in ROS and detergent micelles, as they do in 
solution, then the ambiguity in their experiments 1s 
removed. But the two cardinal points established by tho 
study deseribed here are in opposition to their view of 
the native binding site of the chromophore and the 
traditional pieture of moleeular events in the photolysis 
cycle of rhodopsin as most recently summarized by Wald”. 
These points are as follows. 

(1) The ll-czs retinylidene chromophore in native 
rhodopsin is bound by a Schiff base linkage to the lipid 
phosphatidyl ethanolamine rather than to a protein in 
agreement with a suggestion of Krnsky*. (2) The 
chromophore after photoisomerization remains bound to 
the lipid at the stage of metarhodopsin,;,I but migrates 
to an e-amino group of a lysine unit in the backbone 
protein in the intermediate reaction motarhodopsin;;l-— 
metarhodopsingggIÍ, a process known to occur at phy- 
siological temperatures in vitro and è» vivo in times of 
the order of 100 ust 

Quite clearly, the establishment of these two points 
has far reaching consequences. In the first place a key 
role is assigned to the lipid in vision where so far it has 
been largely overlooked. Second, the photolytie transfer 
of the chromophore from lipid to protein in a time com- 
patible with neural excitation now brings our notions of 
molecular events m the visual eyele more into harmony 
with current concepts in cell membrane theory. Indeed, 
Bonting and Bangham?? have proposed just such a 
chromophore transfer, though in the reverse sense, as a 
mechanism for membrane depolarization in ROS. Further- 
more, chromophore transfer and its concomitant electrical 
changes afford a plausible explanation for the early 
receptor potential’ (erp) of both rhodopsin and the early 
photolvtie intermediates in the retina. 

We are, of course, aware of the many other aspects of 
vision, chemical and physiological, to which the findings 
reported here lend new insights. and they will be dealt 
with together with a more detailed description of the 
experiments in subsequent publications. 

This work was supported by the National Institute of 
Neurological Diseases and Blindness of the US National 
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Isolation and Biochemical Characteristics 
of the Nuclear Envelope 


Untit recently information about the chemical composi- 
tion of the nuclear envelope was restrieted to the residual 
protein fraction prepared from isolated normal cell nuclei! 
and originating from the nuclear envelope?'*. 





Fig. l. Rat liver nuclear membranes isolated by osmotic shock with 
subsequent centrifugation in discontinuous sucrose gradient. Fixation 
in acrolein vapour. Positive contrast with uranylacetate, 
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Fig. 2. Ultra-thin sections of rat liver nuctear membranes from sucrose 

layer density 1-19-1-20, isolated by sonication and subsequent centri- 

fugation in sucrose gradient. Fixation wih 1 per cent osmic acid and 

standard metacrylate impregnation. The majority of membranes con- 
tain electron-dense granules 150-200 À In diameter, 


We have isolated nuclear envelopes from rat liver, 
Ehrlich mouse ascites carcinoma’ and rat Zajdela 
hepatoma’. Cell nuclei from ret liver were isolated 
according to the method of Chauveau et al.*, modified by 
DiGirolamo et al.*. We isolated nuclei from Ehrlich 
ascites carcinoma and Zajdela hepatoma using the pro- 
cedure of Fisher and Harris’. 

The nuclear preparations obtained were almost free 
from cytoplasmic contamination end both the inner and 
outer membranes of the nuclear envelope were preserved. 

We developed two methods for preparation of nuclear 
membranes from isolated nucle. ‘The first involved 
washing of isolated nuclei with € 25 M suerose-0-003 M 
CaCl,, incubation in hypotonic (0-02 M) phosphate buffer 
pH 7:2, centrifugation at 1,000g and ultracentrifugation 
of the supernatant suspended in 69 per cent sucrose on a 
discontinuous sucrose gradient wih densities 1-20, 1:19, 
1-18, 1:16, 1-14, 1-09 and 1:03. The nuclear envelopes 
gathered between the layers of dersity 1:18 and 1:19 were 
then washed with distilled water and repeatedly purified 
in a similar gradient. Electron microscopy showed that 
the isolated envelopes were pure ari that both membranes 
and nuclear pores were present (F g. 1). 

The second method involved washing isolated nuclei 
with 0-25 M sucrose without calcium, and then sonication 
for 15-20 s at 20 kHz. Other steps were similar. There 
were two different membrane layers, the “heavy” with 
buoyant density c 1:19 (Fig. 2) and "light", ọ 1-16 (Fig. 3). 

The nuclear membranes of rat liver, Ehrlich ascites 
carcinoma and Zajdela hepatoma contain 46-458 per cent 
of protein as determined by the Lowry method" and 
calculated for membrane dry weight for the layer 
e 1:19. Membranes from the layer with 2 1:16 contain 
24-27 per cent protein. 

The total lipid content varies frem 27 to 50 per cent of 
dry weight and is approximately sznilar in both fractions. 
About 70 per cent of nuclear membrane lipids are repre- 
sented by phospholipids. Spectrophotometric determina- 
tion of nucleic acids'* has given mean values of 3:3 and 
1:4 per cent RNA in fraction c I: EB and 2-1 per cent and 
l-1 per cent in fraction ọ 1-16 for rat liver and Ehrlich 


258 


Table 1. 
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ENZYMATIC ACTIVITY OF NUCLEAR MEMBRANES, NUCLEL AND OTHER CE Fr AH dii ACTIONS 


Enzyme and tissue Nuclear membranes Nuclei Mitchoudeai 
CMT piip pl16 lysosomal Microsomal Supernatant — Homogenate 
Rat liver f 
ATPase 233-3 303-3 36-6 163-4 73:8 113-3 
Zajdela hepatoma 
TPase 86-6 126-6 40-0 56.6 
Ehrlieh ascites carcinoma 
. ATPase 160.0 490-0 106-3 90-0 
Rat liver 
Cytochrome e oxidase 38-0 30-7 6-0 59.2 62 
NADH,-cytochrome e reductase 39-7 16-3 20-0 81-6 2583-0 
NADPH,-cvtochrome e reductase 6-5 TT 2:5 10-7 12T 
Glutamate dehydrogenase 47-6 26. 15-0 1183 4-0 
Glucose-6- phosphatase 2:8 Ü 22-5 120-2 190-0 
Proteinase Ü Q 9-1 9- 9 2-1 0-5 
Aryisulphatase 4 and B 9-3 1-6 22 20-8 1:6 0-3 
Values are gmoles of substrate or reaction product per min/per g protein. 
Determination of activity 
ATPase: Piliberation from ATP in the presence of MgCl, at 37° 
Cytochrome e oxidase: Cytochrome e oxidation at 25? C. 
NA DIL- and NADPH,-eytochrome e reductases: Cytochrome e reduction at 23° € 
Glutamate dehydrogenase: NAD reduction at 25° C, 
Gluceose-60-phosphatase: Liberation of i t nd phosphate from glucose-6-phosphate at 30° 
Proteinase: Haemoglobin hydrolysis at 37^ €. 
Arvlsulphatase A and B: Nitrocatechol libe aiio from nitrocatechol-sulphate at 37° C, 
carcinoma respectively. The corresponding vi values for The ATPase of rat liver nuclear membranes as 15-30 


DNA are 1-3 and 0-9 per cent for the “heavy” fraction 
and 0-2 per cent for the "light" fraction. Similar values 
for DNA were found by a colorimetric method™. In both 
membrane fractions 0-08—0-1 per cent of sialic acidi: was 
found. 

The enzyme profile (Table 1) of the nuclear membranes 
may give some clues to their functions in relations between 
nucleus and cytoplasm and in nuclear metabolism. The 
isolated rat liver nuclear membranes had high ATPase 
activity (E.C.3.5.1.4). The highest specifie activity was 
found in the membrane fraction with buoyant density 
g 1-16. Here it was three to five times higher than in the 
liver homogenate and almost ten times higher than in 
isolated nuclei. The ATPase activity of the hepatoma 
nuclear membranes and homogenate was two to three 
times lower than in the liver, the difference between the 
nuclear membranes and the homogenate being less 
pronounced. In Ehrlich ascites carcinoma the isolated 
nuclei have slightly higher specific ATPase activity than 
the homogenate, the membrane fraction p I-16 being 
four to seven times more active than the homogenate. 





Fig. 8. Ultra-thin sections of rat liver nuclear membranes, 91-16. The 
treatment is similar to the membranes o 1:19 (Fig. 23. 


per cent activated by 10-3 M 2,4- dinitrophenol and 50-60 
P cent inhibited by oligomycin (5 ug/ml.) and gramicidin 
S (50 ug/ml.). The removal of sodium from the incubation 
medium or the addition of 10“! M ouabain did not influence 
the ATPase activity of nuclear membranes as well as of the 
isolated nuclei. 

Our experiments with Pokrovsky et al. have shown 
that nuclear membranes are rich in oxidative enzymes. 
Thus the mean value of specifie eytochrome oxidase 
activity (E.C.1.9.3.1) of the rat liver nuclear membranes 
from the layer of density 1-19 is 6:5 times higher than this 
activity in rat nuclei or microsome fraction and only 1-5 
times lower than in mitochondria. Glutamate dehydrogen- 
ase activity (E. C.1.4.1.2) of the same fraction is 3-2 times 
highe r than in nuclei and twelve times higher than in 
microsomes, but 2-5 times lower than in mitochondria. 
The NADH,-cytochrome c reductase (12.C.1.6.99.3). and 
NADPH,-cytoehrome e reductase (E.C.1.6.99.1) activi- 
ties of nuclear membranes are also high. 

Nuclear membranes (9 1-19) are rich in arylsulpbatase 
A and B (E.C.3.1.6.1) but both nuclear membrane fractions 
are practically free from proteinases (E.C.3.4.4) and 
glucose-6-phosphatase (E.C.3.1.3.9) (ref. 16). 

As electron mieroseopy of isolated nuclei and nuclear 
membranes showed, our preparations had the appearance 
of a typical membrane (three layer structure, 80-100 A 
thick). The purity of the initial nuclear preparations and 
the presence of pores prove the nuclear origin of the 
isolated membranes. The purity of isolated nuclear 
membranes is confirmed by the practical absence of 
glueose-6-phosphatase and proteolytic activity that is 
characteristic of lysosomes, and the peculiarity of their 
enzyme spectra. 

The two membrane fractions obtained by sonication 
differed significantly in their morphology, chemical com. 
position and enzyme activities. The quantitative pre- 
dominance of the fraction c 1:19 and its higher content of 
proteins and DNA suggest that fraction p T 19 origmates 
from the inner (proper) nuclear membrane, and frac iion 
p 1-16 comes from the outer nuclear membrane. The same 
faets suggest a close association of the inner nuclear 
membrane with the chromatin and its participation in the 
initiation of nuclear DNA synthesis", 

A high oxidative activity (especially of cytochrome 
oxidase) i in isolated nuclear membranes, together with the 
activation of ATPase by 2,4- ER and its inhibi- 
tion by oligomyein and gramicidin S S, suggests that the 
nuclear membranes can perform oxidation and oxidative 
phosphorylation and that nuclear oxidation may take 
place in the nuclear envelope. 

The absence of Na*-activated ATPase in isolated nuclei 
and nuclear membranes confirms that the nuclear envelope 
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has no “sodium pump", and suggests that a high concen- 
tration of sodium in the nuclei depends on direct transport 
of cations through the perinuclear space}. 
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In vitro Evidence of Neutral 
Collagenase Activity in an Invasive 
Mammalian Tumour 


ENzYME degradation of macromolecules in the connective 
tissue of the host may facilitate malignant tumour in- 
vasion'. The pH of tumour extracellular fluid is undefined. 
although Ashby? has reported values of not less than 6-5 
for human tumours in vivo. We discuss here the possible 
participation of proteolytic enzymes in tumour invasion 
at neutral pH. Support for this idea has been provided 
recently by Strauch et al.*, in the isolation of a neutral 
collagenase from culture fluid of human HeLa cells. 
There is no doubt that collagenous structures of host 
tissue at the invasion zone undergo degradation, as the 
electron micrographs of Birbeck and Wheatley? have 
shown. 

In the experiments described here, undenatured 
acid-soluble collagen was used as a substrate for the 
demonstration of lytie activity in invasive tumour extracts. 
During these experiments, the characteristic degradation 
products of tropocollagen® could be seen. electrophoretic- 
ally. and the formation of collagen fibrils at 37° C and 
neutral pH was diminished after incubation for 20 h 
with tumour extract at pH 7-5. At this stage, it is not 
possible to account for this result in terms of single 
enzymatic activities, but it would appear that a neutral 
collagenase is implicated, according to the characteristic 
electrophoretic pattern of collagen degradation products. 

Collagen was extracted from rat tail tendon in 0-05 M 
citrate buffer at pH 3-5 by a standard method*. and 
purified by two precipitations at neutral pH. Rat Guerin 
T8 epithelioma. transplantable in liver, was minced with 
an equal weight of 0-15 M aqueous sodium chloride at 
4° C and insoluble solids were removed by centrifugation. 
Diffusible solutes were removed by dialysis against 0-15 M 
aqueous sodium chloride for 30 min at 4° C. 
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The optical density of a solutioa of collagen of suitable 
concentration will increase on warming at 37° Cand neutral 
pH with the formation of fibrils. If some of the collagen 
has been previously degraded bw collagenase while in 
solution, the final optical density of the warmed solution 
will be less because of the formation of fewer fibrils. An 
assay method for collagenase actevity has been based on 
this principle by Nagai et al^, anc it was used with minor 
changes in these experiments. 

Freeze-dried  citrate-soluble cellagen (100 mg) was 
dissolved in buffer (100 ml.) eon:aiming borax (0-05 M), 
maleic acid to pH 70 and ealcium chloride (0-25 M). 
Buffers containing tris at molarit:ies of 0-05 or more had 
some inhibitory action on fibril fermation. 

To 10 ml. of this collagen solut:on was added 1-5 ml. of 
tumour extract, and the mixture was incubated at 246° © 
for 20 h. Controls contained tumour extract which was 
added at the end of incubation only. The optical densities 
of the test and control preparations were observed at 
400 my after incubation. Fibri formation was induced 
by warming the preparations at 27^ C and the merement 
in optical density was recorded at intervals. 

Aerylamide gel electrophoresis was carried out with a 
vertical water-cooled gel (7 per cent, w/v ‘Cyanogurn’, 
BDH) of dimensions 5 em x 16 em x 063 em. Three 
protein samples were layered under electrophoresis buffer 
and between silicone rubber separators on the 6 em face 
of the gel. Applied voltage was 150 V and the current 
was 150 mA with a continuou- buffer system of pH 
4.80 and molarity 0-02 (ref. 8). The temperature of the 
gel did not exceed 25° C during 3 h of electrophoresis. 
Collagen (250 mg) was dissolved in 0-50 M caleium chloride 
(100 ml.) buffered with tris (0-05 BD at pH 7-5. To 10 ml. 
of this collagen solution was added 1:5 mil. of tumour 
extract, and the mixture was incebated for 20 h at 25° C. 
Before electrophoresis, the ionic strength and pH of the 
preparation were reduced by dialysis against the electro- 
phoresis buffer. After electropheresis, the protein zones 
in the gel were revealed by stsining in weak aqueous 
Coomassie brilliant blue R 250 (I7T)? with sulphosalieylie 
acid (5 per cent w/v). 

The three figures summarize th- essential findings of the 
present investigation. In Fig. 1, she centre electrophoresis 
pattern is that of citrate-soluble collagen after incubation 
at 25° C for 20h at pH 7.5. Miniraal thermal denaturation 
during electrophoresis is indicated by the absence of 
protein zones. The pattern on the left is that of collagen 
after thermal denaturation for 15 min at pH 4-8 and 37° C, 
and on the right after 1 h. 

In Fig. 2, the centre pattern :s that of collagen with 
tumour extract after incubation tor 20 h at 25^ € and pH 
1:5. The pattern on the left i- that of collagen after 
similar incubation with tumour extract. but at pH 3-4 to 
illustrate cathepsin action. On she right is the pattern 
given by collagen after incubation at pH 7-4 without. 














Fig. 1. 
collagen, after 20 h at 25° C and pH 7-5 Centre); 15 min at 37° € (left) 
and 1 h at 37° C cright). 


Acrylamide gel electrophoresk patterns of citrate-soluble 
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Fig. 2. Acrylamide gel electrophoresis patterns of citrate-soluble colla- 

gen and tumour extract after 20 h at 25° C and pH 7:5 (centre) after 

9 h at 25° C and pH 3-5 (left) and 20 h at 25° and pH 7:5 without 

extract (right). Tumour extract was added to this sample (right) just 
before electrophoresis, 
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Fig.3. Fibril formation in eollagen-tumour extract preparations after 
preliminary incubation at 25° C for 20 h, and during warming at 37° C, 
recorded as the optical density increment at 400 mz. A, Control prepara- 
tion containing soluble collagen without extract during incubation. 
B, Soluble collagen with tumour extract after incubation at 25° C for 20 h 
at pH 1-5. C, Soluble collagen with collagenase (25 pg/ml) after 30 min 
incubation at 25? C and pH 7*5. D, Soluble collagen with tumour extract 
after incubation at 25° C for 20 h at pH 3-5. The solvent was citrate 
buffer, 0-05 M. 


tumour extract, the extract being added before electro- 
phoresis. Both the neutral and acid collagen prepara- 
tions revealed well-defined electrophoretic zones charac- 
teristic of collagen depolymerization after incubation 
(compare Fig. 1), which were absent from the control 
pattern. 

Fig. 3 shows the course of the optical density increments 
during fibril formation, To varying degrees, different 
tumour extracts gave the same result—that the rate of 
Abril formation at 37? C and pH 7-0 was retarded in 
collagen solutions whieh had been incubated with tumour 
extract. The addition of serum albumin alone to collagen 
solutions did not retard fibril formation. Tumour extract 
which had been subjected to a temperature of 55° C for 
10 min lost the power to bring about changes in collagen 
of the type deseribed here. 

We plan to promote active immunization in experi- 
mental animals with purified enzyme proteins, in an 
attempt to inhibit the activity of the enzymes at the 
invasion zone tn vivo, 
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220 MHz Nuclear Magnetic Resonance 
Spectra of High Density 
Serum Lipoproteins 


Tue interaction of phospholipids and proteins is a funda- 
mental process of biology, and it underlies a variety of 
important situations. The ways in which lipids and 
proteins interact (a) in cell membranes, (b) in various 
enzyme reactions, for example, with 8-hydroxy butyrate 
dehydrogenase, (c) in blood coagulation processes, (d) in 
various lipase reactions, and (e) in the structure of the 
serum lipoproteins, are all subjects for research at present’. 

We have started to examine this interaction using the 
technique of nuclear magnetic resonance (NMR) spectro- 
scopy. We have studied the bulk mesomorphic behaviour 
of phospholipids’, phospholipids in organic solvents’, 
phospholipid dispersions in water* and with bile salts’, 
and recently we studied lipid-protein interactions in 
aqueous dispersions of erythrocyte membrane frag- 
ments*^. We report here some of our recent studies with 
the water-soluble high density «-lipoproteins. 

The high density «-lipoprotein (HDL) is one of the major 
lipoprotein classes of human serum. It contains about 
50 per cent lipid by weight and can be separated at high 
purity from other serum proteins*. Ultracentrifugation 
provides a way of separating HDL into two major classes 
—HDL, (d= 1-063-1-125) and HDL, (d= 1:125-1-21). 

The water-soluble serum high density «-lipoproteins 
(HDL) can be delipidized by careful treatment with 
organic solvents to yield a water-soluble serum apoprotein 
which has been characterized in some chemical and 
immunological detail, so we have examined this protein. 
This apoprotein (apo-HDL) avidly binds lipids, particu- 
larly phospholipids, to generate a water-soluble recon- 
stituted lipoprotein? which we have also studied. 

We used the 220 MHz NMR spectrometer to study tae 
proton resonance spectra of these systems: recent work 
has shown the advantages of this instrument in the study 
of protein eonformation!'?^. Spectra were recorded on a 
Varian high resolution spectrometer, which operates at 
a frequency of 220 MHz, and a polarizing field of 52,000 
gauss provided by a superconducting solenoid (by courtesy 
of ICL Ltd). Chemical shifts are expressed on the 7 
scale, where by definition tetramethyl silane absorbs at 
z=10-:00. The spectra were aligned by setting the 
prominent methyl resonance at 9:17. a position well 
established for this group with the use of suitable reference 
compounds in previous work**, Tetramethyl silane was 
not added to the lipoprotein samples, for we anticipated 
that this might obscure possible ring shifted methyl 
signals which have recently been associated with the 
conformation of folded proteins!*. 

The first prominent feature which is apparent in the 
220 MHz spectrum of HDL, lipoprotein shown in Fig. 1 
is the signals associated with the lipid material. These 
can be clearly seen and the various functional groups 
containing chemieally shifted protons which are present 
in the phospholipid moiety, such as the N(CH,),. (CH. 
terminal CH, and unsaturated HC-—CH. signals are all 
present. Studies with the apoprotein (apo-HDL) in 
various conditions (diseussed in detail elsewhere) suggest 
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that the non-polar residues of the protein contribute 
significantly to the signal at 9-17, slightly to the signal 
at 8-74, but not at all to the signals at 6-7, 4-67. This is 
of partieular interest because these are the signals which 
one observes when phospholipid (for example, lecithin) is 
dissolved in an organic solvent such as chloroform?. In 
contrast to this behaviour. if one takes phospholipid alone 
and disperses it in water, then high resolution signals are 
not obtained. It is only after sonication of the lipid that 
high resolution speetra are observed with phospholipid 
in water’, so that the first conclusion that one can make 
about HDL lipoproteins, both HDL, and HDL,, is that 
the lipid material present seems to be in a magnetically 
isotropic environment with considerable molecular free- 
dom, similar to the situation when the lipid is ordinarily 
dissolved in organic solvents. This can be contrasted with 
the situation observed with erythrocyte membranes*:?. In 
this case sonicated erythrocyte membranes show an 
N(CH,), signal but do not show a lipid chain signal 
(CH,)n nor any unsaturated HC=CH signals. With 
membrane fragments these signals are only observed 
after the membranes have been treated with detergents 
such as sodium deoxycholate’ or sodium dodecylsulphate’. 

When the NMR spectra of the lipoproteins are examined 
at high temperatures (50^ C), several changes are seen. 
The signals associated with the aromatic amino-acids of 
the protein are not increased very much in intensity, but 
the signals associated with the lipid moiety become 
sharper. The signal associated with the N(CH;), group 
is particularly sharp, of the order of 6 Hz. 

Sharp signals are also observed on each side of the 
terminal methyl signal at 9:14. At first we wondered 
whether these signals derived from ring shifted methyl 
signals, as observed in the spectra of lysozyme!*. It 
became apparent on comparison of the positions of these 
signals with several cholesterol esters, however, that they 
were due to the methyl groups associated with the 
cholesterol ring system present in the structure of the 
cholesterol esters in the lipoprotein. This suggests that, 
at the low temperature, the ring system associated with 
the cholesterol portion of the cholesterol esters is in an 
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Fig. 1. The 220 MHz proton magnetic resonance (PMR) spectrum of 


human serum a-lipoprotein, subfraction HDL, in D,O at temperatures of 
approximately (a) 50° C and (5) 13? C. 
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anisotropic condition or is slightly cestricted in its molecu- 
lar freedom and that, on mereasing the temperature, there 
is greater mobility of the lipid cheans and also of some of 
the amino-acids of the protein mciety. The greater free- 
dom of the amino-acids seems to be such as to allow 
greater mobility of the cholesterol ring structure. A 
temperature run of the lipoproteim HDL, run at the lower 
frequency of 100 MHz also showed the marked increase 
in the signals arising from the cholesterol ring structure 
of the cholesterol esters. 

After reconstitution of the apeproteim with phospho- 
lipid an NMR spectrum similar o that of the original 
lipoprotein is observed. The spectram at the low tempera- 
ture of the reconstituted hpoprot~in (13° C) seems, how- 
ever, to be more similar in resolucion to that of the high 
resolution spectrum of the origiral lipoprotein at 50° C 
as though the reconstituted lipopretein had a less compact 
structure and it may be that the other lipid material— 
for example, the cholesterol essers-—-is important im 
determining the compactness of the structure. No par- 
ticular differential broadening effeot is observed with any 
signals associated with the phospholipid as a result of any 
phospholipid protein-interaction. 

NMR techniques seem to have great potential for 
unravelling the details of the lmid protein interaction 
involved in the serum lipoproteins and similar systems. 
Further details of our analysis of the spectra of these and 
other lipoproteins and their asscciated apoproteins will 
be reported more fully elsewhere 
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Synthesis of ATP and Recovery 
from Damage by Ultrawolet or 
Y-Irradiation in Yeast 


THE viability of irradiated yeas. may be enhanced by 
incubation either in water in a robie conditions (after 
exposure to X or ultraviolet radi.tion) or in 0-5 per cent 
glucose solution in anaerobic conelitions (after X-irradia- 
tion) before plating’. Recent wcork?-* suggests that dark 
reactivation in organisms other *han yeast, particularly 
in ultraviolet irradiated bacteria. in nutrient media, is 
based on the enzymatic repat of potentially lethal 
structural defects in DNA. The stages of this repair are 
repair-replication processes whith are strongly energy 
dependent. It isnot known whetker the same mechanisms 
operate in yeast incubated in water after ultraviolet or 
y-irradiation. If they do, recovery of cells in this condition 
should be sensitive to inhibiton of ATP synthesis. 
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Fig. 1. Survival of ultraviolet (A) or y-irradiated (B) diploid yeast after 
reeovery; b-e, in anaerobic conditions: b, in presence of glucose (1 per 
cent); e, in presence of glucose (1 per cent) and As (2x 10-* M); d, in 
venasi incubated with glucose (1 per cent) and As (2x 10- M) for 24 h 
before and for the same time after irradiation; e, in phosphate buffer; 
f-h, in aerobie conditions: f, in phosphate buffer; g, in presence of 
DNP(3x10-* M): h, in presence of As(2 x 102 M). a, Survival observed 
on immediate plating. (Each value : OEA from eight experimental 
trials, 


I wish to present data which indicate that recovery 
from y-injury is not influenced by treatment of yeast with 
inhibitors of phosphorylation, whereas dark reactivation 
in yeast exposed to ultraviolet radiation is much mbibited 
by this treatment. 

Cells of diploid yeast, Saccharomyces vini, strain 
Megry 139 B, in the stationary phase were suspended in 
phosphate buffer (pH. 6:8) and exposed at room tempera- 
ture to ultraviolet radiation ((BUV-15' germicidal lamp) 
or to v-rays (Gammacell-220’, Co). Irradiated cells 
were then incubated in buffer at 30° C for 24 h in the 
presenee or absence of oxygen, glucose, arsenate (As) and 
dinitrophenol (DNP). Survival was determined by the 
ability of the cell to form visible eolonies after 3 days of 
ineubation on wort agar. 

The most prominent effect of inhibitors of phosphoryla- 
tion on ATP synthesis in this strain has been observed? 
in anaerobie conditions; the ATP content in cells treated 
with As in the absence of oxygen is reduced by a factor 
of 26, while in the presence of oxygen both As and 
DNP reduce this content only 2-3 times. The effect of 
inhibitors of phosphorylation (As or DNP) on recovery in 
yeast incubated aerobically or anaerobically is illustrated 
in Fig. L As in y-irradiated yeast, recovery in cells 
exposed to ultraviolet radiation in anaerobic conditions 
proceeds to a large extent only in the presence of exogen- 
ous carbohydrates (Fig. 15). If As is added to the cell 
suspension containing glucose, however, the recovery of 
yeast from ultraviolet damage is much reduced (Fig. lde). 
Furthermore, when cells were treated with As before 
(1 day) and after ultraviolet irradiation thelr survival was 
less than in cells treated with As only after exposure 
(Fig. LAd). This may indicate that dark repair in yeast 
exposed to ultraviolet light is elosely dependent on the 

rate of ATP synthesis and on the ATP content in the cells. 
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An attractive explanation of this dependence is that the 
nature of dark recovery im ultraviolet-damaged yeast in 
non-nutrient media is analogous to that found in bacteria? ? 
and mammalian cells? in conditions suitable for growth. 

Recovery in y-irradiated yeast incubated anaerobically 
is not mfluenced by arsenate treatment before or/and 
after exposure (Fig. 15ed). This leads to the assumption 
that the energy requirement for recovery from y-damage is 
very small, if any at all. It should be pointed out, how- 
ever, that recovery in y-irradiated yeast does not oecur 
if the rate of energy-forming processes (respiration or 
fermentation) in the cells is low, The number of viable 
cells exposed to y-rays does not change after 24 h of 
storage in the absence of oxygen and glucose (Fig. 15e). 
The role of energy forming processes in recovery from 
y-damage is not clear. Nevertheless, results show that 
ell oxidation processes are important for recovery 
irrespective of their participation in ATP synthesis. 

I was not able to find any effect of either As or DNP 
on the recovery of ultraviolet or y-irradiated yeast 
in aerobie conditions (Fig. lgh). Moreover, the amount 
of recovery in cells exposed to ultraviolet radiation and 
incubated with DNP for 3 days before and 24 h after 
irradiation was actually the same as in the control or 
freshly prepared yeast exposed to ultraviolet radiation in 
the presence or absence of inhibitor (Fig. 2). The dose- 
modifying factors for recovery in these conditions re- 
spectively were 1-65, 1-73. 1:56 and 1-49. This seems to 
be attributable to the fact that the rate of inhibition of 
phosphorylation with DNP in the presence of oxygen 
is not large. The survival of yeast exposed to ultraviolet 
light is much increased by the presence of DNP both 
in cells incubated with DNP for a long time and in those 
treated just before irradiation (Fig. 25D). The reason 
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Fig. 2. Survival curves for ultraviolet-irradiated diploid yeast plated 
immediately after exposure (<>) and after 24 h of storage in aerobic con- 
ditions (6); A-B, for yeast incubated in phosphate buffer (4) or in 
phosphate buffer and DNP (3x 107? M) (B) for 72 b before and 1 day 
after irradiation; C-D, for cell suspensions prepared just before irradia- 
tion in phosphate buffer (C) or in phosphate buffer and DNP (3 x 107 M) 
(D) and incubated in the same solutien for 24 h after exposure. (Each 
point is averaged from four experimental trials.) 
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for this inerease lies presumably in the screening of 
cells by the DNP solution. The ultraviolet light trans- 
mission of a 3x 10-* M DNP solution—that is, with a 
concentration of 01 of that used in our experiments 
(layer 10 mm, 7 - 2550 Àj—is about 62 per cent. Some 
increase of resistance to ultraviolet light in yeast im- 
cubated before irradiation in non-nutrient media (Fi ig. 
2AB) in comparison with cells from freshly prepared 
suspension (Fig. 20D) in these experiments is in agreement 
with observations by other investigators’. 

I thank Mrs K. M. Petrova and Mrs G. V. Mironyuk for 
help. 
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Storage of Light Energy and 
Photosynthesis 


FRóÓHLICH! has introduced a mechanism of energy storage 
which is relevant to three of the most important aspects 
of modern research on photosynthesis. First, he suggests 
that "[units as small as the photosynthetie unit] absorb 
not only in the frequency range of the bulk material, 
but also at usually higher frequencies . . . [in] the range of 
longitudinal modes ..."; second, that excitations may 
be stored in a mode which has "à very small chance 

for re- emitting photons", and finally, that the stored 
energy '"... can be transferred not only in steps of one, 
but also two or more quanta". The first two propositions 
are directly accessible in terms of observed fluorescence 
lifetimes and spectral characteristics, and the third (per- 
haps the most intriguing) is presumably available as a 
replacement for or supplement to the series formulation 
(Z scheme)? of the photon-driven stages of electron trans- 
port. The third is, however, the most qualitative and 
should be assessed only after the general mechanism is 
established. 

My purpose is to point out some important difficulties 
which may be expected in applying the proposed mechan- 
ism to the photosynthetic apparatus. First, I shall accept 
uncritically the notion of longitudinal and transverse 
modes in a chlorophyll array, even though it is known 
that the relevant molecular excited states are non- 
degenerate. In this way an upper limit to the longi- 
tudinal-mode frequeneies can be obtained. (À more 
realistic eleetronie model for the chlorophyll array might 
consist. of oriented dipoles on a two-dimensional lattice?. 
In this case, although the L-T splitting is less well defined, 
similar numerical estimates hold for the overall exciton 
bandwidth, a quantity which would then characterize 
the extent of the extra structure anticipated on the 
Fröhlich model.) The longitudmal-transverse exciton 
splitting (for example, ref. 4) is 4xn4(eu)*, where n, is the 
oscillator density, e the electronic charge and u the dipole 
transition strength of the associated optical transition. 
On the basis of the absence of serious spectral broadening 
and shifting, it has been argued? that the spacing between 
chlorophylls in vivo must be at least 12 A, which, com. 
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bined with considerations of the size of the molecule, 
leads one to expect n, X (12 Àj3(i5 Åj. The observed 
strength of the strong red chlorophyll a hine at 660 nm 
corresponds to u~ 1A. This may be deduced in a straight- 
forward way from various pub lished absorption Curves in 
solution ; for ee soe d Bei lamy et al.*. Therefore 
Annen = ats a wavelength inter- 
val of at EUN 2] nin at 660 r nm. ‘Bhe natural width of the 
peak concerned is 20 nm, so the additional structure or 
broadening due to the longitudinal modes must be located 
in the wings of this relatively streng peak, It is rather 
doubtful that this spectral disturbance could be identified 
in the complicated spectrum of chlorophyll wi vwo. 
Although subsidiary bands shiftec by the order of 20 nm 
from the maim peak do occasionally appear, they are 
generally regarded as resulting from the presence of 
complexed forms’. 
Turning to the proposed low radiative transition prob- 
abilities of the "storage" mode. in view of the near 
resonance with the internally broadened transverse modes 
I have demonstrated here, numerous decay channels of 
the form (stored exeiton)— (phonon) + (ordinary exciton} 
are available. These processes (aad their reverses) would 
be expected to proceed at normal thermal scattering 
rates, 10%! to 10! s-!, in which ease the limiting decay 
rate is that of ordinary exciton emission or conversion. 
A second process (stored exciton)—>(longitudinal phonon) 
+ (photon) would proceed at a rate reminiscent of the 
indirect, transitions of semiconductor physics, about 10° 
to 10%s-!, In any case, the storage mode decay transitions 
have no a priori reason to be forbidden to the extent 
required for storage of energy ir typical photosynthetic 
systems. As an example, the Hill reaction has been 
observed at good efficiency in spmach chloroplasts under 
illumination intensities so low taat a given chlorophyll 
molecule absorbs on the average one photon every 
10-5 min (ref. 8). To serve any useful purpose, a storage 
mode in a unit of several hundre: molecules must there- 
fore be stable against any kind of decay for times of at 
least the order of sceonds. Even in the absence of the 
highly probable channels mentioned here, there is a 
dynamical exciton-exciton interaction, not considered 
explicitly by Fröhlich, which proeeeds with a bimolecular 
decay constant S10-" em? s- (See ref. 9 for exciton 
collisions resulting in free carriers, and ref. 10 for triplet 
excitons resulting in singlets.) Two free “stored” exeitons 
in a photosynthetic unit of 2,00€ molecules, arranged for 
the sake of argument in a cube with lattice spacing of 
12 A, would disappear at an initial rate of two every 2 ms 
as a result of this process alone. 1f this were indeed to 
represent the initial stage of a two-quantum energy 
transferring mechanism, rather taan a pure loss, it would 
still be necessary that a single excitation first. be stored 
for the order of seconds (or that photons arrive at photo- 
synthetie units in a highly non-random fashion uncharac- 









teristic of the fields of ordinary radiation sources). The 
postulate of long-lived chemical intermediates still 


seems to provide a sufficient ancl more plausible way of 
energy storage between photon arrivals. 

In summary, [ have tried to show that in the context 
of the normal process of photesynthesis, the proposed 
storage mode mechanism (1) probably will not lead to 
uniquely identifiable spectral effects, (2) does not in the 
typical photosynthetic unit have access to pure longitu- 
dinal modes of large lifetimes, and (3) is not a reliable 
depository of the energy of mere ne one photon for 
more than about a “microsecond even in the best 
possible conditions, because cf bimolecular (exceiton- 
exciton) decay processes. Under excitation intensities 
ordinarily involved in photosynthesis, the exciton density 
is 80 low that elementary dynaraics undoubtedly suffices, 
In the case of electronic states, the Fróhlieh mechanism 
may find more fruitful application in systems which have 
less severe intrinsic line broadening and which are sub- 
jected to more intense excitation. 
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Electrophoretic Study of the Serum 
Proteins of Normal and “Lymphoid 
Tumour’’-bearing Xenopus 


Tue "lymphoid tumour” of the amphibian Xenopus laevis 
was deseribed in 1962 (ref. 1). It is characterized by 
foci of infiltrating tumoral cells, chiefly in the liver, 
spleen and kidneys'?. The disease can be transmitted 
to apparently healthy young and adult isologous and 
homologous Xenopus by tissue transplantation?’ and by 
cell-free filtrates?.5-*, 

Balls and Ruben** suggested a viral aetiology for the 
disease, but our attempts to demonstrate the presence of 
"viral particles" in the affected tissues by electron micro- 
scopy have, so far, been unsuccessful, as has my search 
for a viral agent" in extracts prepared from these tissues 
and fractionated by different methods?. 

I describe here the electrophoretic analysis of serum 
proteins of normal and “lymphoid tumour -bearing 
Xenopus laevis laevis. Zone electrophoresis was carried 





Zone electrophoretic patterns of normal (N) and mp 
cetate 


Fig. 1. 
tumour bearing (C) Xenopus laevis serum proteins on cellulose 
membrane, 
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Fig. 2. Electrophoretic diagrams of serum proteins of normal (N) and 
"Iymphoid tumour -bearing (C) Xenopus laevis. 


out on cellulose acetate membrane (model #-101, Micro- 
zon cell, Beekman) using barbital buffer solution at pH 8-6 
and ionie strength 0-075. Examples of serum banding 
and diagrams of serum proteins of normal and affec ted 
Xenopus are shown in Figs. | and 2. 

Sera of sixteen adult and nine immature healthy 
Xenopus were examined. Histological examination of the 
liver, spleen and kidneys of these normal Xenopus did not 
show the presence of any tumoral lesions. The pattern 
of the serum proteins of these animals resembles those 
reported by Butler et al.7. Normal serum of Xenopus 
shows four protein components. The fastest moving 
component : is albumin and the others have been designated 
in order 2, 6 and y globulins according to the cleetrophore - 
tie pattern of human serum proteins. Comparison of the 
sera of apparently healthy young and adult animals 
shows a difference between the levels of gamma globulin 
as well as of albumin, as determined by the percentage of 
these fractions in the total serum proteins 4 Table 1). 
These differences are highly significant (analysis of vari- 
ance P<001) and might be due to the inerease of 
the amount of gamma globulin in adults. Butler et af? 
found antibody activity in the gamma globulin fraction. 

Ele etrophor esis of serum proteins of a total of fifty- 
three tumour-bearing animals of different ages revealed 
an increased percentage of gamma globulin (P 0-01) 
and a decreased percentage of albumin (P «0:01), when 
compared with healthy animals of corresponding age. As 

Table 1 shows, this dysproteinaemia occurred indepen- 
dently of the age and origin of the tumour, which can be 
spontaneous or induced. Furthermore, electrophoretic 
patterns of sera from some of these animals showed a 
narrowing of the gamma globulin peak (Fig. 2) similar to 
those observed in human sera containing an “M com- 
ponent"*. Histological examination of all animals 
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with dysproteinaemia revealed typical lesions of “lym- 
phoid tumours” in the liver, spleen and kidneys. 

Sera from eleven immature animals in which the induc- 
tion of the tumour had been unsuccessful and sera from 
some animals which had received normal tissue grafts 
showed no significant changes when eompared with normal 
individuals of corresponding age. 


Table 1. MEAN SERUM PROTEIN PERCENTAGES IN NORMAL AND “LYMPHOID 


TUMOUR" -BEARING Xenopus luevis 


Albumin/ 
Animals No. Albumin y-Globulin globulins 
Young normal @ 52-27 + 2:16* 11-054 L87 0-99 0:057 


(55 x 0:333 


et 


Young with induced tumour 29 32-0 £19.58 25.3 +13- 


Young after unsuccessful | 

tumour induction Il 48:1 + 5-73 16-164 58 095x031 
Adult normal 16 45-034 4:33 1719% 4:8 0-79+0-148 
Adult with spontaneous tumour 12 2009+ 6.86 36-5 + 0-28 0-42 40-145 
Adult with induced tuniour 12 28-78+ 6-81 28-954 87 0-32 40-128 


* Mean + standard deviation, 


I conclude from these results that the changes observed 
in the serum proteins of animals with “lymphoid tumours" 
are directly related to the development of the tumour. 
The decrease in the ratio of albumin to globulins in 
cancerous Xenopus is chiefly due both to an absolute 
inerease in the concentration of gamma globulin and to 
an absolute decrease in the concentration of albumin 
(unpublished results). 

Hypergammaglobulinaemia is observed in several 
pathological conditions in man and other mammals. 
Hepatic parenchymal diseases of man? and experimentally 
induced liver injuries in rats? are accompanied by a 
diffuse increase of immunoglobulins. Multiple myeloma in 
man? and plasmocytoma!® in mice are neoplastic diseases 
which are characterized by an increased synthesis of one 
of the immunoglobulin elasses, which shows a mono- 
clonal pattern. A transmissible lymphoproliferative 
disease (Aleutian disease) associated with hypergamma- 
globulinaemia has been described in mink, The exact 
mechanisms of this hypergammaglobulinaemia in minks 
affected with Aleutian disease are not yet known. The 
possibility of a viral aetiology has been suggested". 
Several biological features of the “lymphoid tumour"! 
of Xenopus show strong similarities to this neoplastic 
disease and to the Aleutian disease of mink!' 5, The 
pathogenic mechanism(s) of the dysproteinaemia of 
Xenopus laevis laevis with “lymphoid tumour” is under 
investigation. 
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Dr J. D. Piguet for his help in the statistical analysis. 
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Solubility of Bile Salts 


Bite salts are detergent-like :raolecules which occur 
widely in living systems. The dibydroxy and trihydroxy 
bile salts have an extraordinary ability to solubilize 
insoluble lipids such as phospholipida!, monoglycerides® 
and long chain alkyl aleohols?. Lichochohe acid, à mono- 
hydroxy bile acid found in trace amounts in animals and 
man, has reeently been found to cause pathological 
echanges in liver when infused or fed in large amounts*^*. 
The intravenous infusion of sodium taurolithoeholate to 
rats and hamsters results in severe-cholestasis’*. This can 
be prevented by infusing an equal molar amount of the 
trihydroxy bile salt sodium taurocholate. Feeding 
lithoeholie acid to rats results in liver damage and gall- 
stone formation, the latter the result of precipitation of 
sodium and calcium salts of glyeciithocholate and ite six 
keto derivatives? ?. Chickens receiving 0-2 per cent litho- 
cholic acid and 2 per cent cholesterol in their diets develop 
severe liver necrosis and bile duct proliferation!*, leading to 
hepatie failure and death. 

Recently, it has been shown thas patients with Laennec 
cirrhosis have elevated serum? ard hepatic lithoceholate?? 
concentrations. The fact that Lhzhoeholhe acid induced 
cholestasis and hepatic necrosis ean be prevented by the 
simultaneous infusion of dihvdrexy or trihydroxy bile 
salts suggests that the latter compounds alter the physical 
or chemical property of the lithocholate which makes 
it toxic and thus protect the animais from hepatic damage. 

An important and striking physicochemical difference 
between lithocholic acid and the dihydroxy and trihy- 
droxy bile acids is the insolubilitw of the sodium salts of 
the former*?. Because sodium salts of the common bile 
acids (taurine and glycine conjagates of cholic acid, 
deoxycholic acid and ehenodeoxycholie acid) are very 
soluble in water and physiological saline, even at 0° C 
(refs. 6 and 21), we decided to study the solubility of the 
lithocholates in aqueous solution: by the clearing point 
method**, 

The effect of different counterions on the solubility of 
lithocholate is shown in Fig. 1. The ammonium salt is 
very insoluble and is not shown. Its solubility at 1007 C 
is less than 0-2 mM. The lithium salt is also quite insoluble. 
The solubility inereases in a linear fashion with temperature 
and reaches a maximum of approximately 0-6 mM at 
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Fig. 1. The solubility of the alkali meta! salts of Hithocholie acid in 

water as a function of temperature, LiL. lithium Hthoeholnsie: Mab., 
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Hthocholate: CaL, eaesiumilithocholate, 


266 


Although the solubility of sodium lithocholate is 
din at temperatures between 0° and 60° C. there is à 
sharp increase in the solubility above 60° C. This is 
analogous to the Krafft point?" observed in detergent 
solutions and is a result of micelle formation. Similar 
curves for the potassium, rubidium and caesium litho- 
cholates are shown. The solubility is a funetion not 
only of the concentration but of the type of counterion. 
The solubility of the alkaline metal salts, at any given 
temperature, increases according to the ionic radius of the 
metal. Thus the order of solubility is: LiL « NaL « KL « 
RbL-«CsL. Similar results have been obtained with 
alkali metal soaps of long chain fatty acids??. 

The effect of conjugation of lithocholic acid is shown 
in Fig. 2. Conjugation with either glycine or taurine 
decreases the solubility of the sodium salt at every 
temperature when compared with free NaL. Thus the 
physiological mechanism of conjugation of bile acids 
by the liver actually decreases lithocholate solubility. 
Palmer has recently found that the glycine and taurine 
conjugates of lithocholic acid undergo a second conjuga- 
tion at the 3 alpha hydroxyl group with sulphate’. 
The solubilities of the diammonium salts of glycolitho- 
cholate-sulphate and taurolithocholate-sulphate are quite 
high compared with the simple lthoeholate conjugates. 
Thus nature has increased the solubility by adding another 
strong polar group to the opposite end of the molecule. 

The changes in the solubility of sodium lithocholate 
brought about by the addition of other common bile salts 
are shown in Fig. 3. When large amounts of the common 
bile salts are present (left-hand side of the diagram) the 
lithocholate can be easily solubilized. "This solubilization 
takes place in mixed micelles. As the mole fraction of 
lithocholate is increased in the mixture there is a decrease 
in its solubility. The curves obtained are similar to 
those reported for binary mixtures of detergents?* or 
soaps** except that no eutectics are present in our curves. 
At each molar ratio the taurine and glycine conjugates 
are less soluble than the free bile salt. The effect of 
increased counterion concentration is to decrease the 
solubility at every level. whereas the effect of changing 
the counterion to potassium (the major intracellular cation) 
is to increase the solubility at every level. 

These studies on the solubility of the salts of lithocholic 
acid in aqueous systems may shed some light on the 
reeently deseribed pathological conditions attributable to 
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bility of lithocholate. The upper and lower sets of three curves (Na salts, 
120 mM: Na salts, 25 mM) represent the solubility of NaL as a funetion 
of temperature in varying amounts of sodium chenodeoxycholate ( A 13 
sodium deoxycholate (OJ, and sodium cholate (€). Total bile salt 
concentrations are 120 mM in upper three curves and 25 mM in lower 
three curves. The middle set of three curves (K salts, 120 mM) represent 
solubility of KLi in potassium chenodeoxycholate (z $5 potassium deoxy- 
cholate (>), and potassium cholate (@) ata total bile salt cone entration 
of 120 mM. 


either infusion or increased dietary intake of lithochol- 
ate*-. When increased quantities of lithocholate are 
absorbed from the intestine or when lithoeholates are 
infused. they are probably bound in the portal blood by 
serum protein?*?* and therefore do not precipitate. On 
entering the liver cell, they may be maintained in soluble 
form as potassium salts for potassium is the major 
intracellular eation, but on being exereted into the bile 
canaliculi where sodium is the predominant cation, their 
solubility may be exceeded unless adequate amounts of 
other normal conjugated bile acids are present to render 
them soluble. Precipitation of these bile salts in canaliculi 
may lead to inflammation, intrahepatic cholestasis, liver 
damage, cirrhosis and stone formation. 

This work was supported in part by grants 
US National Institutes of Health. 
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Relation between Collagen 
Synthesis and Collagen Proline 
Hydroxylase Activity in 
Mammalian Cells 


During collagen synthesis in mammalian cells a poly- 
peptide precursor (protocollagen) is formed on poly- 
ribosomes. Nearly half the proline residues in protocolla- 
gen are then hydroxylated by a specific enzyme (collagen 
proline hydroxylase, protocollagen proline hydroxylase) 
to give collagen! ’. 

We have reported that fibroblastic and non-fibroblastie 
cell types are able to synthesize collagen and collagen 
proline hydroxylase in culture. The enzyme seems to be 
present in excess in every cell type, usually ensuring 
maximal hydroxylation of the protocollagen. Although 
non-fibroblastic cell lines synthesize collagen at rates 
much below those of fibroblast lines, they do not have a 
coordinate reduction in the activity of the hydroxylating 
enzyme?. 
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Fig. 1. Time course for hydroxylation of protocollagen labelled with 
3H-proline. Standard assay system contained 0-18 mg/ml. of substrate 
and 0-3 mg/ml. of enzyme from 3T6 fibroblasts. 


Additionalcelltypeshavenow beentestedandthe relation 
between the two proteins has been further clarified, 
The syntheses of protocollagen and its hydroxylase seem to 
be controlled together, for in any given cell type both pro- 
teins are either present or absent. Hydroxylase activity 
is coordinate with collagen synthesis only over a six-fold 
range at low levels of synthesis; further increases in rates 
of eollagen synthesis are not accompanied by inereases 
in the activity of the enzyme. Enzyme extracts from 
fibroblastie and non-fibroblastie eell lines give similar 


kineties and do not differ significantly in substrate 
affinity. 
Protoeolagen hydroxylase was assayed in an in vitro 


system? , Cell homogenates were centrifuged at 15,0004 
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Fig. 2. Dependence of hydroxylation on enzyme 
Standard assay system contained 0-3 mg/ml. substrate, 
3T6 mouse fibroblssts. 


for 10 min and the supernatants used as enzyme sources. 
The substrate was a protocollagen labelled. with H. 
proline (22 mg/ml. protein, 370,090 c.p.m./ral.) | prepared 
from a mouse fibroblast hne (376) treated with X ~ 
dipyridyP. In addition to subssrate and enzyme the 
standard assay system (5 ml.) eortained in HE iris- 
HCl, pH 7-4, 400; ferrous ammonium sulphate, 1; sodium 
ascorbate, 12; »x-ketoglutarate, 0-11. Incubation was at 
31^ C in air and the reaction was stopped with 5 ml. of 
cold concentrated HCl. After brdrolysis at 1207 C for 
12 h, hydroxyproline (HyPro) aud proline (Pro) were 
chromatographieally isolated®, and the amount of 
hydroxylation expressed as the ratio of the radio- 
activities of the two amino-acids’. 


Table 1. RATES OF COLLAGEN SYNTHESIS AND PROTOCOLLAGEN PROLINE 


HYDROXYLASE ACTIVITIES IN DIFZERENT CELL TYPES 





Protocolagen  — Hydroxyinse 
Cell type ACIAP 95 synthesis aetivity* 
(A) Human diploid fibroblast 120 * tZ 
strain HG" 48 
3T6 fibroblast linet? 7:0 * a 
Gro 
HeLa 0-25 4 3-7 
rË 
H,II-EC, hepatoma! 0-04 + 0-06 
0-84 
L-5178Y? 0 4 87 
(B) Rabbit retieuloeytes!* ü - ü 
Human ivmphocytes'? 0 == ü 


Culture conditions as reported?, 


* Activity = E E: su Sy. x 104, 


The time course for the £n. vito hydroxylation of the 
proline-labelled protocollagen by 3T6 fibroblast enzyme 
ext ract | 18 given in Fi Figs l and is shown to be approximately 
The effect of the 
enzyme concentration on. the amoant of hydroxylation of 
substrate (0-3 mg/ml.) oecurring an 10 min is shown in 
Fig. 2. Based on these data. tae following conditions 
were selected as enzyme limiting and therefore suitable 
for comparing hydroxylase activities in cell extracts 
(Table 1): a 10 min incubation, tne enzyme extract at a 
protein concentration of 0-6 mg/ral., and 0:36 mg/ml. of 
the ?*H-proline labelled substrate. 


Fable : E os Tu enzyme  aetivities b t of 


ness D. ihe intact QE (ACI AP), 
ealeulated from the amounts 


"The dator eae iR 
of radioactive Hy Pro and 
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Pro incorporated into newly synthesized proteins®?, 
In nearly all cases the rate of protocollagen synthesis is 
simply that of collagen synthesis as given by the AC/AP, 
for all protocollagen made is hydroxylated?. The only 
exception is the lymphoma line L-5178Y whieh fails to 
carry out the hydroxylation im cellulo, although both 
substrate and enzyme can be isolated from the cells’. 
No precise value can be given for the rate of protocollagen 
synthesis in this line, but it is probably of the same 
magnitude as that for hepatoma H,II-EC,. 
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Fig. 3. Double reciprocal plot of initial reaction velocity against 


substrate concentration. Enzyme protein concentration always 0-6 
mg/ml. incubation time 10 min. Enzyme sources: 3T6 
fibroblast:— A-—, human diploid fibroblast HG; -—O r3 

H,ÍII-EC, hepatoma; — x —, L-5178Y 


The cell types have been grouped according to the 
presence (4) or absenee (B) of hydroxylase activity. 
Within group A, which included all the serially cultivated 
cell types, enzyme activities varied by no more than six- 
fold, although these cell types vary in rates of collagen 
synthesis ( 4C/ AP) by as much as 300-fold. The hepatoma 
line and HeLa differ about six-fold in both enzyme acti- 
vity and AC/AP. HeLa and human diploid fibroblasts, 
however, have almost the same hydroxylase activity, 
although the fibroblasts synthesize about 50 times more 
collagen. Similarly, though buman diploid fibroblasts 
have a higher rate of collagen synthesis than 3T6 mouse 
fibroblasts, they do not have a higher enzyme activity. 

Group B consisted of cell types which synthesize 
neither protocollagen nor the hydroxylating enzyme. 
Retieuloeytes and lymphocytes freshly isolated from the 
animal were extracted for enzyme. The extracts did not 
show enzyme activity at the standard or higher protein 
concentrations, after either 10 or 60 min incubation. 
Lymphocytes incubated with phytohaemagglutinin for 

72 h also gave an inactive extract. Rabbit macrophages 
K by bronchial lavage were also tested and gave 
an enzyme activity of 0-15. We attribute this low value 
to eontamination of the cell isolates by small numbers 
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of fibroblasts and believe that macrophages are probably 
free of hydroxylase activity. 

Intact reticulocytes and lymphocytes were incubated 
with radioactive proline for 18-48 h. The labelled cell 
proteins were extracted as for fibroblast protocollagen 
preparations and incubated with active hydroxylase 
extracts. No labelled HyPro was formed, indicating 
the absence of protocollagen. These non-fibroblastic cell 
types therefore appear completely repressed for synthesis 
of both the protocollagen and its hydroxylase. 

Though enzyme from one cell type acts on protocollagen 
from another cell type, it was considered possible that the 
hydroxylase of the non-fibroblastie lines of Table 1 
might differ from that of the fibroblasts with respect to 
substrate affinity. To test this possibility, Michaelis 
constants were determined for all of the cell types in 
group A. The kinetics of the hydroxylase reaction were 
examined by measuring the initial velocities (10 min 
incubation) as a function of the concentration of the proto- 
collagen substrate, with the concentrations of the other 
reactants held constant. The Lineweaver~Burk plot is 
presented in Fig. 3. It is seen that Michaelis-Menten 
kinetics are given by all the enzyme extracts. The Kpm 
values are all of the same order of magnitude, although 
an extract of lymphoma L-5178Y appeared to have a 
slightly higher substrate affinity than the others (lower 
Km). 

These and earlier data? indicate that there is propor- 
tionality between rate of protocollagen synthesis and 
hydroxylase activity only over a very narrow lower 
range. Moreover, the enzyme seems to be in excess over 
the entire range of protocollagen synthesis. Every cell 
type that synthesizes protocollagen also synthesizes the 
protocollagen hydroxylase, and in cell types completely 
repressed for protocollagen synthesis hydroxylase activity 
is absent. This suggests that protocollagen might act as 
an inducer for hydroxylase synthesis, or that the synthesis 
of these two proteins might be controlled by a single 
genetic unit analogous to the operon in baeteria!'*. The 
absence of continuous proportionality between activity 
of the hydroxylase and the rate of synthesis of the proto- 
collagen could be due to: (1) limiting factors operating 
at the level of transeription or translation of the messenger 
RNA of the enzyme; (2) inhibitors affecting enzyme 
activity: or (3) differential rates of turnover of the two 
proteins. 

This work was supported by grants and awards from the 
US Publie Health Service, National Science Foundation 
and the American Cancer Society. 
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Inhibitor of Fibrinolysis from 
Mesothelium 


THe mechanism of blood coagulation, in which a net- 
work of the insoluble protein fibrin forms from its soluble 
precursor fibrinogen, has been studied for more than a 
eentury. In contrast, much known about the 
complementary process of fibrinolysis, whereby fibrin 1s 
broken down into soluble products both im vivo and, 
in suitable experimental conditions, in vitro. Fibrin i5 
an important structural component of a thrombus, so 
there is every reason to suppose that fibrinolysis forms 
part of the control mechanism which governs the devel- 
opment and destruction of thrombi in the body. Throm- 
hosis is now responsible for more deaths in advanced 
industrial countries than any other pathological process. 
Further investigation of the mechanism of fibrinolysis 
may therefore be important not only beeause of the 
intrinsic interest of the phenomenon but also because 
of its bearing on human disease. 

It is usually agreed that the final stage of fibrinolysis 
is brought about by the action on fibrin of the proteo- 
lytie enzyme plasmin, which is formed from an inactive 
precursor known as plasminogen. When fibrin is formed 
plasminogen seems to become adsorbed to it. At 37° C 
there is a slow, spontaneous conversion of plasminogen 
to plasmin with eventual lysis of the clot; this process 
may take hours or days, depending on experimental 
conditions. If freshly formed fibrin is heated to 80° C, 
plasminogen is destroyed and therefore no such fibrino- 
lysis takes place. The conversion of plasminogen to 
plasmin can be greatly accelerated by substances known 
as plasminogen activators which can be extracted from 
most tissues and from certain other sources, for example, 
cultures of Streptococcus pyogenes. These plasminogen 
activators may not all act in the same way, but they 
have the common property of showing no direct action 
on fibrin: plasminogen must be present as well for lysis 
to occur and thus a plasminogen activator has no effect 
on fibrin heated to 80° C. 

An important step forward in understanding tissue 
plasminogen activators was taken when Todd'-* showed 


less is 





Fig. 1. Sheet of mesothelium prepared from bovine parietal peritoneum 
by the method of Pugatch and Saunders’ and stained by toluidine blue. 
( x 150.) 
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Fibrin plate after incubation for 15 h with four 0-02 ml. samples of 
The white, circular areas represent areas of unlysed 
fibrin 


Fig.2. F 
mesothelial extract. 


that this activity was associated with vascular endo- 
thelial cells. Warren‘ confirmed and extended Todd's 


findings. Further progress in the study of this endo- 
thelial plasminogen activator was not immediately 


possible because no method was available for separating 
fresh endothelial cells in quantity from other cells of the 
blood vessel wall. A method has recently been devised, 
however, whereby relatively large amounts of fresh 
endothelium ean be peeled off the inside of blood vessels: 
in this method strips of cellulose acetate paper (such as 
are used for paper electrophoresis) are pressed firmly 
against the inside of a blood vessel and then pulled 
away; endothelium (and little, if anything, else) adheres 
to the paper strips’. Using this technique, it was found 
that an extract could be prepared from fresh endothelial 
cells which has fibrinolytic propermes. The action of the 
extract is that of a plasminogen activator as defined 
earlier*, 

The mesothelial cells which line the pleural and peri- 
toneal cavities seem morphologically similar to endo- 
thelial cells?-*. so we decided to find out whether material 
with similar fibrinolytic properties could be extracted 
from mesothelium. The result was unexpected: meso- 
thelial extracts inhibited the slow, spontaneous lysis of 
fibrin which occurs when it is ineubated at 37° C and 
which is believed to be due to a gradual conversion of 
plasminogen to plasmin taking place in the absence of 
plasminogen activators. 

Mesothelium was peeled off the parietal peritoneurn 
of freshly killed eattle at a local slaughterhouse, using 
5x 20 em cellulose acetate electroohoresis Strips (Oxoid) 
in the same way as previously described for the removal 
of endothelium?*:*, 
a sheet of mesothelium after staimng is shown in Fig. 1. 
The strips were surrounded by dry me in a plastic container 
and brought back to the laboratory. Each strip was 
cut into pieces about 2-5 em square which were agitated 
gently by a mechanical stirrer in 400 ml. of phosphate 
buffered saline (pH 7:3) at 4° € tor 18 h. The turbid 
suspension so obtained was decarted and the pieces of 
paper were twice rinsed with 200 snl. of buffered saline, 
the rinsings being added to the suspension. The suspen- 
sion was then dialvsed against several litres of distilled 
water for 24 h at 4? C. The material remaining after 
dialysis was freeze-dried overnigbt. A brownish white 
powder was obtained in a yield of 5-10 mg per 5 x 20 em 
strip of cellulose acetate paper. Ten mg of this powder 
was suspended in 1 ml. of phosphate buffer (pH 7:3), 
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shaken vigorously and centrifuged. The clear super- 
natant was removed and tested for activity as follows: 
several 0-02 ml. drops were placed on the surface of a 
| per cent fibrin plate prepared by adding thrombin to 
fibrinogen in a 4 inch Petri dish. Each fibrin plate also 
contained 2,000 v of penicillin and 1,500 v of strepto- 
mycin in order to avoid complieations caused by bacterial 
growth. The fibrin plates were put in an ineubator at 
37° C and examined at intervals up to 14-22 h. 

During this incubation, control fibrin plates--—plates 
to which no material had becn | added —underwent 
complete lysis. On the other hand, on plates to whieh 
drops of mesothelial extraet had been applied, button- 
shaped, opaque zones of unlysed fibrin remained. These 
zones were larger than the areas originally oceupied by 
the drops of test material, suggesting that some substance 
present in the me sothelial extraet had diffused into the 
fibrin and had in some way prevented fibrinolysis (Fig. 2). 
When the mesothelial extraet was heated to 100? C for 
2 min before testing, no zones of inhibition were formed. 
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Abnormalities in Organs of Mice 
induced by a Magnetic Field 


Dursa the past few years it has been found that homo- 
geneous magnetic fields produce morphological, functional 
and behavioural changes in living organisms'. There 
have been various hypotheses? to explain these observa- 
tions. The second day minimum in the weight of mice 
exposed to strong (3,000 to 10,000 oersted) magnetic 
fields? scems to have the characteristic of stress effects— 
alarm reaction followed by adaptation to the stress. The 
questions remain whether there is a similarity between 
stress effects and those observed in animals exposed to 
magnetic fields, and whether the magnetie field is a 
rather weak non-specific stressor. We report experiments 
in which the magnetic field caused significant changes in 
the organs of mice. 

Ten male 47 day old random bred Swiss mice each 
weighing 30 g were kept for 13 days im a vertical, homo- 
geneous magnetic field of 9,000 oersted, with a gradient 
of less than 200 oersted/em. (This field is about 20,000 
times stronger than the geomagnetic field to which 
probably all organisms have adapted during the million 
years of evolution.) The field was produced by a 7 inch 
eleetromagnet, the upper pole of which was the north 
pole of the magnet. The vertical field direction prevented 
the direction of the field vector reversing relative to the 
biological coordinate system of the animal during the 
move ement il the mice in the n Ten male mice of the 
the: 13 oe of rence exposure in "Ui magnets’. : 
in which they were, with the exception of the field, in 
every other respect (including the pole caps) in ide ntieal 
conditions as the magnet mice. The cage areas were 
310 em? and 7 em high. The living area was therefore 
70 per cent of that available in standard plastic mice 
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Cages. Water cooling of the magnet coils maintamed 
the pile weg of ine d within Er k of roan 
temperature, 
were enclosed in a copper r Mh ute Shieh were ope n 
on two opposite sides and thermally insulated from the 
electromagnet. Small eleetrie fans maintained a light 
breeze through the copper boxes and the cages, keeping 
the temperature in the magnet and the dummy magnet 
cage alike within - 0:5? €C. The room was ventilated by 
filtered and temperature controlled air. Both magnet 
and dummy magnet group mice had free access to tap- 
water and Purina Mouse Chow. It seemed of interest to 
diseover whether the eleetromagnet produces a noise 
when it is functioning, because continual, especially high 
pitched frequencies, are known to have a very stressful 
effect on mice, sometimes resulting in audiogenic seizures, 
Because of the large 2 d the magnet anoi 2.000 
pounds), hig The 
current fed t to Tes magnet, jeune d fom 3. aie 60 ) cycles, 
is very well filtered with condenscrs, chokes and the 
high induetanee of the magnet colla themselves. To 
make sure that there was no high pitched noise in the 
magnet cage, however, we have measured with an audio- 
meter the noise level between 31-5 Hz to 31,500 Hz. 
The power supply when switehed "on" produced a maxi- 
mum increase of 14:5 dB in the noise level at 250 Hz in 
both magnet and dummy magnet cages. Above 2,000 Hz 
no difference could be observed with power supply “on” or 
"off". Because the sensitive mierophone of the audio- 
meter could not be placed between the magnet poles 
when the magnet was energized, the sound level was 
measured at distances of 50 and 100 em from the centre 
of the magnet cage. Between 31-5 and 31.500 Hz no 
measurable difference could be obse icd with the magnet 
ene Pa ‘door not. nor with the cooling water of the coils 
"on "off". 

After the termination of magnetic exposure, the mice 
were kiled with chloroform, the organs removed and 
embedded in paraffin. Sections 5-6 microns thick were 
stained with haematoxviin and eosin according to van 
Gieson and microscopically inspected. The liver and 
spleen sections were also stained with ‘Azan’ and with 
aeridino-orange for fluorescence microscopic inspection. 
The periodic Schiff reaction according to MeManus was 
also used. The seetions were inspected in a blind experi- 
ment. 

A comparison between the values obtained in the 
dummy magnet group with those found in mice kept in 
standard cages (four mice per cage) did not show signifi- 
cant differences, indicating that the volume of the experi- 
mental cage was sufficiently large to eliminate effects of 
confinement and/or crowding. To be on the safe side, 
however, we compared values of the averages of the 
magnet group mice with the corresponding averages of 
the dummy magnet group miee. "Table 1 summarizes 
our results found in the adrenals, bone marrows, spleens 
and livers of the mice. In the last column of Table 1 
these differences are expressed as a percentage of the 
dummy magnet values. The indicated errors are standard 
errors, 

The most striking abnormality found in the adrenals 
of the magnet group mice was a narrowed zona fasciculata 
with normal zona glomerulosa and normal or shghtlv 
wider zona reticularis. The cells of the zona fasciculata 


Table 1 


Dummy 

Magnet magnet Difference 

group group (per eent) 

Disorganization of adrenal cortex, 40-04 205 None 20 40 $55 
in per cent* PL1:5x» 10% 
Number of megakaryocytes in the 5-8040°22 8094063 — 2710683 
bone marrow, per microscope field PLI : 200 
Number of megak arvocytes in the 0-42 2 0-39. 6-93 c 0-45 365.4 k 8-6 
spleen, per microscope fleld PLI: 1.300 

Mitotie index in the Hiver per 400 11-844 0-80. 5-17 0:35 30 * 17 

liver cella PL1:105 


* Fraction of the area of the zona fasciculata in which ecll disorganization 
was observed. 
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Fig. 1. Sections of the adrenal cortex, a, Dummy magnet group mouse ; 


b, magnet group mouse, 


were more or less disorganized, the usual cord-like arrange- 
ment of the cells was disturbed and the clear area between 
zone demareations was absent. Fig. la shows the adrenal 
section of one of the dummy magnet mice. The three 
zones of the adrenal cortex are clearly visible. Fig. 1b 1s 
the adrenal section of a magnet mouse; as can be seen, 
the zona fasciculata is almost totally disorganized. 
Of the ten mice exposed to the magnetie field, only one 
had a normal adrenal, while the adrenals of all the dummy 
mice were normal. In two of the magnet group mice the 
abnormalities were slight; in seven 50 per cent of the 
zona fasciculata was disorganized and about one half 
of the normal width. 

The cells of the zona fasciculata, being most strongly 
under the influence of the adrenal stimulating pituitary 
hormones, are the most sensitive cells of the adrenal 
cortex. In ordinary conditions of stress the fasciculata 
is widened, not narrowed. On the other hand, Akabana 
found that administration of alcohol widened the zona 
fasciculata, while acetaldehyde led to a narrowing of the 
zona fasciculata. 

The most pronounced peculiarity seen in the bone 
marrows of the magnet group mice was the decrease in 
the number of megakaryocytes. Ten microscope fields 
(x 350 magnification) were counted for each mouse, the 
fields being selected so that there was a minimum number 
of bone trabeculae in them. Of the ten magnet mice 
(with the exception of one) all had a smaller number of 
megakaryocytes than either of the dummy magnet mice, 
the range being 4-9-6:8 megakaryocytes per microscope 
field, compared with the range of 7:3-10-0 found in the 
dummy magnet group. 

Lorber* found an increase in the number of mega- 
karyocytes in the bone marrow after he applied the stress 
of a variety of surgical procedures. 

The number of megakaryocytes in the spleens was 
counted in a similar manner as in the bone marrows. 
While on the average the number of megakaryocytes in 
the spleens of the dummy magnet mice was insignificantly 
lower than in their bone marrows (the difference being, 
with the exception of one instance, always negative), 
in the magnet group mice the number of megakaryocytes 
was larger in the spleen than in the bone marrow and 
larger than either of the values found in the spleens of 
the dummy magnet mice. 

A large increase in the number of megakaryocytes in 
the spleens of animals stressed with Walker tumour 
transplants was found by Selye*. Such increases, however, 
are usually associated with erythropoiesis and myelo- 
poiesis in the red pulp of the spleen, symptoms not seen 
in the magnet group mice. Megakaryocyte proliferation 
is characteristic of the reaction to neoplastic tissue and 
treatment with certain tissue extracts, but not seen with 
ordinary non-specific stress (restrain, cold, traumatic 
injuries and the like). 

In the liver sections of the magnet group mice an 
increase in the number of direct mitoses, a large number 
of cells with large nuclei, or multinucleated cells were 
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seen, and pyknotie cells, neerobiotic changes and cells 
with poor nuclear staining were often seen. The mitotic 
index was used as parameter to characterize the lesion 
in the liver tissues, whereby the mitotic index was taken 
as the number of mitoses per 400 liver cells, 4,000 liver 
cells per mouse being investigated. In all ten mice of 
the magnet group, the mitotic index was larger by a 
factor of 2 to 3 than in the dummy magnet mice; only 
in one magnet mouse was the increase a mere 40 per cent, 
The mitotic index ranged from 4+5 to 6:7 in the dummy 
magnet group, while in the magnet group it was from 
72 to 15:1. 

The last column of Table 1 lists the probability level 
(PL), computed by using Student's ¢ test, that the observed 
effect is caused by chance alone. The high significance 
of the probability levels found for each of the four investi- 
gated parameters establishes the existence of the changes 
in organs of mice exposed for 13 days to a 9,000 oersted 
static magnetic field described here. Although several 
of the observed abnormalities in the organs seem to 
suggest that the effect of magnetic fields resembles the 
effects of non-specific stress, at least two of the symptoms 

the narrowing of the zona fasciculata and the decrease 
in the number of megakaryocytes in the bone marrow- 
are the opposite of the usual effects of non-specific stress 
conditions. The observed symptoms show that, during 
exposure to magnetic fields, some hormone imbalance 
occurs in the hypothalamus-hypophyseal axis. It will 
be interesting to repeat these experiments on adrenalec- 
tomized mice and on mice which are supplied with extracts 
containing the hormones involved. 

We wish to thank Professor H. Selye for helpful discus- 
sions. This research was supported by a graduate 
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Morphology of Motor Nerve 
Terminals subjected to Polarizing 
Currents 


THE electric charge carried by synaptic vesicles is of 
considerable physiological interest. Strong support has 
recently been provided for the “vesicle hypothesis’, which 
equates these vesicles with the quantal units of synaptic 
transmission'?, The proposal that vesicles are charged has 
been used to explain excitation-release coupling (ref. 3 
and unpublished results of Bass and Moore) and the 
effects of presynaptic polarization when transmitter 1s 
released by nerve impulses‘. Electrophoretic behaviour 
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Fig. 1. Presynaptic polarizing currents and the ultrastructure of nerve 
endings. Nerve endings containing vesicles and mitochondria are shown 
in the upper part of each plate. The subsynaptie region of the muscle 
fibre (lower part of plates) is clearly separated from the nerve ending by 
the synaptic cleft. A, Control end-plate; B, End-plate was obtained trom 
a depolarized, and C, from a hyperpolarized, preparation (see text), The 
horizontal bar in © indicates a distance of 0-25 microns, 


of vesicles, however, has only been investigated with 
subcellular brain fractions’, and we therefore thought it 
would be interesting to investigate the problem in intact 
motor nerve terminals. 

Experiments were performed in vitro at room tempera- 
ture (21?-23? C) on rat phrenic nerve-diaphragm prep- 
arations. The bathing solution has already been described’. 
The left hemidiaphragm was bisected very close to the 
point of entry of the phrenic nerve into the muscle, and 
mounted in one half of a divided perfusion chamber as 
close as possible to the dividing partition’. The phrenic 
nerve was led through a small aperture in the partition 
into the second half of the divided chamber. Electric 
current was passed between two Ag-AgtCl electrodes, 
one in each of the two halves of the divided chamber, 
the lines of current flow converging on the aperture 
and polarizing the phrenie nerve passing through it’. 
The current density in the nerve would be expected to fall 
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as the distance from the aperture increased. But effects of 
polarizing currents on miniature end-plate (mepp) fre- 
quency were regularly obtained at junctions located within 
| mm from the aperture (unpublished results of E. M. L.). 
This area of the preparation was therefore chosen for 
electron microscopy. Polarizing currents of 900 uA 
were passed for 3 min after which a 3 per cent glutar- 
aldehyde fixative in phosphate buffer? was added without 
interrupting the current flow. The current was stopped 
10-15 min later when the preparation was completely fixed. 
The desired area of the preparation was then excised and 
prepared for electron microscopy. 

In the electron micrographs (Fig. 1) the control end- 
plate (Fig. 1A) is typical of seventy-three similar end-plates 
obtained from six non-polarized preparations. It can be 
seen (Fig. LB) that current which would have depolarized 
that portion of the nerve closest to the terminals pro- 
duced a marked accumulation of both synaptic vesicles 
and mitochondria. ln addition, the width of the synaptic 
gap appeared to be reduced. These phenomena were 
found in thirty out of thirty-one end-plates, obtained 
from four different preparations. In contrast, a hyper- 
polarizing current (Fig. 1C) caused a reduction in the 
numbers of both vesicles and mitochondria in the terminals 
and the synaptic gap appeared wider. This was found 
in twelve out of fourteen end-plates obtained from two 
preparations. — The other end-plates resembled those 
found in the control solution (Fig. 14), and presumably 
were located further away from the aperture where the 
current density through the nerve terminals was very 
low. 

These effects are probably & consequence of the current 
flow through the phrenic nerve terminals rather than 
the changes in presynaptic membrane potential per se, 


for no similar changes were observed with depolar- 
ization of terminals induced by potassium?. It there- 
fore seems reasonable to conclude that both mito- 


chondria and synaptic vesicles carry positive charges, a 
depolarizing current which passes out through the nerve 
and terminals moving positively charged particles to- 
wards the nerve terminals. But alternative explanations 
for our findings cannot be ruled out; for example, that the 
accumulation of vesicles in the depolarized endings may 
be a consequence of excess production rather than electro- 
phoresis, The width of the synaptic gap probably followed 
passively after the changes in the volame of the nerve 
terminal. Electrophoretic studies of isolated mito- 
chondria^* and vesieles* indicate that these structures 
carry negative charges. An alteration in charge, however, 
may have been caused by the vigorous treatment of the 
tissues essential to the preparation of the subcellular 
fractions. These results thus indicate that the effects of 
conditioning presynaptie polarizing currents on trans- 
mitter release cannot be attributed to the changes in 
nerve-terminal morphology proposed by Hubbard and 
Willist. Our findings support the eleetrokinetie theory of 
release outlined by Bass and Moore’. 
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Isolation and Identification of Meiosis 
inducing Substance in Starfish 
Asterias amurensis 


INVESTIGATIONS of the mechanism of starfish spawning 
induced by injection of a water extract of radial nerves 
have shown that an active polypeptide acts on the ovary 
and induces the production of a second substance which 
is, in the true sense, a meiosis inducing factor as well 
as a spawning inducing factor'-?. The neural substance 
has therefore been renamed gonad stimulating substance 
(GSS), and the second substance, produced in the ovary, 
is meiosis inducing substance (MIS)*?. Isolated ovarian 
fragments immersed in seawater containing MIS dis- 
charge their eggs*:*, while isolated oocytes with germinal 
vesicles treated with MIS mature*-. The production of 
MIS by GSS has been demonstrated in isolated ovarian 
fragments of seven species of starfish, and it seems to be 
non-species specific among starfishes'. MIS is heat stable 
(100° C, 30 min) and is not a peptide®'*, 

We report here the isolation and chemical identification 
of MIS from Asterias amurensis. 'The ovaries were placed 
in large Petri dishes containing GSS-seawater (200 mg 
of wet ovary/ml. of artificial seawater containing 200 
ug of lyophilized nerve) for 6 h at 20? C. The preparation 
of GSS-seawater has been described elsewhere*. Meiosis 
inducing activity was assayed with isolated oocytes of 
Asterina  pectinifera— material which does not usually 
undergo spontaneous maturation in normal seawater. 
The extent of the breakdown of germinal vesicles in test 
solutions was noted after 1 h. 

The starting material for MIS was obtained from 20 
kg of fresh ovaries incubated in 100 1. of GSS-seawater. 
This was centrifuged and the supernatant was concen- 
trated to 141. Because the starting material contained 
a large amount of inorganic seawater salts, great care 
was taken to decrease the content of these salts by 
centrifugations (3,000 r.p.m. for 20 min) after precipi- 
tating with 4 M K,HPO, and then with ethanol (final 
concentration of ethanol, 90-95 per cent). Centrifugation, 
withdrawal of MIS from the precipitate with 95 per cent 
ethanol and concentration with a rotary evaporator 
were repeated several times, to yield 1 1. of sample con- 
taining a small amount of ethanol. 

Lipids were removed from the sample by shaking 
three times with equal volumes of chloroform, and the 
water phase containing MIS was shaken twice with ether. 

To concentrate the active water-soluble material, 
2 M K,HPO, and ethanol were added and the mixture 
was centrifuged and concentrated repeatedly as before, 
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Fig. 1. Gel filtration of Asterias crude MIS on ‘Sephadex G-15'. MIS 

activity is expressed in terms of MIS units. One MIS unit corresponds to 

the minimum dose contained in 1 ml. of active sample required to induce 

100 per cent breakdown of germinal vesicles in Asterina oocytes, €), 
NC Optical density; ©, MIS activity. 
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Chromatography of sample of MI;, purified by previous gel 


lig. 2. : 
filtrations, on 'CM-Sephad»x C-25'. 


with the pH adjusted to about 8:5 with 1 N NaOH. The 
concentrated sample (117 ml.) was fractionated on a 
column of ‘Sephadex G-15' (52x109 em) equilibrated 
with 0-05 M borate buffer (pH 8-5) containing 0-1 M NaCl, 
also used as eluant, at 3° C. There was 15 ml. of fraction 
and the flow rate was 138 ml./h. Fig. 1 shows the elution 
curve of this gel filtration, checked by the ultraviolet 
absorption at 254 my recorded with an ultraviolet absorp- 
tiometer (LKB ‘Uvicord’), and the MIS activity of respec- 
tive fractions was assayed with isolaced oocytes of Asterina. 
MIS was eluted after the common selts. Fractions with less 
activity (Nos. 152-185 and 247-253) were concentrated 
after adjusting the pH to 8-5, ard were again applied 
to the column. The active fractions obtained from these 
two gel filtrations were pooled and concentrated. After 
removing excess inorganic salts end adjusting the pH, 
the concentrate (10 ml.) was again applied to & column 
of ‘Sephadex G-15' (25x110 em) equilibrated with 
0-1 M y-collidine—0-1 M pyridine asetate buffer (pH 8:7), 
which was also used as eluant. There was 10 ml. of 
fraction and the flow rate was 45 mi./h. This gel filtration 
was repeated twice as before wish the larger column. 
The combined active fractions were concentrated and 
then lyophilized, to give 11:6 mg ef purified sample. 

The lyophilized sample was dissolved in 36 ml. of 
0-09 M ammonium acetate buffer «pH 6:8), and fraction- 
ated on a column of 'CM.Sephacex C.25' (b.5 x 25 em) 
equilibrated with the same buffer, by step-wise elution with 
0:25 M and 0-53 M ammonium aeetate buffer (pH. 6-3). 
There was 5 ml. of fraction and the flow rate was 18 mi./h. 
Fig. 2 shows the elution curve ob:ained by checking the 
optical density at 261 mu and with the MIS activity of 
the fractions. Fractions 34-43 were concentrated and 
the pH was adjusted to about &4 with 2 M NH,OH. 
This coneentrate (6 ml) was applied to a column of 
‘Sephadex G-15' (L.5x 115 em) eeuilibrated with 0-5 M 
pyridine acetate buffer (pH 8-4). There was 5 ml of 
fraction and the flow rate was 16 ml./h. The active 
fractions were concentrated anc lyophilized, to give 
8-5 mg of pure MIS, which possessed meiosis inducing 
activity in the late spawning season vhen in a concentration 
of 0-02 ug/ml. When this sample was dissolved in a 
small amount of water and treased with acetone, fine 
needles were produced. 

The ultraviolet maximum (261 mu in 0:25 M AcONH,) 
was indicative of a nucleic acid base, and so the spectra 
were remeasured at various pHs “Table 1). These data, 
together with infrared data (KBr cisk, 3,500-2,500, 1,684, 
1,640, 1,555 cm-'), were similar to those reported for 
I-methyladenine (D)*5, a compound with the unusual 
exocyclic C, — N,, bond. The close similarity of the ultra- 
violet maxima at various pHs alsc suggested that the pK 
values of MIS are similar to these of 1-methyladenine 
(pKa, 7-2 and 11-0 (ref. 9). Fixation of the C, = N, bond 
to give the ultraviolet characteristic of 1-methyladenine 
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Table 1. Amax (s) OF MIS AND SYNTHETIC 1-METHYLADENINE (IN H40) 


pH MIS 1-Methyladenine 
i4 259 (11,900) 259 (11,900) HN, 
vl 266 (10,700) 264 (11,200) H 
16-0 271 (12,000) 272 (12,100) | 
12.83 271 (14,200) 271 (14,400) S hM 
Peg bPa ^ EN 
TES 
NUN ENA 
H, 
(I) 


requires substitution at N,, and, furthermore, the second 
pK of about 11, suggested by the ultraviolet data (Table 
1, MIS), requires that N, is unsubstituted. Thus a 1- 
alkyl or 1,10-dialkyladenine structure was tentatively 
assigned to MIS. 

In its high resolution mass spectrum, measured by 
direct inlet with a CEC 110B instrument, there was a peak 
assignable to a molecular ion at m/e 149-0725 (C,H,N,), 
and so MIS is probably I-methyladenine itself. There 
were also strong peaks at m/e 151-0806 (M + 2), 150-0792 
(M--1) 122.0593 (M-HCN) and 95-0452 (M-2HCN). 
MIS was confirmed as l-methyladenine by synthesis". 
Infrared, ultraviolet (Table 1), mass data and bioassay 
data about the natural and synthetic specimen, melting 
pomt 301-303? C (dec.), were identical. 

We thank Miss H. Ito for technical assistance and the 
director and staff of Misaki Marine Biological Station 
for research facilities. We also thank Dr N. Wasada for 
measuring the mass spectrum. 
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Relationship between Oxygen 
Consumption and Swimming Speed in 
the Haddock, Melanogrammus 
aeglefinus 


A LINEAR relationship between the logarithm of oxygen 
consumption and swimming speed has been found for & 
few species of freshwater teleosts^?. There is little or no 
such information for marine species, although there is an 
urgent need for such data for marine, particularly fishery. 
ecologists. l 
The 2 vr old haddock used in the experiments deseribed 
here were caught with a Vigneron Dahl trawl modified? 
to minimize injury to the fish caused by abrasion in the 
cod end and during decompression. They were kept in a 





NATURE, VOL. 221. JANUARY 18, 1969 


600 


100 


60 





Oxygen uptake (mg/kg/h) 
oe 


20 


0 0:5 1-6 r5 9.0 
Swimming speed (body lengths/s) 


t2 
ei! 


Fig. 1, Individual oxygen consumption rates In relation to swimming 
speed for 2 yr old haddock (average 155-9 g, 24-8 cm) at 10° C (light 
lines). The line of best fit for the total results is also shown (heavy lino). 


recirculating seawater aquarium for 2 months at 10°C 
to allow complete thermal acclimatization. During this 
period they were fed to satiation on a mixed diet of 
chopped squid and herring. 

Oxygen consumption was measured with a Beckman 
laboratory oxygen analyser (model 777) coupled to a 
linear potentiometric recorder, which were incorporated 
in a modified Blazka tunnel respirometer*. After starva- 
tion of 25 h, fish were transferred from the stock tanks to 
the apparatus and left for 20 h. During this period the 
fish learned to occupy a position in the front end of the 
tunnel, facing into a water flow of 3-5 cm/s. The initial 
oxygen uptake reading was made at this speed. The water 
flow was then increased to 10 cm/s and subsequently 
increased by steps of 10 em/s until the fish fatigued. Each 
velocity was maintained for 45 min. During the first 30 
min at each speed, oxygen uptake was measured and 
during the final 15 min the concentration of oxygen in 
the respirometer was returned to air saturation by passing 
fully saturated seawater through the apparatus at a rate 
of 2 l./min. 

A clear linear relationship was found between the 
logarithm of oxygen uptake and swimming speed of each 
individual (Fig. 1), but there was considerable variability 
in the slope of the lines and the extrapolated standard 
metabolic rates. The equation of the line of best fit for 
the massed data was: logio Y — 0-33x-- 177 (where Y 
is oxygen consumption in mg/kg/h and x is swimming 
speed in body lengths per second). This line was highly 
significant (r= 0-885, P=0-001). A comparison between 
this equation and those found by other authors for fresh- 
water fish is shown in Table I. 

The slopes of the lines are similar, which supports the 
suggestion made by Brett? that the relative metabolic 
rates of fish are dependent on their thermal environment. 


Table 1 


Ter- 
Species Environment Equation perature 

Lepomis gibhosus Warm freshwater Log,Y =0 31r + 1-65 QD C 
lakes 

Oncorhynchus Cold mountain Log,, F —0-34r4 1-01 ae € 

nerka rivers . un 

Melanogrammaus Cold temperate Logot = 0-332 41-77 iv c 

aegleftnus seas 
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Table 2 “light” animals were first dark-adapted for 5:5 n oe eyes 
: Extrapolated u Active crushed in 4 per cent alum, washed with distilled water, 
No. c MOMS m lyophilized, inen extracted with petroleum ether to 
Hit 51 1-0705 310 remove retinol and retinyl esters (absent from the pig- 
" n m K e m ment epithelium but present in small amounts in the 
H14 40 0-8492 275 retina!) The dry tissue was wetted with saline containing 
H15 64 1-0907 265 01 mM p-hydroxymereuribenzoate, bleached and the 


liberated retinaldehyde was extrasted with petroleum 
2-1 body ether after further lyophilization. Saponified liver 
retinol was determined by the Carr-Erice method. Samples 
were radio-assayed in a Packard Triearb scintillation 
counter. 

Rats were sampled after 24 h, 7 days and 14 days. 
Fig. 1 shows that the activities of the initial washings 
were similar, but that the retinaldeayde originally bound 
as rhodopsin inereased in aetivity as time progressed, 
both for the “light” and “dark” rats. In darkness 
therefore there is a mechanism for abstracting retin- 
aldehyde from rhodopsin in the photoreceptors and 
r placing it with labelled material from the circulation. 


The observed maximum cruising speed of 
lengths per second was much lower than that found for 
other species. This may have been because the aquarium 
had no provision for exercising the fish and consequently 
the fish used were relatively “unfit”. 

The differences in the metabolic rates among individual 
fish, especially at the lower velocities, have been attributed 
to excitability by previous authors'"?. In these experi- 
ments the haddock showed a strong rheotropie response 
and swam uniformly at all velocities used, without the 
use of electric or mechanical stimuli. There were, how- 
ever, considerable differences in condition factor (W/L) 
among the five experimental fish (Table 2). Apparently this exchange is not greatly influenced by 

We found that the lower the condition factor the lower light, but the scarcity of points in Fig. 2 does not warrant 
was the standard metabolic rate (r=0-826, P=0-05). ê firm conclusion in this regard. — Su 
There was no such relationship between condition factor —. To determine the bleaching effectiveness of our illumina- 
and the maximum active metabolic rate. In these fish, tion, we dark-adapted and killed ax r a ro ved the 
changes in condition factor probably reflect changes in Yes and destroyed their regenerative ability by soaking 


fat content, rather than relative weight of body muscula- in 1 mM p-hydroxymercuribenzeate in saline. We 
Sars retained one control eve from each vat, replaced the other 


in its orbit, then exposed the dead rats to the illumination 
used for the radioactive animals. After 2 h we extracted 
the rhodopsin, and found that it araounted to 4 per cent 
of the controls. If we make the approximation that 
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Blazka, P., Physiologica Holiemsion, 8, 558 (1960). illuminated living rats would therefore amount to 55 


per cent of that in the dark. This equilibrium would 
reach 95 per cent completion in 1:25 h, when nearby 
half of the chromophores would reside as retinol or retinyl 
ester in the pigment epithelium. Consequently, it is 


Uptake of Tritiated Retinaldehyde remarkable that the amount of triram in the rhodopsin 
by the Visual Pigment of of e exposed - 2 ns 24h s Sciens dae bbs 

! " so low compared with later samphngs. Compared with 
Dark adapted Rats the eontrasting liver system (Fig. 2), the retinol of the 


RnHoporsiN bleaches in the light to opsin and free retin- visual eyele is buffered from the rest of the animal. This 
aldehyde. In the retina of the living albino rat, this — aecounts for the finding? that rhodopsin is protected 
retinaldehyde is reduced to retinol, which 
then flows into the pigment epithelium!. 
The process reverses during dark-adaptation, | | 
and continues until the visual pigment has : | 7 day grovp i4 day group 
regenerated. Because rhodopsin is stable 

at physiological pH and temperature, it 

seems unlikely that continued turnover 300 
would occur in animals kept in total dark- 
ness. Our experiments demonstrate, how- 
ever, that this process takes place to a 
marked degree. We recently gave a brief 
account of our findings?. 

Twelve albino male Wistar rats (12 weeks 
old) were dark-adapted for 30 h. Eleven 
were each injected intraperitoneally with 
269 uCi of all-trans retinyl-11,12-*H,-acetate 100 
(1-26 mg) and 117 ug of pL-x-tocopherol in 
1 ml. of 154 mM sodium chloride containing 

15 per cent v/v “ween 80° and 15 per cent 
viv ethanol. The twelfth rat received 426 0 

aCi (2-00 mg; see Fig. 1 legend). All 
operations involved minimal exposure to 
dim red light. Washes 
Some rats were then left in darkness, while 
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Add : Fig. 1. Activity of petroleum ether extracts from the lyophilized eyes of rata injected with 
the rest were placed in eontinuous illumir yA- Pda a 2- 2 He Nr B5 de bee d from the s id washings. Methode are 
: : described in the tex ate kept in darkness; @, rats -xposed to alternating 12 h 
tion for 24 h, followed by alter nating 12 h periods of light and dark. Ordinates represent observed Coun da nt 27 per cent aineionty. 
periods of light and dark. At intervals. One of the three 14 day "dark" rats received a 426 uUi dose. In ee case, the observed 
rate were kille d'indacsktiesscmicionted (the ceps. were multiplied by 0-63 to make them comparable wish the dose level of 260 Ul 
EPRI Benen ee, Re used for the other animals. 
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Fig. 2. Contrasted temporal variation of radioactivity for liver retinol 
and rhodopsin retinaldehyde following injection of retinyl-11,12-°H,- 
acetate, Details are given in the text. A, Liver; x, rhodopsin of 

dark" rats; €, rhodopsin of "light" rats. Counts are observed values 
uncorrected for 27 per cent counting efficiency, Petroleum ether, 
while being an efficient extracting agent for retinol or retinyl ester, is a 
comparatively poor extractant for retinaldehyde, and so after treatment 
of the bleached tissue with petroleum ether further extraction was 
carried out with 2 per cent digitonin. This procedure revealed that the 
counts in this figure refer to only 51 per cent of the total labelled 
retinaldehyde extract by these combined operations. This percentage 

was virtually constant in all cases. 


against retinol deficiency until the rest of the body has 
become severely depleted. 

In light and darkness there may be a common rate 
lmuting step governing the incorporation of tritiated 
material into the rhodopsin chromophore. This cannot be 
isomerization of all-trans to ll.eés retinol or its inter- 
change between pigment epithelium and photoreceptor 
opsin, for the half-time of regeneration is only 0-5 h. 
The boundary between blood and pigment epithelium 
is possibly involved in some way. Young's! recent work 
suggests a mechanism which would account for some of 
our findings. Rod outer segments in rat, mouse and frog 
are apparently constantly renewed by growth from the 
inner segments coupled with balanced attrition at their 
distal ends. Synthesis of new outer segments, where 
rhodopsin is an important structural protein, implies 
synthesis of new rhodopsin molecules. The process 
requires retinaldehyde, which might be obtained from 
"old" rhodopsin (through the pigment epithelium) or 
perhaps from the small store in the retina itself. Some 
of the activity in the first washings of Fig. 1 may be 
attributable to this supply, suggesting rapid uptake of 
3H.retinol. If this were utilized for growth, the activity 
of rhodopsin should level off after about 10 days, the time 
required for complete renewal‘. Although we did not 
sample between 7 and 14 days, our few observations are 
consistent with this time course (Fig. 2). 

We have obtained essentially similar results with the 
freshwater fish Scardinius erythrophthalmus. The process 
has obvious importance in this fish, which can convert 
rhodopsin into porphyropsin in the dark’. 

At the time this paper was submitted for publication, 
Hall, Bok and Bacharach® reported the labelling of the 
opsin moiety of frog rhodopsin after injection of tritiated 
L-leueine and r-phenylalanine, showing that continuous 
visual pigment synthesis in photoreceptors is probably a 
widespread phenomenon. 

We thank F. Hoffmann-La Roche and Dr J. M. Osbond 
of Roche Products, Ltd, for 11,12-*H,-retinyl acetate, and 
Dr E. O. Field and Miss M. Gwyther of the Royal Marsden 
Hospital (Surrey Branch) for assistance with radioaetive 
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Genetic Polymorphism in Natural 
Populations of Avena fatua 
and A. barbata 


Iw a previous paper! estimates of the degree of poly- 
morphism at four marker loci and the between and 
within-family components of quantitative genetic varia- 
tion were reported for several natural populations of 
Avena fatua and A. barbata from a small region of the 
Central Valley of California. These data indicated that 
the two species differed markedly in population structure ; 
populations of A. fatua were highly polymorphie, in 
contrast to monomorphism in A. barbata, and were 
genetically more variable with respeet to the quantitative 
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Fig. 1. Map of California showing phenotypic variation in fifteen repre- 

sentative samples of A. barbata. (Vicinity code: 1, Willits; 2, Hopland; 

3, Oroville; 4, Santa Rosa; 5, Auburn; 6, San Francisco; 7, Santa 

Cruz; 8, Sonora; 9, Monterey; 10, Santa Maria; 11, Sequoia Natl. 

Forest; 12, Los Padres Natl. Forest; 13, Santa Barbara; 14, San 
Fernando; 15, Santa Catalina Island.) 
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traits studied. We report here the results of an extensive 
survey for polymorphisms in Avena populations in Cali- 
fornia. The primary aim of the survey was to obtain 
comparative data on geographical variation in the pat- 
terns of polymorphism in A. fatua and A. barbata and to 
ascertain how such variation relates to climatie variables, 
the relative abundance of the two species, and so on. 

Samples of between 100 and 200 plants were collected 
from nearly 200 sites by taking all plants within a central 
area at each site. All samples were scored for the relative 
proportions of the two species and for four qualitative 
traits, namely, colour of lemma (black or grey; B,b), 
pubescence of the lemma (H,h), and pubescence of leaf 
sheath and node (Ls, ls; Np, np). A tremendous diversity 
of climatic variants is found in the sampled area (see 
ref. 9 for details). For present purposes, however, the 
area can be divided into two chief climatic regions: 
(I) Mediterranean warm summer (average temperature 
of the warmest month above 71-6? F), and (II) Mediter- 
ranean cool summer characteristic of San Francisco Bay 
and its vicinity. It should be noted that the relative 
abundance of Avena species in Northern California differs 
in the two regions. A. barbata is more abundant in region 
II, being favoured by the lower maximum temperatures, 
coastal fog and humidity and the longer growing season, 
while A. fatua is more abundant in region (I)*. Samples 
of A. fatua were clearly polymorphic at most sites. 
Furthermore, at almost all the monomorphic sites (six 
in each region) small samples were involved and a detailed 
survey at some of these sites revealed a low degree of 
polymorphism. In contrast, A. barbata was, in agreement 
with our earlier report, monomorphic in the central 
valley and the bordering eastern and northern foothills 
(region (I) with a single notable exception, a site near 
Auburn which was polymorphic for lemma colour. In 
region (II), however, populations of A. barbata often 
showed a low degree of polymorphism and some highly 
polymorphie sites were sampled in the vicinity of San 
Francisco, San José and Sebastopol. Fig. 1 shows a few 
representative sites to illustrate this marked geographical 
pattern in A. barbata. A polymorphic index, PI, defined 
as qi(l—qi)/n, the product of morph frequencies qi and 
(l—qi) averaged over n characters, was calculated for 
each site. Fig. 2 shows the scatter of PI values along a 
linear scale (0 to 0-25) and shows the wide variation often 
encountered among sites in degree of polymorphism. The 
mean polymorphism indices (PI) over sites (Table 1) 
clearly show that (1) A. fatua is more polymorphic than 
A. barbata in both regions, and (2) within each species, 
mixed stands are less polymorphic than pure stands. 
Further, within region (II), A. barbata shows a greater 
degree of microgeographical differentiation within the 
areas sampled’. 


Seattergram showing the distribution of values of polymorphism index (PI) in the two regions and snectes, 


What factors account for these differenees between 
populations, regions and species? These Avena species 
have broadly overlapping requirements and the niche 
occupied by each species is likely to kave less mixed than 
pure stands because of seleetion &nposed by mutual 
interference, and so our data were taken to indicate that 
(a) the observed polymorphisms are adaptive and (b) dif- 
ferenees in the degree of environmental heterogeneity 
aecount in part for the differences between populations 
and regions in degree of polymorphism. In both regions 
mixed sites are less polymorphie thangpure sites. Further. 
more, both species are more polymorphie in the regions 
where they are more abundant (in terms of both frequency 
and density) and presumably face a spatially more diverse 
environment. Genetic diversity or sopulational homeo- 
stasist, however, is not the only edaptive mechanism 
open to these species. In both, individual homeostasis, 
particularly phenotypic plasticity, i: perhaps the more 
important adaptive mechanism. Furthermore, there is a 
difference between the two Avena species in this regard’: 
A. barbata is phenotypically more psastie than 4. fatua 
and seems to rely more heavily om this mechanism im 
adapting to the diversity of environments encountered 
in nature. This difference may account, in part, for the 
smaller degree of polymorphism anc the greater degree 
of local differentiation observed in <i. barbata. <A. fatua 
is more agrestal, occurring as a weed in relatively more 
disturbed areas, and has greater genevic variation, whereas 
A. barbata oceurs commonly in stavle natural habitats 
and shows a greater amount of local patehiness. Levins’ 
argued that, while in general niche diversity arising from 
spatial and temporal heterogeneity of environments makes 
genetie polymorphism more likely, there might be à 
negative correlation between developraental flexibility and 
polymorphism depending on the differences among the 
optima for different niches. With small differences in 
optima good homeostasis would yield a monomorphic 
optimum, with a patchy geographical slistribution perhaps 
resulting from the pattern of niche «iversity in an area. 
Thus our findings from Avena fatua and A. barbata seem 
to confirm the predictions of Levins’s theory. 

On the basis of our observations therefore it seems 
reasonable to postulate that differences in the geographical 
patterns of polymorphism between A. fatua and A. barbata 
can be attributed to the differences in their adaptive 


(Table 1. MEAN POLYMORPHIC INDEX BASED ON 1066-08 SURVEYS 


. : No. of Ne. of PY (pooled 
Region Species pure PI mixed PI over all 
sites sites sites} 
I A. fatua 33 0.115 E QTE 6-104 
A. barbata 46 u i4 0-004 0001 
IT A. fatua f^ (148 iR 0-086 0-003 
A. barbata Al 0-052 i8 (-041 048 
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strategies and relative abundance. We have undertaken 
further studies on both genetic and ecological variables 
of population dynamies and regulation on several pairs 
of related species oceurring in the California grassland 
community in order to analyse comparatively their genetic 
systems and evolutionary str ategies. 

This work was supported in part by a grant from the 
US Public Health Service. 
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New Genetic Variant of 
6-Phosphogluconate Dehydrogenase in 
Australian Aborigines 


SINCE the original discovery of genetie variation in human 
6-phosphoglueonate dehydrogenase (E.C.1.1.1.44) by 
Fildes and Parr in 1963!, se veral new variants showing 
either eleetrophoretie differences in starch gel or quanti- 
tative variation have been demonstrated’. The variants 
segregate in families in accordance with expectations 
based on control by autosomal codominant alleles, but 
with the exception of the "eommon" variant their 
frequency is very low. The “common” variant of 6. 
phosphogluconate dehydrogenase (6-PGD) represents the 
heterozygous genotype PGDA/PGDC and the frequency of 
the PGD allele is significantly different in populations 
in various parts of the world’, ranging from zero in one 
small group of Central American Indians to 0-152 for 
Bantu in South Africa. Surveys of Caucasians in Europe, 
North America and South Africa give values of the 
PGDE allele ranging from 0-021 to 0-039. 

in a survey of 6-PGD electrophoretic phenotypes 
among Australian aborigines we have recently detected a 
new phenotype. This phenotype is present in many of 
the aboriginal populations sampled in the Northern 
Territory of Australia and the trivial name ^Eleho" is 
proposed after the Island locality in which it was first 
encountered. Family studies suggest that the “Eleho” 
variant has the heterozygote PGD^/PGDEleho genetic 
constitution. 

Haemolysates were prepared from washed cells by 
adding 1 volume of distilled water, and the haemolysates 
were stored at — 20" C until used. Electrophoresis was 
performed in 11 per cent gels of hydrolysed stareh (Con- 
naught Medical Research Laboratories). Electrode 
vessels contained 0-2 M disodium hydrogen phosphate 
adjusted to pH. 7-0 with citric acid, a 1:20 dilution of this 
solution being used for preparation of the gels. A poten- 
tial differenee of 3 V/em was applied for 18 h, the gels 
being held between metal cooling plates in which water at 
about 15^ C was cireulated. The 6-PGD pattern was 
visualized on the horizontally sliced gels using the re- 
action nen of Fildes and Parr’. 

Fig. 1 shows the "Eleho" phe notypes compared with a 
sample of the “Richmond” variant kindly supplied by 
Dr R. G. Davidson, Buffalo, New York. The "Elcho" 
heterozygote has also been compared with another 
presumed ` “Richmond” variant by Dr C. W. Parr, London, 
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Fig. 1. Stareh gel electrophoretic pattern of 6-PGD phenotypes. 
8, AA; b, "Elcho"; ve, “Richmond Buffalo, N NY; d, “Elcho". 
who has confirmed the distinctiveness of the ^Elcho" 


phenotype. 

More than 1,700 samples have been screened from 
localities in the Northern Territory of Australia. Table 1 
gives the 6-PGD phenotype distribution and indicates 
that in addition to the PGDA and PGDE alleles, which are 
present in all the populations studied, PGDElcho is wide- 
spread among populations in the northern part of the 
Territory, but has not been detected so far among aborig- 
ines from the more arid areas of central Australia. Further 
studies on the distribution of the PGD alleles in Australia 
and other parts of south and south-east Asia and the 
Pacific are in progress. 


Table 1, 6 PGD PHENOTYPES IN AUSTRALIAN ABORIGINES 
. No. Phenotypes (No.) Gene frequencies 
Locality tested A A AC CC Elho PGD^ PODO PGDEho 
Arnhem Land 
(a) Elcho Island 621 552*. 47 1 21 0-044 0:039 0-017 
(b) Other places 627 541* 65 3 i8 (09290 0-057 0-014 
Central Australia 5382 4007 40 2 0 0959 8-041 ü 


* [nciudes three phenotypes not typed. 
T Includes one phenotype not typed. 


The present investigation is part of the human adapt- 
ability projeet of the Australian contribution to IBP. 
We thank the director of health in the Northern Ter- 
ritory, Dr W. A. Langsford, for making blood samples 
available to us. 
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Cytokinins and Tuber Initiation in 
the Potato Solanum tuberosum L. 


SEVERAL experiments have implicated the presence of a 
specific stimulus responsible for the initiation of tuber 
formation}, but there are few reports of the effect of cyto- 
kinins on the process?*?. Courduroux* suggested that the 
specific tuber forming substance may be related to cyto- 
kinins but he did not demonstrate à requirement for eyto- 
kinins in tuber induetion. "The interplay of gibberellins 
and endogenous growth inhibitors in the regulation of 
tuber initiation is suggested by the extraction of gibberel- 
lin-like substances from plants and stolons in non-induc- 
tive conditions’. The disappearance of these substances 
and the appearance of inhibitors during the early stages 
of tuberization have also been demonstrated?^. It has 
been elaimed that tuber formation is initiated by high 
concentrations of soluble sugars at the stolon tip*, but 
Lovell and Booth found no correlation between sugar 
level in stolons and tuberization®. Exogenous applications 
of hormones have been confined mostly to foliar sprays 
or application of paste to stems. There is very little 
information on the influence of growth regulators on the 
stolons themselves. We have now demonstrated a require- 
ment for cytokinins in the tuberization of isolated stolons 
in vitro. 

Stiolated sprouts from tubers of Solanum tuberosum 
‘Norgold Russet’ were sterilized for 20 min in 10 per cent 
ealcium hypochlorite solution containing (-0l per cent 
"Tween 20’, rinsed in sterile distilled water for 5 min and, 
in sterile conditions, cut into sections 0-5 em long. For 
uniformity the apical and basal 0-5 em was discarded. 
Seetions were incubated in the dark at 25^ C on 20 ml. of 
Murashige and Skoog medium? contaming 2 per cent 
sucrose. After 2 weeks the axillary buds had elongated 
into stolons 4—5 em long. The apical 2-5 em of uniform 
stolons was removed and cultured on 25 ml. of medium? 
which was autoclaved at 120? C and 15 pounds/inch? pres- 
sure, The incubation medium used for tuber induction 
contained 6-0 per cent sucrose, a concentration which 
previous experiments indicated was optimum for the 
eytokinin response. The eytokmins, 6-furfurylamino- 
purine (KIN), N* benzyladenine (BA) and 6-benzylam- 
ino-9-2-(tetrahydropyran-2-yl)-9H purine (8D8339), were 
filter sterilized and added to autoclaved medium which 
had been cooled to 60° C to prevent thermal degradation. 
Concentrations of 0-25, 2-5 and 25 mg/l. of each compound 
were used. There were ten replicate cultures and the 
experiment was performed twice with the same results. 
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There were indications of tuber fermation (apical swell- 
ing or swelling of lateral buds) after 10 days in cultures 
containing eytokinins (Fig. 1). At 2:5 mg/L, kinetin was 
more effective than the other cytokinins used. KIN 
and SD8339 at all concentrations and BA at 0/25 and 
25 mg/l. induced 80-100 per cert tuber formation in 
30 days, although at 25 mg/l. BA induced only 40 per 
cont tuberization. After 30 days ‘he cultures devoid of 
eytokinins showed no signs of tuber initiation. Tuber- 
ization of the treated, and branebing and elongation of 
the untreated stolons can be seen m Fig. 2. Tubers are 
formed both terminally and laterally on the stolons. 
The presence of lateral tubers was not the result of damage 
to the apical region. In experimeats not included here, 
both lateral and terminal tubers formed on the same 
stolons. i 

Longitudinal sections of stoloms stained with IKI 
showed starch accumulation in the apical region of stolons 
treated with cytokinins, but no appreciable starch accumu- 
lation was found in the controls. Starch accumulation was 
detectable before any visible signs of tuber formation. 
These results suggest that cytokines are required for the 
in vitro tuberization of isolated sto ons. 

Of the numerous physiological effects of evtolinins on 
plant growth and development?-*, the possibility that 
they may be acting by mobilizing metabolites to the loei 
of tuber formation seems very attraetive. Because changes 
in both the quantity and proportion of substrate and 
growth substances at the stolon t@ are likely to be in- 
volved in tuber formation, it is possible that the evtokinins 
may be acting by creating a mesabolic smk. Because 





















active starch and protein synthesis would be required in 
the developing tuber, the mobilizing effect of the cyto 


kinins would make available the substrates essential for 
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these processes. The other possibility is the promotion of 
cell division in the subapieal region with a concomitant 
inhibition of cell elongation!! along the longitudinal axis 
resulting in the tuberous growth observed. 

Other experiments are in progress in an attempt to 
define the precise role of cytokinins in tuber initiation 
in vitro. 
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Relative Quantum Efficiency of 
Photosynthetic Oxygen Production 
in Chloroplasts of Spinach 


ISOLATED chloroplasts retain most of their structural and 
physico-chemical properties. Unpublished experiments 
carried out in this laboratory have shown that the pig- 
ments chlorophyll a and B-earotene are held very close 
together; both are partly removed from the chloroplast 
by mixtures of ethyl alcohol and water. They are removed 
in the same proportions and the intensity of photosynthe- 
sis is determined from the quantities remaining. Chloro- 
phyll b is more soluble than chlorophyll a and the quantity 
left after the treatment is not directly related to the 
intensity of photosynthesis. Reducing system I (6-caro- 
tene-ferredoxin-TPN -TPNH)*-? is also affected by the 
surrounding solution. Specifie quantities of ferredoxin and 
TPNH are removed by water. After careful preparation in 
small volumes of solution, however, so much ferredoxin 
and TPNH is usually left that optimal photosynthesis may 
occur in red light for 5-10 min. An oxidizing system! 
consisting of the cytochromes f, b, and b, is also well 
constructed, but its connexion with chlorophyll (the 
boundary between cytochrome f and chlorophyll) is more 
sensitive, and portions of the cytochrome system are 
frequently removed from the rest of the chloroplast during 
grinding or sonication. The intensity of photosynthesis 
then decreases by a proportional extent. Careful isolation 
in small quantities of liquid leaves most of the chloro- 
plasts untouched and they can then be used for the 
experiments. The most obvious difference between chloro- 
plasts in whole cells and isolated chloroplasts is that the 
isolated chloroplasts produced strongly reduced oxygen. 


Isolated chloroplasts with no additions only occasionally 


produce limited amounts of oxygen. In most cases, 
however, some oxygen is absorbed. It is known that 
isolated chloroplasts are cut off from the metabolic system 
of the cytoplasm and that they do not respire in the dark. 
A fundamental difference between chloroplasts in whole 
cells and isolated chloroplasts is therefore the inability 
or very small capacity of the latter to produce oxygen. 
According to the Hill reaction for intense oxygen produc- 
tion an oxidant has to be added; for example. quinone 
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or potassium ferricyanide, both substances with a 
positive oxidation-reduetion potential. 

What actually happens during the preparation of 
isolated chloroplasts is still not known. It is only possible 
to assume tentatively that the natural or genuine oxidant 
in the system 1s partly removed or in some way blocked. 
It is usually assumed that in the light the active systems 
of the chloroplasts are polarized, that is, they have a seale 
of potentials from very low negative ones (0-4-0-7 V) 
to high positive ones (+083 V) This seale of 
potentials provides the conditions for hydrolysis or 
phytolysis of water, that is, protons are attracted to the 
negative system I (—0-42 V). The enzyme ferredoxin is 
then reduced by photically activated electrons from 
b-carotene. Ferredoxin reduces TPN to TPNH by means 
oF attracted protons from water. An equivalent quantity 
of OH- ions is simultaneously attracted to the positive 
side of the chain (system II) where they are probably 
bound to cytochrome 5,. These hydroxyls are then oxid- 
ized by eytochrome f, which in turn is oxidized by chloro- 
phyll. The reduced chlorophyll may then be expected to 
reduce oxidized carotenoids (xanthophyll, and so on) to 
5-carotene thus completing the cycle. It is tentatively 
assumed that in the plant chloroplast the natural oxidant 
is oxidized carotene and that the exchange between 
chlorophyll and oxidized carotene depends on some factor, 
which is removed or disturbed during preparation. 
Experiments with light from different regions of the spec- 
trum have shown that the added oxidant is oxidized at 
the level of chlorophyll, not at the level of cytochrome f. 
Red light affects system I only slightly so that only a few 
H* ions are attracted. Because of the very low activity 
of 8-carotene in red light the yield of TPNH remains small, 
which means that few OH- ions are attracted by the cyto- 
chrome system, resulting in low production of oxygen. 
Experiments have already shown that in these cireum- 
stances, even in the dark, ‘TPNH reduces the cytochromes 
in à sort of idling reaction that runs independently of 
oxygen production. Consequently, there is internal 
transport of electrons between systems I and II through 
flavoprotein, bringing about a complicated steady state 
between all the enzymes and pigments involved. This 
steady state can be shifted to higher reduction in blue 
light and higher oxidation in red light, 


Table 1. RELATIVE QUANTUM EFFICIENCY IN THE ACTION SPECTRUM OF VISIBLE 
LIGHT DURING 15 MIN OF OXYGEN PRODUCTION IN CHLOROPLAST SUSPENSIONS 
CONTAINING (-08-0-10 MG OF CHLOROPHYLL/MI. 


Anm 400 425 450 475 525 555 575 675 


Observed relative values for quantum 


efficiency (referred to 555 nm = 100) 19 118 73 70 62 100 57 48 
Relative values for quantum efficiency 

for excitation of chlorophyll + 8-caro- ee TES 

tene a1 76 72 GR 62 38 DË 48 
Percentage increase due to cytochromes e= — 42/00 42 — 


Results are the average of those for twenty-eight series. 

The probable error (c) amounts to 24-28 per cent of the quantum efi- 
elency—less than three times the difference between 555 and 575 nm and 
between 425 and 475 nm. 


l have carried out experments using small plastic 
tubes (12x 16 mm) closed by tightly fitting rubber 
stoppers. During illumination, provided by a high inten- 
sity monochromator (Bausch and Lomb) and a xenon 
lamp, the tubes were surrounded by a water bath cooled 
to +2 to +3° C. The oxygen content was estimated by 
rapid polarography! *. (The small drops of mercury have 
no disturbing influence on photosynthesis.) 

To determine the light intensity, l used a belt of silicon 
cells (10 x 20 mm) surrounding the tube, the belt covering 
seven-eighths of the total surface. The light entered 
through one-eighth of the surface. To determine total 
light absorption (direct+ scattered light) values were 
referred to incident light passing through a suspension of 
potato starch (Table 2) in a concentration comparable 
with that of the ehloroplasts. 


Only Perkin-Elmer'$ Model R12 NMR Spectror 
gives you a 21" spectrum every 5 minutes 
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and that is just one of the outstanding features. 
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* Perkin-Elmer NMR means permanent- 
magnet NMR, with its unparalleled stability 
and operating simplicity. Only Perkin-Elmer 
have experience—ten years experience— 
with permanent-magnet NMR. The Model 
R12 uses all of this experience. 
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*** Every five minutes the R12 gives 
you a high resolution spectrum on a large 
chart. Large enough to make accurate 
measurements, see all the detail recorded. 
And only Perkin-Elmer use the Flowchart 
system—60 calibrated self-aligning 
charts per roll, 
XX Consider all the features— 
resolution stability, measurement accuracy, 
flexibility, simplicity of operation. 
Compare it with any other instrument. 
Compare the price, too, 
Find out more about Perkin-Elmer NMR. 
Perkin-Elmer Ltd., Beaconsfield, Bucks. 
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A diagram that illustrates how 
resolution depends on a shallow 
gradient when using isoelectric 
focusing. 
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All with the LKB Ampholine Electrofocusing Equipment. 


If Protein separation is your field then you need to know more about 
the LKB Isoelectric Focusing Technique, which is a high-resolving, 
easily operated, accurate means of separating proteins, in a combined 
density and natural pH gradient, in relation to their isoelectric points. 


You need a difference in pl of only 0.02 units to obtain a separation. 


Enzymes, bacterial toxines, myoglobin, haemoglobin, peptides, 
serum protein and other proteins can all be separated and 
focused in narrow bands at their respective isoelectric points. 
The method also permits accurate determination of 

isoelectric points (characterization). 


Write or phone LKB for full information on Ampholine Electrofocusing 
and itsapplications TODAY. 





A separation of chicken haemoglobin. 
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With a very short exposure (5 min) cell-free chloroplasts 
of spinach, to which potassium ferricyanide had been 
added as an extraneous oxidant, produced oxygen in 
direct proportion to the intensity of the absorbed light. 
This linear relation is independent of the nature of the 
quanta, as long as the Einstein value is equal to or larger 
than 40 kealories. At 700 nm and further into the infra- 
red the relation rapidly drops to low values’. There are 
two notable exceptions from this rule—at 425 nm and 
555 nm (Table 1). The net effect of light is here consider- 
ably greater than the surrounding values, 400 and 450 
nm, and 525 and 575 nm, respectively. It was concluded 
that this deviation of the intensity of oxygen production 
is due to excitation of the cytochromes, primarily cyto- 
chrome f (gamma-bands, at about 425 nm, alpha-bands 
at about 555 nm). This means that the basic excitation of 
the two principal pigments chlorophyll and §-carotene 
does not utilize all the light energy. The rest must then 
be converted to heat if not used for other purposes. At 
425 and 555 nm this superfluous energy can then be 
used to excite cytochromes. The double excitation of 
both donor and aceeptor of electrons increases the inten- 
sity of the process considerably. The difference can be 
verified statistically (Table 1). The participation of a 
cytochrome as a pigment excitable by light has never 
been demonstrated before. This shows that green light 
is more effective in photosynthesis than usually believed. 
Figures for light scattering show that the absorption in 
the green region of the spectrum is surprisingly high 
(Table 2) because of the intensified seattering in 
this trough of the chlorophyll spectrum. This is 
further intensified by the excitability of cytochrome 
in light. The influence of cytochrome as a photoacceptor 
is further shown by experiments involving no addition 
of extraneous oxidant. In these experiments oxygen 
to some extent served as the oxidant, and the wave- 
lengths 425 and 555 nm were favoured. When illuminated, 
the content of oxygen was then diminished compared 
with the normal value. These values should not, of course. 
be confused with those for the so-called light respiration; 
they should rather be added to the values at 555 nm to 
give the actual capacity of the system for producing 
oxygen. If there is a nearly 100 per cent utilization of the 
quantum energy at 425 and 555 nm the loss of absorbed 
energy at other wavelengths, that is absorption by 
chlorophyll and carotene and excitation of these pigments, 
is calculated to be about 60 per cent of the total energy. 
The extra excitation by the cytochromes should then be 
about 40 per cent of the total energy. This is a very high 
figure, particularly with much less cytochrome than 
chlorophyll present. The molar relation is about 1 to 
400 (or 1 to 80 if the bands of b-cytochromes are also 
included). 


Table 2. TOTAL PERCENTAGE ABSORPTION OF THE INCIDENT LIGHT BY A 
CHLOROPLAST SUSPENSION CONTAINING (-08 MG OF CHLOROPHYLL/ML. 


ànm 400 425 450 475 500 525 550 575 600 625 650 675 700 750 
% 81 82 83 80 78 60 48 60 60 67 70 74 45 B 


On the basis of this calculation the conclusions may be 
hypothetical, or at best tentative, but on the other hand, it 
is very difficult to find a better explanation of the observed 
results. It is not so very surprising that cytochrome, in 
spite of its low concentration, has such a dominating influ- 
ence on the production of oxygen, because all electrons 
transferred in oxygen production must, inallcireumstances, 
pass through cytochrome f on the way to chlorophyll. 
The results are also interesting from the point of view of 
the old discussion between Emerson and Warburg as to the 
absolute effectivity of the quanta in photosynthesis*~*, These 
questions cannot be tackled by experiments with cell-free 
isolated chloroplasts because these need an extraneous 
oxidant and oxygen production varies with the quantity 
and quality of this oxidant. It is very difficult to come 
to any conclusion about the minimum number of quanta 





20) 


needed for the process. Experimenis must be carried 
out with whole cells, when difficulties arise such as the 
cooperation or non-cooperation of respiratory processes. 

The investigations were supported by grants from the 
Swedish Natural Science Research Council. 
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Stomatal Closure and Inhibition 
of Transpiration induced by 
(RS)-Abscisic Acid 


(RS)-Apscisic acid! affects several physiological and 
biochemical processes including abscission® 8, senes- 
cence?*, flowering*, dormancy? and enzyme activity®. 
It now is shown that (RS)-abscisic acid induces stomatal 
closure and inhibits transpiration in excised leaves. 

Single excised first leaves of wheat (Triticum vulgare 
Vill.) and barley (Hordeum vulgare L.: with their cut ends 
in small vials containing either solut:ons of (RS)-abscisic 
acid or deionized water were allowed to transpire for 
8 h in the following conditions: light intensity of 
12,000 lux at the leaf surface supplied by a 250 W mercury 
discharge lamp, 24° + 2? C, 25 per cent relative humidity, 
and air movement provided by a low speed oscillating fan. 
Transpiration was measured by weighing the vials and 
their contents, and the values corrected for water loss 
by evaporation. 

The results are presented in Table 1. Low concentrations 
of (RS).abseisie acid inhibited transpiration in both 
species, the effect in wheat being more pronounced in 
14 day old than in 21 day old leaves. After 6 h. silicone 
rubber impressions of wheat and barley leaves were made 
and cellulose acetate imprints of these impressions were 
photographed. Fig. 1 shows stomata of wheat leaves in 
water, the apertures varying from 2 to 3:3 microns wide. 
In contrast, stomatal apertures of leaves treated with 
(RS)-abseisie acid appeared, by the method used, to be 
closed (Fig. 2). Barley stomata showed the same response. 


Table 1. 


TRANSPIRATION OF (RS)-ARSCISIC #£01D-TREATED (ABA) AND 
CONTROL LEAVES 
Age Treatment Transpiration Percentage 
Plant (days) img/em?) of control 

Wheat 14 Water 52.04 HE i00 
Wheat 14 ABA 3-8 « 1075 M 19:1 20-0 87 
Wheat 14 ABA 3:8 x 10-7 M 35-0 + 0:6 8&8 
Wheat 21 Water 55-6 P0 i060 
Wheat 2] ABA 3-8 x 05M 20:2 + 0-6 48 
Wheat 21 ABA 3-8 « {0° M BS + 1-3 71 
Barley 26 Water 50-2 + pg 100 
Barley 26 ABA S xO M 250-0 x 1-0 5i 
Barley 26 ABA 3:8 = 107 M 30-8 * 1-1 1t 


* Standard error, i 
Measurements were made after 8 h on detached leaves with cui ends 
placed in solutions of the (BS)-abscisic acid or water, 


(RS)-Abscisic acid also inhibited transpiration in 
excised leaves of oats (Avena sative L.) and nasturtium 
(Tropaeolum majus L.). Stomata! apertures of these 
plants were not investigated. 
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Fig.1l. Stomata of excised wheat leaves treated with water. ( x e. 150.) 


Fig. 2. 


Stomata of excised wheat leaves treated with 3:8» 10° M 
(RS)-abscisic acid. (x c. 180.) 


Other plant growth substances have been reported to 
influence stomatal apertures and transpiration rates" ^ 
Because (RS)-abseisie acid has been shown to interact with 
other plant growth substances in different physiological 
processes?-*9.1*, a preliminary investigation was made of 
kinetin-(RS)-abscisic acid interactions in transpiration. 
Exeised leaves of 15 day old wheat leaves were tested 
in the above conditions but at 28? + 2° C. The results pre- 
sented in Table 2 show that the inhibitory effect of 1-9 
x10- M (RS)abseisie acid reduced, but did not com- 
pletely suppress, the stimulation of transpiration caused 
by 2:5x 10°° M kinetin. Other concentrations were not 
tested. 


EFFECT OF ( RS)-ABSCISIO ACID AND KINETIN (K) ON TRANSPIRATION 
OF EXCISED WHEAT LEAVES 


Table 2. 


Transpiration Percentage 


Treatment (mg/em*) of control 
Water 71:1 + 1:43* 100 
K2:5x10*M 87:4 - 1:7 123 
ABA r:0x 10* M 28:5 - 1:5 40 
K 25 « 10° M+ 33:2 +01 Y 


ABA 1-9x 10° M 


* Standard error. 


Although exogenously supplied plant growth sub- 
stances ean affect stomatal apertures and transpiration 
rates, there is no evidence yet available indicating that 
concentrations of endogenous hormones may influence 
these processes. It is not known whether (RS)-abseisie 
acid has any influence on the transpiration of whole plants. 
Bowen and Hoad!! have shown that there is an increase 
in amount of (S)-abscisie acid in the phloem and xylem 
saps as willow plants enter dormancy. They consider this 
to be a consequence of increased synthesis within the 
leaves, accentuated by a reduced total volume of sap 
flow in the transpiration stream. A study of endogenous 
concentrations of (S)-abseisic acid concurrently with 
measurements of transpiration rates and stomatal aper- 
tures in senescing plants the leaves of which do not 
fall would therefore be of considerable interest. 

We thank Dr J. W. Cornforth for a sample of (RS)- 
abscisic acid and Mr E. W. Hollywood for taking the 
photomicrographs. ‘This research was carried out while 
C. J. M. was in receipt of a senior postgraduate wheat 
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Research Council. 
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Role of the Tapetum in the 
Development of Tradescantia Pollen 


WE feel obliged to comment on Godwin's! eriticism of our 
recent article? on exine formation and the role of the 
tapetum in Tradescantia bracteata, and we take his points 
in order. We reiterate our claim that the bulk of the exine 
develops at an early stage in our plant. At the time of 
dissolution of the tetrad the ektexine appears to be fully 
developed, the baculae have attained maximum height 
and both apertural and non-apertural regions are dif- 
ferentiated (Fig. 1). Furthermore, the endexine is thicker 
at this stage than at maturity by which time it has 
stretched and may have become discontinuous. Our 
observation of the early development of exine within the 
tetrad should not be difficult to reconcile with observa- 
tions made by other workers on other plants*?, We ean 





t Part of n tetrad at the time of dissolution of the callose walls, 
Elements of the tapetal periplasmodium (TP) are infiltrating the region 


Fig. 1. 


between two microspores as the callose wall (C) is degraded. 'The peri- 

pheral callose wall has already been lost. Note the well developed 

exine (E) and apertural exine MESE (Uranyl acetate/lead citrate, 
x 7, )! 
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see no @ priori reason why it should be assumed that the 
timing of exine development is identical in all plants. 
Godwin seems to accept the view that the callose walls 
of the tetrad are impermeable to exine precursors. and 
states®, in referring to "'primexine" within the callose 
wall: “There seems no reason to suppose that even at this 
stage the exine elements are not made of sporopollenin 
although this implies that the precursors are derived at 
this stage from the microspore and not from the tapetum”. 
We are describing just such a system but with the dif- 
ference that the bulk of the exine 1s produced in this way 
and not just the primexine. 

We accept that sporopollenin precursors may in some 
plants pass from the tapetum to the pollen cells, but we 
find no evidence in Tradescantia that the tapetum is 
producing or transporting such precursors. It is significant 
in this connexion that we have observed the production 
of lipid globules, bounded by membranes in the periplasmo- 
dium of Tradescantia after the microspores are released 
from the tetrads. These globules are extruded from 
plastids into the periplasmodial cytoplasm, but do not 
develop exinous coats, that is, they do not become Ubisch 
bodies (discussed in ref. 1). This seems to indicate either 
that sporopollenin precursors are not free in the periplas- 
modium of our plant or that the enzymes necessary for 
their polymerization are not present at the surfaces of the 
lipid globules. 

As to the suggestion that we "associate exine thickening 
with processes involving the intine”, we have simply 
reported evidence in Tradescantia for residual production 
of fibrillar exine on the inside of the endexine after 
secretion of the intine has begun. 

With regard to the interpretation of Figs. 1 and 2 of 
our previous article? we should like to draw attention to 
the legends attached to these figures which make it clear 
that the two preparations are stained differently. After 
the glutaraldehyde/osmie fixation procedure used, the 
exine in Tradescantia is rendered electron dense only by 
the uranium moiety of the uranyl acetate/lead citrate 
double stain. Omission of the uranium salt leaves the 
exine electron lucent so that it may be distinguished 
from lipid material which becomes electron dense after 
single lead citrate treatment, as in our previous Fig. 2 
(ref. 2). Godwin's suggestion that this figure shows a 
tangential section through exine at a different level from 
our previous Fig. 1 (ref. 2) is incorrect. Our previous Fig. 2 
is in fact an enlargement of the indicated part of Fig. 2 





Fig. 2. Wallof mature pollen gr: in K ait in slightly oblique radial section 

with the fleld of our previous Fig. 2 approximately demarked, showing 

exine (E), lipid exudate (L) and intine (D. Note channel through the 

endexine (arrowed) containing lipid exndate with one of the electron 
lucent structures. (Lead citrate only, x 32,000.) 
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Fig. 3. a, Radial seetion through part of tbe wall of an aborted pollen 

grain shed at anthesis. Note absence of the inume e virtual absenoe of 

electron denselipids. (E) Exine. (Lead citrateonly, x 36,000.) 6, Wall 

of mature pollen grain cut in slightly oblique : "adial section, showing & 

stage in the exudation of lipids, (E) Exine. (3X9 Lipids between baculae. 

(1) Intine. Lipid globules in the evtoplasm aremarked with an asterisk. 
(Lead citrate oniy, x 40,0905 


of this article which shows it to be a shghtly oblique 
radial section through the pollen wal. 

We are aware of the reports of tae deposition of pig- 
mented matter on the surface of pellen grains. In our 
material when the periplasmodium is finally deposited on 
the pollen surfaces just before antbesis? it does contain 
lipid material, but this can be distinguished from the 
lipid exudate shown in our figures. Our statement that 
this lipid is exuded from the pollen is based on the observa- 
tion in electron micrographs of all stages of its passage 
through the pollen wall. Furthermere, little or no lipid 
is found between baculae of aborted pollen at anthesis, 
Fig. 3a, whereas in functional pollen considerable accumu- 
lation of lipid can be seen, Figs. 2 and 3b. 

The electron lucent structures seer in this hpid exudate 
do not resemble structures deserioed by Dunbar? in 
Plumbago, as suggested by Godwin. ‘The significant feature 
of the structures we have observed is that they pass 
through the endexine into the inte, and may be in 
continuity with the endoplasmic reticulum of the pollen 
cell. 

Pending a full account of our ewdence that develop- 
ment of the periplasmodium is not parely degenerative in 
Tradescantia, we make the followmg points. (1) The 
microspores are contained in a plasmodium which reveals 
an organized membrane systern and which becornes pro- 
gressively more vacuolated as the level of hydration rises 
during inerease in anther volume, suggesting a normal 
7 E of joe i poe AA ile, T he P pea 


the previous 5-6 Te yos thst pex us of the 
periplasmodium are not only functional but can change 
their synthetic activity. (3) The naclei of the periplas- 
modium show no sign of degeneration, at the electron 
ibd te level, until late in pollen development. (4) 

Cytophotometric determinations of she DNA content of 
periplasmodial nuclei so far carriec out by us suggest 
that their DNA level does not fall until well after the 
period of DNA synthesis preceding mitosis in the pollen. 
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Tapetal nuclei do not therefore provide “a substrate 
reserve" for at least this phase of pollen DNA synthesis. 
Al this evidence supports our view that formation of the 
periplasmodium is not a purely degenerative process. 
Clearly the periplasmodium has an important function in 
transporting nutrients to the pollen during its develop- 
inent, and it may well exercise a selective influence over 
this transport. 


R. H. MEPHAM 
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Department of Botany, 
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Isolation, Identification and Function 
of the Chief Component of the Male 
Tarsal Scent in Black-tailed Deer 


THE tarsal organ of deer of the genus Odocoileus is located 
medially on the ankle (Fig. 1) and consists of sebaceous 
and apocrine sudoriferous glands as well as greatly en- 
larged arrector pili smooth musele bundles!, which effect 
the ereetion of a long tuft of bright, stiff hairs. The hairs 
in the centre of the tuft are covered with a lipid film 
carrying the scent. The glands and urine are the possible 
sources of the tarsal scent. Tarsal organs are found only 
in tele-metacarpal deer (Odocoileinae); that is, in the 
New World genera Odocoileus, Blastocerus and Mazama, 
and in the Holarctic genera Alces and Rangifer*. 

Until recently, the function of the tarsal organ had 
rernained obseure. In a study of the behaviour of the 
black-tailed deer (Odocotleus hemionus columbianus), we 
found the tarsal scent to be of central importance in 
social behaviour?, Members of an established herd check 





Pim. i. 

a person. The posture includes lowering the head, laying back the ears, 

“pening the antorbital gland, nmng the fur, raising the tail, erecting and 

rhythmically moving the tarsal hair tuft and snorting. Often this pos- 
ture is followed by rub-urinating. 


2 year old captive buck in rut assuming the threat posture toward 
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Fig. 2 


A ? month old female sniffs the right tarsal organ of a 5 
old maie. 


month 


each other's tarsal tuft occasionally (during the daytime 
once or twice an hour for each individual; at night up to 
six times) with no consequences (Fig. 2). When a strange 
female approaches the herd during the day, the frequency 
of smelling the tarsal tufts increases to 3-4 times an hour 
for each individual, and in the case of a strange male to 
6-16 times; in an extreme case the rate was 42 times 
per hour per individual. Smelling the tarsal tuft is the 
first stage of aggressive behaviour. Only strange in- 
dividuals are pursued and attacked after checking of 
one tarsal tuft. The newcomer never checked the tarsal 
tufts of any of the established deer. Fawns recognize 
their mother by sniffing her tarsal or gan. In adult bucks, 
the erection and rhythmical movements of the tarsal 
hair tuft and exposure of its scent are part of the threat 
posture (Fig. 1). In addition, when threatening each 
other, bucks often urinate on the tarsal tufts and rub them 
together simultaneously. Twelve hand-raised fawns "rub- 


urinated” frequently after sudden separation from the 
caretaker (‘chemical distress signal). 


Tarsal organs from male black-tailed deer that had been 
shot in Monterey County, California, during the first 
week of August were excised and the hair tuft was rinsed 
with petroleum ether (307-60? C). The extract, after 
solvent removal, was distilled in à short-path apparatus 
at 0-05 mm of mercury at a bath temperature of 80 — 
100° C, Fig. 3 shows £y ‘pical chromatograms of the distil- 
late obtained from buck and doe tarsal hair tufts. In the 
tarsal seent of the adult buck, the ratio of peak 66 (the 
major component) to peak 26 is characteristically about 
3:1. In the tarsal scent of the doe, in which the major 
component Is Represented by peak 26, the ratio of peak 66 
to peak 26 is about 1: 

The major Du of the buck tarsal scent was 
isolated by preparative gas chromatography (15 per cent 
‘Carbowax 20 M' on ‘Chromosorb W 60/807, 1-5 m x 2-4 
mm I.D. stainless steel, 200? C, 35 em? N,/min, retention 
time 11-2 min; fraction recut on 10 per cent QF.1 on 
‘Chromosorb W 60/80’, L5 mx2:4 mm I.D. stainless 
steel, 185? C, 25 em? N,/min, retention time 10 min). A 
single buck organ yielded 10-80 ug; approximately 30 ug 
was isolated for identifieation. 

An infrared spectrum (CCl) showed a C=O band at 
5-63u and a C—O band at 8-53u, highly suggestive of a 
five-membered lactone ring. The infrared sample was 
recovered by gas chrornatography (4 per cent ‘Carbowax 
20 AP on “Chromosorb G 60/80, 1:5 mx2-4 mm ID. 
stainless steel, 200° C, 30 em? He/min, retention time 
7-5 min). A 5 ug sample was trapped in a glass capillary 
for mass spectrometry, a 3 ug sample for hydrogeno- 
Iysis** and a 2 ug sample for ozonolysis’, 
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Fig. 3. 
distillate. Abscissa: retention time in minutes. The peak numbers, 66 
and 26, represent retention times relative to that of civetone (that is, 66 
and 26 per cent), Column: 1-5 mx 2-4 mm I.D. 15 per cent FFAP on 


Gas chromatograms of buck (top) and doe (bottom) tarsal scent 


‘Chromosorb’ IF 68/80 at 203? C. N, flow rate 35 cm3/min. Detector: 
flame ionization, 245° C; injector: 265? C. 1a,b; 2a, 6: fractions used 
in behaviour tests. 


The mass spectrum showed an M* peak at m/e 196, and 
a base peak at m/e 85. The molecular formula was there- 
fore C,,H,,0,, and the structure was 





The side chain, straight or branched, must contain either 
a double bond or a ring. 

The 3 ug sample was introduced into the hydrogenolysis 
tube from the sealed glass capillary’ (1 per cent Pd on 
'Gas-Chrom P 60/80’, in a 24-1 em x 4-8 mm I.D. stainless 
steel tube, 250? C, 25 em? H,/min). The hydroearbon 
products were separated on 5 per cent SE 30 on ‘Chromo- 
sorb W 60/80’, 6 mx 2 mm I.D. aluminium tubing, tem- 
perature programmed at 10^/min from 40? C. Two peaks 
in the ratio of 1 : 4 were obtained. The compound respon- 
sible for the minor peak (retention time 10-1 min) was 
identified by mass spectrometry as n-undecane. The 
major produet (11-7 min) was lost, but was presumed to 
be n-dodecane because hydrogenolysis of esters gives the 
parent hydrocarbon and the next lower homologue‘. The 
y-lactone therefore has a straight side chain. 
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Ozonolysis of the 2 ug sample was carried out in 15 ul. 
of CS, at —78^ C. The solution was flushed with N, 
treated with ~ 1 mg of triphenylphesphine, and injected 
into a gas chromatograph column (4 per cent ‘Carbowax 
20 M’ on ‘Chromosorb G 60/80, 6 mx 4-7 mm LD. 
to 200? C). The product was identified as hexanal bv 
comparison of the retention time (12:5 min) with those of 
a series of aliphatic aldehydes. The other cleavage 
product, presumably an aldehyde—lactone, did not elute 
in these conditions. 

A cis-configuration of the double bond was assumed 
because the infrared spectrum showed no band at ~ 10:44. 
The compound is therefore cis-4-hywdroxydodee-6.enoic 
acid lactone 


CH.—CH, 


H H | | 
CH,(CH,),C=CCH,—CH C 
Nee 


Comparison of the infrared spectrum. the mass spectrum 
and retention times on gas chromategraphy (SE 30 and 
FFAP) with those of an authentic semple? confirmed the 
postulated structure. (The unsatarated lactone was 
isolated from butterfat in the Viaarlingen Laboratories 
of Unilever’, and we thank this greup for a sample of 
synthesized compound.) 

Preliminary studies indicate that the y-lactone functions 
as part of a complex stimulus patterr. Additional studies 
wil probably establish that pheremone responses in 
mammals usually result from complex stimuli. This would 
be a rational consequence of the extreme development of 
the mammalian olfactory sense orgar. 

The chemistry of complex stimuli has been elucidated 
for two insects*-!; the phenomena of multiple com- 
ponents, synergism and masking sees common to many 
insects. Similar studies on mammalian pheromones are 
lacking. 

This work was supported by a US National Science 
Foundation grant. Christine Müller-Sehwarze raised the 
experimental animals and assisted im all field testa, Dr 
Wiliam Longhurst provided animal facilities at the 
University of California Hopland Field Station. The 
California Department of Fish and Game provided the 
experimental animals and faciliteted the collecting 
of scent glands. 
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Genetic Heterogeneity of Cloned 
Animal Virus Preparations 


THe procedure used to purify genetically a virus 
preparation does not guarantee the homogeneity of the 
derived population!. Genetic purity can be defined by 
markers characteristic of a given virus. During studies 
of the selective effects of cloned and uncloned lines of 
human epithelial cells on a relatively non-cytopathic strain 
of type 2 poliovirus, MEF,*", efforts to obtain genetically 
pure virus stocks failed. We describe here a study 
undertaken to explain this failure. 

A seed stock of virus was prepared in cultures of 
eynomolgus monkey kidney cells. This virus produced a 
trimodal distribution of plaque size? when plated on 
HeLa-Gey cells, subline GHJ*. After staining with 
Wright’s stain®, plaques were classified as large, 5-04 0:8 
mm; small, L3+04 mm; or intermediate, 2-6+ 0-5 mm. 
To confirm the visual identification, plaque sizes were 
measured and analysed by the F ratio and Student t 


tests. Differences in plaque size were highly significant 
(P<0-001). Genetic purification of the large and 


small plaque types was attempted using the terminal 
dilution and plaque techniques. 

Monolayers of uncloned HeLa-GHJ cells were used for 
plaque assays. The media and methods of cell culture 
were reported‘. Virus was diluted (between none and five 
plaques a bottle) and plated as described before’. After 
attachment, the inoculum was discarded. Cells were 
washed twice and covered with 1 ml. of diluent and 4 ml. 
of overlay medium. After incubation (4 days at 37° C), 
an agar plug was removed from an isolated plaque with 
a bent-tip capillary pipette. The virus was dispersed, 
diluted and replated. Each plaque type was purified 
four or more times. Working stocks of plaque isolates 
were also prepared in HeLa-GHJ cells. Virus titres and 
the distributions of variants were calculated from total 
eounts of 150-250 plaques on three replicate cultures 
in each of two experiments. This method detected 0-4- 
0-7 per cent of contaminant plaques. 


Table 1. DISTRIBUTION OF PLAQUE TYPES DURING GENETIC PURIFICATION 


FOR THE LARGE VARIANT 
Per cent distribution of plaque 


Source of virus PFU/mI.* variants 
Inter- 

Small mediate Large 
Seed stock t 39 x 10+ 70 160 20 
Purification 1 6 x 10* 33 Ü 07 
Purification 2 & x 108 15 12:5 12:5 
Purification 3 4:8 x 10* 21 10 090 
Purification 4 5-8 x 105 Ag 19 22 
Purified working stock į 10-2 x 10* Rg 10 2 


* Titrated in HeLa-GHJ cells. 
* Prepared in cynomolgus monkey renal cells. — TS 
t Prepared from virus at the third level of genetie purification. 
Table ?. DISTRIBUTION OF PLAQUE TYPES DURING GENETIC PURIFICATION 
FOR THE SMALL VARIANT 


Per cent distribution of plaque variants 


Souree of virus pru/ml.* Small Intermediate Large 
Seed stock f 29 x 104 70 10 20 
Purification 4 11x 10* 68 0 32 
Purification 5 35 x 10? 61 21 1s 


* Titrated in HeLa-GHJ cells. 
* Prepared in cynomolgus monkey renal cella. 


No consistent purifieation was achieved for the large 
plaque type (Table 1). Working stocks, prepared from 
cloned virus enriched for the large variant (plaque passage 
3), were as impure as the seed stock. Results were 
similar with the small plaque type (Table 2). Isolates 
from bottles containing only one plaque were also impure. 
Other studies have indicated that the cell types in 
established human cell lines influence the genetic com- 
position of virus populations grown in these lines*, Such 
findings suggest that the difficulties in isolating pure lines 
of virus result from the use of uncloned cells for plaque 
purification. Accordingly, cloned lines of human epithelial 
cells were used to purify the variants; that is, Chang-liver- 
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CS (CH-CS); Chang-liver-CL (CH-CL); HeLa 53-CS 
(S3-CS);; HeLa-Gey-CS (HG-CS); and HeLa-Gey-CL 
(HG-CL)*^. 

Seed virus was purified once for the small plaque type 
in S3-CS cells. The isolate was plated on HeLa-GHJ cells 
(uncloned) to test its purity. Only the small plaque type 
was detected (Table 3). A working stock of this small 
variant, prepared in HeLa-GHJ cells, also was pure. 
This step eliminated the possibility of phenotypic modi- 
fication through cloning of virus in S3-CS cells. ‘The 
large variant, however, could not be purified in 53-CS, 
HG-CS or HG-CL cells. Clones CH-CS and CH-CL were 
too insensitive to use for isolation of either plaque type. 


Table 8. GENETIC PURIFICATION OF THE SMALL VARIANT IN HELA 53 CELLS, 


CLONE-CS 

z mF Per cent distribution of variants 

Source of virus ErUfml.* Small Intermediate Large 
Seed stock 80 x 104 70 10 20 
Sit — 18 x 10? 100 0 0 
Working stock of S1 

prepared in HeLa- 

GHJ cells 25 x 104 100 ü ü 


* Titrated in HeLa-GHJ cells. 
+ First purification of the small variant in HeLa-83-CS cells. 


The results illustrate an additional limitation in cloning 
procedures used for the genetic purification of viruses. 
Besides the mechanical problems involved!, the use of 
uncloned cell populations, or "cloned" cell lines of un- 
specified purity, may also contribute to the genetic 
impurity of the derived virus. Our results suggest that 
the types of cells within a plaque influence the composition 
of a cloned virus population. 

The failure to obtain pure large virus preparations 
may be related to the genetic instability of this variant. 
Genetic instability of a cloned  virus*? must be 
distinguished, however, from genetic heterogencity related 
to other faetors!?. 

This work was supported by grants from the US 
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Inhibition of Rhinovirus by Isatin 
Thiosemicarbazone Analogues 


Isarin 3-thiosemicarbazone is known to have antivira. 
activity against certain poxviruses'?. The antiviral spec. 
trum of l-methylisatin 3-thiosemicarbazone, which re 
portedly extends to adenoviruses, may be rather broadej 
but is still limited to several groups of DNA viruses?*?. IL 
was therefore an unexpected finding that these com 
pounds are also active against certain rhinoviruses. A: 
a result, related heterocyclic compounds were tested o 
which several examples are shown here; two (D and E 
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were found to have activity against all rhinovirus strains Table 1. 


used so far. 
The following compounds were tested: 


S 
SN | 


CN—NH—C—NH, 


f 
|.) | 
ES i On 





(A) R=H; isatin 3-thiosemicarbazone; 
(B) R=CH,; l1-methylisatin 3-thiosemicarbazone; 


"4 E ÁN e 

( poy X 
NN N, A Ns 7 
AA Nn An a 


(C) 3,10-Dimethyl-10 H-s-triazolo[4’,3’ : 2,3]-as-triazino- 
[5,6-b ]indole; 


SN LN S 
f x ES 
fF r-—Y m5 

I 


| | 
E 3 Po uU RUE 


| 
CH, 
(D) EH; 3.[(5-methyl-5H-as-triazino[5,6-b]indol-3- 
ylamino]j-1-propanol; 
(E) Rz CH;; 2-methyl-4-[(5-methyl-5H-as-triazino[5,6- 
b]indol-3-yl)amino ]-2-butanol. 


-NH-—CH,-— CH,—C(R),—0OH 


A and B were purchased from Nutritional Biochemicals 
Corp., and the other compounds were synthesized at Allen 
and Hanburys Ltd. Rhinoviruses 2060 and 33342 were 
obtained from the American type culture collection; 
strain 1059 from K. M. Johnson, and strain HGP from 
D. A. J. Tyrrell. Cell cultures were purchased from the 
Baltimore Biological Laboratory. The same medium was 
used for virus dilution and maintenance of cultures: it 
consisted of Eagle’s minimum essential medium (1:4 g/l. 
of NaHCO,), Eagle’s non-essential amino-acids, 10 per 
cent heated foetal calf serum, 100 ug/ml. of neomycin, 
100 v/ml. of penicillin G, and 100 ug/ml. of streptomycin 
sulphate. 

A sample (0:5 ml.) of medium containing approximately 
4 TCID; of virus was added to tube cultures of human 
embryonic lung cells, strain WI-26 or WI-38. The cultures 
were incubated at 34^ C in a roller drum operating at 
12 r.p.h. Unadsorbed virus was removed after 1 h, and 
then 1 ml. of medium containing serial five-fold dilutions 
of compound was added. Cultures were rolled at 34? C for 
6 days and then examined microscopically for viral cyto- 
pathie effect. At least two experiments involving a 
total of six or more cultures for each compound concen- 
tration were used. A similar number of uninfected 
cultures were used to establish tolerance levels of the 
compounds. Between four and ten infeeted, but untreated, 
cultures were used for reference in each experiment. The 
highest concentration of compound permitting normal cell 
maintenance was designated the well-tolerated dose, 
producing 50 per cent or greater mean reduction in viral 
eytopathie effect as before. Because these compounds were 
not completely soluble in aqueous medium, at least in the 
higher concentrations used, precise quantitation must 
await analytical analysis of each solution. Results are 
summarized in Table 1. 

Rhinovirus strains differed in sensitivity to the com- 
pounds used. Strain 1059, with type H host range?, was 
inhibited by all five compounds; but 2060 with charac- 
teristics of the M host range? was resistant to all but 
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INHIBITION OF RHINOVIRUS CYTOPATHIO ACTION BY ANALOGUES 
OF ISATIN THIOSEMICARBHAZONE 


MIC? ug/ml. of virus strain 
Compound  WTD* 1059 33349 2060 HGP 
A 32 20 NAT NA NA 
L 40 il 21 NA 22. 
e 42 á H NA NA 
D 159 50 13 50 63 
E 252 40 20 50 50 


* Maximum well tolerated dose (geometric mean) 
t Minimal inhibitory concentration (geometric mean). 
i No activity at well tolerated dose (WT DO. 


compounds D and E. The spectrum of activity of A was 
limited to one strain, whereas D and E inhibited all four 
strains tested. One compound (B) inhibited both type H 
strains (1059 and 33342) but only one type M virus 
(strain HGP), whereas C inhibited only the H types. 
Sensitivity studies with further rhinoviruses may reinforce 
the existing H and M differentiation or reveal relation- 
ships in this group that have not been recognized by other 
means. Qualitative tests have shown that each of these 
compounds inhibits plaque development with vaccinia in 
monolayers of chick embryo cells. Whether or not the 
rhinovirus and vaccinia activities have a common raech- 
anistic basis remains to be determined. All five eoma- 
pounds are effective against rhino and vaceinia viruses 
when added after virus adsorption to cell culture systems 
which depend on multiple cycles of virus replication 
before the effect is determined. In addition, inhibitory 
concentrations of compounds D and E are neither virucidal 
for the four rhinoviruses used, nor do they influence 
adsorption of HGP to WI.38 cells as determined by 
plaquing techniques. No further information is available 
about the time or nature of the action of the compounds. 
The potential clinical utility of the more broadly aetive 
heterocyclic compounds is being investigated. 
We thank C. K. Clark, E. E. Force, B. D. Margolis and 
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Effect of Antilymphocyte Serum 
on Parameters of Growth of 
MCA-induced Tumours 


A PREVIOUS study has shown that the administration of 
antilymphocyte serum (ALS) resulted in augmentation 
of "takes", growth and metastases of transplanted mouse 
mammary tumours in their syngeneic C3HeB/FeJ 
hosts'. The mechanism concerned with this effeet was 
not indisputably evident, although it seemed likely that 
it was related to the lymphopenic and/or other immuno- 
suppressive activity of ALS. Although tumour specific 
transplantation antigens (TSTA) have been demonstrated 
recently in "spontaneous" mammary tumours of C3H 
mice, there is some evidence that TSTA in such neoplasms 
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are "weak *. Because of this, we thought it worth while 


to explore the effects of ALS on parameters of tumour 


growth of MCA-induced tumours in which TSTA and 
immunological mechanisms are more firmly established. 

Carcinosarcomas appeared in the axilla of Lewis rats 
(of pure line and syngeneic) approximately 3 months 


after subeutaneous injection of MCA (10 mg in 0-5 ml. of 


sesame oil) in the ipsilateral flank. Uniform plugs of these 
tumours were obtained with a 13 gauge needle and 0-5 
mm lengths were transplanted subeutaneously into the 
lower left hind leg of Lewis recipients. These were 
treated daily with intraperitoneal injeetions of 2 ml. of 
anti-Lewis lymphocyte serum or normal rabbit serum 
(NRS) from the time of tumour transplantation until the 
rats were killed 4 weeks later. ALS was prepared in 
New Zealand white rabbits utilizing lymphocytes from 
lymph nodes and thymus of Lewis donors according to 
methods described earlier”. — Leuco-agglutination: titres 
of all ALS used were greater than ] : 64. 

In all animals receiving ALS there was a deerease in 
total circulating lymphocytes (Fig. 1). | Peripheral 
lymph nodes, thymus, spleen and Peyer's patches of 
ileum looked histologically similar in ALS and NRS- 
treated animals. 

Eighty-eight per cent of rats treated with ALS devel- 
oped tumours within 4 weeks, whereas only 66 per cent 
of controls treated with NRS developed tumours this 
time. As Fig. 2 shows. these first generation tumour 
transplants appeared earlier in the rats treated with ALS 
(9-54 3-5 days as opposed to 16-6+5-0 days in controls: 
P<0-01). The size of the tumours was greater at the 
time of death in rats treated with ALS, measuring 19 mm 
(range 10-34 mm) but only 13 mm (range 8-20 mm) in 
the controls. Also, 44 per cent of the animals treated 
with ALS developed tumour nodules within the omentum 
and mesentery whereas metastases were not encountered 
in any of the controls. 

The results of this study indicate that treatment with 
ALS enhances the incidence, growth and metastases of 
first generation transplants of MCA-induced tumours in 
their syngeneic hosts. These effeets look similar to those 
found before with a tumour system purported to possess 
weaker antigenic properties'. The mechanism of such an 
augmentation of tumour growth and metastases as well 
as enhanced survival of allogeneic grafts and transplants 
after treatment with ALS remains to be elucidated. 
The enhaneement of parameters of tumour growth that 
we have demonstrated after treatment with ALS might 
be related to the lymphopenia produced by this agent. 
Such an interpretation would be in accord with results of 
experiments which indicate a role of cell mediated immune 
responses in tumour growth and tissue and organ trans- 
plantation. Alternatively, ALS may have a direct 


15 





Total counts x 10* 


"TTD Liuius [v] 
[e] PTTIIILI idis 


ih 8 days 
Time of ALS therapy 


Fig. 1. Effect of ALS on total leucocyte and lymphocyte counts in Lewis 

rata. (—O—) White blood cells of controls; (—({})—) lymphocytes of 

controls: (-- O --) white blood cells of rata treated with ALS; (-- [ 1--) 
lymphocytes of rats treated with ALS. 
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Occurrence of MC A-induced tumour transplants in fifteen rats 
treated with ALS (—) and fifteen control rats ( - - - ). 


Fig. 2. 


effect on tumour cells although histological differences 
in the tumour transplants of treated and control rats 
were not apparent. 
Kpwin R. FISHER 
OSAMA NOLIMAN 
BERNARD FISHER 
Departments of Pathology and Surgery, 
University of Pittsburgh School of Medicine, 
Pennsylvania. 
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Nucleopores and Polyribosome 
Formation 


WHILE carrying out electron microscope studies of pollen 
development in Tradescantia bracteata we have made 
observations from sections of glutaraldehyde/osmic fixed 
material which seem relevant to the problem of the 
mechanism of release of ribosomes from the nucleus. 
Typical nucleopores occur in the nuclei of both pollen 
cells and the tapetal periplasmodium, their frequency 
varying according to the stage of development. Nuclei of 
young microspores have few nucleopores, but their inci- 





Perpendicular section through nuclear envelope of a young 
Tradescantia microspore showing two nucleopores, one containing three 


Fig. 1. 


and one containing two tiers of particles. ( x 65,000.) 
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denee inereases steadily until just before pollen grain 
mitosis. After mitosis we could see few nucleopores in 
the generative nucleus, while in the vegetative nucleus 
pores are at first plentiful, but then diminish in numbers 
towards anthesis. In nuclei of the tapetal periplasmodium, 
on the other hand, the frequency of nucleopores does not 
fluctuate greatly; they are common throughout develop- 
ment and may be seen until as late as 36 h before anthesis. 

Where the nuclear envelope is cut perpendicularly, 
nucleopores are seen to contain rows of particles of about 
the same size as ribosomes. The number of tiers of particles 
in the pores varies from one to three, the perinuclear 
space surrounding the pore being more swollen the more 
tiers there are present (Fig. 1). If the nuclear surface is 
eut tangentially the membranes of the nuclear envelope 
are obscured. but the rows of particles appear as annuli 
similar to those described in animal tissues!-? (Fig. 2a). 
Tilting the microscope stage confirms that these annuli 
are indeed the same structures as the rows of particles, 
and shows that some of the annular structures are situated 
in the cytoplasm just outside the nucleus in close proximity 
to spiral groups of ribosomes like those that have been 
widely interpreted as polyribosomes in other material (for 
example, see Jensen and Park‘, Fig. 8-3). The appearance 
of the annuli in Tradescantia agrees in essentials with other 


published deseriptions* in that they appear as a ring of 


some eight to ten small particulate structures surrounding 
a central structure of similar dimensions and appearance. 


Fig. 2. 
Tradescantia microspore showing annuli (A) and transitional stages in the 


a, Tangential section through nuclear envelope of à young 


cytoplasm (arrowed). (= 35,000.) b, Oblique section through the E 
phery of a tapetal nucleus and surrounding cytoplasm. Arrows indicate 
transitional stages. ( x 30,000.) 








Fig. 3. suggested schematic representation 
from annulus of nucleopore, 


f origin of a polyribosome 
a, Annules; 4, polyribosome. 


Previously annuli have been regarded as being an 
integral part of the nucleopore itsel™, but we feel that the 
variability in the number of annua per pore suggests a 
more transient role. We are impressed by the similarity, 
in both structure and dimensions between the annuli 
and the flat spiral groups of ribosomes in the cytoplasin, 
and by what are appatennty transi ional stages from one 
to the other (Fig. 2a and b). This leads us to suggest that 
the spiral groups of ribosomes in the cytoplasm may be 
in some way derived from the annuli and so from the 
nucleopores. If this is true, and f we accept that the 
spiral groups of ribosomes are indeed polyribosomes, then 
it would seem that the nucleopores are the sites at which 
polyribosomes are assembled before leaving the nucleus. 
The tiers of particles seen in sections of nucleopores may 
be successive gyres in one long helwal coil of an incipient 
polyribosome awaiting extrusion from the nucleus 
(Fig. 3a and b), or they may be several separate incipient 
polyribosomes. The first interpresation is suggested by 
the presence in the cytoplasm of some spiral groups of more 
than ten ribosomes. These, if constricted within the 
evlinder of a nueleopore, would fomn more than one gyre 
for all the nucleopores appear to be of roughly the same 
diameter. 

The possibility should not be overlooked that nucleo- 
pores are transitory structures formed only when ribo- 
somes are being extruded from the nucleus. This is sug- 
gested by the correlation we observe between the frequency 
of nucleopores in pollen cells and tae cytoplasmic concen- 
tration of ribonucleoprotein (RNF). In the vegetative 
cell, for example, the cytoplasm becomes rich in RNP 
and the nucleus develops abuneant nucleopores. In 
contrast to this the generative nucleus has few, if any, 
nucleopores and the cytoplasm o: the generative cell is 
virtually devoid of RNP. 

R. H. 
G. R. 
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Concentrations of Serum 
x7-Macroglobulin in Twins 


IF monozygotie twins (MZ) are mere similar with respect 
to a given characteristic than dizygotie (DZ) twins, 
the characteristic is usually conssdered to be regulated 
genetically, With this in mind we have studied the 
concentrations of serum a -macrezlobulin in a series of 
twins previously described in detail by Rowe ef al.'; 
the likelihood of correct diagnosis of dizygosity was 100 
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Table 1. DETAILS OF TWINS STUDIED 


290 
No. pairs Age (years) 
studied Mean S.D. Range 
Female monozygotic 32 19-8 0-6 12-50 
Female dizygotic i7 19-7 10-9 12-50 
Male monozygotic 18 21:8 12-8 12-59 
Male dizygotic 15 18-0 8 12-42 


per cent and that of monozygosity more than 90 per cent. 
Sera from eighty-two like-sex twin pairs were available 
for study after storage for 3-4 years at —20° C. We have 
shown that prolonged storage does not influence the 
va macroglobulin levels of sera kept at this temperature. 
Details of age, sex and zygosity of the twins are given 
in Table 1. Serum «,-macroglobulin was assayed by radial 
immunodiffusion in agar gel? with rabbit antibody 
raised against human «,-macroglobulin by the method of 
Goudie et aL?. Each agar plate contained twenty-four 
assays consisting of duplicate tests on twelve specimens, 
namely, the serum of five twin pairs, a repeat test on 
one of these sera to assess the measurement error within 
one plate, and a standard serum; the twenty-four assays 
were placed randomly within the plates and pairs of sera 
from both monozygotie and dizygotic twins were allocated 
randomly among the plates. The diameters of the rings 
of precipitate formed after 48 h at 20° C were read to 0-1 
mm by an observer who did not know the arrangement of 
sera on the plates, and the arithmetic mean of the duplicate 
tests on each specimen was used in the calculations. 
Four entire assay plates were repeated to assess the 
measurement error between plates, and two further 
plates were used to prepare calibration curves with varying 
concentrations of standard serum and a serum of known 
xy macroglobulin content (Behringwerke Ag). 

Table 1 shows the age and concentrations of serum 
a,-macroglobulin of the MZ and DZ individuals of each 
sex and the duration of storage of serum samples at 
— 20° C. There is no significant difference between the 
groups to be compared later in Table 2 apart from a 
higher concentration of a,-macroglobulin in the serum 
of DZ than of MZ male twins (P « 0-05), a finding which 
may reflect the slightly lower mean age of the DZ male 
twins, for it is known that serum concentrations of as- 
macroglobulin diminish with increasing age’. The analysis 
in Table 2 compares the intrapair differences in concentra- 
tions of serum ga macroglobulin in MZ twins with the 


Table 2, COMPARISON OF VARIANCES—-WHOLE SERIES 
No. pairs 


studied Variance F ratio P 
Measurement error 20 0.0212 
9-505 « 0-001 
Monozygotic female 32 0-2015 
ue . 2.016 « 0-05 
Dizygotic female 17 0-4466 
186413 0:1 «0:25 
Interpair femaie IT 0-7320 
Measurement error ag (- 0212 
4:094 «0-01 
Monozygotic male 18 0-0868 
2.069 20.05 «0-10 
Dizvgotic male 15 0-1790 
4:200 « 0-01 
Interpair male 15 0-7518 


Table 3. COMPARISON OF VARIANCES— TWINS AGED 10 YEARS OR LESS 
No. pairs — l 
studied Variance F ratio P 
Measurement error 20 0-0212 
" 3-627 « 0-005 
Monozygotic female 23 0-0769 - 
1:867 >I «0-25 
Pizygotie female 13 0-1436 
f 1-595 > O25 
Interpair female 9 02291 
Measurement error 20 0-0212 ] 
2.0539 <0 025 
Monozygotie male 13 0-069293 
i 2-623 > 0-05 < 0-10 
Dizygotic male 13 0:1634 : 
P : u 2.130 20d «0:25 
Interpair male 8 0:3480 


Serum a,-macroglobulin 


! | Storage of serum at 
concentration (mg/100 ml.) 


— 20° C (months) 


Mean S.D. Range Mean S.D. Range 
396 80 203-622 48-3 1:9 40-47 
422 134 187-790 42-0 13 40-46 
374 127 119-622 42-6 2-1 40—47 
441 115 162-035 42.0 19 40-47 


intrapair differences in DZ twins; diameters of the immune 
precipitates in mm have been used because this is the 
most direct measurement available and we have shown 
that measurement error does not increase with increasing 
diameter. The method of analysis is a comparison of 
intrapair variances by the use of the varianee ratio 
(F test) and follows exactly that deseribed by Osborne 
and De George’. 

It is evident from Table 2 that the MZ intrapair variance 
is very much greater than the measurement error variance 
and this indicates à marked environmental influence on 
concentrations of serum x macroglobulin, while a genetic 
influence is suggested by the higher variance in DZ than 
in MZ twins, whieh is statistically significant in females 
and almost significant in males. The interpair variance 
between unrelated dizygotie pairs 18 greater than the DZ 
intrapair variance and 1s eonsistent with the above inter- 
pretation. Unfortunately the interpair variance as cal- 
culated by Osborne and De George and shown in Table 2 
is not wholly suitable for this study because it involves 
measurements made in different assay plates (between 
which there is a measurement error variance of 0-1234) 
while the intrapair variance measurements were made 
on pairs of twins studied on a single plate (in which the 
measurement error variance is 0-0212). Furthermore, the 
interpair variance based on a study of individuals of 
differing ages cannot properly be compared with the 
intrapair variance between twins of the same age because 
of the tendency of concentrations of serum a,-macroglo- 
bulin to diminish with increasing age. 

Accordingly, interpair variance was reassessed by 
studying the variance between unrelated twin pairs, 
irrespective of zygosity, who were of the same sex, within 
2 years of the same age, and whose sera had by chance 
been tested on the same assay plate. The formula for the 
calculation of interpair variance in this part of the study 


on a 


p 


was —— where n is the number of pairs of twin pairs 
n 


included and x the mean precipitate diameter of one twin 
pair minus the mean precipitate diameter of second 
suitable unrelated twin pair on same plate. All the 
interpair differences were obtained from individuals 
aged 12--18 years and the comparison of interpair and 
intrapair variances shown in Table 3 has been confined 
to twins aged 19 or less. The results show a similar trend 
to those in Table 2 and again indicate a predominant 
environmental and possible genetic influence on the serum 
concentrations of «,-macroglobulin in man. 
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Book Reviews 


PROBABILITY AND PREJUDICE 


Mathematical Ideas in Biology 

By J. Maynard Smith. Pp. vii4-152. (Cambridge Uni- 
versity Press: London, November 1968.) 30s cloth; 
12s paper. 

THE author's aim with this book is primarily to introduce 
biologists to some of the mathematieal ideas arising in 
biology, and the mathematical level has been kept deliber- 
ately elementary. There are some interesting arguments 
based on seale in chapter one. Population regulation 
through density-dependence, competition and predator- 
prey relations is discussed in chapters two and three (dis- 
crete generations in chapter two, continuous time models 
in chapter three, treated deterministically). Probability is 
introduced with the genetics of families in the fourth 
chapter; simple population genetics in chapter five, models 
of irradiation effects in chapter six; control theory applied 
to muscular movement and to protein synthesis in chapter 
seven; and reference is made in chapter eight to two- 
dimensional diffusion models of morphogenesis. 

There is no doubt that this book achieves its aun, and 
incidental criticism is not intended to question its general 
value. The coverage is of course so wide as to be neces- 
sarily sketchy. The author is therefore perhaps justified 
in excluding bio-statistics as already covered elsewhere, 
though if this suggests a hard-and-fast division this would 
be unfortunate. Probability is given a frequency inter- 
pretation and the binomial and Poisson distributions sub- 
sequently derived in chapter four, but this inevitably 
introduces statistical ideas. (What, for instance, is the first 
example on page 96 but a question in statistics ?). The 
omission of the normal (Gaussian) distribution seems 
a pity, especially in view of its relevance for diffusion 
processes. 

It is stated in chapter five that the Hardy-W einberg 
ratio is true only if mating is random. The word "only" 
should be deleted. The calculations in Table 1 on the 
number of generations required for a given change in 


gene frequency under selection pressure become of 


dubious value at the extremes, as the effect of finite 
population size has been ignored. 

The last example on page 70 has nothing te do with 
probability as frequency, and requires detailed comment. 
The author says it nearly wrecked a conference on theo- 
retical biology, but he also says that it yields at once to 
common sense or to Bayes's theorem. If it is so simple, 
this does not seem to say much for the conference partici- 


ants; moreover, as a question on Bayes’s theorem, the 
> " t 


answer given may legitimately be questioned. The 
example is as follows: 
"Of three prisoners, Matthew, Mark and Luke, two 


are to be executed, but Matthew does not know which. 
He therefore asks the jailer ‘Since either Mark or Luke 
are certainly going to be executed, you will give me no 
information 2 aout ny own phones if you Ru me the 
to Ba executed’. Pd d ibis cum, the pee 
truthfully replied ‘Mark will be executed’. Thereupon, 
Matthew felt happier, because before the jailer replied 
his own chances of execution were $. but afterwards 
there are only two people. himself and Luke, who 
could be the one not to be exeeuted, and so his chance 
of execution is only 1. 
"Is Matthew right to feel happier ?" 
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The individuals to be executed are already determined 
and known to the jailer, who is therefore justified in passing 
on as irrelevant to Matthew the name of either Mark or 
Luke as one of these. it is said, Dur ever, that Matthew 
ADAE numerica] probabilities. to possible vventualities 
as indicated. Is he being consistert in his assessments ? 
Suppose the prior probabilities are denoted in general by 
p. q and r respectively for Matthew's, Mark s or Luke's 
survival. Then the posterior prebability of his own 
survival after the jailers informetion is from Bayes’s 
theorem changed from p to p’=pP/ipP+r), where P is 
the probability of the jailer naming Mark if both Mark and 
Luke are to be executed. Note that 4o the jasler either p or 
ris l, and in either ease (whatever £?) there is for him no 


change inp. Now if Matthew assigned values p =g =p = 4, 
P-i then also for him p’=p, end he was behaving 


inconsistently in claiming p’=}. But he is quite justified 
(consistently. with the wording of the example) in first 
assigning p=4, p’=4, provided he then chooses r/ P = 1. 
His assessments are now all consistent, and, as p/ p, he 
has a perfect right to feel happier ! 

If the example proves anything. 
of subjective prior probabilities. 


i£ is the indefintteness 
M.S. BARTLETT 


PROBLEMS OF MOTION 


Modern Science and Zeno's Paradoxes 
By Adolf Grunbaum. Pp. x+ 156. (Allen and Unwin: 
London, November 1968.) 32s. 


Dorine the period 490-430 Be 
lived a truly remarkable man, geno of Elea, a close 
disciple of Parmenides, who shoek the contemporary 
philosophers by asserting that gecmetry was essentially 
paradoxical, w hich made it impossthle to enact à science of 
motion which should be free from eentradietions. It seems 
unlikely that mathematical concepes could have received 
such a blow again as that delivered by Kurt Gödel a few de- 
cades ago. This alone is some measure of Zeno's intellectual 
stature, even though some of his breakthrough may have 
been accomplished by members of some associated 
school. Indeed, the spectre of paradox has always 
belaboured the efforts of logicians; for example, the famous 

“tortoise” (Zeno's own), ' ‘the har”. and those of Richard 
and Russell in more recent times. 

In Greek thought, the work of atemists like Empedocles 
and Heraclitus became suspect as they needed support 
for their basic notion of motion. Very properly, the author 
of the present book deals with tne problem of motion 
before that of extension. Thus, chapter one discusses 
the nature of temporal becoming, chapter two, Zeno's 
paradoxes of motion, and chapter three, his metrical 
paradoxes of extension. There m an adequate biblio- 
graphy and index, the former esperially welcome because 
much of the relevant literature is hard to discover. 

In essence, chapter one examines the temporal status 
to which perceptual experience is entitled with particular 
reference to physical indeterminismi. It is well to reflect 
that classical physics would never have bothered about 
it at all. Heisenberg’s principle bas forced the issue on 
the attention of men of science. Chapter two is very 
relevant to this development, including the problem of 

“infinity machines”. As his earlier. pages predict, 
Grünbaum reserves to the end the elaboration of Zeno’s 
own thought on the subtle eharacter of extension. 

All this leads one to ask whether or not the present 
somewhat static condition of physics is due—at least in 
part— to the neglect of these fundamental issues. So long 
as “it works", technologists questions will never reveal the 
underlying epistemological diffieuliies of natural science. 
It is not their affair. But Grünbaam's approach is much 
nearer that of Polanyis Personal Knowledge. Further- 


(approxunately), there 
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more, it is in the realm of the highly sophisticated achieve- 
ments of the human mind that excessive objectivity does 

the least harm. It is therefore most encouraging to have a 
volume like this, which makes a decidedly personal 
contribution to present-day thought, completely free from 


verbal complexity. |. F. l. G. RAWLINS 


DRILL SCHOOL 


Solving Problems in Dynamics | 
By R. R. S. Cox. Pp. 109. (Oliver and Boyd: 
and London, August 1968.) 15s. 

Solving Problems in Complex Numbers 

By D. Martin. Pp. 90. (Oliver and Boyd: 
and London, August 1968.) 15s. 
Solving Problems in Vector Algebra 
By E. M. Patterson. Pp. v+ 144. 

E dinburgh and London, August 1968.) 


Edinburgh 
Edinburgh 


(Oliver and Bovd: 
17s 6d. 


Solving Problems in Differential Calculus 
By L. M. Brown. Vol. l: Pp. v +80. 
Pp. 110. 128 6d. (Oliver and Boyd: 
London, August 1968.) 

THESE five small volumes form part of a new series of 
books, in which the authors have brought together a 
large number of worked examples together with sets of 
exercises and answers. They are not textbooks, although 
there is a summary of the relevant theory; rather they 
are meant to supplement textbooks and lecture courses, in 
the sense that the student ean read through, in his own 
time, the detailed working out of the solutions. 

The contents of the books in this series are taken at the 
level of about the final year at school and the first year 
(and perhaps part of the second) at university. They may 
be useful to students who have to teaeh themselves 
mathematics, and they may also be useful to lecturers at 
university who have classes too big for the provision of 
adequate tutorial classes. 

Apart from chapter one of the first volume on the 
calculus, the books are written entirely in the classical 
spirit; and it might be asked whether undergraduates 
these days should spend so much time on all the drill and 
manipulation involved. Would it not have been better 
to have included some worked examples and exercises 
related to the so-called “new matheniaties", where con- 
cepts and their interrelations receive more emphasis than 
in most of the elassical mathematics? It is already late 
for mathematicians to make a marriage between the 
"new" and the "old" mathematics. The present series 
would have provided an opportunity for the mingling of 
the spirits of the two branches. To this extent the series 
is disappointing. But for those students of technology 
and applied mathematics who are to be concerned only 
with the “old”, the books provide a valuable basis for 
developing skill in manipulation and the working out of 
formulae. L. S. GODDARD 


Edinburgh and 









MESSIER OBJECTS 


Messier's Nebulae and Star Clusters 

By Kenneth Glyn Jones. Pp. 480+ 12 plates. 
and Faber: London, December 1968.) 150s. 
Many of the best known objects in optical astronomy, 
star clusters, galaxies, gaseous nebulae and planetary 
oe were bass by Charles Messier tow soa the end of 


(Faber 


W velt ee wW due ot TO were Tao be Me 
higsel if. SMS a searcher for comets, he originally hsted the 
objects to avoid confusion with possible comets but, ever 
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since the publication of his catalogue, the objects have been 
universally known by the letter M followed by a number, 
such as M31—the Great Nebula in Andromeda. 

This book is entirely concerned with Messier’s cata- 
logue. Ihave found it a very interesting but also a OE 
unusual book. It is not, as might be thought from its 
title, a collection of glossy photographs of the Messier 
obj je ets s although the book does contain a small photograph 
The book starts with a general descrip- 
tion: of ihid diferit types of object which are included 
in Messier’s catalogue, together with some background 
information about the universe and some remarks on 
present theoretical ideas on such matters as stellar 
evolution and the ages of star clusters. This introduction 
is followed by some advice about the equipment which 
amateur astronomers should use to obtain the best 
observations of the Messier objects and a discussion of 
what times of year and climatic eonditions are likelv to 
make observations difficult. 

By far the largest part of the book is the chapter 
containing an account of each object in turn, including a 
history of early observations, a detailed description and a 
finding chart, and this discussion fills about half of the book. 
It is followed by a historical and biographical section in 
which brief biographies are given of many of the astrono- 
mers mentioned in the previous section and there is a more 
extended account of the life of Messier. The book ends 
with various maps and listings of the objects and photo- 
graphs of all of them. | 

This is à somewhat unusual and expensive book, 
solidly and well produced. It appears that the author’s 
intention 1s that 1t should be read by amateur astronomers 
who are not yet familiar with the Messier objects. I 
cannot help feeling that many of them would prefer a very 
much cheaper book, probably à paperback, containing 
finding charts and very brief descriptions of the objects, 
although there will be some who will prefer this very 
interesting reference book. In the section which I am most. 
competent to criticize, l found a few major mistakes. 
For example, the relative luminosities of the Sun and 
RR-Lyrae stars are wrongly described on page 30, the 

centra] stars of planetary nebulae (page 46) are not 

believed to be massive, and the luminosities of stars are 

proportional to a relatively high power of mass (page 69). 
R. J. TAYLER 


VIBRATION TECHNOLOGY 


Simple and Complex Vibratory Systems 
By Eugen Skudrzyk. Pp. xii 514.. (Pennsylvania State 


University Press: University Park, Pennsylvania. and 
London, November 1968.) 229s. 


AT first sight. one has the impression that this is just 
another book on vibrations with the same old chapter 
headings as many others ; ijt is only when one delves 
deeper into the text that it becomes apparent that here is 
something rather unusual. 

The first six chapters are concerned with basie theory 
of the conventional systems having simple and multi- 
degrees of freedom and vibration of strings, bars and 
beams, but the treatment is unusual in that emphasis is 
placed on the similarity between electrical circuit and 
mechanical system responses and represents the physicist's 
approach to mechanical engineering problems. This is 
immediately elear from an examination of the diagrams 
which are representative of a book on eleetrie cireuit 
theory rather than mechanical systems. From the 
beginning the author converts the mechanical System 
into an electrical circuit analogy; mechanical symbols 
representing mass, spring and damping being re placed by 
an equivalent a.c. circuit containing capacitance. induct- 
ance and resistance. 
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This translates the language of the subjeet into one 
eminently suitable for the physicist cr electrical engineer 
who has been trained essentially on a background of 
network theory and theorems and enables the classical 
network rules for manipulation to be applied directly 
to the vibration problem. 

On the other hand, the mechanical engineer will not 
necessarily appreciate this type of approach and may well 
argue that the analogue approaeh whieh removes the 
subject from his own familiar field of analysis and trans- 
lates the problem into a field to which he has not been 
fully exposed is essentially a bad thing. 

1f, however, the reader is concerned with problems 
whieh require à more sophisticated approach to the 
subjeet than that which will normally eater for the average 
design or operational problem and is prepared to orientate 
his thinking accordingly, he will find much to interest 
him in this book. 

Many vibration problems today are concerned with 
the effects of noise on the vibration of structures, and 
here it is my experience that a conventional training 
on mechanical vibration theory becomes somewhat 
limiting and one must study the physics and mathematies 
of the problem to a much greater extent. It is essential 
for the mechanical engineer to move into the fields of 
acousties. electronics and statistical mathematics. and 
in this respect chapters seven to ten provide a useful 
introduction to the general theory of homogeneous 
complex vibratory systems. Chapter eleven provides 
an introduction to response due to statistical force fields, 
and chapter twelve gives a most useful deseription of the 
present state of knowledge as regards sound radiation 
from complex vibrators. 

A most useful feature of the book is the "recommended 
reading” section at the end of each chapter which enables 
the reader to proceed directly to the more detailed work 
appertaining to the particular section of interest. 

One may therefore conclude by saying that this book 
will appeal to the physicist or electrical engineer who 
requires a basic text on mechanical vibration theory 
written in a familiar language; the mechanical engineer 
will probably prefer one of the many books already written 
by and for mechanical engineers. 

The more advanced content of the book will appeal 
to any research worker dealing with complex vibration 
problems, particularly those concerned with noise excited 
and random vibrations, perhaps more as an introductory 
text but with adequate references to other relevant 
literature. To solve today’s vibration problems one can 
no longer operate within the normal vibration theories; 
one must be prepared to study the work of other dis- 
ciplines to a much greater degree than before. Therefore, 
by describing the physicist’s point of view this book will 
make a useful contribution to the science of vibration 
technology. E. DOWNHAM 


PLANT CLASSIFICATION 


The Evolution and Classification of Flowering Plants 
By Arthur Cronquist. Pp. x+396. (Nelson: London, 
October 1968.) 55s. 


THe goal of many workers in plant systematics is still 
the elusive one of developing a general system of classifica- 
tion. Dr Cronquist's new book is the latest such attempt. 
although it is refreshingly different from its predecessors 
by giving a reasoned theoretical frame of reference for his 
proposed system. 

'The first chapter is about taxonomie principles whieh are 
summarized (page 13) as follows: “Taxonomy is based on 
multiple correlations, . . . the value of characters is determ- 
ined a posteriori, . . . the presence of a character is likely 
to be more important than its absence, and... à proper 
taxonomic system must reflect evolutionary relationships". 
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only a somewhat muddy reflexion of evolution" (which is 
an orthodox "phenetic" viewpoinfà. 

There is an interesting if not altogether convincing 
discussion on the survival value cf the various levels of 
taxa in the angiosperms which counters Stebbin'& well 
known view on the adaptive nature of the evolutionary 
trends to be found especially at the family and order 
level. 

In chapter two on the origin of the angiosperms, the 
author concludes that the probable ancestors are to be 
found in the seed ferns. No cognizance appears to be 
taken of the more radical views pat forward by Meeuse, 
Croizat or Melville, although theo latter is mentioned 
in the following chapter on the evslution of characters. 

The third chapter runs to more taan 70 pages and covers 
the evaluation of characters and character trends with 
examples drawn from habit and anatomy, flower and 
fruit. structure, fertilization and d:spersal. 

The remainder of the book consists of a survey of the 
orders of dicotyledons and monocstyledons, grouped into 
subclasses and divided to family level by keys. The 
dicotyledons (Magnoliatae) are divaded into six subclasses 
(Magnolidae, Hammamelidae, Carvophylidae, Dillenidae, 
Rosidae and Asteridae) following Takhtajan, who has 
clearly influenced Cronquist’s thimsing very considerably. 
The Magnolidae are treated as tae basal complex from 
which the other angiosperms hase been derived. The 
information brought together oa relationships of the 
orders within each of the subclasaes is the most valuable 
feature of the book. Selected references are given and 
there are synoptical keys to the families within each 
order, but the families are not described 

The whole book is well written «nd h ‘readable. It 
is perhaps under-illustrated but well produced and 
attractively printed. I feel it will be popular with those 
teachers who still find time to include higher systematics 
in their taxonomy courses. There is at the moment no 
other work in English to approach it. Professional 
taxonomists will learn much from it and find it a useful 
reference book. V. H. Heywoop 
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EPITAPH ON 
Science Year 1968 


The World Book Seience Annual. 
Enterprises Educational Corperation: 
London, October 1968.) $6.95. 

THe purpose of World Book Science Annuals is to review 
for the non-scientist the year's most important scientific 
events, an object in which Sciexce Year 1968 succeeds 
very ereditably. The topies are well chosen, which is 
half the task of such a compilation, and well executed, 
which is the other. Standards of style. design and 


1968 


(Field 
and 


Pp. 450. 
Chicago 


- N ; : . * 
Some forty-five short articles caver the major develop- 
ments in a range of diseiplimes, while longer essays 


NE 
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discuss particular subjects. Allan Sandage reads the time 
on the stellar, isotopie and eosmological elocks that point 
to about 10'° years for the age of the universe. Walter 
Sullivan paints a graphic picture of continental drift, and 
Lieutenant-Colonel Yuval Ne'eman traces the genealogy of 
the quark. Other enjoyable features are Nigel Calder on 
the Royal Society, D. S. Greenberg on the publie career of 
George Kistiakowsky and an all too topical prescription 
for rat control in American cities by David E. Davis. 

A few flies are embedded in this fine ointment. A 
curious exercise in graphics is heralded in the preface by 
the editor’s admonition, "We think you will be fascinated 
by this meaningful and dramatic portrayal”; the painting, 
intended to represent the creation of the universe, depicts 
a man in a Michelangelo-like pose, though emasculate, and 
sundry other parts of the evolutionary tree, against a 
backdrop of space. Equally false is the statement that 
the abnormal height and criminal propensities associated 
with the X Y Y male were discovered last year by Mary 
A. Telfer. Dr Telfer’s useful survey was yet another 
confirmation of findings made by Patricia A. Jacobs and 
others in 1965. NICHOLAS WADE 


Professor H. L. Hawkins 


Proressor H. L. HAWKINS, an eminent geologist and 
Emeritus Professor of Geology in the University of 
Reading, died on December 29, 1968, at the age of 81. 
He had an international reputation for his erudite works 
ment at Reading, and its guide for 43 years until his 
retirement in 1952, he will always be remembered as a 
wise counsellor by those fortunate enough to come under 
his spell. 

Herbert Leader Hawkins was born in Reading in 1887 
of Quaker parents. He was educated at Reading School. 
The Reading Beds provided his first introduction to 
geology while he was stall a schoolboy. From Reading, 
Hawkins went on to Kendal and thence to Owens College, 
Manchester, with a classical scholarship. At Manchester 
he became the first Mark Stirrup Scholar in Palaeontology 
and graduated with first class honours in 1908, gaining 
his MSc in 1909 and DSc in 1920. 

In 1909, while still a research scholar at Manchester, 
the request of two students to take the London Inter- 
mediate Examination in Geology provided an opportunity 
for Hawkins to begin lecturing part-time at University 
Jollege, Reading, He was soon offered a permanent place 
on the staff. Starting with a precarious foothold in the 
Zoology Department, through the generosity of Professor 
F. J. Cole, he worked quietly away to develop a Geology 
Department at Reading, and was appointed Professor of 
xseology in 1922. 

His steady stream of publications commenced in 1909 
and continued until 1956. The country around Reading 
provided his keen eyes and skilful hands with a rich 
harvest. His earliest papers contain the results of his 
studies of structures in some fossil Echmoidea. These 
studies on specimens extracted from the local rocks were 
supplemented by work on material from other parts of 
the world. Hawkins’s thoughts on this class of the animal 
phylum Echinodermata were brought to a culmination in 
his address to the Geological Society of London in 1943 on 
“Evolution and Habit among the Echinoidea: some 
Facts and Theories”. 

Hawkins had the gift of being able to paint the broader 
geological picture. As a palaeontologist, he was well 
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qualified to comment on the human race, and such 
articles of his as "A  Palaeontologist looks at Life, 
Palaeontology and Humanity" (his British Association 
address which called forth editorial comment in Nature), 
"Humanity in Geological Perspective" and “Fossils and 
Men" can be read with pleasure and profit. This is also 
true of his other address to the Geological Society, "Some 
Episodes in the Geological History of the South of Eng- 
land" (1942). It is tempting to suggest that this latter 
review stemmed from his long interest in the beautiful 
Vale of Kingselere, just beyond his native Berkshire. His 
detailed work on part of Buekland's "type-specimen" of 
a "Valley of Elevation" demonstrated the value of the 
hand-auger for elucidating structures in suitably soft 
rocks. 

It is elear that Hawkins recognized no separation of 
pure and applied science so far as his geological work was 
concerned. His knowledge of the succession and structure 
of the loeal roeks led naturally to his being involved as 
geological adviser to the Thames Valley and Metropolitan 
Water Boards. The investigation of the proposed Enborne 
Valley reservoir site led to the discovery of a pinnacle of 
Chalk penetrating the Eocene strata on the floor of a 
buried river-channel. Hawkins also investigated the 
phosphatie chalk of Taplow. 

Hawkins was elected a Fellow of the Royal Society in 
1937. He served as president of the Cotteswold Field 
Club from 1929 to 1931, the South-Eastern Union of 
Scientific Societies in 1934 and again in 1958, the Geo- 
logical Seetion of the British Association in 1936, the 
Geologists’ Association in 1938, the Geological Society of 
London in 1941-42 and the Palaeontographical Society 
from 1943 to 1965. 

As a scientist, Hawkins combined observation of detail 
with a vivid imagination. Believing strongly that a 
geologist is a historian of the Earth, he clearly saw his 
duty to tell a story. Those who were fortunate enough to 
hear him lecture and who read his papers will always be 
grateful, 


CORRIGENDUM. In the article "Energy Flux from the 
3° K Radiation" by P. T. Landsberg and K. A. Johns 
(Nature, 220, 1120; 1968) the second displayed equation 
should read: 

Ky = (v/vo)® f(vo) =m f(mv) 


Erratum. In the News and Views note "Mechanism of 
Enzyme Action” (Nature, 221, 13; 1969) the first sentence 
should have read “The mechanism of enzyme action has 
been discussed at two large meetings held in Britain 
during the past month—a symposium at the Royal 
Society on December 5 and 6 and the annual meeting of 
the British Biophysical Society on December 18 and 19". 
It was not the British Biochemical Society as stated. 





Erratum. In the article “Pulsar Amplitude Variations” 
by E. E. Salpeter (Nature, 221, 31; 1969) the first sentence 
of the third paragraph on page 32 should read: “As 
discussed before’, the ratio Àv,/41 can be increased by 
putting the scintillating medium closer to the source 
(z<Z)”. The last sentence of the same paragraph should 
read: "For the same seale size a we have sev and 
G2ccv-*, so that the inequalities in equation (2) hold even 
more strongly at lower frequencies. ..". Equation (8) 
should read: 


] -1 

d t 2 — 

t,~10's ( AA M yr 102-259 2(O-54y) CHATA i y 
| i Ve Ww Yo 0/7 


Erratum. The name of one of the authors of the com- 
munication “Ribosome Formation from Subunits: 
Dependence on Formylmethionyl-transfer RNA in Ex- 
tracts from E. coli” (Nature, 220, 368: 1968) was in- 
correctly spelt. It should read Gudmundur Eggertsson. 
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International Meetings 


March 3l-April 1, Israel Physical Society annual 
meeting, Rehovoth (Professor R. Englman, Soreq 
Nuclear Research Centre, Yavne, Israel). 


June 26-27, Physiological Equivalence of Drug 
Dosage Forms, Ottawa (Mr H. B. Taylor, Food and 
Drug Directorate, Tunney’s Pasture, Ottawa 3, Ontario, 
Canada). 


August 4-7, Raman Spectroscopy, Ottawa (J. A. 
Koningstein, Department of Chemistry, Carleton Univer- 
sity, Ottawa, Canada). 


August 10-14, Medical Physics, Boston (Dr Edward W. 
Webster, Department of Radiology, Massachusetts General 
Hospital, Boston, Massachusetts 02114, USA). 


August 10-14, Oto-Rhino-Laryngology, Mexico City 
(Dr F. H. Orozco, IV International Congress of Oto- 
Rhino-Laryngology, PO Box 19-136, Mexico 19, D.F. 
Mexico). 

August 11-14, Electron and Nuclear Magnetic Reson- 
ance, Monash University (Executive Secretary, Australian 
Academy of Science, Gordon Street, Canberra City, ACT 
2601, Australia). 


August 17-23, Blood Transfusion, Moscow (National 
Organizing Committee of XII Congress of the Inter- 
national Society of Blood Transfusion, Central Institute 
of Haematology and Blood Transfusion, Moscow A-1067, 
Novozikovski pr. 4, USSR). 


August 24-29, Gerontology, Washington, DC, and 
Baltimore (Secretariat, 8th International Congress of 
Gerontology, 9650 Rockville Pike, Bethesda, Maryland 
20014, USA). 


August 24-September 2, Botanical Congress, Seattle 
(Dr George W. Fischer, 3917 15th Avenue NE, Seattle, 
Washington 98105, USA). 


August 25-29, Datafair 69, Manchester (Datafair 69 
Conference Office, The British Computer Society, 23 
Dorset Square, London NW1). 


August 25-29, Embryological Conference, Moscow 
(Professor A, S. G. Curtis, Department of Cell Biology, 
The University, Glasgow W2, UK). 


Sabbatical Itinerants 


In the hope of providing some practical assistance in the 
good cause of mobility between laboratories Nature is 
proposing to advertise the needs for housing of families 
about to take up periods of sabbatical leave. To begin 
with, no charge will be made for advertisements like this. 
it is hoped that a period of experiment will show what 
form these advertisements could most usefully take and 
whether they are effective. 


WANTED: Malaysian doctor, wife and two 
children require a furnished flat in central London, 
preferably near Queen Elizabeth College, for one 
year, starting in late September 1969. Please write 
to Dr N. Chandrasekharan, Department of Bio- 
chemistry, Faculty of Medicine, University of 
Malaya, Kuala Lumpur, Malaysia. 


WANTED: American professor, wife and 2 year | 
old daughter require a furnished two bedroom apart- 
ment or house in London near the Maudsley Hos- | 
pital or the West End from April 1 to July 10, 1969. B 
Please write to Solomon H. Snyder, MD, 3734 
Ridgedale Road, Baltimore, Maryland 21209, USA. 
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BRITISH DIARY 


Monday, January 20 


SOCIETY OF CHEMICAL INDUSTRY, PEsTICIDES GROUP (at the Royal 
Aeronautical Society, 4 Hamilton Place, Lcndon, W1), at 21 A5. pie 
Meeting on “Control of Insects in Stores of Home-Grown Grain" 


UNIVERSITY OF LONDON (in the Gustave Tuck Theatre, Canes a 
London, Gower Street, London, WC1), at 5 pem.— Dr Lester Packer (C li 
fornia): “Mechanochemical and Osmotic Basix of Energy Transduction in 
Mitochondria”. 


INSTITUTION OF ELECTRICAL ENGINEERS (at&Savoy Place, London, WC), 
at 5.30 p.m.—Captain G. Huggett, R.N.: “Computer Aided "Instruetion". 


INSTITUTION OF ELECTRICAL ENGINEERS (at-Savoy Place, London, WC2), 
at 5.80 p.m.—Dr G. S. Brayshaw: ‘“‘Kircheff and After-—120 Years of 
Network". 


UNIVERSITY OF LONDON (at King's College, Strand, London, WO2), at 
5.30 p.m.—Professor Sir Alister Hardy: "Science and the Experimental 
Faith". 


Tuesday, lanuary 21 


INSTITUTION OF ELECTRICAL ENGINEERS (at “avoy Place, London, WER 
Colloquium on “Automation in Farming and Buricultural ‘Research’. 


INSTITUTION OF MECHANICAL ENGINEERS, MANUFACTURE AND MANAGE- 
MENT GROUP (at 1 Birdcage Walk, Westmin: ster, London, SWi}—All- day 
meeting on “How to Cope with the Demand for Xon-Btandard Products”. 


SOCIETY OF CHEMICAL INDUSTRY, AGRICULTURE GROUP (joint meeting with 
the Food Engineering Panel of the Food Greup, at 14 Beigrave Square, 
London, SW1), at 10.30 a.m.—Meeting on “Mechanical Harvesting”. 


ROYAL INSTITUTION (at 21 Albemarle Street London, Wi), at 5.30 p.m. — 
Professor Ronald King: “Electrons in Solid". (Lecture for Sixth Form 
Pupils from Schools in London and the Home © ‘ounties. To be repeated on 
January 22, 28 and 29.) 


UNIVERSITY OF LONDON (at Imperial College, London, AWTR at 5.80 p.m.-— 
Professor A. J. Rutter: ‘Plant-water Relations in Outdoor Environments" 
{inaugural lecture), 


UNIVERSITY OF LONDON (at the Institute »f Child Health, 360 Guilford 
Street, London, WC1), at 5.30 p m- Professa D. 5, Munro: "Long-aeting 
Thy roid Stimulator" (fourth of sixteen lectures on "The Scientific Basis of 
Medicine” organized by the British Postgraduate Medical Federation). 


INSTITUTION OF MECHANICAL ENGINEERS, PRocess ENGINEERING GROUP 
(at 1 Birdeage Walk, Westminster, London, 3Wi), at 0 pime- Discussion 
meeting on "The NEL Service to Industry thzough the Estimation of Fiuid 
Physical Properties”. 


UNIVERSITY OF LONDON (at Eus Ceallege London, Gower Street, 
London, WC1), at 6.30 p.m.—Mr R. Ogley: Can the Causes of War be 
Studied Scientifically ?"' 

UNIVERSITY OF HULL (in the Middleton Hai), at 8 p.t.— Professor Giyn 
Daniel: ‘‘Archacology and the History of Art" (further lectures on January 
28, February 4, 18 and 25). 


Wednesday, January 22 


UNIVERSITY OF LONDON (at Chelsea College of Science and Ti echnology, 
London, SW3), at 11 a.m.—Dr M. Machiver: “Recursion Theory’ (further 
lectures on January 20, February 5, 12, 19, 26, March 5, 12, 14). 

UNIVERSITY OF LONDON (at Bedford College, Regents Park, London, 
NW), at 5.15 p.m.— Professor G. M. Carstairs: "Psychology in Medical 
Education". 

INSTITUTION OF ELECTRICAL ENGINEERS (atvSavoy Place, London, WCZ), 
at 5.30 p.m.— Professor J. Brown: "Educatica in Electronics", 


INSTITUTION OF MECHANICAL ENGINEERS oat 1 Birdcage Walk, West- 
minster, London, SW1), at 6 p.m.— Professor R. E. D Bishop: "Ocean 


Engineering" (Thomas Lowe Gray Lecture). 


ROYAL SOCIETY OF ARTS (at John Adam Street. 
at 6 p.m.—Dr G, A. H, Elton: "Our Daily Bread”, 


. SoctkTY OF CHEMICAL INDUSTRY, FOOD GeOUP—Nutrition Panel (at 14 
Belgrave Square, London, SW1), at 6.15 p.m.— Or E. Woodford-Wiiliams and 
Miss Betty Stanton: “Special Needs of the Bld: aiv". 


INSTITUTION OF ELECTRICAL ENGINEERS, LOMDON GRADUATE AND STUDENT 
SECTION (at Savoy Place, London, WC2), at 5 80 p.m. —Mr C. H. Parker: 
“Co-Axial Cables for Telephone and Television’. 

SOCIETY FOR ANALYTICAL CHEMISTRY, MIDLANDS SECTION (in the Depart- 
ment of Chemistry, University of Tec hnology, Loughborough, Leicester. 


shire), at 6.30 p.m.—Mr Graham Oldham: "14 MeV Neutron Activation 
Analysis", 


Adelphi, London, WC}. 


Thursday, january 23 


UNIVERSITY CF LON DON (at the Institute of Child Health, Guilford Street, 
London, WC1) at 5.30 p.m.— Dr J, W. Black: “Effects of Drugs on the 
Control of Venous Capacity" (fifth of sixteen lectures on “The Scientific 
ret of Medieine” organized by the British Postgraduate Medical Feders- 
tion). 


INSTITUTION OF MECHANICAL ENGINEERS, TRIBOLOGY GROUP (at 1 Bird- 
cage Walk, Westminster, London, SWi), at 6.m.--Discussion meeting on 
"Low Temperature Start-Up Problems in Machimery”’. 






iiA Jan nary a 


Ww 1), a 3 p. m. S I Geonbe ical "Discussion on T he Chan Po "Nutation"? 
Chairman: Mr D, H. Sadler, OBE, MA. 


Monday, January 27 


UNIVERSITY OF i lend i o ae DOR Ei e M College 
“ Enorgizsd 


a Fune tion, 
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INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
at 5.30 p.m.— Professor E. D. R. Shearman: ‘Beyond the Horizon Radar". 


UNIVERSITY OF LONDON (in the Botany Theatre, University College 
London, Gower Street, London, WC1), at 5.30 p.m.—-Professor W. M. 
Laetsch (University of California, Berkeley): "Chloroplast Differentiation in 
Higher Plants” (further lecture on January 29). 


_ INSTITUTION OF MECHANICAL ENGINEERS, FLUID PLANT AND MACHINERY 
GROUP (at 1 Birdeage Walk, Westminster, London, SW 1), at 6 p.m.—Dis- 
cussion meeting on“ 'orrelation of Fan and Pump Design”, 
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Great Britain and lreland 


Department of Employment and Productivity, Training Research Register 
1968. Pp.128. (London: H.M. Stationery Office, 1968.) 10s. 6d. net. [1812 
The University of Hull. Annual Report 1967- 88. Pp. 143, (Hull: The 
University, 1968.) [1812 
Chemistry and Industry 1969 Buvers' Guide, (London: 
Chemical Industry, 1068.) 7s. 6d, 
Glasshouse Crops Research Institute. Annual Report 1967, Pp, 186. 

: Rustington, Littlehampton: Glasshouse Crops Research Institute, oe 
58. 1012 
Immunological Aspects of Pregnancy: Proceedings of the First Symposium 
os ip Society for the Study of Fertility, Exeter, July 1907, Edited by 
Perry. (Journal of Reproduction and Fertility, Supplement No. 3.) 

Pp "v -63. 208.; $2.50. Effects of Pharmacologically Active Substances on 
Sexual Funetion: Proceedings of the Second Symposium of the Society for 
the Study of Fertility, Exeter, July 1967. Edited by J. 35. Perry. (Journal 
of Reproduction and Fertility, Supplement No.4.) Pp.iii-- 114. 45s., $6.50. 
(Oxford and Edinburgh: Blackwell Seientifie Publications, 1968,) [1912 
Building Research Station. Current Paper 74/68: Pi ractical Application 
of Operational Bills 2—Use of Bill when Employment of Main Contractor is 
Determined. By E. R. Skoules and R. Y, Lear. Pp, 8. (Garston, Watford: 
Building Research Station, 1968.) [1912 
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Scientific and Technological Library and Information Work. By H. Sehur 
and W. L. Saunders, with the assistance of Lisbeth J. Pargeter. Pp. vii+ 79. 
iLondon: H.M. Stationery Office, 1968.) 7s, 6d. net. 12012 
Universities and the Education of Teachers. By Professor F. H. Hilliard, 
‘An inaugural lecture delivered in the University of Birmingham on 22nd 
Oetober, 1968.) Pp. 15. (Birmingham: The University, 1968.) 3s.; 
0-36, [2012 
Philosophical Transactions of the Royal Society of London. Series B: 
Biological Sciences, No. 704, Vol. 254 (19 December 1968): Ophthalmoscopic 
Studies on the Eyes of Mammals, By G, L. Johnson. Pp. 207-220 + plates 
1-26. 638.: $8.20. No. 795, Vol. 254 (19 December, 1968): Evolution and 
Adaptive Radiation in the Chydoridae (Crustacea: Cladocera)—~a Study in 
Comparative Functional Morphology and Ecology. By G. Fryer. Pp. 221- 
385--plates 18 and 19. 90s.; $11.70. (London: The Royal Society, 
1968.) [2012 
Building Research Station. Current Paper 71/68: 
Alite (Tricalcium Silicate) in a Portland Cement Clinker. By H. G. Midgley. 
(Reprinted from Magazine of Concrete Research.) Pp. 4. (Garston, Watford: 
Building Research Station, 1968). 12012 
Northern Ireland: Ministry of Agriculture. Leaflet No. 103: Cateh Crops. 
Pp.4. Leaflet No. 116: The Destruction of Rats and Mice. Pp. 7. (Belfast: 
Ministry of Agriculture, 1968.) (2312 
The Radiochemical Centre. Technical Bulletin 68/13: Caesium-137 
Sources for Interstitial and Intracavitary Radiotherapy. Pp. 4. Technical 
Bulletin 68/14: Clinical Beta Sources. Pp. 6. (Amersham: The Radio- 
chemical Centre, 1968.) [2312 
Attitudes to Enquiry and Understanding. By Sir Solly Zuckerman. (The 
Fifth Astor Lecture.) Pp. 18. (London: The Middlesex Hospital Medical 
School, 1968.) {2312 
Forestry Commission. Report on Forest Research 1968. Pp. xi 1934 8 
pilates. 20s. net. Westonbirt in Colour. By A. E. Mitehell, (Forestry 
Commission Guide.) Pp. 25. 2. net. Research and Development Papers. 
No. 67: The Reputation of Birch for Soil Improvement: a Literature 
Review. By A. S, Gardiner. Pp. 9. No, 68: Maintenance of Fertility in 
Forest Nurseries. By J. R. Aldhous. Pp.23. No. 72: Sitka Spruce, Shelter 
and Moisture. By D, F. Fourt, Pp. 8. (London: H.M. Stationery Office, 
1968.) [2312 


[1812 


AERE. Harwell and Industrial Research. Pp. 32. (Harwell, Didcot: 
Atomic Energy Research Establishment, 1968.) 12312 
Bulletin of the British Museum (Natural History). Entomology. Vol. 22, 


No, 8: Revi on of the Genus Catasareus Sehünherr (Coleoptera: Cureulion- 
iael, By R. Thompson. Pp. 357-4541 plate. (London: British 
Museum LODS History), 1868.) 40s. [2412 

Ministry of Transport, Road Research Laboratory. nr L Report LR 190: 
Ejection in Car Accidents. By M. M. Miller and H. H. Starks. Pp. 32. 
‘Crowthorne: Road Research Laboratory, 1968.) pene [3012 
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, One Day's Story, Part 2. By S. Ryzewski. Pp. 36. (Southampton: 
S. Ryzewski, 15 Landguard Road, 1968.) (3012 
“Science Research Council. Radio and Space Research 1965-1987. (The 
Report of the Director of the Radio and Space Research Station.) Pp v+ 
37+4 plates, (London: H.M. Stationery Office, 1988.) 7s. Od. net, [3112 


Other Countries 


Australia: Commonwealth Scientifie and Industrial Research Organiza- 
tion. Annual Report of the Wool Research Laboratories, 1967-08. Pp. 56. 
(Melbourne: Commonwealth Scientific and Industrial Research Organization, 
1968.) (1819 

Australia: Department of National Development. Bureau of Mineral 
Resources, Ceploas and Geophy sies. Bulletin No. 77: The Geology of the 


Carnarvon Basin, Western Australia. Part 3: Post-Permian Stratigraphy; 
Structure; Economie Geology. By M. A. Condon. Pp. iv-685. Bulletin 
No. 92: Palaeontological Papers, 1966. Pp, 237. (Parkes, ACT: Depart- 


ment of National Development, Bureau of hitineral Resources, Geology and 
Geophysies, 1967 and 1965.) [1812 
Australia: Commonwealth scientific and Industrial Research Organiza- 
tion. Land Research Series No. 22: Lands of the Wewak---Lower Sepik 
Area, Territory of Papua and New Guinea. Comprising papers by H. A, 
Haantje ns, Jennifer M. Arnold, J. R. MeAlpine, J. A. Mabbutt, E. Reiner 
B. t Robbins and J. C, Saunders. Compiled by H. A. Haantjens. Pp. 
149+ 3 maps. (Melbourne: Commonwealth Seientific and Industrial 
Research Organization, 1968.) 1812 
National Academy of Seienoes--National Research Couneil. Physics of 
the Earth in Space—a Program of Research, 1968-1975. (Report of a 
Study by the Space Science Board, Woods Hole, Massachusetts, August 
11-24, 1968.) Pp. v + 109, (Washington, DC: National Academy of 
sciences-— National Research Council, 1968.) [1912 
Commonwealth of Australia: Department of External Affairs, Australian 
National Antarctic Research Expeditions. ANARE Data Reports. Series 
D (XVIID Meteorology. Publication No. 98: Meteorology---Macquarie 
Island, Mawson and Wilkes, 1965. Prepared by the Bureau of Meteorology, 


Melbourne. Pp. xviii + 332. Series C (I) Cosmic Rays. Publication No. 104: 
Cosmic Ray Records, Wilkes, 1966, By K. S. White and J. S. Boyd, Pp. 42. 
(Melbourne: Department of External Affairs, 1968.) [2012 


Fisheries Research Board of Canada. Technical Report No. 91: Analysis 
of the 1966 Smolt Run in the Northwest Miramichi River, New Brunswick. 
By Michael G. Forsythe, Pp. vi+ 383. (St Andrews, NB: Fisheries 
Research Board of Canada, 1958.) [20123 

Transactions of the Royal Society of New Zealand. Botany. Vol. 3. 
No. 13 (July 15, 1968): Supplement to Census Catalogue of New Zealand 
Lichens. By William Martin. Pp. 203-208, Vol. 3, No. 14 (August 23, 
1968): An Investigation of Thianiia rodwayi F. Muell, and Its Associated 
Fungus, By Ella O. Campbell. Pp. 2090-21941 plate. Vol. 3, No. 15 
(September 12, 1968): New Zealand Hepaticae (Liverworts) —X VIII. a 
Review of the New Zealand Species of the Genera Pallavicinia and Symphyo- 


quna. By E. A. Hodgson. Pp. 221-203. Vol. 8, No. 10 (July 15, 1969): 
The Lichens of Stewart Island. 1: The Morni Angem Highlands. By D. jJ. 
Galloway. Pp. 231-230. Geology. Vol. 2 (June 4, 1968): some 


Tertiary Igneous Rocks from the Ocean enc Matepoutl Coastal Re gion, 
Northland. By John D. Elliot, Pp. 13-21. Vol. 6, No. 3 (May 15, 1968): 
Rastelligera (Brachiopoda) of the Upper Triassic of New Zealand. By 4. D. 
Campbell. Pp. 23-3744 plates. Vol. 6, No. 4 (August 23, 1968): Nepheline- 
Bearing Voleanic Rocks from Northland. By Philippa M. Black and R. N. 
Brothers. Pp. 30-44. (Wellington: Royal Society of New Zealand, c/o 
Vietoria University of Wellington, 1068) (2012 3 
Museum of Comparative Zoology, Harvard University. Dreviora. No. 
296 (11 October, 1968): The Genus Dysderina (Araneae, Oonopidae) in 
Central America and the West Indies. By Arthur M. Chickering. Pp. 37. 
No, 297 (11 October, 1968}: Population Structure of the Asthenes flammulata 
Superspecies (Aves: Furnarikdae), By Francois WVuilleumier, Pp. 21. 
No. 298 (11 October, 1968): Monograph of the Cuban Genus V dore 
Archacogastropoda: Helcinidae) By William J. Clench and Morris K. 
Jacobson. Pp. 25. No. 299 (11 October, 1968): What is Lumbricus eisent 
Levinsen, 1884 (Lumbricidae, Oligochaeta)? By G. E. Gates. Pp. 9. No. 
300 (11 October, 1968): Contributions to a Revision of the Lumbricidae. 
3: Eisenia hortensis (Michaelsen) (1890). By G. E, Gates. Pp. 12. No. 301 
(11 October, 1968): New Echimyid Rodents from the Oligocene of Pata- 
gonia, and a Synopsis of the Family. By Bryan Patterson and Rosendo 
Pascual. Pp. 14. No. 302 (11 October, 1968): Geomyersia glabra, a New 
Genus and Species of Scineid Lizard from Bougainville, Solomon Islands, with 
Comments on the Relationships of some Lygosomine Genera. By Allen E. 
Greer and Fred Parker. Pp. 17. (Cambridge, Mass.) Museum of vem 
tive Zoology, Harvard University, 1968.) 2312 
Field Museum of Natural History. Fieldiana: Anthropology. Vol. 56, 
No. 3: Tikchik Village: a Nineteenth Century Riverine Community in 
Southwestern Alaska. By James W. Vanstone. Pp. 368, (Chicago: Field 
Museum of Natural History, oe ) [2312 
Indian Council of Medical Research, Report of the ICMR Reviewing 
Committee, Pp. v+213. (New Delhi: Indian Council of Medical Research. 
1968.) 2312 
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of low oxidation state metals with these four 


PHOSPHINE LIGANDS* 








No. 14,949-7 No. 14,948-9 No. 14,947-0 n 
$375/g $14./5g $4/g $15.59/5¢ $150g $!3./5g $275/g $14./5g 
$100./100g $100./100g $100./100g $100, 100g 


These methyl and ethyl esters of phenylphosphonous and phenylphosphinous acids exhibit excellent donor-acceptor 
properties when coordinated to transition metals‘, and lend stability to the low oxidation states of these netals. While triary! 
and trialkyl phosphines have been widely used in coordination chemistry?:?, very little has been done with mono and dialkoxy 
phosphines because they were, up to now, unavailable. We believe that many new and challenging compounds can be made 


by coordinating metals with these phosphines. 
) B. Chastain, E. Rick, R. Pruett, and H. Gray, J. Am. Chem. Soc., 90, 3994 (1968). 


(| j | 
(2) F. Cotton and G. Wilkinson, "Advanced Inorganic Chemistry", ind ed., Interscience, 1966. 
(3) W. Griffith, "The Chemistry of the Rarer Platinum Metals", Interscience, 1967. 


* More ALDRICH Firsts 


A Aldrich Chemical Company, Inc. 


CRAFTSMEN IN CHEMISTRY 





2371 NORTH 30TH STREET MILWAUKEE, WISCONSIN :3210 
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DYES FOR USE IN ALL INDUSTRIES 


RESEARCH & PRODUCTION CHEMISTS: if you 
are looking for dyes with specific csemical and physical 
properties suitable for particular rranufacturing and/or 
testing processes you are invited to contact 


EDWARD GURR LIMITED 


for supplies. 





We hold stocks of an enormous variety of eyes, ready for immediate 
despatch, including: 

Cyanine, Dicyanine, Fast Bordeaux O, Aurentia, Crystal violet, BPC- 
Scarlet R, BPC, Diazonium salts, Neutral vielet, Lacmoid, Nile blue, 
Janus green, Brilliant green BPC, Rosolic acid. Methyl green, p- Ethoxy- 
chrysoidin, Methyl red, Nitrazine yellow, Pimacryotol green, etc. 








clear up 
the problem with 
GREEN'S 
lens tissues 





Industrial Research Establishments 


are invited to make use of our provessional services as 
consultants on the selection and use of dyes as research 
and production tools. 





Cleanliness as 
well as accuracy 
is essential in all 
laboratory work. 

Green's Lens Tissue 
of unequalled quality | 
and exceptional purity, is the ideal material | 


BIOLOGISTS are invited to send tor our catalogue of: 


*MIIKCIHEIR © MIE? 


STAINS & REAGENTS FOR BIOLOGY 


Acridine orange, Aquamount, Fluormount, L:oid crimson, Matsmount, 
May-Grunwaid, Leishman, Giemsa, Toluidire blue, Cresyl fast violet, 
Papanicolaou stains, Thioflavine S, Brilliar: cresyl blue, Mie blue, 
Pyronin Y, Trifaigic acid, Rhodanile blue, Bapio, etc. 


EDWARD GURR LTD 


42 Upper Richmond Road West, London, S.W.14 
Cables: Micromlabs London SW14. Teiephone: 01-876 B2289 








for cleaning all lens and optical systems. 
Write for free sample booklet N/ 105 to: 


J. Barcham Green Ltd 


Hayle Mill, Maidstone, Kent. 








Classified Advertisements 


All copy is subject to the approval of the Pub- 
Hshers, who retain the right to refuse or 
withdraw advertisements at their discretion, 
The Publishers will not be liable for any loss 
occasioned by the failure of any advertisement 
to appear from any cause whatever, nor do 
they accept liability for printers' errors, 
although every care is taken to avoid mistakes. 
semi-displayed £6 per single column inch, 
Minimum £3, each additional 1/I2ch of an inch 
iüs,. Full page £158, Half page across £80. 
Colour (orange) £20 extra. 2/6 is charged 
for the re-direction of replies to advertise- 
ments with a box number. 

ADVERTISEMENTS SHOULD BE ADDRESSED 
TO: T, G. Scott and Son, Limited, 1 Clement's 
inn, Strand, London, W.C.2. Telephone: 
wes 4743. Telegrams: Textualist, London, 


APPOINTMENTS VACANT 


UNIVERSITY OF OTAGO 
DUNEDIN, NEW ZEALAND 
LECTURER/SENIOR LECTURER IN 
BIOCHEMISTRY 


Applications are invited from suitably qualified 
persons for the above-mentioned appointment. 
This position is the result of a recent increase 
in staff establishment in the Department of Bio- 
chemistry (Head of Department: Professor G. B. 
Petersen, D.Phil). Applications are sought from 
candidates whose research interests He in any 
field of biochemistry, including molecular biology 
and developmental biology. Salary scales: 
Science Graduate (from April! 1, 1969)—Leccturer, 
A scale from $NZ3,100 by SNZ200 to $NZ4,700 
per annum by $NZ100 to $NZ4,800 per annum; 
Senior Lecturer, a scale from $NZ4,700 by 
$NZ200 to SNZ5,.500 per annum, thereafter a 
range of salaries up to $NZ6,6500 per annum, 
Medical Graduate—Lecturer, a scale from 
$NZ4.270 to $NZ6,800 per annum with a bar at 
$NZS.600 per annum: Senior Lecturer, a scale 
from $NZ7,000 to $NZ28,100 per annum, A par- 
ticularly well qualified candidate could be ap- 
pointed at the grade of Associate Professor at 
à salary within the range of S$NZS,S00 to 
$NZ27,300 per annum (Science) or $NZ8,500 to 
$N29,150 per annum (Medical. (Note: $NZ100 
equals £46 13s, 4d, sterling: $USI12; $A100) 
Although teaching experience is desirable 
applications will also be welcomed from young 
research workers with post-doctoral experience 
and who will enjoy contact with both under- 
graduate and graduate students. In certain cir- 
cumstances, a short-term appointment, with 
provision for return fares, may be negotiated, In 
general, such an arrangement would be on the 
basis of a three-year term. 

Further particulars are available from the 
Secretary-General, Association. of Commonwealth 
Universities (Branch Office), Marlborough House. 
PaH Mall, London, S.W.1, or from the Registrar 
of the University, Applications close in New 
Zealand and London on March 8, 1969. — (184) 
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UNIVERSITY OF LANCASTER 
LECTURER IN NUCLEAR PHYSICS 








Applications are invited for this new post to 
begin in the academic year 1969/70. Candidates 
should have postgraduate experience in elemen- 
tary particle physics. Salary scale £1,240 to 
£2.734 per annum, plus FS S.U. benefits. 

Applications (one copy) naming two referees, 
should be sent not later than February 21, 1969, 
to the Secretary of the University, University 
House, Bailrigg, Lancaster, from whom further 
particulars may be obtained (quoting Reference 
L.392/€. (196) 
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UNIVERSITY OF READING 


DEPARTMENT OF PHYSIOLOGY AND 
BIOCHEMISTRY 


Applications are invited for a  Rescarch 
Assistant to work on carbohydrates and Hold 
metabolism in the tissues of foetal and neonatal 
lambs. Salary about £800 per annum according 
to age and experience. Applicants should have 
a degree in Biochemistry, Physiology, Zoology 
or Agricultural Science. Apply not later than 
February 14 to Professor C, Tyler, Department 
of Physiology and Biochemistry, The University. 
London Road. Reading RG1 SAQ, from whom 
further particulars may be obtained, (208) 
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HUNTINGDON 
RESEARCH CENTRE 





Research Pathologis 


Applications are invited from registered practitioners for the post of 


Pathologist. 


The newly built department of Histology and Morbid 


Anatomy is one of the largest in the country and undertakes contract 


multi-species toxicity tests together with some basic research. 
post Is a senior one and carries the usual fringe benefits. 


related to age and experience. 


The 
salary— 


Applications, which will be treated in the strictest confidence, should 
be made in the first instance to the Personnel Officer, Huntingdon 
Research Centre, Huntingdon, quoting reference LEMT/3. 


(202) 





BEE HUSBANDRY 


MINISTRY OF AGRICULTURE, FISHERIES AND FOOD 
NATIONAL AGRICULTURAL ADVISORY SERVICE 


Post as Bees Adviser, Grade H, at Harpenden, Hertfordshire, for man or woman 
normally at feast 31 years old with a sound knowledge of bee-keeping and at least 


five years’ appropriate experience, 


DUTLES : providing specialist advice and assistance on all aspects of bee husbandry. 


QUALIFICATIONS : Degree in an appropriate biological subject ; or National Diploma 
in bee-keeping ; or an equivalent or higher qualification., 


SALARY: 
contributory pension. 


£2,413 to £2,913, 


Starting salary may be above 
Promotion prospects, 


the minimum. Norn 


WRITE 19 Civil Service Commission, Savile Row, London, WINX JAA, or TELE- 
PHONE 01-7314 6010, ext. 229 (after 4.30 pm.. 01-734 6464 "' Ansafone " service), 


quoting 7070/69, 


UNIVERSITY OF EXETER 


DEPARTMENT OF CHEMICAL 
ENGINEERING 


Applications are invited for the post of Lec- 
turer or Assistant Lecturer tenable from April 1, 
1969, or a later date by arrangement. Salary 
scales (under review): Lecturer, £1,470 by £90 to 
£2.040 by £85 to £2,180 by £90 to £2,630 per 
annum (efficiency bar £2,180); Assistant Lecturer, 
£1,105 by £75 to £1,180 by £80 to £1,340 per 
annum. The initial salary will be fixed accord- 
ing to qualifications and experience. The suc- 
cessful applicant will be encouraged to pursue 
his individual interests in both teaching and 
research. 

Further particulars may be obtained from the 
Secretary of the University, Northcote House, 
The Queen’s Drive, Exeter, to whom applications 
(eight copies, except for those applying from 
abroad) should be sent before February 11, MA 
(18D 


CARLETON UNIVERSITY 
THE DEPARTMENT OF GEOLOGY 
invites applications for appointment, effective 
July 1, 1969, in one or more of: 
STRUCTURE--GEOPHYSICS 
MINERALOGY--PETROLOGY 
ENVIRONMENTAL GEOLOGY 
Duties: teaching at both undergraduate and 
graduate levels, with appropriate research. Rank 
and salary dpendent on qualifications. Replies, 
resumé and three references to be sent before 
March 1, 1969 to: 
The Chairman, 
Department of Geology, 
Carleton University. 
Ottawa 1, Ontario, 


Canada. (242) 


Closing date February 14, 


1969. (231) 


TRANSVAAL MUSEUM 
PRETORIA 


ENTOMOLOGIST Applications arec invited 
for a senior post of Professional Officer in the 
Division of General Entomology on the salary 
scale R3,000 by R120 to R3,600 by RISO to 
R4,200. Salary scale is likely to be revised in 
the pear future. Applicants must be in posses- 
sion of an M.Sc. or higher degree in entomo- 
logy and experience in the taxonomy of Hymen- 


optera, Diptera or  Hemiprera (but not of 
Coleoptera or Lepidoptera) & essential. Closing 
date for applications March 31, 1969, Starting 


notch will be commensurate with qualifications 
and experience. Applicants must be prepared to 
hecome bilingual within a reasonable period after 
appointment. Membership of the Pension Fund 
and Medical Benefit Scheme is obligatory, Pre- 
sent salary and earliest date possible to assume 
duties should be mentioned. 

Appiications, together with a birth certificate. 
recent medical certificate of good health and 
other relevant supporting documents must be in 
the hands of the Director, Transvaal Museum, 
PO. Box 413, Prevoria, on or before the closing 
date. (214) 

INSTITUTE OF DENTAL SURGERY, EAST- 
man Dental Hospital. Research Fellowship in 
dental science or related basic sciences, Appli- 
cations are invited from either dental or science 
graduates who wish to undertake an approved 
proiect of thelr own choosing and/or assist in 
existing research. The project should be capabie 
of application in the dental field. Clinical facili- 
ties will be available to a dentally qualified 
Fellow. The award will be for one year in the 
first instance and will be on the scale £1,650 to 
£1,950 per annum -Further particulars from the 
Secretary, Institute of Dental Surgery, Eastman 
Dental Hospital, Gray's Inn Road, m 
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WESTERN REGIONAL 
HOSPITAL BOARD 


DEPARTMENT OF CLINICAL PHYSICS 
AND BIO-ENGINEERING 


PRINCIPAL PHYSICIST 


Applications are invited for an appointment in 
the grade of Principal Physicist. The successful 
candidate will work in a newly-built laboratory 
near the centre of Glasgow and will have respon- 
sibilities in projects related to diagnosis by iso- 
tope scanning, thermography and ultrasonics. He 
will be expected to develop new concepts and 
techniques for improving the information content 
of signals derived from these tests and from 
other investigative procedures of novel kinds. 

Substantial scientific and technical support will 
be provided from the resources of the Depart- 
ment which, with a staff of more than 140, is the 
largest organisation of its kind in the world. 

Applicants should have high academic qualifi- 
cations in physics, electrical engineering or 
mathematics and should have experience in elec- 
tronic computing and other methods of signal 
processing in scientific or medical research. 

Salary will be on the scale £2,486 to £3,196 
(under review) with superannuation benefits, five- 
day week and six weeks annual leave in addition 
to public holidays. 

Applications should be sent, before February 


15, to Dr. J. M. A. Lenihan, Western Regional 
Hospital Board, 9-13 West Graham Street, 
Glasgow, C.4. (263) 
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POSTDOCTORATE POSITIONS IN 
PHYSICS 
QUEEN'S UNIVERSITY 
KINGSTON, ONTARIO, CANADA 


Research and Teaching Assistantships are avail- 
able to postgraduate students, both theoretical 
and experimental, ín the fields of solid state 
physics, nuclear physics, and radio astronomy. 
Special experimental facilities include:  equip- 
ment for ultra high vacuum, magnetic resonance, 
microwave spectroscopy, luminescence studies. 
and for electron structure studies of metals by 
positron annihilation; a 3-MV Van de Graaff 
positive-ion accelerator, and use of the MP 
Tandem at Chalk River; a 60-ft. radio-telescope, 
and use of the 150-ft. radio telescope at 
Algonquin Park. Financial assistance in a com- 
bination of Scholarships and Teaching and Re- 
search Assistantships is provided in the range 
$3,700 to $4,800 per annum. 

Several Postdoctorate Fellowships are available 
in the above fields, with a stipend of $6,000 or 
$7,200 depending on marital status ; these Fellow- 
ships are tax free, and a travel allowance will be 
paid. 

Letters of application and requests for 
brochures and further information should be 
addressed to the Head, Department of Physics, 
Queen's University. (268) 


UNIVERSITY OF DURHAM 
DEPARTMENT OF GEOLOGY 


Applications are invited for the post of 
Experimental Officer to work on Seismo- 
logy in East Africa. The person appointed 
will be responsible for the technical and 
scientific side of running seismic stations and 
playback equipment in Kenya, Tanzania 
and Uganda which is now being installed 
by the University of Durham. He will be 
encouraged to take an active interest in the 
interpretation of data though his primary 
responsibility will be the smooth running 
of the equipment and the maintenance of a 
high standard of data from the network. 

Applicants should have some knowledge 
of clectronics, and preferably a degree and 
a knowledge of geophysics, though this ís 
not essential. 

The foHowing candidates would be con- 
sidered (1) A degree in Electronic Engin- 
eering or Physics or an associated subject, 
(2) Higher National Certificate. 

Salary will be on the scale £950 by £50 
to £1,180 by £55 to £1,260 (under review), 
according to age and qualifications, and the 
Officer will be eligible for F.S.S.U. benefits. 

Applications (three copies), together with 
the names and addresses of three referees, 
should be sent by February 1, 1969, to the 
Registrar and Secretary, Old Shire Halt. 
Durham, from whom further particulars 
may be obtained. (269) 
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PUBLIC HEALTH 
LABORATORY SERVICE 


A research group is being formed by Dr E, S. Andersor, F.R.S., Director 
of the Enteric Reference Laboratory, Colindale, Lomdon, N.W.9, to 
investigate problems connected with transferable drug resistance. 


Vacancies exist for the following staff: 


SCIENCE GRADUATE (SENIOR GRADE)—»referaty Ph.D. Experi- 


ence in microbial genetics essential. 


age and experience. 


Starting salary in accordance with 


TWO SCIENCE GRADUATES (BASIC GRADE) — Honours degree, 


preferably at least 2.1 in a biological subject or in a basic science; if latter, 


knowledge of molecular biology necessary. 


of £1,120, 


Starting salary—minimum 


TECHNICIAN (SENIOR | GRADE)—AIMLT or equivaient qualification: 


JUNIOR TECHNICIAN 


Applications with full curriculum vitae to Personnel Officer, Central 
Public Health Laboratory, Colindale, N.W.9. 


UNIVERSITY OF ALBERTA 
EDMONTON, ALBERTA 


invites applications for two academic appoint- 
ents in GEOLOGY. Preferences exist. for 
specialization in the following fields: 
t. HYDROGEOLOGY 
2. ENGINEERING GEOLOGY 
3. PHOTOGEOLOGY—REMOTE SENSING 
. GEOMORPHOLOGY 


Qualified applicants in other fields will also 
receive serious consideration. Ph.D. required, 
and at least two years of post-doctoral experi- 
ence would be desirable. Salary and rank de- 
pendent upon qualifications and experience, in 
the folowing ranges (12 month basis): Associate 
Professor, $13,000 to $17,450: Assistant Profes- 
sor, $9,500 to $12,950. Preferred starting date 
is July 1, 1969, or as soon as possible thereafter. 

The Department of Geology is a modern, well 
equipped department with 13 academic teaching 
staff, 4 post-doctoral appointments, 40 graduate 
students and approximately 60 undergraduate 
majors. Excellent opportunities exist for funda- 
mental research, and close co-operation is main- 
tained (including shared research projects) with 
the Departments of Botany, Civil Engineering, 
Physics and Zoology, as well as with the Re- 
search Council of Alberta which includes the 
foremost groundwater survey in Western Canada. 

Applications, including a complete resumé and 
names of three referees, should be sent bv April 


$> 


15, 1969, t0: The Chairman, Department of 
Geology, University of Alberta, Edmonton 7, 
Canada (266) 


IRELAND 
ANATOMY DEPARTMENT 
SENIOR  TECHNICIAN/TECHNICIAN 


LM.L.T. Advanced Certificate or equivalent 
qualification required. Knowledge of histological 
techniques would be an advantage. 

Salary Scale: Senior Technician, 
£1,333; Technician, £961 to £1,151. 

Applications, stating age, qualifications and ex- 
perience to Professor M. J. T. FitzGerald. 


£1,148 to 


JUNIOR POSITION IN ENVIRONMENTAL 
toxicology. Academic position open at Univer- 
sity of California, Davis. Duties research and 
teaching in environmental toxicology. Educa- 
tional prerequisite Ph.D. in chemistry, bio- 
chemistry, chemical engineering or closely related 
discipline, Experience in field desirable but not 
essential. Prefer person under 40 years of age.— 
Send curriculum vitae to Dr. G. F. Stewart, 
Agricultural Toxicology Laboratory, University 
of California, Davis, California, US A., 95616. 

aD 
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SI. CATHER.NE'S COLLEGE, 
OXFORD 


C.E,G.B. RESEARCH FELLOWSHIP INW 
INORGANIC CHEMISTRY 

The College proposes to elect à Research Fel- 
low in Inorganic Cremlstry, The Fellowship 
wil be tenable for prec years from October ], 
1969, but may be renewed for a further two 
years. The stipend will be on a scale from 
£1,155 per annum at age 23 to £1,800 per annum 
at age 35 pius allowaeces., 

Further details mer be 
Master. St. Catherine's College, 
February 21, 
TECHNICAL SALES--SCOTLAND 

A REPRESENTATEVE is required to assist in 
the comrolled expansion of the LLK. subsidiary 
company of an internationally renowned Swedish 
Scientific Instrument Manufacturer. 

The successful applearm will be responsible for 
promoting the sales of a wide range of specialised 
instrumentation to academic, medical, and indus- 
trial laboratories in Scotland, and will have rele- 
vant sales or technical experience, preferably 
with a sound knowledge of chromarography, mass 
spectrometry, ¢lectrocnemistry, | ukramicrotomy, 
clinical chemistry, or calorimetry. 

Applicants should be prepared to reside in 
Edinburgh or Glasgow A good salary, bonuses 
and expenses will be oaid, and a company car 
wil be provided. The position offered is super- 
annuated and a free We assurance scheme is in 
Operation, 

Please apply to: The Sales Manager, LEB 
Instruments Limited, 222 Addington Road, South 
Croydon, Surrey, CR2 8YD. £274) 

UNIVERSITY OF CAMBRIDGE 

DEPARTMENT OF METALLURGY 
SECRETARY OF THE DEPARTMENT 

Applications are invzed for the new post of 
Secretary to the Department of Metallurgy. The 
duties wil be to assist the Head of Deparument 
in the general administzation of the Deparument, 
including finance, research comrac, equipment, 
etc, Applicants should have some administrative 
experience and preferacly a university degree in 
science or technology, The stipend wii be in 
the range £1.560 to £2.270, plus FSSA], bene. 
fits, depending on age and experience, 

Further details may be obtained from the Pro. 
fessor of Metallurgy, Department of Metallurgy, 
Pembroke Street, Camoridge, to whom applica- 
tions should be sent ner later than February 22, 
1969, (2733 


obtained from the 
Closing date 
(272) 





vantage. Salary accorcing to age and qualifica- 
tions in scale £722 to £3,007 per annum,—Apply 
to Professor O. V, S, Eeath, FRS., Depnartmem 
of Horticulture, Shinfiele Grange, Shinfieid, Reade 
ing, Berks. (207) 
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Immunologist 





FISONS PHARMACEUTICALS LIMITED 
have a vacancy for an immunologist at their new research laboratories 
in Loughborough, Leicestershire. 















The vacancy arises from the continued expansion of the Company's research effort into 
the study of allergic reactions. 


The post will be atractive to a Senior Graduate holding a degree in a biological science and 
with some years proven industrial and/or academic research in immunology, There will be 
considerable scope for expansion, and the appointee will be expected to develop major 
research programmes embracing both immediate and delayed allergic phenomena. 


The Company is a member of the Fisons Group of Companies and Group Welfare Benefits 
apply, including: generous holidays, first class pension scheme, cafeteria and sports and 
social club facilities. 


Please write including curriculum vitae to: 


ZA HSONS 


Horticultural 
Advisers 


Ministry of Agriculture, 
Fisheries and Food 
National Agricultural Advisory Service 


Research Personnel Assistant 
(Ref, 10), 

Fisons Pharmaceuticals Limited, 
Bakewell! Road, 


Loughborough, Leicestershire. 
(229) 





Posts for men and women aged at least 20 (Grade IV) or normally at 
least 26 (Grade HI). 


DUTIES : General advisory work (and work at experimental horticultural 
stations) to provide farmers and growers with technical advice and instruc- 
tion on horticultural matters. 


QUALIFICATIONS : Degree in horticulture or closely related subject ; 
or National Diploma in Horticulture (Sections 1 to V) ; or an equivalent 
or higher qualification, 


FINAL YEAR STUDENTS may apply. 


SALARY (National): Grade IV £990 to £1,415, Grade HMI £1,540 to £2,413. 
Starting salary may be above minimum in both cases. Non-contributory 
pension. Promotion prospects, 


WRITE to Civil Service Commission, Savile Row, London, WIX 2AA, 
or TELEPHONE 01-734 6010 Ext. 229 (after 4.30 p.m. 01-734 6464 
"Ansafone " service), for application form, quoting 345/69/1. Closing 
date February 7, 1969. 

(185) 








UNIVERSITY OF CAMBRIDGE 


Sub-Depariment of Quaternary Research 
MASS SPECTROMETRY 


Applications are invited from holders of 
à degree in physics or equivalent technical 
qualification for a post of RESEARCH 
ASSISTANT, The successful applicant will 
perform stable isotope analysis by mass 


spectrometer in connection with the inves- 
tigation of climatic changes over the last 


106,000 years, Experience in mass Spectro- 
metry, electronics, vacuum techniques or 
geochemistry would be an advantage. 

The appointment is for three years, 
ctarting salary up to £1,050 plus FSS-U. 
benefits, 
tor details to Dr. N. J. Shackleton, 5 
Salisbury Villas, Station Road, Cambridge. 

(240) 





Intending applicants should write 


UNIVERSITY OF LIVERPOOL 
DEPARTMENT OF BACTERIOLOGY 


Applications are invited from medically 
qualified candidates for a post of Lecturer 
in the Department of Bacteriology. The 
post offers research facilities for a higher 
degree and for training in medical micro- 
biology within the United Liverpool Hos- 
pitais. (Recognized for M.C.Path) The 
salary will be within the range £1,470 to 
£3.110 per annum, according to qualifica- 
lions and experience. 

Applications, stating age, qualifications 
and experience, together with the names 
of three referees, should be sent not later 
than January 31, 1969, to the Registrar, 
The University, P.O. Box 147, Liverpool 
LAS 3iBX, from whom further particulars 
may be obtained. Please quote Ref.: RV} 
950; N. (192) 


 MMMTER TIMAEUS AEAEE ASEAN AAAA 





NATURE, JANUARY 18, 1969 


UNIVERSITY OF BRITISH 
COLUMBIA 
DEPARTMENT OF CHEMISTRY 
GRADUATE TEACHING 
ASSISTANTSHIPS 
Graduate Teaching Assistantships are 
available for candidates with high academic 
records who wish to pursue further studies 
towards the Ph.D. degree. in Chemistry. 
Excellent research facilities are available in 
ali areas of modern Chemical Science, 
ranging from Bio-Organic Chemistry to 
Chemical Physics. Stipends 53.500 (mini- 

mum) per annum. 

Apnlication forms and further particulars 

may be obtained from the undersigned. 
Professor C. A. McDowell, 
Department of Chemistry. 
University of British Columbia, 
Vancouver 8, British Columbia, 
Canada. (1233 


UNIVERSITY OF EAST AFRICA 
UNIVERSITY COLLEGE, DAR ES SALAAM 


Applications are invited for LECTURESHIP 
IN PHYSICS, Preference given oo a Specialist 
in Theoretical Physics. Duties to commence by 
July 1969, Salary scale: £EAL IS to £EA2,230 
per annum (EEA =£] 3s. 4d. sterling). Salary 
supplemented in range £345 to £410 per annum 
(sterling) in appropriate case under British Ex- 
patriates Sunplementation Scheme. FSS, 
Family passages; biennial overseas leave. 

Detailed applications (six copies), naming three 
referees, by February 14, 1969, to Inter-University 
Council, 90/91 Tottenham Court Road, London, 
Wi. from whom particulars are available. 

(233) 


FURNITURE INDUSTRY 
RESEARCH ASSOCIATION 
SENIOR ERGONOMIST 


FIRA, a research organization grant-aided by 
the Ministry of Technology, offers an excellent 
opportunity for an Ergonomist to take charge of 
a small section carrying out various research 
projects concerned with the ergonomics of furni- 
ture. These include anthropometric studies of 
children and adults, comfort ef chairs and 
passenger seating, design of storage furniture, 
and industrial ergonomics, Applicants should 
have a good first degree in science, engineering 
or psychology, and suitable experience in applied 
research or development work, Starting salary 
will be not less than £2.000 per annum. 

Application forms may be obtained from ahe 


Director, Furniture Industry Research Associa- 
tion, Maxwell Road, Stevenage, Herts. Tel, 
3431. (227 


THE MIDLAND CENTRE FOR 
NEUROSURGERY AND 
NEUROLOGY 


HOLLY LANE, SMETHWICK, WARLEY, 
WORCS 


SENIOR TECHNICIAN or GRADUATE IN 
BIOCHEMISTRY required for whole-time re- 
search assistance in small group investigating 
metabolism in diseased muscle. New laboratory 
with good facilities. Whitley Council conditions 
of service and salary in range £915 to £1,395 
according to qualifications, age and experience, 
Intending applicants may visit the laboratory by 
arrangement with the Hospital Secretary. 

Applications, naming two referees, to Group 
Secretary, West Bromwich and District General 
Hospital, Edward Street, West Bromwich. 

(23193 


UNIVERSITY COLLEGE OF 
RHODESIA 


Applications are invited for (a) SENIOR LEC- 
TURESHIP or (b> LECTURESHIP in DIVISION 
of BIOLOGICAL SCIENCES. Candidates should 
have special interests and training in ecology 
with particular reference to range and wild life 
management. Special consideration given to ap- 
plicants with knowledge of both zoological and 
hotanical aspects of ecosystem ecology. Salary 
scales: (Rhodesian currency £4 Rhodesian =<? 
sterling): (a) £2.808 to £3,768 per annum; ib) 
£1812 to £2,916 per annum, Family passages; 
Sabbatical and triennial visits with travel alow- 
ance: superannuation scheme. 

Detailed applications (six copies), naming 
three referees. by February 17. 1969, to mer 
University Council, 90/91 Tottenham Court Road, 
London W.i, from whom particulars are avail- 
able, (230) 
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AGRICULTURE 


General Agriculturists and agricultural specialists of many kinds 
are frequently required in the effort to match the large demand 
from the developing countries, The vacancies advertised below 
are a selection from the many openings which exist now, While 
they are being filled, other vacancies are arising. 

Salaries within the ranges quoted are assessed on qualifications 
and experience ; and the terms of most appointments include 
free or subsidised accommodation, education grants, family pas- 
sages, good leave on full pay, ete. A contributory pension scheme 
is available in certain circumstances, 

Candidates must be citizens of, and normally resident in, the 
United Kingdom, 


BOTSWANA 
Grain Storage Specialist RC 213/19/012 


Duties: To conduct a detailed survey of grain storage problems including 
maize milis, traders stores, and farm stores, and to recommend suitable 
storage methods and pest control procedures, to train field assistants 
and to assist with extension campaign in grain storage methods, 
Qualifications: A degree in Agriculture or allied subjects, with Agricultural 
Zoology or Entomology as the main subject, and experience of grain 
storage problems in the tropics. A post-graduate qualification in grain 
storage would also be desirable, 

Basic Salary: Rs. 2,172—4,800 (£Sterling 1,267— 2,800) p.a. 

In addition an inducement allowance in the range £Sterling 360—662 p.a, 
is falso payable. | Gratuity 25%, of basic salary, inducement allowance 
already contains gratuity element, Contract 2-3 years. 


BRUNEI 
(1) Plant Pathologist RC 213/28/03 


To draw up new plant importation rules and to work in the field with 
the local farmers, initially studying surveys of the field of probíems involved 
in the control of diseases in rice, oi! palms, fruit and vegetables. Candidates 
may also be required to teach. Opportunities likely for applied research 
largely in the form of application trials, 

Qualifications: A university degree in Natural Science with Plant Pathology 
as a major subject, and at least 7 years experience in tropical agriculture. 


(2) Entomologist RC 213/28/04 


Required initially to undertake studies to survey the field of problems 
covering rice, oil palms, coconuts, fruit and vegetables, and to make recom- 
mendations for dealing with them. Candidates will be involved largely 
in field work in conjunction with local farmers. Some teaching may be 
involved. Opportunities likely to be open for some form of applied research. 
Qualifications: A university degree in Natural Science with Entomology 
as the major subject and at least 7 years experience overseas or post- 
graduate experience. 

A knowledge of Malay in respect of both appointments would be an 
advantage. 

Salaries: Brunei $12,240—21,840 (£Sterling 1,668—2,976) p.a. plus an 
inducement allowance £327—£556 ($ Brunei — 2/8.7d.) Tax free gratuity 
12195 of basic salary and inducement. Contracts 3 years. 


FIJI 
Research Officer (Horticulture) RC 213/62/015 


Duties: To work on a wide range of tropical horticultural crops in the 
wet and dry zones, 

Qualifications & Terms: A degree in Agriculture with post-graduate 
experience and/or training in tropical horticulture or agriculture and a 
good knowledge of experimental design. 

Basic Salary: £F.1,092—£F.2,181 (£Sterling 1,045—2,086) p.a. An induce- 
ment allowance normally tax free, in the range £508—829 p.a. is payable 
direct to an officer's home bank account. Terminal gratuity 25° of basic 
salary and inducement allowance. Contract 30-36 months. 


SWAZILAND 


Soil Surveyor RC 213/169/09 


Duties: To undertake detailed soil surveys of irrigation projects, rural 
development areas, farms or estates, also land capability studies of specific 
farming systems. The soil surveyor will work in close liasion with the land 
planning officer and extension staff. 

Qualification and Terms: A degree in one of the natural sciences or in 
agriculture and post-graduate experience in soil surveying. 

Basic Salary: Rs. 2,256—4,800 (£Sterling 1,316— 2,800) p.a. plus an induce- 
ment allowance in the range £156—£372 p.a. Terminal gratuity 25°% of 
basic salary and inducement allowance. Contract 3 years, 


ZAMBIA 
Agricultural Officers (Training) RC 213/132/022 


Duties: To direct and organise staff training and short courses for farmers 
at farm institutes and farm training centres, 

Qualifications and Terms: A degree in Agriculture with experience of 
advisory work. 

Salary: Kwacha |,944—4,464 (£Sterling 1,134— 2,604) p.a. plus an induce- 
ment allowance in the range £243—£429 p.a. A supplement ranging from 
£233——£291 p.a. is also payable direct to an officers’ bank account outside 
Zambia. 25%, terminal gratuity. Both supplement and gratuity are tax 
free. Contract 3 years. 
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KENYA 


Agricultural Economist; Marketing Officer 
RC 213/93/029 


Duties: To assist a local marketing officer in problems of marketing 
produce by individual and co-operative land settlement extension 
work, to study and advise on suitable crops ane livestock for diversi- 
fication and to revise farming budgets: to liase arl co-ordinate with the 
marketing statutory boards which deal with budgeted produce and with 
the Ministry of Economic Planning and Development in project appraisal 
and formulation. 

Qualifications & Terms: A degree in Agricultural economics with consid- 
erable experience in the marketing of agricultural sraduce. A knowledge 
of farm management and experience in project appraisal is also desirable. 
Basic Salary: £2,000— 12,750 p.a. according to qualifications and experience 
subject to British income tax, plus a variable non-taxeble overseas allowance 
from £540-—£1,095 p.a. depending on marital stazus, Contract 2 years. 


LESOTHO 
(1) Pasture Research Officer RC 213/18/03 


Duties: Basic research into veld and pasture management, including the 
establishment, fertilization and management of placted pastures, Experi- 
mental techniques involving travelling within the ceuntry, 

Qualifications: An honours degree in Agriculture or Botany with previous 
experience in pasture research work especially in Africa. 


(2) Horticultural Officer RC 2013/18/06 


Duties: Horticultural development work and the training of extension 
staff. 

Qualifications: A degree or diploma in horticulture and preferably expers 
ience in horticultura! work with small scale produsers under sub-rropical 
conditions, 


Basic Salary: R2,!72-——R4,800 (f£Srerling 1,267-——28800) p.a. plus an in- 
ducement allowance in the range £153—£372 p... Tax free gratuities 
2595, Contracts 2 years. 


MALAWI 
(1) Agricultural Officer (Training) RC 213/134/029 


Duties: To set up and run a training unit, to escablish training courses 
for farmers and staff and to administer and assist a small extension aids 
unit in the production of teaching materials. 

Qualifications: A degree in Agriculture with experience in training of 
farmers and technical staff and in the growing of maize, ground-nuts and 
tobacco. 


(2) Agricultural Officers RC 213/134/013 


Duties: To be in charge cf extension services or implement developmen: 
projects at district level, 

Qualifications: A degree in Agriculture preferat^y with post-graduate 
training or experience in the tropics. 

Salaries: €1,420--£2,600 p.a. 


(3) Landscape Architect RC 319/134/06 


Required to design and supervise the constructionwof land-scape schemes, 
including Government official residences, public buildings, parks and 
botanical gardens, 

Qualifications: Candidates must be ALLA. or have an equivalent quali 
fication with experience in landscape architectural sractice, 

Salary: £1,175-—£2,600 p.a. 


In addition to the above salaries, supplements of £100 p.a. are payable 
direct to the officers’ bank accounts outside Malawi and Rhodesia. Tax 
free gratuities 159525?2, Contracts 2-3 years. 


MALAYSIA 
Agricultural Economist RC 213/106/07 


Duties: To train, advise and assist agricultural economists in the teche 
niques and conducting of market research and investigations. 

Also to assist and advise in the formulation of sgricultural produerion 
and marketing policies, including price policies, ee aid che Government 
of Malaysia to diversify its agricultural economy. 

Qualifications and Terms: Candidates who should be between 35 and 
45 years of age should have a good Honours degres in Agricultural Econ- 
omics and considerable practical experience in marketing and/or agri- 
cultural produce, 

Basic Salary: £3,000——£4,000 p.a. according to quali cations and experience 
subject to British Income Tax, plus a variable non-tamable overseas allowance 
ranging from £530— £1,605 p.a. depending on merical status. — Contract 
2 years. 


For further particulars of these vacancies anc an application form 
please write giving your full name, age and brief details of profes- 
sional qualifications and experience, and quoting appropriate 
reference number, to the Appointments Officer, Ream 333 NID, 
Ministry of Overseas Development, Eland House, Stay Place, 
London, S,W.1, 


MINISTRY OF OVERSE 








DEVELOPMENT 
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Institute for Industrial Research and Standards, 
Ireland 


€» Chemi 


Enzyme 
st/Biochemist 


Applications are invited to fill the above post in the Research Section 
of the Chemistry Department of this Institute. The Section undertakes 
applied research on both long- and short-term problems to provide a 
service for industry and to promote the use of indigenous raw 


materials. 


Applicants should have an honours degree in organic chemistry or 
biochemistry and at least two years' research experience in enzyme 
chemistry. The work will involve taking charge of a laboratory 
newly equipped for research and development work on commercial 


enzymes. 


Appointment will be made at the Scientific Officer or Senior Scientific 
Officer level at a point within the salary range £1,250 to £2,744, 


depending on qualifications and experience. 


contributory superannuation. 


Five-day week ; non- 


Application forms are available from the Director General, Institute 
for Industrial Research and Standards, Ballymun Road, Dublin 9, 
Ireland, and should be returned to him completed not later than 


February 28, 1969. 


TOBACCO RESEARCH 
COUNCIL LABORATORIES 


require a 


SENIOR 
TECHNICIAN 


with experience in radiochemical techniques 
and also, preferably, in preparative Organic 
Chemistry, Candidates should have H.N.C. 
pass degree or equivalent qualifications and 
should not be less than 21 years old. 


, Write, giving brief details of qualifica- 
tion, experience and age to: 


Personnel Officer, 

Yobacco Research Council Laboratories, 
Hariow Hill, 

Harrogate. (22 





QUEENSLAND INSTITUTE OF 
MEDICAL RESEARCH 


Applications are invited from 
workers for the position 


senior re- 
of Deputy 


Director of the Queensland Institute of Medical 
Research, Brisbane, Australia. The Institute is 
supported by the Queensland State. Department 
of Health. and has units concerned with virology, 
epidemiology. oncology, child health and medical 
genetics. The appointee must be competent to 
act as head of a unit in one of these fields, or 
in some field relevant to health in Queensland, 
and to assist in the direction of research in the 
Institute. Salary $A457.10 per fortnight (BALI,925 
per annem) for a medical graduate, or $4338.40 
to $4346.40 per fortnight ($A8,827 to $A9,035 
per annum) for a non-medical graduate, subject 
to basic wage adjustment fat present $A2.70 per 
fortnight): appointment for seven years, renew- 
able subject to decision by the Institute Council ; 
leave, superannuation and other conditions of 
service as for the Queensland State Public Ser- 
vice. 

Further details may be obtained from the 
Director, Queensland [institute of Medical Re- 
search, Herston Road, Herston 4006, Brisbane. 
Applications, listing curriculum vitae, publica- 
tions, referees and future research plans, should 
reach the Director by March 3, 1969, (236) 


(194) 


UNIVERSITY OF HONG KONG 


SENIOR LECTURESHIP IN INDUSTRIAL 
ENGINEERING 


LECTURESHIPS/ ASSISTANT LECTURE- 
SHIPS IN MECHANICAL ENGINEERING 


Applications are invited for the following 
posts in the Department of Mechanical Engineer- 
ing: (D Senior Lectureship in Industrial 
Engineering (available now); Gi) Three Lecture- 
ships/Assistant Lectureships in Mechanical 
Engineering (new posts available from September 
1, 1969) one of which is to be filled by a 
metallurgist. 


Annual salaries (superannuable) [approximate 


equivalents at current rate of exchange in 
brackets] are: 
Senior Lecturer: HK$47,360 by 1,840 to 


58,400 by 2,000 to 
(man or woman). 


Lecturer: HK$30,880 by 1,440 to 49,600 
{£2,122 to £3,409] (man) HK$26,720 by 1,760 to 
32.000 to 33,280 by 2,000 to 45,280 by 1,440 to 
49,600 i1£1,836 to £3,409] (woman). 


Assistant Lecturer: HK$20,800 by 1,440 to 
25.120 {£1,429 to £1,726] (man), HK$15,760 by 
1.520 to 20,320 [£1,083 to £1,396] (woman). 

Further particuars and application forms may 
be obtained from the Secretary-General, Asso- 
ciation of Commonwealth Universities (Branch 
Office), Marlborough House, Pall Mall, London, 
S.W., or the Registrar, University of Hong 
Kong. Closing date for applications February 
28, 1969, (223) 


62,400 [£3,255 to £4,288] 


LIVERPOOL REGIONAL COLLEGE 


OF TECHNOLOGY 
BYROM STREET, LIVERPOOL, L3 3AF 
DEPARTMENT OF CHEMISTRY AND 
BIOLOGY 
RESEARCH ASSISTANTSHIP 
(£850 to £1,055—A.P.I2 
Applications are invited for a Research Assist- 
ant in Chemistry to undertake research into 
radiation induced ionic and free radical reactions 
in solution. The successful candidate will possess 
an Honours Degree in Chemistry or its equiva- 
lent (e.g. Grad. R.L.C) and will be expected to 
register for the M.Phil. or Ph.D. degree of the 
C.N.A.A. 
General Local Government conditions apply. 
Application forms (returnable to the Vice- 
Principal by January 31, 1969), can be obtained 


from the Director of Education, Education 
Offices, 14 Sir Thomas Steet, Liverpool, Li 
6B. (195) 
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WOOLWICH POLYTECHNIC 
LONDON, S.E.18 


DEPARTMENT OF BIOLOGY AND 
CELL SCIENCE 


requires 
LABORATORY TECHNICIAN 


to take charge of photographic unit in the 
deparument, Preference will be given to à 
candidate having experience in photomicro- 
graphy or electron. macroscopy. 


Superannuated post. Salary scale: £750 
(unqualified) to £1,115 (qualified) according 
to age and qualifications. 


Particulars and application form, to be 
returned. by February 4, 1969, from Clerk 
to the Governing Body, Woolwich Poly- 
technic, Wellington Street, London, S.E.18. 


(247) 





NORTHERN POLYTECHNIC 
HOLLOWAY, LONDON, N.7 


The Governing Body invites immediate appli- 
cations for the following posts in the Department 
of Biology and Geology to commence in Sep- 
tember 1969 : 

SENIOR LECTURER IN GEOLOGY. The 
candidate appointed will be expected to organise 
the geological teaching in the Department and 
to undertake research ; a suitable candidate would 
be considered for promotion to Principal Lecturer, 
AM courses in the Deparunent are at degree level, 
Applicants with experience in the general field of 
geology, or with special interests in mineralogy, 
petrology or geochemistry, would be preferred. 


SENIOR LECTURER IN ZOOLOGY. The 
candidate appointed wil lecture to degree stu- 
dents and will be expected to undertake research, 
Preference wil be given to applicants with in- 
terests in animal physiology. 


Salary scale : £2,280 to £2,595 plus £85 London 
Aliowance. 


Apply for further particulars (state appointment 
in which interested) and form of application. 


R. H. CURRELL., 
Clerk. 


UNIVERSITY OF SYDNEY 


LECTURESHIP/SENIOR LECTURESHIP AND 
LECTURESHIP IN VETERINARY ANATOMY 


Aoplications are invited for the above-men- 
tioned posts. Applicants should have a degree 
in veterinary science and preferably a higher 
degree in veterinary anatomy or related field. 
The person appointed will present courses in the 
Department of Veterinary Anatomy and will take 
part in a developing research programme.  Ex- 
perience in studies of growth and development 
woud be an advantage, Salary : Lecturer, 
$A5,400 by $A270 to $A7,300 per annum ; Senior 


Lecturer, $A7,600 by $4230 to $48,750 per 
annum, 
Information about superannuation, housing 


scheme, sabbatical leave. etc, and method of 
application from the Association of Common- 
wealth Universities (Branch Office), Mariborough 
House, Pall Mall, London S.W.l. 

Applications close in Australia and London on 
February 7, 1969, (201) 





BREWING INDUSTRY 
RESEARCH FOUNDATION 
NUTFIELD, SURREY 


Applications are invited from graduate 
chemists preferably with some years’ ex- 
perience of research in fermentation 
chemistry for permanent, superannuable 
posts. The Foundation is the central re- 
search establishment of the brewing in- 
dustry in Great Britain. The posts cover 
the broad fields of the raw materials and 
processes of malting and brewing together 
with the composkion of beers and involve 
considerable integration with existing work 
which is mostly of a fundamenial nature, 
Salaries are on scales and are governed 
initially by age, qualifications and experi- 
ence. Applications, with relevant details, 
should reach the Director, Brewing in- 
dustry Research Foundation, Nutficid, Red- 
til, Surrey, not later than Monday, Febru- 
ary 3, 1969, (204) 































LOTHIANS RIVER 
PURIFICATION BOARD 


Applications are invited for the follow- 
ing post: 


BIOLOGIST 
Salary grade £1,695 to £2,070. 


Applicants should possess i 


1, An Honours Degree in Biology, prefer- 
ably Zoology, with Chemistry of Micro- 
biology as a subsidiary subject. 


2. Associate Membership by examination of 
the institute of Water Pollution Control, 


Experience in Freshwater Ecology, Marine 
Biology and  Oceanography relative to 
Polnüion Prevention would bc an advan- 
tage. The duties of the successful candi- 
date will be the biological assessment of 
pollution in the rivers, burns, and that part 
of the Forth Estuary within ihe Board's 
area, 


Post superannuable. Scottish J.LO. con- 
ditions of service. Essential Users Car 
Allowance. 


Applications, together with the names of 
two Referees, to be submitted by February 
7. 1969, to the Chief Technical Officer- 
River  Iuspector, Springwell House, 1 
Gorgie Road, Edinburgh, 11. (238) 


UNIVERSITY OF MANCHESTER 
INSTITUTE OF SCIENCE AND 
TECHNOLOGY 


DEPARTMENT OF CHEMICAL 
ENGINEERING 


RESEARCH ASSISTANT IN 
THERMODYNAMICS AND TRANSPORT 
PROPERTIES MEASUREMENTS 


Apnlications are invited from postgraduate 
physical chemists, chemical engineers or applied 
physicists for this post to work in a group con- 
cerned with measuring and evaluating thermo- 
dynamics and transport properties in. homogen- 
eous and heterogencous fluid systems. Some Ex- 
perimental experience in making such measure- 
ments at a research ievel as in an M.Sc, degree 
programme would be preferred. Appointment 
initially for one year from a mutually convenient 
date with possible extension, 

Salary range £895 to £945 per annum with 
F.S.S.U. 

Requests for application forms quoting refer- 
ence CE/RA/S should be addressed to the Regis- 
trar of the Institute, Sackville Street, Manchester, 
M60 10D, to whom completed forms should be 
returned as soon as possible. (199) 


SCOTTISH HORTICULTURAL 
RESEARCH INSTITUTE 
INVERGOWRIE, DUNDEE. DD2 5DA 
STATISTICS OFFICER 
There is a vacancy for a statisiicjan to assist 
with the planning of experiments and the analysis 
of resulis. The appointment is a new one in the 
Crops Research Section although the person ap- 
pointed will be expected to help with projecta in 
other Sections as required. The post is classed 
as Scientific Officer/ Senior Scientific Officer and 
grading wil depend on age, qualifications and 
experience. The minimum qualification. is an 
Honours Degree or equivalent. in — Statistics 
akhough applications from final year students will 
also be welcomed. Salary scales: S.O., £1,020 
to £1,740: SS.0., £1,924 to £2,372. Special ad- 
vance of £137 for Scientific Officers on compie- 
tion of two years’ postgraduate experience, 

Superannuation under F.S.S.U. 

Further particulars may be obtained from the 
Secretary, with whom applications, supported by 
the names of two referees, should be lodged by 
February 15. (23D) 


pec ———— hematite oi AER 
——Ó— 


WEST MIDDLESEX HOSPITAL 
ISLEWORTH, MIDDLESEX 


BASIC GRADE BIOCHEMIST required. A 
wide range of experience and facilities for study 
for higher qualifications are available. Salary 
according to Whitley Council, plus London 
Weighting. 

_ Further information from, and applications to, 
the Consultant Chemical Pathologist, West 
Middlesex Hospital, Isleworth, Middlesex. 

(107) 








BIOCHEMIS 
(Drug Metabolism Stucies) 


We have a vacancy in the Biochemical Section of ou: Research De- 
partment, at Welwyn Garden City, Hertfordshire, for a graduate in 
chemistry or biochemistry, with relevant postgraduate, and preferably 
post-doctorate, experience. The person appointed wel lead a smail 
team engaged in drug metabolism studies. These studies include 
work—integrated with pharmacological, toxicological and chemical 
research—on specific drugs under development, as well as on fund- 
amental aspects of drug metabolism. The direction of the latter 
research could be determined by the special interests and aptitudes 
of the successful applicant. 


Facilities are good and new laboratories are being planned. Public- 
ation of research results is encouraged and close links. are maintained 
with University Departments working in this field. 


Write in confidence for further information, quoting reference RB/N, 
to the Staff Officer at : 


ROCHE PRODUCTS LIMITED 
15 MANCHESTER SQUARE LONDON WEM 6AP 


COMMONWEALTH OF AUSTRALIA 
DEPARTMENT OF NATIONAL DEVELOPMENT 


Petroleum 
Technologist 


The Bureau of Mineral Resources (Geology and Geophysics), Ganberra, wishes 
to appoint a Petroleum Technologist to carry out core analysis acd investigations 
of porosity, permeability and fluid saturation measurements fogthe purposes of 
formation evaluation and estimation of reserves etc, He will aiso be required 
to carry out capillary pressure and relative permeability isvestigations to 
establish vertical distribution o? fluid contacts. The preparatien of associated 
papers and reports will be called for and a certain amount of eld duty related 
to drilling and production operations will be Involved. 





Applicants should possess prescribed academic qualifications together with 
experience combined with the completion of an appropriate cowrse of advanced 
study in Petroleum or Reservoir Engineering; or considerable practical oit 
field experience. 


Commencing salary will be in the range $A5,332— $A5,889 per annum, 
dependent upon qualifications ard experience. (Elste. = $AZ.15.) In 
addition, travelling, camping and district allowances are payalie together with 
an allowance when excess hours are performed under prescibed conditions 
while on field duties. 


Applications giving full personal and career details should be addressed t0: 
The Recruitment Officer, Public Service Board, 


Canberra House, 10-16 Maltravers Street, 
Strand, London, W.C.2. 
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COMMONWEALTH AGRICULTURAL 
BUREAUX 
COMMONWEALTH MYCOLOGICAL 
INSTITUTE 
KEW, SURREY 
MYCOLOGIST 


The Commonwealth Mycological Institute has 
a vacancy for a mycologist to undertake the 
identification of microfungi. There are oppor- 
tunities for taxonomic research and the successful 
applicant will be expected to become an authority 
on a selected group of fungi, 

Qualifications : Good honours degree with post- 
graduate experience of the systematics of micro- 
fungi. 

Starting salary : 
and experience, in 


Acording 10 age, qualifications 
scale £1,020 to £121,425, with 


London Weighting of £75. Superannuation 
benefits. 

Applications by February 28, 1969, to the Sec- 
retary, Commonwealth — Agricultura! Bureaux, 


Farnham House, Farnham Royal, Bucks, England, 
from whom application forms and full particu- 
lars can be obtained (205) 


UNIVE RSI IY OF NEWCASTLE 
UPON TYNE 
DEPARTMENT OF BIOCHEMISTRY 


Applications are invited for appointment as 
SENIOR RESEARCH ASSOCIATE within the 
Medical Research Council Research Group on 
Biological Macromolecules. The Research Groun 
is concerned with nucicic acid biochemistry in 
both bacteria and tíssue cukures. Salary will be 
within the range £1,470 to £1,740, plus F.S.S.U. 
benefits. 

Further particulars may be obtained from the 
Professor of Biochemistry, Physics Building. The 
University, Newcastle upon Tyne, NEIL 7RU. 
with whom applications, together with the names 
and addresses of three referees, should be lodged 
by February 20, 1969, (234) © 


UNIVERSITY OF EAST AFRICA 
UNIVERSITY COLLEGE, NAIROBI 


Applications are invited for SENIOR LEC- 
TURESHIP IN DEPARTMENT OF MEDICAL 
PHYSIOLOGY from medical or science graduates 
with experience in teaching Physiology ta Medical 
Students. Salary scales: medically qualified 
£K2.005 to £K2,690 per annum; non-medically 
qualified £K 1,950 to £K2,615 per annum, Salary 
supplemented in range £385 to £505 per annum 
(sterling) in appropriate case under British Ex- 
patriates Supplementation Scheme F.SS.U. 
Family passages: biennial overseas leave. 

Derailed applications (six copies), naming 
three referees, by February 14, 1969, to Inter- 
University Council, 90/91 Tottenham Court Road, 
London, W.t, from whom particulars are avail- 
able. Em 


NORTHERN POLYTECHNIC 
HOLLOWAY, LONDON, N.7 
DEPARTMENT OF MATHEMATICS 


Apnlications are invited for the post of RE- 
SEARCH OFFICER to conduct a two-year 
research project, using statistical, operational 
research and simulation methods on the design 
of hospital outpatient departments. Candidates 
should possess appropriate academic  qualifica- 
tions and/or experience. The completed project 
may be submitted for a higher degree. The 
salary scale is £1,450 to £1,550. 

Apply in writing to the Head of the Depart- 
ment of Mathematics. (212) 


INSTITUTE OF CANCER 
RESEARCH: ROYAL CANCER 
HOSPITAL 


RESEARCH ASSISTANT IN 
EXPERIMENTAL PATHOLOGY 


Graduate (Biological, medical or veterin- 
ary} required. for experimental studies 
designed to elucidate mechanisms involved 
Some ex- 
The 
work, which could provide part of the 
basis for. a higher degree, will be carried 
out in " minimum-disease " animal unit 
at Pollards Wood Research Station, Chal- 
font St. Giles, Bucks. Salary, according 
to age and experience, within range of 
£1,470 to £1,800. F.S.S.U. 

Apply with names of two referees, to the 
Secretary, 34 Sumner Place, S. W.3, quoting 
ref. 300; G/ AI. (193) 


in the causation of lung cancer. 
perience of experimentation essential. 











University of Stirling 


LECTURER/ASSISTANT LECTURER 
IN ATOMIC PHYSICS 


invited for the above 
given to candi- 


Applications are 
post. Preference will be 


daies with experience in the feld of theo- 


retical atomic collisions. 

Salary scales (under reveiw): £1,470 to 
£2,630 (Lecturer), £1,104 to £1,440 CAssis- 
tam) ; placing according to age, qualifica- 
tions and experience. FS SU, 


Further particulars from the Secretary 
(NAT), University of Stirling, Stirling, 
Scotland, to whom applicadons, with the 
names of two referces, should normally be 
sent by February 14, 1969. (239) 





UNIVERSITY OF LANCASTER 
LECTURER IN ELECTRONICS 


Applications are invited for appointment from 
August 1969 to this new post in the Department 


of Physics, Candidates should have industrial 
or other experience in Semiconductor Techno- 


logy. The Lecturer will be responsible for the 
new laboratories for the M.Sc. course on Semi- 
conductor Devices, Salary scale £1,240 to £2,735 
plus FSS U. benefits, 


Applications (one copy), naming two referees, 
should be sent not later than February 14, 1969, 
to the Secretary of the University, University 
House, Bailrigg, Lancaster, from whom further 
particulars may be obtained (quoting Reference 
L.391/C). (198) 


UNIVERSITY COLLEGE OF WALES 


ABERYSTWYTH 


DEPARTMENT OF AGRICULTURAL 
BOTANY 
Applications are invited for the post of LEC- 
TURER/ASSISTANT LECTURER in the above 
Department from candidates with a special 
interest in either biological statistics or fungal 
genetics. Postgraduate experience desirable. 


Application forms are obtainable from the 
Registrar, :o whom all applications should be 


sent by February 28, 1969. (157) 


UNIVERSITE DE MONTPELLIER 


RESEARCH ENZYMOLOGIST 

Applicasions are invited for the post of Re- 
search Enovmologist in the Department. of 
Organic Chemistry to join a small research team 
concerned with the mechanisms of enzvmatic 
reactions of biochemical importance, Ph.D. in 
Enzymology or equivalent experience is required. 
Salary about $¢1.400 per annum but could be 
higher depending on age and experience. Tenure 


of appointment at least one year. Fluency in 
French of no importance. 
Applications, together with the names of two 


to Box 29 Nature, T. G. 
Clements Inn, London. 
{29} 


referees, should be sent 
Scott. & Son Ltd., I 
NW CI. 


NATIONAL INSTITUTE OF 
AGRICULTURAL BOTANY 


Applications are invited for ihe post of 
RESEARCH ASSISTANT in the Official Seed 
Testing Station to investigate the relationship 
between the germination of crop seed in the 
laboratory and emergence in the field. Candi- 
dates should have an Honours degree with plant 
biology as a major subject; research experience 
in plant physiology would be an advantage. 
Commencing salary between £813 and £1,481 de- 
pending on age and qualifications. Maximum of 
present scale £1,839 per annum. 

Further particulars and application form from 
G. D. Ginn, F.C.A.. Acting Secretary, National 
Institute. of Agricultural Botany, Huntingdon 
Road. Cambridge. (220) 


NATURE. JANUARY 18. 1969 


— —————————————— '—— 


YORK UNIVERSITY 
GRADUATE PROGRAMME IN CHEMISTRY 


Applications are invited from students who 
have, or expect to have, an Honours B.Sc. (or 
equivalent) for admission. to programmes [ead- 
ing to an M.Sc. or Ph.D. degree in Chemistry. 

Modern facibties are available in this rapidly 
growing University for research in Biochemistry, 
Inorganic, Organic and Physical Chenrstry, and 
Chemscal Physics. 

Financial assistance in the range 3$3.000 to 
$4.250 is aveilable for successful applicants, 

Foc further details contact: A. B. P. Lever, 
Director, Graduate Programme in Chemistry, 
York University, Downsview (Toronto), Ontario, 
Canada. QA3 


| MAT ERIALS. SCIENTIST 


Applications are invited by Ph.D. for Depart- 
ment of Bioengineering (Biomaterial relating to 
analysis, design, development of materials for 
artificial joints. Education and experience with 
polymers, metals and/or ceramics desired, 
Practical cime ice in friction and wear analysis 
desired. 


Hospital for Special Surgery, New York Hos- 


pital, Cornell University Medical College, 535 E 
70 St, N.Y. NY, 10021, USA. Att: Dr. 
Harlan. C. Amstutz, (244) 


UNIVERSITY OF EAST AFRICA 


MAKERERE UNIVERSITY COLLEGE. 
UGANDA 

Applications are invited for the post of PRO- 
FESSOR and HEAD of DEPARTMENT of 
CHEMISTRY tenable from July 1969, Salary 
£U3,150. per annum (£UL=£1 3s. 4d. sterling), 
Salary supplementation of £508 per annum (ster- 
ling) in appropriate case ander British Expatriates 


Supplementation Scheme. FSS... Family 
passages: blennial overseas leave. 

Detailed applications (6 copies), naming 3 
referees, by February 11. 1969, to Inter-Univer- 
sity Council, 90/91 Tottenham Court Road, 
London. W., from whom further particulars are 
avatiabie, TU 


‘UNIVERSITY OF BRISTOL 
DEPARTMENT OF PHYSIOLOGY 
Applications are invited for an appointment as 


Lecturer in Physiology tenable as soon as pos- 
sible, Salary scales : either £1,470 to £2.180 (bar) 


£2.270 to £2.630 (non-medical : the starting salary 
will be within the range £1,470 to £2,180) or 
£2 000 ro £2.630 (medically qualified), according 
ro age, qualifications and experience, together 
with F.SS.U. benefits. These salary scales are 
subject to revision. 

Applications, including the names of not more 
than two referees, should reach the Registrar, 
the Senate House, University of Bristol, from 
whom further particulars may be obtained, not 
later than February 7, 1969, (186) 


UNIVERSITY OF BEL FAST 


ASSISTANT LECTURESHIP IN ORGANIC 
CHEMISTRY 

The Senate of The Queen's University of 
BeMast invites applications for an assistant lecture- 
ship in Organic Chemistry to commence on Octo- 
ber 1. 1969. ‘The current salary scale is £1,105 
by £75 to £1180 by £80 to £1,340 per annum 
phus ESSU. Initial placing on the scale will 
depend on experience and qualifications. Letters 
of application (one copy) giving the names of two 
referees, should reach the undersigned by Febru- 
ary 15, 1969. Further particulars may be obtained 


from G. R. Cowie, M.A., LL.B.. J.P., Secretary 
to the University. (206) 


UNIVERSITY OF LIVERPOOL 


DEPARTMENT OF APPLIED 
MATHEMATICS 


Applications are invited for the post of 
Lecturer or Assistant Lecturer in Applied 
Mathematics. The salary fer a Lecturer 
will be within the scale £1.470 to £2,630 
per annum; the salary for an Assistant 
Lecturer. will be within the scale £1,105 to 
£1,34@ per annum; the iniuial salary will 
be in accordance with qualifications and 
expericace, 

Applications, 
and experience, tog 


aualifications 
ather with the names of 
two referees, should be received not iater 


siating age, 


than February §. 1969, by the Registrar, 
The University, P.O. Box 147. Liverpool. 
169 iBX. from whom further particulars 
may be obtained, Please quote Ref. RV/ 
750; N, (£179) 








UNIVERSITY OF ADELAIDE 


Applications are invited for the following ap- 
poinimenis, the closing date for applications be- 
ing stated in brackets after each post; 


LECTURER IN AGRONOMY at ihe Waite 
Agricultural Research Institute, from candidates 


with Special interests. in the uptake of plant 
nutrients. The Lecrurer will be one of a team 
of three studying aspects of crop nutrition 
Qanuary 27, 1969). 


LECTURER IN GEOLOGY  (palaeontology 
and/or sedimentology). Rescarch in the School 
of Geology as a whole is directed at all aspects 
of Precambian studies through the newly estab- 
lished Centre for Precambrian Research, and 
candidates with interesis in Precambrian research 
will be at an advantage: but others are invited 
to apply (January 24, 1969), 


LECTURER/SENIOR LECTURER IN 
MATHEMATICS (Canuary 24, 1969). 

LECTURER IN DEPARTMENT OF AGRI- 
CULTURAL BIOCHEMISTRY AND SOIL 
SCIENCE: A specialist in microbial metabolism 
is preferred and an interest in biochemical 
genetics would be an advantage (February 28, 
1969), 


SALARY SCALES: Senior Lecturer, $A7,500 
by $4250 (5) to $48,730; Lecturer, $45,400 by 
$A280 (1) by $A270 (6) to $A7,300, with super- 
annuation on the FS SS,U. basis, 

FURTHER PARTICULARS about each post 
and the conditions of appointment: and other 
information sought will be supplied on request 
to the Registrar of the Universky, or to the 
Secretary-Ocneral, Association of Commonwealth 
Universities (Branch Office), Marlborough House, 
Pall Mali. London, S.W.1. 


APPLICATIONS should be sent in duplicate 
and giving the information listed in the state- 
ment that will be supplied to the Registrar, The 
University of Adelaide, North Terrace, Adelaide, 
South Australia 5001. (255) 





UNIVERSITY OF OXFORD 


DYSON PERRINS (ORGANIC CHEMISTRY) 
LABORATORY 


DEPARTMENTAL ASSISTANT 


Qualifications : organic chemist of post-doctoral 
status, Appointment: 2 years (max. 3). Duties: 
assistance in staff research and in advanced teach- 
ing laboratory (design and supervision of experi- 
mens) Salary up to £1.390 per annum plus 
F.SS.U, Starting date: September or earlier. 

Applications, with 2 referees’ names, to 
Administrator by March 15. CAD 


UNIVERSITY COLLEGE CARDIFF 
DEPARTMENT OF CHEMISTRY 
Applications are invited for the Chair of Or- 

ganic Chemistry. 
Two copies of applications, including the names 
of three referees, should be received not later 


than February 15, 1969, by the Registrar, Uni- 
versity College, Cathays Park. Cardiff, from 


whom further particulars may be obtained. 
E. R. EVANS, 

Registrar. 
(108) 


INSTITUTE OF 
DENTAL RESEARCH 
UNITED DENTAL HOSPITAL OF SYDNEY 
RESEARCH OFFICER 


Applications are invited from persons under 
the age of 30 holding a degree in science or 
dentistry for the poskion of Dental Board of 


New South Wales Research Officer, The ap- 
poinunent affords an opportunity for the full- 


time research in problems associated with oral 
and dental diseases. Excellent technical facilities 
and assistance available. Salary up to $44,500 
per annum according to experience. 

Written applications. giving full details of edu- 
cational and academic experience, stating age 
and names of two persons willing to act as 
referees, will be received by the undersigned until 
February 15, 1969. Further information may be 
obtained from the Director. 

C, C. BOWIE, 
Secretary, 
United Dental Hospital of Sydney, 
2 Chalmers $.. Surrey Hilis, 
Australia 2010. 


— —Á——— ie — ————— nr — (———— nace ao fring rane! 


TECHNICIAN/JUNIOR TECHNICIAN RE- 
quired in Department of Obstetrics and Gynaeco- 
logy for work with steroid biochemistry, Salary 
Scale : Technician, £980 to £1,220; Junior, £605 
to £915 per annum.-—Apply Secretary, St. Mary's 
Hospital Medical School, Paddington, W.2. 

(251) 





UNIVERSITY OF ALBERTA 
EDMONTON, ALBERTA 


invites applications for the position of GEO- 
LOGY LABORATORY SUPERVISOR. This is 
an academic teaching position. The successful 
applicant wil assume responsibility for develop- 
ment of all elementary geology laboratory werk, 
including co-ordination with several lecture sec- 
tions and supervision of teaching assistants for 
15 to 20 laboratory sections. M.Sc. and/or 
teaching experience very desirable. Salary in the 
range $7,000 to $9,450 (12 month basis), exclusive 
of summer session work. Starting date is July 
0. 1969. 


Applications, including a complete resumé and 
names of three referees, shouid be sent by April 
15, 1969 to: The Chairman, Department of Geo- 
logy, | University of Alberta, | Edmonton 7, 
Canada. (267) 





TECHNOLOGY 
CARDIFF 
DEPARTMENT OF APPLIED BIOLOGY 


RESEARCH ASSISTANT to study the ecology 
and larval taxonomy of the  Chironomidae. 
Applicants should preferably have a Ph.D. or 


equivalent postgraduate research experience in 
emomology or  hydrobiology. The post is 
financed by the Natural Environment Research 


Council and is for three years starting September 
1, 1969, Salary scale: £1,105 to £1,168 to 
£1,260. Appointment at a more junior level may 
be considered. 

Further particulars and application forms (to 
be returned by February 12, quoting Ref. No. 
NAT276) obtainable from the Deputy Registrar 
(Personnel) at the above address. (252) 


CENTRAL PUBLIC HEALTH 
LABORATORY 
COLINDALE. N.W.9 


QUALITY CONTROLLER in the Media Pro- 
duction Department. Successful applicant will be 
responsible for routine testing and control of 
bacteriological and virological media; also the 
development of new media. Experience in 
microbiology with particular reference to medical 
bacteriology essential. Participation in some ad- 
ministration duties is expected. Salary according 
to age, qualifications and experience. 

Applications, with full curriculum vitae to Per- 
sonnel Officer, Central Public Health Laboratory, 
Colindale Avenue, N.W.9, (261) 


SIDNEY SUSSEX COLLEGE 
CAMBRIDGE 


STANLEY ELMORE SENIOR RESEARCH 
FELLOWSHIP IN THE MEDICAL SCIENCES 

The College Council invites applications from 
men for the above award, which wil normaly 
be held for a period of three vears as a Class C 
Fellowship of the College, for research in medi- 
cine. Stipend and allowances up to £2,000 per 
annum, with usual Fellowship rights. 

Particulars may be obtained from the Master, 
Sidney Sussex College, Cambridge. Applications 
should reach the Master not later than March 31, 
1969. (2683) 


CHELSEA COLLEGE OF 
SCIENCE AND TECHNOLOGY 
(UNIVERSITY OF LONDON) 
RESEARCH STUDENTSHIP 
IN GEOCHEMISTRY 
Applications are invited for a Chelsea 
College Postgraduate research studentship 


tenable from October |l. 1969 for a maxi- 
mum period of three vears. The successful 


applicant will work for a Ph.D. or M.Phil 


degree under the supervision of Dr. P. 
Henderson. The value of the studeniship 
is £300 per annum, fees paid. 

Applicants must hold a first- or upper 
second-clhass degree in Geology and/or 
Chemistry or should be taking their de- 
gree this summer. Further particulars and 
application forms may be obtained from 
the Academic Registrar, Chelsea College of 
Science and Technology, Manresa Road, 
S.W.3. The closing date is March 15, 
1969. (264) 


QUEEN MAFY COLLEGE 
(UNIVERSITY OF LONDON) 
SENIOR TECHNICIAN required for work in 
a Physiology Laboratory. Preference wil be 
given to applicants wim an understanding of 
physiological techniques and with Some experi- 
ence of organizing laborzzories. Salary according 
to age and ability on sale £957 to £1,195 per 
annum pius London "weighting and possible 

Qualification Awards, 

Letters only io Registar (Z/S1), Queen Mary 
College, Mile End Road E.1, giving fuii details 
of age, experience, and present work, (2363 


UNIVERSITY OF BELFAST 
LECTURESHIP OR ASSISTANT 
LECTURESHIP IN PJRE MATHEMATICS 


The Senate of The Q eens University of Bel- 
fast invites applications for a Lectureship or an 
Assistant Lectureship in Pure Mathemaijcs from 
October 1. 1969. For the Lectureship, candidates 
should have special quizidfications in mathemati. 
cal analysis. Salary ramge for the Lectureship 
is £1.470 to £2,630 and or the Assistant beare- 
ship £1,105 to £1,340. Goth scales cary contri. 
butory pension rights user the FSS U. Initial 
placing on the salary scales will depend | on 
qualifications and esoerienoc. Applications 
should be received by Eebruary 15, 19569. 

Further particulars my be obtained from the 
Secretary, The Queen’: University of Belfast, 
Belfast BT7 INN, Nort ern. Ireland. (254) 


UNIVERSITY OF ABERDEEN 
DEPARTMENT OF MEDICAL PHYSICS 
PHYSICIST (with stus of Research ASSis- 
tant) required to help develop new devices for 
diagnostic medical radi isotope scanning. Some 
experience in image incensifiers, nucieonic pulse 
circuitry, lens systems desirable, Appointment 
for two years in first estante with possibile ex- 
tension to third year. salary on scale £945 to 
£1.415 with superannuzion (F.S SU). 

Further information rom the Secretary, The 
University, Aberdeen, veth whom appicatioms Q 


copies) giving the names of three referees, 
should be lodged by Fecruary 11, 1969. (253) 
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LECTURES AND COURSES 


UNIVERSITY OF DURHAM 


DEPARTMENTS 9F BOTANY AND 
ZOOLOGY 


M.SC. ECOLOGY 


N.E.R.C. approvec one-year course lead- 


ing to M.Sc. in Eeslogy, by examination 


and dissertation. Tie course is essentially 
a training in the principles of ecology, with 
emphasis on  popubtion and production 
studies. 

Further details from: Dr. D. J. Bellamy. 
Department of Betany, University of 
Durham. Science Laboratories, South Road, 
Durham City. (182) 





UNIVERSITY OF „ONDON: A COURSE 
of three lectures entiogd (1) ' On some sim- 
plifving conventions " ; 42) " Finite versus Sigma 
Addiivity " ; (3) " Recactionism and the mouon 
of *Hypotheses’ " will ae delivered by Professor 
B. de Eine (Rome) at 5.30 pam. on January 


28. 29. and 30. at Umiversity College. (Physi- 
ology Lecture Theatre Gower Sweet, WGI. 
Admission free. withovt ticket-—M. A. Baatz, 
Academic Registrar. (224) 


UNIVERSITY OF CONDON: A COURSE 
of two lectures entitied © Chioroplast Differen- 
tiation in Higher Planes " will be delivered by 
Professor W., M. Laetoch (Berkeley Campus) at 
$30 p.m. on January 27 and 29, at Umversity 
College (Botany Lectur Theatre), Gower Street, 


W C1. Admission fre, without ticket M. A. 
Baatz. Academic Registrar. (2451 
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of two lectures entitled. ~“ Evolution of Stuts 
with Degenerate Cores and the Production of 


White Dwarfs in Close Binary Systems" will be 
delieved by Dr. S. Resda! (Oslo) at 5.30. p.m. 
on January 28 and 2* at imperial College of 
Science and Techno sgy (Physics Butiding), 
Prince Consort Road, S.W.7. Admission free, 
without ticket.—-M. A  Baatz Academic Regis- 
irar. (226) 








—— — 
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KINGSTON COLLEGE OF TECHNOLOGY 
DEPARTMENT OF CHEMISTRY 
SOME RECENT DEVELOPMENTS IN FREE RADICAL CHEMISTRY 
Wednesday, January 29, 1969, 1.45 p.m. until 6.30 p.m. 
Address of Welcome: Dr. A. G., Catchpole, Vice-Principal 
Chairman: Dr, G. H. Twigg, B.P. Research Centre 


Visiting Lecturers : 


. K. V, Ingold (N.R.C., Ottawa)--" HYDROCARBON OXIDATION." 
Professor J, M. Tedder (University of Duandee)—* DIRECTIVE EFFECTS IN FREE 


RADICAL CHEMISTRY." 


Professor R. O. C. Norman (University of York)—'* APPLICATIONS OF ESR. 


SPECTROSCOPY IN DETERMINING 


REACTIONS IN SOLUTION." 


THE MECHANISMS OF ORGANIC 


Dr. R. W. Walker (University of HulD-—" VAPOUR PHASE OXIDATIONS INVOLV- 


ING ALKYL RADICALS." 
Fee : including tea, £2. 


Applications should be made to the Head of the Department 


Of Chemistry, Kingston College of Technology, Penrhyn Road, Kingsion upon Thames, 
Surrey. Cheques, ete., should be made payable to Kingston College of Technology. 


LIVERPOOL REGIONAL COLLEGE OF 
TECHNOLOGY 


Courses leading to the degree of 


M.SC. 


are offered in: 


i) RADIATION AND NUCLEAR 
CHEMISTRY 


GD INSTRUMENTAL CHEMICAL 
ANALYSIS. 
ships.) 


Both courses will commence 
1969, and will occupy one calendar year. 


College 
3. (210) 


DEPARTMENT OF BIOCHEMISTRY 
M.SC, COURSE IN BIOCHEMISTRY 


(This course is accepted 
by the Science Research Council for the 
tenure of its Advanced Course Student- 


in September, 
Further 
information, and application forms, may be ob- 
tained from, the Head of Department, the De- 
partment ot Chemistry and Biology, the Regional 
of Technology, Byrom Street, Liverpool, 


Course provides comprehensive survey of bio- 
logy at molecular level, including structure and 
function of biological macromolecules, mecha- 
nism of enzyme action, regulation and integration 
of intermediary metabolism. molecular genetics, 
and blochemistry of subcellular particles. 
Modern biochemical techniques form basis of 
extensive laboratory work involving short re- 
search project. Limited number of grants avail- 
able to enable students from U.K. to attend this 
course, Normal closing date for applications for 
the session 1969-70 is February 28, 1969. 

Further information from the Secretary, De- 
partment of Biochemistry, University College 
London, Gower Street, W.C.1. (111) 


PSYCHO-ANALYSIS 


Six “ Winter Lectures 1959 " weekly (except 
for February 11) by Members of the British 
Psycho-Analytica] Society. 

Second Lecture: * Some ASPECTS OF LOVE 
AND HATE," by D. W. Winnicott, F.R.C.P, 
on Tuesday, January 28, 6.30 p.m. at the Por- 
chester Hall, Porchester Road, London, W.2. 
= Tickets (£2 for course or 88. a lecture; students 
10s, for coursz, or 2s. single lecture) and pro- 
gramme from Eb. H. Wedeles, M.D. 63 New 
Cavendish Street, W.1, or at the lectures, 


^ 





Kingston College of Technology 
DEPARTMENT OF CHEMISTRY 
THE INTERPRETATION OF NMR, 
SPECTRA 
A series of six meetings commencing 
Wednesday, February 19, 1969, at 7 p.m. 
The course wil take the form of lectures 
and tutorial sessions and is intended for 
chemists both with and without experience 
in N.M.R. spectroscopy. The lectures will 
be given by Dr. E, W. Randall of Queen 
Mary College, University of London. and 
the tutorial sessions will be conducted by 
Dr. Randall and members of the College 

staff. 


Fee £2. admission 


Applications for i 
(quoting Reference C12), together with the 


fee payable, should be sent to the Regis- 
irar, Kingston College of Technology, Pen- 


rhyn Road, Kingston upon Thames, 
Cheques, etc., should be made payable to 
Kingston Corporation, (177) 





(178) 








Kingston College of Technology 
DEPARTMENT OF CHEMISTRY 
RECENT ADVANCES IN 
CHROMATOGRAPHY 
Thursday evenings, February 20-March 27, 
1969, at 7 p.m. 

The following topics will be discussed by 

visiting lecturers : 

Detectors for liquid chromatography ; 
Selective gas chromatographic detectors: 
The application of a gas chromatography 
detector to thin layer chromatography: 
Spectroscopic information from gas chro- 
matographs ; Aspects of gel filtration; 
High efficiency liquid chromatography. 

Fee £2. Applications for admission 
(quoting Reference C13), together with the 
fee payable, should be sent to the Regis- 
trar, Kingston College of Technology, 
Kingston upon Thames, from whom fur- 
ther details may be obtained. Cheques, 
ete., should be made payable to Kingston 
Corporation. Early application is advised. 

(176) 





WOOLWICH POLYTECHNIC, 
LONDON, S.E.18. 


Department of Chemistry 


SELECTED INSTRUMENTAL 
TECHNIQUES AND INDUSTRY 


MASS SPECTROMETRY 
RAMAN SPECTROSCOPY 
SPECTROFLUORIMETRY 
X-RAY FLUORESCENCE 
ELECTRON PROBE ANALYSIS 
ATOMIC SPECTROSCOPY 


A short COUTSE with invited spechalist lecturers to 
be held on February 12-14, 1969, 

FEE £7 (inclusive of meals) 
Further details and forms of application may be 
obtained from the Secretary, Admissions Dept. 


10, Woolwich Polytechnic, Wellington Street, 
London, S.E.18. (180 





GRANTS & SCHOLARSHIPS 





DALHOUSIE UNIVERSITY 


DEPARTMENT OF PHARMACOLOGY 
HALIFAX, NOVA SCOTIA, CANADA 


Applications are invited from students with 
training in chemistry, biology. biochemistry. 
physiology or medicine for graduate training and 
post-doctoral research in pharmacology. The 
Department provides oppornmunities for advanced 
study and research Jeading to the degrees of 
M.Sc. and Ph.D. in addition to post Ph.D. and 
post M.D. research. The interests of the depart- 
ment include  adrenergic pharmacology, drug 
metabolism, cardiovascular electro-pharmacoloey, 
CNS pharmacology, and the subcellular localiza- 
tion of pharmacologically active substances. 
Graduate Scholarships are available in amounts 
up to $4.000, Izaak Walton Killam Memorial 
Scholarships are offered to outstanding students 
in amounis up to $5,500. 


Address al! inquiries to: Chairman, Depart- 
ment of Pharmacology, Dalhousie University, 
Halifax, Nova Scotia, Canada. (15) 
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THE NUFFIELD FOUNDATION 
FOOD SAFETY TRAINING 
SCHOLARSHIPS 


‘FOOD TOXICOLOGY—THE BIOLOGICAL 
EFFECTS QF THE CHEMICAL AND 
PHYSICAL TREATMENT OF FOOD) 


The Nufficid Foundation offers annually up to 
five scholarships for science graduates and three 
scholarships for medical or veterinary graduates, 
to help advance fundamental research into the 
human biological effects of the chemical and 
physical treatment of foods, The awards, tenable 
for periods of up to four years, are intended to 
provide research experience to Ph.D. level, to- 
gether with formal training in selected subjects, 
with special reference to pathology, toxicology, 
biochemistry, bacteriology or pharmacology. The 
value of the awards will be fixed according to 
age, qualifications and experience, and can be 
supplemented by the amount of fees, marriage 
and child allowances, and in appropriate cases, 
research expenses. The scholarships are open to 
men and women hoiders of a science, medical 
or veterinary degree of a U.K. or other Com- 
monwealth university, 

Applications should be submitted by March 1, 
1969. Further particulars and forms of applica- 
tion are available from tre Nuffield. Foundation, 
Nuffield Lodge, Regents Park, London N.W,t. 

(28) 


COURTAULDS' 
EDUCATIONAL TRUST FUND 


Grants to educational establishments for 

the purpose of training research workers 

for employment in the man-made fibre, 

textile, garment, paint, packaging and 
plastics industries 


The Committee administering this trust 
fund will be making these grants in May. 
Grants will be strictly confined to the pro- 
vision of training in research in those 
branches of science and technology which, 
in the opinion of the Committee, have a 
close connection with the industries in 


search Fellowships for 


which the Courtaukis Group is engaged; 
these include textile technology and design, 
engineering, physics, chemical engineering, 
chemistry, plastics technology and design, 
and mathematics. 


The Commitee now invites applications 
from the appropriate departments of uni- 
versi.ies, colleges of advanced technology 
and technical colleges for grants in support 
of suitable Ph.D. or post-doctoral students 
during their training in such research and 
for the provision of necessary facilities. 
Applications should proceed from heads of 
department {or under their sponsorship) 
and should include an outline of the in- 
tended research project, 


Any one grant will usually be for a period 
of two or three years and will not be likely 
to exceed £4,000 per annum. Students who 
receive grants will be expected to make a 
concise progress report when requested by 
the Committee; this will normally be at 
intervals of 12 or I8 months. 


Application forms may be obtained by 
quoting Reference U.2 from the Secretary 
to the Committee, Courtaulds’ Educational 
Trust Fund, Courtaulds Limited, P.O. Box 
2BB. 18 Hanover Square, London W.1. 
The closing date for receipt of applications 
is March 21, 1969, (218) 


FELLOWSHIPS AND 
STUDENTSHIPS 


UNIVERSITY OF READING 
RESEARCH FELLOWSHIPS 








Applications are invited for one or more Re- 


independent 


research, 


normaly of the value of £1,250 per annum. 
Further particulars may be obtained from the 
Senior Assistant Registrar, Room 222, White- 
knights House, The University, | Whiteknights, 
Reading, RGG 2AH, to whom applications 
should be sent by February 24, 1969, (188) 
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UNIVERSITY OF READING 
POSTGRADUATE STUDENTSHIPS 
Applications are invited for Postgraduate Stu- 
dentships from persons who hold a first degree 
or who will have completed a first degree course 
by July 1969. The Studentships are tenable for 
a maximum period of three vears from October 
1, 1969, subject to annual renewal, and will be 
of the value of £330 per annum, together with 
payment of the Composition Fee and the fee 
for Associate Membership of the Students’ Union. 
Further particulars may be obtained from the 
Senior Assistant Registrar, Room 222, White- 
knights House, The University, Whiteknights, 
Reading, RG6 2AH, by whom applications must 
be received not later than March 7, 1969. (189) 


UNIVERSITY OF READING 


HERBERT KNAPMAN POSTGRADUATE 
STUDENTSHIP IN SCIENCE 


Applications are invited for the Herbert Knap- 
man Postgraduate Studentship in Science from 
persons who hold a first degree or who will have 
completed a first degree course by July 1969, 
The Studentship is tenable for a maximum period 
of three years from October 1, 1969, subject to 
annual renewal, and will be of the value of £530 
per annum, together with payment of the Com- 
position Fee and the fee for Associate Member- 
ship of the Students’ Union. 

Further particulars may be obtained from the 
Senior Assistant Registrar, Room 222, White- 
knights House, The University, Whiteknights, 
Reading, RG6 2AH, by whom applications must 
be received not later than March 7, 1969. (190) 


UNIVERSITY OF READING 


PAUL WHITE POSTGRADUATE 
STUDENTSHIP IN MATHEMATICS 


Applications are invited for the Paul White 
Postgraduate Studentship in Mathematics from 
persons who hold a first degree or who will have 
completed a first degree course by July 1969, 
The Studentship is normally tenable in the De- 
pariment of Mathematics for a maximum period 
of three years from October 1, 1969, subject to 
annual renewal, and will be of the value of £530 
per annum, together with payment of the Com- 
position fee and the fee for Association Member- 
ship of the Students’ Union. 

Further particulars may be obtained from the 
Senior Assistant ‘Registrar, Room 222. White- 
knights House, The University, Whiteknights, 
Reading, RG6 2AH, by whom applications must 
be received not t later than March 7, 1969, e 





MENTAL HEALTH RESEARCH 
FUND 


BATES FELLOWSHIPS FOR RESEARCH IN 
SCHIZOPHRENIA 


Applications are invited for the Bates Fellow- 
ships from suitably qualified persons wishing to 
pursue full-time research work into some aspect 
of schizophrenia. The appointment will be for 
up ło three years at a salary range of £1,000 to 
£2.750 pius superannuation. Two or three Fellow- 
ships are offered. 

Application forms, which must be returned 
before March 1, 1969, may be obtained, together 
with further information. from the Secretary, 
Research Committee, Mental Health Research 
Fund, 38 Wigmore Street, London, WIH 9DE 
(Tel. 01-935 4103). (235) 


SOMERVILLE COLLEGE, OXFORD 


The Governing Body of Somerville College, 
Oxford, invites applications from women gradu- 
ates for a Mary Somerville Research Fellowship. 
The fellowship will be tenable for three years 
from October 1, 1969, at an annual value of £700 
together with free board and residence in college, 
Selected candidates will be asked to attend for 
interview. Particulars can be obtained from Miss 
Cobbe, Somerville College, to whom applications 
should be sent by Saturday, February 8, 1969. 

(203) 

IMPERIAL COLLEGE : ANDRÉ DORFMAN 
Fellowship. Tenable from October 1, 1969. for 
research in mining engineering and/or mineral 
technology, Value £600 per annum plus College 
fees. Renewable for a second and third year 
subject to satisfactory progress.—Further par- 
ticulars from the Registrar, Imperial College, 
London, S.W.7. Closing date March 31, 1969. 

(249) 
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FELLOWSHIPS AND  ASSISTANTSHIPS 
leading to M.S. and Ph.D. degrees are offered at 
$2,400 for the academic year with remission of 
tuition and fees. Eee research facilities. 
Address to , Department of Chemistry, 
Drexel Institute o Technology, Philadelphia, 
Pennsylvania 19104, U.S.A. (245) 
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THE POLYTECHNIC 


309 Regent Street, London, WIR 8AL 


COLLEGE OF ENGINEERING 
AND SCIENCE 


Department of 
Mathematics and Physics 


Applications are invited for a post as 


RESEARCH FELLOW 


to collaborate in a programme of research 
in Radiation Dosimetry. The particular 
topic under study is likely to be the statisti- 
cal fluctuations in energy deposition . by 
ionising radiations in matter, with particu- 
lar reference to biological materials, Post- 
graduate experience in proportional coum- 
ing and the associated electronics would be 
useful but not essential, 


Salary scale: £950 per annum rising by 
annual increments of £75 to a maximum of 
£1,175 per annum with initial placing 
depending on experience and qualifications. 

The person appointed may also be able 
to undertake part-time lecturing work in 
the Department, for which additional pay- 
ment will be made. 


Applications should be made to the Head 
of the Department of Mathematics and 
Physics at the above address by letter, 
giving personal details, and within three 
weeks of the appearance of this advertise- 
ment. (209) 


UNIVERSITY OF LIVERPOOL 


Applications are invited from three 
LEVERHULME POSTGRADUATE FEL- 
LOWSHIPS, two in the Faculty of Science 
and one in the Faculty of Engineering 
Science, tenable for one year at a value 
between £700 and £1,400 and renewable 
for a second year. 

Applications, three copies, stating age. 
details of qualifications and experience, 
publications, research work in progress and 
completed, and an outline of the proposed 
field of research, together with the names 
of two referees, should be received not 
later than March !, 1969, by the Registrar, 
The University, P.O. Box 147, Liverpool, 
L69 3BX, from whom further particulars 
may be obtained. Please quote Ref.: RV? 
7741 N. (100) 


UNIVERSITY OF 
SOUTHAMPTON 


POST-DOCTORAL FELLOWSHIP 
IN CHEMISTRY 


Applications are invited for a Post- 
Doctoral Fellowship in a group principally 
concerned with the application of vibra- 
tional spectroscopy to studies of the shapes 
of molecules. Facilities for research are 
excellent. 


Applications should be sent to the Deputy 
Secretary, The University, Highfield, South- 
ammon, SO9 SNH, quoting Reference N, 


(246) 





UNIVERSITY OF ALBERTA 
EDMONTON, ALBERTA, CANADA 


Teaching Assistantships, Research Assist- 
antships, and Post-Doctoral Fellowships are 
available for Postgraduate Studies in Food 
Chemistry: Food Microbiology and Food 
Engineering and Technology. 

Stipends : $2,400 to $3,000 for Graduate 
Research Assistantships ; $4,000 to $4,600, 
plus academic fees and travel allowance for 
graduate teaching and service assistant- 
ships; $6,000 plus travel allowance for 
post-doctoral fellowships. 

For further information, write to the 
Faculty of Graduate Studies, University of 
Alberta, Edmonton, Alberta, 





EUROPEAN MOLECULAR 
BIOLOGY ORCANIZATION 
(EMEO) 

SHORT- AND LONG-TERM FELLOWSHIPS 
IN MOLECULAR BIOLOGY 


The European Molecular Biology Organization 
intends to award to sciensisis working in labora- 
tories within the Europese area both short-term 
(from a few days to several weeks) and konger 
term Fellowships for coUaborative research on 
advanced training in molecular biology. 

The short-term Fellowships are intended far 
visits to other laboratories for rhe purpose of 
carrying out experiments avith special techniques 
or of other forms of scenufic collaboration or 
advanced training, and especially of meeting 
developments arising at sbort notice, 

The long-term Fellowsbh:ps will be awarded to 
young and promising research workers so that 
they may spend  prolonsed periods in other 
laboratories working urder the guidance of 
leaders in the field of mo secular biology, Awards 
wil usually be made for.a period of about one 
year, 

Applications should be .ddressed to the Execu- 
tive Secretary, Dr. R. K Appleyard, c/o Uni- 
versity of Brussels, 6°  Paardestaut, — Sint- 
Genesius«Rode, Belgium. irom whom apriication 
forms and further details "nay be obtained. 

Applications for Fellowships may be made at 
any time. Applications fer long-term Fellowships 
are, however, best made six months or morc 
before departure: in 1969, those made before 
February 1 wil be deciózd not later than May 
31 and those made befere August 1 will be 
decided not later than November 30. Decisions 
concerning short-term Pesowships will be made 
soon after receipt of application, 

The Organization is alss able to award a few 
senior appointments 1o help dnstitutions wishing 
to receive visiting professors or other established 
workers in order to develop their own efforts. 
Interested. institutions mar obtain further infor- 
mation about these  aspointmenis from the 
Executive Secretary. C215} 


IMPERIAL COLLEGE 
POSTGRADUATE RESEARCH 
STUDENTSHIP IN “SURFACE CHEMISTRY 
APPLIED TO MINERAL PROCESSING " 


Applications are invite: for a Research Stu- 
dentship offered by Englies China Clays Lid. for 
fundamental research or surface chemistry in 
mineral processing. The work will be suitable 
for submission for a higoer degree and will be 
carried out in the Deperement of Mining and 
Mineral Technology, Imperial Colegi, London, 
which is well eguipped fox such work. H will be 
supervised by J. A. Kitchener, D. Sc. (Reader in 
the Science of Mineral "rocessing). The value 
of the Studentship wil be up to £700 per annum 
for three years, dependest upon individual cir 
cumstances, pius College and University fees, 
Suitable qualifications would be a first or upper 
second class honours degre in chemisiry. 

Applications, giving curciculum vitae and names 
of two referees, should be addressed to Dr. J. A. 
Kitchener, Department c? Mining and Mineral 
Technology, Imperial Coltege, London, S8 W 7. 

(200) 





SCHCOLS 





UNIVERSITY OF NOTTINGHAM 


16TH EASTER SCHOOL. IN AGRICULTURAL 

To be held at the Schoc: of Agricuhure, Sutton 
Bonington, from March 30 to Apri 3, 1969, 
The subject is © PROVCEINS AS HUMAN 
FOOD.” Papers are greuped in the following 
sessions : 

I. General Aspects of Supply and Demand. 
IH. General Aspects of Protein Preservation 
and Processing. 

IH. Proteins from Animal Sources. 

IV. Proteins from Plat: Sources, 

V. Unconventional Pretein Sources, 

VI. Presentation. 

VII. Assimilation. 


Further details and apelication forms can be 
obtained from the conírence organiser, Der. 
R. A. Lawrie, Departmer: of Applied Biochem- 
istry and Nutrition, University of Nottingham. 
School of Agriculture, Sutton Bonington, Near 
Loughborough, Leicesterskire,. (Telephone: Keg 
worth 2386). 


The closing date is Mazch 14, but early aprii- 
cation is recommended as accommodation is 
limited. (271) 
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UNIVERSITY OF LIVERPOOL - 


Applications are invited for UNIVER- 
SITY NUCLEAR PHYSICS RESEARCH 
FELLOWSHIPS. Candidates should be of 
Ph.D. standard, with special aptitude for 
research in high or low energy nuclear 
physics. The Fellowships are tenabie year 
by year for not more than three years, at 
an emolument within the range £700 to 
£1,400 per annum, together with F.S.S.U. 
benefits under certain circumstances. 
three copies, stating age, 
qualifications and experience, 


Applications, 
details of 
publications, research work in progress and 


completed, together with the names of two 
referecs, should be received not later than 
March 1, 1969, by the Registrar, The Uni- 
versity P.O. Box 147, Liverpool, L469 3BX, 
from whom. further particulars may be 
obtained. (Candidates overseas who find 
it more convenient to do so may send one 
copy only, by airmail.) Please quote Ref.: 
RV/773/N. (101) 





IMPERIAL COLLEGE OF 


SCIENCE AND TECHNOLOGY 


BURSARIES FOR POSTGRADUATE 
STUDENTS 

Bursaries are available for the session 1969-70 
to studens normally resident in the United King- 
dom for courses of postgraduate study (not re- 
search) dn Aeronautical, Civil, Electrical and 
Mechanical Engineering, in Chemical Engineering 
and Chemical Technology, in Science of Materials 
and Computing Science, The courses are nor- 
mally of one year’s duration. Candidates may 
enter. for the Diploma of Membership of the 
Imperial College (DIC) and, if suitably quali- 
fied, for the M.Sc. degree of the University of 
London. Applicants must be graduates who have 
spent at least one year away from university since 
graduation, preferably in industry. The bursaries 
will be of the value of £330 to £730, according 
to circumstances, pius College (but not Univer- 
sity) fees. 

Further information and forms of application, 


which must be returned by May 18, 1969, may be 
obtained from the Registrar, Imperial College, 
South Kensington, London, S.W 7. (248) 











ELECTROSLAG REMELTING 


Applications are invited for a RESEARCH 
FELLOWSHIP associated with an investigation 
of the metallurgical and chemical factors involved 


in electroslag remelting. This work is supported 
by a grant from the Science Research Council 
and is under the general direction of Professor 
A. G, Quarrel. Initially work will be concen- 
trated on the effects of D.C. melting on the 
hydrogen contents of ingots and on the distribu- 
tion of other elements between slag and metal. 
Facilities are available for a wide range of 
laboratory investigations and for AC and DC 
melting of ingots up to 6 in. in diameter. Can- 
didates should have at least three years’ research 
experience preferably in a ficid with some rele- 
vance to the present investigation. Salary in the 
range £1,180 to £1,740 according to age and ex- 
perience, with F.S.S.U. provision. 

Further information from the Registrar, to 
whom applications (three copies}, should be sent 
by February 3, 1969. Quote Ref.: R.33/G. 

(197) 





MISCELLANEOUS 





LARGE TELESCOPE USERS 


Applications are invited by the Science Re- 
search Council for observing time on the 98-inch 
Isaac Newton Telescope at Herstmonceux during 
the period October 1969 to March 1970 or on 
the 74-inch Radcliffe reflector at Pretoria during 
the period April to September 1970. 

Applications must be in respect of proposed 
programmes that cannot be accomplished on tele- 
scopes of smaller aperture, and will be considered 
by the Council's Large Telescope Users’ Panel at 
its April meeting. They should be submitted by 
February 1 next on a form obtainable from the 


Secretary of the Panel, Dr, A. Hunter, Royal 

Greenwich Observatory, Herstmonceux Castle, 

Hailsham. Sussex. (221) 
SCIENTIFIC AND TECHNICAL TYPE. 


writing Service, Confidential.—Jula Pratt, B.Sc., 
30 Craven Street, Strand, London, W.C.2. Tele- 
phone 01-839 25861. (X2) 


emn, 
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EARTHQUAKE DISPLACEMENT 
FIELDS AND THE ROTATION OF 
THE EARTH . 
A NATO ADVANCED STUDY INSTITUTE 
June 22-30, 1969 


This Institute is being organized to Snos the 
possible relation. between deformation fields due 
to earthquake faulting and the Chandler’ Wobble 
and ihe rotation of the earth. Among thë sub- 
ject areas of the Institute are : current pole posi- 
tion and length of day measurements ; deforma- ` 
tlon fields at teleseismic distances : : precise 
measurement of the earth’s rotation by "new 
methods (e.g., long baseline radio interferometry, 
corner reflectors on the moon); near fault instru- 
mention: dong period changes in the Earth's 
rotation ; secular motion of the pole; sources 
of excitation of the Chandler Wobble > possible 
applications to the predicti on of earthquakes, 

Cordial invitation is extended to scientists and 
graduate students in astronomy, geophysics, 
physics and related disciplines interested in these 
fields to participate In the Institute. Financial 
assistance towards travel and living expenses is 
available ; applications for assistance should be - 
in by April 30, 1969, 

For further details and registration forms write 
to: Dr. A. E. Beck, Department of Geophysics, 
University of Western Ontario, London, Ontario, 
Canada. 3 (258) 





FOR SALE AND WANTED 





WM. DAWSON & SONS LTD. 
Back Issues Department, 
16 West Street, Farnham, Surrey, 
England. 
Tel.: Farnham 4664, 


Offer top prices for: 
BACK RUNS OF JOURNALS 
IN SCIENCE AND THE HUMANITIES 








Wanted and for Sale 
Scientific and Technical Reviews 
SANTO VANASIA, 53 Via M. Macchi, 
20124 MILANO (X259) 
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GLASSWORKERS 
STAIN-VIEWING 
POLARISCOPE 


Full wave retardation analyser 
for 5800 A gives most sensitive 
colour indication of strain. 
Field and sight aperture 14” 
dia. Dimensions 64” x 54° x5". 
Price: £15 10s. 6d. 


As above but without colour 
analyser showing strains against 
black field. Price: £11 11s. Od. 


immediate delivery 


x 


H.-S. B; MEAKIN, LTD., 25, Victoria Street, S.W.1 


SUPPLIERS OF POLAROID PLASTICS, WAVE PLATES and GLASS Tel. : 01-222 6713 
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The Luckham 


X DISPE 


The Luckham Wax 
Dispenser incorpor- 
ating a specially 
designed filter and 
rotary valve. 







































Holding 1 imperial 
gallon of molten wax. 


' Variable thermostat 
and safety cut-out. 


PW /72 for paraffin 
wax. Temperatures 


up to 72° C. 
PW/72H for 
high 


tonperature waxes 
up to 110° C. 


pray 72 


INAWdINOA AYOLVYORVI 


For further detailed information, 

LUCKHAM LIMITED 
Victora Gardens, 
Burgess Hill, Sussex 

tel. Burgess Hill 5348/89. 
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now available with choice of speed ranges 


~ Stepless speed control Compenstat temperature control within -0.5 C up to 
50° C. Built-in safety thermostat . Optional refrigeration and interior illumination 
P7 Models from £340.0.0. complete. 
Ask for Publication 659 


aaa UE 





LONDON 
P.O. Box 290 Technico House, Christopher Street, London, E.C.2. Tel 01-247 3211 Telex 886041 


WIDNES 
P.O. Box 19.Victoria House, Widnes, Lancs. Tel 057-424 2040 


STOCKTON-ON-TEES 
Portrack Lane, Stockton-on-Tees, Teesside. Tel 0642 63441 
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amino protecting group > 


linked to peptide chain 


Ui 


new acid labile amino protecting || M 


N-O-Nitrophenyl Sulfenyl, a 


group, is already making signifi- 
eant contributions to peptide 
chemistry. UY 

O-Nitrophenyl Sulfeny! 3 
Chloride reacts with Amino Acids 
to yield N-O-Nitropheny! (NPS) 
Amino Acids. The NPS group is i 
easily removable with acids in 
aqueous solutions or preferably 
with Hydrogen Chloride in non- 
polar solvents. 

NPS Amino Acids have been coupled 
with amino acid esters via mixed carboxylic- 
carbonic anhydride and DCC. No racemiza- 
tion has been observed, and the yields have 
been good. 

; The NPS method appears to possess the 

advantages of the Carbobenzoxy method (no 
racemization, easily removable N protecting 
group) and offer definite improvements over 


| the classic CBZ group. The im- 


provements are: 
1. NPS groups are more easily 


cleaved than CBZ. The removal 
of NPS from a long peptide chain 
is accomplished rapidly under very 
mild conditions without any dan- 
ger to sensitive parts of the peptide 
\ chain. On the other hand, the re- 
moval of CBZ from a long peptide 
chain is still a difficult task. 
AQ, 2. NPS groups are advanta- 
geous for lengthening a peptide 
chain, especially in the case of incorporation 
into a peptide chain of Amino Acids bearing 
functional groups. 

NBCo. offers 21 O-NPS Amino Acids as 
the Dicyclohexylammonium Salts (DCHA) to 
insure greater shelf stability. Please write us for 
a list complete with specifications and prices. 

Write for our free catalog containing over 
3500 items. 


CAUTION: Those of our products which are or may be drugs or 
food additives, as defined in the Federal Food, Drugs, and Cos- 
metic Act, will be shipped, and may be used or sold, for investiga- 
tional use only in laboratory research animals, or for tests in 
vitro, and are not for use in or for humans. Investigational animals 
and their edible products may not be used for food. 


Nutritional 
Biochemicals 
Corporation 


26201 Miles Road * Cleveland, Ohio 44128 
Phone 216 662-0212 
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NEW 


POTI Ma 
low cost 60MHz 
N.M.R. spectrometer 





JEOLCO (U.K) Ltd., has been formed as à 
subsidiary of JEOL, Tokyo, to provide sales, 
installation and service facilities in the United 
Kingdom and Eire. 

The company incorporates the former Delvitjem 
organisation. A new Applications Centre 

will be opened to display and operate a wide 
range of equipment and to facilitate investigation 
of prospective users' particular problems 

and applications. 


4 Shakespeare Road, 
Finchley, 

London, N.3. 

Tel: 01-349 9241 


JEOLCO (U.K.) Ltd. 








See this instrument at the new jJEOLCO 
(U.K.) Demonstration Centre 


Many of the unique design features of the pace-settina 
JEOL N.M.R. spectrometers will be found in the 
MINIMAR. The magnet unit is of compact size, 
lightweight and all solid state circuitry. A new sample 
probe incorporates unique field-lock design. Upon 
insertion of sample into probe, the field is instantaneously 
locked and held for periods of long duration without 
requiring any manual control. 

This is the only /ow-cost N.M.R. Spectrometer 

which incorporates the following outstanding features 
in the basic instrument without additional cost: 


W Field/frequency lock 


B Frequency sweep homonuclear double 
resonance facilities 


M Variable sample temperature 0^ C to 80^ C 
M internal and external lock 
B Full size, flat bed recorder 


W Easy to operate control panel (see above 
photograph) 


In addition to these features JEOL offer an inexpensive 
S/N booster for sensitivity enhancement which can 

be incorporated into any of our spectrometers, 

including the MINIMAR. This latest addition to our range 
of N.M.R. spectrometers makes possible routine 
measurements by persons of less technological 
orientation and education than required with 

present N.M.R. instruments. 

Why not ask for additional information or a 

demonstration ? 


The range of JEOL research equipment includes: 


Computers, Nuclear Magnetic Resonance 
Spectrometers, Electron Spin Resonance 


Spectrometers, Mass Spectrometers, 

Amino Acid Analysers, High Voltage, Metallurgical, 
Biological and Compact Electron Microscopes. 
Electron Probe Microanalysers and Scanning 
Microscopes. 
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Labelled 


The Radiochemical Centre offers a wide 
range of labelled steroids of high purity, 
high specific activity and at competitive 

prices. 


Many carbon-14 compounds are available 
from stock at an isotopic abundance 

often over 90% of the theoretical 
maximum (10094 isotopic abundance 

=: 62-4mc/mA carbon labelled). 


For example: 


Aldosterone-4-C14 . 56.7 mc/mM = 91% 
Cortisone-4-C14 58.0 mc/mM = 93.5% 


Other important compounds supplied 
from stock. 


CARBON-14 


Cholesterol-4-C14 
Cortisol-4-C14 
Oestradiol-4-C14 
Oestriol-4-C14 
Oestrone-4-C14 


TRITIUM 


Cholesterol-1ao-T 
Oestriol-6, 7-T 


Ask for free batch analysis sheets 
providing details of purity, nctes on 
preparation and recommendations 
for storage from: 





Amersham England 





The Radiochemical Centre 





TASURC.TT4 








Career 9^ 
opportunities 


in Canada 


Canada's growth and development currently 
provides opportunities In many professions and 
occupations and Canada rewards ambition and 
hard work with one of the highest living standards 
in the world. 


Life is good in this young, progressive country... 
especially for the family. Primary and secondary 
education is mostly free and through university 
scholarships. bursaries and interest-free loans, 
Canada is rapidly moving towards the day when no 
student will be denied an advanced education 
through lack of financial means. You, and your 
famiy will be protected, too, by a social welfare 
programme—family allowances, hospital and 
unemployment insurance and retirement pension. 


Above all. Canada offers scope—for you and your 
children; space and opportunity to be what you 
want to be: the chance to find the right way of Ife 
in a friendly and hospitable land. And, Canada is 
only six hours away by plane-—-six days by sea. 
Post this coupon today for information about working 
and living conditions in Canada. 


CANADIAN GOVERNMENT immigration Service 


iDept. 6N25/1 ), 38 Grosvenor Street, London, WIX OAA 


Mame 


Address 
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Manufacturers of 


Biochemicals for Research 
and Laboratory Studies 


The Mark of Quality; Reliability 


Anti-serums and Laboratory Reagents For immuno- 
electrophoresis, immunoassay and Fluorescent Anti 
body Techniques 


Animal Blood Proteins Purified gamma globulins and 
albumin fractions isolated from large and small anb 
mal plasma or serums 


Custom Manufacturing work with investigators to pro- 
vide, where possible, products to your specifications 
Write for our complete catalog. 


Cex... 


PLO. Box 272 Kankakee, Hlinols U.S.A, 


DYES FOR USE IN ALL INDUSTRIES 


RESEARCH & PRODUCTION CHEMISTS: if you 
are looking for dyes with specific chemical and physical 
properties suitable for particular manufacturing and/or 
testing processes you are invited to contact 


EDWARD GURR LIMITED 


for supplies. 


We hold stocks of an enormous variety of dyes, ready for immediate 
despatch, including : 


Cyarine, Dicyanine, Fast Bordeaux O, Aurantia, Crystal violet, BPC- 
Scariet R, BPC, Diazonium salts, Neutral violet, Lecmoid, Nile blue, 
Janus green, Brilliant green BPC, Rosolic acid, Methyl green, p- Ethoxy- 
chrvsoidin, Methyl red, Nitazine yellow, Pinacryptol green, etc, 
Industrial Research Establishments 


ere invited to make use of our professional services as 
consultants on the selection and uso of dyes as research 
and production tools. 


BIOLOGISTS are invited to send for our catalogue of: 


*MIICIHIR © MIIE? 


STAINS & REAGENTS FOR BIOLOGY 


Acridine orange, Aquamount, Fluormount, Lipid crimson, Matamount, 
May-Grünwald, Leishman, Giemsa, Toluidine blue, Cresyl fast violet, 
Papanicolaou stains, Thioflavine S, Brilliant cresyl blue, Nile blue, 
Pyronin Y, Trifaigic acid, Rhodanile blue, Hapio, etc. 


EDWARD GURR LTD 


42 Upper Richmond Road Wost, London, S.W.14 


Cables: Micromlabs London SWT14. Telephone: 01-876 82288 
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Finite Differences 

Did you know ? . . . that 
= [tx 


| —x 








2--x 











This is a simple consequence of Thiele's theorem, 
itself the basis of an important method for numerical 
interpretation involving the reciprocal differences. 
The treatment of this topic in The Calculus of Finite 
Differences by Professor L. M. Milne-Thomson remains 
one of the outstanding features of that distinguished 
book, first published in 1933. 

The technique based on reciprocal differences is a 
systematic way of interpolating between given values 
of a function. Thiele's theorem makes it possible to 
represent the function concerned by some rational 
function which is particularly suited to interpolation. 
For many informal uses but also in machine calcula- 
tions of various kinds, it has considerable advantages. 

But this is only one of the reasons why finite dif- 
ference techniques should not be forgotten. They 
are, of course, the basis of much of the numerical 
analysis carried out in engineering applications. They 
are also a natural development of the method of fluxions 
which Newton first invented. 

Professor Milne-Thomson's book remains, after 
nearly a quarter of a century, the only comprehensive 
treatment of the subject. 


The Calculus of Finite Differences by L. M 
Milne-Thomson, £2 10 


Other classical mathematical works from Macmillan 


A Treatise of Differential Equations by 
A. R. Forsyth, £1 15 


Theoretical Hydrodynamics by L. M. Milne- 
Thomson, Fifth Edition, just published, £5 5 


Theoretical Aerodynamics by L. M. Milne- 
Thomson, £3 10 
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Energy & Entropy 


“Think of a truck on rails at the top of an incline. By 
means of ropes and pulleys the teneency of the truck to 
move can be harnessed to lift heavy weights from one 
floor of a building to another, for example (or to turn 
the armature of a dynamo). The movement of the 
truck can naturally be made to do different amounts of 
work by lifting different weights: the lighter the 
weight, the faster the truck wil move down the 
incline—the greater its kinetic energy. There is, 
however, an upper limit to the arsount of work it can 
do, and this can be measured in zerms of the weight 
that just balances it. A very slight reduction in this 
weight will allow the truck to move very slowly down 
the incline (with very little kinetic energy), doing an 
amount of work very near to the maximum work. By 
slightly increasing the weight the truck can be pulled 
slowly back up the incline. For tais reason, when the 
tendency to change is harnessed to the maximum 
extent the system is said to be eperating reversibly. 


“The extension of these ideas to chemistry is not as 
difficult as it seems at first sight. Just as with physical 
changes, spontaneous chemical processes can in 
principle be opposed and even rewersed by the applica- 
tion of suitable forces. When the chemical change is 
only just allowed to proceed in the natural direction 
the (maximum) work done against the applied forces 
measures the tendency of the ange to take ed 
Quantities called chemical potentials, represented by 
the symbol yu, have just the properties required for 
putting this idea on a numerical basis." 


This passage is the starting poire for the illuminating 
argument with which Dr H. P. Wyatt constructs his 
system of chemical thermodynarrics. 


Energy and Entropy by 


P. A. H. Wyatt, £1 10 


ir Chemistry 


Other books in the series Topics in Physics and 
Chemistry... 


Laser Light by C. C. Eaglesfield, £1 10 
Masers and Lasers by J. S. Thorp, £2 2 
Solid State Physics by H. Clark, £2 


MACMILLAN & CO 


Little Essex Street, London, W.C.2 
ST. MARTIN'S PRESS, New York 
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Subscription Rates 


DIRECT POSTAL SUBSCRIPTION RATES 
*12 MONTHS (52 issues, 4 indexes) 


AIRFREIGHT 
United States. «ves iv3y ede x E $48 
Canada: sexe RE e dae eRe e aes $52 


SURFACE MAIL 
Elsewhere overseas, U.K. and Eire........ £14.0.0 


* Shorter Periods Pro-rata, 


ORDER FORM 


Please send me...... copy/copies of NATURE each week for........ months 
staring With te 1sSUG datod oes x ete pork inde APER vb DRE S PE ERU i-es 


tor which | enclose remittance* value.....i liiis nn 
* Cheque, international Money Order or Bankers Draft on London. 
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the integral equations for the parameters. 
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NATURE 
Mr Benn's Purish 


In the unlikely company of Mr Anthony Lewis, the 
London eorrespondent of the New York Times, Mr 
Anthony Wedgwood Benn, the Minister of Technology, 
has been springing into an attack on those in Britain 
whom the Prime Minister likes to call "moaning 
minnies"—a miscellaneous group of people who are 
supposed continually to denigrate the technical pro- 
gress of the United Kingdom. As Mr Benn put it 
in his address to the Institute of Patentees and Inven- 
tors on January 10, "those who are ready to use any 
example they can lay their hands on to prove that 
everything British is a dead loss" are "holding up to 
publie ridicule and contempt engineers and scientists, 
managers, technicians and workers who are coping 
with problems far more complex and difficult than 
those which confront the rest of us”. What he is afraid 
of is "latent hostility towards invention and indeed 
technology in general". Understandably, since this 
is his parish, Mr Benn was particularly anxious to 
condemn those who have been derisory of two recent 
developments in British technology—the Queen Eliza- 
beth 2 and the Concorde project. He made it plain 
that there was room for criticism on the grounds of 
cost or even from those who argue that the money 
invested in these projects might have been spent 
differently. The question, however, remains of how 
countries like the United Kingdom should manage their 
involvement in technological developments where the 
promise of economic gain is only part of the incentive. 

The curious affair of the turbines in the Queen 
Elizabeth 2 is an obvious and legitimate focus for 
muttering, and Mr Benn is quite right to emphasize 
that it is merely a blot on a remarkably improved 
picture. The Ministry of Technology can claim a great 
deal of credit for the way in which the competence of 
British shipbuilding has improved since the publication 
of the Geddes report almost exactly three vears ago. 
Shipyards are now more tightly organized, the support- 
ing industries such as the turbine manufacturers are 
technically much improved, new techniques of construc- 
tion are being used, and the heartening result is that 
shipyards are much better able to compete for orders. 
So why should the finest of all the products of British 
shipyards for many vears break down ignominiously 
because its turbines seem to shake themselves apart 
on its acceptance trials? Is the whole affair to be 
explained as just bad luck? The truth, of course, 
is that the Queen Elizabeth 2 is very different from the 
kind of ship which British shipyards are now anxious 
and able to build for profit. The chances are that the 
commercial shipyards elsewhere in the world would 
have been unwilling to take on its construction at 
anything like the cost which Cunard was able to 
agree with the shipyards on the Clyde. The trouble is 








that from the start the Queen Elzabeth 2 has been 
conceived of as a part of national prestige. Why 
else should the British Government have loaned the 
operators two-thirds of the building price ? Hindsight, 
however, makes it plain that the bailders were having 
to struggle hard to break even on the original price of 
£27 million. Presumably the balance sheets will be 
even worse now that there have been delays. In eir- 
cumstances like these it is hard not +o ask why straight- 
forward economics were ever mucdied by considera- 
tions of prestige. The question that needs answering 
is not why the turbines have gone wrong but whether 
the ship should have been built at ail. The way things 
are going, everybody concerned wiih it is likely to lose 
money—the shipbuilders, the shipping line and pos- 
siblv, in the long run, the Government as well. 
Similar doubts assail the Concerde project. This, 
too, is à scheme in which the promise of economie 
benefit has not been a sufficient explanation of why 
the governments of France and Britain agreed to stump 
up more than £500 million for development. Even if, 
as everybody hopes, the outcome :8 a successful com- 
mercial aircraft, there is very little hope that the full 
cost of development will be recovered in sales. What 
the Coneorde has, however, done is to provide two 
aircraft industries with something interesting to work 


on. At this stage, with more than half the money 
spent, it would, of course, be eh to caneel the 
programme of development—the objective should be 


to get back as much as possible of m money which has 
been spent. Nobody should be surprised, however, that 
in circumstances like these a great many taxpayers 
keep asking searching questions about the wisdom 
of investing funds in projects which are unlikely to 
yield à commercial benefit. Although prestige and 
adventurousness in technology are not entirely without 
value, there is at least a suspicion shat both the Queen 
Elizabeth 2 and the Concorde ase examples of how 
easily it is overestimated. 
Not verv long ago there were similar arguments 
about the seale on which the Brtish Government is 
supporting the development of commercial nuclear 
energy. In the mid-fifties, to be sure, it seemed entirely 
sensible to win what incidental benefits there might 
be in the commercial application of the manufacture 
of nuclear weapons—itself depending on a policy deci- 
sion involving some elements o£ national prestige. 
To begin with, as the White Paper published im 1955 
made plain, the British Government accepted that 
there would be some commercial benefit, but this 
calculation turned out to depend on an unreasonable 
although entirely plausible behet that conventional 
fuel would be increasingly scarce ia the sixties and not. 


as events have shown, increasingly plentiful. The 
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immediate result was an unprecedented. public invest- 
ment in the development of civil nuclear energy and 
there has been an awkward tendency for the promised 
commercial benefits to recede almost at the rate of 
one year per year. It would be wrong, of course, to 
underestimate the benefits that have come from this 
investment. There is now a viable and potentially 
valuable nuclear industry, while the incidental benefits 
of these developments are not unimportant. As with 
Concorde, however, there is à serious likelihood that 
the full costs of development will not be recovered 
until several decades have passed. 

Mr Benn often claims that his is a "ministry for 
industry". In fact, of course, it remains a ministry for 
the aviation and electronics industries, and its sorties 
into the more basic—and less attraetive—industries 
are still a small part of its whole activity. The budget 
of the ministry for activities outside aerospace and 
electronies amounts to less than £10 million, although 
it spends another £10 million in its civil research 
establishments. What this means in practice is that 
the aviation industrv, which last vear spent £28 
million of its own money on research and development, 
got another £136 million from the Government, while 
the motor industry, which spent £44:5 million of its 
own, got only £1 million. The textile and man-made 
fibre industry received exactly £1,000 from the Govern- 
ment, while the electrical machinery and generation 
industry spent £15 million of its own and got only 
£400,000 in aid. (To this must, of course, be added the 
value of work carried out by the civil research estab- 
lishments, on which it is hard to place an exact indus- 
trial value.) 

Not all of this is the ministry s fault. For one thing, 
it inherited substantial responsibilities in the aviation 
and electronics industries, and could hardly cut them 
off without a penny. (Without Concorde, there would 


Mr Short’s Shibboleth 


lr the works of Aristotle were the standard science 
textbooks in British schools and if the Archbishop of 
Canterbury were to declare not only that this was the 
proper way for science to be taught but also that 
90 per cent of parents agreed with him, there would 
be grounds for supposing that a certain measure of 
insanity had crept into the situation. All too similar 
grounds have recently been supplied not by a minister of 
religion but by & Minister of Education and Seience 
posing as one. Thumping a tub made from the ship- 
wreck of Noah's ark, Mr Edward Short has declared 
that religious instruction and daily worship will con- 
tinue to be compulsory in the new Education Aet. 
Startled burghers and parents at Howling Lane, Aln- 
wick, heard a new Savonarola proclaim that the 
“Christian character of the community” is in danger. 
"It is at this point”, the m »xhorted, oss we 
must man the barricades. 
view, Britain. will cease to be a Carseat countr Y 
within two generations. 
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have been much more room for manoeuvre.) Equally, 
it inherited a number of research establishments work- 
ing on problems more or less relevant to industry. 
To the extent that it has forced the work of these 
establishments into an industrial mould, it deserves 
congratulation, and changes Mr Benn announced 
last week will do something to hasten the same process. 
He has created a number of new committees with an 
industrial membership to give advice on the pro- 
grammes of the establishments. The new committees 
will advise on the research programmes in chemicals 
and process engineering, hovercraft, machine tools 
and numerical control, measurement and standards, 
mechanical engineering, mineral processing and metal 
extraction, and shipbuilding and shipping. At the 
same time, Mr Benn abolished the steering committees 
and visiting boards at the National Physical Labora- 
tory, the Warren Spring Laboratory and the National 
Engineering Laboratory. 

But if the industrial programmes of the ministry 
have not expanded as fast as they might have done, 
industry itself must bear a good part of the blame. 
There is little doubt that the expansion of the industrial 
programmes depends not on the availability of finance 
but on ideas from industry. The announcement that 
Harwell was ready to undertake industrial work, two 
years or so ago, is said to have produced only two 
replies from industry. Some means of breaking down 
industrial suspicion must be devised, and the ministry 
industrial liaison officers have an important part to 
play here. As far as the civil establishments are 
concerned, the ministry’s policies would be more 
convincing if there were evidence that the sponsoring 
of work in government establishments is an effective 
way of making money. So far, the surveys which have 
been done are encouraging but not exactly over- 
whelming. 


It is important to understand just why the minister's 
sentiments should occasion profound despair. It is no 
disrespect to the revealed religions to say that their 
revelation occurred at a point in time and that the 


truths thev inculcate are not necessarily eternal but 


were designed in the first instance to suit the needs of 
a particular community. As an agrarian society be- 
comes industrial, its religious and ethical needs change, 
and in a more radical way than can be contained by the 
traditional reinterpretation and attrition of Church 
dogma. This is one of the reasons why Britain is 
no longer a Christian country. Only 20 per cent 
of the population is confirmed in the Church of 
England and less than 6 per cent attends communion 
at Easter. 

Wrestling with truth like Jacob with the angel at 
Pelial, Mr Short commits what may be politely called 
a foul. "In a national survey of parents conducted in 
1965, it was found that 90 per cent of those interviewed 
thought that the present arrangements for religious 
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education and daily worship should continue. With 
this wide support for continuing religious education in 
schools, there is no justification for altering the existing 
statutory requirements." Elections in totalitarian 
countries sometimes produce as much as 90 per cent 
in favour, but can the minister seriously believe that 
when 6 per cent of the population are practising 
Christians, 90 per cent of them should wish their 
hypocrisy to be institutionalized in the curriculum, or 
does the minister merely believe it, like Tertullian, 
because it is absurd ? 

ia a be justified. Fi irst, "ilie id ad 
language of the Bible are part of the cultural heritage, 
but on this point its claims for attention are no greater 
than those of Latin and Greek. Second, religious 
instruction may be justified on the view that the 
Christian religion is in some sense true, and that children 
should be indoctrinated with religious truths as an 
equipment for life bevond the grave. Third, it may be 
argued that the ethical behaviour required by society 
can best be put across with the support of a religious 
framework. 

Whether or not any particular religion is true is so 
obviously a matter for dispute that it should be clearly 
recognized as such. Daily school services, which are 
hard in practice if not in theory to opt out of, may be 
all right for consenting adults but are an offence against 
the dignity of children. Nor can compulsory religious 
instruction be justified except in the crudest terms; 
those who believe it necessary cannot have much faith 
in the persuasiveness of the creed they wish to inculcate. 
Religion, in any case, is in the first instance a private 
matter that to begin with should be taught in the home 
if anywhere. The state has fully exercised its duty if it 
provides religious instruction only for those children 
past some discretionary age who have decided they 
wish to pursue such matters further. 

There are those who believe that, religious content 
apart, divinity classes are an effective method of moral 
suasion. But Bible stories, whatever their literary or 
mythological value, are a confusing and inefficient way 
of exemplifying moral problems. And it is on the 
ethical issue that Mr Short’s speech sounds most 
antique. Children today have many problems to solve. 
There is the question of sexual behaviour, and whether, 
for example, thev should take "pot". New ethical 
problems will arise, of which organ transplants are 
probably only the harbingers, and which as adults the 
present generation will have to solve. There is a great 
deal of instruction to be given on factual, ethical and 
philosophical matters if schoolchildren are to be 
properly equipped for decisions affecting both their 
own lives and the nature of their society. But what 
does the Minister of Education and Science have to 
offer ? Must the example of Onan help to implement 
the Family Planning Act * Will the fate of Abimelech 
keep the family escutcheon bright ? Has the sacrifice 
of Jephthah's daughter any pertinent message for the 
20th century ? Can the minister really believe that 
schoolehildren will grow up to face the same ethical 
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problems as confronted pastoral hebrew tribes of the 
second millennium B.C. and, if so, that they should be 
taught, even in a diluted form, the same rules for 
dealing with them ? 

The truth is, of course, that there is a case for asking 
that schools should teach material directly relevant to 
the ethical issues which children wil have to face when 
they grow up, but no means of knowing just what that 
should be. To be sure, there are some good models 
from which an acceptable curriculum might be 
fashioned. Several independent schools systems in 
Britain and elsewhere have done noble pioneer work, 
while people like Dr F. H. C. Crick have made valuable 
suggestions from outside the classroom. Mr Short 
would do the educational system of which he is 
apparently so defensive a greater service if he were to 
initiate some sensible curriculum development in this 
area—that is a practical task to which his present office 
could lend valuable support. Whether religion as such 
has any place in publicly operated schools is another 
question, but it must surely by now have seemed to 
Mr Short a little odd, to say the least of it, that he 
should have to huff and puff as vigorously as he has 
done in favour of religion in British schools when other 
countries, at least as devout, consgler that religion has 
no place in schools. 


NUCLEAR POWER 


European Collaboration 


Tue European Nuclear Energy Agency still hopes to 
devise à way of producing a collaborative fast re aetor 
programme for Europe. It is clear, however, that the 
final decision about the viability o “the pr oject will not 
be taken until the end of March, when both the tech- 
nical groups have reported their findings to the top 
level committee. The two teams have been studying 
two different approaches to the cooling of the reactor. 
One, at the Karlsruhe nuclear research centre in West 
Germany, has been thinking abou: the possibility of a 
steam cooled fast reactor, w hile anether technical group 
at Winfrith in the United Kingdem has concentrated 
on gas cooling. So far, neither group has published its 
findings, though both reports are believed to be com- 
plete. In order to justify taking the project any further, 
the sone groups would Hay e to show wie 
aad a adopted (oe ae British [o3 pie is 
among others. 

According to the annual report of ENEA, just pub- 
lished, the Winfrith technical group has concluded 
that gas cooling would be à promising alternative, but 
that it raises important problex ms of fuel element 
development. The report sugges's that the develop- 
ment could be carried out in the first place m existing 
irradiation facilities, but that T jal A G 
hu n later. 


al a the pr ototy pe or ode i DEM ste age. 

The rest of the ENEA annual report strikes an 
optimistie note, There has, it says, been a renewal of 
interest in joint undertakings, partieularly those in 


which industry has a part to play The organization’s 
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three major projects, Dragon (a high-temperature gas- 

cooled reactor at Winfrith), Halden (a heavy water 
reactor in Norway) and the Eurochemic fuel re- 
processing plant in Belgium, all seem to have reported 
reasonably satisfactory years. Lurochemie, however, 
is unlikely to become self- “supporting by 1970 because 
the amount of reprocessing capacity available is still 
likely to exceed the demand. The ENEA remains 
optimistic, however, that, as the demand goes up, the 
plant can be expanded until it becomes profitable. 


UNIVERSITIES 
Making Money on the Margin 
AFTER protesting vigorously against the British 


Government's decision to char ge fees of £250 a vear to 
overseas university students instead of the £70 paid 
by British students, the Committee of Vice-Chancellors 
is still pressing for an increase in the fees of British 


students in its negotiations with the Department of 


Education and Science and the local education authori- 
ties. These negotiations, however, have dragged on 
for more than a year, and there is still no sign of è 
conclusion. Meanwhile, Mr C. F. Carter, vice-chancellor 
of the University of Lancaster, has devised a scheme to 
take advantage ‘of the situation which other impover- 
ished universities should be able to follow. Beginning 
with the next academic vear, the University of Lan- 
caster i8 to enrol for one vear about 60 American 


students. This is an economie proposition because thev 
will each pay fees at the rate of £250 a year, not £70 a 
year. 


Several British universities take a handful of Ameri- 
can undergraduates each vear but, as Mr Carter says. 
vice- chancellors felt that they could not enrol sizable 
numbers of American students when they were only 
charging them £70 a year, for fear of ilis inevitable 
outery that British taxpaye rs money was being used 
to subsidize American education. The £250 fee, how- 
ever, comes very close to covering the marginal cost 
of each student, and the benefits of having 50 or 60 
American students each vear far outweigh the small 
extra cost to the university. It is not simply the junior 
common room conversation that stands to benefit. 
Lancaster intends to spend the fee money, about 
£15,000 if everything goes according to plan, on extra 
staff for the departments with an inereased teaching 
load. This means that the whole university will 
benefit enormously as the departments reach critical 
mass. The university does not intend to have special 
courses for the American students, who will be com- 
pletely integrated in the university. Mr Carter expects 
that they will all be starting the third year of their 
four-vear courses and so should fit in well with the 
second year at Lancaster. "The university can also 
offer its own residential accommodation. Unlike most 


British universities, which are perennially short of 


lodging space, Lancaster has a large amount of univer- 
sity ac -commodation, financed. by loans from insurance 
companies, which it is anxious to keep fully occupied. 

It is too early to know how many of the departments 
at Lancaster will be involved, but Mr Carter hopes to 
have some American students in most fields. Once 
the scheme has started, there may have to be some 
quota system for each subject. not only to justify the 
distribution of additional staff but also because the 
scheme will only work so long as it does not involve 
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capital expenditure on equipment and laboratories, for 
example. Equally important, to guarantee the pay of 
the extra staff, Lancaster will have to reach some reason- 
ably long term agreement with the American universi- 
ties it is negotiating with—at present there are six 
including the University of Colorado, which may well 
send 20 of its students. "This should be easv to achieve, 
however, because apart from the desire of many 
American universities to send their students abroad for 
a year, it will cost no more for many of the students to 
travel to Lancaster and pay the £250 than to stay in 
the United States. 


INSTRUMENTS 


Another Technology Gap 


THE Organization for Economie Cooperation and 
Development has just published one of the documents 
prepared for the technology gaps meeting held in Paris 
in March 1968. The report sets out to compare the 
scientifie instrument industries in Europe, Japan and 
the United States, and to identify the reasons for the 
greater success of the American companies. The first 
conclusion the report reaches is that there are no 
general and deep-rooted disparities between the tech- 
nologies used by the various instrument industries; 
it is simply that the American companies manage to 
put the new technologies into the marketplace more 
quickly. In this sense, the report echoes the other papers 
produced for the OE CD mee ting, and it was doubtless 


some consolation for the delegates to know that the 
Americans are not cleverer, but simply slicker, than 
Europeans. 


That is as far as the consolation goes. The report 
points out that in some American firms, 70 per cent 
of the order book consists of products which did not 
exist five years ago—a level of performance whieh was 
unequalled elsewhere. The report sees evidence that 
in the past five years the sales of American manufac- 
turers have expanded more rapidly than those of 
European companies, in part because of the setting up 
of production facilities abroad. Few European companies 
have been able, or willing, to do this. The size of the 
American companies, which are in general bigger than 
their European rivals, also helps, and the greater size 
of the domestie market makes it possible to make the 
most of eeonomies of seale. Indeed, the American 
market represents on its own no less than 50 per cent 
of the entire world market. It is also easier, the report 
suggests darkly, for Americans to sell in Europe than 
it is for Europe ans to break into the American market — 
the Buy American Act, it says, raises "an unnecessary 
difficulty" to selling in the US. 

At the same time, the report concludes that the 
American companies use better marketing techniques 
than their European counterparts, including shorter 
delivery times, closer personal eontaets with customers 
and a more sophisticated use of market research. The 
easier availability of capital in the US is another cause, 
the report says, and it adds that contacts between 
universities and industry are better in the US than in 
Europe. In short, w hile the scientific instrume - 
industrv in America is genuinely science-based, 
Europe it still remains something of a craft. There are 
clearly no easy remedies for the situation, nor indeed 
any evidence that Europeans want the kind of societ y 
which generates success on the American scale. 
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NUCLEAR POWER 


Two's Compuny 


Tue reorganization of the nuclear power industry, 
completed to some people's satisfaction last week, 
ranks as one of the less inspired performances of the 
Industrial Reorganization Corporation. The purpose 
of the reorganization was to reduce the number of 
competing groups from three to two, and various 
schemes for doing this by Government supported 
mergers were proposed; but the final solution simply 
involves banishing one of the consortia into limbo, with 
the implication that it will get no more work unless it is 
able to merge with one or other of the new companies. 
The consortium which has been roughly handled, 
Atomie Power Constructions Ltd, is the one respon- 
sible for Dungeness B, the first commercial advanced 
gas-cooled reactor. 

All that the reorganization involves, therefore, is the 
conversion of two of the consortia into companies, and 
the investment in these companies of substantial sums 
of Government money. As a result, the industry looks 
like this: 


BABCOCK ENGLISH 
ELECTRIC NUCLEAR 


NUCLEAR POWER GROUP 


Per Per 

cent cent 

Babcock and Wilcox 25  Reyrolle Parsons 20 
English Electric 25 Sir Robert McAlpine — 15 
Taylor Woodrow 4 Clarke Chapman IE 
IRC 26 John Thompson 10 
AEA 20 | TRO 10 
AEA 20 

Strachan and Henshaw 5 

Whessoe 5 

Head Wrightson 5 


So far, it is not clear what is to happen to APC, 
which has two shareholders, Fairey Engineering and 
International Combustion. But it is clear that they are 
not simply going to disappear—as well as the Dunge- 
ness contract, Fairey won a contract last month to 
supply an experimental reactor to Chile, which could 
lead to an important pew market. There are two 
important issues, of which the most urgent is the com- 
pletion of Dungeness B, which has run into engineering 
difficulties, The programme is behind schedule, and 
APC is concentrating on catching up or at least prevent- 
ing further slippage. It is possible that Babcock- 
English Electric could be involved in the completion of 
the contract, though the mechanics of organizing this 
might turn out to be difficult. Whatever else is done, 
it is likely to be most sensible to stick to the design and 
construction team already at work, whether it operates 
under the APC or the BEEN banner. If BEEN does 
get involved, it must increase the likelihood of a merger 
between APC and BEEN. . 

The announcement of the formation of the new 
TNPG also revealed that BEEN is not, after all, to 
take over responsibility for the 250 MW fast reactor at 
Dounreay. The original announcement of the forma- 
tion of BEEN had implied that this was signed and 
sealed, but senior management at BEEN have evi- 
dently had second thoughts. Instead, TNPG is 
negotiating to take over the fast reactor and the 
design team at Risley. In effect, TNPG, which has 
always looked the strongest of the three groups, has 
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emerged on top—assuming it can manage to absorb the 
large numbers of people from the AEA without too 
much disruption. BEEN may now be able to take over 
the steam generating heavy water reactor at Winfrith, 
a contract in which Fairey has played a large part. 
This, perhaps, increases the chances that BEEN will 
absorb APC——a suggestion first put forward well over a 
year ago (see, for instance, Nature, 216, 629; 1967). 


OIL POLLUTION 


Coping with Disasters 


THe British Government has tartly rejected the 
criticisms of its handling of the Torrey Canyon episode 
which were raised by the Select Committee on Science 
and Technology last August (Nature, 219, 993: 1968) 
in a White Paper, Coastal Pollution. (HMSO, 2s 3d]. 
The British Government maintains that the emergency 
measures it took to deal with the disaster "were as 
efficient as those which any other country could have 
mounted". It goes on to boast that its record in 
devising and promoting methods to deal with oil 
pollution “can stand comparison with that of any 
other countrv". The White Paper has all the appear- 
ance of reflecting the sense of injustice the Government 
felt over the Select Committee's strictures and its 
misinterpretation of the evidence it considered. 

The Select Committee's report, which the White 
Paper concedes “contains a wide-ranging and useful 
review of oil pollution problems". accused the Govern- 
ment of being caught unawares when the Torrey 
Canyon went aground on March 18, 1967. The Select 

'ommittee set much store by the evidence of Sir Solly 

Zuckerman, the Government's Chief Scientific Adviser, 
who apparently astonished the committee by saying 
he could not name a single minister with overall 
responsibility for coordinating oil pollution research, 
that he had not been consulted until four days after 
the wrecking and that he had not been eharged with 
overseeing pollution research and, in any case, had no 
executive power. It is known, however, that the 
Government felt strongly that Sir Solly’s evidence had 
been misconstrued by the committee and that select 
committees are just as capable of making fools of 
themselves as governments. 

Apart from saying the Government was ill prepared 
to cope with an oil tanker disaster on the scale of the 
Torrey Canyon, the committee made two chief recom- 
mendations. First, that a single minister should be 
made responsible for coordinatmg national research 
on oil pollution and, second, that one minister should be 
designated to take charge of any disasters there may be 
in the future. | 

The charge of being caught unawares has obviousiv 
upset the Government. The White Paper takes pains 
to list the research in progress before the disaster and 
the initiatives taken by Britain in the International 
Maritime Consultative Organization, and it firmly 
defends both the speed and effectiveness of its action 
during the emergency. In particular, the White Paper 
says that the bombing of the Torrey Canyon was 
inescapable once the ship began to break up. As for 
designating a minister in advance to be responsible 


for coordinating emergency action in oil tanker disas- 
ters, the White Paper says, "this would only confuse 


existing lines of responsibility, and might well not 


turn out to be the most appropriate form of organiza- 
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tion when the emergency actually occurred". The 
Select Committee's argument that the minister should 
be appointed now in order to gain the special expertise 
required has cut no ice; the Government apparently 
prefers what it calls the "flexibility" of having several 
departments partially responsible. 

It has much the same answer for the suggestion that 
one minister should research. Sir Solly, 
according to the White Paper, was invited by the 
Ministerial Sub-Committee on Hazardous 
which is chaired by the Home Secretary, “to keep in 
touch with the progress of the research, to coordinate 
the research of individual departments as required and 
to report to the ministerial sub-committee what action 
was needed in the light of the research undertaken”, 
and the Government seems contented with 
arrangements, considering, perhaps rightly, that “it 
would be wrong to go further and to make special 
arrangements, cutting across the normal responsibili- 
of ministers in various fields of scientific and 
technological research. It would be counter to 
good management practice. Moreover, it would single 
out this type of research for preferential treatment 
over all others, however vital they mav be to human 
life or national interest." As the Select Committee 
noted, under this system, "different departments with 
their responsibilities will undertake to do what they 
feel is appropriate to them, and might even try to 
push jobs which are appropriate to them on to other 
departments", but then that is part of the time 
honoured principle of dividing the responsibility so 
that nobody is responsible. 


oversee 


' 
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NATURE CONSERVATION 


Epping Forest Centre 


EPPING Forest, 6,000 acres of woodlands in Essex, is to 
have its own nature conservation centre in the spring 
of next year. Last week, the Corporation of London 
agreed to spend £70,000 on the centre, which will be 
the corporation’s contribution towards what is called 
European Conservation Year 1970. 

The centre, which will be sited at High Beach in the 
eastern part of the forest, will have lecture theatres, 
laboratories and living quarters for the warden and his 
staff. It will be managed for the corporation by the 
Field Studies Council, which has had long experience 
of running centres for ecological studies. The Epping 
Forest centre, however, will differ in several respects 
from the Field Study centres. Instead of providing 
residential courses for students and teachers, it will 
concentrate chiefly on the younger age groups, the aim 
being to teach children in the area about the natural 
history and conservation of the forest. It will also 
ater, but to a lesser extent, for adult education classes, 
weekend and teacher training courses, and for natural 
history societies. 

The Corporation of London has maintained Epping 
Forest as a beauty spot for 91 years and during this 
time has spent several million pounds on improving and 
preserving the forest. The annual expenditure of 
between £55.000 to £60,000 comes not from the rates 
but from a special long-standing fund known as the 
“City Cash". 
on special schemes such as the controversial one being 
planned at present to make riding paths through the 
forest to stop riders from going anywhere they like. 


Extra money is also occasionally spent 
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Epping Forest. 


The conservation centre. on the other hand. is likely to 
be weleomed by local residents, children and Londoners 
alike. 


PESTICIDES 


Not Enough Known 


As pollution of the global ecosystem by pesticides 
increases, so ministries of agriculture and international 
agencies, such as the Food and Agriculture Organiza- 
tion, spend more of their time trying to fix permissible 
limits for residues of pesticides in crops and foodstuffs. 
There is still, however, too much uncertainty in the 
process. In Britain, for example, the Advisory 
Committee on Pesticides and other Toxie Chemicals 
recommended in 1965 that a specialist working group 
should study the methods of analysis and sampling 
necessary for rational legislation. Inevitably the 
working group s report, The Collection of Residue Data 
(HMSO, 4s 64), calls for more research on most aspects 
of contamination by pesticides. It also reeommends the 
setting up of a unit to collect samples for residue studies 
initiated by the Government and a new coordinating 
committee to organize research 

The working group considered evidence from 59 
private and public organizations working on residues 
in food, and the catalogue of its conclusions and recom- 
mendations emphasizes current ignorance of most 
aspects of the problem. The accumulation in almost 
all foodstuffs of even the 
DDT, dieldrin, aldrin and gamma BHC, for example 
needs further study. The same is true, only more so, 
of many of the specialized pesticides used in horti- 
culture and fruit farming. The report that 
existing analytical techniques, although adequate for 
the research laboratory, need to be developed into 
simpler and quicker procedures for routine analysis. 


commonest pesticides 


NU VS 
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Ideally, there should be a single general scheme for the 
speedy examination of foodstuffs when their history of 
treatment is unknown. But the committee also says 
that there is a need for more basic research on the 
metabolism of many pesticides—carbamates, dithio- 
carbamates and organophosphorus insecticides, for 
example. 

Imported foodstuffs present a particularly difficult 
problem. Concentrations of pesticides used in good 
agricultural practice, which the working group defines 
as that which achieves the desired technological 
advantage with the minimum of residue, may vary 
with climatic conditions. A further difficulty is that 
trade agreements usually stipulate that there must be 
no discrimination between imported and home produce 
on technical grounds, and the report declares that it 
would be unfair to have a double standard for levels of 
pesticide contamination in home and foreign produce. 
Some compromise will have to be worked out and a 
system devised for sampling imported produce at its 
port of entry. 

There remains the problem of collecting data, pub- 
lished and unpublished. The working party says that 
the Government should urgently collect it together, 
persuading industry to release new information. Given 
the cooperation of industry, the working group con- 
siders there is no need to increase the number of 
government chemists working on pesticides, but the 
report recommends the establishment of a small group 
to collect samples for analysis and a new committee 
to replace the Panel on Pesticides in Foodstuffs. The 
new committee, to which the Medical and Agricultural 
Research Councils and the Association of Public 
Analysts should be asked to contribute members, 
would initiate research, collate and publicize results 
and make recommendations for limits of contamination. 


NATIONAL TRUST 


jingle of Coin 


[INCREASED public access to National Trust houses and 
gardens, the replacement of Enterprise Neptune—the 
campaign to save the coastline of England, Wales and 
Northern [reland—by a general appeal for £5 million, 
and a drive for increased membership are some of the 
recommendations of a committee under the chairman- 
ship of Sir Henry Benson in a report to the council of 








National Trust property—Cliveden, in Buckinghamshire. 
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the trust (The National Trust, 26s). The committee 
reaffirms that the trust’s first -esponsibility is the 
preservation by acquisition of places ol historical 
interest or natural beauty, althoxgh it does foolishly 
repeat a statement by the chairman that the trust I8 
"not part of the tourist industry”. It does, however, 
make very clear that the public sheuld be allowed much 
more access than at present to trust properties in spite 
of the way in which properties car become too popular 
— some properties are already over-visited and in 
such cases as these we consider that the trust should 
not be afraid of imposing restriccions". The general 
rule, however, should be access or both Saturdays and 
Sundays, and morning as well & afternoon opening 
should be provided. The minimum period of opening 
should be from Easter weekend tc September 30. 

Although much of the Bensor report is taken up 
with discussion of the internal organization of the trust 
—it calls for changes in the trust’s organization and 
administration, disturbed in the mternal bickerings of 
two years ago—its principal empkasis is on the trust s 
present and future finances. Although there is no case 
for running the trust on strictly -ommercial lines, the 
committee leaves no doubt that tae dedicated amateur 
approach of the early days muet now be changed. 
Money must nevertheless be found, and the committee 
asks that the sum of £4-75 millior to restore and main- 
tain National Trust properties should be raised by an 
appeal for £5 million. In addi ion, more money 1s 
needed to pay for the increasing ccsts of administration. 
The committee therefore proposes that the trust should 
aim for an increase in membe-s from the present 
108,000 to 500,000 in 15 years time, and, on the basis 
of a £2 subscription rate for new members, it sets a 
short-term target of an income fom annual subscrip- 
tions of not less than £400,000 by the end of 1970. 
Other suggestions for additiona income include the 
continuation and expansion of the trust's policy for 
letting holiday cottages, and more tours of trust 
properties. It would also help, tae committee says, if 
the trust was more selective wren selecting further 
properties. 

The trust likes its properties t» be oceupied—it has 
believed all along that a house should be preserved 
as a living entity. Often the oceupier is the donor or 
his family or his successors, but Sme of the properties 
are let to other tenants, educational institutions in- 
cluded. Visitors to Cliveden Hoase, given tothe trust 
in 1942, have not been greeted bv Lord Astor for a few 
years now. Soon they will be sreeted by American 
students from Stanford Universty. In January this 
year, the university took over a 21-vear lease on the 
house to provide a base for stueents in Europe on a 
six-month liberal arts course. 





SURVEYING 


Slow Change to Metric 


THE Ordnance Survey, responsiole for surveying the 
whole of Britain on scales ranging from 1 of an inch 
to 25 inches per mile, seems to be facing with some 
equanimity the colossal task of converting all its maps 
to decimal scales and metric unit . Until 1980 the staff 
of the Ordnance Survey will de*ote most of its time 
and energy to completing and bmnging up to date the 
National Survey, but the hope s that, after that, it 
will be able to concentrate on tke conversion. In the 
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annual report for 1968 (HMSO, 15s), the plans for 
metrication are outlined. The more detailed maps are 
already on decimal scales, 1 : 1,250 and 1 : 2,500, and 
the survey has decided to adopt the 1: 10, 000 scale 
in place of the 6 inch. For all these maps, contours 
will have to be replotted at metric intervals and new 
spot heights measured. In view of the attachment of 
farmers to the acre, areas of parcels of land will be 
marked in both hectares and acres. Converting the 
smaller-scale maps will be the next step. 

This year, more maps than ever before have been 
surveyed in the field and published, despite the high 
staff turnover rate. By 1969, surveys of the principal 
urban areas of Scotland, England and Wales at a 
scale of 1: 2,500 will be complet ted. On the research 
side, the potentialities of the new hydrostatic levelling 
technique which involves observing simultaneously the 
water levels in glass gauges at the ends of a long 
water filled tube are bemg tested. This technique 
should be much more accurate than conventional spirit 
levelling techniques. The Ordnance Survey spent about 
£7 million last year and made about £2 million from 
selling maps, copyright fees and by charging govern- 
ment “departme nts for the special mapping and other 
services provided for them by the Survey. 

Other British surveyors working for the Ministry of 
Overseas Development are braving volcanoes, sleeping 
sickness and being mistaken for headhunters to map 
areas intended for new settlements, agricultural im- 
provement and engineering works. In its annual report 
(HMSO, 13s 6d), the Directorate of Overseas Surveys 
summarizes the assistance it has given to fifty develop- 
ing countries. Particularly intei resting projects in 
Africa include mapping the area around Lake Victoria, 
which the Tanzanians hope to use for an irrigation 
projeet, and survey ing Botswana. In the Pacific, a 
new survey of the Gilbert and Ellice Islands has been 
made to provide the basis of à property registration 
system. The directorate has for a long time been 
issuing maps on decimal scales, and will in future use 
metric units on maps for countries that use the metric 
system. The countries themselves will probably under- 
take the conversion of old maps. 


NUTRITION 


Ir is perhaps common knowledge that a malnourished 
person is unusually susceptible to disease, and that 
infeetious diseases can influence the nutritional status. 
Kwashiorkor, for example, is a disease of protein 
deficient children which is precipitated by infection. 
The details of the complex interactions between nutri- 
tion and infection are less well known, however. In 
man, the interactions are regularly synergistic—mal- 
nutrition and infection are mutually aggravating and 
produce more serious consequences than would be 
expected from a summation of the independent effects 
of the two. In some laboratory animals, however, a 
reverse antagonistic effect is observed when highly 
specific deficiencies inhibit the multiplication of the 
infectious agent more than they influence the resistance 
of the host (WHO Report on Interactions of Nutrition 
ond Infection, £2 14s). 

Bacterial, viral, protozoal and helminthic infections 
all exert a detectable adverse effect on the nitrogen 
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balance. Keratomalacia (softening and ulceration of 
the cornea), scurvy and beriberi are frequent after- 
maths of an infectious process in people subsisting 
respectively on diets deficient in vitamin A, ascorbic 
acid and thiamine, and there is a large body of evidence 
confirming the adverse effect of infection on the 
metabolism of these vitamins. Infections also interfere 
with the metabolism of caleium and phosphorus, and 
chronic infections alter iron metabolism and erythro- 
cyte production to such an extent that the so-called 
"anaemia of infection" develops. 

Although there is no evidence to suggest that 
resistance to infections is increased by the addition of 
ascorbic acid, B-complex vitamins and other specific 
nutrients to adequate diets, severe deficiencies of these 
substances do lower the resistance of man to most 
infectious diseases. Malnutrition directly affects host 
resistance by interfering with antibody formation, 
phagocytic activity, endocrine metabolism and non- 
specific protective mechanisms. Protein deficiency 
especially inhibits normal antibody response, and there 
is evidence that vitamin deficiencies can have the same 
effects. Vitamin B-complex deficiencies also reduce 
white blood cell activity, and decreased macrophage 
activity has been associated with deficiencies of vitamin 
A and ascorbie acid. Another effect of malnutrition 
is an alteration in the types, numbers and distributions 
of intestinal bacteria, and this may bring about a 
decreased resistance to intestinal infections. Under 
special conditions, dietary imbalance alters the thera- 
peutic effectiveness of a number of drugs. For example, 
Plasmodium gallinaceum infection of chicks responded 
four to twenty times more readily to treatment with 
sulphadiazine or metachloridine when the birds were 
on a purified casein diet rather than on a regular stock 
diet, but this accentuated therapeutic effect was later 
eliminated by increased amounts of soy bean in the 
diet. Antagonistic interactions between a nutritional 
deficiency and an infection seem to be caused in most 
cases by a selective lack of one or more nutrients on 
which the infectious agent is more dependent then the 
host. 


TEACHERS 


Ir takes a good deal of courage, or perhaps foolhardi- 
ness, for the National Union of Teachers to commission 
a survey into the reasons why teachers are underpaid. 

For one thing, it implies that the efforts on the teachers' 

behalf have been unsuccessful, and it also invites 
people to reply that teachers are underpaid because 
of the incompetence of the NUT. But if any did say 
this, their comments were not reproduced in a pam- 
phlet just published by the NUT and entitled “Why 
‘Teachers are Underpaid". The pamphlet is the result 
of a survey carried out for the NUT (by Research 
Services Ltd) into the attitudes of those who have some 
influence on teachers’ salaries—elected members of 
education committees, industrialists and businessmen, 
academics, careers advisers and the like. The inter- 
a: rev vealed, the us T sa Lys, a great de al of ig EO re 


pr eae Ww which: the "NU T can pum un ne as "a 
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grotesque caricature of reality". — Teachers, the 
respondents seemed to suggest, were people who 
undertook the job for no better reason than family 
tradition or a desire for safety and security, needed 
little training, and once in the job spent little time in 
maintaining proper standards or increasing their 
produetivitv. Most informants at the same time said 
that teachers ought to do the job from a sense of voca- 
tion, and implied that it was sordid and undesirable to 
expect a decent salary. 

At the same time, it is hard to escape from the feeling 
that the NUT itself possesses a somewhat unreal notion 
of the teacher. The majority, it says, enter teaching 
for idealistie reasons, for the sense of vocation and 
social responsibility, and from an awareness of the key 
role of education. "There are no figures on which to 
base this claim, as the NUT admits, so there seems to 
be little reason for the unbiased observer to give it 
any more credence than he does the views of the 
unnamed informants. It might indeed have been 
money better spent if the NUT had paid Research 
Services to interview a number of young recruits to 
teaching (without revealing for w hom the sur vey was 
being c arried out) and to see if the responses matched 
the high principles which the NUT believes it can 
detect. 

some of the informants displayed a touchingly 
out of date view of the profession, though it is one 
which will strike a chord with a good few ‘of the older 
readers. One said that teachers are attracted by the 
faet that "they can find an outlet for domineering 
tendencies over children" and that "they like a captive 
audience". But if any of the informants were critical 
of the tacties adopted by the teachers in their cam- 
paigns, their comments were lost in the editing. To 
some people it seems that the real reason for the con- 
tinuing poverty of the teachers lies in a failure to grasp 
the realities of the situation. The genteel tacties which 
thev have so far used have not been successful, but thev 
are nevertheless reluctant to turn to anything more 
militant. In practice, a few well organized strikes 
might do more good than a thousand pamphlets. 


BRITISH ASSOCIATION 


New Man at the BA 


AFTER three months in his new job, Dr Henry Turner, 
the secretary of the British Association, is enthusiastic 
about the future. A chemist to begin with, Dr Turner 
has just spent eight vears as a university administrator 
in Sheffield, w here he developed an interest in the 
history of science and technology and seientifie 
methodology. His new job, with a salary which he 
says is in the professorial range, is very much full time. 
This is something of an innovation, for his recent 
predecessors have tended to be older, with a career of 
publie service behind them, serving on so many 
committees that being secretary ofthe BA was virtually 
à part time occupation. Per haps the new approach is 
a sign of the times, with the association striving to 
expand and at the same time solve its financial 
problems. 

The most exciting and significant developments that 
Dr Turner sees for the future are the schemes to bring 
young people into the association and to separate the 
fees charged for membership and for attendance at the 
annual meeting, bv which it is hoped to make the 
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meetings self supporting. The association hopes to 
implement these schemes, whick are still before the 
Privy Council, for this year’s meeting at Exeter. 
Meany nle the British Assoc makon Young Scientists 


The response seems to have bs. particularly on m 
the southern region, where branches have been ‘formed 
from existing Young seientists Associations. Between 
60 and 70 sixth formers met last week at the Royal 
Society to discuss the future of BAYS, which thev are 
to organize themselves. At present voung people's 8 
activities—exhibitions, lectures, visits and so on—are 
organized by the local brane hes and area committees, 
which will still be available to give advice. The present 
lecture service, started in 1958, may continue side bv 
side with the new BAYS organzation. The scope of 
the activities of BAYS is intended to extend beyond 
the present voung people's programme, and eventually 
to include such things as foreign | rave T. c Ventral l advies e 





E 5 to be 2 cds soon. 

The organizational basis on which BAYS branches 
are being formed is provided largely by the local 
branches and area committees, and Dr Turner sees a 
bright future for this aspect of the association's 
activities. He expects the branches to thrive and 
develop better programmes for local members, This 
should be helped by the new membership fees, for, 
assuming the scheme is approvec by the Privy Council, 
half of the members ship fee of £2 will go to he adquarters 
and half will be retained by the local branch. Local 
authorities are proving financially helpful with young 
people’s programmes, and industry, which has been 
very generous to the branche: during the past ten 
years, is continuing to give assistance, | 

Dr Turner thinks that the annual meetings will 
continue to develop their coverage of wide general 
issues, At Exeter there will be symposia on inventive. 
ness and innovation, linked witha large scale exhibition 
of inventions, and on the mane gement of the natural 
environment. There will again be publie lectures, this 
time on pulsars, sleep, gamblir sg, the immunology of 
cancer and natural resources from the deep sea. "Three 
other exhibitions will be concerned with topics originally 
discussed at the first Exeter meeting of the BA in 
1869—mapping the Moon, the sea-going qualities of 
ships and decimal units. Recog: iizing the development 
of a new kind of lay pub lic—seie mtists eager to be 
informed about progress in branches of science other 
than their own—the multidiseiplinary aspect is likely 
to be stressed at future annua. meetings, in the form 
of more joint activities between sections. 





GEOLOGICAL PROSPECTING 


No Gold in Botswana 


Hopes that the economic future of Botswana (recently 
Bechuanaland) would be assured by the discovery of 
gold or other valuable mineral deposits will have to be 
contained a little longer, to judge from the latest report 
of the Geological Surve ey "Desa ie nt for the year 
ending December 1967 (Government Printer, Gaber- 
ones). In spite of a rising scal« of expenditure on the 
geological survey and on the search for underground 
water reserves, no spectacular finds are recorded. But 
the economy of Botswana, sandwiched as it is between 
South Africa in the south and Rhodesia in the north, 
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could well be transformed overnight if suitable dis- 
coveries were made. At present, the annual production 
of gold and silver in the country, the population of 
which is nearly half a million, amounts to merelv a 
few thousand dollars. The production of manganese 
ore, however, has been increasing quite quickly—in 
1967, Botswana exported 4,688 short tons of ore, more 
than four times as much as in the previous year. 

For the future, the report has some encouraging 
pointers. Copper, nickel and diamonds have been 
discovered by a number of the companies with a licence 
to prospect in Botswana, although the economic 
potential of the diamond deposits discovered by Kimber- 
litie Searches Ltd, a subsidiary of De Beers, has not 
yet been evaluated. The report of the geological 
survey suggests that in the long run the chief mineral 
resources of Botswana will be diamond deposits like 
these and the copper and copper nickel ore which have 
been found in two areas in the north-east of the country. 
'The reserves so far defined amount to some 33 million 
tons of ore, and everybody must, of course, be hoping 
that this is merely the tip of an iceberg. 


PUBLICITY 


Soft Sell ? 


Tug Institution of Electrical Engineers has distributed 
the following notice of a lecture to be given to the joint 
IEE/TERE medical and biological electronics group on 
February 11, 1969: 

Available now. LINEAR MOTOR. Rugged and 
dependable: design optimized by world-wide field 
testing over an extended period. All models offer the 
economy of "fuel-cell" type energy conversion and will 
run on à wide range of commonly available fuels. Low 
stand-by power, but ean be switched within msecs to 
as much as 1 KW mech/Kg (peak, dry). Modular 
construction, and wide range of available subunits. 
permit tailor-made solutions to otherwise intractable 
mechanical problems. 

Choice of two control systems: 

(1) Externally triggered mode. Versatile, general- 

purpose units. Digitally controlled by picojoule 
pulses. Despite low input energy level, very 
high signal-to-noise ratio. Energy amplification 
10° approx. Mechanical characteristics: (1 em 
modules) max. speed; optional between 0-1 and 
100 mm/sec, Stress generated; 2 to 5x 10° 
newtons m>. 
Autonomous mode with integral oscillators.  Especi- 
ally suitable for pumping applications. Modules 
available with frequency and mechanical im- 
pedance appropriate for 

(a) Solids and slurries (0-01—1-0 Hz). 


omm 
t2 
mtt 


(b) Liquids (0-5-5 Hz): lifetime 2-6 x 10? 
operations (typ.) 3:6 x10? (max.)— inde- 


pendent of frequency. 
(c) Gases (50-1,000 Hz). 
Many optional extras e.g. built-in servo (length and 
velocity) where fine control is required. Direct piping 
of oxygen. Thermal generation. Ete. 
Good to eat. 
The lecture is by Professor D. R. Wilkie. The 
subject is muscle. 
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from our Parliamentary Correspondent 


MEMBERS of Parliament returning from their Christmas 
vacation started work near home by discussing an 
ambitious plan to make their working conditions more 
habitable. The first business on the agenda was a 
discussion of the report of the Services Committee, 
which recommended the erection of a new building 
across Bridge Street, to provide office space for MPs. 
Ultimately, it may be possible to close Westminster 
Bridge altogether, and to build instead a tu nnel under 
the Thames from Hungerford Bridge to Lambeth 
Bridge, to divert traffic from Parliament "quare. 
Bridge Street, whieh is the street leading from White- 
hall to Westminster Bridge, would then become part 
of a "parliamentary precinct”. The new building, six 
storeys high, may cost £5 million. The alternative is 
an entirely new House of Commons, costing £35 million. 

Members carried away by the heady excitements of 
a tunnel beneath the Thames were, however, brought 
back to earth by the publication of a report by the 
Labour Party Science and Technology Group. The 
report gives the views of the group on the subject of 
European collaboration in technology, and resulted 
from a series of debates within the group. and a 
number of discussions with European exeeutives which 
took place in the summer of 1968. The report's recom- 
mendations follow the committed European line of 
the ehairman of the group, Mr Erie Moonman, MP for 
Billericay. But first it identifies the problems of 
forming European companies, whieh have by no means 
disappeared with the gradual dissolution of tariff 
barriers in the EEC and EFTA. Patent laws and 
standards are one obstacle, and the report supports 
the idea of a more flexible European patent system, 
with patents lodged automatically, and closely exam- 
ined only if an objection is raised. In any case, the 
report believes that "patents are much less important 
now than they were 25 years ago. Two more limited 
difficulties are the system of worker participation in 
German companies, and the shareholding system in 
Italy. 

The report concludes with a stirring call to action. 
First, the Prime Minister should state "publicly and 
emphatically" that it remains Britain's aim to promote 
European collaboration in technology. by strengthen- 
ing existing projects like Concorde, the airbus, ESRO 
Suggested 


absolutely clear 
commitments.” 
should at the same time attempt to devise ways of 
bringing into line European regulations on subjects 
such as mergers and monopolies, patents, safety regula- 
tions and standards and calibration. 
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from our Paris Correspondent 


For a long time we have been waiting for the report on 
the USSR which has been prepared by a group of 
consultants brought together under the department for 
scientific affairs of the Organization for Economie 
Cooperation and Development. This report, written 
in quite unusual conditions, was begun almost clandes- 
tinely (the American delegates, among others, were not 
in favour of the operation) and as time went on en- 
countered enormous obstacles, because the usual 
enquiry methods of the OECD investigators were not 
applicable to the USSR. Not only was it foolish to 
hope for the cooperation of Soviet experts or govern- 
ment departments, but even the most straightforward 
statistical data were hard to come by and difficult 
to exploit. 

The Czech crisis seems to have wiped away any 
scruples which militated against publishing this work. 
The final decision to publish was taken at a meeting 


at OECD headquarters during the second half of 


December, and the report should appear in March or 
April 1969. There is no doubt that Kremlinologists 
and political scientists will find in the 750 pages 
or so of this immensely erudite book many points 
for controversy and criticism. But it is none the 
less true that, although some of the informa- 
tion is incomplete and certain interpretations need 
qualifying, this report will from now on provide an 
immeasurably valuable working tool. Several Russian 
specialists who read parts of the first draft are said to 
have found in it an assembly of data of which there is 
no equivalent in the USSR. But this obviously does 
not mean that they will necessarily ratify the conclu- 
sions (at times divergent, anyway) reached by the 
authors of the report. 

After a brief introduction by M. Pierre Piganiol, 
the text breaks down into five main themes: Central 
Planning of Research and Development (E. Zaleski): 
Scientific and Engineering Manpower Resources (J. P. 
Kozlowski) ; Organization and Planning of Research 
and Development in the Higher Educational Estab- 





The Siberian Branch of the USSR Academy of Sciences at 
Novosibirsk. 


lishments (H. Wienert); Organization and Planning of 
Research and Development in the Academy System 
(H. Wienert); Seience and ladustry in the USSR 
(R. Amman; M. J. Berry; R. W. Davies). There are 
also a glossary, tables and appendices with innumerable 
statistical data. Everything is accompanied by detailed 
references to sources, 

Having rapidly examined tiis magnum opus, one 
could simplify things by tying down the evolution of 
problems of organizing rese areh and development in 
the USSR to the story of à complicated game of see- 
saw between the “Ministerial System” and the “Acad- 
emy System”. What, according to the OECD consul- 
tants, were the characteristics of this evolution from 
1965—the date at which the basic faults of the system 
were most acutely felt—until 1966, the closing date of 
the report? The last reform treated in the report, 
that of October 1965, shows a willingness to give firms 
more autonomy and to choose research projects more 
clearly than before on the basis of their economie value 
as investment. But how dces one determine this 
profitability ? The problem is rot exclusively a Russian 
one and it has not been satisfactorily solved anywhere. 
The Soviet estimates of the average profitability of 
research and development in any case vary quite con- 
siderably, between 0-39 rouble and 1:35 roubles per 
rouble invested. 

The coordination of research comes under the juris- 
dietion of three bodies: the State Committee for 
Science and Technology (whose importance appears to 
be declining): the Gosplan (whose influence in decision 
making appears to be increasing); and finally, the 
Academy of Sciences (whose influence has appreciably 
diminished). In 1957 the ministerial system controlled 
82-5 per cent of scientifi» establishments and 
70-5 per cent of scientific per: sonnel. The DUE 
reforms made since then have g 
tendency and reduced the area reser a E 
academy. 

As far as manpower is coneerned, the main trends 
in recent years lie in the cons:lera ble rise in quantity 
and quality of personnel. From 1961 to 1965, while 
the active population rose by 16-7 per cent, the numbers 
of scientists emploved in the national economy rose 
by 64:4 per cent. The total number of engineers is 
something like 1,600,000, of whom approximately 
600,000 are engaged in research and deve ‘lopment 
(the figures, as in all comparable OECD statistics, 
refer to full-time equivalents, so that the real number 
of individuals is much higher) It is particularly 
interesting to note that ameng these engineers the 
proportion of people with higa level diplomas is con- 
tinually on the increase. Nea: lv 40 per cent of higher 
education graduates are in fact engineering graduates. 


€ 


Standards of ed bd seem to be getting higher 


TM 


Lion of ene w ne may Pen à p factor 
in the long run. Teachers, particularly in secondary 
schools and technical institutes, often have inadequate 
m ations E UN at ER Eos à 
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neglected, does not attract enough first-class people. 

The academy was for a long time the lineh pin of 
the Russian, and subsequently Soviet, system of what 
was not vet far res in oe E elopment. Its 
POET. BIEDOUS 
parts ( at the End of 1966 it still tonis iris 194 Peceanch 
establishments and 27,000 scientists), is no longer 
what it used to be. Sharp criticism in 1959 of the 
academy's lack of adaptability led to measures (in 
1961 and 1965 ) which considerably reduced its role in 
the fields of applied research and development and 
made it concentrate essentially on fundamental 
research work. This distinction is, in actual fact, 
far less clear cut at present than the report sug ggests 
it will be in the future. So is the distinction between 
the USSR Academy of Sciences and the numerous 
vassal academies scattered over the whole of Soviet 
territory. Theoretically, the trend would lead to a 
kind of regional spe cialization by the different acad. 
emies, each giving up the practice of dispersing its 
efforts into too many fields and concentrating its 
activities only on those branches of science appropriate 
to its historieal or geographical position. Thus only 
the central academy would have anv claim to univer- 
sality. This feudal and Muscovite idea is, as ma wy be 
expected, openly or covertly opposed by local academi- 
clans. 

While a position of balance between centripetal and 
centrifugal tendencies does not vet appear to have 
been rceched anywhere, there is one case at least where 
the centrifugal tendencies seem to be predominating 
quite eesily. This is in the Siberian branch of the 
Academy of Sciences which is becoming more and more 
autonomous and is even getting its own vassal organiza- 
tions. It is true that no efforts were spared to create 
around Novosibirsk a strong focal point for first rate 
scientific work (from 1958-64 between 35 and 40 per 
cent of the capital invested by the USSR Academy of 
Sciences was poured into Siberia). 

It has long been appreciated in the USSR that 
order to turn out scientists wort hy of the name, 3 is 
necessary to maintain important research work — 
higher education. However, only recently ps a 
coherent policy on this question been formulated and 
sufficient resources made available. As yet, the 
expected results have not come about.  Theoreti. 
cally, the university as such concerns itself with 
fundamental research and specialist institutes are 
concerned with applied research. But both kinds of 
establishment complain bitterly of lack of material 
resources and, what is worse, of the terrible shortage 
of highly qualified personnel. In the USSR research 
workers prefer to work in centres dependent on the 
academy as they enjoy greater prestige and better 
material conditions than in the laboratories of the 
Vuzy, that is, the higher education system. Novosi- 
birsk, where there is a good spirit of collaboration 
between the academy and the V uzy, is something of an 
exception in the general climate of bitter competition. 
New proposals (in September 1966) caleulated to 
increase the number of research contracts granted by 
industry to institutes and the univ ersities should, 
however, allow the latter to benefit from supplementary 
resources. 

The director of the Centre for Russian and East 
European Studies at the University of Birmingham, 


Professor R. W. Davies, is responsible, along w ith 
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two collaborators, for the penetrating and fairly harsh 
chapter on science and industry. Trom the outset, 
it underlines three factors operating against the attempt 
to reorganize research and development which has 
been so vigorously pursued for ten years. First, this 
attempt coincides with a period in which it has been 
decided to pay more attention to consumer industries 
and agriculture while launching military and space 
programmes that are as costly as they are ambitious. 
Second. as a direct result of the progress of the Sovict 
economy since the revolution, the "moment of truth” 
has come in the USSR. It is no longer a question of 
more or less imitating the West. This phase is sub- 
stantially over. It is now a question of Innovating. 
Lastly, the growing complexity of the Soviet economy 
now makes it impossible to call on the simplistie end 
authoritarian methods of planning which were formerly 
used. 

What are the essential pomts arising from this densely 
written section, teeming with statistics $? First of all. 
a comparison: between 1955 and 1965. the proportion 
of the GNP invested in research and development 
grew, in the USSR as in the US, Bon 15 per cont to 
approximately 3 per cent. The proportion of man- 
power in scientifie and technical fields in. relation to 
the total active population was the same on both sides, 
but the total number of research and development 
workers, in absolute terms, was greater in the USSR. 
Although the USSR has this numerical superiority, 
personnel productivity is appreciably lower than in 
America because the absolute value of capital invest- 
ment is higher in the US. 

The most serious problem concerns the relationship 
between research and development, the former gener- 
ally having been wrongly privileged compared with 
the latter. In particuler, this hes caused a certain 
decline in qualified personnel in the development sector 
which contrasts strongly with often increasingly high 
standards in the research sector. On the other hand, 


industry strongly opposes the definite inertia. w ith 
which innovation is regarded. The USSR is still 


paving for the conservatism which made it put its 
money, in the past, on coal as opposed to liquid fuel, 

on steam rather than diesel traction on the railways, 

on traditional construction methods as opposed to 
modern techniques. The chemical industry in particu- 
lar has been the victim of this lack of foresight and 
cou One should add that the concentration of 
research and development establishments dependent. 
on the Ministeriel system into a small number of units 
isolated from factories does not help at all the process 
of cooperation between research workers and indus- 
trialists. The result of all this, too often, is that 
industry is compelled to call on imported techniques 
(and we should not forget here that since July 1, 1965, 

the USSR has subser ibed to the Paris Convention on 
patents) although the appropriate fundamental re- 
search has been earried on, sometimes long before, in 
Soviet laboratories. The increasing introduction of 
economie ineentives for both individuels and firms, 
will, it is hoped, do something to remedy this situation. 
There would also need to be an accurate method of 
measuring the results of research. For this, the Basic 
Codex, in operation since 1964 (all estimates of research 
and development profitability should be measured 
according to its norms), is unfortunately an even more 
ineccurate tool than its Western counterparts. 


"age. 
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Modest Budget for US Science 


THERE is comfort but hardly anything like cheerfulness 
in the United States budget for the financial year 
beginning next July 1 and “presented to Congress last 
week by ‘President Johnson on the eve of his departur e 
from the White House, Although there is a substantial 
increase in the amount with which the Federal Govern- 
ment will support research and development in the year 
ahead, the pace of increase is much less than in the 
haleyon fifties. Sometimes, as with the National 
Science Foundation, the increase now asked for does 
little more than restore the level of expenditure 
during the fiscal year 1968. It remains to be seen 
whether the new administration can be persuaded to 
take a more generous view of the claims of scientists on 
the national economy, but there is nothing in President 
Nixon's inaugural speech to suggest that this will come 
high among his priorities. 

With the Federal Government's own definition of the 
distinetion between research, development and other 
forms of support for technology, research expenditure 
as such will increase to $5,406 million in the coming 
financial year. This is an increase of 6 per eent on the 


estimated expenditure during the current year of 


$5,057 million. Current expenditure on research, 
however, is thought to be running at a slower rate than 
during 1968, when the Federal Government contributed 
$5,099 million to the cost of scientific research. A 
better picture is provided by the figures in Table 1 
which shows the trend of Federal expenditure on re- 
search during the past decade. Plainly there has not 
been much change since the fiscal year 1966. 


Table 1 


TOTAL RESEAL € H EXPENDITURE, 
$ million 


Federal 

expenditure 

1,941 

2,620 

3,273 
1963 4,041 
1964 4,464 
1965 4.854 
1966 2,462 
1967 2,047 
1968 5,099 
1969 5,057 
1970 5.406 


ALL AGENCIES 


Total 
R&D 
7,738 
0.278 
10,377 
11,985 
14,694 
14,875 
16,002 
16,842 
16,865 
16,425 
16,700 


Fiscal 
vear 
1960 
1961 
1962 


The National Science Foundation will remain a 
comparatively puny spender on scientific research in 
the year ahead, although there will be some improve- 
ment. Expenditure during 1970 is expected to be 

$293 million, an increase of $23 million on the likely 
cost of the foundation's support of research during the 
current vear. Here again, however, there has ‘been 
no marked change in the scale of the foundation’s 
a since the early sixties. It Hoc Da 


A 


Foundation: Ww suld p n on | the suppor t of research 
in the colleges and universities, and it is expected that 





OP nditure here will increase from $224 million to 

$243 million. Between now and the point at which 
oues becomes seriously embroiled in the examina- 
tion of the budget, there wil no doubt be serious 
attempts to increase the ameunt allocated to the 
National Science Foundation Indeed. it will be 
something of a surprise if Dr L. DuBridge, the new 
Scientific Adviser at the White House, does not emerge 
as a champion of the foundation’s much neglected 
cause. It will, however, be remarkable if his influence 
in this direction is quie kly apparent. 

The estimates given in ‘the budget suggest that the 
expenditure of NASA on resear ch as distinct from 
development will increase from 31,355 million to $1,487 
in the coming financial year, but this will be almost 
exactly cancelled out by a similar decrease of NASA 
expenditure on dev elopment dering the financial year 
ahead. According to the budget, NASA spending 
during the year ahead will be maintained exactly at 
$3,878 million, reflecting a decrease of nearly $300 
million in the cost of developr ient for manned space 
flight. The Moon programme as such has been taking 
a diminishing share of the ageacy’s budget ever since 

1966 and will account for $I 875 3 ala during 1970— 
the vear during which the first American will probablv 
set foot on the Moon. 

The budget statement says that during 1970 money 
will be spent on further expeditions to the Moon and 
that funds are also included forthe first stages of what 
is known as the Apollo Applications Programme. 
In the ealendar years 1971 aad 1972, there will be 
five flights into orbits about tne Earth during which 
groups of men will spend periods of close on two months 
in their pressurized containers. [t is known that one 
of the present preoccupations cf NASA is the choice of 
one of three alternative a for an orbiting 
laboratory. 





Table 2, EXPENDITURE OF GOVERNMENT 
RESEARCH 


Expenditures 


AGENCTES ON 


Department or 


ageney 1 OS 1969 1970 | 
actual estimate — estimate 
Defense-—Military functions 1.337 1,331 1,336 
National Aeronautics and 
Space Administration 1:22 1,355 i487 
Health, Education and 
Welfare 1,094 1,0232 L ISK 
Atomie Energy Commission 02 421 437 
National Science Foundation 248 270 203 
Agriculture “48 251 250 
Interior is iol 154 
Transportation 42 65 AS 
Commerce 54 58 83 
Veterans Administration. 44 £8 58 
Smithsonian Institution I5 En iu 
Office of Economie Opportunity 11 13 i 
Housing and Urban 4 
Development 3 4 1 
Justice i : 
All other 40 44 AG 


Total 5,200 5,8057 5,406 | 
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Although NASA is proposing to increase the amount 
of money being spent on activities categorized as space 
science, it seems that there will be a continuing decline 
in the amount it spends in the universities. In the 
years immediately ahead, a good deal of effort will be 
spent at places such as the Jet Propulsion Laboratory 
on the design of unmanned rockets to the planets, but 
spending in colleges and universities, which declined 
from $151 million in 1968 to $130 million in the current 
financial year, is expected to decline still further in 
1970 to $109 million. Among the new schemes being 
hatehed is a plan for a series of "Planetary Explorer" 
rockets, which will be small and comparatively cheap 
and which will be launched at regular intervals towards 
Mars and Venus. Work will also continue on the 
development of the Mariner spacecraft, and one of the 
most ambitious ventures on which work will start in 
1970 1s intended to take advantage of the favourable 
positions of Venus and Mercury in 1973 so as to use 
the gravitational field of the former to send a satellite 
to the vicinity of the latter. 1970 will see the develop- 
ment of a nuclear rocket, deferred for the past few 
vears for financial reasons, together with the beginning 
of work on the development of the Earth resources 
satellite by means of which NASA is convinced that 
it will be possible to pick out the economic benefits 
in agriculture, geology and the like by observations 
from aloft. 


Table 3. SOURCES OF FEDERAL SUPPORT FOR COLLEGE AND 
UNIVERSITY RESEARCH 


Expenditures 
Department or 
agency 1968 1969 1970 
actual estimate estimate 

Health, Education and 
Welfare 6353 592 666 
Defense 235 252 215 
National Science Foundation 207 224 243 

National Aeronauties and 
Space Administration 151 130 109 
Atomie Energy Commission 93 94 96 
Agriculture 6] 62 4 
All other 56 60 66 
Total 1,456 1,414 1,5198 





The Atomie Energy Commission will continue to 
mark time, although a small reduetion in the cost of 
development (to $992 million) will be more than 
offset by a small increase in the cost of research (to 
$437 million) and the construction of new facilities 
among which the 200 GeV accelerator in Illinois is 
one of the most conspicuous items, accounting for 
$20 million in the financial year immediately ahead. 
The general research budget will also benefit, however, 
from renewed interest “in thermonuclear research. 
Economies in the nuclear weapons programme have 
made possible the compensating savings in the develop- 
ment budget. 

‘The Department of Defense will continue to be respon- 
sible for roughly half the total expenditure of the Federal 
3overnment on research and development— $8, 636 
million out of $16,700 million in the coming financial 
year. The scale of the department's s activity in this 
field will be inereased by roughly 6 per cent, but all the 

extra spending will not go on the development of anti- 
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ballistic missiles. The budget statement includes talk 
of research into the aerodynamics of fast aircraft, 

superconductivity, information processing and oceano- 
graphy. The budget statement also says that there will 
be more effort to “place contracts with universities and 
in particular to increase the activity of Project Themis 
by which long-term support is provided for academic 
institutions. In practice, however, the total amount of 
defence spending in colleges and universities will in- 
crease from $252 million in the current financial year 
to $275 million in 1970. At that level, the Department 
of Defense will be providing some 18 per cent of all 
Federal support for university research. 

The coming financial year will see a continued 
growth in the scale of development sponsored by depart- 
ments other than those traditionally concerned with 
scientifie matters. Thus the Department of Trans- 
portation is being allocated during 1970 a total of 

$246 million for research and development compared 
with the $177 million set aside by Congress earlier this 
year. One of the principal consumers of these extra 
funds is the programme of the Urban Mass Transporta- 
tion Administration which is spending heavily ($45 
million in 1970) on new ideas in transport. 

The Department of Health, Education and Welfare 
will continue to be one of the principal sources of money 
for research (after the Department of Defense and 
NASA) and it is reckoned that $1,138 million will find 
its way into research during 1970, $660 million of it 
in colleges and universities. At the National Institutes 
of Health, there will be an increase of $90 million to 
provide a budget for 1970 of just under $1,500 million. 
One of the most significant changes of pattern is con- 
cerned with the support which the National Institutes 
of Health are beginning to provide for medical educa- 
tion—during 1970 the NIH will spend. $166 million in 
grants to medical schools and scholar ships or loans to 
medical students and a similar sum for the construction 
of facilities for roughly 1,300 first-year medical students 
at different centres in the United States. For the rest, 
there is no distinctive change in the pattern of activity 
at the National Institutes of Health. 

Although the National Science Foundation will have 
more to spend on the universities and in its own 
research stations, the Kitt Peak National Observatory, 
for example, there promises to be very little change in 
the total expenditure of the foundation during 1970. 
The budget statement says that the foundation will 
spend more on the International Biological Programme 
and on the Global Atmospheric Research Programme, 
but its total expenditure will amount almost exact] v 
to $500 million. Tue will be some slack in the Rye m 


sibilities for e o in the sc or and 
for the training of teachers during service are being 
increasingly shared with the Office of Education, but 
there is no sign of anything resembling spectacular 
change. 

Mr Johnson’s legacy to science and technology is 
dull, ungenerous but not positively mean. In the 
universities, there will be some relief from the extreme 
pressures of the past few months, but there is no hope 
that the rate at which spending is now increasing w il 
keep pace both with the inflation of the costs of 
research—sophistication as it is called—and with the 
growth of the faculties which have or hope to have 
vigorous programmes of research. The budget for 
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| PERGAMON PUBLICATIONS 


ANALYSIS OF ORGANOALUMINIUM AND ORGANOZINC 


COMPOUNDS 
T. R. Crompton, Sale, Cheshire 
The first time that much of the scattered world literature on the analyses of organoaluminium and organozinc 
compounds has been gathered together and compiled in book form. The information has beer grouped into nine 
distinct chapters each of which discusses specific aspects of the analysis of the two groups of compounds. A 
particularly useful feature of the book is the selection of detailed analytical procedures includee at the end of the 


various chapters. 
372 pages £6 6s $16.00 


PROGRESS IN BIOPHYSICS AND MOLECULAR BIOLOGY, Volume 18 
Edited by J. A. V. Butler, Chester Beatty Research Institute, and D. Noble, Balliol College. Oxford 
Contents: Acoustic Transmission and Transduction in the Peripheral Hearing Apparatus; Membrane Models 
with Phospholipids: The lonic Currents and the Nervous Impulse in Myelinated Nerve; iInfosmation Transfer in 
Embryonic Development; Calcium lon and Muscle Contraction; Some Biophysical Aspects of Ultrasound; Recent 
Investigations of Histones and their Functions; Cell Population Kinetics in Normal and Malignant Tissues; The 
Replication of RNA-containing Bacteriophages; Contents of Previous Volumes. 

328 pages £7 $18.00 


PERGAMON SERIES ON DENTISTRY, Volume 7 

Oral Diagnosis 

W. R. Tyidesley, Lecturer in Dental Surgery, University of Liverpool 

A convenient reference book for clinical dental students, fellowship students, practitioners and junior hospital staff— 
written to bring together all types of diagnostic techniques used to investigate clinical problems in dentistry. 
Contents: Examination of the Patient; Laboratory Investigation; Biopsy and Bacteriology: Facial Pain; Lesions 
of the Teeth and Periapical Tissues; Lesions of the Oral Mucosa and Peridontium; Lesions of Bone; The 
Temporomandibular Joint; Common Facial Swelling. 

172 pages 60s $8.00 


DYES AND THEIR INTERMEDIATES 

E. N. Abrahart, The Clayton Aniline Co. Ltd. 

Presents an overall picture of the dye-making industry and is addressed to all who have a working knowledge of 
organic chemistry but little acquaintance with the Industry and technology. Emphasis has been laid on the practical 
uses of dyes, the book is self-contained and deals with many different topics ranging from reactive mechanism to 
the material construction of a modern chemical plant. 

340 pages 35s $6.00 flexi-cover; 45s $7.50 hard-cover 


CHEMICAL ENGINEERING, Volume 2 Second Edition 

J. M. Coulson, Department of Chemical Engineering, University of Newcastle upon Tyne and 

J. F. Richardson, Department of Chemical Engineering, University College of Swansea 

A general revision of this excellent and well-established work has been made in order to include advances made 
in various branches of the subject since publication of the first edition. This work complements Volume One-—the 
two volumes together covering the fundamentals of fluid flow, heat transfer and mass transfer and their applications 
to the operations carried out in the chemical and process industry. Volume Two covers the stancard unit operations 
of Chemical Engineering which have been grouped according to the fundamentals involved. 

804 pages 75s $9.50 Volume 1 490 peges 58s 57.50 
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Commencing Publication Spring 1969 
SOIL BIOLOGY AND BIOCHEMISTRY 


Editor-in-Chief: E. W. Russell, University of Reading 

Executive Editor: J. S. Waid, University of Reading 

A new international organ of research on studies of soil organisms, their biochemical activities and their influence 
on the soil environment and plant growth, publishing original work on quantitative, analytical and experimental 
aspects of such studies. The journal embraces accounts of original research on the biology, ecology and 
biochemical activities of all forms of life that exist in the soil environment. 

Published quarterly. 
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THE BIOLOGY OF EUGLENA 
IN TWO VOLUMES 
edited by D. E BEUTOW, University of illinois, Urbana, Illinois 
This comprehensive treatise discusses all the aspects of the genus Euglena from 
taxonomy and ecology to biochemistry. It further considers its role and wide- 
spread use in modern cell biology experimentation. Special attention is given 
to the biology of the Euglena chloroplast. Contributors review each topic in 


its historical context and development, but place special emphasis on the 
current literature. 


VOLUME | cH eee P. JOHNSON, The Taxonomy, Phylogeny, and Evolution 

of the Genus Euglena. JAMES B. LACKEY, Ecology of Euglena. THEODORE 
GENERAL BIOLOGY L. JAHN and EUGENE C. BOVEE, Locomotive and Motile Response in 
AND Euglena. D. E. BUETOW, Morphology and Ultrastructure of Euglena, GOR- 
ULTRASTRUCTURE DON F. LEEDALE, The Nucleus in Euglena. J. R. COOK, The Cultivation 


and Growth of Euglena. BARRY W. WILSON and BLAINE H. LEVEDAHL, 
Synthetic and Division Rates of Euglena: A Comparison with Metazoan 
Cells. Author Index. Subject Index. 

1968, 361 pp., 177s. 6d. ($19.00) 


VOLUME H Da d M. SMILLIE, Enzymology of Euglena. WILLIAM F. 
| , Respiration, WILLIAM R. EVANS, Photosynthesis in Euglena. 

BIOCHEMISTRY B. H. LEVEDAHL, Heterotrophic CO, Fixation in Euglena, GEORGE 
BRAWERMAN, Nucleic Acids. JOSEPH A. ERWIN, Lipid Metabolism. 
D. R. BARRAS and B. A. STONE, Carbohydrate Composition and Metabolism 
in Euglena. S. H. HUTNER, A. C. ZAHALSKY, and S. AARONSON, 
Inhibitors of Growth and Metabolism. MARCIA BRODY, Chlorophyll 
Studies, JEROME A. SCHIFF and H. T. EPSTEIN, The Continuity of the 
Chloroplast in Euglena. AHARON GIBOR and HELEN A. HERRON, 
Chioroplast Inheritance. JOHN L. MEGO, Inhibitors of the Chloroplast 
System in Euglena. D. E. BUETOW, Euglena—Cells for Biological Investi- 
gation. Author Index. Subject Index. 
1968, 417 pp., 208s, 6d. ($22.00) Two-volume set price: 326s, 6d. ($35.00) 


Ad vances in edited by C. B. ANFINSEN, JR., National Institute of Arthritis and Metabolic Diseases, 


Bethesda, Maryland; 


PROTEIN CHEMISTRY M. L. ANSON, New York, New York; 


JOHN T. EDSALL, Biological Laboratories, Harvard University, Cambridge, Massachusetts; 
Volume 23 and FREDERICK M. RICHARDS, Department af Molecular Biophysics, Yale University, New 

Haven, Connecticut 

"Advances in Protein Chemistry is an institution , . . the authority, originality and 

editing of the reviews are first-class ...”° Nature 

Voiume 23 of this serial publication presents four contributions, all of which deal with 

topics of central interest in protein and enzyme chemistry today. 

Contents: GORDON G. HAMMES, Relaxation Spectrometry of Biological Svstems. 

C. C, F. BLAKE, The Preparation of Isomorphous Derivatives. CHARLES 

TANFORD, Protein Denaturation. G. N. RAMACHANDRAN and V. SASISE- 

KHARAN, Conformation of Polypeptides and Proteins. Author Index. Subject 

Index, 

1968, 457 pp., 177s, 6d. ($19.00) 


Ad vances in pana a cae oa Division of Experimental Pathology, Scripps Clinic and Research 
IMMU NOLOGY and HENRY G. KUNKEL, rhe Rockefeller University, New York, New York 

Contents: THOMAS B. TOMASI, JR. and JOHN BIENENSTOCK, Secretory 
Volume 9 Immunoglobins. CHARLES G. COCHRANE, Immunologic Tissue Injury Med- 


iated by Neutrophilic Leukocytes. J. B, HOWIE and B. J. HELYER, The Immunology 
and Pathology of NZB Mice. ZANVIL A. COHN, The Structure and Function of 
Monocytes and Macrophages. Author Index. Subject Index. 

1968, 285 pp., 126s. ($13.50) 


TH E SQUIRREL MON KEY edited by LEONARD A. ROSENBLUM, Department of Psychiatry, State University of New 


York, Downstate Medical Center, Brooklyn, New York 

and ROBERT W. COOPER institute for Comparative Biology, Zoological Society af San Diego, 
San Diego, California 

Gathers together in one volume the existing data on the basic biological characteristic 
of Saimiri sciureus, its care, treatment and use in research. The material, much of is 
unpublished or scattered throughout the literature, ranges from taxonomy and be- 
havioral studies through husbandry and clinical management of the species to Investi- 
gations in aerospace medicine and a number of basic biological sciences. 

1968, 451 pp., 163s. 6d. ($17.50) 


111 Fifth Avenue, New York 10003 





Academic Pres Berkeley Square House, London, W.1 





NATURE, VOL. 221, JANUARY 25, 1969 

1970 therefore defines quite clearly what will un- 
doubtedly be one of the chief issues to settle in the 
year ahead—is the Federal Government prepared to 
finance what would seem to be the natural growth of 
research in the universities, is some other means of 
raising funds to be found or is the relative stagnation 
of recent years to persist indefinitely ? 

This is why there will be at least some pleasure m 
the way in which expenditure on education, and par- 
ticularly higher education, is increasing without pause. 
This is one of the points to which Mr Lyndon Johnson 
drew attention in his budget message. Total expendi- 
ture on higher education will inerease by $300 million 


limb from limb at IBM 


AFTER the budget, the last act of the dying administra- 
tion last week was the bringing of a suit by the Depart- 
ment of Justice against IBM for 
the anti-trust legislation. There has been talk that 
this dramatic deve opment will bring radical changes 
in the structure of the computer industry, not merely 
in the United States but in all the other countries 
where IBM has been advertising its presence with the 
now customary smart offices. Before rushing to sell 
shares, however, bystanders would probably be wise 
to remember that [BM has been living with the threat 
of anti-trust actions for two vears, and that in the past 
few months it has shown an eagerness to keep ahead 
of potential prosecutors. In the months ahead, the 
corporation may well be able to move more quickly 
than the law. In any case, however, 
the business is still astounding—~turnover in the fourth 
quarter of 1968 amounted to $1, ,980 million, an increase 
of 24 per cent on the same period in 1967. The net 
income for 1968 at $871 million was no less than 34 
per cent greater than in the previous vear. Plainly 
there is at least a chance that if the Department of 
Justice does succeed in dismembering IBM, the result 
will be a number of separate corporations each geared 
to irrepressible growth. 

The anti-trust legislation has been brewing for a 
long time. For several months the corporation has 
been talking with legal officials about several aspects 
of its business. In October, IBM seemed publicly to 
bow to the pressures building up by hiving off its 
direct interest in the provision of time-sharing services 
to a subsidiary. Undoubtedly the Department of 
Juctice could have won a number of other points in 
this formal way if there had been more time. In the 
event, however, it looks as if the department's hand 
has been forced by the filing of two anti-trust actions 
against IBM by two of its rivals in the computer 
busine ss—Control Data Cor poration, which makes and 
sells computers and which has recently been grow ing 
more quickly even than IBM, and Data Processing 
Financial and General Corporation, which has built 
ip a POURRIE business by buyang IBM compi i 


many of ine charres now edd by the Gor ernment 
at IBM are echoes of charges made by the private 
corporations, many of the new issues are much broader. 
It is easy to see that the Department of Justice would 


alleged violation of 


the growth of 
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to $5,000 million (in round numbers) durmg 1970. and 
a particularly important part of this is the growth of 
direct support for students by means of grants and 
loans. According to Mr Johnsor. something like two 
million st udents. will benefit in tois way « during 1970, 
and roughly one in every four students will be affected. 
It seems now commonly to be agreed that the univer- 
sities will not be able to sustain themselves without 
cont nyane por "n 2 re E to »o seen 
bos een tei nins ad posa T" 
United States. Recent experience 
suggest that this is at least a pos«ibilitv. 


universities ix "the 
Britain would 


have been unwilling to let the case on which it has been 
working be undermined by the independent efforts 
of smaller companies. The Lillipatians who attacked 
Gulliver with bows and arrows only succeeded in 
waking him up. 

The case against IBM is that the corporation has 
improperly protected its monopoly—-in 1967, [BM 
thought to have held 74 per eent of the domestic 
market for computers. Under United States law, 
there is nothing wrong with monopoly as such but 
only with unfair practices, such as attempts to stifle 
competition or even innovatior. The charge sheet 
prepared. bv the Department cf Justice includes à 
number of specific complaints, micluding the practice 
of quoting a single price for hardware and software 
(which is alleged to be a means by which certain 
customers can be given a better serviee than other 
manufacturers can provide at che same price), the 
provision of software as a means of winning desirable 
accounts, underpricing and even the use of unsub- 
stantiated announcements to eivert business from 
potential rivals, and the winning of à special place in 
the affections of the universities by means of excep- 
tionally favourable discounts. The c orporation has 
reacted smartly and strongly to the filing of the 
suit against it, and has said that the Government's 
action is “unwarranted and without foundation” 

The allegation that IBM has made deliberately 
misleading statements about the development of new 
computers in the hope of keeping potential customers 
is substantially the same as that made by the Control 
Data Corporation in mid-December. The stor y goes 
back to 1966, when Control Deta said quite ope enly 
that a new computer called the CD 6600 was forced 
into commercial failure because TBM chose immedi- 
ately to announce a comparabe system of its own 
(system 360, model 91). In the end, the allegation goes, 
the IBM system was much later than first announced 
and only a few of the machines were ever supplied. 

Whatever the truth may be, it is plain that this 
charge will be exceedingly hard to prove. For even if 
the facts are as stated, it is hard to see how the courts 
will be able to deny to a successful eorporation the 
kind of technical failure in which less successful com- 
panies seem to abound. Taking advance orders for 
equipment which has not been proved i is also common, 
as the builders of the Concorde know well, although 





doe 


one outcome of the litigation which lies ahead may be a 
decision. that companies which dominate a market 
must show greater restraint than their rivals. 

» a qo JA . 

The case against IBM's traditional practice of 
lumping together its charges for hardware and software 
is at once more complicated and more likely to emerge 
as the kind of issue on which the courts may E 
that IBM should be broken up. To begin with, 
seems to be agreed that this procedure has helped » 
fix the rental charges of IBM computers well above 
those which would derive from the bare cost of the 
machinery, particularly because of the thrifty rule by 
means of whieh IBM has been writing off the initial 
cost of its hardware in four years. To begin with, 
this comparatively high costing procedure has angered 
customers wishing to provide “their own software for 
rented IBM equipment. More recently, especially 
since [BM and other manufacturers have been required 
to offer the rental and outright sale as free alternatives, 
this pricing poliey has pr ovided room in the market for 
the computer rental companies such as Data Processing 
to buy IBM equipment and rent it out at 10 per cent 
below IBM prices. 

IBM announced in mid-December that it had 
embarked on a study of pricing poliey and that it was 
hoping to devise a new scale of charges by July this 
year. The need to charge separatelv for hardware and 
software seems to have been acknowledged, though 
the corporation has given no hint of how this may be 
done. What the leasing companies would no doubt 


AWARDS 


National Medal of Science 


THE National Medal of Science was presented last week 
to twelve more American scientists, bringing the total 
number of awards since the medal was first struck in 
1962 to 51. The 1968 winners were drawn from most 
of the major disciplines in engineering and science—five 
biological scientists, two engineers, a mathematician 
and four physical scientists. 

Dr Detlev W. Bronk, the retiring president of the 
Rockefeller University and hitherto a powerful voice 
on Washington’s science councils, received the medal 
for his studies of the human nervous system. Dr 
B. Frederick Skinner of Harvard University, the 
experimental psychologist of Skinner Box fame, who 
is at present on sabbatical leave at the University of 
Cambridge, was cited for his experimental analysis of 
animal learning, conditioning and behaviour. Dr Jay 
L. Lush of Iowa State University was cited for his 
animal breeding work. Dr H. Albert Barker of the 
University of California, well known to biochemists for 
his work on fatty metabolism and vitamin B,,, received 
the medal for his studies on the impact of chemistry 
on biology. Bernard B. Brodie, head of the National 
Institutes of Health chemical ph armacology laboratory, 
was one of two government scientists in the list. The 
other was Dr Herbert Friedman of the US Naval 

Research Laboratory, a founding father of X-ray 
astronomy, who as early as 1948 was using V2 rockets 
to make X-ray observations of the Sun and to map 
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like to see is an arrangement by means of which IBM 
would be compelled to provide second and third users 
of hired [BM equipment with the kind of systems analy- 
sis which it provides for its own customers and which 
it is said now to deny to those who rent used equipment 
from the leasing companies. Other would-be entrants 
to the computer industry would also wish to see a 
situation in which they can compete with IBM on 
software without having to provide customers with 
computers as well. 

Unfortunately for the Department of Justice, it i 
by no means obvious how this kind of separation 
between hardware and software is to be brought about. 
IBM is not the only computer manufacturer which 
considers software to be inseparable from marketing. 
[t is also possible that if a separation could be achieved, 
it would be even easier for successful companies to 
establish a monopoly position than in the supply of 
hardware, if only because of the disproportionate 
advantages of having accumulated a large library of 
programs. 

In these circumstances, the litigation ahead can 
hardly be swift. It is also plain that IBM will do its 
best to be a moving target. The most serious portent 
may simply be that the months ahead promise to be 
a worrying time for the large corporations based on 
electronics —it seems to be w idely understood that 
the unpublished report of the task force which has been 
studying the telecommunications satellites is anxious 
to clip the w ings of AT & T still further. 


X-ray emission throughout a sunspot cycle. Dr Lars 
Onsager of Yale University now has the medal to add 
to the 1968 Nobel Prize for chemistry, and Eugene 
P. W'gner of Princeton, the atomic physicist who 
argues that biological systems represent more than the 
sum of their parts, received the medal for his work on 
the atomic nucleus. Dr Paul D. Bartlett, the 
organic chemist from Harvard University, had 
distinction of having both his research and his work a 
brilliant teacher recognized i in the citation, which ute 

“for advancing our understanding of mechanisms by 
which chemical reactions take place, and for success in 
training young teachers and researchers". 

The two engineers who received the medal were 
Dr John P. Eckert of the Sperry Rand Corporation— 
the only industrial scientist in the list-—for his work 
on improving digital computers, and Dr Nathan M. 
Newmark of the U niversity of Hlinots. Newmark has 
developed widely used methods for analysing structural 
components under various loading conditions. 

Dr Jerry Neyman of the University of California at 
Berkeley was cited for his work on modern mathematical 
statistics, but he is more widely known for criticisms 
of the Vietnam War which led the Office of Naval 
Research to query his position before it renewed a 
research contract. All ended happily when the Pentagon 
stepped in, and now by all aecounts the issue is closed 
and the contract renewed. 
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NEWS AND VIEWS 


- 
Darwin’s Questions 


Waume he was working on the various biological prob- 
lems that obsessed him, Charles Darwin relentlessly 
bombarded friends and acquaintances with requests 
for information and specimens. In a correspondence 
that lasted more than twenty years, W. B. Teget- 
meier, one of his most valuable contacts, was continu- 
ally questioned about such topies as breeds of fowls, 
length of cats’ teeth, sex ratio at birth and race horse 
records. These correspondents were acknowledged 
in the introduction to Variation in Animals and. Plants 
under Domestication: “In treating the several subjects 
included in the present and my other works, I have 
continually been led to ask for information from many 
zoologists, botanists, geologists, breeders of animals, 
and horticulturalists, and I have invariably received 
from them the most generous assistance”. 

Sometimes Darwin reached a wider public by publish- 
ing his requests in journals, and there are three known 
examples of questionnaires published as pamphlets. 
One of these, Questions about the Breeding of Animals, 
has been reprinted in facsimile with an introduction 
by Sir Gavin de Beer (Society for the Bibliography 
of Natural History, £1 15s). The pamphlet, originally 
published in 1840, has eight pages carrying twenty-one 
numbered paragraphs which contain forty-two queries. 
There are extra wide margins, presumably to leave room 
for the answers. 

The questions are concerned largely with the out- 
come of crosses involving wild and domesticated 
animals, and the likeness of the hybrid progeny to 
parents and grandparents. Darwin asks, for example, 
“Do you know of instances of any character in the 
external appearance, constitution, temper, or instinct, 
appearing in half-bred animals, whether mongrels 
or hybrids, which would not be expected, from what 1s 
observable in the parents ?" 

The questions demonstrate well the strength of the 
belief in blending inheritance—that the factors con- 
trolling the characteristics of parents are blended in 
the offspring, and not transmitted intact. "lf by care, 
the character of half-bred animals (mongrels or hybrids) 
be preserved through some two, three or more genera- 
tions, is it then generally found, that the character 
becomes more permanent, and less care is required 
in matching the offspring? If this be so, how many 
generations do you suppose is requisite to form a 
mixed race, into what is ordinarily termed a perman- 
ent variety or well-bred race ?" 

The idea of selection, the basis of the Origin of Species, 
first published in 1859, was clearly in Darwin's mind 
when he asked: “Supposing some new character to 
appear in à male and female animal, not present in the 
breed before, will it become more permanent, and less 
likely to disappear, after it shall have been made to pass 
through some successive generations, by picking out 
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and crossing those of the offsprinz, which happened to 
possess the character in question ? ği 

Sir Gavin de Beer has been unable to suggest who 
the recipients of the questionnaire were, nor how useful 
the replies were, for Darwin eestroyed all letters 
received before 1862. But in the first edition of the 
Origin of Species he had to admit that: "the laws 
governing inheritance are quite unknown —-his in- 
formants had not helped him with this problem, But 
an essay written in 1844, the first summary of informa- 
tion gained from the questionnazre, shows that some 
of the answers helped to formulate Darwin's ideas on 
selection— "Races are made under domestication . 
by man’s selecting and separately breeding certam 
individuals, or introducing inte his stock selected 
males, or often preserving with care the life of the 
individuals best adapted to his parpose". 


ASTRONOMY 


© 
Mapping X-ray Stars 
from our Astronomy Correspondent 

Tue task of pinpointing the locations of X-ray stars 
goes on, The latest source to come under scrutiny is 
in the southern hemisphere constellation Vela, and 
was detected during an Aerobee rocket firing from 
White Sands Missile Range almo-t a year ago. But in 
all probability the new object is the A-ray source 
Vel XR.1 already reported in Vela by Chodil and his 
associates (Phys. Rev. Lett., 19, 3581; 1967). Just in 
case there is any doubt, however, the new source has 
been named GX263--3 (an abbreviated form of its 
position in galactie coordinates) by its discoverers, 
H. Gursky, E. M. Kellogg and P. Gorenstein (Astrophys. 
J. Lett., 194, L71; 1968). 

The constellation Vela came into the news in October 
last year as the home of the second fastest pulsar so far 
discovered. Picked up by the Mo:onglo Radio Observa- 
tory in Australia, the pulsar seems to be part of a 
supernova remnant in Vela, Vela X, and has a repetition 
rate of more than ten times a second. The supernova 
remnant lies just within the rectangle of uncertainty 
associated with the 1967 position ef Vel X#-1, and there 
must have been the possibility that the two were 
associated. 

This notion has been dispellec by Gursky, Kellogg 
and Gorenstein, who have fixec the position of the 
X-ray source in Vela to within about three square 
degrees, compared with the origmal determination by 
Chodil and his colleagues which nad an error of t5". 
The new position was obtained from two observations 
of the source, lasting two-thirds of a second, obtained 
while the rocket was rolling partiy out of control. As 
well as excluding Vela X, the new position means that 
none of the other stars in the constellation Vela can 
be identified as the X-ray source. There seem to be no 
outstanding visual radio or optieal objeets within the 
new uncertainty rectangle. 
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Because no other sources were found in the scan of 


the Vela constellation, the coincidence of the new source 
with pe source eve x R- 1 is omoti a nt ihe 


9 erg em? soh o 

F Gane T about the M dur of X. ray stars have 
come from an investigation by Gatewood and Sofia 
of the charaeteristies of Sco X-I (Astrophys. J. Lett., 
154, L69: 1968), the first non-solar X-ray source to 
be discovered. Together with Eichhorn, these two 
authors have already 
proper motions that Sco X.1 (which is a blue star-like 
object) and two nearby stars are probably part of the 
Scorpio-Centaurus association of stars. This result is 
confirmed in their latest paper in which they say that 
stars of the association, including the two stars 
near Sco X.l, fit the main sequence—the principal 
series of stars on the Hertzsprung-Russell plot of spec- 
tral type—as a function of absolute magnitude. Sco 
A-l is an exce ption, however, obstinately remaining 
well below the main sequence, in the region occupied 
by superdense stars. Gatewood and Sofia sav this 
invalidates most models published so far, which require 
either a main sequence star or a giant, and that Sco X.1 
must be either a white dwarf or à neutron star. Work- 
mg back from the proper motions, the Scorpio— 
Centaurus stars seem to be twenty million years old 
and to have a common starting point in space. Gate- 
wood and Sofia say that for Sco X-1 to have this age, 
mass considerations suggest that it at one time ex- 
ploded, and that what is seen now is a supernova 
remnant and possibly a neutron star. 


OBSERVATIONAL ASTRONOMY 


Space Money for Ground Telescope 
For a short time at least, the University of Texas will 
enjov the third largest optical telescope in the world — 
the 107 inch reflector which began operating at 
MeDonald Observatory at the end of last year. Still at 
work a few hundred feet away is the 30 year old 82 inch 
reflector which was the second largest telescope in the 
world until the Hale Telescope at Palomar Mountain 
was finished in 1947. The observatory is in western 
Texas, 170 miles from the bright lights of El Paso, and 
its telescopes are among the ae gest to make re gular 
observations of the planets. Between 1965 and 1967 
for example, 23 per cent of observing time on the 82 inch 
telescope was devoted to the Moon and planets, com- 
pared with an allocation of three per cent at Palomar 
Mountain. 

The new telescope has been built with a grant of $6 
million from NASA, the National Scienc e F Moin 
and the University of Texas. [ts commissioning 
now fits in well with the wish of ihe Kien tary s 
omy panel the National Academy of Sciences 
(Nature, a 10; 1968) to see more ground- based 
telescopes. | 
in thet ight die E. Iti is fee a Ww ML sign ene 
not all of NASA's money disappears into thin air. 
(NASA is also contributing to the 88 inch reflector being 
completed at Mauna Kea, an extinct voleano on 
Hawaii) There is solid ev idenee that expenditure like 
this is a necessary complement to rocketry—ground- 
based radio astronomers eventually resolved the 


established from an analysis of 
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conflict between the results of the American and 
Russian Venus probes, for example (Nature, 220. 420: 
1968). 

MeDonald's 107 ineh telescope has a primary of 
fused silica, one of the new mirror materials being used 
in the coming generation of big telescopes and having a 
coefficient of thermal expansion one sixth that of the 

‘Pyrex’ materials formerly in use. An English mount- 
ing was chosen for its advantages with a telescope 
which is to be operated freque ntly at the Coudé focus. 
(In the Coudé system, the beam eventually passes along 
the polar axis of the mounting, which always remains in 
à fixed position. This means ; that the Coudé focus also 
has a fixed position, and bulky items of equipment can 
be installed there.) As is becoming the fashion, a prime 
focus corrector has been designed for the 107 inch 
telescope by Dr C. G. Wynne of the applied optics 
group at Imperial College, London. Lack of funds has. 
however, preve nte d the ido Or UO being UM 
NON wW hich bends to à beaten extent 
Tom poca hen astronomy to be done at a range of 
wavelengths, is that of choosing the best mirror coat- 
ings. The plan was to incorporate two-sided flip-flop 
secondary mirrors in the design, but because of the 
expense it has onlv been possible to make one of the 
Coudé's mirrors two-sided. One side has an aluminium 
surface, which does well from 3000 A to 4500 A but is 
poor in the infrared: the other side is silver, good from 
4500 À to the far infrared but poor in the ultraviolet. 
The primary has to have an aluminium surface. 


SOLID STATE 


Unspectacular Progress 


from a Correspondent 


NEARLY four hundred physicists gathered in Manches- 
ter between January 7 and 9 for the Physical Society's 
sixth annual conference on solid state physics. Most. 
of the participants were from British universities and 
industry, but a small continental contingent was also 
present. The conference was designed to cover the full 
scope of solid state physics and to interest people 
working in the theory of electrons in solids as well as 
applied physicists concerned with semiconductor and 
other solid state devices. There were six separate 
sessions, cach on different branches of the subject. 

The general tone of the papers retlected the steady 
CAE that is being made in the subject. | One 

recurring theme was “the increasing dependence of 
solid state physics research—-and indeed physics 
research as a whole--on the development and produe- 
tion of semiconductor devices. There were several 
lectures on amorphous switching devices, and Sir 
Nevill Mott described at some length the two basic 
types—one switching from a high resistance to a low 
resistance state by the change of potential across and 
the other switching on the application of a current 
pulse without requirmg a current to hold it in the low 
resistance state. This seems to be a new technique 
which has caught the general interest. 

The Pr of using ; synchrotron E to Drs 
ae the visible region to m soft X. ray region was 
put forward and its potential for studying excitation 
levels in crystals was discussed. New techniques om 
the application of alternating electric fields or hea 
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pulses to a speeimen to investigate the origins of optical 
response curves and dielectric constants were also dealt 
with, and there seems to be plenty of room for further 
research in this field. 

One of the sessions covered imperfections, diffusion 
and colour centres, the last of which is a more topical 
subject than many will admit. Another session dealt 
with the theory of band structures and Fermi surfaces, 
the highlight of this being the paper bv G. Yuval on 
the overlap determinant methods for Fermi surface 
singularities in X-ray spectra. This method, based on 
viewing the X-ray problem as a time-varying infrared 
catastrophe, met with enthusiastic support from the 
handful of people who understood what it was about. 

There were also groups of papers on disordered 
systems, dislocations, superconductivity, semiconduc- 
tors—including optical properties—and magnetism. 
The study of spin wave systems seems to be on the 
increase, and superconductivity is still insufficiently 
understood. An interesting paper by Professor P. 
Anderson attempted to tackle the exacting problem of 
defining the chemical bond in the language of solid 
state physics: this was an attempt to put chemical 
theory on a more rigorous footing, something which is 
unlikely to move the more pragmatic chemists. 

On the development side, Mr. C. F. Drake outlined 
the alehemy involved in producing some of the devices 
discussed more theoretically by Professor Mott and 
others. He reported that the preparation of these 
devices is hindered by such factors as the difficulty of 
bulk production of the amorphous glass and the 
irregular. voltage—current characteristics w hich seem 
to oceur. 


ECLIPSE 


Pacific Annular Eclipse 


from our Astronomy Correspondent 

A PARTIAL solar eclipse will be visible from Australia on 
March 18, but astronomers are unlikely to find it 
worthwhile to travel to the remote islands of Indonesia 
to make observations. This is because the Moon will be 
near the apogee of the slight fluctuation in its separa- 
tion from the Earth, so that its apparent diameter will 
not be enough completely to obscure the Sun. On this 
Occasion, the angular diameter of the Moon will be 
31' 30". sufficie ntly smaller than the solar diameter of 
32' 08" for the ring of sunlight which will encircle the 
lunar disk to spoil the eclipse for most astronomical 
observations. 

Only scientists concerned with the influence of the 
Sun on the ionosphere can derive any benefit from an 
annular eclipse. lonospherie scientists use eclipses to 
find out what happens when the i ionizing radiation from 
the Sun responsible for maintaining the ionosphere is 
suddenly cut off. H. Rishbeth has reviewed the con- 
tribution of eclipse measurements to ionospherie theory 
in Space Science. Reviews (8, 543: 1968). ?clipses can 
provide data on rates of producti ion and loss of ioniza- 
tion and on transport processes in the ionosphere. For 
example, E. V. Appleton and S. Chapman used eclipse 
data to show that the E and F1 layers are produced by 
solar photons, from the discovery that conditions in the 
E and F1 layers change at the same time as the ecli pse. 
Estimates of the rate of production and loss of ioniza- 
tion are based on continuity equations for variations of 
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electron density. The technique has been applied to 
the Æ and FI layers, but with less success to the F2 
laver which is prone to extreme variability at all times 
A feature of some solar e clipses hes been what is called 
the “Fl; laver”, an extra stratification of the FI layer 
which Rateliffe has attributed to an upward decrease 
of the loss coefficient in the FT remon. 





Eclipse map from the American Ephemeris and Nautical Almanac, 


The way in which the coveriag and uncovering of 
active areas on the Sun affects the ionosphere has been 
used to map activity over the Sur s disk. Ánastassiadis 
and Boviatsos were able to use the ionosphere as à 


detector of solar radiation. in this way during the 
eclipse of May 20, 1966 over Greece (Nature, 219, 1139; 


1968). By measuring D and Æ layer absorption they 
succeeded in locating active areas of X.rav emission. 
The cut-off of ionizing radiation during an annular 
eclipse may not be complete enough for the extraction 
of the maximum amount of information, however. For 
one thing the active areas of integse emission tend to be 
concentrated toward the exposec limb of the Sun, and 
Rishbeth has pointed out that reughlw ten per cent of 
the ionizing radiation comes from the chromosphere 
and corona and is not cut off even in total ecli PRES. 

For these reasons and also because of the remoteness 
of the path, the March eclipse will not attract much 
attention. The central path starts in the Indian Ocean 
between Africa and Antarctica, Fallows a north-easterly 
path to the north of Aust ralia and then turns east, 
passing south of Guam and the Mariana Islands and 
north of Eniwetok and Bikini in the Marshall Islands. 








NEUROPHYSIOLOGY 


Transmitter Release in Muscle 


from our Neurophysiology Correspondent 
ALTHOUGH the motor nerve terminals at the vertebrate 
neuromuscular junction are not mvelinated, it is known 
that action potentials are pro: sagated to their tips. 
Until recently there was no proof that this was neces- 
sary for neuromuscular transmission, Katz and 
Miledi (J. Physiol. 199, 729: 1968) have now used 
tetrodotoxin (TTX) to block aetion potentials at the 
terminals, and investigated the effecis on transmitter 
release. Using a curarized fr og sartormus muscle TTN 
was applied, by diffusion from a micropipette, to a 
pre-terminal node of Ranvier and the end.plate 
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potential (epp) was recorded with a microelectrode at 
the neuromuscular junction. After a delay from the 
moment of application of TTX the epp produced by 
motor nerve stimulation disappeared abruptly. But 
when TTX was applied to the last node of Ranvier the 
epp disappeared in steps as if impulses were occasion- 
ally able to jump one blocked node, to propagate in 
the terminals, TTX blocks action potentials and not 
electronically conducted potentials and so this is 
evidence that the action potential is necessary for 
transmitter release. 

When TTX is applied to the neuromuscular junction 
itself its effects vary with the exact location of the 
applying pipette: Katz and Miledi describe an example 
of blockage of transmitter release occurring in three 
steps, probably because of successive blockage of the 
terminals derived from the three myelinated branches 
of the axon in their preparation. In another experi- 
ment, transmission was blocked by replacing calcium 
ions in the muscle bath with magnesium ions and 
recordings were made from microelectrodes 90u 
proximal and distal to a TTX pipette, all in line on the 
same unmyelinated terminal. TTX release stopped 
end.plate potentials at the distal electrode, but did 
not affect those at the proximal electrode, provided 
that the pipette with TTX was sufficiently distant 
(2504) from the myelinated end. When the TTX 
electrode was close (<30u) to the proximal recording 
electrode, proximal blockage occasionally oecurred 
without distal blockage, as if the action potential were 
jumping across the local block and propagating to the 
end of the unmyelinated terminal. 

These results, implying the necessity of a propagated 
action potential for transmitter release (at least at the 
frog sartorius junction), seem at variance with the 
earlier finding (Katz and Miledi, J. Physiol., 167, 8; 
1967) that strong depolarization of the terminals could 
release transmitter and produce end-plate potentials 
as neuromuscular junctions blocked by TTA. But it 
seems most likely that this occurred when the applied 
potential change exceeded the normal action potential 
both in amplitude and duration. Katz and Miledi 
therefore suggest that "active propagation of the 
impulse along the synaptic terminal is not merely a 
device for increasing the safety margin of transmission, 
but is essential in order to achieve effective release of 
the transmitter’. 


ENZYMES 


Enzymes to Order 


from our Enzymology Correspondent 


Tur total chemical synthesis of ribonuclease hit the 
American newspapers last week almost as forcefully 
as the news, just over a year ago, of the synthesis t» 
vitro of an infective phage chromosome by Kornberg, 
Goulian and Sinsheimer. As before, “making life in a 
test-tube" was the popular catchline, a phrase people 
will have to learn to live with in the vears ahead. 
Both pieces of work are achievements of technique 
rather than idea: the methods used in making the 
enzyme are not new; they proved their worth for 
insulin some years ago. Still, ribonuclease, 124 
arnino-acids long, is more than twice as big as insulin, 
and the work certainly ranks as a technical tour de 
force. 
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Two groups synthesized the enzyme at about the 
same time: Dr Robert Merrifield and Dr Bernd Gutte 
of the Rockefeller University, New York, and Dr 
Robert Denkewalter and Dr Ralph Hirschmann of 
Merck, Sharp and Dohme, New Jersey. The two teams 
approached the problem in very different ways. The 
group at the Rockefeller University used a solid phase 
method developed a few years ago by Dr Merrifield 
himself. This method makes a passable analogy to 
biological protein synthesis, with polystyrene beads 
standing in for ribosomes. The C-terminal amino-acid 
of the intended peptide is anchored to its polystyrene 
bead by benzyl esterification, and the other amino- 
acids are added sequentially, their carboxy] groups 
activated in a standard way and their amino-groups 
protected by butyloxylearbonyl. The cycle of coupling 
and deprotection can be programmed automatically, 
and Dr Merrifield's group apparently made the com- 
plete chain of ribonuclease, a process involving 369 
separate chemical reactions, in the surprisingly short 
time of three weeks. The method has its adherents 
and its opponents in the world of protein chemistry : 
its chief drawback is that each coupling step must go 
to essential completion, better than 99 per cent, if 
the method is not to yield an unpurifiable mixture of 
permuted peptides. 

The Merck approach was relatively conventional. 
The workers there synthesized several enzyme frag- 
ments by stepwise reaction of amino-acids in free 
solution, and finally assembled the fragments to make 
the complete enzyme.  Amino-acids were applied in 
their N-carboxyanhydride form, a cyclic derivative 
which simultaneously activates the amino-acid's car- 
boxyl group and protects its amino-group. The 
simple act of warming the reaction mixture exposes 
the amino-group, and prepares the growing peptide for 
the arrival of the next amino-acid. Unlike the solid 
phase synthesis, this method entails a purification step 
of some sort after each reaction step. 

So, for the first time, a funetional enzyme has been 
synthesized de novo. That the final product of these 
two teams turns out to be an active enzyme Is à very 
pleasant confirmation of ideas about the primary 
structure of the molecule. It is perhaps doubtful 
whether man-made enzymes will, as has been claimed, 
make a swift impact on medicine, for ribonuclease is the 
smallest enzyme and living tissue, after all, is basically 
very cheap. Perhaps the new synthetie enzymes will 
made their mark quickest in the research laboratory: 
the ability to make families of molecules that are 
precisely tailored variants of an original enzvme will 
provide some extraordinarily sensitive tests for current 
ideas about enzyme mechanism. 

What is the next enzvme likely to appear in a 
chemist’s flask * Nobody has carried out a census of 
half-complete peptide chains in the world’s laboratories 
recently, but it is known that Anfinsen is well advanced 
in the synthesis of micrococcal nuclease. 


RNA PHAGES 


Added End 


from our Cell Biology Correspondent 


ALTHOUGH rumour has it that Spiegelman's group 1s 
switching its attention from Q8 and the other RNA 
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phages to animal viruses, as well as moving from Illinois 
to Columbia, Q8 and its relatives still have their sur- 
prises and puzzles. Last week in Nature, de Wachter 
and Fiers (221, 233; 1969) reported that Q8 RNA 
molecules fall into two classes, which differ by one base 
in the 5’-terminal base sequences. In this issue of 
Nature (see page 321), Kamen reports the long-awaited 
proof that at least the last base at the opposite end of 
the Q8 RNA molecule, the 3'-end, is added by some 
mechanism independent of base pairing and after the 
rest of the molecule has been synthesized. 

All viral RNA so far analysed has the same 3- 
terminal sequence, CCA, but in the case of QB—the 
only RNA phage the replication of which has been 
studied in vitro—all the evidence suggests that RNA 
made in vitro has the 3'-terminal sequence CC. In 
other words, the final A residue is not replicated. For 
the past eighteen months it has been generally assumed 
that the final A residue is added by some enzyme in 
the host bacteria, which is absent from the im vitro 
systems. One obvious candidate for the job is the 
enzyme which is responsible for the turnover of the 
3'-terminal CCA sequence common to all {RNA mole- 
cules, 

Kamen’s experiment says nothing about the enzyme 
involved in adding the final A residue, but it establishes 
that Q8 RNA molecules lacking the 3’-terminal A 
residue are infective and therefore able to replicate. 
This in turn implies that the A residue is added to RNA 
molecules by a host cell enzyme. 

Essentially what Kamen did was extract RNA from 
Q8 phage particles. These molecules have the complete 
CCA 3’ sequence. By a stepwise chemical reaction he 
removed first the terminal A and then the first C residue 
and tested the ability of the intact RNA molecule and 
the two types of modified molecules to replicate in 
spheroplasts (bacteria from which the cell wall has 
been removed to allow the phage RNA entry). Only 
the intact RNA and the molecules lacking the terminal 
A residue were infective: moreover, all the progeny 
molecules had the terminal A residue restored. No 
RNA lacking more than the last A residue was in- 
fective. 

If the terminal A residue can be removed without 
abolishing infectivity, at least this base must be added 
independent of any Watson-Crick base pairing replica- 
tion mechanism. The problem now is to establish 
what enzyme is responsible for this reaction and why 
the terminal A residue is required. 


PROTEIN CHEMISTRY 


Denaturation and Refolding 


from our Molecular Biology Correspondent 


Tue renaturation of globular proteins from a com- 
pletely unfolded to a fully refolded and biologically 
active state has become a commonplace. The question 
which has recently been exercising protein chemists in 
this regard is the nature of the kinetic pathways by 
which this refolding to the unique native conformation 
proceeds. In the absence of disulphide bonds, or if 
these have been preserved intact, refolding is rather 
rapid—on a time scale of seeonds—but when regenera- 
tion of disulphide bonds is involved, the refolding, in 
terms, for instance, of recovery of enzymatic activity, is 
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on a scale of hours or even days. This is evidently a 
consequence of the possibility of incorrect disulphide 
pairings, which leads to subsidiary potential minima 
in which the system becomes transiently trapped. 

The systematic study of refolding reactions in such 
systems has been undertaken by Isemura and his 
associates. In their most recent paper (Yutani ef al., 
J. Biochem., Tokyo, 64, 449; 1968), they consider the 
refolding of reduced egg lysozyme. The return of the 
native structure can be measured by spectroscopic 
methods, such as the disappearance of the ultraviolet 
difference spectrum arising from the change of environ- 
ment of aromatic side chains, and the optical rotation 
or circular dichroism. As work from the same labora- 
tory has previously shown, the refolding is catalysed 
by metal ions (in this case copper) in a low concentration. 
The refolding in standard conditions is complete 
after about 20 h, the difference spectrum having 
then vanished, and the characteristic Cotton effects 
in the circular dichroism, due to the backbone con- 
formation and anomalous aromatic side chains, fully 
restored. The most striking feature of the results is 
the immediate return of the greater part (some 70 per 
cent) of the secondary structure when the denaturant, 
8 M urea, is diluted out. At this stage there is no 
measurable enzymatic activity, or regeneration of di- 
sulphide bonds. Thereafter, the titre of sulphydry! 
groups gradually diminishes, and activity appears. The 
return of activity was approximately paralleled by the 
reappearance of a feature in the circular dichroism 
(260 mu band) previously suspected to reflect simply 
the number and configuration of disulphide bonds. It 
now seems to have more complex origins, for its 
reappearance essentially accompanies the formation 
of the fourth and last disulphide bridge. It is concluded 
that the enzyme has some activity when only two 
disulphide bonds have reformed—-and indeed earlier 
studies showed that one such bond could be broken in 
the native protein, with retention of much of the 
activity. 

Contrasting with this work is a kinetic study of the 
rapid reversible denaturation process, involving no 
rupture or formation of disulphide bond, described by 
Pohl (Europ. J. Biochem., 7, 146; 1968), working with 
trypsin. Here a simple temperature-jump method is 
used, in which the temperature of thermostat fluid 
around the sample is suddenly changed. Within an 
appropriate pH range, the temperature jump brings 
about a shift in the equilibrium between the native 
and denatured states of the protein, and the relaxation 
kineties can be obtained by following either the change 
in the ultraviolet difference spectrum or the optical 
rotation. As with earlier results on chymotrypsin, the 
absorbence change is characterized by a single rate 
process and is independent of protein concentration. 
From experiments at different temperatures, a forward 
and a reverse rate constant are obtained, and the 
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on other single-chain proteins, which have generallv 
indicated that denaturation is a two-state equilibrium 
with no intermediates between the native and the 
unfolded states. The enthalpy is temperature de- 
pendent. and this effect resides in the renaturation 
process. The effect of pH on the kinetics is consistent 
with the liberation of two carboxy! groups in the 
unfolded state. 
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some European Contributions to the Prehistory of 


Molecular Biology 


by 
C. H. WADDINGTON 


Institute of Animal Genetics, 
University of Edinburgh 


THE establishment of the double helix structure of DNA 
by Crick and Watson is certainly the greatest discovery 
in biology in this century. The events that led up to it are 
already engaging the attention of historians of science, 
and will continue to do so. The subject has so far been 
dealt with chiefly by American authors—-particularly 
xunther Stent/-*. It therefore seems appropriate to place 
on record some data about relevant events whieh were 
little if at all published at the time, and of which I 
am probably one of the few people to have preserved 
records. 

During the middle thirties, a number of small meetings 
of biologists and interested physicists and chemists were 
organized, with financial help from the Rockefeller 
Foundation, at various places in Europe. The leading 
people were H. J. Muller, Timoféeff-Ressovsky, Niels Bohr 
and Max Delbrück. The early meetings were, I think, 
almost entirely concerned with gene mutation, partien- 
larly as affected by X-rays. I have a typewritten "Sum.- 
mary of Discussions on Mutation" drawn up by Delbrück 
and Timoféeff.Ressovsky following a meeting held in 
Copenhagen on November 28 and 29, 1936, which was 
also attended by Muller and Bohr. (A copy has been 
deposited in the library of the Institute of Animal 
Genetics, Edinburgh.) The essence of the statement was 
to establish a quantum-chemical picture of the gene, and 


into another stable state. | 
any rate recorded) of the nature of the chemical compounds 
involved. 

More relevant to the development of general molecular 
biology was another similar meeting, held at Klampenborg 
near Copenhagen from April 2 to 5, 1938, Neither Bohr 
nor Muller attended-—-the latter was in Russia at the time. 
The meeting was not concerned so much with mutation, 
but rather with cytology and the chemical nature of the 
Astbury, P. Auger, H. Bauer, J. D. Bernal, C. D. Darling- 
ton, B. Ephrussi, A. Fischer, L. Rapkine, H. Stubbe, 
N. W. Timoféeff-Ressovsky, C. H. Waddington and K. 
Zinmer. Physies was represented not only by quantum 
theory men such as Auger and Zimmer, but by X-ray 
erystallographers such as Astbury and Bernal; this was 
the first time that there was a real meeting of geneticists 
and erystallographers. I remember that the British con- 
tingent had a rough crossing from Harwich to the Hook 
of Holland. We were travelling second class—this was 
before the days of reasonable travel grants. Most of us 
tried to sleep on the benches in the general saloon, but 
Darlington and Bernal kept sea-sickness at bay by the 


Coils, spirals and helices before the days of DNA. This is an account 
of the first meetings of geneticists and crystallographers addressed 
to the nature of chromosome and gene. 


former teaching the latter “all the geneties and cytology 
anyone needs to know” throughout the course of the night. 
Before dawn, Bernal had already decided that the mitotic 
spindle must be a positive tactoid, and that the separation 
of chromosomes probably resulted from the production 
by the centromeres of some fluid which formed negative 
tactoids within the larger positive one. 

The discussions were based on reports prepared by the 
two cytologists Darlington and Bauer. After the meeting, 
I wrote summaries of these and of the discussions for 
circulation to the participants; it is from my copy of this 
document that most of the following notes are taken. 

l was at that time also engaged in writing a general 
account of genetics, which was published the following 
year as An Introduction to Modern Genetics (Allen and 
Unwin, London; Macmillan, New York, 1939). Privately, 
I thought of the book as an introduction to future genetics, 
and I incorporated many far-out ideas such as those aired 
at Klampenborg*. This book sold fairly widely on both 
sides of the Atlantic, and probably provided the principal 
channel by which the Klampenborg ideas reached a wider 
public (the most important summarizing chapter was 
also printed as an article in the American Naturalist, 73, 
300 (1939)), although Darlington’s pre-Klampenborg con- 
tributions were also available through his Recent Advances 
in Cytology (1937) and his Evolution of Genetic Systems-~ 
the preface of which is dated December 1938—-.was com- 
pleted a few months after the Klampenborg meeting. 

Much of the discussion centred around problems of 
chromosome mechanics---spiralization and contraction, the 
attractions which led to pairing in meiotic prophase, the 
repulsions leading to a chromosome separation in anaphase, 
aud so on. The physical principles invoked were London- 
van der Waals forces (can they be effeetive over large 
enough distances ?) the energy of attraetion between 
homologous as opposed to non-homologous stretches, and 
so on. Much the same questions seem to be in people's 
minds still at the present day. The point I want to bring 
out, however, is the extent to which ideas which were 
later built by Watson and Crick into their great synthesis 
were already floating around. At that time these notions 
were not properly eonnected with one another, and some- 
tunes arose at a different seale from that on whieh they 
were finally utilized-—for example, in connexion with 
whole chromosomes rather than with DNA helices: but 
at least they were in the minds of molecular-minded 
biologists. 


* The Geneties Establishment of the time was not impressed: to such an 
dented step of writing to protest against the review which had apoeared in 
Nature’, 
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Perhaps the most obvious of these general notions is 
pna which we os n js d E gud d are now more 


ms je ing uM at hé m. jM d 


From Darlington's Report to Klampenborg 

"Internal coiling. The chromosome threads contract to 
form an internal coil in the prophase of every mitosis, 
the two daughter chromatids of each chromosome separ- 
ately side by side, They do so by increasing the amplitude 
and reducing the number of their coils. In the daughter 
nuclei the coiling is undone by continuing the same 
process. Owing to laek of space the uneoiling of the relic 
spiral is delayed and not completed until the metaphase 
of the next mitosis. A new coiling therefore arises ur ader- 
neath the old one. At meiosis the coiling 1s carried a stage 
further, a major spiral developing above the minor one 
(or vice versa). Is this due to a greater surface charge ? 

"Systems of coiling. Two chromosome threads form a 
joint spiral in meiosis but not in mitosis, owing perhaps to 
stronger attraction. Two chromosomes under torsion 
develop relational e oiling instead of internal coiling at the 
pachytene stage in meiosis, perhaps owing to the coiling 
oe in the word mo E to that ME internal 

Molecular HY. Dinction f relations coiling pe 

chromosomes and of internal coiling is consistent for whole 
arms, that is, between a centromere and an end. Torsion 
of two paired chromosomes must be in same direction to 
produce any relational coiling at all. Yet their internal 
coiling may be in opposite directions. ‘Therefore torsion 
producing the two kinds of coiling in the same ehromosome 
at different times need not be in the same direction. 
Thus although the same molecular structure must underlie 
both kinds of coiling, the direction of coiling must be 
optional and under the unitary control of the centromere.” 

Note that Darlington describes “relational coiling”, 
in other words, two threads mutually coiling round Gach 
other, producing a structure which we would now call a 
double helix; but he describes this at the scale observable 
through the light-microscope. We had at that time no 
inkling of the great Watson-Crick breakthrough which 
solved so many problems by transferring this same idea 
down to the molecular level. We did, however, consider 
the problem of why chromosomes tend to have a double 
structure rather than consisting of three or more unit- 
strands, and we developed a notion of a “sticky face” 
which (again making allowance for a change of scale) is 
quite like the idea of the double helix being held together 
by the attractions of the base sides of the chains. 


From the Klampenborg Report 


“The greatest difficulty of a theory of pairing is to 
account for the general limitation of attraction to twos. ... 
(Section on polyteny as a special case omitted.) 

"Possible theories of the limitation of attraction to pairs 
are: 

"Ul. The chromosome has a single attracting face. 
would raise difficulties about 


This 
murror-imaging when the 


chromosome divides, and perhaps about the splitting of 


already paired chromosomes at pachytene. 

“2. An explanation might be sought in the phenomena 
of spiralization. The relational coiling of two paired 
homologues may make it physically impossible for a 
third to approach. This suggestion was not fully worked 
out. 

“3. The facts would be expheable if the two paired 
Br caused some alteration in one another, which 
prevented attraction of any further threads. But the 
nature of the alteration is quite obseure. There may 
be some indication of such an alteration, at least at the 
pachytene stage, in the fact that at this stage the ehromo- 
somes are so tightly attached that they cannot turn 
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and have to develop relational soiling. At later stages 
they can turn independently and the faure of attraction 
in more than pairs is due to a general increase in the 
repulsive forces, since at mitomic metaphase even the 
paired chromatids are not very strongly attracted, 

“The last remark draws our attention to the necessity of 
considering the chemical aspects of chromosome pairing. 
If we assume that chromomeres are comparable to mole- 
ecules which, under the influence sf change in the environ- 
ment, become capable of homepolar reaction, We can 
understand that in general there is pairing by twos, the 
encounter by threes being very improbable. The altera- 
tion mentioned above w ould consist of the loss of reactiv- 
ity of already polymerized molecules ün analogy with the 
bimolecular reactions}. — 

Some quotations from my Zneroduetion illustrate other 
aspeets of the ideas of that time. 

"... the interpretation of eoiliag in terms of the internal 
strueture of the chromosome. There are two general 
lines whieh such an interpretatien ean take, It may, on 
the one hand, be suggested that the individual genes 
have some internal spiral arrangement (perhaps to be 
compared with the indications sf spiral structure in the 
molecules of protems such as masulin (Crowfoot ef ak., 
1938)), and that this determines the formation of the 
visible spirals; these would then be expected to be con- 
sistent for considerable lengths of the chromosome. Or, 
on the other hand, one may potat out that any elongated 
body consisting of fibres orientated parallel to its length 
tends to become a spiral if its surface contracts; but. in 
this case there are usually frequent reversals of the direc- 
tion of coiling. In both cases che actual assumption of 
the coil must be regarded as a response to changed environ- 
mental conditions. .. . 

" This relational coiling suggests one of two con- 
clusions about the nature of the ehromosome thread. 
Either the attractive forces in zyvgotene are much more 
intense than at later stages when each chromosome coils 
independently of its partner; cr ene chromosome has a 
single sticky face! along which the adhesion takes place. 
The latter conclusion is perhaps malic ivi ait would cer- 
tainly raise considerable difficukies about ‘the mechanism 
of reduplieation of the ehromos-mes i 





Structure and Chemical Nature of the Gene 


pbinaciesd that we had AF re ceed i necessity to 
distinguish between the gene as a unit of he redity an 
recombination), as a unit of developmental action, and 
unit of mutation 


as a (later christened the recon. 
the cistron and the mutors. Darlington (chapter 
10, “The Atom of Geneties". in Evolution. of Genetic 


Systems) defined the umt of metation in terms of visible 
chromosome breakages by N-raas and states that . CIE 
is only possible therefore to teke a unit of breakage by 
X-rays as having unconditional validity. . It is the 
gene of physies, biologically absolute", In mv >l niroduc- 
tion (page 397) I allowed more importance to gene muita. 
tion, as opposed to chromosomedbreakage, and to the small 
size of the "sensitive. volumes’ which had been deduced 
for the regions pas n a Rud. En vios 





the ge metic aaa: were berg res by ‘two 
defeets in our knowledge. AC "th at time, all the genetic 
material known to us contained protein as well as nucleic 
acid. Further, although protesns were known to have a 
structure complex enough to Perm many different. genes, 


it Was not cles ar ane EE ie idis ni had; oa 


sequel nee E four bise ror wil be ta ion iod p. 
tions of Astbury, to be quoted in a moment, we did not 
attach much credence to this theory, but were read y oto 
attribute to the nueleie acid g structure complement ADV 
to, and therefore as eomplex as, that of the protein. 
Gunther Stent? states that the virus geneticists of a few 
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years later, who he claims were totally sceptical about all 
previous work, took this particular doctrine so seriously 
that it prevented them accepting Avery’s demonstration 
of the leading role of nucleic acid until it had been 
confirmed on their own favourite material by one of their 
own group-—an unfortunate misplacement of belief, if 
true. 

at Klampenborg was therefore that of a compound of 
protein and nueleie acid. Earlier ideas, such as those of 
Wrinch® and Koltzoff', supposed that the chromosome 
is composed of a "genonema'" thread in the form of a 
polypeptide chain, to which the genes are attached as 
side-chains, which might either be active compounds, 
such as steroid hormones, or other polypeptides, perhaps 
combined with nucleic acid. In the Klampenborg sugges- 
tions, the chain stretching along the length of the chromo- 
some was considered as constituting the gene itself, rather 
than forming a string to which the genes are attached. 


From the Klampenborg Report 

Division of chromosomes and genes. “Different views 
were expressed on the molecular models necessary to 
account for the cytological and X-ray genetical evidence. 
Although the structure of the chromosomes has not yet 
been directly studied by X-rays, analogies can be drawn 
with the structures of known substances. The two main 
suggestions for its structure are: 

"(a) A set of more or less extended peptide chains 
(Astbury) (repeat unit of protein chain peptide link 
3-34 À (backbone spacing); closest distance between chains 
4-5 A; side-chain spacing 10 A). The nucleic acid has a 
repeat unit 3-36 A, nearly the same as that of peptide. 
Astbury suggests that nucleic acid chains form links which 
enable peptide chains identical with the original chain to 
be synthesized. Nucleic acid chains have two sides, 
one with purine residue and one with phosphoric acid. 
One of these would be attached to the original protein 
chain and the other would build an amino-acid into a 
new chain, the interposition of the nucleic acid ensuring 
that the new chain would have the same configuration 
as the old and not be a mirror image of it. The general 
hypothesis has the advantage that the identity of any 
particular part of the chromosome can be preserved in 
growth, but only on the assumption that the effective 
part of the chromosome consists of one chain can the 
division into two equal parts be simply explained. "This 
seems unlikely in view of the estimate of the size of the 
chromosome, of the order of 2000-6000 Á in diameter, or 
of Muller's estimate of gene size 200 x 200 x 1000 Å. (b) 
The chromosome is of the virus type nucleoprotein 
(Bernal) a chain of sub-moleeules of approximately 
150x 150x70 A as observed in tobacco mosaic virus. 
The difficulty here is to explain how such a chain can 
multiply laterally, but as we do not know the mechanism 
of any ordinary protein formation, the question is probably 
premature. 

"The difficulty is not so much how to imagine such à 
chain multiplying itself, but how that multipheation can 
be limited to two. Any hypothesis that the original 
chromosome has one particular face to which new material 
is added gives rise to the difficulty about the mirror image 
formation, though this itself may be more formal than 
real. It is suggested (Bernal) that if the proteins did not 
merely multiply two-fold, but indefinitely, they might 
tend to form hollow or solid fibres whieh might beyond 
a certain size become unstable and divide along its length 
into two fibres, in the two-dimensions analogy of the 
splitting of a liquid drop." 

Linearity of the sub-structure of the gene. In my Intro- 
duction I carried what may be called the Astbury line of 
thought a stage further. There was at that time little 
genetic evidence about the sub-structure of the gene. 
Muiler had shown that deletions and inversions may 
occur down to the limits of visibility, and suggested they 
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might occur below that: Dubinin had advanced à some- 
what shaky theory of a linear order of “step-alleles” 
at the scute locus in Drosophila; students of X-ray 
mutation had come up with estimates of "sensitive 
volumes" only a few per cent of the estimated size of the 
gene; but that was about all. As we saw, Darhngton 
accepted the unit of (visible) chromosome break as the 
ultimate unit. 1 pointed out that it seemed more 
reasonable to suppose that the genetic material is linearly 
organized right down to the individual peptides (or 
peptide—nucleotide units postulated by Astbury). 

“It is clear that the old picture of the chromosome, as a 
linear array of individual indivisible particles, each of 
which is a gene, is too simple. In attempting to work out 
a more adequate picture, one can start from the funda- 
mental fact that the chromosome is an elongated structure 
which, whenever we can analyse it. has differences arranged 
in a linear order along it; these differences can be detected 
by linkage studies, chromosome structures, ete. The 
units, between which differences are noted, may be of 
different sizes according to the different methods of 
investigation; there are, in roughly descending order, 
inert or preeociously condensing regions, large chromo- 
meres, ultimate ehromomeres or salivary. gland. ehromo- 
meres, and the units of cross-over and X-ray breakage. 
One might symbolically represent the chromosome thus: 
abcd'e'f/g'hijKkIMNOPQRSTU'V'W' where there are differ- 


ences on three seales, between the capitals and lower-case 
letters; normal, underlined and dashed letters; and 
finally the letters themselves. The smallest units of this 
scheme, symbolized by the individual letters, are the 
units of crossing-over and X-ray breakage, and probably 
measure, as we have seer, about 100 my in length. 

“Tf we view the chromosome as it were through the other 
end of the telescope, attempting to build it up from 
chemical units, we arrive at a somewhat similar scheme 
of a linear order of units of different orders of magnitude. 
The ultimate units now are the links in a polypeptide 
chain, with a length of only 0-334 mu. Exactly what the 
larger units are is more doubtful. but we have a range of 
possibilities; there are the periodicities along the chains, 
the repeat units out of which protein crystals are built, 
the protein moleeules such as they exist in solution, and 
finally virus particles, all of which may be eonsidered as 
providing suggestions as to the kinds of units which 
may be involved. These units range in size nearly up to the 
100 mu which we took as an estimate of the smallest 
units to be considered when we approached the chromo- 
some strueture from the other end. It is, then, possible to 
conceive of the chromosome as a linear array of units, 


one of the main points of the story Gunther Stent has to 
tell—the other is the fact that these building blocks are 
nucleotides, not peptides. but in that they were really 
anticipated by Avery. The American work, of course, 
provided the solid evidenee by which the point was 
established, but the theory which was thus confirmed had 
originated in Europe some years earlier*. 


* In a letter, Gunther Stent writes ^... In any ease, it is my belief that 
though men like Darlington and Muller certainly posed the problem of the 
molecular basis of the gene thirty-five vears ago, their ideas had, in fact, 
little influence on the later development of moleeular genetics. Indeed, oven 
the “‘one-gene-one-enzyme” theory was of leas significance for the voung 
Turks of the late 1940's than is generally supposed nowadays. For one main 
characteristic of the members of the American Phage Group was that thev 
didn't believe angthing that anyone had said or done before and insisted on 
working out everything for themselves. . . ."' It would, of course. be a poor 
lookout for the advancement of science if young men started believing what 
their elders tell them, but perhaps it is legitimate to remark that young 
Turks look vounger, or more Turkish or what have you, if the conclusions 
thày eventually reach are different from what anyone had said before. 
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The Role of Schroedinger 

The main vehicle for "Klampenborg-type ideas, which 
the molecular biological "breakers-through' recognized 
as an influence on their outlook, is Schroedinger’s short 
but brilliant book, What is Life? (Cambridge University 
Press, 1944). There is no doubt that, deservedly, it had 
very great influence. both because of its elegance and 
intellectual quality, and because it carried the authority 
of one of the leaders of theoretical physics. But although 
it is actually the first statement of à profound theoretieal 
question, it is not because of this that it has been so 
influential. 

The part of What is Life? that made the original 
impact is in fact a re-writing of the classical paper which 
we used to refer to as TZD (ref. 8) in which X-ray mutagen- 
esis was interpreted in terms of a "gene molecule" the 
stability of which was ensured by quantum-mechanical 
considerations. This was the first publie origin of the 
whole idea that the genetic material can be thought of in 
quantum-mechanieal terms, and it was this, in Schroedin- 
gers version, which fired the imagination of the early 
moleeular biologists of the immediate post-war years. 
However, his epigram, that the gene 1s an aperiodic erystal, 
is an exceedingly paradoxical phrase. because crystals 
normally not only have periodicity but three dimensions. 
whereas the main point about the carrier of heredity is 
that it is linear—one dimensional. I still feel that the 
model presented in my Zntroduction is both less equivocal 
In meaning and nearer the actual facts. 

What is Life ? did, however, contain a genuine new and 
important idea. The stability of the gene molecule is a 
matter of quantum laws; there is only one (or in diploids, 
two) such molecules per cell. Yet the gene controls the 
production of massive quantities of protein molecules, 
of such a magnitude that they enter the domain of classi- 
cal, rather than quantum, physics. How is this transition 
made ? This is the general problem of “quantum measure- 
ment . It did not, however, form any noticeable part 
of what the physicists who entered molecular genetics in 
the late forties took away from their reading of Schroedin- 
ger: and it is only quite recently that some theoretical 
physicists interested in biology are taking it up again?. 

Thus by 1940 the advanced views about the genetic 
material contained the following points. (1) Some sort 
of coiled conformation is incorporated into the structure 
at a very basic. probably molecular level. (2) Two coiling 
threads may twist round one another to form a double helix. 
(3) These coiling threads may not be radially symmetrical 
around the long axis, but probably exhibit a bilaterality, 
evidenced by the possession of one "sticky face" by which 
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two threads can adhere to one another. (4) The genetic 
material is probably linearly organized down to the level 
of small molecular building blocks, of the order of size of 
peptides, as opposed to consistirg of larger genetic units 
attached like beads on a string. ©) There is not adequate 
evidence to refute the hypothesis that nucleic acid has as 
complicated a linear structure as proteins. (6) An attrac- 
tive notion is to suppose that the genetic material is 
composed of a compound of two complementary linear 
sequences; at that time, this was thought of as comple- 
mentary polvpeptide-polynucleosides. 

The principal new ideas involved in the Criek- Watson 
synthesis were the following. (a) That the essential 
genetic material is entirely nucleic acid (Avery, followed 
by Hershey and Chase). (b) That the chemical constitu- 
tion of DNA is such that a complementary relation 
between two DNA strands is possible, marrying purine 
with pyrimidine (a brilliant interpretation of Chargaff). 
(c) That a complementary-duplex structure, at the level 
of magnitude at which synthetic processes operate (at 
the molecular level), solves the problem of identical 
duplication without mirror-image formation. (d) That 
the molecular DNA double helix can be built as a model, 
and fits the available X-ray datz. 

Of these later points, only (c) 1s a matter of pure logic, 
which might have been seen (but was not) in 1940. But 
I wonder how much sooner the factual information on 
which the others depend migh: have been discovered, 
if the Second World War had rot disrupted the lines of 
thought whieh led in the direetien of them ? 

In the historical beginnings of molecular biology there 
were then three major influences. (1) German quantum 
physies: Bohr, Delbrück and S&vehroedinger. (2) Anglo- 
American genetics and cytogenetics, derived chiefly from 
Muller and Darlington, but with sess penetrating contribu- 
tions from German sources, such as Bauer and Timoféeff. 
(3) Principally English molecular morphology. using 
methods derived from the Braggs as developed by Astbury 
and Bernal. 

! Phage and the Origins of Moleeular Biology (edit. by Cairns, da Stent, tr. S. 
and Watson, J. D) (Cold Spring Harbor, NY, 1960). 
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Infectivity of Bacteriophage RI7 RNA after Sequential 
Removal of 3’ Terminal Nucleotides 


by 
ROBERT KAMEN 


Biological Laboratories, 
Harvard University, 
Cambridge, Massachusetts 


iw the initial phase of RNA bacteriophage RNA replica- 
tion, the parental RNA single strand acts as the template 
for the synthesis of a complementary minus strand'-°. A 
priori, the nucleotide at. the 5’ end of the minus strand 
would be expected to be complementary to the 3’ terminal 


The 3’ terminal adenylate of RI7 RNA can be removed without 
destroying the infectivity of the RNA. The penultimate cytidylate, 
however, is required. Progeny molecules from spheroplasts infected 
with RNA missing the terminal A have the normal 3° end restored. 


nucleotide of the parental plus strand. But in the case of 
QB, the only RNA phage the repsication of which has been 
studied £n vitro, this expectation has not been realized, 
Although the plus strand 3’ end is A (refs. 9 and 10), the 
QS minus strand has G, not U, at its 5’ end!!. The pos- 
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sibility thus arises that minus strand synthesis, which 
proceeds in the 5’ to 3’ direction", begins by base pairing 
of pppG to an internal C near, but not at, the physical 
3' end of the plus strand moleeule. Under this hypothesis, 
the 3’ terminal A found on RNA purified from the virion 
must be added to the progeny plus strand after the rest 
of the molecule has been copied from its minus strand 
template (Fig. 1). Though this scheme at first appears 
bizarre, it seems less strange when we consider that all 
viral RNAs so far examined have CCA at their 3’ end19:12- 14, 
This is the same sequence found at the end of all RNAs”, 
which we know can be exchanged by a specific C and A 
adding enzyme !$-1$, 


GGG .CCCAo* 


GGG -— 
NASCENT PLUS ‘PPG G (3 E C C- on 


Fig. 1. Hypothetical model for the synthesis of the RNA bacteriophage 
3’ terminal sequence. Copying of the parental plus strand, by the 
phage specific RNA polymerase, begins by pairing of pppG with the 
next to last base, a C, at the 3’ end of the plus strand. Synthesis of the 
complementary minus strand then proceeds in the 5’ to 3’ direction, 
leaving the 3' terminal A of the plus strand unpaired. It is possible that 
this nucleotide ia removed by a nuclease before minus strand synthesis 
begins. Progeny plus strand synthesis, in the 5' to 3’ direction, also begins 
with a G--C base pair, and ends with a 3'C, complementary to the 
& pppG which initiated the minus strand. The nascent progeny plus 
strand thus lacks the 3’ terminal A found in RNA extracted from the 
virion, A further enzymatie addition of an A to the 3’ end is therefore 
necessary to generate a molecule onem to the original parental plus 
strand. 


PARENTAL PLUS 


io-CCC 


MINUS 


I have tested the proposal that addition of the terminal 
A oceurs by a mechanism independent of base pairing by 
measuring the infeetivity of R17 RNA after sequential 
removal of 3’ terminal nucleotides. This approach assumes 
that if a 3’ terminal sequence can be added by an enzyme 
present in uninfected cells (or synthesized very early in 
infection) the absence of this sequence on an infecting 
RNA strand need not prevent that strand from repheating 
to produce full length progeny molecules. 


Sequential Removal of Terminal Nucleotides 

To perform the infectivity experiments, a reliable 
method for sequential removal of 3° terminal nucleotides 
was needed. The major requirement was that it produce 
a reasonably synchronous population of shortened 
molecules without severely degrading the RNA. The 
Whitfeld chemical elimination procedure!®**, adapted to 
macromolecular RNA by Steinschneider and Fraenkel- 
Conrat!2, satisfied this criterion. The method takes 
advantage of the fact that only the last nucleotide of an 
RNA chain has a free 3’ hydroxyl. Periodate can specifie- 
ally oxidize the terminal 2’, 3’ glycol in mild conditions, 
forming a earbonyl 8 to the phosphodiester bond on the 
5’ carbon. Aniline, at pH 5-0, can then catalyse the 
elimination of the entire terminal nucleoside residue, 
yielding an RNA chain shortened by one base, ending 
with a 3’ phosphate. Enzymatic removal of the phosphate 
with RNase-free bacterial alkaline phosphatase regenerates 
the free 3’ OH, allowing the process to be repeated cyelic- 
ally. 

Four cyeles of nucleotide elimination were carried out 
on R17 RNA. The integrity of the RNA after each cycle 
was measured by electrophoresis in SDS 24 per cent 
Before electrophoresis, RNA 


any nicks hidden by the extensive secondary structure of 


RNA preparation was about 80 per cent intact. After 
four cycles of chemical nucleotide elimination, the RNA 
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Fig. 2. Polyacrylamide gel electrophoresis of intact and modifed R17 
RNA. Aliquots of RNA (10-20 gg) were analysed on preswollen 2:4 per 
cent polyaerylamide gels in 0-2 per cent SDS according to the procedure 
of Bishop et aL?, Electrophoresis proceeds from left to right. The 
RNA was heated to 70° C for 2 min in the electrophoresis buffer (60-04 M 
tris-HCl, pH 7:2, 0-02 M sodium acetate, 0-001 M EDTA, 0-2 per cent 
SDS), to break down molecules containing hidden nicks, before loading 
on the gels. After electrophoresis, the gels were extraded into a trough- 
shaped quartz cuvette and scanned at 260 mu using a specially modified 
Zeiss PMQII spectrophotometer. The ultraviolet absorption profiles of 
unmodified RNA (4), and RNA after four cycles of nucleotide elimina- 
tion (B), are shown. 


remained approximately 30 per cent intact. The integrity 
of the RN A decreased at a uniform rate of 10-15 per cent 
for every nucleotide removed (Fig. 3). 

Any method which degrades a chain from one end by 
sequential removal of a single unit suffers from an in- 
herent propensity to become rapidly asynchronous if 
each step is not quantitative. It was therefore essential 
to monitor the elimination procedure by determining the 
3’ end of the RNA after each step, comparing it with 
that expected from the known --ACCCA—OH terminal 
sequence??, This analysis was accomplished by specific 
tritiation of the terminal nucleotide using Leppla, 
Bjoraker and Bock's *H-NaBH, reduction technique’, 
(NaBH,-T, purehased from Nuclear Chicago, had a 


i00 77 
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Cycle of nucleotide elimination 


Fig. 3. Decrease in RNA integrity produced by sequential removal of 

3° terminal nucleotides. The fraction of intact molecules was obtained 

by integration of the symmetric 28S peak obtained on gels such as those 

shown in Fig. 2. The fraction of intact molecules, as per cent of the 
total OD 260, is plotted as a function of elimination cycle. 
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specific activity of 11-3415 per cent Ci/mmole.) The 
labelled RNA was then purified through a glycerol 
gradient, and the intact material subsequently hydrolysed 
with alkali or RNase A. The hydrolysis yields the 5’ 
terminal and all internal nucleotides as monophosphates, 
while the 3’ end alone is released as a nucleoside. Because 
of the labelling procedure, the 3’ terminal nucleoside was 
actually recovered as its hydroxymethyl diethylene glycol 
derivative. The four nucleoside derivatives (A', C', U’ 
and G’) were resolved and separated from nucleotides by 
thin layer chromatography on cellulose layers*. 

The results from a series of 3° end determinations on 


R17 RNA after zero, one, two, three and four eveles of 


chemical nucleotide elimination are shown in Fig. 4. The 
nucleoside labelled in these chromatographs is the new 
RNA 3' end rather than the base released by the elimina- 
tion. The label at the origin is non-incorporated material 
plus some non-specifie radioactivity from internal positions 
released as nucleotides. Nucleoside derivatives are eluted 
in the order A’>C’> U'»G'. The radioactivity moving 
as nucleoside derivative accounts for one (+20 per cent) 
end group per RNA molecule, the error due largely to the 
15 per cent uncertainty in the specific activity of the 
borohydride. 

Intact R17 RNA (Fig. 44), as expceted, ends uniquely 
in A, for all the non-phosphorylated radioactivity co- 
chromatographed with A’. After one cyele of nucleotide 
removal (Fig. 4B) the A’ peak had almost disappeared 
and was replaced by a C” peak, confirming the expectation 
that the next base is a C. The minor peak running with 
U’ in alkaline digests of RNA containing radioactive C' 
was probably an artefact caused by the partial deamina- 
tion of cytosine. In six experiments, the amount of A 
left after one eyele varied between less than 5 per cent 
and 15 per cent, providing an estimate of the elimination 


- 
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efficiency. Two cycles of nucleetide elimination further 
reduced the A’ peak, but not the C peak (Fig. 4C). C 
remained the terminus through the third cycle (Fig. 4D), 
but in the fourth eycle the A’ peak, which corresponds to 
the A in the fifth position, began to appear. From the 
asynchrony considerations I have discussed, and from the 
observed range of efficiency in removing the first base, 
about half of the population should lag behind after the 
fourth eycle. This was confirmed by the approximately 
equal distribution of label in C’ and A’ seen in Fig. 4E. it 
can be eoneluded that the elimination procedure does 
indeed work in a sequential marier, producing a popula- 
tion of RNA molecules with a snown distribution of 3° 
termini. 


Infectivity of Terminally Modified RNA 

The effect of the terminal nucleotide removal on the 
biological competence of the RNA was measured with 
spheroplast assays. Using a sight modification of the 
method of Pace and Spiegelmare?, infectivities for intact 
RNA between 10-? and 10-* plaque forming units (PFU) 
per molecule were obtained routmely. The assay is linear 
in RNA concentration. To control for day to day varia- 
tion in absolute infectivity, simwiltaneous measurements 
were made on control RNA with each experimental 
determination. The infectivities »btained were normalized 
to PFU per intact OD 260 (measured on polyacrylamide 
gels) and expressed as per cent of the infectivity of the 
unmodified RNA control. 

The results of such measurements with RNA missing 
one to four nucleotides are showr in Fig. 5. In each of the 
four separate elimination series shown, there was no 
significant change in infectivity after removal of the 
terminal adenylate. Thus the lust base of the R17 nue- 
leotide sequence is not required for infectivity. Sequential 
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The 3’ end of R17 RNA after one to four cycles of chemical nucleotide elimination. 


50-100 ug of RNA in 1004 of 0-1 M NaOac, 0-01 M EDTA, pH 5:3, was oxidized by the addition 
of 14 freshly dissolved 0-1 M NalIO,. After 60 min at 0° € in the dark, the oxidized RNA was 
added to an equal volume of 0:1 M Na,D,0,, pH 8:2-8-5, containing 0-01 M tritiated Na GH 
at a specific activity of 2 Ci/mmole. The reduction was allowed to proceed for 30 min at Ge C 


in the dark, and was then terminated by the addition of 52 of evelohexanone. After two 
cipitations with three volumes of ice cold ethanol, the RNA was redissolved in 1002 SSC gru 
loaded on a 10-30 per cent glycerol gradient made up in SSC. The gradients were spun for. h 





at 65,000 r.p.m. in a Spinco 3W65 rotor, Labelled material from the leading edge of the Zi 
peak was concentrated by acid precipitation after the addition of yeast RNA as carrier, and 
then hydrolysed in 0-3 N KOH for 20 min at 100° C in a sealed capillary. The hydrolysate was 


nentralized and desalted with perchloric acid, and then spotted on Eastman cellulose 'Chromaeo- 

The chromatograms were developed in t-butanol-Z-butanone-water-atmmonia (40 : £2 : 
15 : 10)*?, and counted in a liquid scintillation counter, Authentic marker nucleoside derivatives, 
synthesized by periodate oxidation and borohydride reduction of the appropriate nucleostie, 


sheet’. 






were added to the hydrolysates before spotting. 
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removal of further nucleotides, however, produced a sharp 
decline in specific infectivity. The fraction of molecules 
remaining in the population which have either —ACCCA 
or —ACCC termini, assuming 80 or 95 per cent as the 
average nucleotide elimination efficiency, is also plotted 
in Fig. 5. It can be seen that the observed decrease in 
infectivity was as sharp as expected if only the terminal A 
can be removed without abolishing infectivity, assuming 
that the nucleotide elimination efficieney varied between 
80 and 95 per cent. 


Restoration of the Terminal A to Progeny RNA 

The availability of infective R17 RNA ending in 
—ACCC—OH made a simple test of the origin of the 
terminal A possible. If progeny RNA from spheroplasts 
infected with C terminal RNA has the normal A end 
restored, this A must either be added by the replicase 
through a non-base pairing mechanism or, more likely, by 
another enzyme. 

Three independent phage stocks were prepared from 
single spheroplasts infected with R17 RNA from which 
95 per cent of the terminal A had been removed (Fig. 4B). 
The RNA isolated from these phage (Table 1) had A 
restored to the 3' terminal position. Between 2 and 9 
per cent of the terminal label ran with C’ on these 
chromatograms, as did 3 per cent of the label in the control 
unmodified RNA. This may reflect RNA strands which 
were encapsulated before the terminal A was added, 
although the chromatographic proximity of C’ and A’ 
(see Fig. 4) makes it impossible to exclude minor trailing 
of the A’ radioactivity as the sole explanation for the C’ 
label. 

In conclusion, the data presented here demonstrate 
that the last nucleotide, and only the last nucleotide, of 
R17 RNA can be removed without abolishing the in- 
fectivity of the RNA. The terminal A is restored to pro- 


Percentage of infectivity rem tining 
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Fig. 5. The effect of terminal nucleotide removal on infectivity. RNA 
infectivity was measured by the method of Pace and Spiegelman”, with 
the single modification that strain W6 was grown at 25" C rather than 
37° € before spheroplasting, Each determination was done in triplicate, 
and the mean value normalized to the fraction of intact molecules in the 
RNA sample as caleulated from the ultraviolet profile of polyacrylamide 
gels. The specific infectivity thus calculated was divided by the value 
obtained for an unmodified control RNA measured in parallel; the result- 
ing fraction is plotted as a function of the cycle of nucleotide elimination 
(solid line) ‘Phe four types of points represent separate elimination 
series, The dotted lines are theoretical curves showing the residual 
fraction of molecules that have either intact, —ACCCA, termini or 
—~ACCE termini, assuming an average elimination efficiency of 80 and 
95 per cent, 
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Table 1. THE 3’ NUCLEOTIDE OF PROGENY RNA 
I if THI Control 
Origin 3,132 2,264 2,626 1,715 
U' 390 85 85 67 
e. p.m. C 803 237 318 203 
A’ 7,950 4,423 1,882 3,920 
CIA EO’ 0:09 1-04 0-02 i03 
Equivalents of terminal 
label per mole RNA 0-95 1:00 1:25 0.05 


Single plaques resulting from the infection of spheroplasts with R17 RNA 
missing the final A were used to grow three separate phage stocks. The RNA 
purified from these phage was labelled terminally and analysed as described 
in Fig. 4, except that the glycerol gradient sizing step was omitted. Positions 
on the thin-layer chromatograph corresponding to the origin and the marker 
nucleoside derivatives were scraped off and counted. T, I and III designate 
the separate progeny RNA samples. The control was unmodified R17 RNA 
analysed in parallel, 


geny, so some mechanism other than base pairing must 
exist for its addition to the 3’ end of the molecule. The 
exchangeable nature of the terminal CCA sequence of 
(RNA is strikingly analogous. Although it is not known 
whether (RNA, as copied from its DNA template, has its 
3° end completed, single enzymes have been isolated from 
both bacterial and animal cells which ean add specifically 
two C's and then an A to tRNA which has been stripped 
of its terminal trinucleotide'*-, Other experiments have 
shown that the (RNA terminal A turns over in vivo?5-?*, 

Although it is tempting to suggest that the same or a 
similar enzyme acts on viral RNA, the present data 
implicate only the terminal A, not the entire CCA triplet. 
The infectivity experiments, however, provide only a 
minimum estimate of the number of nucleotides added to 
the 3’ end. Because of the complexity of the infectious 
process, and the lack of firm knowledge of the function of 
the viral 3’ end, it is impossible to equate the minimum 
length required for infeetivity with the length of nue- 
leotide sequence actually synthesized by base pairing. For 
example, if R17 RNA were protected from 3’ exonucleases 
by hydrogen bonding up to, but not ineluding, the 
terminal A, it might be expeeted that only the A could 
be removed without destroving infectivity, irrespective of 
the actual number of added nucleotides: further nue- 
leotide removal would, under this hypothesis, make the 
RNA nuclease sensitive. Thus it remains possible (al- 
though perhaps unlikely) that more than one nucleotide 
is added by a non-base pairing mechanism. Jn vitro 
experiments with the Q5 specifice RNA polymerase should 
provide more definitive information on this point, as well 
as some insight into the function of the added 3' terminus. 
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Intrinsic Reddening of Eta Carinae 


Relative intensities of [Fe ll] lines at different wavelengths in the 
by spectrum of y Carinae suggest a colour excess Eg .y« 1-2, consid- 
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erably greater than that of the surrounding region. 
leads to a replacement of the synchrotror-like exponential law 
~e- that has been inferred for the cortinuum in the visible 


This result 


and near infrared by a combination of two thermal spectra. 


Era CARINAE is a compact nebulous object in the southern 
Milky Way the apparent magnitude of which has varied 
from —1to +8 in the past few hundred years (for example, 
discussion in ref. 1). At a distance of the order of 2 kpe 
(refs. 1—4) and with à considerable amount of interstellar 
absorption, its light output since the major outburst of 
1843 must have been of the order of 10°° ergs. Its spectrum, 
over the past few decades, has shown prominent emission 
lines, notably of hydrogen, Fe II and [Fe IT], with complex 
profiles, and an underlying continuum?*-*. Both the con- 
tinuum and the lines show marked polarization, mde- 
pendent of wavelength®, which is greatly enhanced in 
certain outlying condensations!*. 

The continuous spectrum in the optical and near 
infrared regions has been studied quantitatively by 
Rodgers and Searle!!, who find an exponential dependence 
F, ~ e-a of monochromatic flux on frequency for 4500 Å < 
As tOu. This type of spectrum would not be expected 
from either a stellar or a bremsstrahlung type of eon. 
tinuum, but Searle et al. have pointed out that it does 
resemble the continua of certain energetic non-thermal 
objects such as the Seyfert nucleus NGC 4151, the Crab 
nebula and the quasar 3C 48. and they consider the 
possibility that it could arise from svncehrotron radiation. 
This possibility has been investigated in more detail by 
MeCray!?.. Two difficulties (not necessarily fatal) incurred 
by the synchrotron hypothesis are (a) the faet that 
7, Carinae 1s so far undetectable as a radio source at 11 em 
and 21 em (ref. 14); and (6) the fact that infrared observa- 
tions? in bands at 1-5-l-8u, 2-0-2-4u and 3-1-3-8u give 
much greater fluxes (and a steeper slope towards long 
wavelengths) than would be expected from an extra- 
polation of Rodgers and Searle’s continuum. 

The slope of the continuum in the optical and near infra- 
red regions is critically dependent on the correction 
made for differential extinction by interstellar dust! !?, 
This correction was determined by Rodgers and Searle™ 
on the basis of observations of the Balmer decrement in 
the surrounding HIT region, which was found to have a 
colour excess Ep. py =0"-69. There is, however, evidence 
that the brightest stars in young clusters frequently have 
a greater colour excess than other cluster members, pre- 
sumably because of the existence of circumstellar clouds 
associated with young stars of high mass!*.. Furthermore, 
early-type stars with emission lines frequently show 
an infrared excess which may be a result of radiation from 
such clouds". 1 Carmae appears to be the brightest 
member of the young cluster Trumpler 16 (ref. 4), and so 


it could have an intrinsic reddenizg greater than that of 
the surrounding region. I wish tc show, on the basis of 
the relative intensities of [Fe II] lines, that this indeed 
appears to be the ease, and to investigate the implications 
with regard to the continuum. 


Analysis of the [Fe ll] Spectrum 

The intensities of the [Fe II] lives have been carefully 
discussed on the basis of eye estimates by Thackeray? and 
quantitative measurements of flux have been given by 
Aller* and by Aller and Dunham’. The intensities are cor- 
related with the transition probabilities computed by 
Garstang'* and vary smoothly with upper excitation 
potential y. corresponding to an exeitation temperature 


5,040 |. 
of about 8,500? K (ref. 8), or bey = "M ~ OBO, 
ex 


are plotted Aller's total line intensicies® (in units of Hf) on 
a curve of growth, which includes ali lines not exce ssively 
affected by blending in the range of excitation potential 
between 2-57 and 321 V and of wavelen, gth between 
4150 and 5500 A. Lines further to the red or violet show 
a large scatter and are therefore exsluded. Lines for com- 
binations of two adjacent lines) free from blends are 
indicated by large symbols, while Enes which are affected 
by blending to some extent have been given inte nsities 8 
adjusted according to the eve estimates of Thackeray” 
and are shown by smaller symbols. as are lines which are 
uncertain because they are weak («002 Hg) Fig. l 
suggests the following conclusions. (1) The lines are un- 
saturated, for their representative points scatter about a 
straight line with slope 457. (2) There is a systematic 
decrease of about one magnitude (7-4 dex) from the long 
wavelength end to the short wavelength end, presumably 
owing to differential extinction. 

To derive the actual value of the colour excess the 
intensities of the lines, corrected for their transition prob- 
ability and excitation potential, are plotted against 
reciprocal wavelength in Fig. 2. The colour exeess is 
clearly marked, especially for the unblended Hines. 
eluding the 3-2 V lines, the position of which is sensitive 
to the excitation temperature adopted, the following 
least a an solution is EA for the colour excess, 


In Fig. 





I AX 


em RON bacs 


log I = (2-30 + 0-36) — (1-07 3:0-18) (1/2) 
or 


Epp = 1% 20+ Om-2a (S. E.) 
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Curve of growth for forbidden [Fe II] lines in 7 Carinae. For 

definition of large and small symbols, see text. 


Fig. 1. 


After correction for this colour excess, the relative inten- 
sities of the Balmer lines Hx to H3 measured by Rodgers 
and Searle!! agree very well with theoretical values com- 
puted by Capriotti?! for an optical depth of 25 in Ha, but 
the intensities of the higher Balmer lines measured by 
Aller and Dunham’ suggest. the possibility that the red- 
dening curve becomes anomalously flat in the ultraviolet 
below 24,000. But in view of the neglect of collisional 
effects in Capriotti’s work, the significance of the Balmer 
decrement is by no means clear in this case. 


The Continuum 


The results of section 2 strongly suggest that the mtrinsic 
reddening of 4 Carinae leads to a colour excess about 
(m-5 greater than that derived by Rodgers and Searle for 
the surrounding HII region. Acceptance of this result 
has a profound effect on the appearance of the continuous 
speetrum. To determine the correction for absorption and 
reddening, some assumptions must be made about the 
form of the reddening curve; I assume that this is given 
Ms »z 4,400 by dielectric No. 15 of van de Hulst” and for 

x 4,400 by the measurements in the Perseus region made 
by Nandy??. This corresponds to a ratio of total visual 
absorption to colour excess, R=3-0. If the true value of 
R is actually 6-0 in the surrounding HII region, as Rodgers 
and Searle found!!, then this could be approximately 
taken into account by increasing all the fluxes by another 
2m-] (0-8 dex), or possibly more if R> 3-0 for the intrinsic 
absorption of v Carinae itself. 

The corrected continuum is shown on a relative scale 





in Fig. 3, where it is compared with that derived by 
OS 
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Se 
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Fig. 2. Log I-log (F/Fay — log (QJ + DA] +0- 6x -log | (2/5,000), 


plotted against inverse wavelength. Symbols as in Fig. 1. The con- 
tinuous line represents the least squares solution given in the text. 
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Rodgers and Searle. It is clear that, with the new cor- 
rection for reddening, the increase towards the near infra- 
red is replaced by a decrease that is quite compatible 
with the continuum from a hot star; by way of example, 
we give in Fig. 3 the relative fluxes caleulated by Mihalas*?* 
for 7'- 24,000" K (0—0:21), log g=3-5, and it is clear 
that the agreement is quite good except in the region of 
the Balmer discontinuity where both the measurements 
and the precise correction for extinction are uncertain. 
With our value of the reddening there is no clear evidence 
for any discontinuity at the head of the Balmer continuum 
or elsewhere. In view of this, and in view of the large 
contribution probably made by collisions to the emission in 
the Balmer lines", I do not think it likely that the correc- 
tion for free-bound and free--free emission is as large as was 
assumed by Neugebauer and Westphal’ and I accord- 
ingly make no such correction here. On the other hand, 
recent calculations by Gerola and Panagia?* imply that 
two-photon emission from hydrogen is very important 
and can, indeed, aecount for the observed continuum in 
the optical and near infrared regions. Thus the resemb- 
lance to a stellar continuum, while striking, is probably 
only a coincidence. 
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measurements; 
E py = 1:20 u x 


Fig. 3 indicates that the source of the far infrared con- 
tinuum measured by Neugebauer and Westphal is quite 
different from that of the continuum below lu, a result 
that was already suggested by the sharp change in slope 
found by them at 1-655. on the basis of a smaller correction 
for reddening. Making a reasonable allowance for the 
extrapolated "stellar" continuum at 1-65, the three far 
infrared points fit a black-body distribution at 1,000° K, 
and Į tentatively attribute this result to emission from a 
dust cloud at about this temperature, situated within the 
emitting region. This type of explanation has already 
been briefly considered by Neugebauer and Westphal’ 
and a similar hypothesis (though with a lower temperature 
of about 200° K) has been investigated in more detail for 
the case of the planetary nebula NGC 7027 (refs. 23 and 24). 
Furthermore, the infrared energy distribution of 5 Carinae 
bears some resemblance to that of R Monoceerotis??, which 
has also been attributed to a dust eloud?*. In this con- 
nexion, it is of particular interest that R Mon (at the 
apex of Hubble's variable nebula) has recently been shown 
to be a non-stellar object. A somewhat similar infrared 
spectrum is also shown by the quasar 3C 273 (Fig. 4). 

Fig. 4 presents the continuum flux in absolute units 
reaching the Earth from 7 Carinae, corrected for extinetion 
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Fig. 4. Continuum flux due to y Carinae in absolute units (assuming A3) compared 


with the planetary nebula NGC 7027 


(data from ref. 24), with R Mon (data from refs. 


25 and 26) and with the Crab nebula, 3C 273 and NGC 1068 (data from ref. 15). 


assuming Ép.yp- 120, R=3-0, and from several other 
objects; this diagram is to be compared with the corre- 
sponding diagram by Neugebauer and Westphal!'5, on 
which it is partly based. It is clear from Fig. 4 that 
* Carinae resembles NGC 7027 m having a break in its 
energy distribution, and bears less resemblance to the Crab 
Nebula or to 3C 48 (not shown) in which the visible 
continuum is a smooth eontinuation of the infrared and 
probably also of the radio spectrum. Observations of 
* Cariae covering the gap between 3-4u and 1l em are 
awaited with interest. 


Origin of the Visual Continuum 


The large reddening found for 4 Carinae has implica- 
tions with regard to its physical structure that have vet 
to be explored. The presence of a hot-star energy distri- 
bution suggested at first that one was observing scat- 
tered radiation from a central star, which. however, has 
never been clearly identified visually. A much more 
promising hypothesis is that the optical and near infrared 
continuum 1s due to two-photon emission by hydrogen in 
the 2s state, a process that has recently been shown to 
be very significant in the presence of collisional exeita- 
tion" when the optical depth in Lyman-x is very 
large. Preliminary estimates based on the work of 
Gerola and Panagia?’ suggest, in fact, that both the 
spectral distribution shown in Fig. 3 and the mtensity of 
the continuum relative to He and certain other emission 
lines can be satisfactorily accounted for in this way. 


RNA Synthesis during Early Development of the 
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We have investigated the classes of RNA synthesized 
during the development of the laboratory mouse from the 
Previous autoradio- 


two cell to the blastocyst stage. 


* Present address: Sir William Dunn School of Pathology, South Parks 
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The incorporation of labelled precursors intc mouse embryo RNA 
has been studied by column chromatography and the use of sucrose 
gradients. The synthesis of new ribosomal and 45 RNA can be 
detected at the four cell stage. 


graphie studies?! have shown that labelled precursors 
of RNA are incorporated into ribonuclease-sensitive 
material in two cell and older embryos. At the four cell 
stage, nucleoli are labelled for tne first timet”. This 
suggests that in the mouse ribosomal RNA (rRNA) 
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synthesis begins at an earlier stage of development, 
judged by cell number, than in other animal species 
(amphibia!, sea urchins*, teleosts*, ascidians? and insects’). 
Using biochemical methods, we have first detected the 
incorporation of radioactivity into rRNA and 4S8 RNA 
at the four cell stage. We have also scught to explain 
why very little incorporation into acid-insoluble, ribonu- 
clease-sensitive material was observed at the four cell stage 
an other studies*-?5, 


Culture Techniques 

Female mice were superovulated'* by injecting 8 1U of 
‘Gestyl’ (FSH) and 8 iv of ‘Pregnyl (HCG) and each 
placed in a cage with two A,G males. The females were 
6-10 weeks old, from a randomly breeding closed colony. 
In superovulated females, eggs are fertilized during a short 
period, and the number of eggs ovulated in each female is 
greater than in a normal eycle!!. At recorded times after 
the last hormone injection. the embryos were dissected 
from the female. These times and the stage of develop- 
ment of the embryo are marked in Fig. 7. 

The embryos were cultured at 37° C with 5 per cent 
CO, in air". Thirty embryos were placed in 0-05 ml. 
drops of medium under liquid paraffin. At first à medium 
containing bovine plasma albumin was used (Armour 
Pharmaceutical Co.)?. In this medium two and four 
cell embryos are only slightly permeable to radioactive 
precursors. This is probably the reason why previous 
workers have found little radioactivity incorporated into 
RNA at these stages*?*. At later stages the permeability 
to RNA precursors rises markedly (compare ref. 14). In 
contrast, culture in à medium which eontains 50 per cent 
whole foetal bovine serum (Microbiological Associates, 
Bethesda. Maryland) gave far greater uptake of tritiated 
nucleosides. Except where indicated. the medium con- 
taming serum was therefore used in the present experi- 
ments. 

To obtain enough radioactivity in RNA for subsequent 
analysis, the embryos were cultured m labelled precursors 
at a concentration of 200 wCi/ml. 5-?2H-uridine, 16-0 Ci/mM 
and 27-8 Ci/mM,; 8-*H-guanosine. 5-1 Ci/mM; methyl- 
3H-L-methionine, 50 Ci/fmM; 4C-sodium bicarbonate, 
41-1 mCi/mM,; *P-disodium hydrogen orthophosphate, 
781 mCi/mM. This concentration could have effects on 
development, but the nucleic acid metabolism is unlikely 
to have been changed. for the embryos were normal in 
the following respects. (1) Labelled and unlabelled 
two cell embryos proceeded to the three and four cell 
stages synchronously. (2) The classes of RNA synthe- 
sized by blastocysts were the same, and were found in 
similar proportions whether the precursor concentration 
was 200 uCi/ml. or 20 uCi/ml. 

The possibility that the RNA synthesis we observed 
was “induced” by the culture conditions could not be 
excluded. Attempts to label acid-soluble or insoluble 
substances in embryos n vivo, either by injecting 100 uC 
of 5-*H-uridine into each oviduct or by injecting 400 uCi 
of **P-phosphate intraperitoneally into each of ten mated 
females, have all failed. "Phe only reason for thinking 
that the RNA synthesis we have observed was not the 
consequence of $n vitro culture was that electron miero- 
scopic observations on uncultured eggs revealed the 
&ppearance of adult fibrillar nucleoli at the stage during 
which rRNA synthesis was first detected". 

We believe that the RNA synthesis occurred within 
the embryos rather than outside them for the following 
reasons. (1) Autoradiographs of embryos taken from 
these experiments showed that more than 95 per cent 
of the incorporated radioactivity was intracellular rather 
than in the zona pellucida or the surrounding medium. 
(2) If the zona pellucida was removed with pronase and 
the naked embryos rinsed in ten changes (1 ml. each) of 
non-radioactive medium, the amount of acid-imsoluble 
radioactivity detected after 6 h of labelling was not signifi- 
eantly reduced. (3) After embryos were cultured for 6 h, 
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the medium contained no radioactivity in acid-insoluble 
material. After ineubation, the embryos were rinsed with 
six changes of culture medium and stored at — 70^ C 
until they were extracted and analysed by standard 
techniques (see biochemical methods). 


General Characteristics of Nucleic Acid Synthesis 

Methylated albumin-kieselguhr (MAK) chromatography 
is a convenient method of investigating the genera! 
features of nucleic acid synthesis, for it resolves nucleic 
acids into low molecular weight (LMW) RNA, high 
molecular weight (HMW) RNA and DNA*". The 
patterns of incorporation of 5-?H-uridine at the four cell, 
eight cell and blastocyst stages are shown in Fig. 1. 
At the one cell or two cell stage embryos incubated with 
o-H-uridine, *H-guanosine, ?*P-phosphate or 4C-bicar- 
bonate incorporate very little radioactivity into RNA. 
These precursors have been successfully used to label 
early frog embryos. At all the later stages radioactivity 
is incorporated into LMW RNA and HMW RNA after 
6 h ineubation with 5-?H-uridine. DNA is not significantly 
labelled except possibly in blastocysts; presumably the 
tritium on the 5-C atom of the uracil ring is lost in the 
methylation to thymine!*, and in contrast to adult cells 
there is little or no conversion of labelled uridine to 
derivatives of cytidine during a 6 h incubation with this 
precursor (Fig. 2). 
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MAK column chromatograms of RNA extracted from mouse 


Fig. 1. 
embryos labelled with 5-*H-uridine for 6 h. (a) 495 four cell embryos, 
labelled for the first 6 b of the four cell stage (some three cell at the 
start of incubation), OD, Xenopus ovary RNA. (5) 100 eight cell embryo 
(range six to twelve cella, average 8-3), OD mouse liver RNA. (c) Twenty- 
two blastocysts incubated in the serum-alburnin medium (range fourteen 
to forty-three cells, average 28:3), OD, Xenopus ovary RNA. ($0) Acid 
insoluble e.p.m.; ... OD 254 my (arbitrary scale). 


To confirm that littl RNA ts synthesized at the two 
cell stage, it must be established that the label effectively 
penetrates the embryos, that it is converted into an 
immediate precursor of nucleic acids and that this pre- 
cursor is available at the potential site of synthesis: 
53H-uridine was found to enter mouse embryos at all 
stages (Table 1. column 4). ‘Dowex’ column ehromato- 
graphy showed that some of the radioactivity was in the 
form of ?*H-UTP (Fig. 2). There was no great difference 
in the proportions of ?H-uridine derivatives at the two 
cell and eight cell stages after 6 h ineubation (Fig. 2a and 
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Fig. 2. 'Dowex'.1-formate chromatography of acid-soluble substances 
isolated from mouse embryos after 6 h labelling with 5-*H-uridine. The 
OD trace represente added nucleotides, the identity of which is indicated. 
(a) 100 eight cell embryos (range 6-12, average 8'3). (b) 283 two cell 
embryos. (Abbreviations used: UR, uridine; UMP, -DP and -TP, 
uridine monophosphate, diphosphate and triphosphate? UDPG, uridine 
diphosphoglucose; CTP, cytidine triphosphate.) (4) Acid insoluble 
epim., ... OD 254 my. 


b) and it was also found that ?H-UTP was present in two 
cell embryos after 1 h of incubation. It is difficult to 
exclude the possibility that the precursor pools are com- 
partmentalized so that the radioactive UTP is excluded 
from nuclei active in RNA synthesis at one stage of 
development, but not at another. If the entry of radio- 
active UTP into nuclei oceurred with equal efficiency at 
all stages of development, then these MAK results show 
that there is a marked increase in the rate of accumulation 
of radioactivity in LMW and HMW RNA between the 
two cell and four cell stages, and between the four cell 
stage and the blastocyst (see also Table 1). 


High Molecular Weight RNA Synthesis 


The accumulation of label in different classes of HMW 
RNA was investigated by sucrose density gradient centri- 


Table 1. RATES OF NET RNA SYNTHESIS 


HMW HMW RNA 48 RNA 
C. p.m. epn. 4S cpm. Pm x10 cpm, x 10 
in 4S Avid x 105 OX ME acid sol. acid sol. 
Stage HMW RNA sob acid acid soi, Cpm. x cpm. * 
BNA cepam. uble sol, e.p.m. cells] cells 
ep.m. —ep.m. embryo embryo 
Zeell 418 (100) 49,800 0-84 (0-2) 4 (1) 
2 cell- » 
4 cell 239 (77) 54,900 01 (0-1) 2 (0-7) 
4 cel 31.085 (181). 15,300 7 (1-2) 1s (3) 
3,830 (218) 54,024 7 (0:4) is (1) 
Reell 2,278 270 20,970 — 11 H 14 2 
14,811 2,460 110,352 13 3 17 3 


‘The labelled RNA was analysed on “Sephadex 6-100' columns, Acid 
soluble counts/min (¢.p.m.) were also taken from the ‘Sephadex’ analysis. 
Values in parentheses represent radioactivity in the region of 45 marker RNA 
when the radioactivity did not elute asa 45 peak, Cell counts were made by 
the method of Tarkowski*. 
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Fig. 3. Suerose-density-gradient centrifugazion of RNA extracted fron 
mouse embryos labelled with 5-H-uridine for 6 h. (4) 947 two celi 
embryos. (b) 641 two cell embryos which had reached the three or four 
cell stage at the end of incubation. (e) 384 four cell embryos labelled for 
the first 6 h of the four cell stage (some thre: cell at the start of incuhe- 
tion). (d) 100 six to twelve cell embryos average 8-3, The OD trace 
represents added mouse liver RN A, for metheds see biochemical methods. 
(@) Acid soluble e. pom. ; ... OD 254 mp (arbitrary scale). 


fugation. It is evident from Fig. 3 that 255 and 165 
regions of the gradient contain less radioactivity than 
LMW RNA at the two cell stage (ig. 3a and 5), but that 
by the eight cell stage (Fig. 3d) 28* and 165 rRNA regions 
contain more radioactivity thaw LMW RNA. Large 
radioactive peaks of 285 and 165 BNA were first detected 
during the four cell stage. whick lasts for about 16 h. 
When embryos were labelled for # h at the beginning of 
this stage radioactivity sedimented in three peaks. 
Thereisan LMW peak. a peak coincident with the 16/5 rRNA 
and a third sedimenting faster than the marker 285 
rRNA (Fig. 3e). After labelling fer 12 h, which included 
the latter part of the four cell stagc. the third radioactivity 
peak was coincident with the 285 rRNA marker (Fig. 4). 

This pattern of incorporation muy be interpreted in the 
light of current views of ribosome genesis!*:?9,— rRNA is 


Acid insoluble ce. p.m. 





Tube No. 


Fig. 4. Sucrose-density-gradient centrifugation of RNA extracted from 
328 mouse embryos labelled with 5-*H-urid:ae for 12 b during the four cell 
stage. Details as in biochemical methods, «xcept that the specimen was 
centrifuged for 12 h at 23,000 r.p.m. to ¢ good resolntion of HMW 
RNA. (@) Acid insoluble c.p.m.; . 8D 254 mp (arbitrary sealed. 
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» Table 2, NUCLEOSIDE ANALYSIS OF LABELLED RNA 


Source of nucleic acid preparation U pm, y c. p.m. C e,p.m. 
3 cell HMW RNA from ‘Sephadex’ separation 253 0 9 
38 cell LMW RNA from sucrose gradient 396 90 43 
2 cell LMW RNA from sucrose gradient 86 1 Š 


T c.p.m. A e.p.m. G e. p.m, 95 as U 05 aa C 


0 0 0 97 0 3 
25 0 13 70 16 8 
0 u i a] i à 


U, Uridine; v, pseudouridine; C, eytidine; T, thymidine: A, adenosine; G, guanosine, 





believed to pass through a maturation sequence, in which 
459 precursor rRNA is converted to 325 and 168 mole- 
cules, amd then to 28S and 165 mature rRNA within 
ribosomal subunits?*, Our results can be interpreted in 
one of two ways: (i) precursor rRNA is synthesized 
during the first 6 h of the four cell stage and matures no 
further than 165 and 305—358 rRNA molecules until the 
succeeding 6-12 h period; or (i) precursor rRNA is 
synthesized throughout the four cell stage and is eonverted 
to 288 and 168 RNA more slowly than at later stages. 
We favour the first interpretation because it is supported 
by the ultrastructural and autoradiographie evidence. 
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Fig. 5. Chromatograms of RNA extracted from mouse embryos, incu- 
bated with 5-?H-uridine for 6 h. Columns of 2 x Z00 em ‘Sephadex G-100' 
were used. (a) 408 embryos labelled during the first part of the four cell 
stage, Marker RNA was from Xenopus ovary. (b) 300 embryos labelled 
at the eight/twelve cell stage, marker RNA from rat liver. Both experi- 
ments repeated once with similar results. The OD peaks are (left to right) 
HMW RNA, 58 RNA, 45 RNA and phenol. (8) Acid insoluble c.p.m.; 
CO) acid soluble e. p.m.; ... OD 254 my (arbitrary scale). 


The two nucleoli characteristic of adult cells appear in 
electron micrographs of late four cell embryos, and at this 
time become heavily labelled with *H-uridine’. 

At the eight cell stage, peaks of radioactivity are found 
which are coincident with 28S, 165 RNA and LMW RNA 
after 6 h labelling; a similar distribution of radioactivity 
is found after 6 h labelling of adult cells! *:?!, 


low Molecular Weight RNA 

The sucrose gradient study (Figs. 3 and 4) shows that 
LMW RNA synthesis can be detected at the two cell 
and later stages of development. We were unable to 
detect this RNA using MAK columns in experiments with 
two cell stages, even when the column was washed through 
with KOH. Fig. 3a and b indicates that LMW RNA is the 
predominant class of RNA synthesized at the two cell 
stage. 

We have further characterized LMW RNA by its 
behaviour on ‘Sephadex G-100' eolumns, which can re- 


solve the 48 and 58 RNA of mammalian cells??. These 
columns have the further advantage of concentrating 
all of the HMW RNA into a few fractions and thus making 
it possible to detect very small amounts of incorporation. 
Fig. 5b shows that 49 RNA is synthesized by embryos 
at the eight cell stage. In contrast, after labelling during 
the first 6 h of the four cell stage, most of the radioactivity 
in LMW RNA is distributed between the 4S and 5S 
RNA markers. Similar patterns of incorporation into the 
LMW RNA of cultured adult cells have been obtained 
after short labelling periods?*?. Evidence was provided 
that much of the radioactive LMW RNA was a precursor 
of 4S RNA. It might be that at the four cell stage of 
the mouse, the bulk of the radioactivity in LMW RNA is 
in the form of a precursor of 48 RNA in the same way that 
much of the radioactivity in HMW RNA appears to be 
in the form of a precursor of mature rRNA. A predomin- 
ance of precursor RNA might be expected in a situation 
in which rRNA and 4S RNA synthesis is beginning or 
increasing from a very low rate. Similar patterns 
of incorporation have been obtained in the embryos of 
Xenopus laevis when LMW RNA synthesis is first detected 
(Woodland, in preparation). 

At the two cell stage, we have detected incorporation 
into HMW RNA at a low level (Table 1), but there is no 
discrete peak of LMW RNA and much of the radioactivity 
elutes after 4S RNA. This indicates that the LMW RNA 
detected by sucrose gradient centrifugation must. be of 
some type other than 45 RNA. It might be degradation 
products from larger molecules or an unusual type of 
RNA. Samples of RNA from eight cell stages and blasto- 
cysts stored at — 70° C for the same time as two cell 
stages do not show this degradation pattern. Therefore 
if degradation is occurring in RNA from two cell embryos, 
then this RNA must differ in its stability from RNA 
synthesized by later stages. 

To be certain that we have detected true 4S RNA 
synthesis, it is necessary to exclude the possibility that 
the observed incorporation of radioactivity merely 
represents turnover of the terminal (—CCA) nucleotides 
of the molecule. This can be achieved by demonstrating 
that the radioactivity is not present as eytidylie acid. 
It is seen from Table 2 that the radioactivity incorporated 
into 4S RNA is predominantly in the form of uridylic 
acid. The high proportion of pseudouridylie acid in 
LMW RNA is evidence that the 4S RNA is transfer RNA, 
for mammalian transfer RNA is relatively rich in this 
nueleotide?*, 
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Fig.6. ‘Sephadex G-100'fractionation of RN A extracted from 240 eight/ 
twelve cell embryos labelled with methyl? H L-methionine for 6 h. 
Details as in Fig. 5. 
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A eharacteristic of 4S RNA and rRNA is their high 
degree of methylation. We have used this as an additional 
demonstration of the formation of 48 RNA at the eight 
cell stage. When RNA was labelled with methyl-*H- 
methionine at the eight cell stage and separated on 
‘Sephadex G-100', peaks of radioactivity exactly comc- 
dent with the 4S and HMW RNA markers were obtained 


(Fig. 6). In the absence of any evidence for turnover of 


the methyl groups of nucleic acids. this result may be taken 
as further evidence that mature 4$ RNA is formed by the 
eight cell embryos. 

Peaks of labelled RNA coincident with marker 5$ RNA 
are observed at both the four cell and the eight cell stages. 
It is not known if this is the class of 55 RNA usually 
associated with ribosomes. 


Rates of Net Synthesis of Nucleic Acid during 

Development 

It is impossible to measure accurately the rates of net 
synthesis of nucleic acids unless the specifie activity of the 
precursor pool is measured, but the small size of the mouse 
embryo makes this impracticable. We have attempted to 
make crude estimates of net synthesis rates by comparing 
the radioactivity incorporated into classes of RNA 
fractionated on ‘Sephadex’ with the total acid-soluble 
radioactivity (Table 1). The use of this measure 


partially justified by the knowledge that the proportion of 


label as ?*H-UTP is similar in two cell and eight cell 
embryos (Fig. 2). 

Table 1 shows that the incorporation of 5-?H-uridine 
into HMW RNA increases markedly between the two and 
four cell stages. The data suggest that each cell of four 


and eight cell embryos accumulates similar amounts of 


radioactivity in HMW RNA and that they are five to ten 
times more active in this respect than the cells of two cell 
embryos. It also seems likely that we would have detected 
4S RNA synthesis in two cell embryos if their cells had 
been active in its accumulation as those of eight cell 
embryos. 


Significance of Early Nucleic Acid Synthesis in Mouse 
Embryos 


different from most other embryos in the extremely early 
stage of development (judged by cell number) at which 
they begin to synthesize 48 and rRNA. At the four cell 
large amounts of label appear in positions characteristic 
of possible precursors of these molecules?. Thus 48 and 
rRNA genes may become activated within the same cell 
eyele. This situation contrasts with that in the embryos 


The solid lines represent the stages at which the gy nite 
particular kind of RNA has definitely been detected. 


of development during which RNA synthesis has beensdetected 
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a considerable time before mature 28S and 18S RNA can 
be detected? *. Prior to the four cell stage. small amounts 
of HMW RNA are synthesized by mouse embryos. just 
as in the earliest embryonie stages of sea urchins? and 
frogs?*:?*, Its site of synthesis and role in cell metabolism 
is unknown. A similar uncertainty exists about the LMW 
RNA of two cell mouse embryos. 

The early synthesis of rRNA ard 48 RNA in mammals 
is probably necessitated by the small size of the embryos. 
A large egg such as that of the frog Xenopus laevis contains 
a store of ribosomes accumulated during oogenesis*’, 
sufficient to last until the free swimming stage?" The 
mouse egg does not contain such arge stores of ribosomes 
and, because it is active in protein synthesis from fertiliza- 
tion onwards", there may be an uranediate requirement for 
new ribosomes. A similar argument may explain the 
early synthesis of 45 RNA. 

Our evidence suggests that, in mice, genes are transcribed 
at the two cell stage. The folowing genetic evidence 
supports this view. (i) Embrycs containing the Y sex 
chromosome, but not the X, die at the two cell stage, 
whereas those with a single X sex chromosome develop 
into adults?*?2, (ii) A paternal effect on the rate of cell 
division is first detectable at tbe second cleavage divi- 
&lon?*. The fact that actinomyem D blocks cell division 
at the two and four cell stages?** may also mdicate that 
essential RNA synthesis oceurs at the two cell stage. 

We thank the Medical Research. Council for financial 
support. and Dr J. B. Gurdon, Professor H. Harris, Dr 
D. R. S. Kirby, Mr I. R. Lloyd. Dr A. McLaren and 
Professor J. W. S. Pringle for them help. €. F. G. is à 
Beit Memorial fellow. 

Note added in proof. Increasing amounts of radio- 
activity have been detected in LMW RNA, HMW RNA 
and “tenaciously bound DNA like RNA” m mouse 
embryos from the eight cell stage on. using MARK column 
analysis®s, . i 


BIOCHEMICAL METHODS 


MAR eolumns. DNA and RNA were extracted in G1 M CHQCOONS, pH 
7:5, 4 ug/ml. polyvinyl sulphate (PYS), 0-5 per cent sodium dodecyl sulphate, 
at O° C. Otherwise the phenol extraction amd column chromatography were 
as previously deseribed*, Recoveries were two cell, 56 per eent; four and 
eight cel stages approximately 100 per een: l 

‘Sephadex’ columna. The embryos were T 
2l. of 0-3 M CH,.COONa, pH 3-1, 4 ugi 
prepared from mouse liver or fram Xenopus ii 
of 48 and 58 RNA} was added at this stage 
added to (8-5 per cent and the embryos w 
saturated phenol at 4° C, This is essentially 
Littna*. The supernatant was transfe 

















awed out and homogeni 
of PVA, at (^ C, Carrie 





nient souree 
sulphate was 
with water- 








x200 em column of 
Sey a, pH 5-1, 2 ugiml. of 
PYA, i | 
monitored at 254 mu, using an LEB ‘ly 
methyl-?H-methionine were first adiusted t 
methy D-methyIamine and incubated for min at 47° € to remove the 
methionine from transfer RNA. Hecovesies were: two cell, 75 per cent: 
four eel, 92 per cent; eight cell, 83 per cent. 


icord". Samples labeled with 
pH 8:5 with 1 ML tris Chwdroxy- 
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Sucrose gradients. RNA was extracted as for ‘Sephadex’ columns. The 
second phenol supernatant was made 0-3 M with CH,COOK and the RNA 
precipitated with 2 volumes of ethyl alcohol at —20° C for 3 h, It was 
washed with 70 per cent and 100 per cent ethanol and dissolved in 0-3 ml. of 
0-01 M CH COONa, pH 5:1, 10-* M EDTA, 2 ugíml. of PYS. The solution 
Was layered on 20 ml. of 5-20 per cent sucrose gradients, containing 0-01 M 
CH; COONa, pH 5:1, 10+ M EDTA, 1 ug/ml. of PVS. The gradients were 
centrifuged at 29,000 r.p.m. in an MSE ‘Superspeed 50’ centrifuge for 12 h 
at 4° C, Recoveries were: two cell, 52 per cent; 2~3 or 4 cell, 83 per cent; 
eight cell, 60 per cent. 

‘Dowex’ columns, Embryos were homogenized in 1 N HCIO, at 0* C, The 
precipitate was removed by centrifugation and the supernatant neutralized 
“with 5 N KOH, using phenolphthalein as an internal indicator. After cooling 
te 0°C the KCIO, precipitate was removed by centrifugation. Marker nucleo- 
sides and nucleotides were added and the supernatant was transferred to 
1x10 cm columns of ‘Dowex-1-OH', prepared as described before. The 
column was washed with 0-005 N HCOOH until the OD 254 my of the eluent. 
was constant, A linear gradient from water to 4N HCOOH, 1-2 M HCOONH à 
( e HCOONH, buffer was first adjusted to pH 4-0) was passed through the 
column. 

Analysis of fractions. Nucleic acids were precipitated by the addition of 
trichloracetic acid to 5 per cent in the presence of 30-40 ug carrier RNA and 
the precipitate collected on ‘Millipore’ filters. The radioactivity was estima- 
ted in a liquid scintillation counter. To determine acid-soluble radioactivity 
0-5 ml. aliquots were taken and counted in a ‘Cellosolve’/toluene fluor similar 
to that of Hall and Cocking**. RNA was eluted from 'Millipore' filters with 
two batches of 0-1 M NH,OH. The RNA was hydrolysed by treatment with 
0-3 N KOH at 37? C for 18 h. Potassium ions were removed with ‘Dowex- 
50-H*' using phenolphthalein as an internal indicator. The resin was collected 
by centrifugation and part or all of the supernatant used to determine the 
proportion of radioactivity remaining acid insoluble. RNA fractionated hy 
ali the methods used was 60-100 per cent KOH labile. 

If the base composition of the alkali-hydrolysed sample was to be determ- 
ined it was dried down and dissolved in 0-1 ml. of 0-05 M sodium glycinate, 
pH 10-4, containing 20 ug of alkaline phosphatase. After ineubation at 37°C 
for 30 min it was spotted on to 20 x 20 cm cellulose thin-la yers and a marker 
mixture containing pseudouridine, thymidine, guanosine, cytidine and 
adenosine was added. The separation was achieved by electrophoresis in an 
aqueous solution containing 7-5 per cent CH,COOH and 2-9 per cent HCOOH 
(pH. 1-83) followed by chromatography in 86 per cent aqueous butanol in the 
second dimension", "The spots were located with a short wavelength UV 
lamp, cut out, eluted in 0-5 ml. 0-1 N HCl and then counted in 10 ml. of the 
'Celiosolve'/toluene fluor. 
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MITOCHONDRIAL DNA from animal cells exists primarily 
in the closed circular form with a molecular weight of 
10-11 million daltons. Complex forms of mitochondrial 
DNA from HeLa cells! and human leukaemic leucocytes? 
have also been described. These complex forms are of 
two types. First, there are circular dimers which are 
circular molecules with twice the molecular weight and 
contour length of the monomers. Second, there are 
catenanes, consisting of two or more interlocked mono- 
meric circles. Circular DNA molecules can have either a 
closed (intact) or open (nicked) circular topological struc- 
ture and either a superhelieal or relaxed conformation. 
Catenated dimers can have three topological structures and 
three corresponding conformations. We will refer to the 
three structures as doubly-open, doubly-closed and singly- 


closed structures. The three structures have been identi- 
fied on the basis of their differing interaction with ethidium 


chloride in a caesium chloride gradient!. We report here 


* Present address: Department of Chemistry, Harvard University, Cam- 
bridge, Massachusetts, 


The interlocked duplex DNA rings in a catenane appear to sediment 
as independent units when the rings are relaxed and as connected 
units when the rings are in a superhelical conformation. 


the results of an investigation of the three conformational 
states of catenated DNA molecules by the sedimentation 
velocity method. 

In order to compare our results with sedimentation 
results for other DNA species. we have correlated the 
sedimentation coefficients of closed circular superhelical 
DNAs of various molecular weights. Similar correlations 
are made for open eircular DNAs. These comparisons 
show that the doubly-closed catenated dimer sediments 
with the same velocity as a closed cireular dimer. The 
triply-closed catenated trimer has the sedimentation 
coefficient indicated for a circular trimer. On the other 
hand, the catenated dimer in which both of the sub- 
molecules are in the relaxed conformation has a sedimenta- 
tion coefficient smaller than that of the relaxed monomer. 


Band Centrifugation of HeLa Cell Mitochondrial DNA 


The sedimentation velocity pattern for HeLa cell 
mitochondrial DNA is shown in Fig. 1. The numbers 
near the bands are the sedimentation coefficients of each 
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sedimenting component to the nearest integer. The 
closed circular DNA used in this experiment was prepared 
just before the sedimentation experiment. It should 
therefore consist primarily of closed circular species. An 
analysis with the electron microscope indicated that the 
sample contained, in addition to the monomer, about 
ll per cent by number eatenated dimers and about | 
per eent eatenated trimers, or about 18 and 2 per cent 
respectively on a mass basis. With this background 
information, and the assumption that the nicking of the 
DNA molecules that had oceurred was random, the 
velocity pattern can be uniquely analysed with the aid of 
the Poisson relation. There is also the additional informa- 
tion that the closed and open circular monomeric species 
have sedimentation coefficients of 38-39 S and 27 8 re- 
spectively. In the pattern in Fig. 1 the 37 S species 1s 
considered to be the superhelical monomer. It 1s the major 
species, as expected. The difference between the measured 
value, 37 5, and the reported values’, 38-39 S, obtained by 
other workers is statistically significant. It probably arises 
from a difference between the CsCl band velocity pro- 
cedure and the NaCl boundary velocity procedure which 
will be discussed later. If this is the case, all our values 
are expected to be lower than those of other workers by 
about 4 per cent. The 26 S species is identified as the 
relaxed circular monomer because of its sedimentation 
coefficient. We can estimate from the relative areas 


under the 26 S and 37 S bands that about 15 per cent of 


the monomers have suffered single strand seissions. The 
catenated dimer should therefore be present for the most 
part in the form of the doubly-closed species. This 
identifies the 51 S material as the doubly-closed catenane. 
The area under this band is about 15 per cent of the total, 
in agreement with the fraction of catenanes found by 
eleetron microscopy after allowing for the nicking that 
had occurred. We tentatively assign the 62 S peak to a 
fully superhelical trimeric catenane, the 40 S peak to a 
catenated dimer consisting of one superhelical and one 
relaxed circular submolecule, and the 23 S peak to a fully 
relaxed catenated dimer. 

Some of the bands in this pattern are very small. Our 
confidence in their reality is based on the faet that these 
small bands are seen in most of the scans in a given 
experiment, they move from scan to scan and give a linear 
plot of log r against t. Furthermore, they each appeared 
in at least two different velocity experiments with the 





Fig.1. Band sedimentation velocity patterns of HeLa cell mitochondrial 
DNA containing largely closed circular molecules. The sedimentation is 
from left to right. The absorbance at the top of the cell is due to EDTA 


in the sample. The scans were made approximately at the indicated 

times after attaining the nominal rotor speed. The numbers near the 

bands are the standard sedimentation coefficients of each component to 
the nearest integer and are expressed in Svedbergs for Na DNA, 
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Band sedimentation velocity paterns of Hela cell mitochondrial 
The sedimentation i8 
from left to right. The scans were madempproximately at the indicated 
times after attaining nominal rotor spee’. The numbers near the bands 
are the standard sedimentation coefficients of each component to the 
nearest integer and are expressed im Svedbergs for Na DNA. 


Fig. 2; 
DNA containing largely open circular molecules. 


same sedimentation coefficient. Further evidence for the 
reality of the 23 S band will be presented later. The 
smaller bands in Fig. | represent less than (0l ug of 
DNA or 2 x 10* molecules for the trimers. 

A sedimentation velocity analysis of the same sample of 


HeLa mitochondrial DNA after storage for 2 weeks is 
shown in Fig. 2. The 37 8 closed cireular superhelical 


monomer is now a minor component while the 26 5 
relaxed cireular monomer is the major component. Most 
of the monomer has been nicked. The catenated dimer 
should therefore be largely in the form of the doubly-open 
species. The 23 S component. now increased in relative 
amount, is identified as the coubly-open catenane, in 
agreement with the previous &ssignment. The relative 
areas under the curves agree with the expected composition 
based on electron microscopy. 

The sedimentation coefficient. 23 S, is also the value 
predicted for linear molecules of the mitochondrial 
molecular weight. 5u linear molecules were not seen in 
the original preparation in the electron microscope. The 
possibility that single strand scissions gave rise to linear 
molecules prior to centrifugation must still be considered. 
Such processes seem very unlikely because of the presence 
of the 23 S component in the sample analysed in Fig. ! 
which is predominantly in tae closed cireular form. 
Previous calculations? have shown that linearmation of 
10 per cent of a 10 million dalten circular duplex requires 
on the average about 150 nicks per molecule. and that 
closed duplexes are absent from samples which have been 
linearized by random nieking*^. Similarly. the presence 
of some closed 37 S material in zhe sedimentation pattern 





scopy and from the conversion of the 51 S component 
argues that it consists of the catenanes. ‘The sharpness 
of the 23 S band and the absense of any trailing material 
other than the EDTA also argue strongly against any 
enzymatie or random hydrolytie linearization. 

In order to confirm our assigament of the fully relaxed 
eatenated structure to the 23 ,9$ band. a sedimentation 
velocity experiment was performed in the preparative 
ultracentrifuge with fully nicxed HeLa mitochondrial 
DNA. The fractions in the region which should contain 
20-30 S material were examired in the electron miero- 
scope. The results are shown in Table 1. These results 
show that there is an enrichmert of catenanes in a region 
centripetal to fractions that centain monomers and are 
depleted in eatenanes. Very litsle—-less than 5 per cent-— 
linear DNA was found on any of the grids and it was 


teur 
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Table 1. 
DIMER WITH THE 23 S COMPONENT 


Fraction Molecules Percentage 
number eounted catenated dimers 
38, 40* — — 

42 100 343 

44 400 2411 

46 200 443 

47 100 1146 

50 100 1948 

82 300 4146 

54 100 51410 
56, 60* — me 


* DNA was not seen on specimen grids prepared with these fractions. 


_A sample of closed circular HeLa mitochondrial DNA was banded in a 
CsCi-ethidium bromide gradient. The material was primarily in the lower 
(closed) band. On standing at room temperature for 24 h and rebanding, 
90 per cent of the material was in the upper (open) band. The contents of the 
tube were pooled, diluted and pelleted at 41 kr.p.m. in an SW 41 rotor for 
8h, 207 C. The pellet and bottom few drops were mixed in a total volume of 
0-25 ml. and layered on a 4-5 ml. linear CsCl gradient (density 1-3 to 1-4 g/ml.) 
in au SH’ 50 centrifuge tube. The tube was centrifuged at 45 kr.p.im. in an 
SW 58rotorfor 3 h, at 20° C. 

Fractions (0-04 ml.) were collected and numbered from the bottom of the 
tube. Previous calibration of this centrifugation procedure indicated that 
Zl 5 SV 40 DNA moved to approximately fraction 60. In this experiment 
mitochondrial DNA was found in the region corresponding to 22-98 S. The 
fractions listed were processed for electron microscopy as previously described, 
Only unambiguous monomers and unambiguous dimers were counted in the 
scoring. The indicated errors are the 95 per cent confidence limits ealeulated 


from 
Lf, yl 
fo + mpe e (` ( Ak 
gx =196(" (1 .J) 


weeds z is the number of catenanes and n is the total number of molecules 
BCOTeG 


The other form of complex mitochondrial DNA is the 
circular dimer. A particular patient suffering from chronic 
granulocytic leukaemia has mitochondrial DNA which 
consists in part of circular dimers. The sedimentation 
velocity pattern of a sample of closed circular mito- 
chondrial DNA from this patient has been previously 
presented’. The sedimentation velocity pattern of open 
circular mitochondrial DNA from the same patient has 
been analysed and the sedimentation coefficient of the 
relaxed circular dimer form, 33 S, determined (unpublished 
work of D. A. Clayton). 


Determination of Standard Sedimentation Coefficients 


The standard sedimentation coefficients, Saw, for 
Na DNA presented here have been obtained from measured 
sedimentation coefficients with the correction procedure of 
Bruner and Vinograd*. This correction proceeds in two 
steps. A “plot” of Syre) versus o (in a computer program) 
is extrapolated linearly to p=0-998 g/ml. from the 
Observed result S3, rrj in a CsCl solution with a density 
p2:1:35 g/ml. and the buoyant density corrected to 20°, 
This linear extrapolation is based on the experimentally 
observed linearity of such a plot for T7 phage DNA. The 
extrapolated value is converted to the sodium salt value 
by multiplication by an experimental faetor determined 
in the experiments with T7 DNA. Our S,5,, values are 
shghtly lower than the values observed by other workers 
for mitochondrial DNAs. Thus for form II determined 
in ] M NaCl there is fairly general agreement! on a value 
of 27-4-- 0^5 S, but our value is 26-1 +02 S. Dawid? has 
measured the sedimentation coefficients of the mitochon- 
drial DNA from Xenopus laevis and Rana pipiens in both 
NaCl and CsCl solutions arid has reealeulated the caesium 
to sodium DNA correction factor. His value differs from 
the previous value by 3 per cent. If we use his value for 
the correction factor, we calculate a sedimentation co- 
efficient of 26-9 S for form II, in good agreement with 
published results by others. This is also the case for 
form I. It has been found recently in this laboratory 
(Gray, unpublished results) that the plot of S741 against 
o for SV 40 DNA is not quite linear for concentrated 
CsCl solutions but curves slightly downward. Some 
downward curvature can. with hindsight, be seen in the 
data of Bruner and Vinograd. This curvature probably 
accounts for the different apparent values of the caesium 
to sodium DNA conversion factor and for the shght 
deviations between our sedimentation coefficients and 
those determined in NaCI. 


VERIFICATION OF THE ASSIGNMENT OF THE RELAXED CATENATED 
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Fig. 3. The sedimentation coefficients of relaxed cireular DNA as a func- 
tion of molecular weight. The line is calculated according to equation (1). 
The standard sedimentation coefficients are for NaDNA at infinite 
dilution. When measured in NaCl the experimental values have been 
corrected by the Svedberg procedure; when measured in 2:8-3-0 M 
CsC1 the values have been corrected by the method of Bruner and 
Vinograd’. The DNAs are: (1) polyoma (Gray and Vinograd, unpub- 
lished); (2) RF-gx!*#; (3) monomerie mitochondrial DNA from HeLa 
cells (this work); (4) circular dimers from human leukaemic leucocytes 
(Clayton, unpublished results); (5) viral lambda b,b,e!?; (6) intracel- 
lular P22 monomers; (7) lambda c?!, The molecular weights were 
calculated from the sedimentation coeffielents of the linear species’? for 
DNAs 1,55, 6 and 7. The result obtained by light scattering was used 
for 2. Electron microscope measurements of contour length were used 
for 3and 4. The error bars represent our estimate of the uncertainty in 
the latter two values, 


Correlations between Molecular Weight and Sedimen- 
tation Coefficients 


Several correlations between the molecular weight of a 
DNA molecule and its sedimentation coefficient have been 
presented for linear. open circular and closed circular, 
superhelical DNAs. Crothers and Zimm! have investi- 
gated the dependence of the sedimentation coefficient of 
linear DNA as a function of molecular weight determined 
by light scattering. methods for the lower molecular 
weights and more approximate methods for the higher 
molecular weights. Gray. Bloomfield and Hearst! have 
presented a semi-empirical justification of the equation of 
Crothers and Zimm. They have also extended this 
semi-empirical treatment to the ease of relaxed circular 
DNA. 

Several DNAs oeeur or have been prepared in both 
linear and open circular forms and the sedimentation 
coefficients have been measured for both forms. The 
molecular weights of these DNAs can be caleulated from 
the correlation of S against M for linear DNAs of Crothers 
and Zimm. The resulting molecular weights and sedi- 
mentation coefficients for circular DNAs can be used to 
test the semi-empirical treatment of Gray, Bloomfield 
and Hearst. This test is shown in Fig. 3, a graph of the 
sedimentation coefficient against the 0-445th power of 
the molecular weight. The ordinate scale here is linear 
rather than logarithmic as is customary in such correla- 
tions. The ordinate scale therefore reveals small deviations 
in the values of the sedimentation coefficient. Approxt- 
mate values of the molecular weights, based on electron 
microscopy, of two species of mitochondrial DNA are 


also shown. The Gray, Bloomfield and Hearst equation 
S= 27-0 01759 ave (1) 
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seems to account for the observed data as well as any 
equation of such à simple form ean. Equation (1) ean be 
used for the determination of the molecular weight of a 
eireular DNA when the sedimentation coefficient of the 
relaxed circular form is known. Such molecular weights 
can then be used to establish a correlation between mole- 
cular weight and the sedimentation coefficient of closed 
circular, superhelical DNA. This consecutive procedure 
has the advantage that it is based on a single method for 
the calculation of molecular weights. The correlation 
of molecular weight with sedimentation coefficient for 
closed circular forms is shown in Fig. 4. The filled 
symbols are the new results obtained in this work. 

The sedimentation coefficient of closed cireular DNA 
should depend on its superhelix density. The correlation 
of S with M shown in Fig. 4 assumes that there are no 
significant fluctuations in the superhelix density of the 
various DNA forms or that these fluctuations are not 
large enough to affect the sedimentation velocity. Bauer 
and Vinograd®* have shown that the sedimentation 
coefficient of SV 40 DNA is very insensitive to super- 
helix density in the region near the native superhelix 
density. It has recently been shown in this laboratory 
that the superhelix density of HeLa cell mitochondrial 
DNA is lower than that of SV 40 DNA and several other 
mitochondrial DNAs (Gray, unpublished results). HeLa 
mitochondrial DNA, nevertheless, has very nearly, if not 
exactly, the same sedimentation coefficient as that of other 
mitochondrial DNAs. Variations of approximately 50 
per cent in the superhelix density of these closed circular 
DNAs can be tolerated without any influenee on the 
observed dependence of S on M. 


Connectedness and Unconnectedness in Catenanes 


Several eonclusions ean be drawn from the correlations 
of S with M and the data in Table 2. The sedimentation 
coefficient of the closed circular dimer is that expected for 
a dimer of the mitochondrial length. The doubly-closed 
catenated dimer has the same sedimentation coefficient as 
the closed circular dimer. This is also the case for the 
triply-closed catenated trimer, which has the sedimentation 
coefficient expected for a closed circular trimer (Fig. 4). 
These results imply that these catenated molecules 
behave as if they were struetures with molecular weights 
and conformations similar to those of the appropriate 
circular oligomer. The sedimentation coefficient of the 
singly-closed species is between those of the doubly- 
closed and the doubly-open circular dimer, as would be 
expected for a dimer with an intermediate frictional 
coefficient. 

The foregoing results agree with current ideas of the 
factors which determine the sedimentation coefficient of 
polymers. These concepts can be summarized by saying 
that the proximity of polymer segments decreases their 
collective frictional coefficient. When the molecular 


Table 2, 
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The sedimentation coefficient: of closed circular DNA aa a 
function of molecular weight. The sedimentation coefficients were 
corrected as described in the legend to-Fig. 2. The DNAs are: (4) an 
intracellular DNA from E. colt 15 (Wang, private communication): 
(2) RF-zx'*; (3) (4) SV 40 and polyoma mapectively (Gray and Vinograd, 
unpublished}; (5) (9) (11), Col factor En monomer, circular dimer and 
circular trimert*; (6) RF-MI3U; (7) suman papiloma: (8) RP-ex 
circular dimer; (10) HeLa mitochondrial monomer (this work); (12) 
human leukaenie lencocyte mitochendtial cireular dimer*: (138) HeLa 
mitochondrial catenated dimer (thia werk); (14) intracellular lambda, 
b,b,c?; (15) intracellular P22 monomer; (16) intracellular lambda e^; 
(17) HeLa mitochondrial catenated trireer (this work) In all cases the 
moleeular weight was caleulated from the sedimentation coefficienk of 
the relaxed eireular form with equation : 1), except 13 and 17 in which M 
was sef equal to a multiple of the monomer molecular weight, The 
exponent for the abscissa was obtaimed from the slope of a double 
logarithmic plot of the data, The intercept and coefficient were obtained 
by a least squares fit of the data shown «bove. The final equation for the 
superhelical forms is 5: 7:44-- 2-42 x (07? Age ‘The correlation in 
Fig. 4 differs from that in Clayton and Winograd’ because of a change in 
the value of a data point (14 above) from a preliminary value and the 
addition of new data points. 


Fig. 4. 


weight of DNA increases, the frectional coefficient does not 
increase proportionally because of the "shielding" inter- 
actions between additional and pre-existing segmenta. 
As a result, the sedimentation coefficient, increases with 
moleeular weight. At a given molecular weight, the 
sedimentation coefficient showd be a reflexion of the 
“compactness” of the DNA molecule. The higher 
sedimentation coefficients of relaxed and superhelical 
circular DNAs relative to linear DNA reflect the increased 
compactness of these structures. 

The sedimentation coefficient of the doublv.relaxed 
catenane is only 23,5 as compared with 33 8 for the relaxed 


SEDIMENTATION COEFFICIENTS OF RELAXED AND SUPERHELICAL HUMAN MITOCHONDEIAL DSA FORMA 


37-p9 8 (8) 


4 o 884x00(2) 
26:1: 9-1 (10) 


Serr TELE T 
Ce D 23-4 9-4 (4) 
: Ln 


P. 


The solid fgures represent closed superhelical molecules and submolecules. The cross-hatched figures with the Vouk represent open relaxed 
molecules and submolecules, The standard sedimentation coefficie nts, S are for Na DNA and given in Svedbergs, Te errora are the standard deviations 
a Ae ` u : 


of the results obtained in the number of experiments shown in parentheses, | 
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cireular dimer with an equal molecular weight. Previous. 


experiments with circular DNA and the qualitative 
considerations already given would lead to the prediction 
that catenated molecules should be more compact than 
circular molecules of the same molecular weight and hence 
should have a slightly higher sedimentation coefficient 
instead of the much lower one observed. This intuitive 
prediction is augmented by the calculations of Bloom- 
field** and Fukatsu and IKurata?* based on the Kirkwood 
equation. These authors have considered the problem of 
the effect on the sedimentation coefficient of the introduc- 
tion of a bond into a circular DNA molecule that results in 
the formation of two permanently connected circles of 
equal size, They calculated that the effect of such a 
connexion is to increase the sedimentation coefficient by 
about 10 per cent. | 

The unusual behaviour of the doubly-relaxed catenanes 
is emphasized by the fact that the sedimentation behaviour 
of the catenanes in which one or both of the submolecules 
are in the superhelieal conformation appears to be normal: 
the sedimentation coefficient increases with molecular 
weight. When two relaxed circular molecules are inter- 
locked, the sedimentation coefficient decreases to 23 S, 
significantly lower than the value of 26 S for the monomer. 

The apparent digcrepancies can be partly resolved in the 
following way. We suggest that the unusual behaviour 
of the relaxed catenanes originates in the lack of mechani- 
cal connexion between the two submolecules. The effect 
of this lack of connectedness may be either conformational 
or hydrodynamic and remains unspecified. The content 
of this postulate is that if the two submolecules were 
connected by a mechanically rigid bond, the doubly- 
relaxed catenated dimer would have a sedimentation 
coefficient of 34-38 S as predicted by both qualitative 
and quantitative arguments given earlier. The normal 
behaviour of the catenated molecules in which one or all 
of the submolecules are in the superhelical conformation 
can then be explained by saying that either the conforma- 
tion of these molecules is such that it precludes the 
operation of the unknown mechanism which operates 
in the ease of doubly-relaxed catenanes or the segment 
density in the region of overlap between the submolecules 
is sufficiently high that an effective mechanical connexion 
is formed. 

Why do two interpenetrating but unconnected molecules 
have an anomalously small sedimentation coefficient ? 
According to this qualitative rationale, this must be due 
to an unusually high frictional coefficient resulting from 
some conformational change. The magnitude of such a 
conformational change can be estimated by comparing the 
values of the axial ratios of the equivalent ellipsoids of 
the relaxed circular dimer and the relaxed catenated 
dimer as calculated from the Perrin equation?*.. The result 
is that the catenated molecule has an equivalent axial 
ratio that is twice as large as the circular dimer. lt seems 
unlikely that such a large deformation of the overall 
dimensions of the molecule could oecur. An alternative 
explanation is that the structure of a catenane is very 
"open" and free draining as compared with a circular 
dimer because of the extra degree of freedom available for 
the eonformation of the stricture. The segments of the 
molecule may be able to avoid one another more effectively 
in a eatenane than in a cireular dimer and thus open the 
interior of the molecule to solvent. This cannot be the 
entire effect, however, because the final compaetness 
seems to be less than that of the monomers which compose 
the catenane. 

The low sedimentation coefficient of the doubly- 
relaxed catenane may be the result of the lack of connex- 
ion per se-—that is to say, they sediment independently — 
as opposed to some resulting structural deformation. The 
problem that remains is why the two interpenetrating 
submolecules do not shield each other and sediment more 
rapidly. Conceivably this shielding is more than com- 
pensated by some effect not included in the intuitive 
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application of the Kirkwood and Riseman**® formulation. 
Perhaps the two submolecules exhibit the retarding 
effects which cause the well known decrease in the sedi- 
mentation coefficient with concentration. The theoretical 
treatments of the concentration dependence problem*’:** 
for simple particles have shown that the effect of shielding 
between particles is more than compensated by flows 
resulting from the requirement that the velocity of the 
bulk solution as a whole be zero. The detailed balance of 
these effects is not yet fully understood. 

The present results are strongly complementary to 
those of Rhoades and Thomas". ‘These authors have 
detected and examined several intracellular formis of 
P22 phage DNA. They found a fast form, 80 9, which, 
on suffering a single strand scission. resulted in a 6060 /5 
form and finally, on more hydrolysis, a 40 S form. The 
P22 monomer has sedimentation coefficients of 60 5 and 
40 S. They concluded from this two phase velocity 
decay pattern of the 80.8 form that it was an interlocked 
form. The overall pattern of sedimentation coefficients 
agrees very well with our pattern. "Their use of the 130- 
lated 80 S component removes all remaining ambiguities 
as to the assignment of bands with components and thus 
supports our assignment of sedimentation coefficients. 
Our previous structural results and the present sedimenta- 
tion velocity results strongly support their assignment of 
the interlocked structure to the 80 S$ P22 intracellular 
form. 

This investigation of the sedimentation behaviour of 
catenanes has raised some question about our under- 
standing of the factors which determine the sedimentation 
coefficient of DNA. These problems are subject to 
experimental investigation. 1f a catenated moleeule in 
which both submolecules are supercoiled is titrated with 
the interealating drug ethidium bromide, the conformation 
can be varied continuously from a fully superhelical to a 
fully relaxed state. At what point would there be à con- 
version between the behaviour of the superhelical and 
relaxed catenanes ? Large molecules—for example, 
» phage DNA— can be catenated to smaller circular DNA 
molecules—for example, SV 40 viral DNA-—by the 
method of Wang and Schwartz? . Would the larger 
molecule "drag" the smaller in a sedimentation velocity 
experiment? When one of the circles is larger than 
another, and if "drag" oceurs, would the frictional co- 
efficient depend on the rotor speed even at infinite 
dilution ? 

The catenated struetures represent a new class of high 
polymers. The unusual structure of these molecules 
leads one to expect unusual physical properties. This has 
proved to be the case for transport properties. 

We thank L. Wenzel and J. Edens for their assistance 
in the preparation of the HeLa cells, J. Ceasar for assist- 
ance in the preparation of the manuscript, and D. A. 
Clayton for permission to quote his unpublished results. 
This work was supported in part by grants from the US 
Publie Health Service and a fellowship to B. H. from the 
US National Science Foundation. 


Culture of HeLa cells and the isolation of mitochondrial DNA. HeLa $83 
cells were grown in suspension culture in 1 L spinner bottles or in the three 
15 L jars of a New Brunswick fermentor, model F5-314, in Eagle's medium 
containing 10 per cent calf serum. The cells were grown in the fermentor from 
1x 10° cells/ml. to about 5 x 10* cells/ml. in 5 days. 1-3 x 10 cella were 
collected from the fermentor cultures with a laboratory model Sharples 
continuous flow centrifuge. The packed cells occupied 60-70 mL This 
volume of material was processed in six portions. The cells were washed, 
homogenized and subjected to differential centrifugation as previously 
described except that the homogenizing medium also contained 0-25 M 
sucrose, The crude mitochondrial pellet from a “high speed spin”, 10 krp m.. 
10 min, Sorvall S834 rotor, was suspended in 10 ml. 0:25 M sucrose, TKM 
buffer (0-05 M tris, 0-025 M KCl, 0-0025 M MgCl,, pH 6-7), and 0-1 ml. of 1 mg 
ml. bovine pancreatic DNase I, 1 mg/ril. bovine pancreatic RNase (Sigma 
Chemical Co.) in 0-01 M acetate buffer, pH. 5-0, 0-002 MgCl, 0-004 M Nat! 
was added. The mixture was incubated for 30-40 rain at room temperature. 
One ml. of 0:1 M EDTA was added and the mixture cooled to 0° C, Another 
high speed spin yielded a pellet which was washed once in 0-25 M sucrose, 
0-01 M tris, 0-01 M KCl, 0-005 M EDTA, pH 7-4, and then suspended in 5 ml. 
of a solution of ‘Renografin 76°" (Squibb), density 1-25 g/ml., 0-25 M sucrose, 
0-1 M tris, pH 7:4, and 0-005 M EDTA. This was overlayered with 15 ml. 
volumes of similar * Renografin' solutions with densities of 1-20 and 1-10 g nu. 
and centrifuged In the SS 34 rotor at 16 kr.p.m. for 2-3 h. The middle turbid 
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layer at the interface between the 1-20 laver and the 1:10 layer was removed 
with a pipette and diluted with 0-25 M suerose, 0-01 M fris, 0-01 M KCl. 
0-005 M EDTA, pelleted and washed 3 to 8 times in the latter medium. Three 
ml, of 1 per cent sodium dodecy! sulphate, 0-01 M tris, 0-005 M EDTA was 
added to the pellet, and the suspension was incubated for 2 h at room tem- 
perature or overnight at 4^ C. This suspension was then processed as 
previously deseribed in a CsCl-ethidium chloride density gradient. — — 
Some preparations contain as much as 90 per cent of the DNA in the 
closed circular band in the CsCl-ethidium chloride gradient. In one such 
preparation the upper band was examined in the electron microscope. The 
f 5 mieron circles (80 per cent) and the 
Heating the 
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Role of a Buried Acid Group in the Mechanism o* 


Action of Chymotrypsin 


by The catalytic site of chymotrypsin contains an interior aspartic acid 


D. M. BLOW 
J. J. BIRKTOFT 
B. S. HARTLEY 


MRC Laboratory of Molecular Biology, 
Cambridge 


Our studies of bovine chymotrypsin-A have led to the 
determination of the amino-acid sequence of the zymo- 
gent? and of the tertiary structure of the enzyme, a- 
ehymotrypsin?*. The amino-acid sequence was confirmed 
by a group in Prague*. 

Some recent observations prompted us to re-examine 
the sequence around the proposed asparagine at position 
102. Table 1 shows that the corresponding sections of 
sequence in bovine ehymotrypsinogen-B*, trypsinogen"'*, 
thrombin and porcine elastase (unpublished work 
of S. M. Magnusson and B. 8. H.. and D. M. Shotton 
and B. S. H., respectively) are very similar to that 
in chymotrypsinogen A, but that in each of these 
other enzymes residue 102 is aspartic acid. An improved 
electron density map of «-chymotrypsin*® showed that 
the side chain of residue 102, whatever its chemical 
identity, is buried in a hydrophobic environment beneath 
histidine 57, the essential histidine of the active centre?. 
Detailed model building suggested that No! of the imida- 
zole ring is so close to the side chain of residue 102 that a 
hydrogen bond must exist between them. (The nomencla- 
ture for the amino-acid side chains is as proposed by 
Edsall et al.1?.) 

We present here evidence that residue 102, originallv 
designated asparagine'*, is aspartic acid, and consider the 
implications of this discovery (and of the stereochemical 


* A detailed description of the molecule, based on this electron density map, 
will be published later, 


hydrogen-bonded to a histidine which in its turn is hydrogen-bonded 
to a serine. Polarization of the system due to the buried negative 
charge of the aspartic acid residue would make the serine oxygen 


strongly nucleophilic and would explain its reactivity towards amides 
and esters. 


relationships shown by the eleetron density map) for the 
chemical nature of the active site and its catalytic activity. 


Re-determination of Sequence around Residue 102 

The evidence by which B. S. H- designated asparagine 
at positions 101 and 102 seers in retrospect to be very 
weak. During analysis of subtilisin fragments of the 
insoluble tryptic peptide T9 (-eaidues 94—107. Table 1). 
two peptides were isolated which were definitely acidic. 
One of these, Tyr-Asp-Ser-Leu. was a result of deamida- 
tion during digestion, and it was presumed that this had 
also occurred in the case of the other peptide, Asx-Asx- 
He-Thr-Leu. The conclusion was apparently confirmed 
by Meloun, Morávek and Sorrr*!, who reported a neutral 
chymotryptic peptide "hr(Il-,Asn, Asn, Asn, He, Thr, Leu, 
Leu). This sequence has now deen re-investigated. 

The tryptic peptide T9 was isolated from a tryptic 
digest of the B-chain of performic-oxidized «-chymotryp- 
sin, in a way similar to that described by B. S. HS It 
emerged at the breakthrough o: a DEAE-cellulose column 
developed with 0-02 M-tris-acetate, 8 M urea, pH $82. 
This fraction was desalted on Sephadex G-25' in 0-02 M 
ammonia and concentrated tc about 5 ml, whereon a 
precipitate appeared. This was spun down and reacted 
with 5 mg of maleic anhydride in 0-7 ml. of 8 M urea, 
containing a drop of phenolpheshalein indicator. The pH 
was kept at approximately 9—10 by adding solid sodium 
carbonate!?. The object of this procedure was to solubil- 
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Table 1. SEQUENCES AROUND RESIDUE 102 IN SOME SERINE PROTEINASES 


94 95 96 97 08 
Bovine chymotrypsin-A 





Bovine chymotrypsin-B* PHE- Ser- ILE- LEU- THR- TEE- 
Bovine trypsin TY R- ASN- 
Porcine elastase* TYR- ASP- VAL- Ala 





Bovine thrombin t 


ize the peptide so that it became more susceptible to 
digestion. "The mixture was desalted on a column of 
‘Sephadex G-25’ in 0-02 M ammonia giving maleylated 
peptide T9 in 11 per cent yield based on the original 
amount of «chymotrypsin taken (200 mg). The amino- 
acid composition of the peak fraction from this ‘Sephadex’ 
column is shown in Table 2. 

Table 2. MALEYL PEPTIDE TO AND ITS THERMOLYSIN DIGESTION PRODUCTS 
Electrophoretic 


Peptide — — mobility Charge* Yieldt — Amino-acid composition 
PHOS pH2 (ratio) 
MAL-T9 — — ? Asx (4-0) Thr (1-9) Ser (1-7) 
Tie (1-6) Leu (2:3) Tyr (0-8) 
Lys f+) 
-Al 0-53€ — -1 50% Lew (1-0) Lys (1-0) 
-A2 0-44 — -1 73%,  Asx(2-9) He (1-0) 
“AB PUD we - 0i 12%, Asx (1-0) Ser (1-0) 
-Ni$ O00 0-07 0 2395, Thr (0) He (1-0) 
3095 Thr (1-0) Leu (1-0) 
1695 Leu (1-0) 
-N2 (600 O83 0 20%, Thr 4-0) Ne (1-0) Leu (1-0) 
-N3 000 0-73 0 12%, Asx (1-0) Ser (1-0) Tyr (0-9) 


: Electrophoretic mobilities are expressed relative to aspartic acid (= 1-0) 
at pH 6-5 and to serine (= 1-0) at pH 2. Charge is calculated from these 
mohilities and the known molecular weight according to Offord", 


t Yields of thermolysin fragments are the amount recovered, uncorrected 
for losses on elution, as a percentage of the amount of MAL-T9 taken for 
digestion (0-5 umoles). 


i This peptide is slightly anionic because N-terminal Asn is partly un- 
charged a£ pH 6:5. 


5 This peptide is presumed to be a mixture of three components in the 
vieida indicated which would have identical mobilities at pH 2 and ph 6-5. 
* Lysine is maleylated on the e-amino group. 


Maleylated peptide T9 (0-5 wmoles) was digested with 
0-1 mg of thermolysin (Daiwa Kasei K. K., Osaka, Japan) 
in 2 ml. of 0-05 M ammonium acetate, 1 mM calcium 
chloride, pH 8-5, at 60° C for Lh. The digest was separated 
by high voltage paper electrophoresis at pH 6:5, and the 
neutral band re-run by eleetrophoresis at pH 2. "Table 2 
shows the electrophoretic mobilities and amino-acid 
compositions of the peptides so obtained. 


Table 2, STEPWISE EDMAN DEGRADATION OF PEPTIDE MAL-TO-A2 


Electrophoretic Cadmium 
Peptide mobility ninhydrin Conclusion 
at pH 6-5 eolour 
MAL-T9-A2 0:43 Slow red Ile-Asn-Asn-Asp 
“1 57 Yellow-brown Asn-Asn-Asp 
2n OF Yellow-brown Asn-Asp 
-3 1:00 Red Asp 


A sample of peptide T9—A2 (0-07 umoles) was subjected 
to stepwise Edman degradation, and at each step 10 
per cent of the sample was retained for high voltage paper 
electrophoresis at pH. 6:5. In each case a single band was 
observed, after staining with cadmium-ninhydrin reagent, 
the colour and electrophoretic mobility of which are shown 
in Table 3. These are consistent with the sequence Ie-Asn- 
Asn-Asp and show that essentially complete cleavage 
occurred in the Edman degradation, with no significant 
deamidation. The residue after the third step of the 
Edman degradation was applied directly to an amino-acid 
analvser, and gave a peak only in the position of aspartic 


| 





99 100 101 102 103 104 105 106 107 


TYR- ASN- SER- LEU- THR- ILE- ASN- ASN- ASP- ILE- THR- LEU- LEU- LYS 








ILE- THR- LEU- LEU- LYS 
ILE- Met- LEU- ILE- LYS 


n 


ASN- ASN- ASP- 





mean 
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acid (0-04 umoles, 85 per cent theoretical recovery) 
with no detectable asparagine. Thus peptide T9-A2 
must be Ile-Asn-Asn-Asp. The electrophoretic mobilities 
and recoveries of the other thermolysin fragments of 
peptide MAL-T9 are entirely consistent with the sequence 
and pattern of digestion shown in Fig. 1. (Peptides con- 
taining maleyl-tyrosine as N-terminus were not detected 
with the ninhydrin reagent.) 


Stereochemistry of the Active Site 

The X-ray diffraction studies have been made with 
crystals in equilibrium with strong salt solutions of pH 
42. Diffraction data have been obtained both for the 
native enzyme and for the tosyl enzyrne, sulphonylated 
at Ser-195 by reaction with tosyl fluoride". A skeletal 
model has been constructed from the electron density 
map!5, and is believed to be accurate within about +04 A. 
Fig. 2 shows the interpretation for the native enzyme in 
the region of the active site. The important difference 
between Fig. 2 and a similar drawing published earlier 
for the tosy] enzyme? is that the imidazolium ring of 
His-57 has been turned over by rotation about the C9. 
bond so that N?1 is facing towards the carboxylate group 
of Asp-102. We now believe the imidazole ring to be in a 
sunilar orientation in the tosylated enzyme also. The 
other signifieant differences between Fig. 2 and the 
previous drawing represent differenees between the native 
and the tosylated enzyme which have recently been dis- 
cussed’, (The distance from the sulphonyl atom to the 
centre of the imidazole ring of His-57 is now found to be 
about 5:3 À in tosyl-a-ehymotrypsin. The hydrogen bond 
linkage between the sulphonyl oxygen and N*? of histidine 
appears to be mediated by a water molecule in the tosyl- 
ated enzyme at low pH.) 


Table 4. SOME INTERATOMIC DISTANCES IN o- CHYMOTRYPSIN 
” - Ser-195 O” 394A 
Ala-58 C” - Tyr- 94 €^.— £60 A (9) 
His-57 €" Tyr- 04 €^ 0 A (2) 
Ala-55 CË - Asp-1020 1A (2) 
His-57 0? - ne. 99C% — 484A(3) 
Hís-à7 Nó! ~- Asp.102 0°? — 2.8 A (1) 
His-57 Nf? ~ Ser-195 O 3-0 A (1) 
His57 CÍ? — Ser-2140% = 42A(2) 
Te-99 C7" — Ser-214 C — 45A) 
Asp-102 O9? — ser-2314 OY.— 26A(0 
His-57 C^ - Cys- 388” 37A 


(1) Presumed hydrogen bond. 
(2) These interactions limit the approach of solvent molecules to Asp-102 
by the most obvious routes. 


Cys-42 87 


i 


i 


Some interatomie distances measured from the model 
are presented in Table 4. These distances provide clear 
evidence for hydrogen bonds between His-57 Nô! and 
Asp-102 O?!, and between His-57 Ne? and Ser-195 O”. 

In the conditions of erystallization we can assume both 
Asp-102 and His-57 to be charged. These two residues 


MAL 


3 H | i 
; | | ] ; i | 
* ¥ ; ¥ XM * Y i 2 
MAL- Tyr - Asn- Ser ~ Leu |- Thr - Tle — Asn- Asn - Asp- Tle ~ Thr - Leu - Leu - Lys 
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N3 (12%)! ‘NY’ (38970) A2 (73%) N2 (20%) Al (50%) 
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E > " X o£ ‘ M ^ rgs *fa > - z E stole s 4* 4 TL ý A ^ r 1 "Pu p 9 
Fig. 1. Maleylated peptide T9 and its thermolysin fragments. The nomenclature and yields of fragments are as shown in Table 2. 
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arrows represent major ( 1) or minor (4 } sites of cleavage by thermolysin. 
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Fig, 2. The conformation of a few amino-acid side chains in the active 

centre of a-chymotrypsin. Bonds in the polypeptide backbone are 

shown in black; hydrogen bonds are dashed. The viewpoint is outside 
the surface of the molecule, looking towards the interior. 


thus constitute a second internal ion pair in the structure. 
(The other ion pair, formed by Asp-194 and the «-amino 
group of Ile-16, is believed to be concerned with the 
process of aectivation?**.) Asp-102 is shielded from the 
solvent by the side chains of Ala-55, Ala-56, His-57, 
Cys-58, Tyr-94, Ile-99 and Ser-214 in such a way that 
access of a hydronium ion to the carboxylate group would 
require some disturbance of the tertiary structure. One 
side of the imidazolium ion of His-57 is freely available to 
solvent, but the electrostatic interaction with Asp-102 
will tend to localize its excess positive charge on the side 
of the ring away from the solvent. The direction of the 
Ne&——H bond of His-57 requires that the hydrogen bond 
to Ser-195 is of the N—H ...O type. The electronic state 
of the catalytic site at pH. 4 could therefore be represented 
by the resonance canonieal forms shown in Fig. 3a. 


Implications of the Structure for Catalytic Mechanism 


The effect of pH on the catalytic activity of chymotryp- 
sin indicates that protonation of a group in the catalytic 
site with pKa ~ 6-7 inactivates the enzyme in both acyla- 
tion and deacylation steps, and this group has been 
generally identified as an imidazole. The proton of 
No! of His-57 is in a buried position where it is stabilized 
by the hydrogen bond to Asp-102. Thus if we consider 
the removal of a proton from the system involving the 
imidazole, a proton seems certain to be retained at this 
position. Furthermore, the orientation of the C-O. 
bond of Ser-195 is such that the serine hydroxyl group can 
be rotated into an orientation favourable for hydrogen 
bonding to Ne? of His-57 without any other disturbance 
of the strueture. The electronie state of the enzyme 
at pH 8 would therefore be represented by the canonical 
forms shown in Fig. 35. The environment of the hydrogen 
bond between Asp-102 and the polarizable resonating 
system of His-57 consists of several hydrophobie side 
chains, Ala-55, Cys-58 and Tle-99. The transfer of elec- 
trons through hydrogen bonds and the polarizable imida- 
zole ring is thus channelled to the surface of the molecule 
at the oxygen of Ser-195. The whole system possesses à 
negative charge above pH. 7, as Johnson and Knowles*? 
postulated to explain the pH. dependence of the binding 
of anionie competitive inhibitors. The active centre of the 
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Fig. 3. Canoníeal forms of the active centre. a, pH 4; b, pH 8. The 
canonical forms represented in Figs. S and 4 indicate purely electronic 
rearrangements. The protons in hydrogen bonds are represented seheri- 
atically as being near to the atom to which they are covalently bonded 
in the more “conventional” of the canonical forms, namely the forms on 
the left. The forms on the right are drawn with “stretched” electronic 
bonds to these protons, A feature of Wang and Parker's? postaiated 
mechanism is that a pre-iransition stase involves proton transfer stong 
these hydrogen bonds!*. Such a transfer would clearly be favoured by the 
structure which we observe, but we heve no evidence whether this is & 
necessary part of tie mechs marn 


enzyme can be described as a “charge relay system 
conducting electrons from the buried carboxyl group to 
hydrogen bonds in the surface. 

In this way the oxygen atomwof the side chain of Ser- 195 
becomes a powerful nucleophile, capable of attacking the 
carbon atom of the carbonyl greup in a substrate. (Profes- 
sor C. Vernon has pointed ow that this effect would be 
greatly strengthened if binding of a substrate molecule 
excluded counter ions from the active centre.) Inagami, 
York and Patehornik?* preseated evidence that in the 
hydrolysis of anilide substrates a proton is transferred 
to the substrate from an acrhe group in the enzyme. 
These observations led Wang and Parker? to propose a 
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Fig. 4. A possible mechanism. a, Avviation step; b, deacylation step. 
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reaction scheme in whieh the proton transferred to the 
anilide comes from an imidazolium ion existing alongside 
a negatively charged serine oxygen in a "pretransition 
state" equilibrium complex. Our proposal for the elec- 
tronic structure of the active centre (Fig. 3b) helps to 
remedy à weakness of Wang's case, for it explains the 
existence of a significant contribution of —-CH,O- at 
pH 8. Fig. 4 therefore incorporates many of the features 
of Wang's mechanism, whereby the acylation step (Fig. 4a) 
involves transfer of the serine proton to the leaving group 
as well as acylation of the serine oxygen, possibly via a 
tetrahedral intermediate. 

In the acyl enzyme, the "charge relay system" is 
disrupted, because no proton is available to link His-57 
and Ser-195, but in the deacylation step (Fig. 4b) a water 
molecule replaees the leaving group and thereby re- 
establishes the resonance system. The deacylation step 
thus proceeds by the reversal of electron shifts which 
occur in the acylation step, and the structure of the enzyme 
is regained by elimination of the carboxylic acid. 

This modification of Wang’s mechanism is attractive on 
the basis of present knowledge, but we do not believe that 
the evidence is yet sufficient to exclude other mechan- 
isms**, Our proposed structure for the catalytic site 
does not obviously explain the pH dependence of the aetiv- 
ity. The apparent pK, of about 7 which is observed for 
the acylation and deacylation steps would be reasonable 
for & simple imidazole, but it is less easy to see what would 
be the pKa of the system shown in Fig. 3. Nevertheless, 
any further proposals for the catalytie mechanism of 
ehymotrypsin must take this structure into account. 

We thank Mr R. Jakes for carrying out the protein 
chemustry experiments. One of us (J. J. B.) holds a 
postdoctoral fellowship from Odense University, Denmark. 
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Biological Function of Pancreatic Ribonuclease 


by 
ERIC A. BARNARD 


Molecular Enzymology Unit, 
Department of Biochemistry, 
State University of New York, 
Buffalo 


ALTHOUGH pancreatic ribonuclease (RNase) is about the 
best studied enzyme in a molecular sense, little attention 
has been paid to its action in the animal, and none to its 
distribution in the vertebrates. We now find that it is 
almost absent in many vertebrates. The evidence re- 
viewed here indicates that this enzyme is not essential in 
all except a few groups, chiefly the ruminants. It has 
nevertheless persisted, and so this protein can be expected 
to show wide molecular changes in evolution. 

Textbooks of biochemistry state the dogma that in 
man dietary RNA is degraded by pancreatic RNase 
acting in the intestine, followed by the action there of 
phosphodiesterase and phosphomonoesterase and the 
absorption of the mononueleosides. While the latter two 
processes have been demonstrated!, this chain seems 
to rest on the long-known high content of RNase in the 
pancreas of the cow. The early nucleic acid feeding 
experiments were either inconclusive on the extent of 
catabolism? or, for those that showed some excretion of 
purine derivatives®, they used the then commonest form 
of “nucleic acid" which we now know to be chiefly a 
crude preparation of DNA. A partial metabolism of fed 
GN-RNA has been demonstrated’, but only in the rat. 
We find (Table 1) that the rat has about 400 times, and 
the cow has 1,200 times more RNase in the pancreas than 
man. 


The physiological function of this much studied pancreatic enzyme 
has been misunderstood. It is essential only in ruminants and certain 
other herbivores, where it has a special function. 


The content of RNase in the pancreas was determined 
(Table 1) for fifty vertebrate species. It varies greatly 
between species. Those mammals with relatively large 
amounts (.1) are all ungulates, rodents or herbivorous 
marsupials. Other mammals tested have low levels (H). 
In the other vertebrate classes, only very low or modest 
amounts have usually been found (C). It should be noted 
that when several of these same pancreata were processed 
for trypsin and chymotrypsin determination, all possessed 
high concentrations of those enzymes, indicating that 
pancreatic exoerine function is normal in these verte- 
brates. In several of the cases of low RNase content, 
tests for the presence of an inhibitor of this enzyme 
(Table 2), for an acid pH. optimum (Table 2), for incom- 
plete release in the extract? or for a zymogen’ all proved 
negative. The aberrant nature of the RNase concen- 
trations in different species 1s not matched by data 
available on any other of the digestive enzymes of verte- 
brates. 


Effects of RNA Ingestion on RNase Concentrations 


lt is conceivable that, with feeding, either the pro- 
duction of RNase is rapidly induced or the enzyme is 
rapidly discharged into the pancreatic juice, so that the 
great variations seen in Table 1 might depend on feeding 
habit or adventitious cireumstances, rather than reflecting 
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Table 1. CONTENT OF RNase IN PANCREAS OF VERTEBRATES 
Species (ug/g) Species (ug/g) 
(A) Yes (C) Yes 
Kangaroo (Macropus rufus) 600 Fish 
Kangaroo (Macropus gigan- Shark (Ginglymostoma cirra- 
teus) 530 _ tum) MAMMA 2 
Wallaby (Protemnodon eu- Dogfish (Squalus suckleyi) 18 
genii) 515 Sting ray (Dasyalis ameri- 
Mouse 395 cana) 5 
Rat 260 Tuna (Thunnus secundodor- 
Guinea-pig 240 salis) 2 
Golden hamster 260 Grouper (Epinephelus stria- 
Elk (Cervus eanadensis) 550 fus) 8 
Uganda kob (Kobus kob) 270 Barracuda (Sphyraena bar- 
Cow 1,200 racuda} 2 
Bison ( Bison bison) 1.180 Lungíüsh (Protopterus aeth- 
Goat 1,000 iopicus) 7 
Sheep 1,0860 Amphibia 
Amphiuma spp. 0:5 
Necturus maculosus & 
(B) Rana pipiens 7 
Rana catesbeiana 17 
Opossum (Didelphis marsu- Bufo marinus 4 
pialis) 20  Bufo americanus «1 
Monkey (Macaca mulatta) 2 Reptiles l 
Man 1 Turtles Podocnemis unifillis — 90 
Armadillo (Dasypus novem- Pseudemys elegans 65 
cintus) 30 Chrysemis picta 9 
Rabbit 05 Chelydra serpentina 60 
Dolphin (Tursiops truncatus) 5 Snakes 
Whale GEschrictius glaucus) 18 Bungarus fasciatus 12 
Elephant (Lorodonta afri- Natriz tari «1 
cana) OF Alligator 
Dog 0-5 Cayman crocodilus 53 
Cat 0-5 Lizard Iguana iguana 380 
Horse 25 Birds 
Hippopotamus (H. amphi- Chicken 20 
bius) 62 Turkey 25 
Pig 80 Pigeon 3 


The mean content is reported as the equivalent in ug of bovine RNase A 
that would have the same activity (on RNA, at pH 7:4) per gram wet weight 
ofpancreas. Extract preparation and assay methods, and some of the values, 
are from ref. 5. The value for pig is calculated from data of others?! Acid 
and neutral extracts? were prepared in all cases, and the higher activity is 
recorded. Where the pancreas is a diffuse organ, authenticity of the samples 
taken was checked by histology: for tuna and barracuda, whole pyloric 
caeca? were nsed, 


true species-specific contents. We rejected these possi- 
bilities for several reasons. First, in most of the cases in 
Table 1 different individuals were compared, and the 
concentration was always found (with the sole exception 
of the turtle Chelydra serpentina?) to be relatively uniform 
and characteristic of the species involved. In many of 
the cases of low RNase content, the animals were known 
to have been feeding recently, as evidenced by their 
stomach and intestinal contents. Conversely, in à few 
cases the animals were fasting, and in experimentally 
fasted or fed bullfrogs? and rabbits*, the RNase contents 
were equally low. Second, several species with low RNase 
contents did not increase these after extensive intake of 
RNA (Table 3). This is in contrast to the large increases 
in chymotrypsinogen, trypsinogen and total proteases. 
which occur after a high intake of protein, as reported 
for rats*' and some lower vertebrates’. Pancreatic 


The concen- 
tration of RNase remained in the range 395435 ug/g 
of pancreas through the diurnal eyele, whether the mouse 
was on an RNA-rich diet or a minimal, RNA-free diet. 
It seems, in general, that the concentration of RNase in 
the pancreas is unusually constant. 


4C-RNA Feeding Experiments 

MC-RNA in water mixed with food was given to rabbits 
and monkeys, in milk to a cat and by stomach tube to 
mice. All the “C was taken at once in each case. All the 
animals were feeding throughout the experimental period, 
and in some eases (Table 3) unlabelled RNA had been 


agents (such as formic acid and hyamine hydroxide. at 
25° C or 50° C) proved inadequate for extraction, as did 
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Table 2, TESTS FOR ACID RNase or RNase DeHIBITOR IN PANCREATIC EXTRACTS 


Activity at pH Treatment Ribonuclease activity 
5'S/activity at for testing for (ugig tissue) 





Species 





pH C4* — inhibBor presence Untreated Treated 
Turtle ( P. elegans) (-18 2x10 M PCMS 03 83 
Bullfrog 0-07 3:3 x Hr* M PCMS 15 15 
Dogfish 10-5 M HgtCl, iB 1s 
Cow OGA "MM -2 
Dogfish, rav, tuna, P. Bovine ribonu- Predieted (additive) 
elegans, chieken, clease A added? increase found? 
horse 


Mercurials, such as p-chloromereuribemzene sulphonate (POMS), release 
the RNase inhibitor found in tissues! U., Where shown, the extracts were 
incubated with a mercurial, 30-45 min at pH 7, 25^ C, and the mixture was 
then diluted (50 or 100-fold) into the ass:v solution at pH 7-4, to give the 
final concentration shown. 

* The ratio of activity of the same extract at pH 3-4 to that at pH 7-4 was 
measured (without mercurial addition), wit other conditions identical, 

t For details see ref. 5. 






enzyme digestions, while oxidation methods were rejeeted 
to avoid risk of loss of volatile products. The RNase 
content of the pancreas of each animal used was 
finally determined. These values (Table 3) were the 
same as those for other individuals of the same species 
(Table 1). 

Part of the “C administereó was discarded relatively 
rapidly in the faeces (Fig. 1) and when this elimination 
had become neghgible the total isotope excreted was 
measured (Table 3). This denotes the fraction of the 
MC-RNA that was not metabelized. Urinary excretion 
always occurred very largely in the first day (Pig. 2), 
followed by a slow continued excretion, indicative of the 
output from tissue metabolism. Analysis showed (Table 4) 
that the urinary "C was, in each species, in allantoin 
and other produets of nucleotide metabolism. The results 
in Table 3 and Figs. 1 and 2 show therefore that in each 
of these species a fraction of ingested RNA is readily 
metabolized. This fraetion is smallest in the monkey, 
although still appreciable. anc is large in some species 
with appreciable contents of pancreatic RNase (mouse) 
and some with no RNase (rabbit, cat). 


(Table 3). 

The patterns of the excreted metabolites of exogenous 
RNA (Table 4) show interesting species differences, which 
will be presented in detail elsewhere. 

The difference between the “C ingested and excreted 
(Table 3) is presumably in part exhaled as “CO, but 
must be chiefly incorporated in the tissues. This was 
confirmed by the results of extraction of the liver of such 
animals (Table 3). at a time when exeretion of VC had 








Table 8. METABOLISM OF EXOGENOUS RNA IN POUR SPECIES 
UC Incorporated — RNase 
MRNA RNA in liver ft in 
Species dose fed* (dpn (95 of pancreas 
(d.p.m.) ge dose) (ag perg 
Mouse 1 6-8x 105 + (7) Vaan 
Mouse 2 3 x 105 — Led oe d 
Mouse 3 6*3 x 105 sig 1 
Habbit 1  2-0x10' + (14) 0-7 
Rabbit 2. 10-0 IU. (19) ie ie? 
Rabbit 3 3-0" 107 + (8) “a eas < OS 
Cat 19x 108  — D 160) <1 
Monkey 1. £0x HF v ND 20 (8) i 
Monkey 2 4:0x 107 + (11) 35 Ga GY) 


All animals were adult males: mice aere Swiss JCR; Ha strain (45 gi 
rabbits were New Zealand white (about 3 &g), cat (1-1 kg) and rhesus monkey 
(4:2 kg), They were in metabolic cages, and were fed water and a balaneed 
diet: Purina rat chow given freely to the mice, and Rockland rabbit ration 
(Teklad, Inc.: fed freely, supplementec with fresh vegetables), Rockland 
primate diet (given freely} or Teklad cat diet (about 100 g given dally), to the 
corresponding species. All animals wereadapted to their experimental con- 
ditions for at least 2 weeks before experiments began, The yeast EORNA 
(LC.N.; uniformly labelled) was freed from traces of labelled protein and low 
molecular weight material by extraction with phenol, in the presence of 
carrier RNA and bovine serum albumin, ond ethanol precipitation. 

* Unlabeled RNA (Na salt, Schwartz) was fed (+), as 2 gil. in the drinking 
water, for the number of days shown in parentheses, up to about 7 h before the 
HORNA dose. For rabbit 1, this was comtinued again 2 days later. 

t Amounts of UC in faeces are the totals for the pericda shown in Fig. 1, 
and in the urine YC contents (sce also Fig: 2) are totals for the number of days 
shown in parentheses. ND, not determined. 


used in estimating the “C in the totaE liver ag a percentage of the total 
HC given. 
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Fig. 1. Cumulative content of C in faeces excreted after the dose (see 
Table 3) of *C-RNA had been given, as a percentage of the total HC 
ingested. Retention in the lower alimentary tract differs in these species, 
and so the C excreted is plotted against the cumulative dry weight of the 
fasces and not against time. Points for three rabbits are shown. W, Dry 
weight (g); a, scale factor (100 for monkey and rabbit, 1 for mouse). 
Finely ground and homogenized faeces (50 mg) were dispersed in 15 ml. 
of scintillator solution’ in 45 per cent (v/v) dioxane/55 per cent toluene 
as vehicle, and 0-6 g of 'Carb-O-Sil' (Packard) was added, In this thixo- 
tropic gel, neither the automatic external standard (Packard) nor the 
dispersal of “C-toluene internal standard gave accurate values for the 
efficiency of counting. To determine this, “C-RNA (40,000 d.p.m.) was 
added to replicate samples of the powdered faeces, which were dispersed 
with 'Carb-O-Sil' as for the others. About 10 per cent of the added C 
compound was then adsorbed from the gel to the walls of the glass (Pack- 
ard) counting vial; counting waa therefore performed after transfer to a 
fresh vial, where no further adsorption oceurred. The isotope thus 
lost was aceurately eounted after complete removal from the emptied 
vial in (5 mL washes of aqueous detergent ('Aleonox'). Replicates (two 
or three) for each sample were concurrent and their mean was used in 
determining the “C content of all faecal specimens by this method. 


become negligible. The labelling found is indicative, on 
a whole body basis, of a significant entry of the C into 
tissue metabolic pools. 


Role of Pancreatic RNase 


The data presented here show that a considerable 
fraction of ingested RNA is broken down completely, not 
only in the mouse, which has a high content of pancreatic 
RNase, but also in three species which have extremely 
low contents (about 10* times smaller than that of the 
pancreatic proteases*). The answer to this paradox may 
lie in several factors. First, the conditions were such as 
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of the HC dose, for mouse (M, @), rabbit (R, C) and monkey. 
conditions, see Table 3, 
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Table 4. ANALYSIS OF URINES FROM ANIMALS FED '*C-«RNA 
uC in urine MC in urine (per cent of dose) Recovery 
Species (i.p.m./ml.) Allantoin Urea  Uricacid Bases* (per cent) 
Mouse 60,500 66-8 23-8 0 9-4 101 
Rabbit 40,000 73:5 <O5 6-0 20:5 101 
Cat 2,500 60-6 17.8 0 21:7 106 
Monkey 1,400 29-3 16.3 0 54-4 100 


The urine for the first day after “C-RNA had been given was analysed for 
products labelled with !*C. The overall recovery in the analysis is also shown, 
as a percentage of the C in the sample taken. 

* Other purine derivatives, combined. 


to elicit the optimal RNA degradation that the animal 
could achieve, for the fate of a tracer dose was followed, 
without an additional load of RNA. Even a low concen- 
tration of RNase in the pancreatic juice might then have 
an effect. Second, RNase might be secreted elsewhere in 
the alimentary tract. This secretion might be (a) from 
intestinal cells, (6) from intestinal micro-organisms, or 
(c) in saliva. The latter is a known minor source: in 
man, the saliva contains 0-03 ug of RNase/ml., an average 
output of 40 ug/day!? (but this is not correlated with a 
low panereatie ribonuclease, for it occurs similarly in the 
mouse salivary glands"! and doubtless elsewhere). To test 
cases (a) and (b), measurements were made (Table 5) using 
extraets of intestinal tissues from several species; these 
always had extremely low concentrations (exeept in the 
mouse, where the results can be attributed to the output 
of pancreatic RNase of that animal). The contents of the 
intestine and caecum of a feeding rabbit also contained 
only low amounts of RNase (Table 5), suggesting that the 
microflora do not secrete much (if any) RNase. The low 
concentrations of tissue RNase shown in Table 5 might, 
nevertheless, be significant when the total mass of the 
tissue is considered, especially for the rabbit caecum 
which is relatively enlarged and is the site of active 
fermentation, digestion and absorption". Even this 
contribution to total RNase must be very limited, how- 
ever. Also, it is not known how much of the RNase 
measured is actually secreted; concentrations of the same 
low order of magnitude as those in Table 5 can be found!" 
in other, non-seeretory tissues and are due to intracellular 
RNases. If RNase is secreted from some of these intestinal 
mucosae (or mieroflora), they cannot approach the rapid 
synthesis! and constant output!* of exported enzyme of 
the ruminant pancreas. Because the latter has a constant 
RNase content of the order of 1,000 ug/g of tissue (and 
this gland is very well developed in ruminants) it is clear 
that in ruminants the amount of RNase accumulating 
in the alimentary tract is very much larger than that 
which could be present (from all the potential sources) 
in the tract of the species with a low pancreatic content. 

RNA will, in any case, always be only a very minor 
component of the diet. In non-ruminant herbivores, such 
as the rabbit. horse and elephant, a part of the digesta is 
much delayed in the tract/?, and long exposure to a very 
low concentration of enzyme would increase its efficiency 
(and this would be reinforced by coprophagy!* in species 
such as the rabbit). 


Table 5. RNase IN INTESTINE AND CAECUM 


Species Tissue Ribonuclease activity 

Sting ray Small intestine <05 ugig 
Dog Duodenum <05 ugig 
Rabbit 1 Duodenum 0 

4 Ileum* Od ugig 

3 Ieum + contents l egig 

4 Deum, contents only 12-15 ug (total contents) 

4 Caecum* 0-7 ugig 

4 Caecum, contents only” 1-9 ugig 

3 Caecum + contents 0-5 ugig 

1 Colon 0-5 nese 


if ugig 


Mouse (mean of 2) Whole intestine 


Extraction was by the method? used for pancreas, in 0-25 N H,50, for all 
except ray, dog, and rabbit ileum contents, where medium of pH 5 was used. 
The alimentary tract contained considerable digesta in every ease. The 
complete contents of the sections noted were removed by washing from a 
ayringe, and the contents and tissue were extracted separately, Assay? was 
at pH 7-4, but some (*) were also assayed at pH 3-5, where no activity was 
measurable, and also at pH 7:4 in the presence of 3-3 x 107 M PCMS (see 
Table 2: to test for an inhibited enzyme), when there was no inerease m 
activity. Rabbits 1 and 3 were those of Table 3: their adaptation to RNA 
produced no increase in RNase here either. 
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Table 6. ENTRY OF DIETARY NITROGEN INTO MICROBIAL CELLS AND NUCLEIC 
ACIDS IN RUMEN OF SHEEP 
Rumen micro- 


bial nitrogen (% Microbial nucleie acid 


Ref. Diet of total nitrogen nitrogen (per cent of 
in diet) microbial nitrogen) 
18 Wheaten hay 80 
17,42 Casein based 90 >10 
42 Urea + amino-acids 71 17-2 
etn ae arit m —— N 
14-2 3:0 


(RNA-nitrogen) (DNA-nitrogen) 
Values are for 10-12 h after feeding. Diets of second and third reports were 
devoid of nucleic acids. 


The problem therefore resolves itself into the question 
of why such an apparently great excess of this enzyme 
has developed in certain groups, principally ruminants. 
I propose that RNase is used for another function—the 
degradation of bacterial RNA. Published data support 
this idea. Bacteria, because of their rapid growth, have 
the highest ratio of RNA-nitrogen to total nitrogen of all 
cells'®*, A very large fraction of the ingested protein 
nitrogen enters the bacteria of the rumen (Table 6), 
including their RNA.  Miero-organisms from the rumen 
are passed continuously to the abomasum (true stomach) 
and are digested there'"-'*. Large quantities of RNA 
must thereby be released, and would be degraded in the 
intestine by the large inflow there of pancreatic RNase. In 
the urine of ruminants, the purine metabolites, allantoin 
(predominantly) and uric acid, are abundant and seem to 
originate chiefly outside the host cells, as judged by the 
precipitous decrease in that output on fasting (for example, 
from 18-2 g/day in cows 1 day after feeding, to 6-6 g 3 
days later?', and correspondingly in sheep and goats**). 
For comparison, their milk-fed young (where the rumen 
micro-organisms are not developed) can be considered?!: 
thus, in contrast, the output of allantoin and uric acid is 
constant or even increased in the calf?? or lamb?? in a 
similar fast. The same is true in the lamb after change 
from a normal to a nitrogen-free diet^*. Further significant 
evidence is that in the mature sheep this output is strongly 
eorrelated?* with the nucleic acid concentration in the 
rumen, and that (in sheep*® and African cattle?*) this 
excretion of purine metabolites increases as dietary 
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protein increases. All of this evidence therefore indicates 
that normal dietary protein narogen is the source of an 
increased nucleic acid nitrogen metabolism peculiar to 
the ruminant. This must occur through the microbial 
nucleic acids. 

I therefore propose a modified version (Fig. 3) of the 
nitrogen eyele of the ruminanti", placing in context 
the role of pancreatic nuclease. This now meludes the 
eyeling of phosphorus. The nutritional significance of 
the release of phosphorus from nucleic acids has hitherto 
escaped notice. The weight retio of phosphorus to nitro- 
gen in RNA is usually close to 0-53. The weight of 
phosphorus locked up in the microbial nucleic acids is 
therefore relatively high. The rumen micro-organisms 


contain!’ 2-6 per cent of their:dry weight as phosphorus, 
and most of this must be in their nucleic acids. From the 


nitrogen contents of Table 6, i: follows that the weight of 
phosphorus in rumen microbia. RNA is about 5-5 per cent 
of the weight of nitrogen ingested by the host. and if 
DNA is included this becomes 7 per cent. For full utiliza- 
tion of the food, the rumingnt must therefore obtain 
7 g of phosphorus for every 100 g of nitrogen in the 
diet, simply to maintain ite microbial economy. In 
addition to this, comparab.e amounts are required 
for other pathways of pbosphorus metabolism of 
the micro-organisms and of the host. An otherwise 
adequate diet containing 7-5 g of phosphorus/l00 g of 
nitrogen gave marked deficiency symptoms in sheep'*. 
The observed high requiremert of phosphorus in rumm- 
ants, and its availability, usually marginal, in their 
natural diet, have been reviewed by Hungate (ref. 19, 
page 346) and by MeDonalc^. The phosphorus pool 
in the micro-organisms mus: therefore be re-utilized, 
requiring the nucleases and phesphatases. The phosphate 
released in the intestine and stomach is then absorbed 
there. and returns to the rumer with the saliva. The latter 
processes have been well demenstrated using *?P in cattle 
and sheep*!, Their voluminous saliva is rich in phosphate, 
and on average. for a 40 kg sheep on very good pasture, 
6-4 g of phosphorus/day enters the rumen by this route, 
while only another 4-7 g enters from the diet”. 
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Requirement for RNase in Vertebrate Groups 

In the ruminants, pancreatic RNase is needed in large 
amounts to degrade microbial RNA. This provides a 
salvage of phosphorus that is necessary for the overall 
phosphorus metabolism of the animal, and a salvage of 
nitrogen sufficient to be of value in low nutritional states. 
While the purines are usually largely excreted, the pyrimi- 
dines (and ribose) are fully degraded. In adverse feeding 
conditions, urinary excretion of nitrogen decreases 
particularly dramatically in the ruminant?*3?3; a high 
proportion of nitrogen is then conserved through the 
eyche mechanism of Fig. 3. 

Ungulates other than the true ruminants have, where 
tested. much lower contents of RNase (Table 1). The 
horse is classified in another Order, and has no nitrogene- 
ous fermentation in the stomach?!; its pancreas has only 
2 per cent of the bovine content of RNase. The pig and 
hippopotamus are in a different Sub-order; the latter 
species has a complex, compartmented stomach and other 
ruminant-like characteristics? 38, It seems, physiologic- 
ally, to be an inefficient ruminant and its ribonuclease 
content is consistent with this. 

After the true ruminants, the largest contents of RNase 
have been found in the macropod marsupials. In these 
herbivores, it 1s interesting to note the presence of a 
ruminant-like digestion?*". The stomach is large and 
sacculated and has a microbial fermentation, urinary 
nitrogen excretion is exceptionally low? and there is 
evidence for urea utilization and nitrogen re-cycling?*. 
These animals are often seasonally undernourished?* and 
I suggest that their RNase is developed for the same 
purpose as in the ruminants. The ruminant digestive 
pattern has not been found in the other Sub-orders of the 
Marsupialia?*?"'; a member of one of these, an opossum, 
was tested and had (Table 1) only a trace amount of 
RNase. 

The rodents have moderate contents of RNase. In 
some rodents, microbial fermentation in the stomach 
occurs**, as in the hamster, but not the rat, and copro- 
phagy occurs in most??, including the four I have tested. 
The content of RNase is therefore again likely to be 
developed for microbial digestion. Once developed, it 
probably persisted as a group character; the rabbit 
(with virtually none of this enzyme) is also coprophagous?®, 
but the group to which it belongs, the Lagomorpha, is 
phylogenetically quite distinct from the rodents. 

In the other animals tested, in other mammalian 
orders and in the other principal classes of vertebrate, the 
content is usually low. (There are exceptions in some 
reptiles (Table 1). whieh merit study of their digestive 
physiology from this viewpoint.) The herbivores in these 
other groups usually have a caecal fermentation, and so 
do not utilize the constituents of their micro-organisms as 
efficiently as the ruminant types, nor do they (as far às 
is known) internally re-cycle nitrogen. In these, as also 
in the carnivores and omnivores, low concentrations of 
RNase may be sufficient to deal with some of the dietary 
RNA. In some of the species with minute concentrations 
this might be only intracellular, with no RNA digested. 

In the primates, the rhesus monkey failed to metabolize 
at least about 40 per cent of a tracer dose of RNA. In 
man, one study involving feeding with authentic RNA 
(0-9 g/day) has now been reported (without isotope, in 
clinical xanthinuria?5). This showed an apparent urinary 
excretion of about 90 per cent of the RNA guanine as 
xanthine. Thus some primates, including man, can 
rnetabolize at least fairly small amounts of dietary RNA, 
although they have only a low content of RNase in their 
alimentary tract. 

Tn most mammals and vertebrates. this enzyme is 
presumably of very minor value to the animal. The 
contents are low and in some cases vanishing, only a very 
small dietary component is digested, and most of the 
nitrogen released is not utilized in biosynthesis. It differs 
from the essential digestive enzymes in its lack of response 
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to intake of substrate. Its aberrant distribution suggests 
that it is generally vestigial in the vertebrates, but has 
been developed again in the ruminant-like species where 
it has distinct survival value. | 

Because wide variations in activity and strueture would 
be expected to be tolerated, RNase should therefore be a 
useful source of information on the evolution of a protein 
and on relationships between enzyme structure and 
activity. This case is indicated by the exceptionally wide 
differences found in the only amino-acid Sequence coni- 
parison yet made in pancreatic RNases, between the cow 
and the rat?*. The essentials of the active centre structure 
of RNase, however, are conserved throughout the verte- 
brate series, as indicated by its reactivity properties!?, 
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LETTERS TO THE EDITOR 


PHYSICAL SCIENCES 


Absence of Pulsar Characteristics 
in Several X-ray Sources 


VERY condensed stars have been suggested as sources of 
celestial X-rays"? and pulsar radio emission”. The fact 
that the pulsar C P 0950 (ref. 4) falls within the uncertainty 
in the position of the X-ray source Leo XR-1 (ref. 5) could 
be significant and the discovery of a pulsar in the centre 
of the Crab nebula, a strong X-ray source, is particularly 
interesting although the X-rays have been shown? to 
arise from a somewhat extended region. The distribution 
of pulsars and X-ray sources in galactic latitude, however, 
is very dissimilar. This lack of correlation could occur if 
the dense stars, which we assume hypothetically to be 
responsible for both types of object, were very common, 
and were confined to the galactic plane. If the pulsar 
phenomenon were much more prevalent than the X-ray 
phenomenon then, on the average. more-distant stars 

would be seen as X-ray objects and their distribution 
would appear to be much more closely confined to the 
galactic plane. This argument would also depend on the 
distance to which we are capable of detecting each type 
of object. The distances that have commonly been 
deduced for pulsars are sufficiently small that if a brems- 
strahlung source similar to currently observed X-ray 
stars were present. it should be seen as an optical object, 
which is not the case. 

But the situation may be quite different from this. 
Habing and Pottasch’ have pointed out that the electron 
density of 0-1 em that has been widely used in calculat- 
ing pulsar distances is very poorly established, and suggest 
that perhaps the problem should be turned around 
that one first tries to determine a distance to the pulsar. 
and then finds me, from the distance and [nedi. This 
has been done by de Jager et al.* for CP 0328. with the 
result that a relatively low average electron density of 
« 0-006 em? in its direction (b — 07) has been established. 
Even without such a distance determunation, the fact 
that pulsars at high galactic latitude have values of 
fredi= 10 cm pe (typically) allows one to say immedi- 
ately that nez 0-1 em in the solar neighbourhood, if the 
pulsar is required to lie within the hydrogen of the galactic 
disk, that is to say. within about 100 pe. But Spitzer 
and Tomasko’ have concluded that in HT regions, n, x 0-01 
em-?, unless some additional source of heating energy. 
much greater than is available from the expansion of 
supernova shells, can be invoked. If this lower value of 
^e is correct, an additional plasma is required between 
us and the high latitude pulsar. If one were to attempt 
to identify this with an intergalactic plasma having te = 
10° em-^?, the pulsars would have to lie at distances 
greater than 105 pe, which would add a severe energy 
problem to the already formidable difficulties presented 
by pulsars. It would be preferable to postulate an 
ionized halo for the galaxy’, which could have me = 10-3 
cm-? and characteristic dimensions of the order 10* pe. 
and place the pulsars at distances of the same order. This 
would help explain the lack of convincing optical identifi- 
cations for pulsars. The halo would not be in conflict 
with X-ray background observations", and indeed might 
partly account for them. ] 

Shuter et al.? have already suggested that the high 
galactic latitude pulsars may lie in an ionized halo. They 
have measured (by 21 em emission) the amount of neutral 
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hydrogen in the direction of four high-latitude pulsars, 
and computed the ratio of neutral hydrogen to free 
electron: ; on the assumption that the pulsars he at the 
edge of the galaxy. The low ratios, or equivalently. the 
high implied ionizations, they suggest, indicate larg ge 
distances and the existence of a halo. Recent evidence!? i4 
that the actual interstellar neutral hydrogen density may 
be a faetor of 10 below that implied bv 21 cm emission 
gives still greater weight to their suggestion. Neverthe- 
less, the recent observation by Large ef ai^ that an 
interstellar electron density of 0-1 1s suggested by their 
tentative identification of PSR 0833-45 (whic h they 
discovered) with the supernova remnant Vela X shows 
that the subject is far from closed. Independent distances 
to high latitude pulsars are required to resolve the prob- 
lem. Under this "halo" hypothesis, and retaining the 
hypothesis of a common source object for pulsars and 
X-ray sources, the latter would have to represent a pos- 
sible result of placing a pulsar in the galactic plane 
environment. 

Lawrence, Ostriker and Hesser!® have observed Sco X E-1 
in the visible part of the spectrum, obtaining poner 
spectra with Fourier components in the 2 to about 300 s 
range. They find variations, but state that extensive 
further observations would be required to demonstrate 
convincingly periodic fluctuations. Westphal, Sandage 
and Kristian! have observed rapid fluctuations in the 
optical brightness of Scorpius XA-1, again without 
evidence of periodicity. They refer to similar observations 
of Cygnus X R-2. 

Israel? has specifically suggested looking for a pulsed 
character for the X-ray emission from sources such as 
Sco XA-1. Seo X R-1 was observed with an A-ray propor- 
tional eounter for 40 s on September 7, 1967 (ref. 19). 
The pulses that originated in photons in the 1-10 A 
range were accumulated by means of a scaler, which was 
designed to change its state (output voltage level) after 
reception of each 8 pulses from the counter. The sealer 
output voltage was telemetered to Earth 625 times per 
second. Use of the sealer was necessary only for Scorpius 
X R-1, which gave a very high counting rate. The average 
rate of reception of signals from the sealer was about 
200 s+. Periods as short as about 0-07 s were therefore 
deteetable. Still shorter periods would be hidden by the 
uncertainty in individual photon arrival times introduced 
by the accumulation m the sealer. 

An autocorrelation and power spectrum analysis of the 
scaler counts was performed following Bendat and Pier- 
sol”, As a check, a sample of pulses similar in record 
length and average rate, telemetered from the same 
counter but exposed only to a souree of Fe, was also 
analysed. The power spectra had reliable Fourier com- 
ponents in the 0-07 to 4 s range. This includes the (type 1) 
periods of nearly all the pulsars so far deteeted. The 
55 Fe power spectrum was flat to within the variations 
expected from a purely random rate of arrival of photons, 
Part of the result is shown in Fig. i1. The Seo XE-1 
spectrum was equally flat between 0-07 s and 4s. At still 
lower uc a very distinct sharp rise occurred. as 
shown in Fig. 2. Variations at low frequencies with an 
amplitude of on 5 per cent are clearly present on a 
plot of the raw data. Aspect-camera data consisting of 
three 7 s exposures during the 40 s show a correlation 
between X-ray intensity and direction of pointing of the 
roeket, which varies shghtly due to attitude-eontrol- 
system jitter. The collimator on the X-ray detector is 
triangular in its response, as a function of angle of look, 
and the rocket motion revealed by the aspect photographs 
is of sufficient amplitude that the observed low frequeney 
X-ray variations can be attributed wholly to modulation 
by movement of this collimator. The total number of 
counts received was such that if 1 per cent of the X-rays 
from Seo XH.l1 arrived at Earth as a train of pulses 
(with a period between 0-07 and 4 s) we would have been 
able to detect this at the 3-5 standard deviation level. 


346 


The eounting rates obtained when the X-ray detectors 
were pointed, for 40 s, at each of Cygnus X R-1 and Cygnus 
X R-2 were about one-twentieth that from Scorpius X R-1. 
This meant that higher-frequeney components (to about 
120 Hz) could be searched for. for accumulation in the 
scaler was not needed to ensure nearly complete counting. 
This is perhaps of some importance because of the identifi- 
cation by Drake and Craft?! of a second (“class 2") period, 
of the order 10 ms, that is associated with at least some 
pulsars. A difficulty m this case arose from the fact that 
the data were not transmitted continuously. but rather 
that a channel was sampled 625 times per second (period 
of 1-6 ms). If the counts are collected in time intervals 
that are an integral multiple of 1-6 ms, this should not 
lead to difficulty. In faet, perhaps because of the lack of 
accurate control on the 1:6 ms sampling rate, small 
features at the 2 and 3 standard deviation level appear 
in the power spectra of the sources, and also a sample of 
background. Apart from these spurious features and low 
frequency components similar to that observed in Scorpius 
XR-1, the power spectra are flat. The total number of 
counts received was such that a pulsar phenomenon 
involving 6 per cent of all the X-rays would have been 
detected at the 3-5 standard deviation level. 

On March 27, 1968, the position of Scorpius X R-1 was 
observed, using the 140 foot radio telescope of the National 
Radio Astronomy Observatory at Green Bank, West 
Virginia (operated bv Associated Universities. Inc., under 
eontraet with the US National Seienee Foundation). 
Simultaneous total-power observations were made at 234, 
256 and 405 MHz with a pre-detection bandpass of 8 MHz 
and a post-detection bandpass of 50 Hz. The data were 
recorded both on analogue chart and digitally on magnetic 
tape. A search for pulse-type radiation was made by com- 
puting the power spectrum from the digitized data. The 
observations were calibrated by a parallel reduction of the 
output signal obtained by injecting a synthesized pulsed- 
noise signal into the input line to the receivers. The 
noise signal was calibrated by observation of 3C 274 and 
3C 353. The overall performance of the receiving system 
and reduction procedure were checked by observation of 
CP 1919. Pulses were detected from this pulsar in the 
power spectra at all three observing frequencies. 
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Fig. i. The autocorrelogram (A-C) and power spectrum (P-8) derived 

from observation, during the rocket flight, of a radioactive iron source. 

The ordinate scale applies to the power spectrum, while the zero of the 

autocorrelogram is represented by a horizontal line in the middle of the 

figure, The autocorrelogram is formed by multiplying the number of 

counts per time interval in pairs, where the pairs are separated by a 
certain lag time. Lag is in tenths of seconds. 
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Fig. 2. The power spectrum of Scorpius (X A-1 has a strong component 

at very low frequencies, which is attributed to rocket motion. The 

spectrum is otherwise featureless. The deviation of the autocorrelogram 

from zero is also due to the low frequency component. 


The best data for Scorpius A.R-1 were obtained on the 
234 MHz channel. where a pulsar with a time-average 
intensity, over a cycle, of 0-03 flux units would have 
appeared at twice the observed peak to peak noise level 
in the power spectrum, which included 102-4 s of data. 
Several such samples, obtamed during half an hour, were 
analysed. No pulse type signals with periods in the range 
1-5 s, for which the power spectra were reliable, were 
detected. Scorpius X K-1 has been detected by Andrew 
and Purton?? at 4:6 em, where they report an intensity of 
0-02 flux units. Extrapolation to 234 MHz using a typical 
pulsar spectral index of —1 predicts a flux of 0-6 flux 
units. Recent estimates!’ put Sco XAR-1 at a distance of 
500 pe, which is certainly closer than at least some 
pulsars’. We conclude that a pulsar-type phenomenon 
is probably not involved in Scorpius X K-1. 
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don: Oxford University Press, 1968.) liS. net. 

TAYLOR, John W. R, (edited and compiied by). Jane's All che World's Air- 
craft 1968-69 : The lilustrated Annual Resord. of Aviation Development and 
Progress. (Fifty-ninth Year of Issue.) 12: in. « B& in. (32 cm « 21-8 cm), Pp. 
72-+-683 -xxx. (London: Sampson Low, Marston and Co.,Ltd., 1968.) 210s.* 

THE SOLIDIFICATION OF METALS, (Proceedings of the Conference organized 
by the Iron and Steel Institute, the Institutesof Metals, the Institute of Physics and 
the Physical Society, and the Institution o Metallurgists, held at Brighton, 4-7 
December 1967.) 12 in. « 8k in. (30-5 cm; 21-5 cm). Pp. vin- 490. (London : 
the fron and Steel Institute, 1968.) 240s,* 


Mechanics af the 
Pp. xiii --277. ern Liniversiry 


Earth Sciences 


BHATTACHARYA, P. K., and PATRA, H, P. Direct Current. Geoeloctric 
Sounding: Principles and interpretation. (Methods in Geochemistry and 
Geophysics, Vol.9.) 84 in. 5b in. (2I: 5 cm l4em). Pp. ix +135. (Amscerdam, 
London and New York: Elsevier Publishiag Company, [968,} 75s,* 

DEY, A. K. Geology of India. (India-—«he Land and People.) B in. « 54 in. 
(20 cm « 14 cm). Pp. x4- 178 —20 plates. (New Delhi: National Book Trust, 
India, 1968.) Rs. 5.25.* 

EVANS, W.B., WILSON, A.A.. TAYLO, B. L and PRICE, D. Geology of the 
Country around ‘Macclesfield, Congleton, Crewe ‘and Middlewich. (Explanation 


of One-inch Geological Sheet 110, New Series.) Second edition, | (Matural 
Environment Research Council: Institute of Geological Sciences. Memoirs af 
the Georch Survey of Great Britain—England and Wales.) 92 in. & in, 


x 15-8 cm). Pp. x-- 328--8 plates. 


NEUMANN, G. Ocean Currents. (Elsevier Oceanography Series.) 84 in. x 
S} in. (21-5 cm x I4 cm). Pp. xi--352. (Amsterdam, London and New York: 
Elsevier Publishing Company, 1968.) 150s 

PAPERS AND PROCEEDINGS OF THESFIFTH GENERAL MEETING OF THE 
INTERNATIONAL MINERALOGICAL ASSOCIATION, Cambridge, England, 
August 30-September 3, 1966. 10 in. x Fin. (25-5 cm «x [B cm) Pp. xvi 350. 
(London : The Mineralogical Society, 1966.3 &0s, ; $8.* 

REUTER, Heinz. Die Wissenschaft vom Werter. (Verstündliche Wissenschaft, 
Band 94.) 7i in.« 4d in. (18-5 cm x TiS om). Pp. viit 146. (Berlin ond New 
York : Springer-Verlag, 1968.) 7.80 DM = $1-95.* 


Chemistry 


ARDEN, T. V. Water Purification by len Exchange. 8? 
15 cm). Pp. viii --184.. (London : 
555.4 


(London : H.M, Stationery Office, 


in. x 5$ in. (22 cm» 
Butterworth and Co. (Publishers), Ltd., 1968. i 


XXIV 


_ AJGUSTINE, Robert L. (edited by). Reduction: Techniques and Applications 
in Organic Synthesis. 9} in, x 62 in. (23-5 cm x 16 em). Pp. ix--242.. (London: 
Edward Arnold (Publishers), Ltd.; New York: Marcel Dekker, inc., 1968.) 
tiss. net. ; $12.75.* 

BECKETT, A. H., and STENLAKE, J. B. Practical Pharmaceutical Chemistry, 
Part |. Second edition. I0 in. « 6in.(25-5cm x I5:5 cm). Pp. x--316, (London: 
The Athione Press, University of London, 1968.) 55s. net. * 

BUDNIKOV, P. P. and GINSTLING, A. M. Principles of Solid State Chemistry : 
Reactions in Solids. Translated from the Russian and edited by Kenneth Shaw. 
9 in. 51 in. (23 cmx I5 cm). Pp. ix 454, (London: Maclaren and Sons, Ltd., 
1968.) 168s. net.* 

CANTERFORD, J. H., and COLTON, R. Halides of the Second and Third 
Row Transition Metals. (Halides of the Transition Elements.) 9! in. x 6} in. 
(23:5 cm x lé cm}. Pp. xx 409. (London and New York : John Wiley and Sons, 
Ltd., 1968.) 1205.* 

CERFONTAIN, Hans. Mechanistic Aspects in Aromatic Sulfonation and 
Desulfonation. (Interscience Monographs on Organic Chemistry.) 91 in. « 6j in. 
(23-5 cm « 16 cm), Pp. xii --314,. (New York and London: Interscience Pub- 
lishers, a Division of John Wiley and Sons, 1968.) 131s.* 

CRABBE, Pierre. Applications de la Dispersion Rotatoire Optique et du 
Dichroisme Circulaire Optique en Chimie Organique. 92 in, « 6} in. (25 cm - 
Ió cm). Pp. 61I, (Paris: Gauthier-Villars, 1968.) 128 francs,” 

DIXON, jean P. Modern Methods in Organic Microanalysis. (Van Nostrand 
Series in Analytical Chemistry.) 94 in. « 61 in. (23:5 cem x 16 cm). Pp. xv-- 301. 
(Princeton, N.J., and London: D. Van Nostrand Company, 1968.) 70s.* 

DUNSTAN, Sonia. Principles of Chemistry. 92 in. « 61 in. (23-5 cm « 16 cm). 
Pp. xii +493, (London and Princeton, N.J.: D. Van Nostrand Company, 1968.) 


5s, 

EBSWORTH, E. A. Y., MADDOCK, A. G. and SHARPE, A. G. New Pathways 
in Inorganic Chemistry. B? in. x 52 in, (22 cm x 15 cm). Pp. xxx 4 390, (London : 
Cambridge University Press, 1968.) 80s, net. ; $13. 

EYRING, H. (edited by). In association with CHRISTENSEN, C. J., and JOHN. 
STON, H.S. Annual Review of Physical Chemistry, Vol, 19. Yin.» 6in. (23cm: 
15:5 cm). Pp. vii-- 645, (Palo Alto, Calif. : Annual Reviews, Inc., 1968.) n.p.* 

GOLD, V. (edited by). Advances in Physical Organic Chemistry, Vol. 6. 9iin. » 
61ir.(23-5 cm « 16cm). Pp. ix+349. (London and New York : Academic Press, 
1968.) 100s.* 

HEYROVSKY, J., and ZUMAN, P. Practical Polarography : An Introduction 
for Chemistry Students, 91 in. x 61 in. (23-5 cmx I6 cm). Pp. viii-- 237. (London 
and New York: Academic Press, 1968.) 50s.* 

KATON, J. E. (edited by}. Organic Semiconducting Polymers. (Monographs 
in Macromolecular Chemistry.) 94 in.« 61 in. (23:5 em» 16 cm). Pp. x 315. 
(London : Edward Arnold (Publishers), Ltd. ; New York: Marcel Dekker, Inc., 
1968.) 170s. net.* 

KAUFFMAN, Alfred (translated, edited and with commentary by). Classics 
in Coordination Chemistry. Part i: The Selected Papers of Alfred Werner. 
(Classics of Science, Vol. 4.) 84 in.» 54 in, (21-5 cm 14 cm). Pp. xiii 190. 
(New York: Dover Publications, Inc. ; London: Constable and Co., Lrd., 1968.) 


24s." 

KENNEDY, Joseph P., and TORNQVIST, Erik G. M. (edited by). Polymer 
Chemistry of Synthetic Elastomers, Part I. (High Polymers: a Series of Mono- 
graphs on the Chemistry, Physics, and Technology of High Polymeric Substances, 
Vol. 23.) 91 in. x6 in. (225 cm x 15-5 cm). Pp. xiv 490. (New York and Lon- 
don ; Interscience Publishers, a Division of John Wiley and Sons, 1968.) 235s.* 

KOLTHOFF, i, M., and ELVING, Philip J. (edited by). With the assistance of 
SANDELL, Ernest B. Treatise on Analytical Chemistry. Part |: Theory and 
Practice, Vol. 8. Pp. xvili-+ 4869-5383. (New York and London: Interscience 
Publishers, a Division of John Wiley and Sons, 1968.)  178«s.* 

LAWLESS, Edward W., and SMITH, ivan C. Inorganic High-Energy Oxidizers : 
Synthesis, Structure and Properties, 91 in. « 61 in. (23:5 cm « 16 em). Pp. x+ 
304. (London : Edward Arnold (Publishers), Ltd. ; New York: Marce! Dekker, 
inc., 1968.) 135s. net.* 

MANSKE, R. H. F. (edited by). The Alkaloids: Chemistry and Physiology, 
Vol. id, 9Lin. «61 in. (23.5 cm « l6 cm). Pp. xvit 549. (New York and London : 
Academic Press, 1968.) 246s. Bd.* 

MODERN CHEMISTRY IN INDUSTRY. (Proceedings of an International 
Union of Pure and Applied Chemistry Symposium held at Eastbourne, 1i-14 
March, 1968.) IO in. x 74 in. (25-5 cm « 19cm), Pp. 3l, (London: Society of 
Chemical industry, 1968.) i055.* 

NOLL, Waiter. Chemistry and Technology of Silicones. Translated from the 
second, revised and substantially expanded German edition by B, Hazzard and 
M. Landau, in collaboration with Express Translation Service, London, 91 in. « 
6) in, (23:5 cm « 16 cm). Pp. xiv--702. (New York and London: Academic 
Press, 1968.) 303s. 4d.* 


PECHURO, N. 5. (edited by). Organic Reactions in Electrical Discharges. 


Translated from the Russian. 10i in. x 8i in. (27 cm «21 cm). Pp. ix - 135, 
(New York: Consultants Bureau, 1968.) n.p.* 
RADLEY, J, A. Starch and its Derivatives. Fourth edition. 91 in. « 6 in. 


(23-5 cm x 15:5 cm). Pp. viii $58. (London: Chapman and Hall, Ltd., 1968.) 
40s. * 

RCFFESTER, A. R., HAY, R. H., and THOMSON, R. H. Organic Chemistry 
of Stable Free Radicals. 91 in. « 63 in. (23-5 cmx 16 cm). Pp. xi 405, (London 
and Mew York : Academic Press, 1968.) [20s.; $18.* 

SHEFTAL', N. N. (edited by). Growth of Crystals. Translated from the Rus- 
sian. Vol, SA: Pp. x^ 155, Vol, 5B: Pp. ix+ 199. Vol. 6A: Pp. x-- (8l. 
Vol, 68 : Pp. x 193, Elin.» 8bin. (28cm x 20-5 cm). (New York: Consultants 
Buruea, 1968.) n.p.* 

SM TH, Derek A. (edited by). Addition Polymers: Formation and Character- 

ization. Bi in. « 54 in. (22 cmx 14 cm). Pp. vii 4-492. (London: Butterworth 
and Co, (Publishers), Led., 1968.) 110s.* 

SNELL, Foster Dee, and HILTON, Clifford L, (edited by). Encyclopedia of 
induszrial Chemical Analysis. Vol, 6: Antifreezes to Benzaldehyde, fO} in. » 
7i in, (26 cm « 18-5 cm). Pp. xi-- 680. (New York and London : Interscience 
Publishers, a Division of John Wiley and Sons, 1968.) 310s.* 

STRAUSS, Herbert L. Quantum Mechanics: an Introduction. (Fundamental 
Topics in Physical Chemistry.) 9} in. « 61 in. (23:5 cm x 16 cm}. Pp. xiii - 192. 
(Englewood Cliffs, N.J. and Hemel Hempstead ; Prentice-Hall, 1968.) 75s.* 

WALKER, dr., Philip L. (edited by). Chemistry and Physics of Carbon, Vol. 4, 


WELLS, P. R. Linear Free Energy Relationships. 92 in. «61 in. (23:5 em « 
l6 cm). Pp. vii+ 116. (London and New York : Academic Press, 1968.) 37s. 6d. ; 
$5.95.* 

WCOD, C, W., HOLLIDAY, A. K., and BEER, R. J. $. Organic Chemistry : 
an Introductory Text. Third edition. Bi in. = 54 in. {22cm 14cm). Pp. xxvii 
346. ‘London: Butterworth and Co, (Publishers), Led., 1968.) 25s.* 


Biological Sciences 


ALLISON, Anthony (edited by) Penguin Science Survey 1968— Biology. 
7 in.» 44 in. (18 cm « I5 cm). Pp. 223-- 9 photographs. (Harmondsworth, 
Middx.: Penguin Books, Ltd., 1968.) 12s. 6d.* 


. Rhythm. (Neuroscience Series.) 9i in. 6% in, (24 em x 17 
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ANDERSEN, Per, and ANDERSON, Sven A. Physiological Basis of the Alpha 
(New York: Appleton-Century Crofts, a Division of AEA a Lee 
1968.) $12.* ue ; ^e ; + 

AUSTIN, Oliver L. (edited by). Antarctic Bird Studies. (Antarctic Research 
Series, Vol. 12.) (Publication No. 1686.) 102 in;x Bl in. (27 cm x 21 em). Pp. . 
ix--262. (Washington, D.C.: American Geophysical Union of the National _ 
Academy of Sciences—National Research Council, 1968.) $16,590.* i 

BARNETT, Anthony. The Human Species: a Biology of Man, Third Edition. 
(Pelican Book A341.) 7 in. 44 in. (18 cmx 1-5 cm). Pp. 366-32 plates 
(Harmondsworth, Middx.: Penguin Books, Ltd., 1968.) lOs. 6d. *. 

BENSON, C. W. and IRWIN, M. P. Stuart, A Contribution to the Ornithology 
of Zambia. (Zambia Museum Papers, No. |.) 9 in. «6 in. (23 cm x 15:5 cm). 
Pp. xiii -- 139. (London: Oxford University Press, 1967. Published on behalf of 
the National Museums of Zambia.) 50s. net, * 

BULL, L.B., CULVENOR, C. C. J., and DICK, A. T. The Pyrrolizidine Alkaloids: 
Their Chemistry, Pathogenicity and other Biological Properties, (North-Holland. 
Research Monographs. Frontiers of Biology, Vol. 9.) 9? in. x7 in.(25cm Bem). 
Pp. xv-- 293. (Amsterdam: North-Holland Publishing Company, 1968.) 117s,* 
Bin cs Ub R. J, um dd eae Growth, Disease and Ageing. 

à in. x 54 in. cm x cm). . vii -213. (Edinburgh: Olive: 
Ltd., 1968.) 63s.* j ‘ A e Mor 

CAMPBELL, P, N. and GRENVILLE, G. D. (edited by). Essays in Biochemistry, 
Vol. 4. 9 in. «6 in. (23 cm 15-5 cm). Pp. ix -233,. (London and New York : 
Academic Press, 1968. Published for the Biochemical Society.) 30s.: $4.50.* 

CARTHY, J. D., and NEWELL, G. E. Invertebrate Receptors. (Proceedings 
of a Symposium held at the Zoological Society of London, May 30 and 31, 1967. 
Symposia of the Zoological Society of London, No, 23.) 9} in. x 6L im. (23-5 cm < 
Pee Pp. xiv-- 341. (London and New York: Academic Press, 1968.) 80s. ; 

CHAPMAN, Dennis (edited by). 





Biological Membranes: Physical Fact and 


Function. 9} in. x 6} in. (23:5 cm « 16 cm). Pp, xi--438. (London and New 
York : Academic Press, 1968.) 100s.. $15.* 
CLIFTON, Charles E. (edited by). ín association with RAFFEL, Sidney, and 


STARR, Mortimer P, Annual Review of Microbiology, Vol. 22. 9 in.. 6 in. 
oS ems 15-S cm}. Pp. 596. (Palo Alto, Calif.: Annual Reviews, Inc.. 1968.) 


CSAPODY, Vera. Keimlingsbestimmungsbuch der Dikotyledonen. 114 in. . 

To Q9 cm x 20 cm). Pp. 286 (91 tafeln). (Budapest: Akadémiai Kiadó, 1968.) 
s. 

CUSHING, D.H. Fisheries Biology : a Study in Population Dynamics. 9i in. . 
6i in. (24 cm x 16 cm). Pp. xii -.- 200. (Madison and London: The University of 
Wisconsin Press, 1968.) $7.50 ; Fis. 6d.* 

D'YAKONOV, A. M. Sea Stars (Asteroids) of the USSR Seas. 
Fauna of the USSR, No. 34.) Edited by A. A. Strelkov. Translated from the 
Russian, 94 in.» 61 in. (24 cm « 17 cm). Pp. vi+ 183. (lerusalem : !srael Pro- 
gram for Scientific Translations, 1968. Distributed in the UK by H. A. Humphrey, 
London.) 75s.* 

EFFECTS OF RADIATION ON CELLULAR PROLIFERATION AND DIFFER- 
ENTIATION. (Proceedings of a Symposium held in Monaco, 1-5 April 1968.) 
94 in. x 61 in, (24 cm x l6 cm), Pp. 570. (Vienna: International Atomic Energy 
Agency; London: H.M. Stationery Office, 1968.) 349 Austrian schillings ; 
112s. 6d. ; $13.50.* 

ETKIN, William, and GILBERT, Lawrence l. (edited by). Metamorphosis: a 
Problem in Developmental Biology. 9i in.» 6} in. (23-5 cm x I6 cm). Pp. xii- 
459, (Amsterdam : North-Holland Publishing Company ; New York : Appleton- 
Century-Crofts, 1968.) 128s.* 

FLEAY, David. Nightwatchman of Bush and Plain: Australian Owls and Owl- 
like Birds. 10 in. x 75 in. (25:5 cm « 19 cm). Pp. 163-96 pages of photographs. 
(Brisbane : The Jacaranda Press, 1968.) A $5,50.* 

FRETTER, Vera (edited by). Studies in the Structure, Physiology and Ecology of 
Molluscs. (Proceedings of a Symposium held at the Zoological Society of London, 
March 8 and 9, 1967. Symposia of the Zoological Society of London and che 
Malacological Society of London, No. 22.) 91 in. «6i in. (23-5 cm 16 cm). Pp. 
xvii-- 377. (London and New York: Academic Press, 1968.) 90s. ; $15.* 

HARTMAN, Max (begründet von. Fortschritte der Zoologie. Bend 19, 2/3 
Lieferung. Im Auftrag der Deutschen Zoologischen Gesellschaft unter Mitwirk- 
ung von Hansjochem Autrum und Friedrich Seidel. Herausgegeben von Hans 
Bauer. Redaktion: Gerhard Czihak, 9} in.» 6} in. (23:5 em « 16 cm). Pp. 
141-321. (Stuttgart : Gustav Fischer Verlag, 1968.) n.p.* 

HAWKES, J. G. (edited by), Chemotaxonomy and Serotaxonomy. {Proceed- 
ints of a Symposium held at the Botany Department, Birmingham University, 
15-16 September, 1967. The Systematics Association, Special Volume No. 2.) 
9i in. x 6} in. (23.5 cm x l6 cm). Pp. xvi +299. (London and New York: Acade- 
mic Press, 1968. Published for the Systematics Association.) 84s. * 

HESS, Dieter. Biochemische Generik: Eine Einführung unter Besonderer 
Berücksichtigung höherer Pflanzen. 19 in. « 6$ in. (25-5 cm x I7 em), Pp. xi-- 
353. (Berlin und New York : Springer-Verlag, 1968.) 76 DM ; $19.* 

HEYWOOD, V. H. (edited by). Modern Methods in Plant Taxonomy. (Botani- 
cal Society of the British Isles Conference Report, No. 10.) Shin.» 61 in. (22-5 cm 
x 16 cm). Pp. xv 312. (London and New York: Academic Press, 1968. Pub- 
lished for the Botanical Society of the British Isles and the Linnean Society of 
London.) 84s.; $13.50.* 

HOCKING, Brian. Six-Legged Science. 8] in. « 5i in. (21 cm «13 cm). Pp. 
vii--199, (Cambridge, Mass.: Schenkman Publishing Company, ine., 1968.) 

* 


{Keys to the 


50. 

JACKSON, Christine E. British Names of Birds. Bi in. 52 in. Q2cem.- IS cm). 
Pp.125. (London: H.F. and G. Witherby, Ltd., 1968.) 30s. net. 

KOZLOWSKI, T. T. (edited by). Water Deficits and Plant Growth. Vol, 2: 
Plant Water Consumption and Response. 91 in.» 6} in. (23-5 cm « 16 cm). Pp. 
xi--333. (New York and London: Academic Press, 1968.) 1405. * 

KREBS, Adolf. Strahlenbiologie, (Verstandliche Wissenschaft, Band 95.) 
7i in. « 44 in, (18:5 cm x TiS cm). Pp.vüi — 127. (Berlin und New York: Springer- 
Verlag, 1968.) 7.80 DM; $1.95.* 

LEVINE, Norman D. (edited by), Natural Nidality of Diseases and Questions 
of Parasitology. Translated by Frederick K. Plous, Jr. fit in. «Bl in. (28.5 cm « 
2E5 cm). Pp. vili-+483. (Urbana and London: University of Illinois Press, 
1968.) $10.95; 104s.” 

LODIN, Z. and ROSE, S, P. R. (edited by). Macromolecules and the Function 
of the Neuron. (Proceedings of the international Symposium, Castie Liblice, 


Oxygen Transport in Blood and Tissue. 92 in.» G2 in. (25 cm x 17 em). Pp, vii 
264. (Stuttgart : Georg Thieme Verlag, 1968.) 54 DM.* 

MCCALLY, Michael (edited by). Hypodynamics and Hypogravics : The Physio- 
logy of inactivity and Weightlessness. 9; in. xé} in. (23:5 cem « l6 cm). Pp. xiv 
306. (New York and London : Academic Press, 1968.) $15.* 

MCGEE-RUSSELL, S. M. and ROSS, K, FLA. Cell Structure and its interpreta- 
tion, (Essays presented to John Randal Baker, FRS.) 10 in. « 7$ in. (25-5 em =~ 
19 cm), Pp. xvi 433. (London: Edward Arnold (Publishers), Ltd., 1968.) 
150s. net.* 
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- MCMILLAN, Nora F. British Shells. (Wayside and Woodland Series.) 8j in. x 
6 in. Q2 «m x 15:5 cm). Pp. xii+196+80 plates. (London and New York : 
Frederick Warne and Co., Ltd., 1968.) 50s, net.* . 

MANIL, Paul. l'Utilisation des Microbes. (Que Sais-je? No. 1322.) 7 in. 
44 in. (18cm x 1-5 cm), Pp. 126. (Paris: Presses Universitaires de France, 1968.) 
* 





isitic Hymenoptera (Family Ichneumonidae) of the 
USSR and Adjacent Countries. (Keys to the Fauna of the USSR, No, 9.) Edited 
by A. V. Lindgol'm. Translated from the Russian. 94 in. « 61 in. (24 cm x 17 em). 
Pp. iv-+-438. (Jerusalem: Israel Program for Scientific Translations, [968. 
Distributed in the UK by H. A. Humphrey, London.) 160s.* 
MOUNT,L.E. The Climatic Physiology of the Pig. (Monographs of the Physio- 
logical Society, No. 18.) 8 in. x 54 in. (22 cm « 14 cm), Pp.ix--27l. (London : 
Edward Arnold (Publishers), Ltd., 1968.) 75s. net.* 
MUIRHEAD-THOMSON,R. C. Ecology of Insect Vector Populations. 9} in.» 
.(233:5cm x té em). Pp. vii -174.. (London and New York; Academic Press, 
58.) 50s. ; $9.50.* 
NARDONE, Roland M. (edited by). Mendel Centenary : Genetics, Develop- 
ment and Evolution. (Proceedings of a Symposium held at the Catholic University 
of America, November 3, 1965.) 9} in.x 6 in. (23-5 cm x 15-5 cm). Pp. 174. 
(Washington, D. C.: The Catholic University of America Press, 1968.) $6.50 





E “cloth bound ; $3.95 paper bound.* 


ORVIH, Tor (edited by). Current Problems of Lower Vertebrate Phylogeny. 


(Proceedings of the Fourth Nobel Symposium held in June 1967 at the Swedish 


Museum of Natural History, Stockholm.) 9} in.» 62 in. (23-5 cm x 16 cm}. Pp. 
539. (New York and London : Interscience Publishers, a Division of John Wiley 
and Sons ; Stockholm : Almqvist and Wiksell, 1968.) 328s.* 

PRIDHAM, J. B. (edited by). Plant Cell Organelles, (Proceedings of che Phyto- 
chemical Group Symposium, London, April, 1967.) 9} in.x 6$ in, (233.5 cmx 
16 cm). Pp. xiii--261. (London and New York : Academic Press, 1968.) 60s.* 

PROCEEDINGS OF THE FOURTH MEETING OF THE FEDERATION OF 
EUROPEAN BIOCHEMICAL SOCIETIES, Oslo, 3-7 July 1967. The Biochemistry 
of Virus Replication. Edited by S. G. Laland and L, ©. Fróhoim. Pp. 107. 50s. 
Structure and Function of the Endopiasmic Reticulum in Animal Cells, Edited by 
F. C. Gran. Pp. 100. 50s. Regulation of Enzyme Activity and Allosteric Inter- 
actions. Edited by E. Kvamme and A, Phil. Pp. 170. 66s. 6d. Control of Glyco- 
gen Metabolism. Edited by W. J. Whelan. Pp.221. 66s, 6d. Cellular Compart- 
mentalization and Control of Fatty Acid Metabolism, Edited by F. C. Gran. 
Pp. 116, 50s, Structure and Function of Transfer RNA and 5S-RNA. Edited by 
L, O. Fróholm and S. G. Laland. Pp. 185. 66s. 6d. 9in.«6in. (23cm « I5: 5 cm). 
(Oslo : Universitetsforlaget ; London and New York : Academic Press, 1968.)* 

RHODES, A.J.,and VAN ROOYEN, C. E, Textbook of Virology. Fifth edition. 
102 in. «7 in. (26 cm x 18 cm). Pp. xxvii-- 966, (Baltimore, Md. : The Williams 
and Wilkins Co., 1968. Distributed in the UK by E. and S. Livingstone, Ltd., 
Edinburgh.) 310s.* 

ROSE, Anthony H. Chemical Microbiology. Second edition. 8j in. « 5j in. 
(22 cm x 15 cm). Pp. xi -- 312. (London: Butterworth and Co, (Publishers), Ltd., 
1968.) 48s." 

SCHIEVELBEIN, Helmut (herausgegeben von), Nikotin; Pharmakologie und 
Toxikologie des Tabakrauches. 9 in.x6 in, (23 cm x 15-5 cm), Pp. xii +336. 
(Stuttgart : Georg Thieme Verlag, 1968.) 52 DM.* 

SCHMIDT, Anthony J. Cellular Biology of Vertebrate Regeneration and 
Repair. 9i in. x 6 in. (23-5 cm x 15:5 cm). Pp, xiz 420. (Chicago and London : 
The University of Chicago Press, 1968.) 157s.* 

SMITH, C. U, M. Molecular Biology : a Structural Approach, 8i in. « 5i in. 
(22 em x 15 em). Pp. 404-- 10 plates, (London: Faber and Faber, Led., 1968.) 
85s. net." 

SMITH, David 5. Insect Cells: Their Structure and Function. {04 in. « 64 in. 
(26:5 cm x 16-5 cm). Pp. xvii -+372 (117 plates). (Edinburgh : Oliver and Boyd, 
1968.) 126s.* 

SMITH, J. Maynard. Mathematical Ideas in Biology, 8) in. » 53 in. (2L. 5 eme 
I4 cm). Pp.vii-- 152. (London : Cambridge University Press, 1968.) 30s. ; $5.* 

STEWARD, F. C. Growth and Organization in Plants: Structure, Davelop- 
ment, Metabolism, Physiology. (Addison-Wesley Series in Life Science.) 91 in. - 
64 in. (24 cm x 165 cm), Pp. xi-- 564, (Reading, Mass., and London : Addison- 
Wesley Publishing Company, 1968.) 140s.* 

TAYLOR, Edward Harrison. The Caecilians of the World: a Taxonomic 
Review. 9} in. x 6) in. (23:5 cm « 16cm). Pp. 848. (Lawrence: University of 
Kansas Press, 1968.) 238s.* 

VERDI,S.S. Auco-Eugenics and Sex Predetermination, 71 in. « 5in, (IB. 5 cm 
12-5 cm). Pp. 122. (Chandigarh: Kanwal, Pal and Co., 1968.) Rs. 6.00.* 

WELLS, Martin. Lower Animals, (World University Library.) 74 in. 5 in. 
(19 cm « 12-5 cm). Pp. 256. (London: Weidenfeld and Nicolson, 1968.) 18s.* 


Applied Biological Sciences 


ALBERT, B. Surgical Treatment of Caustic Injuries of the Eye. 91 in.» 6j in. 
(24 cm x 17 em), Pp. 147. (Budapest: Akadémiai Kiadó, 1968.) 63s.* 

BLACK, D. A. K. The Logic of Medicine. (Contemporary Science Paperbacks, 
No.28.) 7in. « 4Lin.(IBcm Ilem). Pp.vi-- BB. (Edinburgh : Oliver and Boyd, 
Ltd., 1968.) 7s. 6d.* 

EHRENPAEIS, S., and SOLNITZKY, Othmar C. (edited by). Neurosciences 
Research, Vol. I. 9h in. 62 in. (23:5 cm « l6 cm). Pp. xi+ 367+ 16 plates. (New 
York and London : Academic Press, 1968.) 1545s. 4d. * 

ELIMINATION OF HARMFUL ORGANISMS FROM FOOD AND FEED BY 
IRRADIATION. (Report of a Panel organized by the Joint FAO/IAEA Division 
of Atomic Energy in Food and Agriculture, held in Zeist, The Netherlands, 12-16 
June 1968.) 91 in.« 6] in. (24 cm x 16 cm). Pp. 118. (Vienna: International 
Atomic Energy Agency ; London: H.M. Stationery Office, 1968.) 91 Austrian 
schillings ; 29s. 2d. ; $3.50.* 

GORET, P., MICHEL, C., and TOMA, B. 
Les Maladies Animales à Virus, 94 in. x 7 in, (24 cm « 18 cm). 
l'Expansion Scientifique Francaise, 1968.) 36.22 francs. * 

HARRIS, Robert S. (edited by). Art and Science of Dental Caries Research. 
92 in. x 6i in. (23-5 cm « 16 cm). Pp. xviii--428. (New York and London: 
Academic Press, 1968.) 163s. 4d.* 

JOHNSON, John. Disorders of Sexual Potency in the Male. 9 in.« 5j in, 
(23 om x 12:5 cm). Pp. xi «116... (Oxford, London and New York: Pergamon 
Press, 1968.) 55s.* 

MCCANCE, R, A., WIDDOWSON, Elsie M. (edited by). Calorie Deficiencies 
and Protein Deficiencies. (Proceedings of a Colloquium heid in Cambridge, April 
1967.) 9i in.« 6j in. (23:5 cm « 16 cm). Pp. xiv+ 386. (Londen: J. and A. 
Churchill, Ltd., 1968.) 80s. 

PEARSE, A. G. Everson. Histochemistry : Theoretical and Applied, Vol. l. 
Third edition. 94 in. = 61 in. (24 cm > l6 cm). Pp. vii+759 = 14 plates. (London: 
jJ. and A. Churchill, Led., 1968.) 130s.* 

RADIATION,RADIOISOTOPES AND REARING METHODS IN THE CONTROL 
OF INSECT PESTS. (Proceedings of a Panel organized by the Joint FAO/IAEA 
Division of Atomic Energy in Food and Agriculture, held in Tel Aviv.) 91 in. x 
6i in. (24 cm « 16 cm). (Vienna: International Atomic Energy Agency ; London : 
H.M, Stationery Office, 1968.) 104 Austrian schillings ; 33s. 4d. ; $4.* 


l'Anemie Infectieuse des Equides : 
Pp. 143. (Paris: 
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RIBET, André, et PASCAL, Jean-Pierre, Le Pancréas Exocrine : Physiology 
introduction à Exploration Fonctionnelle. 94 in.» 6} in, (24 cm x I$ cm), (Paris: 
Masson et Cie., 1968.) 70 francs.* 

SIEGEL, Rudolph E. Galen's System of Physiology and Medicine : an Analysis 
of his Doctrines and Observations on Bloodflow, Respiration, Humors and internal 
Diseases. 91 in, 64 in. (24 «m « 16-5 cm). Pp. 419. (Basie and New York : 
S, Karger, 1968.) 98 Sw. francs; $23. 

SOKOLOFF, Boris. Carcinoid and Serotonin, (Recent Results in Cancer 
Research, Vol. 15.) 10 in. « 6$ in. (25:5 cm « (6 5 cm). Pp, x i23. (Berlin and 
New York : Springer-Verlag, 1968.) 24 DM ; $6.* 

WHYTE, R. O., and MATHUR, M. L. The Planning of Milk Production in 
india, 81i in.» 54 in, (21 cm f4 cm), Pp. viii «221. (Calcutta : Orient Long- 
mans, Ltd., 1968.) Rs. 10,00.* 

WINDHAGER, Erich E, Micropuncture Techniques and Nephran Function. 
(Molecular Biology and Medicine Series.) 7i in.. Sin, Gem iiS emh Pp. xi - 
249. (London; Butterworth and Co. (Publishers), Led., 1968.) 55s, * 

ZILBER, L. A., and ABELEV, G. i. The Virology and Immunology of Cancer, 
Translated from the Russian and edited by Ruth Schachter. 94 in, «êjin (23.5 em 
+ 16 cm). Pp. xii--474, (Oxford, London and New York: Pergamon Press, 
1968.) 165s.* 


General 


BLANCHE, R. Contemporary Science and Rationalism. Translated by |. A. G. 
Le Bek. (Contemporary Science Paperbacks, No. 27.) 7 in.» 4; in, (18 cm « 
Hb em). Pp. ix+-92. (Edinburgh : Oliver and Boyd, Ltd, 1968.) 7s, 6d. * 

BROWN, D, G. Action, 9i in. x 6b in. (23:5 cm « 16 em). Pp. xii - 150, 
(London: George Allen and Unwin, Led., 1968.) 45s, net.” 

CHORAFAS, D. N. The Knowledge Revolution: an Analysis of che inter- 
national Brain Market and the Challenge to Europe. 6} in. «54 in. (22 cm « 
14 cm). Pp. 142. (London: George Allen and Unwin, hed., 1968.) 30s, ner,” 

CRAIGIE, E. Horne, and GIBSON, William C. The World of Ramón Y Cajal, 
with Selections from his Nonscientific Writings. (A Monograph in the Banner- 
stone Division of American Lectures in History of Medicine and Science.) 9i in, x 
$ neo cm x l6cm). Pp.x--295, (Springfield, ill, : Charles C, Thomas, 1968.) 

9.75.* 

ERDIE, Ferenc (editor-in-chief). Information Hungary, (Countries of the 
World Information Series, Vol. 2.) 101 in. « B] in. (26 cm « 21 om). Pp. xiv + 
1144, (Oxford, London and New York: Pergamon Press, 1968.) 250s. * 

EWING, A. C. Non-Linguistic Philosophy. (Muirhead Library of Philosophy.) 
8i in.» $2 in, (22 cm x I5 cm). Pp. 279. (London: George Allen and Unwin, 
Ltd. ; New York: Humanities Press, 1968.) 52s, 6d. net. * 

FORBES, R. J. The Conquest of Nature: Technology and its Consequences. 
(Britannica Perspectives.) 9i in. « 6in. (24 cm « 15:5 cm). Pp. xiii -98. (London : 
Pall Mail Press, Ltd., 1968.) 28s, net." 

GLASS, Bentley, TEMKIN, Owsei, and STRAUS, je. William L. (edited by). 
Forerunners of Darwin: 1745-1859, 8in. « Si in. (20cm « I3cmi. Po. ux + 471. 
(Baltimore, Md.: The Johns Hopkins Press ; London: Oxford University Press, 
1968. Originally published 1959.) 28s, 6d, net. * 

GRUNBAUM, Adolf. Modern Science and Zeno's Paradoxes, 87 in.» 
(22 cm x 15 em). Pp. x-+'53. (London : 
32s. nec.* 

HARE, Michael M. The Multiple Universe: On the Nature of Spiritual Reality. 
2 x6 in, (24 cm « 15-5 cm). Pp. 197, (New York: The Julian Press, 1968.) 

* 


HERBERT, Wally. A Worid of Men: Exploration in Antarctica. Bi in. 
5i in. (22 cm « 15 em). Pp. 232-4 16 plates, (London: Eyre and Spottiswoode 
(Publishers), Ltd., 1968.) 50s. ner.” 

HIGHSMITH, dr., Richard. Atlas of che Pacific North-V est, 
(30.5 cm « 22 cm). Pp. vii - 168. 
1968.) $5 paperback.* 

KELLY, Joe. fs Scientific Management Possible ^ A Critical Examination of 
Glacier's Theory of Organization, 8j in. 57 in. (22 cm « 15 om}. Pp. 132. 
(London : Faber and Faber, Led., 1968.) 63s.” 

KENT, Allen, and LANCOUR, Harold (edited by}. Assisted by NASRI, VVilliam 
Z. Encyclopedia of Library and Information Science, Vol. f: A cto Assaciac. 
(0i in, «7 in. (26 cm « 18 cm}, Pp. xii 676. (New York: Marcel Dekker, 
inc., 1968.) $45.* 

KING, Horace Maybray. Before Hansard, Bi in.» 5i in. (22 crm- 
Pp. viii -- $14. (London: J. M. Dent and Sons, Led., 1968.) 25s, nen” 

MILLARD, Patricia (compiled and edited by), Directory of Technical and Sctenti- 
fic Translators and Services, t0 in. « 7i in, (25:5 cm « 19 cm). Pp, xvi «136. 
(London: Crosby Lockwood and Son, Led., 1968.) 50s, ner.” 

PUCCETTI, Roland. Persons: A study of Possible Moral Agents in the Universe, 
83 in. « 52 in. (22 ems 15 cm). Pp. 145. (London : Macmillan and Co., Ltd, 
1968.) 50s. net.* 

RABEY, Graham. Morphanalysis. 
232. (London: Graham Rabey. 
London, WCI.) n.p.* 

RITTERBUSH, Philip C. The Art of Organic Forms. 10$ in.» 7) in. (26 em © 
18.5 cm), Pp. 149 (23 plates). (Vashington, D.C. : Smithsonian Institution Press, 
1968.) $10.* 

ROSE, Steven (edited by), CBW-—Chemical and Biological Warfare ; Ics Scope, 
implications and Future Development. (The London Conference on CBVV held 
under the auspices of the J. D. Bernal Peace Library.) B? in.« 52 in. (22 em « 
i5 cm). Pp.209. (London: George G. Harrap, 1968.) 30s.* l 

RUSSELL, Claire, and RUSSELL, W. M. S. Violence, Monkeys and Man. 8? in. © 
Shin. (22 cm x 14 cm). Pp. xs 340+ 12 photographs. (London: Macmillan and 
Co., Ltd., 1968.) 63s. ner.” i 

SHAH, Idries, The Way of the Sufi. 8) in.. 53 in. (32cm « iS cm). Pp, 287. 
(London : Jonathan Cape, 1968.) 36s. ner.* 

SURENDRA. The Theory of Absolute, or Unified Field Theory, or The Law of 
Evolution, or Science and Social Order. 71 in. « 71 in. (25 cm « 193 em). Pp. 124, 
(Dhanbad, Bihar: Dr Surendra, Indian School of Mines, 1968.) Rs. 3.* 

TOWARDS A LESS HARMFUL CIGARETTE, (A Workshop held ac che Weorid 
Conference on Smoking and Health, September 11-13, (967.3 [04 in.» F in. 
(26:5 cm « 18 cm). Pp. xiv - 282. (Washington, D.C. : Government Printing 
Office, 1967.) n.p.* j 

TUAN, Yi-Fu. The Hydrologic Cycle and the Wisdom of God: a Theme in 
Geoteleology. (University of Toronto Department of Geography Research 
Publications, Vol. L) 9 in. x Gin. (23 cm « 555 em), Pp. xiii 160, (Toronto : 
University of Toronto Press ; London ; Oxford University Press, 1968.) 479. 6d. 
net. 

WADDINGTON, C. H. The Scientific Attitude. (A Nucleus Book.) 72 in. 
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(London : Hutchinson 


52 i. 


George Allen and Unwin, Led., 1968.5 


12 in.» BY in. 
(Corvallis: Oregon State University Press, 


i5 cm), 


91i in. 6i in, (25 cm « 17 em), Pp. viii 
Available from Fi. K, Lewis and Co., krg., 


_ WHYTE, Lancelot Law (edited by). Aspects of Farm. (A Symposium on Form 
in Nature and Art.) Second edition. 8) in,- 52 in, (22 cm « 15 cem), Pp. xxi ~ 
254. (London: Lund Humphries, 1968.) 42s. ner. * 
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Van Nostrand's Scientific Encyclopedia, 
4th ed. 

The new edition of this internationally recognized 
reference work has been expanded in concept and 


coverage, carefully revised and updated. 2,118 pp. 
(112: 82), 2,000 illus., and diags., 16 full colour photos., 
£18 


Chemical Applications of Potentiometry 
HAZEL ROSSOTTI, 
Fellowa nd Tutor in Chemistry, St Anne's College, Oxford 


A comprehensive account of the uses of e.m,f. measure- 
ments in chemistry. 264 pp., 55 illus., 75s. 


Modern Methods in Organic 
Microanalysis 

(Van Nostrand Series in Analytical Chemistry) 
JEAN P. DIXON, 

‘Shell’ Research Ltd., Chester 


À comprehensive and critical coverage of the latest 
techniques for practising chemists and advanced under- 
graduates. 330 pp., 124 illus., 7Cs. 


Luminescence in Chemistry 
(Van Nostrand Series in Physical Chemistry) 


Edited by E. J. BOWEN, F.R.S. 


Presents the main features of luminescence, phosphores- 
cent and chemiluminescent phenomena in solids, liquids 
and gases. 272 pp., 82 illus., 75s. 


Nuclear Chemistry 

(Van Nostrand Series in Physical Chemistry) 
M. LEFORT, 

University of Paris 


Contains the hard core of basic knowledge essential to 
the understanding of stable and unstable nuclei and 
nuclear reactions. For senior undergraduates and 
graduates. 532 pp., 245 illus., £5. 


Linear Algebra and Analysis : 

An introduction to Modern Theories 
(New University Mathematics Series) 
MARC ZAMANSKY, 

University of Paris 


Brings together introductions to the various structures 
which underlie current research—for final year under- 
graduates and postgraduate students. 478 pp., £5. 


Vector Calculus and Differential 

Equations 

(University Series in Undergraduate Mathematics) 
A. G. FADELL, 


Associate Professor of Mathematics, State University of 
New York at Buffalo 


Theory is prominent and rigorously treated but supported 
by abundant analogies, diagrams, and motivation by 
examples. Exercises are included. 570 pp., 65s. 


Write to the publisher for prospectuses or catalogue 


VAN NOSTRAND 
Windsor House, 46 Victoria St., $.W.| 
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TO BE PUBLISHED MARCH 1969 


A practical manual and data book for 
forensic scientists, toxicologists, analytical 
chemists, pharmacists, biochemists, 
pathologists and police surgeons 


ISOLATION and 
IDENTIFICATION 
of DRUGS 


in pharmaceuticals 
body fluids and 
post-mortem material 


Edited by 


E. G. C. CLARKE 


MLA. Ph.D., D.Sc., F.R..C. 
Professor of Chemical Toxicology in the University 
of London at the Royal Veterinary College 


Part I; Isolation and Identification Techniques : Screening 
tests for common drugs ; extraction methods in toxicology ; 
paper chromatography; thin-layer chromatography ; gas 
chromatography ; uitraviolet absorption spectrophotometry ; 
infra-red absorption spectrophotometry ; colour tests ; micro- 
crystal tests ; metabolism of drugs. 


Part Il: Individual monographs on over 1,000 drugs: (a) 
Nomenclature, formulae, physical data, related salts; (b) 
analytical data and specific tests ; (c) data on metabolism 
and toxicology ; (d) references and abstracts. 


Part HE: Analytical data tabulated: Data from the mono- 
graphs in Part I tabulated in sequential order as an aid to 
identification. 


Infra-red spectra: A unique collection of nearly 450 infra- 
red spectra for drugs and similar substances, with major 
peaks clearly labelled. Many of the spectra have been 
specially prepared for this book. 


896 pages. Price £14. 
Detailed prospectus on request. 


The Pharmaceutical Press, 
17 Bloomsbury Square, W.C.1 
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Molecular Genetics 


Edited by Professor Dr. H. G. Wittmann and Dr H. Schuster, 





4. wissenschaftliche Konferenz 
der Gesellschaft Deutscher 
Naturforscher und Arzte 


Berlin 1967 Max-Planck-Institut für Molekulare Genetik, Berlin, Germanv 

With 141 figures Molecular genetics, lying as it does structure, with ssectal reference to the 
VII, 341 pages. 1968 between biochemistry and genetics, is Components ==- ribosomes, (RNA and 
Soft cover DM 48,— one of the most rapidly growing areas  aminoacyl-cRNA-senthetases — involv- 


of modern biology. The Gesellschaft ed in the process of protein synthesis: 
Deutscher Naturforscher und Arzte gene functions ar their regulation; re 


Members of the Gesellschaft organized its 4th Symposium so as to plication o£ nucleic acids, their modification 
| Deutscher Naturforscher und provide a survey of the state of research and the repair of radiauon damage; 
| Arzte can obtain the report in various subsidiary areas of genetics. analysis of the amino acids in ribosomes 
| ata special price by ordering Working groups from Europe and the — and virus proteins 
| through the society. USA were invited to report on and There are so papers in all, dealing with 


| discuss recent results in the study of the current problems. and research in chis 
| following: genetic information in nucleic feld, 
acids and its translation into the protein 
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Ernest Rudd University of Essex 
Stephen Hatch London Institute of Education 


Books ON PURE 
AND APPLIED SCIENCE 


LARGE STOCK ALWAYS AVAILABLE 












'A valuable addition to our knowledge of this 
educational field... . it will provide an important 
source for those interested in many aspects of 
the sociology of education. 

P. W. Musgrave, New Society 

226 pages 55s. 


Weidenfeld & Nicolson 
5 Winsley Street London W1 


Many of the  bocks reviewed or 
mentioned in this journal are available 
from stock. Foreign books not in 
stock obtained to order with the least 
possible delay. 


Catalogues on application. Please state interests 
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DILLON’S UNIVERSITY 
BOOKSHOP Ltd 


ALL CURRENT SCIENTIFIC AND TECHNICAL TEXTBOOKS 
WRITE NOW FOR OUR NEW GEOGRAPHY CATALOGUE 


| MALET ST., LONDON, W.C.1. MUSeum 2128 


Scientific Lendirg Library 


New books and latest editions available promptly 
ANNUAL SUBSCRIPTION, FROM £2-15-0 
Prospectus free on request 


Second-hand Books 


Large stock of recent editions 
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ACADEMIC PRESS 


London and New York 


Berkeley Square House, Berkeley Square, London, WIX 6BA 
111 Fifth Avenue, New York, New York 10003 





Journal of Fish Biology 
Published for the Fisheries Society of the British Isles by Academic Press, London and New York 


Edited by James C. Chubb, assisted by an international Board 
of Editors 


The Journal of Fish Biology will publish high quality papers relevant to the central theme of fish 
biology; it will embrace all aspects of fisheries research and management, both freshwater and 
marine. The Journal has been introduced to attract, from workers in a wide range of scientific 
disciplines, papers on topics such as the behaviour, biochemistry, diseases, distribution, endocrinol- 
ogy, parasitology, physiology and taxonomy of fishes; such papers are at present spread through 
a large number of publications. An overall picture of the research in progress on fish and fisheries 
will thus be presented under one cover. 

The Journal is published quarterly; the subscription price for Volume 1 (400 pages) is 105s. UK, $14.50 overseas 


Contents of Volume 1, Number 1, January 1969 


The Acute Toxicity to Rainbow Trout of Fluctuating Concentrations and Mixtures of Ammonia, Phenol and Zinc. Aquatic 
Weed Control using Grass Carp. Tubificid Oligochaetes as Food of Dace Leuciscus leuciscus. A Preliminary Account of 
the Mapping of the Distribution of Freshwater Fish in the British Isles. Urocleidus principalis (Mizelle, 1936), a North 
American Monogenetic Trematode New to the British Isles, Probably Introduced with the Largemouth Bass Micropterus 
salamoides (Laceépeéde, 1802), Furunculosis in the Goldfish Carassius auratus (£5. A Preliminary Study of the Feeding 
Relationships of Fish in a Hard-water and a Soft-water Stream in Southern England. A Note on the Photography of Fish 
Scales, Operculas and Otoliths using an Enlarger. The Growth of Dace Letciscus leuciscus (L.), Roach Rutilus rutilus iL.) 
and Chub Squalius cephalus (L.) in Willow Brook, Northamptonshire, 


The Journal of Chemical Thermodynamics 
Edited by M. L. McGlashan, H. A. Skinner and Edgar F. Westrum, Jr. 


With Editors and Advisory Board appointed by a Task Group set up for the purpose by members of 
the Commission on Thermodynamics and Thermochemistry of the International Union of Pure and 
Applied Chemistry 


The Journal of Chemical Thermodynamics will accept papers dealing with. thermochemical and 
equilibrium studies on chemical reactions, and with the measurement of thermodynamic properties 
of single and multicomponent systems by calorimetric, PVT, spectroscopic and other methods. 
Areas covered will include all topics currently treated in the Bulletin of Thermodynamics and Thermo- 
chemistry; papers of thermodynamic content on systems of interest to biochemists, metallurgists 
and physicists will also be welcomed. A particular concern of the Journal! will be to ensure that 
the results of accurate measurements are presented in full. 

There will be six issues in 1969, each consisting of approximately 100 pages. The subscription 
price will be 160s. U.K., $19.50 overseas. 

Contents of Volume 1, Number 1, January 1969 


The water vapour equilibria over magnesium perchlorate hydrates. Hot-zone reaction calorimetry. The enthalpies of formation af 
copper oxides. Thermodynamics of ether solutions. Part V: Enthalpies of mixing of ethers with carbon tetrachloride and with chloro- 
form. Thermodynamic properties of urea + hydrocarbon adducts from 12 to 300 K. The heat capacities and entropies of the 
adducts of the paraffin, C,,H 4, and the 1-olefines, Cy Hag, Cj Hus and Cool so. Thermochemical results for "trix as a test 
substance in solution calorimetry. The heat capacity and entropy of calcite and aragonite, and their interpretation. Phe 
thermodynamic properties of silver + palladium alloys. The thermodynamic properties of elementary posphorus, The heat 
capacities of two crystalline modifications of red phosphorus, of a and B white phosphorus, and of black phosphorus from 15 
to300 K. Thermodynamics of hydrochloric acid in 95 volume per cent (92.41 mass per cent) ethanol from e.m.f. measurements. 
at 5 to 5Q* C. The enthalpies of formation of plutonium dioxide and plutonium mononitride. Thermodynamic properties of 
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Discrete X-ray Sources and the 

Diffuse X-ray Background 

Ir has recently been suggested that the isotropic X-ray 
background ean be accounted for by means of the super- 
posed contributions from extra-galactic X-ray sources. 


provided that evolutionary effects are taken into 
account!?, The neglect of evolutionary factors leads to 


a diffuse X-ray flux from diserete extra-galactic sources 
which falls short of the observed flux by between one and 
two orders of magnitude’. This appears to be true whether 
one considers normal galaxies (?~ 10" ergs/s). radio 
galaxies (for M 87, P ~ 1093 ergs/s), or quasi-stellar sources 
(for 3C 273, P< 10" ergs/s). Here P is the flux in X-rays 
above | keV, and the estimates of P are justified later. 

I wish to discuss the evolutionary requirements on 
extra-galaetic X-ray sources, and indicate how the dis- 
covery of an isotropic flux of soft X-rays! and a possible 
change in spectral index? of the diffuse X-ray background 
between 10 and 100 keV may be interpreted in a discrete 
source model. Other possible interpretations of the 
X-ray background above 1 keV involve the production of 
X-rays m the intergalaetic medium by inverse Compton 
radiation of relativistic electrons interacting with the 
3° K blackbody radiation® or by bremsstrahlung of a 
suprathermal flux of subcoamie ray electrons’. l 

The discussion by Bergamini et a/.' considers that the 
diffuse flux is due to an evolving density distribution of 
radio sources with low mean magnetic fields. These 
radio galaxies are intense inverse-Compton emitters of 
N-rachation only at appreciable red-shifts (when the 
radiation density is greatly enhanced), and would not 
be detectable as discrete X-ray sources. According to 
these ideas, an entirely new mechanism for the production 
of X-rays is operative at cosmological distances. 

On the other hand, according to another suggestion?, 
extra-galactic X-ray sources are superpositions of galactic 
X-ray sources. I shall discuss here the difficulties 
involved in this particular model. Typically, a normal 
galaxy. if like our own galaxy, will have an X-ray lumino- 
sity ^ 10%* ergs/s above 10 keV, and ~ 10 ergs/s below 
10 keV. compared with a radio luminosity of ~ 10%! ergs/s. 
This estimate assumes that we may divide galactic X-ray 
sources into two populations. Above 10 keV, Crab-type 
sources with hard spectra are dominant (P ~ 103* ergs/s), 
and below 10 keV, Sco X-1-type sources predominate 
with exponential spectra (P~ 10°" ergs/s). It has been 
estimated that our galaxy contains ~ 10° X-ray sources, 
if distributed uniformly throughout the disk*. 

Provided there is sufficient increase in X-ray luminosity 
of individual galaxies with red-shift, then one can account 
for the diffuse X-ray background by counting normal 
galaxies. The basis for this assumption is the density 
evolution effect found by Longair? for a class of powerful 
radio sources in the 3C catalogue. Assuming a power-law 
type of evolution. Longair concluded that the number 
density of these sources relative to the cosmie expansion 
increases at past epochs as (1+2),_. with mc 5-5 in an 
Einstein-de Sitter cosmological model. The limiting red- 
shift z, at which density evolution is important is about 4, 
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are exceeded. A similar, although less pronounced, effect 
has been obtained by Schmidt!” in an analysis of the 
distribution of quasi-stellar sources with red-shift. To 
apply these results to the X-ray background, a further 
degree of freedom has to be introduced, as we shall show, 
corresponding to a greater ratio of X-ray to radio luminosi- 
ties of sources at past epochs :han at present. ‘This 
feature. although unwelcome. brings our model rather 
closer to that of Bergamini ef al." . 

A reasonable interpretation of :he density evolution of 
the powerful radio sources is thet normal galaxies pass 
through an early phase of enhanced activity, involving an 
increased rate of supernova expsosions!. These would 
account for the increase in number-density of the powerful 
radio and optical sources with red-shift, and also give 
rise to Crab-type X-ray sources. 

Consider first the interpretation. of powerful radio 
sources in terms of a phase of enhanced radio emission 
by normal galaxies. Because at present all types of radio 
galaxy are thought to contribute roughly similar amounts 
to the radio background", the number density of powerful 
radio sources emitting ~ 10 ergsis at z= (is (to within a 
factor of 10) 4 10-* the density of normal galaxies at 
z—0. Thus by zy, less than 1 per cent of normal galaxies 
have become powerful radio sources if mean source life- 
times <10° vr. (The luminosity factor involved in this 
integration is chosen such that à normal galaxy (~ 10%- 
103° ergs/s) at z=0 evolves to a powerful radio galaxy 
( ~ 108-10 ergs/s) at Z.) 

Now consider the associated X-ray emission, on the 
assumption that the X-ray luminosities of this same class 
of galaxies evolve similarly with epoch. To account for 
the observed isotropic (to within 10 per cent) X-ray 
background of about 10-* ergs/em? s st above 4 keV (ret. 
13). it is found to be necessary to include contributions 
from red-shifts exceeding z,. In fact. with m ~ 5:5 sources 
need to be integrated out to a red-shift of about 5, although 
earlier?. when à value m 3 was used, appreciably larger 
red-shifts were required. 

An alternative possibility might be that X-ray luminosi- 
ties evolve more rapidly with epech than do radio lumin- 
osities. Some observational evidence can be cited against 
this hypothesis. 

M 87 is marginally detectable as an X-ray source 
although the X-ray luminosity exceeds the radio lunun- 
osity by a factor of 50. More remote radio galaxies, if of 
comparable X-ray luminosity te M 87. might not be 
detected without a considerable inerease in sensitivity of 
conventional X-ray detectors. a similar statement can 
be made about the more powerful quasi-stellar radio 
sources. For example, an X.rar luminosity for 3C 273 
exceeding the radio luminosity by a factor of 70 is con- 
sistent with recent observations. On the other hand, 
for our galaxy the X-ray luminesity may be between a 
factor of 10 and 100 larger than the radio luminosity., 
Thus there seems to be rather weak evidence that, for 
those extra-galactic radio sources that are also X-ray 
sources, the ratio of X-ray to sadio luminosities seems 
to be relatively independent of the range in luminosities 
(which vary by a factor of ~19°). But note that the 
ratio of X-ray? to low frequency radio! backgrounds is at 
least an order of magnitude larger than similar ratios 
for these discrete sources. 

Consider now the possible role of Seorpio-type X-ray 
sources in normal galaxies. These would contribute to 
the background below ^42 keV, if present in the active 
phases of galaxies, and if inter-galaetie absorption 1s 
negligible. Thus the isotropic seft X-ray flux* at $ keV 
may possibly be due to a population of red-shifted Scorpio- 
type X-ray sources. If this were the ease, we would 
anticipate that nearby radio galaxies might be strong 
X-ray emitters at ~}(1+2,) keV.  Luminosities of ~ 10% 
ergs/s below 1 keV for normal galaxies or ~ 10" ergs/s 
for radio galaxies are required in order te explain the 
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diffuse flux at 1 keV without any evolutionary enhance- 
ment. Evolutionary effects may reduce the luminosity 
requirements by an order of magnitude or more. Note 
also that intrinsie absorption in the sources would produce 
a sharp cut-off in the soft X-ray flux at very low energies. 

A test that the discrete source model (and indeed, any 
other model) must satisfy 1s the explanation of the appar- 
ent steepening by one-half power of energy of the diffuse 
X-ray spectrum above about 50 keV?*. It is difficult to 
see how this effect can be explained in a diserete source 
model. It may perhaps be allied to recent observations 
of very hard X-rays from Cyg X-1, which seem to indicate 
a change m spectral index above about 150 keV. The 
steepening is by at least one-half power". A super- 
position of red-shifted sources with an intrinsie break at 
~150 keV would exhibit a similar change in slope at 
~25 keV. This is because the spectral index of the 
background is identical to that of the discrete sources, 
and the major contribution comes from z~ 5. Of course, 
this break may be smeared out by a spread in the effective 
value of the energy at which the intrinsic break occurs, 
but asymptotically (for example, below 10 keV and above 
100 keV) it should form a natural part of our model, 
provided that a steepening in galactic sources anywhere 
between 50 keV and 500 keV is a more or less universal 
phenomenon. In fact, at least one model'® proposed for 
Crab-type X-ray sources exhibits a cut-off in this range. 
But improved observations of discrete sources above 
100 keV are needed before this suggestion can carry much 
weight. At the same time, It should be emphasized 
that the degree of flattening is currently a matter of dispute 
among experimenters*?. Indeed, one of the remarkable 
features of the high energy background is the general 
tendency of measured values to lie within a factor of two 
or three to a power law with «~ | over the entire observed 
range from } keV to 100 MeV. 

The spectral index « of the diffuse background between 
l and 50 keV is 0-7 42 0:2, and above 50 keV, x= 1-24+0-1. 
We estimate the mean value of « for Crab-type sources by 
consideration of the spectral indices of the galaetie hard 
X-ray sources. These are, between 10 and 100 keV: the 
Crab!$, a=1-2+01; Cyg X-1 (ref. 17), e=O0-8+1; Lup 
XR-1 (ref. 19), a= 1540-3; SGR X-1 (ref. 20), x 1-04 
0-3; and Cen XR-2 (ref. 21), «— L[:2-E 0-2. A mean 
spectral index for Crab-type sources can be taken as 
x= 1+0-2 below 100 keV, and «= 1-4+0-2 above 100 keV. 
Clearly it would be rash to attach much significance to the 
difference between the estimates of « for Crab-type 
sources and its values for the diffuse background: the 
significant point is the similarity in spectral indices. 

Recent evidence that M 87 may be a source of hard 
X-rays!??? is also interesting. The energy spectral mdex 
of M87 is 07 0-1. The similarity between these various 
spectral indices adds credence to the possibility that 
extra-galaetie hard X-ray sources possess a similar value 
of « to galactic hard X-ray sources, and contribute to the 
diffuse background. T his similarity may also be indica- 
tive of a uniform mechanism for the production of hard 
X-rays. The X-ray emission of other radio galaxies may 
have similar spectral characteristics to that from M 87. 
Improved spectral measurements of this X-ray galaxy 
would certainly provide a sounder model for our Crab- 
type extra-galactic sources. 

Confirmation of 3C 273, and preferably other quasi- 
stellar sources, as hard X-ray sources may well make it 
plausible to account for the diffuse X-ray flux by means 
of a density evolution of the powerful radio sources. It 
would then be possible to dispense with the intermediate 
step discussed here of evolving normal galaxies. In fact, 
a recent. analysis”? indieates that radio galaxies sueh as 
M 87 evolve in density even more rapidly with epoch 
than do the quasi-stellar radio sources. In this case one 


might hope to account for the diffuse X-ray flux with a 


population of radio galaxies which each emit ~ 10% 
ergs/s in hard X-rays. 
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It does not seem possible, however, to avoid theadditional 
degree of freedom involved in speeifying the evolutionary 
factor for discrete extra-galactic X-ray sources, to enhance 
the X-ray background at the cost of the radio background. 
Other discrete souree models, by invoking the 3^ K 
radiation, surmount this hurdle, because inverse Compton 
losses are greatly increased at large red-shifts beeause of 
the increased radiation density?*. Even in this type of 
model there are diffieulties?* in explaining the apparent 
break in the diffuse X-ray spectrum, in addition to the 
somewhat negative aspect of appealing to à mechanism 
operative only at a remote and otherwise unobservable 
epoch. If the break in the diffuse X-ray spectrum be- 
tween 10 and 100 keV is confirmed, more attention should 
be devoted to interpretations involving mechanisms of 
X-ray production operative in the inter- -galactic medium 
rather than in distant discrete sources. One such inter- 
pretation utilizes the non-thermal bremsstrahlung of 
low energy cosmie rays interacting with an ionized 
inter- galactic medium’. This model shows promise of 
accounting both for the flux, because non-thermal 
bremsstrahlung is greatly enhanced by cosmological 
effects, and for the shape of the spectrum between I keV 
and 1 MeV. 

I thank Drs J. E. Felten and M. J. Rees for stimulating 
conversations on this and related topies. 
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Table 1. 


Frequency 
System temperature 


PARAMETERS OF TELESCOPE AND RECEIVERS 
3:24 GHz 6-63 GHz 10-63 GHz 
9007 K 450° K 1,1007 K 


Input bandwidth 475 MHz 210 MHz 1,250 MHz 
Output bandwidth 0-045 Hz 0-045 Hz 0:045 Hz 
Antenna beamwidth 8.B'are 4-)'are 2: Tare 
Scan rate 0-25°/min Q-15^/min 0-10°/min 
Estimated confusion noise 0-02 fu. 0-008 flu. 0-003 £u. 
RMS fluctuations on typicalscan 0-25 fu. (- 20 fu. (0-35 f.u. 


fiu., flux unit. 


near ] GHz. Studies?-* of sources at frequencies near 
L4 GHz have now provided further examples of such 
sources with low values of x, and a survey’ at 5 GHz has 
confirmed that these sources form a distinguishable 
spectral class, not merely resulting from random scatter 
in the distributions analysed by Williams and me. A 
sample of these sources has been observed at frequencies 
of 3-24, 6:63 and 10-63 GHz (wavelengths of 9-26, 4.52 
and 2-82 cm) using the fully steerable 46 m paraboloid 
at the Algonquin Radio Observatory. Lake Traverse, 
Ontario, to determine their spectra at centimetre wave- 
lengths. 

Sourees were selected from refs. 2 to 6 with flux densi- 
tics at 1-4 GHz greater than 1 flux unit (1 flux unit= 
10-26 W m- Hz-!), spectral indices close to zero or negative 
near this frequency, declinations north of —15°, and 
galactic latitudes > 15°. The last criterion was adopted 
so that most of the sources observed should be extra- 
galactic. The sample did not include intense or variable 
sources satisfying these criteria for which the centimetre 
spectra were already reported in the literature; the 
published data on such sources have been added to the 
sample observed by us. The observations were made on 
several occasions between March and August 1968. The 
experimental procedure at all wavelengths was similar 
to that described by Medd ef al.* except that observa- 
tions were made in linear polarization at a position 
angle of 0? only. Table 1 summarizes data on the receivers 
and scan rates used for these observations. 

Most sources were observed on two oceasions at each 
frequency, to investigate the repeatability of the observa- 
tions. Under overcast skies, fluctuations of the receiver 
output produced by rapid variations in the atmospheric 
radiation along the line of sight could be comparable 
with the output produced by the weaker sources in the 
sample; consequent uncertainties were minimized at 
3-24 and 6-63 GHz by restricting the observations to clear 
sky conditions, and at 10-63 GHz by using a beam-switch- 
ing system. No source broadened the antenna response 
significantly at 10-63 GHz, so all were treated as "point 
sources during data reduction. Intensities were measured 
relative to that of 3C 123 at each frequency, allowing for 
variation of the antenna gain and of atmospheric extinc- 
tion with antenna orientation. Flux densities of 23:6 
flux units at 3-24 GHz, 12-1 flux units at 6:63 GHz and 
7-9 flux units at 10:63 GHz were adopted for 3C 123, based 
on the spectrum defined by recent measurements? of the 
intensity of this source at centimetre wavelengths. 
Table 2 shows the new data, with the standard error of 


Table 2. OBSERVED FLUX DENSITIES 


Flax density (f.u.) at 


Source 3-24 GHz 6-63 GHz 10-63 GHz 
DW 0400 +25 854020 920m 1-40 0-15 
PKS 0420 —01 2-30 + 0-20 2-40 x 0-15 2-40 + 0-20 
PRS 0735+17 1-95 + 0-10 2-00 x 0-15 ees 

DW 0742+10 3-50 € 0-25 3-20 + 0-25 2-40 + 0-40 
DW 0839 +18 1:20 x 0-10 1:10 x 0-10 0-95 x 0-15 
BH 0852 + 20 0-80 z 0-15 1-85 x 0-20 2-10 £ 0-25 
DW 1108 20 0-85 - 0-10 0-55 + 0-15 ae 

DW 1148 —00 240 £ 0:15 125 x0-15 1:15 € 0-15 
DW 13454120000 — 2-40 + 0-10 1-90 x 0-10 
4C 19-44 145 +0015 1-20 x 0-10 1:102 0-15 
DW 1548 4-05 2-65 + 0-15 3-00 + 0-30 2-70 x 0-20 
DW 1555+00 1-85 £ 0-10 1-85 x 0-10 2-55 € 0-15 
DA 395 2-05 + 0-20 1-85 + 0-20 1:15 + 0-20 
DA 406 2-90 + 0-25 2-50 + 0-20 2440 * 0-15 
DW 1616 +06 0-70 x 0-15 0-75 x 0-15 0-50 x 0-20 
4C 41-32 es 1-50 + 0-15 1:20 + 0-15 
DW 1656 +05 = 2-60 x 0-30 4-10 + 0-30 
PRS 2127 +04 2-704 0-15 1-80 + 0-20 = 

PRS 2128 —12 2-00 + 0:20 1-90 + 0-15 1-65 + 0-20 
PKS 2145 + 06 — 5-154020 4:05 x 0-25 


Catalogue abbreviations: DA, ref. 2; DW, ref. 3; BH, ref. 4; PRS, refs. 


5 and 6. 
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Table 3. CLASSIFICATION OF SPECTRA WITH a~ 0 NEAR 1-4 GHZ 


A B C D 
*PES 0106 - 01 OB 343 *PK& 0420-01 OTA 26 


*3C 120 
SPRS 0785-17 
BH 0852 + 20 
4C 309-25 
*PES 1055 4 01 
*30 273 
*3C 279 


DW C339 4 15 

DW B48 + 06 

DW £316 + 06 
0. 161 


*OE 355 
DW 0400 + 25 
OF 363 
DW 0742 + 10 
PKS 1127-14 
0Q 323 
DA 406 


OC 328 
CTA 21 
*NRAO 190 
OT 318 
OF 255 
DW 1108 + 20 
* DW 1148-00 


ON 343 PKS 2128-12 40 19-44 — 
OP 114 OX 074 * PKS 1510-08 


DW 1556 + 06 
*3C 845 
DW 1656 + 05 
PES 2134 + 004 
* PRS 2145 + 06 
*30 454-3 
* Indicates variability has been observed o suggested at high frequencies 
(refs, 8, 10, 20). 


DW 1345+ 12 
DA 395 
4C 41-32 

PRS 2127 +04 

*UT A 102 


each measurement, including effects of receiver noise, 
baseline fluctuations and calibrat«on uncertainties. The 
results of repeated observations have been averaged. 

These data have been combinee. with data from lower 
frequencies?-5:5:131 to derive speczra of the sources over 
as wide a frequency range as is available. Ohio sources!? 
observed at centimetre waveleng hs, and the mtense or 
variable sources referred to earlor, were added to the 
the number of spectra considered to forty-six. 
following classes of spectra may oe distinguished within 
this sample. 

(A) x increases with increasing frequency above 1 to 3 
GHz, and for ~ 6 GHz is within three standard deviations 
of the mean value predicted for a-complete sample of the 
"main" population at this frequen:;y by the relation given 
by Williams and me!; that is. O34<¢2<1-0. (B) x 
increases with increasing frequen;y, but remains < 0-35. 
(C) x is constant or nearly constaat to 10-63 GHz, and is 
« 0:35. (D) The spectrum is complex, and g alternately 
increases and decreases with inewasing frequency, indi 
cating that the source has severa. components. 

Table 3 classifies all forty-six pectra on this scheme. 
The four spectral classes may be interpreted as follows, 
on the assumption that all the sources radiate by the 
synchrotron mechanism. 

In sources with class A spectre the differential energy 
spectrum of the radiating electrons is given by dN (E) a E-v 
dE with y not significantly different from that of the 
"main" population. The maxima in the flux densities 
near 1 GHz are due to an absozption mechanism or to 
an absence of low energy electrons within the sources. 
In OF 255, OF 318, ON 343, DW 148-00, 4C 41.32, PAS 
2127 + 04, CT A 21 and CTA 102, che spectral index is not 
significantly less than — 0-33 kelow the frequency of 
maximum flux density. The spectra could therefore be 
explained either by an absence of low energy electrons, or 
by absorption in an inhomogereous source. For the 
remainder of class 4, absorptior must be occurring, as 
the spectral indices are algebraically less than — 0:33 
below the frequency of maximum flux densityv'®. The 
rapid decline in intensity below this frequency suggests 
that the radiation from these sources arises from a single 
component region, or à number of identical regions, but 
the nature of the absorption cannot be deduced from 
present data. 

In sources with class D spectra the radiation from 
several components with difference physical parameters is 
superimposed to give the complex spectrum. As indicated 
in Table 3, many of these sourees are variable at high 
frequencies, and we suggest that che remaining sources in 
class D should be examined for v.riability. 

The relation of classes B and C to these is important for 
theories of formation of radio sources. These classes have 
significantly low values of x at frequencies well removed 
from obvious absorption; class B spectra are probably 
class C spectra in which absorptoon is appreciable at the 
lower frequencies. Williams and 1! pointed out that low 
values of x would occur in speetrz of sourees within which 
absorption became important at different frequencies for 
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several components with otherwise "normal" spectra. 
On this interpretation, classes B and C would be spectra 
of multiple sources essentially similar to class D, but 
within which the contributions ofindividual components are 
not so readily distinguishable. In such sources the apparent 
value of « would be determined by the brightness distribu- 
tion across the source, not by the value of y, which could 
still be close to the value of ~ 2-5 found in the “main” 
population. An alternative interpretation would be that 
taese sources have electron energy spectra for which y 
is less than that of the “main” population, as first sug- 
gested by Kellermann". On this interpretation, these 
sources might have only one component, within which 
Y was < 1-7. 

A source such as DW 1548 4 05 presents difficulties for 
the first interpretation. The flux density is constant from 
178 MHz to 10-63 GHz within experimental errors: at 
least three self-absorbed "normal" components with flux 
density maxima at different frequencies must be super- 
imposed to reproduce such a spectrum. These hypo- 
thetical components would be required to have very 
similar maximum flux densities. It is unlikely that such 
a superposition would occur by chance in many sources, 
and it would not be preserved in time as the individual 
components evolved. Discovery of appreciable numbers 
of sources with spectra similar to that of DW 1548+ 05 
will therefore east doubt on the first interpretation. Such 
a spectrum is simply explained, however, by postulating 
an electron spectrum with y=1-0 within the source. 
Pauliny-Toth and Kellermann!'*? have found evidence 
for such a value of y in the variable components of 3C 120, 
based on theory of synchrotron radiation from an expand- 
ing relativistie gas. 

The following observations will serve to decide which 
interpretation is preferable for any particular source with 
a class B or C spectrum. Accurate flux densities at 
closcly spaced frequencies, combined with apparent 
angular diameters measured at several frequencies, would 
show in each case whether or not a source was multiple. 
For a multiple source, the flux density measurements 
would reveal small variations in x between different 
frequeney ranges; these variations would be correlated 
with wavelength dependence of the apparent angular 
diameter (and possibly also of the position). Multiple 
scurees might also exhibit a non-linear relation between 
(wavelength)? and Faraday rotation, if the components 
dominating at different wavelengths had different polariza- 
tion cheracteristics. For a single source with a low value 
of y, accurate flux density measurements would confirm 
the constaney of a, the apparent angular diameter would 
not change with frequency, and the relation between 
Faraday rotation and (wavelength)? would be linear. 

lt will be necessary to decide between these two inter- 
pretations of class B and C spectra before it is possible to 
establish the evolutionary connexion, if any, between 
these and the spectra of class A and of the main population. 
On either interpretation, we may expect the sources to be 
optically identified with active objects within which 
generation of the relativistic gas has occurred very 
recently. 

I thank Dr R. M. Seel, Mr R. Butler and the staff of 
the Algonquin Radio Observatory for assisting with the 
observations, and Dr M. J. Kesteven for valuable dis- 
cussions. This work was supported by an operating grant 
from the National Research Council of Canada. 
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Radio Emission from Auroral Electrons 


IN recent years a number of rocket and satellite observa- 
tions have been made of intense radio noise in the topside 
ionosphere (refs. 1-5, 12, 15 and personal communication 
from D. Walsh). The noise occurs in frequency bands in the 
neighbourhood of the plasma and gyro frequency. Data 
received from the British satellite Ariel IIT show that 
some of the noise bands occur only when the satellite is 
within the range of invariant latitude which corresponds 
to the auroral zones. Until recently very little has been 
known about how noise bands are generated. Our results 
show that the noise bands observed by Ariel III are prob- 
ably generated by Cerenkov radiation from auroral 
electrons with energies of a few keV. 

Ariel III was launched on May 5, 1967, into a nearly 
cireular orbit at an altitude of 500 km and with an 
inclination. of 807. The Jodrell Bank experiment was 
designed to make absolute measurements of radio noise 
in the frequency range 1:94 to 424 MHz. It employs a 
tuned loop antenna with an area of 3-7 m? and a receiver 
with a bandwidth of 25 KHz. The receiver has a linear 
frequency sweep lasting 95 s followed by a 15 s wait 
period at 4-224 MHz. The receiver and its performance in 
space have been deseribed in detail before®’. 

The 1onosphere has been subdivided into regions which 
have significantly different propagation characteristics. 
The boundaries of these regions are determined by a 
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Fig. 1. The different regions of the X-F? plane are numbered from 
1 to 8 and their boundaries given in terms of relationships between 
X and Y. The shaded rectangle shows the regions covered by Ariel HI. 
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series of relationships between the magneto-ionie quanti- 
ties 
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\ receiver frequency / 


n /eleetron gyro frequeney x 
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and Y = (— pies 
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(Fig. 1). For convenience noise bands have been classified 
according to their occurrence in the various regions of the 
X-Y? plane!. The portion of the X—Y? plane covered by 
our experiment is shown by the shaded rectangle. The 
plasma frequency is obtained every 10 s from the Univer- 
sity of Birmingham electron density experiment and the 
gyro frequency has been calculated from a forty-eight 
coefficient spherical harmonie expansion of the geomag- 
netic field. 

A total of 135 frequeney sweeps containing the iono- 
spherie conditions of regions 3 and 4 has been examined 
so far. These frequency sweeps have been taken from 
orbits in the northern hemisphere during the period May 
to August 1967. We have found noise bands in fifty-three 
eases; most of these were confined to region 3 although 
there is some evidence for weaker noise in region 4 on 
several occasions. 

Fig. 2 shows the distribution of occurrences and non- 
oceurrences of the noise bands in the northern hemisphere 
as a function of invariant latitude and geomagnetic time. 
Non-oceurrences are occasions when the receiver sweeps 
through regions 3 and 4 and no excess noise is observed. 
The noise bands are confined to a narrow range of invariant 
latitude which coincides very closely to the auroral zone. 
The lower boundary of the noise bands extends to about 
62° at midnight and to about 70° at noon. The upper 
boundary is about 73° at midnight and about 84° at noon. 
At the times of observation the 3 hourly interplanetary 
magnetic index was always <4. 

It is now generally accepted that most forms of auroral 
activity are caused by the precipitation of energetic 
electrons. Hartz and Brice? have shown that on average 
two distinct populations of electrons are involved. These 
are referred to as “splash” and ‘drizzle’ precipitation. 
They give rise to a two zoned precipitation pattern in 
which there is a clear separation between the zones during 
most of the day. 
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Fig. 2. The distribution of occurrences ( x ) and non-oecurrences (8) 

of noise bands, as a function of invariant latitude and geomagnetic 

time. The approximate upper and lower latitude boundaries of the 
occurrences are shown by the dotted lines. 
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Fig. 3. An idealized representation of the two main zones of auroral 

precipitation in the northern hemisphere’. The average intensity of the 

influx is indicated very approximately by the density of eymbols and the 

coordinates are invariant latitude and geomagnetic time. The boundaries 
of our noise band occurrences are shown by the dotted lines. 


A comparison of our noise band data with their idealized 
representation of the two main zones of auroral eleetron 
precipitation is shown in Fig. 3. The splash component 
(A) consists of bursts of intense fluxes of electrons with 
energies of the order of a few keV. The drizzle component 
(6e) is a more continuous type of precipitation, with 
moderately intense fluxes of electrons having energies of 
the order of 40 keV. At noon there appears to be a separa- 
tion between the two populations. The boundaries of the 
noise bands we detect (shown by the dotted lines in Fig. 3) 
ean be seen to coincide approximately with the splash 
component; however, at noon, the drizzle component lies 
outside the lower boundary. 

It is apparent from Fig. 3 that intense fluxes of soft 
electrons are responsible for the observed noise bands. 
These noise bands are largely confined to region 3 of the 
X-Y? plane. In this region the refractive index for the 
extraordinary mode of propagation is = 1, rising to very 
large values for eertain directions of propagation with 
respect to the geomagnetie field. It is therefore likely that 
these noise bands are generated by Cerenkov radiation 
and it is important to estimate the energies of the elec- 
trons. Observations of the energy spectrum of soft auroral 
electrons?-!!, taken from a satellite and rockets up to an 
altitude of 300 km, show a peak occurring in the range 
1-4 keV. In addition, the energy of the peak appears to 
be nearly constant with height!*, Applying the Cerenkov 
criterion E > mc?[9n* for E «2 keV, the refractive index n 
must be >11. This high value of n is not unreasonable 
for the extraordinary mode of propagation im region 3. 
In eontrast, the refractive indiees of the two modes of 
propagation in regions 1, 2, 4 and 5 are always xl. 

Noise bands have been observed by other experimenters 
in nearly all regions of the X—Y? plane. Regions 3, 6, 7 
and 8 all have a mode of propagation for which the 
refractive index is >1. On the basis of data from the 
satellite Ariel II and theoretical studies. Harvey? has 
argued that noise in regions 3, 7 and 8 is Cerenkov in 
origin and that region 4 noise is generated in region 3 and 
Our results confirm this 


generation. Combined radio and particle experiments 
which are capable of giving a detailed correlation between 
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the two events are required to eonfirm this picture and to 
help elucidate the mechanism of generation of noise 
observed in regions 1, 2 and 5. 

I thank Professor F. G. Smith and Dr D. Walsh for 
helpful diseussion and Dr W. Donaldson for the computer 
program to plot the Ariel III data. 
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Correlation between Zurich Sunspot 
Number and Prominence of 

Jupiter’s Red Spot 

Graf, Smuth and McDevitt! have presented a graph which 
purports to show a correlation between the prominence 
of the Great Red Spot on Jupiter and the Zurich sunspot 
number between 1892 and 1947. They did not, however, 
quantitatively establish the significance of this correla- 
tion. More recently Argyle? has shown the correlation 
coefficient from the data of Graf et al. to be 0-27 for the 
years 1892-1947, and from this coneludes that the rela- 
tionship is not established unless a better correlation is 
obtained. We have used and extended Peek's? numerical 
rating of Red Spot prominence for the period 1892-1967 
and have tested it for correlation with the Zurich sunspot 


Table 1. RED SPOT DARKNESS SINCE 1047 


Year Darkness 


1948 0 
1949 i 
1950 
1951 
1952 
195: 
1955 
1956 
1957 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1967 
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number*5. Our Red Spot ratings for the years following 
1947 (Table 1) are those compiled over the years by Mr 
Elmer J. Reese, using Peek's criteria. Standard statistical 
correlation methods were used, yielding a correlation 
coefficient of -- 0-16 for the sixty-nine pairs. The prob- 
ability is 0-15 that a correlation coefficient this large could 
result from chance alone. We may therefore conclude 
that the correlation coefficient is not significant at the 
five per cent confidence level, and that the correlation 
between Red Spot prominence and the Zurich sunspot 
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number during the observed interval has not been estab- 
lished. 
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Exchange of Atmospheric Angular 
Momentum between the Hemispheres 


In regions of surface easterly winds (where the surface is 
moving in space faster than the air) a transfer of westerly 
relative angular momentum takes place from the Earth's 
surface to the atmosphere, while im regions of surtace 
westerlies the transfer is from the atmosphere to Earth. 
These transfers are necessarily accompanied by transports 
of angular momentum within the atmosphere from low 
latitudes, where easterly winds prevail, to middle latitudes 
where westerly winds prevail. Such transports are accom- 
plished chiefly by large-scale quasi-horizontal eddy pro 
cesses as first suggested by Jeffreys*. Lorenz? and Starr? 
have recently summarized the observational evidence 
which bears out Jeffreys's suggestion and have shown how 
the angular momentum transports aet to maintain the 
angular momentum of the Earth's atmosphere. Con- 
comitantly with the transfer of angular momentum 
between low and middle latitudes we have recently found 
evidence of a transfer of momentum between the hemi- 
spheres?. In the winter hemisphere the low latitude sur- 
face easterlies are strong and more angular momentum ts 
communicated to the atmosphere than is transported 
polewards. The excess is transferred across the equator 
into the summer hemisphere. The purpose of this letter 
is to communicate our recent numerical estimates of the 
interhemispherie transfer and to compare them with the 
hemispheric contents of angular momentum. 

Data from almost three hundred balloon sounding 
stations in the zone between 40° N and 30° S have been 
used for the period 1957-64. For each station, month 
and level mean temperature, wind components, momentum 
transport and heat transport were ev aluated and station 
data were combined, using objective map analysis tech- 
niques, into latitude band means‘ for 3 month seasonal 
periods centred on January, April, July and October. 
The resultant momentum transport across the equator 
is given in Table 1. The total transport is composed of 
three contributions: transient eddy transport derived 
from time correlations computed at each station. (usually 
written [02], where u and v are the zonal and meridional 
components of the wind, primes denote departures from 
the time mean, a bar represents a time mean and square 
brackets indicate a zonal average value); standing eddy 
transport derived frem the mean patterns of the u and v 
components (usually written [4*5*], where the asterisks 
denote the deviations at a particular longitude from the 
average value round a latitude circle so that, for example, 
a point value is given by &-—[4]-- à*) and transport by 
the mean motions themselves (written [4][6]). As Table 1 

shows, all three terms are important and act in concert 
in July to produce a large flux into the northern hemi- 
sphere. There is also a net flux into the northern hemi- 
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Table 1. ANGULAR MOMENTUM FLUX ACROSS EQUATOR 


January April July October 
Transient eddies co ~ 1-6 2-5 2-9 
Standing eddies -3-2 0:0 +3 0:0 
Mean motion 1:5 0-5 33 -0:3 
Total — 6-5 ~ 4] +101 +35 
Units: 1025 g em? 8. Positive value denotes transport towards the North 
Pole. 
Table 2, RELATIVE WESTERLY ANGULAR MOMENTUM CONTENTS OF LATITUDE 
BELTS 
January April July October 
N80 2 2 l 3 
70 16 17 12 19 
60 55 52 41 83 
50 150 111 109 150 
40 283 210 135 291 
30 375 287 30 179 
20 239 186 — 65 26 
10 18 25 — 126 — FF 
0 — 49 -28 -—- 109 — 89 
10 1 6 43 —11 
20 7 126 229 174 
30 181 242 327 280 
40 253 ^ 262 273 270 
50 woe 207 238 218 
60 101 109 115 I2 
70 d 30 30 26 
S 80 
Totals BE H. 1,115 S70 73 242 
S.H. 845 0635 1,205 1,077 
G lobe 1,960 1,847 1,275 1,622 
.. SH sa m 
Ratio == 0-76 Ll 16:5 2-0 
N.H. l 


Units 107° g em? s-t, 


sphere in October with a flux into the southern hemisphere 
m January and April. 

These transfers are quite significant in the overall 
momentum budget as can be seen by comparing them 
with the angular momentum contents of the hemispheres 
shown in Table 2. Values of the relative westerly angular 
momentum for each 10° latitude belt centred at 10, 20 
and so on are given, together with hemispherie and global 
contents. They were calculated from mean zonal wind 
data from the atlas by Heastie and Stephenson’ supple- 
mented by some data from Lamb® appropriate to high 
southern latitudes. Similar values for the northern 
hemisphere are obtained if Cruteher's? wind data are used 
and for the tropical regions if our own data are substituted. 
The omission of the belt at 80° S is not important. 

The winter hemispheric content exceeds that of the 
summer hemisphere in both January and July. In July 
the imbalance is particularly large with the contents 
differing by a factor of 16. Lamb’ has previously stressed 
this difference and found a corresponding factor of 10. 
The actual value obtained is quite sensitive to the wind 
distribution taken for the tropical region. Substituting 
our own data for the 40° N-30° S region gives a factor 
of 25. | 

Comparison of Tables 1 and 2 shows that there is an 
export of momentum from the hemisphere with the 
largest content. In April when the contents are similar 
the flux is smallest. If the July momentum contents are 
divided by the observed equatorial flux, times of 140 and 
8 days are obtained for the southern hemisphere and 
northern hemisphere respectively. Although these are 
only order of magnitude estimates, it is clear that the 
trans-equatorial flux can have a very strong influence on 
the cireulation of the northern hemisphere in summer. 
This sensitivity is worthy of further study in the problem 
of the initiation of hurricanes. As Gray? has recently 
emphasized, this is a global problem; the present work 
shows that the export of momentum from the southern 
hemisphere is greatest in the period when the total 
number of tropieal storms per month is greatest. In 
addition the mean rising motion in the Hadley circulation 
is centred north of the equator during these months’. The 
transfer of westerly angular momentum into regions of 
easterly winds north of the equator would tend to inerease 
the relative vorticity and this inerease coupled with 
rising motion would presumably favour storm growth. 
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Much of the interhemispherie transfer by the eddy 
processes seems to occur in the upper troposphere. The 
nature of the eddies is not completely understood, Our 
eolleague F. Zbar has studied the time variations of the 
eddy flux and finds that near the equator much of the 
flux comes about by very large values occurring in spurts 
separated by periods of 1 or 2 werks when no significant 
flux occurs. Thus our climatological values for the 
transient eddy terms do not give « good indication of the 
extreme values which occur from time to time. All 
these items seem to suggest tha: numerical models for 
forecasting cannot be realistic wich an assumption of a 
fixed wall at the equator and that meteorology needs a 
good network of observing statiens in the tropies, the 
observations of which may need :o be watched continu- 
ously and not just studied retrospestively as we have done. 

A further item of interest from Table 2 is that the total 
global content of relative angular momentum is largest 
in the early months of the vear. We have noted!? that 
lower temperatures in the tropical lower stratosphere 
occur in these same months and inferred a greater intensity 
then for the tropieal Hadley cireulation. The easter ly 
winds accompanying this circulation provide the source of 
angular momentum for most of the tropospheric circula- 
tion. The inerease m momentum content could come 
about from a greater source of momentum provided by 
the Hadley circulation. 

As a check on the Hadley cell strength we may use the 
divergence of momentum from the tropical region. This 
divergence from the zone 24° N-24° S is 54, 28, 34 and 
45x 10?* g em? s-? for the seasons centred on January, 
April, July and October respectively. It is greatest when 
the global momentum content is largest and the tropieal 
stratospheric temperatures are jowest. The inference 
again is that at this time, in the early months of each 
year, the Hadley circulation is rsost intense. 

Our work on atmospheric circalation is supported by 
the US Atomic Energy Commission. 
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Gravity and Seismicity ef 
Asymmetric Active Regions 


IsLAND ares and active eontinen: al margins have recently 
been collectively called the asymmetric active regions’. 
The characteristies of these regions are well known®, They 
include a negative isostatic gravitv anomaly over a 
trench, or between the trench and the continent or island 
oe and a pomy isostatic gravity gnome adj joue 
V ening Meinesz araid a ücsubi va "anomaly to 
downbuckling of the crust which displaced heavier rocks 
in the mantle. He found the pesitive anomalies difficult 
to explain, but suggested that "parts of them may be 
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explained as the effect of lifting by the belts of negative 
anomalies of the adjoining areas". More recently, the 
penetration of sub-crustal material into the crust or 
elevation of the erust-mantle interface has been suggested 
as the cause of the positive anomalies‘. 

Preoccupation with the proximity of the negative 
gravity anomahes to the deep trenches has led to neglect 
of the positive gravity anomalies and obscured the real 
significance of the paired  positive/negative gravity 
anomalies. These anomaly pairs occur over all asym- 
metric active regions irrespective of the presence of a 
trench within the region. Vening Meinesz's data? quite 
clearly illustrate the ubiquity of these anomaly pairs 
throughout Indonesia. In some active regions of that 
area (for example, Sunda arc) there is a deep trench, 
bur in other regions (for example, Celebes) there is no 
trench though an equally large negative gravity anomaly 
is observed. 

Fig. 1 shows four cross-sections of local isostatic gravity 
anomalies over regions of differing surface morphology. 
Sections a and b illustrate typical regions with trenches. 
Section c illustrates a case where there is no trench although 
a large negative gravity anomaly exists. Section d 


illustrates the unusual ease where a small trench in the 
Banda Sea eoineides with the positive gravity anomaly 
and the negative anomaly occurs over a large island, 
Ceram. 

A second characteristic feature of the asymmetric 
active regions is a zone of intermediate and deep earth- 
quakes which dips away from the oceanic side of the region. 
For ease of description this has been called the Benioff 
zone. 

The respective Benioff zones are also shown in the 
sections of Fig. 1. In all sections the gravity anomaly pair 
occupies the same position with respect to the Benioff 
zones. If the Benioff zone is projected it meets the 
Earth's surface close to the greatest negative gravity 
anomaly, Seismicity and gravity thus seem to be connected 
much more intimately than are surface morphology and 
gravity. The same relationship is also observed in the 
North Island of New Zealand in the unusual case where 
the Benioff zone intersects the Earth's surface 200 km 


the trench are slightly positive and the large negative 


gravity anomalies which characterize the North Island’ 
occur where the projected Benioff zone meets the Earth’s 
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Fig. 2. Suggested form of density variations in upper mantle beneath 
asymmetric active regions, together with computed gravity anomaly at 
the surface, Density contrasts in g/cm}. 


surface. The contribution of the supra-basement sediments 
to these gravity anomalies is estimated, from borehole 
information, to be approximately —40 mgal, leaving an 
anomaly of up to — 120 mgal to be aseribed to ‘“‘deep- 
seated causes". 

The positive gravity anomalies on the inner side of the 
active regions ean be reproduced very simply by ascribing 
a slightly higher than normal density to the Benioff zone 
(Fig. 2). The negative anomalies could be produced by 
downwarping of the erust into the mantle or by density 
deficiency within the upper mantle. Seismic sections 
across the asymmetrie active regions typically show shallow 
epicentres (« 80 km) on the oceanie side of the Benioff 
zone. If we adopt a consistent approach and again use 
seismic geometry as a guide to a region of density contrast, 
the negative anomalies could be produced by density 
deficiency in the upper mantle on the oceanic side of 
the Benioff zone as shown in Fig. 2. "This figure is not 
intended to be definitive in its geometry or density con- 
trasts but merely to indicate a type of density distribu- 
tion which could produce gravity anomalies of the wave- 
length and amplitude observed in asymmetric active 
regions. Adjustment of the density contrasts in this model 
would lead to a good fit of the computed gravity anomalies 
with the observed anomalies of all the sections of Fig. 1. 

A model such as that postulated in Fig. 2 has the merit 
of establishing a phenomenologieal relationship between 
two characteristics—gravity and seismicity—of asym- 
metric active regions. Such a relationship would require 
that the positive and negative density contrasts are 
identified with systematic differences in the seismicity 


of the two zones. 


principally dilatational in the other®. The question 
would then arise whether the earthquakes are enhancing 
the density contrast or responding to it. | 

On the other hand, if mantle earthquakes are due to a 
tectonic response to volume changes taking place by slow 
phase transitions, identification of differing earthquake 
types with a positive or negative density contrast would 
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be more difficult. Because the crest would be responding 
to significant volume changes in the mantle beneath the 
negative anomaly, adjustments within the crust could 
certainly produce earthquakes of tectonic type near the 
Earth's surface involving shear movements. If earthquakes 
are a response to the density contrasts, subsidence and 
accompanying faulting would o«eur over the negative 
anomalies. If solid-solid polymorphic transitions can 
run catastrophically in the Earth, then both tectonic and 
phase change earthquakes may ocsur as the crust su bsides. 
Trevor HATHERTON 
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Wellington, 
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Radiation Diffusion in Antarctic 
Ice Media 


THe thermal diffusion equation for solid. homogeneous 
conductors can usually be solved conveniently using 
standard Fourier methods!. These solutions cannot, how- 
ever, be applied when the medium does not behave as a 
genuine conductor; that is, whemconvective and radiative 
proeesses ereate energy sources and sinks within the 
medium. The effeet of absorbed solar radiation on the 
thermal diffusion in clear ice has been described else- 
where?. In the coastal ablatios zone of Antarctica, 1b 
causes startling changes in the beat storage in the upper 
8 m of the ice, strongly modi£ed overall heat transfer 
patterns in the ice and increases of the effective thermal 
conductivity of the medium br factors of up to two. 
Similar effects on the effective thermal parameters have 
been obtained in the low density-permeable snow medium 
on the Antarctic Plateau?. although, there, convective 


transfer of heat in the snow must be taken into account 
also. 


The energetically important radiative transfer depends 
very largely on the physical properties of the medium 
below the surface: density, grai size, free water content 
and degree of contamination. The radiative properties of 
different solid water substance media are shown in Fig. 1, 
which shows in a conveniently summarized form radiation 
extinetion data from three vestly different media in 
separate Antarctic settings. All these measurements 
extend over the total visible part of the spectrum and 
into the infrared region up to 3 smierons. Monochromatic 
extinction is not considered, because the interest orienta- 
tion of this study hes in the ‘otal short wave energy 
transfer in the medium. Agreement between the various 
sensing devices is good. The snew data are from Plateau 
Station at lat. 80° S, long. 40° E; each point represents 
the mean of approximately two hundred data pointes? 
The blue ice and sea ice data were collected at Mawson 
Station at 67° S, 63^ E; each point there represents the 
mean of one hundred data points and. im the case of sea 
ice, the mean of fifteen profile measurements'. 

Within the medium, radiative transfer takes place by 
a process similar to the random walk?. Reflexion and 
refraction at each ice-air interface or grain boundary 
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change the direction of the incident beam. This scattering 
process can be treated separately in the total radiation 
extinction using the considerations of Dunkle and Gier! 
which are applicable to a homogeneous. diffusing medium. 
For both the low density snow medium and for the clear 
coastal ablation zone ice the ratio of scattering to absorp- 
tion coefficient is high: approximately two hundred for 
the former and an order of magnitude lower for the 
latter*. The extinction in both media occurs chiefly by 
scattering processes. Thus the grain size can be expected 
to be the controlling factor in the extinction process, and 
an inverse relationship is likely to hold because the 
number of scattering surfaces, and thus the attenuation 
bv scattering, is inversely proportional to the grain size. 
The relevant data to cheek this simple hypothesis are 
shown in Table 1 and include Liljequist$? values from 
Maudheim at lat. 71^ S. long. 11^ W. 


Table 1. RADIATION DIFFUSION IN ANTARCTIC ICE 
(Summary of mean values) 

Depth below Extinction 
surface Grain size Density coefficient 
(om) (mm) ig em) (cma?) 
Plateau Station 

5 0-2 } 0-110 
a0 0-6 r 0-32 0-055 
75 1-0 ! 0-040 
200 1:2 0-35 0-02 
Mawson Station (blue ice) 
20-300 4-2 0-85 0-007 
Mawson Station (sea ice) 
0-185 — 0-9 0-014 
Maudheim Station* 
0-42 93 0-083 
42-102 ORT Q-42—-0-43 0:043 1 


* BG 9 filter region, covering the waveband: 0-3-0- 75. 
+ Extrapolated from Schytt*. 


: Corrected to apply for the filter region BG 9. 


The reciprocal relationship is shown in Fig. 2 where 


the equation of the curve through the data points of 


Table Lis: 
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Fig. 9. Radiation extinction as function of grain size. ©, Plateau 
Station; (B, Mawson Station; €, Maudheim Station. 


This dependence of the extinction coefficient u on the 
grain size is much more pronounced than previously 
obtained correlations of the extinction coefficient with 
density*. The classification of snow type usually used in 
those correlations is in fact an indicator of the importance 
of grain size. 

Other factors in the radiation diffusion in solid water 
substances are the free water content and the degree of 
contamination, both natural and man-made. In an Ant- 
arctic environment both can be assumed to be quite 
small; this is reflected in the low values of the absorption 
coefficients. Natural impurities in the form of salt, air 
bubbles and organic substances are present, however, in 
sea ice where the extinction coefficient is increased as a 
consequence of both higher absorption and scattering 
from small air bubbles and salt crystals enclosed in the 
medium. These latter considerations also hold for the 
blue ice where the extinction eoefficient 1s higher in the 
upper 20 em of the ice because of the presence of radiation- 
produced air bubbles and cavities much smaller than the 
grain size. 

This work was supported in part by a grant to Dr U. 
Radok and Dr P. Sehwerdtfeger from the US National 
Science Foundation, and in part by the Australian 
National Antarctic Research Expeditions. I thank Mr 
Robert Dingle for collecting the Plateau data. 
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Velocity Measurement by combining the 
Doppler Principle with the Schlieren 
Method 


THE object of associating these principles has been to 
make possible the measurement of the velocity of any 
phenomenon which will reflect, refract or diffract a laser 
beam. Our particular interests lie in phase objects relevant 
to combustion research, such as laminar and turbulent 
flame fronts, shock and detonation waves and other steep 
refractive index gradients associated with heat and mass 
transfer, or pressure changes, but the method is not 
confined to these. 

When the direction of a light beam is deflected through 
an angle, 0, by encounter with an object moving at 
velocity, u, at right angles to the incident beam direction, 
the wavelength is altered due to the Doppler effect so that 
interference of this beam with an unperturbed one from 
the same source results in a beat frequency of (u sin 03/4, 
where A is the wavelength. The use of laser light has some 
obvious advantages in this context because of its extreme 
coherency, monochromatieity and brightness. 

It has been demonstrated that the change in frequeney 
ean be used to measure the velocity of individual particles 
suspended in a gas! or liquid?, even without a very precise 
selection of the angle 0. In these attempts, particle scat- 
tering was utilized at the focus of a strongly convergent 
beam. A much wider range of applicability, however, 
becomes possible when this principle is associated with 
an optical system which selects rays that have been 
deflected through particular angles. This can be achieved 
very simply by using a schheren system?^?, provided 
with a selective aperture* instead of the conventional 
knife edge. Consider, for example, an opaque screen 
placed a focal length. f. beyond the schlieren lens, which 
has à small aperture at a distance, d, from the focus of 
the parallel beam (Fig. 1). Only information of those 
regions of the test space whieh defleet light through an 
angle (d/f) in the particular direction selected by the 
small hole, P, will pass beyond the screen, where the beam 
shown ean be interfered with a reference beam diverging 
from a point in the schlieren blind, and the resulting beat 
frequency monitored by a detector. This reference beam 
could be obtained from undeflected light passing through 
an aperture in the schlieren blind. or it could be brought 
in from outside the test space, independent of the trans- 
luminating beam. Sometimes it may be more convenient 
to use, as the second beam, light deflected by the test 
object in a different direction. 

The velocity of phase objects has generally been deduced 
by measuring the time of traversal of a known distance, 
using methods such as cine or streak schlieren photo- 
graphy, timing between ionization probes a known 
distance apart, or repetitive illumination of particles sus- 
pended in some associated gas flow. The new method 
can also be thought of in terms of using interference 
fringes to mark the object and then recording the fringe 
separation and the beat frequency as a measure of respec- 
tive distance and time intervals. In these terms, its merit 
lies in the non-interfering nature of the well articulated 
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Fig. 1. Seleetion of Doppler-shifted light for interference. O, Optic 
axis; 6, angle of deflexion; f, focal length of schlieren lens; d, distance 
of P from reference point. 
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"distance marker” and the use of tae beat wave, displayed 
on an oscilloscope, as à convenien: and accurate “clock”. 

A detailed theoretical analysis, in terms of fringes 
moving past a small detector, which examines various 
practical limitations and experimental refinements, will 
be published elsewhere. One interesting conclusion is that 
sensitivity and accuracy can be improved in certain 
circumstances by covering the detectors aperture by a 
ruled grid of spacing equal to thaf of the fringes, or by a 
transparency of the fringe system photographed instar- 
taneously. 

We have tested this method exberunentally in several 
forms. on a wide variety of expersnental objects. These 
included moving gratings (radimy ruled, 5,600 lines 
rotated at speeds up to about 600 r.p.m., mean track 
diameter of about 10 em), ultrasonic beams generated by 
a quartz erystal transducer, flames (burner stabilized and 
made to move across the test space by a mechanical 
In the case of the 





to pass the + land — I diffraction orders, while in the case 
of the flame, interference was achieved between the beam 
deflected through a small angle by che flame front and the 
undefleeted beam, which was somewhat attenuated by a 
neutral filter. so as to match the two intensities. In each 
ease the fringes were monitored bx a photomultiplier and 
displayed on an oscilloscope. The range of velocities 
covered by these illustrations extended from a few centi 
metres/second to the speed of sound; the method, how- 
ever, is not so limited. The accuracy of the measurement 
was generally limited only by that of determining the 
geometry of the optical system, ia particular the width 
of the schlieren aperture in relation to its displacement 
from the optic axis. 
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Stress Graphitization of Polyacrylonitrile 
Based Carbon Fibre 


CARBON fibre can be made by the pyrolysis of organie 
polymer fibre precursors. Up to now, cellulose! and 
polyacrylonitrile (PAN)? have been found to produce 
carbon fibre of good strength and modulus. Preliminary 
details of the structure of PAN based carbon fibre, 
similar to that prepared and used by us, have been 
published by Johnson and Watt? end Badami, Joiner and 
Jones’, One of us* has reported that the strength of PAN 
carbon fibre declines when heatec above 1,200? C, It is 
therefore of interest to report that increasing sirength 
with Young's modulus ean be obtained if stress is applied 
to the fibre at graphitizing temperatures. 

The stress graphitization was carried out using an 
extensometer, mounted within a graphite resistance 
furnace. Torque was applied to the extensometer lead 
screw by a variable speed motor, driving a variable torque 
slipping clutch. Using this methcd the stress applied to 
the fibre was continuously variable and the streteh could 
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be accurately controlled. So far, stretches of 30 per cent 
have been achieved. "This compares with the streteh of 
200 per cent or more which is possible with cellulose earbon 
fibre. 

Structural changes accompanying stress graphitization 
have been studied by two X-ray diffraction techniques. 
The approximate alignment of the graphite basal planes 
parallel to the fibre axis can be measured as a preferred 
orientation’, 

The parameter used is the angular half width, Z°, at 
half the maximum intensity of the profile, taken around 
the graphite (002) diffraction are. The preferred orienta- 
tion is thus greater for smaller values of Z. 

Fig. 1 shows the preferred orientation and Young's 
modulus for the stretched samples and the controls. The 
broken line suggests a possible relationship between them. 
The preferred orientation is increased by stretching, and 
this leads to much higher moduli for the stretched fibres. 
The relationship between preferred orientation and tensile 
strength for both groups of samples is shown in Fig. 2 
as mean regression lines. This illustrates how fibre strength 
is improved by stretching and also that there is a clear 
difference between the behaviour of stretched and un- 
stretched samples. In the latter case, fibre strength 
declines as preferred orientation inereases. 

Stretehing during graphitization therefore produces 
fibres which differ significantly in their mechanical pro- 
perties from unstretehed fibres. This is illustrated by 
Fig. 3, where strength is plotted as a function of Young's 
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Fig. 1. Possible relationship of Young's modulus to c-axis orientation is 
shown for the unstretched controls (©) and the stress graphitized 
samples (@). 
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Fig. 2. Phe relationship between carbon fibre strengths and preferred 

orientation ia transformed by stress graphitization; the inverse relation- 

ship for the unstretched fibre (>) is converted to one of direct propor- 
tionality for the stretched fibre (890. 
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Fig. 3. Tensile strength is almost independent of Young's modulus for 


unstretched fibre ( C) at these heat treatments. The stretched fibre (4) 
shows a linear dependence. 


modulus for stretched and unstretehed samples. Over the 
range of temperature treatment the strength of un- 
stretehed fibre is almost independent of modulus. This 
is demonstrated by the unstretehed eontrol samples. The 
stretched samples are quite different, strength having a 
strong linear dependence on modulus. The fracture strain 
for the stretched fibre is approximately 0-5 per cent, which 
agrees with that reported for stress graphitized cellulose 
(unpublished results of R. Bacon and W. A. Schalamon). 
The moduli obtained for the stress graphitized PAN are 
also comparable with moduli reported for stress graphit- 
ized cellulose. We have therefore found that two dissimilar 
carbonized fibres are made very much alike in their 
mechanieal properties by this treatment. 


Table 1. INCREASE IN CRYSTAL SIZE FOR DIFFERENT STRETCH RATIOS AND 


TEMPERATURES 


Per cent stretch under Temperature 
applied stress (°C) L(A) 

1,990 50 

20 1,990 7 
0 2,150 11 
20 2,150 115 
0 2,890 125 
18 2,390 150 
0 2,140 63 
30 2,140 900 
0 2,970 170 
23 2,970 250 


The inerease in preferred orientation on stretching is 
accompanied by an increase in crystal size in the direction 
of the c-axis. As a measure of this the parameter L was 
obtained from the line broadening of the graphite (002) 
diffraction are, on a conventional powder crystallogram. 
Table 1 shows a few representative results for different 
stretch ratios and temperatures. An increase in Le, the 
c-axis dimension of the average graphite erystallite, is 
quite marked in each ease. The value of 250 À for the 
last sample in Table 1 is the largest yet seen for carbon 
fibre derived from PAN. 
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Diffusion Paths in Quartz 


Warre! refers to several papers which are not widely 
known?-*, 

The work reported in refs. 2 and 4 was carried out with 
erude equipment in wartime conditions in a laboratory 
which was not equipped for physical experiments, but it 
led to some fairly firm conclusions which differ from those 
of White. "The work was of an exploratory nature only 
and this was one reason why ref. 2 was not published. 
Unfortunately, the work was not continued. 





Fig. 1. 


Impurities clectrolysed to surface of natural quartz showing 
growth patterns. Rectangle is 2 em square. 


The pillars, platelets and whiskers reported by White 
were all observed but as an end result of prolonged electro- 
lysis. Long before these appear, before structural damage 
occurs, the ionie current can be studied in its relationship 
to voltage, direction of field, ionie charge, ionic size and 
temperature. There is little doubt that the diffusion is 
along the large, axial, quasi-hexagonal holes of the quartz 
lattice itself, acting as an ionic sieve with many trapping 
sites. 

That this is the case is supported by the fact that con- 
ductivity normal to the principal axis is at least a million 
times less than along it, that only alkali ions ean be 
electrolysed appreciably and that potassium (even though 
monovalent) cannot be electrolysed, presumably because 
the ion is too large to pass through the “sieve”. 

The permeability of the sieve (to ions) is clearly very 
dependent on the impurities incorporated in the quartz, 
as shown by Fig. 1. The darkened “growth patterns" are 
probably due to impurities in the anode coating penetrat- 
ing the quartz where the permeability is high, either be- 
cause of a large concentration of impurity sites or because 
of lower energy barriers. It is interesting to note that in 
one sample the impurity of the nutrient (or perhaps its 
temperature) changed abruptly at least seventeen times 
during the growth of the crystal; also that growth was 
very asymmetrical. 

In one case the conductivity was given approximately 


by 
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o = 250 exp (— 1:34 < 10-"*/T) 


the equivalent barrier energy bemg 0-84 eV. In other 
cases barrier energies between about 0-3 and 3:5 eV were 
measured, the latter after prolonged electrolysis between 
a steel anode and an Au-Pt cathode. 

Conductivity depends on many factors, including the 
types of ion in the quartz and whetaer or not electrolysable 
ions are present in unlimited quartities at the anode. It 
is usual for a plot of log & against T+ to be a straight line 
or two straight lines meeting, the sopes being proportional 
to the barrier energies for the parzieular ions, or mixtures 
of ions, which are exerting the main control of current. 
There was one case in which a current of 6 nA/em* was 
measured with a field of 6,500 Vjen, at a temperature of 
only 45° €. 

Many measurements of barrier energy with lithium, 
sodium, silver and other ion sources were made, in a 
preliminary manner, but it is suspected that the values 
obtained were very much affected by the presence of 
unknown impurities in these sources. There was evidence, 
too, that the barrier energies were often, if not always, 
energies of dissociation from less mobile acceptor impuri- 
ties. Continued electrolysis without an alkali ion source 
at the anode caused an increase of barrier energy which 
was only very slowly recoverable on reversing the applied 
field. 

It seems likely that the acceptor sites are either OH 
interstitial impurities or silicon lattice sites replaced by 
aluminium?:*, 

Certainly the electrolysis of siwer through the quartz 
causes strain, as shown very clear'y in Fig. 2, but whether 
this strain is due to the silver or due to OH introduced at 


b 





Fig. 2. strain due to silver electrolysed into quartz. o, Seen along z 

axis in ordinary diffuse light; 5, seen alon- z axis in nearly parallel light: 

e, seen along 2 axis in nearly parallel light showing bars of "M" extending 
right through 2 \ xis, 


360 


NATURE. VOL. 221. 


JANUARY 25, 1969 





a b € 


da € F; 


Fig. 3. Accumulation of metal in quartz eleetrolysed from top faces at 500° €, 


the cathode* is not known. In Fig. 3, the ion source was 
Johnson-Matthey silver paste. After electrolysis the 
surfaces were ground and polished so that the interior 
could be optically examined. 

It is interesting that, apart from refs. 2 and 4, no men- 
tion seems to have been made in the literature of the 
electrolysis of copper through quartz. This is possibly 
because experimenters have used the wrong material at 
the anode. [ often used fired-on electrodes of gold 
or gold+platinum suspensions (Johnson-Matthey) and 
painted salts onto these, the electrodes being sufficiently 
pervious. Copper sulphate provides only divalent ions 
and the lattice barriers are much too high to allow any 
significant quantity to pass. Cuprous chloride releases 
singly charged ions and large quantities «f the metal can 
be transmitted. Continuous electrolysis first deposits 
copper at the cathode face (Fig. 3a) and then produces 
large plates within the quartz, cracking it much more 
seriously than silver and not building many vcrtical 
"pillars" or "threads", as shown in Fig. 35. 

Fig. 3c shows the typical silver thread dendritie growth. 
but in the lower view there is an impression of a flat 
surface which is very marked when directly observed. 
This was produced by changing the anode material from 
Ag to CuCl for a short period, the result being to form 
copper platelets at the tops of the silver threads. This 
confirms that the different behaviour of the copper and 
silver is a bulk effect in the crystal and is not due 
to different types of crystal defect in different quartz 
samples. 

Fig. 3f shows darkening all along the diffusion paths, 
presumably by neutralized silver particles. The reason 
for the uniform deposition in this case is not known. It 
is likely that this was not the first experiment with that 
piece of quartz. 

All the 9 mm x 9 mm x 7-6 mm quartz samples shown in 
Figs. 2 and 3 are selected “oscillator quality" Brazilian 
quartz, and so will have no visible defects and no twin- 
ning. Such seleeted quartz, however, has sometimes been 
found to exhibit quite complicated growth patterns when 
electrolysed. 
elasticity which may affect the mode spectrum of oscilla- 
tor and resonator plates and the frequency response 
of monolithic quartz filters. 

It was found that prolonged electrolysis of quartz 
oscillator crystals between inert electrodes caused the 
elasticity to be grossly affected by changes of air pressure 
and oseillation amplitude. 
ions from the “sieve” has left it open to the easy ingress 


Conceivably this gives rise to variations of 


It is presumed that. removal of 


of neutral atoms of some kind or possibly 
pairs?, 


H*+0OH 
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BIOLOGICAL SCIENCES 


Metabolism of 4-'4C —Ethynyl 
Oestradiol in Women 


ETHYNYL oestradiol was synthesized 30 years ago! and 
since then has been used therapeutically as an orally 
active potent oestrogen. The use of this compound 
(and its 3-methyl ether, mestranol) has increased greatly 
in the past 15 years because it is a component of the oral 
contraceptive pill. No previous study of the metabolism 
of the compound has been carried out in humans. In 
spite of its widespread use and the fact that the oestro- 
genie component is generally regarded as being res- 
ponsible for most of the side effects associated with the 
combined oral contraceptives, it seemed important to 
determine the rate and mode of excretion of ethyny! 
oestradiol as a preliminary to a more detailed investiga- 
tion of its metabolism. The present communication 
describes some aspects of the metabolism of 4-'*C-ethyny! 
oestradiol in wornen. 

We administered 2 u€i of 4-"C-ethynyl oestradiol 
(specific activity 40 wCi/mg prepared from 4-!'C-oestrone?) 
intravenously to two women and orally in a gelatine 
capsule to a further five women. Urine samples were 
collected over 5 days and blood samples were taken 
during the 24 h after administration. The methods used 
for the extraction of the samples and for the estimation 
of radioactivity in the samples and extracts have been 
described previously?. 
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URINARY EXCRETION OF RADIOACTIVITY AFTER ADMINISTRATION 
OF 4 HQ-l7a-ETHYNYL OESTRADIOL TO WOMEN 


Percentage of administered dose of radioactivity in urine 
Intravenous administration Oral administration 


Table 1, 


Subjects 1 2 Mean 8 5 6 7 Mean 
Day 1 21:5. 21-6 2L5 123 108 136 166 3124 13-1 
Day 2 10-0 10.7 108 55 70 100 58 68 TO 
Day 3 2-4 6-8 46 3:6 4-7 5-3 2.1 +l 4-0 
Day 4 1-2 6-0 3-6 3:1 3.0 3-1 0-6 3*1 9T 
Day 5 0- -B LS 1:3 1:3 0-4 Hon 0-3 13 T -Q 

Total 36:8 46-9 41-8 20:2 268 3$0 25.4 277 27-8 


The daily excretion of radioactivity is shown in Table 1. 
The mean value for the recovery of radioactivity in the 
urine of the five women receiving the compound orally 
(28 per cent) was lower than that (41-8 per cent) for the 
two subjects receiving the compound intravenously. 
About half of the radioactivity excreted in the urine was 
eluninated within 24 h of either oral or intravenous 
administration. The lower recovery of urinary radio- 
activity after oral administration compared with intra- 
venous would suggest that the synthetie oestrogens were 
less well absorbed from the gastrointestinal tract than 
the synthetic progestins. because for the latter steroids 
the recovery of radioactivity was the same after oral 
or intravenous administration. The biological half-life 
of the radioaetivity associated with the administered 
ethynyl oestradiol, the time taken for the urinary excretion 
of radioaetivity to decrease by 50 per cent, was 27 h 
after oral administration and 24 h after intravenous 
administration; these values are similar to those found 
for labelled synthetic progestational compounds related 
to 17x-ethynvl-19-nortestosterone?, 

The amount of radioactivity extracted from urine 
before and after various hydrolytic procedures is shown 
in Table 2. Almost all the radioactivity in the urine was 
extractable; there was no significant difference between 
the amount extracted following acid hydrolysis (mean 
value 73-7 per cent) and that extraeted following enzym- 
atic hydrolysis (72-6 per cent). Sulphate conjugation was 
not important in the metabolism. for only 10 per cent 
of the urinary radioactivity was extracted by the pyri- 
dinium sulphate method!. Surprisingly large amounts 
of radioactivity (mean value 16-7 per cent) were extracted 
before any hydrolytie procedure; the value is much larger 
than that obtained with the naturally occurring oestrogens 
or with synthetic progestational compounds. Chromato- 
graphy of extracts of urine on silvered "Florisil columns 
showed that littl metabolism of the ethynyl group 
occurred, which is in agreement with findings for other 
l7«-ethynyl steroids’. 


Table 2. EXTRACTION OF URINARY RADIOACTIVITY 
Percentage of total urinary radioactivity extracted by various procedures 
Hydrolysis procedure 


None 16-7 (7-2-36-5) 
Urine boiled with acid 73.7 (60-003. 2) 
Enzymatic hydrolysis 72-6 (58-1-85-31 
Pyridinium sulphate extraction GR {Ref 


Mean values with range in parentheses are given for seven subjects. 


The £n vivo conversion of certain synthetic progestins 
to oestrogenic compounds has been shown to oecur, 
but the quantitative aspects and importance of this 
conversion cannot be ascertained until more is known 
concerning the metabolism of synthetic oestrogens. In 
the present studies it is clear that considerable meta- 
bolism of se ia oestradiol occurred, because when urine 


amounts ot ihe: urinary Jadicaetivit y (mean o 2- -8 per 
cent) appeared in the oestrone fraction which would 
have contained any ethynyl oestradiol present m the 
urine. 

Blood levels of radioactivity tended to be higher after 
intravenous injection than after oral administration; 
at 4 h and 24 h after intravenous injection the mean 
values per 100 ml. plasma were 0-22 per cent and 0-5 per 
cent of the administered dose and after oral administra- 
tion 0-07 per cent and 0-02 per eent. Even within 1 h of 
intravenous injeetion about 50 per cent of the plasma 
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radioactivity was not freely extractable with chloroform 
and was presumably present in a conjugated state. 
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Preliminary Investigation of Fat 
Embolization from Pulsed Ruby 
Laser Impacts of Bone 


Durie an investigation with lasers we carried out 
impaets of the calvarium and rib fragments! and, later, 
laser drillings of sections of polished bone and femurs 
of the dog were performed (personal communication from 
R. O. Becker). Q switched ruby laser transmission through 
bone slices E also been studied’. 

We have attempted to study the morphology of bone 
drilling by various lasers compared with drilling by 
mechanical and electrical devices, and to evaluate the use 
of the laser in bone surgery. In brief. the zone of cellular 
neerosis around the impact area from pulsed ruby laser 
systems was approximately 1-3 mm wide. The extent of 
the necrosis was more extensive in the varied polished 
specimens. From these experiments. Becker deduced 
that the normal mode ruby lasers have no advantage in 
bone drilling. with regard to bone damage, over other 
methods. 

With high output pulsed laser systems, unlike con- 
tinuous wave (CW) lasers, there are not only thermal 
factors of considerable magnitude in the impact area. 
but also thermally induced stresses which produce local- 
ized intracellular pressures. At times these may reach 
one thousand atmospheres’. Recoil pressures are also 
generated by sudden vaporization of tissues, but these 
shoek waves reach magnitudes an order of magnitude 
lower. Because such forces may develop in the marrow 
cavity of bone, it was necessary to determine whether 
fat embolization can develop in such conditions’, The 
laser could then be used to test the two current theories 
of the production of fat embolism, mechanical trauma 
and chemical change. 

The classical theory** of the source of embolie fat 
suggests the introduction of fat into the circulation from 
the marrow of the fractured bone and the adjacent soft 
tissues. The chemical theory proposes physical change in 
the stability of blood lipids with the consequent formation 
of fat emboli. Fat embolism. of course. may have various 
causes, both traumatic and non-traumatic, and may be 
often asymptomatic. 

Twenty-five white male rabbits were prepared under 
‘Nembutal’ anaesthesia. Three dogs were used in similar 
fashion. In sterile conditions. the skin and soft tissues 
were divided and the femur was expose so that the laser 
could be direeted to the bone. A pulsed high output ruby 
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Fig. 1. 


Showing effect of pulsed ruby laser impacts on femur of 
anaesthetized rabbit, 160 J exit energy. 


laser was used. The pulse duration varied throughout a 
range from 1:5 to 3-0 ms so that various output parameters 
could be used. The most consistent results for the develop- 
ment of fat embolization were: (1) pulse energy of 150 

170 J: (2) focal length of lenses used was 34 and 61 mm: 
(3) areas at focal point were 10:1—19-0 x 10? em?; and 
(4) focused power densities at bone were 10:1—13:2 
MW /em*. 

Obviously to produce fat embolization significant high 
power densities are required for the rabbit (Fig. 1). At 
levels below 10-1 MW/em?* with 120 J/pulse the production 
of fat embolization was not constant or reproducible. Se 
far, complete data are lacking for other animals and other 
laser systems. After laser treatment the skin and soft 
tissues were sutured, and after 48-72 h the animals were 
killed. 

In previous studies of laser impacts on the brain of 
mice. rabbits and dogs, laser beams were often focused 
into the eranial cavity. Sometimes necrosis of the bone 
developed in rabbits and dogs. These animals had no fat 
embolism. 

Control tests were carried out also by making impacts 
of the pulsed ruby laser into fat tissue of rabbits but 
not into bone. Ten rabbits were prepared as before. The 
energy densities were the same as those used in experi- 
ments with bone. Also, mechanical and electrical drilling 
of bone, without laser impacts, was carried out on five 
rabbits. No fat embolism was noted. 

The impact areas of the femurs showed central necrotic 
areas with surrounding zones of charring of varying 
intensities. Vahl (ref. 9 and personal communication) has 
made a detailed scanning electron microscopy study of 
the impact areas to investigate the surface changes of 
laser. mechanical and electrical bone drilling. Femurs 
eut with a high output carbon dioxide laser and with a 
plasma torch showed extensive broad areas of charring. 
At autopsy no petechiae were found on the skin or in the 
conjunetivae. The femurs were removed, decalcified and 
microscope sections were made. 
the viscera was made and microscope sections of the lungs 
and kidneys were examined. 


Microscopy of the bone (Fig. 2) showed perforations of 


the cortex with coagulation necrosis of the impact area 
and perivascular and lymphoeytie infiltrate throughout 


A gross examination of 
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the medulla. Marrow fat adjacent to the impact site was 
not changed. Microscope sections of the lungs of one of 
the rabbits revealed intravascular collections of actual 
medulla, With the focused power densities we have listed, 
the development of fat embolization in the lungs with 
intracapillary collections of fat droplets was consistent. 
Frozen sections stained with oil red O and sudan black B 
had clear fat droplets. There was also diffuse pneumonitis 
in some rabbits with lymphocytic and polymorphonuclear 
infiltrate. This was more marked in those surviving 
longer. No intravascular fat could be detected in or 
adjacent to the target area of decalcified sections of bone. 
Biopsies of the kidneys revealed no intravascular lipids 
in the glomeruli. One dog had fat droplets in renal tubules. 
As indicated. no changes were seen in the control animals. 

We tried to investigate the physical changes in various 
fat emulsions exposed to the laser. These controls included 
subcutaneous fat obtained at autopsy, oral fat emulsions, 
‘Lipomul Oral’ (corn oil, d-alpha tocopherol acetate, 
butylated hydroxanisole, “Polysorbate 80°, sodium cyclam- 
ate and artificial citrus vanilla flavouring), intravenous 
fat emulsion, *Lipomul 7. V^ (cotton seed oil, anhydrous 
dextrose, lecithin, oxyethyline oxopopylone polymer). 
‘Lipoidol’ (iodine addition product of poppy seed oil), and 
mayonnaise. Evans blue was often used to colour the 
emulsion, To assure uniform exposure, the emulsions 
were put into capillary tubes. Selected areas of fat 
emulsions were also impacted under laser microscopy and 
photomicrographs were prepared. Fat tissues showed 
liquefaction necrosis. With the carbon dioxide laser the 
tissues burned freely. 

Fat emulsions exposed to laser impacts had particles 
of irregular size and shape. more marked in dyed suspen- 
sions (Fig. 3). These suspensions were also examined with 
a polarizing microscope. Because of the variability in size 
and shapes of particles before laser impact, it was not 
possible to control these studies, No chemical or enzyme 
studies of irradiated fat emulsions were carried out. 

These preliminary investigations suggest living systems 
must be used to give a complete picture of the effect of 
the laser on bone. In this small series, fat. embolization 
was produced consistent with the laser parameters as 
indicated for the other tests. There have been no chemical 
studies of blood lipids. 

Considering these preliminary data, we recommend that 
the studies of laser drilling of the bone in man, especially 
using pulsed laser systems—normal, Q switched or mode 
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Fig. 2. Microscopie sections showing effect of Jaser impacts with 
perforation of bone with infammatory infiltrate. (Stained with haen 
toxviin-eosin * 40.) 
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Fig. 3. 


section of rabbit lung showing intravascular pulmonary bone 
medulla fat. (Stained with haematoxylin-eosin x 100.) 


locked—be deferred until more adequate information is 
available of these reactions in animals. 
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Isolation of Protein Initiation 
Factors from 30S Ribosomal Subunits 


PREVIOUS work has demonstrated that the initiation. of 


protein synthesis requires messenger RNA (mRNA)!~, 
formyl-methionyl¢/RNA = (F-met-tRNA)**, ribosomes, 
GPT? *, and at least three protein initiation faetors!?-!?, 
Native ribosomal subunits have been shown to contain 
the initiation factors, and such subunits are extremely 
active in the initiation of protein synthesis". 
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An initiation mechanism has been proposed in which 
the interaction of the 30S ribcsomal subunit with the 
initiation factors occurs after it release from the poly- 
some complex. As the 70S parmcle begins translation of 
the mRNA the initiation fact-rs would be released". 
This mechanism predicts that tae 70S ribosome and the 
50S and 30S ribosomal subunis derived from it would 
be deficient in initiation factos. On the other hand, 
subunits which are formed from the polysome complex, 
and found as native 30S and 5@S subunits, should have 
large amounts of factors associaed with them. 

The results presented here furnish evidence for this 
hypothesis based on initiation factor preparations isolated 
from purified native and deriwed subunits, as well as 
purified 705 ribosomes. 

The isolation of ribosomes aad 105,000g supernatant 
from E. coli Q 13 was carried out as described previ- 
ously'?-, The ribosomal pel>t was resuspended in 
buffer containing 1-0 M NH,Cl; 10 mM ¢ris-HCl, pH T8, 
and 5 mM acetate (buffer 1), aad stirred for 10-12 h at 
4° €. The ribosome suspension vas diluted with an equal 
volume of buffer 1, centrifuged or 30 min at 30,000g and 
the pellet discarded. The supernatant was then centri- 
fuged for 3 h at 150,000g with -he resulting supernatant 
used for the preparation of the initiation factors. 

The ribosomal pellet was resaspended in buffer 1 and 
the procedure described was repeated. DEAE ribosomes 
were prepared by the method of Stanley and Wahba?*. 
The DEAE ribosomes were diviced into small aliquots and 
stored in liquid nitrogen. Such retained 
activity for at least 2 months. 

The initiation factors were prepared from the first 
treatment with NH,Cl. The supernatant was treated with 
(NH,),SO, and the fraction pre-ipitated. between 35 and 
75 per cent was designated crude factor. The crude faetor 
was dialysed for 6 h against hree changes of 10 mM 
tris-HCl, pH 7-6 (buffer 2), acd applied to a column 
(1-8 cmx 35 em) of DEAE celalose (Whatman DE 52) 
|I mequiv./g of dry weight eqpilibrated with buffer 2. 
Factor 1 was eluted from the column by washing with 
buffer 2 until the A,,, of the el» ate was 0-01. A 300 ml. 
linear gradient consisting of € 10 M-6:30 M NH,CI im 
buffer 2 was then started, and 5 ml. fractions were col- 
lected. A typical elution pattern is shown in Fig. 1. The 
column fractions were assayed, pooled and concentrated 
by adding (NH,) SO, to 75 per cent saturation. The 
precipitate was dissolved in buffer 2 containing 10 mM 
beta-mercaptoethanol, and dielysed against the same 
buffer. The erude factor and th- purified initiation faetors 
were divided into small aliquots and stored in liquid 
nitrogen. 

The activity of factors 2 and = in the column eluate was 
determined by measuring the ranslation of £2 RNA in 
the presence of factor 1 and fra tion 32. Factors 4 and 5 
were determined by measuring he translation of f2 RNA 
in the presence of factor l and olumn fraction 6. 

The preparation of purified “OS ribosomes and native 
ribosomal subunits was as prev ously described". 

The derived subunits were prepared by overnight dialy- 
sis of purified 70S ribosomes azainst a buffer containing 
10 mM tris-HCl, pH 7:6. and € 1 mM MgCl, followed by 
zone centrifugation in a 10-30 per cent sucrose gradient 
containing (0-1 mM MgCl, to seoarate the subunits. The 
purified ribosomes and subunits were treated with NH,C! 
to remove initiation factors in the manner described for 
the DEAE ribosomes. 

The amino-acid incorporatiens were carried out as 
follows. In 1 ml. of reaction mixture were the following 
components (in uM. unless othe^wise indicated): tris-HCI, 
pH 7:8, 100; Mg acetate, 12; FCI, 37; NH,CI. 20; beta- 
mercaptoethanol, 1:8; ATP, 2 GTP, 0-7; phosphoenol 
pyruvate, 15; each amino-acid except those labelled in the 
experiment, 0-025 ; “C-arginine, specific activity 150 uC1/ 
umole; pyruvate kinase. 20 ag: discharged transfer 
RNA, 450 ug; f2 RNA, 100 ug: NH,CI DEAE ribosomes, 
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Fig. 1. Fractionation of the crude factor on a DEAE cellulose column. 


260 mg of erude factor protein was applied to a 1-8 x 35 em column of 
Whatman DE 52 DEAE cellulose (1 mequiv./g dry wt.) in 10 mM tris- 
HUI pH 7:6, The column was washed with 10 mM tris-HCl, pH 7-6, 
containing 25 mM NH,Cl until the As was less than 0-01. A 300 ml. 
linear gradient consisting of 0-10 M to 0:3 M NH,Cl in 10 mM tris-HUCl, 
pH 7.6, was started. Fractions of 5 ml. were collected. The optical 
density at 280 my was measured and the fractions assayed. (6) Asse: 
( A) stimulation of 4C-arginine Incorporation using f2 RNA as messenger 
with factors 1 and 4; (©) stimulation of “C-arginine incorporation 
using f? RNA as messenger in the presence of factors 1 and 2. 


100—150 ug; and 100 ul. of dialysed supernatant contain- 
ing | mg of protein, and the factor indicated. The 
amount of amino-acid incorporated into protein was 
estimated by the method of Mans and Novelli!*. 

To determine whether native ribosomal subunits con- 
tain initiation. factors. native and derived ribosomal 
subunits, as well as purified 708 ribosomes, were prepared. 
The purity of the 705 ribosomes and the native 30S and 
508 subunits is shown in Fig. 2. The 305 and 505 
particles prepared from the purified 70S ribosomes give 
similar patterns. 

The purified ribosomes and subunits were then treated 
with 1 M NH,Cl as we have deseribed and the resulting 
ernde factor preparation was tested for the ability to 
stimulate f2 RNA directed protein. synthesis in vitro 
using NH,CI DEAE ribosomes as the test system. The 
isolated subunit factors were also tested for the ability to 
substitute for the partially purified factors. The results 
of a characteristic experiment are shown in Table 1. It is 


Table I COMPARISON OF PURIFIED FACTORS AND FACTORS. PREPARED FROM 


ISOLATED RIBOSOMAL SUBUNITS 


Without 
Additions subunit Factors from isolated ribosome subunits* 
factors 30% 504 30n 50p 70 
Crude factor 100 — 
1 45 3-6 
2 bd sd 
4 4:0 14-0 
148 r0 84-0 8-1 1-6 t2 L3 
L+4 5t 98-0 fi 1 6-1 L3 4:3 
2-4 L5 73-0 2°} 1-4 17 ("8 
ETET: 104 190-0 EO ma - 123 


Values are given as gumoles of “C-arginine incorporated/ml. of reaction 
muixtare. 

* Subunit N or D indicates that the subunits were native or derived from 
TOS ribosomes by dialysis against low magnesium, respectively. The complete 
system without added factors incorporated 4-5 numoles of *C-arginine which 
has been subtracted from the values shown above. Protein concentrations of 
factors in agimi, of reaction were: 30S«, 35; 50Sx, 36; 705, 59; 3051, 35; 
50Sp, 398; crude factor, 250; 1, 75; 2, 50, and 4, 110, *C-arginine was incor- 
potated into protein in a 0-2 ml. cell-free system containing 150 ug of DEAE/ 
ribosomes and 10 gl. of dialysed supernatant fraction, ineubated at 37° C 
for 30 min. 
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clearly shown that only the factors prepared from the 
native 30S particles are active. With only one of the 
purified factors, 1, 2 or 4, the stimulation was three to 
seven-fold. With two of the factors, the stimulation was 
seventy to eighty-fold. Addition of native 30S factor 
to all three resulted in almost a doubling of activity. 
The factor preparations from the 30S and 505 derived 
particles and the 708 ribosomes were completely inactive. 
It seems evident that the factors are all associated with 
the native 30 subunits. 

Increasing the concentration of native 3058 factor 
results m stimulation of f2 RNA directed protein synthe- 
sis independent of added purified factors (Fig. 3). In- 
creased amounts of native 505 factor are still inactive. 
Although not shown here. increased amounts of 705 
factor or derived 305 and 505 factors are also inactive. 
NHC] TREATED 


Table 2. REQUIREMENT FOR INITIATION FACTORS BY 


RIBOSOMES AND RIBOSOMAL SUBUNITS 


No additions + Crude factor Stimulation 


SOS y + SOS 240 IER 12 
S08 cp 505p 12:6 20-8 2 
308p + 5084 136 19.6 15 
305 r 56 46 8 
708y as 50 sa 


Values given as pumoes of “C-arginine incorporated/ral, of reaction 
mixture. All of the isolated ribosomal subunits show activity of approxi- 
mately 1-5 eM. 

The concentration of ribosomes and ribosomal subunits added in ug 
RNA/ml. of reaction mixture was: 30Sr, 90; 5057, 170; 705p, 262: 30Sx, 
90; 505x, 185; and 705x, 270. 

Crude factor was added to give concentrations of 250 sgimh of reaction 
mixture. 

Stimulation indicates the enhancement of incorporation by the crude 
factor. Ribosomal subunits are all native. Subunit T indicates that the 
subunits were treated with 1 M NH,CI. Subunit U indicates that the sabunit. 
was untreated. 


Examination of the purified native ribosomal subunits 
(Table 2) after treatment demonstrates that treated 
305 and 50S particles require added crude factor while 
untreated subunits are only shghtly stimulated. Derived 
305 and 508 subunits are also active in the presence of 
erude factor. Treatment with NH,CI] results in inactive 
305 particles. The 505 subunits do not seem to require 
any additional factors. Treated or untreated 70S ribo- 
somes are highly stimulated by the factors. 
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Fig. 2. The ribosomes or subunits were layered on top of 5 ml. of 5-20 

per cent linear sucrose gradients supplemented with 10 mM tris- HCl, 

pH 7-8, 10 mM Mg acetate and 60 mM KCL The gradients were centri- 

fuged at 25,0009 in a ‘Spinco’ SW 39 rotor for 90 min. The top of the tube 
is shown on the left, 
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Fig. 3. Effect of concentration of native 305 and 50$ factors on f2 RNA 
translation. Conditions of incubation are described in Table 1. 
(@) Native 30S factor; (©) native 508 factor, 


A further purification of factor 4 was accomplished by 
the use of “Sephadex G-200'. Factor 4 elutes somewhat 
later than the major portion of the protein. The activity 
corresponding to factor 4 in the ‘Sephadex’ eluate was 
measured by following f2 RNA translation in the presence 
of factors | and 2. Factor 4 was resolved into two peaks 
of activity, designated 4a and 4b. The results of this 
fractionation are shown in Table 3. It is evident that 
factor 4b stimulates the n vitro protein synthesizing system 
approximately six-fold. It seems that translation of f2 
RNA absolutely requires purified factor 4a. In all cases 
where factor 4a is absent. protein synthesis ceases. 

Table 3. EFFECT OF FACTORS ON TRANSLATION OF [2 RNA 


HC-Arginine incorporated 


Factor additions (uumoles/ml. of reaction mixture) 


1 o 
2 ü 
án LEE: 
Ab fi 
1-2 u 
ETT Sy 
1+ 46 ü 
2-408 3:7 
2 4 45 ğü 
4a + Ab 2-3 
142+ 44 4-6 
1424 4h G 
1+ 404 44 11S 
2444446 10-0 
l23d4dadb 33-0 


Concentration of factors in ug protein/ml. of reaction mixture was: 1. 
50 ug; 2,83 ug; 4a, 100 we, and 46,147 wg. In the control reaction, without 
factors, 4:1 uumoles/ml. of “C-arginine was incorporated. This value was 
subtracted from the values obtained with the various factors, to determine 
the stimulatory effect of the factors, Conditions of incubation are identical 
to those in Table 1. 


Tt seems from the experiments described here that the 
initiation factors are localized on the native 305 subunits 
as indicated by the ability of the native 30S factor to 
substitute for each of the purified initiation factors in 
f2 RNA translation. The absence of the factors associated 
with the derived 305 subunits supports the contention 
that the factors are released from the 30S subunits when 
the 70S ribosomes are formed. This is also confirmed 
by the observation that isolated 705 ribosomes are inactive 
in protein synthesis unless the factors are added. 

One of the purified factors has been shown to bind 
to the 30S subunit!?. This suggests that the synthesis of 
proteins involves two separate cycles. One is concerned 
with the formation of the 7058 ribosome-mRNA complex 
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from the 30S and 50S subunits when a polypeptide is 
initiated and the subsequent release of the subunits to a 
free pool after completion of the polypeptide’. The 
second evele would be the bincing of initiation factors 
to the free 30S subunits when they are obtained from the 
10S ribosome. The factors wouid then be released from 
the 30S subunits when they beeome associated with the 
508 subunits on mRNA. Several studies have shown that 
initiation factors promote the formation of a complex be- 
tween the 308 subunit. mRNA, aud F-met-£ERNA* 10:19:19, 
This complex, in the presence o* the 50S subunits, forms 
the 70S ribosome*:39. It is not ret clear if all the factors 
are released when the 708 riboseme is formed. Although 
it is conceivable that only one or two are released, this 
does not seem likely because none of the factor activities 
has been found in the 70S rebosomes on the derived 
subunits. 

The factors are not found om most of the ribosomal 
subunits, and so only a limited portion of the ribosomal 
subunits is capable of initiation at any given time. 
Limitation of factors would therefore exert control on 
the rate of initiation and thu- on the translation and 
transcription of genetic informetion. 

This investigation was supperted by a research grant 
from the US Public Health Service. 
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**Viscosity-plus" Effect in Whole Blood 
at High Shear Rates 


A SUSPENSION of red blood cells (RBC) in normal saline 
is characterized by a viscosity dependent on the haema- 
toerit. When RBC at the same haematocrit are sus- 
pended in plasma or certain other media. the viscasity 
of the suspension is higher than that in saline, and the 
difference is much greater then can be accounted for by 
that between the viscosities of saline and new suspending 
medium. This phenomenon has been called the " viscosity- 
plus" effect'?, Although the basis of this effect is not 
definitely understood. it may be based in part on aggre- 
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gation of RBC by components of the plasma. Blood 
viscosity is known to increase w hen aggregation 
inereases!-, and aggregation, like the "viscosity-plus" 

effect, is enhanced as blood flow (rate of shear) deereases!-?. 
Aggregated RBC in normal blood, however, are thought 
to disperse completely as shear rates increase to approx- 
imately LOO reciprocal seconds?. At greater shear rates, 
whole blood viscosity is thought by some to depend 
solely on the viscosity of the plasma‘. This communication 
shows that blood viscosity may be disproportionately 
large, when related to plasma viscosity, even at shear 
rates as great as 30,000 reciprocal seconds. Interpretations 
of the "viscosity-plus" effect must take cognizance of 
its operation at such high shear rates. 

The data discussed here have appeared in various 
forms in scattered publications, but have never been 
presented in relation to the "viscosity-plus" effect, and 
their relevance to interpretations of that phenomenon is 
not apparent unless the data are reorganized as follows. 
Whole blood viscosity and plasma viscosity were measured 
with a capillary viscosimeter operating at approximately 
30,000 reciprocal seconds*-?*. When blood from macro- 
globulinaemie mice was studied the plasma viscosity 
was twice that of normal mice, while the whole blood 
viscosity was only 33 per cent greater than normal’. The 
relatively small elevation in whole blood viscosity, 
however, ean be aseribed to anaemia. When normal 
RBC are suspended in macroglobulinaemic sera of dif- 
fering viscosities’, and suspensions of similar haema- 
tocrits are compared, the difference between the viscos- 
ities of these suspensions is always greater than the dif- 
ference between the viscosities of the suspending sera. 
This "viscosity-plus" effect is shown in Table 1, where 
the magnitude of the effect is still somewhat reduced 
because in four of the five comparisons haematocrit was 
slightly lower in the second member of each pair. 


Table 1. COMPARISONS OF PAIRED SUSPENSIONS OF MACROGLOBULINAEMIC 
BLOOD 

Haematocrit 44 43 25 22 85 35 24 22 46 43 

Serum viscosity * 17 20 2-0 23 2:0 23 T1523 15 20 

38 53 6 43 £0 53 23 43 9-9 53 


Suspension viscosity * 


* Viscosities are expressed in terms of flow rates relative to that of distilled 
water measured in the same capillary viscosimeter. 


When low molecular weight dextran (D-40’) is added 
to macroglobulinaemic blood, the ''viseosity-plus" effect 
is readily apparent. ‘D-40°, in a plasma concentration 
of 1-3 to 2-6 per cent, barely affects the viscosity of 
poss One the econuy of maeroglobulinaemie blood 


E Vc kon with EA also conducted at 
a shear rate of 30,000 reciprocal seconds, again illustrate 
àn inerease in blood viscosity that is not dependent on 
alterations in plasma viscosity. When citrate or oxalate 
is added to blood in such a way that erythroeytes 
shrink, the viscosity of the blood increases even though 
haematoerit is redueed and plasma viseosity remains 
the same‘, 

These data all indicate that, even at 30,000 reciprocal 
seconds, blood viseosity may be disproportionatelv high 
in relation to the viscosity of plasma alone. The results 
with macroglobulinaemia are particularly interesting 
because of the common belief that, at high shear rates, 
increases in blood viscosity im eases of disease must 
oe on increases in ELM v IBCOSILY itself. n these 
gation is Suec ed in e case and that the RBC are 
Bound so tenaciously that they resist dispersal even at 
extremely high shear rates. Even small aggregates of 
two or three cells could contribute to this effect. Altern- 
atively, increases in viscosity may depend on some 
change in the RBC themselves. Thus. for example, 
cell shrinkage may be accompanied by an inerease 1n 
the stiffness of the cell or in its internal viscosity*. Such 
changes do increase blood viscosity" 303?: however, there 
is no evidence that they oceur in macroglobulinaemia 
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or after addition of ‘D-40’ to blood. Furthermore, ex- 
periments carried out in protein free solutions at 30,000 
reciproeal seconds indicate that cell shrinkage increases 
blood viscosity? even though in such solutions the stiffness 
of RBC may actuall y be decreased rather than increased). 

Favouring the hypothesis of enhanced aggregation, 
there is now evidence that ‘D-40° inereases the adhesive 
forces between RBC at least at low shear rates and that 
erythrocyte shrinkage also has this effect, at least at 
intermediate rates of shear. Enhanced aggregation is 
well known at low shear rates in macroglobulinaemia >$, 
and evidence suggests that RBC in this condition are 
bound more tenaciously than normal?:!5 so that aggregates 
may be found in regions of the microcirculation in which 
shear rate is normally too high for aggregates to persist". 
50 far, no studies have appeared which test the minimum 
force necessary to break all red cell linkages in maero- 
globulinaemia or other disease states where adhesive 
forces may be abnormally strong. Consequently, it is 
not possible to dismiss the hypothesis that elevated 
blood viscosity at high shear rates is dependent on the 
presence of aggregated RBC. 

In any ease, the data make it clear that there is some 
interaction between abnormal suspending media and 
RBC even at extremely high shear rates, and that in 
these conditions blood vi iscosity cannot be explained 
merely on the basis of changes im the viscosity of the 
plasma. An appreciation of this fact is essential to our 
further understanding of the rheology of blood. 

This work was supported in part by a grant from the 
National Institutes of Health, US Publie Health Service. 
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Two Perpendicularly Oriented 
Pigment Systems involved in 
Phototaxis of — 


More than 50 vears ag 

phototaxis of Euglena i is i1 by ae shading a action i 
the evespot with respect to a "photorece ptor" situated 
near the base of the flagellum'. With the availability of a 
quantitative and reproducible method for measuring the 
rate of phototanis?, this hypothesis has recently been 
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given support by Tollin and myself**. We concluded 
that negative phototaxis occurs when the photoreceptor 
is not shaded from intense stimulating light. Bound 
and Tollin, using polarized actinic light, have shown that 
the pigment molecules in the eyespot are aligned with their 
long axes parallel to the long axis of the organism’. 

Work now in progress in this laboratory is concerned 
with the pigment system of the primary photoreceptor. 
In such studies, interference from the shading pigments 
can be eliminated by the use of polarized light. An array 
of oriented pigment molecules is transparent to light 
which has its plane of polarization perpendieular to the 
transition moments of the pigment molecules. so the 
action speetrum of negative phototaxis resulting from 
illumination of properly polarized light should approxim- 
ate the absorption spectrum of the photoreceptor pigments. 

Using stimulating light of wavelength 350 to 800 nm 
with its plane of polarization perpendicular to the long 
axis of the organism, an action spectrum of negative 
phototaxis in Euglena gracilis was found with major 
peaks at 450 and 475 nm and a minor peak about 415 
nm. When the plane of the polarized light was rotated 
90^, the rate of negative phototaxis rose again below 400 
nm. The composite action spectrum, determined to 
10 per cent precision at a monochromator half-band width 
of 4 nm, is shown in Fig. 1. Fig. 2 shows the rates of 
negative phototaxis at 375 and 450 nm as a function of 
angle between the plane of polarization and the long axis 
of the organisms. 
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Fig. 1. Action spectrum of negative phototaxis in Euglena. ©, Plane 
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Fig.2. Relative rate of negative phototaxis asf unction of angle between 
the plane of polarized light and the long axis of the organism. ©, At 
450 nm; @, at 375 nm. 
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It must be concluded that two arrays of pigment 
molecules cooperate in the shading of the photoreceptor. 
The orientation of the long wavelength system is such 
that the long axes of the pigment molecules are parallel 
to the long axis of the organisra’, while the molecular 
transition moments of the short wavelength system are 
arranged perpendicularly to the dong wavelength array. 
It is likely that the long wavelength shading system con- 
sists of carotenoid pigments localmed in the eyespot'}, If 
the active pigment of the short wewelength shading system 
were a carotenoid, it could cortain no more than six 
conjugated double bonds*. Neither could it be locahaed 
in the eyespot, for according to Batra and Tollin’ a hexane 
extract of the eyespot pigments Goes not show absorption 
about 350 nm. It seems more probable that the pigment 
involved is a flavonoid. The flavonols exhibit their 
maximum absorption in the 350-390 nm range". 

Further work on the nature of the primary photorecep- 
tor pigment, which at this stage :s believed to be a flavin, 
is in progress in this laboratory. 
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Taste Acuity in relation to Hunger 


Taste thresholds for solutions ef /-quinine sulphate have 
been observed to be associated with food preferences!-^?, 
phases of the menstrual eyele, age*, sex^^. smoking 
habits?^*, variations in perscnality test scales’ and 
'ariations in pharmacological effects’. Twin studies 
have shown that individual differences in taste thresholds 
for bitter tasting quinine do net primarily involve simple 
genetic factors!!. Taste threshold differences for another 
group of bitter tasting drugs, those which contain the 
characteristic H—N-—C--8 grouping, such as 6-5»-propyl- 


thiouracil, do involve simple genetic factors! 

Taste tests for quinine and for 6-n-propylthiouraei 
were administered twice during one day to each of fourteen 
volunteers (nine females and five males), once immediately 
before eating lunch and agair immediately after eating 
lunch. Table 1 lists the tase threshold numbers and 
associated molarity concentrations for both drugs used. 

Previously standardized methodology was used". ‘The 
results are shown in Table 2. The data were compared 
with previously published dam‘! from first and second 
taste tests administered to 221 volunteers for quinine 
and to 225 for 6-n-propyltbiouraeil. The previously 
published results, in which the second tests were admins- 
tered from 2 weeks to 14 moaths after the initial tests, 
have been abstracted in "Table 3. The observed and 
expected results were compared, for cach of the two 
drugs, by simple 7? analysis af two categories: that is. 








Table 1, MOLAR CONCENTRATIONS OF ALL TASTE TEST SOLUTIONS 


Solution No. Molarity *olution No. Molarity 
1 7-32 x 107 ü PRR x LOR 
2 1:46 x 10-5 i0 3-78 x 107* 
: 2-98 x 1075 11 Tx 103 
1 5-86 x 10-* 12 150 x 1077 
7 4:60 x 10-5 


8 9-38 x 10-5 
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Table 2. VOLUNTEER SUBJECTS 

T l Menstrual 6-n-Prop. Quinine 
Subject Sex Age Tests cycle thresholds thresholds 
date day No, Pre Post Pre Post 

1 EF 24 8/18/68 4 13 1i 7 6 

2 F 22 8/13/68 18 12 12 5 4 

3 F 45 8/20/68 9 12 12 5 4 

4 F 50 8/21/68 Hyster, 6 7 4 3 

à E 33 8/21/68 20 8 8 6 a 

6 F 24 8/ 27/68 E ü 8 6 6 

T F 28 8/27/68 2 8 9 6 5 

& F 32 9/23/68 3 1: 13 T 8 

9 F 31 10/7/68 ? 192 B 5 4 

10 M 28 8/27/68 — 8 8 A 5 

11 M 2] 8/28/68 — 9 ü 6 8 

i M ds &R/ (98/68 — 14 14 3 5 

18 M 42 9/4/68 — ü 7 2 4 

t4 M 42 0/4/08 — hi 8 » 3 


Hyster. indicates a history of hysterectomy. The taste thresholds for 
§-n-propylthiourac il (6-n-prop) and quinine (l-quinine sulphate) were determ- 
ined just before (pre) and immediately after eating lunch (post). 


Table 3. THRESHOLD CHANGES OBSERVED FROM FIRST TO SECOND TASTE 

TESTS FOR QUININE (L-QUININE SULPHATE) AND 6-n-PROPYLTHIOURACIL 

SOLUTIONS, WHEN RELATION BETWEEN TIME OF TEST AND EATING WAS 
RANDOM AND UNCONTROLLED 


These data are abstracted from previous data! 


I Threshold Threshold 
Solution Total decreased Same increased 
Quinine = 32l 66 7 76 
(144 F, 77 M) (47 F, 19M) (58 F,: 21 M) (39 F, 37 M) 
6-n-Propyithiouracil 225 49 83 69 


(145 F, 80 M) (42 F,27 M). (G9 F,24 M) (42 F, 27M) 


od DATA FOR Z? EVALUATION OF CHANGES IN TASTE THRESHOLDS FOR 
I-QUININE SULPHATE SOLUTIONS FROM FIRST TO SECOND TESTS 


Quinine threshold Quinine threshold 


decreased same or increased Total 
Observed 9 5 14 
Expected 4 10 14 
Total 13 15 28 


The observed data are based on first tests administered to volunteers just 
before eating lunch and second tests administered the same day immediately 
after eating lunch. The observations were compared with expected numbers 
which were derived from the proportions in the two threshold-change cate- 
gories previously observed in à random setting’, 


one eategory for those whose taste thresholds deereased 
(their taste sensitivities increased) following lunch. and 
one category for those whose taste thresholds were the 
same or increased (their taste sensitivities remained 
the same or decreased). The expected results were determ- 
ined by using the same proportions observed in the 
randomized sample as shown in Table 3. Thus, for quinine, 
66/221 of the sample (that is, fourteen) were epena to 
show random threshold deereases; and 155/221 of the 
sample were expected randomly to include the subjects 
showing no change and those showing threshold increases. 
No significant deviation was shown for 6-n- -propyl- 
thiouracil, but there was a very significant deviation 
for i-quinine sulphate. The data for the latter 7? evalua- 
tion are shown in Table 4. The 7? value with one degree 
of freedom is 8:75, and the dev ee between observed 
and expected results is statistically significant at a prob- 
ability of P«001. Of the small sample of volunteers 
(fourteen subjects. nine females and five males) who were 
taste-tested just before and just after hineh, three (21 
per cent) showed no change of quinine taste threshold. two 
(14 per cent) showed post-luncheon threshold increases 
(that is, taste sensitivity decreases) and nine (64 per cent) 
showed post-luncheon threshold decreases (that is, taste 
sensitivity inereases). Thus most of the subjects became 
more sensitive tasters of bitter tasting solutions of 
{-quimine sulphate after eating lunch, compared with their 
respective pre-lunch sensitivities when hungry. This 
change does not characteristically occur for all substances, 
and specifically did not occur for bitter tasting 6-7- 
propylthiouracil. Hunger has thus been indicated to be 
relevant to taste sensitivity for one tested drug, but not 
for another tested drug. Designers of future investigations 
on taste sensitivity —genetical, pharmacological, anthropo- 
logie al. e sea industrial. E e end 80 On-—- 
variable. Xa could 
important results. 
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Enzymatic Synthesis of Adrenaline 
in Mammalian Brain 


ADRENALINE given intraventricularly or intravenously 
has powerful physiological and psychological effects on 
the central nervous system. Although work in this 
laboratory and elsewhere suggests that a small amount of 
adrenaline may reach the brain from the peripheral 
eireulation!?, the amount is not enough to account for 
the endogenous concentrations of adrenaline that have 
been reported??, It therefore became of interest to study 
the uptake, metabolism and synthesis of adrenaline by 
mammahan brain. We have found that adrenaline is 
synthesized in the brain. 

Brain areas from adult Simonson rats were dissected 
and homogenized in equal volumes of ice-cold isotonic 
potassium chloride. The homogenates were centrifuged 
at 50,000g for 1 h, and the pellets resuspended in 10 
volumes of isotonic KC]. Assay for adrenaline forming 
activity was carried out as follows: 50 ul. of the centri- 
fuged preparation was added to 15 ml. serewtop conical 
glass centrifuge tubes containing 100 moles phosphate 
buffer, pH. 7-9, 15 mumolesS- adenosylmethionine- *C (SAM. 
30 (specific aetivity 55 mCi /mmole) and 20 ug noradren- 
aline in a final volume of 250 ul. This preparation was 
incubated for Lh at 377 C. C 'ontrols had no noradrenaline. 

After ineubation protein was precipitated by the 
addition of 0-2 ml. of 2 N perchloric acid and the samples 
were ce ntrifuged. The supernatant was applied to 2-5 x 0/7 
em “Dowex-50° (H+) columns. and washed with 20 ml. of 
distilled water. The columns were eluted with 20 ml. of 
0-45 N HCI. 

To the ‘Dowex’ eluates. 500 mg of alumina, 1 my of 
EDTA and 10 mg of sodium metabisulphite were added. 
These were titrated to pH 8:6 and the samples poured asa 
slurry over glass-wool packed columns. After washing with 
several eolumn volumes of water. the alumina columns 
were eluted with 5 ml. of 2 N acetic acid. Using this 
procedure, control values show 0-02 per cent contamina- 
tion by SAM or its metabolites; reeovery of added 
adrenaline is about 50 per cent. The assav deseribed 
linear with time over a 3 h range. 

The assay nA M made possible the separation of 
adrenaline from other labelled compounds which may be 
formed. Included among these would be other derivatives 
of noradrenaline, but most important are derivatives of 
S-adenosylmethionine, such as methanol. which are 
formed by mammalian brain’. Those derivatives are not 
formed in appreciable amounts in the adrenal gland. The 
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assays usually used to demonstrate the phenylethanol- 
amine N-methyl transferase (PNMT) in the adrenal 
gland*-!? do not separate these compounds. Thus. although 
they are useful in studying adrenal activity, these assays 
cannot be used in studying the enzymatie formation of 
adrenaline in brain unless precautions are taken to 
remove interfering compounds. The specificity of the 
procedures described was demonstrated using thin-layer 
chromatography and 10 em ‘Dowex’ columns. 

Studies on the erude pellet fraction show a Am for 
noradrenaline of 5x 10-5 M. Very high concentrations of 
noradrenaline are associated with a decline in activity, 
suggestive of substrate inhibition. The Am for SAM was 
found to be 1x 10-5 M. The enzyme has a pH optimum 
between 7-5 and 8-0 in 0-1 M phosphate buffers. Treatment 
with a monoamine oxidase inhibitor (SU 11739)* resulted 
in a two-fold increase in activity. Incubation of the 
enzyme with pyrogallol, an inhibitor of catechol-O-methyl 
transferase (COMT), led to a small increase in activity. 

The location of this enzyme in various parts of the brain 
was studied in the erude pellet fraction. Highest activity 
was seen in the rostral brainstem region, which consisted 
of the hypothalamus and diencephalon (Table 1). The 
presence of the enzyme in similarly prepared fractions of 
dog brain was also noted. 


Table 1. REGIONAL DISTRIBUTION OF ADRENALINE SYNTHESIS IN VARIOUS 


AREAS OF THE RAT BRAIN 
Adrenaline synthesis 


Area pgihíg tissue 
Mesencephalon 1:04 
Diencephalon + hypothalamus 2*4 
Cerebral cortex 0-42 
Cerebellum 0-74 
Pons 0-93 


Samples were prepared and assayed as deseribed in the text. 


Table 2. sSUBCELLULAR DISTRIBUTION GF ADRENALINE FORMING ENZYME 
AND PHENYLETHANGLAMINE N-METHYL TRANSFERASE IN FRACTIONS OF RAT 
BRAIN AND RAT ADRENAL 


Enzyme activity aa per 
cent of total activity 


Fraction Adrenal Brain 

LI (1,0005, 20 min) 1-8 1547 

IT (22,0008, 30 min) 1:35 20.2 

IHE. (105,006g, 1 h) tl 16-8 

IV. (105,000g supernatant) 5:5 3578 

Totalactivity (mumoles/h/g) 192:2 3-4 
Preparation of subcellular fractions. Adrenal: six adrenals were 


homogenized in 0:45 ml. (3 volumes) isotonic potassium chloride. The pellets 
from the 1,000g spin were washed twice in the original volume of KCl, then 
re-suspended in 0:45 ml. of the same solution. Fractions H and III were 
similarly resuspended in the original homogenizing volume. Assay for 
adrenal PNMT was modified slightly from that described by Axelrod*.. To 
100 umoles phosphate buffer, pH 7-9, was added 50 al. of the enzyme prepara- 
tion, 15 mumoles *^C-S-adenosyImethionine and 4 «moles normetanephrine ina 
final volume of 250 ul. This was incubated at 37° C for 1h. The reaction was 
ended by the addition of 0:5 ml. 0:5 M borate buffer, pH 10. The radioactive 
metanephrine formed was extracted into 6 mi, toluene-isoamyl aleohol (3 : 2) 
and counted in a liquid scintillation counter. Brain fractions were prepared 
as follows, Four rostral brainstem regions, consisting of the hypothalamus 
and diencephalon, were homogenized in 3 volumes (5:4 mil.) of ice-cold 
isotonic KCl. The pellets were resuspended in the original volume of KCl. 
These fractions were assayed as described in the text. Activity is expressed 
as a pereentage of total activity, and represents the amount of product 
formed as mumoles/h/g wet weight. 


The presence of appreciable amounts of activity in the 
pellet suggested that the enzyme might be associated with 
a discrete subcellular fraction. This was studied with 
differential ultracentrifugation. The technique used and 
the results are described in Table 2, which compares sub- 
cellular localization for the brain enzyme and for adrenal 
PNMT. As is readily apparent. 95 per cent of all the 
enzyme activity in the adrenal is found in the high-speed 
supernatant. as described by Axelrod*. In brain, on the 
other hand, aetivitv is distributed throughout the sub- 
cellular fractions (totalling 64-7 per cent) although 
highest activity is associated with the 22,000g fraction. 

We have also noted that there are in brainstem particu- 
late fractions a heat-labile substance which can strongly 
inhibit the activity of adrenal PNMT. This substance is 
localized mostly in the 1.000g and 22,000g fractions. The 
characteristics of the inhibitor derived from brainstem 
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fractions are as yet unknown, but zs presence there may 
be responsible for the low rates of adrenaline formation 
in rat brain. l "E 

These experiments imply that the mammalian brain is 
indeed capable of synthesizing adrenaline. Further, it ts 
apparent that in the rat there is a specific anatomic and 
subcellular localization. The evidenee is that synthesis may 
be particle bound, a notion consistent with data for the 
synthesis of the earlier steps of the catecholamine pathway 
in brain'?. 

The amount. of adrenaline formes per gram per hour in 
our in vitro system is enough to acceunt for the concentra- 
tion of adrenaline present in brain. even when allowance 
is made for the short half-life of adrenaline in brain, which 
intraventricular injection experiments suggest is 2-5 h?*. 
The presence of a particulate inhibitor suggests that 
synthesis may be locally regulated and that the bramm 
may have highly effective means of controlling the 
endogenous levels of adrenaline both by inhibitor regulated 
synthesis and rapid metabolic disposition. | i 

It had been generally assumed that the major effect of 

adrenaline on behaviour was due +o adrenaline from the 
adrenal gland which entered the cxrculation. The finding 
that mammalian brain can itself synthesize adrenaline 
suggests that it may act on the eentral nervous system 
not only as a peripheral hormone but also as a neuro- 
regulatory agent or a neurotranamatter. u 

This work was supported by gran:s from the US National 
Institute of Mental Health, the US National Institute of 
Child Health, the US Office of Naval Research and the 
National Aeronautics and Space Administration. J. D. B. 
holds a career teacher award from the! National Institute 
of Mental Health. 
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Role of the Intestinal Microvilli and 
Glycocalyx in the Absorption 
of Disaccharides 


Hamilton and McMichael! and Matthews? have recently 
rg stinal 
disaccharide absorption which are dependent on the 
structure of the microvilll and their surface membrane. 
Disaccharides m the intestinal lumen are hydrolvsed 
bv disaecharidases which are part of the intestinal 
epithelial cells and located at, or close to, the surfaces of 
the eells?. Of the glucose produced by hydrolysis of di. 
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saccharide part is absorbed by the cells and a part moves 
back into the intestinal lumen as a "back flux" of mono- 
saecharide'*-*, When, however, the concentration of 
luminal disaccharide is low the rate of absorption of 
glucose may considerably exceed the “back flux '*. 

Matthews? suggested that disaecharide absorption can 
be explained by two saturable transport systems acting in 
series—the first able to transport either maltose or glucose 
and the second only glucose. Hydrolysis of disaccharide 
is considered to occur immediately after transport by the 
first system. The model proposed by Hamilton and Me- 
Michael! depends on the proximity of the hydrolytic 
and active transport. systems and on physical properties 
of the glycocalyx, w hich they consider to act as a diffusion 
barrier. 

The first of these hypotheses depends on the observa- 
tion that, in experiments with human subjects, the rate 
of maltose hydrolysis when maltose is presented to the 
intestinal cells is similar to the rate of glucose absorption 
when glucose] is presented alone and in the same concentra- 
tion?^*. This relationship could well be fortuitous, and it 
has not been demonstrable in the amphibian intestine®?® 
Nonetheless, the amphibian intestine is remar kably 
similar to that of the mammal in structure and fune- 
tion 19, 

The second of these hypotheses does not explain fully 
the relationship between luminal maltose concentration 
and the “back flux" of glucose into the intestinal lumen 
during maltose absorption. 

The kinetic relationships which occur during maltose 
absorption by the amphibian intestine’, however, are 
explained if the glycocalyx, or some other superficial 
structure of the epithelial cell, acts as a diffusion barrier 
and is also able to adsorb monosaccharide before its 
active transport into the intestinal epithelial cell. 

To consider this hypothesis a model composed of three 
compartments in series can be postulated. The glucose 
active transport mechanism is thought to he at the 
luminal border of the intestinal epithelial cell’. In the 
model the rate of transport of glucose into the intestinal 
cell (compartment 3) is dete rmined by the glucose con- 
centration in a compartment (compartment 2) which is 
adjacent and external to the transport mechanism. The 
second compartment is also adjacent to the imtestinal 
lumen (compartment 1). Maltose is hydrolysed in the 
second compartment and the most probable location of 
this second compartment is the intermicrovillous spaces in 
which is the glycocalyx!''?. 

The relationship between glucose concentration in 
compartment 2 and the rate of glucose transport into the 
cell is considered to obey Michaelis-Menten  kineties. 
Glucose reflux from the cell into compartment 2 is con- 
sidered negligible. Both maltose and glucose move 
between compartment 2 and intestinal lumen by diffu- 
sion. Glucose leaves compartment 2 either through the 
transport mechanism into the epithelial cell, or by return- 
ing to the intestinal lumen. Maltose only leaves compart- 
ment 2 by returning to the intestinal lumen and does not 
interact with the transport system. 

In the diseussion of the model the abbreviations shown 
in Table 1 will be used. 


Table 1. ABHREVIATIONS USED IN THE TEXT 
Unidirectional diffusion of glucose 
Compartment 1—2 


R: 
Ki 


Compartment 3-1 


i te 
K 43 


Rate 
Rate constant 


Substrate concentrations 


Compartment 1 Compartment 2 


Glucose Ch C 
Maltose d' d 
Michaelis-Menten (saturable) kinetics T T" 
Rate Maximum velocity — "Miehaelis " constant 
Glucose transport Ri V K: 
Maltose hydrolysis H D Ka 


Unidirectional fluxes of glucose between compartment 
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2 and the intestinal lumen are 
R= KC, (1a) 


although to treat diffusion into a compartment of finite 
size as à movement across a single diffusion barrier is à 
great simplification. 

Disaccharide movement into and from the compart- 


ment is considered sufficiently rapid to allow ded’. 
Thus hydrolysis occurs at a rate 
= D/( Ky +) (2) 


while transport of glucose into the cell will oceur at a rate 


R; =O VIK + Cs) (3) 
Now, because 
H = Rot F: (4) 
then 
E. 47... dD ` 
£5 wes UE oues Iota de } 
2K, \\ REET 
Pot Ls / di >? ND(V — KK) M 
t| FKK +l Pu lor du A | 
L PRU mr Kad d 
(3) 


so that the rates of glucose transport and back flux can 
be predicted using equations (15) and (3). 

Now, it can be shown experimentally that with low 
luminal concentrations of maltose the rate of glucose 
transport is very much Ee than the rate of glucose 
back flux into the lumen®:*. Thus, because the transport 
system obeys Michaelis-Menten kinetics while the back 
flux is linearly related to the intracompartmental glucose 

d 
ee. : JE. gau. 
then A, < 4C (Ri), 


C. seh 
8 


using equation (3), A,< V/K,. If such a value of A, is 
substituted into equation (5), then a sigmoid relationship 
between luminal maltose concentration and the back flux 
of glucose into the lumen is predicted (Fig. 1, curve 3). 

Thus this model, similar to that proposed by Hamilton 
and MeMichael!, gives a good prediction of the form of the 
experimentally observed relationship between luminal 
maltose concentration and glucose back flux (refs. 6 and 
9 and Fig. 2). The data shown in Fig. 2 were obtained 
using the whole small intestine of the frog Rana pipiens 
perfused through its vascular system and with fluid circu- 
lated continuously through the lumen, The preparation 
has been deseribed previously !9?:1?, 

Further use of the model to prediet the form of the 
kineties of intestinal glucose absorption shows another 


concentration, when or, 


200 


wy molar units) 


ILU 


se absorption and 


Rate of glucose 
back flux (arbitr 


100 





Glucose or maltose concentration, lumen (arbitrary molar units) 


Fig. 1. Theoretical prediction of the forms of the relationships between 

(i) luminal glucose concentration and rate of glucose absorption (curve 1); 

GD luminal maltose concentration and rate of glucose absorption (curve 

2); (ii) luminal maltose concentration and glucose back flux into the 

intestinal lumen (curve 3). Arbitrary units have been used in the calen- 

lations and the object is to show the form of the predicted relationship 
and not to predict actual rates, 


Rate of glucose absorption 


and back flux 
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Fig. 2. Experimentally observed rates of back flux of glucose into the 

intestinal lumen ( 2) and of glucose absorption (9) with different con- 

centrations of maltose in the intestinal lumen of the isolated perfused 

intestine of R. pipiens. For comparison with Fig. 1, curves 2 and 3. 

FFDW, fat free dry weight. Reproduced from ref, 10 with per- 
mission of the editors of the Journal of Physiology. 
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Fig.3. An experimental comparison of rates of glucose absorption by the 

isolated perfused intestine of Rana pipiens from a solution of glucose 

placed in the intestinal lumen (©) and from one of maltose (@) (original 
data) For comparison with Fig. 1, curves 1 and 2. 


feature of the hypothesis. When a solution of glucose is 
placed in the lumen, a steady state is set up in which 


Ri=xR +h, (6) 
From this, and from equations (1) and (3), Cs can be 
shown to be given by 


c. = if — V — KK: T KC) + 


21K o 
[V?-- K? K? + NC; +K, K 4, V -2KiC(V — KoKo (7) 

The rate of glucose absorption--as a function of luminal 
concentration-—ean be calculated from equations (3) and 
(7) and is found to be of a saturable form (Fig. 1, curve 2). 
If diffusion into and out of compartment 2 occurs with 
equal ease, then A;=A,. But a low value of K, was 
required to explain the kinetics of glucose back flux 
during maltose absorption. If a value of A; such that 
Kyi= Ko < VIK: is used, then the model predicts the rate 
of glucose absorption from a glucose solution to be con- 
siderably slower than from an equimolar solution of 
maltose. Experimentally, the rates of glucose absorption 
from equimolar solutions of glucose and maltose are very 
similar over a wide range of luminal concentrations 
(Fig. 3 and ref. 10). Only when A; > K, does the model 
prediet approximately equal rates of glucose absorption 
from equimolar solutions of glucose and maltose. 

There could be many physical interpretations of this 
relationship. One possibility would be that the glyco- 
calyx was able to adsorb monosaccharide prior to its active 
transport into the intestinal cell. 

Glucose, however, is hydrophilic, which means that it 
is rarely adsorbed from an aqueous phase", Nonetheless, 
some cellular components known to be present in the 
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vicinity of the intestinal cell surface are capable of adsorb- 


during disaecharide absorption. 
I thank Dr D. S. Parsons for many valuable discussions 
during the preparation of this paper. 
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Stimulation of Insulin Secretion 
in the Rabbit by D-Ribose 


ALTHOUGH D-ribose is a glycogenz: substance’, if causes 
hypoglycaemia in man??, rabbit‘ and dog’. 1t has been 
reported that in man? and dog** there is an mcrease in 
plasma insulin concentration following the infusion of 
p-ribose. It has also been found in experiments zn vtro 
that p-ribose markedly stimulates the secretion of insulin 
by isolated rat islets of Langerhans’. We now report that 
the infusion of p-ribose in the rabbit causes an imerease in 
plasma insulin concentration whica precedes the decrease 
in blood glucose concentration in a fairly uniform manner. 
We suggest that this secretion of insulin may be an 
adequate explanation of the hyooglyeaemie action of 
p-ribose even though other effeces cannot be excluded, 

The experimental procedures used were the same as 
those previously deseribed*. Quiet, unanaesthetized 
albino rabbits weighing about 3 kg which had received no 
food during the previous 18 h were infused through an ear 
vein with a sterile isotonic solutioa containing 25 mg/mi. 
of p-ribose. Blood samples were easily obtained from a 
plastic catheter previously inserted im à femoral artery 
and were collected in tubes eontaming heparm. Plasma 
samples were promptly separated and stored at —20 C 
until analysed. Glucose concentrasion was measured by à 
glucose oxidase method’. The imsulin concentration of 
each plasma sample was measured in triplicate by the 


Radiochemieal Centre, Amersham. 

The results of a representative experiment are shown in 
Fig. 1, and the results of all the experiments are sum- 
marized in Table 1. There was « consistent inerease in 
plasma insulin concentration which occurred soon after 

g in 
every case the plasma glucose concentration reached its 


i 
~d 
n2 









i 
S | 
= 199 ta (i 
g 120 7°"Gucose Tm T HO 
CN / E 
g 100 4 / i 100 c 
— —-— 
8S |j / E 
S | | z 
Bd | i = 
= 1 5 
S i ÍT 
& 60 - + 80 Žž 

| ps 
g é 
z 1 | £ 
S | INSULIN i 2 
z 4 vi 
Be | i g 
z 20 + + 60 E 
= | pues — SALINE me do - D- RIBOSE (25 maj mljet- BALNE = : E 
Žž 1 ; m - O1 mi/nrnn- —— e] ^m 
ES aod hse ecd e ep eden dede —— € 

0 40 80 120 H 60 200 

Min 

Fig. I. The eifeet on plasma glucose and insulin concentrations of the 


intravenous infusion of a n-ribose solution in an unanaesthetized rabbit. 


lowest value 15 to 45 min after the plasma insulin con- 
centration had reached its highest value. There was no 
correlation between the magnitude of the deerease in 
glucose concentration and the increase in insulin con- 
centration; the ratio of the decrease in glucose con- 
centration to the increase in insulin concentration 
varied from 0-26 (experiment 6) to 2-2 (experiment 5). 

Segal and Foley?! proposed that ribose produces hypo- 
glycaemia by blocking glyeogenolysis through its ability 
to inhibit phosphoglueomutase, but later work showed 
that ribose did not block the hyperglycaemie action of 
epinephrine in the rabbit*. Pozza et al. suggested that 
the hypoglycaemia caused by ribose was due to stimulation 
of insulin secretion: they found that infusion of p-ribose 
into the pancreatic artery of the dog caused hypoglycaemia. 
Steinberg et al.* compared the effect of intravenously 
injected insulin with that of insulin secreted as a result of 
ribose infusion in man and concluded that insulin secretion 
does not account for the action of ribose. Hetenyi and 
Ishiwata’ found that in the dog the plasma insulin increase 
was small and could not account for the fairly large 
decrease in blood glucose. In contrast, Halter ef al. 
observed that plasma insulin concentrations in the dog 
increased considerably but that very little or no hypo- 
glycaemue action was caused by ribose. 

The intact animal is a very complex experimental 
system in which the secretion of insulin affects not only 
the blood glucose concentration but also the seeretion of 
epinephrine and glucagon directly or indirectly. It is 
probably not valid to equate injected insulin with en- 
dogenously secreted insulin. The metabolie events in the 
tissues which determine the magnitude of the hypo- 
givcaemic response to ribose are unlikely to be related in a 
simple way to the plasma insulin concentration. In view 
of the fact that ribose is as potent a stimulator of the 
secretion of insulin as is glucose? and that there is a 
consistent time relationship between insulin secretion and 
the hypoglycaemia, it seems to us that the best explanation 
of the hypoglycaemic action of ribose is its stimulation of 
the secretion of insulin. As suggested by Montague et al.? 


Table 1. EFFECT OF INFUSION (0-1 ML./MIN) OF D-RIBOSE SOLUTION (25 MG/ML.) 
ON PLASMA GLUCOSE AND INSULIN CONCENTRATIONS IN UNANAESTHETIZED 


RABBITS 
Maximum Maximum . 
decrease Time of increase Time of 
NO, in plasma maximum in plasma maximum 
glucose decrease insulin increase 
(mg/100 ml.) (min) (uU ml.) (min) 

1 23 190 26 30 
2 39 75 20 30 
3 42 60 30 15 
4 40} 75 D 30 
5 33 60 15 15 
6 16 30 60 15 
7 46 80 50 1 
8 31 30 2ü 15 
9 33 45 40 15 
10 25 45 30 14 
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it may well be that the mechanism of the hypoglycaemic 
action of ribose is the same as that of the hypoglycaemic 
action of a 
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Phospholipids in Human Lithogenic 
Gall Bladder Bile 


IN normal human bile. cholesterol is maintained in micel- 
lar solution by bile sales and phospholipids. Precipitation 
of cholesterol occurs when the amount of bile salts and 
phospholipids falls relative to cholesterol’. There is 
evidence that in the presence of cholelithiasis there is a 
drop in the biliary bile salt-phospholipid/cholesterol 
ratio and an increase in the dihydroxy to trihvdroxy 
bile salt ratio”. Phospholipids have been studied in normal 
bile??, but there is little information on phospholipid 
changes in the bile of subjects with gallstones. The 
present study has beem undertaken to determine whether 
there are quantitative or qualitative changes in the 
phospholipids of human Llithogenie gall bladder bile. 

Bile was aspirated from the gall bladder at the time of 
laparotomy. Normal bile was obtained from five subjects 
undergoing laparotomy for disease in the upper abdomen 
in whom the biliary tract was normal. Lithogenie bile 
was obtained from six patients undergoing cholecys- 
tectomy for gallstone disease. None of the gall bladders 
showed evidence of acute cholecystitis and the bile samples 
were sterile on culture: 

The bile samples were analysed immediately after 
aspiration. Lipids were extracted with a mixture of 
chloroform : methanol (3: 1) and the extract washed with 
à 0-73 per cent aqueous solution of sodium chloride’. 
The extract was separated on a silicic acid eolumn* and 
the phospholipids were chromatographed on thin-layer 
plates’. Final identification was based on comparison 
with thin-layer chrcmatography of standards kindly 
supplied by Professor L. Saunders and Dr B. W. Nichols. 
The isolated phospholipids were removed and re-extracted 
in ethanol: chloroform : water : acetic acid (106 : 30 : 20 ; 
2). Total phosphorus was determined by Bartlett's pro- 
ceduret. A sample of the original bile was dried to a 
constant weight and the results were expressed as phos- 
pholipid/g dry weight of bile. 

The results show thet the major phospholipid in normal 
bile is lecithin with only trace amounts of lysolecithin and 
phosphatidyl ethanolamine. This is m agreement with 
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Table 1. LECITHIN CONTENT OF NORMAL AND LITHOGENIC GALL BLADDER 


BILE (MG/G DRY WEIGHT) 
Normal bile Lithogenic bile 


383 101 
281 54 
155 66 
160 29 
150 15 

5 


Mean + S.D. 232 + 00 49 + 39 


other workers!**. Trace amounts of lysolecithin are 
present also in lithogenic bile. Gottfries et al.* have drawn 
attention to the loss of lysolecithin that might occur 
during lipid extraction by the Folch method, but this 
would not influence the comparison between the two 
groups. Lysolecithin is extremely effective in forming 
micelles with sterol, but our results suggest that alterations 
in lysolecithins are unlikely to be important in human 
lithogenesis. 

Table 1 shows that there is a significant (P < 0-001) 
reduction in the absolute amount of lecithin in the bile of 
patients with gallstones. The mean lecithin content is 
232+99 mg/g dry weight in normal gall bladder bile and 
49+39 mg/g dry weight in lithogenie bile. Our results 
differ from those of Dam et al.'^, who found comparable 
values for biliary phospholipids in normal bile (197 mg/g 
dry weight) and in lithogenie bile (190 mg/g dry weight) 
and only when gall bladder inflammation was present 
did the lecithin content fall (150 mg/g dry weight), an 
observation supported by Gottfries et al. None of the 
patients we studied showed evidence of acute chole- 
cystitis, however, nor was there associated liver dysfunc- 
tion. 

Current evidence supports the concept that lecithin is 
necessary to maintain cholesterol in solution. Phase 
diagrams of the quaternary system bile salt-lecithin- 
water-cholesterol predict that a change in the percentage 
of any of these components may result in the formation of 
cholesterol erystals'*. On the other hand, van der Linden 
and Norman have questioned the role of phospholipids 
in maintaining biliary cholesterol in solution’, and the 
precise role of phospholipids in human bile remains to be 
defined. It would be of interest to learn whether the 
experimental removal of lecithin from human bile pro- 
duces cholesterol crystals. The present study suggests 
the need for more detailed metabolic studies of phospho- 
lipids in subjects with and without gallstone disease. 
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Scanning Electron Microscopy of Healing 
Wounds 


ENGINEERING techniques have shown that the apparently 
"healed" incised skin wound in the rat is weaker and 
more brittle than unwounded skin up to 5 months after 
the beginning of healing. Tensile strength increases with 
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time, but there is no tendency for extensibility to recover 
after the first month!:*. The physical nature of the wound 
collagen, that is, fibre shape and weave, probably plays 
an important part in determiniag these properties’, 
We therefore decided to look at the strueture of the 
wounds directly to see if this could explain the mechanical 
findings. 

The light microscope and the transmission electron 
microscope do not readily demonstrate whether or not 
there are organizational differences between the collagen 
fibres in normal skin and in the wound We used the 
scanning electron microscope because it provides a high 
resolution, three-dimensional image of a relatively large, 
and therefore significant, volume of tissue at high magni- 
fieation*^, This communication outlines the preliminary 
results of a seanning electron microscope study of the 
collagen fibre architecture of healing incised skin wounds of 
different ages using a tissue sectioning method reported 
before®. 

Specimens of skin containing healing incised wounds 
10 to 150 days old were obtained from male Sprague 
Dawley rats with an average body weight of 350 g. The 
tissue was fixed in 10 per cent formalin buffered with 
sodium acetate, pH 7-74, and embedded in paraffin 
Sections 10 microns thick were eut and mounted on stand 
ard microscope slides. The sections were defatted and 
dried and then coated with a thin layer of platinum at a 90 
shadow angle. The slides were held in a modified JEOL 
(Japan Electron Optics Laboratory Co., Ltd) specimen 
holder and studied with the JEOL scanning electron 
mieroseope, model JSM. 

We confirmed the observation that unwounded skin 
consists of a multi-directional network of collagen fibres’ 
using the scanning electron microscope (Fig. 1). At high 
magmification (Fig. 2) each fibre is seen to be made up of 
bundles of fibrils and these show cross-banding. 

The wound area was studied at early and late stages 
in the healing process—10 and 100 days—and represen- 
tative pictures were taken. Fibres were identified by 
light and transmission electron microscopy of the same 
area. 

In the 10 day specimen (Fig. 3) the individual collagen 
fibrils appear to be less diserete than in the normal un- 
wounded skin (Fig. 2). Also they he more or less hap- 
hazardly and show little sign of coming together into 





- 


Fig. 1. Scanning electron mierograph of a section of normal rat skin 
showing the interlacing network of collages fibres. (x 1,000.) 
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bundles. visible. The wound has 
very little tensile strength at this time (5 per cent of that 
of unwounded skin); this is partly explained by the small 
number of fibrils and their loose arrangement. 

In the 100 day specimen (Fig. 4) the collagen in the 
wound is seen to be in the form of large irregular masses 
without the obvious fibril substructure that characterizes 
a normal specimen. These masses can be shown by trans- 


C'r« iss-banding Is not 


mission eleetron. microscopy to be made up of collagen 
fibres. The wound at this time has regained only 70 per 
cent of the strength of unwounded skin and is to a large 
degree mextensible. It therefore rela- 
tively strong but inert structure, an idea which is sup- 
ported by the organization of the collagen seen in the 
area. 


Seems to be n 


The scanning electron mieroseope thus provides in- 


formation about the morphology of the collagen fibres of 
å m 


the healing incised wound which is not readily obtained 
by conventional microscopy. This method helps to explain 
the observed differences between the mechanical properties 


P 


a on 


Fig. 2. Scanning electron micrograph 
normal rat skin showing that it is composed of many fibrils. 
banding is visible. ( x 160,000.) 





of part of a collagen fibre of 
Cross- 





Seanning electron micrograph of a representative portion of 
The fibrils lie more or less 
10,000.) 


lig. 3 
a 10 dav old incised wound in rat skin 
haphazardly, (> 
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Fig. 4. Scanning electron micrograph of a representative portion of a 
100 day old incised wound in rat skin, The collagen lies in irregular 
masses without obvious Abril substructure ( x 3,000.) 


of healing wounds and 
because we saw 


unwounded skin. In addition, 
no reformation of the fibre architecture 
of the skin in incised wounds, this aspect of the healing 
should perhaps be considered a 
rather than a physiological activity. 

This work was supported by the US Public Health 
Service and the US Atomie Energy Commission. The 
study was made possible through a Fulbright scholarship 
exchange visitor program (J. C. F.) We thank Drs 
J. OD. McGee and A. M. MacKay for useful comments 
and Dr Bengt H. Zederfeldt for help. Dr J. Englebert 
Dunphy encouraged us throughout. 
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Specific Tear Prealbumin: a Unique 
Lachrymal Protein absent from 
Serum and other Secretions 


A MAJOR, poorly characterized component of human tears 
migrates more anodally than serum albumin in electro- 
phoresis'. Erickson termed this protein "tear albumin. 
When they carried out immunoelectrophoresis of human 
tears with rabbit anti-human tear serum, Josephson and 
Lockwood? obtained a precipitin line in the albumin 
region. This line did not disappear when the anti-tear 
serum was absorbed with normal human serum. These 
results'-* did not exclude the possibility that the tear 
albumin was a modified form of the albumin or preal- 
bumin found in serum, as was the ease with secretory IgA, 
which consists of serum IgA attached to a "transport 
piece" '*, 
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We have investigated the source and nature of the tear 
albumin with a view to understanding its relationship to 
serum albumin, prealbumin and anecdal proteins in other 
body secretions. Our results have revealed the existence 
of a prealbumin specifically produced by the laehrymal 
glands. and absent from serum and the body secretions, 
which we shall call “specifie tear prealbumin”’ (STP). 

In man. the electrophoretic mobility of STP differs 
markedly from albumin. On acrylamide gel 
electrophoresis using conditions for the separation of 
acidic protems, human tears give between eight and ten 
visible bands. One band correspones in position 
albumin band of serum in a parallel rin; the most anodal 
major tear band, however, 1s absent from serum samples 
(Fig. 1). 

Immunoeleetrophoretie studies o with anti 
tear serum revealed seven precipitir ares, two of which 
are present in the typical. anodal albumin region (Fig. 2a). 


Seidn 


tO the 


[ears 


—> 29 —» nmm — nmm 
— JEN 
+ Human Rabbit Guinea-pig Chicken Mormkes 
Fig. 1. Acrylamide gel electrophoretic patterns of tear and serum samples, From left to right, pairs of tear anc serum 


samples of human, rabbit, guinea-pig, chicken and monkey, respectively. 


migrates has been normalized among the five species, 


The position at which the serum  Ibumin 


The band migrating fastest toward the anode, marked with an 
arrow in each case, corresponds to specific tear prealbumin. 


Electrophoresis was carried out at pH 58:0, 5 mA per tube, 


in (ris-glycine buffer. 
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Fig.2. Immunoelectrophoretic reactions of STP, tears and serum. 
serum albumin.) 
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RA anti-HU serum’ 


GP anti-RA tears 


GO anti-RA serum 
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(GO, goat; GP, guinea-pig; HU, human; RA, rabbit: HSA, human 


Contents of the three wells and two troughs are indicated at the appropriate position, between the drawings (on the 


left) and the photographs (on the right). 
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With an anti-human serum, only one of these anodal lines 
is present, which corresponds in position to serum albumin; 
the faster line was absent (Fig. 2a). Lack of cross- 
reactivity between STP and serum albumin was confirmed 
using pure anti-serum albumin serum (Fig. 2b). Absorp- 
tion studies have also indicated that human serum or 
human serum albumin ean absorb the serum albumin are 
from an anti-tear serum, leaving the faster STP arc. 

The possibility that STP was similar to serum preal- 
bunin but present in tears at a higher concentration, as in 
the case of tear lysozyme’, was tested. An antiserum to 
serum prealbumin (purchased from Hoechst Pharma- 
ceutieals Co.) failed to react with tears, but gave a distinct 
precipitin line with serum (Fig. 2e) A relationship 
was sought between STP and serum orosomucoid by 
immunoelectrophoresis. No cross-reaction was observed 
with an anti-orosomucoid serum (from Drs A. Krotoski and 
H. E. Weimer). 

The most anodal band from the acrylamide gel was 
sliced and eluted with saline for 4 h. On immunoelectro- 
phoresis with anti-tear serum, this eluate gave a precipitin 
arc identical to the STP are in whole tears (Fig. 26, 2c). 

Further evidence that STP is different from serum al- 
bumin (molecular weight 69,000 (ref. 6)) and serum preal- 
bumin (molecular weight 61,000 (ref. 7)) was afforded by 
gel filtration and ultracentrifugation. Fractionation of 
human tears on 'Sephadex G-100' gave rise to four peaks. 
Examination of these peaks by electrophoretic and im- 
munological methods indicated that peak 2 contained 
STP. Peak 2 eluted at à position between standards of 
ribonuclease and human serum albumin, but much closer 
to the former. This indicates that STP has a molecular 
weight closer to 15,000 than to 69,000. 

To investigate whether STP is a human anomaly or a 
common tear protein, several laboratory animals were 
tested for the presence of STP. Tear and serum specimens 
obtained from rabbits, guinea-pigs, chickens and monkeys 
were compared by acrylamide gel electrophoresis. Hach 
tear sample gave a band that migrated faster toward the 
anode than the serum albumin band present in serum. 
Small amounts of a prealbumin are visible in serum 
samples, but STP usually has a faster mobility (Fig. 1). 
The presence of rabbit STP was confirmed on immuno- 
electrophoresis using anti-rabbit tear serum prepared in 
guinea-pigs (Fig. 2d). Its molecular weight is similar to 
that of human STP because ultracentrifugal studies 
show a major peak at an Sw of 1-86. This corresponds to 
a molecular weight of approximately 15-20,000 (ref. 8). 
This peak cannot be attributed to rabbit tear lysozyme 
which is barely detectable in rabbit tears’. 

Other body fluids were then examined for the existence 
of an STP-like protein. In the homologous milk-anti-milk 
reaction, or in the reaction of anti-tear serum against milk. 
no prealbumin are is visible. Similarly, in reports detailing 
the protein contents of several body fluids such as nasal 
secretions, saliva, sweat and cerebrospinal fluid, no STP- 
like proteins are deseribed?*. 

These results suggest that STP is a tear specific protein 
which does not correspond to any protein in serum. 
Local synthesis by the lachrymal gland should be detect- 
able. This possibility was explored by culturing lachrymal 
gland slices for 24 h in the presence of C-labelled amino- 
acids. Local STP production was assayed by radio- 
immunoeleetrophoresis and gel electrophoresis of the 
dialysed, concentrated culture fluids. A radioactive arc 
was obtained after exposure of the slide for 8 days to 
‘No-Screen’ X-ray film, in the expected STP region. 
Incorporation into STP was also observed in the appro- 
priate band obtained from the acrylamide gel. After 
surgical removal of the lachrymal gland" or when the 
lachrymal glands are functionally lost (Sjegren's syn- 
drome)!*, no STP is detectable in the tears. 

Although the role of STP is still obscure, in circum- 
stances such as exposure of industrial workers to noxious 
fumes, there is a high ratio of the acidic STP to the basic 
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lysozyme, correlated with subjective eye discomfort. In 
individuals exposed to smog, the tear lysozyme level is 
markedly reduced**; the common complaint of smog eye 
irritation might be caused by a residual relatively high 
level of STP in such tears. 

The correlation between the quantitative pattern of 
human tear proteins and several pathological eye mani- 
festations is of great interest, but is still in its early stages. 
We suggest that for future clarity this unique tear preal- 
bumin, synthesized by the lachrymal gland, be termed 
“specific tear prealbumin” or STP. 

We thank Dr G. F. Lanchantin for performing the gel 
filtration and ultracentrifuge analyses. This investigation 
was supported by NSF and NIH grants. B. B. was the 
recipient of a US Public Health traineeship and A. T. 5. 
of a US Public Health special fellowship. 
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Urinary Excretion of a yM-related 
Substance following Muscular Exercise 


THe urine of normal humans contains two classes of 
immunoglobulins, yG-globulin and yA-globulin. These 
proteins exist in urine as 7SyG (refs. 1-4) and 11-88yA 
(ref. 5), as well as subunits of these proteins*:f-!!. It is, 
however, generally aecepted that 198yM is not a normal 
constituent of urine, and that heavy chain fragments of 
yM have not been identified in normal urine. It has been 
reported!?-14 that strenuous exercise enhances the urinary 
excretion of most plasma proteins, including subunits of 
immunoglobulins. 

I report here an investigation into the occurrence of 
fragments of immunoglobulins other than yG and yA in 
urine. A yM-related substance of low molecular weight 
was detected in urine collected after strenuous exercise. 

The urines from twenty subjects were collected after a 
marathon race (42-500 km) and stored at 4° C after the 
addition of Na merthiolate (0-01 per cent) as a preserva- 
tive. After 24 h the urines were filtered through Whatman 
No. 1 paper to remove the insoluble salts and the uro- 
mucoid material. The samples were concentrated to 
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8-10 per cent by ultrafiltration through cellulose dialysis 
tubing (8/32 inch) under reduced pressure. After further 
dialysis against 0-15 M NaCl the concentrated urines were 
centrifuged to remove any insoluble material. Immuno- 
diffusion was effected on microscope slides by the Ouchter- 
lony technique using several antisera (Hyland, Behring- 
werke and from Dr Seligmann, Institute de Recherches 
sur les Maladies du Sang, Paris) against u-chain. They 
were rendered monospecifie by multiple absorption with 
kappa and lambda chains. Immunoelectrophoresis was 
carried out using Scheidegger's micromethod!’ with agar 
bridges as described by Wieme™. After 25 min of migra- 
tion, the lateral grooves were etched and filled with 
antiserum. 

A column of ‘Sephadex G-200' (2-5 by 100 em) was treated 
with 0-1 M tris-HCl buffer and 1 M NaCl, pH 8. Concen- 
trated pooled urine (4 ml. containing 320 mg of protein) 
was passed through the column and 4 ml. fractions were 
collected with an ‘Ultrarac’ (LKB) fraction collecter. 
Optical density at 280 my was recorded on a ‘Uvicord’ 
system (LKB). Each fraction was concentrated under 
negative pressure and analysed with u-chain antiserum. 
To localize the other immunoglobulins, appropriate 
monospecific antisera against «-chain and y-chain were 
also used. 

Fig. 1 shows the immunodiffusion pattern of exercise 
urines against a p-chain antiserum (Hyland, goat No. 
GP2-66). A precipitin line is observed which gives a 
partial reaction of identity with the corresponding line in 
serum. The distance of the precipitin line of the yM- 
related substance from the centre well suggested a low 
molecular weight. This fragment was present in eleven out 
of twenty samples of concentrated urine. Twelve normal 
human urines failed to give a precipitin line against 
a u-chain antiserum. Immunoelectrophoresis (Fig. 1) 
revealed an electrophoretic mobility identical to that of the 
plasma yM-globulin. 

The filtration pattern of "exercise urine" showed a 
protein distribution where the third peak, devoted 
chiefly to albumin, was predominant (Fig. 2). The 
distribution of antigenicity against a-chain and vy-chain 
indicates that yA-globulin was present in the first and 
second peak, and yG in the second peak. Only fragments 
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Fig.1. Immunological evidence for the presence of a yM-related substance in 
"exercise urine". 4, Immunodiffusion of four concentrates of “exercise urine” 
(Ex. Ur.) against an anti-yM serum (Hyland No. GP2-66) showed a partial 
reaction of identity with serum yM (NS). The rate of diffusion of the urinary 
Miren substance is higher than that of its serum ae pape (198). B, 

tamunoelectrophoresis on agar gel of normal serum and of a concentrate of 
"exercise urine” showed one precipitin line with an anti-yM serum. The 

urinary yM-related substance is indicated by an arrow, 
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Fig. 2. Elution pattern of gel filtration on ‘Sephadex G-200' of conten- 

trated ‘exercise urine". Optical densities were measured at 280 ma and 

the distribution ranges of fractions precipitating on immunodiffusion 

analysis with specific antisera are eee below the curve by horizontal 
ara. 


related to y-chain were present in the fourth peak of the 
gel filtration. Antisera against y-chain revealed that some 
urines collected after exercise contain a low molecular 
weight YM-globulin-related substance located in the second 
and third peaks of the gel filtration. 

These results showed that normal urine collected at rest 
was devoid of yM-globulin, but that a precipitin line re- 
lated to this protein was observed in some of the urines 
collected after exercise. Gelfiltration on ‘Sephadex G-200 
showed that the yM-globulin was not present as a whole 
molecule. This yM-related protein could be either a 
subunit that has the antigenic determinant of the u-chain, 
or a YM-monomer type. YM-globulin has been cleared by 
ehemical and enzyme methods??-??, Electrophoretie 
mobility suggests that the yM-related substance which I 
found in urine does not belong to the Feu fragment, 
Furthermore, it is hard to identify this urinary com- 
ponent to the Fabu fragment, for antisera against 
light chains fail to give a precipitin line in this electro- 
phoretie position. There is some evidence that some 
antigenic determinants are common to the heavy 
chains of at least yA, yM and yG-globulins as well as 
to the light chains, and that they may be located on 
the Fd fragment**-?*. This does not seem to be valid 
for yM-related substance in this ease, for anti-yM- 
globulin (Hyland) did not react against two isolated 
Fd fragments of yG (from Dr E. C. Frankhn). 

Naturally occurring low molecular weight yM- 
globulin has been identified in the serum’! and 
urine? of patients suffering from malignant 
diseases. A low molecular weight protein related to 
yM-globulin has also been detected in normal serum" 
after separation of human immunoglobulins by gel 
filtration and zone electrophoresis. Minute amounts 
of yM-related substance lighter than the 198yM poly- 
mer may be present in normal serum in concentra- 
tions too low to be detected except after enrichment. 
As has been pointed out!*?*, this enrichment can be 
effected by the molecular sieving mechanism of the 
glomerular membrane of the kidney. The low mole. 
eular weight proteins present in trace amounts in 
serum pass through the glomerular membrane and 
are concentrated in the urine. 

The influence of exercise on the quantitative 
and qualitative aspects of proteinuria in athletes, 
previously reported!?-*, predicts an increased glomer- 
ular permeability during exercise. Because in this 
ease the renal clearance of plasma proteins shows an 
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increase of up to fifty-fold'^, compared with normal 
urine of a subject at rest, it can be assumed that the 
urinary exeretion of à yM-related substance is made 
detectable in conditions of physical stress. Whether this 
low molecular weight yM-globulin is a result of catabolic 
breakdown in the blood circulation or an anabohe by- 
product cannot. be determined from the results of this 
study and needs further investigation. 

This investigation was supported in part by a grant 
from the Fonds National de la Recherche Scientifique 
(Brussels). 

I thank Dr E. €. Franklin (New York University 
College of Medicine) who compared his Fd fragments and 
my anti-yM serum. 
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Ethnic Differences in the Response of 
the Sweat Glands to Pilocarpine 


MeCance, Rutishauser and Knight! studied the response 
to piloearpine of the sweat glands of malnourished and 
healthy Bantu speaking African children in Uganda, 
healthy European children of the same age, and healthy 
Ugandan and European male and female adults. The 
objective of the study described here was (a) to increase 
the numbers of the Bantu speaking Ugandan and European 
subjects investigated; and (b) to make a parallel study of 
subjects from the Indian community living in Kampala. 

As before!, the method of Gibson and Cooke? was used, 
and the results are the mean of tests on the right and left 
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arms. ‘The essence of the method is to pass a current of 
2 mA for 5 min through the forearm between two elec- 
trodes situated on the extensor and flexor aspects respec- 
tively, and by iontophoresis to saturate a small circum- 
scribed area of skin on the flexor surface with pilocarpine 
from which sweat is subsequently collected for 30 min. At 
the outset of the investigation trouble was unexpectedly 
experienced in obtaining the 2 mA current. n the 
previous series of tests the current sometimes took some 
minutes to build up to 2 mA, but early in the investigation 
deseribed here it proved impossible in two cases to obtain 
the necessary 2 mA current. This led to the realization 
that the resistance between the electrodes on the forearm, 
measured by an ‘Avometer’, could initially be anything 
from 50 to 300,000 ohms. When the current was allowed 
to pass; this resistance gradually fell, but if it had initially 
been very high it did not always fall sufficiently to allow 
the requisite current to be obtained. The resistance was 
found to le mostly in the superficial layer of cells on the 
surface ; and by rubbing the extensor surface of the arm, 
where the negative electrode was to be placed, gently 
with fine sandpaper this layer was painlessly removed 
and the resistance was reduced to a level which did not 
prevent a current of 2 mA being obtained, usually very 
easily. 

McCance et al. studied ten Bantu and ten Caucasian 
(European) adults of each sex.  Eighty-three further 
subjects have now been investigated, bringing the total 
to twenty Caucasian or (see later) European males, 
twenty-one European females, twenty-one Indian males, 
twenty Indian females, twenty-one Bantu males and 
twenty Bantu females. 

The subjects were chiefly laboratory staff, students, 
secretaries, married women and doctors, and were mostly 
young or in early middle life. The Indian subjects came 
as a rule from the coastal districts of India north of 
Bombay, but many of thern had been born in East Africa. 
Several had come from Goa, some of them relatively 
recently. The Caucasian (European) group was almost 
all British, but included one Austrian woman, one Ameri- 
can woman and one Italian man. Two of the British were 
between 65 and 70 years old. 

The results for Europeans and Africans were similar 
to those obtained before! and their means and general 
conclusions have not been materially changed. A swn- 
mary of all the results is set out in Table 1 and the statisti- 
eal value of the differences between the various groups 1s 
shown in Table 2. 


Table 1, ETHNIC DIFFERENCES IN THE RESPONSE OF THE SWEAT GLANDS TO 


PILOCARPINE 


Sweat rate Concentration of Na in 


Ethnic Sex No. (g/m*/min) sweat (mequiv./1) 
group Mean cz S.D. Range Mean x $.D. Range 
European Male o0 7.54220 32-139 30-24 19/2 16-6-66-0 
Female 21 3-7+1-6 11-6:5 238-04 20-3 Re R545 
Indian Male 21. 47183 — 29-7.9 2009197 15:0-39-6 
Female 20 3342-7  L3-8 30-64 13-4 R-6-D8-4 
African Male 31 htir 048-76 16-7 +6-9 4:3-27-2 
Female 20 2383+09 0-5-4-6 14:52 7:55 2:0-20-8 


Table 2, SIGNIFICANCE OF DIFFERENCES COMPARED IN TABLE 1 


Differenees compared P 


European males and Indian males for sweat production « 0-001 
European males and African males for sweat production « 0-001 
European males and European females for sweat production « 0:001 
Indian males and Indian females for sweat production < (^05 
African males and African females for sweat production | x 002 
European females and African females for sweat production « (^01 
All Indians and Europeans together and African males and 

females for NaCl < 0-001 


The European males produced considerably more 
sweat than any of the other groups and the difference 
between them and either the Indian or the African males 
was highly significant, as was the difference between the 
European males and the European females?^. The mean 
of the Indian males was greater than that of the Indian 
females but significant only at the 5 per cent level. In 
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the previous investigation the mean sweat production 
of the African males had been greater than that of the 
females, but there had been no significant id (nee 
between them. With the increase in numbers now avail- 
able for analysis this difference was significant at m D 
per cent level. The European females produced signifi- 
cantly more sweat than their African, but not more thau 
their Indian counterparts. 

There was little difference between the concentrations 
of sodium found in the sweat of European and Indian 
males or females, and a mean of 28 medquiv./l. would 
cover all four groups. The Bantu speaking Ugandans, 
however, had considerably lower concentrations of sodium 
in their sweat and the mean for the two sexes was about 
15 mequiv./L, significantly lower than the Euro-Indian 
mean (P « 0-001). Their total loss of sodium in the sweat 
was therefore eonsiderably lower. 

As far as it was possible to do so, MeCance et al.! com- 
pared their results with pilocarpine on the Bantu and 
Caucasian males with those obtained for sweat produc- 
tion in response to heavy work at high temperatures*^ 
and showed that they were similar; but, because no hot 
room experiments seem to have been carried out on 
Indians, no such comparisons can be made on them. 
And because the inhabitants of both Europe and India 
are usually regarded as Caucasian*" we suggest that 
this term should not be used in studying ethnie differences 
in ability to sweat. 

European males have been known to put out more 
sweat than females since 1938 (ref. 3), but other ethnic 
groups have scarcely been investigated quantitatively. 
There will probably turn out to be real differences between 
the sexes in most, if not all, ethnic groups, but some of 
them may be very small. The differences between the 
males are likely to be considerably more obvious than 
between the females, but the work described here indicates 
that there are significant differences between the European 
females and the Bantu females, and with greater numbers 
real differences may be found between all the groups 

that show significant differences between the males. 

There is no indication that any of the subjects used 
in this investigation were living on diets containing 
insufficient e: alories, proteins or vitamins. There were, 
however, differences in them nutritional 
and there may have been differences in their intake i 
sodium, for the diet eaten in Uganda is usually ona denti 
to contain very little of this element. A deficiency of salt 
is known to reduce the percentage of sodium in sweat, 
but there is no evidence that the local Africans were 
sodium deficient. Nor is there any evidence that they 
were better acchmatized than the other groups and it 
seems better at present to attribute the small amount of 
salt in their sweat to genetic rather than to nutritional 
reasons or to reasons of acclimatization. 

There is probably a gradual increase in the rate of 
sweating from birth to maturity !*, but little is known about 
the rate after middle age. The two oldest British subjects 
produced 4-3 and 5-6 g/m*/min which were both well 
below the mean. Dill et aL.!! reported no change in the 
rate but an increase in the percentage of sodium with age, 
particularly after 40. This was not apparent in the two 
oldest men in the European group, but it may have been 
masked by individual differences which are always 
large. 

We thank Miss Ingrid Rutishauser for advice and 
criticism and all subject s who gave their time so freely 
and without reward. 
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Suggested Function of the Vascular 
Bundles in the Limbs of Perodicticus 
potto 


Iw the lorises, most of the principal blood vessels of the 
limbs become complex vascular bundles formed by a linear 
arrangement of many more or less parallel arteries and 
veins. In eross-section these vessels have a quite regular 
lattice-work arrangement without any arterial venous 
anastomoses. Major nerves may pass in the fascial 
sheath enclosing the whole complex, which js sometimes 
called a rete mirabile. Fig. 1 shows a typical cross-section 
of a brachial vascular bundle with its many vessels and 
neural tiss sue Ho a D bb sid in the sheath. 
i556 of Sascolor pre eae nt is re dated to e ability of 
these animals to maintain a strong prehensile grip with 
both hands and feet for prolonged periods of time. Alter- 





Fig. 1. Typical eross-section of the brachial vascular bundle of Perodic- 

ticus potto showing the brachial artery surrounded by a labttice-work of 

amaller arteries and veins. The whole bundle is enclosed in a fascial 

Sheath in whicb He both the median and medial cutaneous nerves ard 
à pacinian corpuscle (see arrow). 
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natively, others? have presented experimental evidence 
that similar vascular bundles in the limbs of sloths are a 
mechanism for eonserving body heat by the principle of 
countercurrent heat exchange. 

During a study by one of us (J. A. S.) on the function of 
the vascular bundles in the limbs of the potto (Pero- 
d'icticus potto), an attempt was made to assess the correla- 
tion between the locomotor habits of the potto and the 
anatomy and physiology of these complex vascular 
structures. The number of animals available for terminal 
experiments was limited. so experiments were carried out 
on three individuals only. 

The animals were anaesthetized with pentobarbital 
sodium. The right femoral vein and 2-5 em of the proximal 
part of the femoral vascular bundle were exposed between 
the sartorius and gracilis muscles and freed by tying off 
all vessels serving muscles in the proximal part of the 
thigh. The saphenous vein was also tied off so that only 
blood which had passed through the vaseular bundle from 
the more distal parts of the limb was involved in the 
experiments. ‘The left jugular vein was also exposed and 
freed. A polyethylene cannula with an internal diameter 
of 1 mm was inserted into the right femoral vein to take the 
How from the femoral bundle. The other end of the 
cannula was inserted into the jugular vein, thus forming an 
external venous circuit. By means of a T tube with an 
attached syringe, it was first possible to introduce 1,000 
tu of heparin in 1 ml. of normal saline as an anticoagulant 
and, later, saline or tiny air bubbles which acted as flow 
indicators. Any change in blood flow in the cannula could 
therefore be observed immediately. When the blood 
was flowing in the external circuit and meeting the resist- 
ance of the catheter returning it to the external jugular 
vein, à pressure equivalent to 17 mm of mercury was 
obtained. In a previous experiment, the venous pressure 
in the femoral vein of à potto was measured and found 
to vary between —11 and +9 mm of mercury. During 
the preparation of the animals, arterial pressures up to 
150 mm of mercury were recorded for potto 2 and 105 mm 
of mercury for potto 3, but in both eases pressure had 
dropped to 50-80 mm of mercury by the time the 
experiments were carried out. "The freed vascular bundle 
was lifted and placed within a specially made inflatable 
rubber cuff, backed by a firm resistant sleeve. Using this 
cuff connected to a standard sphygmomanometer, it was 
possible to apply a pressure of up to 100 mm of mercury 
directly to the vessels in the bundle. When the cuff 
around the vascular bundle was inflated the flow of blood 
from the hindlimb could be interrupted and in the first 
of the three pottos this required a cuff pressure of 50 mm 
of mercury. In the following two experiments the arterial 
blood pressure was monitored continuously from a cannula 
inserted into the left femoral or carotid artery and con- 
nected to à mercury manometer. In the second and third 
animals the flow from the femoral vein ceased only when 
the cuff pressure was equivalent to or slightly exceeded 
that of the arterial pressure recorded at that time. 

In contrast to the sloths, which move slowly when 
suspended from a branch and have a low metabolic ratet, 
P. potto is an arboreal quadruped capable of slow or rapid 
movement, the limiting faetor to speed being the absence 
of a floating phase in the gait sequence’. During normal 
progression the potto maintains a strong prehensile grip 
with both hands and feet, usually three but sometimes 
two of these grasping organs being in use at any one time. 
The metabolic rate, measured on seven individuals, is 
comparable with that of other mammals of similar body 
size. 

1t seems from these results that in the vascular bundles 
of lorises, blood flow to and from the distal part of the 
limbs ean eontinue until any external pressure on the 
bundle equals that of the arterial blood pressure. The 
lattice arrangement of many small arteries full of blood 
under pressure gives rigidity to the whole bundle, so it is 
not easily compressed and provides support for the 
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interstitial veins that remain patent and through which 
the circulation is maintained. Muscle fatigue is thought 
to result from the local accumulation of metabolites 
produced by the contracting muscles, so this arrangement 
of the limb vessels in P. pofto seem to provide a mechanism 
by whieh the animal is able to maintain a strong grip for 
long periods of time without the rapid onset of fatigue. 


J. A. SUCKLING 
E. E. SUCKLING 
A. WALKER 
Makerere University College Medical School, 
Kampala, Uganda. 
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Effects of Ethanol and Acetone on 
Action Potential and Inhibitory 
Potential of Guinea-pig Taenia Coli 


THE smooth musele of the guinea-pig taenia coli gives a 
transient hyperpolarization response to an external, 
short pulse field stimulation. "This hyperpolarization has 
been called the inhibitory potential, and reported as a 
potential which is produced by the stimulation of the 
intrinsic inhibitory nervei?, On the other hand, it has 
been shown that the frequency and the amplitude of the 
miniature endplate potential in the skeletal muscle are 
increased by alcohol. whereas the action potential is 
abolished?:*. 

The present experiments were performed to investigate 
the effects of organic solvents on both the action potential 
and the inhibitory potential of the guinea-pig taenia coli. 

The eomposition of the normal bathing solution was 
(mM): NaCl] 133, KCI 5:6, CaCl, 2-5, MgCl, 1-1, NaHCO, 
8:0, glucose 11:5; equilibrated with 95 per cent O, and 
5 per cent CO,.  Eleetrical activities were recorded by 
the suerose-gap method. Electrical stimulations were 
applied through two wire rings of platinum, 5 mm apart, 
inside the lumen. 

The spontaneous spike discharges were abolished within 
1 min of the application of 2 per cent ethanol in normal 
solution, and the evoked spike discharge was abolished 
within 2 min. The inhibitory potential was, however, not 
abolished by ethanol, but it was increased within 5 min 
up to 120 per cent of the amplitude before the application 
of ethanol. These effects of ethanol were completely 
reversible. The spontaneous spike discharges were 
observed again a few minutes after the ethanol had been 
washed out with normal solution. 

The inhibitory potential observed both in the presence 
and in the absence of ethanol, was abolished by tetro- 
dotoxin (5 x 10-7 g/ml., Fig. 1). 

The relation between the number of the pulses of the 
stimulations and the amplitude of the inhibitory potential 
was investigated in the presence of 2 per cent of ethanol a 
concentration at which no spike potential was observed 
even after strong stimulation. Fig. 2 shows that the 
amplitude of the inhibitory potential increased in pro- 
portion to the number of pulses in the range 1 to 4, and 
then gradually increased, as the pulses increased, up to 
600 per cent of the amplitude produced by a single pulse. 
Similar observations have been reported with the 
excitatory junctional potential of the guinea-pig vas 
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deferens* and with the inhibitory potential of the guinea- 
pig taenia coli?:?. 

In some experiments. a transient depolarization, 
similar to the excitatory junctional potential, was obtained 
by field stimulation (Fig. 3). Sometimes this potential 
generated the spike potential. Ethanol reduced this 
potential and abolished it in a few minutes. In the next 
few minutes, this potential was reversed into a hyper- 
polarization (the inhibitory potential). 

The relation between the afterhyperpolarization of the 
evoked action potential and the inhibitory potential was 
also investigated at the low temperature in which the 
spontaneous spike discharges were abolished. The evoked 
action potential was abolished 


ethanol, whereas the afterhyperpolarization remained 
almost unchanged in amplitude and duration. This 
suggests that the afterhyperpolarization, which was 


observed with the evoked action potential, is mostly due 
to the inhibitory potential. 

Spontaneous electrical activities were abolished by 
exposing the taenia coli to sucrose-hypertonie solution 


(14 & of sucrose in 100 ml. of normal solution). The 
150 r 
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Fig. 1. The effects of ethanol on the spontaneous and evoked action 


potential and on the inhibitory potential, The amplitude of each poten- 
tial before the application of ethanol Was taken to be 100 per cent. 
Ethanol was applied at 0 min and tetrodotoxin (5 x 1077 g/ml.) was added 
after 5 min, (Crosses, open circles and closed circles give the percentage 
amplitude of the spontaneous, the evoked and the inhibitory potential, 
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Fig. 2 A and B, The relation between the number of thi pulses and the 
amplitude of the inhibitory potential. The electrical stimulations of 1 mis 
pulse duration were applied at intervals of 100 ms. Each number indi 
cates the number of the pulses. Each column in B shows the amplitude 
of the inhibitory potential, by various numbers of pulses, from 1 to 10 
a8 a percentage of the amplitude which was produced by one pulse. The 
dotted line shows that the amplitude of the inhibitory potential was 
increased proportionally as the number of the pulses increased from 1 to 4. 


by the application of 
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The effects of ethanol on 
discharge and the inhibitory potential. 
at a low temperature (18° C). Electrical stimulations were applied 


Fig. 3. the slow depolarization, the spike 
l'his?xperiment was performed 
nt the 
| min after the appli 
application of ethanol 


frequency of 0-1/s. a,b, cand d represent control, 
cation of ethanol, 2 min, and 5 min after ‘he 
rà spectivelv. 


inhibitory potential was also abolished in this hvpertonk 
solution. It is therefore reasonable to speculate that thi 
effeet of ethanol is not 
Almost 


acetone. 


the result cf a hypertonic effect 
identical effects were observed using |! per cent 
These results suggest that the property of the inhibitory 
potential 1s distinct from that of the 
that the inhibitory potential Is a 
produced by the stimulation of the 
nerve of which transmitter release 1: 
as observed in the 
skeletal musclet’, 


spike poter tial, and 
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inhibitor 4 
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Formation of Polysaccharides by 
Hydra from Substrates produced by 
their Endosymbiotic Algae 


‘THE exact Ways in which i ndoss mimotic algae serve the) 
host tissues have been the subject of much researc? 
past 10 years. The view that the algai 


ini thi 
contribute to th 
nutrition of the host has gained much support from studies 
radioactive Algae 

material with 


using 


tracers. showri tO 


labelled 


WOTY 


IM ] l 


COT) 


tribute ear when the co 
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elenterate host (anemone!, coral? or hydra?) was exposed 

to "CO, in the light. Muscatine has shown that algae 
isolated from hydra* and from other freshwater inverte- 
brates* leak “C-maltose into the media. The questions 
remain whether the algae release glucose or maltose in 
vivo, and in what way do the hydra utilize these com- 
pounds. We deseribe here experiments which show that 
the animal tissue of Chlorohydra viridissima incorporates 
a large proportion of the small molecules produced by 
their endosymbiotie algae during photosynthesis, and 
that most of these small molecules are converted by hydra 
into polysaccharide. | 

Before the experiment, mass cultures? of C. viridissima, 
grown in "M" solution’, were fed to repletion every day 
for at least 5 days on nauplii of the brine shrimp Artemia 
salina; at the time of the experiment, the animals had 
been without food for 24 h. A group of approximately 

2,000 such animals were incubated in 25 ml. of "M" 
solution containing 400 uCi of NaHCO, (New England 
Nuclear Co., Boston, Mass.). After keeping these hydra 
for 10 min at 6 inches from a 40 W fluorescent bulb, the 
radioaetive solution was decanted from the animals, and 
they were rinsed three times in 25 ml. aliquots of non- 
radioactive "M" solution. Two groups of about 200 
hydra each were removed at this time, and homogenized 
in ground glass tissue grinders maintained at 4^ C. The 
algae, which were still intact, were removed by centrifug- 
mg the suspension at 225g for 5 min; the algal pellet was 
resuspended, and the suspension was centrifuged again. 
(Chlorophyll analysis showed that more than 90 per cent 
of the algae were recovered in the first pellet, whereas other 
tests showed that more than 90 per eent of the animal 
tissue remained in the first supernatant.) 

During this time, the rest of the hydra were kept in 
25 ml. non-radioactive ^M" solution, and duplicate ali- 
quots of animals were removed for analysis at 0:5, 1, 2 
and 4 h thereafter. 

Analysis for radioactivity showed that 45 per cent of 
the label was found in the animal tissue within 10 min 
after the label was administered, and that this proportion 
did not change significantly even after 4 more hours of 
meubation in isotope. 

Each supernatant (animal extract) and algal pellet was 
fractionated by differential solubilities using a method 
modified from that of Roberts et al.5*. The fractions and 
their most probable labelled components were (a) cold 
trichloroacetic acid (TCA) soluble, ethyl aleohol (EtOH) 
soluble—small molecules; (b) cold TCA. soluble, EtOH 
insoluble—mostly poly and oligosaccharides; (c) cold 
TCA insoluble, EtOH soluble—lipids, alcohol soluble 
proteins; (d) cold TCA insoluble, EtOH insoluble, hot 
TCA soluble—nucleic acids; and (e) cold TCA insoluble, 
EtOH insoluble, hot TCA insoluble- —protein. 

Analyses of the various fractions of the algal pellet at 
different times after the green hydra were given a 10 min 
pulse of NaH™CO, showed that at the beginning of the 
experiment most of the radioactivity was m the small 
molecule pool (fraetion a) (Table 1). During the next 
4 h, this fraction decreased in radioactivity while at the 
same time, the nucleic acids (fraction d) increased pro- 
portionally. The other fractions (5, e and e) showed only 
shght inereases during this time. Presumably the labelle d 
small molecule pool "contained mostly products of algal 
paatoa n um whereas the label in the E. pond 
denied from the Bhorossnthelio palus. 

The fractions derived from the animal tissues (Table 2) 
showed that as in the algal pellet, most of the label was 
first localized in the small molecule pool (fraction a). But, 
in contrast to the algal pellet, most of the radioactiv ity 
was not subsequently found in the nucleic acids. Instead, 
in the animal tissues, as the label disappeared from the 
small molecule pool, a concomitant increase was observed 
in the polysacchande fraction (b). Preliminary qualitative 
autoradiographs and anthrone tests showed that this 
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Table 1. PERCENTAGE DISTRIBUTION OF CARBON-14 COMPOUNDS LABELLED 
WITH FRACTIONS OF ALGAE 
Fractions 
a b c d g 
Time Small Glyeogen Lipids Nucleic acids Protein 
(h) molecules (cold (cold (cold TCA  (eold TCA 
feold TCA TCA and EtOH = and EtOH 
TCA sol, — soL, EtOH insol.. insol, hot insol, hot 
EtOH sol.) inso) EtOH soi)  TCAsol) TCA insal.) 
ao 52-4 2.R 16.0 25:8 3.2 
0:5 26:3 4-3 20-80 37-60 105 
1:0 A 3-8 20-3 44-7 12-2 
ep 15 4-1 22.8 án: 19.6 
r -0 11:2 2-8 24- 6 47:8 i2 


See text for further explanation of sampling times and fractions. 
Data are expressed as mean values of duplicate simples. 


latter fraction contained glycogen. Thus it appeared 
that much of the maltose released from the algae’ and 
hydrolysed into glucose by a hydra maltase activity! 
was converted into a polysaechar ide by the polyps. A 
small percentage of the labelled material, however, was 
metabolized by the hydra and ended up in the other major 


chemical fractions (T able 2e, d and e). 


Table 2, PERCENTAGE DISTRIBUTION OF CAEBON-14 COMPOUNDS LABELLED 


WITH FRACTIONS OF HYDRA 


Fractions 
d b c d ra 
; Small Glycogen Lipids Nucleic acids — Protein 
Time — molecules (eoki (cold (cold TCA —. (cold TOA 
(h) . feold TCA TCA and EtOH and BIOH 
TCA sol, sol. EtOH insol.. insol., hot insol.,, hot 
EtOH sol.) insof} EtOH sokl} TCA sol) TCA insol.) 
0:0 15-8 11:3 4-3 4:8 4.9 
OS 38:0 3l: 18 l4 7 Re 4 
1-0 26-2 37-0 Bet 16:1 15-3 
2:0 21-8 44-4 EN 11:7 14-0 
4-0 24-0) 33-0 IESS) 17e 145 


See text for further explanation of sampling Hines and fractions 

Data are expressed as mean values of duplicate samples. 

Thus in the conditions of these short-term experiments, 
it seems likely that the algae of hvdra are able to eontri- 
bute soluble nutriment directly to the host, and that this 
nutriment is stored as glycogen. 

Various aspects of the enzyme mechanisms involved in 
the carbohydrate metabolism of hydra have recently been 
pubhshed??* The identification of the radioactive com- 
ponents in the various pools, their paths of distribution 
during different physiological conditions and possible 
enzyme mechanisms accounting for the glycogen forma- 
tion will be the subject of other reports. 

We thank Dr J. S. Clegg and Dr C. Rutherford for their 
advice and help in ide 2 tifying the components of the 
various fraetions. "This work was supported in part by 
grants from the US National Science Foundation and from 
the Nutrition Foundation, New York. B. R. was a post- 
doctoral fellow of an NIH training grant and H. M. L. 
was under the tenure of an NIH research eareer develop- 
ment award. 
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The world-famous  Perkin- 
Elmer Model 290 Atomic Ab- 
sorption Spectrophotometer 
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sensitivity for elements with 
complex resonance spectra, 
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easy interchange and efficient 
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heat dissipation—a sampling 
accessory for powdered solids 
A fine instrument; plus a 
great deal more: Perkin-Elmer 
also put at your disposal 
unrivalled atomic absorption 
‘know-how’. Even before you 
buy an instrument, you are 
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consfield on AA techniques, 
covering instrument opera- 
tion; and sample preparation. 
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The LKB Microcalorimetry System: 

A well-designed and compact instrument 
capable of a precision 

of 0.05% for large heat quantities 

and better than 1% if 1.10? cal. is evolved. 
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Microcalorimetry for the Biochemist 


An Application that shows the unique possibilities 
that exist for physicists, biologists, physical chemists 
and biochemists to use biochemical calorimetry. 
Determination of ATP-ase activity in a tissue 
homogenate. Prepared from rat Kidney cortex, the 
homogenate, in suspension in an imidazole buffer 
containing excess ATP, was circulated through the 
calorimeter. Steady state values were obtained and 
the plot of calorimetric response values, A, versus 
amount of homogenate formed a linear relationship. BOTH BATCH AND FLOW 
When Ouabain, an ATP-ase inhibiter, was added to YOU KNOW 
A the buffer considerably lower activities were found. 
150 Curve “a” shows that 1 ul of homogenate releases 
2.8 umole Pj per min if no inhibiter is added. 
Curve "b" was obtained when the suspension 
contained 1.0 umole Ouabain per ml. d 
Amplification == 1/3 - 10° 
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Standard Energy Metabolism 
of Marsupials 


In 1902, Martin! reported that the metabolic rate of 
several Australian marsupials was approximately one- 
third of that of eutherian mammals. Since that time, this 
well known paper has been often quoted as showing that 
marsupials represent a level of physiologieal development 
intermediate between the "lower" monotremes and the 
"higher" eutherians, particularly in regard to temperature 
regulation. Recently, however, it has been shown that 
many marsupials can regulate their body temperatures 
as efficiently as most eutherians? and therefore Martin’s 
results have been doubted. We have made a study to see 
if marsupials do have a lower standard (or basal) meta- 
bolic rate than eutherians, and to find the actual level of 
energy metabolism of marsupials in general. 

The animals examined were the fat tailed marsupial 
mouse (Sminthopsis crassicaudata Gould), yellow footed 
marsupial mouse {Antechinus stuartii Macleay), short 
nosed bandicoot (Isoodon obesulus Shaw and Nodder), 
long nosed bandieoot (Perameles nasuta Geoffroy), sugar 
glider (Petaurus breviceps Waterhouse), brush tailed 
possum (Trichosurus vulpecula Kerr) and tammar wallaby 
(Macropus eugenii Desmarest) The weight range was 
from 12 to 5,800 g; that is, about a 500-fold difference. All 
animals were fasted for at least 12 h before their oxygen 
consumption was measured, the larger species being fasted 
for 48 h. Oxygen consumption was determined at air 
temperatures judged to be within the animals thermo- 
neutral zone using a Beckman paramagnetic oxygen 
analyser model F3. During each determination the 
animal was restrained in & wire eage inside a metabolic 
chamber of appropriate size. Deep colonie temperature 
was measured with thermocouples to ascertain when the 
body temperature was stable. 

The oxygen consumptions expressed as dry gas at 
STP have been converted to heat production assuming a 
respiratory quotient of 0-8. Brody? gives a conversion 
faetor of 4:8 calories/ml. O, for this respiratory quotient 
value. These data are plotted against weight on a double 
logarithmic scale in Fig. 1. The regression line of heat 
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Relationship of energy metabolism and body weight in mar- 
The "eutherian line" is drawn from the data of Kleiber'. 
Dh Tammar wallaby; 6, possum; +. long nosed bandicoot; A, short 
nosed bandicoot; W. sugar glider; ©, yellow footed marsupial mouse; 
A. fat tailed marsupial mouse, 
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production against weight is best represented by the 
equation M=12-5W*%", where M is the standard meta- 
bolism in calories/h and W is the body weight in g. The 
standard metabolism of marsupials :s therefore propor- 
tional to almost the same fractional pewer of body weight, 
0-75, as that of eutherians! and the whole animal kingdom 
in general*. 

The level of metabolism is approx:mately 30 per cent 
lower than that found for eutherienst (Fig. 1), where 
M —164W*7. When the results for che marsupials were 
Wo, and compared 





differenee was found between the two sets of data. 
direct evidence? supports our findiag that marsupials 
have an energy metabolism 30 per cent smaller than 
eutherian mammals. The few marsupial metabolic rates 
which have been reported recently are also all 30-35 per 
cent below the eutherian level**. The much greater 
difference found by Martin! may possibly be explained by 
the faet that he measured earbon dioxide production. 
which is less reliable than oxygen consumption; he also 
did not allow sufficient time for equilroration to occur. 

Marsupials also have lower body temperatures than 
eutherian mammals, the range in our investigation bemg 
from 34-0 °C to 36-5 °C. Whether tke lower metabolism 
is the result of a lower set point of body temperature or 
vice versa is, however, a matter for further investigation. 

This work was supported by a grant from the Australian 
Research Grants Committee. 
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Colour Variation in Two Mesopelagic 
Fishes and its Correlation w'th 
Ambient Light Conditions 


LrrrLE is known about colour variation in mesopelagie 
fishes. In her observations on Valencienellus tripunctula- 

E On 
some specimens, “the back and tal (were) whitish 
or translucent, with a lengthwise serics of 14-15 black 
chromatophores standing out in bold relief". On others, 
"the back and tail (were) brownish, the lateral series of 
chromatophores being diffuse and obseure", Such differ- 
ences in the extent of pigmentation have now been shown 
to be related to the light conditions prevailing at the 
time of capture. 

The specimens cited in this preliminary report were 
caught in several types of net. all shed from HRS 
Discovery in the north-eastern Atlant between 1965 
and 1968. Some specimens were preserved in 7 per cent 
saline formol, others in 70 per cent aqueous alcohol. 





Of the day specimens, all but three were light in colour, 
bearing the distinctive lateral chromatopaore series. Only 
two of the night speemmens had such coloration patterns, 
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Fig. 1.  Valeneienellus tripunctulatus. Upper, day pigment form; 

middle, intermediate pigment form (dawn): lower, night pignient form. 

Note; AC photophore counts of the majority of specimens (3) (3) (3) 
(2) (4). 


the rest being dark (Fig. 1). Is therefore seems that the 
extent of pigment dispersion is dependent on the time of 
capture. 

The differences between the two pigment forms are 
far more extensive than outlined by Grey. She noted 
only differences in back and pineal body coloration’. 
Direct comparison of the day-eaught and night-caught 
Discovery specimens showed that the fish as a whole is 
darker by night. The lateral series, consisting of between 
fourteen and nineteen evenly spaced single melanophores, 
is concerned with the darkening of the dorsal and lateral 
surfaces posterior to the head, at night. The melanin 
pigment spreads dorsally to the midline, and ventrally to a 
position just superior to the lateral OA, and the ventral 
FAV and AC, photophore groups (Fig. 1). Posterior 
to the VA V photophore series, the latero-ventral surfaces 
remain translucent, apart from surfaces in the immediate 
vicinity of the AC photophore groups. The latero-ventral 
region of the belly. on the other hand, does become 
darkened by night. "This darkening is achieved by the 
dispersion of melanin from what may be termed compan- 
ion melanophores. These latter are melanophores which, 
when their pigment is in the aggregated state, lie adjacent 
to the various photophores. With the exception of BR, 
all the photophore groups have companion melanophores, 
although the number per photophore varies from group 
to group. Each photophore of the OA series was observed 
to have two such companion melanophores, one positioned 
antero-dorsally and the other postero-dorsally to the 
lens. The night specimens showed that the pigment 
dispersion. of these melanophores was chiefly dorsally 
directed. The silvered area of the belly ventral to the 
OA series was darkened by a series of companion melano- 
phores found immediately dorsal to the abdominal IV 


night than by day. The pineal body is obseured; the 
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opercula, nasal region and cheeks are also all darkened 
by various melanophores at night. 

Effectively, then, the reflective surfaces of the head and 
body of this species become considerably obscured at 
night. Perhaps the most outstanding feature is that, in 
the night specimens, the photophores themselves are 
obscured by pigment. It seems that this may be achieved 
partly by the companion melanophores, and partly by 
the dispersion of pigment from around the periphery 
of the photophores themselves, The BR photophores 
are the least affected. They are sereened by the jaw bones 
and also by the dispersed pigment of the cheek. 

Certain questions immediately arise concerning these 
observations. Is the light coloration of the day speci- 
mens a natural adaptation to the prevailing light condi- 
tions at the depths of capture ? 


Discovery Station 6366 contained thirty-four adult 
specimens. ‘The net was fished at depth for approximately 
0-75 h before and 4 h after sunrise. The sample contained 
predominantly light forms, but both dark, and what 
could be described as intermediate, forms were present. 
From this it would appear that the phenomenon is natural, 
and not induced. It would also appear that the specimens 
themselves die soon after capture. 

During Discovery cruise 8 in 1965, a day and night 
vertical series involving a catch-dividing bucket? in 
conjunction with a 10 foot Isaacs-Kidd midwater trawl 
was fished. The results from this series indicate V. 
tripunctulatus to be distributed principally at 350-500 m 
depth during the day, although some specimens were 
caught at shallower depths. The ambient light at these 
depths is directional and of sufficient intensity for fune- 
tional vision in deep sea fishes*. Countershading by the 
use of photophores* and reflectivity® is therefore probably 





Upper, day pigment fonn; fewer, 
night pigment form. 


Fig. 2. Argyropelecus hemigymnus. 
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of importance to this species. The light pigment form is 
probably better adapted for such functions than the 
dark. The dark pigment form is, in all likelihood, better 
adapted to conditions where bioluminescence is the 
principal source of light. 

At night V. tripunctulatus may or may not undergo a 
partial migration, being dist ributed between 250 and 450 m 
depth. Many predatory species such as Gonostoma elonga- 
tum Günther, Chauliodus spp. and Stomias spp. make 
migrations extending from a day depth deeper than 500 m, 
to about 100 m and shallower at night. These forms will 
thus pass through the V. tripunctulatus population twice 
every 24 h. It would therefore seem logical that V. 
tripunctulatus maintains its countershading at dusk and 
dawn by making the necessary pigment adj justments in 
phase with the changing ambient light intensity. The 
dawn sample shows the aggregation of the pigment in the 
melanophores to be uniform at any one stage of adjust- 
me ni. 


is odia UA a necessary “part o e Po 


adjustment. Such obscuring has so far only been observed 
in V. tripunctulatus. 1t was not apparent in examples of 


the gonostomatid .Waurolicus sp.. which also has com- 
pound light organs. The apparent necessity of this 
shielding infers that V. tripunctulatus can exercise little 
control over the luminous intensity of its light organs. 

V. tripunctulatus is not the only species that can adapt 
to ambient light conditions. Argyropelecus hemigymnus 
Cocco, a partial migrator, darkens its body at night. 
Groups of melanophores which are distinct. over the 
pre-anal, anal and sub-caudal photophore groups during 
the day become diffuse at night (Fig. 2). The photo- 
phores, however, are unaffected. It is likely that adapta- 
tion to ambient light conditions is to be found in several 
other species with day distributions at 300—700 m depth. 
More objeetive work on the phenomenon in these two 
species and others is necessary and is in progress. 
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Preparation of Polyacrylamide Gels 
which contain Protein and their Use as 
High Capacity Immunosorbents 


A HIGHLY cross-linked polyacrvlamide gel containing 
trapped protein antigen has been prepared. It can be used 
as an Immunosorbent. The principle of the method is 
based on those of Bernfeld and Wan! and Hicks and 
Ubdike? for dissolving enzymes for chemical analysis. 
Their protem-polyacrylamide gel is, however, of no 
practical use as an immunosorbent, for its permeability is 
too low to enable antibodies in solution to enter the gel 
and react with the trapped antigens. Fawcett and 
Morris? have shown that by changing the total monomer 
concentration a marked increase in gel permeability can be 
achieved. 

The immunosorbent was prepared by polymerizing 
acrylamide in aqueous solution in the presence of the cross- 


linking agent N,N’-methylene-bis-accylamide (Bis) and 
the protem to be trappe d. The conditions for trapping 
haemoglobin, IgG and other protem antigens have bee n 
studied using relatively high monomer concentrations! 
We found that almost all protein was trapped when a 
monomer mixture consisting of a 2 ml. 46 per cent 
acrylamide solution plus a 3 ml. 2-3 per cent BIS-solution 
for a ie ora 4d ml. 40 uh cent acry dd am 
To obtain. a macroporous el. suita He for r an immuno- 
sorbent, however, the composition of the monomer 
mixture had to be adjusted?. For trapping human IgG a 
mixture of 5 ml. of a monomer solution 106-25 (T. ~~ C, 
2 ml. of a 2 per cent human IgG solution in 6&1 M tfris-HCI 
buffer and 0-2 ml. riboflavin solution /3 mg/10 mi. water) 
was polymerized by photoactivation with a tube light 
(Philips TLBW|I33 F 6) for That 27? C. Because oxygen 
inhibits polymer ization, nitrogen was "rst passed through 
the monomer solution. The symbol "--C is the notation 
used by Hjerten*. T (= ten) denotes the total weight in 
g of monomer (acrylamide plus BIS) per 100 ml. water and 
C {= 25) the amount of BIS, expressed as the percentage 
of the total amount of monomer. 

The block of polymerized protein gel was mechanically 
dispersed by forcing it from a syringe through a needle 
with an inner diameter of ©8 mm. The gel particles 
were repeatedly washed until protem free in 0-1 M fris- HCI 
buffer pH 7.5, followed by O61 M zlyveme-HUl. buffer 
pH 2:3, resuspended in 0-1 M tris-HCL P uffer pH 7-5 mixed 
with 3 g of 'Biogel P 2° 50-100 mesh (to permit higher 
flow rates) and finally packed into a chromatographie 
column (29x1 em) Its outlet was connected to the 
continuous flow cell of a photometer and the optieal 
density of the effluent at 280 mu recorded. A flow rate of 
35 ml. buffer/h was adjusted with a peristaltie pump. 
Then the antibody containing serum was applied and the 
column washed with 0-1 M tris-HCl buer pH 7-5 until an 
optical density of less than 6-01 at 289 mu was recorded 
(Fig. 1). 

The adsorbed antibodies were eluted with 0-1 " gl veme 
-HCI buffer in two fractions at pH 3-5 and pH 2-3, or in 
one fraetion at pH 2-3. An equally effective anion WAS 
obtained using 55 M potassium iodide in 0-04 M iris -HCI 
buffer pH 8-25. The pH of the eluate was ed usted to 
neutrality by exchanging the glycme buffer * against a 
0-1 M tris- HCl buffer pH 7:5 by gel filtration on noscohadax 
G-100'. To restore the original antibocw concentration of 
the immune serum, the eluates were concentrated bv 
pressure dialysis. The specificity of the eluted and con- 
centrated proteins was analysed be immunoeleetro- 
phoresis and the amount of specifie anvibody determined 
by quantitative precipitation’. 

To test the immunosorbent for non-:pecifie binding of 
serum proteins, an experiment was perfermed with normal 
sheep serum. No proteins were bownd. In another 
experiment a polyvalent anti-human serum from sheep 
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Fig. 1. Schematic elution diagram (from LEB ‘Uvieord’ continuous 
ee at E 280 mx), A->B, Elution of non-specific serum proteins 


(pH 7-5) B-C, Antibody elution (pH 3:5) C-D, Antibody elution 
(pH 2-8). D--A, Column regeneration by adjusting the pH to 7-5. 
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Immunoelectrophoretic patterns of isolated sheep 


Fig. 2. anti-human 
IgG antibodies. (a) Whole antiserum from sheep (hole) revealed wth 
rabbit anti-sheep serum. (b) Eluted anti-human IgG antibodies (pH 3-5) 
from the whole sheep antiserum (hole) revealed with rabbit anti-sheep 
serum. (c) Eluted anti-human IgG antibodies (pH 2:3) from the whole 
sheep antiserum (hole) revealed with rabbit anti-sheep serum. (d) 
Normal human serum (hole) revealed with whole sheep anti-human 
serum, (e) Eluted anti-human IgG antibodies (pH 3-5) from the whole 
sheep antiserum revealed with normal human serum (hole). (f) Eluted 
anti-human IgG antibodies (pH 2-3) from the whole sheep antiserum 
revealed with normal human serum (hole), 


was added to the column. In this case anti-IgG antibodies 
were bound and could be eluted. Binding of unspecific 
serum protein did not occur. In these experiments the 
anti-IgG antibodies from an anti-human IgG immune 
serum from sheep were isolated (Table 1). In these 
conditions 90-95 per cent of the 40 mg human IgG 
added to the monomer solution. were trapped. T = 
adsorption capacity of the IgG-polyaerylamide gel wa 
tested and the best yield of adsorbed antibodies was 
obtained by loading the column with 8 ml. of immune 
serum, corresponding to a total of 26 mg of anti-IgG 
antibodies. By exceeding this quantity, the percentage 
vield of adsorbed antibody decreased. The recovery of 
precipitable antibodies by acid elution was 90 per eent of 
the 26 mg of anti-IgG added initially (Table 1). 


"Table 1. QUANTITATIVE DATA OF THREE REPRESENTATIVE EXPERIMENTS 
USING 9 ML. OF MONOMER SOLUTION (Tet = 10-25), HUMAN IgG AS THE TRAPPED 
ANTIGEN AND ANTI-HUMAN IgG SERUM FROM SHEEP AS ANTI-IgG SOURCE 
Trapped human IgG (antigen) from 40 mg Igts added 

to the monomer solution 
Amount of anti-human IgG serum (from sheep) added to 


90-0594 


the IgG-polyaerylamide gel 8.0 ml. 
Anti-IgG antibody per ml. antiserum 3:26 mg 
Total IgG antibody added 26 mg 


Total protein eluted at pH 2-3 25, 4-25, 6 mg 
Recovered protein from column 97, 5-08, 5° 
Precipitable IgG antibody in the eluate (pH 2:5) 92% 
Overall yield (from total IgG antibody added) 9097 


Optimal antigen : antibody ratio (w/w) 4$0:25(1,6: 1) 


Immunoelectrophoretic analyses revealed that only 
IgG A from sheep were present in the 
eluates (Fig. 2 a-e) These immunoglobulins, when tested 
against normal human serum, were shown to be specific 
anti-human IgG antibodies (Fig. 2 d—f). The experiments 
further showed that the anti-human IgG antibodies from 
sheep are heterogeneous, for they can be recovered in two 
fractions: the main portion of antibodies was eluted at 
pH 3:5, the rest at pH 2:3 (Fig. 1). No differences between 
the tw o ice were ie on ane OE SP 
useful domu E en iis Wawa a | macroporous "m 
ean be prepared. The polyacrylamide carrier is mechanic- 
allv stable, insoluble in water and relatively resistant to 
chemical reactions. The TgG-polyaerylamide gel could be 
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neutralized after acid elution and re-used as many as 
fifteen times without apparent loss in its capacity to bind 
anti-IgG antibodies. The polymerization is carried out 
in mild conditions and therefore most of the antigenic 
determinants of the trapped protem-antigen are preserved. 
The binding capacity of such an immunosorbent was 
significantly greater than the capacity of IgG covalently 
attached to a matrix? *. Compared with other immuno- 
sorbents?! the recovery of antibodies was very high. 
These facts make this an ideal immunosorbent for a 
variety of purifications. 

This work was supported by the Swiss National Founda- 
tion for Scientific Research. 
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Measurements of Potassium lon 
Activity in the Cytoplasm of 
Living Cells 


SPANSWICK! has disputed the validity of the theory of 
seleetive K* ion adsorption in living cells. On the basis 
of the high activity coefficient of K+ ion as measured by 
Vorobiev in the cytoplasm of Chara australis and by 
Lev (and Hinke) in muscle eytoplasm’-*, Spanswick 
concluded that “practically all the potassium in the 
cytoplasm is unbound”’, 

Spanswick does not seem to have understood fully the 
theories under eonsideration*-*. (The theory of selective 
D ion on protein sites as the mrenani tor K+ 


me in 19517 und s Was Eni (es some bine as the “fixed 
charge hypothesis” until its later extension into the more 
general “association-induction hypothesis 5. Troschin's 
“sorption theorv" for sugar distribution was also first 
published in 1951; it was extended to ionie distribution 
in 1956 in the original Russian version of ref. 5. There 
are common features as well as profound differenees 
between the two theories. Spanswick. & indiscriminate 
reference to à single "sorption theory" can only create 
confusion.) Furthermore, there is also a basie feature 
in the operation of this type of electrode which ealls into 
question such eonelusions as Spanswick has drawn 
concerning the state of ion adsorption in a normal resting 
cell. 


measures an uk MANOS FO across the entire 
surface of the muscle cell’, An ion-specific electrode, on 
the other hand, acts quite differently. It measures the 
activity of ions only in à microscopic laye er of the medium 
immediately surrounding the tip of the electrode. Thus, 
with a capillary-electrode, reasonably accurate recordings 
of resting and action potentials can be obtained from 
punctured cells; but w ith the ion-specifie electrode the 
nie activity can be measured only in that part of the 
protoplasm. with which the electrode is in close contact, 
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that is, where the structural integrity has been destroyed 
or at least grossly perturbed. 

According to the association-induetion hypothesis* the 
protein-water-ion system of a living cell is labile. In 
response to external disturbanee it may transform in an 
all-or-none manner from its normal resting state, in w hich 
the K* ion is adsorbed, to the "excited" state in which the 
bulk of K+ ion is released from adsorption. In this state, 
the adsorption sites may either adsorb other free cations 
(for example, Na* ion) or fixed cations (for example, the 

e-amino group). Indeed, it has been suggested that the 
cooperative shifts between similar states of the protein- 
water system provide the molecular basis of cellular 
activities. Because this hypothesis has been presented 
in detail elsewhere® 9, there is no need to reiterate it 
here, except to mention that a large loss of total adsorbed 
K+ ion, and a small or no loss of total adsorbed Na* ton 
is in harmony with the association-induction hypothesis. 

There is little doubt that the piercing electrode creates 
profound disturbances in the region immediately surround- 
ing the electrode. Thus, on theoretical grounds, the 
K* ion activity measured with an intracellular electrode 
would not be expected to reflect the activity of K* ion 
in its normal resting state. 

Spanswick’s criticism that the theory under discussion 
cannot account for the accumulation of ions in the protein- 
poor vacuoles of the Characeae is another misunder- 
standing of the theory. The association-induction 
hypothesis disputes that pumping is the mechanism 
maintaining the selective ionic distribution in the proto- 
plasm of resting cells; it does not dispute that active 
transport occurs across interstitial epithelium, kidney 
tubules or the protoplasm of plants with large vacuoles 
belonging to Characeae. A theory for this type of active 
transport on the basis of cooperative adsorption and 
desorption was published several years ago’. 
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Structural Polymorphism in 
Chromosome 17 


IN a study of the sites and relative frequencies of secondary 
constrietions in human somatie chromosomes, Ferguson- 
Smith et al. observed that chromosome 17 (refs. 2 and 3) 
occasionally bore satellites. In 1,303 karyotype analyses 
from 148 different individuals, only eight of the cells had 
such a chromosome. It had a constriction in the short 
arm which was interpreted as a satellite stalk. 

Moores et al.* found a chromosome 17 which was ob- 
viously satellited in some cells of a child with trisomy 21 
and in its mother. In two other siblings, one of whom 
was mongoloid, this marker 17 was not present. German 
et al.^ found the same chromosome 17 in the karyotype 
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E-group chromosomes with the maker 17 fram different 


Fig. 1. 
individuals. 
of one patient, and Emerit ef al.® found it in the karyo- 
types of four patients with congenita! heart disease. 

McGavin et al? observed such a chromosome 17 in an 
18 month old girl with ert-du-chat syndrome and an 
apparently normal karyotype. This feature was also 
evident in the fathers karyotype aml has been traced 
back through earlier generations to the paternal grand- 
mother and the paternal great-granernother. Further 
reports of this marker chromosome bave recently been 
discussed at the cytogenetic colloquium held at Giessen, 
Germany, in 1968 (Schmid, W., Schoeller, L., and Schwan- 
itz. G., ‘personal communications). 

During the past 2 years we have examined the chromo- 
somes of 450 individuals. A total of 28,000 cells from 
peripheral leucocyte cultures were exemined and 10 per 
cent were analysed by Karyotype. In five unrelated 
individuals we found this structural variant (Fig. 1). 
Subjects P, K and H (Table 1) were healthy and pheno- 
typically normal. N had a low occupational radiation 
exposure. G was analysed 3 years after the termination 
of a combined radium and X- -ray therapy for carcinoma of 
the cervix. Table 1 shows the frequency of marker 17 in 
the different individuals and its position in metaphase 
figures. 


Table 1. FREQUENCY AND POSITION IN THE METAPHASE FIGURES OP MARKEE 
17 IN FIVE SUBJECTS 
Total No, of cells Marker 17 
No. of With-  Participatingin Not participating in 
Persons cells With out satellite association satellite association 
exam- marker marker Central Peripheral Central Peripheral 
ined 17 ke location foeatien location location 
P. 3 ;0 70 (10025) = — i 7 829 
K.4 70  29(41-47) 4l — 2 2 Z5 
H. g 70  294(34- à) 46 3 0 - - 8 i6 
G. & 70 9 (12- 95? 61 — 1 — & 
N.d 70 7 (10%) 83 men st ius T 


This variant is probably more common than is usually 
supposed. In microscopic scoring, marker 17 can be 
easily overlooked because of its similarity to the satellite- 
bearing chromosomes of the D group. Ir can be found in 

eases of congenital diseases as well as ir. normal healthy 
people. Sometimes it appears familially, and it need not 
be phenotypically important. 
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In all cases summarized here, including our own five 
subjects, only one ehromosome of the homologous pair 17 
had the structural variant. Two questions about this 
morphological deviation, however, remain unanswered. 
First, is the constricted terminal segment a satellite and, 
second, is the secondary constriction a “nucleolar organ- 
izer? ? Consequently we cannot decide whether this is a 
“SAT-chromosome’’®®, like the aecrocentric satellite 
chromosomes of the D and G group. Others have observed 
marker 17 involved in "satellite association”, In our 
material we have seen this only six times in 350 meta- 


According to an observation of Miller et al?°, chromo- 
somes 17-18 should frequently be situated at the periphery 
of the metaphase figure. There has been no direct confirma- 
tion of this finding by autoradiography. Because marker 
17 was easily identified in our subjects, we can show that 
in 95 per cent of the scored cells this chromosome is 
indeed situated at the periphery. In view of previous 
observations of a marker 17, it seems likely that there 1s à 
real struetural polymorphism in chromosome 17. 
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Effects of Two Kinds of Distance 
Information on Visual Judgments of 
Absolute Size 


Ir a person is asked to make a judgment of the distance 
between him and some object whieh he is viewing, and 
if he has no eues on which to base such a judgment, it 
seems plausible to suppose that he could make the judg- 
ment if he knew how large the stimulus actually was. 
Whether or not subjects ean take size information into 
account when making visual judgments of absolute 
distance in completely reduced conditions has been the 
subject of some controversy!'-5. Recent results? have 
suggested, however, that this does happen, whether size 
information is contributed by past experience with the 
visual stimulus, by means of a haptic comparison-object, 
or verbally. 

1f subjects can combine information about the physical 
size of an object with information about its retinal sub- 
tense in order to judge its distance, then they might be 
able to make judgments of size when provided with 
information about the distance of an object which is 
being viewed in completely reduced conditions. Although 
the effect of size information on the judgment of distance 
has frequently been investigated, the analogous effect of 
distance information on judgments of size has not previ- 
ously been examined. 

Three groups of twenty-four subjects (undergraduates 
at the University of Sydney) participated, each seated in 
a light-tight dark room. They viewed the stimulus with 
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the preferred eye through a viewing tube and a reduction 
screen. The stimulus was a patch of light (a base-down 
equilateral triangle with 8 inch sides), which was 15 feet 
away from the subject and at his eye level when he was 
seated at the viewing tube. Previous work* had demon- 
strated that unwanted residual cues to size and distance 
are absent from such am experimental arrangement, and 
that the end of the viewing tube does not form a visible 
frame around the stimulus. All that the subject could see 
in this case was a bright triangle of light against a uniform 
black background. 


Tabie 1, SIZE ESTIMATES 


: Mean un Range Seimi-interquartile 
Group (inches) S.D. (ineheas) range (inches) 

i 3d 3:38 OG 7.5 206 

2 TRI 2-86 5-0-12-0 1-79 

3 8-40 4-42 40-15-0 2.76 


Eaeh subjeet was requested to estimate, in feet and 
inches, the length of the base of the stimulus. Subjects 
in group 1 were given no information about the distance 
of the stimulus; they constituted a control group. Sub- 
jects in group 2 were informed that the stimulus was 
15 feet from them. Subjects in group 3 were seated with 
their back to one wall of the room, looking across at the 
opposite wall which was 15 feet from their end of the 
viewing tube. These subjects had spent an hour of each 
of the preceding 23 weeks of term-time in laboratory 
sessions in this room, and so it was anticipated that the 
far wall would possess a “familiar distance" analogous 
to the familiar size possessed by such objects as playing 
cards or matehboxes. Each subject in this group was also 
asked for an estimate of the distance of the stimulus, after 
he had estimated its size. The mean of their distance 
estimates was 14:41 feet (with a standard deviation of 
4:89 feet). Because this value was close to the true value, 
15 feet, it may be maintained that the experiment was 
successful in realizing the condition of "familiar distance". 

The size estimate results are shown in Table 1. The 
means for groups 2 and 3 were significantly different 
from the mean for the control group (£— 471, df= 406, 
P0001; t=467; df=46, P «0001 respectively) and 
neither of the former means were significantly different 
from the actual size of the stimulus, which was 8 inches. 

It is quite clear, then, that each source of distance 
information contributed effectively to the subjects’ 
judgments of absolute size. Whether distance information 
was obtained verbally, or by means of prior experience 
of the experimental situation, subjects were able to com- 
bine this distance information with information econ- 
tributed by the retinal subtense of the stimulus to judge 
the size of the stimulus. Not only does this demonstrate 
that the absolute size of a single retinal image has per- 
ceptual consequences, a proposition which Gogel and 
Hochberg? have asserted to be false, but it indicates 
that, just as familiar size and verbally indicated size 
operate as cues for judgments of distance, so familiar 
distance and verballv indicated distance operate as cues 
for judgment of size. 
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Book Reviews 


EASTERN SIOUX 


The Mystic Lake Sioux 

Sociology of the Mdewakantonwan Santee. By Ruth 
Landes. Pp. x+224. (University of Wisconsin Press: 
Madison and London, November 1968.) $7.50. 


PERHAPS a focal area in the Indian history of movement, 

migration and warfare, was Wisconsin and Minnesota 
between the Mississippi River and Lake Superior. When 
first mentioned in 1632 by the Jesuits, the Dakota- 
speaking Sioux occupied the Lake Superior country of 
Northern Wisconsin. For a century they were amicably 
disposed towards the newly arrived Ojibwa (Chippewa), 

the latter following the fortunes of the French fur trade 
westwards. During the next century, culminating in the 
Prairie du Chieu Treaty of 1825, the Sioux and Ojibwa 
were in a chronic state of war with each other. The prime 
cause was the systematic expansion of French fur trade 
westward and into the eastern Sioux territory on the 
Mississippi River. Upon losing their major economy as 
middlemen, the Ojibwa deserted thcir Lake Superior 
conifer forest country for the Sioux territory. The latter 
was a forty mile wide belt of deciduous forest on the edge 
of the prairie which was rieh in fur bearing animals. 

Whereas the Teton and Yankton Sioux had moved west- 
ward to the Dakotas, taking up the horse and buffalo 
culture, Santee Sioux remained in the Mississippi region 
and continued their fur trapping and deer hunting on foot. 

With the establishment of Fort Snelling and the 1825 
treaty, the Sioux and Ojibwa became stalemated in this 
rich fur bearing region. The competing forces of traders, 
missionaries and settlers further reduecd the independence 
of the Sioux until the 1862 uprising. Following this, all 
eastern Sioux were transported to the Dakotas or 
Nebraska. Later, à few returned to take up residence at 
their present location on Prairie Island near Red Wing, 
Minnesota. 

Fieldwork for the study under review was done by the 
author in 1935. As well as contemporary information, 
she was able, by using elderly informants, to obtain reminis- 
cenees from the latter nineteenth century period. The 
quality of the book is extraordinarily uneven. 

In discussing political organization the author refers to 
and quotes liberally from Samuel Pond's account of the 
1 830s. 

The chief Shakopee, who was "nearly a great man", was 
"also very mean, narrow and excitable; falsehood and 
truth were alike to him". Little Crow, "having his 
father's evil temper, was restless and mischievous for lack 
of occupation”, Inyangmani "was intelligent . but 
eould not or would not speak in publie to the people when 
they were excited and turbulent. He was chief in name 
but not in fact, for while he was silent, others ruled the 
multitude" and Inkpaduta was chief of an outlaw band. 
This material carrying biases from its contemporary non- 
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Indian constitutes neithe? nor 
analysis. 

An extreme example of this remiaiscence type history 
is ue of fhe viking type Tong cares boat complete w ith 
s and spears. Considermg the 
ins ind of eae cn to whicksthe people have been 
exposed, surely to present this stor as genuine myth is 
facetious. 

There is a good discussion of kinship and marriage. [t 
is a typical bifurcate merging system in which parallel 
relatives are classed as siblings (Fa= Fa Bro, mo = mo Sis; 
hence children of ego's terminologwal parents are his 
siblings). The cross relatives of the ascending generation 
(Fa sis and mo Bro) are treated with respect, while 
children of these (cross cousins) are joked w ith and 
teased. Affinal relatives are merged with the latter 
category. With eross cousins and, to an extent, with 
siblings-in-law as well, verbal railler”, publie teasing and 
retaliatory eat-all feasts are both dramatic and significant. 
Ritual “overcoming”, both verbally and sexually, between 
persons of a non parallel- kin eategor* symbolizes the dual 

system, Inhospitability and stinginsss are equated with 
impotence and cowardice. Failure m à publie contest 
requires payment. The eat-all feast m which quantities of 
indigestible bear fat are mixed with rie is virtually impos- 
sible to “overcome” without the aid cf kinsmen. Likewise 
the foreible putting on of opposite-sexed clothing at a 
danee equates the wearer with the dreaded and exiled 
transvestite. This part is the clearsst depiction of the 
meaning of joking and teasing in the ethnographic litera- 

ture, and is a contribution. 

In general, however, the promise o. a monograph of the 
Eastern Sioux is not met. The ecology and warfare. both 
of which were so ably analysed for the icighbouri ing Onbwa 
by Hiekerson in 1962, remain vistually unexplained. 
Historically the same is true for the d scussions of political 
and social hfe. R. W. DUNNING 


sources ethnography 


SCIENCE OF BEHAVIOUR 


Assessment in Clinical Psychology 

By C. E. Gathercole. (Penguin Education X14. Penguin 
Science of Behaviour. Pp. 174. (Penguin: Harmonds- 
worth, Middlesex, 1968.) 65. 


Disorders of Memory and Learning 

By George A. Talland. (Penguin Edu ation X35. Penguin 
Science of Behaviour.) Pp. 176. (Penguin: Harmonds- 
worth, Middlesex, 1968.) 65. 


Psychometric Assessment of the Ind vidual Child 
By Douglass R. Savage. (Pengu Education 
Penguin Science of Behaviour.) Po. 116. 
Harmondsworth, Middlesex, 1968.) às. 


ALA. 


{Penguin : 


The Beginnings of Modern eg a T 
By W. M. O'Neil 
Science of Behaviour.) 

worth, Middlesex, 1968.) 


Penguim 
"Harmorids: 


Pp. 156. 
6s. 


THese four books are among the fist of a new series 
published by Penguin Books entitled “Penguin Science of 
Behaviour”. This series will deal wita a number of areas 
of psychology and will consist of sho-t texts: some deal 
with standard topics and others with new contributions 
to the subject. The intention is to present a wider range 
of topies and viewpoints than is foand in the normal 
introductory courses. 

Two of these texts, Assessment in Clinical Psychology 
by C. E. Gathereole and Disorders of M mory and Learning, 
written by G. A. Talland short!y befose his death, belong 
to the subscetion of the series deaang with “Clinical 
Paye Honey editou Dy G. A. TR ds, acca nde 


en i 


ea 


part of ches series e enn Dey hoe "e eui d by 
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B. M. Foss, and The Beginnings of Modern Psychology by 
W. M. O'Neil is the first of a series "Method and History”, 
edited by the author. 

In evaluating these texts, it seems important to con- 
sider the kind of reader at which they are aimed: whether 
they would be suitable for a general reader, a person 
knowing some psyehology, or a specialist. C. E. Gather- 
cole's book, for example, seems to be aimed at people who 
know some psychology but are not specialists in this 
particular branch. At the same time, it will probably also 
be of interest to clinical psychologists. The author 
discusses various aspects of the work of the clinical 
psychologist, including topics such as the relationship of 
psychologist and psychiatrist, the attitudes of patients 
towards the psyehologist, and the place of researeh in 
chnical work. These are questions which are part of the 
oral tradition, so to speak, of clinical psychology and it 1s 
pleasant to see them at last set down on paper. The 
author's style is clear and witty; he has no hesitation in 
expressing his own views forcefully and there is much in 
this book which ought to provoke clinical psychologists to 
reconsider their aims and methods. 

On the other hand, it is hard to visualize the kind of 
reader for which G. A. Talland's book is suitable. By 
itself, the plan of the book is promising. The author begins 
by discussing theories of memory and learning, both 
psychological and biological. He then deals with dis- 
orders of these processes, looking at them from the point 
of view of both the diagnostic categories in which they are 
found and also the dysfunction involved. Nor can 
exception be taken to the content in itself: the discussion 
of the theories and of the disorders is impartial and 
scholarly. The author also continually makes clear how 
complex are the processes involved and how poorly we 
understand them: a salutary corrective to the view that 
memory is just a matter of conditioned reflexes and rote 
learning. It is a pity therefore that the book seems 
unlikely to appeal to either the psychologist or the layman. 
For the psychologist, the evidence on which the author 
relies is not presented in enough detail to make independ- 
ent evaluation possible, nor is any striking new viewpoint 
put forward. On the other hand, it is likely that the 
layman will be confused by this book: he is not provided 
with any very satisfactory framework into which to fit 
his new knowledge, and many difficult concepts, such as 
information theory, are inadequately explained. Although 
the author provides many illustrative anecdotes, their 
relevance is sometimes not obvious, and they do not appear 
to clarify the point in question. 

D. R. Savage's Psychometric Assessment of the Individual 
Child seems to run into similar problems as regards reader- 
ship. The author starts with a brief account of the theory 
of intelligence testing and ends with an appendix dealing 
with some common statistical concepts: these sections are 
obviously aimed at the non-psyehologist, although it 
is likely that he would find them rather too brief to be of 
much help. 'The bulk of the book, however, consists of 
brief descriptions and evaluations of various tests used in 
the assessment of children, together with som? examples of 
how they might be used in clinical practice. The review 
is a comprehensive one and the comments for the most 
part fair: the only major criticism which might be levelled 
at the content of these sections is that thev present a 
rather pedestrian picture of the psychologist’s con- 
tribution to this field. It is again difficult, however, to 
see for whom such an account is suitable. Without 
knowledge of child psychiatry and of the theory of testing, 
and without some acquaintance with the kind of test 
materials involved, such a list of tests would be rather 
meaningless. On the other hand, like G. A. Talland, the 
present author does not present enough evidence in 
support of his evaluations of the tests to make them of 
interest to the professional psychologist. 

The fourth book, T'he Beginnings of Modern Psychology, 
differs from the other three both in its subject matter and 
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aim. The following monographs in this series will deal 
with contemporary movements in modern psychology 
and this present one is intended, in the author's words, to 
form “a backdrop” to them. This backdrop is formed by 
historical accounts of the main movements within 
psychology and of the contributions of philosophy, 
physiology and medical psychology. As this is presumably 
intended to be a kind of referenee book to be used in elose 
conjunction with the later volumes, it is difficult to 
evaluate it on its own, except to say that the author, 
with the limited space available to him, follows the wise 
course of concentrating on the relationship between the 
theories of different workers, of placing them in their 
context, rather than expounding their content, which 
will presumably be done in these later volumes. 

On the whole, then, these four books represent an 
interesting start to a new kind of series of psychological 
texts. It seems likely, however, that the problem which 
most of them have run into, namely that of aiming con- 
sistently at one kind of reader, will also be encountered 
by many of the later volumes. VALERIE WALKER 


MONKEY BRAIN 


A Stereotaxic Atlas of the Brain of the Cebus Monkey 


(Cebus apella) 
By Sohan L. Manocha, Totada R. Shantha and Geoffrey 
H. Bourne. Pp. 97. (Clarendon Press: Oxford; Oxford 
University Press: London, December 1968.) 45s. 


Tuts is a well produced and reliable stereotaxic atlas of 
the brain of a monkey which is becoming important as an 
experimental animal. In the United States at least, i 
seems likely to replace the rhesus monkey, which, as the 
authors state. is “increasingly difficult and expensive to 
import from India". The atlas is of the Horsley-Clarke 
coordinate type with the antero-posterior zero plane, 
perpendieular to the Frankfurt plane, at the level of a 
transverse line through the centres of the external auditory 
moati. 

Thirty-six coronal levels are illustrated extending from 
19-5 mm anterior to 90 mm posterior to the antero- 
posterior zero plane. Two sections are shown from each, 
one stained for myelinated fibres and the other for cells. 
The regions shown in the series are the greater part of the 
eorpus striatum, the amygdala and part of the hippo- 
eampal formation in the cerebral hemispheres, the whole 
of the diencephalon, the midbrain, cerebellum and 
medulla oblongata. The photographie reproduction is 
reasonably good and the labelling quite detailed; in- 
dividual nuelei in such regions as the amy gdala me] the 
thalamus are marked and it is à great convenience that 
the abbreviations used are listed alphabetically at the 
side of each illustration. 

The text gives a short but useful account of the species 
and of the external morphology of the brain; the latter 
could have been more adequately illustrated with advant- 
age. The technical methods used to ensure reliability of 
stereotaxie coordinates and plane of section are described 
in detail and appear to have been carried out with great 
care and to be entirely adequate. A bibliography and an 
index in the form of a list of all the struetures illustrated 
with their stereotaxic levels are provided. In the index 

structures are listed in the alphabetical order of the 

abbreviations used, so that. unless the abbreviation 1s 
known, it is difficult to discover the level of any particular 
structure. 

There is no doubt of the value of this work for the 
planning of experimental neuroanatomical and neuro- 
physiological investigations. It will also be of value to 
advanced students of neuroanatomy in giving clear and 
well labelled illustrations of important parts of a primate 
brain. F. GoLDBY 
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ANALYSING SHAPES 


Morphanalysis | 

By Graham Rabey. Pp. vii-- 232. (Graham Rabey: 
London, 1968. Available fron H. K. Lewis, London.) 
n.p. 


Mosr biologists are concerned with form and the majority, 
not content with descriptive morphology alone, strive to 
analyse, compare and measure forms which in life are 
continually changing. These aims are often thwarted, 
however, by just this change in relative spatial relation- 
ships that all parts of a growing or changing structure 
undergo. In this book the author submits a synopsis 
of his solution to this problem. After a historical 
review of previous artistic and scientific approaches to 
the analysis of plane and solid figures he reaches the 
conclusion that the use of a rectangular coordinate system 
provides the most satisfactory method for fixing shapes 
in space. He also points out and later enlarges on the 
fact that eoordinates, once established, provide suitable 
data for applieation to other mathematical methods. 

The real problem “that every thing moves" is now 
introduced and the author rightly states that the system 
used for orientation on the coordinates must allow 
complete freedom of transformation of the form while 
retaining a constant relationship to these. This is 
achieved by placing two arbitranly chosen features on 
the y axis with the mid-point between them lying at the 
intersection of z, y and z axes. In the solid case the form 
is rotated until a third feature hes on a plane to which it 
remains constrained. This method of reference and 
orientation is the main contribution that this book makes 
and is the basis of "morphanalysis". The subsequent 
deseription of the equipment used illustrates the ingenuity 
that the author has shown in the application of this 
method to the human head and many of these ideas 
could be adapted to suit other situations. 

One wonders whether the author has been right to 
publish an abridged version of his complete work in this 
way. The text is unattractive and the presentation has 
the form of a primer-—repetitive and naive, but at the 
same time pedagogic. Whether the aim of the method is 
completely achieved is also questionable. It certainly 
provides a tidy method for analysing a single form or 
arranging a series of related forms, but although, as is 
stressed, the fixed reference point has no biological 
significance, it still remains dependent on two that have, 
with the result that an interpretation of asymmetrie 
growth or distortion might become more rather than less 
difficult to make. A useful contribution is made in this 


book which may stunulate some workers to accept 
Rabey’s invitation to investigate the use of "morphan- 


alysis” m their own field. E. C. B. HArr-CRAGGS 


CARCINOGENIC ACTIVITY 


Chemical Induction of Cancer 

Structural Bases and Biological Mechanisms. Vol. 1. 
By Joseph C. Arcos, Mary F. Argus and George Wolf. 
Pp. xxiii +491. (Academic Press: New York and London, 
August 1968.) 2248.! 


lnis is the first eure! of a three-volume second 
edition of George Wolf's 1952 monograph published under 
the same title. The present volume is concerned firstly 
with the fundamental aspects of organie chemistry, 
molecular structure and bonding, and secondly with the 
nature of tumours and methods of testing for carcinogenic 
activity. The authors’ intention is that it should be of 
benefit to physicians, biologists, pathologists, biochemists, 
synthetic organic chemists and physicists. A priori, 
such an intention seems ambitious and perusal of the 
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introduction does little to allay one's doubts. Here the 
style is turgid without achieving clarity or accuracy. 
Sentences such as "Growth is contrelled, and differentia- 
tion takes place. through the action of yet scantily known 
forces or properties within each cell probably connected 
with the functions of Fue hona subatante of bs 


of a single, simple. a d atnbenmelic Fo or uo 
the rest of the book suffers little from the same fault. 

In so far as I manage to pass asa pathologist, | am, 
theoretically, among those ae nran to nonent from 
reading this series. 1 : 
all of the zoe pages of the first section | devoted to duode 
not that such 
E outside my own quu. would not do me 
good, but life is short and I already snow where to go for 
this kind of honey when I need it. Wherever 1 dipped, 
however, the text seemed easy to follow and entirely 
lacking in the turgidity of the introduction. Valence. 
resonance and secondary valence for ‘es are considered at 
length, and, according to Professor s. B. Foster. whom I 
consulted, “accurately” 

The section on the nature of tumors ia easy to read and 
orthodox in content. Some of the 17 plates intended 
to illustrate the pathology of induced tumours are ex- 
cellent, but others (pages 320, 326, 531, 335 and 336) are 
poor or indifferent in quality. 

Few would accept, without reserv.tion, that "the only 
truly valid criterion of the carcinogen activity or absence 
of activity of a chemical substance s whether or not it 
produces tumours in animal assays" @age 340). It is well 
known that animals may be "primed' naturally in relation 
to the induction of cancer, so tha: a seemingly non- 
specific stimulus may result in the appearance of cancers. 
Thus malignant lymphoma may follew adrenalectomy in 
mice carrying the Gross leukaemia mirus. The need for 
post-mortem examination to be carried out by experienced 
biologists or pathologists is mghtlr stressed. but the 
"general purpose autopsy record fsrm' illustrated on 
page 411 does not provide enough room for the description 
of macroscopic appearance at necropsy. 

The book is unusual in the subpects it attempts to 
combine. Whether it was wise to t v to combine them 
will only be clear when volumes tw» and three become 
available. It is possible that a unrquely valuable syn- 
thesis has been achieved. If not, tae net gain may be 
simply the availability of yet three nore books on the 
all-inelusive subject of cancer. F. J. C. Ror 


EPIGENIC PROCESSES 


Geochemistry of Epigenesis 
By Aleksandr I. Perel man. 
by N. N. Kohanowsla. 

Pp. xin +266. (Plenum Press: 


Translated from the Russian 
(Monographs in Geoscience.) 
New ork, 1967.) n.p. 


EPIGENESIS, as Perelman understarels it, embraces all 
those geophysieal and geochemical processes of addition, 
subtraction and modification that orizinate under condi- 
tions of low temperature near the surface of the Earth, 
that 1s, in the supergene zone. 

Such processes are responsible for ;hose modifications 
of the landseape that are affeeted be accumulations of 
rock debris or the sculpturing effects o erosion. They are 
also responsible for the developmerne of soils and the 
consolidation of sediments, for certain types of rock 
alteration and for the genesis of sorse stratabound ore 
deposits. In addition, these processes have ensured that 
ei rad wi od with sub: o prng ore cao: 
soils: VorciaHoHn, andi river sy e P S ec eae 
facilitate the search for ore by geochemical methods, the 
factors determining their character «re of the utmost 
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importance to those concerned with mineral exploration, 
and the author had the needs of such people in the fore- 
front of his mind when writing his book. 

Perelman has confined his attention solely to the 
geochemieal aspeets of epigenesis in the book under 
review, and consideration of the processes noted above 
makes it abundantly clear that such a work must be 
concerned primarily with the mobilization, migration and 
deposition of substances in the supergene zone. Virtually 
every facet of these topics is dealt with comprehensively 
and clearly, and although the author states that a com- 
plete understanding of the processes in question cannot be 
arrived at via the physico-chemical concepts of the 
laboratory worker because “natural reactions take place in 
conditions which are in most cases unknown to chemists’’, 
vet the relative importance of the various physico- 
chemical controls is clearly revealed. 

In the space available it is quite impossible to note the 
many novel and important items in the work, but biological 
migration, the abundance concept. the classification of 
epigenetic processes and geochemical barriers are among 
the most exciting. 

The diagrams are generally clear, and they and the 
tables are distinctly useful. Only a few, comparatively 
unimportant, typographical errors mar the text. 

The bibliography, containing 248 references, is not 
likely to be of great use to the average reader, as all but a 
few of the references relate to Russian works; nor does it 
truly reflect the valuable work carried out in the field by 
scientists outside Russia. 

I highly recommend this book to geochemists, ore 
geologists, sedimentologists, pedologists and geomor- 
phologists. K. F. G. HoskiNG 


HOW ROCKS DEFORM 


Engineering Properties of Rocks 
By I. W. Farmer. Pp. 180. (Spon: London; Barnes and 
Noble: New York, 1968.) 36s. 


A BASIC knowledge of the conditions under which rocks 
deform and their properties with respect to engineering 
problems is essential to the civil and mining engineer and 
the engineering geologist. It is also very useful to the 
structural geologist studying rock deformation, and hence 
although primarily written for the engineer the book has 
a dual audience. 

The book deals with those properties of igneous, 
metamorphic and sedimentary rocks which pertain to 
engineering and construction, investigates their nature 
showing how they may be measured in the field and in the 
laboratory, and suggests ways in which some of the 
problems posed by certain properties may be overcome. 

After an introduction to the chemical and physical 
properties of rocks and their composition, the concepts of 
stress and strain are discussed in some detail from a 
theoretical point of view, and, in a later chapter, the 
methods by which measurements of these properties may 
be made explained. The strain ellipsoid is given thorough 
treatment and this leads into a consideration of the 
elasticity and fluidity of rocks. 

The precise procedures conducted in order to test a 
rock for stress, strain, creep shear, and the like, both in 
the laboratory and in the field. are described. 

The static properties of stress, strain, elasticity and 
strength of rocks may vary, and in some cases are con- 
trolled by such factors as porosity and permeability. 
temperatures and pressure, depth of burial, which in 
turn are related to the struetural environment in which 
the rocks are found. The situation is further complicated 
by the fact that these variables affect different rock types 
in different ways and what may be true for a sandstone is 
not true for a granite, much less a limestone. The treat- 
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ment of this particuiar section would have benefited 
from a slightly more geological bias than is given and 
an actual case history with examples would have been 
appropriate. 

Having thus far given an account of the properties of 
rocks under varying conditions, the author goes on to 
explain how they may be put to use in designing structures 
which rocks will support. 

Graphs and diagrams illustrate the text well and a 
useful bibliography is ineluded. Whilst the mathematics 
in the book will present little difficulty to engineers. 
for whom the book was primanly written, geologists, 
never the best of mathematicians, will need to brush up 
their calculus. It is a pity in some ways that some aspects 
are not treated in a more petrological manner, but this 
would have meant a larger book. Also much of the 
mathematics is highly condensed and the non-specialist 
mathematician will have to take on trust some of the steps 
both implicit and explicit. Any scientist seeking a basic 
introduction to the strength properties of rocks would, 
however, spend a long time looking for a more concise 
account. Joun R. V. BROOKS 


RADIOCHEMICAL ANALYSIS 


Substoichiometry in Radiochemical Analysis 
By J. Ruzicka and J. Stary. Edited by M. Wilhams. 


(International Series of Monographs in Analytical 
Chemistry, Vol. 30. Pp. ix- 151. (Pergamon Press: 


Oxford, London and New York, 1968.) 55s. 


Tuis slim volume gives a brief description of modern 
technique based mostly on radioactive assays, such as 
neutron activation analysis for the determination of 
traces of elements, analysis of radioactive materials, also 
isotope dilution techniques and some related methods. 
These techniques have been in use for a considerable time 
and have been dealt with previously in a number of text- 
books and monographs. The justification for this publica- 
tion might perhaps be seen in the fact that it gives some 
more detailed information about the work carried out 
partieularly in the laboratory of the authors in the 
department of nuclear chemistry in the Technical Uni- 
versity of Prague; also perhaps that it appears within a 
series of "Monographs in Analytical Chemistry”. The 
book is well produced, with a number of tables and figures 
and 122 literature references, and could be recommended 
as an introduction to this field. J.J. WEISS 


VIBRATING CRYSTALS 


The Anharmonic Crystal 

By Philippe Choquard. (Frontiers in Physics : a Lecture 
Note and Reprint Series.) Pp. xi-4 340. (Benjamin: 
New York and Amsterdam, 1967.) $10 cloth; $5.95 
paperback. 


Tur problem of handling the anharmonie properties of 
ervstals has exercised physicists for more than forty years. 
The earliest systernatic attempts followed Born's massive 
work on lattice dynamies. Born and Brody (1921) and 
Schródinger (1922) both showed that at high temperatures 
extra terms in the heat capacity are obtained, both in a 
classical and in a quantum formulation. To a first 
approximation these are proportional to temperature. 

Further work, which relied mainly on a Griineisen 
approaeh, has not materially altered the situation, except 
that in the one-dimensional chain an exact solution was 
obtained for all the high temperature properties. 

It has always been clear that a systematic extension of 
the Born- Brody approach would lead to a power series m 
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the temperature which would be divergent at sufficientlv 
high temperatures. 

In this monograph, the author has used the techniques 
of many body theory to overcome this convergence 
difficulty. He has reformulated the potential energy ofa 
vibrating crystal using an operator formalism, which 
allows the effects of the higher order terms in the dis- 
placement to be grouped in a systematie and mathe- 
matically much more satisfactory way. The formalism 
has been worked out both on classical and on quantum 
theory. This allows a formal calculation to be made of the 
thermodynamic properties of a vibrating erystal. 

The computational difficulties in any specific case are. 
however, such that a comparison with experiment is given 
in only one case, argon near the triple point, for which a 
number of properties (heat capacity, thermal expansion, 
compressibility) show an abnormal increase with tempera- 
ture. Even here the theoretical arguments are involved 
and not exact; though the agreement with experiment 
appears impressive, there is no discussion of hole formation 
whieh would lead to qualitatively similar experimental 
results. 

Nevertheless the author has produced a stimulating 
monograph in which a number of valuable ideas are put 
forward, quite apart from the use of a very elegant 
mathematical formulation. It is certainly à book well 
worth study and thought. M. BLACKMAN 


FLUIDIC SYSTEMS 


Fluid Logic in Simple Terms 
By Michael J. Moylan. Pp. 191. 
1968.) 35s. 


Fiurpics has brought to the old technology of fluid power 
and control a new dimension in sophistication which owes 
as much to the established world of electronics as to the 
fluid mechanic phenomena harnessed in the new devices. 
Although this new area of applications has grown relatively 
smoothly in the aerospace industries as a result of the 
interdisciplinary experience of engineers in this field, this 
cannot be said of industrial fluidies. The fluidie systems 
being developed in industry are predominantly pneumatic 
switching circuits and require education of the potential 
user to the new products, which are significantly different 
from conventional pneumatics. 

It is timely that a book written by a person thoroughly 
familiar both with industrial fluidies and the pneumatics 
industry should appear on the market. Such a book is 
Fluid Logie in Simple Terms by M. J. Moylan, which will 
appeal not only to a wide range of engineers interested in 
fluid control problems but also to the general technical 
reader wishing to acquaint himself with a new topic. 

The author assumes no previous knowledge of switching 
devices and circuits and develops many of the teehniques 
required for simple analysis of sequential circuits. He 
uses a very informal style which, in addition to two com- 
plete chapters devoted to questions and answers, ensures 
that the reader readily appreciates the development of 
the subject. Many of the moving part and non-moving 
part fluidie devices in use today are deseribed in simple 
terms. Although the book is essentially concerned with 
switehing or digital devices, some fluidie proportional 
amplifiers are also described The author carefully 
relates the fluidic switching elements to their logical 
functions using numerous examples and also gives the 
latest CETOP notation for logic symbols. Unfortunately, 
the symbols developed in parallel specifically for fluidie 
devices are not given or used. Finally, Moylan devotes a 
chapter to ten typical applications of fluidic switching 
elements and sensors whieh gives valuable insight into a 
variety of industrial fluidic circuits now being built. 

G. A. PARKER 


(Machinery: Brighton, 





Obituaries 


Dr W. C. Hodgson 


Dr WiLLiAM Hopvason, who died on October 5, 1968, at 
the age of 73, was one of the pioncers of fisheries research. 
After graduating in 1920 from Arrustrong College, then a 
part of the University of Durham. where his course had 
been interrupted by the First World War, he was one of a 
group of young scientists appointed to the staff of the 
Fisheries Laboratory of the Minis ry of Agriculture and 
Fisheries at Lowestoft under the direetion of the late 
Dr E. S. Russell. A tremendous and varied programme 
was carried through in those early vears by the enthusiasm 
of that team of great friends who spent much time at sea 
and had little technical assistance. Billy Hodgson, as he 
was always affectionately known--and has been ever 
since—very soon began his lifelong-studies of the herring. 

His first investigations were inte the age composition 
of the stocks of English herring by the scale reading 
methods so successfully demonserated for Norwegian 
fish by Dr Einar Lea. Here he shewed, as Lea had done 
in Norway, big differences in the relative abundance of 
the different year classes in the shoals examined; there 
might, for example, be very mary more four year old 
fish than, say, three or five year oldsin one particular year. 
indicating a more successful brocd survival four years 
previously. This led Hodgson to be one of the first to 
bring a practical application of research to the help of the 
fishing industry: in fact he was probably the first scien- 
tist ever to make a regular fishery forecast. In the days 
before its decline in the nineteen f£ties the East Anglian 
herring fishery was very importent and it was most 


a 


valuable for the merchants to knew as soon as possible 


position of the next year’s catch. 

cast in 1929 and then year after year, with a high degree 
of suecess, until a failure in 1951 when a great change took 
place in the stocks with a marked decline in the fishery, 

Another important prediction system was one he estab- 
lished in collaboration with the late Mr R. E. Savage 
when they demonstrated, from a historical survey of 
fisheries, a marked lunar influence on the East Anghan 
herring catches. A full moon at thesend of October results 
in a relatively short fishery with a climax of highest 
catches at this point, whereas full moons in the middle of 
October and November produce a longer fishing period 
with two lesser peaks. 

He made many other contributions to our knowledge of 
the North Sea herring and published two books: The 
Natural History of the Herring of tee Southern North Sea 
(the Buckland Lectures for 1933) and The Herring and its 
Fishery in 1957. He attended the meetings of the Inter- 
national Council for the Exploration 5f the Sea as a herring 
expert ever since 1926, became the first chairman of its 
Herring Committee set up in 1949 end edited the notable 
Herring Atlas, which was published by the council in 
1950 to show the average monthly distribution of all the 
herring stocks in European seas and their states of 
maturity in regard to spawning. 
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Correspondence 


One Swallow for Summer 


Sr&,— In the interests of accuracy which one expects from 
a scientific journal, may I correct your statement (‘One 
Swallow for Summer" , Nature, 221, 4; 1969) that I ‘Jed 
marching strikers’ before the war. If I had, I would not 
disavow it. In my own union, the National Union of 
Journalists, however, I never had the occasion, and the 
implication of your remark is that I was an agent provo- 
eateur interfering in the affairs of other unions. This is 
untrue. 

There is a recurring film-clip and photograph of me, with 
Miss Ellen Wilkinson, MP, in the front rank of the column 
of the Jarrow Marehers. They were not strikers. This, 
by all-party vote m Council, duly minuted, was a town 
presenting a petition to Parliament for desperat ely needed 
help. My presence on that 300 mile march was the test of 
my stamina (and sympathies) as a reporter. 

The comment (like this explanation) is curiously irrele- 
vant to the chairmanship of the Metrication Board. 

Yours sincerely, 
HirrcnrE-CALDER 
House of Lords. 


New Constitution for British Physicists 


Str.-—In this letter I do not attempt to set out the case 
for an applieation by the Institute of Physies and the 
Physical Society for a Royal Charter. That has been 
pursued within the Institute and Society and has resulted 
in an overwhelming response in favour of an application. 
There are, however, a few points in Professor Blackman's 
letter to Nature (221, 105; 1969) which, I think, require 
comment. 

I do not doubt Professor Blackman's sincerity in 
stating his views against the Institute's and Society’s 
proposals, but it is, I think, regrettable that he should do 
so with implied eharges against the motivation and even 
the integrity of the council of the Institute of Physies and 
the Physical Society. 

The first aim of the organization (present and future) 
is to promote the advancement of knowledge and educa- 
tion in the science of physics. In this respect it is generally 
accepted that all those activities carried on by the Physical 
Society, prior to amalgamation in 1960, hav e been even 
more effectively pursued since amalgamation. Indeed, as 
stated in your article in Nature (220, 952; 1968) “The 
organization has in the past eight years been able to 
accomplish many things beyond the reach of the con- 
stituent bodies". There is no question of the "Physical 
Society" being  "saerifieed" as Professor Blackman 
suggests, so far as the aims of the Institute of Physics and 
the Physical Society are concerned. Those aims will 
remain as firm as before. The years since amalgamation 
have surely demonstrated that it has been and is now no 
part of the council’s intention to see the role of the 
organization as a learned society being emasculated. In 
any case, the Physical Society is not an organic entity 
apart from the present. Institute of Physics and Phy sical 
Society and there can be no question of the organization 
sacrificing any part of itself. It is, and has been, an 
illusion if any members of the former Physieal Society 
have refused to recognize this fact of amalgamation in 
1960 and Deve chosen to ilios the organization since 
she or a “federation”. 
By. ‘amalgamation, ‘the new prd became an 
organie union incorporated as a limited company with the 
Board of Trade, as pointed out in your article. 

In referring to the Physieal Society being ‘sacrificed ", 
one wonders whether Professor Blackman is real ily attack- 
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ing a change in the name of what Nature recently described 
as "the quaintly named organization" known as the 
Institute of Physics and the Physical Society. In this 
respect it must be said that the name of the organization 
has been under serious consideration for some time and 
completely independently of proposals for a charter. 
Indeed, internally, recommendations on the lines now 
proposed had already been put forward. The change of 
name is one single element in a package of proposals which 
has now been approved overwhelmingly not only by the 
corporate members of the institute and society as a whole, 
but also by a very large majority of those who had confined 
themselves to the grade of fellows of the Physical Societ y. 
Nevertheless, the council of the [PPS is anxious to respect 
the views of small groups sueh as those represented by 
Professor Blackman, and is now examining whether any 
amendments might be possible which would not only take 
aceount of such views but which would at the same time 
have full regard to the views endorsed by the institute 
and society as a whole. 

Yours sincerely, 

R. Press 

The Institute of Physics and the Physical Society, 
47 Belgrave Square, 
London, SW. 


An Unhonoured Biologist 


SIR,— Historians of seventeenth-century science, and 
hterary scholars of the period who have given any atten- 
tion to Robert Burton's Anatomy of Melancholy, will be 


equally astonished at Mr A. Brownlee’s eulogium of 
Burton as an “unhonoured biologist” (Nature, 219, 125; 
1968). 


The quotations from the Anatomy cited by Mr Brownlee 
do not, as he claims, show on Burton's part “a deep 
understanding of many aspects of biology . Uo They 
illustrate, rather, both the variety and superficiality of 
Burton’s reading in many scientific fields; t they also typify 
his well known technique of patching together the pros 
and cons of an argument—-whether culled from classical, 
mediaeval or contemporary sources-—for the purpose of 
giving his readers all the available data. 

It must be noted, further, that Burton' s lueubrations on 
"evolution" are cast not in the form of authoritative 
statements but as questions and tentative judgments on 
problems that remained to be solved. Lacking scientific 
method, his "answers" were a product of his unagination 
only. Certainly, the anatomist had an inquiring mind ; 
that he was either an original thinker or a specialist in 
biology must be seriously questioned, however. And 
eonsidering the length of his great treatise, biology can 
scarcely be included as even a minor concern. 

Mr Brownlee’s evidence, then (as in the ease of his 
theory adumbrating Burton’s "extensive contribution" to 
the works of Shakespeare), bears little connexion with 
his conclusions. 

Yours sincerely, 
NicHOLAS Dewry 
Department of English, 
The City College of the City University of New York, 
New York, NY 10031. 


Erratum. In the “University News" section of the 
January 4 issue of Nature (221, 106; 1969) we should have 
stated that Dr G. A. Gilbert had been appointed to the 
newly designated chair of biochemistry in the Department 
of Biochemistry in the University of Birmingham. 


In the communication “Experimental 
Multyalent Ionic Radii” by K. 8. Chua (Nature, 220, 
1317; 1968), the ionic radii of Rh?*, V** (in Table 1) and 
Ba (in Table 2) should be 0:93, 0-90 and 1-77 À respec- 
tively, and the value of Nb**: 1-00. A should be added to 
Table 1. 


CORRIGENDUM. 
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International Meetings 


February 27-28, Surface Coatings, Rotterdam (Secre- 


Centre, 16 Lange Voorhout, The Hague, Netherlands). | 
April 1-2, Deformation and Fracture at High Pres- 
sures, Glasgow (Dr A. Harlow, Department of Chemical 
London SW7). ! 

April 8-10, Computer Processing in Communications, 
New York City (Mrs Jerome Fox, Polytechnie Institute 
of Brooklyn, MRI Symposium Committee, 333 Jay St, 
Brooklyn, NY 11201, USA). 


April 21-25, Structure, Solid Mechanics and Engineer- 
ing Design in Civil Engineering Materials, Southamp- 
ton (M. Te’eni, Department of Civil Engineering, 
University of Southampton SO9 5HN, UK). 


May 8-9, Organolead and Organozinc Chemistry, 
Utrecht (Secretariat Organizing Committee, Second 
International Conference on Organolead and Organozine 
Chemistry, c/o Jaarbeurs, Vredenburg 49, Utrecht, 


Netherlands). 


May 12-23, Techniques with Experimental Animals 
in Cancer Research, Amsterdam (Professor O. Mühl- 
bock, Department of Biology, Netherlands Cancer 
Institute, Amsterdam, Netherlands). 


May 30-June 2, The Chemistry and Biosynthesis of 
Terpenes and Steroids, Gregynog. Newtown, Mont- 
gomeryshire (Department of Chemistry, University Col- 
lege of Swansea, Singleton Park, Swansea, Glamorgan- 
shire, Wales). 


July 5-19, Theoretical Chemistry Summer School, 
Oxford (Professor C. A. Coulson, Mathematical Institute, 
24-29 St Giles, Oxford OX1 3LB, UK). 


August 10-14, Medical Physics, Boston (Dr E. W. 
Webster, c/o Department of Radiology, Massachusetts 
General Hospital, Boston, Massachusetts 02114, USA). 


August 10-15, Chemotherapy, Tokyo (Dr W. P. Boger, 
POB 265, Princeton, NJ 08540, USA). 


August 11-14, Electron and Nuclear Magnetic 
Resonance, Clayton (Dr C. J. Coogan, cjo CSIRO 
Division of Chemical Physics, Clayton, Victoria, Australia 
3168). 


August 17-27, Blood Transfusion, Moscow (Professor 
J. Souler, 6 rue Alexandre Cabanel, Paris 15, France). 


August 18, American Society of Pharmacognosy 
Meeting, Sydney (Dr Philip Catalfomo, c/o School of 
Pharmacy, Oregon State University, Corvallis, Oregon 
97331, USA). l 
August 25-29, Agricultural Aviation Congress, King- 
ston, Ontario (K. M. Ward, c/o National Research Council 
of Canada, Ottawa, Canada). 


August 25-30, Kinetics and Mechanism of Poly- 
reaction, Budapest (Dr Rudolf Morf, Secretary General, 
IUPAC, cjo Hoffman-La Roche and Co. Ltd, Gren- 
zacherstr. 124, 4002 Basel, Switzerland). 


August 29-September 3, Biophysics Congress, Cam. 
bridge, Massachusetts (Dr Walter Rosenblith, Centre of 
Communication Sciences, Massachusetts Institute of 
Technology, Cambridge, Massachusetts 02139, USA). 
August Jl-September 5, European Comparative Endo- 
crinologists Conference, Utrecht (J. H. Zurbrug, 
Central Congressbureau Utrecht, Vredenburg, 49, Utrecht, 
Netherlands). : 


August 31-September 6, Biometeorological Congress, 
Montreux (Dr Soleo W. Tromp, Hofbrouckerlaan 54, 
Oegstgeest, Leiden, Netherlands). 


BRITISH DIARY 


Monday, January 27 


UNIVERSITY OF LONDON (in the Physiology Theatre, University College 
London, Gower Street, London, WC1), at 5 p.m. ——Dr Lester Packer: Eger- 
gized Ion Translocation in Chloroplasta--a fed Hypothesis of Membrane 
Structure and Function''. 


INSTITUTION OP ELECTRICAL ENGINEERS (a Savoy Place, London, WEZ), 
at 5.30 p. m.-—Professor E. D. R, Shearman: “Beyond the Horizon Badar”. 

UNIVERSITY OF Loxpon (in the Botany Theatre, University College 
London, Gower Street, London, WEI, at 3.30 p.m.— Professor wW M. 
Laetsch (University of California, Berkeley): Chioroplast Differentiation in 
Higher Plants" (further lecture on January 29} 


INSTITUTION OF MECHANICAL ENGINEERS, ELULD PLANT AND MACHINERY 
GROUP (at 1 Birdcage Walk, Westminster, London, SWI), at 6 pun 
Discussion meeting on "Correlation of Fan and Pump Design”. 

PLASTICS INSTITUTE, LONDON SECTION REINFORCED PLASTICS SUBGROUP 
(joint meeting with the Plasties and Polymer Group of the Society of Chemical 
Industry, at the “Coachmakers Arms", 88 Marylebone Lane, London, WIL 
at 7.80 p.m.—Mr A. A. K. Whitehouse: “Recent Advances in the Use of 
GRP in the Building Industry”. 







Tuesday, january 28 


INSTITUTION OF ELECTRICAL ENGINEERS (at:Savoy Place, London, WEZ) 


at 10 a.m.-—4'olloquium on “Practical Proslems in High-Pressure Gas 
Insulation Systems", 
INSTITUTION OF CHEMICAL ENGINEERS, Lennon AND SOUTH EASTERN 


BRANCH (at the Royal Aeronautical Society, Lamiton Pince, London, Wi h 
at 2 p.m.-—8Symposium on "Food Processing ard Low Temperature Chemical 
Engineering". 


INSTITUTION OF ELECTRICAL ENGINEERS (jolt meeting with ihe Automatic 
Control Group of the Institution of Mechanical Engineers, at Savoy Place, 
London, WC2), at 4 p.m.— Discussion meeting on “The Control of Natural 
and Artificial Kidneys’. 


UNIVERSITY COLLEGE LONDON Gin the Anatomy Theatre, Gower Street, 
London, WC1), at 5.30 p.m.— Professor J. Szentágothai í University Medical 
School, Budapest): “Neuron Circuits in the Dersal Horn of the Spinal Cord", 


UNIVERSITY OF LONDON (at Imperial College,.London, 8WT), at 5.30 p-m. 
Professor F., Koenigsberger: “Interactions besween Technological Develop- 
ments and Machine Tool Design’ (R. C, Brewer Memorial Lecture). 


UNIVERSITY OF LONDON (at the Institute of “hild Health, Guilford Street, 
London, WC), at 5.30 p.m.--Professor E. W. Horton: "The Physiological 
Roles of the Prostaglandins’ (sixth of sixteen lectures on "The Scientific 
Basis of Medicine" organized by the British Eostgraduate Medical Federa» 
tion). 


UNIVERSITY OF LONDON (in the Physics Building, Imperial College, London, 
SW?) at 5.30 p.m.—Dr Sjur Refsdal (Oslo) "Evolution of Stars with 
Degenerate Cores, and the Produetion of Wite Dwarfs in Close Binary 
Systems" (further lecture on January 29), 


UNIVERSITY OF LONDON (in the Physioicgy Lecture Theatre, University 
College London, Gower Street, London, WCA) at 5.80 ppro- Professor 
Bruno de Finetti (University of Rome): "Some Simplifving Conventions" 
(further lectures on January 29 and 30). 


INSTITUTION OF MECHANICAL ENGINEERS, INBERNAL COMBUSTION ENGINES 
GROUP (at 1 Birdcage Walk, Westminster, Losdon, SW}, at 6 p.m.—Dia- 


cussion meeting on "Cooling Systems-—an Afterthought”. 
SOCIETY OF CHEMICAL INDUSTRY, PLASTICS :ND POLYMER GROUP (at 14 


Belgrave Square, London, SWD, at 6 pm- Professor ©. Allen: “The 


Characterization of a New Crystallizable Polymeric Material”. 


Wednesday, lanuary 29 
ROYAL INSTITUTION, History OF SCIENCE DisctsstON GROUP (at 21 


Albemarle Street, London, Wi), at 1 p.m. Mrs Jeanne Pingree: "Rciencoe in 
London University-—The Role of T. H. Huxley". 


— UNIVERSITY OF LONDON (at the Royal Postgraduate Medical School, Du 
Cane Road, London, W12), at 2 p.m.-—Dr Barbara E. Dodd: “Medico legal 
Aspects of Blood Groups”. 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), at 
5.30 p.m.—-Diseussion meeting on "Operation aud Maintenance of Distribu- 
tion Systems" opened by Mr R. A. York, Mr D. ^. Miller and Mr E. Hill. 


INSTITUTION OF ELECTRONIC AND RADIO EZGINEERS, EDUCATION AND 
TRAINING GROUP (at 9 Bedford Square, Londes, WC, at 6 pm -—- Mr F. 
Metcalfe: “Training Professional Engineers and Radio Engineers". 

. SOCIETY OF ENVIRONMENTAL ENGINEERS, PAegaciNG GROUP (at Imperial 
College, London, 3W7), at 6 p.m.-—Mr R. H. D Clarke: “Packaging in the 
Motor Industry". 

SOCIETY OF CHEMICAL INDUSTRY, Os AND Fars GROUP and the LONDON 
SECTION (at 14 Belgrave Square, London, SW1),2t 6.15 p.m. Dr K. Jones: 
“Long Chain Swnthetic Fatty Acids''. 

1.45 p.m. until 6.30 p.m.— Meeting on "Some Recent Developments in Free 
Radical Chemistry". 


Wednesday, January 29—Thurscay, january 30 
O BRITISH NECROPATHOLOGICAL SOCIETY (at tee Institute of Psyehintry, 
De Crespigny Park, London, SE5)—Symposhiia on “The Structure and 
Function of the Mammalian Motor End-plate in diealth and Disease". 


Thursday, January =) 
. RovaAL SOCIETY (at 6 Carlton House Terrace, London, SWI at 4.30 pate 
Professor Harry Harris, FR S: "Genes and Isozyines" (Review Lecture). 
INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
at 5.30 p.m.—Discussion meeting on "Linear Ineegrated Cirenits’’. 
INSTITUTION OF ELECTRICAL ENGINEERS (at Ssvoy Place, London, WC2), 
at 5.30 p.ri.—Mr W. C. Dunlop: "Some Considerations in the Design and 
Operation of a Particular Real-Time System". 
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UNIVERSITY OF LONDON (at the Institute of Child Health, Guilford Street, 
London, WEIR at 5.30 p.m.-—Dr H. J. Campbell: “Control of the Anterior 
Pituitary Gland by Hypothalamic Releasing Factors” (seventh of sixteen 
lectures on ‘The Scientific Basis of Medicine" organized by the British Post- 
graduate Medical Federation). 

UNIVERSITY OF LONDON (at the Royal College of Surgeons, Lincoln's Inn 
Fields, London, WC€2), at 5.30 pom.-—-Dr J. N. Blau: "Headache". 

INSTITUTION OF MECHANICAL ENGINEERS, THERMODYNAMICS AND FLUID 
MECHANICS GROUP (at 1 Birdeage Walk, Westminster, London, SWI) at 
$8 p.m.— Discussion meeting on "Aeroelasticity-—Cooling Towers and Heat 
Exchangers”, 


Friday, January 31 


ROYAL INSTITUTION, PHOTOCHEMISTRY Discussion GROUP (at 21 
Albemarle Street, London, W1), at 1 p.n.— Professor D. IE. Schuster: 


"Mechanisms and Stereochemistry of Photochemical Transformations of 


2,5-Cyclohexadienones”’. 
_ ROYAL INSTITUTION (at 21 Albemarle Street, London, Wi) at 9 p.m.— 
Sir Francis Chichester, KBE: "Solo Sailing”. 


Monday, February 3 


UNIVERSITY OF LONDON (in the Botany Lecture Theatre, University College 
London, Gower Street, London, WEL) at 5.30 pamo- Professor J. N. Black: 
“Western World View and the Inevitability of the Ecological Crisis” (further 
lectures on February 4 and 5). 

. SOCIETY OF CHEMICAL INDUSTRY, LONDON SECTION (at. 14 Belgrave Square, 
London, SW1), at 6,30 p.m.-—Mr C. F. Harris: "Zinc Refining”. 


REPORTS and other PUBLICATIONS 
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Great Britain and Ireland 


Department of Education and Seience, National Advisory Council on 
Education for Industry and Commerce. A Report on the Use of Costing and 
other Financial Techniques in Technical Colleges by the Committee on the 


More Effective Use of Technical College Resources. Pp. vi-- 178. (London: 
H.M. Stationery Office, 1960) 14s, 6d. net. [3112 


Research Work for the Prevention of Blindness 1962-1967, supported by 
the Royal National Institute for the Blind. Pp. 32. (London; The Royal 
National Institute for the Blind, 1968.) [3112 

Philosophical Transactions of the Royal Society of London, Series A: 
Mathematical and Physical Sciences, No. 1144, Vol. 203 (24 December, 
19068); Neville's and Romberg’s Processes: a Fresh Appraisal with Exten- 
sions. By J. C, P. Miller. Pp. 525-562, 20s5.; 82.00. Ne. 1145, Vol. 263 
(24 December, 1968): On the Shape of Progressive Internal Waves. By 
S, A. Thorpe. Pp. 563-614--plates 8-10. 32s.; $415. (London: The 
Royal Society, 1968.3 ili 


Other Countries 


Canada: Department of Energy, Mines and Resources. Bulletin 162: The 
Pyroxene Granulates of the Mount Wright Map-Area, Quebec-Newfoundland. 
By R. A, Roach and Stanley Duffell. Pp. 53, $2.50. Paper 67-2: Age 
Determinations and Geological Studies--K-Ar Isotopic Ages, Report 8. 
By KR. K. Wanless, R. D, Stevens, G. R. Lachance and C. M. Edmonds. 
Pp. vi-141. $1.50. Paper 67-63: The Whitemud and Battle Formations 
("Kneehills Tuff Zone')—a Stratigraphic Marker. By E. J. W. Irish and 
C. f. Havard. Pp. viii --51 (6 plates), $1.50. Paper 68-42: Stratigraphy 
of the Lower Proterozoic (Aphebian), Great Slave Supergroup, Bast Arm of 
Great Slave Lake, District of Mackenzie. By P. F. Hoffman. Pp. 93. $2. 
(Ottawa: Queen's Printer, 1968.) (2312 
. Peabody Museum of Natural History, Yale University. Bulletin 25: The 
Structure and Function of Sponge Cells-— New Criteria for the Taxonomy of 
Poecilosclerid Sponges (Demospongiae), By Tracy L. Simpson. Pp. 141 (17 
plates) Bulletin 26: Pelagic Ostracods of the Sargasso Sea off Bermuda. 
By Georgiana D. Deevey. Pp. 125. (New Haven Conn.: Peabody Museum 
of Natural History, Yale University, 1068.) [2312 

Missao de Estudos Agronomicos do Ultramar. Communicacoes Nr. 70: 
Bibliografia de Café (Coffee Bibliography), 1967. Pp. x1 - 262 4 74. (Lisboa: 
Missao de Estudos Agronomicos do Ultramar, 1068.) (2312 
_ The Cultural History of Marlborough, Virginia: an Archaeological and 
Historical Investigation of the Port Town for Stafford County and the 
Plantation of John Mercer, including data supplied by Frank M. Setzler and 
Oscar H, Darter. By C. Malcolm Watkins. Pp. viii-- 224. (Washington, 
D.C.: Smithsonian Institution Press, 1968, Available from US Government 
Printing Office.) $3.75. [2312 
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Bulletin of the American Museum of Natural History. Vol. 140, Article 2: 
A Revision of the Moth Genus Stenoporpia (Lepidoptera, Geometridae). Bv 
Frederick H. Rindge. Pp. 65-134. (New York: American Museum of 
Natural History, 1968.) $5. 2312 

Australia: Commonwealth Scientific and Industrial Research Organiza- 
tion. Annual Report of the Division of Irrigation Research, 1967-635, 
Pp. iv 70. (Griffith, NSW: Commonwealth Scientific and Industrial 
Research Organization, 1068.) 2819 

Street Trees in Egypt. By Dr M. Nabil El-Hadidi and Dr Loufty Boulos. 
Pp. viii-- 52 plates. (Giza, UAR: Faculty of Science, Cairo University, 
1968.) [2312 

Forest Researeh in India 1956-57. Part 2: Report from Indian States. 
Pp. iic 124. (Delhi: Manager of Publications, 1968.) Rs. 3.15; 85. Fd., 
$1.32. [2312 

United States National Museum Bulletin No, 266: A Checklist of the 
Millipeds of Mexico and Central America. By H. F. Loomis. Pp. v +137. 
(Washington: Smithsonian Institution Press, 1965. Available from US 
Government Printing Office.) $0.70. [2312 

Ministerio de Granaderia y Agricultura, Colonia, Uruguay, Boletin Tecnico 
Nr. 8: Comportamiento de Once Variedades de Lotus Corniculatis en la 
Estanzuela, Por Andrew L. Gardner, Gilberto A. Centeno, Gualberto R. 
de Lucia and Hector E. Alburquerque, Pp. 23. (Colonia, Uruguay: Minis- 
terio de Granaderia y Agricultura, Centrao de Investigaciones Agricolas 
"Alberto Boerger", 1968.) {2312 

American Museum of Natural History. Novitates. No. 2351 (November 19, 


1968): Variation in Dental Structures of the Florida Mouse, Peromyscus 
floridanus. By James L. Wolfe and James N, Layne. Pp. 7. No, 2352 


(November 19, 1968}: Origins of the Apatemyidae (Mammalia, Insectivora). 
By Frederick S, Szalay. Pp. it. (New York: American Museum of Natural 
History, 1968.) [2312 

Population Bulletin, Vol. 24, No. 3 (November, 1968): The World Bank 
Tackles Population. Pp. 07-380. (Washington, D.C.: Population Reference 
Bureau, Inc., 1968.) {2312 

US Department of the Interior: Geological Survey. Abstracts of North 
American Geology, October 1968. Pp, i 1433-1507. (Washington, D.C.: 
Government Printing Office, 1968) 80.45. [12312 

Indian Forest Leaflet No, 158 (Wood Seasoning): Timber for Pencil Slats, 
Its Conversion, Seasoning and Treatment. By M. A. Rehman and P. G. 
Gupta. Pp. & (Delhi: Manager of Publications, 1968.) Hs. 0-625; 1s. 7d.; 
$0.24, [2312 

Geophysical Institate, University of Alaska. Annual Report, 1907-68, 
Pp.140. (College: Geophysical Institute, University of Alaska, 1963.) [2312 

Fisheries Research Board of Canada. Technical Report No, 88: Spawning, 
Distribution, Survival, and Growth of Larval Herring (Chepea harengus L.) 
in Relation to Hydrographic Conditions in the Bay of Fundy. By Naresh 
Das. Pp. 129. (St Andrews, NB; Fisheries Research Board of Canada, 
Biological Station, 1968.) [2312 

European Atomic Energy Community —EURATOM,  Euratom's Biology 
Programme 1964-1967-—Report, Perspectives and Bibliography. By R. K. 
Appleyard. Pp. 140. (Brussels: Euratom, Biology Division, 1968.) 
175 FB. [2812 

Mitteilungen aus der Biologischen Bundesanstalt für Land- und Forst- 
wirtschaft, Berlin-Dahlem. Heft 131 (November 1968}: Uber die Entstehung 
der Rassen der "Sehwarzen Blattlàuse" (Aphis fabae Scop. und verwandt 
Arten), über ihre Phytopathologische Bedeutung und über die Aussichten 


für Erfolgversprechende Bekümpfungsmassnahmen (Homoptera: Aphi- 
didae) Yon Dr Ingram Igliseh. Pp. 34. (Berlin-Dahlem: Biologische 
Bundesanstalt für Land- und Forstwirtschaft, 1968.) 9 DM. 12412 


‘Transactions of the Royal Society of New Zealand. Geology. Vol. 6, No. 5 
(September 12, 1968): Sedimentology of Redeposited Caleareous and Glau- 
conite Beds at Palaoa, South-east Wellington. By Campbell 8. Nelson. 
Pp. 45-62--4 plates. Vol. 6, No. 6 (September 12, 1068): Low-grade 
Regional Metamorphism in the Waipapa Group of the Whangarei Coasta! 
Region, Northland. By John D. Elliot. Pp. 63-74. Vol. 6, No. 7 (August 
23,1968): Lowerand Middle Paleozoic Fossil Localities of North-west Nelson. 
By R. A. Cooper. Pp. 75-89. Vol. 6, No, 8 (September 12, 1968); A Com- 
parison of some Permian Rocks on Opposite Sides of the Alpine Fault, South 
Island, New Zealand. By Max F. Carman. Pp. 91~-130+6 plates, Vol. 6. 
No. 9 (September 12, 1968): A Note on a Fossil Fruit Found near Lyell. By 
D. €. Mildenhall. Pp. 131-132--1 plate. Vol. 6, No. 10 (August 23, 1968): 
Distorsio ( Personella) bewi, à. New Species of the Cymatiidae (Gastropoda) 
from the Upper Eocene of New Zealand. By Philip A. Maxwell. Pp. 133-1537. 
(Wellington: Royal Society of New Zealand, c/o Victoria University of 
Wellington, 1968.) [2412 

United States National Museum Bulletin No. 274: Alvan Clark and Sons-— 
Artists in Optics. By Deborah Jean Warner, Pp. 120. (Washington, D.C.: 
Smithsonian Institution Press, 1968. Available from U.S. Government 
Printing Office.) $1.75. [3012 

Journal of Non-Crystalline Solids, Vol. 1, No. 1 (December, 1908). Edited 
by J. D. Mackenzie. Published bimonthly. Pp. 1-105. Subscription price 
per volume of about 500 pages: 72 fl.; 820. (Amsterdam: North-Holland 
Publishing Company, 1968.) [3012 
Report for 1907-1968 of the Wattle Research Institute (South African Wattle 


Growers' Union; University of Natal; Government Department of Forestry). 
Pp. 46. (Pietermaritzburg: Wattle Research Institute, University of Natal, 
1968.) [3012 
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For research people 

associate big computer 
with big prices, 

here's a surprise package 
from Ferranti. 











The new FERRANTI ARGUS L 


High power, low cost 
laboratory computing system. 


ARGUS 400 and 500 computers are firmly established as Britain's leading Micro- 
miniature Digital Computers for on-line process control systems, 

So what? 

Just this — for the on-line control of laboratory experiments and research projects, 
Ferranti have developed ARGUS ‘L’ a low-cost computer package. A complete 
system offering all the power of ARGUS systems — at prices which start below 
£14,000. For that you get the Standard ARGUS 400 computer, power supplies, 
core store, input/output equipment etc, — a complete working system. Or, if you 
prefer, you can choose the more powerful ARGUS 500 computer ( Parallel mode) 
for an all-in price of £17,500. Core storage and peripherals can be expanded as 
much as you like. 

Here are some brief facts which demonstate the power and versatility of ARGUS 
'L' systems. 

24 BIT WORD LENGTH --- ARGUS 'L'is the only system of its kind to offer the 
flexibility of a 24 bit word. 

CORE STORE Fully expandable up to 61,000 words. 

FULL STANDARD INTERFACE for linking with your own equipment or other 
ARGUS input/output units. 

FULL DIRECT STORE ACCESS and multi-channel interrupt facilities. 
SOFTWARE — full range of ARGUS software including FORTRAN. 

SIMPLE PLUG-IN SYSTEM — Modular construction for ease of expansion and 
maintenance, no special installation arrangements required. 


Your ARGUS 'L' SYSTEM will be delivered 20 weeks from date of order, Each e | 














system carries a 12-month warranty and free training facilities are available. ARGUS i WC) DEL. | 
Far full details of ARGUS ‘L’ COMPUTER PACKAGES, please write or telephone: | V OE Re eet 3 i 
FERRANTI LTD, AUTOMATION SYSTEMS DIVISION, (EQUIPMENT SALES : pH ME 
GROUP), WYTHENSHAWE, MANCHESTER. M22 5LA. Tel: 061-428 3644 High power lev cost, HIBOf ion computing system 
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Classified Advertisements 


All copy is subject to the approval of the Pub- 
Hshers, who retain the right to refuse or 
withdraw advertisements at their discretion, 
The Publishers will not be liable for any loss 
occasioned by the failure of any advertisement 
to appear from any cause whatever, nor do 
they accept liability for printers' errors, 
although every care is taken to avoid mistakes. 
Semi-displayed £6 per single column inch. 
Minimum £3, each additional I/I2th of an inch 


lOs. Full page £158, Half page across £80. 
Colour (orange) £20 extra. 2/6 is charged 
for the re-direction of replies to advertise- 
ments with a box number, 

ADVERTISEMENTS SHOULD BE ADDRESSED 
TO: T. G. Scott and Son, Limited, | Clement's 


inn, Strand, London, W.C.2. Telephone: 
CA 4743. Telegrams: Textualist, London, 


APPOINTMENTS VACANT 





POSTDOCTORATE POSITIONS IN 
PHYSICS 
QUEEN'S UNIVERSITY 
KINGSTON, ONTARIO, CANADA 


Research and Teaching Assistantships are avail- 
able to postgraduate students, both theoretical 
and experimental, in the fields of solid state 
physics, nuclear physics, and radio astronomy. 
Special experimental faciliues include: equip- 
ment for ultra high vacuum, magnetic resonance, 
microwave spectroscopy, luminescence studies, 
and for electron structure studies of metals by 
positron annihilation: a 3-MV Van de Graaff 
positive-ion accelerator, and use of the MP 
Tandem at Chalk River; a 60-ft. radio-telescope, 
and use of the 150-f1. radio telescope at 
Algonquin Park. Financial assistance in a com- 
bination of Scholarships and Teaching and Re. 
search Assistamtships is provided in the range 
$3,700 to $4,800 per annum. 

Several Postdoctorate Fellowships are available 
in the above fields, with a stipend of $6,000 or 
$7,200 depending on marital status ; these Fellow- 
ships are tax free, and a travel allowance will be 
paid. 

Leuers of application and requests for 
brochures and further information should be 
addressed to the Head, Department of Physics, 
Oucen's University. (268) 


UNIVERSITY OF ALBERTA 
EDMONTON, ALBERTA 


invites applications for two academic appoini- 
ments in GEOLOGY. Preferences exist. for 
specjalisation in the following fields: 


|. HYDROGEOLOGY 

2. ENGINEERING GEOLOGY 

3. PHOTOGEOLOGY-—REMOTE SENSING 
4, GEOMORPHOLOGY 


Ouali&ed applicants in other fields will also 
receive serious consideration. Ph.D. required, 
and at least two vears of post-doctoral experi- 
ence would be desirable. Salary and rank de- 
pendent upon qualifications and experience, in 
the following ranges (12 month basis): Associate 
Professor, $13,000 to $17,450; Assistant Profes- 
sor, $9,500 to $12,950. Preferred starting date 
is July 1, 1969, or as soon as possible thereafter. 

The Department of Geology is a modern, well 
equipped department with 13 academic teaching 
staf, 4 post-doctoral appointments, 40 graduate 
students and approximately 60 undergraduate 
majors. Excellent opportunities exist for funda- 
mental research, and close co-operation is main- 
tained (imcluding shared research prodects) with 
the Departments of Botany, Civil Engineering, 
Physics and Zoology, as well as with the Re- 
search Council of Alberta which includes the 
foremost groundwater survey in Western Canada. 

Applications, including a complete resumé and 
names of three referees, should be sent by April 
15, 1969, to: The Chairman, Department of 
Geology, University of Alberta, Edmonton 7, 
Canada. (266) 


requires a Research Assistant to participate in the 
International Biological Programme, which in- 
chides experiments to link growth in the vegeta- 
tive phase with seasonal changes in environment 
of selected species. Salary in accordance with 
aget, qualifications and experience, (Range £850 
with increases of £50 to £1.900)—-Applicatons to 
Professor G. E. Blackman's Secretary, Depati- 
ment of Agricultural Science, University of 
Oxford, Parks Road. Oxford OXI 3PP. (335) 
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AUSTRALIAN ATOMIC 
ENERGY COMMISSION 


RESEARCH ESTABLISHMENT 
LUCAS HEIGHTS NEAR SYDNEY 


RADIATION 
DOSIMETRY 








Ihe Australian Atomic Energy Commission is in the process of establishing a programme 


of research and development in the field of radiation dosimetry and radiation standards. 
The aim of this programme is to examine critically the basic concepts currently applied 
to the specification of dose in radiological and radiobiological contexts and to establish 
methods for the accurate and absolute realization of both existing dosimetry units and 
other physical correlatives of radiation effects associated with the interaction of ionizing 
radiation with biological systems. As a first step, precise and reproducible techniques 
for the measurement of exposure and absorbed dose for photons and electrons (including 
beta particles) will be established at dose rates extending into the high level region. 
Methods to be evaluated inciude free-air chambers, cavity ionization chambers, calori- 
metry and chemical and solid state systems of dosimetry. 


A position is available for a Research Scientist to direct a group engaged in this pro- 
gramme. Applicants must have the ability to work meticulously and have an interest in 
the precise measurement of physical quantities. An applicant for a Research Scientist 
position must have a Ph.D. (or postgraduate research experience of equivalent standard 
and duration) supported bv satisfactory evidence of research ability. Salary depending 
upon qualifications and experience, will be within the following ranges: 


SENIOR RESEARCH SCIENTIST $A6,892- 5A7,974 
RESEARCH SCIENTIST $A5,250-$A6,622 


Application forms may be obtained by writing to the Commission s representative, The 
Atomic Energy Adviser, Office of the High Commissioner for Australia, Canberra House, 
10—16 Maltravers Street, Strand, LONDON, W.C.2, 


Please quote position R14 (277) 


NUTRITION 
RESEARCH 


A broadly based programme of research particularly concerned with the 
discovery and development of new protein resources with potential for 
animal and human nutrition on both a national and international scale, 
is being carried out at the main Research and Development laboratories 
of the Ranks Hovis McDougall Group at High Wycombe, 


An honours graduate in nutrition or other relevant scientific discipline. who 
has had at least two years’ post-graduate experience and, preferably, 
achieved a Ph.D., is required to take over responsibility for part of the 
research programme concerned with bench and laboratory animal studies 
to determine nutritive value and safety of such novel materials. 


Applicants must therefore be able to point to success in planning. con- 
ducting and evaluating experimental work of this kind. 


This appointment provides the opportunity to cross new frontiers in a 
held of research with great potential, and the salary rate for the job and 
the benefits are competitive. There are excellent modern facilities at the 
Research Centre for experimental work. 

Please reply, quoting ref. IFD/18, with brief details of qualifications and 
Career to? 





The General Manager, 
THE LORD RANK RESEARCH CENTRE 
Lincoln Road, High Wycombe, Bucks. 


(327) 
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UNIVERSITY OF LIVERPOOL 






DEPARTMENT OF BACTERIOLOGY 


Applications are invited from medically ; D S | & C | 
qualified candidates for a post of Lecturer E : ear e Q. ; 
in the Department of Bacteriology. The 
post offers research facilities for a higher 


degree and for training in medical micro- MAKERS OF ETHICAL PHARMACEUTICALS 
biology within the United Liverpool Hos- 

pitals. (Recognized fot M.C. Path.) The have a vacancy for a 

salary will be within the range £1,470 to 

f3.110 per annum, according to qualifica- 


tions and experience. RESE ARCH 
Applications, stating age, qualfications 


and experience, together with the names 

cf three referees, should be sent not later ASSIST ANT 

than January 31, 1969, to the Registrar. i 

The University, P.O. Box 147, Liverpool 

L69 3BX. from whom further particulars The vacancy exists in the Bulk Culture unit œ our 
ge net naar S Research Division. The successful applicant wisi be 
950/N. Mae involved in the setting up and maintenance of “issue 
cultures and will be given the opportunity to carr» out 
certain experimental work in the field. 








; IEQ&TTYV c : Candidates will ideally hold 'A' level qualifications in 
UNIVERSITY OF BRITISH scientific disciplines, though applications from persons 
COLUMBIA holding ‘O’ levels or equivalent will be consicered. 
DEPARTMENT OF CHEMISTRY Previous experience with tissue culture would be « de- 
GRADUATE TEACHING cided advantage but is not essential as the company effers 
ASSISTANTSHIPS excellent training facilities. Encouragement and help is 
available for candidates with high academic An attractive salary will be offered and the company 
records who wish to pursue further studies benefits and conditions of service are excellent. 
towards the Ph.D. degree in Chemistry. Pe saat a t . 
Excellent research facilities are available in Please write in confidence to; 
all alae? of mers genu: Science, Assistant Personnel Manager, 
ranging POST DBio-Urganic JOneMTMSuOy tO ki k A 
Chemical Physics.  Stipends $3,500 (mini- G. D. SEARLE & CO. LTD., 
mum) per annum. Lane End Road, 
Application forms and further partículars High Wycombe, 
may be obtained from the undersigned. Bucks. 
Professor C. A. McDowell, 
Deparument of Chemistry, 
University of British Columbia. SEARLE 
Vancouver 8, British Columbia, 
Canada, (12) 


Research in the Service of Mankind 








LOTHIANS RIVER 
PURIFICATION BOARD 


Applications are invited for the follow- 
ing post: 


BIOLOGIST 
Salary grade £1.695 to £2,070. HEAD OF TECHNICAL 


Applicants should possess : 


1. An Honours Degree in Biology, prefer- 
ably Zoology, with Chemistry or Micro- 
biology as a subsidiary subject. 
. Associate Membership by examination of 
the Institute of Water Pollution Control. 
RESEARCH DIVISION —PFIZER LIMITED 
Experience in Freshwater Ecologv. Marine 
Biology and  Oceanography relative to THE MAN: 
Pollution Prevention would be an advan- i ; ; i ical science with 
tage. Phe dudes Ob ane successful candi: He will be a mature graduate in chemistry or a biological scien 


daie will be the biological assessment of some years experience in medicinal research and an appreciation of 


pollution in the rivers, burns, and that part disciplines other then his own and preferably some previeus technical 
of the Forth Estuary within the Board's information experience, 





ta 





area, 
; THE JOB: 

qu M c E. The man appointed will be expected to familiarise himself with the 
Allowance. Division's research programme with a view to making a positive 
Ae contribution to that programme. Considerable emphasis will also be 
Moe E AMEN given to the continued development of information retrieval methods 
7, 1969, to the Chief Technical Officer- and to the continuance of an efficient literature and gemeral library 
River Inspector, Springwell House, | service. The Research Division has a computer to which the depart- 

Gorgie Road, Edinburgh, 11. (238) ment has access. 

THE DEPARTMENT: 

UNIVERSITY OF GLASGOW The Technical Information Department provides a service to all depart- 
LECTURESHIP IN THEORETICAL PHYSICS ments of the Division, and on occasion to other Divisions within the 
Applications are invited for a Lectureship in Company. Close liaison is maintained with the research ee partments 
Theoretical Physics, Salary scale: £1,585 to which comprise chemistry, biochemistry, microbiological, clinical, 


toO £2,735 per annum. Initial salary according 
t experience and qualifications. FAS SU. bene- 
fit. The successful applicant will be expected to THE LOCATION: 


veterinary & agricultural, pharmacology and toxicology. 


prosecute research work in some field of theo- 
retical physics in addklon to teaching duties. 
Preference will be given to applicants whose 
interesis fie in nuclear structure or elementary 
particle theory. 
Applications (8 copies), including the names of D. W. Sells, 
two referees, should be lodged not later than Personnel Manager, 
March 1, 1969, with the undersigned, from whom Research Division, 
further particulars may be obtained. Pfizer Limited 
ROBT. T. HUTCHESON, . j "o 
Secretary of the University Court. Sandwich, Kent. (2763 
(QR 


Sandwich, on the Kent coast. 


If you are interested in this appointment why not drop a brief note to 





CSIRO 


DIVISION OF ENTOMOLOGY 


APPOINTMENTS IN THE FIELDS OF: 
ECOLOGY AND BIOLOGICAL CONTROL, 
INSECT PATHOLOGY OR 
PHYSIOLOGY AND BIOCHEMISTRY 


SALARY Depending upon qualifications and experience, the appointments will be 
made within the salary ranges of Research Scientist, $A5,321— $A6,693 p.a. or Senior 
Research Scientist, $A6,963— $AB,045 p.a. Salary rates for women are $4428 p.a. less 
than the corresponding rates for men. 


GENERAL Applications are invited for appointment to several research positions with 
the Organization's Division of Entomology located at Canberra, A.C.T, 


The Division of Entomology is the main centre in Australia for basic research on insects 
and is also actively engaged on many problems of economic importance ; the professional 
staff numbers about 100. The Division's research programme ranges over the field of 
entomological research with particular emphasis at the present time in the fields of 
population dynamics and ecology, physiology and biochemistry, taxonomy, and bio- 
logical control. Many studies are in progress on methods of insect control that do not 
rely upon the use of insecticides. There are excellent facilities for a wide range of research 
activities. 


DUTIES The choice of a specific problem within the broad fields of physiology and 
biochemistry, ecology, and biological control of insects, will be influenced by the interests 
and background of the appointee. In this connection, applicants could, with advantage, 
have interests in one or other of the following: feeding behaviour of plant-eating insects ; 
plant resistance factors; sex attractants or other pheromones; insect defence materials; 
physical methods of control; biological control and ecology of aphids; insect pathology: 
and the biochemistry of cuticle waxes and digestion. 


QUALIFICATIONS A Ph.D. degree, or postgraduate experience of equivalent 
standard and duration, supported by satisfactory evidence of research ability. 


NOTE The duration of the appointments will be determined in consultation with the 
successful candidates; some applicants may prefer a fixed term appointment. The 
appointments will be conditional upon a satisfactory medical examination. An initial 
probationary period of twelve months may be specified. An indefinite appointment 
carries with it Commonwealth Superannuation Fund or Provident Account privileges. 
Fares paid for the appointee and his dependent family. Further particulars supplied on 
application. 


Applications, (quoting Appointment No. 180/491), and stating full name. place, date 
and year of birth, nationality, marital status, present employment, details of qualifications 
and experience, together with the names of not more than four persons acquainted with 
the applicant's academic and professional standing, should reach: 


Mir. R. F. Turnbull, 

Chief Scientific Liaison Officer, 
Australian Scientific Liaison Office, 
64-78 Kingsway, 


LONDON, W.C.2, by the 24th February, 1969. 


UNIVERSITY OF 
THE WEST INDIES 
TRINIDAD 


Applications are inviied for (a) SENIOR LEC- 
TURESHIP or (5) LECTURESHIP IN MICRO- 
BIOLOGY, Appointee will be attached. to the 
General Hospital. Port of Spain, and will be a 
member of the Micrixbiclogy Denarunent of. the 
University, | Jamaica. Duties imade clinical 
laboratory work and instruction of medical 
undergraduates. Salary scales: medically quali- 
Hed, (aj £2,900 to £4,100 per annum ; Gb) £2,000 
to £2,960 per annum; non-medically qualified, 
(a) £2,250 ta £3,090 per annum: (D) £1.530 to 
£2630 per annum. Child allowance; PF S.S.U,; 
family passages : triennial study leave. 

Detailed applications (6 conics), naming 3 
referees, by February 12. 1969, by persons living 
in the Americas and Caribbean area to Registrar. 
University of the West Indies, Kingston 7, 
Jamaica, and by all others to Inter-University 
WI. Further particulars obtainable similari. 

(274A) 


(296) 


COMMONWEALTH AGRICULTURAL 
BUREAUX 
COMMONWEALTH MYCOLOGICAL 
INSTITUTE 
KEW. SURREY 
MYCOLOGIST 


The Commonwealth Mycotogical Institute has 
a vacancy for a mycologist to undertake the 
idemttfication of microfungi. There are oppor- 
tunities for taxonomic research and the successful 
apmicant wil be expected to become an authority 
on a selected group of fungi. 

Qualifications : Good honours degree with post- 
graduate experience of the systematics of micro- 
fungi, 

Starting salary: Acording to age. qualifications 
and experience, in scale £1,020 to £3,425, with 
London Weighting of £73. Superannuation 
benefits. 

Applicadons by February 28, 1969, to the Sec- 
retary, Commonwealth — Agricultural — Bureaux. 
Farnham House, Farnham Royal, Bucks, England. 
from whom application forms and full particu- 
lars can be obtained. (205) 





UNIVERSITY OF 
NOTTINGHAM 
MEDICAL SCHOOL 

DEPARTMENT OF MEDICINE 


Applications are invhed for the post. of 
LECTURER IN MEDICINE in the DE- 
PARTMENT OF MEDICINE {Professor 
PR. A. Mitchell and Dr. M, J. S. Lang- 
man) The successful applicant will par- 
ixipate in the work of a busy general 
medical unit and in postgraduate teaching. 
He will also take part in the research 
activities of the Denarument, excellent: 
facilities being available in newly built and 
equipped laboratories at the General Hos- 
pital, Nottingham, 

Salary will be within the Lecturer scale 
for clinical staff ranging from £1.470 by 
£140 to £1610 by £135 (CD to £1,880 with 
membership of FSS OU, Initial salary 
pomi on the scale will be fixed acoording 
ty age, qualifications and experience. 

The person appointed will be expected to 
take up his appointment as soon a8 pos- 
siye, 

Further particulars and a form of appi- 
cation may be obtained from the Registrar. 
to whom completed application farms 
should be returned by February 13, 1969, 

(289) 





TECHNICIAN 


required for BIOCHEMICAL RESEARCH 
on muscle disease. 


Salary not fess than £900 per annum, 


Apply in writing, stating age, qualifica- 
tions and experience, to Dr. B. P. Hughes, 
INSTITUTE OF NEUROLOGY, The 
National Hospital, Queen Square. London 
WCE. (309) 





UNIVERSITY OF 
STRATHCLYDE 
DEPARTMENT OF PSYCHOLOGY 


LECTURESHIP IN EXRERIMENTAL 
PSYCHOLOGY 


Applications are invited from suitably 
qualified applicants for the past of 
LECTURER IN EXPERIMENTAL PSY- 
CHOLOGY. The appointment is expected 
to date from September 1, 1969. 

Salary scale: £1,470 to £2630 per 
annum fat present under review) plus 
FAS A, with placing according to quali- 
fications and experience, 

Application forms and further particu- 
lars (quoting 1/69) can be obtained from 
the Registrar, University of Strathclyde, 
George Sireet, Glasgow C.l, wkh whom 
applications should be lodged by February 
15. 15) 


UNIVERSITY OF ALBERTA 


DEPARTMENT OF FOOD SCIENCE 
EDMONTON, ALBERTA, CANADA 


Applications are invited for the position 
of ASSISTANT or ASSOCIATE PRO- 
FESSOR OF FOOD CHEMISTRY. Rank 
and salary are dependent on qualifications 
and experience. Current — minimum 
salaries are $9,500 and $13,000 for Assis- 
tant and Associate Professors respectively, 

Qualifications--Ph.D. in Chemistry ar 
Food Science. Acknowiedged teaching 
and research ability is required. 

Applications should be made to the 
Head of ihe Department by Apri |], 
1969, and should include a curriculum 
vitae, transcript of academic record, a 
list of publications and the names of three 
referees. Dules wil! commence July 1, 
1969, or as soon thereafter as cr 

(3191 
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OXFORD ENGLISH 
DICTIONARY 


EDITORIAL ASSISTANT 
CONCERNED WITH 
ZOOLOGICAL AND 

BOTANICAL 
NOMENCLATURE 


Applications are invited for a new full- 
ume appointment as Editorial Assistam for 
the revised Supplement to ihe large 
Oxford English Dictionary, now in prepara- 
iom The successful applicant will be 
concerned principally with Zoological and 
Botanical nomenclature, Some experience, 
preferably taxonomic, beyond the taking of 
a first degree is desirable, Salary in 
accordance with experience and dqualifica- 
tons, but not normaly less than £1,000 
with parucipation in Clarendon Press 
superannuation scheme, 

Further particulars, including details of 
prospects when the Supplement to OED. 
is completed, may be obtained from the 
Secretary, Clarendon Press, Oxford, to 
whom applications should be made in 
writing with full curriculum vitae by 
March 1, 1969, GIN 


IHE LISTER INSTITUTE 


The Microbiology Department has a 
vacancy for a JUNIOR POSTDOCTORAL 
WORKER to study the replication of 
bacterial — plasmids. Previous micro- 
biological experience is not essential, 
although experience of biochemical or 
tracer techniques would be advantageous, 


A SENIOR POSITION in the general 
field of microbial genetics or physiology 
ALSO EXISTS. for which enquiries are 
invited. 


Applicants should write, enclosing a 
curriculum vitae, to the Secretary, LISTER 
INSTITUTE, Chelsea Bridge Road. Lon- 
don S,W.t. (310) 


UNIVERSITY OF QUEENSLAND 
SENIOR LECTURER OR LECTURER IN 
VETERINARY MEDICINE 
The University invites. applications for the 
poskion of Senior Lecturer or Lecturer. in 
Veterinary Medicine. Applicants should hold a 
degree in veterinary science registrable by the 
Veterinary Surgeons’ Board of Oueensland and 
must have had experience in dairy catie prac- 
tice and/or swine practice. Higher degrees, pub- 
lications, and teaching and administrative ex- 
perience will be taken into account in deter 
mining the level at which the appointment will 
be made. The appointee will give courses of 
lectures on the diseases of cattle and of swine to 
final year students and will participate in dairy 
cattle and swine practice with emphasis on herd 
health, He may also engage in personal research 

within these fields. 

The salary for a Senior Lecturer will be within 
the range  $4A7,550/8A&8,750, and — $45,400; 
$47,300 for a Lecturer. The University pro- 
vides Superannuation similar to ESS. U, 
Housing Assistance. Study Leave and ‘Travel 
Grams for permanent appointees of Lecturer 
status and above, 

Additional information and application. forms 
will be supplied upon request to the Association 
of Commonwealth Universities (Branch Office), 
Mariborough House, Pall Mali, London S Wi 
Applications close in London and Brisbane on 
February 28, 1969. (324) 


IMPERIAL COLLEGE 
LONDON, S.W.7 


ASSISTANT LECTURER for research and 
development on problems at high pressures of 
wide technological interest, Some teaching of 
thermodynamics, Good  honoum degree in 
chemical engineering, physical chemistry or 
physics essential. Salary £1,165 by £75 to £1,240 
by £80 io £1,400 plus PASSA. benefits. 

Applications in writing. together with the 
names and addresses of iwo referees, to the 
Head of the Department of Chemical Engineer- 
ing and Chemical Technology. 204) 
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MINISTRY OF DEFENCE, NAVY DEPARTMENT 


DEPARTMENT OF NUCLEAR SCIENCE AND TECHNOLOGY, ROYAL 
NAVAL COLLEGE, GREENWICH (has vacancies in September [969 for): 


(1) SENIOR PRINCIPAL LECTURER 
IN REAGTOR ENGINEERING 


(2) SENIOR LECTURER IN 
RADIOLOGICAL PROTECTION 


For (1) Candidates should have Ist or 2nd Cl. Hons. degree er equivalent 
in Mechanical or Electrical Engineering. Expermnce in design. 
operation or construction of pressurised water reactor systems essen- 
tial, and teaching at M.Sc. level an advantage. Knowledge of digital 
and analogue computing essential, 


For (2) Candidates should have ist or 2nd Cl. Hons. degree or equivalent 
in Physics. Research and teaching experience in radmtion dosimetry. 
reactor shielding or reactor safety desirable. Knowledge of com- 
puter programming an advantage, but training can be given 

Duties of (1) are lecturing in nuclear engineering, and ieciude technical 

administration and liaison with other Government Departments, and with 
industry. Successful candidate will participate in engineering design lectures 
up to M.Sc. level and will supervise design studies undertaken by nuclear 
courses, Design topics include thermal and hydraulic analysis, reactor kinetics 
and systems engineering. 

Duties for (2) are lecturing on radiological protection and rcactor shielding 


and participation in health physics laboratories and reacto: shield d 
studies, 


Research work encouraged. Facilities include 10 KW JASON research and 
training reactor and ancillary equipment, digital and analogue (hybrid) cone 
puters, reactor simulator, neutron generators, and laboratories for work in 
adis and nuclear physics, health physics, control engineering and hea! 
transfer. 


Department provides wide range of courses for naval officer and civilian 
students, inculding CNAA for M.Sc. and " Veale Committee Category B” 
in Radiological Protection. 
Salary. Starting rate depending on age and experience. 
Principal Lecturer £2,550 to £3,506 
Senior Lecturer £2,000 to £2,447 
These Lectureships are temporary initially, but there are prospects for 
permanent appointments. 
WRITE to Ministry of Defence, Navy. Department, CEN) 368, Old War 


Office Building, London, S.W.1 for application forms. Closing daie for return 


of forms February i4, 1969, 
(275) 





immunologist 


FISONS PHARMACEUTICALS LIMITED 
have a vacancy for an Immunologist at their new research laboratories 
in Loughborough, Leicestershire. 


The vacancy arises from the continued expansion of the Company's reasearch effort into 
the study of allergic reactions. 












The post will be atractive to a Senior Graduate holding a degree in a biologial science and 
with some years proven industrial and or academic research in immunology. There will be 
considerable scope for expansion, and the appointee will be expected to develop major 
research programmes embracing both immediate and delayed allergic phenomena. 


The Company is a member of the Fisons Group of Companies and Group Welfare Benefics 
apply, including: generous holidays, first class pension scheme, cafeteria end sports and 
social club facilities, 


Pease write including curriculum vitae to: 


Research Personnel Assistant 
(Ref, 10), 

Fisons Pharrnaceuticas Limited, 
Bakewell Road, 

Loughborough, Leicestershire, 


GN 
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CSIRO 


OFFICER 
IN-CHARGE 


KIMBERLEY RESEARCH STATION 
DIVISION OF LAND RESEARCH 


SALARY Depending upon qualifications and experience, the appointment will be 
made within the salary range of Principal Research Scientist, $48,313~$A9,561 p.a. 
plus local allowances $A1,150 p.a. (married) or $4900 p.a. (single); or Senior 
Principal Research Scientist, $A9,989-- 5A10,301 p.a. plus local allowances $A1,250 p.a. 
(married) or $A1,000 p.a. (single). Salary rates for women are $A428 p.a. less than the 
corresponding rates for men. 








GENERAL Kimberley Research Station, which is jointly operated by the Division of 
Land Research, CSIRO, and the Department of Agriculture, Western Australia, is situated 
in the Ord River Valley in north-eastern Western Australia. 


The Research Station provides the technical agricultural backing for the Ord Irrigation 
Project. At present 25,000 acres of crop land is irrigable from a diversion weir, but the 
Commonweaith Government has approved a loan to the Government of Western 
Australia for the construction of the main dam, which will eventually irrigate about 
175,000 acres. 


it is expected that over the next five years the Research Station will support ten graduate 
scientists, carrying out research in the fields of cotton agronomy, cotton breeding, 
sorghum, wheat, rice and maize agronomy, testing of other crops, soil fertility entomology 
and beef cattle fattening. 


DUTIES To direct the research programme of the Station and to be responsible for 
its administration. He will be responsible to the joint CSIRO WA Kimberley Research 
Station Supervisory Committee. Assistance in the administration of the Station is 
provided by an Administrative Officer, a Farm Manager and a Clerical Assistant. 


QUALIFICATIONS A degree in Agriculture or Science, and a Ph.D. or equivalent 
postgraduate experience in agricultural research, supported by satisfactory evidence of 
research ability. Substantial experience in organizing and directing field research 
programmes in arable agriculture is essential, preferably in the tropics. 


NOTE The appointment will be initially for a fixed term of three years, after which, if 
mutually desired, either an extension of tenure or appointment for an indefinite period will 
be considered. The appointment will be conditional upon passing a medical examination 
and an initial probationary period of twelve months may be specified. An indefinite 
appointment carries with it Commonwealth Superannuation Fund or Provident Account 
privileges. 


Six weeks recreation leave per annum will be granted and this leave will be cumulative 
for three consecutive years. in addition, fares for travel to and from Perth or equivalent 
travelling will be provided by the Organization once each two year period. The area is 
classified zone A for taxation purposes. 


A house is available for rental with basic furniture. 
Fares to Australia paid for the appointee and his dependent family. 


Applications, (quoting Appointment No. 620/69), and stating full name, place, date and 
year of birth, nationality, marital status, present employment, details of qualifications and 
experience, together with the names of not more than four persons acquainted with the 
applicant's academic and professional standing, should reach : 


Mr. R. F. Turnbull, 

Chief Scientific Liaison Officer, 

Australian Scientific Liaison Office, 

LONDON, W.C.2, by the 21st February, 1969. 


(297) 


HERIOT-WATT UNIVERSITY, 
EDINBURGH 
CHAIR OF ORGANIC CHEMISTRY 


Applications are invited for the Chair of 
Organic Chemistry from October i. 1969. 

Applications, containing the names of three 
referees, 10. be jJodged mo later than March |. 
1969, with the Secretary, Herigt-Watt University, 
Chambers Street, Edinburgh. 1, from whom fur- 
ther particulars may be obtained. Please quote 
Ref. 25/1/1000. {285} 


EAST MALLING 
RESEARCH STATION 


Statistician or Agronomist with good statis. 
tical experience to assist research workers in 
developing couriries Overseas in the design, con- 
duet and interpretation of experiments on peren- 
nial plantation crops. Appointment in the grade 
of Senior Scientific Officer ar Scientific Officer, 
according to experience and qualifications. 

Details from the Secretary, East Malling Re- 
search Station, East Malling, Maidstone, poten 

; (2 


UNIVERSITY OF EAST AFRICA 
UNIVERSITY COLLEGE, DAR ES SALAAM 

Applications are invited for post of CHIEF 
TECHNICIAN IN DEPARTMENT OF CHEM- 
ISTRY.  Appointee will be responsible to the 
Head of Department for the maintenance and 
day-to-day running of the Chemistry Stores and 
the ordering of equipment and materials. Duties 
to commence not later than July 1969, Salary 
scale: £EA1,350 to £EA2,230 per annum (£I1EA = 
£l 3s. 4d. sterling}. Salary supplemented in 
range £345 to £410 per annum (sterling) in appro- 
priate case under Brkish Expatriates Supplemen- 
tation Scheme. Superannuation scheme, Family 
passages; biennial overseas leave. 

Detailed applications (6 copies}, naming 3 
referees, by February 14, 1969, to Inter-Univer- 
sity Council, 90/91 Tottenham Court Road, 
London, W.1, from whom particulars are avail- 
able, (2704 


ANIMAL TECHNICIANS 


Ranks Hovis McDougall (Research) Ltd., are 
engaged in a programme of research designed 
to discover and develop new food sources of 
value for human and animal nutrition on a 
national and world wide scale. 


Due to further development of the experi- 
mental programme, additional Animal Technicians 
are required to assist with toxicological and 
nutritional experiments involving several species 
o£. animals. 


TWO ANIMAL TECHNICIANS between 18 
and 23 years of age, possessing or working t- 
wards the LA.T. qualification, Experience of 
injection and oral dosing techniques would be an 
advantage, 


A TRAINER ANIMAL TECHNICIAN with 
4» or 'A' level qualifications is also required. 
Whilst an interest in, and an understanding of, 
animals is important, previous experience is not 
essential since full training wil be given. 


The posts are progressive with attractive 
Salaries and excellent working conditions. The 
Centre has good canteen facilities and an active 
Sports and Social Club.  Siaff are encouraged 
i10 continue their studies for high qualifications. 


Please appiv, quoting reference IFD/19 to: 


The General Manager, 
THE LORD RANK RESEARCH CENTRE 
Lincoln Road, 
High Wycombe, Bucks (326) 


UNIVERSITY OF 


THE WEST INDIES 
TRINIDAD 


Applications are invited for DIRECTORSHIP 
of the TRINIDAD REGIONAL VIRUS 
LABORATORY, | Applicants must be medically 
qualified, appointce will have professorial status 
in the Microbiology Department of the Univer- 
sity, Jamaica. Duties, to be assumed as soon 
as possible, include direction of the Laboratory 
amd instruction of undergraduate and postgradu- 
ate students in the Medical Faculty of the Uni- 
versHy. Salary in range £4,000 to £5,000 per 
anmum. Child allowance, FSS U. Family 
passages, triennial study leave. 

Detailed applications (6 copies), naming 3 
referees, by February 12, 1969, by persons living 
in the Americas and Caribbean area to Regis- 
uar, University of the West Indies, Kingston, 7. 
Jamaica, and by all others to Inter-University 
Council, 90/91 Tottenham Court Road, London, 
W.1. Further particulars obtainable similarly. 
(275A) 


UNIVERSITY OF EDINBURGH 
DEPARTMENT OF GENETICS 

A POST-DOCTOR AL RESEARCH WORKER 
is required for research into normal and aberrant 
muscle differentiation with particular reference 
fa nucleic acid metabolism in myogenic cells in 
vitro. The appoinument will be for one year 
in the first instance, but may be extended for 
threo years and will be on the University Assis- 
tant Lecturer/Lecturer salary scale, with placing 
according 10 age and experience, and with super- 
annuation under the ESSU. 

Applications, by. letter (two copies) giving the 
names of two referees and stating age, qualifica- 
tions and experience, and ducting Reference 
1003/33, should be sent to the Secretary to the 
University, Oid College, South Bridge, Edinburgh, 


5, as soon as possibile. £286) 


MATRE JANUARY 25. 1969 


anaviam s nemen 


UNIVERSITY OF EAST AFRICA 
UNIVERSITY COLLEGE, DAR ES SALAAM 


Applications are invited for post of ta) PRO- 
FESSOR or (b) READER IN PATHOLOGY. 
Duties to be assumed as soon as possible. Salary 
scales (a) £EA3,450 per annum, (b) £EA2,790 
to £EA3,075 per annum (£EA]-£l 3s. 4d. ser- 
ling). Salary supplemented in appropriate case 
in range £485 to £405 per annum (sterling) under 


British Expatriates Su pplementation Scheme. 
ESSU., Family passages: biennial overseas 
leave, 


Detailed applications (6 copies}, naming 3 
referees, by February [4, 1969, to Inter-Univer- 
sity Council, 90/91 Tottenham Court Road, Lon- 
don, W.1, from whom particulars are available. 

(272 2) 


"MEMORIAL UNIVERSITY OF 


NEWFOUNDLAND 
ST. JOHN'S; NEWFOUNDLAND 
DEPARTMENT OF BIOCHEMISTRY 


Applications are invited for an opening on the 
academic staff, Department of Biochemistry, 
effective September 1, 1969. Appointment to be 
made at the Assistant or Associate level, depend- 
ing on qualifications. The position requires 
teaching undergraduate and graduate students and 
the development of an active research programme, 

Send résumé and names of three referees to: 
Dr. L. A. W. Feltham, Head. Department. of 
Biochemistry, Memorial University of Newfound- 
land, St. John’s. Newfoundland, Canada. Q91) 


UNIVERSITY OF LONDON 
KING'S COLLEGE 
DEPARTMENT OF BIOPHYSICS 


Applications are invited from suitabiv qualified 
persons for the post of LECTURER in the De- 
partment of Biophysics tenable from October 1, 
1969, Candidates should have research interests 
in cell biology. Teaching duties in the post will 
be specialised. and not heavy. The Department, 
to which is attached the Medical Research Coun- 
cil Biophysics Research Unit, is well equipped 
for physical and chemical investigations of many 
aspects of cell biology. Salary according to 
qualifications and experience will be in the scale: 
£1.470 to £2,630 plus £60 London Allowance 
(these rates are under review). F.S.S.0. benefits 
will also be payabie. 

Application forms and conditions of appoint- 
ment may be obtained from the Registrar, King's 
College London, Strand, W.C.2, and compieted 
forms Should reach him by February 28, 1969. 

(319) 


UNIVERSITY OF HULL 
DEPARTMENT OF BIOCHEMISTRY 


Applications are invited for two posts: one 
Lectureship and one Assistant Lectureship in. Bio- 
chemisiry. Salary scales: Lecturer, £1,470 to 
£2,630: Assistant Lecturer, £1,105 to £1,340, 
These salary scales are now under review. 

Aprlications (six copies), giving details of age, 
qualifications and experience, together with the 
names of three referees, should be sent by 
February 28 to the Kegistrar, from whom fur- 
ther particulars may be obtained. (288) 


UNIVERSITY OF LANCASTER 


LECTURER IN 
SOLID STATE PHYSICS 


Applications are invited for ihis new post to 
begin in October, 1969. Candidates should 
have postgraduate experience in low temperature 
physiks. Salary scale £1,240 to £2,735 per annum 
plus FSS U. benefits. 

Applications (one copy) naming two referees, 
should be sent not later than February 28, 1969, 
to fhe Secretary of the University, University 
House, Bailrigg, Lancaster, from whom further 
particulars may be obtained {quoting reference 
L 396/C). (333) 


WYE COLLEGE 
(UNIVERSITY OF LONDON) 


ORGANIC CHEMIST required with experi- 
ence in isolation of natural products and 
synthetic work for investigations on coffee herry 
disease. Three-year appointment in first in- 
stance on the Senior Scientific Officer (£1,924 to 
£2,372) or Scientific Officer grade (£1,020 to 
£1,740). 

Further particulars from Secretary, Wye 
College, near Ashford, Kent, to whom applica- 
tions, with names of two referees, should be 
sent by March 1, 1969. (325) 
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ELECTRICITY COUNCIL Applications are invited for the 


RESEARCH CENTRE 





ELECTRON MIGROSCO 


position of 





TECHNOLOGIST 


The Research Centre has a range of electron beam 
instruments (Philips EM 200 Transmission 
Microscope, Cambridge Stereoscan, A. E.l. SEM2 
Microprobe Analyser) which are used by 
Research Officers and also provide a service to 
the site as a whole. We wish to appoint a rran or 
woman to be responsible for maintenance, 
modification and operation of these instruments 


atthe Centre. 


Applicants must have detailed and up to dete 
experience of these types of instruments ard have 
a good knowledge of metallographic practice, the 
preparation of transmission microscope 
specimens, and also a working knowledge of 
electronics as appropriate to electron beam: 
instruments. Additional capabilities such as 
manual dexterity and the ability to design ard 
construct equipment for micro manipulatio: are 


desirable. 


Candidates should normally be not less thar 30 
years old, should hold an HNC orrecognised 
equivalent and should have not less than 7 wears’ 
relevant experience after obtaining their HNIC; 
or if not qualified to HNC standard, atleast T2 
years relevant experience. 


Salary on a scale rising to £1,800 


LECTRICITY 
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UNIVERSITY OF DUNDEE 
COMPUTING LABORATORY 


A vacancy occurs for a LECTURER or 
ASSISTANT LECTURER who wil be 
required to give lectures on programming 
languages and techniques to undergraduate 
and graduate students and to advise com- 
puter users on the preparation of pro- 
grammes, 

The Laboratory is equipped with an 
ICL {Elliott} 4130 Computing System, 


which inciudes magnetic tape, disc files 
and remote access consoles, 

Salary scales (subject to review): Lec- 
turer, £1,470 to £2,630 ; Assistant Lecturer, 
£1,105 to £1,340, with placing according 


to qualifications and experience, FP SSS.U; 
grant towards removal of household effects. 
Applications (6 copies) containing the 
names of three referees, to be lodged by 
March i, 1969, with Secretary, The 
University, Dundee DD1 4HN, from whom 
further particulars may be obtained. 
(209) 








Applications to; 

Mr. D. C. Page, Head of Personnel Sesices. 
Electricity Council Hesearch Centre, 
Capenhurst, Cheshire. 

Quoting Ref N [176 


(298) 


UNIVERSITY OF ALBERTA 
EDMONTON, ALBERTA 


invites applications for the position of GEO- 
LOGY LABORATORY SUPERVISOR. This $ 
an academic teaching positien. The successful 
applicant will assume responsibility for develop- 
ment of aH elementary geclocy laboratory work, 
including co-ordination with several lecture sec- 
tions and supervision of teaching assistants for 
15 to 20 laboratory sectioss. M.Sc. andlor 
teaching experience very desir:ble.  &uary in the 
range $7,000 to $9,450 (12 month basis), exclusive 
of summer session work. Sarung date is Sule 
i, 1969, 

Applications, including a complete resumé and 
names of three referees, should be sent by Aprü 
13, 1969 to: The Chairman, Beparument of Geo- 
ilogy, University of Afbers, Edmonton 7, 
Canada. (2673 
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KEEN YOUNG MAN WITH BIOCHEMT.- 
cal interests required as Junier Technician with 
research team. — Excellent conditions and pros 
pects. Modern Laboratory. Emmy release scheme. 
—ÁApply, Secretary, Universite College Hospital 
Medical School, University Street, Wott. or 
telephone EUSton $861, Ext. A. (260) 


GOVERNMENT OF NORTHERN IRELAND 
MINISTRY OF AGRICULTURE 


RESEARCH OFFICERS 


Applications are invited for two permanent and pensionable posts in the Veterinary 


Research Laboratories, Stormont, Belfast, 


The laboratories are of recent construction and are equipped for a wide range of tech- 


niques including electron microscopy. 


A total of 120 professional and technical staff are 


employed in the major disciplines of pathology, bacteriology, virology, biochemistry and 


parasitology., 


The work of the department consists of rescarch and routine diagnosis on 


diseases of farm animals, Encouragement is given towards study for a higher degree in 
the Faculty of Agriculture, Queen's University, Belfast. 


POULTRY PATHOLOGIST 


Jo undertake diagnostic and research work on diseases of poultry. 


The officer appointed 


wil be required to participate in the routine post-mortem and advisory services of the 


department, 

logical diseases of poultry, 
Qualifications: M.R.C.V.S, 

would be an advantage but not essential, 


MICROBIOLOGIST 


To undertake diagnostic and research work in a routine bacteriological laboratory. 


or Veterinary 


Adequate time will be avallable for research on microbiological or parasito- 


degree, Experience in poultry pathology 


The 


Officer appointed wid be expecred to develop an interest in mycoplasma of both mammals 


and poultry. 


Qualifications : Veterinary degree or BSc (Hons) in Microbiology or other appropriate 


subject, 


Salary Scales : 
Research Officer Grade I, £2,237 to £2,710. 

Research Officer Grade II, £1,568 (age 23) to £2.101 (age 32) to 
£2,237. 


Grading and staring pay wil be related to age, qualifications and experience. 


Postgraduate experience in a microbiological laboratory is desirabye. 


Appli- 


cation forms and further information obtainable from Secretary, Civil Service Commission, 


Stormont, Belfast, BT4 JSZ., must 


SB.10/69 | 64, 


MASSEY UNIVERSITY 
PALMERSTON NORTH, NEW 
ZEALAND 


JUNIOR LECTURER/LECTURER /SENIOR 
LECTURER IN DAIRY HUSBANDRY 


Applications are invited for the above- 
mentioned position in the Department of Dairy 
Husbandry. Applicants should have a degree 
in Agriculture, preferably at an advanced level. 
Teaching and research training, particularly in 
the fields of mammary gland development and 
lactation, including the biochemistry of milk 
synthesis, wuld be regarded as assets of par- 
ular value. 


The appointee would be responsible for {a} 
Teaching courses dn Animal Production at 


various levels to both Agricultural and Veterinary 
Science students. (b) Conducting research and 
supervising the research of graduate students in 
the field of animal production, 

Salaries in the range): Junior Lecturer, 
$NZ2,400 to $2,800 (by $100) per annum, Lec- 
turer, $NZ3,000 to $4,400 (by $200) per annum. 
Senior Lecturer, $NZ4,500 to $5,400 (by $200) 
per annum. All salaries subject to an increase 
of $100 per annum from Apri H, 1969. 

Further detalis of the position, the University 
and conditions of appointment may be obtained 
from the  Secretary-General, Association — of 
Commonwealth — Universities (Branch Office), 
Marlborough House, Pal Mail London S.W.I 
or the Registrar of the University, | Applications 
close on March 15, 1969, (3073 


UNIVERSITY OF SINGAPORE 


Applications invited for SENIOR LECTURE- 
SHIP IN DEPARTMENT OF PATHOLOGY. 
Salary scale S, $19,800 per annum GS. $1 equals 
28. Rd. sterling) Overseas allowance S, $2,640 
per annum. Variable allowance, 35 per cent of 
basic salary, subject to certain maxima, depend- 
ing on markal status. iratuity payable on 
compleuon of comract, Housing (Gf available) 
at subsidized rental. Superannuation. Passages 
for appointee, wife, and children (maximum five 
adult passages) on appoinument, triennial over- 
seas leave and on termination. 

Application forms (two copies) and further 
particulars obtainable from Inter-University Coun- 
cit, 90/91 Tottenham Court Road, London W.1. 
Closing date February 28, 1969, (312) 


be returned. by 


February 21, 1969, Please quote 


(337) 





SI. MARY'S HOSPITAL MEDICAL 
SCHOOL 
(UNIVERSITY OF LONDON) 
PADDINGTON, W.2 


Applications are invited for che appointment of 

SENIOR LECTURER IN IMMUNOLOGY 

The successful candidate will be required to 
take part in teaching and departmental admini- 
stration and to carry out research for which there 
wil be ample opportunities. Salary for medi- 
caliy-qualified candidates within the scale £2,315 
to £4885 (with Consultant grading from £3,200); 
or for non-medical graduates within the scale 
£2,595 to £3,348, together with superannuation. 


Applications (2 copies), together with the 
names of two referees, should be sent by 


February 17. 1969, to the Secretary, fram whom 
further particulars should first be obtained. 
(279) 


UNIVERSITY OF EAST ANGLIA 
SCHOOL OF MATHEMATICS AND 
PHYSICS 

Applications are invited for the post of 

LECTURER or ASSISTANT LECTURER 
in Physics from October 1, 1969, or such earlier 
date as may be arranged. The stipend will be 
on the overall scale £1,240 to £2,733 plus 
FSS.U, benefits, 

Further particulars may be obtained from the 
Registrar and Secretary, University of East 
Angla, Earlham Hall, Norwich, NOR S&C. with 
whom applications (one copy only) together 
with the names amd addresses of three persons 
ty whom reference may be made, should be 
lodged mot later than February 28, 1969, 

(344) 


UNIVERSITY OF READING 
Applications are invited for TWO ASSISTANT 
LECTURESHIPS in Applied Mathematics. 
Applicams for one post should possess research 
interests in geophysical fluid dynamics, prefer- 
ably hydrodynamics, and for the second post 


qualifications in numerical analysis relating <o 
differential equations, The persons appointed 


should take up their duties on October 1, 1969, 
or such other date as may be arranged. 
Further information may be obtained from 
the Registrar (Room 208, Whiteknights House), 
The University,  Whiteknights, Reading, RGS 
2AH, by whom applications should be received 
not later than March 31, 1969. (293) 


NATURE. JANUARY 25, 196 


THE 


UNIVERSITY OF 
LEEDS 





Applications are invited for a post in 
the following Department : 


MEDICAL PHYSICS 


CHEMIST OR BIOCHEMIST 


with good honours degree required to 
investigate the metabolism of trace 
metals in man. The work will be car- 
ried out in collaboration with the 
Medical Research Council Mineral 
Metabolism Unit, The General Infirm- 
ary, Leeds. Faciles are available for 
metabolic balance studies and the deter- 
mination of Strontium, zinc, copper, 
fron and manganese by atomic absorp- 
tion spectrophotometry. The appoint- 
ment is for 3 years and the work is 
suitable for a candidate wishing to read 
for a Ph.D. Reference No, 69/57/1/D. 
Closing date February 7, 1969, 


SALARY SCALE: Chemist. or 
chemist, £900 10 £1,000. 
Applications (three copies), sialing age, 


Bio- 


qualifications and experience, and 
naming three referees, should reach 


The Registrar and Secretary, The Uni- 
versity, Leeds, LS2 SIT (from whom 
further particulars may be obtained). 
Please quote reference number. 

(332) 


URANIUM EXPLORATION 
GEOLOGIST 


HUNTING GEOLOGY & GEOPHYSICS 
LIMITED wish to reoruit a young Geol 
gist for duties which will include planning, 
supervision and interpretation of airborne 
and ground geological and geophysical sur- 
veys, Particular attention will be paid tc 
gamma ray spectrometry in aircraft and 
boreholes. The post is sultable for a man 
with a good Honours degree in geology 
with about 2 years’ experience in mineral 
exploration or an M.Sc. in a subiect applic- 
able to mineral exploration. Fhe appoini- 
ment is U.K. -based at Boreham Wood 
with opportunities for overseas work. 

Essential details in the first instance 
should be sent to: 

The Personnel Manager, 

Hurting Surveys & Consultants Limited, 

6 Elstree Way, 

Boreham Wood, 

Herts. 


(3823 


UNIVERSITY OF LONDON 
INSTITUTE OF LARYNGOLOGY 
AND OTOLOGY 
SENIOR LECTURER IN MORBID ANATOMY 
AND HISTOPATHGLOGY 

The dudes of this post include «diagnostic, 
teaching and research work. The Senior Lec- 
turer appointed will hold an honorary contrac 
with the associated. Royal National Throat, Nose 
and Ear Hospital. Salary scale: £2,390 to £3,050 
ibar) ro £3,395 (or to £4,380 if a consultant). The 
Denarument of Pathology and Bacteriology of the 
Institute is recognized for Final Examination 
training of pathologists in morbid anatomy and 
histopathology and medical microbiology, 

Appications, including the names of two 
referees, should be received nor later than Febru- 
ary 28, 1969, by the Secretary-Administrator, 
Institute of Laryneciogy and Otology, 330/332 
Gray's Inn Road, London, W.C.t, (344) 


PHYSICIST REQUIRED TO WORK ON 
the actions of x-rays and UV. radiation on the 
skin, Experience with radioactive tracer tech- 
niques would be desirable but not essential. The 
person appointed will work 4 days per week at 
the Institute of Dermatology and 1 day per week 
in the Physics Department of the Royal Post- 
graduate Medical School. ii will be possible to 
register for a higher degree, Salary scale £1,030 
io £1,774 per annum, depending on qualifica- 


tions and experience —~-A oplications should be 
addressed to: Secretary, Institute. of Derma- 


tology, St. John's Hospital for Diseases of the 
Skin, Lisle Street, London W.C.3. Gan 
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UNIVERSITY OF LONDON 


INSTITUTE OF CHILD 
HEALTH 


DEPARTMENT OF IMMUNOLOGY 
AND M.R.C, RESEARCH GROUP 
IN IMMUNOLOGY 


CHIEF TECHNICIAN 


An applicant, experienced in a range of 
immunological techniques and in the ad- 
ministration of an immunological labora- 
tory, is required for this new Department. 
The work includes research into immuno- 
pathological disease, especialy nephritis 
and immunity deficiency in pauents and in 
experimental models, and immunochemisty; 
the Chief Technician is encouraged to 
undertake his own research projects in these 
fields. Experience of quantitative studies 
of antigen-antibody reactions, — isotope 
handling, and itmmunofluorescence, and 
registration with the Medical Laboratory 
Technicians’ Board or equivalent qualifica- 
uon would be an advantage. 

Salary according to the Whitley Scale 
(£1,655 to £2,175 plus £90 London Weight- 
ing). The post is superannuable. 

Applications should be sent to Professor 
J. P. Soothili, Department of Immunology, 





Insutute of Child Health, 30  Guiiford 
Street, London, W.C.1. (348) 
Portsmouth College of Technology 


Department of Chemistry and Geology 
Geology Section 


CHIEF TECHNICIAN 
AND 
SENIOR LABORATORY 
TECHNICIAN (471,473) 


Further details are 
with application forms. 


avallable together 


Salary scale Chief Technician, £1,055 to 
£1,485 per annum. 


Senior 'Technician, £895 to £1,045 
per annum. 
Closing date : February 7, 1969, Excel- 


ient conditions of service, 


Application forms from the Staff. Officer, 
Portsmowth College of Technology, Hamp- 


shire Terrace, Portsmouth, POL  2EG, 
should be returned as soon as possible. 
(328) 


PORTSMOUTH AND 
ISLE OF WIGHT AREA 
PATHOLOGY SERVICE 


Applications are invited for the post of BASIC 
GRADE BIOCHEMIST for a research project 
concerned with hormonal changes associated with 
mammary carcinoma of prognostic and thera- 
peutic value, The successful candidate will have 
the opportunity of developing new techniques ir- 
volving the use of gas chromatography and steroid 
fractionation. Salary as laid down by the Whi- 
ley Councils for the Health Services (Great 
Britain) according to qualifications and experi- 
ence, 

Apmiica tons 


should be sent to the Senior 


"athelogist, Central Laboratory, Milton Road, 
Portsmouth, £338) 


UNIVERSITY OF CAMBRIDGE SCHOCH. 
OF AGRICULTUR E-——Appliications are invited 
for a post of Assisiant in Research in Agricul- 
tural Botany to undertake research and some 
teaching Hr gant genetics and breeding. Quali- 
fications : an honours degree in Botany, Agri- 
cultural Botany or Genetics with preferably some 


research experience. Salary in scale £1,050, 
£1,105, £1,180 by £80 to £1420 according to 


age, qualifications and experience. Pensionable 
under FSS.U. Tenure up to three years in 
first instance. Limited contribution may be 
made towards removal expenses —-Further details 
from and applications, giving full personal par- 
tulas and names and addresses of not more 
than three referees, to the Secretary, School of 
Agsricukure, Cambridge, not kaier than February 
22, 1969. (322) 


OGIENTIAG GIVIL OEE 
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TROPICAL PRODUCTS INSTITUTE 


Ministry of Overseas Development 
London W.C.1 


CHEMIST or PHARMACOLOGIST (graded E,O./^.E.O) to work on 


the isolation 


and structure elucidation of pharmacologically active constituents of tropical pianis. 


Experience of chromatographic and spectroscopic 


techniques an advaMage. 


ORGANIC CHEMIST (graded E.O./A.E.O.) to work on isolation and identification 


of insect attractants. 
an advantage. 


Interest in instrumental techniques, such as Gas © 


CACOITRBRLORDIGDE, 


ORGANIC CHEMIST (graded E.O./A.E.O) with experience in analytical methods 


and/or pilot scale operations, preferably in the field of essential 
Some familiarkty with distillation techniques desirable. 


ois and spices. 
The post mey involve short 


visits to work on projects in developing countries, 
Prospects of permanent pensionable appointments. 


APPLICATION FORMS from the Administration Officer, 


6-62 Grays Inn Road, London, W.C.1, 


WATER POLLUTION RESEARCH 
LABORATORY 


Ministry of Technology 
Stevenage, Herts. 
BIOCHEMIST/ MICROBIOLOGIST (graded E.O./A.E.OO to 


prevention of biodegradation and microbial 
osmosis process for reclamation of waters, 


Reference; HC/2D/1713/G. 


CHEMIST OR BIOCHEMIST (graded A.E.OJ to work on 
Some industrial experience desirable. 


digestion processes. 
Reference: HC/2D/1711/G. 


Housing may be available in Stevenage New Town. 
Prospects of permanent pensionable appointments. 


the Director at 
Closing date February 10, 


INDUSTRIAL HYGIENE LABORATORY 
H.M. FACTORY INSPECTORATE 


Department of Employment and Productivi y 
Westbourne Grove, London W.2 


APPLICATION FORMS from 
appropriate reference, 


ANALYTICAL CHEMISTS (graded A.E.OO with experience in genoral analytical 
techniques for organic and inorganic substances. Candidates qvas: cm willing to 
travel within the United Kingdom and to undertake investigational work into the 
estimation of aumospheric contaminants, 

Non-contributory pension. Promotion prospects. 

APPLICATION FORMS are obtainable by writing to the Seoretary, Civil Service 
Commission, Savile Row, London, WIM 2AA, or by telephoniag 01-734 $010. ext, 229 


(after 5,30 pum, 01-734 6464 " Ansafone 


Closing date Peary 24, 1969. 


SALARIES QUALIFICATIONS. AND AGE LIMITS | 


OFFICER 
Salaries: A E.O.: £650 (at age 18) to 
£1,385,  E.O.: £1,414 to £1.910 (marting salary 


"U Service). 


ASSISTANT EXPERIMENTAL OFFICER/ EXPERIMEN TAL. 


£895 fage 22) teo £1,130 (age 26 or 


Tropical Preducis institute, 


study z1echanim and 
fouling of membranes ssed in reverse 


the technolosy of anaerobic 


the above address, Please 
1969, 


RHE 


Please quote §/94.88/69 / PEPI 1, 





Over) us 


may be above minbsum Most 


Assistant Experimental Officers become Experimental Officers before reaching A RO, 


scale maximum. 


London. 


Qualifications: Degree, HN C. 
minimum qualification is O C.E. 


subjects at " A" level or equivalem level, 


Promotion prospects to 
£2,720. Salaries are supplemented in the London arta, 


or caquivalent in 
in five subiccts, 
ABO. : 


E£2,220 to 
£75 (huer 


Senior Experimental Offleer : 
£128 inner London, 


EAS SESS 


Under 22, 
afathematical 
normally 26-80. 
(27343 


appropriate subiect, 
including ovo Scientific; 
age 18-22. EQ: 





APPLIED BOTANIST: 
FOR RESEARCH ON ROOTS 


Good Honours degree in plant science, prefer- 
ably with postgraduate research achievement and 
with interesis in growth physiology and applied 
ecology. for research on the growih in situ of 
the roots of fruit plants in relation to cultural 


and environmental factors. Facilities include 
underground rom laboratories, SS.O. of S0. 


class: superannuation under FSS U. 
Details from Secretary, East Malling Research 


Station, Maldstone. Kent. Early application 
desirable, (294) 


GLASGOW ROYAL MATERNITY 
HOSPITAL 

Applications are invited for the post of 
SENIOR TECHNICIAN in the Research Labora- 
tory of the Department of Meonatal Paediatrics, 
commencing immediately, “he work will be 
mainly biochemical in nature 

Applicants with suitable qualifications, such aa 
FILM,.L.F.or Higher National € ertificate in Bio 
logy, are inviied io apply io wrhing to Group 
Medical Superintendent, Glasgow Royal Mater- 
nity Hospital, Rouenrow, C4, and to zubmi 
names of two referees, (3713 












Horticultural ! 
Advisers 


Ministry of Agriculture, 
Fisheries and Food 
National Agricultural Advisory Service 


Posts for men and women aged at least 20 (Grade IV) or normally at 
igast 26 (Grade HI). 


DUTIES : General advisory work (and work at experimental horticultural 
stations) to provide farmers and growers with technical advice and instruc- 
tion on horticultural matters. 


QUALIFICATIONS : Degree in horticulture or closely related subject ; 
or National Diploma in Horticulture (Sections I to V) ; or an equivalent 
or higher qualification. 


FINAL YEAR STUDENTS may apply. 


SALARY (National): Grade IV £990 to £1,415, Grade III £1,540 to £2,413. 
Starting salary may be above minimum in both cases. Non-contributory 
pension. Promotion prospects. 


WRITE to Civil Service Commission, Savile Row, London, WIX 2AA, 
or TELEPHONE 01-734 6010 Ext, 229 (after 5.30 p.m. 01-734 6464 
" Ansafone " service), for application form, quoting 345/69/2. Closing 
date February 7, 1969. 

(185) 


GOVERNMENT OF NORTHERN IRELAND 
MINISTRY OF AGRICULTURE 


SCIENTIFIC OFFICER /SENIOR 
SCIENTIFIC OFFICER 


required to work on 


STATISTICS, COMPUTING, MATHEMATICS 


The work will be essentially concerned with providing a broadly based 
statistical service to the Scientific and Administrative Divisions of the Ministry. 
The successful candidate will be encouraged and expected to keep up to date 
with developments in the statistical and computing fields. 


Qualifications : Honours degree in statistics, mathematics, economics or 
other subjects involving formal training in statistics. Candidates with other 
specially suitable statistical qualifications or with valuable relevant experience 
and command of advanced statistical techniques may also apply. 


Preference for candidates with knowledge of some of the following : 


(a) mathematical techniques used in biology, economics or management ; 
(b) collection, processing and analysis of large amounts of data; 
(c) 1900 Series computer and associated programming language, e.g. Fortran. 


Cobol. 
Salary Scales: 
Scientific Officer £1,020 to £1,740 
Senior Scientific Officer £1,925 to £2,372 


Grading and starting salary will be related to qualifications and experience. 


Application forms obtainable from the Secretary, Civil Service Commission, 
Stormont, Belfast, BT4 38Z, must be returned by February 14, 1969. Please 
quote S.B.4/69/64. (273) 


JUNTOR POSITION IN ENVIRONMENTAL ASSISTANT BIOCHEMIST, WITH A 
voxicology. Academic position open at Univer- degree in chemistry or biochemistry, required 
sity of California, Davis. Duties research and in the Group Biochemistry Laboratory. Salary 
teaching in environmental toxicology. Educa- in the range of £915 to £1,295 (basic grade), the 
donal prerequisite Ph.D. in chemistry, bio- starting point depending on qualifications and 
chemistry, chemical engineering or closely related experience. The candidate would be expected 
discipline, Experience in field desirable but not to attend University of Surrey for the part-time 
essential. Prefer person under 40 years of age.— M.Sc. course in Clinical Biochemistry.—-Applica- 
Send curriculum vitae to Dr. G. F. Stewart, — tions, together with the names of two referees, 
Agricultural Toxicology Laboratory, University should be sent to the Secretary, Chelmsford 
of California, Davis, California, U.S.A.. 95616. Hospital Management Committee, — Beileficld, 

(11) London Road, Chelmsford, Essex. Gil} 
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UNIVERSITY OF 
STRATHCLYDE 
SCHOOL OF PHARMACEUTICAL 
SCIENCES 


DEPARTMENT OF PHARMACEUTICAL 
CHEMISTRY 


ASSISTANT LECTURESHIP IN 
PHARMACOGNOSY]/ 
FORENSIC SCIENCE 


Applications are invited for the above 


post in the Department of Pharmaceutical 
Chemistry. The successful candidate, pre- 
ferably with a good honours degree in 
Pharmacy, wil be required to assist in 
teaching analytical microscopy and to 
undertake research in eher phytochemistry 
or forensic science leading to a higher 
degree, 

Salary scale: £1,108 to £1.340 per annum 
fati present under review), plus FESS U, 

Application forms and further particulara 
(quoting 3/69) may be obtained fram the 
Registrar, University of Strathelyde, George 
Street, Glasgow, C.i, with whom applica- 
tions. should be lodged by February 22, 
1969. (349) 





UNIVERSITY OF LONDON 
INSTITUTE OF CHILD HEALTH 
DEPARTMENT OF IMMUNOLOGY AND 
M.R.C. RESEARCH GROUP IN 
IMMUNOLOGY 
CHIEF TECHNICIAN 


An applicant, experienced in a range al 
immunological techniques and in rhe administra- 
iion of an immunological taboratory. is required 
for this new Department. The work includes 
research into immunopathological disease, es 
pecially nephritis and immunity. deficiency in 
patents and in experimental medeki, and 
immunochemistry; the Chief Technician is en- 
couraged to undertake his own research projects 
in these fields, Experience of Quantitative studies 
of antigen-antibody reactions, isotope handling, 
amd  idmmunofluorescence, and registration with 
the Medical Laboratory Technictans’ Board or 
equivalent. qualification would be an advantage. 
Salary according to the Whitley scale (£1,645 to 
£2,178 nius £90 London Weighting). The post 
is Supcrannuable, 

Applications should be sent to Professor I. F, 
Soothill, Department of Immunology, Tostituce of 
Child Health, 30 Guilford Street, London, W C.i. 

(346) 

UNIVERSITY OF MANCHESTER 

A vacancy exists in the Deparument of Zec- 
logy for a Senior Technician or Technician with 
experience im animal bistology or the usc and 
maintenance of physiological equipment, — Ex- 
perience in photography will be an additional 
qualification, Salary will be in the scale of £722 
to £1.007. per annum for Technicians and £987 
to £1,223 per annum for Senior Technicians, 

Applications, accompanied by the copies of 
two testimonials, should be addressed to Proe 
fessor R. Dennell, Departmen: of Zoology, The 
Unmversitv, Manchester, M13 IPL. 

(356) 

TECHNICIAN/IUNIOR TECHNICIAN RE- 
quired in Paediatric Unit, Experience of bio- 
chemical and analytical techniques desirable. 
Salary within the scale: Technician, £950 to 
£1,220: Junior, £605 to £915 ner annum.-—~Apply 
Seoretary. St, Mary's Hospital Medical School. 
London, W.2. (3205 


UNIVERSITY OF LIVERPOOL 


TECHNICIAN (Grade ID/Junior Tech- 
nician (Grade D required in the Cyro- 
genetics Section of the Nuffield Unit in 
Medical Genetics, The work involves the 
cukre of human tissues prior to Cylo- 
logical investigation, — Previous experience 
in sterile techniques and/or tissue cutture 
is desirable but not essential. inital salary 
on the scale £722 two £1,007 per annum 
(Grade iD or £373 to £575 per annum 
(Grade D according to age, qualifications 
and experience, 

Application forms may be obtained from 
the Registrar, The University. P.O. Box 
147, Liverpool L69 3BX. Quote Ref. 
RV/932iN, (353) 
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DEVELOPMENT AND CONTROL 


PHARMACIST, required well qualified, 
for research in Pharmaceutics, Development 


and Anatysis. Modern well equipped 
Laboratory Apy in confidence with full 
curriculum of qualifications and experience 
w The Research Director, Biorex Labora- 
tories Limited, Biorex House, Canonbury 
Villas, London, N.1. (350) 





UNIVERSITY OF BELFAST 
DEPARTMENT OF CHEMISTRY 
Applications are invited for the following posts 
in the physical chemistry section of the Depari- 

ment: 


1. RESEARCH ASSOCIATE (salary in the 
range £1,105 to £1,340 with FSS.U.) for post- 
doctoral work in the polymer field in collabora- 
tian with Professor K. J. Ivin. 


2. POST-DOCTORAL ASSISTANT (salary in 
the range £1,155 to £1,340. with FSS U., if 
appropriate) for work on very fast chemical re- 
taxation processes in collaboration with Professor 
K. J. Ivm and Dr. J. J. McGarvey. This work 
is supported by S.R.C. 


3. RESEARCH ASSISTANT (salary in the 
range £580 to £945) for work as directed by 
Professor Ivin. Research Assistants are permit- 
ied ro register for a higher degree. 


The posts are for one year in the first instance 
and all are renewable for further periods ; placing 
on the salary scales will be according to age and 
quatifications. Applications, stating the names of 
two referees, should be sent by March 15, 1969, 
to the Professor of Physical Chemistry, The 
Queen's University of Belfast, Belfast, BT? INN, 
"Northern. Lreland. (138) 


UNIVERSITY OF OXFORD 
PROFESSORSHIP OF GENETICS 

The electors intend to proceed to an election 
to ihe Professorship, which will fall vacant on 
October 1, 1970. The present stipend is £4,308 
à year, 

The electors invite applications (nine Copies) 
naming three referees, but without testimonials, 
io be received noi later than March 15, 1969, by 
ihe Registrar, University Registry, Oxford, from 
whom further particulars may be obtained. 

(347) 

UNIVERSITY OF EAST AFRICA 

MAKERERE UNIVERSITY COLLEGE 
UGANDA 

Applications are invited for (a3) SENIOR LEC- 
TURESHIP and (b) 2 LECTURESHIPS IN 
DEPARTMENT OF ZOOLOGY. Salary scales 
day £071,950 to £U2,613 per annum, (bo £UT.350 
to £U2,230 per annum. (£UIPz£b 3s. 4d. ster- 
ling) Salary supplemented in appropriate Cases 
under British Expatriate Supplementation Scheme 
in ranges (a) £505 io £385 (sk) per annum, 
(5) £345 to £410 per annum (sterling), FSS U. 
Family passages; regular overseas itave. 

Detailed applications (6 copies) naming 3 
referees, by March 3, 1969, to Inter-University 
Counci, 90/91 Touenham Court Road, London, 
Wt. from whom particulars may be obtained. 

(341) 


STUDENT TECHNICIAN REQUIRED, 
Royal Free Hospital Medical School, to assist 
with biochemical research in Pharmacology De- 
partment, Chemistry, preferably A level, re- 
quired, Salary on age scale (£535 at 19), with 
iine off tor study, class and examination fees, 
ec., paid. London Weighting (£90 from age 187, 
—Appiv School Secretary, 8 Hunter Street, Lon- 
lon, W.C.I. (343) 


FREE-LANCE TRANSLATORS -— GEO- 
dogists, mgeochemists, geophysicists, and ocean- 
ographers with high professional skill, ability to 
write good English and excellent familiarity 
with the Russian language, are invited to par- 
ticipate in an expanding uansiation programme. 
Reply Box 320, Nature, T. G. Scott & Son, 
iid, | Clements Inn, London W.C.2. (320) 


SENIOR TECHNICIAN I REQUIRED FOR 
Depariment of Medicine (Rheumatology) — Bio- 
chemical or Tissue Culture experience preferred. 
Salary according to qualifications and experience. 
— Applications in writing to the Secretary, Royal 
Postgraduate Medical School, Hammersmith 
Hospital, London  W.12, «quoting reference 
2/360. (300) 


IF YOU ARE MEDICALLY OQUALIPEED, 
possess English as your mother tongue and wish 
to Supplement your income, please get in touch 
with us. Swiss pharmaceutical Company needs 
regular translations from German of documen- 
tary ard advertising Mterature.--Picase apply 
wander Box 5-123 a Publickas AG. CH-3000, 
Sern. Switzerland. (329) 
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AUSTRALIA 


NEW SOUTH WALES 
DEPARTMENT OF AGRICULTURE 


PLANT PATHOLOGIST 


BIOLOGY BRANCH 


Salary: Up to $45,970, according to experience, with 
progression to $A6,8.0, subject to conditions. 





Qualifications: Minimum qualifications, degree in Science or Agri- 
cultural Science with specialisation and research exper- 
ience in plant physiology, preference will be given to 
applicants with a higher degree. 


Duties: To work (in collaboration with plant pathologists) 
on problems of crop plant physiology where 
production is adversely affected and where the 
physiological state of the host plant is important in 
relation to reaction to disease infection or develop- 
ment, 


A man with several years research experience is 
sought, capable of organising work in this field, and 
in time, of directing the work of others. 


Subject to certain conditions, the successful applicant will be eligible for:— 


x Payment of fares to Sydney 

% Financial assistance towards removal and establishment expenses 

x Financial assistance towards initial accommodation expenses 

For further information and application form write tothe Recruitment Section, 


New South Wales Government Offices, 56, Strand, London, W.C.2., where 
applications close on 21st February 1969, quoting reference (NT44/401), 


Hon. A, Landa, Agent General, 
(304) 


"SHELL" RESEARCH LIMITED 


have a vacancy in the Chemistry Division of their 
Tunstall Laboratory, Near Sittingbourne, Kent 
Applications are invited for the post of 


TECHNICIAN 


Applicants should preferably have H.N.C. (or equivalent) in Chemistry. 
Experience in modern analytical techniques, particularly gas liquid 
chromatography, thin-layer chromatography and biochemical assay, 
would be an advantage. 

The candidates appointed will be co-operating with biologica! scientists 
in the investigation of the pharmacological and toxicological properties 
of a wide range of compounds. 

Fringe benefits include an excellent Pension Scheme, staff restaurant, 
and sports/social facilities. 


Apply in writing to: 
Personnel Division, 
"Shell" Research Limited,’ 


Broad Oak Road, 
Sittingbourne, Kent. 
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UNIVERSITY OF THE 
WEST INDIES 
FAMAICA 

Applications are invited for GO LECTURE- 
SHIP or (b) ASSISTANT LECTURESHIP IN 
DEPARTMENT OF ANATOMY. Duces include 
lecturing in human anatomy and assistance in the 
practical courses of histology to medical students. 
Applicants must possess a registrable medical 
qualification. Duties to be assumed as soon as 
possible. Salary scales: (a) £1,810 to £2,770 per 
annum, (b) £1,450 to £1,690 per annum. Child 
allowance. ESSU. Family passages; triennial 
Study leave. 

Detaled applications (6 copies) naming three 
referees, by February 26, 1969, by persons living 
in the Americas and the Caribbean area to the 
Registrar, University of the West Indices, Mona, 
Kingston, 7, Jamaica. and by all others to Imer 
University Connecti, 90/91 Tottenham Court Road, 
London, W.. Further particulars. obtainable 
simiiariv, (240) 


BIOSTATISTICIAN 


ae individual with Ph.D, in Statistics or Bio-statistics is desired to 
develop methodology for use in the design and analysis of biological 
experiments, . 

Duties will include consulting with research scientists and other statisticians 
in the planning of new experimental programs. Emphasis will be upon 


the application of new techniques, particularly multiple and sequential 
decision procedures. | 


Applicant must be able to relate to others in identifying and formulating 
problems and in implementing solutions. Ability to communicate verbally 
and in writing is essential. Experience in a pharmaceutical or biological 
environment is desirable, 


The Syntex Biostatistics Department serves the entire Research Division in 


the areas of compound activity evaluation, pharmacology, toxicology, 
human and veterinary medicine, and drug formulation. 


Syntex, an international pharmaceutical company is located on the San 
Francisco Peninsula, adjacent to Stanford University. 


Interested candidates. are invited to send résumés in complete confidence 
to Robert P. Dilks, Employment Manager. 


SYNTEX 


RESEARCH 


3401 Hillview Avenue, Palo Alto, California 94304. 


An equal opponunmiy employer 





GRANTS & SCHOLARSHIPS 


TENOVUS INSTITUTE FOR 
CANCER RESEARCH 


THE WELSH NATIONAL SCHOOL 
OF MEDICINE 
HEATH, CARDIFF 


TENOVUS RESEARCH 
SCHOLARSHIP 


This scholarship : available for à gradu- 
ate with an Honours degree in chemistry 
ar biochemisuy who wil be required to 
work on the distribution in vivo of trace- 
labelled protein hormones and to investi- 
gate hormone binding in normal and geo- 
plastic dissues. The work will be suitable 
for submission for a higher degree, The 
scholarship is for £700 per annum for three 


, years and is tax free, University fees of 
"« | the scholar will also be paid. 


Applications to the Superviser, Tenovus 
institute for Cancer Research, Heath, 
Cardiff. (280) 








p 


MEDICAL FACULTY ROTTERDAM 


The Department of Anatomy of the Rotterdam Medical 
Faculty requests applications for the position of 


INSTRUCTOR IN 
HUMAN MACROSCOPIC 
ANATOMY 


Position and salary to be negotiated. 


IMPERIAL COLLEGE OF SCIENCE 
AND TECHNOLOGY 
LONDON, S.W.7 
ROYAL DUTCH SHELL SCHOLARSHIP 
IN GEOPHYSICS 
(ACADEMIC YEAR 1969/70) 

Open to Honours graduates in geology with 
mathematics and/or physics at ancillary level) or 
in physics, for advanced study or research im 
geophysical prospecting as applied to the search 
for all, Value £700 per annum plus College 
fees: field-work expenses to be paid by the 

student, 


Those who are interested are requested to send their Further particulars from the Registrar, Imperial 
College, London, S.W.7. Closing date April 15. 


application. and curriculum vitae to: Department of 1969, (283) 
Anatomy, 18 William Boothlaan, Rotterdam, The Nether- 
lands, where further information can be obtained. 

(351) d 





SYMPOSIUM 





LIVERPOOL REGIONAL 
COLLEGE OF TECHNOLOGY 








SYMPOSIUM 
“SEX DETERMINATION ” 
March 6-7, 1969 





UNIVERSITY OF EDINBURGH 


UNIVERSITY OF SURREY 


BIOANALYTICAL 
INVESTIGATIONS 


ASSISTANTS with a flair for handling 
apparatus are — reguired for analytical 
studies in cancer research and other fields. 
Experience of biochemistry is mot essen- 
tial, Dav release allowed for approved 
Classes.  .Appoinuments may be for one 
year in the first instance, normally with- 
out superannuation, 

Address enquiries (indicaung what salary 
expected and whether prepared to work 
in Guildford) to Dr. E. Reid, Bio- 
chemistry Department, University of Surrey 
Annexe, 14 Falcon Road, London SW IL 

(313) 





DEPARTMENT OF GENETICS 


RESEARCH ASSISTANT required to 
assist in research on the genetic variation 
of feid voles. The work is varied and 
includes biochemical techniques and feld 
work. 

Applicants shouid hold a University 
Degree or equivalent qualifications and 
must possess a driving licence. The salary 
is £880 per annum. 

Applications, stating age, qualifications, 
experience, giving the names of two 
referees, and quoting Reference — 5000/53, 
should be sent to the Secretary to the 
University, Old College, South Bridge, 
Edinburgh Ñ. (116) 





Chairman: Professor F. AL E. Crew. 


Lecturers : 
Dr. K. R, Lewis, 
Dr. 8. W. Glover, 
Professor J, H. Burnes, 
Professor Watkin, Willams. 
Dr. R. A. Beatty, 
Dr. M. Lyon, 
Dr. C. E. Ford. 
Dr. L L. Hamerran. 

Course fee: £2, 

Farther information and application 
forms may be obtained from the course 
organiser, Dr. ©. E, Anderson, Depari- 
ent of Chemistry and Biology, Liverpool 
Regional College. of Technidogy. Byrom 
Street. Liverpool, 3. (334) 
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SPECIAL UNIVERSITY OF 
LONDON LECTURE AND 


SYMPOSIUM 
" COMPLEXOMETRY AND ITS INFLUENCE 
ON ANALYTICAL CHEMISTRY " 
Friday, March 14, 1969, 2 p.m, to 6.30 p.m. 


Department of Chemistry, Chelsea College 
of Science and Technology. Manresa Road, 
London S.W.3 


Dr. Pribii of the Jaroslav Heyrovsky in- 
stitute ee Polarography, Prague, will deliver the 
Lecture. dt will be followed by a short Sym- 
posium on the same topic. Speakers wil in- 
clude Dr. R. A. Chalmers (University of Aber- 
deen), Dr. J. A. W. Dalziel (Chelsea College), 
Dr. B. Fleet (Imperial College) and Professor 
H. M. N. H. Irving (University of Leeds). 

Details of the programme can be obtained 
from the Academic Registrar, Cheisea College 
of Science and Technology. (302) 





FOR SALE AND WANTED 


WM. DAWSON & SONS LTD. 
Back Issues Department, 

16 West Street, Farnham, Surrey, 

England. 

Farnham 4664. 
Offer top prices for: 

BACK RUNS OF JOURNALS 


IN SCIENCE AND THE HOMME 


Tel.: 


FELLOWSHIPS AND 
STUDENTSHIPS 





UNIVERSITY OF BELFAST 

S.R.C. RESEARCH STUDENTSHIPS 
The Science Research Council is likely to offer 
to suitable candidates a limited number af re- 
search studentships for 1969 tenable in the Facul- 
ties of Science or Applied Science and Technology 
which include the Departments of Pure Mathe- 
matics, Applied Mathematics, and Theoretical 


Physics, Statistics, Computer Science, Pure and 
Applied Physics, Analytical, Inorganic, Organic 
and Physical Chemistry, — Zoology, Botany, 


Archaeology and History and Philosophy of 
Science, and Civil Mechanical, Electrical and 
Aeronautical Engineering. 

The value of these will be in accordance with 
S.R.C. scales and students graduating in 1969 in 
Great Britain (and who are not resident in 
Northern Ireland) are invked uw write stating 
their particular field of interest, to the Dean of 
the selected Faculty by Monday, ce, 17, 
1969. 339) 


UNIVERSITY OF DURHAM 
A. J. WHEELER FELLOWSHIPS 


Applications are invited for Two A. J. 
Wheeler Fellowships tenable from October 
1. 1969, or earlier by arrangement. These 
Fellowships have been established to 
encourage " efforts for increased knowiedge 
of Man and his physical make-up so às to 
enable him to make better use of his hfe 
here on earth," and are open to graduates 
of outstanding promise who will normally 
wish to undertake research in any of the 
following fields : 


Education 

Life Sciences 

Mathematics 

Meteorology 

Molecular Biology 

Neurobiology 

Psychology (especially in the fields of 
Psychophysiology and Educational 
Psychology) 

Social Sciences (including 
and Geography) 


The salary will be on the scale £1,500 
by £100 to £2,500 with FSS. U. benefits, 
although no initial appointment will be 
made at a level higher than £2,000. Candi- 
dates should be under 28 vears of age at 
the time of taking up the Fellowship. 


Applications © 


Econcmics 


three 


naming 
referees, by March 15, 1969, to the Regis- 
trar and Secretary, Old Shire Hall. Durham, 


copies), 


fram whom further particulars 


rom may be 
obtained. 


(323 








UNIVERSITY OF 
STRATHCLYDE 


DEPARTMENT OF BIOCHEMISTR Y 
RESEARCH FELLOWSHIP 


Applications are invited for a Research 
Fellowship in the Department of  Bio- 
chemistry. Applicants should preferably 
hold a Ph.D. degree or have equivalent 
experience. 


The research project, which is supported 
by the N.R.D.C., involves the preparation 
and study of biochemical actions of metal 
protein chelates. 

The post is for one year in the first in- 
stances with opportunity of renewal and the 
intial salary will be up to £1,500 per 


annum. Technical assistance wil be pro- 
vided. 

Applications (quoting R1/69) should be 
forwarded to Professor P. J. Heald, De- 
partment of Biochemistry, University of 
Stratheiyde, George Street, Glasgow, C.H, 
from whom further particulars can be 
obtained. (330) 


CHURCHILL COLLEGE, 


CAMBRIDGE 
RESEARCH STUDENTSHIPS 

Churchill College offers two College Research 
Siudeniships in any subject for men who intend 
to proceed to the degree of Ph.D. of the Univer- 
sity of Cambridge. These are to commence in 
October, 1969, and are for qualified male can- 
didates from the United Kingdom and overseas, 

Any man is eligible as a candidate if he has 
graduated or will have graduated before 
October 1, 1969, at a University and is nomin- 
ated by his University or College authorities or 
by any other organisation, or if, not being a 
graduate or à prospective graduate, he can show 
evidence of exceptional qualification for research, 
and provided that he is not already a registered 
research studens of the University of Cambridge. 
Normally, a first class degree from the Univer- 
sity of origin wil be required and confirmation 
of elections may be contingent upon satisfactory 
results in final degree examinations. 

The elections will take place in May, 1969, 
and the tenure of a studentship will normally 
be for three vears, subject to satisfactory pro- 
gress, The value will be not less than £100 per 
year and the College Council will determine the 
value for each student after considering his in- 
come from other studentships or grants. The 
maximum value of a studentship will not exceed 
ESS0 per year pius certain allowances for wife 
and children. and the payment by the College 
of approved University and College fees. 

Application forms and further details may be 
obtained from the Tutor for Advanced Students, 
Churchill College, Cambridge CB? ODS, and 
completed applications must be received not later 
than April 1, 1969, 

Tenure of a studentship is conditional upon 
the elected siudent having been granted by the 
Board of Graduate Studies of the University, 
the status of research student with cffect from 
October 1, 1969. Forms of application for 
admission as a research student may be obtained 
from the Tutor for Advanced Students, or from 
the Board of Graduate Studies, (305) _ 








UNIVERSITY OF NEW ENGL AND 
ARMIDALE, NEW SOUTH WALES 
RESEARCH FELLOWSHIP OR JUNIOR 
RESEARCH FELLOWSHIP IN POULTRY 
DISEASE 

Applications are invited from graduates in bio- 
logical, agricultural, rural or veterinary science 
1a study some aspect of the poultry disease, in- 
fectious bronchiris-nephrosis, under a three-year 
grant from the Rural Credits Development Fund. 
The particular topic to be studied will depend 
on the qualífications and interests of the person 
appoinied. who will be encouraged to work for a 
higher degree. Salaries: Research Fellow. 
3$A5.400 by $A270 to $A7,020 by $4280 to 
$47.390; Junior Research Fellow, $43,375 by 
$A225 to $44,275, Conditions include travel and 
removal expenses and, for married appointees, 
subsidized rental. 

Further particulars and information as to 
method of application may be obtained from the 
Association of | Commonwealth Universities 
(Branch Office}, Marlborough House, Pall Mall, 
London. S.W.1. Applications close in Australia 
and Londen on February 14, 1969, (292) 


FELLOWSHIPS AND  ASSISTANTSHIPS 
leading to M.S. and Ph.D. degrees are offered a: 
$2,400 for the academic year with remission of 
tuition and fees. Excellent research facilities.— 
Address to Chairman, Department of Chemistry, 
Drexel Institute of Technology, Philadelphii, 
Pennsylvania 19104, U.S.A. (245) 


——— RR ed 


QUEEN ELIZABETH Ii 
FELLOWSHIP» 


IN THE PHYSICAL AND 
BIOLOGICAL SCIENCES 


To commemorate the Zoyal Visit to Aum 
tralia in 1963 the Ausralian Government 
established the Queen <limabeth L Fellow- 
ships Scheme. Under this scheme up to 
ten Fellowships may be awarded cach year 
for full4ime research oy young sclentists 
of exceptional promisi and proved capa- 
city for original work These are post 
doctoral awards tenabes in an Australian 
university or approved research institution, 
normally for two yezis., Tenure of g 
Fellowship wil commerce on a date which 
normally should be wien nine months of 
the date of the award. 


QUALIFICATIONS : "ueen Elizabeth TY 
Fellows mus be elmer Australian or 
United Kingdom citizens, They  shouid 
have a Ph.D., or equivalent qualifications, 
in one of the physical cz biological sciences 
(which are deemed to clude mathematics 
and the  scentific  assecis of statistics, 
engineering, metallurgy agricukure and 
medicine), Awards wll, in general, be 
restricted to applicants who are not more 
than 30 years of age on the date when 
applications chose. 


STIPEND : $56,000 (Aus ralan per annum 
—increased to $6,500 per anpum at age 28 
years, 


ALLOWANCES : Allowances are payable 
in respect of a — Fellows wife (8500 per 
annum), each dependent child ($200), super- 
aánnuation payments (ups to 10 per ceni of 
stipend), appropriate — a18urance coverage 
and necessary travel exzenses. Host insti- 
tutions are paid an allowance towards the 
cost of setting up a elow and his fe- 
search work, 


APPLICATIONS: Persens interested in 
applying for the above “cllowships should 
obtain application form. and a statement 
of the conditions of award from the Secre- 
tary, Queen Elizabeth Fellowships Com- 
mittee, Department o. Education and 
Science, P.O, Box 82%, Canberra City, 
AT. 2601, Australia: The Offielal Secre- 
tary, Australia House, Strand, Lomdon, 
W (C2, England; or th Consul Crenerai, 
Australian Consulate eneral, G36 4h 
Avenue, New York 20, M. Y., 10020, US.A 
Applications for the nex round of awards, 


which wil be announced in June 1969, 
close at the Canberra  <idress on March 
21, i969. ITRY 


SIDNEY SUSSE* COLLEGE 
CAMBRIDGE 

STANLEY ELMORE SEFIOR RESEARCH 
FELLOWSHIP IN THE MZDICAL SCIENCES 

The College Council invies applications from 
men for the above award, swtüch will normally 
be held for a period of thre years as a (hiss C 
FeHowship of the College, fer research in medi 


cine, Stipend and allowancss up to £2,000 per 
annum, with usual Fellowsho rights. 


Particulars may be obtained from the Master, 
Sidney Sussex College, Cam ridge. | Applications 
should reach the Master not ater than March 31, 
1969, (2631 


MENTAL HEALTE RESEARCH 
FUND 


BATES FELLOWSHIPS FCR RESEARCH IN 
SCHIZOPHRENIA 


Applications are invited fc the Bates Fellow- 
ships from suitably qualified persons wishing teo 
pursue full-time research wos into seme aspect 
of schizophrenia, “The appooctmen: will be for 
up to three years at a salary range of £1.000 (o 
£2,750 plus superannuation. Two or three Fellow- 
ships are offered. 


Application forms, which must be returned 
before March 1, 1969, may b obtained. together 
with further information, fiom the Secretary, 
Research Committee, Menta Health Research 
Fund, 38 Wigmore Street, Bondon., WIH SDF 
(Tel, 01-035 4103) (235) 
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DEPARTMENT OF EDUCATION, DUBLIN 


Post-Doctoral 


Research Fellowships 


Applications are invited for Research Fellowships in Science (excluding Medical and 
Social Science) and Engineering tenable in any one of the following institutions in Ireland : 

UNIVERSITY COLLEGE, DUBLIN. 

UNIVERSITY COLLEGE, CORK. 

UNIVERSITY COLLEGE, GALWAY. 

TRINITY COLLEGE, DUBLIN. 


AN FORAS TALUNTAIS (THE AGRICULTURAL INSTITUTE). 
THE INSTITUTE FOR INDUSTRIAL RESEARCH AND STANDARDS. 


Fellowships, up to 10 of which may be awarded, wil be tenable for a period of two 
years with the possibility of an extension for a third year. 


Applicants should hold the degree of Ph.D. 


or have equivalent research experience. 


Applications will be considered from engineers or technologists with suitable industrial 


experience. Candidates should not be more than 30 years of age but, 


should be under 28 years of age. 


Appointments will be effective from a date not earlier than October T, 


preferably, they 
1969, The 


initial salary, which will depend upon qualifications and experience, will normally be 
within the range £1,100 to £1,300 per annum, but awards of up te £1,600 may be made in 


the case of engineers and technologists whose 
The scale is subject to review. 


circumstances warrant it. 


industrial experience or ather special 


Full particulars of the scheme, including application forms, may be obtained from the 


Secretary, Department of Education (Headquarters Section), Mariboro' Street, 
io whom applicauions for Fellowships should be forwarded, 


receipt of applications is March 31, 1969, 


UNIVERSITY OF 


THE WEST INDIES 
TRINIDAD 


Applications are invited for (G0 RESEARCH 
FELLOWSHIP or (b) JUNIOR RESEARCH 
FELLOWSHIP (GEOLOGY) in the Seismic Re- 
search Unit. Applicants should be graduates in 
geology with research experience in igneous 
petrology and geochemistry, Salary scales: (a) 
£1,550 to £2,630 per annum, (b) £1,250 to £1 410 
oper annum, Child allowance, F.S.S.U. Family 


passages; triennial study leave. 


Detailed applications (6 copies, naming three 
referees, by February 18, 1969, by persons Hving 
in the Americas and Caribbean area to Secretary, 
University of the West Indies, St. Augustine, 
Ttinidad, and by aH others to Imer-University 
Council, 90/91 Tottenham Court Road, London, 
Wu. Further particulars obtainable similarly. 

(269) 


LECTURES AND COURSES 


UNIVERSITY OF 
NEWCASTLE UPON TYNE 
DEPARTMENT OF CLINICAL 
BIOCHEMISTRY 
M.Sc, COURSE IN CLINICAL 
BIOCHEMISTRY 


Applications are invited for admission to 
this 12 months' course leading to the degree 


ol M.Sc. in the University of Newcastle 
upon Tyne, The course will begin in 
October, 1969 and will consist of a series 


of lectures, — iccture/demonstrations and 
practical classes. These provide an inten- 
sive study of Human Biochemistry in heakh 
and disease. The course is designed to 
train applicants for careers in industry, 
medical research or the National Health 
Service. The lectures are also available 
for candidates for the Ph.D, degree during 
their first year. 

Time is devoted to a supervised research 
topic, the resulis of which are submitted 


for February 
Psycho-Analytical 
** Permissive 
Rosen, 


Dublin, 1, 
The latest date for the 
(347) 


UNIVERSITY OF EDINBURGH 


Diploma in 
Chemical 
Pharmacology 


The Deparument of Pharmacology offers 
a course in Chemical Pharmacology for 
chemistry graduates (Honours degree or 
A.R.LC.O. The purpose is to provide the 
chemist with an elementary understanding 
of pharmacology and of the methods used 
in pharmacological research and to show 
how far i may be possible to interpret 
pharmacological actions in chemical terms, 


Applicants for this course may possibly 
qualify for assistance from the Medical 
Research Council. 


be obtained from 
Pharma- 


Further details may 
the Secretary, Deparument of 


cology, University Medical School, Teviot 
Place, Edinburgh, Ñ. Applications for 
places during the session October, 1969 to 


1970 should be made before June ib, 
Please quote Reference 8000/53, 


(357) 


lune, 
1969. 


PSYCHO-ANALYSIS 
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Six " Winter Lectures 1969 " weekly (except 


"Third 
a Review,” by 


Society, 
Upbrinzing : 
M.D., DPM., 


1D by members of the Britiss 
Lecture : : 


on Tuesday, February 


4, 6,30 p.m, at the Porchester Hall, Por 
chester Road, London W.H. 
Tickets. (£2 for course or 8s, a lecture: 


as a dissertation. 

Applicants should be Honours graduates 
in Chemistry, Biochemistry. Physiology or 
any other appropriate biological science, 
Studenuis expecting to graduate in the sum- 
mer of 1969 may also apply. 

The course has been recognized by the 
Science Research. Council for the award of 
Advanced Course Studenitships. 

Further particulars and application forms 
may be obtained from the Registrar, The 
University, 6 Kensington Terrace, Newcastle 
upon Tyne NEIL 7RU. (355) 


students 10s. for course, or 2s. single lecture) 

and programme from E. H. Wedeles, M.D., €3 

New Cavendish Street, W.1, or at the lectures, 
(301) 


UNIVERSITY OF LONDON A COURSE 
of lectures entitled '* Western World View and 
the Inevitability of the Ecological Crisis” wil 


be delivered by Professor J. N. Black (Edinburga) 


at 5,30 p.m. on February 3, 4, and 5, at 
University College (Botany Lecture Theatro, 


Gower Street, W.C.1. Admission free, without 
ticket. —M. <A. Baatz, 


Academic Registrar. 
(308) 


UNIVERSITY OF SURREY 


Courses on 
PRINCIPLES OF COMPUTING 
AND DATA PROCESSING FOR. 

CLINICAL LABORATORIES 


at Guildford on April 14-18, 1969 


This course is aimed at graduates, and 
wil deal mainly with concepts, equipment, 
and clinical applications, especially analyti- 
cal. dt is organized by the Computing 
Unit and by the Bioanalysis and Cancer 
Laboratory of the Biochemistry - Depart- 
ment in co-operation with the Southern 
Region of the Association cf Clinical Bio- 
chemists. The basic fee is £12, including 
registration. Residential places are avail 


= ZONAL — 
CENTRIFUGATION COURSE 


on July 14-18, 1969, mainly in London 


This course, organized by the Bioanalysis 
and Cancer Laboratory of the Biochemistry 
Department, deals with the principles, prac- 
tice and applications of zonal centrifuga- 
uon, particularly in biochemistry. The 
theme on July 17 (spent at Guildford) ds 
the role of computing. Practical work may 
be undertaken on July 18, The fee for 
those attending throughout is £18, exclud- 
ing residential accommodation. 


Address inquiries to Dr. E. Reid, Bio- 
chemistry Department, University of Surrey 
Annexe, 14 Falcon Road, London, E56 

G 


UNIVERSITY OF DURHAM 


ENGINEERING GEOLOGY 


The next Advanced Course in Engineer- 
ing Geology of 12 months duration leading 
to the degree of M.Sc. commences Octo- 
ber 1, 1969. Jt is available to graduates 
and to the holders of professional engincer- 
ing qualifications. For details of the course 
and for information on other research 
facilities apply to: 

The Reader in Engineering Geology, 
University of Durham, 

South Road, 

Durham City. 


The M.Sc, Advanced Course is approved. 
by the Natural Environment Research 
Council for the award of Advanced Course 
Studentships, — Application. must be made 
before March 1, 1969, (290) 





MISCELLANEOUS 


EARTHQUAKE DISPLACEMENT 
FIELDS AND THE ROTATION OF 
THE EARTH 
A NATO ADVANCED STUDY INSTITUTE 
lune 22-50, 1969 
This Instiiute is being organized to explore the 
possible relation between deformation fields due 
to earthquake faulting and the Chandler Wobble 
and the rotation of the earth Among the sub- 
ject areas of the Institute are: current pole posi- 
ion and fength of day measurements: deforma- 
tion fields at teleseismic distances: precise 
measurement of the earth’s rotation. by new 
methods (e.g. long baseline radio interferometry, 
corner reflectors on the moon): near fauk instru- 
mention: long period changes in the Earth's 
rotation ; secular motion of the pole: sources 
of excitation of the Chandler Wobble: pessible 

applicalions to the prediction of earthquakes. 

Cordial invitation is extended to scientists and 
graduate students in astronomy, geophysics, 
physics and related disciplines interested in these 
fields to participate in the Instiute. Financial 
assistance towards travel and living expenses is 
avallable ; applications for assistance should be 
in by Apri 30, 1969. 

For further details and registration forms write 
to: Dr. A. E. Beck, Department of Geophysics, 
University of Western Ontario, London, Ontario, 
Canada. (258) 
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AVAILABLE 
FOR 


IMMEDIATE | : ONE. 
DELIVERY University 


Life Assurance Society 


Established 1825 Incorporated by Royal. Charter 


* 
12 UTETES The Society invites enquiries for life assurance from 


past and present members of Universities, Public 
ane nee | Schools, and similar educational institutions within 
The first fruit of thd broad Mie vire pronun Eo the United Kingdom, for whose exclusive benefit the 
this E. coli bacteriophage is an excellent source of phage DNA Societv was established 
or coat protein, or for biochemical and biophysical studies y VEO be i , l l 
on the T2 virus, itself. | £ The Society does not pay commission tor the intro- 


Ret: Cooper and Fonder, Virology 20, 605(1963) duction of new business. 

94-790 T2 Virus (Miles) 1x10? 5x10? 10x 10'SIU* Special plans for Students or Young Graduates 

ates " nim ix oii m eR i , " 
$60 $240 $440 | The “Minimax” Policy Reduced Premium Policy 


*SiU: Standard infectivity Unit based on plaque formation. Young Graduate's P olicy 


1 re 7 Other plans include 
Further information in new product bulletin. Whole-lie and Endowment assurance 
Educational Policies Chiléren's Policies 
Pension Policies Family Protection 
Annuities 


RESEARCH PRODUCTS DIVISION 


MILES LABORATORIES, IMG. 4 Coleman Street, London, E.C.2 
Elkhart, Indiana 46514 U.S.A. | Telephone : 01-606 6225 
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LKB INSTRUMENTS LTS. @ LKB HOUSE #232 ADDINGTON ROAD 


657-0288 
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S. CROYDON. SURRE 


SALES ANO SERVICE THROUGHOUT THE WORLD: 
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Ç -FOR ALL THOSE VITAL BITS AN 
PIECES FOR VACUUM PLANT 








ve SOLENOID 
SOLENOID MANUAL AIR ADMITTANCE NEEDLE 


Edwards manufacture and supply every type of valve required for in-line or 
panel mounting and for manual or automatic operation — from the tamous 
'Speedivalve' to vacuum needle valves for extra fine control. 


VACUUM CONNEXIONS VACUUM SEALS 


The Edwards  solderless 
fully demountable vacuum 
pipeline coupling system in 
sin and fin nominal ranges 
provides a quick and econ- 
omical method of building 
up either temporary or per- 
manent vacuum systems. A 
full range of vacuum unions 
and flexible connexions is 
— s also available 


R= te "| FLOW SWITCHES 
! y t— PIPELINE SUCTION and PRESSURE 
[ Hj [ie 7; COUPLING | CONTROLLERS | 


SYSTEM 
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EXTRUDED CORD e 


SHEET JTO 
















Available either with or 

UNION without flow rate indicating 

dial, the ‘Flowtrol’ is opera- 

oS ted by pressure differential 

N u$ across an adjustable ori- 

AU fice. A typical use is the 

protection of water-cooled 

and liquid flow equipment 

against damage resulting 

from inadequate or exces- 
sive flow. 










For fuller descriptions 
send for 

Publication 08643— 
"A Summary of 
Edwards Vacuum 
Accessories” 


FLEXIBLE VACUUM 


| 

| 

'FLOWTROL' FLOW SWITCH | 

CONNEXION & 


| PM 
* * yore uti 
Edwa rds Edwards Vacuum Components Limited A member of the BOC group Ho 


444i 2 Manor Royal, Crawley. Sussex, England 
| Telephone Crawley 28844 Telex 87123 Edhivac Crawley 
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Insert samples 
The Zeiss Automatic 


Sample Changer 
accommodates six cells 

.. any of which may be 
used as reference. Cells 
are supplied with 
pathlengths from 0.1 to 
50mm, and volumes from 
12u 1 to 15ml, Only Zeiss 
Automatic Changers have 


Set control unit. 


EA SAA 


Offers automatic ‘in-the- 
beam’ dwell time from 2 to 
60 seconds, and cycle 
time from 1 to 15 minutes. 
An automatic slit 
adjustment repeats the 
setting of each blank with 
an accuracy of +-0.002A 
after each cycle. This unit 
automatically controls 


SS S 


` Select 1 or 2 wavelengths. 


You can match the six 
celis electronically to 
+0.002A at two wave- 
lengths, or offset any up 
to 0.4A in case of 
overlapping curves. A long 
(180cm) parallaxfree | 
projected scale gives you 
unmatched reading 
accuracy and permits 


iit 


Read result. : 
The reco:der, with clearly 
coded and numbered. .— 
chart, is automatically 
operated on command, — 
This eliminates the 
confusion of meande 
lines, angthe NN 
inconvenience of mil 

of waste mcorder paper. 
Only Zeiss offers this 


a six-cell capacity. 
| holder. 


mand en env PSP Pd eh E A O O 


movement of sample 


Now...automated 
spectrophotometry, 
*0.002A accuracy! 


What features could you wantina 
spectrophotometer? Unequalled 
accuracy? Solid stability? The 
convenience of automation? The 
Zeiss PMQ 11 with Automatic 
Sample Changer has them all. 

It's the ideal instrument for work in 
enzyme kinetics and other time-rate 
studies, for analysis of chromato- 
graphic columns, and for recording 
of absorption spectra. With 
auxiliary equipment, you can 
perform melting point analyses, 
and follow denaturation processes. 





Consider these outstanding 
features: Built-in micro-optics 
allow you to get full sensitivity 
from the monochromator, even with 
microceils. 100-point accuracy is 
-+0.01%. Scale expansion is 1.0, 
0.5, and 0.2A. If you already own a 
Zeiss PMQ 11, you can easily add 
an Automatic Sample Changer. 
The precision optical bench 
makes prealignment a simple iob. 


precise repeatability. 


important feature.. 


m amim povera ear 


Full information on the PMO 11 
with Automatic Sarsple Changer 
from Carl Zeiss at Degenhardt & 
Co. Ltd, Carl Zeiss douse, 
31/36 Foley Street, 

London WIP SAP 

01-636 8050 (15 line«) 

Teiex No. 24300 


A range of Zeiss micrescopes and 
analytical instruments wili be shown 
on Stand E7 at LABE® 






















New from DU Pont 
LUMINESCENCE BIOMETER 


A unique semi-automatic photometer for 
measuring Bioluminescent and Chemilumines- 
cent reactions using the firefly Luciferin— 
Luciferase "flash" reaction. 


FEATURES 


e Rapid test procedure: bacterial count in 10 minutes; 
ATP measurement in 10 seconds. 


Digital readout direct in ATP or bacteria 
Sensitive to 10-!* grams of ATP or 1000 bacterial cells 
Sample size: normally 10 microliters 
Parallel strip chart record optional 


Automatic compensation for dark current and inherent 
light 


Automatic ranging of readout over five decades 


Biometer performance checked by standard light 
source 






Sample preparation kits available for a variety of 
applications 















Typical applications for bacterial population 
measurement in blood, urine, food, dairy products 
and water. 


For further information telephone or write to : 


INSTRUMENTS 


DU PONT HOUSE 
FETTER LANE 
LONDON EC4 01-242-9044 
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AVAILABLE 
FOR 
IMMEDIATE 
DELIVERY 


POLYRIBONUCLEOTIDES, MILES 


Reference points for excellence. 
Practically all published synthetic polyribonucleotide research 
to date has been based on these Miles-manufactured products. 

STANDARD PACKAGE SIZES 


Poly A 11-301 
Poly C 11-304 
Poly G 11-314 
Poly! 11-307 
PolyU 11-308 
Poly X 11-311 
Polyset 11-390 


, and U in reference set form: $50. 


Reeuest full specifications. 


MILES 
CALAIS 


RESEARCH PRODUCTS DIVISION 


MILES LABORATORIES, INC. 
Elkhert, Indiana 46514 U.S.A, 





pum EE EE d 
200 mm. or 8” STAINLESS STEEL or BRASS 





@NO CREVICES 


e NO BLIND SPOTS 


S, ! 
Y B.S. 410: 62 
U.S 


National Standards 


and other 





The wire mesh used in every 
ENDECOTT TEST SIEVE 
is now tested on our 


IMAGE ANALYSING 
COMPUTER to ensure 


accuracy. 


DENDECOTTS 


ideal for the sep- 
aration of powder 
and aggregates, 
partial analysis 
and micro-sieving 
problems. 








LOMBARD ROAD : 


' LONDON S.W.13 
PHONE 01-542 8121/2/3 : GRAMS ENDTESIV LONDON S W.13 


MORDEN FACTORY ESTATE 
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DIRECT POSTAL SUBSCRIPTION RATES 
*12 MONTHS (52 issues, 4 indexes) 





AIRFREIGHT 
United States. OX OR X* *o? o -* X o3 +k 4 * 9 € * $ » * &k & & OF $48 a ) 
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SURFACE MAIL m 
Elsewhere overseas, U.K. and Eire........ £14.0.0 a os Bo 


* Shorter Periods Pro-rata, 


ORDER FORM 


Please send me......copy/copies of NATURE each week for........months 
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| TEXTBOOK or HUMAN 
|. — ANATOMY 


i 
B | 


Professors SIR WILFRID E. Le GROS CLARK, W. J. HAMILTON (Editor), 
J. M. YOFFEY, SIR SOLLY ZUCKERMAN, the late A. P. APPLETON 
| and the late J. D. BOYD 





| Without sacrificing any of the information which will always be essential 
| for the non-specialist medical practitioner, this important work covers the 
field of anatomical knowledge which the medical student is expected to have 
acquired by the end of his pre-clinical course. 


Although designed primarily for medical students, it is also suitable for 


| students of physiotherapy, radiotherapy, dentistry, physical education, as well 


as biologists generally. 
1,040 pages 103 « 72 inches Printed on art paper 
Profusely illustrated with drawings (most of them in colour) by A. K. 


[ 
Maxwell and Frank B. Price, and micro-photographs. | 
Second printing, £6 15s | 
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MACMILLAN & Co. 


ü Little Essex Street, London, W.C.2 | 
mE St. Martin's Press, New York | 
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et the facts on the new JEM-100 
SERIES 


























a brand new design with 
outstanding performance Ife 


The JEM-100 is the latest addition to the range of JEOL 
Electron Microscopes. 


With a guaranteed resolution of 2A (lattice), it 
achieves a consistently high standard of performance. 
Operation is simple, rapid and safe. 


Principal features include: 

Guaranteed resolution of 2À (lattice) 
Magnification from x500 to x500,000 
Accelerating voltage stepped from 20 to 100kV 
Contamination rate less than 0.1 À/min 
High image quality at low maanification 
Very bright illumination at even the highest 
magnification 

Drift-free specimen holder 

m@ Simultaneous loading of six specimens 


Automatic gun airlock system for rapid 
filament change 


W Automatic camera and vacuum systems 

Automatic plate numbering 

8 CRT display for accurate 
specimen positioning 

W Digital display of magnification 





JEOLCO (U.K) Ltd., has been formed as a 
subsidiary of JEOL, Tokyo, to provide sales, 
installation and service facilities in the United 
Kingdom and Eire. 

The company incorporates the former Delviljem 
organisation. À new Applications Centre will be 
opened to display and operate a wide range of 
equipment and to facilitate investigation of pros- 
pective users' particular problemsand applications 





The range of JEOL research equipment includes: 


Computers, High Voltage, Metallurgica’, Biological, 
and Compact Electron Microscopes, Electron Probe 
Microanalysers and Scanning Microscepes. 
Nuclear Magnetic Resonance Spectrometers, 
Electron Spin Resonance Spectrometers, Mass 
Spectrometers, Amino Acid Analysers. 


4 Shakespeare Road, 
Finchley, 


ATIJURHIEUR GRECE London, N.3. 


Tel: 01—349 9241 
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No one knew how a book written by a philosopher about a subject 
so concerned with biology, astronomy and astro-physics would 
be accepted 


This is how Persons by Roland 
Puccetti has been accepted 


‘He is a witty, incisive, almost insolent writer. Professor Puccetti 
dazzlingly draws upon a host of different disciplines to show that belief 
in extraterrestrial intelligence has now acquired a scientific basis 

and hence a logical status no longer on a par with metaphysical 

or religious beliefs. He handles his evidence and his arguments with 
astonishing dexterity. Biology, astronomy and astro-physics are raided, 
plucked of vital scraps and pressed down into a few slim chapters which 
contain more to excite the mind than the shelf-full of fat space books 
which | reviewed a fortnight ago.’ Dennis Potter, The Times. 


‘The last philosopher to write seriously about beings in outer space 
was Giordano Bruno. They burnt him. Don’t burn Puccetti; read him 
instead.’ Alistair Macintyre, The Guardian. 


‘Without labouring the fact, Puccetti shows that analytical philosophy 
has a direct bearing on topics of general human interest—in particular, 
on the more speculative edge of scientific enquiry. Even if there is 
nobody there... the intellectual journey represented by this book is 
worth making for the fresh perspective it offers on ourselves. 
Anthony Quinton, The Listener. 


50s 


Macmillan 
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CELLULOSE ACETATE 
IMMUNODIFFUSION 





IMMUNOCELL Bulletin 5-2300 





Bulletin 5-2200 TITRAGAR 


immunodiffusion on agar for lantern slides, incorporat- 
ing the serial dilution technique. Detects immunological 
differences of protein components to 4% gamma. Among 
unique features is the simplicity of finding the optimum 
concentration for the precipitin reaction of each antigen. 







Immunodiffusion on 
cellulose acetate com- . d : 
bined with serial dilu- — sje eien" 
tion, a follow-up or WM c ter 
companion technique  . B o8 5:37 age sensor 
with the Titragar. Yields | Se co) 97 
precipitate lines of high m E T s | 
resolution and clarity. M » fase Pinte 










^ 
a 
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Normal Human Serum Against Anti Human Immune Horse Serum 


Bulletin 250 OUCHTERLONY 


A complete double-diffusion Ouchterlony system for 
agar on microscope slides, Sensitivity is 4-fold over macro 
Ouchterlony plates, precipitates of as little as 1 ug of 
antigen and 1 ul of antiserum being readily visible. 







RADIAL DIFFUSION QUANTITATION | 


(RDQ) For the determination of astigen-antibody 
reactions on cellulose acetate, with excellent resolution, 
greater rapidity than agar, high accurety, and inde 
pendence of .temperature. Bulletin 5-2250 








A i $9 Y Ü sa et n % 
ANDREE Cue Wire t 

ER "m 
L RDN Spy 


t 
1 
i 
i 
| 7 
Ye ; «rina Toate! 
Venous Pinging Sample | RING menm 


[s 


cho? eng Quaton of Mesmvona Plume 


zoFsd Seray Dughon of Sere Standard 








RABBIT ANT iu 


MAN 





Bulletin 257 AGAFOR CELLOFOR Bulletin 5-2400 
Micro- and immunoelectrophoresis on agar for standard immunoelectrophoresis on cellulose acetate dd 
microscope slides. This micro method is regarded as the Yields multiple patterns of antigen-antibody reaction 
most convenient and economical for qualitative series reproducibly and more rapidly than with agar, once see 
studies, clinical investigation, or routine analysis. ating parameters are Known. Eliminates agar preparation 


and handling. 


Human Serum 
and merse 








Nordic Immunochemicals and Immunohistological Reagents 
Bulletin 5-6000 


immunoelectrophore'ic pattern of nar 
mal human serum against a new poly- 
valent horse antisetum (Cat. No. HAHu/ 
ielfo, Batch 615). & should be noted 
that the amount of antigen (human 
serum}, increases wth the size of the 
well, resulting in different antigen. 
antibo dy ratios. 


Produced to rigorous standards 
of PURITY, SPECIFICITY, and 
POTENCY, for the reliable and 
reproducible analysis of human 
and animal serum proteins in 
body fluids and tissues. 





National Instrument Laboratories, Inc. — 


in Metropolitan Washington, D. C, Area Gode: 301 
12300 PARKLAWN DRIVE, ROCKVILLE, MARYLAND 20852 


Ant: Human Serum 
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WONDER ELECTRIC MORTAR 


INVALUABLE TO 


SPECTROSCOPISTS 
GEOLOGISTS 

AGRICULTURE RESEARCH 
AND ALL ANALYSIS FIELDS 









INFRA-RED 
EMISSION 


X-RAY * FASTER 


* CHEAPER 
* SIMPLER 


* BETTER 


MIXING and GRINDING 


FORGET tendency to cake, differences in 
hardness 





IMPROVE mixing and grinding are identical 
REPRODUCIBILITY from sample to sample 


AVOLD plastice vials, caps, and ball pestles 
CONTAMINATION cannot introduce metallic impurities 


REDUCE entire assembly easily cleaned with 
EFFORT mineral acids 


3116. SAVE TIME 10 seconds are sufficient for most 
cA samples 


SAVE SPACE one vial used for weighing, mixing 
and storing 





SAVE MONEY per sample cost is 4.2 cents—less than 
the cost of an ordinary container alone 


With these new plastic and metal vials, the WIG-L-BUG is an indispensable tool in YOUR LABORATORY. 
The plastic vials are recommended for mixing powders or preparing mulls with mineral oil. For hard materials 
requiring grinding action use our metal vials, in which coarse sand can be ground to face powder consistency in 
one minute, 


The action of the Wig-L-Bug is reciprocating in the form of afigure8. Swung through a 6-1/2^ arc at 3,200 R.P.M. 
the ball pestle thus strikes the ends of the vial some 2,000 times in ten seconds. 


Prices Available on Request 


RESCENT DENTAL MANUFACTURING CO. — (vos nuvors 6551 


No. 
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LETTERS TO THE EDITOR 


PHYSICAL SCIENCES 


Pulsars — Details of the Crab nebula pulsar — 
COMELLA, CRAFT, LOVELACE, SUTTON (Arecibo 
lonospheric Observatory) and TYLER (Stanford) 


Pulsars—Consequences of rotation model—GUNN 
and OSTRIKER (Princeton)*. : 


Atmosphere—-Atmospheric sodium by a eared laser 
radar—BOWMAN, GIBSON and SANDFORD (Radio 
and Space Research Station, Buckinghamshire} 


JA —Molybdenum distribution in the 


Lower Lias—THORNTON, MOON and WEBB 
(London) ; : : ; ; s 
Geochemistry-—Production of organic Bud: in 


a primitive atmosphere—RAFFE and MEABURN (US 
Defense Atomic Support Agency) 


Optics--.Do single photons interfere with N 
—PINDER and GOULD (Victoria University of 
Wellington) 
Hydrology-—Sampling rivers of the Amazon ee 
THORNES (London) : i 


Plastics— Deformation bands in amorphous p 
styrene and their relation to the slip line field — 
BOWDEN and JUKES (Cambridge) 

Heavy ice--Vapour pressure measurements on H, Em 
ice——MATSUO and MATSUBAYA (Tokyo Kvoiku 
University) . . ; 

Crystal structure- The two pyridinium rings of 


diquat are not quite co- bns ad DÉRRY and HAMOR 
(Birmingham) . 


Geobiology-—Banded deposits dornied by the diffusion 
of metal ion and inorganic and microbial sulphide 


sources BUBELA and McDONALD (Bureau of 
Mineral Resources, Canberra) . . ; : . 


Photography —- Relation between the Fermi level 
and redox reaction of sensitizing dves—-TANT (Fuji 
Photo Film Co., Kanagawa) . s ; 


BIOLOGICAL SCIENCES 
Scene ye lophosphamide as a potential defleecing 


agent. . DOLNIC IK, LINDAHL, TERRILL and 
RE YNE ILDS (US Agricultur al Research Service) 


Anaesthesia--Hydrate theories not disproved by 
the behaviour of CF, and SFe- MILLER, EGER 
(California) and LUNDGREN (L nob 

Bone culture —Endotoxin and histamine affect bone 
growth--NORTON, PROFFIT and MOORE (Ken- 


» 


tuckv) : : . : : 


Body water--Monthly changes in body water and 
bodv ME in normal adults— dE KERRY and 
DAVIES (Sheffield) ; 


Abnormal chromosomes-— E disorders in 
XYY males--DALY (Wisconsin). . : 


Endocrinology — ‘Urinary gonadotrophin inhibitor 
increases the total gonadotrophin and PSH content of 
the pituitaries—-HIPKIN (Liverpool) ; i i 
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Two Views on Drugs 


THe meeting of the United Nations Commission on 
Narcotie Drugs, as well as the debates on the report 
of the Wootton Committee in the House of Commons 
during the past week (see page 407), are splendid 
means of bringing out the fierce dilemma underlving 
publie coneern for the proper regulation of drugs of all 
kinds, from opium to antihistamines with cannabis 
somewhere in between. In both settings it is plain for 
all to see that there must be a radical reappraisal of 
the basis of present arrangements, but in both it is 
also plain that the men responsible are much more 
cireumseribed than are their critics. Mr Callaghan s 
speech in the House of Commons illustrates this well. 
His bark, or bluster, sounded much worse than his 
bite. Everybody will acknowledge the difficulty that 
a government cannot hope to make the penalties 
applying to the use of one drug less severe than those 
applying to the use of another without giving the 
impression that the first is almost innocuous. 

By the same test, Mr Callaghan is right to pin his 
hopes on some kind of eonsolidation of the legislation 
which now governs the regulation of drugs in Britain, 
although it will be sheer Hood luck if the work on the 
new legislation can be completed in time for him to 
have something to talk about in publie by 1970. And 
the real danger, of course, is that the flexibility he is 
asking for may turn out to be more freedom for 
governments and their police forees to move swiftly 
against those who offend against what Mr Callaghan 
on Monday called "the social values of the House of 
Commons". One difficulty is that the drug laws 
in Britain in the past few vears have often been the 
vehicles for various kinds of illiberality —exemplary 
sentences for pop singers and the like. In the debate 
on Monday, there was an unpleasant suggestion that 
it is the task of governments to ensure that taxpayers 
are kept in a kind of innocence against the perils of the 
modern world. Another problem is that all kinds of 
tendencies are helping to create a real diversity among 
drugs of dependence, and, for all the sly jokes, alcohol 
fits snugly somewhere in the spectrum. So, even if 
people have learned to live with the devil they know, 
is it logically defensible to sav that no other forms of 
drug abuse than drunkenness should be allowed ? For 
that matter, who knows how many cases of dependence 
on barbiturates may be concealed among the people 
who, for one reason or another, habitually take pud. 
pills? But then there is the ill-refuted fact that : 
substantial part of the population of countries like i 
United Kingdom and the United States is prepared to 
smoke cannabis in spite of the heavy penalties which 
are now applieable. Both in the House of Commons 
and at Geneva last week, the concern to devise water- 
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tight legislation somehow succeeded in stifling the 
proper anxiety there should have been about the social 
dangers of a system in which the law is held in contempt 
by many of those to whom it sheuld apply. 

None of this should be taken :o imply a 
legalizing cannabis. There is on'v a tiny section of 
opinion anywhere that would do that. But there is 
now an urgent need for a much mere informed inquiry 
into the nature of drug dependence in modern societies 
than governments, WHO committees and even the 
United Nations Commission on Narcotics are willing 
to admit. The need is not simply to study the pharma- 
cology and the psychopharmacology of some of the 
materials now available, althoush that is not an 
inconsiderable job. It is more important that there 
should be a serious effort to desine and understand 
the pattern of drug usage as b has developed in 
recent years. Obviously a great deal has happened 
since the thirties, when the heroin and morphine 
pensioners were the most conspreuous although not 
the most common drug takers. Young people are now 
the most conspicuous, and even though the question of 
whether cannabis leads to heroir is still necessarily 
an open question, there are at least signs that some 
of them emerge unscathed from acquaintance with the 
drug. Undoubtedly the fashion for drug taking, 
alarming though it may be, has something in common 
with the habits of young people ane —really alarming— 
dd the m to anarchy in she universities (see 

g But what is the link * By their studious 
failure. do raise questions hke these, the WHO com- 
mittee and the Home Secretary wil make it harder for 
themselves to find workable soluteons to the problem 
of drug dependence and make themselves look fuddy- 
duddy a as well. 

So what kind of legislation shoulc the British Govern- 
ment and, for that matter, the UN Commission, a 
at? The case for stringent intesnational control : 
d dide drugs 18 clear. bue M no means simple 


ense for 








Serious jode andi no oun needs to be ere 
at having to implement harsh penalties. For the 
truth is that there is no respectabee case, or even any 
case at all, for addiction in the old-fashioned sense. 
For several vears, Britain has managed with a system 
under which general practitioners were allowed to 
prescribe drugs for acknowledged addicts, but that was 
undermined by over- -prescribing. The trouble now 
is that the hospital clinics which have taken over from 
the doctors seem just as hard pressed to keep heavily 
dependent people on a tight rein. Evidently the British 
Government has a considerable struggle ahead if it is 
really to devise machinery for the treatment of those 
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dependent on hard drugs which is effective, and which 
nevertheless does not blunt the compassion which 
the dependants deserve by the need of penal laws. 
Most probably this will not be possible unless the health 
services are able to provide the kind of detailed atten- 
tion which is beyond the capacity of the clinies now in 
service. In other words, where the hard drugs are 
concerned, spending money may be more important 
than making laws. 

The problem of the synthetic drugs—those already 
in use and those not yet synthesized—-is another 
problem altogether. The five categories of control 
which the WHO committee has been spelling out 
(see page 407) are hopeful as far as they go. The most 
serious problem, however, is that the only point at 
whieh controls can be applied effectivelv is at the 
point of manufacture, and there is always a danger 
that manufaeturing may be carried out on a small 
scale, clandestinely. Experience with LSD (now 
happily less prominent in the sub-culture) shows 
quite clearly that it is afterwards extremely difficult 
to prevent those who want to use some of this material 
from doing so. In circumstances like these, govern- 
ments are bound to find themselves maintaining a 
schedule of drugs which manufacturers may not manu- 
facture or at least supply to institutions other than 
laboratories or hospitals. It would be folly, however, 
to think that legislation along these lines can ever be 
sufficient and—since the damage done by some of these 
materials will necessarily seem like self-inflicted wounds 
——there will always be the danger that severe penalties 
against persons using drugs will seem to them and 
possibly to society as well illiberal and repressive. 
This is why, with these drugs as well, better legislation 


Keep Mars Clean 


THERE is widespread anxiety that at the coming launch 
window for Mars (mid-February to mid-April), the 
Soviet Union will send a space-probe capable of 
placing a soft-landing capsule on the surface of the 
planet. This, it is accepted, would probably con- 
taminate the Martian environment with organisms. 
The high winds would then ensure that they are dis- 
tributed, so that no pockets of genuinely native 
environment would remain. This could end an era. 
Terrestrial contamination of Mars might end hopes of 
studying life which has developed ab initio away from 
Earth in the solar system. 

The reasons for this gloomy expectation are presumed 
to be reinforced by inside information as well as being 
a logical extrapolation from the facts. The Venus-4 
mission in October 1967 demonstrated that the Soviet 
Union has the technique for landing substantial space- 
craft on a distant planet. It has not missed a launch 
window for either Venus or Mars in nearly a decade. 
But there will also be a need of something spectacular 
in July next (when a probe to Mars would arrive) to 
divert attention from the expected American Apollo 
manned landing on the Moon. 


Aue 


NATURE, VOL. 221, FEBRUARY 1, 1969 


or different legislation can only be a tiny part of a 
solution. One of the more depressing parts of Mr 
Callaghan's statement on Monday was his evident 
belief that there must be some way in which a new act 
of parliament could banish a host of social problems. 
The truth is that it will also be necessary for the Home 
Office and its equivalents in countries elsewhere to 
ensure that people in general and potential drug takers 
in particular are much better informed about the 
properties of illicit drugs than they have been so far. 

The problem of cannabis is in a different category. 
It belongs to the same part of the spectrum of self- 
administered drugs as alcohol and even tobacco, but 
it is, whatever its defenders may say, a more serious 
hazard than either. The possibility that cannabis may 
lead on to heroin is in dispute, but it may be equally 
damaging that it leads on to tobacco smoking. And 
Mr Quintin Hogg is right in saying that a country 
which is in trouble with its export surplus must think 
seriously before introducing another form of lotus- 
eating. Yet it remains a serious offence against common 
sense that the effects of the law on cannabis should be 
harsh and arbitrary as they have become. Probably 
it is too soon to make an important change, but it is 
high time that something was done to explore alterna- 
tive forms of control. ft would be interesting, for 
example, to know whether licensing might not be a 
more effective way of keeping the drug in check—and 
naturally a cannabis licence holder might be denied a 
driving licence. At this stage, these and other schemes 
deserve merelv to be investigated, but that would be 


more creative exercise for Mr C allaghan's parhamentary 
draughtsmen than the filing out of the existing 


legislation. 


With the Venus-4 teehnique, the carrier as well as 
the soft-landing capsule reaches the surface of the 
planet. The impaet is at high velocity, so tkat the 
carrier bursts open to scatter unsterile hardware from 
its interior. It is virtually impossible to sterilize 
sub-svstems to adequate standards and get them to 
work afterwards. Even the kind of capsule used for 
a soft landing would contaminate the planet. And 
there is more than a little scepticism about the 
Russian claim that the capsule carrier would be com- 
pletely burnt up in the Martian atmosphere. 

The essence of the trouble is that the Russians have 
said very little about the methods they are using to 
sterilize spacecraft. It would be a great reassurance 
if the Soviet Space Commission were to declare its 
willingness to adhere to the internationally adopted 
standards promulgated by COSPAR in 1964 and 
revised in 1966, and to which the Soviet Union 
formally adheres. Better still would be an assurance 
that only the soft-landing capsule would reach the 
surface of the planet. The ideal, requiring more 
restraint, is that the surface of Mars should be left alone 
until more is known about techniques of sterilization. 
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But why should there be this fuss? For ten years 
there has been talk of the dangers of planetary con- 
tamination and it is, of course, unlikely that a single 
landing by a capsule would disastrously contaminate 
the Martian environment. In any case, it is always 
possible that the indigenous and imported forms of 
life could afterwards bo distinguished from each other. 
But there is also a chance, We remote, that lasting 
confusion eould be caused. That is what those who 
ask for cleaner spacecraft are concerned about. They 
deserve to be taken seriously at this early stage in the 
exploration of space. 


TECHNOLOGY 


Managing without France 


THe European Institute of Technology, to which 
Britain, West Germany, Holland and Italy have 
promised funds, will have to get along without France. 
The French Government, although it initially made 
encouraging noises about the institute, has decided not 
to make a financial contribution. The institute (which 
has also been deseribed as the International Institute 
of Technology) is the inspiration of a group of European 
businessmen and politicians who want to import into 
Europe the methods of technological management 
which have been successfully developed in the 
United States. The institute is being set on its way 
by the OECD, though it is intended to be com- 
pletely independent onee the initial difficulties are 
overcome. 

One reason given for the French decision was that 
the institute w ould clash with a domestic organization 
—l Etablissement pour le Development et la Gestion 
des Enterprises—which the French Government already 
supports. A more likely explanation is that the French 
Government had got word that the institute was 
unlikely to be built on French soil—the two French 
sites offered, at Fontainebleau and Strasbourg, are said 
to be less attractive than a site at Maastricht, in 
Holland. The fourth possibility is a site in Italy. in 
Milan, but Masstricht remains favourite. A more 
devious explanation of the French decision is that the 
institute has lost support ever since M. Olivier Giscard 
d'Estaing, the principal French supporter of the plan, 
became a deputy in the National Assembly of his 
brother's party, which does not always support the 
Gaullist line. But Mr Christopher Layton, one of 
the British supporters of the institute, suggests that 
the French Government is simply going through 
the same squeeze process as the British, without 
the need at the same time to demonstrate its European 
spirit. 

The institute's efforts to raise money from industry 
are progressing, although the full amount for the first 
year, $100,000, has not yet been raised. Fiat, however, 
has promised $20,000, and with $10,000 already 
promised from IBM, progress is being made. Some 
American companies are also expected to make contri- 
butions. Three other governments seem to be showing 
some interest—those of Switzerland, Sweden and 
Belgium—although Belgium is lukewarm because it 
fears that the institute may oA. with efforts to 
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AFRICAN STUDENTS 


Harvard Leaps Ahead 


MiLrTANT students, whose influence has spread like 
wildfire from campus to campus across the United 
States, seem to be achieving one a4im-—the rec pon 
by American universities of "their obligation or at least 
their need to offer courses in Afro- Amerie an D 
Ironically enough, however, it seems to be the elite 
institutions— places like Stanford, Yale, Berkeley, 
the University of Illinois and lately Harvard—which 
have not ye t suffered from militant demonstrations 
which are setting the pace, no doubt in an attempt to 
forestall trouble. 

As San Francisco State and San Fernando Valley 
Colleges in California, Swathmore in Pennsylvania, 
Queen’ s College in New York, Wittenberg University 
in Ohio and even liberal Brandeis in Massachusetts 
were almost in a state of siege last week, the faculty 
committee at Harvard announced its intention of 
establishing an Afro-American Studies Center. Har- 
vard's proposals, which are to be &nplemented by next 
autumn, may yet, however, prove to contain the seeds 
of a riot. By all accounts, Harvard students will be 
able to major in negro studies, but to obtain the bache- 
lor degree they must also major in another academic 
field. That is an unusual although not a unique re- 
quirement. Whether it is interpreted as a reflexion 
on the academic standing of the new course remains 
to be seen. 

The reasons why Harvard and its peers—Stantord 
seems to have won the distinction last November of 
being the first major university to establish a degree 
course in negro studies—can afford to give a lead are 
not hard to find. Apart from the enlightened li beral 
traditions, they have more money to spend and it also 
helps that the negro students are very much a small 
minority. (The jibe that Harvard has more African 
negro students than American negroes is near enough 
the truth to hurt, but at Harvard at least the Associa. 
tion of African and Afro-American Students seems to 
prefer negotiation to occupation.) 

The problem for the elite universities is not so much 
a lack of willingness to start Áfco- American Studies 

8 a lack of qualified black faculty to teach them. As 
Pu Pusey said in his annual re port last week, 
"The supply of qualified black academics is far below 
the current demand". And if Harvard is finding it 
difficult to recruit black staff ard students without 
lowering its standards, the despair of lesser universities 
is easily understood. 

One solution which Harvard seems to be adopting is 
a crash programme to train negre graduate students. 

“It appears increasingly probable. there ‘fore, that we 
shall make our most significant -ontribution in this 
area in the vears immediately ¢ ahead by concentrating 
on attracting promising students particularly at the 
graduate lev el. Tf we succeed well here we shall, of 
course, ultimately increase the supely of black teachers 
available . was the way Pre: ident Puse 'y put it. 
But the difficulty, as Harvard, which for the past ten 
vears has been seeking studente from the "urban 
and rural wastelands”, knows ony too well, is that 
most negroes by the time they reach college age 
have lost faith in their own abili: yo as well as in the 
system. 

Harvard is, 





however, trving to change things. In 
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recent years it has run annual talent scouting opera- 
tions, summer programmes for college age students 
from disadvantaged groups, in an attempt to spot 
people who would be capable of undergraduate work. 
And according to President Pusey, the repercussions 
of the assassination of Dr Martin Luther King so 
increased the university's determination as to cause 
“virtually a basic change’. Apart from the decision 
to teach Afro-American studies, Harvard can also 
boast that its Business School earmarked $100,000 
of its scholarship money for black students, that 
its School of Education has raised $60,000 for 
training negro and Puerto Rican teachers and thatits 
Medical School has undertaken a nationwide search 
for qualified black students. The fact that it only 
intends to admit 15 additional medical students from 
disadvantaged backgrounds speaks for itself. 


STUDENT POWER 


Shutdown at LSE 


Tug London School of Economics is once again a focus 
of student unrest. The last couple of weeks have seen a 
complicated story unfold, the chief actors in which 
have been Dr Walter Adams, the director of the school, 
like-minded members of his Academic Board, and the 
fifty or so committed Marxist students at the school, 
supported by a few of the staff and anything from 200 
to 1,000 of the other 3,000 students. 

Last October the militant students proclaimed that 
they intended to use the school as a base and field 
hospital for the anti- Vietnam demonstration of October 
27. Dr Adams forbade this, but the students went 
ahead with their plan. After this, the authorities were 
determined to have no repetition of the experience, 
and in the subsequent weeks they had some hefty iron 
gates erected at nodal points in the college building, 
for (in their own words) “mob control’. Things were 
outwardly quiet until the LSE’s Academic Board 
produced a proposal a fortnight ago for a new disciplin- 
arv code for the school. This was chiefly concerned 
with the part staff should play in maintaining order in 
the college, and solicits their help in identifying trouble- 
making students. 

The proposals seem to have increased the already 
deep differences of opinion among the LSE staff, and 
a few days later a group of staff issued a document 
expressing a dissenting view. It claimed that the 
Academic Board’s proposals treated the staff as servile 
middle-management personnel, with an obligation to 
obey directorial instructions regardless of their own 
views, 

The students, of course, found themselves a new 
slogan—‘‘Professorial Spies"—while the gates gave 
them a chance to shout “Is this a university or a 
borstal?" Last week the pace of events quickened: 
a motion proposed at the students’ union to take the 
gates down by direct action was narrowly defeated 
on Thursday and, after a day of fruitless negotiation, 
narrowly passed on Friday evening. Half an hour 
later, the gates were lying on the road outside LSE's 
main building, and the militant students were jubilant. 
Most of them were celebrating in the union bar later 
that evening when the building was overrun by police- 
men. The students were marched out in pairs, and 
students who had been involved in the removal of the 
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gates were apparent 
members. 

The scene is clearly set for a major confrontation 
of authority and dissident students. LSE is closed 
and under police guard. On Monday a wide section of 
the LSE student body met at the University of London 
Union (ULU), and turned what is normally a rather 
sleepy institution into a babel of argument and 
accusation. As is customary in British student politics 


y identified to the police by staff 


kad 





London School of Economics students, at the University of 
London Union, voting in favour of a demand for the immediate 
reopening of their college. 


nowadays, the various factions displayed a conflict of 
life-styles as profound as their conflicts of poliey—the 
self-styled moderates in their cavalry twills and the 
militants in their denim tribal regalia. 

The events of the past few days have given the 
militants the support of perhaps 1,000 LSE students, 
but it remains to be seen how this support will last if 
the disturbances are protracted. The militant students 
openly admit that the gates at LSE were of more 
interest to them as a means of provoking the authorities 
than as a point of policy in themselves, but there do 
not seem to be more than a few dozen students fully 
committed to this Leninist tactic of continuous 
provocation. 


ORGANIZATIONS 


Tur United States International Biological Program 
has at last reached a degree of crystallization. (It may 
be recalled that the 5-year operational phase of the 
IBP opened in July 1967 after a 4-year preparatory 
period, though the US IBP committee did not publish 
anything approaching a specific programme until 
autumn 1967—as reported previously.) How much 
the US programme needs for the 1970 fiscal year is 
now established and has been requested as a “Imne 
item" to the Bureau of the Budget. This goes through 
the National Seienee Foundation and the figure is 
$5 million. The committee has also now fixed the 
outside limits of its programme "envelope" and has 
announced to the scientific community that no further 
grand integrated projects will be considered. — In 
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parallel with all this has been an almost complete re- 
organization of the Academy of Sciences supervising 
and advisory committee system and its membership. 
Leadership of the US programme passed from the 
hands of Roger Revelle of Harvard to Frank Blair of 
Texas last spring. With the more recent streamlining 
of the committee structure, the academy's IBP organ- 
ization looks more like an executive body and less like 
a gathering of all the worthies in the field. 

The $5 million line item called for in the Federal 
Government budget for the fiscal year 1970 is expected 
to get through Congress. It seems modest against the 
$200 million originally estimated at the 1967 Congres- 
sional hearings for setting up programme operations. 
The programme itself is now stabilized, with thirteen 
"integrated" large-scale projects already active, and five 
more adopted but not yet fully organized. The academy 
committee has been at pains not to close the door on 
further promising research subjects which scientists 
may wish to press, but only on grandiose proposals 
spanning large areas and many disciplines. Thus it 
is pointed out that the US IB programme could take 
on a study of the effects of defoliation in Vietnam 
(as has been suggested) but it would not rank as a 
programme in its own right. 

The newly formed executive committee for the 
US IBP is a six-man affair with Frank Blair as chair- 
man. lt is supported by two other committees, 
PROCOM, the Program Coordinating Committee, and 
INTCOM, the International Coordinating Committee. 
Altogether the reshuffle has pared the membership of 
the committee from about 100 people to thirty. In 
consequence of the rather thorough rethinking and re- 
organization that have taken place over the past 9 
months which have been greatly influenced by the public 
hearings in Congress, the US IBP goes into 1969 still 
not rich but in a mildly optimistic frame of mind. 


NUTRITION 


Eat up your Veg. 


Last week a report was published which suggests that 
more than £5 million may be lost each year because 
children are too undernourished to concentrate on 
their school work. Prepared by Dr G. W. Lynch of the 
social nutrition unit at Queen Elizabeth College, the 
report is an extension of earlier work carried out by 
the unit which indicated that fasting for 18 hours each 
school day is by no means uncommon among children 
from low-income homes. (Medical Officer, January 24.) 

In 1967 the unit estimated that about two thirds 
of a million children in Britain are likely to be under- 
nourished for reasons of poverty alone. This estimate 
was based on extracts from various statistics—chiefly 
from Government surveys of income and expenditure 
and national food surveys. A second study a vear 
later showed that 25 per cent of a sample of eighty 
children in the East End of London aged between 10 
and 1] regularly went to school without breakfast. 
Compared with other children, their milk intake, dental 
health and school records were poor. 

A more recent finding reported by Dr Lynch is that 
among ninety-six working class schoolchildren, only 
a third had a main-course meal in the evening: ten had 
sandwiches only and three had nothing. Parents often 
seem to be under the impression that their children eat 
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a large lunch at sehool, but out of seventy-five children, 
fifty-seven habitually left certaia foods, which were 
had parents who never asked fhem what they had 
eaten for lunch, and Dr Lynch comes down heavily 
on the indifference of adults abeut children’s eating 
habits. 

He adds that the adverse effeets of poor nutrition 
on learning ability are well knowr. Based on expendi- 
ture bv loeal education authorities n 1966 on secondary 
schools, he suggests that if poor ne trition impaired the 
learning ability of one in four schoolchildren by as 
little as 25 per cent and for only or=-quarter of a school 
day, a loss of more than £5 million would be involved — 
£l million more than the Government's estimated 
saving in stopping free milk fo. secondary school. 
children. 

Dr Lynch’s samples are admitvedly smal! and his 
results do rely rather heavily on the assumption that 
the children are telling the truth Nevertheless, his 
findings are unlikely to whip up nuch support for the 
Government's decision to end next. April the scheme 
by which free school meals are provided for the fourth 
and subsequent children. As a next step, Dr Lynch 
says that the aim is to launch a naticnal survey covering 
a wider cross-section of the population. 


INDUSTRIAL RESEARCH 


Tax against Innovation 


THE view that industrial innovasion in Britain is 
hampered by the prevailing system: of taxation is put 
forward by Dr Gordon Fryers, menaging director of 
Bayer Products, in one of three zontributions to a 
symposium, /nnovation and Profitatility, published by 
the Science of Science Foundatior at five shillings. 
The other contributions to the s~mposium, by Mr 
Herbert Hollomon, lately Assistant 3ecretary for Com- 
merce in the United States, and Mr P. G, Peterson, 
chairman of Bell and Howell, have peeviously appeared 
in printed form. Dr Fryers's contri «ution to the sym- 
posium, which is intended as backg ound material for 
a meeting to be held later in the voar, was first pre- 
sented in 1968 to a private meeting of the Science of 
Science Foundation. 

The case for believing that the British system of 
taxation acts as a brake on new developments has often 
been made, but Dr Fryers has taken the trouble to 
construct some numerical comparisens of the profit- 
ability of two kinds of enterprises-— hose which inno- 
vate and those which are content t sell what they 
have always produced. One of his ilastrations is that 
of a hypothetical company which is able to sell a new 
product at prices 80 per cent greater than those ob- 
tained for equivalent products by az older company. 
The nub of his argument is that tie extra costs of 
research, promotion and manufaeture will yield a pre- 
tax profit of only 19 per cent, compar d with the figure 
of 15 per cent which, Dr Fryers say , is more or less 
representative of the profitability of -ompanies in the 
United States in somewhat static phases of their 
history. With British corporation tax at 42-5 per cent, 
Dr Fryers says that an innovative company seeking 
to distribute half its profit (after tax) will be left with 
just over 5 per cent of its turnover to invest in expan- 
sion. It is only natural, in those cireumstances, that 
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growth should be slow. What Dr Fryers’ critics will 
want to know is whether even a thoroughly innovative 
company ean hope to spend some 25 per cent of its 
turnover on research and promotion and still hope to 
win profit to finance rapid growth from even a liberal 
taxation system. Undoubtedly there is still a great 
deal to be said about the link between profitability 
and innovation, but the iniquities of systems of taxa- 
tion may be less to blame than the indifference of 
shareholders to the prizes which can be won by success- 
ful innovation. 


INSTITUTIONS 


Modicum of Unity 


Sixty thousand British scientists, all of them qualified 
and fully paid up members of their professional 
institutions, now have a new voice raised in their 
defence. "The five bodies to which they belong an- 
nounced last week that they have agreed to form the 
Council of Science and Technology Institutes, which 
will do for the scientists roughly what the Council of 
Engineering Institutions does for the engincers. The 
Institute of Biology, the Royal Institute of Chemistry, 
the Institute of Mathematics and its Applications, the 
Institution of Metallurgists, and the Institute of 
Physics and.the Physical Society are the founder 
members of CSTI, which comes into being formally 
on February 1. There is in principle no reason why 
other institutions should not join it, but CSTI says 
that membership will be confined to institutions which 
require a degree or equivalent as a standard for full 
membership, and which cover general fields of science 
or technology rather than a particular industry. 

The CSTI has given itself a number of objectives. 
One of the things it takes most seriously is the job of 
improving the image of science among the young, 
although there seems to be no immediate notion of the 
way this can be done. It will also act as somet hing of a 
pressure group for the interests of scientists, when the 
five institutions have a common view to present; this 
function is likely to find its greatest usefulness in 
salary discussions, though it may also be used in the 
general run of science policy issues. More humdrum 
activities will include provision of joint services, collec- 
tion of information and coordination on matters such 
as the description of qualifications and educational 
policy. 

The new body does not see itself as a rival to the 
Royal Society—indeed, as is customary on these 
occasions, it believes that its activities will be comple- 
mentary. Others are entitled to take a different view, 
and some will feel that in attempting to represent the 
interests of all scientists more clearly, the CSTI will 
be doing what the Royal Society should have been 
doing long ago. How effective the representation is 
likely to be will depend on how often the five institu- 
tions can agree on policy, which may not, perhaps, be 
often enough. 

The five institutions already have some collaborative 
ventures under way. One is the Scientists’ Appoint- 
ments Service, an attempt to persuade British scientists 
to come back from the United States. There are plans 
for extending this service: one possibility is that the 
CSTI will run. charter flights back from the United 
States, loaded with British scientists bound for mter- 


views. At the moment, one of the drawbacks of the 
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service is that interviewing can only be done if the 
British company can be persuaded to pay fares. 
(Although fares would represent a small proportion 
of the cost of recruitment, companies seem oddly 
reluetant to pay them.) The CSTI also inherits joint 
work which has so far been done on an ad hoc basis, 
principally concerned with NHC examinations, and a 
scientists’ salary review. 


ROYAL SOCIETY 


METRICATION is one of the few issues of public policy 
in whieh the Royal Society has recently been taking 
an active interest. Since 1967 it has convened two 
conferences to discuss the new SI units with school 
teachers and, as part of its campaign, is producing two 
pamphlets on the new units as guides for primary and 
secondary school teachers. The first of these, Metrica- 
Hon in Secondary Education, has now been published 
(Royal Society, £2 per 100). 

This document has a complicated origin. To begin 
with, the Royal Society produced a single pamphlet 
designed for school teachers at all levels. At the 
meeting with teachers in March 1968, this was criticized 
for its unleavened style, and it was decided to publish 
two separate pamphlets—one for primary and the 
other for secondary schools. 1n the event, the society 
produeed two drafts for the conference with teachers 
held last September. Both looked like style books for 
a learned journal, but the conference approved the 
secondary school pamphlet, which is now published. 
In an unremarkable way, it lists the six basie SI units 
and the accepted derived units with their symbols, 
and will no doubt be a useful, although dull, guide for 
the teacher and teenager. 

The draft pamphlet for primary schools, a watered 
down version of its elder brother, was criticized in 
September as too stodgy and lacking flair. Teachers 
at that conference pleaded for a bright eye-catching 
paper that people used to primary school texts and 
children would read. The revised version is due by the 
early summer, and all kinds of people will be looking 
out. for it. 


TRACTION 


Slow Start for Electric Cars 


A survey of the prospects for electric cars in the 
United States, commissioned by the Department of 
Health, Education and Welfare, reaches unsentimental 
conclusions. "It seems it can be done", the writers of 
the report conclude, "but a vast amount of further 
technical effort is called for if the large scale use of 
electric vehicles is to become a reality even twenty 
vears from now". 1n particular, the report calls for 
"a major and sustained effort in battery development", 
with a coordinated research programme under Federal 
sponsorship. The report was prepared for HEW by 

o L. J. Stratton and R. G. Acton of 
Arthur D. Little. 

The report considers six types of vehicle, all of which 
make different demands on energy supply and power 
plant. The most demanding of the six, unfortunately, 
is also the commonest: the family car, which makes 
up 80 per cent of all the vehicles in the United States. 
Only one power source, the high temperature alkali/ 
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metal battery, is likely to have capacity enough to 
drive family cars, but that, too, has its drawbacks. 
With masterly understatement, the report concludes 
that a 900 lb battery which might include alkali/ 
metals, chlorine and sodium at a temperature of 600? C 
is "obviously not a particularly desirable feature of a 
family car". More modest demands are posed by more 
modest vehicles, like the commuter car and the utility 
car, and these might be met by rechargeable metal/air 
batteries. The demands of the six types of vehicle, 
and the potentials of several energy sources, are sum- 
marized in the tables. 


Table l. ENERGY AND POWER REQUIREMENTS FOR SIX 


VEHICLE TYPES 
Com- De- 
Family muter Utility livery City 
car car ear van taxi 


City 
bus 


CONVENTIONAL 
CONSTRUCTION 
Energy density 


(W h/lb) 
Power density 
(Wb) 
LIGHTWEIGHT 
CONSTRUCTION 
Energy density 
(W hjlb) 
Power density 


(W Ib) 





The report is pessimistie about the prospects of 
using fuel cells to drive electric cars. The extra com- 
plexity and lower power density count against them, 
although the possibility of refuelling them much like 
existing vehicles is attractive. For motors, the most 
practical choice is a high-speed DC motor with a 
mechanical commutator, operating at speeds up to 
19,000 r.p.m., air-cooled and with integral speed 
reducers. Motors like these, the report says, are already 
under development for aerospace and military applica- 
tions. Speed control would be by a high speed chopper, 
which cuts off power to the motor and restores it 
rapidly; silicon power transistors or silicon controlled 
rectifiers could be used for this, and would consume 
less power than the conventional method of placing a 
variable resistor in series with the motor. Regenerative 
braking, in which the kinetie energy of the vehicle is 
used to recharge the batteries during braking, offers 


lable 2. ENERGY AND POWER DENSITIES AVAILABLE 


FROM SIX SYSTEMS 


Maximum Maximum 
energy power 
System density density 


(watt h/lb) | (watts/lb) 
High temperature alkali/ 


metal batteries (recharge- 


able) > 100 > 100 
Metal/air batteries 

(rechargeable) 50-80 30—40 
Alkali/metal batteries with 

organic electrolytes 15-100 15-20 
Lead acid batteries 15-20 20-30 

Special construction 60 
Ni-Cd batteries 15-20 75-100 

Special construction 300 
Fuel cells 30—40 
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quent stops. Recharging of the batteries, the report 
points out, is best done slowly, se that in practice it 
will be sensible not to own the batzeries but merely to 
hire them from service stations, replacing them on the 
way during long journeys. 

The cost of electric vehicles would be higher than 
conventional ones, and the report concludes that the 
difference might be as much as $4,000 a vehicle. If 
this price differential is acceptable. and high tempera- 
ture alkali/metal batteries can be produced for around 
95 cents per lb weight, then electric ears are feasible. 
But at least ten years’ development of the power 
sources will be necessary, and a similar time will be 
needed for the manufacturing development of motors 
and controls. At the moment, the total seale of 
development. which costs about $10 million of publie 
funds and $5-7 million of private funds a vear, is 
probably inadequate. Perhaps the atilities, which have 
most to gain, could be persuaded to provide more 
money for the development; the report suggests that 
complete conversion to electric cars would increase 
electricity consumption in the US oy 40 per cent. 

In the meantime, the report recemmends that most 
effort should be directed towards ‘he development of 
alkali/metal anodes and molten salt-or possibly ceramic 
electrolytes. Engineering also needs to be done on 
materials selection and on producing low-cost solutions 
for current collectors. More modest effort should be 
placed in metal/air batteries and possibly also in high 
rate lead/acid batteries for hybrid vehicles. The use 
of plastics in conventional vehic.es should also be 
encouraged, anticipating the time when they may be 
needed in lightweight electric cars. 


E 


ENGINEERING INDUSTRY 


Boom in Pressure Vessels 


THE setting up of a publie authomty to recommend 
changes in inspection methods anc to guide research 
and development is the chief proposal to emerge from 
the first part of the report of the committee of inquiry 
on pressure vessels (HMSO, 12s €d). The ministry 
of Technology must have smarted at its ill luck in 


safety cannot be taken for granted in an industry 
where any mishap may have fatal eonsequences. 

One of the strongest reasons for seiting up a Pressure 
Vessel Authority, according to the report, lies in the 
need to coordinate the national and igternational activi- 
ties of an industry the members of which are mainly 
very large and very small firms. The committee would 
rationalize the industry as a whole, and would imple- 
ment a uniform set of standards te replace the hap- 
hazard variations on a theme at present in use. | 

Dr Jeremy Bray, Joint Parliamentary Secretary at 
the Ministry of Technology, gave an assurance on 
January 22 that the ministry would give speedy 
attention. to the recommendations of the report. 
Certainly the committee's enthusiasm for exports of 
pressure vessels can be counted on to spur the ministry 
to action. In this field, the committ«e SAV8, companies 
should concentrate on more technologi callv advanced 
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vessels, on advanced designs and on the newer materials 
for construction. The most fertile export markets are 
now able to produce mild steel vessels for themselves. 

The committee gave special emphasis to pressure 
vessels made from steel plate by welding, chiefly 
because of their importance in the chemical, oil and 
other power producing industries. Its forecasts of 
future developments are’ by no means as confident as 
its analysis of the present situation. The total value 
of shop-built pressure vessels in the United Kingdom 
war as great as £58 million in 1966, however, while the 
total expenditure on plant, hardware and equipment 
for the industry in 1966 was £500 million. By this 
test, the pressure vessel industry represents an 
important fraction. 


CRITICAL DATA 


Storage by Computer 


Tug Queen's University, Belfast, has been awarded a 
grant of £11,700 by the Office of Scientific and Tech. 
nical Information to carry out research into the estab- 
lishment of a data bank for atomic and molecular 
physies. The research will be focused on finding and 
developing the most efficient methods of storing the 
mountains of data being thrown up by experiments in 
atomie and molecular physies. The problems of on-line 
retrieval and of communicating with the computer 
through the regular telephone network will be high on 
the list for study. The project is also intended to 
include the setting up of a file system which will rid 
experimenters of the perennial torment of what to do 
with data which are too bulky for publication but still 
of sufficient potential interest to warrant retention. 

Dr F. J. Smith, who is in charge of the project, 
points out that research into this type of data storage 
is at present rather scarce, particularly in Europe, and 
he envisages a wide application for any viable tech- 
nique which may emerge from his team’s efforts. A 
typical service facility that could evolve from such a 
system might be a subroutine library from which any 
of the computer’s subscribers could draw on the fund 
of previous experience. 

There are, of course, problems in tapping data from 
a computer, as the National Bureau of Standards in 
Washington has found in its Standard Reference 
Data Sytem (NSRDS). Is a computer program 
necessarily capable of defining what are “standard 
reference data" for the purpose of a given user ? How 
is a critical evaluation of the data to be carried out ? 

The NBS admits that the green light which Congress 
gave to the NSRDS project last year by no means 
implies that these questions are solved, and it is likely 
that the research carried out by the Belfast team as 
well as by those in the US will take some years to bear 
any fruit. Atomic and molecular data are suitable for 
starting off such a system, however, as quantities like 
vibrational frequencies in molecules or NMR fre- 
quencies are very well defined and thus unlikely to 
lead to misunderstandings. 


RADIOCHEMICALS 


More, Hotter and Better 


Tug Radiochemical Centre at Amersham boasts that 
the new catalogue which it has just published offers a 
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more comprehensive, range of radioactive chemicals 
than any of its compétitors. With a total of 1,300 
items, the new catalogue lists 140 new products or 
services, mostly biochemical tools—labelled amino- 
acids, carbohydrates and nucleie acids. Some of the 
familiar tritiated and carbon-14 labelled compounds 
have improved specific activities, and in a few cases the 
specific activities approach the theoretical maximum. 
But there are also new items of mterest to industrial 
and clinical laboratories—a newly developed curium- 
244 alpha particle and neutron source and a newly 
developed cobalt-60 source, for example. As if that 
were not enough, the centre points out that, because of 
increased competition and increased sales, most of the 
items listed cost no more than in 1967. when the last 
catalogue was published. In the past two vears, the 
international prices for radiochemicals have apparently 
stabilized and, if anything, there has been a slight 
downward movement. Reflecting this, the Amersham 
catalogue has the occasional marked down item. 

Currently, the centre exports about 60 per cent of 
its production, chiefly to the United States, Western 
Europe and Japan. Its share of the United States mar- 
ket, by far the largest in the world, is a closely guarded 
secret but is coylv described as useful. The centre is 
no doubt looking for an increase now that it has its 
own marketing link in the United States—the company 
called Amersham-Searle set up last July on a fifty-fifty 
basis with the Chicago drug company, G. D. Searle. 

Amersham, with an annual turnover of £3 million, 
is the junior partner of the Atomie Energy Authority's 
trading group, dominated by the fuel reprocessing 
division at Risley. Nonetheless, it makes a profit 
which ultimately gets ploughed back into development 
of the centre. Amersham has come a long way since 
1940 when, as Thorium Ltd, it was chiefly concerned 
with making luminescent radium paint for aircratt 
control panels. With business booming as never before, 
an American subsidiary, and with plenty of overseas 
competitors breathing down its neck, Amersham's 
future seems rosy. 


POLLUTION 


Compromise Smog 


“Nor worth the paper it is written on” and “A useful 
report, worth reading despite its naivety” were the 
conflicting comments of the directors of two British 
environmental pollution laboratories on the World 
Health Organization’s technical report Research into 
Environmental Pollution. The report (WHO Technical 
Report 407), just published, is based on the work 
of five WHO scientific groups convened at Geneva 
between 1963 and 1965 and is obviously a compromise 
document. But its well-wishers say that it is the best 
that could be hoped for, considering the politicking 
that goes on when the WHO considers such emotionally 
laden topics as pollution. 

By all accounts. each of the five scientific groups 
spent its week in Geneva sifting through several kilos 
of specialist papers, trying to hammer out a final 
statement which would offend no one. One of their 
difficulties was that pollution research is very much a 
matter of national sensitivity. The Americans, for exam- 
ple, tend to be preoccupied with photochemical smogs 
—the Los Angeles syndrome— whereas the Russians 
are wedded to studies of the effect of low concentrations 
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of pollutants on the Pavlovian behaviour of dogs. 
Since the working groups completed their separate 
reports, the W HO secretarifit has spent three years 
watering them down still further to produce the final 
version, now published. 1t is small wonder that it 
falls between all stools. It turns out to be a trite 
comment on the problem of pollution, which is in any 
case chiefly a national and engineering rather than an 
international and biological problem. Most of it is 
concerned with the basic principles of evaluating pollu- 
tion and there are three sections on air, soil and water 
pollution. 

The trouble is that, after so much compromise, the 
report reads like a simple minded textbook. 


If pollution of the air is to be avoided rather than 
abated, plans must be made so that power stations, 
industrial plants and domestie sources of pollution do not 
"overload" the air. In many parts of the world, careful 
surveys of concentrations of pollutants are made before 
places are developed for industrial use or as areas of high 
population density. This practice has much to commend 
it, and the dev elopment of many pollution problems is 
avoided by the recognition of the importance of air 
pollution m town planning. 


This is almost à random example of what the report 
has to say about the use of measurements of pollution 
for planning and economie development. Most of it is 
written in the same strain. 

The working groups and. the WHO secretariat have 
certainly produced a document that offends no one, 
but that is chiefly because it says nothing new and 
makes no specific criticisms or suggestions. It can 
always be argued by enthusiasts that the final report 
is not what counts. The really significant work takes 
place in the working groups, w here experts are forced 
to rub shoulders, thrash out their common problems 
and go home the better for the meeting. That is the 


familiar justification of many international meetings of 


this kind from which platitudinous communiqués 
emerge. 


from our Parliamentary Correspondent 


Smelters 

Mr Roy Mason, Minister of Power, confirmed that the 
difficulties in the construction of Dungeness B power 
station will not affect the price to be paid for electricity 
for the aluminium smelter being built in Anglesey. 


The electricity price was negotiated on the basis of 


Dungeness B costs, which have now increased; but 
Mr Mason said that the chairman of the CEGB had 
assured him that this will not prejudice the contracts, 
which inelude allowances for contingencies. (Written 
answer, January 20.) 

Tonga 

Tue Ministry of Overseas Development, Mr Reginald 
Prentice reported, is giving advice to "Tonga about 
negotiations with petroleum companies. Several seep- 
ages of oil have been seen in Tonga since last Septem- 
ber: but, Mr Prentice said, it was not yet clear whether 
the oil is present in commercial quantities. (Oral 
answer, January 21.) 

Steel Industry 

Mr Roy Mason made some remarks about the contracts 
recently signed by the British Steel Corporation for the 
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supply of fuel oil up to 1972, to a value of £120 million. 
He would not ask the BSC to reseind the contracts: 
they did not represent a new departure for the steel 
industrv, and coal was not a practical alternative. 
Suitable distribution facilities for natural gas did not 
exist; in any case, there was every prospect that all 
the natural gas : available until 1972 would be absorbed 
into uses which would displace oil, and very often oil 
of higher value than that used by the steel industry. 
(Written answers, January 21.) | 


Technology 

THe Prime Minister announced that the Government 
accepts the objectives of the report on technological 
innovation produced by the Central Advisory Council 
for Science and Technology. The specific measures the 
report recommends for innovation in small firms were 
being pursued, Mr Wilson said, through the Industrial 
Liaison Service and the pilot schemes to help smali 
firms in Glasgow and Bristol. Substantial assistance 
was being given to the work of the British Productivity 
Council, the British Institute of Management and the 
Centre for Interfirm Comparison. Innovation was 
being supported through the use of Government pur. 
chasing power. In Government establishments, future 
contraction. would depend on an assessment of the 
need to maintain adequate levels of work of good 
quality. (Written answers, January 21.) 


Forestry 

Mr Marcus Kimpaur had some strong words to sav 
about the support of forestry research in Britain. 
There appears, he said, to be "absolutely no control at 
present over research projects". The Natural Environ- 
ment Research Council was expanding its forestry 
institute, the Nature Conservancy was expanding its 
forestry research, and now the Forestry Commission 
was building a new research unit at Edinburgh. This 
was empire building of the worst sort, and a waste of 
taxpayers money, he said. Mr John Mackie, for the 
Ministry of Agriculture, Fisheries and Food, promised 
to look into the situation. (Oral answer, Januar y 22.) 


Concorde 

Mr Wepawoop BENN said that the cost of developing 
the Concorde supersonic airliner had risen substantially, 
and could rise further. On November 29, 1962, the 
estimate for the British share of the deve lopment of 
Concorde had been between £75 and £85 million; but 
£155 million of British money had already been spent, 
at the prices prevailing when the or iginal estimates 
were made. (Written answers, January 22.) 


Supply of Drugs 

Mr Davin ExNwNaLs, Parhamentary Secretary at the 
Home Office, explained that there are no means hy 
which the Government ean prohibit the import of 
E ela pr oducts oon abroad. He e was A. 


panies, of w hich Mr Erie Ore w aea e w whet nya 
the Government had taken steps to see that the drugs 
imported were at once effective and safe, whether it 
could prevent doctors from buying drugs at low 
prices and selling them to hospitals at a profit, and 
whether he would prohibit some of the company’s 
activities. Mr Ennals explained that there seemed to 
be no evidence of some of the abuses complained of. 
(Question, Januarv 28.) 
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Teach-in at Edinburgh 
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from a Participant 


À TEACH-IN on chemical and biological warfare, organ- 
ized by a university group convened by Professor 
M. R. Pollock, took place in Edinburgh on January 24. 
Contributors ranged from scientists to members of 
parliament, and although no American representative 
could be obtained, a counsellor was present to give the 
Soviet point of view. 

Opening the meeting, Lord Ritchie-Calder deplored 
the long silence on the subject, especially in view of 
the danger that its small scale deployment could too 
easily progress into a full scale chemical and biological 
war, the implements being available even now. 

Mr G. D. Heath, Director of Biological and Chemical 
Defence, Ministry of Defence, suggested that, although 
Britain could be attacked with biological weapons, and 
that little protection is available, the unpredictable 
results make such an attack of questionable military 
value. Mr N. E. Gadsby (Director of the Chemical 
Defence Experimental Establishment, Porton) said, 
however, that chemical warfare using either lethal or 
incapacitating agents is of proven defensiveness, This 
was underlined by Dr S. Rose (Imperial College, 
London), who discussed the use of chemical and bio- 
logical weapons by the United States in Vietnam, by 
the Egyptians in the Yemen and by police to quell 
some civil disturbances. Major-General R. E. Lloyd 
(retired), of the Arms Control and Disarmament 
Research Unit of the Foreign Office, also diseounted the 
use of biological weapons as unpredictable, and in 
addition suggested that chemical weapons could be 
effeetive only when used by a major power against a 
minor. 

Dr D. E. Viney, formerly of the Foreign Office, said 
that the United States carries large stockpiles of 
chemical and biological weapons, and although having 
indicated agreement with the 1925 Geneva Protocol 
has never ratified this, and in any case justifies the 
use of non-lethal chemical and biological agents in 
Vietnam as being outside the terms of the protocol. 
It is virtually certain that the USSR, which ratified 
the Geneva Protocol with reservations on reciprocity, 
also has a stockpile of chemical and biological weapons. 

Professor H. Miller (Vice-Chancellor of Newcastle 
University) condemned the United States for contra- 
vening international law, Porton for making chemical 
and biological warfare palatable ("Well poisoners have 
never enjoyed public esteem"), and physicians who 
engage in chemical and biological research which is 
incompatible with the traditional role and ethies of 
medicine. Professor D. M. McKinnon (Professor of 
Divinity, Cambridge University), although believing in 
the possibility of "just wars", thought the use of 
chemical and biological weapons morally unjustifiable, 
and the average man today morally alienated from the 
policies to which he is committed in ways immune to 
the control of criticism. 

Miller and MeKinnon were opposed by Professor 
R. B. Fisher (Department of Biochemistry, Edinburgh 
University), an adviser to Porton for fifteen vears. He 


considered that ethics are of little value today and that 
the abolition of chemical and biological warfare is 
impossible, making research into means of protection 
against it essential. 

Mr T. Dalyell (MP for West Lothian) thought that, 
although chemical and biological warfare is abhorrent 
to most people, the real danger is in esealation from 
trivial beginnings to total chemieal and biological war, 
drawing an analogy with the enormous escalation in 
the use of defoliants which involves a change in the 
concept of their use by the Americans in Vietnam. 
Another danger is that chemical and biological warfare 
is the “poor man's nuclear weapon" which could easily 
be developed by many smaller countries. As evidence 
of our good faith, we should publish all information 
obtained at Porton. Lord Dalkeith (MP for Edinburgh 
North) took the view that the best defence is an 
invincible power of retaliation and that, because it is 
impossible to eliminate wars, nerve gases are necessary, 
humane and à power for good. 

Counsellor V. G. Silatov of the Soviet Embassy, 
London, pointed out that the Soviet proposals for 
general disarmament had included chemical and bio- 
logical warfare, whieh he condemned as immoral and 
barbarous, He proposed that the Geneva Protocol 
was not outdated and that all states should implement 
it as a step on the way to general disarmament. 

Mr J. Morris, MP (Minister of Defence for Equip- 
ment), giving the British Government's point of view, 
described its efforts to eliminate the mystery previously 
surrounding Porton, whieh he insisted is essential for 
national defence, His responsibility was “to balance 
the interests of the publie against the publie interest”, 
and therefore ten to twenty per cent of the work done 
there must remain secret. He stressed that Porton's 
primary purpose is defensive, so that it should stay 
part of the Ministry of Defence. Although there are 
few facilities for protecting the whole civilian popula- 
tion of Great Britain against chemical and biological 
warfare, he considered it unlikely that it would be used 
against Britain in the near future. 

Dr J. H. Humphrey of the National Institute for 
Medical Research, London, pointed out that while 
chemieal and biological warfare machinery is main- 
tained, the possibility of its use remains. He remarked 
that biological warfare at least is recognized to be of 
little military value, and so all states could outlaw it 
with little risk. Scientists themselves could report 
situations contrary to the Government's stated policy, 
and this might then help to generate the atmosphere 
of trust which would aid further disarmament. 

The teach-in reaffirmed the schism between those 
who believe that chemical and biological warfare 
research is necessary for defence and those who feel 
that it should be abolished as a step towards disarma- 
ment, unilaterally if necessary, with defence resting on 
other means of retaliation. It reflected the particular 
involvement of the scientist whose work may provide 
weapons whose use he would denigrate. 
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EDUCATION 


Open University Open 


THE Open University was launched this week with the 
publication of the report of the Planning Committee 
(HMSO, 4s). "It's one of the most important things 
done by this Government’, confided Mr Edward Short, 
Necretarv of State for Education and Science, who, 
unable to resist the historical parallel, went on to 
compare the efforts of Miss Jenny Lee, who was at his 
side, with those of her late husband Mr Aneurin Bevan, 
who launched the National Health Service during the 
last period of Labour Government. But even if this 
comparison was putting it a bit strong, there is no 
denving the enthusiasm for the Open University among 
its sponsors last week. "We've got to make the best 
more generally available’, Miss Lee said, adding that 
she would tolerate no dilution of academic standards 
or freedoms. Sir Peter Venables, Chairman of the 
Planning Committee, admitted that there was "not 
altogether an excess of enthusiasm for this enterprise 
in some quarters", but said that the number of appli- 
cants to join the staff—more than 1.000 so far—was 
in sharp contrast to the attitude of the doubters. 

The planning report sets out in some detail what the 
Open University will try to do, and what it is likely 
to cost. The first year of university training will be 
taken up with “foundation designed to 
familiarize students with the main lines of study. 
These will be offered in mathematics, understanding 
literature and culture and understanding 
Each foundation course completed success- 
fully will represent one credit, and each student will be 
required to score two credits before he can go on to the 
next part of the course. At this stage, each line will be 
broken down into more specialized disciplines, limited 
to start with by the availability of broadcasting time 
to about four components to each line. Students will 


courses , 


scene, 


society : 


be as free as possible to choose any combination of 


courses from any of the lines. For ordinary degrees. 
six credits will be required: for honours degrees, eight : 





and the credits can be obtained over number of 
vears, 

Nobody vet has any idea how many students will bi 
attracted by the Open University. A survey carried 
out by the National Institute of Adult Education for 


the planning committee tound that 5 per cent of adults 


an^ 


over 21 years would be "very interested" in the Open 
Universit v, and 0-9 per cent seid that the Y would 
“certainly be one of the first studeats”. Over the whole 


countrv, this suggests that the number intending to 
register as students would be 
34.000 and 150,000. There is in 
number ot teachers who would, toe report suggests, be 
eager to upgrade their qualifications —there may be as 
many as 25,000 of these. This suggests a total student 
enrolment of somewhere between 60,000 and 175,000, 
but if the experience of the BEC is any guide, only 
about one per cent of the enrolment will actually com- 
plete the COUTSe successfully. The annual output ol 
graduates might therefore fal! 6,000 
17,500, but these estimates are 30 tentative that 
impossible to put any weight on them 

The broadcasting costs 
for a full year of operation will be about £1-8 million 
and the cost of the university headquarters (which will 
will 


when the 


somewhere between 


addition a large 


between andi 


it 1s 


(Costs are easier to assess. 


be somewhere outside London, as vet undecided 
be E17 million. Total overhead 

university is fully operational will be £3-5 million, to 
which must be added unquantifiable direct 
student costs. But whatever these ar 
committee remains confident that the costs per student 
will certainly fall below those f»r conventional univer- 
In any case, as the committee points out, direct 
University 


i” st ~ 


some 


the planning 


sities. 
comparison is unfair, because the Open 
students will all be in employment and contributing to 
the GNP. while conventional students are not 

The report has little to say 


' post graduate 
education or research. but it does make the recom- 


about 


"A 


= 


Gathered for the publication of the Open University Planning Committee report: (from l. to r.) Lord Crowther 

Chancellor of the Open University; Mr Edward Short, Secretary of State for Education and Science; Miss Jennie Lee, 

Minister of State at the DES; Sir Peter Venables, Chairman of the Planning Committee; and Professor Walter Perry, 
Vice-Chancellor designate. 
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mendation that the university should concentrate on 
post-experience courses rather than the more conven- 
tional postgraduate courses which are taken immedi- 
ately after graduation. It identifies two types of post- 
experience course: those needed by people who have 
to make a significant shift into a different type of 
activity, like scientists going into management; and 
those needed periodically by people who simply want 
to keep up with developments in their own field. Both 


Towards More Legislation 


‘THE immediate response of the British Government to 
the report of the Wootton Committee on cannabis pub- 
lished two weeks ago has been firm and predictable. 
On two occasions in the House of Commons in the past 
week, Mr James Callaghan, the Home Secretary, has 
made no bones about his unwillingness to change the 
law so as to provide more lenient penalties for cannabis 
than for other drugs of dependence. On both occasions, 
Mr Callaghan was echoed by Mr Quintin Hogg, the 
spokesman on this subject for the Opposition in the 
House of Commons. Although there has been no 
formal opportunity to count heads, it does seem very 
much as if most Members of Parliament share the views 
of the Home Secretary, and that the "pot lobby" as 
he called it has a very long way to go in Britain. 

The essence of what the Home Secretary had to say 
on January 23 was that he finds it hard to reconcile 
the view of the committee that the wider use of cannabis 
should not be encouraged with its advocacy of less stern 
penalties for the possession of cannabis than for other 
drugs. For one thing, he complained that the commit- 
tee had not forecast the likely consequences of such a 
decision. He went on to say that if the British Govern- 
ment were to reduce the penalties on cannabis, people 
would think that “the government takes a less than 
serious view of drug taking". He emphasized that the 
British Government's position is still defined by its 
adherence to the resolution of the United Nations Com- 
mission on Narcotic Drugs, which last year recom- 
mended that “all countries increase their efforts to 
eradicate the abuse and illicit traffic in cannabis”. 

In a debate on the Wootton report on Monday this 
week, Mr Callaghan did also aeknowledge that the 
committee had fairly argued that the law is now 
satisfactory in some respects, although it seems clear 
that Mr Callaghan had principally in mind the way in 


which people have recently been prosecuted for allowing: 


their houses to be used for smoking cannabis without 
having known that this was being done. Mr Callaghan's 
case for saying that no changes are needed in the law 
was strengthened by the way in which one of the most 
remarkable cases of this kind—the conviction of a young 
woman because the tenants of her rented house were 
found. with cannabis—had only a few days earlier been 
dismissed after a legal appeal to the House of Lords. 
The way in which the WHO Expert Committee on 
Drug Dependence came out last week with a reaffirma- 
tion of its previous view that eannabis must continue 
to be controlled will do very little to clarify publie or 
even official attitudes towards the drug. The publica- 
tion of the committee's sixteenth report coincided with 
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types should be provided by the university, although 
it seems likely that the rate at which they can be 
introduced will depend on the availability of broadcast- 
ing time. On research, the report simply says that the 
staff of the university “would be able to devote a signifi- 
cant proportion of their time to private study and 
research", without suggesting how much. This, 
no doubt, will be for the staff of the university to 
decide. l 


the meeting in Geneva of the United Nations Narcotics 
Commission. The report repeats what the committee 
has said on previous occasions—that "cannabis is a drug 
of dependence, producing public health and social 
problems, and that its control must be continued”, 
The section on cannabis goes on to say that there is a 
need for "more basic data" on the acute and chronic 
effects of cannabis on the individual and society before 
an accurate assessment can be made of the degree of 
hazard to public health. The isolation and synthesis 
of the tetrahydrocannabinols have made the problem 
more urgent. There is nothing in the report to echo 
or even deny the view of the Wootton Committee (see 
Nature, 221, 205; 1969) that the effects of cannabis 
are usually so much less severe than those of other 
drugs that penal systems should be less severe on 
cannabis. 

Mr Callaghan’s declarations on both occasions make 
it plain, however, that the British Government. is 
planning a thorough revision of the law on drug abuse. 
For one thing, the Home Secretary is worried about the 
potentialities of drugs only newly synthesized or 
isolated from natural materials—he singled out STP 
for special mention earlier this week. But he also 
acknowledges the need for extra flexibility, not so much 
by varying the penalties to suit the drug (the courts 
can do that if they wish) but by providing the authori- 
ties with an opportunity to move quickly whenever this 
should seem necessary. On Monday this week, Mr 
Callaghan said that he would like not to have to rely 
on voluntary agreements with manufacturers to keep 
specified drugs off the market, that he is alarmed at 
the way in which doctors "are prescribing in ways 
quite opposed to all the social views of the House of 
Commons" and that there is a danger that “each new 
fashion of drug taking will find new gaps in our 


defences”. What he is looking for—and working on— 


is a "single comprehensive code to rationalize and 
strengthen government powers and to allow them to 
act flexibly in the difficult and dangerous problems 
likely to arise in the years ahead". 

Cannabis is, however, by no means the committee’s 
chief concern. The meeting last September on which 


„the new report is based seems to have been intended, 
by the WHO secretariat, to provide background 


material for the reassessment of the international 
regulations on the control of drugs which is now being 
carried out by the United Nations Commission on 
Narcotie Drugs. Although the WHO has no formal 
influence on the decisions of the commission, its pro- 
nouncements do inevitably carry weight. On this 
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oceasion, the commission is especially eoncerned to 
review the present regulations for the international 
control of drugs and to draft a code (for approval by 
governments) which may eventually replace the Single 
Convention on Narcotic Drugs w hich has been in force 
since 1961, and which seems in practice to have been 
found at once too complicated and too rigid for easy 
operation. 

From this point of view, the WHO committee echoes 
a good deal of Mr James Callaghan’s disquiet about the 
condition of the British law on drugs. It is, for example, 
particularly concerned to anticipate the problems of 
dealing with drugs which are not at present under 
international control. The report puts forward two 
specific tests—each sufficient by itself—for deciding 
whether a particular drug should be brought under 
control, First, a drug may UN 'abused other than 
abuse extend ‘havens the ine taker; jn addition, its 
mode of spread involves communication between 
existing and potential drug takers, and an illicit traffic 
in it is developing" Second, a drug may be intended 
for medieal use but there may be experimental evidence 
to show a liability to ' 'significant psyehie and physical 
dependence" and the drug may be commercially avail- 
able. In both kinds of situations, the committee argues, 
there is a need of control. To those who ask whether 
ethyl alcohol is covered by one or other of the criteria, 
there is no explicit ruling from the committee, but, 
instead, an endorsement of an earlier committee's 
view that ' dependence on alcohol and other drugs" 
creates “major health problems". 

The chief administrative product of the committee's 
work is a list of five categories of drugs of different 
tvpes not at present subject to international control. 
The starting point for this classification is the commit- 
tee's view that the kind of control applied to any drug 
must be determined partly by its potential danger and 
partly by the extent to which it is used in medicine. 
Another objective is flexibility, at least so as to be able 
to accommodate new drugs as they are synthesized. 
On this basis, the committee has put forward the 
following classification of drugs: 


|. Drugs which are accepted in medicine but with a 
high degree of risk (LSD and the cannabinols, for example) 
to which the most stringent controls should be applied. 
2. Drugs widely used in medicine but with a substantial 
risk to publie health as in barbiturate or amphetamine 
dependence, and which should be used under strict control 
only in medical practice. 

3. Drugs which belong essentially to category 2 but which 
are less dangerous and therefore require less strict control. 
4. Drugs such as the belladonna alkaloids which require 
even less strict control. 

5. Drugs such as the antihistamines where the committee 
proposes that governments should be kept informed. 


Dr D. C. Cameron, the secretary of the WHO com- 
mittee, said on the telephone earlier this week that it 
seemed very much as if the United Nations Commission 
would drop the last of these categories from the proto- 
col now being drafted, but that there would probably 
remain five different levels at which control could be 
applied. He explained that one objective in the 
new protocol had been a wish to avoid a situation in 
which governments seeking to devise new legislation 
for new drugs would adopt inharmonious rules. 
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TRANSPORT 


Box of London Roads 


from our Planning Correspondent 

Discussion about the Greater Loadon Council's plans 
for building rings of motorways through inner London 
has at last come out into the open, and all the signs 
point to a full scale row. Work on the imnermost 
ringway, Ringway 1 (form erly known as the motorway 
box), has already started in a few places, Four motor- 
Way rings are proposed by the G LC—the north and 
south orbital roads outside the built-up area; the 
Ringway 3 or D ring road running roughly along the 
outskirts of the GLC boundary: che north and south 
circular or C ring (Ringway 2); and the motorway 
box, Ringway 1, connecting Willesden and Hackney 

to the north and Battersea and BE kheat h to the south. 


to carry traffic to ind: from ie ringways. 
scheme, which will be published later this mont th Pe 
which the Minister of Housing willeonsider later in the 
year in the context of the Greater London Development 
Plan, is estimated to cost about £L 100 million. There 
will be a further considerable sum for landscaping and 
the like, and no costs have been calculated for com- 
pensation to families living close to the motorways 
and forced to leave their homes through inconvenience. 
These estimates mean that the SLC will spend no 
less than £860 million on the motorway network. 

In general, the outer two rings are acceptable to 
most critics, although the precise routing is contro- 
versial. It is argued that the «ings w ould benefit 
Londoners by routing traffic roune the city instead of 
through it; the roads will be relatively inexpensive to 
build by comparison with central London because of 
the lower cost of land, fewer families would need 
to be displaced and there would be less hardship and 
inconvenience all round. 

It is against the inner two roads that there are the 
strongest objections. The most vociferous objectors 
are Mr Ben Whittaker, MP for Hampstead, and Mr 
Douglas Jay, MP for Battersea Nerth, and his London 
Motorway Action Group formed +o present a unified 
front against the plans. 

All the critics seem to agree on basic points. First, 
the publie has been presented with a fait ac compli 
and there should be a thorough, independent in- 
quiry to study all aspects of the scheme before it is 
too late. Second, the total cost o^ the motorway box 
(£425 million) is out of all proportion to the benefits 
from it—it will contribute hardly anything to the rush- 
hour congestion. Third, the roacs will reinforce the 
physical departmentalism of London. Fourth, the 
estimates of the numbers of cars and the population 
in central London on which the CLC based its plans 
may turn out to be too high. Fifth, the planners will 
skimp on landscaping and devele pment around the 
motorways. Last and not least, the box alone will 
result in some 40,000 families losiag their homes and 
at least that number will be inconvenienced and may be 
a to Pan ne homes urou h fumes and noise. 
should have 
taken more » account oF Been pow: in the character 
of private transport between now and the end of the 
century, and that it should also have sought to improve 
publie transport. 








dens 
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NEWS AND VIEWS 
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Sex Determination Reconsidered 


THERE have been many theories of sex determination. 
The idea that the X and Y sex chromosomes could 
control the differences between the sexes by differenti- 
ally regulating the rate of cell division and thus the 
rate of development of embryos, suggested by Dr 
Ursula Mittwoch on page 446, seems very much more 
E es acd DES its : Pease ore Rc dens 
Mio edes and female could be ena both 
in animals and plants. In 1908, J. A. Thomson, in his 
book Heredity, made the famous observation that 
vs . the number of speculations as to the nature 
of sex has been wellnigh doubled since Drelincourt in 
the eighteenth century brought together two hundred 
and sixty-two ‘grandes hypotheses! . . .” 

Thomson was writing near the time of the discovery 
of the sex chromosomes in insects, which provided 
genetically determined differences—the X and Y 
chromosomes, one noticeably longer than the other— 
that could be seen under the microscope. It was rather 
later that the mammalian sex ‘chromosomes were 
described, and now, of course, it is known that the 
presence of two of the larger X chromosomes determines 
the development of a female, whereas the possession of 
one Y chromosome causes the animal to be a male. 
Mendel’s work had been discovered in 1900 and the 
confusion of theories was increased by many subse. 
quent attempts to explain sex determination according 
to the laws of Mendelian inheritance, with their implica- 
tions that genetic determinants segregate independently 
when the gametes are produced, and recombine freely 
with one another at fertilization. 

In the 1920s C. B. Bridges proposed that sex differ- 
entiation depends on a balance between one set of genes 
which determine maleness and another set which determ- 
ine femaleness. This theory of genie balance was 
based on work with the fruit fly Drosophila melano- 
gaster, in which the Y chromosome causes the sperm 
to be motile, but does not seem to be necessary for 
sex determination, which is controlled by the ratio of the 
number of X chromosomes to autosomes. With a 
diploid set of autosomes, two .X chromosomes determ- 
ine a female, and one determines a male, and inter- 
sexes are possible. To explain this, Bridges suggested 
that the X chromosome of D. melanogaster contains 
genes which determine a female and the autosomes 
contain genes which determine a male. 

This theory has since been extended to man, in 
whom, of course, intersexes are also known. This was 
in spite of the fact that nobody seemed to be sure 
what all the genes were doing. Dr Mittwoch now 
wishes boldly to east away the idea of genes which 
determine sex and consider again the effects of the 
whole sex chromosomes. She has colleeted evidence 


from various sources to show how the presence of extra 


chromosomes can affect. quantitative differences, such 
as the number of dermal ridges on the fingers. Such 


differences are likely to depend on rates of growth and 
ultimately on rates of cell division. 

On the basis of her evidence Dr Mittwoch suggests 
that perhaps the X chromosome reduces the rate of 
mitosis and the Y chromosome increases it, thus 
affecting the growth of the embryo. In such conditions 
the mammalian gonad, which at first is not distinguish- 
able as male or female, could develop into an ovary 
or testis according to its rate of development, the testes, 
which anyway bn to differentiate before the ovaries, 
being the result of the more rapid development. 

The idea that extra chromosomes, whether sex or 
autosomes, can affect rates of growth might help to 
explain various conditions such as Mongolism—an 
extra autosome. Individuals with this chromosomal 
abnormality are smaller at birth than babies with 
the normal forty-six chromosomes, while the condition 
A YY has been associated with extra tall men. It 
will be interesting to see how such ideas are received 
by the eytogenetie world. 


METABOLIC DISEASES 


Vitamin B., Dependency 


from our Medical Biochemistry Correspondent 


IxBORN errors of metabolism occur when an abnormal 
gene causes the production of an enzyme protein so 
different from the normal enzyme that it has lost its 
catalytic activity. The consequences of this loss may 
be slight, showing up only when certain drugs are 
administer 'ed, or they may be lethal. Identification of the 
block often reveals a lot about normal metabolism, and 
suitable treatment can sometimes enable people to live 
normal lives if the condition is detected very early. 

An interesting new condition which was described 
last year now seems to be treatable if the patient is 
given large doses of vitamin B,, Rosenberg, Lillje- 
qvist. and Hsia (New England J. Med.,278, 1319; 1968) 
reported that a retarded eight month old boy with 
metabolic acidosis was excreting large quantities of 
methylmalonic acid and long chain ketones in his urine. 
At times his blood also contained a high concentration 
of glycine. High concentrations of protein in the diet 
or administration of the branched chain amino-acids 
valine and isoleucine increased the quantities of methyl. 
malonie acid and ketones in the urine. Methylmalonic 
acid usually appears in the urine in large amounts only 
in vitamin B,, deficiency, but this child showed no signs 
of the usual anaemia and his serum contained reason- 
able amounts of vitamin B,, They postulated that 
this condition of methylmalonie aciduria was caused 
by a defect in the B,,dependent enzyme which 
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converts methylmalonyl coenzyme A to succinyl 


coenzyme A. 

Methylmalonyl coenzyme A is an intermediate in the 
oxidation of valine, isoleucine and fatty acids con- 
taining odd numbers of carbon atoms. The fatty acids 
and isoleucine form propionyl coenzyme A which is 
carboxylated to methylmalonyl coenzyme A. Rosen- 
berg, Lilljeqvist and Hsia (Science, 162, 805; 1968) have 
now shown that leucocytes from their patient could not 
oxidize labelled propionate to @C-carbon dioxide, but 
could oxidize labelled succinate normally. When the 
child was given daily intramuscular injections of 1 mg 
of vitamin “Bio his urmary excretion of methy Imalonie 
acid fell from 800-1,200 mg/day to 220-280 mg; day 
during and shortly after his treatment. In addition, 
leucocytes from blood taken during and shortly after 

treatment showed some ability to oxidize propionate. 
These results suggest that some defect in the methyl- 

malonyl coenzyme A isomerase has reduced its affinity 
for vitamin B, High concentrations of vitamin B,, 
may produce sufficient active enzyme to enable the 
body to function normally. Untreated, the ketones 
which accumulate as a result of the blockage of pro- 
pionate oxidation produce an acidosis which would 
eventually prove fatal. This condition has only 
recently been recognized, and so it is not yet possible 
to say how common it is. Sereening the urine of new- 

born children for methylmalonie acid might, however, 
be well worth while, for there are probably other 
children who need extra vitamin B, to keep them 
alive and well. 


PLANTS 


Watering the Plants 


from our Botany Correspondent 


How to make the best use of available water is a real 
problem in many hot countries, and it could become 
serious in the market gardens of Britain-—where the 
word summer is httle more than a poet’s image. So 
began Professor A. J. Rutter delivering his inaugural 
lecture, on plant-water relationships in outdoor 
environments, at Imperial College, London, on que 
21. Plants need a lot of wate 
may use more than an average household, add a square 
yard of lawn may take up a ‘gallon i in a summer's day. 
Water is nece ssary to maintain the rigidity of plant 
cells, to take part in synthetic processes and to carry 
nutrient materials as it flows through the plant. But 
these functions cannot explain why plants are so sensi- 
tive to reductions of their normal water content of 
about 90 per cent. Professor Rutter, who, apart 
from time spent setting up an ecology department at 
the University of Lahore e, has spent most of his working 
life at Imperial College, is interested in finding out w hy 
plants need so much water, and what controls its 
uptake. 

Water flows from the soil into the roots, across the 
root cortex to the hollow vessels of the xylem, through 
which it passes up the stem to the leaves, and eventually 
to the stomata, the openings through which water 
vapour passes out in the process known ¢ 88 transpiration. 
The factors controlling water content can be analysed 
in terms of potentials, that is the difference between 
the free energies of water in the plant and pure water 
at atmospheric pressure; and in terms of the resistance 
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to the flow of water and the rate ef transpiration. The 
analysis can be simply expressed as 


Du = Jua = EAR, Es RH.) 


where R, is resistance to the flov of water in the soil, 
R, is resistance to the flow of water in the plant, i is 
potential and Æ, is the rate of 'ranspiration. Resis- 
tance to the flow of water within the plant is apparently 
greatest in the roots, and transpiration is clearly an 
important factor in determining leaf water pore 
and content. Professor Rutter believes that the full 
answer to the puzzlingly high water content of plants 
must now be sought in molecula biology, in processes 
such as the hy dration of enzymes, 

He has been working on variows aspects of the water 
relations of forests for ten years and has found that 
in a vear a forest can evaporete 10 to 20 per cent 
more water than an equivalent open water surface. 
He is now engaged, with the Natural Environment. 
Research Council’s Hydrological Research Unit, on 
an investigation of the effect of land use on the evapora- 
tion from catchment areas. His team has recently 
used a computer to work out a model to predict the 
course of events through a storm-—-how much rainfall 
is intercepted by the trees and kow much falls through 
to the forest floor. The model agrees well with observed 
rainfall and throughfall, and the next step is to try to 
predict, using data from the Meteorological Office, 
what will be the interception of forests in different 
parts of the British Isles in the future. 


NUCLEIC ACIDS 


RNA Chain Growth Rate 


from our Cell Biology Correspondent 


How fast does a bacterial RNA molecule grow ? In the 
latest issue of the Journal of Molecular Biology (89, 1; 
1969) Manor, Goodman and Stent report some sophis- 
ticated pulse labelling experiments with E. coli, 
backed by equally sophisticatec mathematical analysis 
of the incorporation data, from which they have caleu- 
lated the nucleotide step times for the four RNA 
nucleotides. The nucleotide step time is the average 
time that elapses during us addition of the next 
nucleotide to the 3' end of a growing RNA chain 
occupied by one of the four ds T hey find that 
the step time depends not only on the net rate of RNA 
synthesis in various physiological conditions but also on 
which of the four nucleotides happens to be at the 3' end 
of the growing molecule. 

In essence, "the experiment they carried out consists 
of exposing E. coli to pulses of labelled nucleotide 
base—they used tritiated uraci or tritiated guanine, for 
up to 16 seconds, Samples are taken after 6, 10, 15 and 
16 seconds, and the RNA is isolated and then hydro. 
lysed with alkali. On hydrolysis, each RNA chain yields 
many nucleotides from interned positions but only one 
nucleoside from the 3’ terminvs. From the proportion 
of nucleotides and nucleosides containing the label is 
base fed in the pulse, and the labelling time, it 
possible to derive the nucleotice step time. 

In E. coli growing in a rich medium at 29° C and 
doubling about once every hour, the step time for 
uridylic acid (U) was 42 ms, for guanylic acid (G) 20 ms, 
and for cytidylic acid (C) at mest 67 ms. ene that 
adenylic acid (A) has about the same step time as the 
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other purine, guanylie acid, the average rate of chain 
growth at 29° C is 26 nucleotides per second. At 37° C 
in the same medium the rate is 43 nucleotides per 
second, which is close to published estimates inferred 
from more indirect measurements of the rate of RNA 
synthesis, which range from about 13 to 90 nucleotides 
per second. The estimate by Stent's group provides an 
opportunity to ride the coupled transcription transla- 
tion hypothesis; estimates of protein synthesis suggest 
that the rate of amino-acid polymerization is about 15 
amino-acids a second at 37° C, almost exactly a third of 
the rate of RNA synthesis, and the code is of course a 
triplet code. 

Stent's group has also shown, by repeating its 
experiment with bacteria growing at different rates, 
that the step time is correlated with the growth rate— 
the faster the growth rate the shorter the step time. 
The difference in step times is not, however, large 
enough to account for the difference in net rate of RNA 
synthesis. For example, in two bacterial cultures, one 
growing 3-2 times faster than the other, the average step 
times differ by only a factor of 1-7. This in turn implies 
that in the faster growing culture there are 4-6 times 
more nascent stable RNA molecules per unit of DNA 
template than in the slower growing cells. Bacteria 
must therefore have two mechanisms for varying their 
RNA content, one by altering the rate of synthesis, the 
other by altering the number of RNA molecules 
initiated. 


After sifting the literature for estimates of the 
frequency of initiation and accepting published 
estimates of the proportion of the E. colt genome 


specifying stable RNA (all RNA except messenger), 
Manor et al. estimate that, in conditions of rapid growth, 
templates for stable RNA are completely covered by 
polymerase molecules. 


MOLECULAR BIOLOGY 


Forms of Transfer RNA 


from our Molecular Biology Correspondent 


THe operation of RNA is governed by an extraordinary 
variety of chemical and conformational features of 
structure. It is not vet altogether clear which of these 
variants are biologically important and which are 
merely consequences of in vitro manipulations. A 
further layer of complexity has now been added by 
Yegian and Stent (J. Mol. Biol., 39, 45; 1969). This 
work starts from earlier observations on leucine- 
starved E. colt, which produced the unexpected result 
that the cessation of protein synthesis is not marked by 
the complete deacylation of the leucine RNA. The 
experiment consists of determining the total acceptor 
activity after deacylation, and also measuring the 
residual activity after oxidizing the extracted RNA 
with periodate: this destroys "the activity only of 
deacylated RNA, aminoacyl-tRNA being protected 
at the 3’-terminus. Yegian and Stent have now found 
that only about half of the {RNA ip leucine on 
alkaline deacylation; the rest contains a protecting 
group, resistance to alkaline hydrolysis, whieh is, 
however, displaced by leucine in the usual deacylating 
brew, by an enzymatic reaction. The resulting mole- 
cules behave normally in respect of alkaline deacyla- 
tion and periodate oxidation, and are thus normal 


tRNA. 
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It is well known that there is more than one molecular 
species of leucine {RNA in E. coli, two peaks of leucine 
acceptor activity being easily resolved on chromato- 
graphic columns, and it turns out that the protected 
fraction occurs in only one of these (the second peak), 
whereas the residuum of leucyl-tRNA is all in the first. 
The notion that this species may fulfil some (obscure) 
regulatory part has been advanced by other workers, 
on the basis that, on the one hand, little of it is associ- 
ated with the ribosomes duri ing the exponential growth 
phase of the organism, and on the other hand, its 
proportion diminishes rapidly after infection w ith T2 
phage. The nature of the protecting group has not 
been determined, but a suggestion is that it may be an 
N-acylated amino-acid, for these seem to confer 

considerable stability towards alkaline hydrolysis. 

In a further paper (ibid., 59) Yegian and Stent con- 
sider the aminoacylation of three species of isoleucine 
tRNA of E. coli, and find striking differences in that 
the reaction of one of them (species III) proceeds much 
more rapidly than that of the other two. These 

react very slowly indeed, especially at low magnesium 

eoncentration. It is shown that the three components 
are distinct molecular species, for they do not undergo 
mutual interconversion, but it seems likely that 
components I and I] are in the low activity “denatured” 
state, described by Fresco, Sueoka and their associates. 
In the cell, however, it is fractions | and II which are 
substantially charged with their amino-acid, and HI 
which is not. A curious observation is that species 
IIl, as isolated from leucine-starved cells, is largely 
inactive in vitro but becomes active after oxidation 
with periodate, though only when the 3’-terminus is 
protected by aminoacylation. The activation may 
well involve oxidation of a rare base—it is suggested 
of a thiol group. At the same time, Reid (Biochem. 
Biophys. Hes. Commun., 38, 627; 1968) has reported 
that the reaction of ethyle neimine with thiol groups of 
{RNA causes inactivation towards particular amino- 
acids, which, however, do not include isoleucine. He 
suggests that this tRNA contains no thiolated bases, so 
that the problem evidently remains unresolved. 

Three forms of tyrosine {RNA have also been isolated 
from E. coli infected with a transducing phage (Gefter 
and Russell, J. Mol. Biol., 39, 145; 1969). ARN three 
are aminoacylated at much the same rate, and are 
therefore not “denatured” forms. They differ grossly, 
however, in their ability to bind to the ribosome, and 
SO participate in protein synthesis, and indeed one of 
them is essentially inactive in this respect. Oligo- 
nucleotide fingerprints show that the sequences are 
identical but that the three forms differ in one base 
modification next to the anticodon. The inactive form 
has an unmodified A residue in this position, whereas 
the other two have a large substituent group, one of 
them—the most active—with, the other without, a 
thiol group. Although not all the (RNA species of 
known sequence have modified bases in this position, 
it is not unreasonable to infer that in the present case 
this site is involved in attachment to the ribosome. 

Yet another variant of {RNA is the dimeric form. 
The dimers of yeast alanine ¿RNA have now been 
isolated by Loehr and Keller (Proc, US Nat. Acad. Sci., 
61, 1115; 1968). This dimer will accept two molecules 
of alanine. Tt has partial resistance to nuclease attack. 
An association which maintains the base-pairing scheme 
of the clover-leaf monomer ean be devised. 
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NUTRITION 


Storing Crayfish 


THE belief that frozen crayfish tails are best stored 
uncooked has been confirmed by the Division of Food 
Preservation of the Commonwealth Scientific and 
Industrial Research Organization of Australia. Tests 
of the effects of storage at different temperatures have 
shown that the ice erystals that form in frozen samples 
of Japanese crayfish ( Panulirus japonica) stored at 
—30* C are smaller than those formed in samples 
stored at —20° C, and grow more slowly, chiefly 
between the cells. Ice crystals are both intra and inter- 
cellular in samples stored at the higher temperature, 
and so cause more damage to the tissues of the cray- 
fish. Furthermore, the extractability of myosin in 
molar potassium chloride deereases more rapidly in 
frozen samples stored for between three and six months 
at —20" C as opposed to —30^ C. If these findings, 
described in the division’s latest annual report, are 
repeated with local Australian species, the crayfish 
industry will probably find it advisable to store its 
product at —30^ C instead of a higher temperature, 
if the material is to be kept for three months or more. 
Abalone was another delicacy under scrutiny last 
year. A shipment of canned abalone which had been 
rejected in Japan seemed to have “foam rubber" 


centres. There was no bacterial contamination in the 
cans, and the trouble was evidently caused by mis- 


handling and delays before canning. In the interests 
of the abalone industry the division proposes to investi- 
gate the causes of this and related problems. 

Some boiled or raw mullet (Mugil cephalus) and a 
few other fish such as bream (Mylio australia) have a 
strong taste of kerosene with a lingering after-taste, 
which can, however, be removed by freeze drying or 
baking the fish at 260° C. The factor responsible for 
the taste is lipid soluble and can be extracted by 
conventional techniques. Oil from tainted fish seems 
to have a greater content of C18 fatty acids and less 
C22 unsaturated acids than that from untainted fish. 
The cause is not thought to be £- propiothetin, which 
is responsible for a taste of petroleum in chum salmon 
after decomposing to dimethyl sulphoxide when the fish 
is heated. 


NUCLEAR PHYSICS 


New Subnuclear Particles 


Tug efforts being made to find a conceptual order for 
the particles of the subnuclear world have received a 
useful boost in the discovery of four new particles 
known as Xi-star resonances. Preliminary calculations 
on the new resonances, which belong to the heaviest 
class of nuclear particles known as baryons, show that 
they may well fit into LUN symmetry sche me caled 
subnuclear cosmos. ' 

Three of the particles were found in a prolonged 
hydrogen bubble chamber experiment using the giant 
proton MA es at Brookhaven, New York (Phys. 
Rev. Lett., 92, 2, 79; 1969). The fourth particle and a 
confirmation of one of the other three were found in a 
similar experiment using the larger of the two accelera- 
tors at CERN, Geneva (Phys. Lett., 286, 6, 439; 1969). 
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The skill and perseverance needed to extract the 
evidence for the existence of the particles can be 
assessed by the fact that only 15€ of the 700,000 bubble 
chamber photographs taken during the Brookhaven 
experiment contained the ineriminating clues. 

How do these new particles fit mito the current picture 
of fundamental particles ? Indeed, should the current 
picture be ascribed more to the impressionist school 
than to the firm terrain of exact representation ? The 
extent to which the resonances slot into the SU3 
symmetry scheme, based as it is on the postulation 
of three fundamental particles «nown as n, p and à 
quarks, gives hope that SUS mey vet prove to be the 
key to understanding subnuclea: matter. 

The three quarks, characterized by  non-integer 
charges (in units of the electrons charge), half-integer 
spin and by strangeness quantum num bers of 0, 0, and 
—]. can combine together to form baryons. By 
interchanging one quark for another it is possible to 
set up groups of baryon states ¿ll with the same spin 
and parity, and one of the lowest ener rgy PEDES is the 
octet containing the unenergiz-d Ni particles. The 
splitting in the octet is caused by the strangeness 
interaction, in the same way that the splitting in the 
hydrogen molecule triplet is due to spin. 

The rew particles all have strangeness quantum 
number —2, and masses of 1.315, ? 030, 2,430 and 
2,500 MeV. The Brookhaven teams suggest that the 
first and second of these are members of 503 octets 
Ns spin and parity are designated respectively by 
37 and 3°. Baryons of strangeness —2 have until now 
ben a rare commodity, and the fact that the ene rgized 
Xi states can still fit into the 33 is encouraging. 

There are now more than 200esuch particles, most of 
which are known to be energized states of more basic 
particles. The general motivation in looking for more 
particles is to see whether their masses, spin and 
parity allow them to be fitted irto the predicted octets 
and decaplets of SU3. An w eee wealth of Xi 
states is thought to be awaiting measurement, one of 
the inhibiting factors being th» diffieulty in tracking 
those of higher mass because cf their very short life. 
times. 


PULSARS 


Astronomers see the Light 


from our Astronomy Correspondent 


AFTER a year of false alarms, optical astronomers have 
at last picked up light flashes from one of the pulsars, 

not surprisingly the pulsar in :he Crab nebula which 
already has a specification dis-inguishing it from the 
other pulsars so far known. First news of the flashes 
reached observatories bv the telegram service from 
the Smithsonian Astrophysical Observ atorv, Cam. 
bridge, Massachusetts, in a message which seems to 
have come direct from the burezu s chief, The discov ery 
comes almost a year after the first announcement of 
pulsating radio sources by the Cambridge group, and 
follows months of fruitless Se w Paan B 


But as the ee Ds d. 
PNN PE more precise, the error rectangles 
closed in on obstinately blans parts of the sky or, 
equally disheartening, on areas jammed with stars. 
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The new discovery goes further than an ee ion 
with a particular star, how 
already virtually certain that the pulsari is un of the 
Crab— but includes the hoped for detection of light 
flashes matching the radio pulses. 

The pulsar which is blinking is NV P 0532, first de- 
tected as a rapidly flickering radio signal near the 
Crab by the National Radio Astronomy Observatory 
at Green Bank, Maryland, and discovered to be beating 
at thirty times per second by the Arecibo Ionospherie 
Observatory. As well as being the fastest pulsar, 
N P 0532 is running down more rapidly than any other 
pulsar, at a rate of one part im 2,400 per year. The 
latest discovery which bolsters its claim to uniqueness 
was made from Steward Observatory of the University 
of Arizona, Tueson, by W. J. Coc ke, M. Disney and 
D. J. Taylor, and the light flashes and the radio pulses 
seem to be a remarkably good match. According to 
the telegram, the optical flashes picked up on Januar y 
15-16 have a geocentric period of 33-095 ms, with 
occasional secondary pulses 4 ms wide between the 
primaries, precisely what is picked up by radio 
astronomers. Integrated visual magnitude is 18— well 
within telescopic limits—and the peak magnitude in 
the flashes is 15. Taken together, the facts seem to 
indicate that, like the radio case, all the brightness is 
within the flashes, with nothing detectable between. 

For several reasons Steward’s team should not be 
suspected of crying "wolf". Associated with the Crab, 
NP 0532 is presumably the youngest pulsar, so more 
likely to be visible than the others, and the fit between 
the optical and radio pulses seems to rule out inherent 
periodicities in the measuring system, such as the wow 
in a tape recorder which bedevilled last Vm ! measure- 
ments at Lick Observatory (Nature, 219, 812; 1968). 
In any case the magnitude estimates ser that 
confirmation from other observatories should be rapid, 

One of the most enigmatic of celestial objects, the 
Crab nebula has somehow maintained its energv at 
à high level for 900 years. It now looks as if VP 0532 
and a second pulsar which seems to be associated with 
the nebula could be responsible, the more so because 
the optical flashes mean that the radiating particles 
are more energetie than previouslv thought. This is 
one of the reasons why astronomers are looking forward 
to the range of optica al measurements, which should 
be relativel y simple to make on an eighteenth magni- 
tude object. As for theories of pulsars themselves, 
told’s rotating neutron star hypothesis (Nature, 221, 
25; 1969), which at present scems the most satisfying, 
does not rule out optical radiation. 

N P 0532 may not be the only pulsar with detectable 
light flashes, A team of British and Irish gamma ray 
astronomers are toying with the notion that experi- 
ments in a and May last vear to search for gamma 
rays from CP 1133 were picking up optical flashes 
(E. P. O' Mongain et al., Nature, 219, 1348; 1968 and 
W. N. Charman et al., Nature, 220, 565; 1968). Using 
mirrors to pick up the Cerenkov radiation generated 
when high energy gamma rays strike the atmosphere, 
their equipment is ideal for detecting very short 
flashes. The signals they detected were below the level 
of statistical significance, however—-indeed, if they had 
been significant there would have been serious conflict 
with the radio measurements, with 10* times more 
energy radiated in gamma rays than in the radio band. 
The Arizona discovery now means that the weak signals, 
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if not occurring by chance, could have been due to light 
flashes from CP 1133. 

Professor N. A. Porter of University College, Dublin, 
has devised a theory based on Gold’s model which he 
hopes could account for the sort of results which have 
been obtained. There seem to be several ways in which 
a pulsar could produce light—in short bursts lasting a 
few nanoseconds as electrons are thrown out of a co- 
rotating magnetosphere; in radiation produced after 
ejection by electrons which are out of phase with the 
rotation so that the radiation has lost most of its 
periodicity and by Cerenkov radiation generated near 
the pulsar by gamma rays. According to Porter, the 
signals picked up by the 36 inch telescope at Steward 
Observatory could be the nanosecond bursts. In any 
case, the gamma ray equipment used by the British 
and Irish teams has been moved to the clearer skies of 


Malta, where the chances of obtaining meaningful 
results should be greater. 
SHIPBUILDING 


Boom in British Shipyards 


DirFIcULTIEes about the commissioning of the Queen 
Elizabeth II do not hide the wav in which orders for 
ships from British shipyards have been increasing in 
the past few months. The National Association of 
Shipbuilders and Repairers announced earlier this 
week that orders placed with British yards in 1968 
amounted to £285 million in value—the largest amount 
in any year since the early fifties. More than à third 
of the new ships ordered will be supplied to companies 
overseas. At the end of 1968, the total amount of 
shipping on order amounted to 3:5 million tons. 


SEISMOLOGY 


New Map of Earthquakes 


A NEW seismic risk map of the continental United 
States has just been issued by the Environmental 
Science Services Administration of the US Department 
of Commerce. 
in 1948 which, 
because 


The map is a revision of one first issued 
after revision in 1951, was withdrawn 


in 1952 “it was subject to misinterpretation 





Fig. |. Earthquake risks in various regions of the United 
States: Zone 0, areas with no expectancy of earthquake 
damage; Zone l, only minor damage expected; Zone 2, 


moderate damage expected; Zone 3, areas where major 
destructive earthquakes may occur. 
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and too general to satisfv the requirements of many 
users". All maps like this, based as they are on the 
seismic history of the area, are necessarily open to such 
eritieisms. They reveal areas of high seismic activity 
but do not predict what engineers want to know—the 
short term probability of à major earthquake at any 
particular site. As a result, there is always a conflict 
of interest between seismologists, who tend to over- 
estimate the risk to bo on the safe side, and engineers, 
who tend to underemphesize the risk. The new map. 
like its predecessors, is only a general guide prov iding 
information for land planning on a very broad scale. 


OCEANOGRAPHY 


Discussing the Irish Sea 


from a Correspondent 


ONE hundred and fifty scientists attended a Royal 
Society Discussion Mecting on the Irish Sea held at the 
society s rooms in London on January 14-15. For 
the purposes of the meeting the area under discussion 
was taken to be a line drawn between St David's 
Head and Cawnsore Point in the south, and Stranraer 
and Larne in the north. The papers presented ranged 
in scale and diversity of subject from considerations of 
the genera! circulation of the region to the distribution 
of foraminifera in part of Cardigan Bay. They were 
concerned chiefly with research projects recently 
completed but not yet fully reported, or with proposed 
programmes of wor 'k for the immediate future. 

Most of the first day was taken up with the physical 
and chemical oceanography of the region. A feature 
of these sessions was the extent to which new measuring 
techniques are likely to make good in the short term 
the lack of detailed data that has held back our under- 
standing of the dynamics of not only the [rish Sea, but 
of all seas and oceans. Thus there was a report of the 
first results obtained in this region with networks of 
moored recording current meters and of an instrument 
which gives a continuous measure of salinity and tem- 
perature according to dept h when lowered from a ship. 
But a report of changes i in the distribution of two zoo- 
plankton "indicators" of water movement suggested 
that progress in understanding fully the week by week 
changes in the physical state of this relatively small sea 
area might be very gradual. 

The second day of the discussion was devoted to the 
geology and sediment distribution of the region and to 
papers dealing with various biological problems and 
programmes. One of the speakers described the Irish 
Sea as "a great natural laboratory", an idea which 
was echoed by others. The relatively small geographi- 
cal extent and proximity of this sea to Britain isi 
meant that such topics as moving fields of sand wave 
and the plaice population, for example, associated un 
à particular spawning ground could be studied with 
only some of the normal inconveniences that marine 
scientists have to contend with. 

Another theme running through the papers and the 
discussions following them was the need for coopera- 
tion, not only between the various disciplines but also 
between the different tvpes of organization engaged in 
this sort of research. Scientists at the many universi- 
ties with research projects in the Irish Sea were urged 
to note that relatively small scale studies in the bays 
and shallows, for example, might vield important 
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information about the food chains of fish wh se would 
be of national economie importance. € 

research laboratories, on the other hand, were asi Ku to 
make their collections of detased data generaly 
available as soon as D Ne. bs S was | suggested, 





problems prada qum with the Cities, towns and ane: 
tries found on the coasts of this region. 


LUNAR MAGNETISM 


Is the Moon Magnetic ? 


from our Geomagnetism Correspondent 


SEVERAL of the research proposals accepted by NASA, 
for examination of the Moon roek to be returned to 
Earth by Apollo H, envisage study of the rock's 
remanent magnetism. The success of these inv estiga 





tions will depend on whether, in fact, the Moon 
possessed a magnetic field either at the time the rocks 
were formed or for some subsequent, appreciabie 


period. Evidence for the existense of an ancient lunar 
field can only lie in the rocks themselves; but insofar 
as the pr esent is the key to the past, the signs are not 
too hopeful. 

The first attempt to detect ihe Moon's magnetic 
field directly was made in 1954 by Luna 2, whose 
magnetometer functioned down to 55 kilometres from 
the lunar surface (Dolginov et al., Geomag. Aeron., 1, 
18; 1961). No field was observed, which meant, taking 
into account the limiting sensitivity of the magneto- 
meter, an upper limit of 6 x 10?! gauss em? on the lunar 
magnetic moment. This result remained current 
until July 22, 1967, when the US Explorer 35 was 
placed. in lunar orbit carrying two magnetometers. 
Initial results from the first of these, sponsored by the 
Goddard Space Flight Center, show ed that, unlike the 
Earth, the Moon does not trap interplanetary field 
lines to form a magnetosphere, and thus enabled the 
maximum lunar moment to be reduced to 4 x 10?? gauss 
cm’. The second, sponsored by the Ames Research 
Center, yielded a maximum moment, for a dipole 
aligned with the lunar axis, of 5x 10° gauss em?—or 
7 x 1065 that of the Earth (Ness : tal, J. Geophys. Res., 
42, 5769; 1967 and 78, 3421: 1368). 

A more detailed analysis of the Explorer 35 data 
pM carried out by Behannon (J. Geophys. Res., 78, 

257; 1968) yields a still lower upper limit for the 
unas magnetic moment, The principal reason for the 
greater refinement of the new result is that analysis 
has been confined to data obtamed during the Moon's 
passage through the Earth’s magnetic “tail” where 
previous satellite measurements have shown the 
ambient field to be steady ir both magnitude and 
direction. The average total field for twelve Explorer 
35 runs lasting more than taree hours was 10- int 
whereas the geomagnetie tail gradient observations of 
the previous Explorer 33 predict an ambient field of 
9- n at the T o in Pd a The lunar 





A 


a ence a molten core. go cause der dosi. arises 
chiefly from a comparison of the present lunar field 
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with the histories of the geomagnetic field and the 
Earth's molten core, The present geomagnetic dipole 
moment is 8 x 10?* gauss cm? and has remained within 
an order of magnitude of this figure since the Pre- 
Cambrian. Furthermore, available evidence suggests 
that over the past few million vears the mean geo- 
magnetic dipole has tended to increase and that since 
its formation the molten core has grown. Assuming 
the Moon's progress to be comparable, 1 x 102° gauss 
cm? may represent the order of magnitude of the lunar 
moment for at least several hundred million years. In 
this case the magnetization of any rock returned by 
Apollo II will, if it exists at all, be barely detectable. 


ASTRONOMY 


Dusty Stars? 


from our Astronomy Correspondent 


THE realization that theoretical astronomy needs a 
thorough knowledge of the behaviour of celestial 
objects in spectral bands other than the optical and the 
radio has deservedly brought infrared astronomy 
out of the murky corner of the literature which it has 
occupied so far. The grant which the Science Research 
Council has just awarded to the team at Imperial 
College means that an overdue start can at last be 
made on the construction of a respectable flux collector 
(Nature, 221, 214: 1969). But there is a long way to 
go before Britain has the expertise which the Americans 
are building up, which is one reason why the SRC is 
helping to finance the infrared cooperative of the 
Universities of California and Minnesota, which will 
train up to three postgraduate students at a time. The 
other explanation for the expenditure is the importance 
British theoreticians attach to having a say in the 
American programme, and being in close touch with 
the results. 

A report in Astrophysical Journal by F. C. Gillett of 
California, F. J. Low of Arizona, and W. A. Stein 


of California and Minnesota is just a whiff of the sort of 


results which theoreticians hope to get from the new 
generation of infrared telescopes (154, 677: 1968). In an 
investigation of the spectra of several stars in the 
wavelength range 3 to 14 microns, the American team 





A 60 inch infrared telescope with metal primary mirror, built 
by Astro Mechanics Ltd, which the California-Minnesota 
group hopes to buy. 
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verified what had already been deduced from wide band 
observations—that stellar spectra do not perfectly 
follow a black body law in the infrared. But what has 
now been done is to examine the spectra of seven stars at 
moderate resolution, giving a clearer picture of how the 
discrepancies with the black body curve are made up of 
a number of emission and absorption features. "The 
spectrometer which was used had already seen service— 
for example in observations of the planetary nebula 
NGC 7027 (Astrophys. J. Lett., 149, L97; 1967)—but 
unfortunately was lost in a fire after the most recent 
set of measurements were taken. A replacement 
spectrometer has now been constructed by the 
California-Minnesota collaborative to carry on the 
work. 

The commonest features of the spectra were a broad 
absorption band between 4-5 and 5:5 microns, which 
could be the result of CO molecules in the atmospheres 
of the stars, an absorption at 8 microns, and an emission 
near 10 microns. One of the stars also deviated from 
the black body curve at shorter infrared wavelengths, 
probably because of absorption by hot water vapour in 
the star's atmosphere. But it is the detection of 
absorption and emission features at 8 and 10 microns 
respectively which most struck Gillett, Low and Stein. 
They put forward two tentative explanations. One is 
that an infrared excess at long wavelengths might come 
about from a judicious combination of opacity and 
temperature in stellar atmospheres. A more attrac- 
tive possibility for the peak at 10 microns is that it 
somehow arises by emission from a cloud of dust 
around the star, on a more ambitious scale than the 
dust eloud around the Sun, showing up as the zodiacal 
light. A model along these lines has already been 
published by Wayne Stein of Princeton to account for 
earlier wide band measurements which also showed an 
emission at 10 microns in some cases (Astrophys. J.,145, 
101; 1966). According to Gillett, Low and Stein, the 
extra emission they detected from the star Cep, for 
example, could come about on this model from a cloud 
of one micron particles of total mass very roughly that 
of the Earth, at a distance of 10!? km from the centre of 
the star. But in view of the importance which is 
beginning to be attached to interstellar dust in the 
evolution of the universe, the matter is unlikely to 
rest here. 


ELEMENTARY PARTICLES 


The Bootstrap in Difficulties 


from a Correspondent 

Tue bootstrap idea in elementary particle physics has 
great attractiveness and simplicity. 1t does away with 
the notion of any truly elementary particles by requiring 
that all particles be bound states of each other; for 
example, the rho meson is a particle caused by the 
binding of two pi mesons due to the force produced by 
the exchange of the rho meson itself between two such 
pi mesons. 

Many calculations have been made in an attempt to 
show that the bootstrap idea does really work for 
strongly interacting particles, and even to show that 
the internal symmetries of these particles arise in a 
bootstrapped fashion. Gasiorowiez! has reviewed these 
caleulations, which have not all agreed with each other, 
partly because they have different starting points, 
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Laboratory Fermentor For further information contact 


Type FL 103 and Instrumentation & 
Biolec 


Panel Type LP 100 with 
controls for speed, antifoam, pH, 
media, temperature, gasflow RANHAMMARSVAGEN 21 - BOX 111 76 
161 30 BROMMA - SWEDEN 
TEL. 08/80 28 50 - TELEX 17109 


USA: BIOTEC INC 


Other products: 1221 PARKLAWN DRIVE, ROCKVILLE, 
MARYLAND 20852 


Fermentor units lic: ORG LT 
Pilot and Production Plants LKB HOUSE, 232 ADDINGTON ROAD. 
Consulting service SOUTH CROYDON CR2 8YD 
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DYES FOR USE IN ALL INDUSTRIES 


DARTON RESEARCH & PRODUCTION CHEMISTS: if you 
are looking for dyes with specific chemical and physical 
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but also because different approximation schemes are 
used with the same starting point. Recent careful 
applications of the methods of non-linear analysis 
have shown that a class of non-linear equations which, 
it had been hoped, would describe bootstrapped particles 
is unlikely to do so. The class of equations is those 
which incorporate the properties of analyticity, crossing 
symmetry and unitarity in as large a manner as has 
yet proved possible. Analyticity is expressed by means 
of dispersion relations, either for the Low equation? 
or by means of the Mandelstam representation’. For 
models based on the Low equation, unitarity is approxi- 
mated by two particle intermediate states only; for 
the Mandelstam re presentation these two particle 
intermediate states are again handled exactly, and the 
contribution from the remaining intermediate states 
is assumed to be given. Crossing symmetry is exact 
in both approaches, though distorted in the Low 
equation by the cut-off necessary to give finite results. 

The resulting non.linear equations are analysed by 
means of fixed point theorems of non-linear functional 
analysis. For both models, solutions are found which 
have arbitrary numbers of free parameters, these being 
the positions and widths of narrow resonances arising 
from CDD poles put explicitly into the equations. 
Furthermore, these solutions exist for a large range of 
crossing matrices (which describe the internal sym- 
metries of the particles in question). 

The implications of these results are that, at least 
for the class of functions considered, the bootstrap 
idea cannot work; there are too many solutions to 
merit a choice of a particular one of them. There is 
still a faint hope that the bootstrap can be resuscitated 
by replacing the class of functions in which solutions 
are being sought by functions which have an oscillatory 
high energy behaviour. Such a behaviour is more 
realistic, for it arises from a Regge-type of behaviour. 
The present difficulty of such a behaviour is that the 
methods of non-linear analysis are difficult to extend 
with such a class of functions: what is worse is that if 
the Regge trajectories used in describing the high energy 
behaviour of the scattering amplitudes are increasing 
indefinitely, the Mandelstam representation or Low 
equation approaches break down, and completely differ- 
ent equations have to be considered. Suggested 
equations which involve essentially the bootstrapping 
not of particles but of whole Regge trajectories are 
considerably more complicated. But they may allow 
bootstraps to become feasible again. 

! Gasiorowiez, S., Elementary Particle Physics (Wiley, New York, 1966). 


t Warnock, R. L., Phys. Rev., 170, 1323 (1908); Warnock, R. L.,in Lectures 
in Theoretic al Physies, 11 (University of Colorado Press. in the press), 


3 Atkinson, D., Nuclear Phys., 87,7875 (1968). 


TRANSPORT 


Handling Vehicles in Emergencies 


from a Correspondent 
IMPROVEMENTS in vehicle performance, more and better 
highways and the rapid increase in the number of road 
vehicles make it essential that safety considerations 
are treated as top priority. This in turn demands a 
more exact understanding of the dynamic performance 
of road vehicles under emergeney conditions. And this 
was the basis for the theme of a symposium at Lough- 
borough, attended by about 150 people on January 8. 
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It was arranged by the Automooile Division of the 
Institution of Mechanical Engineers, in association 
with the Department of Transport Technology of 
ee Univ ETSY of eee gy. 


the: response ‘of vehicles REM T eon ied ee Ways 2d 
braking forces, and these principally involve t tyre] 
ground characteristics, vehicle dynamic representation, 
the driver's behaviour, and their interaction. All 
the papers presented were concerned with one or more 
of these aspects, although the emphasis was on vehicle 
response, for which the simplest mathematical models 
have been developed consistent withthe data available, 
the limits of the required accurecy and available 
computer facilities. 

Dr H. B. Pacejka discussed a linear model describing 
the skidding of a vehicle due to locked wheels. This 
was an extension of work carried out in the 1950s by 
Professor Koiter of Delft University. and from which 
the theme of this symposium flowered. Dr Pacejka 
concluded that the highly unstable condition of a 
vehicle with locked rear wheels could be improved by 
reducing the vehicle's inertia and the »elative cornering 
stiffness of the front tyres and increasing the wheel 
base. Members of the Road Research Laboratory 
described a steady state graphically «riented analysis 
of a four wheeled vehicle model moving on a constant 
radius path and subjected to braking curing g cornering. 
It presented useful limits of maximum cornering 
acceleration at various braking decelerations to main- 
tain the vehicle's stability. 

R. R. McHenry of the Cornell Aerorautical Labora- 
tory described a digital computer time-aistory analysis 
(including all major non-linearities) of &n eleven degree 
of freedom four wheeled vehicle, using vehicle fixed 
coordinate axes similar to those used when dealing 
with aircraft. The predicted motions of combined 
cornering and ride over irregular terrain correlated well 
with performance i in actual tests— paving the way for 
more complex analyses. These comparisons were 
spectacularly demonstrated by film of the actual test 
motions and the corresponding computer predictions 
—the latter was possible because the digital computer 
analysis presented the results as gra: ;hical vehicle 
positions at successive time intervals. 

Professor F. D. Hales of Loughborouzh University 
of Technology and Mr M. P. Jurkat o^ the Stevens 
Institute of Technology were concerned with the way 
people adjust their driving behaviour when vehicle 
stabilitv is degraded. They tested rine subjects 
using a onvng simulator w Ris (pu deed the condi. 
lt is also 
important that a B m laborer technique 
for simulating some real driving situatiens has now 
been developed. 

Three contributors from the Pire lli Company, Milan, 
described how a “loose inverse" proceduxe allows for 
the behaviour of drivers in a seven degree of freedom 
mathematical model analysis concer ned wih matching 
tyres to vehicles to reduce hazards in emergencies, 
Essentially, the car followed the reference path with a 
series of drivers having different anticipatien, reaction 
time and sensitivity threshold. Results saowed that 
tyres with greater cornering stiffness were better in 
emergency conditions but could increase driver stress 
in normal manoeuvres because of rapic handling 
response. l 


418 


NATURE, VOL. 221. FEBRUARY 1. 1969 


Investigating the Rabies Virus 


by 


KLAUS HUMMELER 


The Children's Hospital of Philadelphia, 
Department of Pediatrics, 
University of Pennsylvania Medical School 


HILARY KOPROWSKI 


The Wistar Institute of Anatomy and Biology, 
and International Reference Centre 

for Rabies of the World Health Organization 
at the Wistar Institute, 

Philadelphia, Pennsylvania 


THE basic characteristics of rabies virus and its relation- 
ship to the host cell were poorly defined until modern 
virological techniques were applied during the past few 
years'. (The cited literature refers only to more recent 
publications. A more complete bibliography is given in 
refs. 1-3.) Important advances have been made possible 
through adaptation of the virus to tissue culture systems 
followed by immunofluorescence technique, electron 
microscopy and physico-chemical studies with concen- 
trated and purified virus. 

Rabies virus is transmitted by contact’; there are no 
known vectors. It spreads from the site of infection along 
peripheral nerves towards the central nervous system 
through nerve-associated tissue spaces. After parenteral 
infeetion, rabies antigen can first be detet ted by immuno- 
fluorescence, and then appears in the spinal cord ganglion 
cells. From there the virus spreads throughout the grey 
matter of the central nervous system, replicating almost 
exclusively in the neurones. The virus seems to exhibit 
seleetivity for certain neurones. Purkinje cells or neurones 
of the Ammon’s horn are more susceptible to rabies infec- 
tion than, for example, are neurones of the cerebral 
cortex’. 


Effect on Neurones 


Rabies-infected neurones seem to remain structurally 
intact, and in the absence of neuronolysis and neurono- 
phagia* it is difficult to understand the nature of the 
damage inflicted on a cell by rabies virus. These neurones 
show cytoplasmic inclusions which appear as eosinophilic 
structures, frequently containing basophilic granules, or 
inner bodies. Since their first description by Negri in 
1903, their nature and origin have been debated, the argu- 
ments being concerned primarily with whether these 
inclusions are degenerative products of the cell or masses 
of virus particles. That they are virus specific was shown 
indirectly by means of fluorescent antibodies. 

The fine structure of the Negri bodies in nerve tissue of 
infected animals has been elucidated’. By alternate thick 
and thin sectioning of neurones containing Negri bodies, 
it was shown that they consist of a ground substance, or 
matrix, with virus particles frequently embedded im it. 
The matrix constitutes the eosinophilic material, and the 
embedded virus particles the basophilic inner bodies. 

Following infection with fixed virus strains or serial 
passage of street virus in animal brain tissue, the size and 
number of virus specific cytoplasmic foci visible under the 
Euorecen A nuoroccopes and of matrices seen in the 
ted. Tt has also ‘been ‘shown n in an Ce microscope 

study that street virus strains, which produce large Negri 
police in the eytoplasm, damage the neurones only 
slightly, whereas fixed strains cause marked cytopathic 
effect’, 

Attempts to elucidate the structure of the virus par- 
ticles and the nature of the matrix by in vivo studies have 


Modern virological techniques are providing valuable information 
about the rabies virus and its behaviour in infected nerve tissue. 


been difficult, because events in the growth of the virus 
were necessarily investigated at the late stage of its intra- 
celular development, so that the early stages of virus 
reproduction were missed, Any chronological study of 
virus reproduction has therefore to be performed with 
tissue cultures. 


Growing the Virus 


The difficulties encountered in propagating rabies virus 
in various tissue culture systems of non-neural origin were 
related to the inability of the virus either to adsorb on to 
or penetrate the cell membrane. The difficulties have 
now been overcome by addition of polycations to the 
virus inoeulum'. Small amounts of DIAE-dextran 
facilitate penetration of the virus into cells in which it 
subsequently replicates. The exact mechanism of this 
action is not known; the polycations may serve as receptor 
sites for the virus, after binding to the cell surface, or they 
may form complexes with the virions which are then 
easily adsorbed on to the cells. 

Using this technique, it is possible to grow various 
strains "of rabies virus in many different tissue culture 
avstems!. Cells infected with rabies virus do not, as a rule, 
undergo lysis, but in some systems, for example, hamster 
embryo fibroblast cultures, lesions caused by rabies infec- 
tion are extensive enough to produce plaques’. Tissue 
culture systems have made it possible to study the mor- 
phogenesis of rabies virus in mammalian cells. It should 
be noted, however, that information so far obtained is 
based on observations made after infection of only one 
tissue culture system, the DHK-21 (newborn hamster 
fibroblast) line with two strains of fixed rabies virus*^?, 

In the presence of DEAE-dextran the rabies virion is 
adsorbed to the cell surface and is taken up by the cell in 
pinocytotie ve 'sieles. It seems that the protein coat of the 
virus is digested in € ytoplasmic vacuoles, as deseribed for 
many other viruses, but the subsequent fate of the 
genome has not yet been determined. 

After adsorption and penetration, the virus genome 
replicates in the cytoplasm. At no time is the nucleus 
involved in viral replication. The first morphological 
evidence of replication is the appearance of a finely 
granular material which replaces normal constituents of 
the cytoplasm, and which is not limited by any membrane 
structure, This granular material, in time, becomes a 
filamentous matrix (Fig. 1). Its appearance comeides 
with that of spec s granular fluorescence seen with 
conjugated antisera. These early changes have been 
observed uniformly with all fixed virus strains used. Such 
uniformity is. however. less obvious in the synthesis of the 
virions. With the HEP-Flury strain, particles emerged on 
the periphery of the matrices, and inside them, without 
obvious involvement of pre-existing cell membranes. 
Later in the growth cycle. however, virions were also 
formed by budding from membranes of cytoplasmic 


vacuoles and the plasmalemma’. In a later study. using 
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the CVS strain, virus particles formed solely on cell mem- 
branes by budding’. The two strains differ in their passage 
history. The HEP-Flury strain has undergone numerous 
passages in chicks, fertile hen's egg and chick embryo 
fibroblasts tissue culture before adaptation to mammalian 
tissue culture’®. The CVS strain has had numerous 
passages in brain tissue of laboratory animals (rabbits, 
mice)" before its adaptation to BHK-21 cells. The tissue 
eulture adapted HEP-Flury strain is the most attenuated 
strain of rabies virus available, for it is lethal only for 
newborn mice, whereas the CVS strain is more patho- 
genie for animal species. Whether the striking difference 
in the morphogenesis of the two strains reflects their 
biological characteristics is impossible to answer at 
present, but the problem deserves further exploration. 


Structure and Morphogenesis 


Studies performed so far identify the matrix as the 
ground-substance of the Negri body.  Ferritin-antibody 
experiments showed that this filamentous material con- 
sists of nucleoprotein strands which become the nucleo- 
capsid of the virion upon maturation. The filaments are 
ineorporated into the shell of the virion during the budding 
process. With some strains, this seems to be an efficient 
process (CVS strain), but with others (HEP-Flury and 
street virus) nucleoprotein production is excessive, 
especially if little budding occurs, and the nucleoprotein 
strands accumulate in large aggregates. Thus the observa- 
tion that infection of animals with street virus results in 
the production of many large Negri bodies, and infection 
with fixed virus in few and small inclusions, may simply 
be an expression of the degree of adaptation of a given 
virus strain to a certain cell. 

The morphogenesis of rabies virus seems to follow two 
pathways. Infection with CVS strain follows a pathway 
similar to that observed in paramyxoviruses, where 
nucleoprotein is synthesized in the eytoplasm and virions 
form on the cell membrane and incorporate the nucleo- 
protein strands during the budding process. The other 
pathway, observed with the HEP-Flury strain, is remin- 
iscent of vaccinia morphogenesis, where the de novo 
membranes are synthesized in or near the matrix and 
complete the virions there. More strains, street as well as 
fixed, will obviously have to be investigated to correlate 
these morphogenetic differences with properties of the 
virus strains or the cells which they parasitize. 

Previous efforts to elucidate the structure of the rabies 
virion have been only partially successful. Before the 
availability of cloned virus strains, many strains used 
were heavily contaminated with extraneous agents, such 
as mycoplasma™, which interfered with structural 
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Fig. 1. Appearance of the filamentous matrix. 
specific with ferritin-conjugated rabies antibody. 


419 





eC. 


a> 
A p 


Fig. 2. 
at various planes. 


Virus particles in the cytoplasm of a call. They are sectioned 
Longitudinal (L) and transverse sections (T) are 
indicated. ( x 60,000.) 


analysis. In addition, the virus had t be extracted from 
infected cells which in the later stages of infeetion contain 
bizarre forms of the virus, such as flaments and rods, 
which obscure the proper virion that is synthesized soon 
after infection, and before the cell's synthesizing mechan- 
isms are damaged. This situation is obvious in mouse 
brain neurones when the experimental animal is killed at 
the time of paralysis. 

In the earlier stages of infection in tissue culture the 
virus population is relatively uniform. A longitudinal 
section of the complete virus resembses a bullet. The 
diameter of these particles is the same as that obtained on 
transverse section, namely 70-80 mu. The length, on the 
other hand, is more variable. Compwete, bullet-shaped 
virus particles measure about 180 mu (ig. 2). 

The negative staining technique, wnen performed on 
cell-associated virus to minimize distortion resulting from 
purification procedures, can be used .o obtain a more 
detailed analysis of virus structures. W-th this technique, 
& variety of structures, which can be correlated with 
those seen intracellularly in thin section. , is revealed. The 
intact particles measure 180 by 75 mu and exhibit a fine 
fringe of surface "spikes". The surface appears as a dense, 
irregular mass, and it is difficult to discern any regular 
surface structure. Occasionally, however, particles can 
be found that have a distinct surfece arrangement: 
hexagons forming a honeycomb. ‘The surface spikes, 
60-70 A long, have a knoblike structure at the distal end 
(Fig. 3). 

The internal nucleoprotein component has been isolated 
from purified virus in density gradients after previously 
labelling the RNA with *H-uridine. Preliminary struc- 
tural analysis of this nucleocapsid r-vealed a single 
stranded helix with a diameter of 160 A and a periodicity 
of 75 A. The single strand was 30 A wde. The tangled 
material did not permit an accurate measurement of the 
length of the helices but they were about 1 micron (Fig. 4). 


Purification 


Techniques for obtaining high concenwations of rabies 
virus grown in tissue culture, and free from contaminating 
agents, have led to purification of the wrus'*. A homo- 
geneous viral population obtained by cloning the virus? 
was subjected to purification procedures. Only extra- 
cellular virus present in culture medium, in which the 
whole serum component was replaced by bovine serum 
albumin, was used for purification. The sequential steps 
used in the purification procedure wer»: zinc acetate 
precipitation, followed by ‘Sephadex’ cclumn filtration, 
treatment of the filtrate with nucleases, repeated pelleting 
of the material to free it from bovine serum albumin, 
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Fig. 3. A complete particle in negative contrast. (x 200,000.) 
and finally density gradient centrifugation in suerose to 


remove host cell components. 


Table 1. PURIFICATION OF HEP-FLURY STRAIN OF RABIES VIRUS 
Recovery rite (per cent) PFU/mg 
Purification steps PFU HAU CFU protein x 10* 
Infective tissue culture fluid 100 100 100 5-3 
Zine acetate precipitate 120 49 28 260 
‘Sephadex’ filtration and sedi- 
mentation 110 31 47 14,000 
Sucrose density gradient 38 21 35 6,600 


PFU, Plaque forming units on BHK-21 cell monolayers’; Har, haemag- 


glutinating units'*; CFU, complement-tixing units'^, 


As Table 1 shows, an appreciable increase in purity 
without loss of infectivity was obtained after filtration 
through the ‘Sephadex’ column and subsequent sedimen- 
tation. After banding in the sucrose gradient more than 
half of the infectivity was lost. The final preparations, 
however, were 1,000-3,000 times purer than the infectious 
tissue culture fluids, as determined by the ratio of infec- 
tivity to protein content. Before banding the virions were 
structurally intact and well dispersed, although electron 
microscopy showed they were embedded in bovine serum 
albumin and host cell materials. Banding eliminated this 





The structure is a single 
270,000.) 


Part of the rabies virus nucleocapsid. 


Fig. 4. 
x stranded helix. (x 
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accompanying material but many particles were disin- 
tegrated (Fig. 5) by the osmotie shock during the removal 
of sucrose by dialysis. In the final preparation the amount 
of host protein was very small, as determined by sero- 
logical tests. This protein may represent an integral 
part of the virion acquired during morphogenesis on cell 
membranes. 

The highly purified and concentrated preparations of 
extracellular virus showed particles uniform in diameter 
(75-80 my) but showed variations in length'?. These 
variations fell into three distinct groups with few inter- 
mediates. Although most (60 per cent) of the particles 
were 180 mu long, two other groups of 150 mu and 125 my 
were found. In other preparations, after fractionation 
in a sucrose density gradient, a similar distribution was 
observed, but a small proportion (up to 10 per cent) of 
the particles was as short as 75 mu. This suggests that 
particles of different lengths occur naturally, and are not a 
result of the procedure. Biological differences among them, 
ifany, have not been determined". 

Chemical analysis of purified rabies indicates that it 
contains RNA, and indeed single stranded RNA has been 
extracted from purified preparations of "complete" 
rabies virus which had a sedimentation coefficient of 458 
(F. Sokol, unpublished experiments). Sufficient amounts 
of highly purified rabies virus are now available for study 
of the chemical composition of the virions. 





( x 31,500.) 


Appearance of highly purified rabies virus. 


Fig. 5. 


Haemagglutination 


Purified preparations of rabies virus have haemag- 
glutinating and complement-fixing activity (Table 1). In 
addition, the purified virus preparation reacts with 
rabies antibody in agar gel. 

Any strain of rabies virus, regardless of cell type 1 
which it was propagated, will agglutinate goose a 
cytes at a temperature of 0-4" C and pH 6-4 (refs. i4 and 
15). The virus can be quantitatively adsorbed onto and 
eluted from goose erythrocytes’. Cells once treated with 
rabies virus retain their ability to be agglutinated by the 
same or other strains of rabies virus. 

Results of gradient centrifugation of extracellular 
purified rabies virus indicate that the haemagglutinating 
activity corresponds to the intact virions; there is no 
evidence of a "soluble" haemagglutinin. The relationship 
between infectivity and haemagglutinating activity is 
linear, the ratio of plaque forming units to haemagglutina- 
ting units being about 10°. Intracellular virus, however, 
in spite of high infeetivity shows a marked reduction of 
haemagglutination react ion!*, 

Haemagglutinin is destroyed by proteolytie enzymes, 
compounds blocking sulphy dryl groups and lipid solvents. 
These results indicate that rabies haemagglutinin is 
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proba a elas which needs free sulphydryl groups 
i There is no evidenee 
that SR virus contains nbürdrinidaseis, à 


Rabies Vaccines 

Infection of cells with rabies virus results in the svn- 
thesis of a soluble antigen which constitutes most of the 
complement fixing antigen. It may either represent struc- 
tural components of virions not incorporated into virus 
particles, or protein by-produets induced by viral replica- 
tion. If antigenicity of the soluble antigen is matched by 
corresponding immunogenicity, the soluble antigen may 
become useful as a vaccine. 

Search for new rabies vaccines is particularly important 
because the existing rabies vaecines represent the worst 
biological products ever injected into the human body. 
Of the two types of vaccines eurrently available, the one 
made in brain tissue of animals is antigenically more 
potent, but treatment with this type carries an inherent 
danger of neuroparalytie accidents. If the vaccine is 
produced in brains of newborn animals, the danger of 
neuroparalytic accidents seems to decrease or be elimina- 
ted. For reasons not vet clear, however, treatment of man 
with newborn brain vaccine has resulted in accidents to 
inoculated individuals, with episodes of sickness and/or 
death of the treated persons. It is at present impossible to 
exonerate live fixed rabies virus in the vaccine as the cause 
of the accidents. Virulence of fixed virus for man was 
proved some years ago when vaccines, mistakenly con- 
taining high concentrations of living fixed virus, caused 
death in a sizable group of treated individuals". "The 
other type of vaeeine, used particularly in the United 
States, is produced in duck embryos. It is less dangerous 
than the brain tissue vaccine, but also less antigenic’. 

The field is wide open for vast improvement in the 
production of rabies vaccines which ultimately may 


pidemiology of Rabies 


by 
MARTIN M. KAPLAN 
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AN individual case of rabies in either man or lower 
animals is the dramatically visible evidence 
the exceptional event—of what is often a group Mnfeotion: 
The rabies virus, like many other pathogenic microbes, 
can infect a host without necessaril y causing overt disease. 
In the preceding article, Hummeler and Koprowski deseribe 
the properties of the rabies virus in vitro and in vivo. I 
am concerned chiefly with rabies as an infection of animal 
populations, and how it is transmitted to man. 





Historical Background 

Rabies as deseribed in antiquity, before the twenty- 
third century BC, was undoubtedly the disease observed 
today. The disease in animals was accurately described 
by Aristotle and Democritus. and its transmission by bite 
was taken into account by Celsus, who first recommended 
eauterization of bite wounds in man. Galen advised 
surgical excision of the wounds. 

In Europe of the thirteenth century, rabies was pre- 
valent in wild dogs and wolves. The first quarter of the 
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contain either living attenuated viras grown in tissue 
culture, relatively BW of Lo diene or bes oe 
inactive ated y virus, 


AS 


ee T ools are mare now to ior edd HR E 
which if antigenic would represent imrsense progress in the 
treatment of man. 

Our investigations and those of our co-workers were 
supported by grants from the National Institute of 
Allergy and Infections Diseases, US Public Health Service, 
and by funds from the World Health Grganization. 
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In many parts of the world rabies is still a considerable public health 
risk. Although dogs are the most important sources and transmitters 
of infection, in some places wildlife is a greater prcblem. 


eighteenth century witnessed the firm estabhshment of 
the disease in domesticated dogs in the principal cities of 
Italy. Hungary. Germany and France. The disease was 
known in England early in the seventeenth century, 
and epizooties in dogs were described in the first half of the 
eighteenth century. Rabies occurred ie America in the 
mid-cighteenth century in the states of Virginia and North 
Carolina, and in Peru and Argentina im ihe early nine- 
teenth century. 

The Scandinavian countries successfully brought the 
disease under control by 1826 by destrsying stray dogs 
and placing domesticated dogs in quaraatine. Dog con- 
trol regulations were later partially successful in conti- 
nental Europe, but reanfeetion frequently occurred. 
Vaccination of dogs as a valuable adjunet to other control 
measures was demonstrated in J apan in 1921, but it was 
not until 1945 that carefully controlled experiments in 
the United States carried out by Johnsor showed beyond 
doubt the effectiveness of a single inoculation of vaccine 


in dogs as à preventive measure’. Vaccination with 


422 


various vaccines has been used since with great success 
in many countries. (A review of the historical back- 
ground ean be found in ref. 1.) 


Prevalence 


Rabies is enzootic in all the continents except Australia 
and Antarctica. Many of the large islands-— Britain, 
Hawaii, Cyprus and New Zealand, for example—are free 
of the disease largely because of rigidly enforced stringent 
regulations concerning the entry of dogs and cats. 
Notable exeeptions are the Philippine Islands, Ceylon and 
Indonesia, which do not have such a safeguard, and 
where hundreds of human deaths are recorded annually. 

Official reporting of rabies in man and animals is 
grossly deficient in many of the lesser developed coun- 
tries, and the reported figures do not at all reflect the 
economie cost and social disruption caused by the disease. 
In India, for example, while only some four thousand 
cases of animal rabies are reported each year, several 
hundred thousand people are treated annually with 
rabies vaccine. Rabies transmitted by vampire bats in 
cattle of Central and South America is estimated to kill 
up to a million animals each year, but official e of 
actual cases are relatively few. According to United 
States Army veterinary authorities, enzootie id is a 
serious health hazard to armed services personnel in 
Thailand. It has been estimated that 400 to 500 human 
beings died of rabies in Thailand in 1966, more than ten 
times the number of officially reported cases. ‘This estimate 
is at best conservative, for many outlying villages do not 
report disease. (SEATO laboratories in Bangkok con- 
ducted a survey of apparently "normal" dogs in the area 
and found that 4 per cent were infected with rabies.) 

More dependable figures are available for a few coun- 
tries. In the United States 4,000-5,000 cases in animals 
(mostly wildlife) have been reported annually for the 
past 4 years and some 30,000 people are treated each 
year with rabies vaccine. Out of 4,609 reported cases of 
rabies in the United States in 1967, skunks were chiefly 
affected (1.568), followed by foxes (979), bats (414). dogs 
(412) and eats (203). In Canada, in 1967, slightly more 
than 1.400 cases were diagnosed by laboratory tests. The 
province of Ontario was most affected with more than 
1.000 cases, about 800 of which occurred in foxes and 
skunks. 

The present epizootic of fox rabies in Central Europe 
is particularly disquieting. A slow but mexorable spread 
has occurred since the end of the Second World War. 
The disease has now penetrated well into Switzerland and 
other countries bordering West Germany during the past 
10 years (Fig. 1). In Germany itself the number of cases 
annually of animal rabies has risen from 1,400 in 1954 to 
more than 3,700 in 1966, with between 51 and 67 per cent 
of eases occurring in foxes in different years. Dog rabies 
only accounted for between 4 and 6 per cent of the cases, 
cats for up to 12 per cent, and other wild and domesticated 
animals for the rest. 

In Switzerland, from March 1967 and including early 
1968, a total of 570 cases of animal rabies was recorded. 
Ninety-five per cent occurred in wild animals, with foxes 
accounting for 84 per cent. During the first 9 months of 
1968 there were 429 cases, of which 342 were in foxes. 
Interestingly enough, the first case in a dog was not 
observed until September 1968, although eighteen cases 
in cats have been observed this year. 

Compared with many other diseases, on a global scale 
human deaths and animal losses from rabies may not be 
striking, although they are far from insignificant. Some 
700,000 to a million people are subjeeted annually 
to & vaecination regime (fourteen to twenty-one inocula- 
tions) causing great discomfort and sometimes serious 
side effects; and human deaths caused by rabies run in 
the thousands. In addition to animal losses. economic 
costs of rabies pertain to the production of biological 
products and the maintenance of diagnostic. surveillance 
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Wildlife rabies in Central Europe, 1968, 


Fig. 1. 


and control efforts. The insidious and dreaded character 
of rabies, however, often has adverse psychological effects 
in a eountry, and in exposed individuals, that outweigh 
tangible economic costs. (Reviews of the prevalence of 
rabies ean be found in refs. 2 and 3.) 


Pathogenesis 

The virus is usually introduced by a bite wound, 
although penetration can oceur through intact mucous 
membranes and the digestive tract’, but not mtact skin. 
Airborne infection is possible in exceptional circum- 
stances, such as in eaves harbouring large numbers of 
bats carrying the virus’. Airborne infection of mice 
has been accomplished experimentally*®. The virus travels 
centripetally, chiefly through the nervous system, although 
where large amounts of virus are injected blood-borne 
carriage is possible’-*. The virus may persist at the 
inoeulation site for up to 3 days, although a sharp drop 
in deteetable virus occurs within à few hours!i^U. In 
experimental animals the virus travels along the nerves 
are add at a rate of roughly 3 mm per hour, similar 
to the rate of spread of poliovi irus. Progression of the 
virus seems to occur passively, through nerve-associated 
spaces, rather than in the perineural structures or the 
Schwann cells. In the central nervous system the virus 
is found in the grey matter and appears to multiply only 
in the neurones?*. Spread of the virus centrifugally takes 
place through the nerves. but other routes may play a 
minor part. 

Infection without symptoms ean occur because virus 
has been isolated from the brain (rats, rabbits, guinea- 
pigs) and. very rarely, the saliva of animals (dogs. bats) 
for many months after infeetion!?-M, During natural 
epizooties of the disease it is not unusual to be able to 
isolate virus from brains of animals (for example, silver 
foxes in the Arctic region of the Soviet Union!?), but 
this may represent isolations during prolonged ineubation 
periods. We are almost completely ignorant of the 
balance of factors that determine when a subclinical or 
latent infection with rabies virus is converted or emerges 
into active and observable disease, followed almost 

certainly by death. Experiments in  guinca-pigs'* ^ 
suggest that stress is one of these factors. 
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Signs of Rabies in Animals 


Al| warm blooded animals seem to be susceptible to 
both natural and artificial infection with rabies virus, 
but the susceptibility of different species varies widely. 
For example, skunks, opossums and fowls are relatively 
resistant, while foxes, cats and cattle are very susceptible; 
dogs, along with man, oceupy an intermediate position. 
(Further details of the signs of rabies are given in ref. 18.) 

In the dog the incubation period in general depends 
on the amount and site of inoeulum of virus. Usually 
it is 3-6 weeks, but it may be as short as 10 days in 
severe head wounds. and in the very rare instance 
protracted to a year or longer. The signs leading to 
death usually last 3-7 days but occasionally for 10 or 
11 days. Early signs are an alert, troubled air and a 
change of disposition. Other signs are restlessness, 
snapping at imaginary flies and licking or gnawing the 
site of the bite. Difficulty in swallowing and salivation 
are usually seen in later stages, but may appear early, 
and the animal is often fearful and hides. Between 
the third and fifth days after the appearance of these 
early signs the "furious" or "dumb" (paralytic) syndrome 
emerges. 

In the "furious" form the dog wanders aimlessly, 
but often in straight lines blindly bumping into objeets. 
He is restless in enclosed spaces and wishes to escape, 
snapping or biting at anything, and may bark continually 
as if in pain. He may eat cloth, stones or sticks and will 
go out of his way to snap at a moving object, but often 
avoids man unless attacked. The animal may have an 
unsteady gait and stray long distances snapping and 
biting, and then may return home and behave almost 
normally for a while. The lower jaw hangs fixedly with 
drooling saliva and a dirty and discoloured protruding 
tongue, and his eyes are glazed and his head droops. 
Terminal signs are muscle paralysis and convulsions. 

In the “dumb” (paralytie) form the owner may think 
that the dog has a chicken-bone lodged in the throat. 
The dog is not irritable and rarely bites. Muscle tremors 
are often observed. He is lethargic and hides. There is 
lower jaw paralysis, followed by complete paralysis and 
death. The entire period from observance of first signs 
may be 3 or 4 days. thus shorter than the "furious" 
form. 

Less common signs include 
vulsions of short duration with temporary recovery. 
In "silent" rabies there is an interval of 10 to 20 days 
between the first stage and death. In peracute rabies 
the dog may die suddenly within 3 days after signs 
first appear, without intervé ening paralysis or other signs, 
and may swallow food until death. 

The "furious" form is, of course, the most dangerous 
type of rabies as far as dissemination of the disease is 
concerned. The "dumb" type of rabies does not favour 
transmission of virus because of inability to bite and 
the shorter duration of the disease. 

The symptoms in the cat are similar to those seen in 
the dog. The animal may hide and ery continually. 
It may attack people, dogs and other animals, inflicting 
severe seratches. Salivation, a hoarse voice and a how ling 
tone are often observed. Paralysis of the hind quarters 
occurs 2-4 days after the first signs, and the animal 
dies shortly thereafter. The signs of rabies in horses, 
cattle, sheep, goats and swine are characterized by 
irritation, restlessness and unusual agressiveness. Rabies 
in such animals is usually a dead end with respect to the 
transmission eycle, because only 1 rarely do they expose 
by bite people or other animals. 

In wildlife (fox, wolf, jackal, skunk, mongoose, badger, 
bat and others), the chief characteristic i is the loss of fear 
of man and larger animals. This is true particularly in 
foxes, jackals, coyotes and bats. The signs usually 
resemble those of the dog and are referable to the ence- 
phalitis that occurs. Wolves are especially vicious and 


“running fits" and con- 
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inflict severe head wounds that cause a mortality from 
rabies of 40-50 ) per cent | in eee Pa wib are not 
ee, 


m 


of rr 


Anima as poser ros and Transmitters 


renamed since ancient binos Os most Mn DO uat reservoir 
and transmitter of rabies. Infection and recovery of 
dogs do oecur, but once signs of the disease become 
apparent death supervenes in the overwhelming majority 
of cases so that the affected animal is removed from the 
infection eyele. Virus excretion in the saliva is usually 
limited to a few days before death, and this fact is 
important in decisions conce rning application of post- 
exposure biological prophylaxis in man". — Wildlife 
rabies, however. constitutes the greatest problem in 
many areas of the world, and with the disease firmly 
established as an enzootic infection in bats we are faced 
with an uneradicable reservoir with the ever present 
danger of transmission to other animal species, 

Studies of salivary exeretion of virus and susceptibility 
to infection in different wildlife species gave interesting 
results?^?!, In four species tested, the fox, skunk, racoon 
and opossum, their susceptibility was in Inverse pro- 
portion. to the level of virus secreted in their saliva. 
Thus skunks and racoons were found to be resistant to 
relatively large doses of virus, and excreted large amounts 
of virus in their saliva. Foxes were highly susceptible 
and excreted low levels of virus. The opossum was 
almost completely resistant. These findings may account 
for the survival of virus within a particular species, 

Unfortunately, our knowledge of the ecology of wildlife 
rabies is fragmentary and only a general account can 
be given of the situation in different parts of the world, 
The south-east Asian countries are heavily infected. 
The pariah dog is the principal carrier of the disease. 
although jackals (Canis aureus and related species) are 
frequently involved. Central and eastern Asia are 
similarly affected. In sparsely populated Mongolia the 
small desert fox appears to be the principal reservoir. 

Sledge dogs and silver foxes (Alopex lagopus) are 
mostly affected in the Arctic regions. In the Arctic area 
of the Soviet Union silver foxes were shown to harbour 
the virus without showing signs of the disease at the 
time of viral isolation?^. 

In South Africa a wide variety of mongooses and 
meerkats (family Viverridae) are rabies reservoirs. 
Children are often bitten by the vellow mongoose (Cynictus 
penicillota) because these animals wander into houses and 
are at times approachable when affected with the disease. 
The thoughtless transfer of mongooses to the Caribbean 
islands in the mid-nineteenth century for rodent control 
purposes served only to introduce a suitable w ddiife 
host in which the disease has remained enzootic??. 

Many other animal species have been found naturally 
infected and may serve as reservoirs of the disease. 
The Mustelidae—skunk, weasel, stoat, badger--are often 
troublesome, and in the United States the skunk is the 
most Important transmitter in certain areas’. Badgers 
often live in close propinquity to foxes and have been 
frequently infected in the present epizootic of fox rabies 
in central Europe, where oecasional natural infection 
has also been found in rodents (muskrats, squirrels and 
the eommon brown rat) In the United States, however, 
the importance of rodents as reservoirs and transmitters 
of the disease is considered to be low??, 

In a recent survey it was estimated that about 50 
per cent of the foxes in a given area die from rabies™. 
In western Germany fox rabies has been observed to 
recur in cycles every 3 years?*, so that even such mortality 
is insuffieient to cause the disease to disappear spon- 
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taneously. A population density of one fox per square 
kilometre is still adequate to maintain enzootie fox 
infection?*, | Experience in Denmark revealed that only 


when the fox population is reduced to one por 4 to 5 
square kilometres does the disease disappear". The 
peak of fox rabies usually oecurs in the autumn and winter, 
probably because of the breaking up of family groups in 
the autumn and the mating season in January and 
February, at which times fighting is fre 'quent and the fox 
population at a high level. Much remains to be learned, 
however, about the wildlife situation im central Europe. 
lt is necessary to determine, for example, whether there 
are other important wildlife reservoirs apart from foxes. 
Also, clarification 1s needed on the results of fox control 
operations of varying intensity, and their effeet on the 
ecological equilibrium of other wildlife species. The 
World Health Organization and the Food and Agriculture 
Organization are attempting to stimulate research with 
the objective of controlling or eradicating wildlife rabies 
by reducing the number of foxes to the level where the 
chain of infection is interrupted, but without eradicating 
the species. 

The vampire bat (Desmodus rotundus murinus) was 
first ineriminated in Brazil in 1916. It is the most 
important transmitter of rabies in Central and South 
America and the Cambbean region (Trinidad). Vampire 
bats are not found in North America or the eastern 
hemisphere. Their sharp incisor teeth inflict small 
erater-like wounds, and the escaping blood is licked by a 
long, well developed tongue. Occasionally, vampire bats 
are carriers of the rabies virus without showing signs of 
the disease but, as with infected insectivorous bats, 
they usually become paralysed and die.  Fructivorous 
bats are also found infeeted in Latin America, but they 
are not important in the transmission of disease to man 
or livestock?*.?*, 

An insectivorous bat attacked a child in Florida (USA) 
in 1953, and the bat was proved rabid. Since then the 
disease has been confirmed in many hundreds of insecti- 
vorous bats representing a wide variety of species. All 
the eontinental states are affected, and parts of Canada. 
It is impossible to say at present whether this represents 
a real spread of the disease, or whether it had long been 
present and was merely being uncovered by authorities 
alerted to the situation. 

The first case of rabies in a human being definitely 
proved to be caused by the bite of a rabid insectivorous 
bat occurred in California in 1958, and several additional 
cases have subsequently been reported** including 
presumably airborne transmission to individuals exploring 
bat caves; airborne transmission in such caves to wildlife 
has been proved?'. Infected insectivorous bats have 
been shown to excrete rabies virus in their saliva for as 
long as 16 months without showing signs, and in surveys 
virus has been isolated from nearly 15 per cent of such 
bats. Virus isolations were successful, however, in up 
to 76 per cent of moribund or abnormally behaving 
bats, so that observable disease would seem to be the 
usual outcome of infection in these animals?*. 

Studies have shown that rabies strains isolated from 
different species of insectivorous bats vary in their 
pathogenieity for other animals. "This applies as well to 
attempted transmission of the disease by bites of rabid 
bats. Localization of the virus in the salivary glands 
also varies with the species of bat**. 

In the eastern hemisphere, bat rabies has been reported 
in Germany, Yugoslavia, Turkey. India and Thailand. 
A careful survey in Thailand in 1967 revealed very common 
infection in dog-faced bats (Cynopterus | brochyotis). 
Despite fairly extensive surveys in Indonesia and western 
and southern Africa. no evidence has been found of 
bat mfection. 

1t does not seem likely that bat rabies will become a 
major problem in Europe as it is in the Americas. The 
insectivorous bats in Europe are either solitary or are 
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found in small groups, although colonies of up to 1,000 
bats are still found in some countries. In Europe there is 
hardly any contact of bats with other mammals, and 
caves simultaneously inhabited by bats and foxes, as 
reported in America, are seldom found. Most European 
bats are relatively stationary, and travel at most some 
100 km between their summer and winter localities??. 
Cases have been recorded, however, of long distances 
covered by individual ringed bats--750 km for a Noctula 
bat, and 1,150 km for a Pipistrellus bat. 


Prevention and Control 


In areas where rabies is enzootic, the most effective 
control measures are the elimination of stray, ownerless 
dogs, reduction in wildlife population where such animals 
are involved, and the mass vaccination of dogs. Approxi- 
mately 3 weeks are required for canine vaccines to give 
maximum immunity, and so restrictive measures (leashing, 

confinement) for dogs during an epizootic may be lifted 

30 to 45 days after vaccination. In countries that permit 
vaccination, periodic revaccination programmes should be 
followed for several years, and should be an integral 
part of publie hea Ath procedures. The vaccination of 
70 per cent of the canine population is considered sufficient 
to bring an epizootic under control, when accompanied 
by the elimination of stray dogs (ref. 19, which gives 
details about prevention and control of rabies). 

Where wildlife rabies exists, population reduction 
continues to be the only available method of control. 
For many species, poisoning is far more efficient and 
economical than trapping, the latter being quite in- 
effective?*, Extreme caution must be used in areas of 
dense human and domestic animal populations. Baits 
impregnated with thallium sulphate and strychnine are 
often used. Gassing of fox dens is practised in many 
European countries. For bats, caves are sometimes 
dynamited, but this is useless. Complete extinction of 
a vector wildlife population can probably rarely be 
achieved, but its reduction to a point below which it is 
effective as an important reservoir of the disease should 
be attempted. Ifreduction programmes are not continued 
with persistence year after year, wildlife populations 
tend soon to return to previous levels. 

Promising results have been obtained in experiments 
on immunizing foxes with vaccine?*. — It remains to be 
seen whether such a procedure ean be applied in field 
conditions. 

The problem of international transfer of animals 
must take into account the different situations encountered 
in various countries; for example, rabies-free. infected, 
contiguous frontiers, islands and so on. It is remarkable 
that since the Second World War canine rabies has not 
become a serious problem in the Scandinavian and Benelux 
countries, France, Switzerland and western Germany 
despite the almost unrestricted passage of dogs accom- 
panying tourists from countries where dog rabies has 
been prevalent. One probable reason for this is that 
such dogs are under the owner's control and supervision, 
and that any suspicious signs that might develop would 
be reported to a veterinarian. Also, experience has 
shown that it is the stray, ownerless dog that serves às 
the enzootie reservoir and keeps the disease going. and 
in these countries such dogs are not prevalent. 

Individual episodes of entrv do oceur, however, as in 
the Netherlands in 1962 when a rabid dog was responsible 
for at least two human deaths, The dog was believed to 
have escaped from a ship in Amsterdam. Several animals 
also died of rabies (three dogs. two cats and one goat). 
The authorities instituted a vigorous control programme 
by destroying all stray dogs and vaccinating the rest. 
No further cases have been reported since November of 
that year. 

During the past few years most of these European 
countries have instituted a requirernent for rabies vacci- 
nation before entry of the animal is permitted, relying 
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on the well established efficaey of canine vaccination 
when potent vaccines are used!*. Most of the difficulties, 
however, with respect to rabies control in these countries 
have arisen from their frontiers in areas where wildlife 
rabies is enzootie (Fig. 1); publie health and agricultural 
authorities have in general introduced compulsory 
vaccination of dogs in a depth of 20 to 40 km bordering 
such areas. 

Islands like those of Britain and Hawaii have success- 
fully invoked quarantine periods (6 and 4 months, 
respectively) for dogs, cats and related carnivores on 
entry, even though the quarantine facilities are often 
difficult and expensive to operate. During 54 years of 
operation in Hawaii more than 28,000 animals were 
processed without intercepting a single case of rabies?*. 
In Great Britain, however, since 1919 some 77,000 dogs 
and cats have been through quarantine for the required 
period of 6 months, and twenty-nine dogs (and one 
leopard) developed rabies during the quarantine period. 
Seven of these dogs (24 per cent) developed signs of the 
disease after having been in quarantine for longer than 
4 months (personal communication from A. G. Beynon). 

In some contrast to the data from Great Britain on 
ineubation periods are observations in the United States 
on 140 dogs either naturally (sixty-four animals) or 
experimentally exposed to rabies (seventy-six animals) 
with the date of exposure precisely known. Experimental 
exposure was obtained by inoculation into the masseter 
musele, a severe challenge which usually results in rela- 
tively short ineubation periods. With natural exposure 
only four animals (6 per cent) had incubation periods of 
more than 60 days, and one animal more than 90 days. 
In the experimentally exposed animals the corresponding 
figures were two and one animal, respectively??/??, 

Thus it can be reasoned that because only the odd 
case has a prolonged incubation period, restraint of the 
animal by the owner (leash) and periodieal reporting to 
control authorities for, say, up to 2 or 3 months, in 
addition to a 4 month quarantine period, could in such 
eases ensure against harmful spread. To be even more 
certain, owners of all dogs imported from rabies-infected 
countries could be required to report to veterinary 
authorities any suspicious signs in their animals up to 
one year after importation. 
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Cosmic Gamma Rays from Metagalactic Proton—Antiproton 


Annihilation 


by 
F. W. STECKER 


Goddard Space Flight Center, 
Greenbelt, Maryland 


THE existence or non-existence of antimatter in the 
universe Is an important question in cosmology and 
particle physies'. Recently Harrison? has proposed 
the existence of large amounts of antimatter in the 
universe to account for the condensation of matter into 
galaxies. The only practical way of determining the 
existence of such antimatter is by the detection of the 


Annihilation gamma radiation has a characteristic spectrum which 
distinguishes it from other types of cosmic gamma radiation. Such 
spectra are presented here, based on the results of recent accelera- 
tor experiments on antiproton annihilation ane also including 
cosmological distortions of local annihilation gamma ray spectra. 


gamma radiation produced when antimatter and matter 
annihilate into mesons with decay modes which produce 
gamma rays. The gamma ray spectra frsm such annihila- 
tions are presented here. They are based on the resulte 
of recent accelerator experiments on antiproton annihila- 
tion and also include cosmological dis:ortions of local 
annihilation gamma ray spectra. 
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Local Annihilation Gamma Ray Spectrum 

The annihilation gamma ray spectrum (AGS) for proton— 
antiproton interactions involving kinetie energies less 
than 286 MeV (the threshold for non- -annihilation pion 
production) is given by the expression 


IME) ase B jde vf( (v) 25 à [dE.(E.s 32) Saya Jas I, LEA) (1) 
d 


& 


where v is the relative velocity of the proton and anti- 
proton. f(v) is the normalized distribution funetion over 
this velocity, s is an index representing the particular 
type of particle produced in the annihilation. os(45:7) is 
the cross-section times multipheity of particles of type s 
and energy E. produced in a collision of velocity v. the 
index d specifies a specific decay mode with a branching 
ratio, Rea which produces 5,4 gamma rays with a normal- 
ized energy distribution, f(Z,,;£s). The quantity, B, is 
defined as the product of interacting proton and anti- 
proton densities integrated over à line-of-sight path- 
length / 


Linas l 
= f dinytl)ngil) (2) 
Gg 
It can be shown that for energies less than 286 MeV, 
the production cross-section, ds(#s;v) can be written as 


where f.(X.) is again a normalized distribution function 
and os and Z, are approximately constant production 


eross-sections and multiplicities’. With the help of equa- 
tion (3), equation (1) reduces to 
IE) = B. d 8 [d Ef Gs) ) Zia d fasl E.. Es) (4) 


Ei 


Fortunately. it is not necessary to use the general form 
of equation (4) in order to evaluate the local AC a5. Recent 
accelerator data on proton-antiproton annihilations imdi- 
cate that only about 20 per cent of the gamma rays 
produced arise through norn-pionie meson production 
E Peron and Geers in | ref. T an 


i ;-meson decay DUE 


pt — TX 4- yË 
| (5) 
hee Y 4 Y 


(The decay scheme, o'"—x?-- z?, is forbidden by the con- 
servation of isospin in strong decays.) Gamma rays from 
o-meson decay possess an average energy of 210 MeV, not 
much different from the 190 MeV average energy given to 
gamma rays from the direetly produced pions that are an 
order of magnitude more frequent. Other mesons being 
even less frequently produced than the p-mesons, we can 
conclude that mesons other than pions have a negligible 
effect on the total gamma ray spectrum from proton- 
antiproton annihilation. 

We need therefore to include in equation (4) only the 
contribution from neutral pion decay, thus eliminating 
the summation over s. The form of the distribution 
Function, fas( E; Es) 1s well known (see, for example, ref. 4), 
and there is only one important decay mode to consider, 
namely, z?—2y, thus eliminating the summation over d. 
Equation (4) then reduces to 


o 


dE, 





ILE) = 2Bo,% ef p 
af uy) TRU E, na! IAEy) 


Pion Production in Proton-Antiproton Annihilation 
It now remains only to evaluate the quantities c, and 
and the production function f4(E,) in equation (6). 


b adi 
wu 
which yield neutral x- 


Of the annihilation processes 
mesons, the process 
7 


p + pon (7) 
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is, of course, forbidden by conservation of momentum. 
The process 

Diesem en (8) 
is also forbidden when it 1s noted that proton-antiproton 
annihilations near rest oceur predominantly from the S 


states of the proton-antiproton system. Lee and Yang? 
have shown that reaction (8) is then forbidden by the 


Lene Oe EAER i 
eta Ht An iet eei sime (—€——— RR 
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The normalized local differential gamma ray speetrum from 
proton-antiproton annihilation. 


Fig, I 
conservation of G-conjugation parity (see also ref. 3 for 
a more detailed discussion). The extremum gamma ray 
energies that would be expected from proton-antiproton 
annihilation would therefore result from annihilations of 
the type 

D+ Pre nm? + a + n’ (9) 


which produce neutral pi-mesons with a maximum e.m.s. 
energy of approximately 870 MeV. Such mesons can 
produce gainma rays only within the energy region. 


5 MeV x E, x 865 MeV 


(The electromagnetic process. p+ ØP- 
but is rare enough to be neglected?) 

The product, 20,44. has been determined expernnentally 
to be 


(10) 


-2y, may also oecur, 


264.54 c 1:44 x 10775 em? 


(sce references in ref. 4). 

The function f,CE,) was taken from the calculations of 
Maksimenko* based on the statistical theory of multiple 
particle production. Matsuda’ has shown that the statisti- 
cal theory of multiple particle production is in execllent 
agreement with the data in describing annilulations into 
three or more mesons. 

The resulting gamma ray spectrum, up to 750 MeV, is 
shown in Fig. 1l. Frye and Smith* have caleulated the 
form of this. spectrum up to 500 MeV, based on recent 
measurements by the Columbia University group on 
charged pion production in pp annihilation. “Phe excellent 
agreement between the results of Fig. | and the calcula- 
tions of Frye and Smith not only serves as a mutual 
check on the calculations but also supports the conclusion 
that mesons other than pions have a negligible effect on 
the total gamma ray speetrum. 


(11) 


Metagalactic Annihilation Gamma Ray Spectrum 


The metagalactic annihilation gamma ray spectrum 
will differ from the local spectrum calculated in the 
previous section due to contributions at non-zero red- 
shifts, an effect which has been discussed previously?. 
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Equation (6) must therefore be modified to include the 
cosmological effeets of curvature, volume and density 
changes in àn expanding universe, its oo and 
energy red-shift. In a F 

universe with a Robertson-W deer metric fhe proper 
relativistic formula for calculating the spectrum becomes 


Znax Ff it ] + z}Ey] dà 
: I Á E * posed 96 " C È | dz ti D ( 2 yap ( z} Du ELM. EUR due ( 12) 
AU) TNT e EE ' (1l + 2) dz 
where 
l 870 MeV E Teddies 
fAEy) = F SQUE. Jee 
E, na iE.) V E; —~ Why” 


and z is the cosmological red-shift. The curvature factor, 
di/dz, is given by (ref. 10) 
di eH. 


dz (1 + 2}? (1 + 2q, zy 

where c is the speed of light. H, is the present value of 
the Hubble parameter and q, is the deceleration parameter. 
We consider the values gax 0 and q,— 1/2. corresponding 


(14) 








to the low density and Einstein-de Sitter cosmological 
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Fig. 2. The metagalactic differential annihilation spectrum given for 


various maximum red-shifts for an Einstein-de Sitter universe as dis- 
cussed in the text. 


models respectively. We also assume that the densities 
of interacting matter and antimatter are inversely propor- 
tional to the volume of the universe and therefore are 
proportional to (1--zP?. Such would be the case if matter 
and antimatter were effectively separated by a primordial 
baryon inhomogeneity? so that only a small fraction 
annihilates through peripheral interactions involving these 
inhomogeneities. Under this assumption, equation (12) 
reduces to 


14(By) = 2B" o, Cc I  de(d+z)af,((Ltz)Ey] (15) 
0 


where 
int =~ int q4-nt pa ~i 
By zz no ngo! cH, (16) 
npo and np,’ are the present densities of interacting matter 


and antimatter respectively, and s index a 
1 for the low density model and 1/2 for the 
Sitter model of the universe. 

It is of interest to note that because f,(#,) is non-vanish- 
ing only within a restricted energy range (given by equa- 
tion (10)), an energy region exists 


865 MeV 


is equal to 
Einstein-de 





< E, € 5 MeV (17) 
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Fig. 3. The metagalactic integra! annihilation spectrum given for various 
maximum red-shifts for an. Einstein de Sitter wniverse as diseussed in 
the text. 


in which the integral in equation (15: is Independent of 
the form of f,(E,) and the resultant spectrum has power- 
law form. In actuality, the power-law form of the 
spectrum is & valid approximation even over & wider 
energy range where a change of the lmnits of integration 
over f(E) does not significantly affeet the value of the 
integral. In this case, we find 


I,(E,) = 2B o, ©, eK E,- (2 (a 1) 


ttn E 


where 


K = 


865 MeV 
dE, E+, f, (E.,) (18) 


5 MeV 


Equation (15) was used to evaluate the form of the 
metagalactic annihilation gamma ray spectrum for vari- 
ous values of zmax. These spectra are shown in Figs. 2 
and 3 for the Einstein-de Sitter universe and in Figs. 4 and 
5 for a low density universe. It can be seen from these 
figures, as well as from the previous argument, that as 
Zmax becomes very large. these spectra take on & power- 
law form. Indeed, the spectrum predmted for the low- 
density model is compatible with the «bserved isotropic 
X-ray spectrum!! as well as a possible ebservation of the 
cosmic gamma ray flux above 100 MeV ref. 12), provided 
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Fig. 4. The metagaiactic differential annihilation apectrum given for 


various maximum red-shifts for a low density universe as discussed in 
the text. 
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Fig. 5. The metagalactic integral annihilation spectrum given for various 
maximum red-shifts for a low density universe as discussed in the text. 


the mean product of interacting matter and antimatter 
densities (ny n55*) is of the order of 10- em-*. 

Gamma rays resulting from metagalactic cosmic ray 
collisions will produce spectra similar to annihilation 
spectra, which peak near 70 (1+zmax)7! MeV (as will be 
discussed elsewhere). The most noticeable observational 
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difference between these spectra lies in the region above 
several hundred MeV where the annihilation spectrum 
drops sharply to zero while the collisional spectrum will 
have a power-law form. It may also be shown that the 
metagalactic gamma ray spectrum resulting from cosmic 
ray collisions will peak above or near 1 MeV and therefore 
cannot account for the observed isotropic X-ray spectrum. 

The explanation most often considered for the isotropic 
X-radiation is that it arises through Compton interactions 
of high-energy electrons and blackbody photons in the 
metagalaxy!*. Such an explanation is beset by various 
difficulties, however, as Fazio et al.!^ and Brecher and 
Morrison have previously pointed out. 

I thank Mr Joseph Bredekamp for programming some 
of the numerical calculations. 


Received October 28, 1068. 


! Alfvén. H., Ree. Mod. Phys., 87, 652 (1965). 

* Harrison, E. R., Phys. Rev. Lett., 18, 1011 (1967). 

* Stecker, FL W., Smithsonian Astrophys. Obs. Spec. Rep. No. od (1967). 

* Stecker, F. W., Smithsonian Astrophys. Obs. Spec. Rep. No. 220 (1966), 

5 Lee, T. D., and Yang, C. N., Nuovo Cim., 8, 749 (1956). 

* Maksimenko, V. M., Sov. Pays, J ET P, 8, 180 (1958). 

?* Matsuda, S., Phys. Rer., 150, 1197 (1900), 

5 Frye, G. M., and Smith, L. H., Phys. Rev. Lett.,17, 733 (1966). 

* Stecker, F. W., Nature, 220, 675 (1968), 

H Sandage, A., Astrophys. J., 184, 916 (1901). 

U Metzger, A. E., Anderson, E. C., van Dilla, M. A., and Arnold, J. 
Nature, 204, 706 (1964), 

7 Clark, G. W., Garmire, G. P., and Kraushaar, W. L., Astrophys. J. Lett., 
153, £203 (1968). 

e Felten, J. E., and Morrison, P., Astrophys. J.,146, 680 (1966). 

5 Fazio, G. G., Stecker, F. W., and Wright, J. P., Astrophys, 
(1966). 

15 Brecher, K., and Morrison. P.. 


Ra 


J., 144, 611 


Astrophys, J. Lett., 158, £61 (1967). 


Low-energy X-ray Spectra of Sco X-I and Four 


Sagittarius Sources 


by 

S. RAPPAPORT 
H. V. BRADT 
S. NARANAN= 
G. SPADAt 


Massachusetts Institute of Technology, 
Center for Space Research, 
Cambridge, Massachusetts 


MEASUREMENTS of the low-energy spectra of galactic 
X-ray sources can yield mformation on the nature of the 
interstellar medium and the self absorption of the X-ray 
sources. During a sounding rocket flight we measured 
the X-ray spectra of Seo .X-l and several Sagittarius 
sources in the energy region l to 10 keV. Beryllium 
window proportional counters were used to obtain the 
spectra from 2 to 10 keV, and an aluminium window 
proportional counter was used to obtain spectral points 
at 1:2 keV. In the case of Sco .X-1 a measurement at 0-6 
keV (20 A) was also made with a ‘Teflon’ window pro- 
be counter. In these experiments we have made 
use of the characteristic K absorption edges of the Al and 
‘Teflon’ (CF,) windows to measure the X-ray flux within 
well defined energy intervals. 

The Aerobee rocket was launched from White Sands 
Missile Range at 16h06m sidereal time on July 7, 1967. 
The X-ray detectors sequentially scanned the Sagittarius 


* On leave from the Tata Institute of Fnndamental posu Bombay, 
india. Presently at American Science and Engineering, t “ambridge, Massa- 


ehusetta, uu" 
t On leave from the Laboratorio dj Astrofisica, Frascati, Italy, at the time 


of this work. 


Studies of long-wavelength spectra of X-ray sources provide informa- 
tion about their distances and about the interstellar medium. 


complex of sources, Seo A-L and the Virgo cluster of 
galaxies. These scans have been deseribed previously? t, 
Three banks of proportional counters viewed the sources 
through 2-1° x 20° (full width at half maximum) collima- 
tors while the rocket was at an altitude of more than 
120 km. In the vicinity of the sources, the scan rate was 
about 0-3" s which yielded a total observation time per 
source of about 15 s. 


The Detectors 

The detector array consisted of six pairs of Be window 
(90 micron) proportional counters, two Al window (4:7 
micron) proportional counters and one "Teflon window 
(3:3 micron) proportional counter. We selected only those 
'ounters (three pairs with Be windows, one with Al and 


"I 


one with "Teflon ) whieh had suitable energy resolu- 
tion and gain for the spectral analyses. The pro- 


perties of these counters are given in Table 1. The Be 
window counters were permanently sealed while the Al 
and "Teflon' window eounters were flowed and sealed 
just before launching. Once every 45 s during the flight, 
X-rays from a “Fe source, incident on tin foil, produced 
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Fig. 1. 


Calculated counter efficiencies and calculated pulse height distributions for an assumed incident speetrurm. 


The calculated counter efficiencies (a, b and e) include the effect of impurities in the aluminium and beryilium windows 


and the coating of aluminium and 'Formvar' on the ‘Teflon’ window. 


The expected pulse height distributions 


(d, e and f) were calculated for the assumed incident spectrum, N(E) - 352-1 exp ( - E/9), where E isin keV. The 


effects of a simulated interstellar cut-off (1/e) at 1-0 keV are also shown, 


The percentages represent the equivalent 


energy resolution at 5-9 keV in a linear proportional counter. 


fluorescent L X-rays (3:5 keV) to calibrate the Al window 
counter. Similarly, fluorescent molybdenum L X-rays 
(2-3 keV) were used as an in-flight calibration for the 
‘Teflon’ window counter. Each calibration lasted 1:5 s 
and yielded about 150 detected X-rays. 


Table 1. PROPERTIES OF THE PROPORTIONAL COUNTERS USED FOR THE 
SPECTRAL ANALYSES 
Window Argon Energy Sensitive 
Counter thickness* thickness? resolution area 
window (mg em“) (microns) (mg em?) (FWHM) {em*) 
BeryHinm 91 50 3-8 25% (at 5-9 keV) 330 
Aluminium 1-65 57 4-7 60% (at 1:5 keV) 20 
‘Tefion’ (CE4) 07 3:8 4-7 ~ 90945 (at 0-7 keV) 10 


* Impurities in the windows increased the effective thickness by about 10 
per cent for Be and <3 per cent for Al. The quoted ‘Teflon’ window thickness 
does not include the coating of 60 ug em of "Formvar' and 15 ug em of Al. 
im were taken into account in the analysis of the data (for example, 

"ig. 1). 


+ Each counter also contained ~ 0-2 mg em-* of CH, as a quench gas. 


The caleulated efficiencies of these three types of 
counters are shown in Fig. la, b and c. Standard X-ray 
absorption coefficients for the gas and the windows were 
used in the calculation, and the effects of impurities 
in the windows were included. The sharp drop in the Be 
window counter efficiency below 3:2 keV is due to the 
argon K edge (Fig. la). The Al window is a filter which 
effectively transmits radiation between 0-8 and 1-55 keV 
(Fig. 1b) because of its K absorption edge. Similarly, the 
‘Teflon’ window is an effective transmission filter in the 
energy region 0-5 to 0-69 keV (Fig. Ic) due to the fluorine 
K absorption edge. 

The expected pulse height distributions calculated for 
a wide variety of incident spectra also exhibit these 
features. A spectrum typical of the bright source Sco X-1, 
with and without a low-energy interstellar cut-off*, yields 
the distributions shown in Fig. ld, e and f. It is apparent 
that the areas under the low-energy peaks (Fig. le and f) 
are a direct and rather sensitive measure of the X-ray 
intensities just below the appropriate K absorption edges. 


Sco X-I 

The raw pulse height data for Sco .X-1 are presented 
in Fig. 2. The Be window counter data exhibit no evidence 
for line emission from 5 to 8 keV with an upper lirait of 
10-* ergs em-? s7. We attach no significance to the slight 
excess of counts at 3-8 V. The data obtained with the Al 
window counter have the expected peak which corresponds 
to X-ray energies less than 1:5 keV. Similarly, the Teflon’ 
window counter data exhibit a group of small pulses which 
we associate with X-rays of energy less than 0-69 keV. 
These portions of the data are set off with dashed lines in 
Fig. 26 and c, and the integrated counting rates are 
indicated. The percentages of small pulses in the data 
from the Al and ‘Teflon’ window counters are 40 and 5 
per cent respectively. These percentages are the same as 
those obtained from Fig. le and f on the assumption that 
there is no interstellar cut-off. 

An energy to pulse height conversion factor 0-42 + 0-02 V 
keV-* was obtained for the Be window counters from 
energy calibrations just before and just after the flight. 
The in-flight calibration source confirmed our mterpreta- 
tion of the 2-3 V peak in the Al window counter data. A 
slow leak in the counter caused the 3-5 keV calibration 
line to drift slowly upward during the flight so that 
at the time of the Sco X-I transit it had moved 
above the 5 V saturation level of the telemetry. This 
and preflight calibrations ensure that the 2-3 V peak is 
indeed a low energy feature of the data. Laboratory 
tests show that when these counters operate in this high- 
gain (^ 40,000) region, a nonlinearity develops above 
about 2 keV, whereas below this energy the counter 
response is nearly linear. The ‘Teflon’ window counter 
also operated in a high-gain region and had a nonlinear 
response for pulse heights above about 1:0 keV. Calibra- 
tions of this counter before and after the flight indicate 
that its resolution was probably about 90 per cent at 
0-7 keV at the time of the Seo X-1 observation. In a 
linear counter this would correspond to ~30 per cent 
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Fig. 3. 


Pulse height data for Sco X-1 from the proportional counters, 


The error bars are the statistical uncertainties 


after background subtraction. The numbers under the various portions of the curves are totai counting rates in the 


indicated pulse height intervals. 
the pulse heights obtained with the calibration sources. 


Saturated pulses (» 5 V) are included in the upper level rates. 


The arrows indicate 


The dashed lines in (b) and (c) indicate the separation of the 


data into high and low pulse height regions characteristically defined by the windows. 


resolution at 5-9 keV (compare Fig. lf) The rapid rise 
in the pulse height distributions at large pulse heights 
(Fig. 26 and c) reflects this nonlinearity. 

The ineident spectrum of Seo X-1 from 0:6 keV to 
Il keV can be obtained from these data. We define an 
"effective efficiency’ function 

ae ak . 
EE) = | HE) RUE. EAE (1) 
I(E’) Jo 
where Æ’ is the pulse height, E the X-ray energy, I(E) 
and /(E') are the functional form of the assumed incident 
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Fig. 3. The X-ray spectrum of Sco X-1 on July 7, 1997. "na solid cire e 
data points are from the beryllium window counters, The open circle 
and open square are from the aluminium window and ‘Teflon’ window 
counters, respectively. The solid curves represent bremsstrahlung 
spectra with a constant Gaunt factor (G,F.). A best fit to the data was 
obtained ab ET — 7.5 keV and at a cut-off energy, Aa <0-5 keV. The 
dashed curve with f£, 1-2 keV is the best fit bremsstrahlung spectrum 
with an energy dependent Gaunt factor. The corresponding no-eut-off 
apeetrum is shown as a reference. 


number spectrum, ¢(/) is the counter efficiency (Fig. la), 
and A(E.E')dE' is the probability for an X-ray of energy 
E, which interacts in the counter, to produce a pulse 
height between HE’ and E'--dE'. We have calculated 
C UE!) for a wide range of spectral shapes and find that, at 
a fixed E" greater than 2 keV, Z'(E') does not vary by 
more than 10 per cent. We then use £ (E) to correct all 
the Be window counter data points for pulse heights which 
correspond to energies greater than 1-7 keV. The results 
are shown as solid circles in Fig. 3. The error bars reflect 
the statistical uncertainties, the uncertainties due to the 
effective efficiency correction and those due to the energy 
to pulse height conversion. 

A point on the spectrum at ~ 1-2 keV can be obtained 
from the 7-4 t 1-0 counts em~? s which were detected by 
the Al window counter at É «1:5 keV. The bandwidth, 
AE, is 0-75 keV and the “average efficiency’, €, in this 
energy interval is ~35 per cent. The product ZAF is 
therefore about 0-25 keV. The properly caleulated con- 
version factor is close to 0:28 keV for various assumed 
spectra with cut-off energies ranging between 0-0 and 
LO keV. The intensity at 1-2 keV becomes 

Isco x ~1 (1:2 keV) = 2646 X-rays em-? 8 keV- 
This point is represented by the open circle in Fig. 3. 
The error bar imneludes the uncertainties arising from 
statisties, the conversion factor, the window area and the 
choice of 3:5 V to separate the high and low energy pulses 
in Fig. 2b. 

A simular procedure for the "Teflon! filter yields the 
speetral point 

Iseo y -1 (06 keV) = 60+25 X-rays em- s~ keV! 
which is shown as an open square in Fig. 3. 

We have chosen to fit the following spectral form to the 
Seo X-1 data points in Fig. 3 

N(E) = Cg (BAPE? exp (— EJET) exp i — (E,JE)!?) 

X-rays em-? a7! keV-t (2) 


where C is a multiplieative constant. ‘This spectrum 
represents bremsstrahlung radiation from a hot, optically 
thin plasma when the appropriate Gaunt faetor term 
Qk kT) is introduced and when interstellar absorption is 


to simulate the Gaunt factor for a plasma consisting of 
low Z elements. This functional form was taken from 
ref. 4 and was fitted to tabulated values? for a brems- 
strahlung model in the energy region 0:3 keV to 15 keV, 
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We also used g(f£,kT) = 1-0 to facilitate comparisons with 
earlier work in which this spectral form was used. The 
last term in equation (2) represents interstellar photo- 
electric absorption characterized by a 1/e cut-off energy, 
Ea The energy dependence of this term was taken from 
the work of Bell and Kingston’ for energies above 0-87 keV. 
Below this energy the K edges of oxygen and neon are 
likely to complicate this energy dependence. We retain 
the quoted dependence, however, because it should 
approxunate the general character of the actual absorption. 

The three parameters in the spectrum, kT, Ea and C 
were varied until a best fit to the data points in Fig. 3 
was obtained. The best fitting spectrum can be expressed 
as 

N(E)-39E-"*exp(-—- £/7-5) exp (— (Ha/E)*7) (3) 

E ass 0-5 keV 

If the data from the "Teflon" window counter have been 
incorrectly interpreted, the Al and Be window counter 
data alone would indicate that E4x0:8 keV. The solid 
eurves in Fig. 3 show the spectrum, equation (3), with 
three cut-off energies E, — 0, 0-5 and 0-8 keV. The curve 
with E4-0 has a y? probability P(y?)- 0-3. The fits 
with the energy dependent Gaunt factor, g(E.kT)- 
(E]kT)-*?, were less satisfactory. The best-fit spectrum 
has a cut-off of 1-2 keV and a temperature kT = 10-5 keV 
(Fig. 3, dashed curve). This fit yields a P(y?)=0-05 and 
is in serious disagreement with the first two low-energy 
data points. The other dashed curve in Fig. 3 shows, as 
a reference, this same spectrum with #,=0. It yields 
P(x?) < 6-01. 

Recently, Hill et al.* measured the spectrum of Sco X-1 
to low energies (0-6 keV) with 100 ug em-? ‘Formvar’ 
window proportional counters and found no evidence for 
absorption in the interstellar medium. During an earlier 
flight, the same group found evidence for attenuation at 
energies below 1-5 keV (ref. 7), but there has been no 
confirmation of such an effect. Our results are consistent 
with their later work. During a rocket flight on September 
7, 1967, Fritz e! al.* found a flux of 120* 1? X-rays em-? s~? 
keV- near 0:25 keV which is consistent with an extra- 
polation of our results as given by equation (3) with E, 0. 

Several groups have measured a spectrum of Sco X-1 
in the energy region near 2-10 keV (refs. 4-11) and have 
reported temperatures which range between k7’=4 keV 
and kT=9 keV. Originally, such temperatures were 
determined with a Gaunt factor of 1-0, but more recently 
an energy dependent Gaunt factor has been included. 
This can raise the determination of kT by as much as 40 
per cent. Direct comparison of the various spectra so far 
reported provides growing evidence for time variations in 
the spectrum of Sco X-1 in this energy region. At higher 
energies (20-30 keV) large variations in the intensity of 
Sco X.l have been observed to occur in the course of 
10 min (ref. 12). 


Sagittarius Sources 


During the scan of the Sagittarius region, six discrete 
X-ray sources were resolved and were designated accord- 
ing to the galactic coordinates of the source! (for example, 
GX13+ 1 lies at H= 13? and b11=1°). Five of the sources 
were within 2? of the galactie plane while one source, 
GX9+9, possibly seen for the first time, was 9° north of 
the plane. The angular resolution and the orientation of 
the collimators were such that several of the sources were 
observed simultaneously at least part of the time (Fig. 3 
of ref. 1). For the spectral analyses we used only those 
pulse heights recorded when a collimator viewed a single 
source or when the contribution from a second source 
was small. Four of the six sources yielded sufficient data 
from the Be window counters to permit statistically 
significant analyses: GX5-—1, GX9--1, GX13--1 and 
GX9 4 9. 

Al window counter data are available for only two of 
these sources (G.X5 — ] and G.X9-- 1). An inflight calibra- 
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Fig. 4. The spectra of four X-ray sources in Sagittarius. The solid 
circle and open eirele data points are from the beryllium window and 
aluminium window counters, respectively. The best fit bremssirahiun 

spectra are compared with the data of G.XY5-1 and GY13+ 1, and the bes 

fit power-law spectra are compared with the data of GX9--1 and 
GX9--9 (solid curves). The form of the bremsstrahlung spectram 
is given by equation (2) with a Gaunt factor of CE/ETY-**,. Each dashed 
curve, shown as a reference, represents the same spectrum given by the 
associated solid curve but with nocut-off. The values of a givenin (band 
(c) are the logarithmic slopes of the X-ray number spectra. The cut-off 

energies, Ba, are in keV, 


tion occurred during the transit of G.X9-- 9 and the col- 
limator for the thin window counters was oriented such 
that GX13+1 was transited simultaneously with the 
relatively intense source GX9 4 1. 

Fig. 4 shows the spectra of these four Sagittarius sources 
obtained from the Be window counters (solid circles), 
The raw pulse height data have been corrected for counter 
efficiency and resolution as described for the Seo X.1 
spectrum. The spectral points at 1:2 keV obtained from 
the Al window counters were also calculated as deseribed 
previously. "These points are shown as open circles in 
Fig. 4a and 5. 

We have obtained the best y? fits to the data points in 
Fig. 4 for two spectral shapes: a bremsstrahlung spectrum 
(equation (2) with g(E,ET) -« (EJkT)-**) and a power law 


spectrum, N(E) « C'E" exp (— (E,E)**), both with a pos- 
sible interstellar attenuation term. Satisfactory fits were 
obtained for both types of spectra. Table 2 lists the best 
fit parameters. Examples of the best fit spectra are shown 
in Fig. 4 (solid curves). The dashed curves show, for 
reference, these same spectra with no cut-off. The tem- 
peratures given in Table 2 are consistent with those 
reported earlier! !* for some of these sources, 


Table 2. BEST-FIT SPECTRAL PARAMETERS FOR FOUR SAGITTARIUS SOURCES 


Bremsstrahlung* Power law 
Source kT Cut-off, Ea Cut-off, Bs 

(keV) (keV) C a (keV) C 

GX5-1 55440 1940-25 42 -2-2403 21401 74 
- 15 - 0.2 -0:2 

GX941 >8 <12 —* — —183204 08405 09 
GX1341 6*3 24406 L2 —2-2410 254100 22 
GX9+9 > 11-0 «10 —t P4408 <10 042 


The tabulated uncertainties are based ona y probability less than 0-8. 


* Equation (2) with a Gaunt factor, g — GE/KT)-*?, was used to represent 
bremsstrahlung radiation. 


t The multiplicative constants cannot be specified since the values of £T 
quoted for these spectra are only lower limits. 
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Two of the sources, GX5-—1 and G.X13-- 1, suffer sub- 
stantial low-energy attenuation. The cut-off energies 
Ea are ~2:0+03 keV and ~2-4+0-°8 keV for GX5—1 
and GX13+1, respectively, for either a bremsstrahlung 
or power law spectrum. These cut-off energies are con- 
sistent with those reported by Gorenstein et al. for the 
same two sources. The other two spectra, GX9+1 
and G9 -- 9, seem to be increasing monotonically towards 
lower energies with values of Ea which are less than about 
1-2 keV. Gorenstein et al. reported the spectrum of a 
source at /[11— 9-1? which most probably was a super- 
position of these two sources. "Their value of H,=2-2 
keV was substantially larger than that indicated by our 
data. 

The spectral data we obtained for Sco X —1 on July 7, 
1967, can be fitted satisfactorily by a bremsstrahlung 
type spectrum with an energy independent Gaunt factor 
and a characteristic temperature kT'—7.5 keV. No 
indication of any line emission was found between 5 and 
8 keV with an intensity greater than 10- ergs em-? 


8. The low-energy data points obtained with the Al 
and ‘Teflon’ window proportional counters indicate 


a characteristic cut-off energy, Fa (defined in equation 2), 
which is less than 0-5 keV. From this result and the work 
of Bell and Kingston? we conclude that there are less than 
^ 8 x 10 neutral hydrogen atoms cm? between Seo N-I 
and Earth. Radio observations at 21 em, in the direction 
of Sco X-l, indicate an integrated neutral hydrogen column 
density, to infinity, of ~ L:8 x 10?! H atoms em-? (ref. 14). 
It 1s therefore probably not possible to place a significant 
upper limit on the distance of Sco A-1 from these X-ray 
data. The measurement by Fritz et al? at 0-28 keV 
(44 A) would imply less than ~ 2x 10?* H atoms em-? in 
the line of sight to Seo X.1. 

Two of the Sagittarius sources, G.X5— 1 and X134 1. 
show substantial low-energy attenuation with values of 
H,=2:0+03 and 2-44+0:8 keV, respectively. These 
large cut-off energies, if due to interstellar absorption, 
imply neutral hydrogen column densities of 2 x 0:8 x 10** 
and 3+2x 107? H atoms em-?, respectively. Two other 
sources, G.X9-- 1 and GX9+4+ 9, have much smaller cut-off 
energies, Eas 1:2 keV. The relatively small amount of 
low-energy attenuation in the ease of GX9+9 may be 
related to its distance (9°) fron the galactic plane. The 
hydrogen column density to these two sources is thus 
less than about 5x 10?! H atoms em-?. Radio measure- 
ments at 21 em in the general direction of the Sagittarius 
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X-ray sources indicate hydrogen column densities of 
~1x 10" H atoms em (ref. 14), on the assumption that 
there is no absorption of the 21 em radiation. The actual 
hydrogen column density may be several times larger. 

The only low-energy cut-off we have considered here 
is that which arises from interstellar absorption. Self 
absorption by the sources could lead to low-energy attenua- 
tion with a less steep energy dependence. In the case 
of the Sagittarius sources, further measurements near 
l-0-1:5 keV, with Al window detectors, are especially 
appropriate because this is clearly the energy region 
which is important for the determination of the cut-off 
shapes. 
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Absorption Spectrum of Rhodopsin: 500 nm Absorption Band 


2 Denaturation of rhodopsin by guanidine hydrochloride provides 


RUTH HUBBARD 


Biological Laboratories, 
Harvard University, 
Cambridge, Massachusetts 


RuHoporsiN, the photosensitive pigment of vertebrate 
rods and of a number of invertebrate photoreceptors, 
consists of a colourless protein (opsin), which carries 
the ll-cés isomer of retinal (retinaldehyde, vitamin <A 
aldehyde) as chromophore. Bownds! showed that in 
cattle rhodopsin the chromophore is bound in Schiff base 
linkage to the c-amino-group of an internal lysine residue 
in opsin. 

Collings? and Morton, Pitt, and their co-workers? first 
demonstrated that retinaldehyde forms a Schiff base with 
an aliphatic amino-group on opsin?. This raises the 


support for the hypothesis that the colour of the rhodopsin chromo- 
phore arises from secondary interactions of native opsin with a 
protonated Schiff base. 


question of how the absorption properties of rhodopsin 
arise from this type of attachment, for in aqueous solution 
imax Of 1-ci8 retinal is at 380 nm, that of the Schiff bases 
at about 363 nm, and that of rhodopsin near 500 nm. 
(The precise position of Amax in rhodopsins from various 
animals differs somewhat, presumably because of species 
differenees in the opsins.) 

To explain these absorption characteristics, Kropf and 
Hubbard* started with the observation first made by 
Ball et i«.^, that although the formation of a Schiff base of 
retinal with an aliphatie amine, 
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Fig. 1. Denaturation of opsin and rhodopsin as a function of the con- 
centrations of several denaturants. The denaturation of opsin was 
measured as loss in its ability to form rhodopsin when incubated with 
excess 11-eis retinal in the dark, This assay took about 10 min, during 
which the denaturation continued. Estimates of native opsin therefore 
were too low and progressively more so as the concentration of denaturant 
increased. The lines therefore descend somewhat too steeply. Also the 
periods of incubation before the addition of 11-eis retinal differ for the 
three denaturants. The comparison therefore is only qualitative. The 
denaturation of rhodopsin was measured as irreversible bleaching in the 
dark. This involved only the measurement of the absorption spectrum 
in the presence of 0-07 M hydroxylamine, and entailed no systematic 
errors, 
H H 
C,,H,.-C m QO Eu H,N d = C, H.C = N R + HO, 
retinal Schiff base 


is accompanied by a shift in Amax toward shorter wave- 
lengths, the protonation of the imino group, 


H H + 
Cy H.,C=N R+H+=C,,H,,C = NR. 
H 
shifts Amax to approximately 440 nm. 

The hypothesis assumes that the chromophores of the 
visual pigments are derived from the protonated Schiff 
base of ll-cis retinal by secondary interactions with 
reactive groups on opsin, which increase the mobility of 
electrons within the molecular orbitals of the chromophore 
and so shift Amax to longer wavelengths (compare ref. 6). 
The triad of wavelengths that is therefore significant for 
this formulation are the absorption maximum of the 
Schiff base in its free and protonated forms and that of 
rhodopsin—approximately 363, 440 and 500 nm. 


i i i 
Cattle rhodopsin (L3-2x 107?M) 
5 in 0.2-0.3% digitonin, 
O2M phosphate buffer, 
Q.O7 M  NH.,OH 
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Fig. 2. The rate of denaturation of rhodopsin as a function of Gu-HCIl 

concentration. Each point represents a separate experiment in which 

the unimolecular rate constant (k) for the denaturation was measured 

for a given Gu-HCl concentration. The half-times of denaturation 
itua for each experiment are shown. 
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0.07 M he-droxsylamine 
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Fig. 3. The wavelength position of the absorotion band of cattle 


rhodopsin as a function of Gu-HCl concentration. As the concentration 
of Gu-HCl increased, Amas shifted to shorter waveleagtha, with no change 
in half band width (1/2 bw). 





The shift in Amas was reversed when the 
Gu-HCl concentration was lowered, 


A direct experimental test of this hyoothesis will have 
to wait until more is known about the amino-acid sequence 
and the three-dimensional structure of rhodopsin. Indirect 
support comes, however, from the observation that the 
absorption maxima of all the visual pgments that are 
known to have ll-cis retinal as chrom ophore— by now 
rather a large number-—span more than 100 nm (approxi- 
mately 440 to 565 nm). Yet they all l= at Amax of the 
protonated Schiff base, or at longer wavelengths. 

I report here observations concerning .he denaturation 
of cattle rhodopsin which support the protonated Schiff 
base hypothesis. 

All known chemical and physical proin denaturants 
denature opsin more readily than rhedopsin'^. The 
denaturation of opsin is usually measured by its loss of the 
ability to regenerate rhodopsin; that o^ rhodopsin, by 
its bleaching in the dark to 11-eis retina. and denatured 
opsin?*. 

Cattle rhodopsin is stable in 8 M urea, though this 
reagent denatures opsin in much lower concentrations 
(Fig. 1, also ref. 9). Guanidine hydrochbride (Gu-HCl). 
whieh is usually a more effective protein denaturant 
than urea, denatures cattle rhodopsin, but again m much 
higher concentrations than those required to denature 
opsin (Fig. 1). The logarithm of the rate at which rhod- 
opsin is denatured increases proportionetely with the 
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Fig. 4. Position of the absorption maximum (Amas) f native and 
altered rhodopsin as a function of the Gu-HC! conecntration. 
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Fig. 5. Analysis of the irreversible denaturation of rhodopsin by Gu-HCl.. Upper left (1), successive absorption 
spectra (A to G) recorded with à Cary model 14 spectrophotometer, after adding a small volume of à concentrated 
rhodopsin solution in 2 per cent aqueous digitonin to buffered 6:2 M Gu-HClL Upper right ( Ti}, the experiment 
was repeated with another aliqnot of the same rhodopsin solution in the presence of 0-067 M hydroxylamine. 
This concentration of hydroxylamine does not labilize altered rhodopsin, so that the absorption spectra in (II) 
show the amounts of altered rhodopsin present in the experimentin (I). The dotted portion of curve ILA is the 
absorption spectrum of this rhodopsin preparation below 450 nm, corrected to the appropriate absorbance at 
Ámax. Similar template spectra have been constructed for curves IIB, C and soon. The relative absorbance and 
Amar (862-5 nm) of the ultraviolet absorption band in spectra ILA to F identify the product of the denaturation 
as 11-cis retinaldehyde oxime. Lower left (IID, differences between successive absorption spectra in (1) and the 
corresponding template spectra in (II) (that is, curves LA minus ILA, LE minus TIB and so on). This yields the 
combined absorption spectra of the 445 and 362-5 nm pigments present in the experiment in (I). The dotted 
portion of curve LILA was obtained by estimating the absorption of the 362:5 nm pigment present in the solidly 
drawn spectrum IITA from the initial absorption of rhodopsin before denaturation (determined separately) and 
the amounts of the 362-5 and 445 nm pigments formed when a given amount of rhodopsin is denatured (that is, 
by comparing the differences between successive spectra in (IT) and (IID). The absorption spectra of the 262-5 nm 
pigment shown at the lower right (IV) were obtained by subtracting successive 445 nm pigment template 
spectra obtained by scaling template IILA to the successive absorbances at 445 nm, from the solidly drawn 
spectra in (ITI) (that is, curves IITA minus template IILA, IELE minus template IIT, etc.), (IV) Also shows the 
absorption spectrum of 11-cis retinal at the initial rhodopsin concentration in this solvent system. It has 
Amax at 400 nm, a surprisingly long wavelength, and a specific absorbance at Amax about 0-6 that of the Schiff 
base and of 11-eis retinaldehyde oxime, both of which have Amax at 362-5 nm (compare ultraviolet absorption 
bands in (1) and (II). 
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logarithm of the Gu-HCl concentration (Fig. 2): more 
precisely, doubling the Gu-HCI concentration increases 
the rate constant (X) by a factor of ten. 

A closer examination reveals that Gu-HCl exerts two 
effects on cattle rhodopsin, one rapid and reversible, the 
other slower and irreversible. The reversible interaction 
results in a shift in Amax from 499 nm to shorter wave- 
lengths, in the limit to 495-5 nm, without change in the 
half band width (Fig. 3), and is reversed rapidly by 
decreasing the concentration of Gu-HCI.. I shall refer to 
the molecule with Amax 495-5 nm as altered rhodopsin. It 
is not clear whether this shift in Amax involves a series of 
intermediate compounds each with its own max OT a 
mixture of native rhodopsin (Xmas 499 nm) with increasing 
proportions of the altered pigment. Fig. 4 shows that the 
entire shift occurs within a rather narrow range of Gu-HCI 
concentrations, suggesting that what is being dealt with 
is probably one transition from the native to the altered 
state rather than smaller sequential steps. 

Either interpretation presupposes that Gu-HCl shifts 
the absorption spectrum of rhodopsin by altering the 
conformation of opsin. Gu-HCl, however, carries à 
positive charge, localized primarily on the central carbon 
atom of the symmetrical guanidinium ion, C-(NH,),. At 
the high concentrations at which Gu-HCl affects the 
absorption spectrum of rhodopsin there could perhaps be a 
direct interaction between the charged guanidinium ion 
and the molecular orbitals of the retinyledene chromo- 
phore. But the abruptness with which Amax of rhodopsin 
shifts with increasing Gu-HCl concentration (Fig. 4) 
argues against a non-specific solvent effect on the chromo- 
phore and in favour of a conformational attack on opsin. 

The irreversible denaturation of rhodopsin by Gu-HCl 
is slower. Its first product is a pigment with Amax 
445 nm (Fig. 5, ITI), which is slowly converted to a pigment 
with Amas 362-5 nm (Fig. 5, HI and IV). There is no way 
to decide from these experiments whether the reversible 
alteration of rhodopsin to the pigment with Amax 495-5 nm 
precedes the irreversible formation of the 445 nm pigment, 
or whether the two are parallel and independent processes. 
All concentrations of Gu-HCI which alter rhodopsin also 
denature it (compare Figs. 2 and 4). The 495-5 nm pig- 
ment is never stable therefore and its absorption spectrum 
must be measured while it disappears. This is done in the 
presence of hydroxylamine, which in sufficiently. low 
concentrations does not decrease the stabilitv of the 
495-5 nm pigment, while converting the 445 nm pigment 
rapidly to 11-cis retinaldehyde oxime (Amax 362-5 nm) and 
denatured opsin (Figs. 4 and 5). This is the only way to 
measure the absorption speetra of the 495-5 and 445 nm 
pigments, for they overlap too extensively to permit of 
more direct resolution (compare Fig. 5, I, II and HI). 

The absorption spectra of the two consecutive products 


ÁR 


of the irreversible denaturation (with max 445 and 362-5 


nm) strongly suggest that they are the protonated and 
free forms of a Schiff base of 11-e£s »etinal. The way in 
which they arise in the experiment shown in Fig. 5 further 
suggests that the retinal is still attached at the ehromo- 
phorie site on opsin for the following reasons. At the pH 


of this experiment (6:2) essentially zl the amino-groups 
on opsin are protonated, for even the most conservative 
estimates place the pKs of the various classes of arino- 


groups in proteins well above pH 7. Retinal, however, 
forms Schiff bases only with unprotorated amino-groups® 
(see the first equation in this article). The very fact that 
the denatured product is a Schiff base therefore implies 
that retinal is attached at the same site as in native 
rhodopsin. 

Furthermore, the pK of the Schiff bases of retinal (that 
is, of the imino-group) is considerably lower than that of 
the amino-groups from which they arise’, so that whereas 
at pH 6-2 all the amino-groups of opsin are protonated, 
the imino-group of the Schiff base of revinal should not be, 
The fact that at this pH the initial prodaet of denaturation 
is protonated and gradually loses its proton as shown in 
Fig. 5, HIT, strongly suggests that the rhodopsin chromo- 
phore itself is protonated.  Gu-HCl, so to speak, peels the 
opsin away from the chromophore and so reveals the 
unenhanced absorption spectrum of the protonated 
Schiff base. 

This raises the question as to why the protonated 
Schiff base has not been seen as an intermediate in other 
types of denaturation of rhodopsin?:* exeept, of course, by 
strong acid?. The answer probably ses in the extra- 
ordinary stability of the unprotonated Sehuif base in 
concentrated Gu-HCl. Fig. 5. 1, H amd IV, shows that 
^max of the unprotonated imine at 362-6 nm is unchanged 
throughout (that is, for 75 min at 23°C) whereas Schiff 
bases of retinal usually hydrolyse withm about 15 min at 
this pH, as evidenced by a shift in Awax to that of free 
retinaldehvde*®. It must therefore be assumed that high 
concentrations of Gu-HCl so lower the activity of water 
that a 6 M solution behaves like a non-eyueous system, 
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Absorption Spectrum of Rhodopsin: 280 nm Absorption Band 


by 
RUTH HUBBARD 


Biological Laboratories, 
Harvard University, 
Cambridge, Massachusetts 


THE 280 nm absorption band of proteins originates in 
the aromatic amino-acids, tyrosine (tyr), tryptophane 
(try), and phenylalanine (phe), and the disulphide linkage 
of cystine (cys). The molar absorbances of these four 


By measuring the absorption spectrum of rhodopsin, after denatura- 
tion with guanidine hydrochloride, the contents c 
tryptophane in the pigment can be found. 


tyrosine and 


amino-acids are such that to a first approximation only 
try and tyr need be considered. In rhodopsin, the 1l-eis 
retinylidene chromophore also absorbs im this region of 
the spectrum. Its contribution, however, must be amall, 
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for the following reasons. The absorption of rhodopsin 
at 280 nm decreases by only about 3 per cent when it is 
bleached by light to all-trans retinal and opsin* (Fig. 1), 
and the molar absorbance of all-trans retinal is only about 
4 per cent that of rhodopsin at 280 nm. Unless therefore 
the change in the conformation of opsin that accompanies 
the bleaching of rhodopsin involves a large increase in 
its absorbance at this wavelength—-whieh is very unlikely 
—it must be concluded that the retinylidene chromophore 
contributes little to the absorbance of rhodopsin at 
280 nm. 

On the basis of this kind of consideration, Collins and 
Morton? calculated the tyr and try contents of rhodopsin 
from its ultraviolet absorption spectrum at pH 9:3 as 
approximately 14 per cent and 5 per cent. This is equiva- 
lent to twenty-three tyr and seven try residues if an 
approximate protein molecular weight of 30,000 is assumed 
(compare refs. 3-6).  Non-eovalent interactions which 
exist even at pH 9-3, however, alter the absorption proper- 
ties of these amino-acids so that spectrophotometric 
analyses are unreliable unless care is taken to disrupt 
the interaetions"*. Approximately 6 M guanidine hydro- 
chloride (Gu-HCl) has been chosen for this purpose’. 
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Fig. 1. The ultraviolet absorption band of rhodopsin before and after 
bleaching by light in phosphate buffer (curves 1 and 2) and 7-5 M urea 
(curves 3 and 4), and after denaturation with 6:1 M Gu-HCl (curve 5). 
å sax Of the unbleached and bleached solution in buffer and of the 
unbleached solution in urea is at 270-5 mm; À sax of the solution bleached 
in urea and of the solution denatured by Gu-HCI is at 278 nm. In 
addition, the solution in Gu-HCl exhibits some fine structure near 284 
and 292 nm. 


Edelhoch!* has developed a fairly aceurate method for 
calculating the contributions of tyr and try to the 280 nm 
absorption band of proteins dissolved in 6 M Gu-HCl. I 
have applied his method to solutions of cattle rhodopsin 
prepared in the usual way in aqueous digitonin. The 
results are reported here. 

Fig. 1 shows the ultraviolet absorption spectra of 
rhodopsin at pH 6-2 before and after bleaching by light 
in phosphate buffer and in 7:5 M urea, and that of rhodop- 
sin denatured in the dark with 6-1 M Gu-HCl. The changes 
in absorption with bleaching in phosphate buffer (curves 
l and 2) have been described before!. Concentrated urea 
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increases the absorbance of rhodopsin slightly, possibly 
because of increased turbidity, without change in Amax 
(curve 3). Bleaching by light in urea, however, shifts 
Amax to shorter wavelengths (curve 4), an indication of 
the denaturation of opsin. The absorption spectrum of 
rhodopsin in 6:1 M Gu-HCl (curve 5) has Amax 278 nm, 
like bleached rhodopsin in urea, and exhibits inflexions 
near 284 and 292 nm. Such fine structure is characteristic 
of proteins that have been denatured by Gu-HCl near 
pH 6, and is contributed largely by the tyr residues. 
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Fig. 2. The absorption spectrum of rhodopsin denatured in 6 M 


guanidine hydroehloride, measured at pH 6:2 (curve 2) and 12:5 (curve 3), 
The digitonin blank has the same absorption spectrum (curve 1) at both 
plis. The difference in the spectrum of denatured rhodopsin is assumed 
to be entirely a result of differences in the absorption spectra of tyr 
residues in thelr unionized (pH 8-2) and ionized (pH 12-5) forms. 


The contributions of tyr and try to the 280 nm absorp- 
tion band of rhodopsin are determined from the type of 
experunent shown in Fig. 2. The calculations are based 
on the fact that the lonizations that accompany a shift 
in pH from 6:2 to 12-5 change only the absorption spectrum 
of tyr. 'The eontent of tyr in the Cu-HCl-denatured protein 
can therefore be ealeulated from the known pH difference 
speetrum of tyr (Table 1). The content of try is ealeulated 
by difference from the absorption spectrum at pH 6-2, 
as shown in Table 2. The ease of rhodopsin requires one 
more correction than those considered by Edelhoch!*, 
because the ll-eis isomer of retinal, which is released 
whenever rhodopsin is denatured in the dark", has about 


Table 1. NUMBER OF tyr RESIDUES IN CATTLE RHODOPSIN 


V 
I (ELLAN) 
A il Tit IV tyr residues 
(nm) Ak de detyr per mole 
rhodopsin 
295 0-435 59,600 2,430 24 
300 0-434 59,400 2,270 26 


Average: 25 


Rhodopsin was prepared in the usual way in 2 per cent digitonin. The 
absorption spectra of rhodopsin denatured with 6-1 M Gu-HCl were measured 
at pH 6-2 and 12-5. The increases in absorption (Ak) at 295 and 300 nm 
divided by the concentration of rhodopsin (7:3 x 10-* M) vield the differences 
in molar absorption of denatured rhodopsin (de). These are due entirely to 
the ionization of the tyr residues. Therefore dividing them by the differences 
in the molar absorption of tyr (de yr) at the two pHs!’ yields estimates of 
the number of tyr residues in cattle rhodopsin. 
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10 per cent the molar absorbance of rhodopsin in the 
neighbourhood of 280 nm. (This more than accounts for 
the increase in absorption between curves l and 5 in 
Fig. 1.) With this correction, the calculations sum- 
marized in Tables 1 and 2 indicate that cattle rhodopsin 
prepared in the usual way contains approximately twenty- 
five tyr and fourteen to fifteen try residues to each 
retinylidene chromophore. 


Table 2. 


A H lif IV IH-1V 
(ntn) k E £ret 

230 4 0-860 117,800 9,500 108,300 

B 1-164 121,200 111,700 

288 A 0-678 02,800 9,900 82,000 

B 0-928 96,700 86,800 
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0-26 at 280 nmn compared with 0-66 at 436 nm. In other 
words, radiation absorbed by the aromatic amine-acid 
residues of opsin is about 40 per cent as effective in stereo- 
isomerizing the chromophore as radiation it absorbs 
directly. 

Rhodopsin, if spherical, has a diameter of no more than 
40 Å. These dimensions permit transfer of electrome 
excitation energy among all the entities which have 


NUMBER OF try RESIDUES IN CATTLE RHODOPSIN 


X 
VI VII VIII ud VII--IX 
25x VI V-VII IX iry residues 
elyt gry per mole giry per mole 
rhodopsin rhodopsin 
1,280 32,000 76,300 5,690 13 
79,700 i4 
385 9,600 73,300 4,R15 15 
71,200 16 


Average: 14:5 


Rhodopsin was prepared in the usual way. The absorption of rhodopsin (£) denatured in 6:1 M Gu-HCl (pH 6-2) is measured at 280 and S88 nin in tava 


experiments, 4 and B, shown respectively in Figs. 1 and 2. 


These values, divided by the rhodopsin concentrations (4: 7:3x 1079 M; BH: 6x i075 MD, 


yield estimates of the molar absorption (e) of denatured rhodopsin. From this must be subtracted the molar absorptions of Li-eds retinal (8e) which is 


released by the denaturation (column V) and of the 25 tyr residues!? (column VII) shown in Table 1 to be present in rhodopsin. 


This yields the 


absorbance of all the try units present in a mole of rhodopsin. The number of try units per mole of rhodopsin is obtained by dividing this figure by 


the molar absorption of try’? (euy). 


Bownds!*, Shields et al.» and Heller? have determined 
the number of tyr residues by hydrolysis of cattle rhodop- 
sin prepared in various ways, and Heller* has estimated 
the number of try residues by a different spectrophoto- 
metric method and by titration with JN-bromosuecin- 
amide. Bownds estimates twenty-four tyr residues per 
chromophore, in fair agreement with Collins and Morton's 
estimate and Table 1; but the other two groups*'* arrive 
at approximately half that number, eleven. My value for 
try, too, is more than twice the five to six reported by 
Heller*. The optical purities of the preparations that we 
have all used are about the same, with 280 nm/500 nm 
absorption ratios of about 2-2-5, which suggests that they 
contain similar amounts of try and tyr. It is therefore 
not clear how these discrepancies arise. (It may be signi- 
ficant that for the seventeen different amino-acid residues 
analysed by Bownds!? and Heller*, Bownd's values, 
expressed per retinylidene chromophore, are consistently 
about twice those given by Heller.) 

These results are interesting in relation to Kropf's!?? 
recent data regarding the photosensitivity of rhodopsin 
at 280 nm. Kropf finds that the quantum efficiency 
(number of molecules reacting per quantum absorbed) 
for bleaching rhodopsin by photoisomerization of the 
retinylidene chromophore from 11-cis to all-trans is about 


appropriately spaced energy transitions. The transfer 

of energy into the rhodopsin chromephore presumably 

occurs chiefly in the sequence, tyr--try-retinylidene 

ehromophore. The relatively high quantum efficiency for 

bleaching with 280 nm radiation implies that the energy 

absorbed by all or nearly all the tyr and try residues of 

rhodopsin can be funnelled into the retinylidene chromo- 

phore so as to isomerize it. 
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Fluctuations in the Response to Light of Visual 


Neurones in Limulus 


bY A deterministic spike generating model accounts very well for the 


ROBERT SHAPLEY 


Rockefeller University, 
New York 


cells. 


For statistical analysis of nerve impulse trains, neuro- 
physiologists usually have information about neurones 
in which the statistical parameters of the input are un- 
known. Asaresult, hypothetical spike generating mechan- 


properties of the impulse rate fluctuations in Limulus eccentric 


isms have been assumed and consistency with mnpulse 
data has been achieved by fitting parameters’. 

I have analysed the statistical properties of the input 
to and output from eccentric cells of ommatidia in the 
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compound eye of the horseshoe crab, Limulus polyphemus. 
The eccentric cell is a bipolar neurone which fires impulses 
steadily when excited by light?-. Its impulse rate has a 
coefficient of variation, o/m, between 0-01 and 0-1. Its 
firing is fairly regular compared with, for example, 
mammalian retinal ganglion cells whose impulse rate 
coefficient of variation is about 0-7. 

Dodge, Knight and Toyoda® gave a mathematical 
description of the voltage input to eccentric cells. They 
showed that fluctuations in the generator potential have 
an autocovariance c( x) = (g(D-g)(g(t - 7} — g) which can be 
predicted from the response to sinusoidally modulated 
light. Their model proposes that the generator is a shot 
noise with individual shots which adapt in size as the light 
intensity changes, becoming smaller as the light gets 
brighter*:7. 

Ratliff. Hartline and Lange* suggested that the fluetua- 
tions in Limulus eccentric cell impulse trains are chiefly 
a result of the stochastie transduetion from light to 
generator potential. They showed that the coefficient of 
variation of the spike rate elicited by a steady light depends 
on the light intensity and state of adaptation. They also 
demonstrated that the coefficient of variation of the im- 
pulse rate with constant current (injected through a micro- 
pipette) is eonsiderably lower than with light stimulation 
which produces the same mean rate of firing. 

A plausible model for the eccentric cell is shown in 
Fig. 1 (ref. 7). The light to generator potential transduc- 
tion is stochastic; the generator potential to impulse 
train transduction, discussed later, is approximately a 
linear filter. I have tested this model by characterizing 
the input stochastic process, measuring the parameters 
of the impulse generating mechanism, and determining 
the output and the impulse train. 
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Fig. 1. Schematic diagram of the eccentric cell of Limulus ommatidia, 
as seen from its response to step function, sinusoidal and random in puta. 
The generator potential is a stochastic process transducing light into 
voltage. FM is the integrator voltage to frequency converter with 
transfer function Af). Self inhibition is the single time constant negative 
feedback the transfer function of which is (f). The summing point corres- 
ponds to some point in the cell ie exeltatory and inhibitory influences 
add, 


To verify theoretical predietions about probability 


density and power speetrum-—two ways of characterizing 
a stochastic process--I measured several functions 


which describe the cell's processing of sinusoidal or random 
input. These were the transfer function from light to 
generator potential G(f); the transfer funetion from 
current to impulse rate S(f); the transfer function from 
light to impulse rate N(f); the power spectrum of the 
generator potential fluctuations in response to steady light 
Oc(f). and the power spectrum of the impulse rate fluctua- 
tions Ox(f). The transfer functions are defined as the 
ratios of percentage modulation of response to percentage 
modulation of stimulus, and are functions of the modula- 
tion frequency of sinusoidal input. The power spectrum 
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of a process x(t), defined as 


ae 
Of =| [oc je-tziftqt: 
0 


represents the contribution of the band of frequencies, 
from f to f+df, to the variance of the process. 

The power spectrum of the generator potential fluetua- 
tions in response to steady light is proportional to the 
square of the light to generator transfer function*^. 


Ost) = aG) d) 


and, in addition, N(f) e S(f)G(f). Therefore, an equation 
similar to (1) ought to hold for the impulse rate fluectua- 
tion s, that is 


Of) 2 B[N(f)]? (3) 


Also, the power spectrum of the impulse rate fluctuations 
should be the generator spectrum filtered through the 
current to impulse rate mechanism. 


ON(f) = ISQOPE cc) (3) 


My experiments verified the predictions of equations (2) 
and (3) and, furthermore, showed that the generator and 
spike train were Gaussian at the light levels used. This 
makes it possible to describe completely the stochastic 
impulse rate by means of its power speetrum or, equiva- 
lently, its autocorrelation. (The autocorrelation of the 
impulse rate n(f) is defined as the autocovarianee normal- 
ized to l at zero time 


A(t) = (n(t)—A)(n(t-+ t)—A)/(n(t) A) 


and is the normalized Fourier transform of the power 
spectrum.) 

The methods of the experiments were similar to those 
used before*-. Experiments were performed on excised 
Limulus eyes. recording from nerve fibres or intracellu- 
larly. Care was taken to illuminate single receptors only. 
Interspike interval and generator potential measurements 
were made on line with a digital computer (CDC 160A) 
(refs. 7 and 9). Experiments were analysed with the aid 
of two computer programs. One program computed the 
spike rate by transforming the data from times between 
impulses into numbers of impulse intervals having oecurred 
in a given time bin, fractions of an interval assigned to a 
bin into which less than one entire spike had fallen’. 
Then it calculated the power spectrum of the impulse 
rate or generator potential after removing slow trends by 
subtracting a best fit low frequency sine wave from the 
data. This is a technique called smoothing in the large! 
and it offers advantages (invariance of filtering character- 
isties with respect to mean spike rate) over piecewise 
smoothing. A second program ealeulated the first four 
moments of the probability densitv distribution and 
plotted histograms. 

To verify equation (2), I compared the response to sine 
wave modulated light with the power spectrum of the 
impulse rate in response to steady light. In most of the 
experiments the two were proportional; this implies that 
the autocorrelation of the impulse rate can be predicted 
from the response to sinusoidal flicker. Fig. 2 shows the 
degree of agreement between the sampled Oy(/) and the 
measured and sealed |N(f)?. In a small population of 
cells (about 10 per cent) good agreement was not observed 
although Ox(f) and | N(f)|* changed in the same way with 
light intensity, for example, they shifted to lower peak 
frequency with lower light intensity. 

Verifieation of equation (3) involved three separate 
measurements: determination of the transfer function 
S(f), and the power spectra Oc(f) and On(f). Oc(f) was 
measured after application of tetrodotoxin, which blocks 
the impulse generating mechanism. Fig. 3 shows a typical 
S(f) which is from the same experiment as Figs. 4 and 5. 
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Fig. 2. This is the test of equation (2) of the text. O «(f), the sampled 
power spectrum of the spike rate, is drawn on the same scale with a 
predicted power spectrum equal to 1N(CD]*. The rough curve is O s(f): 
through its variation is drawn the smooth] ne representing | V(f}i*. The 
autocorrelation for (NH? (solid curve) and the sampled spike rate (large 
points) are shown above. The mean spike rate is 14 s^. 


Fig. 4 shows the input power spectrum Og. the predicted 
Ox after filtering Oc through S(f) and the autocorrelation 
of the predicted Oy. Fig. 5 shows the measured On and 
its autocorrelation. The predicted and measured spectra 
agree well in peak frequency and shape. 

Given the distribution of generator fluctuations, the 
spike generating model also has definite consequences 
concerning the spike rate fluctuation distribution and the 
relation between the variance of the two distributions. 
If the rate of random occurrence of discrete voltage 
changes, which sum to produce the generator potential, is 
large (true in these experiments), the generator probability 
density will be Gaussian; the impulse rate should also be 
Gaussian if the spike generating mechanism is acting as a 
linear filter. The variance of the impulse rate should 
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Fig. 3. Graph of S(f), the current to spikes transfer function. The 

points are experimental measurements and the solid curve is a computed 

fit to an analytical form’ for S(f). The graph is log-log, so the phase has 

two branches, a positive branch at low frequency when the response 

phase leads the stimulus, and a negative branch when the response 

begins to lag the stimulus at higher frequencies. The He for this cell was 
about 3 and rs= 0-4 8. 
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Fig. 4. This figure shows part of the experiment to test equation 03). 
Octf)is the sampled power spectrum of the generator flhichuations. Itis 
multiplied by S(f) from Fig. 3 to give O «(f) on che scale just above it. 
Note the enhancement of the peak and the cuto? at lower frequencies, 
The autocorrelation for the predicted 6 vC 
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be predieted by the relations 


(n(t) ^ n) = JOx(f)df = fiSU)| Deaf (4) 
0 10 


and, because for eecentric cells Sf) >1 in the range of 
the generator potential power spectrum which is signifi- 
cant, the coefficient of variation of the impulse rate should 
be greater than that of the generator. "These predictions 
are also verified by experiment. 

The model for the spiking mechanism is an integrator 
voltage to frequency converter with a single time constant 
negative feedback? !-?. Stevens anc Lange? showed 
that such a model would account for responses to step 
function inputs of current and lateral inhibition, respec- 
tively. Toyoda, Dodge and Knight’? showed that the 
spike generator model would account for responses to 
sinusoidal light and current stimuli; my experiments 
have shown that it explains the fluctustions in response 
to steady light stimuli. 

The model prediets that an impulse w:ll be fired when- 
ever the integral of the generator potential from the last 
interval equals some threshold K 


tr 
K= | g(t)dt 
fan] 
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Fig.5. Thisis a picture of the sampled O 3 (f)from thesame cell as Fig. 4, 


with its autocorrelation above it. The shape of the pewer spectrum and 
the autocorrelation agree with those in Fig. 4. Mean spike rate is 20 8^5, 
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The transfer function of such a system is 
] —e-?zün 


Bre 2f [f 


where £i is the mean impulse rate. In addition, the spiking 
mechanism undergoes single time constant neural adapta- 
tion. This process has been shown to have many of the 
characteristics of synaptic inhibition’. The transfer 
function of this self inhibitory system alone is 


1 + 2rtf ts 


where K, is the self inhibitory coefficient and +t. is the 
self inhibitory time constant? #7. A detailed analysis’ 
of the system response when self inhibition and the im- 
pulse generator are coupled shows that the combined 
transfer function S(f) has a peak pass frequency at about a 
quarter of the mean spike rate and a marked low fre- 
quency cutoff (compare Fig. 3). This filtering tends to 
increase the peak negative correlation of the spike rate 
relative to the correlation of the input photovoltage and 
shift the peak negative correlation to earlier times. As 
is clear from the foregoing results, a deterministic spike 
generating model accounts very well for the properties 
of the impulse rate fluctuations in Limulus eccentric cells. 
It is worth suggesting that this impulse generating model 
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for the spike generator may be of quite general impor- 
tance, particularly in tonic neurones. 
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ArLnconoL dehydrogenase from horse liver (LADH) was 
first crystallized in Stockholm in 1948 (ref. 1). In 1958, 
Dalziel? separated from the main enzyme fraction a small 
amount of a more acidic protein, also enzymatically 
active towards ethanol. The relationship between distinct 
enzyme components was not realized at that time, and it 
was not until recently that the existence of small and 
variable quantities of several other active subfractions in 
liver extracts was diseovered??. Importantly, one or 
more of these subfractions were found to exhibit activity 
towards steroids in addition to the classical LADH sub- 


* Present address: Department of Biochemistry, Nobel Medical Institute, 
104 01 Stockholm 60. 
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As many as nine isoenzymes of liver alcohol dehydrogenase have been 
observed, and some of them seem to be hybrid forms. 
and ethanol may react at different subunits in the hybrid forms. 


Steroids 


strates. Initially. the steroid activity was not ascribed 
to the individual subfractions of the enzyme*-, but, since 
then, several lines of evidenee have suggested that the 
steroid and ethanol activities are separate but common 
properties of the same protein?4 59, Simultaneously, 
physical and chemical studies of LADH revealed that it is 
composed of subunits and conditions for the reversible 


inactivation and dissociation of the molecule were 
delineated!?. 
Isoenzymes of LADH 


The amounts and proportions of LADH isoenzymes 
present in horse liver have been noted to vary (unpublished 
data of A. A. and H. T. Those with steroid activity 
are selectively removed during the purification and 
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* cirea RO composition of the LAUR first wash of 

1, 2 and 2A and 3, 4, 5 were separated into 

two des ag vae electro trophoresis o on *Porath' column using ‘Pevicon’ solid 

support um in 0-02 M tris-HCl buffer, pH 8-5, at 2-5 mA and 

1 V for 66 h. The effluent fractions were analysed by vertical 

electro in a Buchler apparatus in tris-HC! buffer, 

pH 8:5, at 25 mA constant current for 18 h at 4° C (gel buffer, 0-025 M; 

elec buffer 0:3 M). The gel was developed for enzyme activity 

with a solution containing 18 mg NAD, 10 mg nitroblue tetrazolium, 

2 mg phenazine incthosziptate and 0-05 ml. ethanol in 25 ml. of 0:05 M 
tris-HCl buffer, pH 8:5. 


crystallization procedures generally used for LADH isola- 
tion. Thus the commercial crystalline preparations con- 
tain predominantly the ethanol active subfractions but 
have more variable and considerably lower quantities of 
steroid active ones*. Isoenzymes | and 2, which catalyse 
both ethanol and steroid oxidation, constitute less than 
4 per cent of the LADH prepared by Boehringer Mannheim 
Corporation’. The washings of the erystals obtained from 
the first crystallization step of the Bonnichsen and Brink" 
purification procedure used by Worthington Biochemical 
Corporation contained higher proportions of isoenzymes 
1 and 2.than are found in the commercial crystalline pre- 
parations (Fig. 1) and also another isoenzyme, not ob- 
served previously* (for example, isoenzyme 2A in Fig. 1). 
Moreover, isoenzymes more basic than isoenzyme 1 and 
higher in steroid activities have been observed in liver 
extracts (unpublished data of A. A. and H.T.). Their 
isolation, properties and relationship to the other LADH 
isoenzymes are the subjects of this report. 


Dissociation and Reactivation of Steroid Active 
Isoenzymes 


Previously”, dissociation of LADH was measured by 
sedimentation velocity and low speed sedimentation 
equilibrium and correlated with the loss of ethanol 
activity. Ethanol activity of the enzyme inactivated in 
urea and mercaptoethanol could be restored on dilution 
into solution containing DPNH, Zn** and mercapto- 
ethanol. Whether or not steroid activity was concomit- 
antly lost and restored was not examined, nor was it 
clear whether all or some of the isoenzymes were re- 
activated. 

Isoenzymes 1 and 3 were purified by chromatography 
on carboxymethyl! cellulose and diethylaminoethyl cel- 
lulose’? from the first wash of LADH crystals. The 
sedimentation constants of native isoenzyme 1l in 0:1 M 
Na-phosphate buffer, pH 7-5, and in 8 M urea containing 
0-1 M Na-phosphate buffer, pH 7-5, in the presence and 
absence of 2-mereaptoethanol were measured and com- 


441 


pared with those of crystalline Boehringer LADH (Table 
1). The S values in the corresponding solvents were 
virtually identical indicating that the steroid active 
isoenzyme l has also undergone cissociation in urea 
solutions. Concomitantly, both the ethanol and steroid 
activities of isoenzyme 1 were lost. The activities of 
commercial crystalline preparations and purified iso- 
enzymes 3 and 1 were measured spectzophotometricall y*:? 
after the enzymes had been exposed te 8 M urea and 0-1 M 
2-mercaptoethanol for 15-45 min (ref. 8). These time 
intervals were chosen because 15 min was reported'® to 
yield the highest percentage of activity regained and 45 
min is the minimum time in which dissociation can be 
directly visualized in ultracentrifuga:ion. After 15 min 
of exposure to the dissociating solven: the activities of all 
isoenzymes were less than 5 per cent of the control value 
and after 45 min virtually no activity was detected, 


Table 1. COMPARISON OF £,,"» VALUES OF ISOEN YME 1 AND BOEHRINGER 
LADH 
8 ow (5) 
Conditions for dissociation Isoenzyme E Boehringer LADH 
Native sexes in 0-1 M Ne. 01M 
Na-phospha 48 48 
Enzymes in 8 M urea, 0:1 M KCI, 
01 1M) Na-phosphate, EI 2:3 2:4 
Enzymes in 8 M urea, M kc, 
01M 2-mercaptoethanol, 01M 
Na. -phosphate, pH 7:5 1-4 1:5 


In both the commercial crystalline enzyme preparations 
and in purified enzyme 1 preparations, the steroid activity 
as measured by reduction of 178-hydroxy-58-androstan- 
3-one (568-DHT) (ref. 4) was regained after reactivation, and, 
in almost all cases, to approximately the same degree as 
was the alcohol activity, using both ethanol'* and acet- 
aldehyde‘ as substrates (Table 2). Mere steroid activity 
than alcohol activity seemed to be restored to the crystal- 
line Boehringer preparation after 45 min of exposure to 
urea and mercaptoethanol. The significance of this find- 
ing is at present uncertain. The products of reduction of 
58-DHT by the crystalline Boehringer enzyme before and 
after reversible inactivation in urea were also found to be 
identical by gas chromatography. 


Isoenzyme Patterns of Reversibly Lissociated LADH 
Preparations 


The reactivated enzymes and the netive controls were 
concentrated by vacuum dialysis and separated by electro- 
phoresis on starch gel. Their isoenzyme compositions 
were compared visually following activity staining of the 
gels with NAD, nitroblue tetrazolium, phenazine metho- 
sulphate and ethanol or 58-DHT. When commercial 
Boehringer and Worthington preparatiens were used, the 
isoenzyme compositions before and ater reversible in- 
activation were identical (Table 2). Minor differences 
in the relative amounts of the isoenzymes could, of course, 
occur during reconstitution, but they could not be 
detected by the methods used here. 

Purified isoenzymes 1 and 3 were examined in the same 
way, because here the formation of one isoenzyme from 
another would be clearly observed by evectrophoresis. In 
several experiments, when isoenzyme 3 was dissociated 
and reactivated, it yielded only one component which 
was electrophoretically and catalytically identical with 
the starting material; no other isoenzymes were detected 
on starch gel electrophoresis, even after prolonged staining 
for activity with both steroid and ethanol as substrates 
(Table 2). When a preparation containiag predominantly 
isoenzyme l and a small amount of soenzyme 2 was 
dissociated and reconstituted, however, formation of iso- 
enzyme 3 was readily detected (Table 2; Fig. 2). While it 
cannot be excluded that this intercorversion involves 
also isoenzyme 2, it seemed most likely that isoenzyme 3 
was found from isoenzyme 1. Hence isoenzyme ] is 
probably a hybrid molecule. 
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Table 2. 
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COMPARISON OF STEROID, ETHANOL, ACETALDEHYDE ACTIVITY AND ISOENZYME PATTERN OF LADH BEFORE AND AFTER REVERSIBLE INACTIVATION 


Percentage reactivation with substrate 


Enzyme Dissociation time (min) 5B-DHT 

Boehringer (a) 15 37 

(b) 15 37 

Boehringer (a) 45 41 

(h) 45 47 

Worthington 45 14 
Enzyme 1, approximately 70 

per cent pure 15 T 

(a) 15 24 

Enzyme i, pure (b) 15 — 

(e) 15 — 

Enzyme 3, pure | 5 5 — 
Enzyme 3, containing about 

3 per cent enzyme 4 i5 — 


Acetaldehyde Ethanol Electrophoretic pattern 
35 pes No change 
36 35 No change 
2 P No ehange 
21 25 No change 
14 17 No change 
85 —— Appearance of enzyme 3 on reassociation 
21 — Appearance of enzyme 3 on reassociation 
11 — Appearance of enzyme 3 on reassociation 
7 oe Appearance of enzyme 3 on reassociation 
22 20 No change 
RE — No change 


The enzymes were dissociated in 8 M urea, 6-1 M NaPO, buffer, pH 7:5, and 0-1 M 2-mereaptoethanol at 500 ug of enzyme/ml. and reconstituted 
The reconstituted enzymes were assayed and then concentrated by vacuum dialysis against 0-05 M phosphate buffer, pH 7:5; 
Enzyme assays were done at 340 my in the reductive direction at 26^ C using NADH, 0-175 mM; 
ethanol, 


as described by Drum ef al.. 
0-05 ml. samples were applied on starch gels. 
Hs 11 mM; acetaldehyde, 1-1 mM; 

0-01 M pyrophosphate buffer, pH 8 


Subunit Separation and lsoenzyme Composition 

To establish whether the isoenzymes of LADH have 
electrophoretically different subunits, isoenzymes ] and 
3 were first exposed to 8 M urea, 0-1 M 2-mereaptoethanol 
and 0-01 M EDTA, then the fully dissociated products 
were analysed by electrophoresis on cellulose acetate at 
pH 8-8 in 0-025 M tris-HCl buffer containing 8 M urea 
and 0-1 M 2- mercaptoethanol (Fig. 3). Protein staining 
with Ponceau S showed that isoenzyme 1 consisted of two 
species of subunits of different charge. but that isoenzyme 
3 consisted of only one. The mixture of isoenzymes 1 
and 3 demonstrated that the more acidie species of sub- 
unit in isoenzyme l was indistinguishable from that 
present in isoenzyme 3. 

Thus it seems both from the dissociation and reconsti- 
tution. experiments and from subunit separation that 
isoenzyme l is à hybrid molecule. but that isoenzyme 3 
is probably homogeneous with respect to subunit coin- 
position. Isoenzymes | and 3 must therefore have in 
common the more acidic of the subunit species. On the 
basis of these data one can predict the existence of at 
least one isoenzyme more basie in charge than isoenzyme 1. 
but homogeneous for the more basie species of the sub- 





units. Work further explaining and establishing such 
+ 
Fig. 2. Formation of isoenzyme 3 from isoenzyme 1 on dissociation 


and reconstitution of isoenzyme T. Isoenzyme | was dissociated and 

reconstituted as described in Table 1, The reassociatedd enzyme was 

concentrated by vaeuum dialysis and electrophoresed on starch gel in 

Hris- HCl buffer. pH &-5, as desertbed in Fig. 1. A, Isoenzy mie 1, control; 

B. isoenzyme 1 after dissociation and reconstitution; C, isoetizyme 3, 
marker, 


in 0:03 M phosphate buffer, pH 7-0, and in the oxidative direction at 20" C using NAD, 
8-8, The activities of reactivated enzymes are expressed as percentage of those of the controls, 


58-DHT, 


2-0 mM: 10 mM; in 





Y 
+ i 143 3 
It 3. Electrophoresis of subunits of LADH isoenzymes. isoenzymes 


| and 3 at 2 mg/ml, were dissociated in 8 M urea, 6-1 M phosphate 
buffer, pH 7-5, 0-1 M 2-mercaptoethanol and 0-01 M EDTA for 1 h before 
elee trophoresis, Electrophoresis was done in 5 M urea, 0:1 M 2-mercapto- 
ethanol in tris-HC] buffer, pH 8-8, on ‘Sepraphore FIT in a standard 
Gelman electrophoresis tank at room temperature at 0-4 mA current 
per 1 em width of "Sepraphore IHU for 30 min. Before application of 
the sample ‘Sepraphore LIT’ was soaked in & M urea containing 0-3 M 
2-mercaptoethanol and 0:025 M tris-HCIl buffer, while in the electrode 
vessels the buffer was 0-05 M, urea was 8 M and 2-mercaptoethanol 
0:1 M. After completion of electrophoresis the der bands were 
detected with Ponceau S stain. 1, Dissociated enzyme 1; 3, dissociated 

enzyme 3; 1-3,1:1 mixture of dissociated enzy mea 1 and 3. 


interrelationships has been completed and will be reported 
later. 


Relationship of Subunits and Activities to Isoenzyme 
Pattern of LADH 


In 1951, Theorell and Bonnichsen!? found that LADH 
bound 2 moles of NADH per mole enzyme and concluded 
that each enzyme molecule had two active enzymatic 
sites. Subsequent detailed kinetie and equilibrium studies 
demonstrated that the two sites are separate, ey nt 
and independent'*, implying that the enzyme probably 
consists of two identical halves. X-ray erystallographic 
studies at 6 A resolution indicated the presence of two 
erystallographically identical halves in the molecule! 
Chemical studies have also supported this conclusion: 
sarboxymethylation of the two catalytically essential 
eysteinyl residues!$ followed by peptide mapping and 
sequenemg of the labelled peptides! 55 were consistent 
with two identical or very similar polypeptide chains in 
the o End group. SaS shower et oe 
no te ^e amino > terrae S oues 20, ‘two T 
linked acetyl groups per mole of LADH protein®!. All 
these studies, however, were performed with preparations 
presumably containing predominantly the ethanol active 
isoenzyme 3. 

The number of subunits per molecule is pertinent to the 
isoenzyme pattern if subunit interaetions constitute a 
predominant basis of isoenzyme formation. Two non- 
identical subunit species combining randomly to form a 
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molecule containing only two subunits would account for 
only three isoenzymes. As many as nine isoenzymes 
(A. A. and H. T., unpublished data) have now been 
PEE in horse liver extracts, so it would appear that 
another basis for isoenzyme formation, or another sub- 
unit species not yet identified, might exist. In this regard, 
it is pertinent that, in the ultracentrifugation studies of 
the commercial Boehringer LADH preparation, dissocia- 
tion of LADH into two subunits was observed readily in 
urea solutions alone, but on removal of Zn*^ from the 
molecule with mercaptoethanol and/or EDTA a further 
dissociation into four subunits of molecular weight 20,000 
was observed!*. These results are not compatible with the 
past chemical data nor with studies in progress on the 
primary sequence of the protein'?, but they do suggest 
that zine-protein interactions may be a significant feature 
underlying isoenzyme formation in LADH.  Diserepaneies 
such as these reflect how little we know about the structure 
of this enzyme. Studies in progress on the composition 
and strueture of individually purified isoenzvmes should 
provide signifieant information here. 

The discovery that LADH contains isoenzymes some 
of which may be hybrid forms necessitates a re-evaluation 
of the catalytic properties of the individual isoenzymes. 
Recent fluorimetric studies of isoenzyme 1 indicate that, 
while this isoenzyme also has two separate and presumably 
independent enzymatic sites which are equivalent with 
respect to coenzyme binding. they do not seem to be 
equivalent with respect to substrate binding (H. T., un- 
published data). Isoenzyme | contains two species of 
subunit and isoenzyme 3 only one, so it seems likely that 
the non-equivalence of the active sites m isoenzyme | 
is related to this difference. The dual substrate specificity 
of isoenzyme 1 may be understood on the same basis, 
namely the steroid activity being associated with the more 
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positive subunit species and ethanol activity with the 
more negatively charged one. 
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THE pulsar 
Radio a a pret sdeatified Nb he 
supernova remnant Vela X. has been observed with the 
Parkes 210 foot reflector at frequencies of 2,700 MHz and 
1,720 MHz. We find that this pulsar is remarkable for its 
short pulse width, high and constant intensity. complete 
linear polarization and changing periodicity. Qur 
observations of this object seem to rule out racial pulsa- 
tions as the source of the radio emission and pu a 
rotational hypothesis along the lines suggested by Gold? 
and discussed by Goldreich? as the most likely model. 

The first observations were made on December 8, 9 and 
10 using the wideband correlation receiver? operating at 
2.700 MHz. The pulse energy. linear polarization and an 
accurate period were measured and are listed in Table 1. 
Attempts to obtain a pulse shape. however, soon indicated 
that the drift time of ~10 ms through the 500 MHz 
effective passband of the receiver was smoothing out the 


Measurements of the pulsar tentatively identified with the supernova 
remnant Vela X support the rotational model. 
markable for the very high degree of linear polarization in its signals. 


This pulsar is re- 


natural pulse beyond recognition. It seemed probable 
that the polarization charaeteristics of the pulse were 
also being smeared by the passband. Observations of 
the pulsar were therefore repeated on the nights of 
December 11, 12. 13 and 20 at 1,720 MHz with narrower 
bandwidths. The fast rise and short duration of the pulse 
as recorded by a 400 channel integrator? are jlfustrated in 
Fig. 1. Apart from occasional pulses of extraordinary 
strength, the amplitude variations were so low that an 
average of 100 pulses taken at any time during the several 
days this pulsar was observed on either frequeney showed 
less than 10 per cent variation in amplitude and even less 
in pulse shape. Large et al.6 have remarked on similar 
behaviour at 408 MHz. Table 1 lists various parameters 
obtained from measurements at either one or beth of 
the observing frequencies. 

The drift rate of the pulse at L 
by timing the arrival of the pulses in 


720 MHz was measured 
100 kHz Bitera 


i 
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: PSR 0833-45 
hi 1720 MHz 
GN" Af = 100 KHz 
i TC = 0. ims 
. m 1000 Pulses 
LL ———— 
2ms 


A' 1,000 pulse integration at 1,720 MHz of PSR 0833-45. 
The channel separation is approximately 0:22 ms, 


Fig. 1. 
separated by 6 MHz. The interstellar dispersion derived 
from this measurement is somewhat higher than the 
value quoted by Large et alë but not significantly so. 
The pulse energy at 1,720 MHz was obtained by integrating 
the observed pulses in two opposite polarizations. This is 
plotted in Fig. 2 together with the 2,700 MHz value and 
the 408 MHz energy*. The spectrum shows no break at 
the higher frequencies and in this respect PSR 0833-45 
resembles C P 1133 (ref. 7). 


CHARACTERISTICS OF PSR 0823-45 
0-089208370 + 4 x 107? 8 


Table 1, 
Heliocentric period (December 8-9, 1968) 


Pulse width ^ 2 Ins 
Drift rate at 1,720 MHz - 9,280.4 50 MHz 87 
fredi 83 cm? pe.: 
Pulse energy at 1,720 MHz (both polar- 
izations) (0:038 + 0-004) x 107* J m^ Hz? 
Pulse energy at 2,700 MHz (both polar- 
izations) (0-023 + 0-003) x 10-8 F m Hz? 


- (^03 
> 05 per cent 
> 60 per cent (see text) 


Energy spectral index 1,720-2,700 MHz 

Percentage linear polarization 1,720 MHz 
Percentage linear polarization 2,700 MHz 
Percentage circular polarization 1,72 


MHz <3 per cent 
Position angle of mean polarization 1,720 

MHz 115° + 5° 
Position angle of mean polarization 2,700 

MHz 779 + 7? 
Rotation measure +38+10 rad m^ 
Intrinsic plane of polarization ey 5G” 
Mean longitudinal galactic field Az0-8 ugauss 


The position angle at 1,720 MHz of the mean plane of 


linear polarization over the pulse was measured on the 
four nights of observation at this frequency and found to 
be the same. The internal agreement was considerably 
better than the error of 5 per cent quoted in Table 1 for 
the absolute value of the position angle. The measure- 
ments of the position angle at 2,700 MHz on the previous 
three nights were also found to have remarkable internal 
consistency. Combining these two measurements on 
the assumption that the plane of polarization at these 
frequencies is indeed constant in time, and the same at 
the source, we have obtained a rotation of 38°+n180° 
between these two frequencies. For n= 0 the correspond- 
ing rotation measure is +38+10 rad m-?. The mean 
value for the rotation measure in the region of Vela X 
obtained by Milne? is +46 rad mê. In view of the varia- 
tions of rotation measure within the region the agreement 
is reasonable and provides strong support for the identifica- 
tion! of this pulsar with the supernova remnant. The 
average longitudinal component of the galactic magnetic 
field in this direction was then derived from the dispersion 
and the rotation measure’, A value of 0-8 ugauss was 
obtained which is intermediate between the values 
obtained by Smith?:!? for three other pulsars in different 
direetions in the galaxy. 

The distribution of polarization across the pulse at 
1.720 MHz is illustrated in Fig. 3. The Stokes parameter 
V has not been shown, for the circular polarization was 
found to be less than 3 per cent. The whole pulse is 
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Fig. 2. The high frequency energy spectrum of PSR 0833-45. The 
spectral index is essentially constant af -— 0:9 between 408 MHz and 
2,700 MHz. 


almost completely linearly polarized (> 95 per cent) with 
the direction of the plane of polarization varying system- 
atically across the main peak of the pulse. The Q axis 
was chosen as 115° to comeide with the polarization of the 
peak of the pulse. The plane of polarization rotates 
uniformly from a polarization angle (PA) near 140° on one 
edge of the pulse to less than PA 90° on the other, as 
sketched in Fig. 4. The magnetic field lines responsible 
for the polarization must vary smoothly over a similar 
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Fig. 3. The distribution of linear polarization across the pulse at 1,720 
MHz. The distribution of Q and — U represents a gradual change of 
approximately 45° in the position angle of polarization across the pulse. 
Within the errors of measurement the pulse is completely polarized. 
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Fig]|4. Sketch showing the rocking of the plane of polarization during the 
pulse from P SR 0833-45. 


range, for the amplitude of the radiation builds up from 
zero to a maximum and then falls off again. Detailed 
measurements across the pulse were not possible with the 
2,700 MHz receiver because of the wide bandwidth as 
mentioned earlier. There were clear indications that the 
plane of polarization did change by about 407-60? across 
the pulse, however. The smoothed pulse shapes obtained 
on different polarizations were consistent with the assump- 
tion that the polarization structure of the pulse was 
similar to that found at 1,720 MHz. 

Mills" reports that the pulsar in the Crab nebula has 
been observed at Arecibo and found to be slowing down in 
periodicity by one part in 2,400 yr. He further suggested 
that as PSR 0833-45 has the next shortest period known, 
it might also exhibit the same characteristic. Following 
up his suggestion we made several other measurements of 
the period and the results are illustrated in Fig. 5. 

The period of PSR 0833-45 is increasing at the rate of 
10 ns day-'. or one part in 24,000 yr. Assuming the 
position for the pulsar given by Large ef al.* we have used 
all our measurements to give the heliocentrie period 
P = 05-089208483 + 2 x 10 + R (Julian date = 2440210-0) 
where the rate of increase R=(10+0-4)x 10- s. In the 
notation of Moffet and Ekers’ the stability AP/Px 1-2 x 
10-t*. 

It seems reasonable to assume that the polarization of 
the radiation from pulsars reflects the magnetic field in 
the region of generation. A very highly linearly polarized 
pulse must then imply that all of the radiation in the pulse 
was generated in, or modified in, passage through a small 
region where the field was essentially homogeneous. If 
successive pulses all have exactly the same polarization, 
then it must mean that the same locality in the magneto- 
sphere of the pulsar remains in view for as long as the 
polarization remains constant. We have observed 
PSR 0833-45 on December 11, 12, 13 and 20 at 1,720 MHz 
for many hours each night and never detected any measur- 
able change in either the degree or plane of polarization. 
It must follow that either a pulsating source of radiation 
or a "window" through which we periodically glimpse 
& steady source of radiation is permanently linked to one 
region in the magnetic field of the star. All of the observed 
characteristics of the pulse can be reasonably understood 
by assuming a rotating neutron star model as suggested by 
Gold?. Any hypothesis associating the radio pulses with 
radial oscillations of the star must invoke one of three 
special conditions: (a) the magnetic field is stationary as 
viewed from our frame of reference, (b) the rotation of the 
pulsar is synehronous with its pulsation, or (c) the rotational 
and magnetic axes of the star are aligned. (a) is extremely 
unlikely, (6) is unlikely in general and particularly so on 
the basis of our observations which show a slowing down 
of the pulse rate but no change in the polarization, and 
(c) ean be dismissed from symmetry considerations in 
view of the observed systematic sweeping of the plane of 
polarization aeross the pulse. 

That the two most rapidly pulsating sources have shown 
an increase in period with time as predicted on Gold’s 
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model adds further support to the rotation hypothesis. 
Goldreich? has developed a simple axisymmetric version 
and shown that relativistic particles must be carried out 
along the field lines which extend besond the velocity of 
light cylinder. Ifa pulsar is à non-axisymmetric version of 
this model as suggested, the beaming of the radiation in 
any given direction will be governed by the geometry 
linking the line of sight with the magaetie and rotational 
axes of the star. ^e case the average 





If this were indeed € 
pulse shape would represent the profile of the magnetic 
direction, and the polarization of tse pulse would be 
independent of frequency. Such a model would justify 
the tacit assumption in Faraday rota:ion interpretations 
that different frequencies are genera;ed with the same 
polarization at the source. Any chaage of polarization 
across the pulse would then correspond to the rotation of 
the field lines in the duration of the pulse. A change of 
more than 45° in the plane of polarization such as seen 
in PSR 0833-45 implies that the radietion must emanate 
from a region close to the magnetic pole with the magnetic 
axis inclined at a considerable angle to the rotational 
axis. 
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We consider it relevant to draw attention to certain 
similarities between Jupiter and the pulsars. The low 
frequency radiation from both is characterized chiefly by 
unpredictability and fantastic complexity in structure and 
polarization. At the higher frequencie- the polarization 
of Jupiter's radiation is chiefly linear, periodic and highly 
predictable. Over 180° of rotation the total intensity 
rises and falls due to beaming while the plane of polariza- 
tion roeks!? with the magnetie field. It is conceivable 
that at a high enough frequency the pulses from any pulsar 
will be as repetitive in character as they are in time. 

If pulsars have satellites, and the s:tellites influence 
the aetivity of the pulsar in the manner of Io's influence 
on Jupiter, the radiation would exhioit many of the 
characteristics that are found at low frequencies. In 
spite of Jupiter's proximity and the timo over which the 
low frequency radiation had been studied, it was only a 
statistical approach combined with a knowledge of lo's 
movements which finally led to the discovery of the 
modulation. 

Goldreich? predicts a rate of change o: period inversely 
proportional to the square of the period, The ratio of the 


7-5. The age of the Vela supernova on his model would 
then be ~ 10* yr. 

We thank Dr R. N. Manchester for heip with the 1,720 
MHz observations and Miss P. Beswick for help in the 
preparation of the manuscript. 
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Do Genes determine Sex? 


by 
URSULA MITTWOCH 


Galton Laboratory, 


University College, London mitoses. 


Aw understanding of the genetics of sex differentiation is 
of special importance for two reasons. First, there can be 
little doubt that of all the genetic differences which 
distinguish individual members of a species, the distinction 
between males and females is of most interest to most 
people. Second, the sex difference is associated with the 
only widely occurring chromosomal dimorphism, so that 
a better understanding of the process is likely to throw 
light on the more general problem of chromosome function. 

Basically, the scheme of sex determination in man and 
other mammals is very simple. Given the presence of a 
normal diploid set of autosomes, two X chromosomes 
determine female development, while the presence of an 
X and a Y chromosome causes the development of a male. 
Moreover, it is known on the basis of abnormal chromo- 
some constitutions that the mammalian Y chromosome 
is strongly male determining. Provided a Y chromosome 
is present, an undoubted male phenotype will develop 
even if there are two, three or four X chromosomes. 
Conversely, in the absence of a Y chromosome, the 
phenotype will be apparently female (or basically neuter) 
even if only a single X chromosome is present. 

It is also now accepted that the embryonic testis plays 
a major part in mammalian sexual development’. If 
testes are present in the young embryo, a male phenotype 
will develop, whereas if the gonads are removed, the 
phenotype will resemble that of a female, whatever the 
chromosomal sex of the embryo. Accordingly, m recent 
years many authors have postulated that the mammalian 
Y chromosome contains a gene or genes responsible for 
testicular development. 

The development of the gonads occurs relatively late in 
embryonic life. Thus, while the liver bud is present in 
human embryos aged 3-5 weeks and the ureteric bud 
appears at 4 weeks, the gonadal primordium, or genital 
ridge, does not appear until the embryo is about 5 weeks 
old?. For a further week the gonad remains in the 
indifferent stage, that is its sex cannot be distinguished 
histologically. In male embryos about 6 weeks old, the 
gonads develop sex eords, which are the forerunners of the 
seminiferous tubules, as well as a layer of cells destined to 
become the tunica albuginea. It is interesting that the 
first indication that a gonad is destined to become an 
ovary is a negative one, that is the gonad fails to show 
signs of testis formation in an embryo of the appropriate 
age. It is also relevant that during the indifferent sexual 
stage the embryo has both male (Wolffian) and female 
(Mullerian) ducts. In the presence of embryonic testes 
(that is under the influence of a Y chromosome) the 
Wolffian duct develops while the Mullerian duct regresses, 
the result being a male phenotype. If there are no testes, 
the Mullerian duct will develop at the expense of the 
Wolffian duct and result in a female phenotype. In young 
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Chromosomes may control the duration of the cell cycle and the 
mitotic rate. 
growth, and the human Y chromosome may increase the number of 


Sex differentiation may be initiated by differential 


embryos, ovaries will form even if only a single X ehromo- 
some is present? but, unless there is a second X ehromo- 
some, such ovaries degenerate. 

Attempts to explain the process of sex determination in 
terms of Mendelian genetics have had a long and tortuous 
history. More than 60 vears ago, Correns! pointed out that 
there ean be no question of the segregation of genes for 
sex differences during gamete formation, but that on the 
contrary the gametes transmit the hermaphrodite condi- 
tion, on which the characteristics of one or the other sex 
are imprinted during subsequent development. Neverthe- 
less, in later publications, Correns tried to explain sex 
determination in terms of the then rapidly advancing 
science of Mendelian geneties. Because all germ cells con- 
tain the potentialities for both sexes, each individual must 
contain four tendencies, two male and two female, with 
the constitution MFM'F'. Normally one of these tenden- 
cies develops while the other three remain latent. Because 
the potentialities for both sexes are present in both male 
and female determining germ cells, Correns? postulated 
the existence of additional "sex determinants” (‘Gesch- 
lcehtsbestimmer"), which segregate in the germ cells and 
which normally determine the sex of an individual. These 
factors or genes were called "HRealisatoren" by von 
Wettstein? and this term has been widely used in the 
German literature’. We have thus arrived at two sets of 
sex determining factors: (1) male and female potencies 
which are common to all germ cells and (2) sex determining 
genes which segregate. With the rise of Mendclian 
genetics, many authors assurned that both sets were 
represented by genes, and notations such as MMFF and 
MMFF, for males and females respectively, came into use 
(Morgan's original formula for Drosophila was MMF and 
MMFF). H. J. Muller! objected to this terminology on 
the grounds that "if when using F a single gene is meant, 
the assumption is unwarranted; if a possible eolleetion is 
meant, the notation is unwarranted”. Furthermore, 
because MM appeared in the diploid quantity throughout, 
its insertion appeared superfluous and contrary to the usual 
genetic notation. 

Attempts to explain sex determination in genetic 
terms were further complicated by the finding of inter- 
sexes, particularly in the moth, Lymantria dispar, and 
in the fruit fly, Drosophila melanogaster, which were 
studied in great detail by Goldschmidt and Bridges 
respectively’, 

In Drosophila, the Y chromosome is not required for 
the development of the male phenotype but merely to 
ensure motility of the sperm!?. Male and female develop- 
ment depends on the ratio of the number of X ehromo- 
somes to that of autosomes*!'. In the presence of a 
diploid set of autosomes, two X chromosomes give rise to 
a female and one X chromosome to à male. Triploid flies 
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with three X chromosomes are normal fertile females but 
triploid flies with two X chromosomes are intersexes. 
Three X chromosomes in the presence of a diploid set of 
autosomes cause a high death rate and sterility in the 
survivors; nevertheless, these flies were called "super- 
females". Similarly, triploid flies with only one X chromo- 
some were called "supermales''. 

Attempts to loeate individual female determining 
genes on the X chromosome were unsuccessful? and 
the female determining capacities of parts of the X 
chromosome were found to be more or less proportional 
to their lengths, and so Bridges postulated’? that the 
X chromosome of Drosophila melanogaster contains numer- 
ous female determining genes and that the autosomes 
contain numerous male determining genes. The sex of a 


to that of the other. 
of genie balance". It implied, of course, a genie imbalance 
for, if the hypothetical male and female determining genes 
were balanced, the resultant organism would be an inter- 
sex. "The postulate of large numbers of sex genes, some 
male and some female determining, brought the subject of 
sex determination into line with that of quantitative 
variation, a theory whieh had previously been elaborated 
by Goldschmidt. The many genes required for the 
process of sex determination were a consequence of the 
assumption that "the chromosomes act only by virtue of 
the fact that each is a definite collection of numerous 
genes which are themselves specifically and qualitatively 
different from each other "!!. 

Although the formal scheme of sex determination in 
man differs in detail from that of Drosophila melanogaster, 
there has been a tendency to apply the theory of genie 
balance also to the process of human sex determination". 
Thus, in addition to genes for maleness on the Y chromo- 
some, genes for maleness have also been postulated on the 
X chromosome and possibly the autosome, Stern’, 
however, left open the question of whether human sex 
determination was due to one or to many genes. Ohno!* 
assumed that male determining factors are present on the 
Y chromosome and female determining ones on the X 
chromosome and that none of these factors appeared to 
be structural genes. Hamerton'* recently suggested that 
the euchromatie X chromosome (that is the one behaving 
like the autosomes) may carry genes for testicular as well 
as for ovarian development and that "controlling centres” 
are carried on the heterochromatic sex chromosomes, the 
DNA cycles of which differ from those of the autosomes. 
The controlling centre of the Y chromosome causes 
testicular development, while the controlling element. of 
the heterochromatic X chromosome causes normal de- 
velopment of the ovary. This would mean that the 
structural genes for sex development are the same in both 
sexes, and sex determination is brought about by the 
heterochromatic sex chromosome.  Hamerton's scheme 
resembles that of Correns? in postulating two sets of factors 
responsible for sex development, one of which is common 
to both sexes, while the other is different; but whereas 
Correns assumed male and female potentialities m both 
sexes and sex realisator genes which segregate, in Hamer- 
ton’s scheme it is the heterochromatic controlling elements 
which segregate, while the structural genes for testicular 
and ovarian development are common to both sexes. 

Chromosomes or chromosomal regions with the cyto- 
logical properties of heterochromatin have traditionally 
been regarded as devoid of Mendehan genes'* and re- 
sponsible for quantitative variation!?. The concept of the 
absence of genes has been incorporated into the Lyon 
expression in the heterochromatic X chromosome of 
mammals. The idea that heterochromatic chromosomes 
are responsible for quantitative variation would seem to 
have been strengthened by a number of recent discoveries. 

On the phenotypic level, Penrose*! has shown that 
the total ridge count of the fingers is progressively reduced 
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by the addition to the karyotype of entire X and Y 
chromosomes. He was able to exeude the possibility 
that this effect might be a consequeace of the action of 
sex linked genes on the basis of the ecrrelation coefficients 
obtained between different relatives. 





clue as to how such quantitative diff 
about. In plants, the presence of supernumerary B 
chromosomes, which are heterochromatic, bring about à 
large number of variations of à centinuous nature™, 
Avonoadu and Rees have shown? thet. the presence of & 
chromosomes is associated with an increase in the length 
In mammaliag cells, i£. has been 


chromatie properties inereas;d the rumber of mitoses. 
The fact that heterochromatic chromosomes may, accord- 
ing to circumstances, either raise or lower the mitotic 
rate is not as surprising as it might seen. To begin with, 
White?? showed that the cytological appearance of 
heterochromatic chromosomes may be entirely different 
in different stages of mitosis or meiosis (positive and 
negative heteropyenosis). Regarding late replication, 
recent evidence suggests that there may be considerable 
asynchrony among potentially late repscating AX ehromo- 
somes?*. Furthermore, it seems thet during meiosis, 
B chromosomes may either increase or decrease the 
number of chiasmata in the karyotype™. 

It is clear that any change in the time required to 
complete the mitotic eyele would resul: in changes in the 
growth process, unless the initial diffesence were aecom- 
panied by a difference in the opposite carcetion of exactly 
equal effect. Differences in mitotic rases are thus likely 
to result in animals of different sizes snd, indeed, it has 
been shown that the difference between large and small 
breeds of rabbits was accompanied by different rates of 
mitosis in the embryos®®. This difference arose before 
the formation of endocrine glands. 

A human female probably contains between 1 and 2 
per cent more DNA per cell than a male? and so it is 
possible that DNA synthesis might take shghtly longer in 
females than males. Such an assumption would be in 
accordance with the smaller size of females, but it could 
not account for the process of sex differentiation. Por this 
purpose, a positive role of the Y chromesome is required. 
For example, it might speed up the rate of à develop- 
mental process. A simple assumption would be that the 
Y chromosome increases the number of mütoses at a 
particular stage in development. This would be in 
accordance with the larger size of males? and might 
account for the additional increase in size in males with 
47,X Y Y chromosomes**. By further postulating a burst 
of mitoses at a critical time and place in. development, 
it is easy to imagine how an indifferent gonad might 
develop into a testis. Failing this burs: of mitoses, the 
gonad would become an ovary. This would fit m with the 
fact that the differentiation of the testis cceurs before that 
of the ovary. 

The notion that the difference between maleness and 


im. 


Grüne- 
berg® has introduced the term “quasi-cantinuous varia- 
tion” for à genetic situation where an apparently 
qualitative difference is caused by quantitative. variation 


Den] 


classes. It would seem that the sex difference is an 
outstanding example of quasi-continuous cariation?*; that 


is a difference with an obvious quantitative basis and a 
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threshold effect which usually gives rise to two separate 
classes, but where in a small proportion of cases inter- 
mediate types appear. 

The idea that the chromosomes of higher organisms 
may have functions additional to those of the genes has 
often been voiced®’. The recent findings of the effects 
of different chromosome eonstitutions on the length of the 
mitotic eycle point to a possible material basis for this 
assumption. It is clear, of course, that even if one 
accepts that different chromosome constitutions affect the 
rate of development of the organism as a whole, mitotic 
rates will vary according to the time and place of develop- 
ment. In this connexion it may be relevant that Bennett 
and Rees?! found differences in the amounts of the non- 
DNA components of chromosomes in tissues having 
different mitotie rates. This finding suggests the pos- 
sibility that the chromosomes may be equipped to control 
mitotic rates during development by alterations of their 
non-DNA components. 

The assumption that different chromosomal constitu- 
tions may be associated with differential growth may help 
towards an understanding of the mode of action of abnor- 
mal chromosome constitutions®*, and possibly of the role 
of normal chromosomal variation in the expression of 
quantitative characters. Instead of relying on a hypo- 
thetical balance of hypothetical genes, it should become 
possible to analyse these phenomena in terms of cell 
kinetics and relative growth’. It would seem that the 
process of sex differentiation is likely to provide the most 
fruitful field in which the relationship of different chromo- 
some constitutions with divergent development may be 
tested. In the words of E. B. Wilson!!: “Nature has 
offered us, indeed, a series of experiments systematically 
carried out on a grand scale, that affords crucial evidence 
concerning the causal relation between chromosomes and 
heredity”. 

Received November 22, 1968, 
! Jost, A., in Organogenesis (edit. by de Haan, R. L., and Ursprung, H.), 611 
on Rinehart and Winston, New York, 1965); Gallien, L. G., ibid., 


* Arey, L. B., Developmental Anatomy, seventh ed. (Saunders, Philadelphia 
and London, 1966), Gillman, J., Contr. Embryol., 89, 81 (1948). van 
Wagenen, G., and Simpson, M. E., Embryology of the Ovary and Testis 
Homo sapiens and Macaca mulatta (Yale University Press, New Haven 
and London, 1965). 

! Singh, R. P., and Carr, D. H., Anat. Rec., 155, 369 (1968). 

i Correns, C., Die Bestimmung und Vererbung des Geachlechtes, nach neuen 
Versuchen mit höheren Pflanzen (Borntraeger, Berlin, 1907). 

5 Correns, C., Die Vererbung und Bestimmung des Geschlechtes (Borntraeger, 
Berlin, 1913). Correns, C., Bestimmung, Vererbung und Verteilung des 
Geschlechtes bei den hüheren Pflanzen (Borntraeger, Berlin, 1928). 

‘von Wettstein, E., Naturwissenschaften, 12, 761 (1924). 


NATURE, VOL. 221, FEBRUARY 1, 1969 


* Hartmann, M., Die Sexualitét (G. Fischer Verlag, Stuttgart, 1950). 

* Muller, H. J., Amer. Nat., 68, 118 (1932). | 

ef $7 tM du € 15 SESS Y 
Bc urne B., Bibl. Genet., 11, 1 (1034). Bridges, C. B., Amer. Nal., 

Y? Stern, ©., Z. Indukt. Abstamm., Vererb'lehre, 44, 187 (1927). 

n Bridges, C. B., in Sex and Internal Seeretions (edit. by Allen, ES, second ed., 
15 (Bailliére, Tindall and Cox, London, 1989), 

12 Dobzhansky, T., and Schultz, J., J. Genet. 28, $49 (1034). 

+8 Goldschmidt, R. B., Wilhelm Roux Arch. Entw'mech. Ory., 94, 1 (1920). 

“u Stern, C., Human Genetics (W. H. Freeman and Co., San Francisco and 
London, 1961). Ford, C. E., in Inferseruality (edit. by Overzier, C.), 23 
(Academic Press, New York and London, 1963). 

15 Stern, C., Amer. J. Med., 84, 715 (1963). 

1 Ohno, S., Sez Chromosomes and Sez-linked Genes (Springer Verlag, Berlin, 
Heidelberg and New York, 1967). 

1 Hamerton, J. L., Nature, 219, 910 (1968). 

1$ Muller, H. J., and Painter, T. S., Z, Indukt. Abstamm. VererbLehre, 62, 316 
(1982), Heitz, E., Z. Zellforsch. Mikrosk. Anat., 20, 237 (1933). 

19? Mather, K., Proc. Roy. Soc., B,182, 308 (1944). 

2 Lyon, M. F., in The Sex Chromatin (edit. by Moore, K. L.), 870 (Saunders, 
Philadelphia and London. 1966). 

23 Penrose, L. S., Brit. Med. J.,1, 321 (1968). Holt, S. B., The Genetics of 
Dermal Ridges (Thomas, Springfield, Illinois, 1968). 

3? Müntzing, A., Hereditas, 87, 432 (1967). 

23 A vonoadu, U. W., and Rees, H., Exp. Cell Res., 52, 284 ( 1968). 

#4 Lennartz, K. J., Schümmelfeder, N., and Maurer, W., Nalurwissenschajlen, 
53, 21 (1966). 

28 Van't Hof, J., Exp. Cell Rea., 39, 48 (1065). 

33 Darlington, C. D., and Thomas, P. T., Proc. Roy. Soe., B, 130, 127 (1941). 

2? White, M. J. D., J. Genet., 40, 67 (1940). 

28 Ricci, U., Dallapiecola, B., Ventimiglia, B., Tiepolo, L., and Fraccaro, M., 
Cytogenetics, 7, 249 (1968). 

3? Ayonoadu, U., and Rees, H., Genetica, 39, 75 (1908). Cameron, M. F., and 
Rees, H., Heredity, 22, 446 (1967). 

3? Painter, T. S., J. Kep. Zool., 80, 441 (1928); Gregory, P. W., and Castle, 
W. E., tbid., 199 (1931). 

31 Chicago Conference, Standardization in Human Cytogenetics (The National 
Foundation, New York, 1966). 

32 Tanner, J. M., Growth at Adolescence (Blackwell, Oxford, 1962). 

33 Court Brown, W. M., Price, W. H., and Jacobs, P. A., Brit. Med. Ja, 1, 
325 (1068). 

3 Federman, D. D., Abnormal Sexual. Development (Saunders, Philadlephia 
and London, 1967). 

35 Grüneberg, H., J. Genet., 51, 95 (1952). Wright, S., Genetics, 19, 506, 537 
(1934). 

88 Mittwoch, U., Sex Chromosomes (Academic Press, New York and London, 
1967): Nature, 914, 554 (1907). 

3? Goldschmidt, R. B., Theoretical Geneties (University of California Press, 
Berkeley, 1955). Darlington, C. D., The Evolution of Genetic Systems 
(Oliver and Boyd, Edinburgh and London, 1958)» Swanson, C. P., 
Merz, T., and Young, W. J., Cytogenetics (Prentice-Hall Inc., New Jersey, 
1967). 

a Bennett, M. D., and Rees, H, Nature, 215, 93 (1967). 

3? Mittwoch, U., in Mengolism (edit. by Wolstenholme, G. E. W., and Porter, 
n 51 (Churchill, London, 1997). Mittwoch, U., Nature, 219, 1074 
(1968). 

s Huxley, J. S., Problems of Relative Growth (Methuen, London, 1932). 
Essays on Growth and Form Presented to D’ Arey Wentworth Thompson 
(edit, by Le Gros Clark, W. E., and Medawar P. B.) (Clarendon Press, 
Oxford, 1945). 

4 Wilson, E. B., The Cell in Development and Heredity, third ed. (Macmillan, 
New York, 1925). 


Late Miocene Hominid from Fort Ternan, Kenya 


by Faunal and temporal relationships of the early hominid sites at Fort 


E. L. SIMONS 


Department of Geology and Geophysics, 
Yale University 


Two recent publications"? discuss elements of the mam- 
malian fauna of late Miocene age at Fort Ternan, Kenya. 
The taxonomic affinities and zoogeographical significance 
of these mammals are most relevant to the question of the 
terminology applied to the earliest hominid Ramapithecus*, 
a primate which occurs at this site as well as a number of 
sites of similar age in North India and perhaps also in 
China and Europe’. As long ago as 19635, before any of 
the Fort Ternan fauna other than the very primitive 
hominid had been described in detail, it was already clear 


Ternan and in North India 
evidence that “Kenyapithecus” from Fort Ternan ought to continue 


in the synonymy of Ramapithecus. 


further support the morphological 


that exrensive migration of land mammals between 
Africa and Eurasia took place in later Tertiary times. 
Specimens found in two different continents mM late 
Miocene times might well be expected to be taxonomically 
distinct. Because “Kenyapithecus wickeri 5, proved not 
to differ significantly in any observable feature from the 
pithecus punjabicus from North India, 


prior named Kama punjabicus from ^ 
a question as to faunal similarity in the two regions 


was raised. Could one species of forest-dwelling primate 
be so widely distributed? It has now been established 
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REACTION MECHANISMS IN ORGANIC CHEMISTRY 


Nucleophilic Substitution at a Saturated Carbon Atom. C. A. Bunton 


Reader in Chemistry, University College, London 


CONTENTS: Preface; nucleophilic substitution and the duality of mechanism; structural effects upon 
rate of substitution; stereochemistry; solvent effects; salt effects; electraphilic catalysis; index. Hs. 


Elimination Reactions. D. V. Banthorpe 
Lecturer in Chemistry, University College, London 
CONTENTS: Preface: the fundamental mechanisms of elimination; the influenee of environmental 


factors on rate and mechanism; orientation rules and their interpretation; less usual elimination 
mechanisms; elimination in cyclic systems; other elimination processes; pyrolytic eliminations: 
references; subject index. 305, 


Electrophilic Substitution in Benzenoid Compounds. R. O. C. Norman and R. Taylor 


R. O. C. Norman, Fellow ef Merton College, Oxford and University Lecturer in Chemistry; and 
R. Taylor, Lecturer in Chemistry, University of Sussex 

CONTENTS: Preface; introduction: the mechanism of electrophilic substitution: reactions involving 
electrophilic nitrogen: reactions involving electrophilic sulphur and oxygen; electrophilic halo ogenation; 

reactions involving electrophilic carbon; electrophilic metallation; hydrogen -exchange; the replace 
ment of a substituent, X by a substituent Y; recent developments in the t Aa of electrophiie 
aromatic substitution; preparative aspects of electrophilic aromatic substitut io} x. BU 


Electrophilic Additions to Unsaturated Systems. P. B. D. de la Mare anc R. Bolton 

Department of Chemistry, Bedford College, University of London, GEH Britain 

CONTENTS: Preface; introduction; the chemistry of carbonium ions; etectrophiliz hyg roge n: addition 
of water to olefinic compound is; electrophilic hydrogen; addition - weak acids teole atr nic compounds; 
electrophilic hydrogen; addition of mineral acids to ole finic compounds; haloger additians-— 
philic chlorine; additions involving electrophilic bromine and cR. additiors involving electro- 
philic oxygen and sulphur; additions involving electrophilic nitrogen, phosphorus and arsenic; 
electrophiles involving elements of groups IV, Hii, Hi, and |; : additions to acetylenes and allenes; additions 
to conjugated double bonds and to aromatic hydt rocarbons; additions to other multiple bonds; subject 


fe 
index, Go. 


The Organic Chemistry of Phosphorus. A. J. Kirby and S. G. Warren 
Demonstrators in Organic Chemistry, University of Cambridge, Great Britain 
CONTENTS: Preface; nomenclature; synthetic methods; electronic structure; structure and reac- 
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tivity; nucleophilic attack by trivalent phosphorus; elimination of trivalent phosphorus: free radical 
reactions at phosphorus; four-centre rearrangements; reactions not involving @ central 
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rrai phosp hortus 
atom; nucleophilic attack on trivalent phosphorus; nucleophi He attack on var salts and 
pentacovalent phosphorus compounds; nucleophilic attack on'tetrahedral P(V: com; 1 
phorylation; author index; subject index. 


Aromatic Rearrangements. H. J. Shine 
Professor of Chemistry, Texas Technological College, Lubbock, Texas, U.S.A. 
“CONTENTS: Preface; the acid-catalysed rearrangements of alkyl- and halogeno- aromatic comp 
the rearrangement of esters and ethers; the rearrangement of N- substituted zmino-aron 
pounds; the rearrangement of N-oxides; base-catalysed rearrangements, anc reine Toer 5 
panying nucleophilic substitution; photochemical rearrangements; author index: subject index. 


Steroid Reaction Mechanisms. D. N. Kirk and M. P. Hartshorn 


D. N. Kirk, Lecturer in Chemistry, Westfield College, University of London: and M P, Hartshorn, 
Reader in Organic Chemistry, University of Canterbury, Christchurch, New Zeasand 

CONTENTS: Steroids, reaction mechanisms and Vormational analysis; react.ons of 
halides; steroid olefins: steroid ketones; solv 
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steroid d amines; reactions of derivatives of keto: o rearrangements of epoxit 
ents a functional groups; functionalisation of non-a activated carbon atoms a: photochemica 
reactions; appendix; subject index. 2005 


Aromatic Nucleophilic Substitution. J. Miller 


Superintendent, Organic Chemistry Division, Defense Standards Laboratories, Meibourne, Australia 


Eh ] oa 

CON TENTS: Occurrence and mechanisms of aromatic nucieophil lic Substitutiorz Syl mechanisms: 
the benzyne or elimination-addition mechanism; substituent effects: variation of leaving € 
nucleophilic reagent; nucleophilic substitution in non oenzenoid aromati t systers; medium, 
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A Biographical 
Dictionary of 
Scientists 


Edited by Trevor I. WILLIAMS 


Authoritative and readable accounts of the 
lives and work of over one thousand eminent 
scientists and technologists, from early times to 
the present, each written by a specialist in. his 
branch of the subject. The particular signifi- 
cance of each scientist's work is explained, and 
its relation to that of his predecessors and 
successors. With additional bibliographical, 
iconographical and other reference informa- 
tion. £5 net 


Some Mysteries 
of the Universe 


WILLIAM A. R. CORLISS 


A vivid study of some of the most striking 
problems of cosmology, on the very frontier of 
current scientific inquiry. The author is well 
known for his work on planetarv exploration 
and space probes under N.A.S.A. Patrick 
Moore, who has edited the British edition, 
commends him for selecting a limited number 
of important problems for detailed discussion 


in his 'thought-provoking book" for both 
beginners and more serious students. 
44 figures 30s net 


The Penguin 
Dictionary of 
British. Natural 

History 


RICHARD FITTER 


This highly successful Dictionary now appears 
in hard covers for the first time. It 1s the only 
Dictionary of its kind, and contains thousands 
of entries relating to terms used in the study 
of wild life, and nature, geology, ecology and 
the weather-—in fact all living things and the 
natural phenomena of the earth and its atmo- 
sphere. 14 diagrams 35s net 


ADAM & CHARLES BLACK 
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A NEW BOOK OF MAJOR 
IMPORTANCE 


. . - ! 
Principles of Solid State 
Chemistry: Reactions in 
Solids 
P P Budnikov and A M Ginstling 
lransiated and edited by Kenneth Shaw f 
This book summarises the principles 
governing the solid state chemistry of 
high-temperature reactions, and discusses 
the hindings of hundreds of research 
scientists in fields that have a direct 
interest for the materials technclogist. 
Principles of Solid State Chemistry! 
covers the theory, methods of investiga- 
tion, and the application of solid state 
principles which form the basis of many 
industrial processes. Together with 
descriptions of the structure and 
physico-chemical properties of crystalline 
bodies and their behaviour during heat- 
ing, the related processes of diffusion, 
sintering, recrystallization, fusion, sub- 
limation and polymorphic inversions, the 
authors examine the mechanisms, 
thermodynamics, kinetics, the classifica- 
tion principles, and methods of 
controlling the rate of chemical reactions 
in solids. 

Price 168s. 


Maclaren & Sons Ltd., 
7 Grape St., London, W.C.2 








G. F. LOTHIAN'S 


ABSORPTION 
SPECTROPHOTOMETRY 


Third edition 
Fully revised. Better than ever 


Ready in February 


For its third edition, Lothian has been 
very largely rewritten and now includes 
more theory at the expense of much of 
the quickly dating detailed description of 
available instruments that appeared in 
earlier editions. 


SBN 85274 105 7 Price 60s. net 


ADAM HILGER LTD 


98 ST PANCRAS WAY, LONDON NWI 
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Si vous désirez obtenir des 
renseignements complé- 
mentaires sur tout article 
figurant dans les pages 
d'annonces, veuillez in- 
scrire les details appropriés 
sur la formule ci-contre, 
la détacher et l'adresser à 
T. G. Scott & Son Ltd. 
Nul affranchisement n'est 
requis en Grande-Bretagne 
ni Irlande du Nord, mais 
tous nos lecteurs à l'etran- 
ger devront affranchir leur 
carte au tarif habituel. 


Falls Sie an weiteren Einzel- 
heiten einesin den Anzeigen 
angeführten Artikels in- 
teressiert — sein sollten, 
tragen Sie bitte das betref- 
fende Bezugszeichen in die 
nebenstehende Karte ein. 
Die Karte ist dann abzutren- 
nen und an T. G. Scott 
& Son Ltd. zu senden. 
Für Grossbritannien und 
Nordirland ist keine Brief- 
marke erforderlich, wohl- 
aber bei Aufgabe im Aus- 
land. 


Se desiderate ricevere ulter- 
iori informazioni riguardanti 
qualsiasi prodotto o articolo 
pubblicato, compilate la 
scheda qui a fianco 
riportata. Distaccatela e 
inviate a: T. G. Scott e Son 
Ltd. — L'affrancatura é a 
carico del destinatario se la 
spedizione viene effettuata 
dalla Gran Bretagna o dall 
Irlanda del Nord, mentre 
tutti i lettori esteri dovranno 
affrancare regolarmente. 
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NEW AND FORTHCOMING BOOKS 


PULSATING STARS 


NATURE SCIENCE REPORT 
ON 1968 


ENGINEERING OUTLINES 2 
Edited by A. A. H. Scott 


METABOLISM OF AMINES IN 
THE BRAIN 
Edited by G. Hooper 


FLOW IN CHANNELS 
By R. H. J. Sellin 


ENGINEERING HYDROLOGY 
By E. M. Wilson 








This volume contains the first 51 papers to have appeared 
in Nature on the astronomical discovary of the ye 


Rapid publication has ensured that this historical. eollecti 
is available within nine months of the anncuncement of the 
original discovery. 


128 pages Illustrated 7988 60s. 


An opportunity to recall the spectacular discoveries and 
important progress in nine very different fields of science. 
Intended not just for professional scientists Sut for all those 
who seek to know what is happening in science, 


"Of great value to those who want a lucid summary of recent 
important progress." Science in Action 


720 pages Illustrated 1968 75. 6d. 


A compilation of specially commissioned articles which have 
appeared regularly in the British journal Engireering, designed 
to be compact sources of information about scientific and 
engineering subjects. They are intended for non-specialists 
as well as for engineers and scientists. 


224 pages Colour and half-tone illustrations 1968 60s. 
Copies of Engineering Outlines 1 are still available at 42s. 


This book consists of the papers given at a symposium of 
the British and Scandinavian Pharmacological Societies 
(Edinburgh, July 1968) on the distributicn, release and 
turnover of amines in the central nervous system. 


74 pages illustrated January 23 1969 50s. 
776 pages Illustrated January 23 1969 55s. 
7192 pages Illustrated January 23 1969 55s. 


These are the first two of a group of books urder the general 
editorship of Dr E. M. Wilson, to be known as MACMILLAN 
CIVIL ENGINEERING HYDRAULICS. 


These books have been written for students, although prac- 
tising engineers will find them valuable as well. Among the 
the other titles planned, however, are some iatended chiefly 
for research students and practising engineers. 


MACMILLAN & CO. LTD. 


Little Essex Street, 
London W.C.2. 
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HIGH TEMPERATURE RESISTANT 
POLYMERS 


by A. H. Frazer, E.J. du Pont de Nemours & Company 


This book, Volume 17 in the series Polymers Review, 
reviews in general, a field of current interest in 
polymer chemistry, and, in particular, discusses the 
utilization of polymers in various applications that 
require high temperature resistance. 


338 pages 165s. Due February 1969 


CIRCUIT DESIGN OF DIGITAL 
COMPUTERS 


by Joseph K. Hawkins, Robot Research 


The book develops the principles, applications, and 
limitations of circuit design for logic and memory 
elements. The book encompasses both semiconductor 
and magnetic components, and demonstrates how 
circuit behaviour constitutes a compromise between 
digital performance requirements and basic material 
properties. 

164s, 


515 pages January 1969 


CORRELATION EFFECTS IN ATOMS 
AND MOLECULES 


edited by R. Lefebvre and C. Moser, Centre de Mecanique 
Ondulatoire Appliquee, Paris 


This is volume 14 in the series Advances in Chemical 
Physics, edited by |. Prigogine and S. Rice. It contains 
most of the volumes given at the Advanced Summer 
Institute of Correlation Effects in Atoms and Molecules 
which was held at Frascati, Italy, in July 1967. The aim 
of the Advanced Summer Institute was to confront 
students in the field of atomic and molecular physics 
with both the traditional and the less traditional 
approaches. 


Approx. 520 pages  16€s. Due May 1969 


STUDIES OF APPALACHIAN 
GEOLOGY: NORTHERN AND 
MARITIME 


edited by £-an Zen and Walter S. White, both at the U.S. 
Geological Survey, assisted by James B. Thompson, Jr., 
and Jarvis B. Hadley, both at Harvard University 


Authoritative statements on the present state of 
paleogeography, stratigraphy, structure, petrology, 
geochronology, and geophysics of many parts of the 
northern Appalachians, particularly New England. 
Over forty-five distinguished authors have contributed 


to this volume. 
476 pages 276s. january 1969 
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FLUIDIZATION ENGINEERING 


by D. Kunii, University of Tokyo, and O. Levenspiel, 
Illinois Institute of Technology 


Gives present knowledge about fluidized beds, presents 
theories explaining their behaviour, and shows how to 
use this knowledge for design. Numerous examples 
amplify the text material. 

132s. 


534 pages Due March 1969 


THEORY OF INELASTIC 


STRUCTURES 


by T. H. Lin, University of California, Los Angeles 


Gives a unified treatment of thermal, creep, and plastic 
strains in structures, through a generalization of 
Duhamel’s analogy for thermal strain to creep and 
plastic strains. Rigorous methods are shown for 
finding stress distributions in beams, columns, shafts, 
plates, shells, subject to thermal! gradients, creepand or 
plastic strains. 


February 1969 


ISOCYANIDE COMPLEXES OF 
METALS 


by L. Malatesta, Professor of Chemistry, University cf 
Milan, and F. Bonati, University of Milan 


This book, a volume in the Interscience Monographs on 
Chemistry, has its origin in the article which appeared 
under the same title in the first volume of Progress in 
Inorganic Chemistry, edited by F. A. Cotton, in 1958. 
Since then much more material has accumulated, 
structural and physical data have been collected, and 
some problems have been solved; new problems, still 
in the initial phase of study, have been added, 


176 pages 63s. February 1969 


ERROR CORRECTING CODES 


edited by Henry B. Mann, Mathematics Research Center, 
United States Army 


This book contains the Proceedings of a Symposium 
organized by the Mathematics Research Center, 
United States Army, University of Wisconsin, May 
6-8, 1968. it presents recent advances in algebraic 
coding theory and in the use of algebraic and com- 
binatorial structures for the construction of the codes. 


231 pages 75s. January 1969 


MICROPOWER CIRCUITS 


by James D. Meindl, Stanford University 


Serves as an introduction to the unique characteristics 
of transistor and integrated circuits for which ultra- 
low power drain is a dominant performance constraint. 
Developed rigorously from a fundamental viewpoint. 


Approx. 260 pages Approx, 105s. 


Due February [969 
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Pflügers 








. European Journal of Physiology 


1868 


Editors : 

X. Aubert, Louvain 

J. Th. F. Boeles, Amsterdam 
E. Gutmann, Praha 

K. Kramer, München 

F. Kreuzer, Nijmegen 

F. Morel, Paris 

G. Moruzzi, Pisa 

M. Schneider, Kóln/Rh. 

R. Stámpfli, Homburg/Saar 
R. Thauer, 

Bad Nauheim-Giessen 


m Prospectus and 


sample copy on request! 





1968 


One hundred years ago E. F. W. Pflüger founded 
the Archiv für die gesamte Physiologie des 
Menschen und der Tiere. 

The journal's centenary coincided with an impor- 
tant change in the direction of its future growth— 
its transformation into a European periodical. 

From Volume 302 onwards the Editorial Board has 
comprised leaders in research from a number of 
countries. There are plans to extend the Board 
still further and to recruit experts in as many as 
possible of the special fields embraced by physio- 
logy. 

Similarly, there will be close co-operation with 
national Physiological Societies. This will find 
expression /nter a//a in the printing of abstracts of 
the meetings of the Dutch and Swiss physiologists, 
the aim being to supply rapid yet comprehensive 
information on the progress of research in the 
various countries of Europe. 


For speedy publication, Pflügers Archiv appears in single 
issues, 4 of which normally constitute one volume. Price 
per volume is DM 76,— plus postage. 


Springer-Verlag 
Berlin * Heidelberg * New York 


veteri n turis on pmo p Pao SAM ed ROE foe uA V eut 


XXPB 


E ————————————————————MÁ 





Finite Differences 


Did you know ?... that 
e = |+x 

















54- ... 


This is a simple consequence of Thiele's theorem, 
itself the basis of an important method for numerical 
interpretation involving the reciprocal differences. 
The treatment of this topic in The Calculus of Finite 
Differences by Professor L. M. Milne-Thomson remains 
one of the outstanding features of that distinguished 
book, first published in 1933. 

The technique based on reciprocal differences is a 
systematic way of interpolating between given values 
of a function. Thiele’s theorem makes it possible to 
represent the function concerned by some rational 
function which is particularly suited to interpolation. 
For many informal uses but also in machine calcula- 
tions of various kinds, it has considerable advantages. 

But this is only one of the reasons why finite dif- 
ference techniques should not be forgotten. They 
are, of course, the basis of much of the numerical 
analysis carried out in engineering applications. They 
are also a natural development of the method of fluxions 
which Newton first invented. 

Professor Milne-Thomson's book remains, after 
nearly a quarter of a century, the only comprehensive 
treatment of the subject. 


The Calculus of Finite Differences by L. M. 
Milne-Thomson, £2 10 


Other classical mathematical works from Macmillan... 


A Treatise of Differential Equations by 
A. R. Forsyth, £1 15 


Theoretical Hydrodynamics by L. M. Milne- 
Thomson, Fifth Edition, just published, £5 5 


Theoretical Aerodynamics by L. M. Milne- 
Thomson, £3 10 





Energy & Entropy 


"Think of a truck on rails at the top of an incline. By 


. means of ropes and pulleys the tendency of the truck to 


move can be harnessed to lift heavy weights from one 
floor of a building to another, for example (or to turn 
the armature of a dynamo). The movement of the 
truck can naturally be made to do different amounts of 
work by lifting different weights: the lighter the 
weight, the faster the truck will move down the 
incline—the greater its kinetic energy. There is, 
however, an upper limit to the amount of work it can 
do, and this can be measured in terms of the weight 
that just balances it. A very slight reduction in this 
weight will allow the truck to move very slowly down 
the incline (with very little kinetic energy), doing an 
amount of work very near to the maximum work. By 
slightly increasing the weight the truck can be pulled 
slowly back up the incline. For this reason, when the 
tendency to change is harnessed to the maximum 
extent the system is said to be operating reversibly. 


“The extension of these ideas to chemistry is not as 
difficult as it seems at first sight. Just as with physical 
changes, spontaneous chemical processes can in 
principle be opposed and even reversed by the applica- 
tion of suitable forces. When the chemical change is 
only just allowed to proceed in the natural direction 
the (maximum) work done against the applied forces 
measures the tendency of the change to take place. 
Quantities called chemical potentials, represented by 
the symbol u, have just the properties required for 
putting this idea on a numerical basis.” 


This passage is the starting pointfor the illuminating 
argument with which Dr H. P. Wyatt constructs his 
system of chemical thermodynamics. 


Energy and Entropy in Chemistry by 


P. A. H. Wyatt, £1 10 


Other books in the series Topics in Physics and 
Chemistry... 


Laser Light by C. C. Eaglesfield, £1 10 
Masers and Lasers by J. S. Thorp, £2 2 
Solid State Physics by H. Clark, £2 
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that most of the Fort Ternan mammals represent incursive 
groups from Eurasia, thus reinforcing the distribution 
pattern of Ramapithecus which I originally suggested*. 
Although this synonymy has been accepted by leading 
authorities in the field*-?, the synonymy Ramagithecus 
(= Kenyapithecus) has still not been understood by the 
author of “Kenyapithecus and perhaps by others less 
close to the central issues involved. It is the intention of 
this paper to indicate the continuing validity of this 
synonymy. 


Zoogeographic Relations of the Fort Ternan Fauna 


obvious that the Fort Ternan fauna has a distinct Eurasian 
cast and contains few if any faunal elements which could 
only have been derived from species occurring in the early 
and middle Miocene faunas of Songhor, Koru and Rusinga, 
Kenya, and of Napak and Moroto, Uganda. Elements of 
the Fort Ternan fauna which have not yet been compared 
with Eurasian Tertiary mammals include mastodont 
proboseidians said to be intermediate between trilopho- 
donts and Anancus, à small giraffid perhaps related to 
Giraffa, and anthracotheres which await study. 

Recently Hooijer? has deseribed a new genus and 
species of rhinoeeros, Paradiceros mukirii, from Fort 
Ternan, and he has implied that it probably has ties with 
Asian forms. Having stated that this new form cannot 
be accommodated in any of the previous known African 
rhimoceratid genera, he remarked: “The Bugti beds of 
Baluchistan, whose fauna is linked up with that of the 
African Miocene, feature a great variety of rhinocerotids 
...the possibility that Bugti rhinocerotids of one de- 
seription or another do represent the genus Paradiceros 
should be left open for the time being." As far as one can 
say now regarding the faunal and zoogeographie relation- 
ships of these forms which have not yet been directly 
compared with possibly identical species or genera in 
Holarctica the resemblances all appear to lie with Eurasian 
Tortonian or Helvetian faunas. Giraffids or other 
artiodactyls suitable for giraffid ancestry do not occur 
in the early and middle Miocene faunas of Uganda and 
Kenya. This is their earliest appearance in Africa and it 
suggests an Eurasian derivation. 

The three groups of mammals oceurring at Fort Ternan 
whose faunal ties have best been studied are Artiodactyla, 
Primates, and Rodentia. The significance of these faunal 
elements can be summarized as follows 


Fossil Artiodactyla of Fort Ternan, Kenya 


Bovidae: Gentry? has distinguished four species of 
antelopes at Fort Ternan, all of which apparently belong 
to genera with types discovered in Eurasia. In concluding 
this paper he remarked: 

“What is most interesting is their (the antelopes) 
relationship at the generic and higher levels to Eurasiatic 
forms, but not apparently, to the later antelopes character- 
istic of Africa. . . . Where did the essentially African 
Bovidae evolve? Why are they absent from Fort 
Ternan... ?" 

Evidently. as far as antelopes are concerned, the Fort 
Ternan site (in which antelopes are a common element) 
has elose ties with the Siwalik and other Eurasian faunas. 
Because direct comparison of the Asiatic and East African 
antelopes has not yet been completed the question as to 
whether or not any Fort Ternan bovid species are identical 
at the species level with Eurasian taxa remains open. 


Fossil Primates of Fort Ternan, Kenya 


The faunal relationships of the primates at Fort Ternan 
are much clearer than are those of some of the other 
mammalian elements because most of the original fossils 
have been directly compared with Eurasian primate 
specimens. I should here like to thank L. S. B. Leakey 
for kindly showing me the Fort Ternan primates in 
Nairobi in 1962 and again at the British Museum (Natural 
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History) in the autumn of 1963. The occurrence of so 
many different primates at this sive suggests that it is 
primarily a forest fauna. Following the recent notes of 
Leakey? on Fort Ternan primates, these comments may be 
useful: 


Hylobatidae 

Phopithecus: Leakey? implies that the two Fort Ternan 
mandibles could prove to be closer te European species of 
the genus Pliopithecus than to four to five million years 
older species of "Lemnopithecus" from East Africa. 
Because, in any case, most students«<lo consider "Limno- 
pithecus" a synonym of Plopithecus, differences from 
European Pliopithecus antiquus are Ekely to be at a level 
no greater than species. In Eusope Phopitheeus is 
commonest in deposits of late Mioceme age. 


Pongidae 
Dryopithecus. I agree with Leake’? that Dryopithecus, 


pithecus from this site is closely correspondent in size and 
all comparable dental features to the type mandible of 
“Sugrivapithecus salmontanus" Y PX 13811, which was 
later referred to Dryopithecus sivalensts*5,. After examina- 
tion of the two finds it is clear that a diagnosis purporting 
to distinguish these two mandibular rami at the specific 
level would turn out to be merely a tabulation of the sort 
of features which are well known to distinguish individual 
apes of the same species. Thus the Fort Ternan mandible 
should presently be allocated to Dryozathecus cf. sivalensis, 
a species which occurs in India both before and after the 
appearance of Hipparion. 

Proconsul. Examination suggests the inprobability 
that the isolated canines from Fort Ternan are sufficiently 
diagnostic, alone and unassociated with other material 
as they are, to demonstrate survival of members of sub- 
genus Proconsul in the late Miocene; a time when it 
nowhere else occurs. Canines of D. &valensis from India 
closely resemble those of D. (Procorsul) nyanzae from 
the earlier Miocene of East Africa. The Fort Ternan 
isolated canines could belong to either of these foregoing 
two species, but considering that they are three to five 
million years younger than any dated Proconsul their 
reference to D. sivalensis seems preferable in view of the 
much later date and the general Euras:an character of the 
Fort Ternan fauna. 


Oreopitheculae 

Oreopithecus. Comparisons of the :solated molars and 
premolar of Oreopithecus with caste and the original 
Oreopithecus specimen at the British Museum made to- 
gether with Leakey in 1962 suggested that these teeth 
should not be separately diagnosed at wither the species or 
the generic level. This is because they are only isolated 
teeth (very poor choices as species type specimens among 
all Anthropoidea). Moreover, it is just because of their 
near identity morphologically with the same teeth in the 
Tuscan primate that they may be identzied as Oreopithecus 
and not some other primate. Becaase no convincing 
species distinction can be identified im these few isolated 
teeth, proper reference should probably be to Oreopithecus 
ef. bambolii. Recent work? on the age of the Monte 
Bambolii lignite fauna of Tuscany, from which Oreopithecus 
comes, indicates a late Miocene age for the Tuscan mem- 
bers of this genus, fully compatible with the Fort Terman 
K/Ar date. 

Lavoeat!* has discussed the rodents “rom Fort Ternan, 
Kenya. Some of these are phyomyids, a group of definite 
African origin. Others represent a sciurid and seme 
ericetid rodents of the genera Leakeymys and Cricetodon. 
The sciurids and cricetids did not originate in Africa but 
in Holaretiea, and the occurrence of ericetids at Fort 
Ternan is their earliest occurrence published to date in 
East Africa. They are thus an additional incursive 
Eurasian element in the fauna. Lavocat concludes that 
the rodents suggest a pre-Pikermain faunal age for Fort 
Ternan. 


450 


Age of Faunas which contain Ramapithecus 

The Fort Ternan site has been dated by the K/Ar 
method to 14 million years®, but so far the Indian and other 
Eurasian sites which yield Ramapithecus remains have 
not been absolutely dated. The age of these has to be 
determined by correlation of faunal elements which 
remains an uncertain procedure. Recent research has, 
however, produced some new and relevant information 
indicating that Ramapithecus existed just before the 
deployment of primitive Hzpparion from North America 
throughout the Old World (Fort Ternan, Kenya; Chinji 
beds, India) and also during this deployment (perhaps 
12 to 10 millions years ago) when small primitive forest 
dwelling Hipparion occurs abundantly in association with 
either hominids or pongids in such far flung places as the 
Vallesian stage deposits of Spain and the Nagri deposits of 
North India. With the emergence of the classical open- 
country Hipparion species and the associated Hipparion 
fauna (such as occurs at Pikermi in Greece or in the Dhok 


conditions were distributed broadly throughout the Old 
World. Remains of Dryopithecus, Ramapithecus and 
Gigantopithecus of this period are either searce or their 
occurrence not fully confirmed. It was almost certainly 
no later than during this obscure period of homunoid 
history (9-6 million years ago) that basal species of 
Gigantopithecus and Australopithecus arose from the most 
advanced of the earlier hominoids and developed their 
distinetive adaptive features. Current hypotheses would 
hold that these changes probably came about im response 
to the altered and evidently much drier environments 
which were widespread at that time. 

It is important to emphasize that the Chin]i/Kamlial 
faunas of North India which contain Ramapithecus are 
probably as old as the fauna of Fort Ternan. Kenya. 
Contrary to what has been published by Kurten™ and 
others. there are no field records documenting recovery of 
Hipparion in situ in the Chinji formation by a trained 
scientist. As Dehm* fully discussed a number of years 
ago, it is much more probable that the few old records of 
the oecurrence of Hipparion in the Chinji stage are artefaets 
arising from the common practice of purchase of such 
fossils from local collectors who had inherited, traded or 
recovered elsewhere than at Chinji exposures, the very 
few isolated teeth concerned. My own investigations 
in India as well as the inadequacy of such records as 
exist on circumstances of collection of supposed Chinji 
Hipparion at the American Museum and at Yale would 
confirm the position of Dehm that the Chinji fauna is pre- 
Hipparion and thus can be assumed to be both pre-Pontian 
and pre-Plioeene. In addition the oldest Siwalik primate 
molar GSI D. 313 from the Kamlial Formation which 
underlies the Chinji is closer morphologically to Rama- 
pithecus than to Dryopithecus. 

Morphological Characters of Ramapithecus 

I have documented?-*7 the reasons for transfer of the 
Fort Ternan hominid to  Ramapithecus. Recently, 
Leakey'! has re-asserted that the Fort Ternan Rama- 


pithecus species should have its own generic and 
specific designation as he had originally proposed. In 


support of this unjustifiable position he adduced only one 
single new distinction for the Fort Ternan individual. 
This difference is supposed to be seen in an ineisor found 
"a few feet further into the cliff at the same horizon", and 
presumed to belong to the same individual hominoid. 
This incisor nowhere contacts any part of the original 
maxilary fragments so that its association with the 
maxillae as part of the same individual must be considered 
as probable from morphology but by no means certain 
from the in situ location, several feet from the other 
fragments. Leakey!’ reiterated that this incisor was not 
relatively reduced (when compared with Dryopithecus) 
and therefore its owner was not compatible anatomically 
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and Pilbeam'!*, which, in fact, was in part a paraphrasis 
of the original diagnosis of Lewis (1934). It read: "In- 
cisors and canines reduced in relation to cheek-tooth size 
in Australopithecus. ... ©“ The comment of Leakey“ on 
the above diagnosis was: “I do not know what incisor 
teeth of the Asiatic Ramapithecus they have examined as 
a basis for this statement but it is emphatically not the 
case when the size of the upper central inetsor of Kenya- 
pithecus wickeri . . . is compared with the premolars and 
molars of the same individual." 

His Table 2 shows that in modules based on length and 
breadth in a plane horizontal to the tooth erowns the 
UK. wickeri" incisor is not reduced in this plane relative 
to basal robusticity of P*-M! im Proconsul species. 
This demonstration, however, misses the meaning of the 
comments on upper central incisor reduction in the 
diagnoses of Ramapithecus by Lewis (1934) and myself 
and Pilbeam (1965). 

This is beeause the primary reduction of canines, and 
particularly incisors, in Ramapithecus constitutes a 
relative decrease in the long axis of the tooth. In other 
words, unworn crown height and root length are decreased. 
That this was so for Ramapithecus is indicated by the two 
Ramapithecus specimens which provide information about 
upper canine and central incisor size: the find from Fort 
Ternan, Kenya (FT 1271 and 1272) and the maxilla 
recovered in 1932 by G. E. Lewis near Haritalyangar. 
India (Y PM 13799), on which the generic concept of 
Ramapithecus was based. In the Yale specimen only the 
sockets of the canine and central incisor are preserved but 
it is clear from these that the root length of C and of P 
was reduced relative to the condition in Dryopithecus or in 
modern apes. The accompanying Fig. | shows that if 
palatal photographs of relevant fossil and living apes 
are brought to the same M'-M? length both the incisor 
and the canine of the Fort Ternan individual are clearly 
relatively smaller than in a species of Dryopithecus, 
Dryopithecus indicus, which is most nearly contemporary 
with it. As regards the much older species of Dryopithecus 
which Leakey persists in placing in à separate genus. 
Proconsul, the incisor and canine of Ramapithecus (FT 
1271-2) are also clearly smaller or more "reduced than 
those of Dryopithecus (Proconsul) africanus in being much 
shorter, or less hypsodont. In consequence the Fort 
Ternan incisor of Ramapithecus. as the diagnosis indicated. 
is "reduced" relative to the condition in Dryopithecus. 
This is true for the same reason that a fat man who is two 
feet wide from side-to-side and two feet thick from front- 
to-back but only five feet tall is “reduced in relation to^ 
another fat man with the same side-to-side and front-to- 
back dimensions but who ts six feet tall. 

There is thus, clearly, no evidence that upper central 
incisor size was significantly different in Indian and Fort 
Ternan finds of Ramapithecus. In both known cases the 
long axis of the tooth (as is the case for other antemolar 
teeth of Ramapithecus) is relatively reduced compared with 
apes, including species of Dryopithecus (Fig. 1). 

All the morphological traits or features which can be 
detected in the African Ramapithecus find from Fort 


which to base a separate species or genus. 


the late Miocene and early Pliocene of Eurasia, indicating 
both the faunal and temporal proximity of these sites 
doubly and triply underline the morphological evidence 
that we are dealing with the same taxon, Ramapithecus, m 
both North India and Kenya. 1 should emphasize that 
the present Jack in the Fort Ternan Ramapithecus material 
of any diagnostic features on which to base a believable 
species distinction does not necessarily imply that 
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Fig. 1. Comparison showing that canines and incisors of Fort Ternan Ramapithecus are reduced in crown height relative to of length in boti 

Tertiary and Recent pongids. 1, D, indicus, GSI D. 196 right palate (light areas restored), with Y PM 16919 (an isolated incisor from tfi 

same site of appropriate size to belong to the same individual animal). 2, D, africanus palate ot Rusinga 1945 skull. 3. P paniscus AMANH 

86857. 4, R. punjabicus from Fort Ternan, 1271-1272 (Cuts 1 and 2 same right .M'-* length as in cut 3 —eut 4 brought to same lett W 
length as eut 3.) 
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Ecology of North Indian Ramapithecus 


by 
IAN TATTERSALL | | | 
| The environment in which Ramapithecus lived may »ave been one of 
Department of Geology and Geophysics, ical f i d with b d 4 d 
Yale University, tropical forests interspersed with broad rivers aad tree savanna. 


New Haven, 
Connecticut 


IN 1965, Pilbeam and Simons! suggested of Ramapithecus, hands and the incipient. development of bipedality 
the earliest known probable hominid, that: “The evolu- (page 238). They admit, however, tha’ direct evidence 
tionary shift in a major adaptive zone indicated in the for this inferred development is at present lacking. 
case of Ramapithecus by its reduced snout and anterior Considering broadly the environment m which Rama 
teeth . . . may well correlate with an increased use of the — pithecus lived, it is possible to make some suggestions as 
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to the degree to which the behavioural traits inferred by 
Pilbeam and Simons did in fact correlate with the observed 
morphological features of Ramapithecus. 

Ramapithecus is widely—if not abundantly—known 
from the Old World, but from only one place, as indicated 
by the Nagri fauna of the Tertiary Siwalik deposits of 
northern India, is an extensive associated mammalian 
fauna known?-, Although not enough is known about 
this fauna to make possible an exhaustive ecological 
analysis of the type advocated, for example, by Shot- 
well*.5, it is possible to reconstruct roughly the environ- 
ment in which Ramapithecus lived by assuming that at 
least in many cases there is an approximate ecological 
relationship between fossil Siwalik mammals and their 
living relatives. The Nagri fauna has been considered in 
detail but its ecological implications will only be sum- 
marized here. Associated with Ramapithecus in the 
Nagri zone are forest-dwelling pongid and lorisid primates. 
Forest-dwelling types also include abundant primitive 
pigs; a giraffid closely related to Okapia; rhizomyid 
and hystricid rodents; viverrid, procyonid and felid 
carnivores; and the primitive Nagri species of the equid 
Hipparion, a forest browser’. This last type has excep- 
tionally broad hoofs, apparently in adaptation to swamp 
conditions. Dental and posteranial morphology of Indian 
Siwalik Hipparion also closely resembles the pre-Piker- 
mian or Vallesian Hipparion of Spain. This indicates 
that the Chinji-Nagri faunas almost certainly predate the 
widespread development of the typical Pontian, open 
country or savanna faunas which contain a more advanced 
Hipparion species. Both forested and riverine environ- 
ments are suggested by the Nagri tragulids, anthroco- 
theres, rhinocerotids and dinotheres. Numerous crocodi- 
lian fossils and abundant palm trees also characterize 
the deposits. One Nagri form the presence of which argues 
against forested conditions is a species of modern savanna 
antelope Gazella; there is also some other evidence for 
the presence of tree savanna forms, for example, species 
of the modern hyaenid Crocuta. Such savanna forms do 
not seem, however, to have been abundant in the Siwaliks 
during Nagri times. The Tubulidentata is represented in 
the Nagri by two species of the modern sub-Saharan genus 
Orycteropus, whose distribution today is limited by its 
need for sufficient quantities of the termites on which it 
feeds; in Africa today termiteries are typically found in 
the savanna (as are aardvarks), but it is interesting to note 
that in present day forested areas of the Siwalik hills 
termites are common. 

Despite the deficiencies of the data then, it is very 
probable that the Nagri environment consisted of broad, 
sluggish rivers bordered by tropical forests becoming 
broken as distances from the rivers increased. Such a 
faunal picture accords well with Krynine’s little known 
lithological analysis of the Siwalik series. The fauna and 
lithology of the succeeding Dhok Pathan zone indicate 
a much more arid environment. It is probable that there 
was a tendency towards drier climatic conditions at the 
end of Nagri times, but in general the Nagri environment 
can justifiably be characterized as one of tropical forests 
interspersed with broad rivers and tree savanna. 

The environmental picture presented here differs from 
that customarily visualized in speculations about the 
probable ecological setting of early hominids. It seems 
unlikely that one could expect to find evidence of habitual 
bipedal movement typical of an open-country form in 
the posteranial skeleton of Ramapithecus. Pilbeam, 
however, has recently suggested that, even should Rama- 
pithecus be shown not to have been an habitual biped, it 
might still best be classified as a hominid on other inferred 
behavioural grounds. Nevertheless, it is wise to point 
out that we still have no notion as to the factors which 
influenced the adoption of hominid bipedalism. 





m 


is to be found in the ease of Oreopithecus, a form contem- 
poraneous with Ramapithecus, and known from Fort 
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Ternan'*, a late Miocene site in Kenya, dated at 14-0 
milion years BP, and from swamp deposits in Tuscany, 
Italy. These latter deposits have generally been thought 
to date from the early Pliocene, but recently Gillet et al. 
have suggested that the Baccinello lignite invertebrate 
fauna correlates with late Miocene Sarmatian faunas 
elsewhere and is therefore broadly contemporaneous with 
deposits of the Fort Teman site. Oreopithecus, though 
clearly distinct. phylogenetically from hominids, possesses 
& number of dental and facial adaptations in common 
with the latter, notably a relatively orthognathous 
face and a somewhat reduced anterior dentition. It is 
probable that reduction of the anterior dentition is corre- 
lated behaviourally with an increasing dependence on 
the hands for the performance of functions related to 
display, feeding and defence; in connexion with the more 
specialized of these, as seen in Australopithecus, it is 
likely that rudimentary tools were habitually used (as 
opposed to the occasional tool and weapon use of some 
modern pongids). In some wavs, however, Oreopithecus 
is definitely not hominid-hke. In the past, it has been 
suggested that Oreopithecus shows adaptations to bi- 
pedalism in its post-cranial skeleton ; foremost among 
these adaptations has been thought to be the form and 
size of the anterior inferior iliae spine (associated with the 
development of m. rectus femoris). A similar feature is 
to be found, however, in the pelvis of the sub-fossil 
Malagasy lemuroid Palaeopropithecus, which has recently 
been shown by Walker!? to have had a locomotor pattern 
similar to that of the orang-utan. Indeed, it is probable 
that Oreopithecus was likewise an arboreal animal, moving 
after much the same fashion. The combination of cranial 
and post-eranial adaptations seen in Oreopithecus thus 
emphasizes the possibility that inferenees as to the loco- 
motor adaptations of Ramapithecus drawn from its facial 
and dental morphology cannot be carried very far, as 
Pilbeam has recently also suggested. It might further be 
hypothesized, although this is speculative in the extreme, 
that the absence from the fossil record after the early 
Phocene (or late Miocene, if Gillet et al. are correct) of 
Oreopithecus or its recognizable descendants (Oreopithecus 
did not give rise to Pleistocene Ggantopsthecus!?) is a 
result of the failure of the former in competition with 
Ramapithecus; the two forms are after all known to have 
been sympatrie at Fort Ternan, and to have shared, at 
least to some degree, the significant facial, dental and 
inferred. behavioural traits referred to. Of course, the 
extinction of Oreopithecus might equally have been the 
result of competition with a number of other primates, 
or of other causes. 

Finally, Prasad* has argued that the total absence (so 
far) of limb bones and skulls, and the fragmentary nature 
of their mandibles and maxillae, suggests that the Nagri 
hominoids were subject to heavy predation. It is un- 
likely, however, that the forest-dwelling Nagri hominoids 
would have been preyed on by the social carnivores 
(which include species of the modern hyaenid Crocuta), 
the only group which might conceivably have fulfilled 
this role in a carnivore fauna which was very different 
from that of today. 

I thank Drs E. L. Simons and D. R. Pilbeam, and M. F. 
Gibbons, jun., for their comments. 
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LETTERS TO THE EDITOR 


PHYSICAL SCIENCES 
Crab Nebula Pulsar NP 0532 


Because of the conjecture that pulsars are neutron stars, 
which are possibly produced in supernova events, the 
possible association of pulsars with supernova remnants 
is of great interest. Staelin and Reifenstein recently 
reported! the discovery of two pulsed radio sources near 
the Crab nebula, which is the remnant of the supernova 
observed by the Chinese in ap 1054. Pulses from both 
sources were described as very sporadic, and no periodic 
phenomena were evident. 

Observations with the 1,000 foot antenna at the Arecibo 
lonospheric Observatory have revealed the periodicity 
of one of these sources, N P 0532. The heliocentric period 
determined from data taken on November 15, 1968, 1s 
(33-09112 + 0-00003) ms. Measurements at Arecibo have 
greatly improved the position of this source and indicate 
that it is within five minutes of are of the centre of the 
Crab nebula. We describe here some properties of this 
pulsar: the average pulse shape, the dispersion and some 
features of the strong pulses which it emits. The weaker 
source, N P 0527, has not been detected. 

Observations of the Crab nebula on November 9, 1968, 
revealed dispersed pulses on chart recordings at 111-5 
and 196-5 MHz. At each frequency two channels separ- 
ated by 1 MHz were used, each with a bandwidth of 100 
kHz and a time constant of 0-01 s. The difference in 
pulse arrival times at the closely spaced frequencies gave 
the same projected electron content as reported for 
NP 0532 by Staelin and Reifenstein, thus identifying 
the pulsed radiation with NP 0532. The periodicity of 
NP 0532 was found through spectral analysis of the 
196-5 MHz data, which was recorded digitally at 100 
samples s^ Fourier transforms were carried out on 
blocks of of 16,384 data points on a CDC-3200 
computer with a Cooley-Tukey program 
designed for a pulsar search. High frequency 
resolution was obtained by calculating each 
of the 8,192 power coefficients, which parti- 
tions the frequency range from 0 Hz to the 
Nyquist limit (50 Hz for these data) into 
8,192 bands of equal width. Analysis of — ' z 
the recorded data gave strong responses at à i 
frequency of 30-22 Hz corresponding to a i 
period of 33-09 ms. "These responses oceurred yh 
only when the antenna beam (width 37’) l 
was directed at the Crab nebula. Fig. 1 1 
shows part of a record of the power spectrum 
obtained with the antenna pointing at the 1 
nebula. The spectrum is written in sequence ! 





from left to right, line after line. Frequency Ld 


bands with less than twice the average power — 2 + ! 
are not printed; those with greater power are 2 4 


printed as a ratio of the power to this thres- et die 


hold. NP 0532 appears in the figure as 


two Xs, each of which represents power in eu a 


excess of twenty times the average noise MEE 
level. : 
Subsequent observations of the Crab 
nebula at 196 and 197 MHz were recorded at 
1,000 samples s~, Cross-correlation of these 
data with trains of unit pulses confirmed 
the presence of periodic pulses with a period 
of 33-09 ms. Pulse arrival times at the 
two frequencies were derived from the 


Fig. 1. 


shown. 


RESOLUTION 0.006! HZ 
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Table 1. PARAMETERS OF VP 0532 
Right ascension (1950) 055319" 26549 * 
Declination (1950) 22° OV +3 
Heliocentric period (Nov. 15, 1968) 33-09118 + 0-00003 ms 
— dv/dt at 196-5 MHz 16-07 + 0-06 MHz s", 
fredi (1755 £ 0-007) x 10° electrons em- 


Half power width of sub-pulses ^9 ms 

Separation of sub-pulses —14:5 ms 
Average energy per pulse at 106 MHz — 5 0-2x107* J mo? He 
Spectral index 195-430 MHz me me 


Centre of Crab nebula: 
055319305 


Right ascension (1950) 
21° 58' 


Declination (1950) 

R.m.s. errors are given. 
data averaged over many pulse periods. The arrival 
times differed by the same amount as those of the single 
strong pulses, showing that the period obtained was 
that of NP 0532. ME 

The position of NP 0532 was measured at 196 MHz by 
means of drift scans and declination scans at 15? h 
aeross the Crab nebula. Spectral analysis of successive 
overlapping blocks of data gave values of the average 
pulse intensity of NP 0532 along these seans, smoothed 
by the effects of the beam width, 37', and the block size 
equivalent to 40'. The derived variation im pulse intensity 
along the scans deviated slightly from the smoothed 
beam shape, presumably due to fluctuations in the 
average source strength. Pointing errors were less than 
3’, and selection of the pulsar periodicity reduced the 
noise errors to a low level. The coordinates given in 
Table 1 are averages of the midpoints of the different 
scans, Attempts to improve the position uaing à narrower 
beam at 430 MHz have as yet proved unsuccessful due 
to the low signal to noise ratio. 

Average pulse shapes were determined by digitally 
summing data corresponding to a large number of pulse 
periods, Two sub-pulses are usually present cach of 
width ~3 ms between half intensity points (Fig. 2). The 
weaker sub-pulse trails the stronger by ~ 14:5 ms or about 
44 per cent of the period. Within the experimental errors 
the sub-pulse separation and sub-pulse widths are inde- 
pendent of frequency and time. The sub-pulse separation 
is the same to within 3 ms at 111 and 611 MHz, which 
implies that the difference, if any, in the integrated 
eleetron eontent to the points at whieh the sub-pulses 
are produced is less than 6 x 10!5 electrons em”, Average 
pulse shapes obtained at several frequencies on different 
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P 0532,FREQUENCY * 3022 HZ 


Part of the record generated by a pulsar search program which revealed the 
periodicity of NP 0532. 
frequency band. The frequency is determined from horizontal and vertical scales not 
Longer period pulsars appear in this display as strong outputa along several 
straight lines, whereas 60 Hz power line interference, if present, always appears at or 
close to one fixed location. The complete calculation takes 15 s for a block of 16,384 data 


Each digit or blank space represents the power in à distinct 
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Fig. 2. Average pulse shapes of N P 0532. The horizontal bars indicate 
r, the RC time constant, and B, the half power width of the smearing 
due to the bandwidth, The baselines are arbitrary. a, November 14, 
19068: 106-5 MHz: bandwidth 10 kHz; 1 =0-66 ms; sampling interval 
0-5 ms; 18,000 pulses. b, November 26, 1968: 198-0 MHz; bandwidth 
100 kHz; r=1-0 ms; sampling interval 1-0 ms; 21,153 pulses. e, 
December 2, 1068: 430-0 MHz; bandwidth 500 KHz; r=1-0 ms; 
sampling interval 1-0 ms; 53,427 pulses. 


oeeasions show that the ratio of the energies in the sub- 
pulses is variable. The average pulse shape of NP 0532 
resembles that of CP 0950 (ref. 2)--both show a sub- 
pulse situated nearly, but not exactly, midway between 
the stronger pulses. In addition, the ratio of the pulse 
width to pulse period is of the same order for NP 0532 
and CP 0950. 

Measurements of the arrival times of pulses at different 
frequencies from 73-8 to 611 MHz were made between 
November 9 and December 2, 1968. No time variation in 
the integrated electron content was detected. Further- 
more, the results are consistent with the dispersion relation 


dv 


dà Pw 


appropriate for a tenuous medium of free electrons. 
Staelin and Reifenstein found that individual strong 
pulses were of nearly constant intensity between 110 
and 115 MHz and suggested that the enchancement of 
these pulses occurs in the vicinity of the source?. dn 
aimultaneous observations at 74 and 111 MHz with 


the time seale for these variations is ZZ 100 ms. Enhance- 
ment of the radiation seems to occur either at the source 
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or in a region sufficiently close to the source that the 
difference in the propagation times between 74 and 111 
MHz is less than 100 ms. In that the pulse arrival times 
at the two frequencies differ by 24 s, the enhancement 
oceurs before the radiation has traversed 0-4 per cent of 
the integrated electron content from the source to the 
Earth. 'The strong pulses seem to oceur at random times 


than 20 x 10-76 J m Hz. 

The position of NP 0532 is good evidence that it is 
associated with the Crab nebula. As such it is an example 
of a very short period pulsar located close to the site of a 
known supernova. PSR 0833-45, which has a period of 
89-2 ms and is located near the suspected supernova 
remnant, Vela X. is possibly another example’. The 
periods of these pulsars may be explained by the rotation of 
neutron stars®, but an explanation in terms of the vibra- 
tions of white dwarf stars is awkward because the excita- 
tion of very high order modes would be required. Future 
important measurements include the accurate position 
determination of NP 0532. This will be of great interest 
for investigating the possibility of mteraction between 
the pulsar and the nebula, and the relation of the pulsar 
to the small radio source in the Crab nebula*. Location of 
the weaker pulsed souree NP 0527, detected by Staelin 
and Reifenstein, is important because it could also be 
associated with the Crab nebula. 

We thank F. D. Drake and E. E. Salpeter for discussions, 
D. W. Richards for the caleulation of the heliocentric 
period, and D. H. Staelin and E. C. Reifenstein for sending 
us a preprint of their paper. The Arecibo lonospheric 
Observatory is operated by Cornell University with the 
help of the Advanced Research Projects Ageney under a 
research contract with the US Air Force Office of Scientific 
Research, The Center for Radar Astronomy at Stanford 
is supported in part by NASA. 
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Magnetic Dipole Radiation from Pulsars 


in Vela and near the Crab nebula which seem to be asso- 
ciated with supernova remnants and have repetition 
periods (0-0892 s and 0-033] s) considerably shorter than 
those previously found. The very wide range (60-fold) 
of periods at present observed is diffieult to understand 
if pulsars are in fact pulsating objects of a single 
class, because in general (period) o (density)! and an 
extremely wide range of density would be required. Of 
the remaining clock mechanisms proposed. rotation!” 
seems most consistent with the observations. The ex- 
tremely short periods exclude white dwarfs and make the 
suggestion of neutron stars more likely. 

Neutron stars may have very large "frozen in" magnetic 
fields. Noting this, several authors, Gold’ in particular. 
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have argued convincingly that the pulsar radio emission 
could be produced by a neutron star rotating with the 
observed period and having its surface dipole field (Bx 10" 
gauss) obliquely inclined to the rotation axis. We wish 
to point out some of the other consequences of such a 
model. (It has come to our attention that a parallel 
diseussion of some of these points has been published by 
Pacini*.) 

Classically, we know that a magnetic dipole, rotating 
in vacuo*, will emit electromagnetic radiation, the energy 
loss rate being given by’ 


È Jm? sin*0 Q* (1) 
CANT 3c? 
where 
2 
Ọta? B; a’ 
ma Decem me aoa (2) 
4r? 4 


Here B, is the field strength at the pole, ® the magnetic 
flux through the half sphere about the pole and m the 
dipole moment at angle 0 to the rotation axis. As usual, 
Q represents the angular rotation velocity, c the velocity 
of light and a the radius of the star. Adopting, for illus- 
tration, the parameters Q=10 s~, 0=7/4, a— 10 km, 
B, 10" gauss (corresponding to 100 gauss on the main 
sequence), equations (1) and (2) give an energy loss of 
3x10? ergs s! or a luminosity of «10-? Lo. This 
electromagnetic radiation loss is a necessity in the 
stated circumstances. In addition, one can show that the 
dipole radiation must earry angular momentum, the loss 
being given by 


J = E/Q (3) 


From this it follows that the angular velocity of a magnetic 
neutron star with moment of inertia J must decrease, the 
rate being 


. J ||? sin?0 a? Q? 
iu iB "coru (4) 


If we define the present characteristic time 


- 1 öx? Ic ] 
fyc ane Gs (5) 
Q/ 6 |i? sin?0 a? OF 


then equation (4) can be integrated to give 


oy 


2tN -U2 

Q2 O14 =) (6) 
| mo 

Thus the angular velocity becomes very large at time 

tx tQ/2. The rotational kinetic energy E is HOQ’ so 


EJE = 1 Q/0 (7) 
or 


Ë = 2E/- 


These ideas can be applied to the Crab pulsar. First, 
Richards? has found that the period is indeed increasing. 
the characteristic time being 


Q 
Tobserved = T = 
Q 


From equation (6) we estimate that Q was large (2,360/2) 
= l.180 yr ago. in reasonable agreement with the age of 
the Crab. The discrepancy is slightly reduced if one 
includes the effeets of rotational distortion with increas- 
ing angular velocity and gravitational radiation from the 
magnetically deformed object. Alternatively. it may be 
argued that 1,180 vr represents the maximum age and 


2,360 yr (8) 


* ftis only necessary that the plasma density be sufficiently low, Specific- 
ally we require (B*/(8210 c*)) » 1 within the wave zone. 
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as at present. For NP 0532 we can predict the second 
derivative of the period change: 


4 d?P y T " 
0-016 ns day! yr! < \ —— jx 0-9nsday" yr^ (9) 

_ dt? 7 
The lower limit is derived from equation (6) whereas 


the upper allows for possible variatien in the strength of 


the magnetic dipole. The energy lose E can be ealeulated 
from equation (7). Taking for J the value 1-4 x 10% g em? 
computed by Hartle and Thorne* for à 1-4 Mo neutron 


star, we find E=3x 10" ergs and E «8x HP* erg s^. 
The loss rate does not depend on the loss mechanism but 
only on the hypothesis that the pulsar is a rotating 


neutron star. It should be noted taat E is far greater 
than the observed pulsar radiation but comparable with 
current estimates’ for the power required to sustain t 
optical and X-radiation from the Crab. Applying our 


model to the observations, knowledgs of E enables us to 
calculate the field Bp from equations 12), (5) and (7). We 
find the polar field to be 5x 10" gauss (sinf= 1), nearly 
the same value as adopted in our Jlustrative example 
from Gold*. It should be mentioned at this point that 
Wheeler! has suggested rotation as an energy source for 
the Crab. 

What happens to the very low frequeney electromag- 
netie radiation emitted by the pulsar ^ We intend to give 
a detailed answer elsewhere. Here we will indieate that 
the intense radiation fields in the sear wave zone of 
the rotating dipole provide a meebanism for particle 
acceleration which has an efficiency near unity. [tis known 
that radio, visible, X-ray and probably the y-ray radiation 
from the Crab!* arise from synehrotiron radiation from 
energetic particles which must be continually replenished. 
Our suggested acceleration mechanism makes use of the 
fact that, in sufficiently strong wave fields, a charged 
particle is accelerated in the propagation direction to 
nearly the velocity of ight im a small fraction of a wave- 
length. and thereafter rides the wave at essentially con- 
stant phase, slowly stealing energy from the wave. The 
characteristic maximum energies avaslable for electrons 
can be written 







Emax ~ Me C [2 wg ra c7? In refre (10) 
where re is the radius at which the wave energy is ex- 
hausted, r, is the inner wave radius (we/Q) and œa im 
the cyclotron frequency (eB/mec) in the wave magnetic 
field at maximum amplitude at rẹ For the Crab source, 
the magnetic field is 10° gauss at r,— EF em, and Ex 
5x 10% eV if ris; 107? em. 
This proeess will operate only wben conditions are 
such that 
oN 2 op? = 3x 10 re (11) 
where «o is the gyrofrequency in the wave field, and œp 
is the plasma frequency. Thus the prevess will accelerate 
injected plasmas with densities at rẹ 9f up to about 107 
particles em~. Denser plasmas are accelerated essentially 
by radiation pressure and the electrons receive very little 
energy. The latter process serves very well to remove 
any initially dense plasma from the wave zone’. It can 
be seen from equation (10) that the emergent proton energy 
is ten times the emergent electron energy if equation (11) 


is satisfied, so the energy input to the electrons is about 
Sx 107 erg s-!. in excellent (and possibly fortuitous} agree- 


energy. As long as equation (11) is satisfied, this result is 
independent of the rate of mass ejection. 


and can, m principle. date them. We keow nothing about 
their magnetic moments, but the assumption of one on 
the same order as that obtained from the Crab object 
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equations (5) and (7), their decay rate and ages. We thus 
obtain 


Q ro fmsinü 72 
: - om o— um 422x104 | ————— | yr* (12) 
Q "s L(f)m sinWerap  * 


Applying this to a "typical" pulsar with a period of 1 s, 
we obtain 


memð J 


=, = 2x 108 [* (13) 
and ages of the order of à million years. 

The periods of many sources are stable to better than 
107 yr-!, however. Thus either N P 0532 is an exceptional 
object, or the magnetic moment decays. For the object 
PSE 0833, associated with the supernova remnant Vela 
X, the value of +) obtained is 1-7 x 10* yr, giving an age 
of about 104 yr. It seems likely!? on the meagre evidence 
available that Vela A is older than this, perhaps by an 
order of magnitude. The discrepancy is in the same sense 
as in the case of the Crab, but much larger. Everything 
seems consistent with a slow decay of the varying part of 
the magnetie moment, either by decay of the field or slow 
alignment with the rotation axis. 

Thus we have seen that very large luminosities in very 
low-frequency electromagnetic radiation, probably con- 
verted entirely to kinetic energy in relativistic particles 
near the source, are a necessary consequence of rotating 
magnetic neutron star models for pulsars. Given the 
observed period and period change we are able to date the 
Crab object unambiguously and ealeulate its total lumino- 
sity in reasonable (2:30 per cent) agreement with inde- 
pendent estimates of these quantities. We have not 
diseussed the origin of the pulsed radio radiation at all, 
but it is a very small fraction (~ 10-*) of the total energy 
output. lt may therefore be that the pulsed radiation 
originates in an entirely separate mechanism, such as 
spots*!$, radiation belts!’ or eoberent plasma effeets*, 
though the transfer of eleetromagnetic-plus-particle 
energy through the near field, into the radiation zone, 
and into the far field, is a very complex process, and it 
seems not unlikely that a 10-7? per cent leak of some kind 
could give rise to the observed radio radiation. 

Finally, it is worth noting that the same mechanism 
of magnetie dipole radiation aceelerating low density 
plasma to relativistie energies should work, on a more 
modest scale, in white dwarfs. Preliminary estimates 
indicate that, by this means, white dwarfs are energetically 
capable of contributing significantly to the cosmic ray 
background. 
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Atmospheric Sodium measured by a 
Tuned Laser Radar 


Tae layer of sodium atoms present in the atmosphere at 
à height of about 90 km has been extensively studied by 
observations of the resonance scattering of sunlight in 
daytime and twilight’. Rocket measurements of the day- 
time height distribution of the resonance radiation? 
have shown that the simple photochemical model based 
on the equilibrium between Na and NaO must be modified. 
In recent discussion of models involving a dust layer as a 
source of sodium‘, attention has been drawn to the need 
for data on the night time abundance and distribution of 
atomic sodium. We report preliminary measurements 
at night by a new optical radar. 

In previous investigations of the upper atmosphere by 
optical radar®-* a pulsed ruby laser has been used in the 
transmitter and measurements of the Rayleigh scattering 
by air molecules have given density profiles. A radar for 
the detection of specific atems or molecules can, however, 
be made by tuning the laser to an appropriate resonance. 
Resonance radiation is absorbed and re-emitted very 
rapidly, so the process can be regarded as a scattering 
process with small delay (^ 10-* s for the sodium D lines) 
which has negligible effect on the estimation of the range. 
lrrespective of the detailed shape of the resonance line, 
a simple formula exists for the integrated cross-section’, 


a 


fo(v)dv = ee RUE f (ŠI units) 


de, me € 


where c(v) is the cross-section at frequency v, f is the oscil- 
lator strength of the transition (f 0-33 for the D, line), 
and the remaining symbols have their usual meaning. 
For light of bandwidth 100 pm, which is much greater 
than the width of the D, line (~2 pm), we ealeulate the 
effective cross-section to be 1:0 10°!? m? per sodium 
atom. This is much greater than the Rayleigh cross- 
section of a molecule of the air (~ 3 x 10-?! m?) and makes 
possible the detection of sodium even though it is a minor 
constituent. Experiments to measure concentrations of 
individual species by resonance scattering using either a 
neodymium-in-glass laser!?!', à pulsed gas laser’? or a 
Raman laser!*:!? have been proposed in the past, but no 
results have yet been published, and practical difficulties 
involved in the Raman laser have been noted''. The 
recently discovered continuously tunable narrow-band 
organic dye laser, however, is eminently suitable for 
such experiments. 


Table 1. 
Wavelength "9 
Transmitter bandwidth 
‘Transmitter beam divergence 


PARAMETERS OF THE OPTICAL RADAR SYSTEM 

589-6 nm 
0-15 nm 

<O-2mrad 


Photons transmitted per pulse 10!* 

Pulse duration 0*4 us 
Pulse repetition rate 0:25! 
Receiver area (6 m? 
Receiver bandwidth inm 
Receiver beam divergence 0-7 m rad 
Receiver efficiency ly 
Separation of receiver and transmitter 7m 


The optical radar system (see Table 1) was based on the 
system previously used to obtain total density profiles’. 
A flashlamp-pumped dye laser'*, tuned by a tilted Fabry— 
Perot interferometer, was used in the transmitter. The 
receiver collecting mirror, 0-97 m in diameter, had a 
surface sufficiently accurate to define a beam divergence 
of 0-5 m rad. The D, line was used because a suitable 
interference filter was available for the receiver, but use 
of the D, line would yield a two-fold increase in signal. 
Mechanical shutters to eliminate spurious signals? were 
not needed, because the fluorescence decay time of the 
dye molecules" is of the order of 10-* s, and no overlap of 
the transmitter and receiver beams occurred below 15 km. 
Above this height the signal was insufficient to cause 
photomultiplier overload. 
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Photon counts/2:5 km 





60 80 100 120 140 160 
Height (km) 
Fig. 1. Photon counts accumulated on the nights of September 17/18, 
21/22 and 23/24, 1968, in height channels of varying width are shown by 
[y The average background noise level measured between shots 
(~~~) was found to be 52:8 counts/2-5 km. -+) Indicates + one 
standard deviation from the average background which is taken to be 
Nn, where n is the number of background counts expected in a given 
height channel. The expected Rayleigh signal, 4:0 counts/2:5 km, has 
been subtracted from the 50—70 km channel. 


Table 2 summarizes the first results. The background 
noise count was calculated from measurements of the 
photomultiplier count rate between laser shots. The rate 
was at least ten times greater than would be given by 
airglow and is believed to be chiefly due to atmospheric 
scattering of sodium street illumination. Poisson statistics 
can be applied'® to the photo-electrons produced by the 
background light or by any scattered laser light. The 
photomultiplier dark count rate was small compared with 
the background rate and its deviation from Poisson 
statistics can be neglected. When the counts in the 
80-100 km region are totalled, there is an excess over the 
background, which is significant at the 0-01 per cent level. 
This excess we ascribe to resonance scattering from free 
sodium atoms. In order to examine the distribution in 
finer detail, the 85-100 km region was covered by 2:5 km 
counting channels on September 17/18, 21/22 and 23/24. 
The accumulated counts are shown in Fig. 1. The agree- 
ment between the observed count and the background in 
the 50-80 km and 100—160 km regions confirms that there 
is no significant source of spurious signals. The absence 
of any scattering in the 90-92.5 km region was also 
indicated on September 11/12 and 12/13 when a different 
arrangement of the height channels was used. 


Table 2. SUMMARY OF SODIUM MEASUREMENTS 
. Observed 

Night, . Rayleigh Observed Background 
September ET No.ofshots count count noise count 
1968 30-35 km 80-100 km 80-100 km 

11/12 0140—0248 248 362 248 206 

12/13 2235-0040 645 466 260 224 

17/18 2303-0225 608 202 180 166 

21/22 2215-2327 376 203 139 118 

23/24 1925-2105 501 231 140 138 

Totals 2,378 1,554 967 852 


Total signal count 80-100 km = 115 + 81. 


The column number density of sodium atoms in the 
80-100 km region can be estimated by using the observed 
Rayleigh scattering and known air density in the 30-35 km 
region as a reference in conjunction with a measurement 
of the laser spectrum. This method of calibration is 
independent of other parameters of the optical radar and 
the atmospheric transmission, provided the receiver beam 
completely overlaps the transmitter beam above 30 km. 
For the five nights in Table 2 the average column number 
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density so obtained is 6x 10? m~. Upper and lower 
limits of 1-8 x 10t m and 9 x 109 m-? can be derived with 
95 per cent confidence from the laser bandwidth, which 
was certainly in the range 50—300 pm, and from the 
limited accuracy of the signal count from 80-100 km. 
These figures can be compared with typical daytime and 
twilight column number densities! in ‘he range 2 2 x 1014 m 
to 2 x 108 m-?, 

We intend to use an improved laser with a narrower, 
more aceurately measured spectrum to obtain profiles at 
night and possibly also in twilight using smaller beam 
divergences. It is expected that sucn mer 'asurements will 
assist with the development of an improved theory of 
atmospheric sodium including ths effects of ozone 
variability, and may thus provide a valuable monitor of 
the changes in ozone concentration which are believed to 
oceur at nightfall’. 

We thank Monica Oliphant, who examined the feasi- 
bility of this experiment, E. Goltor, who designed the 
receiver, and G. E. Ashwell and W. S. Newman, under 
whose guidance the equipment was developed. 
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Geochemical Reconnaissance of the 
Lower Lias 


GEOCHEMICAL reconnaissance by the sampling of stream 
sediment has indicated patterns of hah or above normal 
molybdenum both in the Republic of Ireland’? and in 
several areas in England and Wales**. Anomalous con- 
centrations of molybdenum im the stream bed have 
usually been correlated with the anderlying bedrock 
geology and the source of the molybdenum traced to 
black marine shales of varying age. Good correlations 
have been established between the reolybdenum content 
of the stream sediment and that of the topsoil, though 
this relationship may be subject locally to variation in 
secondary environment. soil parent material and sediment 
geochemistry. Comparison of regional geochemical data 
with information on disease incidenee in livestock has 
indicated that, in addition to confirraing areas in which 
clinical molybdenum-induced hypocuprosis is already 
recognized, the method may also delineate areas in which 
the subclinical problem occurs. Highly significant relation- 
ships have been established between drainage molybdenum 
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Fig, 1. Outerop of the Lower Lias in England and Wales showing 
molybdenum anomalies in the stream sediment and variations in the 
tature of the overburden. 


patterns on one hand and bovine blood copper concentra- 
tions on the other in Co. Limerick, Derbyshire and north 
Staffordshire*?.. In the two latter areas animal trials over 
the past 2 years have shown an economie response to 
copper supplementation in herds where clinical symptoms 
of deficiency are absent. 

Geochemical reconnaissance has now been extended to 
cover the outcrop of the Lias formation. imeluding the 
well known "teart" pastures of Somerset. Severe purging 
in cattle grazing pasture in central Somerset was first 
reported in 1855 (ref. 6) and subsequently in central and 
north Somerset, Gloucestershire and Warwickshire’. The 
disease known as "teart", with symptoms of scouring, 
loss of condition and rough discoloured coats, was de- 
scribed in detail during the 1930s within an area of some 
20,000 acres in Somerset where the condition was shown 
to be molybdenosis associated with pastures containing 
high concentrations of molybdenum*-'*. The source of 
the molybdenum was ascribed to the clay component of 
the Lower Lias“. More recent systematic studies on 
borehole samples from Somerset and Gloucestershire have 
shown that high levels of molybdenum are confined to 
the lower zones of the Lower Lias, particularly thin shale 
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to a reduction in both liver copper storage and blood 
copper levels. Cattle showing typical symptoms of hypo- 
euprosis have in fact been described on parts of the Lower 
Lias outside the teart pastures. in particular in other parts 
of Somerset, the Vale of Marshwood. Dorset, the Severn 
Vale and parts of Warwickshire (personal communication 
from Miss P. E. Farmer and G. F. Kershaw). Herbage in 
these areas frequently has had a slightly raised mol yb- 
denum content in association with low or normal copper 
levels. The actual extent of bovine copper deficiency on 
the Lower Lias has neither been clearly defined nor fully 
investigated, though & recent collation of information 
from veterinary and advisory sources indicates that the 
clinical problem is more widespread than previously 
reported in the literature. 

Preliminary geochemical reconnaissance was carried out. 
in 1966 in three areas in Somerset and Gloucestershire 
totalling some 180 square miles. The recognized teart 
areas were not included in the study. Extensive anomalous 
patterns of molybdenum in stream sediments were found 
over part of the Lower Lias in the viemity of Castle Cary 
and Chipping Sodbury, compared with normal or back- 
ground levels on other parts of the Lower Lias and on the 
adjoining formations (paper presented to the British 
Society of Soil Science, Bristol, 1967, by Thornton, Webb 
and Farmer). As in previous Investigations elsewhere, 
anomalous patterns of molybdenum in the drainage were 
shown to indicate the presence of molybdeniferous soils. 

Subsequently a reconnaissance of stream sediment was 
carried out over the entire Lias outerop in England and 
Wales. Including limited sampling on neighbouring strata, 
the total survey covered some 3,500 square miles from 
Dorset in the south to Yorkshire in the north at a mean 
density of I sample mile. — Speetrographie analysis 
indicates anomalous patterns of molybdenum (35 3 p.p.m.) 
totalling over 350 square miles (Fig. 1). "The prineipal 
anomalous areas in the southern part of the Lower Lias, 
where the overburden is predominantly residual, are in 
the Vale of Marshwood and in the vicinity of Uplyme in 
Dorset, near Axminster in Devon, over much of the Lower 
Lias in Somerset, near Bristol and in the Vale of Glouces- 
ter, in the Vale of Evesham, and over extensive areas in 
Warwickshire. That part of the Lias in Somerset lying 
between the Bristol Channel and the Mendips is largely 
covered by alluvium and was only sampled in areas 
immediately adjacent to the major surface outerop. 
Anomalous molybdenum patterns are in fact found in 
streams draining this alluvium where it is composed of 
material of mixed Liassic and Triassic origin. Baek- 
ground levels of molybdenum (<3 p.p.m.) in streams 
draining areas bordering the Severn Estuary may pos- 
sibly reflect the masking effect of superficial fan gravel 
deposits. Background molybdenum concentrations on the 
Lower Lias outerop in Glamorgan confirm the earlier 
observation that the Lower Lias shales of this area are 
not enriched in molybdenum". 

In Northamptonshire and Leicestershire the Lower Lias 
is predominantly covered with boulder clay and does not 
give rise to any significant molybdenum anomalies. In 
Nottinghamshire and Lincolnshire, however, the drift 
cover is more sporadic and anomalous patterns occur 
along the western margin of the Lower Lias outerop. In 
Yorkshire, where glacial drift again predominates, small 
molybdenum anomalies are found where the Lias outcrops 
on hillsides above the main drift cover and in lenses within 
the North Yorkshire Moors. 


the recognized teart areas in Somerset, geochemical recon- 


naissance has delineated a further 200.000 acres on the 


ment. that may influence the overall agricultural interpre- 
tation. while further work is necessary to relate the 
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observed regional distribution of molybdenum with facies 
variation in the bedrock. 
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Photochemical Reaction Mechanisms 
for Production of Organic Compounds 
in a Primitive Earth Atmosphere 


THERMODYNAMIC considerations dictate the existence of 
a reducing atmosphere on the Earth during the synthesis 
of prebiological organic compounds’. Most of these 
molecules have been synthesized from methane, ammonia 
and water, or compounds derivable from these, using 
ionizing radiation, ultraviolet light or electrical dis- 
eharges?. If the atmosphere was derived by outgassing’, 
the compounds emitted through volcanie processes should 
have reflected their equilibrium composition in the crust. 
Once released they would have approached a new thermo- 
dynamic equilibrium dictated by cooler surface condi- 
tions. Here we explore some of the reactions whereby 
such a primitive atmosphere! might have given rise to 
reduced compounds of C and N. 

We must make some a priori assumptions as to the 
origin and composition of such an atmosphere. (1) Initially 
the total amount of hydrogen on the Earth was larger 
than it is now. The hydrogen has been ealeulated to have 
been equal to about twiee the present total oxygen on a 
molar basis, and was present primarily as water. Free H, 
had been lost earlier from the aggregating planetesimals. 
Since the period we are considering, the excess hydrogen 
has been lost to space while the oxygen has reacted with 
reduced crust materials and remains*. (2) The gases of 
the atmosphere were not initially present on the surface 
of the Earth’, but were produced in the crust at high 
temperatures (^ 1,000°-2,000° K) by the reaction of water 
with metals, carbides, nitrides and so on.  Suess? has 
calculated the thermodynamic equilibrium values for CO,, 
CO and CH, as a function of total hydrogen ( EH) in the 
system at various temperatures with XC and XO fixed. 
Shimazu? has done the same for the H—O-C-N-S-Fe- 
Mg-Si system. At high temperatures (41,000? K and 
above) the equilibria 


CH, + 2H,0 = 4H, + CO, 


and CO, + H, = CO + HO 


ASS 


favour the production of CO, and CO rather than CH, 
except at high TH (EH/EO 720) A: ZH/ZO 2 m the 
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stable forms of carbon are CH, and CX. 

(3) Rubey proposed that outgassist occurred over a 
considerable span of geological time. Thus we assume a 
steady state atmospheric composition. determined by the 
rate of release of gases from the crus:, the condensation 
of water into oceans, the loss of H, inio space, the reduc- 





tion of N,, CO and CO,, the solution of CO, in water and 
its deposition as limestone. A net inceease in the volume 


of the oceans and the mass of limestone would have 
resulted. Eventually the rate of H, loss into space would 
have exceeded the rate of release from the crust, and the 
atmosphere would no longer have been reducing. Presurn- 
ably life had arisen by that time. 

The outgassed atmosphere was subsected to a variety 
of reactions induced by solar radiation sad, to some extent, 
by electrical discharges. At the lower surface temperature, 
reactions which, in the absence of external energy sources, 
would have eventually led to a new equilibrium composi- 
tion of the gas mixture would have been extremely slow 
and need no longer be considered. 


Table 1. PHOTOCHEMICAL REACTIONS UNDEZX CONSIDERATION 
Dissociation energ” Absorption 
Reaction (A) iko 1 em) 
H,O-—— OH + H 2400 i,850 
CÓ, — CO +0 1650 1,656 
CO C +90 1115 1,080 
Na -N 4N 1270 ~ 1,000 
H, —H +H 850 SAT 


The activation energy for reduction of CO, CO, and N, 
was provided largely by high energy sclar photons. The 
bulk of the ultraviolet radiation entering the atmosphere 
hes in the spectral range above 1400 A (ref. 8), a region 
in which both H, and CO, have strong »ptical absorption 
bands’. In absolute terms, however, the photon flux 
below 1400 A is considerable*. The primary photochemical 
reactions under consideration are listec in Table 1. An 
examination of the solar spectrum anc absorption data 
indicates that photolysis of water prowided a source of 
reducing power in the system. In the absence of appre- 
ciable concentrations of hydrocarbons the oxidizing OH 
radicals thus formed would have been veadily converted 
to atomie hydrogen by reaction with H. or CO, 


H; + OH — H,O + H 
CO + OH — CO, + H 
Atomie oxygen produced by photolvas of CO, would 
have been removed by reaetions such as 
O + H,— OH + H 


and thus provided another source of reducing power. 
Production of H atoms by photolysis o^ H, would have 
been negligible by comparison. Formetion of the first 
simple aldehydes can now be envisaged, 


CO + H -+ HCO 
HCO + HCO — HCHO + CO (formaldehyde) 
or — (HCHO), (glywxal) 
The first step may be a three body precess, but could 
occur at an appreciable rate at atmospheric pressure. 
Carbon atoms resulting from CO breakcown would have 
provided a source of hydrocarbons. The reaction of atomic 


carbon vields radical precursors of methaae!*, 


CGP) + H, — CH, AH = — 88kealories mole-! 
CES) + H, — CH + H AH = — 39 


CH, + H,-—-CH,--H AH ~ 0 
or — CH, AH = —100 
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Formation of ethylene and higher hydrocarbons is easily 
envisaged. Carbon atoms in a metastable excited state 
(45) are produced by radiolysis of CO at moderate pres- 
sures", Although the radiation yield for this species is 
low (—0:1 atoms per 100 eV) the yield of ground state 
atoms (^P) is unknown and could be considerable. The 
faet that radiolysis of CO yields large amounts of car- 
bonaceous solids!* supports this idéa. This solid is 
believed to be a polymer formed by the reaction scheme 


C + CO — C,0 
CO, — polymer 


The formation of C,O, is highly exothermie and requires 
a third body. As the H, concentration in the system fell, 
this reaetion may have become important, vielding 
malonie acid by hydrolysis of €,0,. 

The primary reduced compounds of nitrogen formed by 
reactions of N atoms were probably HCN and NH,. 
Nitrogen atoms react with simple hydrocarbons to yield 
HCN, not NH,, as the major volatile product!?. Because 
of spin conservation such reactions are more probable 
for excited (*D or *P) N atoms; they would have been 
important at higher photon energies (> 12-2 eV 1000 A) 
or in the vicinity of electrical discharges. Although 
ground state N(4S) atoms do not react appreciably with 
CH, the reaction of N(*S) atoms with C,H, to form HCN 
(also spin forbidden) is efficient, probably due to the 
formation of an intermediate complex allowing spin 
exchange’, Ground state N atoms react with H, by a 
three body reaction to yield NH, (ref. 15). This radical 
can form NH, by reaction with either NH, or H radicals. 

We do not have kinetie data for the formation of HCN 
by reaction of excited N atoms and do not know their 
concentrations relative to that of NOS) atoms in our 
system, so We cannot assess the relative importance of 
the reactions. We propose, however, that production of 
HCN was probably as important as that of NH, in the 
early atmosphere. In electrieal discharge experiments, 
HCN is one of the principal products in both NH,, CH,, 
HO !* and CO, N,, H, systems", but it is not known what 
reaction mechanisms are involved. Experiments using 
HCN as a precursor have yielded polypeptides'’, adenine, 
guanine and urea?, 

We have not considered ionic mechanisms or reactions 
involving excited states of neutral molecules. The final 
products of ionie reactions usually resemble the products 
of free radical reactions. Excited neutral molecules in a 
non-dissociative state would have been formed, and these 
would have acted primarily in energy transfer to other 
molecules. An example is 


CO — *CO 
*CO + CO— CO, + € 


Carbon dioxide has been observed as a product of photo- 
lysis of CO at 2068 A, a wavelength far above that neces- 
sary for primary dissociation, and has been ascribed to 
this mechanism??, 

Although the photochemical reactions would have led 
toward the level of reduction dictated by thermodynamics, 
the products formed would have been different from those 
predicted for a thermal approach to equilibrium. It is 
necessary to stress that we do not propose a strongly 
reducing atmosphere of CH, NH, and H,O because we 
have not assumed cosmic proportions of TH, XO, XC and 
ZN for the primitive Earth. With the ratio of hydrogen 
to other elements assumed, a reducing atmosphere would 
have resulted at 300° K, but significant CO, would have 
remained. In an atmosphere containing a larger initial 
proportion of CH, than we have assumed, our basic 
scheme is not significantly changed. In fact, a larger 
amount of hydrocarbon would have favoured HCN pro- 
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duction by providing an efficient N atom scavenger from 
the outset. 
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New Approach to Experiments on 
Low Intensity Interference 


ACCEPTANCE of the dual nature of light leads naturally 
to the question whether single photons interfere with 
themselves or whether interference effects are due to the 
interaetions of two or more photons propagating "simul- 
taneously”. Besides being of distinct philosophical 
interest, this question also has direct scientific significance, 
for, concerning the basis on which theory is built, it might 
be expected to have far reaching implications for theory 
itself'-?5, Many expermments'-!° have been carried out 
All but 
one? have shown that a coherent hght souree is able to 
engender interference effects no matter how faint the 
source. This has led to the conclusion that single photons 
do interfere with themselves. 

We consider that experiments have so far had httle 
chance of succeeding in demonstrating that single photons 
do not cause interference effects even if such be the case. 
Our grounds lie in a factor common to the design of all 
the experiments--the introduction into the apparatus of 
what might be described as optical devices depending 
for their operation on essentially wave-like characteristics 
of light; for example, lenses, filters and prisms. 

The operation of these devices is dependent on the wave 
aspeets of light, and their action on any hypothetical 
corpuscular photons propagating according to some bal- 
listie or similar mechanism is unknown. These devices, 
when faced with a hypothetical beam consisting of cor- 
related photons cooperating in accordance with a wave 


mode. This possible discrimination against the hypo- 
thetical “single-photon-ballistic-mode” of propagation in 
favour of correlated photons obeying a wave theory of 
propagation makes experiments incorporating such devices 
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self-defeating in this context. The existence of a very 
low photon flux through the apparatus does not of itself 
ensure that most photons travel singly. Even if it did, 
experiments incorporating lenses, filters, prisms and so 
on, could yield a conventional result if single photons 
acting in a ballistic mode were not observable; for example, 
because of the inclusion of such devices in the apparatus. 
Correlation of initial photon flux with that observed would 
be required before any conclusion could be drawn. 

A convincing experiment would not only avoid the use 
of optical devices of the kind mentioned, but it would also 
ensure that “ballistic” photons had free traverse to the 
detector and could produce a recognizable pattern which 
was different from that produced by wave-like propaga- 
tion. Only in these conditions could ballistic type propaga- 
tion be proven or disproven. 

We are designing an apparatus fulfilling these require- 
ments. Further, as a refinement, we intend to use the 
wave characteristics of light to discriminate against the 
wave-like mode in favour of any ballistic type propagation. 
Because of certain difficulties, results are not expected for 
some considerable time. 
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Variability in Specific Conductance 
and pH in the Casiquiare—Upper 
Orinoco 


RECENT work has contributed significantly to our know- 
ledge of the quality and suspended sediment content of 
the rivers of the Amazon basin'?. Following the usual 
procedure, some authors extrapolate beyond the monthly, 
semi-annual or even sporadie samples to the discharge 
of sediments over extensive periods of time and over 
wide ranges of conditions. Tropical lowland rivers, 
especially in the wet season, are characterized by low 
concentrations of dissolved solids'. By extrapolation, 
over whole river systems and for long periods of time, 
small sifferences in various stream characteristics become 
greatly magnified. In April and May 1968, samples were 
obtamed from the Casiquiare and Upper Orinoco Rivers, 
with a view to determining the degree of variability in 
various river characteristics. This communication refers 
to variability in pH and specific conductance. Other 
results, currently being evaluated by Mr A. C. Edwards, 
University of East Anglia, will be published as they 
become available. The field work was carried out during 
the Geographical Magazine Amazonas Expedition. 
Specific conductance and pH were measured by W.G.W. 
meters which were calibrated in the field and before and 
after the expedition. The samples were collected by boat 
using a point sampler designed by the Department of 
Geology, King’s College, London, and placed in polythene 
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Fig. 1. Sampling locations, 


jars with serew-top lids. Measurement of pH and specific 
conductance was usually carried out within 3-4 h of 
collection, but in some cases samples stood for up to 24 h. 
Sampling locations are mapped in Fig. l. Samples were 
taken every 15 miles where possible, at the junction with 
large streams and in some cases in the tributaries them- 
selves. Distances plotted in Fig. 2 were obtamed from a 
hydrographie survey carried out in. 1943 (ref. 4). 

Gibbs! and Douglas? have pointed out the variability 
of specific conductance with time. The results given here 
show the degree of variability resulting from (a) variations 
along the rivers, (b) variations in tributaries, and (c) varia- 
tions in depth. Fig. 2 shows the specific conductance in the 
Orinoco and Casiquiare. Each point represente the mean 
of readings at a station. Specific conductance is à rough 
guide to the concentration of dissolved solids", and two 
distinct sources of variability are expressed in the results. 
The first is an overall decline from the headwater areas to 
the lower reaches of the rivers, the second a sharp change 
in eonduetanee with the incoming of certain tributaries. 
The overall drop in specific conductance along both rivers 
is small when compared with the fall in pH for the Casi- 
quiare. This overall change in both properties probably 
represents the joint effect of diminished relative relief 
further downstream, especially along the Casiquiare, and 
progressive increase in discharge. The Casiquiare takes 
some 25 per cent of its waters from the Orinoco’; the 
remaining discharge is from streams draining lowland 
areas. The higher concentrations of dissolved solida from 
the highland areas represent the availability of materials 
from sedimentary series, particularly the Roraima Series, 
and the a rates of TOn in Pu areas. careers: 
iM is show n by the regression of cages ye est. mated 
discharge figures for corre sponding months! against mean 
pH, which gives a correlation coefficient, of 0-927. Most. 
of this contribution comes from streams draining acid 
igneous roeks, especially granodiorites. 

The effect of tributaries is clearly quite marked. This 
is even more so in the field, for some of the streams are 
black, some clear and some white. It is usual to admit that 
the so-called black water streams are poor and the white 
water streams rich in minerals*?. 'The results show that 
this is not necessarily the case. The Ocamo and Guaviare 
are both white water rivers (with specific conductances of 
29 and 12 umhos respectively), whereas the Tarma-Tama 
and Atabapo are both black water rivers (10 and 25 
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Main stream sample; A, tributary sample. 
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umhos). On the other hand, the broad distinction between 
neutral pH for white water rivers and strong acid reactions 
for blaek waters seems to hold good, at least for the samples 
obtained. Thus the Negro, the Cano Daroti and the 
'l'ama- Tama are all below pH 4:8. It is apparent from the 
graphs of mean values that even quite small tributaries 
may significantly affeet mean values in the main stream, 

Some observations were made on variability at a site, 
that is, how much variability is included in the mean 
values. Variability with depth, even near tributary 
junetions, was relatively small when compared with other 
sources of variability, and never greater than 5 umhos. 
In reaches between tributaries more than about 2 miles in 
length, variability with depth was less than 2 pmhos-- 
within the range of instrumental error. Lateral variations 
were stronger, particularly below tributaries. For example, 
in a section of the river 200 m wide at Esmeraldas the 
readings varied from 26 to 16 umhos from one side to the 
other. Similar results were obtained below the Cunu- 
cunumi junction, and the mean figure for specifie conduct- 
ance drops sharply below this point. Such lateral vari- 
ability usually disappears within 2 to 3 miles of the 
junctions and in no cases were the differences observed 
15 miles downstream, even for the Atabapo, a relatively 
large tributary. 

The results show that sampling designs within the 
lowland tropieal environment need to pay particular 
attention to the effects of even quite small tributary 
junctions, whieh introduce local and frequently significant 
sources of variance. The use of surface samples, at least 
in this area, would not distort the results significantly 
because variation with depth is small. Averaging over 
distances of 15-20 miles seems quite legitimate às it 
filters out some of the minor components of variance 
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but preserves the regional components. It must be 
emphasized, however, that these results refer only to 
pH and specifie conductivity. 
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Deformation Bands in Amorphous 
Polystyrene and their Relation to the 
Slip Line Field 


POLYSTYRENE deformed in plane strain compression shows 
inhomogeneous plastic shear deformation in the form of 
intense shear deformation bands?. These bands are distinct 
from craze marks and must not be confused with the 
latter. Crazes occur in a direction perpendicular to the 
principal tensile stress, while the deformation bands are 
nearly parallel to the planes of maximum shear stress, 

A general theory, known as the ship line field theory, 
has been developed to analyse deformation in metals. The 
theory assumes a rigid, perfectly plastic, isotropic solid, 
with no strain hardening and no time or strain rate effects. 
It considers the loei of the directions of maximum shear 
stress and shear strain rate in the material, to form two 
orthogonal families of curves known as slip lines. These 
lines not only provide a theoretical indieation of the 
manner in whieh the material deforms, but also through 
the plasticity equations and Hencky's relations? can be 
used to give good approximations to loads required to 
produce plastice deformation. No direet observation of 


the deformed material. 

Because the slip lines are loci of directions of maximum 
shear stress, and the deformation bands in polystyrene are 
approximately parallel to planes of maximum shear stress, 
the bands will give some indication of the shape of a slip 
line field. 





Fig. 1. A section of a polystyrene specimen taken just to yield in plane 
strain compression, viewed in transmitted polarized light. Compression 
was in the direction indicated, between lubricated dies. 
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Samples of unoriented compression moulded poly- 
styrene sheet were compressed in plane strain at room 
temperature between polished dies. Two types of test 
were carried out and in each ease the material was com- 
pressed just to the yield point. Sections eut from the 
centre of the deformed specimens were studied in trans- 
mitted light. 

In the case of plane strain lubricated compression 
(compression between "smooth" parallel dies) the dies 
were well lubricated so that the die-specimen interface 
was unable to support any shear stress. The theoretical 
shp line field consists of two sets of lines intersecting 
orthogonally, and inclined at 45° to the compression axis. 
For comparison Fig. | shows the deformation bands, 
viewed in polarized light, in a section of a polystyrene 
specimen deformed between lubricated dies. Although 
the shearing of one band by another causes some distor- 
tion, the bands in the centre of the specimen are straight 
and inclined at approximately 45° to the compression 
axis. The two sets of bands intersecting approximately 
orthogonally clearly show the slip line field. 

To apply slip line field theor v, the experimentally 


observed deviation. of the bands from the direetion of 


maximum shear stress will be negleeted. For the simple 
slip line field for eompression between smooth parallel 
dies the pressure under the dies is 24 at yield, where $ 1s 
the shear yield stress of the material, The experimentally 
measured pressure to produce yield in the specimen shown 
in Fig. l was 109405 kg/mm? at an approximate strain 
rate of 0-09/min. Hence the constant k is 5:45 kg/mm". 

For testing plane stram unlubricated compression (com- 
pression between "rough" parallel dies) the dies and 
speeimen were cleaned free of grease so that for theoretieal 
analysis the dies eould be assumed to be so rough that the 
greatest possible frictional stress, namely the yield stress 
in shear, was induced at the die-specimen interface in the 
regions where yield occurred. The shp line field solution 
for these conditions as developed by Hill* is shown in 
Fig. 2a for a ratio of die width to specimen height of 5:0, 
which was the ratio used experimentally. Because the 
die-specimen interface is ideally rough, ship lines of one 
family meet the surface tangentially, while lines of the 
other family meet the surface normally. The undeformed 
regions are ‘shaded in the figure. 

Fig. 2b shows a section of a polystyrene specimen, 
deformed in the unlubricated conditions we have de- 
seribed, viewed in white light. Although heavy cracking 
has occurred, the deformation bands are clearly visible. 
It is apparent that there are regions of undeformed 
material both outside the dies and at the centre of the 





d 


imm 





Fig. 2. a, The theoretically constructed slip line field for plane strain 


compression between perfectly rough dies. The slip lines are drawn at 

15° intervals for a w/h ratio of 5. b, A section of a polystyrene specimen 

taken just to yield in plane strain compression, viewed in transmitted 

white light. Compression was in the direction indieated, between 
uniubricated dies. 
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specimen, consistent with the slip line field solütion. It 
can also be seen that the deformation bands show the 
curvatures suggested for the shp lines m Fig. 2a. and the 
orthogonal sets of bands meet the surfaces approxima tel 

normally and Tong mane aoe viaton of B ul band 


been a small amount 

U sing s dn ne acids in Cr ig. “2a ee the oretical an 
pressure under the dies is 4 OSk. Hence the predicted 
mean pressure is 22-2 kg/mm?. Experimentally the pres- 
sure required to produce vield im the specimen shown in 
Fig. 2b was 230+ L5 kg/mm? at an approximate strain 
rate of 0-20/min., 

This agreement is surprising in the light of the assump- 
tions made about the material in order to construct the 
shp hine fields, and in the deviations of the experimentally 
observed directions of the ship lines from the theoretic sally 
predicted ones, The fact that the unlubrieated dies are 
not ideally rough should lead to a vield stress below the 

predicted one. There is evidence, however, that the shear 
yield stress of a number of polymeric materials, indlüdiag 
poly stvrene, increases with appli ed pressure? ?^, and this 
effect may be leading to fortuitously good agreement. 
Nevertheless deformation bands in polystyrene, when 
approximated to planes of maximum shear stress, give a 
useful qualitative verifieation of the postulated slip line 
field. 

This work was supported by a grant from the Ministry 
of Technology. 











P. B. BOWDEN 
J, A. SURES 


Department of Metallurgy, 
University of Cambridge. 


Received November 18: revised December 19, 1968, 


Whitney, WL, J. Appt. Phys, 

* Bowden, s B., and Jukes, E À., 

? Argon, A. 5., ; Andrews, R. D, Godrick, J. A, and 
Phys., 36. 1899 (1988). 

* Hil, R., The Mathematical Theory of Plasticity, 129 (Oxford. University 
Press, Oxford, 1964). 

5 Hill, R.. The Mathematical Theory of Plasticity, 226 (Oxford University 
Press, Oxford, 1964). 

* Williams, J. G., Trans. J. denice d Inst,, 88, 505 (1907), 

* Holliday, L., Mann, J., Pogany, G. A., Pugh, H. Li. D,, and Gunn, D. A. 
Nature, 202, 381 (1964). 


34, 3633 (19531. 
J. Mal, Sei, 8, 183 (19088). 


Whitney, W., J. Appi 


Vapour Pressure of H;"O Ice 


We have measured the vapour pressure of H,'5O0 ice in 
the temperature range — 5° to —20^ C in order to determ- 
ine the fractionation factor of !5 between ice and vapour. 
Water enriched with !5O was supphed by the Research 
and Development Co. Ltd, of the Weizmann Institute 
of Science, Israel, in the form of D,”O with an SO 
content of 97 per cent. To convert D,'*O into H,O, 
D,'50 was vaporize En in vacuo eno react et pave me aue 
iron at 500° C. The evolved D, gas was removed throug 
a palladium-leak. | EN hen the Rn: was MEER 
the iron oxide containing !*O was reduced by circulating 
ordinary H, gas at 500° C to produce H,!5O which was 
trapped by cooling with dry ice. As much as 96 per cent 
of deuterium was replaced with protium by one run 
{deuterium analysis was carried out by Showa Denko 
Co. Ltd), and the process was repes ated twice to secure 
complete replacement. 

Matsuo et al.! used a U-type oil manometer to measure 
the absolute vapour pressure of D,O ice. The method we 
used was slightly different in that the small difference in 
the vapour pressure of H,8O and H,O was directly 
measured by introducing the vapour a the two isotopic 
species separately to the sides of a U- -type manometer. 
Temperature was controlled by a freezing mixture of 
water, ethyl alcohol and dry ice. A water sample of 
10 mg was used for each measurement. The error in the 
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pressure reading by a cathetometer was +002 mm, or 
T0001 mm of mercury. 

As Fig. 1 shows, the fractional difference in vapour 
pressure gives a linear relationship with inverse tempera- 
ture (^K). The relationship is as follows 





The standard deviation of (Papo — Pgp,»o)/ Pao is 
+0:0008. Using equation (1), the vapour pressure of the 
pure H,!8O ice can be calculated. A small correction for 
the original **O content (97 per cent) of the sample was 
made assuming that Raoult’s law holds for the mixture of 
H,*O and H,O. The result is given in Table 1. 


Table 1. VAPOUR PRESSURE OF H,O ICE AND FRACTIONATION FACTOR OF 


M0) BETWEEN ICE AND VAPOUR 


Vapour pressure 


Temperature of HPO Fractionation 
(^C) (mm of mercury) faetor 
0* 4:525 1:011, 
—- b 2.076 1-012, 
— JÜ 1-425 1:012; 
— 15 1-225 1:013, 
-2 0.768 1:013, 


* The value at 0? C is obtained by extrapolation. 


The fractionation factor of !5O between ice and vapour 
can be calculated on the assumption of ideal solution 
as the ratio of the vapour pressure of pure H,'*O and 
H,"*O. The result is also given in Table 1. The accuracy 
of the fractionation factor is within +0-0008. The chief 
source of error inherent in measuring the vapour pressure 
is attributable to the inhomogeneity of the temperature 
distribution in the cooling agent in which the samples of 
H,O and H,O were simultaneously immersed. The 
difference in the vapour pressure of H,O and H,O ice 
is so slight that the temperature distribution inside the 
cooling agent must be homogeneous within a range of 
+ 0-002? C to obtain the fractionation factor of !9O with 
the accuracy of 4 0:0001. 

We thank Professor Y. Miyake, who suggested this 
study and gave many valuable comments. 
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Stereochemistry of the Diquat lon 
in the Crystalline Dibromide Salt 


Digtat dibromide, the active agent of the herbicide 
‘Reglone’, has been assigned! the structure 1,1’-ethylene- 
2,2’-bipyridylium dibromide on chemical grounds, but 
the precise geometry of the diquat ion has not been 
established. 

The herbicidal action of diquat is believed? to involve its 
chlorophyll-catalysed reduction to a free radical by the 
addition of one electron, and then reoxidation by molecu- 
lar oxygen with the concomitant formation, by chain 
reaction, of hydrogen peroxide in concentrations sufficient 
to kill the plant. To aecount for the much reduced herbi- 
eidal activity of the analogous salts with three and four 
methylene groups in the quaternizing bridge, it was con- 
cluded, on the basis of model building, that activity is 
associated with a planar configuration because, of these, 
only the diquat ion seemed able to assume such a planar 
configuration. This is, of course, consistent with the 
postulated mode of action of diquat, for a co-planar 
atomic arrangement would enable the free radical inter- 
mediate to achieve additional stabilization through 
delocalization of the extra electron over both pyridinium 
rings®. 

In view of the relationship between stereochemistry 
and herbicidal activity, we are investigating a number of 
2.2'.bipyridylium salts by X-ray crystallography. and 
we now report the results for diquat dibromide. 

The erystals are monoclinic, space group P2,/e with 
four formula units of (C,H,,N,)*2Br.H,O in a unit 
cell. with a— 842, b= 22-82, c= 7-06 A and §=91-5°. 
Three-dimensional X-ray diffraction data were recorded 
on equi-inclination Weissenberg photographs using CuK« 
radiation and measured with a Joyce-Deecley flying spot 
integrating mierodensitometer. The structure was solved 
by the heavy-atom technique? and the atomic parameters 
(coordinates and anisotropic temperature factors for the 
non-hydrogen atoms and coordinates only for the two 
ortho-hydrogens) refined by suecessive rounds of full 
matrix least-squares calculations (modified version of the 
ORFLS program’). The remaining hydrogen atoms were 
included in the calculations with fixed coordinates. The 
final value of the diserepaney R is 7:6 per cent for 2,071 
observed structure amplitudes. 

Bond lengths and angles, calculated from the final least- 
squares results, are given in Fig. 1. Estimated standard 


deviations average 0-01 A for the C—C and C—N distances, 
0.13 A for C—H; for angles involving only carbon and 


nitrogen atoms 07^, and for angles involving hydrogen a 
There are no significant differences between pairs of erys- 
tallographieally independent but chemically equivalent 
lengths or angles, so we consider that the mean values 


H----2-39017) -H 





Observed dimensions for the diquat ion (lengths in A, angles 
in degrees). 


Fig. 1. 
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Fig. 2. Mean dimensions for the diquat ion. 
shown in Fig. 2 probably represent the most meaningful 
dimensions for the diquat ion. 

The bond lengths have not been corrected for the effect 
of thermal libration, but rough caleulations indicate that 
this is small involving increases in bond lengths of 
only about 0-005 A. The overall picture of bond dimen- 
sions would not be altered by this and the following dis- 
cussion applies equally well to the corrected or uncorrected 
values. 

Most noteworthy, perhaps, is the fact that the length 
of the central bond is very close to 1-477 A, the value 
suggested* for the length of the C(sp?)-C(sp?) single bond. 
'There does not therefore seem to be any appreciable degree 
of r-eleetron delocalization between the pyridinium rings 
in the diquat ion. 

The bond lengths within the pyridinium ring are com- 
parable with those found in similar ionic species, for 
example, in pyridoxine hydrochloride* and ethionamide 
hydrochloride’. The valence angles in the ring are close 
to, and generally slightly leas than, 120°, except at nitrogen 
where the angle is 121-5°. A large value for the CNC 
angle has been noted*" in other pyridinium derivatives. 
In contrast, the CNC angle in pyridine is 116-7° (ref. 8), a 
value typical’ for the angle at nitrogen in uncharged 
heteroaromatic systems. 

It is noteworthy that the diquat ion is not strictly 
planar. 'The two pyridinium rings are each very nearly 

lanar (maximum deviations from the mean planes are 
0-013 and 0-016 A. respectively, for non-hydrogen atoms), 
but the dihedral angle between the rings is 19-77, due 
essentially to a rotation of one ring with respeet to the 
other about the central bond. It seems unlikely, however, 
that this somewhat modest angle of twist would be 
sufficient to inhibit electron delocalization between the 
rings in the diquat free radical to any great extent. A 
more nearly planar conformation for the free radical is 
also not excluded. 

All computations were carried out on the University of 
Birmingham KDF9 computer and we thank the staff 
of Computer Services for assistance. We also thank 
Dr T. E. Tomlinson and Dr J. A. Farrington of Imperial 
Chemical Industries Limited, Jealott’s Hull Research 
Station, for crystalline samples of bipyridylium salts and 
helpful discussions. 
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Formation of Banded Sulphides: Metai 
lon Separation and Precipitation by 
Inorganic and Microbial Sulphide 
Sources 


WHEN two ions capable of forming insoluble precipitates 
are brought together by diffusion turough gels, sharp 
bands of precipitate are formed. The phenomenon was 
discovered by Liesegang!, who recognized its possible 
geological significance. 

Weiss and Amstutz® briefly reported that mixtures of 
metals adsorbed to clay separate in the form of metal 
sulphides when H,S diffuses through the clay. We have 
examined the precipitation behaviour of some roetal 
sulphides in media through which seluble mixtures of 
metal ions were diffusing. The results could be relevant 
to the formation in nature of stratiform sulphide deposits. 
Microbial as well as inorganic sources of sulphide were 
used in view of suggestions that some stratiform sulphide 
deposits may be “biogenic”. 

Solutions (5 ml.) containing 1 mmole of each of the metal 
ions being studied were separated from an underlying 
sulphide source by a column of either 2 per cent agar, 3 
per cent silica gel or 5 micron diameter glass beads 
(Fig. 1). The sulphide source was either 5 per cent NaS 
or a culture of the sulphate reducing micro-organisms 
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sulphide developed by microbial action. Chemica. analyses were done 

by atomic absorption, mineralogical studies by X-ray diffractometry. 

— — — Indicates that sections were n for chemieal and mineralogical 
analysis. 
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Desulfotomaculum nigrificans in nutrient agar*. The 
tubes containing agar or silica gel were held at 53° C 
(optimum growth temperature of the organism); those 
containing glass beads were maintained at room tempera- 
ture. In general the results were independent of the 
sulphide source: some exceptions are noted below. 

Single-metal ion systems of Fe(II), Cu(II), Pb(Il) or 
Zu(Il) yielded distinct bands of metal sulphide (compare 
ref. 5). 

Two-metal ion systems of Cu(IL)-Pb(H), Cu(II)-Zn(1) 
and Cu(IL)-Fe(IT1j separated to form distinct bands after 


48 h. Each metal band oceurred in the same position 
as that formed in the single metal systems. The relative 
positions of bands in the Cu(Il)-Zn(Il) system were 


unaffected by changes in absolute and relative concentra- 
tions of the metal ions over the range of 1 M to 10-8 M. 

A chemical (atomic absorption) and muneralogical 
iu ( H)- Pbh(H)- 
Zu(Il) and Cu(ll)-Pb(ID)-Zn(Il)-Fe(H) showed the 
metal ions to be concentrated preferentially in distinct 


in the gel. 

In the single-metal ion systerns the following minerals 
were identified by X-ray diffraction: mackinawite 
(tetragonal FeS), greigite (cubic Fe;S,). covellite (Cud), 
galena (PbS) and sphalerite (ZnS). In the more complex 
systems lanarkite (PbSO,.PbO) and chaleocite (Cu,5) 
were also detected. Lanarkite was probably formed 
from sulphate arising from diffusion from the nutrient 
agar or by oxidation of the sulphide ion, X-ray diffraction 
peaks other than those characteristic of the identified 
species were always found in material from the binary 
and more complex systems, but the position of these peaks 
differed from sample to sample. No unidentified peaks 
were found in material from single-metal ion systems. As 
systems aged, resolution of diffraction peaks increased, 
suggesting that early formed erystallites grew either in 
size or perfection. 

In the Fe(II) system, mackinawite formed with both 
microbial and inorganie sulphide sources, After 4 days 
ageing, greigite formed within the original space occupied 
by the mackinawite bands in the microbial systems but 
not in the inorganic systems, indicating that in the former 
case an oxidative reaction (compare Berner’) may have 
occurred within the initial zone of precipitation. Differ- 
ences in total ion content and concentration of HS 
between the microbial and inorganie systems mught 
account for the difference in banding behaviour. 


Table 1. INFLUENCE OF ANIONS ON BAND FORMATION AND MINERALOGICAL 


COMPOSITIONS OF ZONES 
No. of major zones 
Minerals detected of precipitation 


Experiment Metal salts 


i Pb acetate (:alena (7) 
ZnSO, Not deteeted 5 
CuSO, Covellite 
2 Pb acetate Galena 
ZnCl, Sphalerite ? 
cath, Chalcocite 
Sulphur 
3 Pb acetate Galena, lanarkite 
Zn acetate Sphalerite 
Cu acetate Not detected 7 
Fe acetate Not detected (see Fig. 1) 
Sulphur 


Sulphide in these experiments was produced by the action of D. nigrificans. 


Table 1 shows that different anions influence the 
mineralogy and banding of the metal sulphides. 

With the single-metal ion systems, Zn(II) and Cu(II), 
similar results were obtained with agar, silica gel and glass 
beads exeept that the well banded precipitation. zone 
formed with glass beads was stable for more than 4 weeks, 
whereas the initial zone of precipitation in agar gel con- 
tinued to widen: the zone as a whole enlarged upwards 
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when the source of sulphide was inorganie and downwards 
if the sulphide resulted from microbial activity. In all 
cases, although no further precipitation occurred after 
the stabilization. of the bands, free metal and sulphide 
ions were still present. in the gel. When an equal amount 
of glass beads was added to an Na,S-glass bead-ZnCl, 
system or an Na,S-glass bead-CuCl, system in which a 
banded precipitation zone had stabilized, à second set of 
bands developed above the first zone within 2 days and 
stabilized in turn. This process could pertain to the 
natural formation in ores of alternating finely banded 
sulphide-rich zones with barren zones up to several inches 
thiek that result from sporadie periods of fine particulate 
sedimentation. 

These observations show that diffusion of metal ions 
from a homogeneous solution may give rise to sharp 
bands of sulphide precipitates in which mineral phases 
separated and concentrated. 

Moreover, they show that in microbial systems the zone 
of sulphide precipitation need not correspond to the 
zone of microbial activity. 

Similar processes may have occurred to form closely 
spaced, sulphide-rich bands, each dominated by a single 
sulphide species, that characterize some unmetamorphosed 
stratiform ores (for example, MeArthur River deposit of 
northern Australia). In unmetarnorphosed stratiform 
deposits such as those of McArthur River in northern 
Australia the ores consist of closely spaced bands, several 
microns thick, each dominated by a single sulphide species. 
Our results suggest that diffusion of a homogeneous 
solution of fixed metal proportions through a gelatinous 
particulate medium that contains sulphide ions diffusing 
from the opposite direction could possibly explain the 
origin of this microbanding. This could provide an alter- 
native explanation to those which require that relatively 
rapid changes took place in the nature of the source 
solution or of the suspension immediately overlying the 
site of metal precipitation. 

This diffusion mechanism implies an essentially syngen- 
etie origin for sulphide microbands in host sediments. It 
suggests that the spacing, lateral extent and attitude of 
the bands could be determined by a wide range of local 
variables. For example, small scale contortions could 
arise from material diffusing through an inhomogeneous 
medium; lensing of bands and lateral mineralogical 
zoning could similarly result from local differences in 
permeability and ionic complexity which affect the rate 
of transport of ions through supporting media. 
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Relation between Fermi Level of 
Dyes and Redox Reaction caused by the 
Photo-excited Dye Molecules 


We have previously suggested that spectral sensitization 
in photography is governed by the relative position of the 
Fermi level of the photographic dyes with respect to the 
intrinsie Fermi level of silver halide’. The spectral 
sensitization of the photographie process is regarded as 
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the reduction of silver halide caused by the photo-excited 
dye molecules. It is therefore suggested that the redox 
reaction caused by the photo-excited dye molecules is 
also determined by the Fermi level of the dyes. 

The Fermi level of some photosensitive dyes has already 
been derived by several groups of workers from the 
threshold wavelength of their external photo-electric 
effect?-, We have determined the Fermi level of many 
photosensitive dyes by polarography, electronic spectra 
and electronic energy levels calculated by the HMO 
method’. Based on these data, various kinds of the redox 
reaction caused by the photo-excited dye molecules have 
been examined. 

The Fermi level cr of typical photographic dyes and 
the intrinsie Fermi level sim- & of silver bromide are shown 
in Table 1 (refs. 1 and 6). ze of the sensitizing dyes is 
higher than eint-» of silver bromide, and er of the de- 
sensitizing dyes is lower than eint-y of silver bromide. 
An excited dye the er of which is higher than gis r of silver 
bromide ean reduce silver bromide, while the excited dye 
whose ep is lower than zinc. p cannot. 

Usually, photographie sensitizing dyes are easily 
oxidized by adjacent redox systems when photo-excited, 
while desensitizing dyes are liable to be reduced’. This 
correlation implies that the dye with high ep is easily 
oxidized and the dye with low er is easily reduced by their 
light absorption. 


Table 1. FERMI LEVEL OF TYPICAL PHOTOGRAPHIC DYES 


Substance — £p Or — Eint-r Photographic effect 

Silver bromide -75 
Quinocyanine 1-6 Sensitizer 
Quinocarboeyanine td Sensitizer 
Quinodicarbocyanine 4-4 Sensitizer 
Thiacyanine 4-4 Sensitizer 
Thiacarbocyanine i Sensitizer 
Thiadicarbocyanine i5 Sensitizer 
Phenosafranine 5-1 Desensitizer 
Methylene blue oi Desensitizer 
Thionine d Desensitizer 

sapri blue 5.1 Desensitizer 


Table 2. INJECTION OF ELECTRIC CARRIERS FROM EXCITED DYE MOLECULES 


TO SELENIUM 


— fr Electric carriers injected 
Dyes (eV) into selenium 
Quinocarbocyanine 4d Electron 
Crystal violet 4-9 Electron 
Phenosafranine 5-1 Positive hole 
Methylene blue 5-1 Positive hole 


Table 8. ELECTRON TRANSFER BETWEEN DIFFERENT DYE CRYSTALS CAUSED 
BY THEIR LIGHT ABSORPTION 


Direction 


Dye À . . of electron Dye B 
Dye — £x(eV) transfer Dyes ~ £g (eV) 
Rhodamine B 4-6 —— Crystal violet 4.9 
Rhodamine B 4:6 e Quinocarboeyanine 4-4 
Rhodamine B 4:6 t Malachite green 4-0 


Dye A is irradiated by visible light, and in contact with dye B, 


Photo-excited dyes inject electrons or positive holes 
into selenium®. As shown in Table 2, the dye with high 
er injects electrons into selenium and the dye with low 
er injects positive holes into selenium. Thus the excited 
dye with high ep reduces selenium and the excited dye 
with low er oxidizes selenium. 

When one dye ervstal has contact with 
electron transfer is observed between them?, 
in Table 3, electron transfer occurs from the dye with 
high ep to the dye with low sp. Again, the dve with high 
er reduces the dve with low ep, after light absorption. 

These relations indicate that the excited dye molecule 
reduces substances with lower ep and oxidizes substances 
with higher ey. 

On the other hand, à dye in the ground state reduces 
molecules with vaeant energy levels lower than the 
occupied energy level of the dye, and oxidizes molecules the 
occupied energy levels of which are higher than the vacant 
energy level of the dye!*. Thus the redox reaction of the 
dye molecule in the ground state is not determined by its 
Fermi level, which usually determines the direction of the 
electron transfer between electric conductors, but by the 


another, 
As is seen 


467 





position of its lowest vacant and highest oecupied energy 
levels. It is thought that this discrepancy arises because 
the dye molecule is an insulator in tae ground state but 
a conductor in the excited state. 
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BIOLOGICAL SCIENCES 


Cyclophosphamide as a Chernical 
*Defleecing'" Agent for Sheer 


SHEEP shearing is becoming more of & problem because 
of the shortage of experienced shearers m many areas. 
An alternative and easier procedure fer removing wool 
would be useful to the sheep rancher whether his operation 
is small or large. 

Various chemieal compounds have been reported which 
effect hair or wool loss, but such materials are toxic or 
else the degree of fibre loss is variable. Australian sheep 
fed on a sole diet of Leucaena glauca will shed their flecce!. 
The depilatory agent in L. glauca is mireosine, an amino. 
proprionie acid. Sheep will become conditioned to consume 
this leguminous shrub with no ill effects or loss of wool 
because the chemical is modified in the microflora of the 
stomach. Fraser®, using colchicine to study cell division 
in the follicle bulb matrix of Romney sacep, found that 
the dose needed to induce maximum metaphase stasis 
produced shedding of wool fibres as weil as severe and 
sometimes fatal toxic effects. Crounse and Van Seott* 
observed that the plucked root ends of hair in patients 
served as a sensitive indicator of the toxic effecta of 
chemotherapeutic drugs. They also noted that the use 
of a mitotie inhibitor and anti-tumour agent, evolo- 
phosphamide, as well as other substances, for example 
alkvlating agents and antimetabolites, caused temporary 
cessation of hair growth. Homan et al.* isduced wool loss 
in two Suffolk sheep and hair loss in poodle dogs and 
Angora rabbits after intravenous doses of 30 or 40 “mg/kg 
body weight of cyclophosphamide. 

Observation of the sheep dosed by Moman and his 
colleagues led to tests of ey clophosphami: de as a possible 
chemical defleecing agent at the Agricuitural Research, 
Center, Beltsville, “Maryland. E xperimereal work began 
in June 1968. Twenty-eight animals were used in the 
initial experiment, ine luding fourteen crossbred wetherg 
and fourteen ewes, the wool of which was medium grade. 
At the beginning of the experiment the animals had 
15 months of wool growth. They were housed in individual 
pens with raised sereen floors within a laze, well venti- 
lated barn and were fed alfalfa pellets (uceme cubes) near 
maintenance level. Four animals served as controls, and 
the rest were divided into two groups: one zroup received 
evelophosphamide in the form of an oral crench and the 
other received the drug intravenously. The doses admin- 
istered ranged from 5 mg/kg body weigh: to 90 mg/kg 
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body weight. Controls were sham treated with water or 
saline either as an oral drench or as an intravenous dose. 

The 90 mg/kg dose proved to be toxie and lethal; 
animals on the 60 mg/kg dose refused their feed for 7 to 
18 days but did not display any other ill effects. The 
animals on the 30 mg/kg dose showed no gross signs of 
toxicity nor were there signs of any ill effects. Doses in 
the range 10 to 30 mg/kg body weight led to a thinning 
or eonstriction of the wool fibre at a focal point so that the 
fleece could easily be removed by hand about 7 days after 
treatment. If the fleece was taken 6 to 7 days after 
dose, however, the sheep was left completely bare. It is 
therefore preferable to wait at least 3 weeks after admin- 
istration of the drug to ensure a short uniform new growth 
below the break in the wool fibre (Fig. 1). The new 
growth helps to protect the animal from sunburn or cold 
as well as from flies and abrasions. Further research 1s 
needed to determine whether the longer time before 
defleecing results in significant loss of wool. Defleeced 
animals compared favourably with animals sheared in 
the conventional manner with respect to regrowth of wool. 
Controls were shorn when the experimental animals were 
defleeced. 

The exact period during which wool growth or mitotic 
activity is restricted cannot be determined from the 
observations made so far. It seems to be of relatively 
short duration, 24 h or less, after which normal mitotic 
activity resumes. The plucked root ends of wool fibres 
were taken periodically after administration of cyclophos- 
phamide. There was a focal constriction just above the 
bulb of the wool fibre approximately 48 h after dosing 
and this same constriction was observed at the skin 
surface 6 to 7 days after dosing (Figs. 2 and 3). 





Fig.1. Short new growth of wool on body of ‘‘defleeced” sheep, 21 days 


after dosing. 





Arrow indicates complete break at point of eonstriction in 


Fig. 2. N: 
plucked wool fibre, 7 days after dose ( x 125). 
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Fig. 3. Arrow indicates point of constriction in wool fibre plucked 


carefully to prevent breaking, 21 days after dose ( x 60). 


A chemical method of defleecing sheep would materially 
reduee eosts for labour and equipment as compared with 
conventional machine shearing. Injuries to the sheep 
such as bruises and euts would be eliminated. Second 
cuts of wool would also be eliminated and wool fibre 
length would presumably be more uniform in the shorn 
fleece. 

Cyclophosphamide shows promise as a method of 
removing the wool from sheep chemically. It is well 
tolerated in the range of 10 to 30 mg/kg body weight 
and can be given as an oral drench---perhaps eventually 
in the feed. There are, of course, other factors still to be 
explored, such as possible effects on the germ cells, 
immune reactions, reproduction and residues in the meat, 
as well as effects on quality of the wool. A method of 
administration in practical conditions and possible 
variation in effects on large numbers of sheep also require 
further investigation. 

We thank Dale Harper, Charlie Jackson, jun., Thomas 
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Anaesthetic Potency of CF4 and SF; 


in or near the nerve membrane. 
the correlations are of similar quality. 
proposed*-* that fluorinated gases, because 


It has been 
of their 
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anomalous physical properties, could provide a means of 


discrimination between these two types of theories. Using 
the righting reflex in mice as a test for anaesthesia, CF, 
was shown to be anaesthetic at 19 atmospheres and SF, 
at 6-9 atmospheres?^*, These values correlate fairly w ell 
with those values predicted from their lipid solubility!-5. 
The correlation with the hydrate theories of anaesthesia*:* 
was poor—published values at the dissociation pressures 
are roughly 1 atmosphere for CF, hydrate? and 1-0 atmo- 
sphere for SF, hydrate!* at 0^ C. The correlation was 
particularly bad for CF, where the anaesthetic pressure 
was far greater than that predicted from the hydrate 
dissociation pressure. "This lack of correlation makes the 
hydrate theories doubtful. 

Because of the importance of these findings and because 
of the limitations of the rightmg reflex as a test of anaes- 
thesia in mice, we have repeated the measurement of 
anaesthetic potency of CF, and SF, in dogs. We have 
defined poteney as the minimum alveolar concentration 
(MAC) of anaesthetic required to eliminate gross move- 
ment in response to a painful stimulus!?. We find that 
CF, is anaesthetic at 26-8 atmospheres and SF, at 
4.0 (0-4 atmospheres. These values are in reasonable 
agreement with the respective values of 19 and 6-9 
atmospheres measured by Miller ef al.7’. 

We have also remeasured the dissociation pressures of 
CF, and SF, hydrates at 0° C. The values are 41:5 
atmospheres and 0-77 atmospheres, respectively. The 
SF, value is in reasonable agreement with the value in 
the literature’®, but the CF, dissociation pressure is 40 
times higher than the literature value*. This new value 
for the dissociation pressure of CF, hydrate greatly 
improves the correlation with the predietions of the 
hydrate anaesthetic theories. 

The dissociation pressure of CF, hydrate has been 
reported only onee*. This CF, was prepared?) by 
heating CC], and AgF to 220? and by the reaction of CCI, 
with F,. Although these reaetions produce CF, along 
with other produets, Villard had no means of condensing 
the CF, It was later shown that the product isolated 
from fides reactions and used to make the hydrate was 
probably CF,Cl, rather than CF, (ref. 14). 

These new data n data for several other anaestheties!* 
are given in Table 1. The corrections to obtain fugacity 
are less than 5 per cent except for CF, where the dissocia- 
tion fugacity at 0° is 33-4 atmospheres and the anaesthetic 
fugacity is 23 atmospheres!*, This gives MAC x oil/gas of 
1:68 and MAC/faisg of 0-69. 


Table i 





Hydrate 
Oil/gas disgoc. MAC 
Gas MAC partition MAC x pressure at ————————— 
(atmo- coeff. oil/gas O° (atmo- fuise 
spheres) spheres) 
CE, 26 0-073 1-90 41-5 0-63 
SF, 4:9 0-293 1-44 0-77 8-4 
N,Q 1-9 1-40 2-63 10-00 0-190 
Xe 12 1-90 2:26 1:50 0-80 
C,H, 0-18 118 2-06 0-83 0-29 
CHC), 0-0077 285 2-08 0-062 0-12 


4 


Except for SF,, the correlation with the hydrate theory 
is adequate, although the hpid theory correlation is 
superior. Because the hydrate dissociation pressures are 
those at 0° C while the anaesthesia is measured at 37? C, 
it would be expected that this extrapolation might intro- 
duce factors that make the correlation less accurate. On 
the other hand, the lipid solubility correlation might be 
expected to be better because the oil/gas partition coeffi- 
cient and the anaesthetie poteney are measured at the 
same temperature. In the ease of SF, the hydrate is 
Structure H, while the other molecules in Table 1 form 
Structure I hydrates, except for chloroform. Cyclo- 
propane forms both hydrate struetures". The micro- 
erystal or iceberg in the ease of SF, is larger and requires 
more energy to form from liquid water than those of the 
smaller anaesthetic molecules. The heat gained on putting 
the SF, in the hexakaidecahedron of the mieroerystal or 
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iceberg is less than that of the other anaesthetic molecules 
of comparable size (for example, CHEL, C,H,Cl), and so 
SF, might be expected to correlate poorly with anaesthe- 
tics that form Structure II hydrates’. 

The data reported here show that the hydrate theories 
of anaesthesia, although uncertain in their validity, are 
compatible with the behaviour of CF,. 

The work was supported by grants from the US Publie 
Health Services, the Swedish Medical Council and the 
Swedish Delegation for Apphed Medical Defence Research. 
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Inhibition of Bone Growth in vitro 
by Endotoxin: Histamine Effect 


BECAUSE bacteria are found in close proximity to soft 
tissue and bone in the oral cavity, it seems logical that 
bacterial endotoxin could affeet the metabolism of bone 
and contribute to the bone loss seen in periodontal disease. 
We investigated the effeets of bacterial endotoxins on 
rapidly growing bone in an organ culture system. Also, 
because there is evidence that histamine affects the activit y 
of endotoxin!2, we cultured bones in an environment 
containing both endotoxin and histamine, and found 
that synthesis of structural protein was inhibited without 
affecting cell turnover. 

We used the organ culture technique described by 
Profit and Ackerman*. Metacarpal and phalangal bones 
from 5 day old rats dissected free of soft tissue were placed 
on a small piece of “Millipore’ filter (0-45 microns) and 
secured by a clot of chicken plasma and thrombin. They 
were cultured in stoppered 15 ml. tubes containing 1-5 ml. 
of synthetic medium 199 (Hanks base) supplemented with 
penicillin and streptomycin but not horse serum (to avoid 
extraneous antibodies). Commercially prepared E. cols 
lipopolysaccharide ()Difco" 0111: B4) was used as the 
endotoxin source because of its standardization and ease 
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of procurement. The mean lethal dose of this material for 
5 day old rats was 150 ug/g body weight. Endotoxin was 
added to the bone cultures in concentrations from 0-400 
ug/ml. of eulture medium. The pH did not change 
significantly for all media preparations. Carbon-14 
proline was added as a tracer for protem synthesis. and 
tritiated thymidine was used to monitor DNA synthesis. 

In a second group of similar experiments, histamine 
phosphate was added to the culture medium in con- 
centrations from 0-100 ug/ml. Ina third study, a constant 
concentration of histamine was used with varying con- 
centrations of E. coli endotoxin. All experiments were 
designed using a 4 x 4 Latin square with two replications. 
One extra bone was grown im eaeh medium for histological 
examination. Seetions were prepared for autoradiography 
and routine histology. 

The culture medium was changed every 48 bh. After 
culturing for 6 days with ambient. air as the oxygen 
source, the bones were removed, washed thoroughly, 
dried, and combusted in an oxygen-filled flask. The 
gaseous mixture was collected, and the *H and “C contents 
of this solution were counted simultaneously in à liquid 
seintillation counter. 

High levels of endotoxin were necessary to affect uptake 
of either thymidine or proline. Inhibition of bone growth 


more than incorporation of "C proline at these concentra- 
tions. These data were expressed as a percentage of 
growth at each level of endotoxin and were plotted on a 
log-log seale asin Fig. LA. Residues from a typical control 
bone gave 100,000 ¢.p.m. for "C and 20,000 c.p.m. for *H. 
It was of interest that the high concentration of 400 pg/ml. 
did not completely inhibit uptake of either thymidine or 
proline. To an extent, this may be a result of difficulties 
in keeping high concentrations of lipopolysaecharide in 
solution, but it seems clear that growing bone is not 
particularly sensitive to endotoxin. | 
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Fig. 1. Effects of E. coli endotoxin on bone growth in organ culture. The 

average growth of control bones for each experiment is considered to be 

100. The growth of the bones in endotoxin (4), and histamine plus 
endotoxin (B), is related to this. 
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Fig. 2. Heayily exposed double labelled autoradiographs stained with 
haematoxylin and eosin ( x 50), 4, A normal metacarpal showing banding 
in the zone of maturation (black arrow) and thymidine-labelled nuclei in 
the zone of proliferation (white arrow); B, a metacarpal grown in 30 
ugiml. of histamine phosphate plus 10 g/ml. of E. ect endotoxin. The 
banding in the zone of maturation is decreased (black arrow), but nuclear 
labelling in the zone of proliferation (white arrow) is normal, 


Histological studies showed that the normal columnar 
architecture of the proliferating cartilage was disrupted 
by growth-inhibiting concentrations of endotoxin. No 
unusual osteoclastic activity was observed in any of our 
experiments. Autoradiographs of bones cultured m the 
presence of high concentration of endotoxin showed a 
generalized decrease in &ptake of radioactive material as 
compared with control specimens’. This histological 
picture is consistent with our scintillation count data. 
Preliminary experiments using endotoxin from oral flora 
have provided similar results. 

Histamine produces a shock phenomenon sunilar to 
that of endotoxin zn vivo and is thought by some to trigger 
endotoxin shock®, Our second series of culture experi- 
ments indicated that histamine in concentrations above 
30 ug/ml. inereasingly inhibited bone growth. 

Addition of E. coli lipopolysaccharide to bone cultures 
containing 30 ug/ml. of histamine phosphate in the media 
caused a distinct separation of our parameters of growth. 
This effect was opposite in direction and of greater 
magnitude than our result using E. coli endotoxin alone. 
Incorporation of YC was markedly depressed by low 
concentrations of endotoxin, while uptake of *H thymidine 
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was affected only shghtly (Fig. 15). Autoradiographs 
from this experiment showed à normal labelling of nuclei 
in the zone of proliferating cartilage, but no minimal 
banding of ground substance in the zone of maturation, 
confirming our scintillation data (Fig. 2). 

These experiments indicate that endochondral bone 
growth in organ culture is*fairlv resistant to endotoxin 
alone. When concentrations of endotoxin and histamine 
which separately have no effect on bone growth are 
combined, incorporation of proline (into structural 
protein primarily) is depressed without greatly affecting 
nuclear replication. The mechanism of this synergistic 
effect is unexplained. 

We are aware that these organ culture techniques do 
not stimulate oral in vivo conditions, but even so our data 
point to an interesting possibility. It has been thoroughly 
documented that histamine release generally accompanies 
reactions to endotoxin'-!!. If small amounts of histamine 
were released in ulcerated gingival tissues'? adjacent to 
bone and endotoxin-producing bacteria, this could inhibit 
protein synthesis in bone and the construction of the 
organic matrix necessary for new bone formation. Because 
the turnover of protein matrix in bone is fairly rapid, a 
decrease in protein synthetic activity would lead to a net 
loss of bone without the necessity of unusual osteoclastic 
activity. This phenomenon could be a significant factor 
in the pathophysiology of periodontal disease. Jn vivo 
studies are necessary for more conclusive support of this 
hypothesis, 
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Total Body Water and Weight Changes 
in Normal Adults 


OBSERVATIONS on a series of patients with changing total 
body water and body w eight stimulated our interest in 
the constancy of variation in these measurements in 
normal health. Bartley, Krebs and O'Brien! have looked 
for variations in body weight in normal subjects, but 
these were of no significance. Robinson and Watson? 
have weighed twenty-eight healthy young women at 
different times throughout the menstrual cycle and 
showed that there was a variation of less than +1-0 kg 
in 98-2 per cent of all the subjects investigated. Total 
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body water has been measured by several methods in the 
past, but the published information cn changes in this as 
estimated by the tritium space on two different occasions 
is limited. 

Tritium was only given to volunteers over the age of 45 
to comply with a request of the Medical Research Council. 
The group consisted of the first twenty healthy adults 
offering to cooperate. All were em 3oyed by the local 
health authority of a eounty bn They were briefed 
a few days before the experiment anc the importance of 
keeping to the routine was explained. ‘The need to 
attend for the experiment to be repeated a month later 
was stressed. All returned 4 weeks later, except two 
volunteers who returned 5 weeks later. Total body water 
was estimated from the urme concentration of tritium 
using an isotope dilution technique. A prepared dose 
of 100 uCi of tritium in 30 ml. of water was given by 
mouth on a fasting stomach. Samples of urine were 
collected before dosing and 2:5, 3, 4, 5 and 6 h afterwards. 
Estimations were made using a Packard "TYri-earb! 
counter. We considered that these estimations gave a 
measure of total body water (or “tritmam space) within 
the limits of the experimental methods used. The subjects 
were weighed on both occasions when they attended for 
their dose of tritium. Care was taken to see that the 
weighing was always carried out im the same conditions, 


Table 1. NORMAL BODY WATER CBANGES 


Patient Change in Change in 
and body water body weight 
Sex (1) (kg 
1 M (—) 360 ESED 
2 M (—) 143 (Y Et 
3 M (—} L:32 {~-~}0-7 
4 M (—) 1-98 (~ 0-7 
5 M (+) 1:52 f=} OG 
6 M (+) 0:56 o 
7 M (+) 2:76 (2) 2:8 
8 F (-) 0-83 (313 
9 F (—31 2-04 (- $03 

10 EF (—)1:30 f—} pA 

11 F (+) 1-59 (+)0-5 

12 F (+) 0-59 Ü 

13 F (—)3 85 fw} OG 

i4 F ( —) 6-58 (ORAE 

15 F (+) 1-64 (L7 

16 E (~) 1-96 f— 7 

IT F (—2 1-40 {+} 0-2 

18 F (—) 1-59 

19 F (—-)237 C4404 

20 F (—) 2-04 f- 06 

S,D. M 2.8] 1-22 
E 9.2] 0-88 


Table 1 shows the results. One body weight has been 
omitted because it was found re trospectively to have been 
incorrectly recorded. The changes in *otal body water 
and body weight for seven normal meles and thirteen 
normal females are shown. In both cases the samples of 

ach sex seem to come from normal distributions with 
ad deviations not significantly different by the 
variance-ratio F test. The range of change in - total body 
water for mel is 0 'S6- M 60 l. and iud fer: Mice 0: 59- 4: v58 l. 







jur. foede 0-1- 7 ee 

These results give an indication of the extent to which 
changes occur in healthy adults during ] month, both in 
total body water and in body weight. for both weight 
and body water the standard deviations are stat istically 
much less than those found in a large ps¥chiatric popula- 
tion measured over the same interval. It is noticeable 
that there is à tendency to Mid a Aree m total body 
, and it may be 
o that the sud was Ci aided ou t &uring the early 
summer months. 

We thank Dr R. J. Donaldson, Medical Officer of 
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out the tritium estimations, and Roger «X. Richards of 
the University of Sheffield for help in coraputation. We 
also thank the people who offered themseives as subjects 
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Neurological Abnormalities in 
XYY Males 


THE report by Jacobs et alt on seven XYY males found 
among patients in an institution providing special security 
conditions of confinement for patients with violent or 
otherwise dangerous propensities was particularly sur- 
prising because only à few cases of this type of aneuploidy 
had been described previously. Price et al? examined 
these seven X Y Y males and two others from the same 
institution, and found that none had physical abnormali- 
ties; they noted, however, that six of the nine were 6 feet 
or more tall. In fifty males 6 feet or more tall who were 
classified as “mentally subnormal’ and “antisocial”, 
Casey et al.* found twelve X Y Y males; they discovered 
another four among fifty tall. “mentally il", antisocial 


Table 1. 


Case No.* Age Diagnosis t Height 
DORHI100738) 29 Moderate mental retardation ftin. None 
ZOLK231144) 24 Mental retardation of unknown — 6 ft 4 in. Left face 


Body asymmetry 


shoulder smal- 
ler than right. 
foot 
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patients, and two more among twenty-four tall eriminals. 
Results of physical examination of these patients were not 
given. Telfer et al.*, who have not yet described in detail 
the physical findings in the five X Y Y males they have 
found, stressed that four of these patients had facial 
acne. ; 

Court Brown? points out that before the State hospital 
study by Jacobs, chromosome analysis of more than 
2,000 normal males from the general population revealed 
only one XY Y male. It is clear that X Y Y males in the 
general population are very rare, and the available 
information leaves little doubt that even among tall, 
unselected males they are infrequent. There is, however, 
a need for more extensive studies on the frequeney of the 
AYY condition among tall males in general, and I am 
planning such à study. 

The finding by Price and Whatmore? that X Y Y males 
come into conflict with the law at an exceptionally young 
age emphasizes the need for diagnosing the condition in 
early childhood. At present this can be done only by a 
chromosome analysis, and because this is too expensive 
for large surveys of the general population, a search for 
elinical manifestations that might have an early onset 
is called for. With this end in view I am attempting to 
collect as large a sample of X Y Y males as possible even 
though this makes it necessary to bias the sample by 
restricting it to tall, institutionalized males. The follow- 
ing report describes the abnormal neurological findings 
in twelve X Y Y males. 

Male patients 6 feet or more tall were seleeted for 
chromosome analysis from four maximum security 
hospitals and two institutions for the mentally retarded. 
The one boy included in the report was referred to me for 
neurological evaluation at a clinice for school children in 


CLINICAL OBSERVATIONS IN TWELVE YEF MALES 


Neurological abnormalities 
Motor and reflex 


Intention tremor in upper extremi- 
ties; fine finger movements im- 
paired bilaterally, more in right 
(dominant) hand; left hand grip 
stronger than right 


Other 


and Rebound and intention tremor in 


upper extremities; bilateral 
ataxia on heel-fo-knee test, jaw 
jerk very brisk 


small with pes 


and 


talipes equino- 


cause: behavioural reaction 
Right 
Cavus 
varus 
3 (HR7083H 32 / Borderline mental defective; | 6ft2in. None 


behavioural reaction 

Mild mental defieienev; idio- 
pathic with behavioural re- 
action 

Idiopathie mental deficiency, 
mild; behavioural reaction 

Schizophrenie reaction, para- 
noid type 


4 (LW231044) 24 6 ft 5 in. 


5(MY290341) 25 ftin, None 


8(JM100530) 37 6 ft 1in. 


7 (HM140243) 25 Schizophrenic reaction, chronie 6 ft 1 in. 


undifferentiated type 
6 ft Gin, 


8 CEWi30926) 41 / Schizophrenic reaction, chronic 


undifferentiated type 


0(VCI30211) 57 Sociopathic personality, sexual 6ft Gin. None 


deviation, homosexuality 
6 ft 6 in. 


t04(BB131037) 30 Soclopathic personality, bomo- 


sexual with sehizoid trends 


11 (RP160327) 41 Soclopathic personality 6ftOin. None 
12 (DR260661) 5- None 4ft7in. None 


11/12 


Left face smaller 
than right 


Left face smaller 
than right 


Left face smaller 
than right 


Left foot smailer 
than right 


Left face smaller 

thanright ;sceo- 
" liosis with eon- 
vexity to right - 


Intention tremor in upper extremi- 
ties 


Intention tremor in left upper ex- Bilateral dvsgraphesthesia in 
tremity and impaired fine finger upper extremities: severe 
movements stuttering since childhood 

Intention tremor in upper extremi- 
ties 


Bilateral ptosis; history of 
seigure disorder until age 3:5 
Years 


Intention tremor in upper extremi- 
ties; more marked on left; absent. 
left arm swing during walking: 
left ankle jerk more brisk than 
right 


Intention tremor in upper extremi- At present is having either seiz- 


ties; left central type of facial ures or "pseudo seizures", 
weakness currently under investigation 


Left hand grip weaker than (domi- 
nant) right; hopping impaired on 
left: left ankle jerk more brisk 
than right; left plantar response 
absent (right is flexor) 

Intention tremor in upper extremi- 
ties; unable to walk on heels 


Hypalgesia in toes: absent 
vibratory sense in toes and 
decreased in ankles 

Dysdiadochokinesis, intention tremor 
and impaired fine finger move- 
ments in left upper extremity: 
deep tendon reflexes on left more 
brisk than right in upper and lower 
extremities 

None 

Intention tremor in upper extremi- 
ties, more marked on left: left fine 
finger movements impaired; tan- 
dem gait and hopping poorly per- "P' sounds and an intrusive 
formed, dysdiadochokinetie. move- "UR" between initial conso- 
ments of tongue and lips nant and “r” and "I" 


Mild speech deficit eharacterized 
by substitution of a pharyn- 
geal approximation of r” and 


* The code for identification (first and last initial and number of day, month and year of birth) is that recommended by the Chicago Con- 


ference: Standarization in Human Cytogenetics. . 
t All diagnoses appear as recorded on the hospital records, 
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Milwaukee. Chromosome preparations were made from 
the lymphocytes of 10 ml. of venous blood by a slight 
modification of the technique described by Moorehead 
et al^. Neurological and other findings recorded here 
are the result of my own examination of the positive 
cases. Photographs of these patients have been taken 
and serve to confirm and document my clinical impres- 


sions regarding body asymmetries. Numerous other 
studies of these patients are in progress. 
Ten XYY males were found among 210 tall male 


patients in maximum security hospitals. An additional 
one was discovered among thirty-two tall males in 
hospitals for the mentally subnormal. Lymphocyte 
cultures of ten other patients in security hospitals and of 
three in hospitals for mental retardates were unsuccessful. 
The data included in Table 1 represent only some of the 
information gathered so far; other data relating to 
psychiatric history, developmental history and so on 
will be reported in à separate communication. Body 
asymmetries are included here because their incidence 
in this group of patients seems to be significant. Only 
those asymmetries are deseribed which in my judgment 
represent a significant deviation from the normal variation 
in body proportions. It is known that asymmetries oceur 
frequently in neurologieal disorders. 

Although the neurological abnormalities were not 
severe enough to cause awareness on the part of the 
patients of their own deficits, all of the abnormal signs 
recorded were easily demonstrable. Only one of the 
twelve patients was free from abnormal neurological signs. 
In cases 7 and 9 there is a history of excessive intake of 
aleohol over an extended period of time, but only in case 
9 is there reason for believing that many of his neurological 
deficits are secondary to this. Patient 7 is at present 
taking 300 mg of diphenylhydantoin daily. Although 
this could account for his tremor. he has no other signs 
of toxie effects, and it could not explain his facial weak- 
ness. Except for the possible seizure disorder in this 
patient, and the history of childhood epilepsy in case 6. 
none of the patients is suspect of being affected by a 
specific neurological disease. 

In contrast to previous reports, the data resulting from 
this study show that ten of twelve . XY Y males have 
abnormal neurological findings which may be the result 
of their chromosomal imbalance. (Case 9 is not included 
because his findings may be due to prolonged excessive 
use of aleohol.) This objeetive evidence of brain dysfunc- 
tion in these individuals lends support to the notion that 
the emotional disturbances to which X Y Y males seem 
predisposed are the direct result of their aneuploid state 
rather than, for example, the result of emotional conflicts 
arising from problems consequent to simply being tall. 

Intention tremors usually indicate disturbance in 
function of the cerebellum. Pathological changes in the 
frontal lobes of the cerebrum. however, may result in the 
same type of abnormal movements. It is possible that 
future microscopic examination of the brains of XYY 
males may reveal the sites of pathology suspected on the 
basis of the clinical findings. 

These data indicate that neurological deficits, principally 
motor dysfunctions, may be valuable signs in identifying 
affected children as well as adults. It is noteworthy that 
case 12, a boy of 5 years 11 months, has neurological 
dysfunction which was initially recognized by his school 

teacher. So far he has made an excellent adjustment to 
tho school environment and shows no signs of emotional 
disturbance. In the future it will be important to determ- 
ine whether there 1s à typical pattern of development of 
behaviour disorder or other signs of mental abnormality 
in affected children. 

Although the number of cases reported here is small, 
the association of body asymmetries with neurological 
abnormalities in six of these patients is impressive and 
ealla for additional information relating to this pheno- 
menon. Indeed, in my view, the information resulting 
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from this survey suggests that investigations of brain 
function should be given some priority in further studies 
of XY Y males. 

I thank Dr E. F. Shubert, Dr A. A. Birzgalis, Dr T. A. 
Hil, Dr G. N. Wilson, Mr A. C. Nelson and Dr E. A. 
White for cooperation which made this work possible. 
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Effect of the Urinary Gonacotrophin 
Inhibitor on Endogenous and Exogenous 
Gonadotrophin 


Since the discovery of à gonadotrophin inhibitor in 
urinary extracts from children! and adults?, there has 
been some eontroversy as to its mode of action, Because 
a constituent of human chorionic goradotrophin (HCG), 
N-acetyl-D-neuraminie acid, reduced she uterine weight 
response to HCG, it was suggested that the imbibitor 
competes with the gonadotrophin for the site of hormone 
action®. It has also been postulated that the inhibitor 
suppresses secretion of endogenous gonadotrophin. ‘This 
hypothesis was based on the similarity betaveen the 
increased doses of gonadotrophins required for the produc- 
tion of a response in hypophyse ctomizes animals compared 
with those given an inhibitor’. The possibility that the 
urinary inhibitor is an antagonistic substance which 
combines with HCG without affectrng the pituitary- 

ovarian axis of the assay animal has also been considered’. 

I report here the effeet of the urinary inhibitor on the 
pituitary content of gonadotrophin. Possible direct 
antagonism of HCG by the inhibitor kas also been tested 
in vitro and in vivo. 

Gonadotrophin inhibitory material (61M) was extracted 
from the urine of adult patients by the method of Loraine 
and Brown*. The extracts were suspended in distilied 
water (100 ml. urine equivalents/ml.) and boiled for 1 h 
under reflux to destroy gonadotrophin activity. Male 
Wistar rats from an inbred colony, weighing 260-300 g, 
were randomized into six groups, each containing ten 
animals. Three of the groups were given GIM in a daily 
subcutaneous dose of 500 ml. urime equivalents/rat. 
24. 48 and 72 h after the first injection a group of animals 
was killed with intraperitoneal injection of ‘Nembutal’, 
and weighed. The pituitaries were weighed, pooled 
homogenized in water and diluted for gonadotrophin 
assay. The three control groups were treated identically 
using injections of distilled water ins:ead of GIM. The 


gonadotrophin content of the pituitaries from the inhibi- 
tor series was compared with the controls in 3x 3 assays 
using the immature mouse Bienes weight Mas for total 





were ye wW ith GIM or 3 ie jost Miren ianua 
of weight, there were no differences between the groups 
in the weights of pituitaries. The results showed that 
after tre atment for 3 days with GIM there was a significant 
increase in the total gonadotrophin and FSH content of 
the pituitaries (Table J). 
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Table 1. EFFECT OF URINARY INHIBITOR ON PITUITARY CONTENT OF GONADO- 


TROPHINS 
Potency of pituitary 
extract from GIM 
treated animals 
compared with controls 


(a) Uterine weight assay 
S3 


Total dose GIM 
(ml. urine equivalents) 


Fiducial limits 
(P x 0:05) 


500 
1,000 


Q 
1:19 0 
1,500 1 


1:51 


(b) Ovarian augmentation assay 

500 1:57 0 73-4-2 
1,000 0-72 tb 15-pb5 
1,500 1:6 1:15-9-9 


Possible inactivation of HCG by GIM was tested by 
in vitro and in vivo techniques. Twenty 10 of HCG was 
incubated with 1 L urine equivalents of GIM for 24 h 
at 37° C. In the control experiment the HCG was incu- 
bated in an identical volume of distilled water. After 
incubation, ammonium acetate and ethyl alcohol were 
added to make a final concentration of 10 per cent (w/v) 
After standing over- 


after incubation with GIM was compared with the HCG 
from the control experiment using the mouse uterus assay 
(2x2 design). HCG, after incubation with GIM, was 0-8 
(0-48-3-0) times as active as HCG without such treat- 
ment. ‘The lack of any direct effect of GIM on HCG was 
also found in the in vivo experiment. Four adult fernale 
rabbits from the same colony (all weighing approximately 
3 kg) were treated throughout with daily subcutaneous 
injections of 1 mg of oestradiol benzoate to inhibit 
secretion of endogenous gonadotrophin. Hach rabbit was 
given 15 1U of HCG intravenously. The urine collected 
for the following 24 h was pooled. A week later, gonado- 
trophin could not be detected in the urine and the rabbits 
were then each given 2 |. of urine equivalents of GIM sub- 
cutaneously and 15 1c of HCG intravenously. The urine 
was again collected for 24 h and pooled. After extraction 
by the Johnsen methods, the gonadotrophin content of 
each pool was compared (2x 2 assay design) in the mouse 
uterus assay. After giving GIM the rabbits excreted 
07 (064-142) times as much HCG as they did without 
such treatment. 

An attempt to assess the effect of GIM on gonadotrophin 
exeretion (which would reflect: pituitary gonadotrophin 
secretion) failed because of marked spontaneous day to 
day fluetuations in the output of gonadotrophin m un- 
treated rabbits. To overcome this it was thought that the 
effect of GIM on ovulation induced by copper might be of 
interest. Eight rabbits were primed with 100 ug of oestra- 
diol benzoate, subcutaneously, daily for 2 days and on 
the third day were given 12 mg of copper sulphate intra- 
venously in saline. GIM was administered subcutaneously 
to four of the rabbits in a dose of 2 1. urine equivalents on 
the day before and on the day of the copper injection, and 
1 L equivalent the day after. The four control rabbits 
were given injections of distilled water. At laparotomy 
3 days later all eight rabbits had ovulated, 

The urinary gonadotrophin inhibitor blocked the mouse 
uterine weight response to HCG and luteinizing hormone 
(LH) but not to FSH (ref. 2). GIM did not inhibit HCG, 
however, if the assay animals were also given FSH (ref. 4). 
Ovarian unresponsiveness as a cause of the gonadotrophin 
inhibition was therefore discounted. The possibility 
that GIM inhibits endogenous gonadotrophin, which 
gonadotrophin, was further examined. 
between the effects of GIM administration and hypo- 
physectomy on gonadotrophin assay suggested that GIM 
suppressed secretion of endogenous gonadotrophin’, The 
increased pituitary content of FSH after the GIM treat- 
ment supports this hypothesis. It seemed unlikely that 
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this effect, was secondary to inhibition of gonadotrophin 
in the animals circulation with secondary castration 
changes, because GIM was without direct effect on HCG 
either in vitro or in vivo. The retention of gonadotrophin 
in the pituitary after GIM administration is similar to the 
increased pituitary FSH which follows repeated stress’. 
The secretion of gonadotrophin in response to copper 
injection was not blocked by GIM in mature rabbits. 
It is therefore likely that the effect of GIM on pituitary 
LH is different from that on FSH and this is at present 
under investigation. 

This work was supported by the North West Cancer 
Research Fund. 1 thank Mrs J. Sullivan for technical 
assistance, 
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Regional Uptake of ' H-Melatonin from 
Blood or Cerebrospinal Fluid by 
Rat Brain 


MELATONIN (3anethoxy N-acetyltryptamine) is synthe- 
sized in the pineal glands of mammals through the 
action of the enzyme hydroxyindole-O-methylItransferase 
(HIOMT) (refs. 1 and 2). Because the activity of this 
enzyme varies diurnally among rats kept in eyele 
lighting conditions, it has been suggested that melatonin 
secretion follows a similar rhythmic pattern®. Melatonin 
has been identified in urine and in peripheral nerve’. 
Neither the kidney nor nervous tissue contains measurable 
HIOMT activity, however, and this has been taken as 
evidenee that the indole is seereted from the pineal. 
It has not vet been possible to demonstrate melatonin 
in blood or cerebrospinal fluid (CSF); this inability may 
result from the absence of melatonin in body fluids. a 
very rapid rate of inactivation once the indole leaves the 
pineal, or the lack of sensitive techniques for assaying 
melatonin. For this reason, it is not known whether 


melatonin is normally secreted into the blood or the 


CSF. 

Circulating melatonin enters the brain with little 
difficulty®. Intraperitoneal injections of melatonin in- 
erease the concentration of serotonin in midbrain and 
thalamus’, and the hormone seems to produce at least 


NATURE. VOL. 221. FEBRUARY 1. 1969 


30 pl. of water into the right lateral ventricle’. Other 
groups of six animals received 5:14 uCi of *H-melatonin 
in a final volume of 200 ul. by injection into the tail vein. 
3H-Acetyl- melatonin with a specific activity of 200 uCi/ 
umole was prepared as described before*. One hour 
after administration of melatonin the rats were decapi- 
tated and the brains divided into left and right halves. 
The left side was dissected into cerebral cortex, midbrain, 


cerebellum, medulla~pons and  hypothalamus'?. The 
section labelled ‘midbrain’ also contained the non- 


hypothalamic portion of the diencephalon. Each of these 
regions and the whole right half of the brain were assayed 
for *H-melatonin by extraction into chloroform’. 

After either the intraventricular or the intravenous 
administration of *H-melatonin, the compound was 
selectively concentrated within the hypothalamus and 
the brain stem; the ratio of hypothalamic to cortical 


Table 1. REGIONAL DISTRIBUTION OF ?*H-MELATONIN IN RAT BRAIN 
Percentage of administered Concentration of 
3H-melatonin retained *H-melatonin 
(1x 10-5 (upuCijg) 
Region Weight Route of Route of 
(mg) administration administration 
Intra- Intra- Intra- Intra- 
ventricular venous ventricular venous 
Whole brain 1,2786 E40 448-4496-1 2174030 2,084+511 66412 
Cortex 1,002230 16824596 1154018  708+168 55+ 7 
Midbrain 260420 609-0413+4 0-6340-:14 1,814+298  137.- 38 
Cerebelhim 284412 47-6+ 3-0 0-82+0-53 1,284 X128 128477 
Medulla-pons 2604-20 425+ 44 1:0840°49 1,1994150 1908794 
Hypothalamus 80-18 244+ 4:4 0Od4 0:3 2,3002 511 309+ 64 


Groups of six rats received 0-774 Ci of *H- ‘melatonin intraventricularly, 
or 5-14 wi intravenously, and were killed 1 h later. The right side of the 
brain was assayed for *H-melatonin: the left side was dissected into various 
regions and assayed for *H-melatonin. Data are presented as mean+ 
standard error. 


°"H-melatonin was about 3-2: 1 after intraventricular 
injection of the indole, and 5-6: 1 after its intravenous 
administration (Table 1). Because of its greater weight. 
the cerebral cortex retained a larger percentage of the 
?H -melatonin than any other brain region, but its concen- 
tration of the indole was lowest (Table 1). 

More than 100 times as large a percentage of the 
administered dose of *H-melatonin was retained in whole 
brain, cortex and midbrain after its intraventricular 
administration than after its intravenous injection. 
This difference was fortv-fold in the cerebellum and the 
medulla-pons. 

3H melatonin is thus selectively localized within certain 
brain regions, and a much larger fraction of the admin- 
istered material remains in the brain after its placement 
in the CSF than when it is injected into the blood. If 
melatonin seereted from the pineal can be assumed to 
behave similarly, it seems that its release into the CSF 
would be far more efficient in influencing cerebral struc- 
tures than its secretion into the blood. 

The selective concentration of *H-melatonin by the 
hypothalamus and midbrain is of interest in view of the 
fact that the indole seems to produce important biochemi- 
cal and neuroendocrine effects on these regions. Intra- 
peritoneal injections of melatonin have been shown to 
increase the levels of serotonin in midbrain and hypo- 
thalamus, and melatonin implants in the hypothalamus 
and müdbrain modify the content of pituitary LH in 
castrated rats’. It may be of interest to determine whether 
the cellular loci at which *H-melatonin is retained in the 
brain coincide with the sites of serotonin storage. 

If the pineal normally seeretes melatonin into the CSF, 
the dose of intraperitoneally or intravenously admini- 
stered material needed to produce a given effect on the 
brain might be as much as 100 times greater than the 
amount of endogenous melatonin that normally produces 
this effect. Most of the published reports describing 
melatonin's endocrine effects have used intraperitoneal 
This amount would probably be 
equivalent in pe effects on whole brain to (^5-1-0 ug of 
endogenous material secreted into the CSF. 

This work was supported by grants from the US Public 
Heaith Service and the US National Aeronautics and 
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Transduction in Klebsiella 


PHAGE-MEDIATED transduction has keen reported in 
strains of four genera of Enterobacteriaceae: Salmonella, 
Escherichia, Shigella and Proteus’. larke? deseribed 
possible transduction of a single Klebsiella pneumoniae 
auxotroph to prototrophy, but this has net been confirmed. 
A search of the literature failed to revea: any other report 
of transduction involving a member of the genus Kleb- 
siella. Indeed, there does not seem to be any previous 
report of a system permitting transfer of chromosomal 
genetic determinants between strains of Klebsiella. This 
is rather surprising, for genetic studies right be expected 
to extend greatly the eonsiderable amouat of information 
accumulated as a result of biochemieal studies with 
organisms of the Klebsiella group (often still referred to as 
Aerobacter aerogenes, despite the taxonomic confusion 
which this name perpetuates’), | Examples of studies 
which might well be enhanced by the availability of a 
system of genetic analysis are those on ez opolysaccharide 
biosynthesis by Klebsiella strains (unpublished work of 
I. W. S. and J. F. W .); nitrate assimilation’; polyphos- 
phate accumulation and degradation®; aad many others. 
This communication describes the isolation of a phage 
capable of effecting transduction m certain strains of 
Klebsiella aerogenes. 

The strains used in this work were provided by Dr H. 
Milch (State Institute of Hy giene, Budapest, Hung gary). 
All cultures were grown at 37? C. The i te medium 
used was Oxoid No. 2 nutrient broth, solidif 
appr opriate with Oxoid No. 2 ion agar at concentrations 
of 0-5 per cent (soft agar) or 1-5 per cent (nutrient agar). 
The minimal medium used was that of Davis and Mingioli*, 
n when necessary with 1-5 per ceat Oxoid No. 2 
ion ag Auxotrophie mutants were ;solated (1) by 
penicillin selection’ after ultraviolet irradiation of washed 
suspensions to about 1 per cent survival. or (2) directly 
after treatment with 100 ug/ml. of N-metnyl-N’-nitro-N- 
nitrosoguanidine (NG) (ref. 8). Streptomy cin-resistant 
mutants were isolated direetly by plating approximately 
10? cells of the parent organism on nutrien? agar contain- 
ing 1 mg/ml. of streptomycin, 

Of ten Klebsiella strains, five were lysogenic, releasing 
phages active on one or more of forty Ale@siella indicator 
strains. Auxotrophs of several of the lysogenic strains 
were then prepared by the technique involving ultraviolet 
irradiation and penieillin selection, and tested for ability 
to participate in genetic exchange by the classical met thod 
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of Zinder and Lederberg”. Overnight broth cultures of 
the various auxotrophs were centrifuged and washed twice 
in (0-85 per cent) saline. Concentrated ( x 10) suspensions 
of the cells in saline were prepared, and 0-1 ml. aliquots 
were spread singly and in pairs on the surface of minimal 
agar plates. After incubation for 48-72 h, the plates were 
examined for prototrophie colonies. In most cases, 
mixtures and controls yielded roughly similar numbers of 
colonies, but three of the mixed cultures yielded many 
more prototrophs than the corresponding controls. The 
crosses which gave pru e results involved auxotrophs 
of K. aerogenes strains W52 (lysogenic) and W70 (sensitive 
to the phage released by W52). It therefore seemed 
likely that the phage released by strain W52, designated 
phage PW52, was capable of mediating transduction. 
Strains W52 and W 70 do not react with any of the stand- 
ard Klebsiella capsular antisera; both are sensitive to the 
same range of typing phages (Dr H. Mileh, personal 
communication). 

In order to purify phage PW52, three successive single- 
plaque isolations were made on strain W70. The plaques 
were small and somewhat turbid. Phage was propagated 
by the soft agar layer method!?, with W70 or à mutant 
of W70 as the host organism. All lysates were freed from 
bacteria by passage through 0:45 micron ‘Millipore’ filters, 
and preparations containing 10-10" plaque forming 
units/ml. were routinely obtained. Such preparations 
elicited many more prototrophic colonies than were found 
in control cultures when (1) drops were placed on minimal 
agar freshly seeded with an auxotrophic derivative of 
W52: or (2) aliquots were mixed with an equal volume 
of an overnight broth culture of a W52 auxotroph, 
incubated at 37° C for 20 min to allow adsorption, and 
plated on minimal agar. These results suggested that 
phage PW52 was capable of mediating transduction, and 
the frequency was approximately 8 x 10- ‘/phage particle 
added (at a multiplicity of 2) for a lysine requiring mutant. 
Treatment with deoxyribonuclease (40 pg/ml.) at 37° C 
for 60 min did not reduce the number of prototrophs 
deteeted, and high speed centrifugation (65,000g for 60 
min) of a relatively low titre lysate established that 
transducing titre increased in parallel with plaque-forming 
titre. The specificity of the genetic exchange was also 
established, when it was found that phage propagated 
on an arginine-requiring mutant was incapable of elieiting 
prototrophs from cells of that same mutant, but was 
capable of transducing leucine and purine markers. 

Experiments designed to determine the range of suitable 
recipients showed that of the fifty capsulate strains of 
Klebsiella (representing at least sixtcen different capsular 
serotypes) and twenty non-capsulate strains in our 
collection, phage PW52 lysed only strain W70, the host 
from which PW 52 was recovered. Failure to lyse the other 
sixty-nine strains might have resulted from: 1) the 

absence on these bacteria of suitable receptors for adsorp- 
tion of phage PW82; (2) the phage being unable to 
penetrate the capsules of certain strains, perhaps because 
it lacks the ability to induce formation of a capsular 
polysaccharide depolymerase™; or (3) the phage being 
able to adsorb and penetrate but not lyse the cells. All 
seventy of the Klebsiella strains were mixed with phage 
PW52 grown on a streptomycin-resistant mutant of strain 
W'0. Streptomy cin-resistant transductants were obtained 
only from W352 (that is, the lysogenic strain from which 
PW52 was originally obtained). Because the indicator 
strain, W 70, was susceptible to lysis by phage PW52, we 
tried to effect transduction with several auxotrophic 
mutants of W70 at multiplicities varying from 0-1 to ten 
phage particles per baeterium. No transduction was ob- 
tained. We suspected that any transductants formed 
might have been lysed by (normal) phage PW52 particles 
on the selection plates: = that i is, that, at least in strain W 70, 
phage PW52 was too virulent for demonstration of trans- 
duction even though the plaques which it formed were 
somewhat turbid. We therefore lysogenized W70 and 
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several of its auxotrophic derivatives with PW52; it was 
found that such derivatives were immune to lytic infection 
by PW52, but susceptible to transduction at frequencies 
ranging from 5x lO-[phage particle adsorbed (at a 
multiplicity of 2) for a purine marker to 3 x 10-*/phage 
Uds d iu. a id AE dd du marker. 


T Aea to tesi a wide range of markers, a series of 
auxotrophic mutants of strains W52 and W70 were 
isolated from NG-treated independent cultures. The 
auxotrophs derived from W70 were lysogenized with 
PW52. All derivatives were then tested for transducibility 
to prototrophy by placing drops of a PW52 lysate of 
wild type W70 on a minimal agar lawn of each auxotroph. 
some thirty-two transducible auxotrophs were obtained, 
among them mutants with requirements for arginine, 
lysine, threonine, leucine, isoleucine plus valine, proline, 
cystine, adenine, uracil or vitamin B,. In other experi- 
ments it was found that maltose utilization and strepto- 
mycin-resistance markers could also be transduced. 
Phage PW52 is therefore capable of mediating general 
transduction of at least two strains of K. aerogenes. 

Similar results have recently been obtained by Dr 
A. H. Stouthamer (personal communication). 
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Uptake of Leucine by Larvae and 
Adults of Nereis 


As part of an attempt to assess the importance of organie 
solutes as a food source for benthie animals, the uptake of 
carboxylie and amino-acids by the polychae te worm 
Nereis virens has been investigated!, Previous investiga- 
tions'-? have been concerned chie fiv with the adult animals 
and it has been shown that the absorption process is an 
active one. The ratio of surface area to body volume of 
the animal is of obvious importance in any absorption 
process and it has already been demonstrated that uptake 
is faster in smaller than in larger animals*. Larvae might 
therefore be expected to show a very considerably en- 
hanced rate of uptake. 

The discovery of a supply of larvae, tentatively 
recognized as N. virens, provided the opportunity to 
compare uptake rates with those found in adult worms. 
Nothing more than a mention of the larvae of N. virens 
can be found in the literature*-. Larvae collected from 
plankton samples taken in the Thames Estuary, off 
Southend-on-Sea, where large populations of the adult 
worm occur in the intertidal zone, almost certainly belong 
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Table 1 
Uptake 
Animal Incubation Lar Adul 
No. time (min) xM ie * Wet wt  guMlieucine/ Wet wt 

g wet wt (ug) g wet wt ig) 
1 30 2-87 9-6 0-021 0:37 
2 30 2-44 14.9 0-005 2-28 
3 00 3:44 9-8 0-019 0-62 
4 60 4:47 9-8 0:020 0-60 
5 120 1:82 8-3 0-032 0-40 
6 120 7°88 a7 0-011 115 

to N. virens. The larvae were present in the plankton 


during a limited period only, following the known spawn- 
ing times of the adults by about 8 weeks. The other 
common nereid in the vicinity, N. diversicolor, is known to 
have spawned earlicr and to have an entirely benthic 
larva’. The new larva has clear nereid features and thus 
there is strong circumstantial evidence that it is the larva 
of N. virens. (Attempts are being made to rear the larvae 
in the laboratory to a stage at which the specific characters 
can be recognized with certainty.) 

The larvae were placed individually in 0:3 ml. of 
filtered seawater, containing 0-97 x 10-5 M pr-leucine-4,5-T 
(specific activity 14,740 mCi/mmole), for 30, 60 or 120 min 
periods at room temperature. During this time, the sizes 
of the larvae were measured with a micrometer eyepiece, 
and their volumes estimated by assuming them to have 
the shape of a half-cylinder, their parapodia being few and 
relatively small. At the end of the uptake period, the 
larvae were removed from the ineubation solution with à 
small pipette and transferred successively through 4 
volumes of 100 ml. of seawater. The washed larvae were 
digested with 0-1 ml. hyamine hydroxide and the digest 
counted in a liquid scintillation counter. Samples of the 
last seawater wash were also counted. Uptake of leucine 
was then calculated and expressed as uM/g wet weight, 
assuming that the larva had a specific gravity of 1-0. The 
experiment was repeated with adult worms, weighing 
between 0-4 and 2-2 g; in this case, the worms were 
weighed direetly after being blotted on filter paper, to 
give a value for the wet body weight, and were incubated 
in 4-0 ml. of seawater containing leucine-4,5-T (0-97 x 
10-5 M; specific activity 649 mCi/mmole). The results are 
shown in Table 1. 

On average the larvae have taken up 200 times more 
leucine than the larger worms and also continue to take it 
up with little diminution in rate throughout the 2 h in- 
cubation period. At first sight the results seem rather 
variable, but further inspection shows that the values 
obtained are inversely proportional to the body weight and 
this is probably a reflexion of the decrease in surface area 
to body weight ratio with increase in size. While the con- 
tinual increase in uptake of amino-acid by the larvae above 
the external level is not proof of the active nature of the 
absorption process, it is circumstantial evidence for it, 
especially as the final concentration of radioactive leucine 
in the larvae is seven hundred times that of the incubation 
medium. Also the washing solutions showed no radio- 
activity. If the process were simply one of passive 
diffusion, some radioaetive material would be expected to 
leak out during washing. 

An absorption of 500 ug (3-82 uM) leucine/g wet weight/h 
represents an uptake of 0-05 per cent of the wet body 
weight/h. Other amino-acids and organic molecules can 
be similarly taken up from dilute solutions, so such a 
high figure is very likely to be important in the nutrition 
of the larvae. 

We thank Mr A. F. Green, of the Greater London 
Council, for the use of facilities for plankton collection. 
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Bark Beetle Attractants: ldentification, 
Synthesis and Field Bioassay of a New 
Compound isolated from Dendroctonus 


We report the identification and synthesis of a second 
Dendroctonus pheromone’ that has been successfully 
bioassayed on D. frontalis Zimm. (Scolytidae) in field 
conditions. The southern pine beetle D. frontalis aggre- 
gates on pine trees in response to odours produced by 
insect and host. The aggregating principle is concen- 
trated in the hindgut of female beetles after they emerge 
from old brood trees, and the pheromone is released by 
defaecation when they reach a new host. The attack 
generates host odours as the beetles penetrato the phloem 
tissue and stimulate resin flow. The host odours, in turn, 
arrest the aggregating population’. 

Female D. frontalis produce the principal component 
of the aggregating pheromone in exceedingly small 
quantities. Larger amounts of the identical compound, 
however, are present in the hindguts of emergent male 
D. brevicomis Lec.. therefore providing a better source of 
isolation and identification. Bioassay, spectral and gas- 
chromatographic evidence that the two species produce 
the same compound has been published? 

The volatile in question was isolated by diethyl ether 
extraction of approximately 6,500 hindguts of male D. 
brevicomis in the manner recently deseribed'. The ether 
extraet was concentrated to 0:5 ml. by distillation. and 
then fractionated by preparative thin-layer chromato- 
graphy on Brinkman’s ‘Silica Gel G'. The developing 
solvent was 10 per cent diethyl ether in chloroform. The 
active compound was contained in the fraction with an 
Rp value of 0-7, as determined by gas-liquid chromato- 
graphy (GLC). The active material was eluted from the 
absorbent with diethyl ether and purified by GLC on a 
10 feet x 0-25 inch stainless steel column of 10 per cent 
‘Carbowax’ 20 M on 60/80 mesh 'Chrom-W' at 110° C; 
injections were made directly on the column; nitrogen 
flow rate was 60 cm?/min. The active compound (^ 0-3 
mg) had a retention time of 7:5 min. The molecular 
eomposition of the active compound, as determined by 
high resolution mass spectrometry, corresponds to C,H,,0, 
(measured, 142.0992; calculated, 142-0994). The follow- 
ing prominent peaks were observed: m/e 142 (17 per cent) 
M, 114 (6 per cent) M-C,H,, 112 (8 per cent) M-CH,0O, 
100 (49 per cent) M-C,H,O, 72 (88 per cent) M-C,H. 0- 
C,H, and 43 (100 per cent) C,H,O. The infrared spectrum 
(CCl, solvent) showed no abeorptions characteristic of 
hydroxyl or earbonyl groups. Strong absorptions occurred 
in the C-O stretching region between 1,115 and 1,025 
cm~, Two absorption bands of unequal intensity occurred 
at 1,380 and 1,390 cm~ attributable to two methyl groups 
in different structural environments. The nuclear mag- 
netic resonance spectrum (CDCI, relative to Si(CH, in 
Hz) showed: 79 (3 protons, singlet), 85 (3 protons, 
singlet), 98 (6 protons, broad multiplet), 236 and 205 
(AB quartet, Jan=7 Hz). 

From these spectral data the aetive compound was 
identified as 1,5-dimethy1-6,8-dioxabieyclo [3.2.1] octane. 
Two analogous compounds* * have been previously identi- 
fied from natural sources. The active compound was 
synthesized in a one step synthesis’ by the reaction 
sequence shown here. The intermediate pyran (1) was 
not isolated. The desired compound (I) was isolated from 
the reaction mixture by GLC using the chromatographic 
conditions described. 
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The spectral data of the synthetic compound (II) were 
identical to those of the naturally oceurring pheromone. 

The activity of the synthesized compound was tested 
in field conditions in the Boyce Thompson Institute's 
experimental forest near Beaumont, Texas, using tree 
trunk stimulating olfactometers*. When l mg of the 
pure synthetie material contained in a small glass capillary 
was placed in a field olfactometer, flying southern pine 
beetles were attracted in small numbers. But the response 
to the synthetic attractant was increased by adding oleo- 
resin freshly tapped from Pinus taeda L. and synthetic 
trans-verbenol, a major volatile compound recently 
isolated from female D. frontalis? (Table 1). In these 
conditions 1,5-dimethyl-6,8-dioxabieyelo [3.2.1] octane 
was highly competitive to an olfactometer containing 
oleoresin and 2,500 D. frontalis which had been crushed at 
— 70° C. Crushed emergent beetles re present a relatively 
strong source of natural attractant’. 


Table 1. FIELD RESPONSE DURING 10 MIN PERIODS OF D. frontalis TO 
OLFACTOMETERS SET 10 M APART (BEAUMONT, TEXAS, JULY 24 AND 25, 1965) 


No. of beetles responding Sex ratio 


Test material (10 min test periods) (male : 
itest @test Stest Total Average — female) 
Frontalin Q 1 2 3 1 — 
Trontalin, trans-verbenol 
and oleoresin 7 17 8 32 10-7 1:03 
Crushed D. frontalis 
(2,500 male and fe- 
male) and oleoresin 7 4 2 13 4:3 1:2:3 
Oleoresin 0 Ü 0 0 0 — 
Frontalin and oleoresin 6 17 9 32 10-7 1:04 
Crushed pP. frontalis 
(2,500 male and fe- 
male) and oleoresin 3 19 12 34 11:3 1:48 
Oleoresin and  trane- 
verbenol 0 0 0 0 0 — 


These data strongly suggest that 1,5-dimethyl-6,8- 
dioxabieyelo [3.2.1] octane is the principal pheromone 
responsible for mass aggregation of the southern pine 
beetle. We propose "frontalin" as a trivial name for this 
compound. 

The research was supported by the Southern Forest 
Research Institute of Jasper, Texas, and the Margaret T. 
Biddle Foundation. We thank R. J. Jakobsen for aid in 
interpretation of infrared spectra. 
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Lymphocyte Transformation after 
Exposure to Antigen at 4° C 


SENSITIZED lymphocytes need to be exposed to antigens 
for only a short time in vitro to commit them to transform 
into blast eella*. It is not known how, if at all, antigen is 
incorporated into or onto sensitized cells. There is good 
evidence that after lymphocyte transformation antigen 
can be found in non-specific macrophages, but not in 
the specifically transformed blast cells themselves?. Dr 
H. J.-P. Ryser (personal communication) suggested that a 
study of the influence of temperature on the duration of 
exposure of lymphocytes to antigen needed in vitro to 
induce blast transformation might suggest whether 
biological processes were involved. If an enzyme-mediated 
biological system controls recognition or uptake of antigen, 
a short exposure to antigen at 4° C should not cause 
sensitized lymphocytes to transform, Our experimental 
results do not support this hypothesis. 

Heparinized venous blood (100 ml.) from a man who had 
been immunized with tetanus toxoid was allowed to stand 
at 4? C for 2 h. The supernatant plasma was diluted with 
cold medium 199 to yield 200 ml. of leucocyte suspension 
containing 20 per cent autologous plasma and 2-86 x 105 
leucoeytes/ml. (36:4 per cent granulocytes). This was 
eooled to 4? C and divided into five equal parts. The first 
part was an antigen-free control. Alum precipitated 
toxoid (Lederle Laboratories, Ine.) was added, to à con- 
centration of 1 : 250, to each of the four other portions, 
which were maintained at 4? C. After 105, 5 min and 30 min 
respectively, the cells from the first three 40 ml. portions 
were collected by spinning at 800 r.p.m. for 5 min in a 
refrigerated centrifuge at 4^ C, washed three times with 
cold medium 199 and then resuspended in 40 ml. volumes 
of fresh antigen-free medium 199 containing 20 per cent 
autologous plasma. After refrigeration for 60 min, the 
cells from the final antigen-contaming sample were spun 
down, washed and resuspended in fresh medium containing 
1/250 tetanus toxoid. This sample was thus continuously 
exposed to antigen throughout. After refrigeration for 
30 min the control cells were spun down, washed and 
resuspended in antigen-free medium. 

Each portion was then divided into two 20 ml. cultures 
and ineubated at 37? C for 6 days, 0-4 Ci/ml. tritiated 
thymidine (New England Nuclear Corporation, specific 
activity 6-7 Ci/mmole) was added for the final 1 h and at 
colleetion DNA synthesis was arrested by cooling and the 
addition of sodium azide to a concentration of 0-08 M 
(ref. 3). The number of blast cells in 2,000 mononuclear 
cells in May-Grünwald-Giemsa smears and the proportion 
of labelled cells in autoradiographs prepared with Kodak 
AR 10 stripping film and stained with haematoxin were 
measured and total DNA synthesis was assessed by 
measurement of total tritiated thymidine uptake using a 


ately 10 s (the minimum time needed to add the antigen, 
mix the eell suspension and transfer it to the refrigerated 
centrifuge) was enough to cause blast transformation 6 
days later. There was approximately an equal degree of 
blast transformation on the sixth day after 10 s, 5 min, 
30 min or 6 day exposure to antigen whether the transform- 
ation was assessed by numeration of blast cells, labelled 
‘ells or by measurement of the total DNA synthesis. 
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Table 1. BLAST TRANSFORMATION ON THE SIXTH DAY OF CULTURES EXPOSED 
FOR VARYING PERIODS OF TIME TO ANTIGEN AT 4^ C 
Lympho- 
Period of D.p.m. cytes per D.p.m./10* Percent Per cent 
exposure to a ml.atend lympho- blast labelled 
r T at culture of culture cytes cells cells 
"9 x 10? x 10* x 10° 
Mean * range of duplicates 
0 (control) 8:643 2:7 £0:12 34 *5 0:05 - 0 0-25 € 0-05 
105 124+6  2-31-0:4 — 600478 45 £045 45 +05 
5 min 285-100 1:5+0-2 2,010+950 78 +065 47 +025 
30 min 76+38 1620-1 493+273 2:3 £035 31 +025 
6 days* 213-218 3-4-0:4  ) 0410-130 7:1 +355 2:7 +135 
* Exposed at 4° C for the first hour. Subsequently incubated at 37° C with 
antigen for 6 days after washing. 


In further experiments we found that cooling the cell 
suspensions to approximately 0° C by immersing them 
in an ice bath for 0-5 to 1 h had a toxie effeet. Such cell 
suspensions did not undergo blast transformation when 
they were subsequently incubated with antigen at 37^ C 
for 6 days. 

We conclude that biological mechanisms which are 
inhibited at 4° C are not concerned in the rapid recognition 
process or processes which occur between antigen and 
peripheral leucocyte suspensions from sensitized donors 
in vitro. recognition possibly involves physico- 
chemical surface adsorption reactions only. 
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training grant. 
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Fine Structural Localization of 
Succinoxidase Complex on the 
Mitochondrial Cristae 


SEVERAL methods have been used to demonstrate oxida- 
tive enzyme activities in mitochondria, at the electron 
microscope level. As electron acceptors, potassium tel- 
lurite!, and several different tetrazolium salts such as 
nitro-blue tetrazolium (NBT), tetra nitro-blue tetra- 
zolium chloride (TNBT), thiocarbamyl nitro-blue tetra- 
zolium (TC-NBT), or osmate of tetranitrophenyl stilbene 
tetrazolium (Os-TNST)*-*, have been used. Recently 
Ogawa et al.? introduced a method in which ferricyanide 
is used as electron acceptor, based on the fact that ferri- 
cyanide can accept electrons from the electron transfer 
chain and the ferroeyanide produced is trapped by copper 
ions to produce insoluble, electron dense, copper ferro- 
cyanide. It has been shown biochemically* as well as 
histochemically? that the ferricyanide accepts electrons 
principally at the cytochrome c level. The histochemical 
reaction therefore demonstrates the greater part of the 
electron transfer chain. 

Mouse liver mitochondria were isolated in 0:25 M 
sucrose at 0° C, according to Kielley and Kielley’s* modi- 
fication of Schneider's method!?, Mitochondria were then 
suspended and incubated in the medium for succinoxidase 
described by Ogawa et al.*, modified by Kerpel-Fronius 
and Hajos!, containing 0-134 M sucrose. Mitochondria 
were incubated for various times from 5 to 30 min, at 
37^ C. "The mitochondria were centrifuged at 20,0009 
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Fig. 1. 

oxidase, after incubation for 5 min, chiefly on t» cristal membrane 

but sometimes filling the intracristal space, (Exed with osmium, 
unstained specimen x 112,000.; 


Part of a single mitochondrion, showing activity of suecin- 


for 5 min, washed once in cold 0-1 M phosphate buffer, 
pH 7:0, containing 0-13 M sucrose, and fixed in osmium at 
a final concentration of 3 per cent for 2h All these stages 
as well as dehydration were carried ort at 4^ C. The 
mitochondria were embedded in ‘Epon’; altrathin sections 
were obtained with an LKB ultramicrowme and viewed 
unstained, or lightly stained with 2 per cet uranyl acetate, 
in an AEI EM 6B electron microscope. 

In control experiments in which the substrate was 
omitted, no reaction product was observed; similarly, 
addition of malonate (0-01 M) caused a narked decrease 
in the amount of reaction product. 

After a short incubation (5-10 min) theweaction product 
appeared to be localized chiefly on the eristal membrane 
(Figs. 1 and 2). It appeared in the form c isolated opaque 
areas, 80-150 A in diameter, with a mirimal interval of 
150-250 A between them. Often, after short incubation, 
the reaction appeared to be diffusing int» the intraeristal 
space (Fig. 2). After a long incubation (m re than 10 min), 
the reaction product appeared to fill the -itraeristal space 
(Fig. 2. Reaction product was observcl in some cases 
between the inner and outer limiting membranes of the 
mitochondria, although this type of reaction was not 
consistently observed. 

After short incubations the reaction product appeared 
mostly at opposite points on both sides of a crista (Fig. 2). 
Quite often reaction on one side was hea-ier than on the 
other. Even moderately prolonged incubation times 
resulted in increased activity on both sises of the crista 
giving, finally, a product which filled the imtracristal space. 

These results clearly suggest that tə succinoxidase 
complex is localized on the cristal memb-ane. There are 
numerous biochemical indications that tiis complex, as 
part of the electron transfer chain, is situated on the 
inner mitochondrial membrane and on the eristae!*:??, 
There is, however, still controversy concerning the exact 
localization of the complex within the c istae or on the 
surface of the membrane, facing the matmx. Seligman et 
al. and Haydon et al. suggested that their TC-NBT 
formazan stained the cristal membrane waich encroached 
on the intracristal space. Similarly Ogawa et al.’ claimed 
that their reaction product appeared in the intracristal 
space, and recently Tsou et al.*, using Os-TNST, also 
suggested an intracristal localization. Figs. 1 and 2 
clearly show that with the ferricyanide system the initial 
localization of reaction product is solely oa the outer side 
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Fig. 2. Single mitochondrial erista, showing electron dense reaction 

product on opposite sides of the crista. Note areas (a) in which diffusion 

into the intereristal space has occurred, appearance of two osmium- 

dense lines, composing the unit membrane (b), and reaction product 

filling the intracristal space (e). (Fixed with osmium, unstained 
specimen x 420,000.) 


of the eristal unit membrane, and that the filling of the 
intracristal space is only secondary. 

The deposition of the reaction product in precisely 
opposite regions of the membranes is of considerable 
interest. This appearance was dominant in the mito- 
chondria after a short incubation (5-10 min at 37° C). 
The double (opposite) localization occurred frequently 
enough to rule out the possibility of random arrangement. 
It is tempting to suggest some relationship between the 
two sides of the cristae with regard to the localization of 
the reaction product. It is possible to interpret the 
phenomenon in at least two ways. (a) Localization of the 
reaction product may be in bands or coils surrounding the 
whole cristal membrane. The reaction starts at certain 
points along the crista and continues along a geometrical 
line which surrounds the crista. This may explain the 
appearance of heavy deposit on one side, and a hght one 
on the opposite side of the erista. Preliminary observa- 
tions on serial sections from mitochondrial preparations 
indieate that many of the deposits are at least 600—1000 A 
long. These results support the idea of deposition in 
bands or coils. Tsou ef al.* indeed suggested that their 
Os-TNST formazan appeared as coils, but they located 
these in the intracristal space. (6) It is possible that there 
is a mechanism by which the primary reaction on one side 
of the erista initiates a secondary reaction on the other 
side. The apparent arrangement of the reaction product 
in belts does not necessarily mean that the units of the 
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electron transfer chain are similarly ordered. Nevertheless 
it may reflect an underlying pattern of organization. 
This work was supported by the British Heart Founda- 

tion and the Wellcome Trust. 
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Mutable Genes in Maize and Callan's 
Chromosome Model of Serially Repeated 
Gene Copies 


IN a recent discussion of mutable genes, Fincham! pro- 
posed that the mechanism underlying the instability in 
higher plants, especially the diversity in the pallida- 
recurrens mutable system of Antirrhinum majus, could be 
explained by using Callan's chromosome model? in which 
a cistron consists of serial (tandem) repetitive copies of 
DNA sequences. According to Fincham, specific features 
of unstable genes usually include: (a) the occurrence of 
frequent stable alleles, quantitatively graded in expres- 
sion; (b) the mutation to other unstable alleles, differing 
from the original in the timing or frequency of mutation, 
or in the kinds of stable alleles most often produced; and 
(c) the general genotypie and env ironmental effect on the 
specifie mutation of a labile gene. Fincham marshals 
evidence from mutable gene studies which suggests that 
a serial repetition of DNA sequences is a property of the 
genes of higher plants and, according to Callan’s model, 
a cistron consists of a number of copies joined end to end 
and arranged as intercorrectible "master" and "slave 
copies". 

The essential and critical feature in the applicability 
of Callan’s model as an explanation for unstable genes is 
the internal heterozygosity resulting in a cistron that 
could undergo a corrective process through intra-chro- 
matid crossing-over. With a defective master and correct: 
slaves a correction of the master could result in a pheno- 
typically observable mutation. Modifications of this 
correction would account for the intermediate levels of 
observable gene action. 

Fincham’s presentation, invoking Callan’s model to 
account for the unstable genes in maize and his own 
extensively analysed ease in Antirrhinum?, demands the 
following: (a) correetion of the defective master by the 
correcting slave copies; (b) intra-chromosomal hetero- 
zygosity; and (c) non-dependeney on inter-chromosoma] 
interaction. The following discussion is derived from 
evidenee in the maize eases where there is inter rather 
than intra-loeus interaction. 
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A new Perkin-Elmer 
Infrared 
Spectrophotometer 
with linear wavelengt 
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Mnfrared Spectrophotometer  TheModeltí57isnowavailable Whatever your preference 
ais a real ‘workhorse’ of an with linear wavenumber or your Model 157 will have the 
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British Mosses 
and Liverworts 


Second Edition 
E. V. WATSON 


The second edition includes over sixty new 
species and features thirty-three new 
illustrated descriptions of more 

common species, a complete 
rearrangement of the liverworts 

to follow the current check list, and a 

major revision of the keys. 


Comment on the first edition : 

‘Dr Watson has succeeded admirably 
in his aim of providing a sound 
introductory flora of the British 
bryophytes.” Nature 


Sos. uet 
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Flora Europaea 
Volume Il: Rosaceae to Umbelliferae 


Edited by T. G. TUTIN, V. H. HEYWOOD, 
N.A. BURGES, D. M. MOORE, D. H. VALENTINE, 
S. M. WALTERS and D. A. WEBB 


Flora Europaea presents for the first time a synthesis of all 
national and regional floras of Europe. 


Comments on Volume 1: 

‘The book is a model of concise writing. .. . Tt will be 
used extensively by botanists, professional and amateur, m 
many parts of the world.” Science 

‘This wonderful book cannot be praised too highly, and 
will be welcomed by allinterested in plants. Itisa handsome, 
easily readable volume which is highly recommended.’ 
Plant Life 


£7 7s. net 


CAMBRIDGE 
UNIVERSITY PRESS 


New Pathways in 
Inorganic Chemistry 


Edited by E. A. V. EBSWORTH, A. G. MADDOCK 
and A. G. SHARPE 


Fourteen essays by distinguished contributors review the 
scope and methods of some aspects of modern inorganic 
chemistry. They will be of interest to professional in- 
organic chemists and graduate students starting research. 

Bos. net 


Cambridge Chemistry Texts 


Aromatic Character 
and Aromaticity 
G. M. BADGER 


Professor Badger discusses aromaticity, defining it in 
terms of the electronic structure of the ion or molecule in 
question. He then reviews the subject, presenting it from 
the point of view of underlying principles rather than 
detailed factual information. His book is aimed at senior 
undergraduates and those following graduate courses. 
Cloth, 353. uet ; paperback, 125. net 
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Fig. 1. Portion of chromosome-3 showing @, composition at the a, 


locus (a) before (coloured spots on colourless baekground), and (5) after 
a change to stable pale or colourless accompanied by (1) transposition 
of En to another position on the same chromosome or (2) transposition 
to an independent chromosome or (3) loss of En. U is the controlling 
element at the loeus which suppresses phenotypie expression and 
arrows indicate the three tv pes of possible En relocation.) 


First, in many of the maize examples, mutation events 
of unstable genes are definitely associated with trans- 
position of an element from the affeeted locus (Fig. 1). 
In the En system, one particular unstable allele, @,(ale 
and purple), possesses En at the a, locust, Mutations to three 
distinct stable phenotypes oecur, both somatieally and 
germinally: non-mutable colourless, pale and purple. 
When germinal changes to stable, colourless and stable 
pale are analysed, each is non-mutable in the presence of 
En and therefore designated a,", respectively (nr= 
non-responsive to Én**), 

All these derivatives lack En at the a, locus. Further- 
more, more than half of the derivatives are associated 
with the transposition of En from the original site at the 
a, locus to a new site, usually variably located on the same 
chromosome (Fig. 1). This is also observed with mutable 
pericarp where mutations to stable red* are associated 
with the transposition of Mp from the P locus to a new 
site, also preferentially, on the same ehromosome?*-!!, 
Thus, instead of mutation being associated with an event 
confined to intra-loci interactions as expected according 
to the master-slave model, these events are definitely 
associated with transposition of an element from the 
locus to a new site. Though the transfer may be accom- 
plished by an excision mechanism, as Fincham suggests, 
an unexpected adulteration would result if normal com- 
ponents of a locus were relocated to different and non- 
homologous loci. It may be recalled that a, alleles, 
though potentially unstable, are unable to correct them- 
selves, for they are stable in the absence of En. 

Another feature of unstable maize alleles that renders 
the master-slave concept inapplicable is the presence of 
the same system, such as En?, or other systems!? 9, at 
many different loei. System control at numerous loci 
obviates the need for intra-cistronie corrections. In 
addition, these systems generate similar types of stable, 
quantitatively differentiated grades of gene aetion, many 
of which are En-induced. At each of these loci a sup- 
pressed state exists that responds to a regulatory element 
by mutating. This represents a very definite inter- 
ehromosomal interaction where changes are associated 
with transposition of an element and are not dependent 
on an intra-cistron corrective process. 

Furthermore, to invoke a cross-over mechanism, based 
on the parallel effect of temperature on meiosis and 
mutability of unstable genes, is not without exception; 
mutability response of non-stable genes can be in either 
direction™. 

Current evidence for maize supports the concept of an 
"infeetive'"' accessory element, inserted as a non-normal 
component of the cistron, that is transposable to other 
loci where it exhibits similar properties. Its presence 
blocks transcription or forms a modified message resulting 


AB} 


in a mutant phenotype. This is in contrast to the master- 
slave arrangement where, according to the Fincham 
proposal, instability is particular to one locus with no 
transfer of mutable properties to other loci. If the master- 
slave concept is extended to additional loci, with excision 
of a unit of a cistron at one locus resulting in instability 
at a seeond loeus, then this unit must be considered to 
have a universal capability in any cistron, which is an 
unlikely prospeet in terms of genetie organization. 

An important limitation evident in Antirrhinwm is the 
absence of a stable state, such as a”, that is reactive 
to the presence of a second element. Without this respond- 
ing state, a system, dissociated from autonomous mut- 
ability, cannot readily be established. Once a system is 
established, features of mutability are removed from the 
limitations imposed by a single locus and ean be extended 
to a broad spectrum of loci. The revelation of an operative 
system, originally applicable to one locus!* and later to 
the Spm—En system"-**, has been a key in the analysis 
of maize cases. Hypothetically, it is postulated that any 
locus could be under the regis of a system; however, the 
rate of initiation of instability is low?) "2", 

PETER A. PETERSON" 
Agronomy Department, 
lowa State University. 


Received October 7; revised November 29, 1965. 


* Present address: Department of 
tnstitutet, Stockholm 60. 
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Microbial Geneties, Karolinska 


Proressor PFiNCHAM writes: Dr Peterson correctly 
points out important features in the maize situation-— 
namely transposability of elements and inter-locus effects 
—whieh are not accounted for in my suggestion of a 
possible link with Callan’s master-slave hypothesis, 
Transposability has not been detected in the Antirrhinum 
case, but it would be surprising if the maize and Anier- 
rhinum phenomena, so similar in many ways, were to 
have fundamentally different explanations. Our recent 
report! of an unlinked gene controlling the mutation 
frequency at pal provides a further parallel with maize, 
although transposability of controlling elements has not 
vet been detected in Antirrhinum. It remains true, 
however, that the many quantitatively graded stable 


way in which the availability of the gene for transeription 
and the maximum potential gene activity could be inde- 
pendently eontrolled (by the master and by the number 
of slave copies respectively).  Transposabilitr and the 
master-slave idea are not necessarily incompatible, For 
example, the “defect” in the master postulated in my 
paper might be the result of the insertion within it of the 
transposable element. Excision of this element (followed 
by possible insertion elsewhere in the genome) might be 
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sometimes accompanied by the excision of a variable 
number of gene copies. The nature of the control of 
instability, whether by the inserted element itself or by 
another locus some distance away, is not satisfactorily 
oxplained on any current view, but if, as I suggested, the 
mutability involves intrastrand crossing-over the control 
could be exercised through specific effects on local patterns 
of intrastrand pairing. 


! Harrison, B, J., and Fincham, J. R. S., Heredity, 23, 67 (1908). 


Genetic Control of Abnormal Starch 
Granules and High Amylose Content 
in a Mutant of Glacier Barley 


Tw 1967, the Pentiandfield stoek of the North American 
six rowed spring barley variety ‘Glacier (designated Ac 
38) was found to contain approximately twice the normal 
percentage of amylose in its starch'. This was apparently 
the first such case of high amylose in barley, although at 
least four loci are known to cause some increase in the 
amylose content of mame’. 

After suspensions of endosperm material had been 
prepared by the method of May and Buttrose?, microscopic 
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examination showed that starch granules in the high 


amylose barley differed from those in more than sixty 
other varieties. These included not only twelve relatives 
of ‘Glacier’ but other accessions of ‘Glacier’ from the 


US Department of Agriculture varietal collection in 
Idaho (C.I. No. 9676) and from Lethbridge, Alberta, 
from where the Ae 38 stock originated. Normal barley 
starch consists predominantly of small and medium sized 
granules, with a proportion of larger grains with a wide 
range of sizest. Large granules are much less frequent and 
all granules tend to be less regular in outline in starch of 
the high amylose barley than in normal starch (Fig. la 
and d) The situation is comparable with that m maize 
where granules from various high amylose genotypes 
differ microscopically®:§, A study comparing the develop- 
ment of starch in normal and high amylose ‘Glacier’ has 
shown that the differenee in mean granule size persists 
throughout the maturation of the endosperm’. 

We have found that the high amylose characteristic in 
‘Glacier’ is controlled at a single locus. Endosperms, 
which are triploid, were accordingly produced represent- 
ing 0, 1, 2 and 3 doses of mutant allele by reciprocal 
hybridization between ‘Glacier’ (Ac 38) and ‘Glacier’ (C.I. 
9676). The amylose content of the resulting starches 
inereased almost logarithmically with each additional 
dose of the mutant allele (Table 1) and there was a 
corresponding decrease in mean granule size. Quantitative 


RO Tera: 


Fig. 1. Photemicrographs of barley starch granules from the endosperms of ‘Glacier’ (C.F 0676), ‘Glacier’ (4e 38) and their reciprocal hybrid 


grains, (Stained in Lugol, x e. 96.) 


a, ‘Glacier’ (C.1. 9676) normal starch: three normal alleles; 


b, ‘Glacier’ (C1. 9676) x ‘Glacier’ CAe 38): 


one mutant allele; e, ‘Glacier’ (4e 38) x ‘Glacier’ (C\1. 9876): two mutant alleles; d, ‘Glacier (4e 38) high amylose starch: three mutant alleles. 
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Fig. 2. Percentage distribution of large granules (black), medium 


granules (white) and small granules (stippled) in the starches of barley 

endosperms containing 0, 1, 2 or 3 doses of the high amylose allele. 

a, ‘Glacier’ (C.1. 9676); b, ‘Glacier’ (C.I. 0676) x ‘Glacier’ (Ac 38); 
c, ‘Glacier’ (Ac 88) x ‘Glacier’ (C. I. 9670); d, 'Glacier' (Ae 38). 


assessments of granule size frequency are given elsewhere’, 
but a simple grading into three classes clearly indicates 
(Fig. 2) the ineremental effect of gene dosage on mean 
granule size. Starch grains from the two types of hetero- 
zygous endosperm are shown in Fig. 1b and c, and they 
are usually distinguishable from the parental types. The 
separation of the two-dose type from normal is very 
reliable, and this should be borne in mind if baekeross 
programmes are planned. 

No high amylose corns were detected in the ‘Glacier’ 
received from Idaho or Lethbridge in 1967, but all 120 
corns of Ac 38 surviving from the Scottish harvest of 
1960 had high amylose starch and the characteristic has 
bred true since then. It would seem either that the two 
ears sent from Lethbridge in 1949 were from an unre cog- 
nized mutant plant or that the mutation occurred at 
Pentlandfield and was subsequently maintained by ear-to- 
row selection. 

Crosses were made between Ac38 and eight closely 
related cultivars: seven were used as pollen parents and 
the eighth, ‘Atlas’, as female. The dosage of genes affect- 
ing starch formation is manifested in triploid endosperm 
tissue, and so F, segregation is detectable by comparing 
corns on the ears of self-fertilized F, hybrid plants. Starch 
samples chipped from corns were macerated in dilute 
iodine solution. High amylose, triple dose endosperms 
were easily recognized microscopically and corns were 
scored “high” or “not high". Results are shown in Table 
2, which also incorporates y? values testing deviations 
from the 1 to 3 ratio expected if genetic control is by a 
single Mendelian factor. The overall deviation is very 
small (y?= 0:123, Pzx0.75), while heterogeneity is such 
that differences of the extent found would occur due to 
chance about once in every ten occasions (°= 12:079). 
The heterogeneity 7? value for the reciprocal crosses is 
0-377 (P=:0-60), so there is no evidence for any non- 
Mendelian effect. 


Table 1. EFFECTS OF DOSAGE OF HIGH AMYLOSE ALLELE ON PERCENTAGE 
OF AMYLOSE IN BARLEY STARCH 
. Dosage of Amylose content 
Mating mutant allele of dry starch 
in endosperm (per cent) 

‘Glacier’ (C.I. 9676) selfed | 0 21-9 
‘Glacier’ (C.L 9676) x ‘Glacier’ (de 38) 1 23-8 
‘Glacier’ {Ac 38) x ‘Glacier’ (C.L 9676) 2 30-1 
‘Glacier’ (Ac 38) selfed 3 13:5 


'lable 2, GENETIC SEGREGATION DETECTED BY MICROSCOPICAL EVALUATION 
OF STARCH TYPE IN THE ENDOSPERMS OF SELF-FERTILIZED F, HYBRID PLANTS 


Starch classification 


Cross “High “Not high x* 

amylose" amylose” Lis 

‘Glacier’ (4e 38) x 'Velvon 11' 32 85 3:302 
‘Glacier’ (Ae 38) x ‘Beecher’ 34 93 0-212 
‘Glacier’ (4e 38) x ‘Lion’ 42 144 0-581 
‘Glacier’ (Ae 38) x Flynn T 25 101 1-788 
‘Glacier’ (de 38) x ‘Glacier ex Leth- 26 84 0-109 

bridge! 1987 

‘Glacier’ (Ac 88) x ‘Gem’ 34 70 3-390 
‘Glacier’ (Ac 38) x ‘Vaughn’ 21 91 2-333 
Atlas’ x ‘Glacier’ (Ac 38) 26 01 0-486 
Total 240 739 0-123 
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that the ratio of amylose to amylopectin differed signi- 
ficantly and followed the expected sequence corresponding 


families is being classified for linkage tests. | 

The high amylose gene from ‘Glacier’ differs funda- 
mentally from the "dull" and “sugary” genes that increase 
the proportion of amylose to amylopectia in maize. Their 
action, partieularly in combination, ie associated with 
strong negative correlations between amvlose content and 
total endosperm starch®. On the other hand, the "amylose 
extender'5:* locus (ae) of maize is typified by only a slight 
reduction in total starch? and in this respect resembles 
the high amylose gene from ‘Glacier’. Other charac- 
teristics of the ae locus concern the rate of degradation 
of the starch; until adequate malting tests have been 
made we are reluctant to carry the analogy any further. 
We are following the 1963 proposals for the nomenclature 
of genetic stocks of barley!* and the eeordinating eom- 
mittee will assign a gene symbol. 

Results from field trials in 1968 suggest that barley 
with an amylose content of about 40 ber cent can be 
produced with little reduetion in total starch. Physical 
applications of high amylose barley include the prepara- 
tion of films and fibres, while biologieal processing shouid 
benefit in distilling, brewing and animal feeding, especially 
of non-ruminants. In this last context + may be noted 
that the ‘Glacier’ gene seems to be associaxed with a higher 
than normal ratio of total protein to total starch’, so 
important advantages may accrue from ms use. 

We thank Miss Edna M. C. Baillie and Mr I. W. MeKay 
for technical assistance and Mr C. P. Carroll for help with 
the photomicrographs. 
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Scottish Plant Breeding Station, 
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Roslin, Midlothian. 
N. R. Merrit * 
Scottish Grain Distillers, Ltd, 
Glenochil Research Station, 
Menstrie, Clackmannanshire. 
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Carbohydrate Translocation from 
Small Tillers to Spike-producing 
Shoots in Wheat 


A PREVIOUS autoradiographic study! suggested that 
carbohydrate was not translocated from small unproduc- 
tive tillers to the main shoot and other spike-producing 
tillers in wheat. We have now shown, asing a more 
sensitive technique for the recovery of radicactivity, that 
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Table 1. 


Main shoot 
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RECOVERY OF RADIOACTIVITY IN APICAL AND NODAL TISSUE OF SPIKE-PRODUCING WHEAT SHOOTS INDUCED BY “CO, DOSING OF SMALL TILLERS 


No. of plants showing twice 


Dosed tiller or ten times background 


Days from Elongat- Apex i: Elongat- Apex No. of radioactivity (mean 17 
seedling — — ing Mean radio- , ing Mean radio- dosed — ¢.p.m.) in spike-producing 
emergence internodes Growth Length activity, cpm. internodes Growth Length activity, c. p.m. plants shoots 
stage* (mm) (less background) stage* (mm) (less background) 2x 10x 
26-29 1-2 8-10 2-0-3-0 1,714 — 8-5 0-7--1:3 109 22 22 5 
31-34 g- 10-11 28-2 1,420 0-1 4—7 1-0-2.0 ;ü 18 id 2 
43-46 3—4 11 5-0-9-0 1,130 0-2 4-10 10-20 43 23 14 6 
50-57 4-5 ii 10-110 772 0-8 4-71 1:1-3:0 21 16 4 1 


* Numbers referring to the stages illustrated by Barnard* where 4 and 5 correspond to the double ridge stage, 7-9 to spikelet differentiation and 


10 and 11 to flower differentiation, 


radiocarbon ean be recovered in the growing points ot 


spike-developing shoots of young plants, a small tiller 
of which has been dosed with !'*CO,. 

Single plants of a spring wheat selection, TB 249/40/7 
(H 8810x'Koga IT’), were sown in a glasshouse at the 
Plant Breeding Institute, Cambridge, in August 1968. 
Randomly chosen plants were dosed and tested at four 
consecutive stages of growth (Table 1). A small tiller, 
with two to four green leaves (usually the third in addition 
to the main shoot), of each plant was sealed for 2-3 h 
into a 300 ml. ‘Perspex’ container and supplied with 
8 uCi of MCO,, released by adding excess lactic acid to 
radioactive sodium carbonate solution. The main shoots 
of other plants were dosed in the same way as controls. 
Forty-eight hours after dosing, the apices and uppermost 
nodes and internodes from all tillers were dissected and 
measured. Longitudinal slices were taken from them and 
dried for 15 min at 70° C, transferred to 1 em diameter 
planchettes and their activity determined by counting 
with a proportional gas flow counter, giving 58 per cent. 
counting efficiency. 

The results presented in Table 1 indicate the transloca- 
tion of photosynthetic assimilates from the small tillers 
to the spike-producing shoots throughout the period of 
spike differentiation. No activity was detected in undosed 
control plants growing nearby. The reduction in the 
frequency and extent to which radioactivity was recovered 
in the growing points of the spike-producing shoots 
following the later dosings may be attributed to advancing 
seneseence of the small dosed tillers. This would also 
aecount for the lower radioactivity of the growing points 
of these tillers, the development of which was obviously 
retarded; very little change was noted in their internode 
elongation and apex differentiation throughout the experi- 
ment. The dosed tillers of ten out of the twelve plants 
which did not show any translocation of radioactivity at 
the last dosing had already reached an advanced stage of 
spikelet differentiation. They were therefore developing 
their own spikes and consequently, in agreement with 
Quinlan and Sagar’, did not transfer any assimilates to 
other shoots. Likewise no radioactivity was recovered in 
the main shoots of five further single tillered plants dosed 
when 32 or 45 days old, nor was there any translocation 
from most of the main shoots dosed, although in two cases 
there was evidence of radioactivity m very small tillers 
which had recently developed on them. 

These results show that small tillers, which die without 
forming ears, may contribute to the carbohydrate supply 
of the spike-producing shoots and thus to their potential 
grain yield. A positive relationship between the number 
of unproductive tillers per plant and increase in grain 
yield, resulting from the growth of more spikelets per 
spike, had previously been demonstrated in a study of 
winter and spring wheat varieties’, and similar relation- 
ships may be deduced from other cereal investigations. 

It thus seems that small tillers which do not form 
ears, previously considered as wasted or quasi-parasitic, 
make a useful contribution to the carbohydrate supply of 
young plants. These findings in no way contradict those 
of Lupton!, but indicate that a change in the pattern of 
translocation, during which the ear bearing shoots become 
autonomous, takes place during the development of these 
shoots, at about the stage of flower differentiation. 


This work was supported by a grant (to M. J. P.) from 
the H. J. Levitt Fund of the Friends of the Hebrew 
University. 
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New Intergeneric Cross within 
the Pleuronectidae, Dab x Flounder 


Ix the Pleuronectidae (order Heterosomata, subclass 
Neopterygii!, class Pisces), hybrids occur in nature between 
plaice, Pleuronectes platessa L., and flounder’, Platichthys 
flesus (L.), especially in the Baltic in particular years, and 
presumed brill-turbot hybrids are fairly common off the 
Danish and Dutch coasts’. Other records of flatfish 
hybrids from north-west Europe are either extremely rare 
or of doubtful validity. 

No substantiated examples of the dab and flounder 
hybrid have been recorded from the sea, although the 
time and loeation of spawning of the two species may 
coincide, as for example in the Irish Sea. One example of 
an adult dab and flounder hybrid was reported by Day’. 
on the strength of differenees in dentition, tail form and 
colour from the dab which it superficially resembled. Of 
these three features only the dental formula can be diag- 
nostic, although those of the dab and flounder overlap 
appreciably; no details of this for the specimen are 
recorded. 

The improvements in marine fish hatchcry techniques in 
the past 10 yr have enabled several flatfish to be incubated 
and reared; these inelude plaice, sole, Solea solea (L.), brill, 
Scophthalmus rhombus (L.), and flounder (to metamor- 


phosis), dab, Limanda limanda (L.), and turbot, Scoph- 
thalmus maximus (L.) (to the end of yolk-sac resportion). 
The marine fish cultivation programme requires that 
hatcheries can reliably produce numbers of metamor- 
phosed flatfish that are amenable to unavoidable features 
of any growing on procedures; for example, high fish 
density, variable temperature and oxygen levels. The 
plaice-flounder hybrid had already proved more tolerant 
to eultivation than the plaice. Whenever practicable, 
therefore, other crosses, both within the Pleuronectidae 
and other families of the order Heterosomata, are made 
and evaluated. The results presented here form part of 
this programme. Crosses between the dab and flounder, 
using an artificial fertilization technique, have given con- 
sistent results. Although it is desirable to compare the 
fertility of a hybrid cross with the reciprocal cross and with 
the straight cross of both parent species coincidentally, the 
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experiments have usually been drastically limited by the 
availability of ripe eggs and milt. 

The adult fish used were taken from inshore stocks on 
the English side of the southern North Sea, and held in 
spawning tanks at the Lowestoft laboratory during the 
final period of gonadic ripening. 

The technique of artificial fertilization is as follows. 
Eggs are extruded from the female into clean glass 
erystallizing dishes of 15 em diameter, by gentle finger and 
thumb pressure on the ovaries. A volume of filtered sea- 
water equal to that of the eggs is added to form a thick 
suspension. Milt is obtained in a similar way and the 
few drops obtained are diluted by the addition of a volume 
of seawater equal to that of the egg suspension. The milt 
suspension is poured immediately onto the eggs and 
gently mixed by a cireular swirling movement of the dish. 
The “effective” life of flatfish sperm is very short in sea- 
water and in fact falls off rapidly after 5 min; it is therefore 
important to use the milt as soon as possible after dilution. 
Plaice sperm retains some motility at 4 h after dilution, but 
it cannot effect. fertilization. 

After an hour any non-buoyant eggs are removed by 
pipette. These are eggs which are either "overripe — 
oversized, misshapen, opaque and flaccid; or underripe— 
small and densely opaque. After 24 h the buoyant eggs 
are transferred to clean seawater in glass containers (2 l.), 
in which incubation is completed and hatching takes 
place. 


Table 1 
Per cent Incubation 

Cross Per cent fertilized time Resultant 

Year Female Male fertiliza- eggs (h) larvae 
tion hatching at 7* C 
19007 D x F 40 25 ) | Hatching normal, 
1968 D x F 20 95 + 229-231 larvae normal 
1968 Dx F 30 67 | | 
1967 F x D 50 90 | | Hatching abortive, 
19007 F x D 65 62 . 221-231 ; Larvae die at or 
IB S x D 607 | | p before hatch- 
ng 

1967 F x F , Many crosses; per- 182 | 


Hatching and larvae 


| centages depend 
normal 


on quality of eggs | 


19007 D x D and milt—see text 231 


The results of the 1967 and 1968 dab and flounder 
artifieial fertilization experiments are summarized in 
Table 1. The percentage of fertilization is expressed as 
the percentage of buoyant and presumably ripe eggs 
which showed cleavage after being mixed with an excess 
of motile sperm. "This must be used as a rough guide only, 
because there are usually a few buoyant eggs which seem 
incapable of being fertilized. The technique used pro- 
duced varying percentages of fertilized eggs, irrespective 
of the species of male used, but was apparently dependent 
on the correct degree of ripeness of the eggs on stripping 
and the motility of the sperm. 

Nearly all the mortality of the fertile hybrid eggs 
occurs at early gastrulation, as is also true for normal 
flounder or dab eggs. The cross of dab eggs with flounder 
sperm has proved partially but consistently successful 
through hatching and subsequent larval development. At 
7° € hatching takes place after 231 h at a mean overall 
length of 2-96 mm, but development on the yolk alone is 
not complete until a further 168 h; during this time the 
eye pigment increases, the pectoral fins become functional, 
and the mean overall length inereases by 25 per cent. 

At this point (399 h after fertilization at 7^ C) pigment, 
which on hatching in these hybrid larvae was largely con- 
fined to a wide band across the body halfway between 
the anus and the tip of the tail, migrates to the dorsal 
and fin margins (Fig. 1); the larvae swim in a co- 
ordinated manner and appear to be healthy and poten- 
tially capable of being reared to maturity. To date, 
however, no reliable technique has been found for rearing 
these small flatfish larvae (in comparison, plaice larvae 
measure 6:5 mm overall on hatching), chiefly because of 
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difficulties in providing living food, ether cultured or 
from wild plankton, of the right size in the pelagic phase 
until the fish larvae are large enough to be able to take 
newly hatched Artemia salina nauplit Already small 
numbers of flounders have been reared and within 2 or 3 
years experiments on the survival of the hybrid and the 
parent species will measure their relative viabilities 
through metamorphosis. Experimental evaluation of 
hybrid sexual maturity and fertility wowd follow 2 yr later 
when the reared stock normally matu. These factors 
have already been measured for the plaice x flounder 
cross, either in the hatchery* or in the wild’. 

The development of the reverse cross, flounder x dab, 
is normal up to the primitive streak stage, but sub- 
sequently the embryonic axis thickens abnormally and 
the resultant larvae have repeatedly failed to hatch 
normally at either 7° C or 11° C. When comparisons have 
been possible between these abnorma larvae and the 
straight dab or flounder larvae the intermediate form of 
the pigment distribution is apparent; moreover, of the 
few hybrids that hatch almost all are bens and short-tailed, 
and die within a few hours. 

The difference in performance of this reciprocal cross is 
similar to that already found in the hatchery in the 
intergenerie cross between the flounder and plaice. Here 
the cross between plaice eggs and flounder milt is as viable 
as the true plaice. The reverse cross—*ounder x plaice— 
exhibits some shortening of the body «xis and partially 
aborted hatching, when many dic. Most of those surviving 
are deformed with bent tails, up to 3 percent being normal 
and capable of feeding. The form of tk» flounder x plaice 
cross is intermediate between that of tk» two "supposed" 
parents, and there can be little doubt that it is a hybrid. 
Although the flounderxdab hybrid :s more severely 
deformed at hatching, and it is therefore more diffieult 
to evaluate the significance of its morphology, the high 
percentage fertilization and subsequent development 
without any other treatment leave litti doubt that this, 
too, is a hybrid. Before the demonstration of the dab x 
flounder hybrid it was thought possible that the failure 





Fig.1. Top: dab Limanda limanda (L.), 389 h from fertilization at 7° C; 

4-18 mm long. Middle: hybrid (female dab x mal flounder), 389 h from 

fertilization at 7° €; 3-09 mm long. Bottom: flounder, Platichthys 
flesus (L.), 885 h from fertilization at 7° € . 3-97 mm long. 
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of the flounder egg x plaice sperm cross was a function of 
egg size, the plaice egg being larger than the flounder's. 
The dab egg, however, is even smaller than the flounder's 
and the relative size of the eggs is therefore not the 
deciding factor. 

The absence of substantiated examples of the dabx 
flounder hybrid from the sea, in spite of recent extensive 
larval flatfish surveys eentred on the Great Orme, Southern 
Bight* and Borkum spawning areas, could be the result of 
difficulty in recognizing hybrids when applying purely 
taxonomic criteria to preserved and often damaged larvae. 
The skin dca eae which 1s the most obvious feature 
of the hybrid (Fig. 1), is frequently damaged during the 
process of capture M high-speed plankton samplers’. It 
is possible that a cytogenetic study of relatively small 
numbers of these naturally occurring larvae may reveal 
examples of dab x flounder and other flatfish hybrids. 

This new intergeneric cross is the second substantiated 
case within the Pleuronectidae, and it is likely that others 
will soon be demonstrated. This indicates that the status 
of separate genera given to the fish involved should be 

eritically examined, and the possibility of reverting to the 
common genus of Pleuronectes given by Linnaeus in 1758 
(ref. 7) given serious consideration. 


JOHN D. Ritey 
GRAHAM T. THACKER 
Ministry of Agriculture, Fisheries and Food, 
Fisheries Laboratory, 
Lowestoft, Suffolk. 
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Persistence of DDT in Wild 
Populations of Small Mammals 


THE protracted persistence of DDT and some other 
organochlorine insecticides in soils is well documented! *. 
While it has also been shown that these persistent residues 
can contaminate a resident fauna?, there has been little 
indication of the duration of this relationship once treat- 
ment ceases, except for observations covering a year or 
two'?. We now present data of pesticide residues from 
small mammals eovering a period of 9 years after single 
applications of DDT applied. to forests at a rate of 
0:89 kg/hectare (1 pound/aere). These treatments were 
for control of the spruce budworm, Choristoneura fumi- 
ferana (Clem.), in northern Maine, United States 
Spray treatments were carried out in 1958, 1960, 1961, 
1963, 1964 and 1967, covering 10*—-10* hectares per treat- 
ment*. Although the treatments overlapped in places, 
sizable areas remain that received only one application in 
one of the years indicated. Small mammals were colleeted 
using pitfall traps (No. 10 canning tins) and snap mouse 
traps baited with peanut butter in each of the single 
spray treatments, in some of the overlap areas which 
received three applications, and in surrounding forests 
which have no known history of sprays. Collections were 
made in June and July of 1966 and 1967 with ten trap 
stations arranged at 0-1 mile intervals along lines crossing 
2ach spray block. This design was replicated twice in 
each year in each treatment except that control areas 
received three times the normal sampling intensity so as 
to cover a variety of sites surrounding the sprayed areas. 
Small mammals were collected from these trap lines at 
intervals of 2-3 days. Badly decomposed specimens were 
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discarded. The rernainder were held in freezer storage at 
— 18° C, until analysed for residues of DDT. Sufficient 
individual animals were analysed to calculate within- 
treatment variability; the remainder were pooled in 
groups of two to eight by species and treatment. 
Extraetion procedures for the small mammals, gas 
chromatographic analysis, confirmation of residue identi- 
ties and laboratory controls were those that have been 
reported elsewhere in related studies’. The recovery of 
known DDT concentrations averaged 85 per cent; labora- 
tory contamination was negligible. Residues are expressed 
as concentrations in whole animals. fresh weight. 
Mammals collected were deermice, Peromyscus sp., 
thirty-three specimens; red backed vole, Clethrionomys 
gappert, forty-five specimens; pygmy shrew, Alicrosorex 
hoyi, 142 specimens ; short tail shrew, Blarina hrevicauda, 
sixty-two specimens; Sorex sp., fifteen specimens. The 
herbivores, mice and voles, on the one hand, and earnivor- 
ous shrews on the other, showed very similar levels and 
patterns of DDT persistence. The data are combined 
into these two categories below. Sample numbers for 
each treatment were further increased by pooling 1966 
and 1967 collections by species from the same spray 


block. The result is that samples from a block treated in 
1963, for example. represent both 3 and 4 years after 
application. 

Table 1. TOTAL RESIDUES OF DDT AND METABOLITES IN SMALL MAMMALS 
COLLECTED FROM PLOTS WITH VARIABLE TREATMENT HISTORY, PRESENTING 
MEAN, RANGE AND SAMPLE SIZE 

Years since Mice and voles Shrews 
treatment. (p.p.m.) (p.p.m.? 
0 1:06 (0-43-2-00) 19 15:58 (0- 27-40-01) 25 
2-3 0-27 (0:02-0:14) 9 (72 (0-21-1:16) 10 
3-4 0-08 (0-07-0-09) 6 2:50 (0-92-6-82) 24 
5-6 0-10 (0-03-0-20) 7 1:43 (0:46-2-70) 22 
6-7 0-05 (0-04—0-05) 3 1:81 (0-66-3-77) 16 
8-9 0-04 (0-08-0-06) 4 1:18 (0-13-3-29) 23 
Untreated 0:03 (0-005-0-07) 15 0-30 (0-05-0-93) 64 
Treated 
'63, '60, '58 0-16 (0-03-0:40) & 4:41 (1-52-0-66) 25 
'64, '63, '60 0-17 (0-06—0-27) 7 4°77 (358-587) 10 


The results of residue analyses are shown in Table 1. 
Coefficients of variation calculated for seven lots of five 
to thirteen mammals analysed individually, representing 
the four major species and four different treatments, 
ranged from 30 to 70 per cent, averaging 52 per cent. 
Lowest variation occurred in unsprayed samples and 
samples from areas sprayed three times. One would 
expect a more uniformly contaminated environment in 
these cases. Greater variability occurred in samples 
from areas treated once. Using an equation based on 
standard errors? in the groups of mammals analysed 
individually, it was calculated that three to six individuals 
comprised a sufficiently large sample to estimate mean 
residue level with a 95 per cent probability of being within 
10 per cent of the true mean. Nearly all sample groups 
equalled or exceeded these levels (Table 1). 

Shrews had ten to forty times the total residue of mice 
and voles in all categories. This is to be expected because 
shrews are carnivorous. There was residue contamination 
in both groups of small mammals even at 9 vears after 
one application, In miee and voles, residue levels ap- 
peared to be approaching pre-treatment contamination 
after 9 years, assuming that untreated samples also 
represent pre-treatment conditions; in shrews, residues 
were still well above pre-treatment levels after 9 years 
and showed little apparent reduction after 5 years. The 
secondary peak in shrew residues at 3-4 years probably 
reflects iR Several workers have reported inereasing 
litter residues for 2-3 years after DDT applications to coni- 
ferous forests*. If shrews reflect litter residues, a peak at 
about 3 years after appl cation is expected, and residues in 
these populations cannot be expected to reach pre- 
treatment levels for well beyond 15 years. Specimens 
collected in blocks sprayed three times contained roughly 
the cumulative leveis to be expected. 
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Table 1 lists only total residues of DDT and metabolites. 
DDE and DDD comprised 40 and 16 per cent (respectively) 
of total residues in mice, 18 and 28 per cent of total residues 
in voles, and 57 and 17 per cent in shrews. We have no 
explanation for the widely differing pattern of metabolites 
in voles. There were no changes in the proportions of 
DDT and metabolites associated with time elapsed since 
application or with amount of residue concentration in 
any of the species studied. 

So far there is too little information to assess aecurately 
the hazards of the residue levels found in this study to the 
mammal populations involved. There is littl hazard 
from chronic exposure to DDT to herbivores at applica- 
tion levels studied here, for they had aceumulated 
very low DDT levels after the year of treatment. Shrews, 
on the other hand, carry significant contamination for 
long periods. The highest level seen, 41 p.p.m. in the year 
of treatment, may be indicative of some acute mortality 
in these mammals. Wurster et al? have suggested that 
DDT toxicity must be suspected in certain birds when 
whole body analyses show 30 p.p.m. or more of DDT and 
metabolites. Levels in subsequent years in shrews, 
means of 1-3 p.p.m. and highs of 2-6 p.p.m., seem to be 
below levels that have been reported to affect reproduction 
or other metabolic activities in other animals!?:!, although 
conclusive data that can be applied to the present situa- 
tion are lacking. The shrews in sprayed areas may be a 
hazard to higher carnivores that prey heavily on them. 
Ames"?, for example, reports reproductive failure in wild 
ospreys feeding on prey contaminated with DDT at about 
the same level that we have shown to oceur in shrews for 
many years after one application. 

The extended duration of residue contamination shown 
in small mammals is a factor which should be considered 
in decisions on the use of persistent insecticides. Equal 
duration of residue persistence has been shown in 
several other animal species’:*, and is probably of common 
occurrence, The cumulative residues resulting from 
repeated applications would indicate that a threshold 
can be reached wherein further application of DDT will 
produce extinction in local populations of certain animals. 
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Importation of Nutrients into 
Woodlands by Rooks 


TE role of birds in woodland productivity has not been 
measured, although it has been recognized that this 
may be significant’. During August and September 1968, 
colleeting trays were used in two small Leicestershire 
woods to estimate faecal downput by rooks. Rooks fed 
during the day on the adjacent arable and pasture land, 
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near farm buildings, and on rubbish caumps, roosting at 
night in small numbers in the trees. Two kinds of pellets 
could be differentiated : the normal faecal droppings 
with a high ure acid content, and regurgitated pellets 
without uric acid but including coarse plant. residues and 











bv birds in the region of the wood below the rookery 
(within 20 m of trees with nests in them) at the rate of 
69 gim*/week. Only grit of > 1 mm diameter was 
retained in sample trays. Such partices were of diverse 
origin (Table 1) and composition. Obviously the grit 


selected is not a random sample of naturally occurring 
fragments of suitable size from fields adjacent to the wood; 
a peculiar range is selected. The commonest component 
(red brick) is available in quantity on fazms and old houses 
in the region. Granite is often used on roads and paths 
locally and ferruginous sandstone fragments occur in 
surface drift, being derived from pockets in the Charnwood 
Forest area. The birds are thus deposiang in the woods a 
mixture of natural locally occurring reck fragments and 
of industrial artefaets (brick, basic sleg, ceramies, coke, 
plaster). 


Table 1. COMPONENTS OF GRIT IN ORDER OF ABUNDANCE IN TWO LARGE 
SAMPLES 
Relative 
abundance Wood (A) Wood (83 
1 Brick Brick 
2 Basic slag Basic slag 
3 Granite Ferrugincus sandstone 
4 Ferruginous sandstone Coarse pase brown sandstone 
5 Chaik Quartzite 
6 Millstone grit Chert 
7 Coarse white sandstone Granite 
& Oolitic limestone Quartz 
9 Quartz Ceramic material 
10 Ceramic material 


11 Coke 
Sample from wood (B) also contained chalk, lime «nd plaster. 


Table 2. INPUT OF CERTAIN MINERALS FROM GRIT AND FROM ORGANIC FARCES, 


COMPARED WITH DATA ON MINERALS IN RAINWATER INTPUT 


From From 
grit faeces Rainf (A) Rain’ (3) Rain’ Hain® 
kg/ kg/ kgj kg/ kg kg/ 
hectare; hectare’ — hectare] heetara/ hectare) — heetare] 
8 weeks 8 weeks year year year year 
Sodium 1:70 4°44 14:0 36-0 21-8 19.3 
Potassium 0-76 8:74 5:4 4:8 i-9ü T8 
Calcium 13:260 759 140 9:8 Bod 10.7 


*(4) Abbot's Moss, Cheshire; *(H) Silpho Moor, Yorkshire; * Moor 
House; * Kent. Chemical analyses of grit and faeces here after treatment in 
dilute acid!*, the leaf litter in the woods being acid: Measurement by fame 
photometer. 


The red brick fragments in the grit 12 per cent of the 
total grit by weight) provide a convensent index of pellet 
input to the woodland. Brick particles are not a normal 
component of woodland leaf litter or soil and thev are 
easily separated visually from grit derved from the sub- 
soil and brought to the surface by earthworms or small 
mammals. The grit makes a significanteontribution to the 
nutrient budget of the wood (Table 2). 


was 1: 78. The average dry weight of a faecal pellet was 
0-38 g. The downput of faeces and rejected plant material 
can therefore be estimated as 17-9 g dry organie matter 
per m?/week (143-2 g/m?/8 weeks im question) The 
contribution of this material to nutrient input is also 
shown in Table 2. 

The ehief sources of plant nutrients in woodlands are 
considered to be leaf litter, soil. rainfall, wind-blown dust 
and leachates'*. In recent work on selected regions and 
vegetation types, the measurement of nutrient input in 
rain and nutrient output in runoff aud erops has been 
used to calculate by difference the amount of nutrients 
derived from the breakdown of rock and soil. During 
such surveys, contamination of samples with bird faeces 
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has been noted. The contribution of birds to soil nutrients 
has been measured directly in the Antarctic’ where the 
strueturally simple environment may reveal such effects 
more clearly. "These analyses show that much greater 
quantities of ealeium and potassium were imported into 
the two Leicestershire woods by rooks within $ weeks than 
would be expected to be derived from one year's rainfall. 
In regions of the wood up to 100 m from the rookery, the 
grit input fell to one twentieth of the average input 
throughout the rookery area. This scatter of faeces by 
birds in flight and by wind aetion seems to result in large 
areas of the wood receiving a measurable input of extrane- 
ous material. These data refer to small woods in farm- 
land, and they are typical of many woodlands in Britain. 
The wood pigeon, which has been shown to be involved in 
the regeneration of large oakwoods', is likely to have an 
important role in nutrient importation into larger woods. 

If, as has been stated’, "many investigations in the 
past have tended to regard the nutrients in the tree litter 


fall as the total nutrient fall", then to other sources of 


autoehthonous nutrients such as ground flora litter. 
leachates and insect frass must be added the egesta and 
faecal downput of birds resident in and feeding in the 
wood. To sources of allochthonous nutrients such as 
rainfall and dust must be added the faecal downput from 
birds resident within the wood but feeding on adjacent 
land, and from transients using the wood temporarily. 
The derivation of nutrient budgets by calculation of the 
soil-derived components may otherwise prove unrealistic. 
It seems likely that woodlands in farming areas obtain 
much of their nutrient requirements from the activities of 
relatively small bird populations. It is noteworthy that 
the composition of food, the behavioural selection of 
material for ingestion and the physiological processing of 
ingested material result, in this case, in a nutrient input in 
which sodium is a relatively small component compared 
with calcium and potassium. Thus the effect of bird 
populations is not only to introduce organic and inorganic 
nutrients into the woodland but to alter the overall 
composition of the total inorganie nutrient input. 
I thank Dr R. King for identifying grit particles. 
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Evidence for Sexual Selection in the 
Mimetic Butterfly 
Hypolimnas misippus L. 


SrRIDE'? has shown that the males of Hypolimnas misip- 
pus (Nymphalidae) court artificial test insects with orange 
hind wings more actively than they court test insects 
with white hind wings. He gives evidence to suggest 
that white on the hind wings inhibits courtship, and 
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on the responses of free-living males towards dead and 
artificial test insects. This report is based on observations 
of free living individuals of both sexes. 

A characteristic feature of the courtship behaviour of 
Hypolimnas misippus is the female's "ascending flight” 
response to the male*?. This is apparently a means where- 
by an already fertilized female can escape the persistent 
attentions of a courting male because she only breaks off 
the ascending flight when the male has given up the 
pursuit and returned to the ground. My own observations 
eonfirm that out of many ascending flights observed at 
Legon, Ghana, not one was followed by copulation. If 
males eourt and copulate less frequently with white than 
with orange females as Stride infers, then one would 
expect proportionately more of the white ones to be virgin 
and receptive, while proportionately more of the orange 
would be unreceptive and henee liable to display the 
ascending flight response. Table 1 gives the numbers of 
ascending flight responses of orange and white females 
observed at Legon in 1968 compared with the numbers of 
the two morphs seen on the same days whieh were not 
giving the ascending flight response. "There is aetually à 
fractionally higher proportion of ascending flights in the 
white than in the orange insects, but the difference is not 
significant. Thus although experimental work using 
artificial test insects suggests that there is sexual selection 
of orange females by the males, there 1s no evidence for 
the occurrence of such selection in natural conditions. 
Probably the live female provides behavioural and other 
stimuli which are so attractive to the male that they 
mask any difference in courtship activity due to hind wing 
coloration. Alternatively, there may be so many actively 
courting males present that every female, whatever its 
colour, gets fertilized within a few hours of emerging. 


Fable 1. PROPORTIONS OF ORANGE AND WHITE FEMALE Hispolimnas misippus 
OBSERVED GIVING THE ASCENDING FLIGHT RESPONSE TO COURTING MALES 


Orange White 
Number of females giving response 2 24 
Number of females not giving response 110 67 
Percentage of females giving response 16:7 23-9 
xa) 1:312 
P 


«0:3, 20:2 


These observations underline the danger of assuming 
that conelusions made from experimental work based on 
the use of artificial models apply equally in natural condi- 
tions. A detailed account of this work is being published 
elsewhere’, 
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Kinetic Evidence for an Intermediate 
Stage in the Fertilization of the Sea 
Urchin Egg 


ELECTRON microscopy has provided evidence for à series 
of anatomically distinct stages in the process of fertiliza- 
tion. In the polychaete worm Hydroides hexagonus, 
Colwin and Colwin^? have described how production of 
the acrosome filament is followed by fusion of the gamete 


egg cytoplasm. Apart from this anatomical description, 
little is known of the early stages of fertilization. 


NATURE, VOL. 221, FEBRUARY 1, 1969 


now present kinetic evidence for at least one intermediate 
stage in the fertilization of sea urchin eggs. 

Fertilization can be blocked by several very different 
agents. Although Rothschild and Swann? and Hagstróm 
and Hagstrom‘ have made use of two such agents to effect 
funetional separation of sperm from eggs and thus have 
measured the rate of fertilization of sea urchin eggs, no 
systematic comparison of several blocking agents has 
been attempted. It was while such a comparison was 
being made that it became clear that fertilization was not 
always blocked at the same point. 

Experiments were carried out in artificial seawater 
(ASW) of composition: NaCl, 460 mM; KCl, 10 mM; 
MgCl, 55 mM; CaCl, 11 mM; NaHCO, 25 mM. The 
blocking agents studied were: 30 per cent ASW (pH 
8-0 (ref. 3); ASW containing 0-002 per cent lauryl sul- 
phate (pH 8-0 (ref. 4)); ASW in which the Na had been 
replaced isosmotically by K (pH 8-0) (K-rich ASW); 
Ca and Mg-free ASW containing 100 mM Na-EDTA 
(pH 8-0); and ASW containing 0-4 mM uranyl nitrate 
(pH 6.3). The blocking action of uranyl nitrate was first 
described by Okazaki*, who noted that the action of uranyl 
nitrate on unfertilized eggs could be rapidly and completely 
reversed following transfer to uranyl nitrate-free seawater. 
Eggs and sperm were obtained from the sea urchins 
Echinus esculentus and Psammechinus miliaris and stood 
in ASW at 16° C before use. Unless otherwise stated the 
fertilization rate was measured at 16° C. An aliquot of 
eggs (1:5 ec) was mixed rapidly using a magnetic stirrer 
with 0-5 ec of sperm of known density. At different times 
after Insemination, samples of the reaction mixture were 
transferred to 30 ce of the blocking solution under test 
and agitated vigorously. After development for 10 min 
at 10? C in this solution the eggs were mounted and fixed 
in acetic/aleohol and the developing male proguciel stained 
and counted as described by Baker and Presley’. 

Curve l of Fig. 1 shows the fertilization rate for eggs 
of P. miliaris determined by K-rich ASW. After an 
initial lag of 2-3 s. fertilization was rapid, becoming half 
complete in 6-8 s. Of the other blocking agents examined 
on Psammechinus, only seawater containing uranyl 
nitrate gave results very different from those obtained 
with K-rich ASW. In the presence of uranyl nitrate the 
lag was increased to 15-25 s and the time for half-com- 
pletion of fertilization was 30-35 s (curve 2, Fig. 1). 
This difference between seawater containing uranyl 
nitrate and K-rich ASW was also seen with E. esculentus. 
It did not result either from the differenees in K content 
or pH of the two solutions, because very similar results 
were obtained when K-rich ASW, pH. 6:3, was compared 
with the same solution containing uranyl nitrate also at 
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Fig. 1. Rate of fertilization of eggs of Psammechinus miliaris determ- 


ined by K-rich ASW (curve 1) and by ASW containing 0-4 mM uranyl 

nitrate, pH 6-3 (curve 2). Fertilization was scored positive if a male 

pronucieus was visible within the egg. Insemination was at zero time 

and eggs from the same female were used throughout. Curve 2 was 

obtained before curve 1. SUD 16° C. Sperm density 5x 107 
sperm/nml. 
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Fig. 2. Inability of potassium ions. to maintain t 0e fe rtii ization block 
produced by uranyl ions, Bgg 

2 x 10* sperm/ml. and after 15 sasa inl was placed in K-rich ASW and 
the rest in K-rich ASW containing 0-4 mM uranyi nitrate. At the times 
shown, samples of eggs were removed from the uranyl-ASW and placed 
in uranyl-free R-rich ASW, pH 9-0. The percentage of eggs which 
developed is shown by the closed symbols. The open symbola show the 
percentage of eggs which developed in the presence of uraryi iors, 
Temperature 16° C, The shape of the recovery curve suggests that 
reversal of the uranyl-sensitive stage of fertilization is only possible for a. 

relatively short time. 


pH 6.3. The difference was, however, largely abolished 
when 5 mM of the chelating agent EDTA was added to 
the uranyl nitrate ASW without change of pH. "These 
results show that it is the uranyl ions which are active in 
blocking fertilization. 

Why does the fertilization rate determined in the 
presence of uranyl jons differ from that obtained with 
K-rich ASW ? There seem to be two chief possibilities: 
(1) that both agents act at the same point in fertilization 
but that uranyl ions block more rapidly than potassium, 
or (it) that uranyl ions and potassium act at different points 
in the fertilization. process, the uranyl-sensitive stage 
appearing after the K-sensitive stage. The following 
experiment shows that the first possibilitv is unlikely. 
If uranyl ions and potassium act at the same site but 
uranyl bloeks more rapidly, it should be possible, having 
blocked fertilization in K-nch ASW containing uranyl 
nitrate, to remove the uranyl ions after a suitable interval 
of time and leave fertilization blocked by the K-rich 
ASW. This was tested as follows. Eggs were transferred 
to K-rich ASW containing uranyl nitrate 15 s after 
insemination. At this time no eggs would appear fertilized 
as judged by uranyl nitrate alone or by K-rich ASW 
containing uranyl nitrate and 100 per cent would be 
fertilized as judged by K-rich ASW alone. After further 
periods of 30, 90 and 300 s, eggs were transferred to 
uranyl-free K-rich ASW and left to develop. Fig. 2 
shows that many eggs developed normally. This must. 
mean that potassium ions were unable to maintain the 
fertilization block caused by uranyl nitrate and the 
experiment suggests separate sites of action for potas- 
sium and uranyl ions. It also shows that the K-sensitive 
stage must precede the uranyl-sensitive stage. 

Further information was obtained from an examination 
of the effeets of temperature on the fertilization rate 
curves, Temperature had a somewhat greater effect on 
the curve determined in the presence of uranyl ions 
(Qio-:977 0:2) than on that obtained in K-rich ASW 
(Qio-29 = 3:6). Assuming that uranyl tons act later in 
fertilization than K-rich ASW, it 1s possible to obtain 
from the two curves a difference curve which shows as a 
function of time the number of eggs which have passed 
the K-sensitive stage and entered but not passed through 
the uranyl-sensitive one. The effect of temperature on 
this difference curve is shown in Fig. 3. It is clear that 
the duration of the uranyl-sensitive stage in fertilization 
is very dependent on temperature and has a @,, greater 
than 3. 
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‘These experiments provide kinetic evidence for at least 
two points of action of agents blocking fertilization. Their 
relation to the anatomically recognizable intermediate 
stages of fertilization is still not clear. Our investigations 
show that K-rich ASW, and the other agents which act 
in the same way, all exert an immediate blocking action 
on both the motility and oxygen consumption of sperm, 
and it seems likely that their ability to block fertilization 
results from immobilization of the sperm. Sperm motility 
is inhibited only slowly by uranyl ions, an observation 
which adds further support to the view that uranyl ions 
act at some later stage in fertilization. 
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Effect of temperature on the uranyl-sensitive stage of fertiliza- 
tion. The percentage of eggs in the uranyl-sensitive stage was obtained 
for each time interval by subtracting the percentage of eggs which 
appeared fertilized as determined by uranyl nitrate ASW from the 
percentage which appeared fertilized as determined by K-rich ASW. 
The points at 10° C and 20° C are each the mean of two experiments on 
separate animals: one determination at each te "mperature was made on 
the eggs from each animal. The curve for 0° C is based on a single 
experiment on another animal. Measurements were made difficult at 
Q^ C and often at 10° C by the tendency for eggs to develop partheno- 
genetically at these temperatures. 


Fig. 3. 


Okazaki? observed that uranyl nitrate inhibits cortical 
granule release. It therefore seemed possible that inhibi- 
tion of cortical granule release mught in itself be capable of 
blocking the uptake of male pronuclei. This seems 
unlikely because the uranyl-sensitive stage of fertilization 
seems to precede cortical granule release. When uranyl 
ions are apphed just before the period of fertilization 
membrane elevation, we have often found eggs with 
developing male pronuelei but apparently intact cortical 
granules and no obvious fertilization membrane. 

The ease with which the blocking action of uranyl ions 
can be reversed suggests that they act at the egg surface. 
The bloeking action of uranyl ions both on fertilization 
and cortical granule release is lost at pHs more alkaline 
than 7:0, which suggests that both aetions result from 
eombination of uranyl ions with groups having their 
PRE Pee a 3 ma T s It i is p that CODI ion 
a in Blocking more than one aspeet ot e Ovation. 

In summary, the kinetic approach outlined here may 
provide a means of detecting and studying the properties 
of the various stages which must intervene between the 
free swimming sperm and the entry of the male pro-* 
nucleus into the egg. The existence of intermediate states 
in the fertilization process reopens the question of the 
mechanism of the fast bloek to polyspermy?. It could 
be that the block need not necessarily be initiated by the 
first sperm to reach the egg; but rather by the first sperm 
to pass through any one of the intermediate stages. If 
this stage were to oecur close to the time of cortical 
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granule release and fertilization membrane elevation. the 
duration of the “fast block" could be relatively short. 

P. F. BAKER 
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Anatomy School, 
University of Cambridge. 
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Siamese Twins in the Sei Whale 
Balaenoptera borealis Lesson 


ALTHOUGH there have been comprehensive biological 
studies of whales since 1925 when the Discovery Com- 
mittee founded the research station at South Georgia, 
there have been no reports of Siamese twins in whales 
as far as I know. I now report briefly the results of 
morphological observations on sei whale Siamese twins 
found on the Japanese whaling faetory ship Nisshin Maru 
(Taiyo Fisheries Co.) in the Antaretie whaling season 
1967—68. 

The mother of the twins was caught on December 5, 
1967, in position 42° 49' S, 74° 14' E, and the following 
observations were made. Body length 15-2 m (50 feet). 
blubber Sac laterally n A dorsal nm 6:0 cm, 


0-3, stomach cont Fonts F: alanus Copa: aaa, 
No unusual features were seen in the ovaries or uterus. 
On the evidence of the eorpora eounts the animal was 
relatively young. 

The Siamese twins were males of body lengths 144 em 
and 137 em. They were in a head presentation position 
in the uterus and seemed to have been alive when the 
female was killed. It is considered that morphologically 
they are of a thoracopagus type. being fused completely 
on ihe ventral side from the throat to just anterior to the 
umbilicus. There is only one umbilical eord which comes 
out from the fused posterior margin (Figs. 1-3). 

Table 1 lists the measurements of body proportions of 
the twins made in the series used by Mackintosh and 


Table 1. BODY PROPORTIONS OF THE SIAMESE TWINS 


E! B5 
Percent- Percent- 
Measurement Length ageof Length age of 
(cm) total (em) total 
length length 
1 Totallength 144-0 137.0 
3 Tip of snout to blowhole 19-0 13:18 i5 à 13-50 
4 Tip of snout to angle of gape 24-0) 16-66 23:5 17:15 
5 ‘Tip of snout to centre of eye 24-0 16-66 pias 17.135 
6 Tip of snout to tip of flipper 62-0 43-06 59-0 43-07 
8 Noteh of flukes to posterior 42-0 29-17 39-0 28-47 
emargination of dorsal fin 
9 Flukes, width at insertion 15-0 OAD — ~ ” 
10 Notch of flukes to anus 43-0 29-86 40-5 29-56 
11 Noteh of flukes to umbilicus 67-3 45°88 ALS 44-89 
12 Notch of flukes to end of ven- TO-0 48-61 — — 
tral grooves 
13 Anus to reproductive aperture 0-0 6°25 of) OAT 
(centres) 
14 Dorsal fin, vertical height 8-5 4:351 $5 4:28 
15 Dorsal fin, length of base 10-0 0-94 11-0 8-03 
16 Flipper, tip to axilla 13:5 9-38 13-0 0:48 
17 Flipper, tip to anterior end of 20-5 14:24 105 11:23 
lower border 
18 Flipper, length along curve of 22-0 1528 3T«0 15:33 
lower border 
9 Flipper, greatest width 4.7 3-26 4-7 2:43 
26 Flukes, total spread 32.0* 22.22 —  — — 
Tip of lower jaw to fused point 36-0 25:00 35-0 25-55 


on ventral grooves 
* Estimated (tips of tail flukes were damaged), 


Numerals on the left are serial numbers for measurements used by 
Mackintosh and Wheeler. 
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Wheeler'. There are no conspicuous differences between 
the foetuses except for measurements 11, 14 and 15. The 
length from noteh of flukes to umbilieus (11) indicates 
that the smaller foetus (B) is more reduced in the length 
of the posterior part of the body than the larger one (A) 
as seen in Fig. 3. In à normal male foetus of almost the 
same body length (132 cm) measurement 11 was 61:5 em, 
46-59 per cent of the total length. Dorsal fin measurements 
(14 and 15) are subjeet to individual variation and the 
differences here are considered to be of little significance. 

Table 2 
normal sei whale foetuses. 
ferences between these measurements and those of the 
Siamese twins except for 3 and 15 where the twins are 
larger than normal foetuses and 4, 5 and 12 where they 
are smaller. This suggests that the Siamese twins have a 
relatively shorter head than normal foetuses with the 
blowhole in an extreme posterior position. Other measure- 
ments of the anterior part of the body are ineluded in the 
range of values for normal foetuses. 

An additional feature shown in Table 2 is that the length 
of the head in female foetuses is slightly larger than in 


There are no significant dif- 





Figs. 1 33 


lists measurements of body proportions ot 
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Table 2. BODY PROPORTIONS OF FOETUSES OF SEI WHALES AUGHT IN THE 
ANTARCTIC SEASON 1007-658 
Mak Vemak 
No. of No. pÍ 
No. of Range indi- Runge ndi 
measure- (percentage Mean viduals (pereent i Mean luni 
ment of total exam- of total vam 
length) ined lengtb) und 
l 139-9 143 
3 11:02-12:74 12:51 t 11:54-15:00 2*8 
i 18-00-91-03 9-97 t 0-4] ( js 
9 1772-1011 I8-28 t 1300-2C- ut 
ti t2- 0546-18 4:07 ‘ I2- 18-4. 5 j 
r 6:20—7* 86 (OU ) fie SO} I 
s 28-1 8-29-88 000 i 7:2] ü M. 
u 000-12: 74 11:22 068-154 i ) 
] t ?0*411-30 25 9x- al) n 37 eo "54 ! 
11 $4°-42-47-13 13-34 i 13-07 4 etn RIN i 
12 )15-55:12 y^ US nh TIBET j 
13 2:06 -7-32 6°58 t ` | 
14 2-01-5-01 $17 i O- 5 en x . 
15 554-720 6:20 py4:i-0:mI t i 
10 0:29 7—11*15 10:91 >D O58. 109 j 
17 13:25-15:58 14:54 t 61-15 4t ] 4 ‘ ' 
19 3:07-3:57 3°22 t 2- Ri & 14 
Nj 15:00-21:55 20-49 6 Is:08-20-41 19-9 
males though the ranges of measurement overlap | hiis 


difference Wiis first reported LH balaeonao] terid whales by 
Omura et al.? for adult se: and Bryde's whale 
tera edeni 


| Hala nop 


Anderson) — Omura*? later eorfirmed this di 
ference in sei whales from the Antarctic aad the Japanese 


coastal waters and it} Bryde 5 whale, | ^« differenc: 111 


foetal measurements noted here suggests that the ili! 
ference in the length of head between the sexes develops 
relatively early in the gestation period. 

According to the curve for se: whales 


foetal growth 
examined at South Georgia’, the gestation period. of the 
twins is estimated to be 
period, 
relationship of foetuses in the first part of pregnancy, and 
if they followed the foetal growth curve deseribed by Laws’ 
the period would be about 7 months. Frem their weight 
and general appearance it appears that ther had developed 
quite successfully and this suggests that a 
cord was sufficient 


about 6 months l'he gestation 
according tO thi t me-len rth 


however. varies 


ingle umbilieal 
for their nutritional : 
least Lo the age of 6 months. 

The Specimen has not vet heen dissect d. 
INYeErsus Viscerum 18 
observed in 


(yuirement Li 


but a situs 


probably pri sent. as sometimes 
and other vertebrate: An X-ray 
examination is planned in the near future. 

I thank Dr H. Omura of this institute 
suggestions and criticism and Mr 8. G. Brown of the 
National Institute of Oceanography, England, for 


In preparing this report. 
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When,Limpets Move 


YONGE! states that “limpets move about when the tide ts 
in and is not very rough, but they also d» so to some 
extent when exposed if the rock is damp ane the sun not 
too hot". At Dale (south-west July 
1968 we saw Patella vulgata move more frequently at low 
tide. when the animals were uncovered, than vat high tide. 
Furthermore, movement occurred more often in the late 
evening and during the night than in the daytime. 
Twenty Patella vulgata L., distributed throughout thi 
tidal range, were selected for the experimen’, 


Pembrokesaire) ir) 


which was 
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carried out on Blaek Rock on Dale beach. Ballantine? 
rated the shore as "very sheltered". The experiment 
began on July 3, 1968, and continued until July 8. 
The limpets’ shells and the adjacent rocks were marked 
with vertical lines of paint to indicate the “home” 
positions of the animals. 

The positions of the animals were noted in relation to 
their home site at different times of day and at different 
states of the tide. To do this, diving had to be done at 
high tide. All the limpets returned to their original 
homing site after moving. During the experiment the 
weather was fine with some sunshine and the sea was 
calm with little or no swell. The results are summarized 
in Table 1. 


Table 1. MOVEMENT OF Patella vulgata IN RELATION TO TIME AND TO TIDAL 


STATE 
Position of limpet Total Total No. Approximate 
Time in relation to No, of observed percentage of 
tide observations moving limpets moving 
Day Exposed 54 9 16-7 
Day Covered 52 0 0 
Night Exposed 54 26 48-1 


The table shows that an appreciably higher percentage 
of animals moved when they were exposed during the 
day. The greatest movements occurred in the second 
half of the animals’ period of exposure (that is in the period 
between the time of low tide and the limpets subsequently 
being eovered). All limpets had returned to their home 
site before the incoming tide reached them. 
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Aflatoxin produced by 1,626 Isolates of 
Aspergillus flavus from Groundnut Kernels 


and Soils in Israel 

AGRICULTURAL products are often poisoned by Aspergillus 
flavus. Aflatoxins produced by a few strains (isolates) of 
A. flavus are thought to be primarily responsible for the 
toxic activity of that fungus on animals! and plants?-5. 
Many agricultural products have been tested as sub- 
strates for producing aflatoxin by that fungus. The 
amount and composition of aflatoxin formed vary with 
the substrate, environmental conditions and mould 
strain®?, 

We have tested a large population of A. flavus for their 
potential to produce aflatoxin, including the qualitative 
composition of the aflatoxins produced and their quantita- 
tive yield. 

Spores were sown in Erlenmeyer flasks on 10 g of wheat, 
wetted previously with 25 ml. of tap water in the qualita- 
tive experiments, aud with 10 ml. in the quantitative 
experiments. Incubation lasted 8 days at 24°C. In the 
qualitative tests it was terminated by heating the culture 
at 100° C for 30 min in an autoclave. 

Extraction was carried out according to a method 
described by Campbell et al.*. The extracts were tested 
by thin-layer chromatography (TLC) and the type of 
aflatoxin present (B,, Ba Gi Ga) was determined. In the 
quantitative tests the culture was killed by covering it 
with chloroform and heating to 70° C for 10 min. Extrac- 
tion and determination of aflatoxins were carried out 
according to Pons et al.®, except that (a) chloroform : acet- 
one mixture (85:15) was used as developing solvent 
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Table 1. QUALITATIVE PRODUCTION OF AFLATOXINS OF A. flavus 


Components of No. of Percentage 
aflatoxin isolates of isolates 
0 169 10-: 
B, only 28 Rt 
Bid 1,292 70-5 
B,+ By + Gi +G 137 844 
Total 1,626* 100 


* Of the isolates, 845 were from kernels and 542 from soil of groundnut 
fields. The toxicity was the same in both; more or less 90 per cent were toxic. 


Table 2, CONCENTRATION OF AFLATOXIN B, PRODUCED BY ISOLATES OF 


A. flavus 

No. of Percentage 

p.p.b. of B, aflatoxin isolates of isolates 
0 10 1:3 
20-1,000 42 6 
1,000-5,000 103 13:7 
5,000—-25,000 139 18:5 
35,000-—125,000 282 37:7 
125,000-1 500,000 i74 23-2 

Total 750 160 


instead of chloroform : methanol (97 : 3)—we found this 
solvent gave a better separation of the common. afla- 
toxins; (b) the development tank was not lined with 
filter paper. 

The results in Table 1 show the composition of 1,626 
isolates of A. flavus tested in our laboratory. Only 10:4 
per eent of these produced no toxin, while all others 
contained B,. Most of the toxie isolates also produced 
B, but only a few produced all four aflatoxins. These 
results were obtained during the entire research project 
(1963-68). 

Quantitative TLC tests were performed on 750 of the 
1,626 isolates in Table 1. Some isolates produced as much 
as 1,500,000 p.p.b. (ug aflatoxin B,/kg of substrate), while 
others produced 50 p.p.b. only. This emphasizes the 
enormous potential range of toxin production by the 
isolates. The results presented in Table 2 show that more 
than 60 per cent of the isolates produce aflatoxin in exeess 
of 25,000 p.p.b. These results were obtained during the 
last 2 years of the project (1967-68). 

Compared with the results of other investigators® 71h}, 
who used only a few strains of A. flavus usually supplied 
from stoeks, we have isolated a great many strains from 
different sources. Our isolates were derived from ground- 
nuts and from soil of groundnut fields in various regions 
of Israel, but the source of the isolate had no connexion 
with its degree of toxicity. 

The percentage of isolates not producing any aflatoxin 
seemed to vary during the 5 vears of the study (compare 
Table 1 and Table 2). 1f the apparent changes in the 
population of A. flavus strains during the time of the 
research are due to ecological factors, it would be most 
interesting to find out what they really are, and whether 
we could induce these variations in the laboratory. 

This work was supported by a grant from the US 
Department of Agriculture. 
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Book Reviews 


ROOTS FOR SOCIAL 
ANTHROPOLOGY 


History and Social Anthropology 

Edited by I. M. Lewis. Pp. xxvin+ 307. 
of Social Anthropologists, Monograph 7.) 
London and New York, August 1968.) 50s. 


(Association 
(Tavistock : 


Wuewn British social anthropology, particularly under the 
influence of Radcliffe-Brown and Malinowski, rejected 
conjectural history as represented by unacceptable 
evolutionary and diffusionist theories of society, it also, 
by and large, turned its back on history proper. But 
more recently the question of the relation between 
history and anthropology has gained recognition, and in 
1966 the annual conference of the Association of Social 
Anthropologists devoted its attention to considering 
what social anthropologists might gain from, and contri- 
bute to, historical studies. This volume contains the 
papers presented. 

One should not expect to find in it brilliantly provoca- 
tive assertions about the relation between anthropology 
and history in the manner of Evans-Pritchard, who has 
argued that anthropology should draw closer to history 
and vice versa, or of Lévi-Strauss, who has seen them as 
complementary disciplines, the former unfurling the 
range of human societies in space, the latter in time. In a 
persuasively written introduction, echoing some of Evans- 
Pritchard's ideas, the editor, I. M. Lewis. argues that the 
use of historical data permits the anthropologist, who 
normally studies a society for a short span of time, to 
practise his craft better: to look at institutions over time, 
and to delineate with greater accuracy structural processes, 
not only of a repetitive or cyclical kind, but also those 
pertaining to transformation and change. The editor is 
positive (with a greater show of confidence than I am 
capable of) that “history affords the social anthropologist 
a much neglected laboratory for testing the validity of 
structural assumptions and social mechanisms", and 
recommends the discarding of the traditional structural- 
functional frame of analysis fora more dynamic open-ended 


contributing to social solidarity. 

The substantive essays in the volume are varied in 
content and style. and do not cohere around a central 
theme. They deal with an assortment of societies in 
Ancient Rome. Scotland, Albania and West and East 
Africa, at different periods of time. 

Peter Morton-Williams writes about the Fulani penetra- 
tion into Nupe and Yoruba in the nineteenth century. 
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This account will be of interest to spevialista of the area; 
it raises no significant general problem of theory or 
method. The same could be said of Edwin Ardener’s 
intricate examination of the documents relating to 
the rise of trading polities between Rio del Hey and 
Cameroons, 1500-1650. When reading Martin Southwold’s 
contribution one might ignore the opemung sections (which 
give pedestrian answers to pretentious questions) and 
concentrate on his interesting unravelling, with the aid of 
historical data. of an anthropological puzzle, namely, the 
discrepancy between the stated rule of royal succession in 
Buganda and the actual pattern of succession for the 
period beginning circa 1500 and ending 1584. 

The remaining essays ean be placed in a single scheme 
of classification. Among them I would select two as the 
focal essays in the book, not only because of the historical 
scholarship which they contain, but siso because their 
contents portray two different and rival interpretative 
schemes. The essays in question are R. E. Bradbury s on 
pre-eolonial and colonial Benin polities (1897-1951) and 
E. R. Creegen's on the changing role of the House of 
Argyll in the Scottish Highlands. Brad'»ury is an anthro- 
pologist who exhibits historical compezence; Creegen is 
a historian who benefits by his knowledge of anthropo- 
logical concepts. Bradbury reveals continuities over 
time in Benin politics which stem from the persistence of 
pre-colonial concepts into the colonial period. Creegen, 
on the other hand, outlines the irrevergible changes that 
took place in Highland society by virtue of its being 
drawn into the mainstream of moderr life. The main 
agent of change was the House of Argyll, which went 
through an evolutionary process "begusung with power, 
ending with profit". 

The same contrast appears in two œher essays. lan 
Whitaker's piece highlights the persistang role of tribal 
structure in the national polities of Albania, whereas 
Keith Hopkins applies the concept of “structural differ- 
entiation" to interpret linear transformations in Homan 
society (200-31 Bc). P. C. Lloyd unites both themes and 
neatly employs equilibrium and condict theories to 
describe both continuities and changes in the politics of 
Yoruba kingdoms: whereas the conflict between descent 
groups leads to no change in structural pattern, the 
conflict between the council of chiefs ard the king does, 
leading to changes in the distribution of power. 

Continuities and transformations of institutional struc- 
tures in both space and time may well unge historians and 
anthropologists in a common inquiry. S.J. TAMRBIAH 


METAPHYSICS IN FLOWER 


Seventeenth Century Metaphysics 

An Examination of Some Main Concepss and Theories. 
By W. von Leyden. Pp. xvi- 316. (Dackworth: Lon- 
don. November 1968.) 505. 


Tug seventeenth century has always possessed a special 
place in the attention of philosophers, partly because of its 
individual distinction and partly because it carried the 
first major breakthrough to modern semntific thought. 


Wa 


Such names as Descartes, Spinoza. Locke and Hume give 
it an outstanding position, with Newton evolving the 
fundamentals of mechames. All this s well known; 


Britain—such men as Berkeley, Bacon. anc the Cambridge 
Platonists-—and their opposite numbers in Zurope. That is 
what Dr von Leyden's book is about, ami à very clear, 
erudite work it is. England stood for Nedltus in Verba, 
deeply engraved upon the "soul" of the Royal Society. 
We are reminded that abroad, the famosus "cogito ergo 
sum” of Descartes was in itself a discovery and not merely 
the prelude to a formal mathematical universe. But as a 


loyal Roman Cathohe, he tried hard to reconeile his 
thoughts with contemporary orthodoxy, though it must 
be obvious that the theme demanded no more than a 
Deus Philosophorum, rather than the theistic conceptually 
obedient attitude of Pascal. 


The author carefully avoids Judging these savants of 


the seventeenth century by present-day standards, but 
one cannot help being struck by how closely the "suspen- 
sion’ of Malebranche lies to Husserl's phenomenological 
reduction or, put more simply, the process of waived 
judgment. Above all, and of signal merit in a book of 
this character, the reader knows exactly what the argu- 
ment was, and is left with no loose ends. 

In Britain, it is often the practice to ignore any- 
thing of a philosophie nature (even that of the early 
scholasties) between the Greeks and the rise of Cartes- 
ianism. 

Naturally, these pages make no attempt to bridge this 
wide gap, but they reveal very clearly the fervent stream 
of philosophie endeavour whieh brought mankind to the 
edge of the abyss. F. I. G. RAWLINS 


CARBIDES FOR HARDNESS 
Strength of Hard Alloys 


By Gersh S, Kremer. 
Pp. vili +166. (Consultants Bureau: 
n.p. 


Translated from the Russian. 
New York, 1968.) 


Harp alloys, notably the tungsten carbides in combination 
with titanium, tantalum and other carbides and bonded 
with eobalt metals, have been developed intensively over 
the past thirty-five years for use im the machine tool 
industry, rock drilling, armaments and other fields where 
wear resistance and strength are a necessity. These 
carbides have outstripped high speed steels for high metal 
cutting speeds although they are inferior to them in 
strength. The drawback of hard alloys, beeause of their 
brittleness and low ductility as compared with lugh speed 
steels, becomes especially evident in multi-edged hard alloy 
tools when the breakdown of a single edge necessitates 
replacement of the whole. In practice, it is usually 
necessary in machining metals to select a specific hard 
alloy grade with the required minimum strength for the 
job. Many years ago it was found that alloying tungsten 
earbide with tantalum carbide brought about an increase 
in strength without loss of wear and improved the thermal 
shock and oxidation resistance. 

Although the use of these complex carbides is very 
extensive in western countries, few coordinated reviews 
on this range of carbides have been made. 

This book reviews the literature in a very comprehensive 
way, although it probably does not do justice to all the 
relevant American and Swedish work. It correlates the 
data and links the basic information on property changes 
with current metallurgical theories such as the Griffiths/ 
Orowan crack theory and also the theories of dispersion 
hardening. 

The first part of the book, chapters one and two, deals 
very comprehensively with the range of properties of the 
tungsten carbide-cobalt alloys showing the interrelation- 
ship with grain size, transverse rupture strength, bending, 
fatigue, compressive torsional and impact strengths. 
Correlations with hardness, wear resistance, elasticity and 
resistance to thermal shock are also given. This is followed 
by the analysis of the theories and the strength of these 
alloys. Chapters three and four deal with the ternary 
alloys. tungsten carbide-titanium carbide-cobalt, Cover- 
ing similar data and theories as in the first part but to 
a much more limited extent. The third section, chapters 
five and six, deals with the ternary tungsten earbide- 
tantalum earbide-cobalt alloys in the same way. The 
book closes in chapter seven with a reference to the 
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strengths of tungsten carbide-titanium  carbide-tan- 
talum carbide—cobalt alloys and the literature survev at 
the end cites some 198 original sources. 

This book will prove very useful to anyone interested in 
à concise compendium and statement of the published 
mechanical and physical properties and of the underlying 
theories relating to the performance and strength of the 
complex earbide hard metals. W. O. ALEXANDER 


RADICAL ION CHEMISTRY 


Radical lons 
Edited by E. T. Kaiser and L. Kevan. 
mediates in. Orgamie Chemistry.) 
science (Wiley): 


(Reactive Inter- 
Pp. ix ^ 500.  (Inter- 
London, August 1968.) 280s. 


THE second title in this series on “Reactive Intermediates 
in Organie Chemistry", under the general editorship of 
George A. Olah and Lester Friedman, is devoted to the 
chemistry of radical ions. The behaviour of the relatively 
stable aromatic radical ions which exist in solution is 
reasonably well known, but the editors have interpreted 
the definition of radical ions broadly, to include transition 
metal complex ions and various unstable organic and 
inorganie species stabilized by trapping in solids, 

The book consists of thirteen chapters by acknowledged 
experts in their various fields, which, taken together, form 
a comprehensive treatise. While much of the material 
reviewed is necessarily concerned with identification of 
the species by electron spin resonance spectroscopy, and 
with the determination of spin densities for comparison 
with the predictions of molecular orbital theory, other 
aspects are also discussed at length. The generation of 
radical ions by the familar methods of chemical and 
electrochemical oxidation and reduction, and by the use 
of ionizing radiation, the use of optical techniques for the 
identification of radical ions in organic and inorganic 
systems. and the reactivity of these species, are also 
diseussed in several chapters. 

The topies reviewed are: eleetron spin densities and 
their determination (James R. Bolton); metal ketyls and 
related radical jons including a discussion of the ion pair 
equilibria in which these species are involved (Nobru 
Hirota); semidone radical ions (Glen A. Russell); the 
e.s.r. spectra of radical carbons, with a short section on the 
preparation of these species (Gershon Vincow); orbital 
degeneracy in benzene and substituent effects as revealed 
by spin density determination— a fascinating discussion 
marred only by an execrable pun in the second line of the 
text (Kerry W. Bow ers); aromatic anion radicals (M. 
Thomas Jones); organometallie radicals and 10n radicals 
of the group IV elements (Grant Urry): aromatie sulphur- 
containing radical ions (M. M. Urberg and E. T. Kaiser); 
a discussion of ionic reactions in organic solids under 

Y- irradiation at —196° (William R. Hamill); a review of 
face work on the structures of inorganic doublet. and 
triplet-state radicals as revealed by electron spin resonance 
spectroscopy (Hilary J. Bower, M. C. R. Symons and 
D. J. A. Tinlhng); the fragmentation of irradiated in- 
organie solids, and the struetural and other information 
whieh ean be derived from such studies, including the 
development of a detailed mechanism for the r adiolysis 
of morganie nitrates (Joseph Cunningham); tr apped 

radicals in morganic glasses (A. Treinin); and electron 
spin resonance spectra of first row transition metal complex 
ions (H. A. Kuska and Max T. Rogers). 

The date to which the literature is covered is not 
expheibly stated, but coverage appears to be fairly com- 
plete up to 1966, with some later references. Author and 
subject indexes are provided. The production is of a high 
standard and formulae, tables and diagrams are clear and 
well set out. Tues editors ane masc are to a con- 
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these matters. The price is fairly, but not unreasonably, 
high for a specialized text of this size. This book will be 
most useful to active workers in the field, but it can also 
be recommended to others seeking an introduction to the 
literature on various aspects of radical-ion chemistry. It 
will do much to stimulate interest and new work in this 
interesting and growing field of study. G. H. WILLIAMS 


EARLY MACHINE TOOLS 


A History of Machine Tools 1700-1910 

By W. A. Steeds. Pp. xx 4 1814-153 plates. (Clarendon 
Press: Oxford: Oxford University Press: London, 
January 1969.) 1265. 


MACHINE tools are almost as old as man's need to supple- 
ment his own strength. Artefacts dating back to 1500 BC 
appear to have been machined on a lathe, and Leonardo 
da Vinci (inevitably) made designs for tools to cut threads 
—though whether they ever operated is doubtful. But, 
like other triumphs of human ingenuity, it was warfare 
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Vertical gun-boring machine illustrated by Denis Diderot in 
his Encyclopedie (1762-72). It is thought to represent a 
machine invented in 1713 by a Swiss named Maritz (or one 
made to his design). The frame of the machine is made almost 
entirely of wood and forms part of the structure housing it. 
This use of the structure of a building to form part of a machine 
tool continued well into the second half of the nineteenth 
century. (Plate 6 from A History of Machine Tools 1700-1910, 
by W. Steeds.) 


which provided the stimulus for the firs: effective machine 
tools. "They were built to bore the barrels of large guns, 
and Steeds's survey begins in 1700, just about when 
The first were 





NASA. 

Later, Neweomen's engine was replaced by James 
Watt's, which called for another leap forward in machine 
tool design. This was provided by dames Wilkinson, 
who invented a much more accurate boring mill, in which 
the boring bar was supported at both ends. Aesthetics 
also played a part in advancing design-—the lathe seems 
first to have been used for decorative purposes. One of 
the very first was made for Peter the Great of Russia in 
1717 by a craftsman called Andrea Konstantinovich 
Nartov, and is still to be seen in the Conservatoire 
National des Arts et Métiers in Paris. It was used for 
copying medals or similar decorative pieces. 

By the second half of the eighteenth century, the pace 
had quickened. Metal took over from wood as the 
structural material, and Maudsley made his first serew 
cutting lathe, an ingenious device now in the Seience 
Museum in South Kensington. By 1830 all basic types of 
machine tools had been made, except for the slotter, 
shaper and grinding machine. 

After this, the history necessarily becomes more 
detailed, with fewer general principles to elucidate, 
Inevitably, it also becomes harder to follow (though it is 
never easy). The book, in fact, is sometuing of a puzzle, 
It is produced with great style and elegance, set in a large 
and comfortable type and comprehensively illustrated— 
though I could have done with more line diagrams in the 
text and fewer plates at the baek. Is is sumptuous 
enough (and certainly heavy enough) to be a coffee-table 
book, though this would be to insult Steed«'s detailed text. 
He sticks firmly to the job, with no diversions into social 
history, nor any attempt to relate the development of 
machines to the changes in society. Indeed, it would be 
possible to read the book without realizing that there 
had ever been an industrial revolution. But Steeds does 
provide the basis on which such a social kistory could be 
written, and that is a great deal to be grate ulfor. Oxford 
University Press also deserve praise for the beautiful 
presentation—to provide more than 150 full page plates 
for six guineas is generosity indeed. 
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FACTS AND FUNCTIONS 


Biological Membranes 

Physical Fact and Function. Edited by Dennis Chapman. 
Pp. xi--438. (Academie Press: London and New 
York, September 1968.) 100s; $15. 


Tuis book is an important addition to the literature on 
biological membranes. It is reasonably priced by current 
standards (possibly because it includes oniy eleven half. 
tone plates) and should find its way orto the book- 
shelves of all who have a specifie interest. in membrane 
structure and function as well as into librazies. 

There are several chapters filled with faets—-chemical, 
physical and physiological. They will ke of intrinsic 
interest to many and generally very usefu for reference 
purposes, but some may disappoint those whose sole 
interest is in membrane function. One chapter is essen- 
tially a review of models, but it is all too evident that 
there is a very substantial jump from the facts to the 
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models and that these models offer only a very qualitative 
account of the funetions, 

In chapter two, there is ample evidence of Rouser's 
metieulous approach to lipid analyses and of steady 
progress in building up a comprehensive picture of the 
lipid composition of well-defined membrane preparations. 

In chapter three, Luzzati emphasizes the number and 
variety of alternative arrangements of lipid molecules 
that can oecur in lipid-water systems. These have been 
established largely by X-ray diffraction studies and the 
chapter includes useful details on interpretation of such 
data. 

In the fourth chapter, Chapman has undertaken an 
integration of X-ray diffraction, electron microscopy, 
spectroscopy and differential thermal analysis data from 
lipid systems and from membranes. Wallach expertly 
fills the optical rotatory dispersion and circular dichroism 
space that Chapman's group has not yet entered. 

In chapter five, Dawson renders a valuable service by 
analysing the experimental conditions required for the 
interaction of protein with a lipid phase and he considers 
the relevance of these data to membrane structure. The 
searcity of hard facts concerning the interactions that 
occur in membranes themselves is emphasized. 

In chapter six, Lucy examines beth theoretical and 
experimental models and has understandable difficulty 
in reaching firm conclusions. Most investigators in this 
field would agree with the suggestion that both globular 
subunits (protein or lipoprotein) and lamellar formations 
probably contribute to membrane structure. A dynamie 
relationship between the two may provide the basis for 
variations in membrane properties. Opinions differ, 
however, as to the significance or relevance of most of the 
experimental data that are invoked as evidence for the 
occurrence of particular structures in membranes. 

In the seventh chapter, Leslie selects those membranes 
whieh are involved in energy eonversion processes and 
considers tho effects of the molecular organization of 
membranes on the electronic energy level structure of 
bioenergetic molecules and on the interactions between 
them. ‘Specific organization of the energetic moieties 
wil lead to energetic interactions and energetic potential- 
ities in the organized systems quite different from the 
isolated molecules.” Leslie discusses these differences. 

The final chapter, by Singer and Tasaki, is an example 
of the physiologist’s view of membrane activity and its 
structural implications. It is in the form of a standard 
paper on excitability in squid giant axons. It features 
materials and methods, results and a discussion which 


leads to a theory—the “‘two-stable-state’ theory of 
excitation. 


Chapter one is & brief introduetion by Chapman in 
which he states that his aim was to bring together recent 
studies of cell membranes, especially physical and bio- 
physical studies, so as to show the progress being made in 
our present understanding. 'The result is a very interesting 
colleetion of contributions of high quality which achieves 
this objective. J. B. FINEAN 


SHELL COLLECTING 


British Shells 

By Nora F. MeMillan. 
Pp. xi--196--80 plates. 
York, October 1968.) 50s. 


SHELL colleeting has long been popular, less now, perhaps, 
than formerly, but still attractive to those with eyes for 
beauty. 'To name his finds, however, the collector has 
often been forced to the century-old books of Jeffreys, 
Forbes and Hanley, or Alder and Hancock, difficult of 
access and obscure in language. Less difficult was Step's 
Shell Life with which most young malacologists began 


(Wayside and Woodland Series.) 
(Warne: London and New 
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study. The latter book in the “Wayside and Woodland” 
Series has now been replaced by the present volume. It 
shows a change in the traditional format of the series: 
the page size has been inereased and the plates grouped. 
Iilustrations are partly coloured, partly black and white. 
The former are mostly very good in their representation 
of colour values, the latter clear and accurate, though not 
always provided with scales. 

The text contains preliminary notes on colleeting, 
classification and a glossary, and then plunges into a 
species-by-species account of the molluses found on and 
around the British Isles, including the Channel Islands. 
As the title suggests, the deseriptions eonfine themselves to 
the shells of prosobranchs, land snails and bivalves with 
few references to soft parts; these are naturally more 
abundant where slugs and cephalopods are treated. In 
addition some indication is given of the distribution of 
each species and of its geographical range. There are no 
keys to help the reader and he has to resort to the old 
practice of looking at the pictures and descriptions to 
find which fit best. It is no easy matter to make a ke y for 
molluses, for the complex three-dimensional shape of their 
shell defies easy description in words, but it is a pity none 
has been attempted. The decision to minimize references 
to soft parts is unfortunate, too, because some identifica- 
tions (for example, of the specics of Patella) are easy when 
soft parts are used, difficult, if not impossible, om shells 
alone. The species dealt with are numerous and include 
many unlikely finds: the problem of where to draw the 
line in books of this type--whether to include everything 
or not—is a difficult one to solve. Mrs MeMillan has 
taken a sensible course by dealing with nearly all recorded 
British species and giving warnings and indications of 
rarity that seem about right—a few perhaps too optimistic. 

Most students and amateurs will find this book a great 
help in their attempts to identify snails, shigs and bivalves. 
It is easily carried, easily understood, up to date in names 
and technical terms and well (sometimes beautifully) 
illustrated. It is a valuable addition to the conchologist’s 
library and to the series to which it belongs. 

A. GRAHAM 


WATER RELATIONS IN PLANTS 


Water Deficits and Plant Growth 
Edited by T. T. Kozlowski. Vol. 1: 
Control and Measurements. Pp. xi+ 390. 


Development, 
163s 44. 


Vol. 2: Plant Water Consumption and Response. Pp. 
xi+ 333. 140s. (Academic Press: New York and 


London, July 1968.) 


THE editor of these volumes has brought together an 
impressive range of contributed topies which justify vet 
another publication in this well documented field. Volume 
one opens with an editorial introduction to the important 
problems of the subject and a chapter by A. S. Crafts on 
the strueture of water. A whole chapter is devoted to the 
terminological problem and the writer, S. A. Taylor, 


discusses the nature of evaporation and deals briefly with 
the various approaches to the theory and measurement of 
evaporative loss; W. R. Gardner analyses the status and 
movement of water in soils and its uptake by roots, while 
I. R. Cowan and F. L. Milthorpe consider those plant 
factors which influence water status and movement in 
plant tissues. 

A single chapter is devoted to drought-resistance (J. 
Parker) and, inevitably, eatalogues a great range of 
experimental and observational data while drawing 
attention to our lack of knowledge at the biochemical 
and cell-physiclogical levels. The volume closes with 
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H. D. Barrs’ review of methods for determining tissue 
water deficit which is probably the most comprehensive 
and authoritative account of its kind in the current 
literature. 

Volume two commences with a chapter on water con- 
sumption by agricultural plants, outlining the long 
history of the subject and dealing with evapotranspiration 
in different climates and with different crops (M. E. 
Jensen). Water consumption by forests is discussed by 
A. J. Rutter in a chapter which shows the tremendous 
progress in this difficult field during the past two decades. 

A. S. Craft’s review of the effects of water deficit on 
physiologieal processes is followed by more detailed 
accounts of its influence on the growth of herbaceous 
plants (C. T. Gates) and trees (R. Zahner). These ehapters 
give a useful summary of the present state of knowledge, 
and the section on tree growth includes information which 
may be new to many physiologists. The final chapter by 
P. W. Talboys on water deficit in vascular disease also 
breaks new ground for many readers. 

I have few serious criticisms of these books, most of the 
authors having contributed reviews whieh will remain 
sources of reference for some years to come. It is perhaps 
unfortunate that the seetion on tissue water deficit 
methodology could not have been accompanied by an 
equivalently eomprehensive survey of soil water deficit 
methodology. This was briefly reviewed in Gardner's 
chapter, but for the methods readers are largely referred to 
another publication. Another very minor eriticism is the 
lack of eross-references between chapters, but this is offset 
by otherwise excellent indexing and self-explanatory 
tables of contents at the beginning of each volume and 
the head of each chapter. 

The editor and publishers must be congratulated on 
their achievement, but why must these books be so 
expensive that most of us will take them only from 
library shelves ? J. R. ETHERINGTON 


STOCKS AND STRAINS 


Experiments in Microbial Genetics 
Edited by R. C. Clowes and W. Hayes. Pp. xii + 244. 
(Blackwell (Scientific): Oxford and Edinburgh, 1968.) 42s. 


ANYONE who has to prepare practical classes in microbial 
geneties will bless this book, for here are thirty-seven 
classical experiments, all set out and ready to be done. 
Mutation, transformation, DNA-RNA hybridization, bio- 
chemical genetics, virulent and temperate phage, plasmids, 
conjugation and Aspergillus are all covered. Each experi- 
ment has subheadings "requirements", “method” and 
"eonelusions" with enough references to link it to the 
literature. But what distinguishes this book as a labora- 
tory guide is the degree of detail provided by the seven 
authors. Not only are you told how many ml. of this or 
mg of that to have ready but, as well as details of the 
strains and their stock numbers, there is an international 
registry of laboratories ready to provide the right cultures 
and phages and a directory of laboratory suppliers. Like 
a good cookery book-—which this somewhat resembles, 
with its bright cardboard covers and white double-spiral 
binding—this leaves nothing to chance. It would take 
real perversity not to bring off these experiments as 
successfully as the students on the courses run by the 
MRC Microbial Genetics Research Unit where all these 
details were first worked out. Students apart, many 
pr actising norte will me à mass of useful information 

g 2 mutants which, 
pariously SES include RI everthing but the 
source of 12 itself (for this, see Nature, 217, 1000; 1968). 
AH in all, this compendium of techniques will be indis- 
pensable to everyone working in the field. 

G. G. MEYNELL 


Obituaries 


Dr G. Francis 


Dr Gorpon Francis, group leader at 
Laboratory. died at his home in Abings 
January 4, at the age of 44. 


the Culham 
on on Saturday. 





After wartime experience at the Ædmiraity Signals 
Establishment, Francis took a first in physics at Swansea. 








From 1948-58 he worked at the Claremdon Laboratory, 
Oxford. studying high frequency electrecleless discharges, 
first as a pupil of and later in collaboration with Dr A. 
von Engel. Francis joined Harwell in 1958 and from then 
until his death he worked on plasma shysies problems 
connected with the Atomic Energy Authority's pro- 
gramme on controlled thermonuclear reactions. He moved 
with his group to the Culham site in 1962. 

Francis showed his experimental skill v hen he made the 
uns m E i the SH UE current during the 
In 19; 56 
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During his time with the Atomic Energy Authority, his 
chief interest was in the containment of hot plasmas by 
magnetic mirror systems. By 1964 he ard his group were 
able to report results which ‘showed clearly the inereased 
stability of systems in which the magnetic field strength 
increases in all directions away from the plasma. ‘This 
confirmed earlier work by the Soviet physeist, M. S. Ioffe, 
using very different methods of plasma production. 
Francis and his colleagues then built æ new apparatus 
with the aum of increasing the ratio of the energy density 
in the plasma to that in the magnetic fied. This experi- 
ment is still unfinished, but in his last paper Francis and 
his colleagues deseribed preliminary measurements show- 
ing that a much higher plasma pressure sad indeed been 
obtained without any apparent loss of stability. During 
this time, Francis's other research included pioneer work 
on radiofrequency confinement of plasma and on plasmas 
produced by the action of laser light or: solid hydrogen 
partieles. 

Francis’s work, both on gas discharges and in plasma 
physics, was internationally recognized and he became 
particularly well known for the clarity of kis lectures. He 
played a key part in the production of tye film "Power 
from Fusion", parts I and Il, and als» took part in 
television and radio programmes. 


Mr H. Gilbert-Carter 


Humpurey GILBERT-ÜARTER, director of the University 
Botanie Garden, Cambridge, from 1921 tc 1950, died on 
January 4 at his home in Dawlish, Devon, st the age of 54. 
After gaming a medical degree at the University of 
Edinburgh, Gilbert-Carter went to Tnity College, 
Cambridge, in 1909 to work as an advaneed student in 
the Botany School under C. E. Moss, who was at that 
time one of the leading teachers in the aew science of 
plant ecology. From these early days, he showed great 
interest in the work of continental botani-ts; travelling 
widely as a student, he developed a life-lorz affection for 
north-west Europe and Denmark in particuiar, and a deep 
knowledge of the important contributions being made by 
sy y anota of the . M E school and ecologists such 
à (His Genera of British Plants 


1 913) oad British botanists to :he Englerian 
system, and his excellent translation o” Raunkiaer's 


Plant Life Forms (1937) brought to a much wider audience 
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this work of international importance.) This European 
view of botany was of quite exceptional value to the 
development of the science in Cambridge, and its effects 
are still, happily, evident to the present day. It is indeed 
arguable that much of the inspiration behind the Flora 
Europaea project stems from the Gilbert-Carter influence, 
which produced from Cambridge generations of enthus- 
iastic and outward looking botanists who enjoyed field 
botany, International scientific contacts and the challenge 
of foreign languages. 

Following his Cambridge student career, Gilbert-Carter 
spent seven years as economic botanist to the Botanical 
Survey of India, returning to the post of director of the 
Cambridge Botanie Garden, where his knowledge and 
enthusiasm for tropical plants (and oriental languages) 
were to be so effeetively used in teaching. His Descriptive 
Labels for Botanic Gardens, published in book form in 
1924, contained uniquely erudite and charming notes, and 
many are still in use today. Much of this learning went 
also into his Guide to the University Botanic Garden 


at the Botanie Garden with the teaching of systematic 
botany in the department, and it was here that his 
qualities of personality were so remarkably effective. He 
praetised, naturally and without strain, that fundamental 
technique of the gifted teacher; his pupils were instructed 
in the delightful game of learning by an enthusiast who 
could not prevent his interest in people, or his love of 
botany, from shining through, however dull the day or 
tedious the textbook. "This quality pervades his published 
works designed primarily for his students, particularly 
the charming Catkin- Bearing Plants (1930) with its classi- 
cal allusions so evocative of the idyllie Cambridge scene, 
the excellent British Trees and Shrubs (1936) still in use 
today in the Cambridge teaching, and his last book, 
Glossary of the British Flora (1950, third edition, 1964). 

All his pupils will recall their own favourite stories of 
Humphrey, for he was that exeeptional teacher around 
whom stories and legends acereted during his lifetime, 
The appeal of such stories is esoterie and largely incom- 
municable; but wherever his pupils meet, it is quite 
inevitable that they will say, as he himself did when he 
noticed the attention of his students straying .. . “I shall 
now tell you an aneedote". If the Oxbridge tradition is 
to mean anything in "education, religion, learning and 
researeh" in the future, it will be, surely, in terms of this 
special blend of devoted scholarship and personal integrity 
shown by the career of Humphrey Gilbert-Carter. 

S. M. WALTERS 


University News 


Professor H. Z. Mellins, State University of New York 
College of Medicine, has been appointed professor of 
radiology at Harvard University and director of the 
Division. of Diagnostic Radiology at the Peter Bent 
Brigham Hospital. 

Professor L. Fishman, University of Colorado, has been 
appointed to the chair of economies at the University of 
Keele. 


Professor F. E. Stock, professor of surgery, has been 
appointed dean of the Faculty of Medicine at the Univer- 
sity of Liverpool. 

Dr E. C. D. Cocking has been appointed to the chair of 
botany and head of the Department of Botany in the 
University of Nottingham. Dr Cocking succeeds 
Professor C. G. C. Chesters. 

Dr G. M. H. Waites, Svdney, has been appointed to a 
second chair in the Department of Physiology and Bio. 
chemistry in the University of Reading. 

Mr Donald Woods has been appointed Wayne Kerr 
professor of measurement science at the University of 
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Appointments 


Professor Henry Harris, professor of pathology at 
Oxford, has been appointed a member of the Agricultural 
Research Council in succession to Professor J. E. 
Harris, who died in June 1968. 


Announcements 


Sir Frederick Bawden, director of Rothamsted Experi- 
mental Station, has been elected as president of the 
Institute of Biology for 1969 in succession to Mr H. J. 
Bunker. Professor D. J. Crisp and Professor G. 
Pontecorvo have been elected as vice presidents. 


The Gold Medals of the Royal Astronomical Society 
have been awarded to A. T. Price, formerly professor of 
mathematies in the University of Exeter, in recognition 
of his work on geomagnetism, especially for his studies of 
the electrical conductivity in the interior of the Earth, 
and to Professor Martin Schwarzschild, Higgins 
professor of astronomy at Princeton University, for his 
contributions to several important branches of astro- 
physies, ineluding the theory of stellar evolution and the 
observation of the Sun, stars and planets from high 
altitude. The Eddington Medal has been awarded to 
Dr A. Hewish, University of Cambridge, in recognition 
of the discovery of the pulsating radio sources, now 
known as the pulsars. 


The Henry L. and Grace Doherty Charitable Foundation 
has donated $7,000,000 to the Lamont Geological 
Observatory of Columbia University. the name of which 
i: to be changed to the Lamont-Doherty Geological 
Observatory. 

The Trustees of the Lady Tata Memorial Trust invite 
applications for fellowships, scholarships and grants for 
research on leukaemia in the academic year beginning 
October 1, 1969, Further information can be obtained 
from the Secretary of the Scientific Advisory Committee, 
Lady Tata Memorial Trust, Chester Beatty Research 
Institute, Fulham Road, London SW3. 

The British Joint Corrosion Group, the Corrosion 
and Protection Association and the Institute of Corro- 
sion Technology have set up a joint committee called 
the National Couneil of Corrosion Societies. Each 
society will be represented by two members, and the 
council will be concerned with British representation 
in the international corrosion organizations and also with 
the coordination of the activities of the three societies in 
the UK. 


International Meetings 


August 31-September 6, Phenomena in Ionized Gases, 
Bucharest (The IXth International Conference on Pheno- 
mena in Ionized Gases, C.P.—3082 Bucharest, Romania). 
September 1-5, Mathematical Models of Manpower 
Systems, Lisbon (Scientific Affairs Division, NATO, 
Brussels 39, Belgium). 

september 1-5, Neurochemistry, Milan (Professor 
Rodolfo Paoletti, Scientific Secretary, c/o Institute of 
Pharmacology, University of Milan, Via Andrea del 
Sarto 21, 20129 Milan, Italy). 

September 1-6, Water Supply Congress and Exhibition, 
Vienna (Secretary General, 34 Park Street, London WI) 
September 2-5, Corrosion of Concrete Reinforcement 
and its Prevention, Prague (Dr Oldrich Valenta, c/o 
Building Research Institute, Technical University of 
Prague, Solinova 7, Prague 6 Dejvice, Czechoslovakia). 


* 





NATURE, VOL. 221, FEBRUARY 1. 1969 


September 2-7, Embryological Conference, Moscow 
(A. S. G. Curtis, c/o Department of Cell Biology, The 


September 3-6, Technical Progress in the Pulp and 
Paper Industry, Lodz (Polish Technical Association of the 
Pulp and Paper Industry, Piotrkowska 102, Lodz, Poland). 
September 3-6, Pathogenesis of Diabetes Mellitus, 
Stockholm (Dr Erol Cerasi, c/o Department of Endo- 
erinology and Metabolism, Karolinska Sjukhuset, Stock- 
holm 60, Sweden.) 


September 3-9, Macromolecular Chemistry. Budapest 
(Dr F. Tudos, Central Research Institute for Chemistry, 
Hungarian Academy of Sciences, Pusztaszeri UT 59-67, 
Budapest KK, Hungary). 

September 4-11, General Assembly of International 
Union for the Scientific Study of Population, London 


(E. Grebenik, c/o Department of Social Studies, University 
of Leeds, Leeds 2, UK). 


September 5-11, Clay Conference, Tokyo (c/o Institute of 


International Geology. Faculty of Science, University of 


Tokyo Otsuka, Bunkyo-Ku, Tokyo, Japan). 


September 6-13, European Sewage Symposium, Munich 
(Abwassertechnische — Vereinigung E.V.. — Bertha-Von 
Suttner-Platz 8, 5300 Bonn, Germany). 


September 7-11, Atomic Collision and Penetration 
Studies in Solids, Brighton (Professor M. W. Thompson, 
School of Mathematical and Physical Sciences, The Univer- 
sity of Sussex, Falmer, Brighton, Sussex, UK). 


September 7-14, Metallic Corrosion, Amsterdam (Sticht- 
ing Nederlandse Centrum, Postfach 52, Delft, Netherlands). 


September 8-10, Distillation, Brighton (Institution of 
Chemical Engineers, 16 Belgrave Square, London SW 1). 


September 8-12, Microwave Conference, London (Con. 
ference Department, The Institution of Electrical 
Engineers, Savoy Place, London WC2). 


September 8-12, Congenital Malformations, The Hague 
(Secretary, c/o Holland Organizing Centre, 16 Lange 
Voorhout, The Hague, Netherlands). 


September 8-12, Dietetics, Washington (Miss E. A. Jones, 
c/o American Dietetic Association, 620 N Michigan Avenue, 
Chicago, Ulinois 60611, USA). 


September 8-13, Clinical Chemistry, Evian and Geneva 
(Dr M. Roth, General Secretary, c/o Palais des Expositions, 
1211 Geneva 4, Switzerland). 


Sabbatical ltinerants 


In the hope of providing some practical assistance in the 
good cause of mobility between laboratories Nature is 
proposing to advertise the needs for housing of families 
about to take up periods of sabbatical leave. To begin 
with, no charge will be made for advertisements like this. 
it is hoped that a period of experiment will show what 
form these advertisements could most usefully take and 
whether they are effective. 


Wanted: Furnished or unfurnished house, m 
Bristol. for two or three years starting August H, 
1969. Minimum of two bedrooms, preferably three, 
and garden. required. Will accept furnished or 
unfurnished flat but must be on ground floor with 
garden or suitable play area. Family includes wife 
and 2 year old child. Prefer walking distance or 
proximity to University of Bristol. Medical School. 
Please contact Dr Stephen I. Chavin, New York 
University Medical Center, School of Medicine, 
550 First Avenue, New York, NY 10016, USA. 
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BRITISH DIARY 


Monday, February 3 


Address, 

c : hile P E 4 s EM b anl Mali qury eet bus AT Yarn 

UNIVERSITY OF LONDON (in the Botany Lecture T weatre, U niversity College 
London, Gower Street, London, WC1), at 5.30 p.m.—Professor J. N. Black: 
“Western World View and the Inevitability of the Ecological Crisis" (further 
lectures on February 4 and 5). 

INSTITUTION OF ELECTRICAL ENGINEERS (af Savor Place, London, WCS), 
at 6 p.m.—Diseussion meeting on ‘Electrical Contsol Systems for Engines 
opened by Mr E. Warne and Mr A. Hunt. 


SOCIETY OF CHEMICAL INDUSTRY, LONDON SECTION (at 14 Belgrave 
Square, London, SW1), at 6.30 p.m.— Mr C. F. Harris: "Zinc Refining. 


INSTITUTION OF THE RUBBER INDUSTRY, PRESYON SECTION (at BTR 
Industries Social Club, Farington, Leyland), at 7 BO pan -Mr N , Stackhouse : 
“Some Thoughts on Processing of Vinyls and Synthesie Rubber Sheeting’. 


Tuesday, February 4 


UNIVERSITY OF LONDON (at the London School of Sconomics and Political 
Science, London, WC2), at 5 p.m.— Professor Peter Maggett: Alternative 
Models of Geographie Space" (further lectures on February 11 and 18). 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC), 
at 5,30 p.m.-—Dr H. Hartnagel: "Noisein Beam Devieos™. 

INSTITUTION OF ELECTRICAL ENGINEERS (joint meet ng with the AU tomatic 
Control Group of the T. Mech. E., at Savoy Place, Londen, W C2) at 5.30 p.m. 
Mr J. W. Bunting: “Programmed Control of Batch Processes. 


ROYAL INSTITUTION (at 21 Albemarle Street, Londen, W1), at 5.80 p.m.— 
Professor R. J. Harrison: "Eggs and Embryos” (beture for Sixth Form 
»upils from Schools in London and the Home Counties, To be repeated on 
Febin. 5, 11 and 12.) 


UNIVERSITY OF LONDON (at the Institute of Child Eweailth, Guilford Street, 
London, WED, at 5.30 p.m.—Dr A. J. Coppen: “The Chemical Pathology of 
the Affective Disorders" (eighth of sixteen lectures on “The Scientific Basis of 
Medicine" organized by the British Postgraduate Medical Federation). 


UNIVERSITY OF LONDON (at the London School of Hygiene and Tropical 
Medicine, Keppel Street, London, WER, at 5.30 p.m. "rofessor P, Sourander 


(Göteborg): “The Pathology of Genetica) Determined Disturbances of Lipid 
Metabolism Affecting the Nervous System". 


INSTITUTION OF MECHANICAL ENGINEERS, MANIPUEATIVE AND MECHANT 
CAL HANDLING MACHINERY GROUP (at 1 Birdcage Wek, London, aw ), at 
6 p.m.—Discussion meeting on “Has the Belt Conveyor a Serious Competitor 
for Bulk Materials Handling over Short Distances ?” 


SOCIETY OF CHEMICAL IXDUSTRY, PAPER AND TEXTICE CHEMICALS GROUP, 
AND PLASTICS AND POLYMER GROUP (at 14 Belgrave Square, Londen, Sw i i, 
at 6 p.m.—Mr A. D. Brazier: ''Heat and Pressure Sensitive Adhesives for 
Paper and Board". 

UNIVERSITY OF LONDON (at University College Lendon, Gower Street, 
London, WC1), at 6.30 p.m.--Mr D. Wilkinson: “Toe Triad and Three- 
person Games" (fourth of nine Jectures on “Conflict esearch and Inter. 
national Studies-—-a Scientifie Approach"). 





Wednesday, February 5 


INSTITUTION OF MECHANICAL ENGINEERS (jointly win the Institutions ^i 
Civil Engineers and of Mechanical Engineers, and the Royal Aeronautica 
Society, at the Institution of Mechanical Engineers: 1 Birdcage W alk, 
London, SW1) Symposium on "Comparative Project Iianagement . 


ra 


ROYAL INSTITUTION, History OF SCIENCE DISCUSSIONE GROUP (at 23 7 The- 
marle Street, London, Wi) at 1 p.m.--Dr M. P. Earles: “The Origine © 
Modern Pharmacology". 

ConOUtR GROUP (Great Britain) (in the Physics Buildi:g, Imperial College, 
London, SW7), at 2.30 p.m.—-Professor W. D. Wright: "The Origins of the 
CTE System”. 

INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Piace, London, Week. 
at 3.30 p.m.---Discussion meeting on “Automatic Testmng" opened by Mr 
H. R. Bristow. 

SOCIETY OF CHEMICAL INDUSTRY, Foop GROUP (at TA Belgrave Square, 
London. SW1), at 6.15 p.m.—Mr 8. W. Butterworth anc Dr T. T. Gorsuch: 
"Some Aspects of Metrication in the Food Industries", 

INSTITUTION OP THE RUBBER INDUSTRY, MANCHESTER SECTION (at the 
John Dalton College of Technology, Chester Street, Mane ester), at 86.45 pom. 
—Mr J. B. Wilson: “Recent Developments in Tyre Techzology ". 





Thursday, February 6 


ROYAL SOCIETY (at 6 Carlton House Terrace, London, 89V 1). af 4.30 PETE 
Mr R. M. Hill: "Electrical Conduction in Ultra Thin Metal Films". 

INSTITUTION OF ELECTRICAL ENGINEERS (af Savoy Piere, London. WER). 
at 5.80 pan.—Mr E. S, Stringer: “OMEGA--a World-wide Navigation 
System’. 

ROYAL INSTITUTION, LiBRARY CIRCLE (at 21 Albemasme Street, London, 
Wi), at 5.80 p.m.—Mr K. D. C. Vernon: "Today" Managers Need 
Libraries”, 

UNIVERSITY OF LONDON (at the Institute of Child Healen, Guilford Stree 
London, WCI), at 5.30 p.m.— Professor H. Kalmus: “Genetic Variation in 
Response to Drugs" (ninth of sixteen lectures on '"The Scientific Basis od 
Medicine" organized by the British. Postgraduate Medici: Federation). 


INSTITUTION OF ELECTRONIC AND RADIO ENGINEERS, &EROSPACE, MARI 
TIME AND MILITARY SYSTEMS GROUP (at 9 Bedford Square, London, Wt). 
at 6 p.m.—Dr Glen W., Schaefer: “Radar Echo Signatures of Birds, Insects 
and Rats”. 


INSTITUTE OF REFRIGERATION (at the National College for Heating, 
Ventilating, Refrigeration and Fan Engineering, Southwark Bridge Road. 


t. Gudlford Street, 
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London, SEL), at 6 p.m.—Mr Per-Oskar Persson and Mr Lennart Jacobson: 
“The Application of Modern Techniques to Cold Store Construction". 


INSTITUTION OF MECHANICAL ENGINEERS, FLUID PLANT AND MACHINERY 
GROUP (at 1 Birdcage Walk, London, SW1), at 6 p.m.— Discussion meeting 
in "Miniature Hydraulies versus Miniature Pneumatics”. 


Friday, February 7 


UNIVERSITY OF LONDON (at the Royal Postgraduate School, Du Cane 
Road, London, W12), at 10.15 a.m.— Dr Cyril Leese: “Enzymes and Cancer 
of the Stomach", 


ROYAL INSTITUTION, PHOTOCHEMISTRY DISCUSSION GROUP (at 21 Albe- 
marle Street, London, W1), at 1 p.m.— Dr T, S. Godfrey: “Photochemistry of 
Pyrimidines'', 


. ROYAL INSTITUTION (at 21 Albemarle Street, London, Wi), at 9 p.m.— 
Professor D. Gabor, ERS: '"The Hologram’. 


Saturday, February 8 


. INNER LONDON EDUCATION AUTHORITY (at the Horniman Museum, London 
Road, Forest Hill, SE23), at 3.30 p.m.—Dr R. E. Bradbury: “The Sacred 
Kingship of Benin" (with film). 


Monday, February 10 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), at 
2 p.m. and 5.30 pm.—Meeting on "Noise in Rotating Electrical Machines". 
Papers by Mr A. J. Ellison, Mr C. J. Moore, Mr R. J. Davies and Mr D. D. 
Stephen. 


INSTITUTION OF MECHANICAL ENGINEERS, NUCLEAR ENERGY GROUP (af 
1 Birdeage Walk, London, SW1). at 8 p.m.— Discussion meeting on “Once- 
through versus Circulating Boilers in Nuclear Power Plants". 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 
Great Britain and Ireland 


Ministry of Technology. British Approvals Service for Electrical Equip- 
ment in Flammable Atmospheres Guide. Pp. 15. (London: Ministry of 
Technology, 1968.) i31 

British Medical Bulletin, Vol. 25, No. 1 (January, 19060: Symposium on 
New Aspects of Human Geneties. Pp. 1-118 ix. (London: The British 
Council, 1969.) 40s. [31 

Advisory Committee on Gas Council HResearches-—8econd Report 1960, 
Pp, 26. (Leeds: The University, 1968.) 01 

Ministry of Overseas Development, Annual Report for the year ended 
31st March, 1968 of the Directorate of Overseas Surveys. Pp. iv+674+ 8 
photographs. (London: H.M. Stationery Office, 1968.) 13s. 6d. net. [61 

Proceedings of the Royal Irish Academy. Vol. 67, Section A, No. 3: 
Weakly Compact Monothetie Semigroups of Operators in Banach Spaces. 
By T. T. West. Pp. 27-37. Vol. 67, Section B, No. 4: The Influence of a 
Pyrogen and of an Antipyretic on the Relation Between Temperature and 
Oxygen Consumption of Isolated Human Tissue. By J. M. O'Connor. 
Pp. 83-93. 25. 6d. Vol. 07, Section B, No. 5: The Biology of the Bream 
Abramis brama (L) in Irish Waters. By M. Kennedy and P. Fitzmaurice. 
Pp. 95-1574 plates 4-7. 8s.6d. (Dublin: Royal Irish Academy, 1968). [61 

A Practical Approach to Radioisotope Renography. By K. E. Britton and 
N. J. G. Brown. (Medical Monograph No. 1.) Pp. 20, (Edinburgh and 
Reading: Nuclear Enterprises, Ltd., 1968.) gratis. [61 

Philosophieal Transactions of the Royal Society of London. Series B: 
Biological Sciences. No. 796, Vol. 254 (31 December, 1958): The Pleistocene 
Succession Around Brandon, Warwickshire. By E. W. Shotton. Floras of 
Middle and Upper Pleistocene Age from Brandon, Warwickshire. By M. R. 
Kelly. The Fauna of the Channel Deposit of Early Saalian Age at Brandon, 
Warwickshire, By P. J. Osborne and F. W. Shotton. An Insect Fauna from 
Mid-Weichselian Deposits at Brandon, Warwickshire. By G. R. Coope. 
ae peat + plates 20-23. (London: The Royal Society, 1968.) o 

Department of Education and Science. Teacher's Course List No. L: 
Programme of One Year Courses and One Term Courses for Qualified 
Teachers, 1969-1970. Pp. 108. (London: Department of Education and 
Science, 1969.) [71 

Bath University of Technology. School of Engineering-- Descriptive 
Brochure. Pp. 16. School of Electrical Engineering Descriptive Brochure. 
Pp. 15. (Bath: Bath University of Technology, 1969.) [71 

Better Than Cure, By Professor P. M. C. James. (An Inaugural Lecture 
delivered in the University of Birmingham on 27th February, 1968.) Pp. 15. 
(Birmingham: The University, 1968.) 4s.; $0.48. [71 

Association of Commonwealth Universities. Fifth Annual Report of the 
Council, 1967-68. Pp. 50. (London: Association of Commonwealth 
Universities, 1969.) (71, 
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Other Countries 


Transactions of the American Philosophical Society, New Series-- Vol, 58, 
Part 7: Prussian Mereantilism and the Rise of the Krefeld Silk Industry — 
Variations upon an Eighteenth-Century Theme. By Herbert Kisch. Pp. 50. 
$2. New Series, Vol. 58, Part 8: Daniel Carl Solander--Naturalist on the 


“Endeavour”. By Roy Anthony Rauschenberg. Pp. 66. $2.50. (Phila- 
delphia: The American Philosophical Society, 1968.) 13012 


Fisheries Research Board of Canada. Bulletin 166: The Eel Fisheries of 
Eastern Canada, By J. Geoffrey Eales. Pp. x70. (Ottawa: Queen's 
Printer, 1968.) $1.75. [3112 

Indian Council of Medical Research. Report of the ICMR Reviewing 
Committee. Pp. v+218. (New Delhi: Indian Council of Medical Research, 
1968.) [3112 

Radiation Quantities and Units. (ICRU Report ii.) Pp. x 8. (Washing- 
n: D.C.: International Commission on Radiation Units and MEAE nta, 
1988.) 3112 

Canada: Department of Energy, Mines and Resources. Geological Survey 
of Canada. Paper 67-27 : Stratigraphy of Central and Eastern. Ellesmere 
Island, Arctic Canada, Part 2: Ordovician, By J. Wm. Kerr. Pp. v +92 
(5 plates). $2. Paper 67-42: Early Tertiary Stratified Rocks, Greenwood 
Map-Area (82 E/2), British Columbia. By J. W. H. Monger. Pp. vi 39. 
81.50. Paper 67-53: Reconnaissance Devonian Stratigraphy of Northern 
Yukon Territory and Northwestern Distriet of Mackenzie. By A. W. Norris, 
Pp. vii-- 287 (17 plates). 82.50. Paper 67-62: Geology of Lac Joseph Map- 
Area (23A), Newfoundland and Quebec. By E. M. Stevenson. Pp. iv +4. 
$1.50. Paper 68-44: Analysis of Aeromagnetie Data Over the Aretic Islands 
and Continental Shelf of Canada. By B. K. Bhattacharyva. Pp. v £14. 
$1.50. (Ottawa: Queen's Printer, 1965.) {3112 

Bulletin d'Information Scientifique de la Faculté des Seiences de Paris. 
1: Laboratoires de Recherche, Physique, 1967-1968, Pp. 132. 16 francs, 
2: Laboratoires de Recherche, Chimie, 1907-1008, Pp. 124. 16 franes. 
(Paris: Dunod, 1968) [11 

Transactions of the Royal Society of New Zealand. Zoology. Vol. 10, 
No. 15 (September 12, 1968): Some Holothurians from Macquarie Esiand. 
By David L, Pawson. Pp. 141-150. Vol. 10, No. 16 (May 15, 1968): The 
Status of Pseudolabrus psittaculus (Richardson, 1840), with Notes on other 
Species of the Genus. By J. H. Choat. Pp. 151-147, Vol. 10, No, 17 
(September 12, 1968): Four New Species of Land Snails from New Zealand. 
By N. W. Gardner. Pp. 159-1624 1 plate. Vol. 10, No. 18 (September 12, 
1968): A Contribution to the Lite History and Biology of the Brachiopod 
Pumilus antiquatus Atkins. By Anne E. Rickwood, Pp. 163-182. Vol. 10, 
No. 19 (September 5, 1968): Two New Genera and Species of the Superfamily 
Runeinoidea (Mollusca Gastropoda: Opisthobranchia) from New Zealand. 
By M. €. Miller and W. B. Rudman. Pp. 183-189. Vol. 10, No. 20 (Sep- 
tember 5, 19068): A New Genus and Species of the Order Acochlidiacea 
(Mollusca: Opisthobranchia) from Melanesia. By D. A. Challis. Pp. 191-197. 
Vol. 10, No. 21 (September 5, 1968): A New Cidarid Echinoid from Northern 
New Zealand. By Alan N. Baker. Pp. 199-203--1 plate. Vol. 10, No. 22 
(August 23, 1968): A Description of a New Species of Terrestrial Amphipod 
(Fam. Talitridae) from New Zealand. By K. W. Duncan. Pp. 205-210. 
Vol. 10, No. 23 (August 23, 1968): Three New Species of the Opisthobranch 
Family Aglajidae from New Zealand. By W. B. Rudman. Pp. 211-218. 
Vol. 10, No. 24 (September 5, 1968): Anatomical Notes on Two Species of 
the Colubrariidae (Mollusea, Prosobranchia) By W. E. Ponder. Pp. 
217-923. Vol. 10, No. 25 (July 15, 1968): Composition and Distribution of 
the New Zealand Brachyuran Fauna. By R. K. Dell, Pp. 225-240. Vol. 
10, No. 26 (September 5, 1968): A New Species of Macrochiridothea from New 
Zealand, with notes on the Idotheid Subfamily Chaetilinae (Crustacea Iso- 
poda: Valvifera). By D. E. Hurley and R. H. Murray. Pp. 241-249. 
Proceedings of the Royal Society of New Zealand, 1967-68, Vol. 906, Pp. 92. 
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Classified Advertisements 


All copy is subject to the approval of the Pub- 
lishers, who retain the right to refuse or 
withdraw advertisements at their discretion, 
The Publishers will not be liable for any loss 
occasioned by the failure of any advertisement 
to appear from any cause whatever, nor do 
they accept liability for printers’ errors, 
although every care is taken to avoid mistakes. 
Semi-displayed £6 per single column inch. 
Minimum £3, each additional I/I2th of an inch 
10s. Full page £158, Half page across £80. 
Colour (orange) £20 extra. 2/6 is charged 
for the re-direction of replies to advertise- 
ments with a box number. 

ADVERTISEMENTS SHOULD BE ADDRESSED 
TO: T. G. Scott and Son, Limited, | Clement's 
inn, Strand, London, W.C.2. Telephone: 
Wied 4743. Telegrams: Textualist, London, 


APPOINTMENTS VACANT 


UNIVERSITY OF ALBERTA 


DEPARTMENT OF FOOD SCIENCE 
EDMONTON, ALBERTA, CANADA 


Applications are invited for the position 
of ASSISTANT or ASSOCIATE PRO- 
FESSOR OF FOOD CHEMISTRY. Rank 
and salary are dependent on qualifications 
and experience. Current — minimum 
salaries are $9,500 and $13.000 for Assis- 
tam and Associate Professors respectively. 

Qualifications--Ph.D. in Chemistry or 
Food Science. Acknowledged teaching 
and research ability is required. 

Applications should be made to the 
Head of the Department by Apri i, 
1969, and should include a curriculum 
vitae, transcript of academic record, a 
Hist of publications and the names of three 
referees, Duties will commence July 1, 
1969, or as soon thereafter as possible. 

(319) 


UNIVERSITY OF SURREY 


DEPARTMENT OF ELECTRICAL AND 
CONTROL ENGINEERING 


EXPERIMENTAL OFFICER 


Applications are invited for appointment 
as an Experimental Officer in the Depart- 
mem of Electrical and Control Engineering 
t) assist on various interesting research 
projcets. 

Applicants should have an H.N.C. or à 
certificate in a required skill or exceptional 
specialist skill. Previous experience should 
be in 

High Vokage Techniques 
OR. Vacuum Techniques 
OR Thin Film Techniques 
OR Machining and Fitting 
OR Experimental Techniques. 

Commencing salary on an appropriate 
point on the scale £1,250 by £50 to £1.650 
per annum. 


Applications, giving full details of age, 
education and experience, should be for- 
warded to the Staff Officer, University of 
Surrey, Guildford, Surrey, by February 14, 
1969, (432) 





UNIVERSITY OF LONDON 
READERSHIP IN MATHEMATICAL 
ANALYSIS TENABLE AT CHELSEA 
COLLEGE OF SCIENCE AND TECHNOLOGY 
The Senate invite applications for the Reader- 
ship in Mathematical Analysis tenable at Chelsea 
College of Science and Technology. Preference 
wilh be given to candidates with rescarch interests 
in Differential Equations. Salary scale £2,575 by 
£105 to £3,415 plus £80 London Allowance. 
Applications (ten copies), must be received not 
later than February 28, 1969, by the Academic 
Registrar (ND, University of London, Senate 
House, W.C.l, from whom further particulars 
may be obtained. (385) 
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PHARMACEUTICALS DIVISION 


Ld 


"^ 


Woman 
Information Scientist 


An important vacancy has arisen for a woman science graduate in 
the Literature Services Section. The applicant should have a sound 
knowledge of organic chemistry ; a reading knowledge o French 
and German would be an advantage. 


The work is interesting and includes the provision of current 
awareness and information retrieval services to research scientists. 
Mechanised information systems are in operation and others are 
being developed. Previous experience ijs not essential, but the 
successful applicant must be prepared to meet the chalenge of 
mechanisation in information work and also show a keen interest 
in the pharmaceuticals industry. 


Working conditions are attractive. The Company operates a five- 
day week, a contributory Staff Pension Fund and a Profit-Sharing 
Scheme. 


Please send brief particulars to : 


Mrs. J. Millman, Personnel Officer (V omen). 
Imperial Chemical Industries Limitec, 
Pharmaceuticals Division, 

Alderley House, Alderley Park. 

THE QUEENS AWARD TO INDUSTRY Macclesfield, Cheshire. 


1966 19867 1848 








DIRECTOR 


Swinburne College of Technology 








Applications are invited by Council for the position of Director of 3winburne 
College of Technology, Hawthorn, Victoria, Australia. One of the Colleges 
of Advanced Education in Victoria, Swinburne has a present enrolment of over 
6.000 students, full-time and part-time. It is affiliated with Victorie Institute 
of Colleges, which is concerned with its tertiary activities (diploma courses }: 
in its technician and trade activities it is associated with the Education Depart- 
ment of Victoria and the Victorian Apprenticeship Commission. 

Duties: The Director is responsible to the Council for administrative contro! 
of the College, and the development of technician, diploma and pos. diploma 
courses, It is expected that within a few years degree courses will be intro- 
duced. His responsibilities will include the supervision of an extensive rebuild- 
ing programme. 


_ Qualifications : Applicants must hold a degree, preferably a higher degree, 
in Engineering, Science or other appropriate branch of learning. ‘“Ehey must 
have outstanding administrative and organising ability, Their experience must 
include senior responsibility in industry or education or Governmental 
organisations. 

Salary: $A11.500. (Rates of salaries in Colleges of Advanced feducation 
are at present under review.) 

Conditions: A schedule of duties and conditions of appointment is available 
on request to the College. 
Applications presented in duplicate, addressed to the President of the College, 
will be received until March 31, 1969. 
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UNIVERSITY OF SCIENCE AND 
TECHNOLOGY, KUMASI 


Faculty of 


SCIENCE 


Department of Physics 
4 LECTURERS 





Department of Chemistry and Chemical Technology 
| PROFESSOR 

2 SENIOR LECTURERS 

2 LECTURERS 


Department of Biochemistry 
| PROFESSOR 
2 LECTURERS 


Non-taxabie 
inducement 
allowance 
payable to 
expatriates 
Salary per annum per annum 
Professor NC6,400 consolidated NC900 
Senior Lecturer NC4,300 x 180—N€C$8,580 NC720 
Lecturer NC2,720 x 120—NC3,560 NC720 
NC3,740 x 180—NC4.,640. 
NC4,800 


Official rate of exchange for the New Cedi: 


One pound sterling — NC2.45. 
One U.S. dollar — NCO.98. 


Salaries of British Expatriate Staff supplemented in range £215 to £575 
per annum sterling (Lecturer/Senior Lecturer}: £630 to £735 per annum 
(Professor), normally tax free, under the British Expatriates Supplementa- 
tion Scheme. Subsidised accommodation, F.S.S.U. policies maintained or 
similar superannuation scheme available : family passages: biennial overseas 
leave, 


Appointments are normally for four or six years in the first instance, 
but a shorter period of secondment will be considered 


Application forms and further information may be obtained from the 
Assistant Registrar, 15 Gordon Square, London W.C.1. Completed appli- 
cation forms (seven copies), should reach him not later than February 28, 

One pound sterling = NC2.45, 


(463) 





THE 


UNIVERSITY OF EDINBURGH UNIVER I 
DEPARTMENT OF PHYSIOLOGY ona a 


ApPications are invited from BIO- 
CHEMISTS for the post of LECTURER 




















Applications are invited for a post in 


or ASSISTANT LECTURER in the above § the following Department : 
Department. An honours degree in Bio- EARTH SCIENCES 
chemistry, or other biological science, and an iran ened | RE 
research experience in Biochemistry are EECIEEEE OR ASSISTANT 
desirabie. ns » 


Preference given to candidates with a 


^p. s a eee M sd se cen 
ie Salary i Tt jew) are: TE i calda ge ae 
The Salary Scales (under review) are special interest or experience in Sedi 


Lecturer £1,470 to £263) per annum; memology and/or Physical Oceano- 
Assistant Lecturer £1,108 to £1.30 per graphy. Reference No, 69/29/7/D 
annum, together with superannuation bene- SALARY SCALES: Lecturer dat pies 
fit. ^ sent under review) £1.470 to £2 63 
The successful applicant wil! be expected eno d dr diré 
i lake up duty on October 1, 1969, or on Assistant Lecturer (at present under 
WERDE SITAME. o. oe trum: review) £1.105 to £1,340. 
"anc NM CES ME . ae è ^ qualifications and experience, and 
University, Old College, South Bridge, naming three referees, should reach The 
Registrar and Secretary, The Univer- 


lars may be obtained. The closing date : «c^ orf : 
: dd: cada M sity, Leeds, LS2 GIT. not later than 
lor applications is April f. 1969, Please ; 


February 28. 1969, Please quote refer- 


guate Reference 1010/53. (443) ence number. (444) 
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MANCHESTER EDUCATION 
COMMITTEE 


ELIZABETH GASKELL COLLEGE OF 
EDUCATION 
HATHERSAGE ROAD, 
MANCHESTER, 13 


INSTITUTIONAL MANAGEMENT 
DEPARTMENT 


SENIOR LECTURER/LECTURER IN 
SCIENCE APPLIED TO HEALTH re- 
quired for September, 1969, or earlier if 
possible ; a fulltime member of staff to be 
responsible for the teaching of Nutrition. 
Physiology and Hygiene to 1.M.A, Diploma 
and Certificate students. 

A graduate with specialist qualifications 
in Nutrition is preferred, but other suitable 
qualifications wiH be considered. Prefer. 
ence wil be given to those who have had 
some training and/or experience in teach- 
ing. The person appointed will be expected 
to work in close co-operation with other 
members of staff, particularly in the fields 
of catering and institutional management. 

Salary scale (Burnham TechnicaD: Senior 
Lecturer, £2,280 to  £2,595; Lecturer, 
£1,725 to £2,280 (Grade ID. 

For further particulars and apptication 
form apply to the Principal, Closing date 
for receipt of applications February 19. 

(403) 





WESTFIELD COLLEGE 
(UNIVERSITY OF LONDON) 


MATHEMATICS DEPARTMENT 


Applications are invited for one or more 
posts of Assistant Lecturer in Mathematics. 
Preference will be given to candidates with 
research interest in Applied Mathematics 
including numerical analysis and mathe- 
matical physics. 


Further particulars should be obtained 
from 


The Deputy College Secretary, 
Westfield College, 

Kidderpore Avenue, Hampstead, N.W.3 
to whom applications (six copies), stating 
date of birth, qualifications and experience, 
together with names of two referees, should 
ov submitted by February 21, 1969. 

(412) 





UNIVERSITY OF LONDON 
INSTITUTE OF LARYNGOLOGY 
AND OTOLOGY 
SENIOR LECTURER IN MORBID ANATOMY 
AND HISTOPATHOLOGY 

The duties of this post include diagnostic, 
teaching and research work. The Senior Lec- 
turer appointed will bold an honorary contract 
with the associated Royal National Throat, Nose 
and Ear Hospital. Salary scale: £2,590 to £3,050 
(bar) to £3,395 (or to £4,380 if a consultanO. The 
Department of Pathology and Bacteriology of the 
Institute is recognized for Final Examination 
training of pathologists in morbid anatomy and 
histopathology and medical microbiology, 

Applications, including the names of two 
referees, should be received not later than Febru- 
ary 28. 1969, by the Secretary-Administrator, 
Institute of Laryngology and Otology, 330/332 
Gray's Inn Road, London, WC. (344) 





ROYAL COLLEGE OF 
SURGEONS 


DENTAL RESEARCH UNIT 
DOWNE, ORPINGTON, KENT 


RESEARCH ASSISTANT i: required to 
join a resarch team working on diseases 
of the mouth. A background in Chemistry 
or Biochemisry is essential: an interest in 
Bacteriology would be of use in this work. 
Previous experience of dental research is 
nol necessary, Much of the work wil! be 
analytical though opportunities will be pro- 
vided to fellow up énquiries which arise 
from this. Salary according to age, qualifi- 
cations and experience, 

Please write for an application form to: 
The Personnel Officer, Royal! College of 
Surgeons, Lincoin’s Inn Fields, London 
WCE, (368) 
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| ORGANIC 
CHEMIST 


Allied Breweries Limited have a vacancy in the research 
Department at Burton-on-Trent for an Organic Chemist. 


XXXI 


Applicants aged 25-30 shouid be graduates with at least 
two years experience in the chemistry or processing of 


natural products. 


The Company operates an excellent Pension Scheme, 


providing immediate life cover. 


Salaries are com- 


mensurate with qualifications, experience and ability. 


Application forms may be obtained from:— 


The 


Administration Officer, Allied Breweries Research 
Department, Station Street, Burton-on-Trent, Staffs. 


IND COOPE LIMITED 


BURTON ON TRENT 


UNIVERSITY OF THE 
WEST INDIES 
TRINIDAD 

Applications are invited for the past of West 
Indian Sugar Association (W. LEA J PROFES- 
SOR OF CHEMICAL ENGINEERING. Appli 
cants should possess high academic qualifications 
in chemical engineering and should have had 
teaching and research experience at university 
level, They should also have considerable indus- 
triai experience in the chemical, petroleum or 
petrochemical industry. Membership of profes- 
sional engineering institutions will be advantage- 
ous. Salary range £3,500 to £4,990 per annum. 
Child allowance. (Salary and family allowances 
meu tO exceed £4,990 per annum)  F.SSU. 
Family passages; triennial study leave, 

Detaled application (six copies), naming three 
referees, by March 3, 1969, by persons living in 
the Americas and the Caribbean area to the 
Registrar, University of the West Indies, Mona, 
Kingston 7, Jamaica, and by all others to Inter- 
Universky Council, 90/91 Tottenham Court Road, 
London, W.1. Further particulars obtainable 
similarly. (342) 


ST. MARY'S HOSPITAL MEDICAL 
SCHOOL 
(UNIVERSITY OF LONDON) 
PADDINGTON, W.2 
Applications are invited for the appointment of 
LECTURER IN IMMUNOLOGY 
The successful candidate will be required to take 
part in teaching and departmental administration, 
and to carry our research for which there will be 


ampie opportunities. Salary within following 
Scales; £1.748 to £2.820 for medically-qualificd 


candidate, or £1,585 by ELLA to £2,735 for science 

graduate, together with suptrannuation. 
Applications Gwo copies), together with the 

names of two referees, should be sent by Febru- 


ary 17, 31969, to the Secretary, from whom 
further particulars should first be obtained. 


(364) 
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MAGNETIG SURFACE COATINGS 
RESEARCH 


As part of a sizeable expansion of our research and development 
department we are seeking two Chemists. one to be a Project 
Leader, to investigate the dispersion of magnetic pigments 
in binding agents, the rheology of lacquers, and the physica! 
chemistry of magnetic materials, resins, adhesives and substrates. 


The most desirable qualifications are drive, Initiative and in- 
telligence, but the nature of the work demands forma) achieve- 
ments as well, namely, a Degree, H.N.C., or equivalent quali- 
fications in relevant subjects. 


Our new laboratories are situated at the foot of the North 
Downs with excellent surrounding amenities. 


Progressive conditions and good salaries are offered, and there 
is a group scheme for pensions and free life insurance, 
Applications in writing should be addressed to the Personnel 
Officer, Zonal Film (Magnetic Coatings) Limited, Holmethorpe 
Avenue, Redhill, Surrey, 

(420 


FEMMINILE II -——-—-L Rm M e cR A 


DIVISION OF ENTOMOLOGY 


ECOLOGIST 


CATTLE TICK 
INVESTIGATIONS 


SALARY Depending upon qualifications and experience the appointment will 
be made within the salary range of Research Scientist, 3A5,321—3A6,693 p.a. 
or Senior Research Scientist, 5A6,693—- 5AB,045 p.a. Salary rates for women 
are $A428 p.a. less than the corresponding rates for men. 

GENERAL Applications are invited for the position of Ecologist with the 
Organization's Division of Entomology. The appointee will be stationed with 
a group of the Division's workers at the Long Pocket Laboratories, Brisbane, 
Queensland, for studies on the ecology of the cattle tick Boophilus microplus. 
The Division has a strong team at this centre engaged on the ecology, physiology, 
biochemistry and chemical control of the cattle tick and there are very good 
facilities for ecological research on the tick. 

DUTIES initially the appointee will be required to study tick populations on 
cattle with particular emphasis on the effect of the external environment of host 
susceptibility. He will also be expected to collaborate in studies on the popula- 
tion dynamics of the cattle tick and to supervise observations on the effect of 
different degrees of tick resistance on tick populations in central Queensland. 
He will be expected to become familiar with other veterinary entomological 
problems, particularly those in the Australian tropics, with a view to research 
on these when opportunity arises. 

QUALIFICATIONS A Ph.D. degree, or postgraduate research experience of 
equivalent standard and duration, supported by satisfactory evidence of research 
ability, and training or experience in ecological investigations. Experience with 
animal ecto or endo parasites or disease vectors would be an advantage. 
NOTE The duration of the appointment will be determined in consultation 
with the successful candidate ; some applicants may prefer a fixed term 
appointment for three years. 

Fares paid for the appointee and his dependent family, 
supplied on application. 

Applications (quoting Appointment No. 180/493), and stating full name, place, 
date and year of birth, nationality, marital status, present employment, details 
of qualifications and experience, together with the names of not more than four 
persons acquainted with the applicant's academic and professional standing, 
should reach : 

Mir. R. F. Turnbull, 

Chief Scientific Liaison Officer, 

Australian Scientific Liaison Office, 

64-78, Kingsway, London, W.C.2, by the 28th February, 1969. (436) 
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Further particulars 





POSTDOCTORATE POSITIONS IN 


PHYSICS 
QUEEN'S UNIVERSITY 
KINGSTON, ONTARIO, CANADA 


Research and Teaching Assistantships are avail- 
able to postgraduate students, both theoretical 
and experimental, in the fields of solid state 
physics, nuclear physics, and radio astronomy. 
Special experimental facilities include: equip- 
ment for ultra high vacuum, magnetic resonance, 
microwave spectroscopy, luminescence studies, 
and for electron structure. studies of metals by 
positron annihilation: a 3-MV Van de Graaff 
positive-ion accelerator, and use of the MP 
Tandem at Chalk River: a 60-f1. radio-teiescope, 
and use of the  150-ft. radio telescope at 
Algonquin Park. Financial assistance in a com- 
bination of Scholarships and Teaching and Re- 
search Assistantships is provided in the range 
$3,700 to $4,800 per annum. 

Several Postdoctorate Fellowships are available 
in the above fields, with a stipend of $6,000 or 
37.200 depending on marital status ; these Fellow- 
ships are tax free, and a travel aMowance will be 
paid. 

Leuers of application and requests for 
brochures and further information should be 
addressed to the Head, Department of Physics, 
Queen's. University. (268) 


UNIVERSITY OF TORONTO 
DEPARTMENT OF CHEMISTRY 
Applications are invited for admission to pro- 
grammes leading to the degree of M.Sc. and 
Ph.D. in the fields of analytical, biological, in- 
organic, organic, physical and — theoretical 
chemistry. Prospective graduate students should 
have, or expeot to receive, an honours degree in 
Chemistry tor its equivalent. Al students 
accepted are assured of financial support through 
Scholarships or Teaching Fellowships and a 
minimum stipend of $3,600 per annum is guaran- 
wed. (Teaching fellowships involve assistance 
with undergraduate laboratory supervision up to 
a maximum of two periods (six hours) per week.) 

Assistance with travel is alse provided. 

For further information please write, quoting 
Ni, to Dr. D. J. Le Roy, Chairman, Department 
of Chemistry, University of Toronto, Toronto $, 
Ontario, Canada. (428) 


mn 





RESEARCH AND 
teaching position available in state medical 
school, Ph.D. (or equivalent) in Radiobiology, 
or Biology. Academic appointment is possible. 
Experience with experimental animal tumour 
systems is desirable.--Dr. J. Eugene Robinson. 
Division of Radiation Therapy, University of 
Maryland School of Medicine, Baltimore, Mary- 
land 21201, U.S.A. (429) 





UNIVERSITY OF BRISTOL 


Applications are invited for the post of 
LECTURER in COMPUTER SCIENCE 
tenable from August l, 1969, or from such 
other date as may be arranged. Candi- 
dates should have a research iMerest in 
either the theory of programming languages, 
compiler construction, graphks, or numeri- 
cal analysis. 

Applications, together with the names of 
three referees, should be sent by February 
10, 1969, to the  Hegistrar, University 
Senate House, Bristol BSS ITH. from 
whom further particulars may be obtained. 

(3613 





THE CITY UNIVERSITY 
Department. of Chemistry 


RESEARCH INTO THE MECHANISM 
OF BIO-ELECTRIC GENERATION 


Applications are invited for (a) a 
RESEARCH FELLOWSHIP 
and (b) a 
RESE AR CH ASSISTANTSHIP 
commencing in February 1969, or as soon 
às possible thereafter. 


The work, which is supported by the 
National Research and Development Cor- 
poration, aims at developing an implant- 
able bio-electric power source for cardiac 
pacemakers and wil involve close cob- 
laboration with the Institute of Cardiology. 


Candidates for the Research Fellowship 
should preferably possess a higher degree 
and have research experience in Electre- 
chemistry or Materials Science, Salary up 
to £1,400 per annum plus F_S.S.U. benefits, 
depending on qualifications and experience, 


Candidates for the Research Assistantship 
should bold a degree or equivalent qualifi- 
cation in Chemistry or Materials Science. 
Salary up to £900 per annum. 


Applications, together with the names of 
two referees. should be addressed to: 
Dr. A. C. C. Tseung, 
Department of Chemistry, 
The City University, 
St. John Street. 
London, E.C.t. (360) 


UNIVERSITY OF ADELAIDE 
Applications are invited for the following ap- 
poinimeni, the closing date for applications being 
February 28, 1969, 
LECTURER IN DEPARTMENT OF AGRI- 
CULT URAL BIOCHEMISTRY AND SOIL 
SCIENCE : A spectalist in microbial metabolism 
is preferred and an interest in brochemical 
genetics would be an advantage. Salary scale: 
Lecturer $43,400 by $A28O0 (1) by $4270 (6) 10 
$47,300, with superannuation on the FSS.U. 
basis, 

Further particulars about the post and the con- 
ditions of appointment and other information 
sought wil be supplied on request to the Regis- 
uar of the University, or to the Secretary-General, 
Association of Commonwealth liniversities 
(Branch Office), Marlborough House, Pall Malt, 
London, S.W. 

. Applications should be sent in duplicate and 
giving the information Hsted in the statement 
that will be supplied to the Registrar, The Uni- 
versity of Adelaide, North Terrace, Adelaide, 
South. Australia 5001, (437) 


WESIFIELD COLLEGE 
(UNIVERSITY OF LONDON) 
CHEMISTRY DEPARTMENT 


Applications are invited for 2 ASSIS- 
TANT LECTURESHIPS, one in OR- 
GANIC CHEMISTRY and one in 
PHYSICAL CHEMISTRY. Vacant from 
October 1, 1969, Further particulars shouid 
be obtained from 

Ht he Deputy College Secretary, 
Westfield. College, 

Kidderpore Avenue, Hampstead, N,W.3, 
:0 whom applications £6 copies), Stating 
date of birth, qualifications and experience, 
togeher with names of 2 referees, should 
be submitied by February 21, 1969. 

(461) 
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UNIVERSITY OF 
ST. ANDREWS 


LECTURER IN ZOOLOGY 


Applications are invited for the post of 
Lecturer in Zoology. The research interests 
of applicants should preferably He in the 
field of neurophysiology (or alternatively 
biophysics, cell biology or embryology). 
Marine organisms are readily available, 
Salary scales: £1,240 to £2,735) starting 
salary according to qualifications and ex- 
perience. F.S.S.U.; grant towards €x- 
penses of furniture removal. POUR copies 
of applications with the names of three 
referees, should be lodged by March 1. 
1969, with the Secretary of the University, 
College Gate, St. Andrews, from whom 
further particulars may be obtained. 

This department has at present a teach- 
ing staff of eight, of whom five are based 
on the main department and three on the 
Gatty Marine Laboratory. The advertised 
appointment is to the Gatty Marine Labora- 
tory, where the main research interests and 
available equipment are predominantly 
neurophysiological and pharmacological. 
The main department. about half a mile 
distant from the Gatty Laboratory, is well 
equipped for research in cel biology, and 
equipment in that department is also avail- 
able to anyone based on the Gatty. 


(4253 


SHEFFIELD NO. 3 GROUP OF 
HOSPITALS 


REGIONAL MEDICAL 
PHYSICS DEPARTMENT 


PRINCIPAL OR 
SENIOR PHYSICIST 


Required to take charge. of the Radio- 
therapy Physics Unit in the above Depart- 
ment, t0 work ultimately in the new Wes- 
ton Park Hospital. The appointment wil 
be in the Principal ar Senior Grade depend- 
ing on experience in radiotherapy physics, 
particularly connected with the therapeutic 
use of linear accelerators. 


Salary Scales : 
Principal Physicist, £2,486 to £3, 


196, 
Senior Physicist, £1,961 to £2,435, 


Further particulars may be obtained from 
the Chief Physicist. Regional Medical 
Physics Department, 21 Claremont Crescent, 
Sheffieid S10 2TA., 10 whom applications, 
naming two referees, should be sent by 
February 24, 1969, 


(462) 


HAILE SELASSIE I UNIVERSITY 
ETHIOPIA 


Applications are invited for post of (a) ASSIS- 
TANT PROFESSOR or (b) ASSOCIATE PRO- 
FESSOR IN DEPARTMENT OF GEOGRAPHY’. 
Appointee wil be required to teach ©“ Intraduc- 
tion to Geography " and basic courses in physi- 
cal geography, including such courses as '' Prob- 
lems of Arid Regions," ©“ Photo Interpretation 
and Elementary Surveying. | Salary scales: 
(a) Eth. $15,000 to Eth. $18,750 per annum: 
(b) Eth.$18,000 to Eth $22,800. per annum 
(Eth $6=£1 sterling) free of Ethiopian tax for 
expatriates. Initial contract two years. Return 
famüy passages. 


Detaled applications {6 copies), naming 3 
referees, by March 7, 1969, to Inter-University 


Council, 90/91 Totterham Court Road, London, 
Wi. from whom particulars are available. 
(453) 





RICHARD DIMBLEBY CANCER 





RESEARCH 
PHYSICIST 


VACUUM ULTRAVIOLET RADIATION 


Opening for a research physicist with a B.Sc. M.Sc, or 
equivalent in physics or chemistry. Applicant should be able 
to work with total absorption chambers, thermopiles, discharge 
lamps and metal photocathode yields and stabilities in the region 
of 300 to 2.200 Angstroms. Work will also include some 
research in Ultraviolet reflectance properties. 

Apply by resume to Mr. D. P. Gillis 

Harvard University Personnel Office 
I35c Massachusetts Avenue, 


Cambridge, Mass. 02138, U.3.A. 


430) 





GOVERNMENT OF NORTHERN IRELAND 


MINISTRY OF AGRICULTURE 


RESEARCH OFFICERS 


Applications are invited for two permanent and pensionable posts ie the Veterinary 
Research Laboratories, Stormom, Belfasc, 


The laboratories are of recent construction and are equipped for a wise range of tech 
nigues including electron microscopy. A total of 120 professional and technical saf are 
employed in the major disciplines of pathology. bactericlogy, virology, Siochemisuy and 
parasitology. The work of the department consists of research and rowdine diagnosis on 
diseases of farm animals. Encouragement is givens towards study for a higher degree in 
the Faculty of Agriculture, Queen's University, Belfast. 


POULTRY PATHOLOGIST 


To undertake diagnostic and research work on diseases of poultry. The officer appointed 
will be required to participate in the routine post-mortem and advisor: services of the 
depariment, Adequate time will be available for research on microbiological or parasito- 
logical diseases of poultry. 

Qualifications: M.R.C.V.S, or Veterinary degree. Experience in poultry pathology 
would be an advantage but not essential. 


MICROBIOLOGIST 


To undertake diagnostic and research work in a routine bacteriological laboratory. The 
officer appointed will be expected to develop an interest in mycoplasma of beth manmumals 
and poultry. 

Qualifications : Veterinary degree or B.Sc(Hons) in Microbiology or «ther appropriate 
subject. Postgraduate experience in a microbiological laboratory is destrable. 


Salary Scales : 
Research Officer Grade I, £2,237 to £2,710. 
Research Officer Grade II, £1,568 (age 23) to £2,101 (age 32) to 
£2,237. 

Grading and starting pay will be related to age, qualifications and experience. Appii 
cation forms and further information obtainable from Secretary, Civil Sesvice Comamnission, 


Stormont, Belfast, BT4 382, must be returned by February 21, 1960, Please quote 
SB.10/69/64, (37) 


EAST MALLING RESEARCH 





RESEARCH LABORATORY 

ST. THOMAS' HOSPITAL, LONDON, SE.I 

RESEARCH ASSISTANTS 

Science graduates required for two posts: 
1. to study biochemical aspects of adaptive 
growth; 2. to undertake celi and organ culture 
studies. Salary according to qualifications and 
experience, 

Applications with the name and address of 
three referees to the Clerk of the Governors at 
St. Thomas’ Hospital, by February 28, 1969. 

(352) 


STATEON 
PLANT PHYSIOLOGIST 


For studies of the relations betwees trece growth 
and ferm and ihe modifieauons of pattern irp 
duced by factors such as rootstock, praning. etc. 
Postgraduate experience desirable, preferably ege 
tensive.  Áppoinüunent in Zenior Scientific Officer 
or Scientifico Officer grade according to «wuabfi- 
cations and experience. 

Further details and application. forms from ihe 
Secretary, East Malang Research Station, Maid. 
stone, Kent. (375j 
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CSIRO 


DIVISION OF ANIMAL HEALTH 
AUSTRALIA 


MICROBIOLOGIST / 
IMMUNOLOGIST 
BOVINE TUBERCULOSIS 


ANIMAL HEALTH RESEARCH 
LABORATORY, PARKVILLE 


SALARY. Depending upon qualifications and experience, the appointment 
will be made within the salary range of Research Scientist, $A5,321—$A6,693 
pa, or Senior Research Scientist, $A6,963— $A8,045 p.a. Salary rates for 
women are $A428 p.a. less than the corresponding rates for men. 

GENERAL The CSIRO Division of Animal Health has three major laboratories 
—the Animal Health Research Laboratory, Melbourne ; the McMaster Labora- 
tory, Sydney ; and the Long Pocket Laboratory, Indoorcopilly, Queensland. 
The major areas of research at the Animal Research Laboratory, Parkville, Victoria, 
include bovine pleuropneumonia, virus diseases, tuberculosis, infectious bovine, 
infertility, ovine footrot, parasitic diseases of sheep and cattle in the southern 
winter rainfall zone and investigations into plant poisons. 

DUTIES The Division is expanding its programme of fundamental immunol- 
ogical research, particularly in those fields relevant to mycobacterial infections. 
Work is already in progress with special reference to ruminant immune globulins 
including immediate-type hypersensitivity. it is hoped that future work will 
widen and supplement these studies into areas of cellular immunology and 
delayed-type hypersensitivity. 

The Laboratory is well equipped for these studies and possesses an analytical 
ultracentrifuge, electron microscope, fractionation equipment, cold room and 
extensive small and large animal accommodation. 

QUALIFICATIONS A Ph.D. degree in Science or an Applied Science with 
emphasis on biology or postgraduate research experience of equivalent standard 
and duration, supported by satisfactory evidence of research ability. 

NOTE Consideration would be given to appointment for an initial period of 
three years, at the conclusion of which ether an extension of tenure or appoint- 
ment for an indefinite period would be considered. 
Fares paid for the appointee and his dependent family. 
on application. 

Applications (quoting Appointment No. 201/323), and stating full name, place, 
date and year of birth, nationality, marital status, present employment, details of 
qualifications and experience, together with the names of not more than four 
persons acquainted with the applicant's academic and professionai standing, 
should reach: 

Mir. R. F. Turnbull, 

Chief Scientific Liaison Officer, 
Australian Scientific Liaison Office, 
64-78, Kingsway, London, W.C.2, 





Further particulars sent 


by the 28th February, 1969. (5 


UNIVERSITY OF LONDON 
THE MEDICAL COLLEGE OF 
ST. BARTHOLOMEW'S HOSPITAL 


UNIVERSITY OF LONDON 
KING'S COLLEGE 





DEPARTMENT OF BIOPHYSICS 


Applications are invited from suitably qualified 
persons for the post of LECTURER in the De 
partment of Biophysics tenable from October 1, 
1969, Candidates should have research interests 
in cell biology. Teaching duties in the post will 
be specialised and not heavy. The Department, 
to which is attached the Medical Research Coun- 
ci Biophysics Research Unit, is well equipped 
for physical and chemical investigations of many 
aspects of cell biology. Salary according to 
qualifications and experience will be in the scale : 
£1.470 to £2,630 plus £60 London Allowance 
(these rates are under review),  F.S.S.U. benefits 
will also be payabic. 

Application forms and conditions of appoint- 
ment may be obtained from the Registrar, King's 
College London, Strand, W.C.2, and completed 
forma should reach him by February 28, 1969. 

(319) 


WEST SMITHFIELD, LONDON, E-C.l 
TWO POST-DOCTORAL RESEARCH 
APPOINTMENTS IN ENZYME CHEMISTRY 
Applications are invited from Physical-Organic 
Chemists and from Biochemists experienced in 
Enzyme Chemistry for two post-doctaral research 
appointments for work on the kinetics and mech- 
anism of action of enzymes in free solution and 
attached to other polymer matrices with Professor 
E. M. Crook and Dr. K. Brocklehurst. Salary 
£1240 by £80 to £1,320 per annum plus F.S.S.U. 
The appointments, which are sponsored by the 
Science Research Council, would Start at a 
mutually convenient date, which should be as 

soon as possible. 

Applicants should send further details (and 
enclose a curriculum vitae, naming two referees), 
to the Secretary of the Medical College, quoting 
ref, 164. (388) 
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THE 
UNIVERSITY OF 
LEEDS 





Applications are invited for a pest in 
the following Depariment : 


MEDICAL PHYSICS 


CHEMIST OR BIOCHEMIST 

with good Honours degree required to 
investigate the metabolism of trace 
meals in man, The work will bc car- 
ried out in collaboration. with the 
Medical Research Counci Mineral 
Metabolism Uni, The General infirm- 
ary, Leeds. Facilities are available for 
metabolic balance studies and the deter- 
mination of Strontium, zinc, copper, 
iron and manganese by atomic absorp- 
tion spectrophotametry, The anpoint- 
ment is for 3 wears and the work is 
suitable for a candidate wishing to read 
for a PhD. Reference No, 69/577 1/D. 
Closing dare February 7, 1969. 


SALARY SCALE: Chemist or Bio- 
chemist, £900 tro £1,000. 


Applications (three copies) stating age, 
qualifications and experience, and 
naming three referees, should reach the 
Registrar and Secretary, The University, 
Leeds, LS? 9JT. (from whom further 
particulars may be obtained). Please 
quote reference number. (379 
PET OS a TUMOR NRI 
UNIVERSITY OF 
NEWCASTLE UPON TYNE 
THE MEDICAL SCHOOL 
Applicalions are invited fram post-doctoral 
Science Graduates for the appointment of Re- 
search Associate in the Department of Clinical 
Biochemistry. The appointee wil be a member 
of a research team actively engaged in studies 
involving isolation, metabolic significance and 
various clinical applications of isoenzymes. Com- 
mencing salary within the range £1,180 to £1,340 
per annum according to qualifications and experi- 
ence. Membership of F.S.S.U. required. 
Applications, including the names and ad- 
dresses of two referees, should be sent as soon 
as possible to Professor A. L. Latner, The De- 
partment of Clinical Biochemistry, Royal Victoria 
infirmary, Newcastle upon Tyne, NEL 7RU. 
C377) 


UNIVERSITY OF LONDON 
READERSHIP IN ELECTRONICS AT 
CHELSEA COLLEGE OF SCIENCE AND 
TECHNOLOGY 


The Senate invite applications for the Reader- 
ship in Electronics (with special interests in come 
munications or medical electronics) tenable at 
Chelsea College of Science and Technology. 
Salary scale £2,575 by £105 to £3,415 plus £80 
London Allowance. 

Applications (en copies), must be received 
not later than February 28, 1989, by the Aca- 
demic Registrar CN}, University of London, 
Senate House, W C.L, from whom further par- 
ticulars may be obtained. (3833 


UNIVERSITY OF READING 
LECTURESHIP IN ANIMAL ENVIRONMENT 

Applications are invited for a Lectureship in 
Animal Environment in the Department of Agri- 
culture. Candidates should have special qualifi- 
cations in animal housing and in one or more of 
the following fields: environmental control 
systems, environmental physiology and animal be- 
haviour. The person appointed should take up 
his duties on April 1, 1969, or as soon as pos- 
sible after that date, 

Further information may be obtained from the 
Registrar (Room 208, Whiteknights House), The 
University, Whiteknights. Reading, ROO JAH, 
by whom applications must be received not later 
than February 21, 1959. (404) 

LANGFORD. UNIVERSITY OF BRISTOL, 
Department of Veterinary Medicine. Technician 
required for Clinical Parasitology Section. Pre- 
vious experience an advantage but general experi- 
ence in applied biology would be an alternative 
recommendation. Commencing salary within the 
range £692 to £977 with £30/£80 supplementation 
for recognized quaHfications.-Applications ir 
writing to the Professor of Veterinary Science, 
Laneford House, Langford, Bristol B318 D 

400) 
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Merritt —————————— 


UNIVERSITY OF 
MANCHESTER 


RESEARCH ASSOCIATE IN 
CHILD HEALTH 


Biochemist required with  postgraduatc 
research experience for this post in the 
Department of Child Health with new team 
investigating brain growth and development. 
Salary according to experience, up to 
£1,470 per annum. 

Further details and application forms 
(returnable by February 17) from the Regis- 
uar, The University, Manchester, M13 9PL, 
Quote Ref, 14/69/Na, (370) 


TECHNICIAN 


Gnale or female) required for Respiratory 


Function Laboratory and — Cardiological 
Department at Dudley Road Hospital. This 
post offers experience in all techniques, and 
further detads can be obtained from the 
Group Secretary, The salary offered is 
dependent upon the applicant's age, experi- 
ence and qualifications. Written applica- 
tions, quoting NB/2, to Group Secretary, 
Dudicy Road Hospital, 


Birmingham 18. (454) 





MACAULAY INSTITUTE FOR SOIL 
RESEARCH 
DEPARTMENT OF SPECTROCHEMISTRY 


Applications are invited for the appointment 
of a PHYSICAL CHEMIST with a First or 
upper Second Class Honours degree in Chemistry. 
Work on the physico-chemical aspects of trace 
eiement behaviour in soils and plants wii be 
involved. The appoinument wil be made in the 
Scientific Officer or Senior Scientific Officer. grade, 
starting salary within the range £1,020 to £1.740 
or £1.925 to £2,372 per annum, according to 
age, qualifications and experience, Superannus- 
tion under FSS U. 

Forms of application may be obtained from 
the Secretary, The Macaulay Institute for Soil 


Research, Craigiebuckler, Aberdeen, ABQ 201, 
to whom they should be returned before 
February 21, 1969. (348) 


UNIVERSITY COLLEGE 
GALWAY, IRELAND 
DEPARTMENT OF BIOCHEMISTRY 

RESEARCH ASSISTANTSHIP 


Applications are invited for a Research Assist- 
antship in the above department to study some 
enzymological aspects of the nitrogen. metabolism 
of bacteria. Candidates should have an honours 
degree tor equivalent) in. Biochemistry and re- 
search experience in enzymology is desirable but 
not essential. Salary will depend on experience, 

Applications, together with curriculum vitae 
and the names of two referees, should be sent 
to. The Secretary, Department of Biochemistry, 
University College, Galway, Ireland, from whom 
further particulars may be obtained. (407) 


UNIVERSITY OF DUNDEE 
DEPARTMENT OF GEOLOGY 
RESEARCH ASSISTANT 


to aid in the study of sedimentation controls in 
the estuary of the Tay. Applicants should 
possess good Honours Degree in Geology ar 
Civil Engineering preferably with research experi- 
ence in sedimentology. Familiarity with boat 
handling an advantage. The post is financed by 
the Natural Environment Research Council and 
is for three years. Salary Scale (under review): 
£i.105 to £1,186 to £1,260: F.S.S.U. 
Applications to Dr. J. McManus, Department 
of Geology, University of Dundee, DDI 4HN, 
not later than February 22, 1969. (401) 
DEPART- 
ment of Animal Husbandry. Applications are ir- 
vited from Science or Veterinary graduates for 
the post of research assistant. The successful ap- 
plicant will be required to assist in a behavioural 
project concerned with the long-term effects of 
population density and will be expected to regis- 
ter for a higher degree Salary will be in keep 
ing with Government postgraduate scholarship 
grams. Applications to The Professor of Animal 
Husbandry, Lanaford, Bristol, BS18 7DU. 
(399) 
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IMPERIAL CHEMICAL 
INDUSTRIES LIMITED 


CT AGRICULTURAL DIVISION 






JEALOTT’S HILL RESEARCH STATION 
(NEAR BRACKNELL, BERKS.) 


BIOCHEMIST 


for Nutritional Studies 


One of the expanding research programmes at Jealott's Hill :s concerned 
with potential improvements in the utilization of non-protein nitrogen 


compounds by ruminant animals. 


A multidisciplinary team is being 


formed to tackle this problem, and a biochemist is now required to join 
it. The initial problems he (or she) will study will concern the conversion 
of simple nitrogen compounds to protein in the rumen, and the relation of 
this to the animal's nutritional needs. The successful candidate will prob- 
ably have had at least three years’ post-graduate experience in animal 
biochemistry, and some knowledge of animal nutrition is a desirable added 


qualification, 


portant role in the development ot the research programme. 
preferred age is likely to be 25 to 32. 


He will be expected to display initiative and play an im- 


The 


Jealott's Hill Research Station, which is the centre of a large part of 1.C.1's 
Agricultural research, is located in pleasant countryside about 30 miles 
from London, and within easy reach of varied residential areas. A flexible 
scheme of salary progression is operated, together with '.C.l. Profit- 


sharing and Pension Schemes. 


Applications, in writing, stating age, qualifications and experience, should be 


addressed to:-— 


Mr. J. M. Round, Personnel Officer, 


l.c.. 


Fernhurst, Haslemere, Surrey. 


UNIVERSITY OF QUEENSLAND 
BRISBANE, AUSTRALIA 

SENIOR DEMONSTRATOR IN CHEMISTRY 

The University invites applications for the posi- 
uon of Senior Demonstrator in the Department 
of Chemistry. Applicants should hold at least 
an honours degree in any branch of Chemistry 
and preferably a higher degree (M.Sc. or Ph.D. 
For this position preference will be given to 
applicants with high qualifications in organic of 
inorganic chemistry. The successful applicant 
will be required to assist in the teaching of under- 
graduate chemistry and will also be expected 
to conduct research on a subject approved by the 
appropriate Professor in the Department. The 
salary range for a Senior Demonstrator is $44.275 
t0 $A4,840 per annum. The University provides 
Superannuation similar to F.S.S.U.. Housing 
Assistance, Travel Grants and Study Leave. 

Additional information and application forms 
will be supplied upon request to the Association 
ef Commonwealth Universities (Branch Office). 
Marlborough House, Pall Mall, London, S.W.I. 
Applications will close in London and Brisbane 
on March 8, 1969. (386) 


WHAT'S YOUR LINE ? 


are you a Veterinary Surgeon, Geologist, Chem- 
ist, Pharmacologist, Physicist, Metallurgist, Micro- 
biologist, Pharmacist, Information Scienust or 
Technical Editor ? 

Whatever it is Please Note ! 

G.K. Bureau employ six scientifically qualified 
interviewers to select the best positions for you. 
— Write or telephone 


Miss 3. R. Hortin, G.K. Bureau, 
17 Shaftesbury Avenue, London W.1. 
601-437-6886 or 013-437-6779, 


NO FEES TO PAY. (441) 


(393) 


UNIVERSITY OF HONG KONG 
LECTURESHIP/ASSISTAWT LECTURESHIP 
IN PHYSICS 
Applications are invited for the abcve-men- 
tioned post, Candidates should have a good 
theoretical background, anc be capable of teach- 
ing Mathematical Methods. for Physicists and a 
variety of topics in Theoretical Physics. Prefer- 
ence will be given to candidates whose research 


interests are in one of the following elds: 
ionospheric and space  peysics,  geomagnetism. 


cosmic ray physics, solid stie physics {electro- 
luminescence, thin films, ec). Annoal salaries 
(superannuabie) (approximaae sterling equivalents 
at current rate of exchang: in parentheses) are: 
Lecturer, SHK30,880 by SEHR 1,440 to SH 49,600 
(£2.122. to £3,409) (men):  SHR26,720 by 
SHKI.760 to SHK32,000 so  $HE33280 by 
SHK2,000 to SHK45.280 by SHRI 440 io 
SHK49,600 (£1,836 to £3,408) (woman Assistant 
Lecturer, SHK20,800 by SESK 1,440 to SHRZS,120 
i£1,429 to £1.7260. (men): SHERIS,60 by 
SHK1.520 to $HK20,320 (£L,083 t £1,396) 
(woman). 

Further particulars and epplication forms may 
be obtained from the Secretary-General, Associa- 
tion af Commonwealth Universities (Branch 
Office}, Mariborough House, Pall Mall, London, 


S.W.1, or the Registrar, University of Hong 
Kong. Closing date for amplcations March 15, 


1969. (X84) 


ENZYMOLOCZST, PH.D. 


well versed in purification procedures. Experi- 


ence with phosphorviases helpful, for project 
involving thrombosis and cancer. — Fullaime re- 
search, Salary open. 

Write: Dr. S, Golub. Saint Barnabas Hos- 
pital, 4422 Third Avenuc, New York, M.Y. 
10457, USA (432) 
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UNIVERSITY OF 
NEW SOUTH WALES 
LECTURER /SENIOR LECTURER 


w SCHOOL OF MINING ENGINEERING 
In Applications are invited for appointment to the 
above-mentioned position. Salary: $5,400 range 


$A7,300 per annem (lecture,  $A7,600 range 
$A8.750 per anum (senior lecturer). Commencing 
salary according to qualifications and experience. 
Applicants must hold high academic qualifications 
in mining or an allied field of engineering, and 
have had operational and/or research experience 
in metalliferous or coal mining, or petroleum 


engineering. The possession of a mine manager's 
Q certificate is advantageous. The school has good 
facilities and research interests are: wire ropes 


and mine hoisting: rock properues and 
mechanics ;: mine production and transport pro- 


E] 
gramming; mine ventilation; sampling and 
evaluation ; mineral processing, coal preparation 


and process flow sheer design. 

tails of appointment, including superannua- 
tion, study leave and housing scheme, may be 
obtained from the Association. cf Commonwealth 


wishes to appoint a medical graduate with experience in microbiology 
as 


in a research institute which is currently under construction. 


T ^e : cest : 5 a » Aaro Universities (Branch Office), Matlborough House, 
The successful candidate will have had extensive post graduate experi Pi Mall. London. S W 1- A poner one. close 
ence and will be expected to possess a sound theoretical and practical in Australia and London on February 28, 1969. 
knowledge of biochemistry. Industrial experience would be an asset E EA i 
but is not essential. UNIVERSITY OF MELBOURNE 


. : š i ' SENIOR LECTURESHIP/LECTURESHIP IN 
The laboratories are located in a suburb of Vienna and will be ready THEORETICAL PHYSICS 

for occupation at the end of 1969, in the 

SCHOOL OF PHYSICS 


Applications are invited for the above- 


Applications accompanied by a detailed curriculum vitae should be 
mentioned post. 


sent to QUALIFICATIONS: Ph.D. with post-doctoral 
, S : . experience. 

SANDOZ Forschungsinstitut Gesellschaft m.b.H. Wien 1. DUTIES: Supervision of research students to- 

Kürntnerring 4, Oesterreich. gether with undergraduate lecturing or tabora- 


tory classes. Present fields of theoretical research 
include sold state physics, iow energy nuclear 
physics, high energy physics, atomic physics, 
plasma physics. Experimental groups are also 
operating in the first three fields. Further details 
of research opportunities are available on request. 

SALARY: Senior Lectureship,  $A7,500 te 
$A8,750 per annum; Lectureship, $AS,400 to 
$4A7.300 per annum. Initial salary will be deter- 
mined according to qualifications and experience. 


BIOCHEMIST Further information, including details of super- 
antuation, travel and removal expenses, housing 

assistance and conditions of appointment, is 

CH EMIST available from the Association of Commonwealth 
Universities (Branch Office), Mariborough House, 


Pall Mall, London, S.W.i. Applications close 


for CEREALS RESEARCH on April 14, 1969. (414) 


At the LORD RANK RESEARCH CENTRE are located the main R & D JNIVERSITY OF HONG KONG 











laboratories of the Ranks Hovis McDougall Group, where research into ea SA EL UD UNS. 
many aspects of the development of food products and processes is carried IN PHYSIOLOGY 
Os Applications are invited for the above- 
: S : ; ; p. mentioned posts. Annual salaries (superannuable) 
A Graduate, with an honours degree in biochemistry or chemistry is IA DIC Kit e sterling equivalents at current rates 
required to join a team studying the degradation of wheat starch using aC aire n parents) are: PUE E 
i ck ty 1 - rec a XC H ha ph: x apg T "fe - miS F Mra it TO e «58, ay 
acid or enzymic processes, and evaluating the characteristics of products. SHK2,000 to SHK62,400 (£3,255 to £4,288) (man 
He must have a knowledge of the characteristics and capabilities of starch ui Me AOL AA. 
: : i. Ux . x Wi * * P qr, tat g ENE T man. 
degrading enzymes, and experience of industrial processes used in the $HK26.720 by SHKI1,760 to SHK32.000 to 
degradation of starch would be useful. Preferred age 23-26. SHK33,280 by SHK2,000 to SHK45,280 by 
$HKI,440 to SHK49,600 (£1,836 to  £3.409) 
x y : tec + ity t ‘ark in a relatively ne le (woman): Assistant Lecturer, $HK20,800 by 
This appointment provides an opportunity to work in a relatively new field aure io) ae oa ae an «i26 
with important commercial applications. A competitive salary will be (man) SHK15,760 by SHK1,520 to SHK20.320 
offered, and there will be the opportunity later on to progress to more (£1,083 to £1,396) (woman). 


Further particulars and application forms may 
be obtained from the Secretary-General, Associa- 
ton of Commonweahh Universities (Branch 


senior appointments in either research or in technical management. 


Please write, quoting reference number BJ/N/TR, with details of age, Office), Marlborough House, Pall Mall, London, 
qualifications and experience, to : S.W.1, or the Registrar, University of Hong 
* n P : Kong. Closing date for applications February 28, 


M 1969, 415) 
The General Manager, RNC a Mental ip ete occ dM 


THE LORD R ANK RESE ARCH CENTRE, IR TECH UN OR TECHNICIAN 


required the Plasma Fractionation 

z A , Laboratory of the Oxford Haemophilia Centre for 
Lincoln Road, High Wy combe, Bucks. 3 research and development work in the biochem- 
(397; istry of proteins involved in blood coagulation. 

Techniques inctude electrophoresis and chromato- 
MM coupons Minimum qualifications: UO US Level 
Mathematics. English Language, "7A" Level 

Chemistry and Physics or equivalent, and several 

vears’ laboratory experience in biochemistry and 


GAS CHROMATOGRAPHY TECHNICIAN REQUIRED IN CHEMICAL in the design and construction of apparatus ; 
a * ings Crystallography Department. Duties include electrical and mechanical workshop experience an 
—MASS SPECTROMETRY photography, model building, and maintenance of advantage. Salary according to qualifications and 


The Rheumatism Research Unit, Nether Edge X-ray, diffraction cameras, and associated equip- experience on the grade of Senior Technician I 
Hospital, Sheffield, offer a 12-months appoint- ment. Knowledge of electronics a recommenda- (£1,065 to £1,395 per annum) or Technician (£896 
ment for work on GC-MC in relation to chemi- uon, Day release for additional training in ap to £1,130 per annum). Appointment will be to 
cal pathology. Salary according to qualifications propriate cases. Salary up to £1,182 per annum. the staff of the Lister. institute of Preventive 
and experience, -Application forms from Establishment Officer — Medicine.—Apply in writing to The Secretary, 

Inquiries and applications to Dr. H. F. West. (Chem/2), University College London, Gower Oxford Haemophilia Centre, Churchill Hospital, 

(354) St. Woes (398) Headington, Oxford, OX3 7LJ. (446) 
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NEW ZEALAND 
University of Canterbury 
Christchurch 


SENIOR LECTURER OR 
LECTURER IN THE 
FACULTY OF FORESTRY 
Applications are invited for this appoiniment ; 
applicants should hold ai suliable degree im 
forestry or in science. In particular, specialisa- 

tion in microbiology will be favoured. 

The salary scale for Lecturers is $NZ3,100 by 
$NZ200 to $NZ4.700, SNZA,800 per annum, The 
salary scale for Senior Lecturers is $NZ4,700 by 
$NZ200 to $NZ5,500 (bar) and thereafter a range 
to $SNZ6,500 per annum. In exceptional cases 
appoinunent may be made to a Readership at a 
salary between $NZ5,800 to $NZ7,300 per annum. 
Approved fares to Christchurch will be allowed 
for an appointee and his dependent fanvly, to- 
gether with actual removal expenses within 
specified limits. 

Further particulars and detalis as to the method 
of appication should be obtained from ihe Asso- 
dation of Commonwealth Universities (Branch 
Office), Marlborough House, Pall Mall, London, 
S.W.t. Applications close on March 31, £969. 
(456) 


UNIVERSITY OF LANCASTER 
CHAIR OF COMPUTER STUDIES 


SECOND CHAIR OF 
MATHEMATICS 


Applications are invited for rhese 
wo new Chairs, 

For the Chair of Mathematics the 
University wil particuiarly welcome 
applications from candidats with 
interests in Approximation Theory. 
Computer Studies in this University 
have unill now been organised as 
a section of the Mathematics De- 
parunent, bur will henceforward be 
à separate department. The Pro- 
fessor of Computer Studies will be 
the first head of this new depart- 
ment. 

Further details may be obtained 
iquoting reference L.d02/CS/C fer 
the Chair of Computer Studies or 
L.402/M;C for tbe Second Chair 
of Mathematics) from the Univer- 
sity Secretary, University. House, 
Ballrig, Lancaster, to whom appli- 
cations (eight copies) should be seni 
by February 22. 

(445) 
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AUSTRALIAN ATOMIC 
ENERGY COMMISSION 


RESEARCH ESTABLISHMENT 
LUCAS HEIGHTS NEAR SYDNEY 





MATERIALS DIVISION 


Research Physical 
Metallurgist 


A vacancy exists in the Physical Metallurgy Group, Materials Science Section, for a 
physical metallurgist for research on materials of interest to nuclear power generation. 
The applicants should have a broad background of physical metallurgy and. be interested 
in the study of the relationship between structure and properties of solids. Experience 
with electron microscopy and X-ray diffraction is essential and a sound knowledge of 
dislocation theory would be desirable. 


The current research programme of the Group includes studies of irradiation. damage, 
physical metalluray of zirconium alloys and interstitial atom interactions in zirconium 
The Group is well equipped with three transmission electron microscopes, a scanning 
electron microscope and possesses well equipped X-ray diffraction and optical metalo- 
graphy laboratories. Access is available to neutron diffractometers and to an [BM 
360/50 computer, 


Applicants should have a Ph.D. degree (or postgraduate research experience of equiva- 
lent standard and duration) supported by satisfactory evidence of research ability. 
Depending upon qualifications and experience, the appointment will be made within 
the salary ranges of 

RESEARCH SCIENTIST $Aus.5321- 5Aus.6693 

SENIOR RESEARCH SCIENTIST . $Aus.6963- SAus.B045 

(Female rates are $Aus.428 p.a. less than male rates quoted above} 

Application forms may be obtained by writing to the Atomic Energy Adviser, Office of 
the High Commissioner for Australia, Canberra House, 10-16 Maltravers Street, 
Strand, LONDON-W.C.2. Please quote position R53. (434) 






BARKING REGIONAL COLLEGE 
OF TECHNOLOGY 


LONGBRIDGE ROAD, DAGENHAM, ESSEX 
RME 2AS 
Constituent College of the Proposed North-cast 


UNIVERSITY OF HULL 
DEPARTMENT OF ZOOLOOGY 
Head of Depariment : 


Sunderland Polytechnic 


Applications are invited for ihe follow- 
ing appoln ments: 


SENIOR LECTURER OR LECTURER 
(GRADE I) IN BIOCHEMISTRY 
SENIOR LECTURER OR LECTURER 
(GRADE ID IN MICROBIOLOGY 


LECTURER (GRADE ID IN 
PHARMACOLOGY OR MICROBIOLOGY 


Candidates should preferably have an 
honours degree in the subject or in an 
alied subiect. Teaching wili be at degree 
standard. 


Research and consultancy are encouraged. 

Salaries for these posts will be in ac- 
cordance with the Burnham Technical 
Scale: Senior Lecturer, £2,280 ro £2,595; 
Lecturer Grade II, £1.723 to £2,250. 


The Education Authority is prepared to 
heip the successful candidates with removal 
expenses and temporarv lodging allowances. 


Further. particulars and application. forms 
may be obtained from the Registrar. The 
Polytechnic, Chester Road, Sunderland, 
Co. Durham. Completed forms should bz 
returned to the Rector of the Polytechnic 
not later than February 15, 1966, — (4122) 


London Polvtechnic 

Required as soon as possible: 

fa) SENIOR LECTURERS OR LECTURERS 
GRADE 1l (aecording to qualifications and ex- 
perience), in PHARMACOLOGY AND PHYSIO- 
LOGY (two posts)—to teach degree and M.T. Biol, 
students. Industrial experience is essential and 
research experience desirable. 

(b LECTURER GRADE H in MICROBIAL 
BIOCHEMISTRY to teach Honours CNAA. 
degree and M.LBiol. Part Tl. Knowledge of 
process biochemistry with industrial and/or re- 
search experience is desirable. 

Salary: Senior Lecturer, £2,280 to £2,595: 
Lecturer Grade II, £1,724 to £2,280, plus London 
Allowance £85. 

Further pardculars and application forms ob- 
tainable from the Principal. (411) 


TOBACCO RESEARCH COUNCIL 
LABORATORIES 


Applications are invited for a senior post in 
the Department for Respiratory Research at these 
Laboratories. Applicants should be graduates in 
Medicine, Veterinary science or one of the bio- 
logical Sciences and should have experience in 
experimental and histopathology (in oncology 
would bs an advantage} Duties would include 
assistance in the design. planning and running of 
animal experiments with particular reference to 
the respiratory aspects of smoking and health. 

For further particulars write, giving brief de- 
tails of qualifications and experience to: Per- 
sonnel Oicer, Harlow Hifl, HARROGATE. 

(419) 


Professor 3. G. Philips, DSc. 


Applications are invited from suitably 
qualified candidares for the post of ASSIS- 
TANT LECTURER in the Departmen:i of 
Zoology. B is hoped io appoint a person 


with research interest in cellular biology 


who has also experience in electron piire 
scopy, for which good facilities are avail 
able, bui spplications would also be wel. 
come from persons in other ficide of 
interest. Salary will be at a suitable point 
on the scale £1,108 to £1,340 per anmas 
under revision). 

Applications (six copies), giving details of 
age, qualficatons and experience, together 
with the names of three referees, should be 
sent by February 24 to the Regstrar, from 
whom further particulars may be obtained. 

(3713 





UNIVERSII Y OF BIRMINGHAM 


LECTURESHIP IN MATHEMATICAL 
STATISTICS 


Applications are invited for a new post of 
LECTURER or ASSISTANT LECTURER in the 
Department of Mathematical Statistics, which at 
present consists of seven permanent teaching staff 
and two research fellows. 
£1,105 to £2,630 (under review) plus FUSS. 

Applications 
referees by Apri 22 to 
(S), P.O. Box 363, Birmingham 
further particulars may be obtained. 


Salary whhin scale 
(ihree copies), — naming 
the Assisiant Registrar 
15, from whom 
(4303 
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LILLY RESEARCH CENTRE LIMITED, 


senior, . 
armacologist 


The Laboratories, opened in September, 
1987, are extending their research effort 
and now wish to recruit a Senior Pharma- 
cologist to strengthen the existing group. 





The current fields of activity in pharmaco- 
logy include studies of inflammation and 
immunological mechanisms of tissue damage, 
and C.N.S transmitters. 


The functions of the new position will be 
to undertake and supervise fundamental 
research on the nature of disease in these 
areas, the validity of experimental modeis 
of the diseases and the mode of action of 
drugs. Also to assist in the co-ordination 
of routine testing and the evaluation of new 
drugs in conjunction with programmes of 
chemical syntheses. 


Phe suitable candidate should have had 
several years’ experience in academic or 
industrial research and must be versatile in 
his range of interests. 


The Company is part ef a large internanonal 
group and offers a generous non-contribu- 
tory pension scheme, RUPA. and, where 
applicable, financial assistance im house 
removal cosis. Salary would be based on 
age and experience. 


Applications should be sent to: 


E.A.Fairley 


Personnel Manager, 
Lilly Research Centre Limited, 
Eri Wood Manor, Windlesham, Surrey. 





or, if preferred, telephone Dr. W, E. 
Brocklehurst during normal working hours 
at Bagshot 3631 and reverse the charges, 


(449 
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UNIVERSITY OF 
MANCHESTER 
BACTERIOLOGY AND 
VIROLOGY 
Applications are invited from medically 
or non-medicalle qualified candidates for 
the post of ASSISTANT LECTURER in 
the above Deparunent, The person appoin- 
ted may be required to work part-time at 
Manchester Royal Infirmary. Salary ranges 
per anmam (medicaD £1.450 ro £2,015; 
(non-medical under review) £1,104 co £1,340, 
Datics commence April 1 or as soon as 

possible thereafter, PASU, 

Particulars and appicatioón forms (renge 
abe by February 21) from ihe Registrar, 
The University, Manchester Mia SPL, 
Quote Ref. 12/69/ Na. (364) 





BATH UNIVERSITY OF TECHNOLOGY 
School of Biological Sciences 
Applications are invited for 


AN ASSISTANT 
EXPERIMENTAL OFFICER 


tO assist With a programme involving re 
starch on animal tissue preservatives, par- 
ticularly for gooplanktan, Experience of 
general analvtical procedures and  histo- 
chemistry advantageous but not essential. 


Applicamts should have a degree, H.N.D. 
or H.N.C. qualification. Salary approxi- 
mately £1,000 per annum. according uo age 
and experiente, 


A TECHNICIAN 


preferably with experience in histology is 
also required to work on this project which 
is supported. bv the Natural Tinvironment 


Research Council. for a period of three 
years, 


Technician stale: £692 ro £1,007 per 
annum, 


Application forms from Registrar (5), 
The University, Claverton Down, Bath. 
BA2 TAY, Please state which post you 
are interested in, (396) 


University of Salford 
Department of Biology 


SENIOR TECHNICIAN/ 
TECHNICIAN 


There is a vacancy in the Department of Biology 
for a Senior Technician /Technician. 


Salary scales : 
Senior Technician £1,075 to £1,435 per annum. 
Technician £814 to £1,075 per annum. 


Applications are invited from suitably qualified 
candidates with experience in Microbiology. 


Applications, giving detals of age, qualfications 
and experience, and the names and addresses of 
two referees, should be sent to the Registrar, 
University of Salford, Salford MS 4aWT, by 
February 14, 1969, quoting Reference B/21/N, 
(3895 


TECHNICAL ASSISTANT 


required for work in chief geologists 
laboratory. 


Apply án writing to Personne! Officer, 
Soi Mechanacs Ltd. 65 O8 Church Street, 
London $&.,W.3. (4373 
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UNIVERSITY OF READING 
PROFESSORSHIP OF PHILOSOPHY 


Applications are invited for the Professorship 
of Philosophy, which will become vacant on 
October 1, 1969, by the retirement of Professor 
H. A. Hodges. 

Further particulars may be obtained from the 
Registrar (Room 208, Whiteknights House), The 
University, Whiteknights, Reading, RG6 2AH, 
by whom applications must be received not later 
than March f, 1969; ZOI- 


UNIVERSITY OF ST. ANDREWS 
DEPARTMENT OF BOTANY 


Applications are invited for a N.E.R.C. Re- 
search Assistantship to work with Dr. R. M. M. 
Crawford on the physiology of flooding tolerance 
in trees. The appointment is for three years 
and inchudes the possibility of working for a 
higher degree. Salary: £660 per annum. 

Applications (one copy only), giving the name 
of one referee, should reach the Secretary, Col- 
lege Gate, St. Andrews (from whom further de- 
tails may be obtained) by April I, 1969. (390) © 


^ UNIVERSITY OF TASMANIA 


FACULTY OF MEDICINE 
ANIMAL HOUSE SUPERVISOR 


Applications are invited for the position of 
Animal House Supervisor within the Faculty of 
Medicine. Applicants must have had experience 
in animal breeding and animal house manage- 
ment, Experience in animal research techniques 
is desirable, but not essential. A diploma in 
Animal Tchnology or a Science degree (Zoology) 
would be an added advantage. Salary would 
be in the range $43,061 to $A6,223 according to 
experience and qualifications. 

Applications, together with a recent photo- 
graph, should be forwarded to the Secretary- 
General Association of Commonwealth Universi- 
ties (Branch Office), Marlborough House, Pall 
Mal. London, S.W.1, by February 21, aso) 

G 











NATIONAL INSTITUTE OF 
AGRICULTURAL BOTANY 


FECHNICAL OFFICER required to assist in 
the work of training Inspectors under the scheme 
for the inspection and certification of growing 
crops of potatoes in England and Wales. A 
degree in Agriculture or Botany required and 
previous experience of the potato crop preferred. 
Commencing salary at age 26 or over £1.540 
per annum rising to £2,413 per annum. F.S.S.U. 


TRAINEE OFFICER. Candidates preferably 
between 20 and 25 years of age and should have 
a degree or obtain one in 1969 in either Agricul- 
ture, Agricultural Botany or Botany or possess a 
National Diploma in Azriculture with suitable ex- 
perience. Training will be given in the various 
branches of the Institute after which the Trainee 
wil be considered for appointment to a grade 
with a salary maximum of £2,413 per annum. 
Commencing salary £990 per annum (£1,020 per 
annum for an honours degrec.  F.S.S.U. 


RESEARCH ASSISTANT with degree in 
either Botany or Agricultural Botany required to 
investigate varietal aspects of tleaf-blotch and 
other foliar diseases of barley. The appointment 
will be for a period of one to three years and 
the officer will be able to submit the work for a 
higher degree. Commencing salary between £813 
per anum and £1,447 per annum depending on 
age and experience. F.S.8.U. 


Further particulars and application forms 
from G. D. Ginn, F.C.A., Acting Secretary, 
National Institute of Agricultural Botany, Hunt- 
ingdon Road, Cambridge. (420) 


READING UNIVERSITY 


RESEARCH DEMONSTRATOR required in 
the Department of Horticulture to assist with 
practical classes and carry out research in plant 
physiology. Good degree in horticulture or 
botany essential. Person appointed can apply for 
registration for a higher degree. Salary £700 by 
£25 to £750 per annum. 

Applications to Professor O. V. S. Heath, 
F.R.S., University of Reading, Horticultural Re- 
search Laboratories, Shinfield Orange, Reading, 
Berks. (451) 


TECHNIC IAN. REQUIRED IN DEPART- 
ment of Microbiology. Some experience in 
Microbiology preferred. Opportunity to gain 
wide experience in a well equipped laboratory. 
Qualification O.N.C. or equivalent desirable, 
Salary £722 to £1,007. Prospect of early promo- 
tion to Senior Technician grade (salary £987 to 


£1,225). Day release available.-—Applications to 
Personnel Adviser, University of Birmingham, 


P.O. Box 3163, Birmingham 15, or telephone 
472-1301 extension 434, quoting reference 139/T/ 
172.1. (447) 


COMMONWEALTH 
AGRICULTURAL BUREAUX 


VACANCY FOR ASSISTANT DIRECTOR 
COMMONWEALTH INSTITUTE OF 
ENTOMOLOGY 
56 QUEEN'S GATE. LONDON, S.W.7 


SALARY: In the scale £3.850, £3,900, £3.950 
plus £125 London Weighting at each point. Pro- 
vision for superannuation. 

QUALIFICATIONS: A wide general know- 
ledge of applied entomology. administrative 
ability, an interest in scientific documentation 
and some knowledge of modern languages. 


Further information and application forms ob- 
tainable from the Secretary, Commonwealth 
Agricultural Bureaux, Farnham House, Farnham 
Royal, Near Slough, Buckinghamshire, England, 
to whom completed applications, in duplicate, 
should be submitted not later than March 31, 
1969, (418) 


INSTITUTE OF OPHTHALMOLOGY 
(UNIVERSITY OF LONDON) 
JUDD STREET, LONDON, W.C.1 


TECHNICIAN required in the Pocklington Eye 
Research Unit for work into the viability of 
stored cornea for grafting. Previous experience 
of histological procedures and laboratory duties 
essential. Salary according to age and experience 
within the scale £855 to £1,160 per annum. 


Written applications, stating age and experience, 
to the Secretary, INSTITUTE OF OPHTHAL- 
MOLOGY, Judd Street, London, W.C.1. (458) 


UNIVERSITY OF READING 


The Department of Microbiology requires 
TECHNICIANS to assist in research. A know- 
ledge of techniques used in serology and virology 
would be an advantage. The work will involve 
the handling of laboratory animals. Salary 
according to qualifications and experience in the 
range £722 to £1,007 per annum. 

Apply, quoting T.20, to Assistant Bursar (Per- 
sonnel), University of Reading, Reading. pon 
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UNIVERSITY OF SASKATCHEWAN 
REGINA CAMPUS 


RESEARCH AND TEACHING ASSISTANT- 
SHIPS for M.Sc. or Ph.D. work. Stipends from 
$3,000 per annum. Minimum qualifications : 
British Honours degree in chemistry, GR IC. 
or equivalent. Research topics include: bioc- 
chemistry ; amino acids proteins ; organic redox 
reactions: charge transfer: n.m.r.-aromatic con- 
figurations, long-range coupling ; reaction mechan- 
isms of complexes; surface chemistry, electro- 
chemistry ; co-ordination at high temperatures, 
thermochemistry ; proton transfer kinetics; high 
resolution y-Spectroscopy, isotope ranges. The 
Campus (enrolment 4,000, predicted for 1974— 
9,500) forms part of a new cultural centre in the 
growing city of Regina. 

Apply to: Prof. W. B. MConnell, Division 
of Natural Sciences, University of Saskatchewan, 
Regina Campus, Regina, Saskatchewan, (358) 


"UNIVERSITY OF EDINBURGH - 
DEPARTMENT OF ZOOLOGY 


Applications are invited for the posts of LEC- 
TURER and DEMONSTRATOR in the above 
Department. Preference will be given to apph- 
cams working in the fields of cellular and chemi- 
cal biology, immunology, embryology and animal 
behaviour. Salary Scales (under review), Lec- 
turer: £1,470 to £2,630 per annum: Demon- 
strator. £945 to £1,315 per annum, with place- 
ment according to qualifications and experience. 
and with superannuation benefit. The successful 
candidate will be expected to take up duty on 
October 1. 1969. 

Further particulars may be obtained from the 
Secretary to the University, Old College, South 
Bridge, Edinburgh, with whom applications (two 
copies), giving the names of two referees, should 
be lodged not later than February 21, 1969, 
Piease quote Reference 1006/53. (365) 

Fj UNIOR POSITION IN ENVIRONMENTAL 
toxicology., Academic position open at Univer- 
sity of California, Davis, Duties research and 








teaching in environmental toxicology. Educa- 
tional prerequiste Ph.D. in  chemásuy, bio- 


chemistry, chemical engineering or closely related 


discipline. Experience in field desitabie but not 
essential. Prefer person under 40 years of age.— 


Send curriculum _ vitae to Dr. G. F. Stewart, 

Agricultural Toxicology Laboratory, University 

of California, Davis, California, U.S.A., 95616. 
(11) 
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ROYAL FREE HOSPITAL SCHOOL 
OF MEDICINE 
DEPARTMENT OF MCRBID ANATOMY 


Applications are invited fiom medical and norme 
medical graduates for the ipost of RESEARCH 
ASSISTANT, tenable for uo to three years. The 
research assistant will work on the fine structure 
of human liver in disease. Previous experience 
in electron microscopy is mot essential. Opper- 
tunities for higher degree asd wide experience in 
liver disease. Salary according to qualifications 
and experience. 

Applications, including names of two referees 
and curriculum vitae, shoud be sent not later 
than February 22, 1969, t Dr. P, I, Scheuer, 
Royal Free Hospital, Gray's Inn Road, London, 
WL.C.l, from whom further particulars may be 
obtained. (395) 


UNIVERSITY OF CAMBRIDGE 
DEPARTMENT OF PATHOLOGY 

GRADUATE RESEARCH  ASSISTANTSHIP 
(salary £900 per annum) to work in Immunology 
Division, Department of Pathology, Cambridge. 
Investigation into methods fer standardizing arki- 
globulin sera specific for immunoglobulin classes 
and subclasses. 

Applications in writing to Professor R. R. 
Coombs, Department of Pathology, Tennis C um 
Road, Cambridge. (402) 


UNIVERSITY OF 
WESTERN AUSTRALIA 


CHAIR OF INORGANIC CHEMISTRY 


Applications are invited fos appointment to the 
newly created Chair of Imorganic Chemistry. 
This new Chair is the third .o be established in 
the School of Chemistry, the two existing Chairs 
being in Physical Chemistr?; (Professor N. $. 
Bayliss) and Organic Chemistry (Professor P. R. 
Jefferies). The salary of the Professor will be 
$A12,000 per annum, plus superannuation. 

Intending applicants are requested to obtain 
details of the procedure to be followed in apniv- 
ing for the post and a copy of the conditions of 
appointment before submittine thelr applications. 
This information is available ‘rom the Secretary- 
General, Association of Consmnonweakh Univer- 
sites (Branch Office), Mariberough House, Pall 
Mali, London, S.W.1. Apeidieations chose on 
March 29, 1969, Mi 


AGRICULTURAL 2ESEARCH 


COUNCI. 
INSTITUTE FOR RESEARCH ON ANIMAL 
DISEASES 
COMPTON, BERKS 


Applications are invited for a vacant post in 
the Department of  Microbiedogv. Candidates 
must have had a minimum of two years experi- 
ence of virological techniques and hold the 
A.LM.L.T. or equivalent quagification. Salary: 
£1,100 (at age 25) to £1,38* per annum with 
superannuation. 

Applications, together with ‘he names of two 
referees, should be sent to che Secretary, not 
later than February ži, 1969. (24) 





BRUNEL UNIVERSITY 
DEPARTMENT OF EIOLOOGY 
Applications invited for the oost of remmeorary 
LECTURER in PHYSIOLOG'" or ZOOLOGY, 
for the period September 1, 1959, to Augus 31, 
1970. Candidates should hold a good honours 
degree or its equivalent, anc preferably have 
had teaching and research or industrial experi- 
ence. Salary according to experience within the 

range £1.240 to £2,735 per annum, 

Further particulars from the Academic Regis- 
trar. Brunei University, Uxbridge, Middieses, 
Closing date : February 17, 196, (455) 


UNIVERSITY OF LEICESTER 


M.SC. COURSE IN EXPERIMENTAL 
SPACE PHYSICS 


Graduates, and prospective graduates, in 
Physics or Engineering are invited to apply 
for admission in October. 4969, to this 
one-year course in Experimental Space 
Physics leading to the M.Sc. degree, 


The course of lectures asd taboratory 


work will provide a survey of current re- 
searches in Space Physics anc wl include 
a comprehensive treatment of the teeb- 
niques employed in space research. Some 
industrial studentships will be available and 
the course is also recognized fey the Science 
Research Council as suitable sor the award 
of its advanced course stud 
Fuli particulars and application forms 
may be obtained from the Registrar. 
(4 
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UNIVERSITY OF GLASGOW 
ASSISTANT LECTURESHIPS IN 


MATHEMATICS 
Applications are invited for one or more 
Assistant Lectureship in Mathematics. Salary 


Initial salary 
qualifications. 


scale: £1,240 to £1,470 per annum. 
according to experience and 
F.S.S.U. 

Applications (three copies), should be lodged, 
not later than March 10, 1969, with the under- 
signed, from whom further particulars may be 


obtained. 
ROBT, T. HUTCHESON. 
Secretary of the University Court. 
(373) 


JUNIOR TECHNICIAN | REQUIRED IN 
Endocrine Laboratory specializing in the studv 
of children’s diseases. Whitley Council condi- 
dons. Opportunity for day release. Applications, 
giving full details of age, education, previous 
employment and two referees. lo Chemical 
Pathologist, Hospital for Sick Children, Great 
Ormond Sreet, WoC T. (460) 





FOR SALE AND WANTED 





WM. DAWSON & SONS LTD. 
Back Issues Department, 
16 West Street, Farnham, Surrey, 
England. 

Tel: Farnham 4664. 
Offer top prices for: 
BACK RUNS OF JOURNALS 
IN SCIENCE AND THE HM 


merlin RH Y aC HAR EY dH AAAI REAPER HOPS 


Wanted and for Sale 
Scientific and Technical Reviews 
SANTO VANASIA, 58 Via M. Macchi, 
20124 MILANO (X259) 








FELLOWSHIPS AND 
STUDENTSHIPS 





BEIT MEMORIAL FELLOWSHIPS 
FOR MEDICAL RESEARCH 


Notice is hereby given that an election of 
junior Fellows to begin work on October } next 
will take place in May 1969. Junior Fellowships 
have annual values of £1,300 to £1,600 per 
annum, pius yearly increments of £100 for three 
years, AS a rule, superannuation benefits are 
provided to which the successful candidate will 
be required to contribute 5 per cent of the annual 
stipend and to which the Trust will make a con- 
tribution of 10 per cent. Candidates must have 
taken a degree in a faculty of a university ap- 
proved by the Trustees in Her Majesty's 
Dominions, Protectarates and Mandated Terri- 
tories, India, Pakistan and the Republic of lre- 
land, or a medical diploma registrable in the 
United Kingdom. Elections to Junior Fellowships 
are rarely made above the age of 35 years. Ap- 
plications from candidates must be received not 
later than April i. Candidates must submit evi- 
dence that they can be given accommodation in 
the departments where they propose to work, 
which must be either Great Britain or Ireland. 

Forms of application and aH information may 
be obtained by letter only, addressed to Professor 
wW. G. Specter, Beit Memorial Fellowships for 
Medical Research, Pathology Department, ‘St. 
Bartholomew's Hospital, London, E.C.1. Fort 
overseas candidates forms of application may be 
obtained from: The Secretary, South African 
Medical Council, P.O. Box 204, Pretoria, South 
Africa : The Ministry of Health, The Government 
of India, New Delhi, India ; The Government of 


East Pakistan, Eden Ruiidings, Ramna, Dacca, 
Fast Pakistan: The Director, Commonwealth 


Office of Education, P.O. Box 189, North Sydney, 
N.S.W., Australia ; The Department of Health, 


Wellington, New Zealand; and, The Canadian 
Medical Association, 244 St. George Street, 
Toronto, Canada. (366) 


FELLOWSHIPS AND ASSISTANTSHIPS 
leading to M.S. and Ph.D. degrees are offered at 
€2400 for the academic year with remission of 
tuition and fees. Excellent research facilities.— 
Address to Chairman, Department of Chemistry. 


Drexel Institute of Technology, Philadelphia, 
Pennsylvania 19104, U.S.A. (244) 


UNIVERSITY OF 
NEWCASTLE UPON TYNE 
DEPARTMENT OF GEOLOGY 
. Applications are invited for the position af 
LECTURER IN STRATIGRAPHY ANT 
PALAEONTOLOGY ; it wil be an advantage if 
candidates are mainly concerned with the Palaco- 
zokk and are vigorous flekdworkers. The initial 
salary will be at an appropriate point within the 
range £1,470 to £2,630. Salary scales are under 

review, Membership of F.S.S.U, required. 
Further particulars may be obtained from the 

Registrar, The University, Newcastle upon Fyne, 

NE! FRU, to whom applications (three copies), 


together with names and addresses of three 
referees, should be lodged by March i. 1969, 
Please quote reference N, i403) 








and physical topics. 





apply to: 


Kodak Limited, 





nternational 
Research 
Fellowship 
in chemistry 
or physics 


Kodak Limited invites applications for the 1969 
International Research Fellowship from gradu- 
ates who are concluding their studies for a 
doctorial degree in chemistry or physics, and 
who wish to make a career with the Company. 


The successful applicant, who should bea 
British subject and normally resident in the 
United Kingdom, will join the staff of the Kodak 
Research Laboratory at Harrow and during the 
period of the Fellowship (18 months to 2 years) 
will work in the laboratory of the Eastman 
Kodak Company in the United States. This 
laboratory employs around 1,400 people, and 
carries out research on a wide range of chemical 


The Company will pay a salary plus a 
generous cost of living allowance amounting, 
in total, to approximately £3,500 per annum. 
Travelling expenses will be paid in full. 


For full details and application form 


The Personnel Manager, (DS) 


Wealdstone, Harrow, Middlesex. 


Kodak 
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RRC. RADIO REQUIRES PRODUCER IN 
the SCIENCE UNIT. of Talks and Current 
Affairs Department. Duties will include the pro- 
duction of talks, of discussions, and of magazine 
programmes such as U New Worlós," which ré- 
fect the place of Science and Technology in the 
contemporary scene. — Essential qualifications {rie 
clude a University degree in Science, familiarity 
with current scientific thinking and interest in 
communicating scientific ideas to the general pub- 
lic. Appointment will be for one year in the first 
instance, The salary range for this post will be 
£2,248 to £3,110 per annum, depending on quali 
fications, experience and length of contract.— 
Write for application form (enclosing addressed 
envelope and quoting reference 69.6.20. ND. to 
Appointments Department, B.B.C., London WIA 
LAA within Bve days. (374) 
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UNIVERSITY OF DURHAM 
A. J. WHEELER FELLOWSHIPS 


Applications are invked for Two A. J, 
Wheeler Fellowships tenabie from October 


1, 1969, or earlier by arrangement. These 
Fellowships have been established to 


encourage ` efforts for increased knowledge 
of Man and his physical make-up so as to 
enable him to make better use of his life 
here on earth," and are open to graduates 
of outstanding promise who will normaly 
wish to undertake research jn any of the 
foHowing fields : 


Education 

Life Sciences 

Mathematics 

Meteorology 

Molecular Biology 

Neurobialogy 

Psychology (especially in. the fields of 
Psychophysiology and Educational 
Psychology) 

Social Sciences (including 
and Geography) 


The salary will be on the scale £1,500 
by £100 to £2,500 with FAS U, benefits, 
although no iniia; appointment will be 
made at a level higher than £2,000. Candi- 
dates should be under 28 years of age at 
the time of taking up the Fellowship, 


Applications (3 copies), naming three 
referees, by March 15, 1969, to the Regis- 
trar and Secretary, Old Shire Hall, Durham, 


Economics 


from whom further particulars may be 
obtained. {323} 


UNIVERSITY OF GLASGOW 


RESEARCH FELLOWSHIP IN 
MATHEMATICS 
Applications are invited for a Research Fellow- 
ship in Mathematics.  Salarv scale: £1,240 10 
£1,470 per annum. Initial salary according to 
experience and qualifications, FSS. 
Appiications (3 copies) should be lodged, not 
later than March 10, 1969, with the undersigned, 
from whom further particulars may be obtained, 
ROBT. TY. HUTCHESON, 
Secretary of the University Court, 
(72) 





GRANTS & SCHOLARSHIPS 





UNIVERSITY OF TASMANIA 
B.H.P. POSTGRADUATE SCHOLARSHIP 
IN GEOLOGY 


AppHcations are invited for a Postgraduate 
Scholarship in Geology (including geochemisiry 
amd geophysics), established by the Broken Hil 
Pry. Co. Lad. to encourage postgraduate study 
and research in fields relevant to the Company's 
diverse activities. These include exploration for. 
and study of. metallic mineral deposits and 
perroieum, Neither the Company nor the scholar 
wid be under amy bond to employ or accept 
employment in the Company on termination of 
the scholarship, but the Company will maintain 
a close inrerest in the scholar, and in general 
would hope that permanent association might be 
desired by both. The salary is $42,400 plus fees 
and the scholarship may be extended to a maxi- 
mum of three years. 

Applications, including ihe names of 
referees, should be sent to the Registrar, Uni- 
versity of Tasmania, Box 252C, Hobart, Tas- 
mania 7001, Australia (from whom further infor- 
mation may be obtained if desired), to reach him 
on or before February 22, 1969. (387) 
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|. ANIMAL HEALTH TRUST | 
RESEARCH TRAINING SCHOLARSHIPS 1969 


Offered ta recent graduates in vélerinary or 
alied sciences. One award, the A.D. Allen 


Memorial Scholarship. available for work on any 


aspect of tissue culture. Tenable up to three 
yeats from October 1, 1969. Value : £700 per 


essential fees in relevant 
Closing date Apri 15. 


i4 Ashley 
(405) 


£100 towards 
department. 
1969. 


. Apply The Animal 
Place, London, S.W.I. 


annum. 
university 


Health Trust, 





MISCELLANEOUS 


SCIENTIFIC AND TECHNICAL TYPE- 
writing Service, Confidential —Julla Pratt, B. Sc. 
30 Craven Street, Strand. London, W.C.2. Tele- 
phone 01.839 PRAL. (XD 





MEMORIAL UNIVERSITY OF 
NEWFOUNDLAND 
ST. JOHN'S NEWFOUNDLAND 
MARINE SCIENCES RESEARCH 
LABORATORY 


Applications are invited for research space and 
facilities at the Marine Sciences Research Labora- 
rory during the summer of 1969. The Laboratory 
is situated ai Logv Bay, some five miles from 
the main University campus, and is equipped 
with a continuously running seawater system 
drawing cold unpoluted seawater directly from 
the Marth Atianuic, One of our rescarch 
laboratories, basic supporting facilities and co- 
lecting services (both. scuba and vessel) will be 
made available to visiting scientists over the 
period May IS through September 15. Applica- 
tions should be sent prior to April 1, stating the 


nature of the work for which the space is re- 
quested, the organisms which wil be required. 


and the period of time for which rhe facilities are 
requested. 

AH applications wil be given due considera- 
iion and should be addressed to: Dr. F. A. 
Aldrich, Director, Marine Sciences Rescarch 
Laboratory, Memorial University of Newfound- 
land. Si, John's, Newfound'and, Canada. 

More specific information will be made avail 
able upon request, (382) 





LECTURES AND COURSES 


UNIVERSITY OF BRADFORD 


M.Sc. and Postgraduate Diploma 
Courses in Computer Science 1969-70 


Applications are invited for the M.Sc. 
course from candidates holding or expect- 
ing to obtain a good degree or Dipioma in 
Technology — in mathematics, — statistics, 
physics, chemical engineering, civil engin- 


eering, electrical engineering or mechanical 
engineering. 


For the Postgraduate Diploma course 
qualfications in the above disciplines at 
the devel of an Ordinary Degree will be 
considered, 

Science Research Council 
Course studentships wil be available for 
suitably qualified entrants to the M.Sc. 
course, amd for both courses there are other 
possibie sources of financial support, 

Inquiries should be made to the Regis- 
trar, University. of Bradford, Bradford 7. 

(192) 


Advanced 
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UNIVERSITY OF SURREY 


DEPARTMENT OF QHEMICAT. 
PHYSICS 


M.SC. IN SPECTEOSCOPY 


A one-year FULLTIME course in 
SPECTROSCOPY, leading ur the degree 
af M.Sc. by examination end dissertation. 
is held in this deparument. This coume is 
intended for graduaies in psysics or eben 
istry and those with equivalent qualifica- 








tions. (Grad. BIC... Grad Ix P, 

detailed account of the theery of the main 
branches of spectroscopy is presented. 
Advanced mathematics and Gua arn 
mechanics relevant to speccoscopy ocCUupy 
à Quarter of the lecture course — AppiHca- 


tions of spectroscopy to phesics and chem. 
istry are also included. 

The course hes been amgmproved by the 
Science Research Counce a: suitable for a 
quota of its Advanced Cousee Studerahins 
(for which a first or an pper or iawer 
second class degree is requirred). 

Further details and apeHeation forms 
may be obtained from  Peolessor Vw. 5., 
Griffiths, Department: of Cromical Physica, 
University of Surrey, Stag Git, Goilldford, 
Surrey. (Guildford. 71281, «cxt, 6013. 

(378) 


UNIVERSITY OF LZICESTER 


i i E m i 


M.SC. COURSE IN APPLIED MATHEMATICS 


Graduates, and — prospective gradaties, in 
Mathematics are inviked to amey for admission 


in October 1959, to this one-year course in witch 


three options must be chose: from: Blectrao- 
magnetic Theory: Quantum Mechanics : Statisti- 
cal Mechanics ; Automatic Cormrol Theory: and 
Boundary Value Theory and Singular integra! 
Equations. The course is recognized by the 
Science Research Council as sufable far the 
award of us advanced course -tudenishins, 

Full particulars and applicatBen forms may be 
obtained from the Registrar. PSI 


(i) '""Lvsosomes 7: 
delivered By 
S pam on February 


of two iectures. entitled 
U Peroxisomes © wil. be 
C, de Duve (Louvain) at 


UNIVERSITY OF LONDON: A COURSE 
(21 
Professor 


"n 
LM 


and 13 at University College vsAnatomy. Lecture 
Theatre), Gower Street, WoC li. Admisson Free, 
without ticket M, A. Baan, Academic. Regis- 
trar. (4391 


The University of Manchester 
Institute of 
Science and Technology 








Post Graduate Course in 
Solid-State Electronics 


A twelve-month post graduate course in Solid-State Electronics wol be held 


in the Institute commencing in October each year. 


The aim of the course 


is to give graduates in physics, electrical engineering or related subjects a 
thorough background of general solid-state physics, together with a detailed 
knowledge of those properties of solids which are of importance in electronics, 
and an introduction to the specialised techniques involved in the miunufacture 


of devices. 


Subjects to be covered include: semiconductors. superconductors. dielectrics, 
magnetic materials, preparation and purification of materials, desigm of solid 
state. devices (diodes, transistors, integrated circuits, lasers, ferrite Cres, ete.) 


The course comprises two terms of lectures and laboratory instruction, leading 


to a written examination at the beginning of the Summer Term. 


Candidates 


for the degree of M.Sc. subsequently undertake a research project on which 


a dissertation is normally submitted in October or later. 


Suitable candidates 


may be given the opportunity to proceed to Ph.D. work. 


The course is recognised by the Science Research Council for the award of 
Advanced Course Studentships and has been given priority in the allocation 


of awards. 


Rose-Innes, Department of Electrical 


Further information may be obtained from: Professor A. C. 


je Uni 





Engineering and Electronics, 1 


versity of Manchester Institute of Science and Technology, Manchester. M66 


IQD. 
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What's new in Radioisotopes? 


The Radiochemical Centre announces a new edition of its catalogue for medical, industrial and 


research users of radioisotopes. 
The 1969/70 catalogue is a completely updated reference for all the latest radiochemicals, radia- 
tion sources and standards supplied by The Radiochemical Centre. In all, the catalogue includes 


RC,.178 


——— M 


Amersham England 








information on more than 140 new products and services. 
The new catalogue is presented in a larger page Size with an improved layout for greater ease of 








use. Write for your copy to:- 


The Radiochemical Centre 
ON (JOURNALS) LIMITED, 








by MACMILLA 
1969, 








ind. published 


2..Saturday, February 1, 





NiGHT & Co. LTD., St. Albans, and 








in by FISHER, K 
at 4 Littie Essex Street, London, W.C. 
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The Radiochemical Centre announces a new edition of its catalogue D CD I 


for medical, industrial and research users of radioisotopes. 
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The 1969/70 catalogue is a completely updated reference for ail the j 
latest radiochemicals, radiation sources and standards supplied by 


The Radiochemical Centre. In all, the catalogue includes information 
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amino protecting group 
linked to peptide chain 


N-O-Nitrophenyl Sulfenyl, a 
new acid labile amino protecting 
group, is already making signifi- 
eant contributions to peptide 
chemistry. 

O-Nitrophenyl Sulfeny! 
Chloride reacts with Amino Acids 
to yield N-O-Nitrophenyl (NPS) 
Amino Acids. The NPS group is 
easily removable with acids in 
aqueous solutions or preferably 
with Hydrogen Chloride in non- 
polar solvents. 

NPS Amino Acids have been coupled 
with amino acid esters via mixed carboxylic- 
earbonic anhydride and DCC. No racemiza- 
tion has been observed, and the yields have 
been good. 

The NPS method appears to possess the 
advantages of the Carbobenzoxy method (no 
racemization, easily removable N protecting 
group) and offer definite improvements over 


the classic CBZ group. The im- 
provements are: 

1. NPS groups are more easily 
cleaved than CBZ. The removal 
of NPS from a long peptide chain 
is accomplished rapidly under very 
mild conditions without any dan- 
ger to sensitive parts of the peptide 
chain. On the other hand, the re- 
moval of CBZ from a long peptide 
chain is still a difficult task. 

2. NPS groups are advanta- 
geous for lengthening a peptide 
chain, especially in the case of incorporation 
into a peptide chain of Amino Acids bearing 
functional groups. 

NBCo. offers 21 O-NPS Amino Acids as 
the Dicyclohexylammonium Salts (DCHA) to 
insure greater shelf stability. Please write us for 
a list complete with specifications and prices. 

Write for our free catalog containing over 
3500 items. 


CAUTION: Those of our products which are or may be drugs or 
food additives, as defined in the Federal Food, Drugs, and Cos- 
metic Act, will be shipped, and may be used or sold, for investiga- 
tional use only in laboratory research animals, or for tests in 
vitro, and are not for use in or for humans. Investigational animals 
and their edible products may not be used for food. 


Nutritional 
Biochemicals 
Corporation 


26201 Miles Road * Cleveland, Ohio 44128 
Phone 216 662-0212 
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CHEMTRIX 
polarographic Systems 


featuring image 
storage, for the 
added dimension 
in organic and 
inorganic chemical 
analysis 


Precise chemical analysis to 
parts-per-billion made in less 
than a minute, with storage 
display for detailed waveform 


studies, Several models are 
available, with such features 
as digital readout of peak cur- 
rent (là) and three-electrode 
operation for dynamically con- 
trolled IR compensation. 


Polarographic Systems 


Model SSP-2 
Three-Electrode 
Polarographic System 


Model SSP-3 
Digital-Readout 


..$2790 


Other Chemtrix Instruments 


Type 800 

Waveform Source for 
Electrochemistry 

(Triangle and rectangular 
waveforms, variable slope with 
wide-range control} 


No. A-111 


Glassy Carbon 
Electrode 


(For voltammetry in anodic re- 
gion where DME operation is 


‘ALG. RADIO 





FEATURING 
WINDOWLESS GASFLOW HIGH RESOLUTION 
DETECTOR 4 c.p.m. BACKGROUND. 


EXACT SYNCHRONISM OF 20 x20 cm. PLATE 
AND CHART TRACE. 


AUTOMATIC MULTIPLE LANE SCANNING. 
TWO DIMENSIONAL SCANNING FACILITIES. 


POTENTIOMETRIC RECORDER FOR FAST 
RESPONSE AND ACCURACY IN LOW ACTIVITY 
REGIONS. 


INTEGRATOR WITH PRINT-OUT CPTIONAL. 


Polarographic System ..$3190 prohibited) 


For information on these and other polarographic instruments and e . 
systems, contact your local representative, or write directly to: I a s le" 
Prices F.O.B. Factory je "d 


CHEMTRIX, INC. 


Grshriumentation fer Sotence 
P.O. Box 725 Beaverton, Oregon 97005 u.s.^. (503) 648-1434 
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properties suitable for particular manufacturing and/or 
testing processes you are invited to contact 


EDWARD GURR LIMITED 


for supplies. 
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JEN VINOS, 










We hold stocks of an enormous variety of dyes, ready for immediate 
despatch, including: 

Cyanine, Dicyanine, Fast Bordeaux O, Aurantia, Crystal violet, BPC- 
Scarlet R, BPC, Diazonium salts, Neutral violet, Lacmoid, Nile blue, 
Janus green, Brilliant green BPC, Rosolic acid, Methyl green, p- Ethoxy- 
chrysoidin, Methyl red, Nitrazine yellow, Pinacryptol green, etc, 






The scanner accommodates a single 20x 20 cm, 
| radiochromatogram plate or several plates up 
to the same area, and uses a standard recorder 
providing perfect synchronism of the radioactive 
spot and chart trace. The very low gas consump- 
tion detector can be programmed to completely 
scan in sequence as many different sections of 
the plate as required. At the erd of each scan 
the detector automatically moves to the next 
pre-determined position on the T... C. plate. 








Industrial Research Establishments 


aro invited to make use of our professional services as 
consultants on the selection and use of dyes as research 
and production tools. 


BIOLOGISTS are invited to send for our catalogue of: 


*MIIKCIHIR © MIE’ 


STAINS & REAGENTS FOR BIOLOGY 


Acridine orange, Aquamount, Fluormount, Lipid crimson, Matamount, 
May-Grünwaid, Leishman, Giemsa, Toluidine blue, Creasy! fast violet, 
Papanicelaou stains, Thioflavine S, Brilliant cresyl blue, Nile blue, 
Pyronin Y, Trifalgic acid, Rhodanile blue, Hapio, etc. 


EDWARD GURR LTD 


42 Upper Richmend Road West, London, 5.W.14 
Cables: Micremlabs Londen SW14, Teiephone: 01-876 82289 
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| APPLICATIONS FOR OVERSEAS 
| AGENCIES INVITED 






FURTHER DETAILS: 


Í PANAX EQUIPMENT 







Holmethorpe Industrial Estate, Redhill, Surrey. 
Tel? Redhill 63511 


| JACW 1 Y [5A 
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AN INTERNATIONAL 
th 29th 


ARCH) EXHIBITION 


1969 OF LABORATORY 
B | [INSTRUMENTS 
e aeram aomas APPARATUS 


— QUIPMENT 
@ A full programme of LABEX iec- | | 
tures inwhicheminentscientists | AN D S U P P | | ES 








review current trends in their 
special fields. 





Q A series of discussion meetings 
on topical scientific subjects. 


Full details and admission tickets from 
the Grganisers: =- 


U.T.P. EXHIBITIONS LTD., 


Racquet...Caurt, Fleet Street, 
Landon £C 4. Tel: 01 353-6444 


Sponsored jointly by Scientific Instrument 
Manufacturers! Association of Great Britain, 
and the. Publishers of LABORATORY 
PRACTICE. 





SUPPLEMENT TO NATURE 


An exciting March of Progress! 


Letters Numerols, lomb Seol A S'encil "c "c 


If you're interested in turning to quality . . . please turn the page 
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An exciting March of 
Progress! 





These eight Viral Reagents represent only a small part 
of our continuing march of progress. 


During the past 15 years, Microbiological Associates has produced 
over 100 product groups of different Viral Diagnostic Reagents which 
have been used successfully in laboratories all over the world. 


In the past year, for instance, we have added 26 new Viral Reagent 
product groups produced under the most precise system of quality 
controls. 


Every production lot of Viral Diagnostic Reagents is thoroughly tested 
to ensure that the titers meet or exceed the minimum standards shown 
on the labels. Each lot is also tested against control antigen prepara- 
tions to ensure lack of non-specific activity. Complement-fixation 
antigens are tested either by the microtiter procedure or in a standard 
test with appropriate hyper-immune animal sera or convalescent 
human sera. 


We will furnish prompt quotations on custom production of Viral 
Reagents. In addition, we are prepared to conduct antiviral screen- 
ings, serological surveys, and other viral testing services. 


We'll be happy to send you our new catalog which offers a complete 
listing of our products and services. Let us hear from you . . . write 
or phone soon. 


MICROBIOLOGICAL ASSOCIATES 


MAIN OFFICE « 4733 BETHESDA AVENUE, BETHESDA, MD. 20014 « (301). 654-3400 
WEST COAST OFFICE + 503 SAN PABLO AVENUE, ALBANY, CALIF. 94706 e (415) 526-6228 


THE OLDEST AND LARGEST COMPANY OF ITS KIND IN THE WORLD 4 





















Lab-8 
Computer Pack 
for Signal 
Averaging 


Plug in Lab-8 and it begins conversing 
English. 


ning the run parameters of the 


with the researcher in 
Determin 
particular experiment. Automatically 
recording these parameters on paper 


tape for current and future use. 


You get signal averaging from a Lab-8. 
And a lot more besides. It will tell you 
if the average is changing from one 
sweep to the next; visually display the 
point by point standard deviation about 
the average waveform; provide a 
second, or high resolution sweep for 
studying a region of interest in more 
And enable automatic 


detail. it will 


interaction with the experiment. 


Lab-8 will 


a desk calculator, a 


also serve as 
small laboratory 
computer centre, 


an on-line, real- 


Nature, Pebruary B, 1909, p. 


time computer for cata collection 


and analysis. 


Lab-8 can do all this because it is 
built around a general purpose Digital 
PDP-8 | computer. 


It comes with all the scftware it takes 
to fully use the PDP.-8 I capability; no 
programming needed. 


Yet it costs roughly the same as a 
special purpose, wired program signal 
averager. 


p 
Please send more in ormation 


ice coe ee et ees eed 


| i 
Í i 
| | 
| | 
| i 
E s c "— "MUN ae | 
| 
| Company | 
| Address .. 

| 


Pee ota eating NAM Mea rata tese mrs Ho SENS nrtóne diego ef an a t arant Niere SAM Pi d 


DIGITAL EQUIPMENT CC. LIMITED, 

INNAM Road, Reading, Bes. 

Tel: (ORE 4) 85131, and 13 Upper Precinct, 
Wal kden, Manchester. Tel; (061) 790 4591 
Offices also in Paris, France. Munich and 
Cologne, Germany; Stockholm, Sweden; The 
Hague, Netherlands; Oslo, Nerway; Sydney 
and West Perth, Australis; Carleton Place, 
Toronto and Edmonton, Alberta, Canada; 
and in principal cities of the 
U.S.A. 
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Were planning a population explosion. 


When you build a better rat, the world beats a path to your door. 


To our door in Elbeuf, France. To our door at Wilmington, Massachusetts, 
U.S.A. So we're expanding production facilities for our COBS® rats. 


In Elbeuf, our rat production will double in early 1969. In Wilmington, we're 
just completing an expansion that will increase production substantially. 
But the important things won't change. Every animal will remain specifically 
bred for uniform response. And raised under the strictest controls. With 
pasteurized food. Sterilized bedding. Continual virus monitoring. And a 
nucleus stock maintained in germfree isolations. 

Which are the reasons you ordered Charles River rats in the first place. 
Drop us a line for our new price list and further information. Then just tell 
us how many animals you need. We can get them to you within a day. 
Charles River France S.A., B.P. 29, 76-Saint-Aubin-Les-Elbeuf, France or 
Wilmington, Massachusetts, U.S.A. 





Here we grow again. j 


Charles River//':: 
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The big advantage of a 
MANN MICRODENSITOMETER ... 
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Only the Mann 1140 analog micro- the flexibility of continuous scan- For hsgh-volume data 
densitometer combines the precise ning of films up to 942” wide with reductior, only the Mann 
measurement of density with posi- measurement of optical density in digital mic-odensitometers 
tion measurement to a guaranteed the range of O to 5 using a 100 deliver the same micron accuracy 
accuracy of one micron. square micron scanning aperture . . . the Mann 10324, or the Mann 
The precision and engineering that A resolution of 250 line pairs per 1032T if trichromatic density mea- 
gives the 1140 its micron accuracy millimeter with a modulation of 50% surements are required. 

involves the complete system from is achieved. For complete information write: 





photometer to X and Y table move- DIVISION OF 


ment. And the Mann 1140 also offers DAVID W MANN COMPANY 9 A 
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A LITHIUM DRIFTED GERMANIUM NON-DISPERSIVE 
X-RAY SPECTROMETER 


. SEMICONDUCTOR RESEARCH GROUP* 
NUCLEAR ENTERPRISES LTD., SIGHTHILL, EDINBURGH 11, SCOTLAND 


December 12, 1968 


Recent advances in the development of germanium X-ray spectrometers are summarised and 
technical data listed. The use of these devices in the field of research, medicine, industry and non- 
destructive analysis is discussed, and the higher efficiency relative to silicon is emphasised. 


The applications of semiconductor detectors in the 
energy spectrum above 100keV have been known for 
several years. Because of their low tonisation energy 
they now dominate experimental and analytical work 
in those fields of nuclear spectrometry where energy 
resolution is of prime importance. However their use 
has not been so general in the X-ray and gamma-ray 
region below 100keV. In order to supersede scintillation 
and proportional counters at these energies a semi- 
conductor detector system must have the following 
properties. It must be linear, exhibit very good energy 
resolution (certainly less than 1keV) efficient and also 
have a very thin window. 

At its Edinburgh laboratories Nuclear Enterprises 
has been developing germanium detectors for the 
energy identification of X-rays and gamma-rays 
between 2keV and 100keV. This work has involved 
stringent. control of detector production, cryostat 
fabrication and the complete redesign of the coupling 
between the detector and preamplifier first. stage. 
Although this development work is continuing, the 
results achieved so far have been so good as to justify 
the marketing of the first range of germanium X-ray 


GD 25-3 1 AREN 
BIAS 500 V . 
CURRENT 10pA 

SOURCE Co57 


Date 1/10/68 


COUNTS/CHANNEL 


CHANNEL No. 
spectrometer systems capable of an energy resolution 
of less than 325eV. Such a system comprises a german- 
ium detector mounted in a cryostat and dc coupled to a 
low noise sensitive preamplifier with a cooled first stage. 





Four basic cryostat designs are available in drip feec 
and dipstick configurations, with either a horizontai 
or vertical housing. Full technical specifications oi 
these systems are given below. 
There are many interesting applications for these new 
systems, in basic research, medical work, fluorescence 
analysis and many other fields. The person doing 
Mossbauer experiments will be particularly interested 
to learn of the availability of a detector system which 
combines the high resolution, only previously obtained 
from silicon. detectors, with the high efficiency of 
germanium (9777 at 60keV for a 5mm detector). One 
interesting application in the medical field is the in vivo 
imaging of the thyroid gland through use of the Iodine 
K shell fluorescence X-ray at 28.5keV. A dvsprosium 
source is used to excite Ka X-rays and the detector is 
scanned across the thyroid to map out iodine 
distribution. Industrial samples of powders, slurries or 
liquids may be analysed non-destructively by using the 
X-ray spectrometer to identify elements from their 
characteristic X-ray emissions. The source used to 
excite the X-rays can be an X-ray generator or a radio- 
isotope source mounted on the cryostat to give 
optimum  detector-source-sample presentation. 
Minimum detectable concentrations can be as low as 
a few p.p.m. 

Technical Specifications 


I. DETECTORS 
Resolution at 


Tvpe Area Thickness Window 14.4keV (Co57) 
No. mm? mm Micron of Ge eV FWHM 
GDX25-3A . 25 3 « 1.0 « 325 
GDX25-3 25 3 <1.0 < 400 
GDX50-3 50 3 <10 <450 
GDX100-3 — 100 3 « L0 « 600 
GDX200-5 — 200 5 « 1.0 « 730 
GDX300-5 | 300 5 « L0 « 900 
2. CRYOSTATS 

Type No. Configuration Reservoir Capacity 

NE 5602 Drip Feed Horizontal 10 or 25 

NE 5603 Drip Feed Vertical 10 or 25 

NE. 5604 Dipstick Horizontal 25 or 31 

NE 5605 Dipstick Vertical 23 or 31 


All systems are shipped as an integral detector, cryostats with 
ion pump and power supply, and preamplifier assembly. 


*Full details of systems are available from Nuclear Enterprises 
Ltd., at Sighthill, Edinburgh 11. Tel: 031-443 4060. Telex: 72333 
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L/I automatic REPIPETS® and Dilutors eliminate the 
many sources of error inherent in manual techniques. 
These unique instruments. pipet, dilute and dispense 
with a guaranteed accuracy of 1% 
and a reproducibility of 0.1%. With 
the LAMBDA-DIAL® accessory for any 
1 mi Repipet or Dilutor, accuracy 
soars to a phenomenal 1% at 10 

lambdas! , 
As shown, L/I instruments fit directly 
on your reagent bottles, %-ounce 
and larger. (L/1 will supply bottle if 
desired.) To operate, simply set vol- 
ume with knife-edge pointer, lift 
plunger to aspirate, and depress 
plunger to deliver. In effect, you've 
automated your reagent bottle! You 
ES not only save valuable analysis time, 
Min LANE DAE you get more results and more de- 
=a pendable results. 
PYREX L/1 instruments handle any reagent, including 
concentrated acids, concentrated alkalies, chlorinated 
hydrocarbons, etc. Integral air filters keep reagents pure. 
All-amber instruments are supplied for labile reagents. 
L/l stocks REPIPETS and Dilutors in %, 1, 5, 10, 20 
and 50 mi sizes. Each instrument is adjustable and 
accurate over its entire scale. Micro and macro Teflon 
tips included. Prices: REPIPETS $52.50; Dilutors 
$99.50; LAMBDA-DIALS $49.50. Write to L/l at 
1804E Second Street, Berkeley, California 94710, or 
contact your distributor. L/1 Phone: (415) 843-0220. 

Cable: GATE-MERC, Los Angeles. _ 


The Error Eliminators 
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The Philosophy of Science 
Edited by P. H. NIDDITCH 


How to be a Good Empiricist-—A Plea for Tolerance in Matters 
Epistemological by P. K. Feyerabend ; The Terms and Sentences 
of Empirical Science by G. Schlesinger ; Explanation in Science 
and in History by Carl G. Hempel; The Structure of 
Teleological Explanations by Ernest Nagel; Meaning and Action 
by May Brodbeck ; Safety, Strength, Simplicity by Nelson 
Goodman: Inductive Simplicity by Robert Ackermann; 
Self-Supporting Inductive Arguments by Max Black ; The 
Circularity of a Self-Supporting Inductive Argument by Peter 
Achinstein ; On the New Riddle of Induction by S. F. Barker and 
Peter Achinstein ; Positionality and Pictures by Nelson 
Goodman: The Paradox of Confirmation by J. L. Mackie. 

184pp paper covers 10/— net 

Oxford Readings in Philosophy 


Differential Calculus Ww. L. FERRAR 


Written specifically for students, this book is divided into 
three sections: (1) the foundations of the differential calculus, 
(ii) functions of one variable, (iii) functions of two or more 
variables, together with a concluding note on singular points 
and envelopes. The reading lists drawn up by the author 
indicate what parts of the book are suitable to a course for 
honours in science, what parts are suitable to a first year 
course in mathematics, and what parts are best deferred to a 
second year. 296pp 21 text-figures paper covers 20/— net 


Integral Calculus W. L. FERRAR 


This book is a companion volume to the author’s Differential 
Calculus and aims at providing a course suitable for mathe- 
maticians and scientists during their first year or so at a 
university, Part I is concerned with the indefinite integral; 
Part IL is concerned with the definite integral and includes a 
concise chapter on the Riemann-Stieljes integral; Part IH 
covers double and triple integrals, line and surface integrals. 
Ín both the latter parts each new topic is presented in a form 
that meets the needs of the applied mathematician and is then 
developed in the analytical form needed by the pure 
mathematician. Separate reading lists are given for scientists 
and for mathematicians. 276pp  40rext-figures 

paper covers 20/~ net 


OXFORD UNIVERSITY PRESS 


The Theory of Groups IAN D. MACDONALD 


This book provides a substantial first course in the theory of 
groups that is suitable for undergraduate courses in 
universities and will be of interest to those teaching modern 
mathematics in schools. It is self-contained and can be used 
as an introduction to modern algebra, since no knowledge of 
other branches of modern algebra is assumed. Finite and 
infinite groups are given equal emphasis, and the topics 
covered extend as far as nilpotent and soluble groups. The 
book thus provides the groundwork for the study of the more 
specialized topics that are treated in monographs. Numerous 
specially written exercises are an important feature. 

Ian D. Macdonald is Reader in Mathematics in the University 
of Queensland, Australia. 256pp 2text-figures 45/~ net 
paper covers 22/6 net 


Computing Methods for Scientists and Engineers 
L. FOX and D. F. MAYERS 


The primary purpose of this book is to enable the user to 
improve his use of the computing machine and to obtain 
more accurate and more meaningful solutions to problems in 
scientific computation. A knowledge of the ‘inherent 
instability’ of some problems and the ‘induced instabilities’ of 
some methods is important for proper computational 
formulation and proper choice of technique. Both are here 
discussed for most basic problems and are illustrated by 
copious examples. L. Fox is Professor of Numerical Analysis, 
University of Oxford, and D. Mayers is Senior Research 
Officer, Oxford University Computing Laboratory. 

272pp 2text-figures 43/~ net 


Dictionary of Genetics ROBERT C. KING 


Genetics, one of the most basic and rapidly expanding sciences, 
has attracted contributions from scientists in other fields, 
including mathematics, physics, chemistry, medicine, and 
anthropology. This book is designed to provide students and 
researchers in biology, genetics, and related sciences with a 
concise yet thorough dictionary defining some 4,300 terms. 

The author and compiler is Professor of Biology, Northwestern 
University. 224pp illustrated, paper covers 34!- 
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The new Unicam SP45 Concentration Readout Unit is correction is carried out automatically where necessary. 
designed primarily to convert the output of the well-proven The SP45 Unit will prove indispensable to busy routine and 
SP90 Atomic Absorption Spectrophotometer directly into research laboratories where quantitative studies involvethe 
concentration units. The Unit gives a highly-accurate reading laborious plotting and calculation of calibration curves. 

which can be displayed on the large built-in meter or fed to Write or telephone Pye Unicam today for full technical details 
an external recorder or digital printer. Four linear scales are of the Unicam SP90 Atomic Absorption Spectrophotometer 
provided for both concentration and absorbance. Curvature with this important new accessory. 
eel 
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Pye Unicam Ltd 
"m York Street Cambridge, CB1 2PX, England 
Precision Instruments Telephone (0223) 58866 Telex 81215 
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Based on the well-known Histokinette Automatic Tissue 
Processing Machine, the new "Hendrey "Automatic Slide 
Staining Machine offers the same degree of simplicity 
and efficiency, ccmbined with ease of operation and 
considerable savings of time and labour. 


The new machine dramatically eases the burden of 
manual staining for the Laboratory Technician involved in 
an increasing work load in exfoliative cytology, and allows 
staining to proceed automatically and with very little 
supervision. 


''Hendrey" 
Automatic 
Slide 
Staining 
Machine 


The most important feature of the machine is the great 
accuracy of staining and consistency of results obtained 
with it, The provision of 23 covered beakers on the 
machine means that it is eminently suitable for the 
Papanicolaou staining process, but the machine can be 
used to stain any specimen which can be mounted on à 
microscope slide, and it can operate other staining pro- 
cesses provided that not more than 23 stations are 
required in the compiete cycie. 








The slide carrier accommodates 36 standard microscope 
slides in one load and uniform staining is ensured by the 
combined perpendicular and rotary movement which is 
employed during the time that the siídes are immersed ir 
tha various staining liquids. 


Full details available on request. 


HENDREY RELAYS & ELECTRICAL EQUIPMENT LTD., BATH ROAD, SLOUGH, BUCKS. Telephone: BURNHAM 4611 (5lines) Telegrams: HENDRELAY 
SLOUGH, Telex No.: 84314 Chamcom Slough, Hendrelay. On Admiralty, Principal Ministries and Post Office Lists. A.R.B. & Min. of Tech. Approved Design 
and inspection. So/e Export Distributors: Measuring & Scientific Equipment Ltd., 25-28 Buckingham Gate, London, S.W.7 


Polarimeter Model A 


This instrument gives the highest 
degree of accuracy with divided 
circle on glass reading to 0.01 degree. 


Circle centre on ball bearings - Easily 
removable trough ^: Divided drum 
replacing verniers - Stationary observa- 
tion telescope - Circle reader enlarging 
image of scale - Slow motion adjustment 
always in action - Suitable, with additions, 
for measurement of rotatory dispersion. 


This polarimeter has been supplied in 
large numbers both in this country and 
abroad, and has always been acclaimed 
as being of advanced design and workman- 
ship. Please ask for particulars “N”. 


We now have capacity for aluminising certain 
types of mirrors, at short notice. 


SOLE DISTRIBUTORS IN U.K. OF SCHOTT INTERFERENCE FILTERS 
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Shotgun Conference 


COMMUNICATION by satellite has passed its infancy. 
The time has come to put aside the temporary arrange- 
ments under which international telephone and tele. 
vision have been trafficking since Early Bird began to 
work in 1965. A definitive arrangement for Intelsat, 
the international satellite eonsortium, must be drawn 
up this year. That was agreed in 1964 when fourteen 
countries, led by the United States and encouraged by 
Britain, signed the interim Intelsat pact. Intelsat 
has now grown to include sixty-three members. It 
has five satellites in geostationary orbit, the latest 
with 1,200 telephone circuits. 
ereaks and strains in its structure which will come into 


the open within the next month or so as the members of 


Intelsat, plus à number of observers, including the 
Soviet Union, go to Washington to negotiate the 
definitive arrangements for the network of the future. 

One stark fact hangs over the conference. The 
United States is the only country which has launched 
satellites into geostationary orbits. (The Russians, 
who want to start their own Intersputnik system, 
all-comers welcome, have yet to place a satellite into 
this kind of synchronous orbit; the path followed by 
their Molynia satellites is highly elliptical.) As far as 
the western world is concerned, cooperation with the 
United States is, until the Europa rocket works, the 
only way to have international television. There are a 
great many grievances about the way in which America 
and Comsat, the commercial corporation which is its 
chosen representative to Intelsat, have run the satellite 
business for the past five years. But how to object ? 
Can the conference in Washington be anything but a 
shotgun wedding ? 

There are roughly three major complaints against 
Comsat. The chief is its domination of the ICSC, 
the Interim Committee for Satellite Communications 
and governing body of Intelsat. Under the 1964 agree- 
ments, Comsat may never own less than 50-6 per cent 
of the vote on the committee. And many small and 
new countries who chose to pay the price for joining 
Intelsat (the minimum investment is about $60,000) 
have no vote at all. A country has to have 1-5 per cent 
share of the total investment to have a seat on the 
committee. Some countries share seats, but that is 
uncomfortable. Under the present formula, the com- 
mittee has eighteen members representing forty-eight 
of the sixty- three participants in Intelsat. Nothing 
can be done without Comsat's assent (as one man from 
Comsat indiscreetly reminded the committee a few 
years ago---he was promptly replaced). And the invest- 
ment formula is a deterrent to countries such as the 
Soviet. Union, who would be useful members of Intelsat 
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And it has à number of 


but cannot afford the loss of face taat a tiny share of 
& vote would involve. 

So there will be a fight about the vote. But what 
angers Europeans more is the derisory share they have 
had of the contracts to build the satellites. Almost all 
of the contracts have been carried out by American 
firms—the Hughes Aircraft Compaay and TRM Ine 
especially. In the beginning, this was tolerable. It is 
no longer, and the European conference on satellite 
technology (CETS) hopes to present a united front on 
this procurement issue in Washington. But so far the 
CETS members have not been able to agree on what 
they should fight for. 

There are other sticking points. Some feel that the 
rates (set, for all intents and purpo-es, by the State 
Department) are too high. At $20,300 a vear for a 
single voice circuit connexion between a ground station 
and the satellite, the price is a deterrent to the use of 
the satellite for television—for a television programme 
requires 1,000 voice circuits. Comsat has, however, 
just proposed lowering the television charges by 40 
per cent. And then there is the menagership. The 
ICSC, to nobody’s surprise, appoirted Comsat as 
manager of the temporary system. The manager hands 
out the contracts and in general runs the satellite 
system, aequiring, along the way, the managerial 
expertise which, Europeans are sick ef hearing, they 
badly need. Comsat has put a token number of 
foreigners on its staff, but has hardly stifled criticism 
by doing so. 

Then there is the problem of regional satellite 
systems. Intelsat has not allowed ans mini-networke 
within its structure until now, but tae pressure for 
them is mounting. The CETS members want a regional 
satellite, the Canadians want a national one, and the 
Americans, according to the recent presidential task 
force’s report on communications policy, badly need 
a domestic satellite connexion, 

so what, therefore, should the European members of 
Intelsat, Britain included, fight for when they get to 
Washington ? A truly international monagership, for 
a start. The interim committee shoulc be abolished. 
There should be a kind of General Assembly, in which 
countries with small investment could have a minimum 
voice in policy. Then there could be a kind of $ 








Then there could be a kind of Security 
Council to look after the interests of the members with 
heaviest communications traffic and greatest invest. 
ment in the system. Comsat should not be allowed to 
retain more than one-third of the maragership, and 
the new governing body, council or what ever name a 
chooses, should move straight out of € 
new building at L'Enfant Plaza in Washington. 
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There should also be a permissive line on regional 
satellite systems. Why court rebellion? The advan- 
tages of satellites, offering interconnexions between 
widely scattered points, are irresistible. (The French 
have already announced their intention to have a 
telecommunications link by satellite with Quebec.) Yet 
international supervision is necessary, and Intelsat 
could have the job and the resulting revenue if it did 
not also insist that it is the only one to have the right 
to launch and own satellites. The number of so-called 
parking spaces in the desirable equatorial orbit 1s 
limited, The standards for ground stations must be 
regulated. There is plenty of scope for Intelsat's 
authority and conceivably it could even woo the 
Russians into some form of collaboration. 

As for procurement, once the next generation of 
satellites (Intelsat 4), with 5,000 eireuits, is in orbit, 
surely Intelsat will be able to relax to the extent of 
allowing non-Americans to try their hand at the whole 
job of designing an advanced satellite, not just a few 
components. And even if Hughes and TRW remain 
dominant, why should they not turn the job over to 
an international team—something like the Dragon 
advanced gas cooled reactor project ? There comes a 





Ir is something of an achievement that the House of 
Commons was able to stage an entirely sane debate on 
the universities on January 29, when the battle between 
the students and the administration at the London 
School of Economies was at its height. This should at 
least help to persuade the universities that the current 
interest of the House of Commons in university affairs 
is not entirely malevolent. To be sure, Mr Edward 
Short, the Secretary of State at the Department of 
Education and Science, caught the interest of the 
newspapers by calling the rebellious students “academic 
thugs”, but this epithet, deserved though it may have 
been, was out of character with the rest of what he had 
to say. Academics who have been up in arms about 
the report of the Prices and Incomes Board on univer- 
sity salaries (Nature, 291, 119; 1969) should be com- 
forted by Mr Short’s insistence that research and 
teaching are inseparable, although some educationists 
may also be cast down by the way in which Mr Short 
counted the provision of examinations among the 
three chief functions of a university. And in any case, 
it is clear from the debate that the House of Commons 
is as perplexed as everybody else about the machinery 
that will have to be developed for managing British 
universities in the years ahead. 

The trouble at the London School of Economics 
(Nature, 221, 400; 1969) is one of the most obvious 
signs of discontent, but the depressing familiarity of 
these confrontations between students and staff is no 
excuse for pretending that they will disappear if only 
they are ignored for long enough. Mr Short’s strong 
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point when the advantages of sharing the technology 
outweigh rapid advance of the network. 

What is more, the new arrangements should provide 
for something totally neglected in the past five years— 
ways of making money available to developing countries 
to build aerial receiving stations. The cost of these 
(now about $2 million each, but falling rapidly as the 
size of satellites increases) is more of a deterrent to 
joining Intelsat than is the minimum investment. It 
is not as easy as Comsat people insist for poor countrics 
to get loans for this equipment from the World Bank- 
not when they have more conspicuous needs for roads 
and dams. 

The conference is tentatively scheduled to end on 
March 21, but nobody thinks that it will. The subject 
is too complex and the national interests too varied 
for a quick rubber-stamping of the suggested arrange- 
ments hammered out by the ICSC (and guarded from 
the publie like military secrets). The 1964 agreements 
were excellent, as far as they went; the satellite net- 
work is up and working. Now is the time, and there 
may not be another—if the French and the Russians 
go their separate paths—to ensure that the network 
is truly international as well. 


Where Now at the Universities ? 


words about the students are entirely deserved, for 
the students forfeited all claims to public sympathy 
when they took pickaxes to the steel gates which the 
school’s administration had erected within the building. 
Indeed, it is entirely welcome that some of the students 
concerned are now being prosecuted in the British 
courts for conspiracy, and those who may be uneasy 
that very similar actions were taken against the early 
trade unionists in the late nineteenth century should 
remember that the circumstances are not in any 
sense analogous. What students (and some academics) 
have so far failed to recognize is that there is bound 
to be a glaring inequality between the interests of 
students and the interests of those who teach them. 
The fact that academies legitimately have other fish 
to fry than teaching students is less important than the 
simple fact that the faculties must be presumed to 
know better than the students how higher education 


should be carried on. Whatever the students may say, 
this is the implicit assumption on which governments 
pay large sums of public money towards the upkeep 
of the universities, so that university administrations 
are not in any circumstances able to take part in the 
free negotiations on which some students have set 
their hearts. In the crisis of self-doubt which seems 
recently to have afflicted a great many people in the 
universities, this simple truth has been too lightly 
overlooked. 

This said, it is also only fair to recognize that the 
fault at the London School of Economics is on both 
sides. For one thing, the school has skimped on 
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teaching in the past few years. In the impersonality of 
the relationship between students and their teachers, 
the LSE has often suited very well the kinds of criti- 
cisms, made with no greater justice, of institutions such 
as the University of California at Berkeley. A part of 
the trouble is that the LSE traditionally, and properly, 
seeks to eater for large numbers of transient students, 
but the cramped and dingy accommodation in which 
this is attempted aggravates the sense of neglect with 
which a great many students are afflicted. More 
serious, however, is the cumbersome machinery by 
means of which the faculty seeks to make up a collective 
view on important issues and then bring this to the 
attention of those most directly concerned. For all 
the concern for the social sciences which activates the 
faculty at LSE, there seems to have been scant atten- 
tion paid to the sociology of internal administration at 
the school. In the circumstances, it is not surprising 
that many of the steps taken in the protracted negotia- 
tions with the students have seemed to the outside 
world to be inept and even inflammatory. The 
erection of riot control equipment within the building, 
apparently without consultation, was tactless to say 
the least of it. If the students had not taken pickaxes 
to the gates, they might have had a real cause for 
negotiation. In the long run, the faculty may be 
lucky that folly got the upper hand. 

But when should the universities negotiate, and 
when should they insist on their natural rights ? This 
is the definition which academics have been hard 
pressed to make in the past few months. Much of the 
trouble springs from the extremity of the demands 
which the students have been making. ‘Give us power, 
and then we will tell you what we shall do with it. x 
That has often been the slogan. There can be no 
question of universities giving into irrational demands 
like this. Even if academics were prepared to abandon 
themselves and their institutions to unreasonableness, 
taxpayers would object. Thus it is essential that the 
universities should resolve that they will accommodate 
themselves to student pressures only when the case for 
doing so is convincing, chiefly on educational grounds. 

What does this imply in practice? For one thing, 
there is by now good reason to believe that the device 
of including student representatives on university 
committees will turn out to be ineffectual, except 
possibly for symbolie reasons. The more urgent 
need is that means should be developed by which 
students can work out and then argue the case for the 
kinds of adjustments of the university system on 
which they have determined. In Britain and in the 
United States, the students' organizations may be 
vociferous, but they are intellectually weak and even 
cowardly. They tend to stagger uneasily from one 
popular election to the next. And for all their claim 
to have a right to influence the university curriculum, 
there is very little evidence that they have seriously 
applied themselves to the practical problems of knowing 
what kinds of changes they would like to see. But this 
is eminently a field in which the faculty could provide 
useful help, which implies that it would be a step 
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forward if academics were more willing than they are 
to discuss the possibilities for change within the 
curriculum. (It is, in passing. quite absurd that a 
number of British universities have taken steps to 
suppress the kind of review of lecture courses which 
helps to keep people on their toes at Harvard.) The 
need is not for formal constitutional committees but 
for informal working parties, as experience at univer- 
sities such as Princeton has demonstrated well enough. 
But even in circumstances like these, it may well be 
necessary for a university to decine to follow some 
course of action for which a reasonable case has been 
made-—the staff may be ill equipped to implement a 
desired curriculum change, or taere may not be 
accommodation to meet a request that the student 
body should be enlarged or made co-educational, for 
example. In circumstances like these, faculties need 
not fear that they must do the impossible. What is 
essential, however, is that, like adults in all forms of 
work, they should spend a large part of their energy 
in making sure that they understand what is going 
through the minds of those with whom they work. In 
the muddle of the past few montas, the most con- 
spicuous failure among the academics has been the 
almost open show of fright which many of them have 
displayed. 

But if the academics need more coarage, what about 
the students, who seem well supplied with foolhardi- 
ness? In Britain, at least, one of the more obvious 
dangers in the next few months is that the publie 
authorities which provide the majerity of students 
with maintenance grants will ture sour, and will 
arbitrarily dock rebellious students of their cheques. 
So far, the authorities have been remarkably level. 
headed, but this could change if the present wave of 
trouble drags on too long. So this :s why there is à 
case for looking again at the financial basis on which 
students are able to attend British universities. 1n 
the debate last week, Mr Short and Sa# Edward Boyle, 
the Conservative spokesman on ecucation, agreed 
without much oe et NL nes a dia pest 





would apply ri à principle for eS x: Ds. courses. 
But is this poliey really in the best interests of tho 
universities, students as well as faculty? The way 
things are turning out, there is at east a case for 
thinking that everybody would beneft if students as 
well as faculty had a financial stake m the success of 
the universities. The case for some kiad of machinery 
for helping students to borrow money t» see themselves 
through universities will in many ways be strengthened 
when the legal age of maturity is reduced from twenty- 
one to EIL and it is not convincing for the 
R to umh ne aA as eee as ley X ilisms 





e to B y ane ee ati univers Sitios fier they 
are twenty-one. In any case, there is no reason why 
some system for allowing students to choose à more 
independent existence than is possible at present 
should not co-exist with the schemes for student 
grants. 


204 


ENERGY 


How Gas Lost 


THE extent of the British Government's retreat on 
the use of natural gas in power stations was described 
last week in a paper discussed by the Institute of 
Actuaries. The institute, not usually a place where 
fuel policy is discussed, was talking about a paper by 
Mr C. I. K. Forster, director of statistics at the Ministry 
of Power. Mr Forster provided the fullest account 
yet published of the background to the Fuel Policy 
White Paper of November 1967, and also of the develop- 
ments since then, which have included a Government 
directive to the Gas Council and the Central Electricity 
xenerating Board that no natural gas is to be sold for 
electricity generation. 

The Fuel Policy White Paper, Mr Forster explained, 
resulted principally from two statistical exercises; 
first, the "assumptions exercise", which was intended to 
produce unbiased estimates of the demand for all 
types of fuel until 1975, and second, the “natural gas 
absorption exercise", intended to define how far gas 
from the North Sea was likely to penetrate into the 
domestic fuel economy. These two operations, com- 
pleted by January 1967, showed that coal was facing a 
sharp decline whatever policies were adopted. Greater 
protection for the coal industry seemed impracticable, 
Mr Forster said, as well as costly. By April 1967, the 
chances of absorbing natural gas more rapidly seemed 
to have improved, and new estimates were made which 
suggested that the electricity generating industry would 
by 1970 be using an amount of gas equivalent to 
9 million tons of coal, and by 1975 equivalent to 
14 million tons of coal. But after the Fuel Policy 
conference in May at Sunningdale, Lord Robens won a 
substantial victory with the admission that the rate 
of contraction envisaged for the coal industry up to 
1970 was too damaging; the White Paper in November 
that year gave a consumption of only 2 m.t.c.e. of gas 
in the power station by 1970, instead of 9 m.t.c.e. Oil 
had also suffered a cut-back between the April assess- 
ment and the White Paper. These were substantial 
concessions, but they have been followed by further 
reductions in the potential market for gas, including, 
most recently, the decision that the Gas Council is to 
sell no gas at all for use in power stations. 

All this will one day make fascinating material for 
the historians and students of pressure group politics. 
Meanwhile, the Ministry of Power has moved on to the 
production of its computer model of the fuel economy, 
whieh should in future make a contribution to the 
formulation of fuel policy. Mr Forster said that the 
model is now reaching its prototype stage, and that 
further development will certainly be necessary before 
the ministry and the fuel industries have real confidence 
in the results. In its present form, the model is not 
capable of determining what policy is best even on a 
specified set of assumptions, because not all of these 
have yet been quantified —the convenience of different 
fuels, for example, cannot easily be assessed, and the 
assumptions could also be upset by a successful adver- 
tising campaign by one or other of the competing fuels. 
But it should be able to indieate the likely consequences 
of a variety of decisions; as Mr Forster puts it, the 
sort of questions it will be able to answer will be “What 
would be the likely outcome of ...? Or "How much 
difference would it make if ...? When the model 
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can answer questions like these, it will be, said Mr 
Forster, “a powerful and flexible tool . . . but human 
judgment will remain a vital element". 


UNIVERSITIES 


Brighter Statistics 


WHATEVER may be tarnished about the University 
Grants Committee, the committee now has a bright new 
format for its latest set of statistics compiled from the 
returns of British universities. Instead of publishing 
the returns as in the past as a parliamentary document, 
riddled with illegible six and seven point type, the 
latest volume, reporting the position at the end of the 
autumn term of the 1966-67 academic year, has 
appeared as Statistics of Education, 1966, volume 6 
(HMSO, £2). Apart from simply making the returns 
more legible, the Department of Education and Science 
says the welcome change to the format of the Statistics 
of Education series has been made for the sake of uni- 
formity. 

It remains to be seen whether the change of style 
will be followed by a shortening of the ridiculously long 
time it takes to publish the returns. The latest statistics 
are just over two years out of date. 

Much of the information deserves to be published 
much sooner—the costs of running different depart- 
ments, for example (Table 1). The difference in cost per 
student between the arts and social sciences on the one 
hand and the natural and applied sciences on the other 
is no surprise—it reflects the cost of running labora- 
tories. But why does it cost 50 per cent more to train a 
biological scientist than a physical scientist ? The 
economies of scale, if not the complete answer, certainly 
have much to do with it. The physical sciences depart- 
ments at the fifty-two universities covered by the 
returns house more than six hundred students each, 
compared with only a hundred and thirty under- 
graduates in the combined biological sciences depart- 
ments at the average university. 


Table 1. AVERAGE COST PER STUDENT BY FACULTY AT BRITISH 
UNIVERSITIES IN 1966 

Departmental Apparent 

expenditure average 

excluding Under. cost per 

research graduate student 

grants in £ numbers in £ 

Arts 11,591,460 32,483 360 
Social studies 9,345,805 28,149 330 
Physical sciences 19,319,039 31,831 610 
Biological sciences 6,266,675 6,690 930 
Engineering 12,740,213 16,356 780 
Preclinical medicine 5,791,213 7,124 810 
Clinical medicine 8,564,115 6,389 1,340 


Some very small biological sciences departments 
prove to be extremely expensive when judged by this 
criterion. For example the biology department at the 
University of Manchester Institute of Science and 
Technology with an undergraduate population of 13 
spent £23,777. UMIST may be a special case because 
it had 12 postgraduates and spent only £897 from 
research grants. But at Dundee, the 32 biological 
sciences undergraduates cost £40,489, over £1,000 per 
head; at Surrey 41 undergraduates and 5 postgraduates 
cost £65,294; and at Sussex the 32 undergraduates and 
11 postgraduates cost £61,810 plus £25,132 from research 
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grants. ln other words, à department with a student 
population of 43 spent £87,000, just over £2,000 per 
head. 

In the same year the physical sciences departments 
had 700 undergraduates costing about £550 per head, 
less than the national average. There could be no better 
ammunition for those, including the UGC, who are 
arguing that there should be fewer and larger biological 
sciences departments. It seems that small depart- 
ments are not only poorly placed to do significant 
research but also uneconomic teaching establishments. 


EMBO 


Almost Home and Solvent 


WirH luck, on February 13 the European Molecular 
Biology Organization will be one step nearer a per- 
manent solution to its financial problems. At Geneva 
on that day the ambassadors of twelve and possibly 
thirteen western European countries (the only country 
of any consequence which is not on the list is Belgium) 
are to sign an inter-governmental treaty establishing 
the Conference of European Molecular Biology. This 
ceremony was originally billed for last October or 
November at Berne, but shilly-shallying over the 
official working languages for the conference and the 
second and third thoughts of some countries about 
joining have caused the delay. Once the conference 
treaty has been signed, it will go to the thirteen govern- 
ments for ratification. Then the conference will at last 
get down to business as arbiter of EMBO's requests for 
funds, which in future are to come from the collective 
publie purse. 

Optimists, including the British Department of 
Education and Science, believe that ratification will 
take only two or three months and steps are apparently 
already being taken to arrange the first conference meet- 
ing. ‘The first item on its agenda will be the EMBO re. 
quest for $630,000, the sum needed to meet the cost of 
EMBO's current fellowship, travel and summer school 
programmes. The conference will also scrutinize 
EMBO's administrative arrangements and its budget 
proposals for the next two years. 

At present EMBO is living off what little it saved 
from the three-year grant from the Volkswagen 
Foundation, which expired at the end of December, 
together with some interim payments made by several 
of the signatory governments—including Britain, 
France, Germany, Italy, Sweden, Switzerland and 
Holland—as an emergency measure to tide EMBO 
over until some formal arrangements are made. But, 
as the DES is quick to point. out, these interim pay- 
ments in no way imply that the governments which 
are making them have accepted the EMBO budget. 
That wil have to be decided by the full conference. 
It seems likely that once a decision is reached, the 
countries will contribute in proportion to their gross 
national products. West Germany, therefore, will foot 
the largest share of the bill. 

Proposals for an iaternational EMBO laboratory 
along the lines of the CERN laboratory in Geneva have 
been in the air ever since the organization was founded. 
Indeed, they have been discussed at inter-govern- 
mental meetings in preparation for the establishment 
of the conference, but ratification of the treaty will 
provide for the first time the machinery for formal 
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discussions. Once the immediate problem of a budget 
for 1969 has been settled, the conference probably will 
begin discussions on the laboratory. With surprising 
foresight, the British have already s s.arted an inquiry 
into the idea. Since Christmas a working party of 
the Council for Science Poliey has begun to examine 
the general question of international laboratories with 
special reference to the proposed EMBO laboratory. 


UNIVERSITY PAY 


No Love for Mr Jones 


No recent official report has produced a louder or 
more prolonged clamour of academie wrath than Mr 
Aubrey Jones's remarks about merit. payments. The 
Prices and Ineomes Board, rash enough to suggest that 
the consumers’ opinion might be sought before merit 
payments for teaching were aw ardec, has suffered a 
severe reverse. But if the University of Edinburgh is 
a typical institution, it is not the merit awards them- 
selves that are repugnant, but simpey the idea that 
students might be asked where they thought the 
awards should g go. Professor Michael Swann, addressing 
the General Council of the University on January 30, 
reported the results of a straw vote held at a G eneral 
Assembly of staff, when about 400 of the university's 
teachers were present. Only about twenty-five of them 
he said, were against merit awards altogether; but 
only another twenty- five were willing to countenance 
merit awards for teaching alone. The vast majority, 
about 350, were willing to aecept the notion of merit 
awards if they were given for research and teaching 
together. “I myself believe that this is abundantly 
the right answer", Professor Swann seid, "and I hope 
the Government will heed it”. 

Professor Swann said that the most immediate 
threat to the universities was the P. B's attempt to 
shift the balance away from research. There was, he 
admitted, a real problem to be facec as the cost of 
research increased, and he suggested that the univer- 
sities would have to accept some concentration of the 
research effort in “centres of excellence’. It must mean, 
he said, that few universities could hope to achieve the 
highest excellence on a wide front. But this evidently 
does not inhibit them from trying. Professor Swann 
went on to say that "I am determined that we aim at 
nothing less than the very highest international excel. 
lence in scholarship and research, in every faculty. 
We have gone a long way, but we are not yet there". 
Restraint, it seems, does not begin at home. 





ERGONOMICS 


Collect More Data 


THE ergonomics information service covering the 
literature on human factors in engineering, which has 
been dormant for a year, is to be resurrected by 
ergonomists and information scientists at Birmingham 
University with the help of an £11,000 grant over 
three years from the Office of Scientific and Technical 
Information. The service was origina: dy run by the 
Warren Spring Laboratory, but when this was taken 
over by the Ministry of Technology it was decided that 
the small research team was not a viable unit and that 
its work should be discontinued. 
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The group at Birmingham will survey about 90 
British and 300 European journals so that, in collabora- 
tion with a similar group at Tufts University in the 
United States who will cover American and Oriental 
journals, it will provide a world wide coverage of 
ergonomies literature. The service will initially com- 
prise a quarterly abstracts journal, the first issue of 
which should be published in March of this year. The 
centre at Birmingham will also produce specialized 
bibliographies on request and will deal with enquiries 
either by finding the relevant data or bv directing 
enquiries to an appropriate research or academic 


vestigations are also interesting because they bring to 
light discrepancies between. the research work done in 
universities and the needs of industry. On the basis of 
the enquiries it receives from individual firms, the 
group hopes to be able to define the areas where 
research will be particularly useful. The possibilities 
of computer based retrieval systems are also being 
investigated. 


MANAGEMENT 


Recipe for Successful Research 


“Mucn is said about the management of research and 
development", declared Dr Stewart P. Blake, "but 
little is known". Dr Blake, the vice-president for 
finance and business administration at Stanford 
Research Institute, was talking at the United States 
Embassy on January 29. His title— Some Hypotheses 
on the Management of Research and Development — 
was an indication of the diffidence with which he 
approached the subject. But this did not prevent 
him from sniping at those who think they know how 
to manage research and development. The Ministry 
of Technology, according to Dr Blake, is trying to do 
the impossible in assessing projects for their economic 
benefit before supporting them. "It's impossible to 
measure the economie effect of research and develop- 
ment projects", he said. 

This was about the most definite statement that Dr 
Blake would allow himself. His other six hypotheses 
sounded like tentative statements of the obvious, 
although he assured his audience that they were not. 
* A well planned and well managed research programme 
produces better results than an unplanned and mis- 
managed one" and “If the quality of the research and 
development effort is good, there is a high probability 
that the quality of the end-product will be good" were 
two of the more tautologous of Dr Blake's hypotheses. 
Others were concerned with the difficulties of evaluating 
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research and development projects, and here Dr Blake 
made a useful distinction between efficiency and effec- 
tiveness. "It's possible to be effective without being 
efficient", Dr Blake observed: and if effectiveness E: 
simply a measure of whether or not the aims of a 
research project are achieved, then this is obviously 
true. Equally, it is possible to be efficient but ineffec- 
tive. By rating US companies on the efficiency with 
which they carry out research and de velopment 
projects, it had proved possible, Dr Blake s id, to 
reduce the overspending on US government contracts 
from something like 230 per cent to nearer 25 per 
cent. | 


OCEANOLOGY 


Data from the Deep 


Two hundred years ago, Captain Cook would no doubt 
have been grateful for the electromagnetic log to record 
the distance he had travelled each day, and sound an 
alarm when he had gone as far as he wished. He might 
have been less sure what to do with a precision-timed 
bottom pinger for positioning cameras and other oceano- 
graphie accoutrements at a required depth. The Marine 
Svstems Division of Plessey, whieh makes these and 
other instruments for oceanographers, is mounting the 
largest single exhibit at Oceanology '69, the exhibition 
and symposium at Brighton from February 16 to 21. 

Plessey'stheme— "The Mass Acquisition of Data from 
the Marine Environment '—refleets the early stage of 
development of the science of oceanology. "The prin- 
cipal need at the moment is to gather information 
about the oceans; later it should be possible to use this 
information to make use of the oceans and their 
resources, and to undo some of the harm already done 
by pollution. : 





Preparing to fire a probe from the launcher unit of the 
expendable bathythermograph system. 


A valuable consequence of the automation of oceano- 
graphic recording is that the results of expeditions—no 
longer handwritten and laborious to process—should 
be published much more quickly. The expendable 
bathythermograph, shown in the photograph, has 
recently been introduced and sold to twelve cou ntries 
for measuring the temperature of the sea at different. 
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depths with no need to slow or stop the ship. A probe 
containing a thermistor is fired into the water from 
the canister to which it is connected by a wire that 
unwinds as the ship moves on. As the probe descends 
at a known rate, its depth can be recorded. Changes in 
the resistance of the thermistor caused by temperature 
changes in the water are transmitted to a recorder by 
the wire. Although intended primarily for use in anti- 
submarine warfare, this instrument offers greatly im- 
proved techniques to the research scientist. 

The measurement of salinity has also been auto- 
mated; the salinograph provides a continuous record 
of sea surface salinity and temperature. The velocity 
of sound in water can now be read directly and 
accurately by the sound velocity meter, and changes 
can be registered almost instantaneously. The auto- 
matic climatological recording station, which ean be 
based on land or sea—on ship or buoy—can measure 
up to eight parameters simultaneously without atten- 
tion for up to 3 months. It ean record meteorological 
data such as wind direction and speed, air temperature 
and rainfall, and oceanographic data such as current 
speed and direction. 

Of course, one of the problems facing manufacturers 
of oceanographic equipment 1s that every oceano- 
grapher seems to want a unique piece of ‘apparatus 
and it is just not economically possible to produce 
one or two of anything, especially when the customers 
have only a small budget. Plessey has to deal with 
this problem by pooling ‘the needs of as many potential 
customers as possible and producing an instrument 
that will tell everyone just about everything he wants 
to know. Eighty-five per cent of these sales go abroad 
at the moment: the shortage of customers in the 
United Kingdom mav be a consequence of a lack of 
funds which is restricting the expansion of research. 


HYDRAULICS 


Indoor Thames 


Quick work by the Ministry of Technology's Hydraulics 
Research Station has resulted in a scale w orking model 
of 62 miles of the River Thames from Teddington to 
Southend being built and in operation in less than 
6 months. The model, 385 feet long and about 40 feet 
at its widest, can reproduce one complete tide each 
9:5 min. It is housed on a site at Didcot Power Station, 
there being no room available at the station's main 
laboratory at Wallingford, and it has been built 
specially for the Greater London Council as part of 
the council's £250,000 programme of investigations into 
the practicability of building a barrage or a movable 
barrier to prevent low-lying areas of London being 
flooded when a storm surge from the North Sea 
coincides with a very high tide in the Thames. It 
seems that there is an increasing danger of à serious 
flood as the result of a combination of factors—in- 
ereasing run-off of rain water in the south-east of 
England as more land is built over, increasing siltation 
in the Thames estuary and rising tide levels caused by 
the sinking of the south-east and rising levels of the 
North Sea. At London Bridge, for example, the high 
tide is rising by about 2-4 feet a century. 
The idea of some sort of barrier or barrage across the 
Thames to stop it flooding has been considered for 
nearly two hundred years, but despite serious floodings 
from time to time nothing very constructive has been 
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ie riparian RS 
was in 1928 when Shen d was a cw food. MT ye 
barely held the water back in the floods of 1958. 
London was saved that year, but lend further down- 
stream was seriously flooded. Plaas for a movable 
barrier in the late 1950s came to noth: ng largely because 
of the conflicting interests of the bodes concerned with 
the river. It is something of an event therefore that the 
GLC, backed by the Ministry of Hoasing and spurred 
into action, it seems, by Professor Eondi's report of a 
vear ago (see Nature, 217, 800: 1968), is looking into 


the flood problem with the urgency it deserves; the 
GLC is steaming ahead with plans. Apart from the 
model and other tests being coaducted by the 


Hydraulics Research Station, the GLC has appointed 
two firms of consulting engineers te prepare outline 
schemes and estimates for a barrier er barrage at five 
sites—at Upper Pool, in Blackwall Reach, in Woolwich 
Reach, in Half Way Reach near the Ford Factor y and 
for a barrier in Long Reach (see Nature, 220, 111; : 1968). 

The model at Didcot will also be used to inv estigate 
these sites, but from the hydraulic peint of view—the 
effects a barrage would have on factors such as tidal 
levels, eurrent velocity, salinities and river bed levels, 
and so on. 





First. results from these tests are expected 








Top, part of the Thames model looking upstream from Tower 


Bottom, reality. (Photo by Aerofims and Aero 


Bridge. 
Pictorial Ltd.) 
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in early 1970. The programme of tests is starting, 
however, with the reproduction of tides and storm 
surges, including the 1953 level and higher. In this 
way, the maximum flood levels to be expected anywhere 
along the estuary can be obtained. "These tests will 
finish this summer. Other investigations being carried 
out by the station for the GLC are field studies of the 
Thames estuary (two have already been completed), a 
mathematical model study to assist in understanding 
the siltation problems involved and a continuous sur- 
vey of the silt in the estuary. The total cost to the 


GLC of these investigations is around £100,000, of 


which the Government is paying half. 


ARCHAEOLOGY 


Portchester Castle 


from our Archaeology Correspondent 


IN his excavation at Fishbourne in Sussex. Professor 
Barry Cunliffe did more than reveal a magnificent 
Romano-British palace. He showed how to capture 
the publie imagination, and if more archaeologists 
did that instead of shooing the publie from their 
sites at every possible opportunity, archaeology might 
gain some of the increased financial and publie support 
that it deserves. It is, of course, no coincidence that 
Professor Cunliffe ranks among the best half dozen 
or so archaeologists working in Britain today. While 
he was directing the Fishbourne excavation and since, 
he has been conducting an equally exciting and, for 
the professionals, perhaps even a more important ex- 
cavation at Portchester Castle. His excavations on this 
nine acre site on a promontory in Portsmouth Harbour 
began in 1961, and he plans to continue the work for at 
least five more seasons. Already, however, the princi- 
pal phases of occupation, stretching from about ap 260 
to the Napoleonic period, have been identified. 

The square site was probably first fortified bya massive 
flint and mortar wall in 285 to provide a defence against 
pirates. The wall, 10 feet thick, was originally more than 
20 feet high, and some 24,000 tons of flint and mortar 
were used in the superstructure alone. Unfortunately 
the Roman features excavated within the enclosure 
are not nearly as impressive as the wall, chiefly because 
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timber was used and buildings were restricted to the 
periphery of the site, along the wall, leaving the central 
area undeveloped. In this, Portchester resembles 
contemporary Rhenish castles. 

The excavation has shown, however, that by about 
300 some at least of the buildings had been carefully 
demolished, and all but the mortar salvaged. In the 
early years of the fourth century, there was what 
Professor Cunliffe calls a squalid phase of occupation. 
Rubbish accumulated on the roads of the castle, and 
children and even premature babies were buried there. 
Hairpins, brooches and other feminine objects also 
attest to the presence of women in the castle in the 
early fourth century. But by about 340 the military 
had returned. Cesspits dug with military precision, 
ovens and hearths have been excavated, but no traces 
of buildings have been found, presumably because the 
soldiers lived either in tents or in timber barracks. 

These three successive phases of occupation reflect 
the turbulent history of the period. In 286, probably 
only a year after the walls were built, Carausius rebelled, 
and not until 296 was Britain reconquered for the 
empire. Carausius no doubt garrisoned the castle, 
and the second, the squalid phase, seems to corre- 
spond to the period immediately after the reconquest 
when the castle may well have been occupied by 
civilians or irregular military units. "The military 
reoccupation in the 340s coincides with renewed 
piratical attacks in the Channel. In fact, Portchester 
may have been regarrisoned on the orders of the 
Emperor Constans, who visited Britain in the winter 
of 342. 

The castle was abandoned by the military by about 
370, but the excavations have provided evidence of 
occupation in the early fifth century, and the castle 
may well have been unofficially oceupied as soon as 
the army left. The floor of a grubenhauser—a type of 
small Saxon hut—has been discovered, which is dated 
to the end of the fourth century, and the pottery 
associated with it is of particular interest. There are 
two chief styles, one in the Roman tradition, the other 
in the grass-tempered Saxon tradition. This raises the 
possibility of a continuous tradition of pottery making 
at Portchester throughout the years during which 
Saxon culture replaced Romano-British. Indeed, it is 








The south wall of the Roman fort with D-shaped projecting bastions. (Reproduced from The Portsmouth Papers by permission 
of the Portsmouth City Council.) 
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possible that the castle was occupied by Saxon mercen- 
aries during the late fourth and early fifth centuries. 
The Portchester pottery, when fully analysed, should 
provide vital evidence for a re-evaluation of the pottery 
styles of this shadowy period. Likewise, because of 
the continuous occupation throughout the Saxon 
period and up to and beyond the Norman Conquest, 
the site is yielding unparalleled evidence of changing 
pottery styles, on which so many archaeological dates 
depend, between the fifth and eleventh centuries. By 
the time the excavation is complete, more than one 
currently accepted interpretation of Saxon pottery 
may need revision. 


SOCIAL MEDICINE 


Red Light for Green Paper 


from our Social Medicine Correspondent 


Tae British Government's proposals for reforming 
and unifying the health services have fallen on stony 
ground. At a representative meeting of the British 
Medical Association in London last week, 450 doctors 
firmly rejected the main theme of the green paper, 
published last July, to draw local authorities and 
executive councils, general practitioners and hospitals, 
into forty to fifty health area boards, each admini- 
stered by people with a broad professional knowledge 
of medical and related services (see Nature, 219, 432; 
1968). Although the principle of unification was 
accepted—by all but six doctors—it was nevertheless 
agreed that the present tripartite structure should be 
retained until another more acceptable alternative 
had been negotiated. 

The BMA's reaction is no surprise. The council has 
already expressed regret over the cursory references to 
patients in the green paper. It feels that the proposed 
health boards are too large to deal effectively with the 
day to day problems of the patient and too small to 
allow for overall planning. As emphasized at the 
meeting by Dr R. Gibson, chairman of the BMA 
council, any change in the structure of the National 
Health Service must be for the good of the community 
or, as others would have it, for the good of the patient. 

Repeating the well worn phrases, motions were passed 
to the effect that no change in health service administra- 
tion should take place that would infringe the present 
standards of confidentiality between doctors and 
patients and between doctors and doctors. The clinical 
independence of the doctor must not be impaired, 
and the relationship between the government and the 
medical profession should be one of genuine partner- 
ship. Doctors should not be directed to practise in 
particular areas (except by the existing Medical 
Practices Committee procedure), and patients should 
be free to choose their general practitioners. Dr 
Gibson also expressed the view that the profession is 
vigorously opposed to the transfer of the administration 
or financing of the health service to local authorities, 
either in their present form or in any modified form 
under which the health service would be subject to the 
fluctuating and conflicting pressures of local govern- 
ment. The association wants to see active elected 
representation of doctors by doctors at the appropriate 
levels in all the planning and administrative units, and 
is concerned that the proposed chief administrative 
officer should be medically qualified. 
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Parliament in Britain 


by our Parliamentary Correspondent 


Nuclear Ships 

Mr Gerry Fow rer, Joint Parliamentary Secretary 
to the Ministry of Technology, said that the ministry 
was examining further information received from ship- 
builders on the subject of nuclear ships. Container 
ships offered the best prospects for surfaee nuclear 
propulsion, he thought, but it was hard to show 
economie sense in this “extremely difficult sphere", 
Two British shipbuilders had supplied proposals, and 
the ministry would be discussing them. (Oral answers, 
January 29.) 


European Airbus 

Mr Wepewoop BENN was questioned about his atti- 
tude to the European airbus and the BAC 3.11. The 
BAC 3-11 may be considered as a possible alternative, 
he said, and he would be studying it zt the same time, 
keeping the French and German gevernments fullv 
informed. But he was wary of entermg into commit- 
ments which were not viable in the long run. ELDO, 
he said, was a perfect example of a nen-viable project 
which diverted resources from the aircraft industry 
or from computers or other industries where a basis of 
collaboration existed. (Oral answers, January 29.) 


STOL Aircraft 

Mn J. P. W. MALLALIEU revealed that two projects 
had been put forward for the design and construction 
of short take-off or vertical take-off aircraft. But the 
idea does not yet seem to have reached the stage of 
asking for Government support: the two projects, 
which were "more than on the minister’s desk-—thev 
are in the minister's head", were "extremely interest- 
ing". (Oral answers, January 29.) 


Research in Wales 

Dn JEREMY Bray, for the Ministry «f Technology, 
said that the total cost of ministry research in Wales 
amounted to £200,000. More research and dev eop- 
ment, Dr Bray admitted, should be done in Wales, and 
governments had been wrong in failing to put more 
research and development work into development 
areas. Mr Emlyn Hooson said that of every £1 paid by 
Welsh taxpayers, only threepence was spent in Wales 
by the Government on research and development 
projects. (Oral answer, January 29.) 


Nuclear Power Industry 

Mn WEpawoon BENN denied that he had been "pushed 
by events" in his reorganization of the nuclear industry. 
Mr Arthur Palmer, who suggested that ‘his had hap- 
pened, was told that the minister was simply "taking 
account of the realities". Mr Benn said that he thought 
the IRC had done a good job on the reorganization. 
Doth Babcock English Electrie Nuclear and the 
Nuclear Power Group are to be licensed to exploit 
both the fast reactor and the steam generating heavy 
water reactor, he said, although one would certainly 
“go ahead on an inside track". The high temperature 
reactor would be the study of further diseussion, but 
both companies would have access to the technology. 
The final duty remaining to him, Mr Benn said, was to 
deal with outstanding issues involving the AEA, and 
this he would do as quickly as possible. (Gral answers, 
January 29.) 
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Not Yet an Irish University 


DEADLOCK has been reached in the discussions for 
uniting Trinity College, Dublin, and University College, 
Dublin, into a new University of Dublin. Since the 
grandiloquent announcement by the Irish Government, 
in April 1967, that the two colleges would merge, there 
have been endless discussions. arguments and a national 
debate caused by the religious and historical differences 
between the two colleges. Trinity College, already 
Dublin University in its own right, founded by 
Elizabeth I in 1591, traditionally a part of the Anglo- 
Irish Ascendency, has often seemed so indifferent to 
Irish affairs as to earn the comment “the prop and 
pillar of the oppressors”. University College, founded 
in the mid-nineteenth century, has been since 1908 
the largest of the three colleges in the National Uni- 
versity of Ireland. (The others are Cork and Galway.) 
With 10,000 students, it also understandably considers 
itself a university in its own right. 

The merger springs from a report of the Commission 
on Higher Education, which suggested in 1967 that 
the three colleges should grow independently so as to 
accommodate 27,000 students by 1975. With what has 
happened in the past two years, it is impossible now 
to tell whether the original motives for the merger 
proposal were educational, economic, religious or 
political. 

Trinity has been a stumbling block from the begin- 
ning. Although the college is open to Catholics, the 
Catholie Hierarchy forbids it to Catholic youths “under 
mortal sin”. The result is that the student population 
at Trinity has not been representative of Ireland; 
only 40 per cent of it was drawn from Eire in 1965-66. 

What can the colleges hope to gain from the Govern- 
ment’s decision to side-track the Church and form a 
new multi-denominational university ? UCD is keen 
for both colleges to disband completely and start 
again as a new university. Different faculties would 
exist in each college, arts chiefly in Trinity end science 
in UCD. In this scheme, UCD would dominate the 
4.000 students of Trinity whose traditions of free 
speech and original thought might well be lost. In 
any case, such specialist colleges would not be educa- 
tionally sound and the merger would also become : 
take-over bid, for Trinity requires financial aid and 
government support if its academic standards are to 
be maintained. This is why Trinity only favours : 
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merger in which the identity of the two colleges is 
maintained. 

Both colleges are unhappy about the Government's 
announcement in August 1968 that the administrative 
board of the new university would have representatives 
from both colleges and also from the Government, 
which would thus gain a measure of control over the 
faculties, their staff and buildings. Thus the colleges 
would lose a great deal of independence and the 
Government would gain power in the university. 
Under this scheme. liberal arts and science would be 
taught in both colleges, while medicine and law would 
be in Trinity, and engineering, agriculture, social 
science and business studies would go to UCD. But 
UCD does not want to lose two professional schools, 
particularly medicine, which is one of its oldest 
faculties. 

Another problem is the choice of teaching hospitals. 
At present, Trinity and UCD give clinical teaching in 
specific Dublin hospitals and it was suggested that one 
of these should be developed into the main teaching 
centre. Unfortunately, the new St Vincent's Hospital 
is geographically unsuitable for Trinity. The alterna- 
tive, of developing a large medical school at the College 
of Surgeons, now a small school independent both of 
Trinity and UCD, would mean moving medical educa- 
tion from the strong university science departments. 

This particular case illustrates the enormous tech- 
nical difficulties of a merger. Particularly offensive to 
Trinity is the suggestion that the new university 
would include Maynooth (a college for Catholic clergy), 
training colleges and technical colleges. The majority 
of both Trinity and UCD staff are at the moment 
against the merger and favour good relat ionships and 
liaison between two independent universities. 

What will happen next is a matter for conjecture. 
So far, a Higher Education Authority has been set up 
to legislate and plan for an eventual Irish University 
Congress which will implement government decisions. 
There is a General Election next summer. The opposi- 
tion party. Fine Gael, has influential supporters in 
the powerful UCD. Should Fine Gael win, the position 
might change very quickly. Meanwhile, nothing hap- 
pens. The Government and the Church have nothing 
to say, but the two camps are far from reticent among 
each other. 





One of the new buildings at Belfield, University College, Dublin. 


NATURE, VOL. 221. 


NORTH AMERICA 


FEBRUARY 8, 1969 


Ul 


What has Vela Uniform Accomplished 


Ix December, 1968, Nature drew attention to the report 
of a group of seismologists on the capabilities of the 
present day global seismie network to discriminate 
between earthquakes and nuclear tests (SIPRI: 
seismic methods for monitoring underground explo- 
sions, Stockholm, 1968). Although it would be folly 
control—a comprehensive test ban—is going to be 
determined by seismological capability, an adequate 
verification system has always been a requisite for the 
Western Powers and, one suspects, an excuse for 
doing nothing "until the system is competent". 
As the definition of competence is not spelt out, 
politicians are able to redefine it at will and, since there 
will always be a puddle of detected but unidentified 
events, it is for politicians to decide whether they 
think this puddle could jeopardize a nation’s security 
or whether it is possible to turn a blind eve to small 
events. In any case, a series of small tests is bound to 
attract attention and push to a high value the proba- 
bility that, as a whole, the series can be identified as 
man-made. 

Response to the SIPRI report 
encouraging. It has been welcomed as authori- 
tative and fairly optimistic. To be sure, it is certainly 
possible to pick holes in the report—in places it was 
internally inconsistent and sometimes plain wrong, but 
the reason for this was probably that not all the data 
which could be useful were declassified. A case in point 
is the vields of Soviet test explosions; another (if the 
assertion of Dr D. Davies in November’s Science 
Journal is to be believed) is the information from a 
classified American network of seismic detectors. 

Predictably, the political reaction told more about 
political postures than seismology. The Soviet Union 
has never doubted its ability to identify underground 
explosions. The non-committed nations, already under 
pressure to sign away their nuclear birthright, seized 
on the report as a crowbar to prise some compensation 
from the Super-Powers. The United Kingdom has 
rather lamely raised the inspection issue—complete 
anathema to the Super-Powers. Indeed, Mr F. Mulley’s 
speech to the Eighteen Nation Committee on Disarma- 
ment in Geneva on July 16, 1968, gives the impression 


so far has been 


that he was at that stage ignorant of the existence of 


the SIPRI group, whose summary was published on 
June 27, 1968. 

United States reaction is presumably enshrined in 
Mr Wiliam Foster's statement to United Nations 
Committee I on disarmament on December 5, 1968, 
when he warned against drawing unwarranted con- 
clusions from the report and observed that careful read- 
ing of the summary report left no doubt that partici- 
pants at the SIPRI meetings were agreed that sizable 
explosions, in the range of many tens of kilotons, could 


not be differentiated from earthquakes, This is an 
over-cautious reading of the report. It also implies 
that the United States is less than satisfied with Project 
Vela Uniform, which was initiated oa the recommen- 
dations of the Berkner Panel in 1959. Its terms of 
reference were to carry out a comprehensive research 
programme in seismology and to develop equip- 
ment for monitoring underground explosions, In the 
past eight years, more than $200 milhon has been 
spent in basic seismic research, development of a superb 
worldwide network of stations, initmtion of arrays 
and the provision of data to all comers. From the 
seismologist’s point of view, the project has been 
manna from heaven, giving an enorraous boost to a 
previously under-instrumented under-:nanned subject. 
But if the official line is that the threshold is still too 
high to negotiate, it would seem that the ultimate 
purpose of Vela Uniform has not been achieved. 

A careful study of Mr Foster's speech, however, may 
suggest a more optimistic view. He speaks of explo- 
sions in the range of many tens of kiotons as being 
unidentifiable. To many people this presumably will 
mean that explosions of 50 kilotons sre and always 
will be testable with a good chance of sezrecy. But the 
summary of the SIPRI meeting projected detection 
capabilities into the future and concuded that an 
improved seismographie network based on that initia- 
ted by Project Vela Uniform would he able to dis- 
criminate down to the present generally accepted 
threshold—about 10 kilotons in granite It also indi- 
cated that research in the 2.10 kT (in granite) range 
was possible and certainly should not be rejected out of 
hand. Even allowing for the fact that letonations in 
less compacted material wil have a smaller seismic 
effect (30 kT in some sedimentary rock may look like 
10 kT in granite), the future is only as bleak as the 
politicians want to make it. No violater in his ri ight 
mind would dream of going within a factor of two of the 
threshold—geology is delightfully unprelietable from 
this point of view. When the improved retwork which 
the United States has proposed comes irto operation, 
violators will have to watch their steps above about 
15 kT in practically any rock. 

Project Vela Uniform now 
iis ohie a tnea figures are 
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D with 
its improvements looks like being àn even more power- 
ful tool in à vear or two, and Vela Uniform will take full 
credit for nursing it along. This is why it is strange 
that when the network promises to be se important, 
there were indications last year of a loss of interest by 
the Advanced Research Pro} ject Agency. Support is now 
in the hands of the Environmental Science Services 


Sie 


Administration which, through the Coast and Geodetic 
Survey, has had difficulties in sustaining it at the high 
level seismologists have come to expect. Could it be 
that this loss of interest is a sign that the WWSSN is 
now obsolete as far as nuclear tests are concerned ? If 
so, it follows that the classified network must be doing 
at least as well. Perhaps it can already diserimimate 

d Or even better? The 
United States can, of course, hold on to this informa- 
tion, which may be the answer to all verification 
problems, as long as it is politically expedient to do so. 
But if the Arms Control and Disarmament Agency can 
tell the world that it strongly supports an adequately 
verified test ban when the Nuclear Safeguards Sub- 
committee is promising more testing programmes, 
nobody can really know where the United States 
stands. It is no wonder that many seismologists who 
have given Vela Uniform many years of hard work are 
now studying the inner core, developing moonquake 
seismometers or studying the characteristics of earth- 
quakes on mid-ocean ridges. 


STUDENT TROUBLES 


Sit-in at Chicago 


from a Special Correspondent 


Chicago, February à 

A SMALL number of students at the University of 
Chicago has been looking for an opportunity to confront 
the administration, particularly since the new presi- 
dent, Edward Levi, came into office. In September 
there was a walk-out and a sit-in over fair treatment 
for cafeteria workers which came to nothing. These 
were followed by vigorous protests about student 
housing, which became linked with urban renewal and 
the university’s role in the development of neighbouring 
residential areas. Housing was an issue because 
Chicago, in common with many other universities, had 
anticipated a larger toll from the draft than was in 
fact exacted. The administration did its best in an 
impossible situation, with wholesale bookings of hotel 
rooms. 

The present sit-in appears to have been triggered 
by the university’s notice to Dr Marlene Dixon, an 
assistant professor with a joint appointment in the 
Department of Sociology and on the Committee of 
Human Development, that her three-year contract 
would not be renewed on September 30, 1969. This 
notice was given on December 15. Similar notices were 
of course given to other assistant professors. Assistant 
professors are normally employed on a three-year 
contract which may be renewed for a further three 
vears, after which the question of promotion to asso- 
ciate professor with tenure arises. Renewal is by no 
means automatie, and reasons for not renewing à 
contract are naturally not disclosed. Nonetheless, on 
January 9, an ad hoc group of students called the 
Committee of 85 demanded that Dr Dixon be re- 
appointed and that students be given an equal vote 
on decisions to hire or fire faculty. 

The dean of the Division of Social Sciences, D. Gale 
Johnson, responded on January 13 by calling an open 
meeting for the 17th to diseuss problems of appoint- 
ments. He made it clear that individual faculty 
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appointments could not be discussed, but he asked that 
a faculty committee be set up to review his decision 
not to reappoint Dr Dixon. This committee is now 
sitting and will report early next week. On the 23rd 
the Committee of 85 turned its demands into an 
ultimatum, saying that militant action would be taken 
if they were not met by January 29. Occupation of 
the administration building started on the 30th. 

It was plain from the beginning that the university 
would avoid physical confrontation at all costs and 
would resort only in dire extremity to an injunction 
which might have to be enforced by city police. How- 
ever, the situation is beginning to take on more of the 
elements of fantasy with, for example, threats to 
take over more buildings and demands that 51 per cent 
of the faculty be women and that one-third of the 
student intake should be negro or "third world —that 
is, from Puerto Rican or other minority groups. 

The vast majority of the 8,600 students and the 
1,100 faculty is united in opposition to the sit-in, 
although many feel that it has provided a needed 
stimulus for open discussion of issues that were pre- 
viously ignored. The University of Chicago, however, 
has a very liberal administration which—to this 
observer at any rate—seems to have been making 
every reasonable effort to listen to student opinion and 
to play a constructive part in the city, particularly in 
its attempts to advance the education of members of 
minority groups. It has initiated programmes to find 
talented children at an early age and to prepare them 
for a university education. It has eschewed the more 
histrionic but inevitably hopeless gesture of admitting 
numbers of students who cannot cope with the course 
material offered, This has been tried at other univer- 
sities but has always been a dismal failure. It seems 
that the sit-in, which is led by a small number of 
students and which has never attracted more than 
950 at once, is symptomatie of the general malaise 
particularly evident in universities with large schools 
devoted to the social sciences. What is certain is that 
no university would agree to sharing between the 
faculty and the students responsibility for recruiting 
and dismissing staff. At Chicago, only tenured faculty 
with a long term interest in the university can vote 
on such issues, although the opinions of junior faculty 
and of students are canvassed. 


SATELLITES 


Another Look at the lonosphere 


ISIS-A, launched from NASA's Western Test Range 
on January 30, is one of the most heavily instrumented 
ionosphere probes ever launched, It is also Canada’s 
third satellite, following the two Alouettes into orbit. 
The Defence Research Board will be hoping that it 
will be just as successful, although it is a much more 
complieated package than either of its predecessors, 
It carries eleven experiments, from the Defence 
Research Telecommunications Establishment at 
Ottawa, NASA, the National Research Council of 
Canada, the US Air Force Cambridge Laboratories, 
the University of Western Ontario and the US South- 
The satellite has 
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perigee 574 kilometres. The satellite itself is roughly a 
sphere in shape, with a diameter of 50 inches and a 
height of 41 inches; it weighs 525 pounds. It was put 
together by RCA Victor of Montreal, one of the com- 
panies bidding for the contract to build Canada’s own 
domestic communications satellite. 

The experiments carried by ISIS-A resemble in many 
ways those carried by Alouette IT. But the increase in 
sophistication and power of the experiments has made 
it à much more elaborate satellite. One new feature 
is a spin and attitude system designed both to control 
the spin of the satellite in space and its attitude relative 
to the Sun and the Earth. ISIS-A is also provided 
with a data storage system on board, and 11,000 
solar cells which should provide five hours a day of 
full operation under mimimum Sun conditions after 
& year in orbit. The most notable feature of the 
satellite is the antennae which will be extended to their 
full length—240 ft from tip to tip—on command in 
orbit. On Alouette II, the bending of the antennae 
caused the spin of the satellite to decline too rapidly, 
but on ISIS.A this will be prevented by the provision 
of a magnetie torquing device which is capable of 
controlling spin rate to between 1 and 3 r.p.m. 

The four experiments carried for the Defence Re- 
search Telecommunications Establishment include two 
ionospheric probes, a radio noise experiment, and a 
special radio receiver for measuring the very low 
frequency signals generated by lightning flashes and 
other natural phenomena. The artificial generation of 
these phenomena will also be attempted by a a generator 
carried in the satellite. NASA has provided one 
experiment—-an electrostatic probe to measure the 
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temperature and number of electrons near the satellite 
—and the NRC has fitted in a detector for very ener- 
getic particles. The USAF Cambridge laboratories 

experiments set out to detect and ple ntify the types of 
charged particles near to the satelite, and to measure 
their temperature and density. The f 





University of 
Western Ontario has simply instaded a radio beacon 
whose signals to the Earth wil give information 
about the irregularities in the ionosphere, and the US 
Southwest Center for Advanced Studies has a detector 
for low energy particles. 
From this catalogue, it is clear that the information 
gathered by the satellite is likely to be a further aid in 
understanding the ionosphere, tho: agh it would be a 
surprise if it turned up anything very new. lonosphere 
probes have become something of a ; zlut on the market, 
and very often the information they. provide is se arcely 
worth the expense involved—in this case, $13 million 
for the Canadian side of the projec.. It is, however, 
fair to add that the Alouette sasellites have been 
useful, and that the three a built in Canada 
(and particularly ISIS-A) have put Canadian industry 
into the right frame of mind for the serious business 
of launching the communications setellite. 


RESEARCH FINANCING 


“THIS is a year of watershed", says Or Caryl Haskins 
in his presidential report for 1967-68 on the Carnegie 
Institution of Washington. The watershed is, of course, 
the sharp levellmg off of United States Government 
support for science which, as the past 3 years have 
proved, is no transitory phenomenor. Between 1953 
and 1964, federal spending on research and deve lop- 
ment rose from $3,500 million to $14,600 million and 
the scientific community generally assumed that the 
boom would continue indefinitely. But the bubble 
burst in 1965, since when the mocest increases in 
federal allocations for research and deve lopment have 
been cancelled by inflation. In effect. federal support 
for research. and development has barely increased 
since. 1965. 

Dr Haskins argues that the only way to avoid the 
inevitable disruption that follows violent swings from 
over-financing to under-finaneing is to fix a basic floor 
for federal support. This floor showd be exceeded 
where possible, but only eut under the gravest of 
circumstances. He says that, . during the coming 
“we should concentrate less on trying to determine 
realistic ceilings for our research expenditures and give 
more thought to how we might provide assured floors 
to our support of research”. This world remove one 
of the most traumatic features of the current cutback, 
which is not so much the magnitude but che suddenness 
and unexpectedness of events. As one example, Dr 
Haskins cites a survey of 119 university »hvsies depart- 
ments, made recently by the American Institute of 
Physics, which revealed that 16 per cent of the senior 
staff had lost all federal support for their research in 
1967-68 and that, this year, the proportion may be a 
high as 21 per cent. According to Dr E askins, Que 
indicators, it is evident, are but iceber ‘gs’ tips, visible 
hints of possibly greater problems ahead ’. 

His answer is to suggest that the Federal Govern- 
ment should, for the future, set 0-7 per cent of the 
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gross national product as a minimum level of support 
for research. This is the proportion of its funds which 
the government eurrently spends on research and it 
also happens to be very close to the average proportion 
of the gross national product spent on research in 
most industrialized countries. As Dr Haskins points 
out, it is a myth to suggest that the United States 
spends an exceptionally large proportion of its wealth 
on research. What it does do is spend a greater propor- 
tion than other countries on development, particularly 
space and defence work, which accounts for one of 
every two dollars in the federal rescarch and develop- 
ment budget. 

The role of private foundations, never more import- 
ant than at times when government funds are being 
reduced, is to maintain centres of excellence. Citing 
Sir Hans Krebs’s arguments for centres of excellence 
(Nature, 215, 1441; 1967), Dr Haskins says, “We should 
give the most critical thought, in this year of the water- 
shed, to protecting and cultivating the vitality, and 
above all the verve, of the scientific way". The 
Carnegie Institution does this through its six research 
departments, which include the Mount Wilson and 
Palomar Observatories, the Genetics Research Unit at 
Cold Spring Harbor, and the Geophysical Laboratory and 
Department of Terrestrial Magnetism in Washington. 

The catalogue of the year’s achievements at the six 
departments is the primal evidence of their pre- 
eminence in their fields of research. The observatories, 
for example, following their successful optical identi- 
fication of quasars in 1962, made a survey of quasars 
in the entire sky and concluded that there must be at 
least 10 million, implying that quasars are not local 
objects, that is, confined to our galaxy. The observa- 
torjes also collected new evidence which favours the 
oscillating model of the origin of the universe, which 
suggests the universe began with a series of big bangs 
spaced about 80,000 million years apart. They had 
less success with pulsars, however, and have failed to 
detect them optically. 

Perhaps the outstanding find at the Geoph ysical 
Laboratory was the discovery of a new allotropic form 
of carbon, Chaoite, detected in shocked graphite from 
a meteoritie crater. And among much other important 
work the institution’s biologists were involved in the 
conclusive proof that the chromosomes of viruses are 
integrated into those of host cells during transforma- 
tion. While at the Biophysies Section of the Depart- 
ment of Terrestrial Magnetism, which for several years 
has housed a group outstanding for its exploitation of 
DNA and RNA hybridization techniques, the ribosomal 
RNA genes in E. coli have been isolated. 

There is, of course, scarcely a better example of the 
flexibility of private institutions than the Carnegie 
Institution’s Biophysics Section, which was set up 
early in the molecular biology boom, and vet is now 
happily housed in a laboratory originally established 
to work on magnetism. Nevertheless, the institution 
clearly intends to stay in the mainstream of biology. 
The final section of the report quotes from Stent's 
obituary of molecular biology, "there now seems to 
remain only one major frontier of biological inquiry 
for which reasonable molecular mechanisms cannot 
even be imagined: the higher nervous system”. The 
report goes on to deseribe the successes of its admittedly 
modest fellowship scheme to promote work on the 
central nervous system. No doubt the biology of the 
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brain will increasingly occupy more space in the 
institution's annual reports. 


PIPELINES 


Cheaper by Pipe 


Tue University of Alberta at Calgary is to set up à 
centre for the study of pipeline technology, supported 
by government and industry. Pipeline technology is 
particularly important to the Provinee of Alberta, 
which possesses large resources of oil and natural gas 
which are not always conveniently situated near roads 
or railways. For some years the province has also been 
supporting work on the transport of solids by pipeline, 
and this could turn out to be even more important for 
the development of Alberta and the Canadian North. 
This work is now being transferred from the Research 
Council of Alberta at Edmonton to the new Institute 
for Pipeline Research at Calgary. 

Very long fluid pipelines have been operating in 
North America for almost a hundred years—-the first 
was built by the Tidewater Pipe Line Company in 
1879, after John D. Rockefeller had gained control of 
the railway. Solids have also been carried in pipelines 
in the form of a slurry, but that method has two 
drawbacks: it can only be used for materials which do 
not need to be kept dry and uncontaminated, and it 
requires greater pumping power, because the flow in 
the pipeline must be maintained in the turbulent region 
to keep the particles suspended. The concept of eapsule 
pipelining developed at the Research Council of Alberta 
avoids both difficulties by encapsulating the material 
in containers made from plastic or aluminium. When 
carried along in a fluid of similar density, the capsules 
need scarcely more energy than would be required for 
the fluid alone. Even if the densities are different, the 
capsules ride along the pipe with very little friction, 
insulated from the wall of the pipe by an annulus of 
liquid. The best results are obtained when the diameter 
of the eapsule is about 90 to 95 per cent of the diameter 
of the pipe. At the ideal speeds, 3-6 ft per s, the 
eapsules plane along in a slightly nose-up attitude 
with a wedge of liquid between them and the pipe. 

According to the enthusiastic director of the research 
work, Mr Erik Jensen, capsule pipelining has been very 
thoroughly proved. In one test, a 16 inch steel eapsule 
was carried for 109 miles along a conventional 20 inch 
pipeline, and extensive testing was carried out in a 
4 inch pipeline set up at the research council in 
Edmonton. So far, however, nobody has had the 
courage to invest money in a fully operational system, 
though Mr Jensen is convinced that if this were done 
the doubters would soon be convinced. The cost of 
laying the pipeline would be very much less than either 
a railway or a road,and the system seems particularly 
applicable to the problems of developing the resources 
of the North. The research council estimates that the 
costs of such a system would lie somewhere between 
that of a conventional railway and an oil pipeline (see 
figure), which suggests that it would probably be 
worthwhile for distances of up to 1,000 miles or so. 
Mr Jensen believes that such systems will come into 
use in situations where a railway branch would be 
uneconomical, or where ground transportation does 
not exist and personnel transport can be handled by 
air. 
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NEWS AND VIEWS 





Another Telescope for Cambridge 


from our Astronomy Correspondent 


THE hiatus in the building of large radio telescopes in 
Britain ended this week with the announcement that 
a start will be made on the three-mile array for the 
Mullard Radio Astronomy Observatory at the Univer- 
sity of Cambridge. The delay reflects the financial 
doldrums in which radio astronomy is enmeshed, which 
has meant the postponement for two years of the 
Mark V telescope for Jodrell Bank and the imminent 
running down of the radio astronomy group at the 
Royal Radar Establishment, Malvern. At least Jodrell 
Bank gets a consolation prize—the refiguring of the 
Mark I telescope to improve the performance of the 
dish at short wavelengths. It has been known for 
some time, however, that the three-mile telescope for 
Cambridge was to be the priority project, as suggested 
by the Fleck report in 1965. 

At a cost of £2 million provided by the Science 
Research Council, the new telescope is to make use of 
the latest in aperture synthesis techniques devised by 
Professor Sir Martin Ryle's group. A linear array of 
eight aerials will produce a map as detailed as from a 
three-mile dish, and is to extend the programme on 
quasars and radio galaxies now being carried out with 
the one-mile telescope. The present one-mile telescope 
has a resolution of twenty seconds of are, and the maps 
which it produces suggest complexities below the limit 
of resolution. This is why the new telescope will be 
able to resolve down to one or two seconds of are. 
The eight dishes making up the new telescope are to 
be 42-foot paraboloids supplied by Marconi and 
arranged in a linear array. Four of the dishes are to 
be fixed on concrete platforms 1-3 km apart: the 
other four will run on rails 1-17 km long and colinear 
with the fixed dishes. A closed section of British Rail 
track adjacent to the present Lords Bridge site of the 
Mullard Radio Astronomy Observatory makes a con- 
venient basis for the array. The dishes will be built 
where the obsolete track runs east-west for a distance 
of three miles, and are to be controlled by a Marconi 
Myriad 2 computer. 

Agents for the Science Research Council duri ng the 
£10,000 design study for the telescope were the en- 
gineering group of the Atomie Energy Auth ority at 
Risley. Marconi has a large slice of the projeet. The 
eight 42-foot dish aerials are to be direct descendants 
of three 40-foot dishes built for a military programme, 
and a 40-foot dish on Ascension Island which is part 
ofthe US tracking system. Each dish is to be made up 
of aluminium sheets mounted on a qu asi-paraboloidal 
steel backing. The secondary reflector in the Cassegrain 
system which is used is quasi-hvperboloidal end 
1-2 m across. The signal is then picked up at the vertex 
of the main reflector. Initially, two detachable feed 
horns are to be fitted to cover two frequeney ranges— 
2-7 GHz and 5-0 GHz. The receivers are to be provided 


by Professor Ryle’s group and will be mounted on the 
hub structure of the aerials. Eac dish will have a 
tripod mounting, and will be able to swing about two 
axes controlled by servo-driven mo: ors under the eye 
of the Myriad computer. 

An 85 m gauge track supported by a 1-17 km long 
concrete beam is to be laid down for the four movable 
aerials to an accuracy of one millimetre. The plan is 
to position the aerials to an aceuracy also within one 
millimetre. with respect to thirty-two predetermined 
positions. The control room and the computer will be 
midway between the centre pair of fixed dishes. As 
well as overseeing the guiding of the dishes, Myriad 
will look after a complex delay system to allow for the 
different times taken by signals from the eight dishes 
to reach the control room. The ecmputer will also 
feed a 30-inch line plotter. Construction time is 
expected to be three years, 

The next step in the avowed aira of the Science 
Research Council to support two, and only two, schools 
of radio astronomy will be to make a start on the 
planned 400-foot Mark V telescope for Jodrell Bank. 
Meanwhile, work to counter fatigue oroblems on the 
250-foot Mark I dish also carries with it the u pgrading 
of the reflector so that measurements down to a wave- 
length of 3 em can be made over the central 100 foot. 


BUBBLE CHAMBERS 


Waiting for Gargamelle 


Britisu high energy physicists will have at least a foot 
in the door to the European 300 GeV laboratory. In 
the long run, their entrance ticket could turn out to be 
the ability to cope with the reams of phetographs which 
the new breed of bubble chambers wil: produce. The 
patience and perseverance which the analysis of photo- 
graphs from conventional ehambers requires are com- 
mon knowledge, but the chambers whieh are going to 
be standard equipment in the hi gh energy laboratories 
of the 1970s pose even more problems. A grant of 
£201,000 awarded by the Science Resezreh Council to 
the Bubble Chamber Group at University College, 
London. is being used to set up equipment in Britain 
to handle film from the first of the sew cham hers, 
Gargamelle, a heavy liquid chamber designed and 
constructed in France under a joint contract with 
CERN for use with the 27 GeV proton synchrotron. 
But the problems which the group will so've are going to 
be common to the next generation of busble chambers. 

So far, bubble chambers have been small enough for 
one of the containing walls to be entirely of glass, To 
provide three-dimensional information abeut the tracks, 
the chamber is viewed b y an array of three cameras, 
each seeing the entire volume of the chamber. In futu ré, 
however, the size of bubble chambers wall mean that 
photography has to be through narrow portholes 
drilled in the chamber casing. Gargamelle, for example, 
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is a cylinder 4-5 m long and nearly 2 m in diameter, 
roughly forty times the volume of the present chamber 
being used by University College at the Rutherford 
High Energy Laboratory. In Gargamelle, eight 
cameras view the chamber through two rows of four 
portholes in the casing. This raises two new problems. 
First, the fish-eye lenses built into the portholes distort 
far more than the more moderate wide-angle lenses 
which are already being used in bubble chambers. 
Instead of the cireular images which high energy 
physicists are used to dealing with, the helical tracks 
of charged particles will often appear on the film as a 
series of cusps and loops. This is because of the large 
angles at which the lenses, each with a 110° field of view, 
see the tracks. But a more serious problem is that none 
of the eight lenses sees the whole volume of the cham- 
ber. Physicists thus have the task of deciding whether 
an event photographed by one of the cameras could 
have arisen from a gamma ray generated in another 
part of the chamber. 

What this means is that computers are going to play 
a greater part in the analysis. Part of the University 
College grant will buy a Honeywell DDP 516 which 
will be on-line to the tables where the films are scanned. 
As well as tasks such as checking the assumed origins of 
gamma rays, the computer will keep an eye on the 
measurements fed into it by the small army of scanners 
who are an important part of a bubble chamber group, 
sifting the photographs for interesting looking events. 
By having the computer carry out a three-dimensional 
reconstruction of the events as they are measured, the 
efficieney of the analysis is much inereased. 

The three year grant from the SRC fits in well with 
what the Bubble Chamber Group at University College 
have been doing, now that their programme at the 
heavy liquid chamber at the Rutherford High Energy 
Laboratory is coming to an end. Heavy liquid cham- 
bers are a useful complement to the more common 
liquid hydrogen chambers, chiefly because of their 
greater efficieney for detecting gamma rays. But 
because this means using liquids such as brominated 
freon (CF,Br) or propane (C,H) the target nuclei are 
not known. Consequently liquid hydrogen ehambers 
tend to be used for observing production processes, 
while heavy liquid chambers are reserved for the study 
of particles. In Britain, only University College is 
interested in heavy liquid chambers, but the team, led 
by Professor E. H. S. Burhop, feels the balance in 
favour of liquid hydrogen chambers is about right. 
Gargamelle will operate with a mixture of CF,Br and 
C,H, which will be varied to suit the experiment. 

The hope is that Gargamelle will be in operation with 
the 27 GeV machine at CERN early next vear, roughly 
two and a half years ahead of CERN's 3-7 m hydrogen 
chamber. First experiments will be concerned with 
neutrino physics, and should throw more li ght on weak 
interaction processes. A by-product of the experiment 
will be an extension of the search for the hypothetical 
intermediate boson, the existence of whieh has been 
suggested by a controversial cosmic ray experiment in 
the United States. Later experiments on the decay of 
K® mesons will test the possible violation of the prin- 
| But the large size of 
Gargamelle means it. will go on to have a place in the 
projeeted 300 GeV laboratory. This is why the Uni- 
versity College team sees the SRC grant as a chance to 


eut its teeth on the forerunner of the bubble ehambers 


NATURE, VOL. 221. FEBRUARY 8, 1969 


ofthe future. But whether the ability to handle bubble 
chamber film will be enough to gain entrance to the 
300 GeV machine, in lieu of hard cash, will be for the 
accelerator management to say. This is why British 
high energy physicists would like to remind the 
Government that it is not too late for a change of heart. 


SOLID STATE 


Sandwich Supercurrents 


WHEN a superconductor and a normal non-magnetic 
metal are placed in contact there is a partial exchange 
of properties near the boundary. A double junction in 
which a normal metal is sandwiched between two 
superconductors would be expected to pass a super- 
current if the normal slice were thin enough, and it 
has now been shown that such a sandwich does in 
fact behave like a Josephson junction, in which an 
insulator is separated by two superconductors (J. 
Clarke, Proc. Roy. Soc., A, 808, 447; 1969). 

Qualitative experiments were carried out on such 
proximity effect junctions several years ago, but no 
efforts were made really to grapple with the physics 
involved. Considerable technical prowess is required 
to prepare specimens with reliably known dimensions 
and composition, and the recent experiments used 
lead-copper-lead sandwiches, one of the few com- 
binations of normal and superconducting metals in 
which mutual solid solubilities are low. 

The chief feature of Josephson junctions is the sine 
wave dependence of the supercurrent across the junc- 
tion on a phase factor known as the order parameter. 
This is reflected in the behaviour of the junction under 
the application of magnetic field, and the variation of 
the current of the lead-copper-lead sandwich is found 
to follow in fair detail that shown by a Josephson 
junction. 

Under no external field the sandwich will pass a 
supereurrent—which means a finite current across zero 
potential difference—for currents up to à certain critical 
value. Above this value a voltage is observed. On 
applying an increasing magnetic field the critical cur- 
rent is found to drop to zero and then to oscillate like 
a rectified sine wave. This behaviour mirrors the 
predictions made by Josephson for simple junctions, 
which are not seriously affected by the field from their 
own currents. The field at which the critical current 
vanishes is predicted fairly well, although a complete 
quantitative description involves an assessment of the 
current distribution in the case where the field from 
the supercurrent is relevant, and this is not known. 

The similarity with a Josephson junction. is, of 
course, based primarily on empirical evidence and not 
on theoretical grounds. The full investigation of the 
sandwich included measurements of the variation of 
voltage for currents above the eritical value, the varia- 
tion of the critical current with temperature for several 
different thicknesses of copper and then the determina- 
tion of the variation of the critical current with mag- 
netie field. A typical hazard in this type of experiment 
lies in obtaining specimens with uneven surface pro- 
perties, and the results had to be corrected to allow 
for the variations in electron mean free paths due to 
this. The voltages were measured with an ultrafine 
voltmeter developed by J. Clarke three years ago, with 
a sensitivity of 10-33 volts. 
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Can the theory of the proximity effect explain the 
variations of current in a super-normal-super sand- 
wich ? And how complete is the likeness between the 
sandwich and a Josephson junction? Comparisons 
between experiment and the first principles caleula- 
tion of P. de Gennes have been no more than perfune- 
tory, and tend to bring out the diffieulties in handling 
mean free path variations and self-field effects. A 
simplified version of the theory, however, can be used 
to describe the temperature variation of the critical 
current with fair accuracy except where self-field 
limiting is expected to occur near the critical tempera- 
ture. A major difference from the Josephson junction 
is seen to exist at very low temperatures, the latter 
tending to a finite critical current and the sandwich to 
an infinite critical current. 

There are several other distinctions between the 
lead—copper-lead sandwich and a Josephson junction. 
The copper barrier is typically about 5000 Angstroms 
thick compared with about 20 Angstroms for the 
insulator; the resistance of the insulator is typically 
l ohm, compared with about 10-* ohms for the copper 
slice. Nevertheless the other similarities between the 
two types of junctions will arouse or stimulate the 


interest of those with a keen eye for this year's model of 


this decade’s phenomenon. 


TRIBOLOGY 


Troublesome Lubrication 


from a Correspondent 


A symposium on lubrication in hostile environments, 
sponsored by the Joint British Committee for Vacuum 
Science and Technology and the Tribology and Process 
Engineering Groups of the Institution of Mechanical 
Engineers, was held on January 15-16 at the Institu- 
tion of Mechanical Engineers. Opening the symposium 
Dr H. Kronberger, who has direct experience of lubri- 
cation problems in atomic energy, outlined the condi- 
tions in which bearings and sliding mechanisms must 
often operate—extremes of temperatures and environ- 
ments that are active, compatible or non-existent 
(such as outer space). Lubrication can be provided by 
(1) sealing the lubricated surfaces from the environ- 
ment; (2) using materials which are self-lubricating in 
compatible environments; and (3) using a non-hostile 
environment as a lubricant; for example, water and 
gas bearings and sodium in reactor pumps. 

Problems of lubrication for supersonic transports 
and gas turbine engines between — 55° C to 315° C were 
dealt with by B. T. Fowler (Esso). At low tempera- 
tures it is not possible to use the familiar technique of 
lowering the viscosity of a lubricating oil by adding 
petrol which evaporates when the engine is hot. 
Fortunately ester fluids have better viscosity character- 
istics, lower volatility and better load-bearing proper- 
ties than mineral oils. In 20 years a bulk oil/svstem 
operating temperature of 90°-310° C for the mineral 
oils has risen to 200°-450° C for the polyphenyl esters. 
The latter under high load bearing had a life of 18 
hours at 475^ C. 

Lubricating cryogenie apparatus and pumps distri- 
buting pure gases is complieated by gas contamination, 
combustion hazards and failure of conventional 
lubricants at low temperature or in active gases. D. H. 
Tantam (British Oxvgen Co.) reported that metal to 
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metal bearing surfaces under ligbt loads and at low 
rubbing speeds undergo less wear ir liquid oxygen than 
in liquid nitrogen or argon because of surface oxidation. 

The self-lubricating properties of two-phase com- 
posites such as Ni/CaF, at 400° © in dry CO, were 
described by J. Houghton and L. A. Mitchell (Central 
Electricity Generating Board). Their model, which 
explains the wear of composites, has indicated that the 
best bearing performance is obtained with a soft 
matrix with a high specific wear rete. The high wear 
rates of these materials, however, imit their appliea- 
tion. A PTFE-filled porous metal is an example of a 
valuable composite bearing material. (Unfortunately 
it begins to dissociate at 180^ C.) | 

C. L. Harris and M. G. Warwick (Elliott Automation) 
discussed lubrication of bearings and gears at gas 
pressures of 10-7-10-39 torr by low vapour pressure 
oils and greases, lamellar solids, soft metals and com- 
posites. A dry plastic gear combination (Nylatron’ 
against “Delrin’) had a life of 3,600 heurs, and lead films 
were effective in lubricating miniazure ball 
under light loads for 3-4 years at 3,000 revs/minute. 
Harris and D. W. Wyn-Roberts (hott Automation) 
found that lead films did not lubricate steel when 
exposed to oxidizing atmospheres. 

Low vapour pressure lubricating fluids may have 
abnormally high evaporation rates because of volatile 
impurities or the formation of volatde components by 
thermal or catalytie degradation during rubbing. 
Using mass spectrometry and gas-liquid chromato- 
graphy, L. Lawrenson, L. Holland and M. A. Baker 
(Edwards High Vacuum) have analvsed the residues 
and condensates from mineral oil lubricants used in a 
vacuum. With a fluid of uniform molecular weight they 
observed molecular breakdown in friction conditions. 
Whether a mineral (or silicone) fluid had a medium 
or low vapour pressure (10—10-? terr), the effective 
vapour pressure was increased to about 10-? torr by 
friction degradation. l 

The frictional properties of dry and liquid lubricants 
and of metal surfaces are critically cependent on the 
presence of reactive gases and their level in the environ. 
ment. When metals are heated to a sigh temperature 
they can release by desorption and surface reaction 
H,, H,O, CO, CO, and CH, and so on. Leaks from air 
can contribute, for example O, and N, Low partial 
pressures of oxidizing or reducing gases in the presence 
of rubbing materials can have pronoanced effects on 
wear and frictional properties. Undoubtedly, if more 
precise information is to be obtained about such surface 
reactions it will be necessary to use te«hniques such as 
mass spectrometry for determining the nature of gas 
atmospheres. E 


ANTARCTICA 


Made by the Birds 


the Norwegian Polar Institute at Oslo, Dr T. &. 
Winsnes reports that he has seen snow petrels in the 
mountains of Dronning Maud Land spitting out a 
thick pink substance that looks very much like mumivo. 

Although in the early Middle Ages the name mumivo 
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was given to various wax-like bituminous substances 
such as pitch and natural asphalt, it was later restricted 
to a special wax-like substance found in thin layers in 
the mountains of India, Iran and China. in 1964 
thicker layers were found in Antarctica, with chemical, 
infrared and ultraviolet properties indicating their 
similarity to the Asian deposits. Investig ations re- 
vealed that mumiyo is not a product of the rocks and 
has no connexion with mineral oil. Mumiyo was then 
thought to be a product of organie life or its meta- 
morphosed remains. 

Dr Winsnes has watehed snow petrels in their nests, 


situated in crevices between rocks in the mountains of 


Dronning Maud Land, Antarctica. Like the Arctic 
fulmar petrel, the snow petrel ( Pagodroma nivea) spits 
in self defence when disturbed in its nest. The spittle 
is an oily pink substance, the colour probably caused. 
by the crustaceans which constitute most of the bird's 
diet. The spittle accumulates—sometimes several kilos 
of it—around the nest in the form of wax, sometimes 
hanging down like stalactites. Dr Winsnes believes 
that this substance is the mumivo of the Antarctic, 
although, of course, he cannot say whether it has a 
similar origin in Asia. 





MOLECULAR BIOLOGY 


Dissection of Transfer RNA 


from our Molecular Biology Correspondent 


Some years ago Nishimura and Novelli found that 
limited nuclease digestion of RNA could be tolerated 
without complete loss of acceptor activity. Last vea. 
a Russian group (Bayev et al.) reported that yeast 
valine tRNA could be cleaved by TI ribonuclease at 
the anticodon, and that the two pieces together re- 
tained full acceptor activity. Two reports have now 
appeared which confirm and extend this finding. 

Seno, Kobayaski and Nishimura (Biochim. Biophys. 
Acta, 174, 408; 1969) have prepared T1 digests of 
formylmethionine tRNA of E. coli, and fractionated 
the products by ion-exchange chromatography. Several 
partially resolved components were obtained, and two 
of these were identified as intact halves of the molecule, 
separated not at the anticodon but in the dihydrouri- 
dine loop, in fact apparently next to the dihydrouridine 
residue itself. When these two components were 
mixed, half of the native acceptor activity was forth- 
with restored. A further report in press ‘from Nishi- 
mura's laboratory is also quoted, in which Æ. coli 
valine {RNA is split at the anticodon, just as in the 
NOM of payee er ab. Eu eig] Teron of 


MU in Pos au's 
Biochem. Biophys. Tos. uen. 33. 022. 1968). but 
these workers have gone a step further in that a chemi- 
cal method has been used. Yeast phenylalanine tRNA 
contains a base of still unknown structure next to the 
anticodon. This unknown base is lost on mild acid 
treatment, leaving an aldehyde group on the ribose, 
which renders the adjoining phosphodiester bond 
reactive. On treatment with aniline it is broken, 
revealing a new end-group, susceptible to phosphatase. 
The pr oduct of this reaction, which was shown electro- 
phoretically to be completely free of intact (RNA, 
retained 50-60 per cent phenylalanine acceptor activity. 
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The activity of fragments of this kind in combination is 
reminiscent of the situation encountered in some 
enzymes, in which a hydrolytic fragment binds non- 
covalently to the residuum of the molecule to give an 
active structure, effectively identical with the native 
n At Tie: same n bs iS n 
80 eal caress by ee ce od chron nato- 
graphic methods. Studies of their interaction with the 
aminoacyl synthetases will clearly be of the greatest 
interest. 

The independent behaviour of different helical 
regions of RNA is demonstrated once more in observa- 
tions of thermal melting curves of species containing 
thiouridine, whieh has an absorption band at 336 
mmicrons, and so ean be observed independently of 
all the other bases (Seno et al., Biochim. Biophys. Acta, 
174. 71: 1969). Seven different species containing this 
nucleotide have been examined, and substantial 
differences between the melting profiles at 336 mmicrons 
and 260 mmicrons were noted. In some cases the 
eurves for 336 mmierons were bimodal, and were 
taken to reflect the presence of more than one con- 
formational form. 

An interesting observation, concerning the modifica- 
tion of a tRNA-bound amino- acid, comes from Bern- 
field and Nestor (Biochem. Biophys. Res. COMMUN., 
33, 843; 1968). They have found that Æ. coli gluta- 
minyl-tRNA is a substrate for the enzyme glutamine 
evelotransferase, which brings about cyclization of 
the glutamine to pyrrolidone carboxylate. This is 
interesting because N-terminal pyrrolidone carboxylate 
residues occur in several mammalian proteins, including 
immunoglobulins and collagen. This then is a situation 
inviting comparison with the initiation of bacterial 
protein synthesis by N-formylmethionine. Whether a 
compar able mechanism indeed obtains in these cases, 
of course, remains to be determined. It should be 
mentioned that terminal acetylation, for example in 
haemoglobin. is thought to occur after completion of 
the polype ‘ptide chain. 


GEOCHEMISTRY 


Mapping Trace Elements 


AGRICULTURE, the mining industry and public health 
can all hope to benefit from the geochemical reconnais 
sance of England and Wales which is to be carried at 
during the next five years by the Applied Geochemistry 
Research Gi roup at Imperial College, The group, led 
by Professor J. S. Webb, has been given £65, 000 by the 
Wolfson Foundation to map the distribution of between 
twenty and thirty trace elements in order to compile 

a geochemical atlas of England and Wales. 

Field work will begin this summer, when students will 
be employed to start collecting the 60,000 samples that 
will be needed. An average of one s sample per square 
mile is to be taken from the stream sediments of 
tributary drainage. Stream sediments were chosen 
because they approximate more or less closely to a 
composite sample of the products of weathering derived 
from the rocks and soil upstream from the sample site. 
An automatic spectrograph will analyse the samples, 
and the data will be plotted automatically. 

Although the eventual aim of the survey is to produce 
the geochemical atlas, provisional maps will be pub- 
lished annually after 1970 to provide any useful infor- 
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mation that may then be available. The group believes 
that the chief value of this reconnaissance work is a 
quick and economical way of providing an overall 
picture of the distribution of trace elements, which will 
point to areas which are worth more detailed investi- 
gation. Mineral prospectors already make this sort of 
reconnaissance when looking for metal ores such as 
lead, zine and nickel. When the atlas is available they 
will be able to go straight to an area that looks hopeful. 
In certain areas, excesses or deficiencies of elements 
such as copper, cobalt, molybdenum and manganese 
can affect the health of crops and farm animals. 
Using the geochemical atlas, agricultural advisory ser- 
vices will be able to choose areas for more intense 
investigation. Public health can also be affected by 
trace elements in the soil and water. For example, there 
is a good correlation between cardiovascular mortality 
and the hardness of water, in which trace elements may 
be involved; and the ratio of copper to zinc in garden 
soils in North Wales correlated statistically with the 
incidence of cancer. Medical workers researching these 
and similar problems should be grateful for the geo- 
chemical atlas. 


MICROBIOLOGY 


Protection from Oxygen 


from a Correspondent 


IN the past decade, a great deal of effort has been 
expended on investigating the mechanism by which 
nitrogen fixing, facultatively anaerobic bacteria, such 
as species of Azotobacter, protect the oxygen sensitive 
components of their nitrogenase system from oxygen. 
It has been known at least sirtce 1911 that high oxygen 
tensions inhibit the growth of many anaerobes, and for 
that matter many aerobic bacteria, but the mechanism 
of this toxicity remains obscure. Experiments with 
batch cultures, which have the disadvantage of being 
difficult. to reproduce because of the continually 
changing environment, have led to a general con- 


sensus that the nitrogen fixing systems in species of 


Azotobacter are protected from oxygen by some steric 
arrangement. The principal evidence for this idea is 
that the nitrogen fixing systems can be isolated in a 
particulate form resistant to oxygen. When, however, 
the components of the particles are made soluble they 
become extremely sensitive to oxygen, as are the 
soluble extracts of Clostridium pasteurianum, which 
apparently lacks conformational protection. It is 
scarcely necessary to say that it is anybody’s guess 
exactly how conformational protection works, although 
there are two obvious general possibilities: oxygen 
sensitive sites could be rendered either inaccessible or 
insensitive to oxygen. 

But that is not the whole st ory. Several groups have 
suggested that there is a second protective mechanism— 
augmented respiration—which scavenges oxygen from 
the neighbourhood of the nitrogen fixing sites; and 
Dalton and Postgate (J. Gen. M icrobiol., 54. 463; 
1969) have just. published some compelling evidence in 
support of this notion, obtained with continuous cul- 
tures of Azotobacter chroococcum, in which growth 
conditions are fairly well defined. 

Their evidence is four-fold. First, respiration in 
nitrogen fixing cultures, in which nitrogen supply is 
limiting, is adjusted to balance oxygen supply, leaving 
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nitrogen fixation largely unaffectec. Second, when the 
carbon source was limiting and respxation was therefore 
restricted, but conditions were stherwise identical, 
nitrogen fixation became extremelyssensitive to oxygen. 
Third, the cultures actively mamntained a balance 
between oxygen consumption and supply: as supply 
rose, so did consumption, and the converse. Fourth, 
populations not fixing nitrogen were not hyper- 
sensitive to oxygen. 

Dalton and Postgate have takea their analysis of 
respiratory protection one step further by studying 
oxygen sensitivity in phosphate-liaited cultures, If 
respiratory protection works through the cytochrome 
respiratory pathway, starvation fo: phosphate should 
reduce protection because the balenee between ADP 
and ATP would shift so as to reduc respiration. And 
as predicted by this argument, phcsphate-limited cul- 
tures were extremely sensitive to oxcgen. 


GENETIC CONTROL 


Arginine Biosynthetic Pathway 


from our Cell Biology Correspondent 

THE way in which the expression of the eight structural 
genes specifyi ing the enzymes respoasible for arginine 
biosynthesis i in E. colt is controlled kas been something 
of a puzzle for the past few years. Unlike the lactose 
operon of E. coli, in which the thre» structural genes 
are contiguous with their regulator” genes, the eight 
structural genes of the arginine pathway are scattered 
in five regions on the circular E. coli *hromosome. But 
in spite of this they are all controllec by a single regu- 
latory gene. The other unusual featvre of the 4 arginine 
pathway is that in E. coli strain F, added arginine 
represses the synthesis of argirs ne biosynthetie 
enzymes, whereas in Æ. coli strain B, added arginine 
slightly stimulates enzyme svnthesis, and vet mapping 
and complementation experiments mdicate that the 
regulatory genes in the two strains ame allelic. 

Gorini's group at MIT now reports in two papers in 
the latest issue of the Journal of Mclecular Biology, a 
satisfving unitary scheme which accounts for these 
disparate features. There is eviderce that in both 
strains an amber mutation in the repressor locus 
prevents all repression; all eight stractural genes are 
expressed continuously, irrespective c the presence of 
arginine. This implies first that the reoressor is at least 
in part a protein, and second that the st uctural genes are 
under negative control—the repressor prevents their syn- 
thesis. Furthermore, the repressor psotein in the two 
strains must be very similar because a single amino- 
acid substitution in the B strain repressor converts it to 
a K type repressor. 

In the first paper, Jacoby and Gorizi (J. Mol, Biol., 
39, 73: 1969) suggest that in both stra.ns arginine, or a 
derivative of it, activates the repressox, presumably by 
binding to it. In strain K the activated repressor can 
then repress enzyme synthesis by bind mg to the opera- 
tors of the structural genes In strein B, , however, 
seduce: the aoc of m repressor ad ther fad the 
structural enzymes are expressed. Qae obvious sug- 
gestion is that the B strain repressor protein undergoes 
a configurational change on binding arginine w hich 
reduces instead of enhances the affinity of the repressor 
for the operator regions of the structum! genes. 
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Gorini’s group and others have evidence which 
indicates that each structural gene has its own operator 
site—in other words they are not in one operon. All 
the operators bind the same repressor protein—a 
product of the single repressor gene—but apparently 
with differing affinities, because although control of all 
the structural genes is parallel it is not coordinated, 
and the structural genes are derepressed to different 
extents by temperature sensitive repressors. If all 
the operators had the same affinity for the repressor, 
they would, of course, give identical responses to a 
temperature sensitive repressor. 

As Jacoby and Gorini point out, the independent 
control of the eight structural genes allows a greater 
degree of flexibility in regulating the amount of each 
individual enzyme than would be possible if the genes 
were all in one operon. The arginine pathway is m 
effect a multi-operon system. 

In the second paper, Karlstrom and Gorini (ibid., 89) 
marshal physiological evidence in support of this 
scheme. In strain B, synthesis of ornithine trans- 
carbamylase, one of the enzymes of the pathway, is 
increased in the presence of excess arginine, but only if 
the bacteria are grown at temperatures below 39° C. 
Above this temperature, arginine actually represses 
enzyme formation, whereas temperature has no effect 
on regulation of enzyme synthesis in strain K. This 
and other physiological evidence suggests that physio- 
logical conditions affect the state of the strain B 
repressor and alter its affinity for the operator sites. 
Thus the physiological evidence supports the genetic 
evidence that in E. coli, B and K control of the arginine 
pathway is basically the same. The end-product, 
arginine, by activating a repressor protein, causes 
repression of arginine biosynthetic enzymes, a case of 
end-product repression. 


NEUROCHEMISTRY 


Brains New and Old 


from a Correspondent 


‘THERE are considerable problems involved in studying 
the ageing human brain, and some of these were made 
apparent at a symposium organized by the British 
Society for Research on Ageing on January 23 at 
the Welleome Foundation, London. These difficulties 
contrast with the progress reported by scientists work- 
ing on the biochemistry of the developing brain. 
Morphological changes in the senile brain are, with 
only one known exception, restricted to man, whereas 
observations of the developing brain of experimental 
animals give a valuable insight into the development 
of the central nervous system of man. 

Changes in the composition and metabolism of 
lipids in the developing brain can now be described in 
considerable detail (G. B. Ansell). The brain is un- 
usually rich in lipids, almost all of which are present in 
membranes, especially those comprising the myelin 
sheath. The synthesis of cerebroside, phosphatidal 
ethanolamine and triphosphoinositide coincides with 
myelination, and changes in the concentration of these 
lipids serve as a sensitive index of alterations in the 
formation of the myelin sheath. Thus, during the 
vulnerable period of brain development, retardation 
of myelination by hypothyroidism (R. Balazs) or by 
mild undernutrition (J. Dobbing) can be readily assessed 
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by analysing the lipids of the whole brain. In hypo- 
thyroidism, reduced myelin formation is accompanied 
by reductions in succinic dehydrogenase activity. 
This suggests an additional effect on nerve ending 
particles. Balazs and his colleagues also found that 
lack of thyroxine retards the age related process of 
synthesis of dicarboxylic amino-acid from glucose. 
Dobbing found that although starvation of adult 
animals produced no detectable change in the mature 
brain, even mild undernutrition for three weeks 
resulted in permanent changes in the concentration of 
cholesterol in the brains of newborn rats. The possible 
relation between such restricted brain growth and 
subsequent intellectual development is intriguing, 
and here there may eventually be some common 
ground between those studying the effects of malnutri- 
tion and hypothyroidism in the developing brain and 
intellectual deterioration in the elderly. 

Although early labelling experiments supported the 
concept of the inertness of neuronal DNA, it now seems 
that metabolically active DNA is also present in the 
nucleus (S. R. Pele). ?H-Thymidine can be meorpor- 
ated into DNA even when premitotic nucleic acid 
synthesis is known not to occur. Although the nerve 
cell does not divide, the neurone with its dendrites 
has an enormous surface membrane area which is 
susceptible to continual wear and tear. It is tempting 
to suggest (K. C. Dixon) that breakdown of the lipo- 
protein of the plasma membrane can be related to the 
accumulation within the ageing neurone of the lipo- 
protein pigment lipofuchsin. It has been suggested 
that lipofuchsin may be produced by peroxidation of 
lipid and that its appearance may be related to a 
deficiency in vitamin E. Presumably the accumulation 
of lipofuchsin within thé nerve cell body leads to an 
impairment of neuronal metabolism which contributes 
to the ageing process. 

Brain atrophy with grossly enlarged ventricles is 
found in some cases of dementia (J. A. N. Corsellis). 
Although senility in the aged is sometimes related to 
atherosclerosis of the large vessels, more than half the 
cortex may be destroyed before mental impairment 
becomes apparent. Qualitative examination of the 
senile brain suggests that there are not only fewer 
neurones than in the normal brain, but also that 
characteristic degenerative changes occur. Argyro- 
philic plaques, also seen in pre-senility (Alzheimer's 
disease), are present, as well as neurofibrillar tangles. 
In demented patients there are usually more plaques 
and tangles than in normal controls (A. T. Dayan). 
M. Roth emphasized the importance of quantifying 
these neuropathological changes in relation to mental 
behaviour. Such correlations demand standardized 
methods for the measurement of intellect in the aged 
(R. D. Savage) applied to rigorous quantitative histo- 
logy. Using such methods, highly significant differences 
in plaque count were obtained in the brain of subjects 
with dementia compared, but with other diseases of 
the brain no such differences were seen. 

It seems a pity that this important work on human 
senility is not supported by the kind of intensive inter- 
est shown by British neurochemists in the developing 
brain. The problem is simply that the experimentalist 
has no suitable model for investigations on senile 
dementia. We must therefore wait until the time when 
such changes ean perhaps be induced artificially in 
the brains of laboratory animals. 
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| PUBLICATIONS FOR ALL SCIENTISTS 


A Selection of Pergamon Titles from the 5,000 now available 


DEVELOPMENTS IN THEORETICAL AND APPLIED MECHANICS, 


Volume 3 
Edited by W. A. Shaw, Auburn University, Auburn 


Contains the proceedings of the THIRD BIENNIAL SOUTHEASTERN CONFERENCE ON THEORETICAL AND 
APPLIED MECHANICS held at and sponsored by the University of South Carolina, Columbia, in 1366. Some of 
the topics covered included continuum mechanics, elasticity, plates and shells, applied mechanics, experimental 
mechanics, wave propagation, dynamics, vibrations and fluid mechanics. 

804 pages £14 $34.00 


POLYTECHNICAL DICTIONARY 
Volume 1—English- German Volume 2—German-English 
Edited by Rudolf Walther with the co-operation of Martin Strauss 


Featuring some 100,000 terms and words this remarkable comprehensive dictionary bridges the gas between the 
general, non-technical and specialized subject dictionaries. invaluable for translation purposes it coatains material 
edited in accordance with proven principles and in a manner which ensures a high degree of accuracy ir the definition 
of the concepts that the terms symbolise. 

1256 pages Volume 1 £10 $25.00 

1054 pages Volume 2 £10 $25.00 


MICROSCOPIC INNERVATION OF THE HEART AND BLOOD VESSELS 


IN VERTEBRATES INCLUDING MAN 
A. Abraham, University of Szeged, Hungary 


Based largely upon the authors own work, this well illustrated book presents a description of the microscopy of 
cardiovascular innervation in vertebrates. Pressoreceptors have been studied in detail aiming at a precise description 
of the relations in the carotid sinus and aorta of man and various mammais. 

Contents: Materials and Method; Innervation of the Heart; Receptors of the Heart; Innervations of Blood 
Vessels; Chemoreceptors. 

456 pages £8 $21.00 


INTRODUCTION TO HEALTH PHYSICS 


Herman Cember, Professor of Environmental Health, Northwestern University 


Designed primarily to give the student of evironmental health sciences and engineering whose chief interest is radio- 
logical health, a basic understanding of the biophysical bases of radiation protection, radiation safety. criteria, and 
of the assumptions inherent in radiation protection guides. 

Contents: Review of pertinent physical principles; Atomic and Nuclear structure; Radioactivity; valuation of 
protective measures. 

432 pages £6 $18.00 


PROGRESS IN THE CHEMISTRY OF FATS AND OTHER LIPIDS 
Volume 9, Part 3—Polyunsaturated Acids 


R. T. Holman, Hormel institute, University of Minnesota 


An important volume in a very successful series. : 

Contents: DUTTON; Hydrogenation of fats; LUNBERG & JARVI: Peroxidation of Polyunsaturated Fatty 
Compounds; PRIVETT: Preparation of Polyunsaturated Fatty Acids from Natural Sources. 

108 pages 42s, $5.50 


CLAYS AND CLAY MINERALS 


Editor-in-Chief S. W. Bailey, University of Wisconsin 


This journal is the official publication of the Clay Minerals Society, and undertakes to publish all papers of interest 
to clay scientists. The aim of the journal is to present the latest advances in research and technologival progress 
in clays. Like its parent Society, the journal will strive to promote advancement of knowledge among individuals 
in the many diverse disciplines interested in clay mineral science and technology. 

Published Bi-monthly 
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edited by R. E. HUGHES and M. J. SIENKO, Cornell University: and A. WOLD Brown University 


A quarterly journal devoted to the publication of new research findings and critical 
comprehensive reviews in the field of solid state chemistry. Encompassing both 
theoretical and experimental approaches, the journal deals with the characterization of 
chemical, structural, thermodynamic, electronic, magnetic and optical processes in ionic 
solids, semiconductors, metals and alloys, glasses and ceramics, ferroelectrics, super- 


conductors, defect structures, etc. 


Such studies as phase equilibria and transformations, 


crystal chemistry, order-disorder phenomena, epitaxy, bonding in solids and statistical 


mechanics of defect interactions are included. 
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Growth and Spread of Science 


by This discussion of science in developing countsies is an abridged 


J. M. ZIMAN 


H. H. Wills Physics Laboratory, 
University of Bristol 


Tue story of the poor farmer's son from the backblocks 
of distant little New Zealand, who won a seholarship to 
Cambridge and became world famous, is still one of the 
inspirational epies of the life of the mind. Yet times have 
changed; from the point of view of the patriotic New 
Zealander, Rutherford's permanent migration to England 


and techniques should diffuse the culture of scientific 
research throughout the world, so that eventually the 
conditions for the pursuit of mysterious truth may be 
provided anywhere, from Timbuktu to "Tahiti, from 
Kamchatka to Katmandu. 

Now, of course, for a developing country, struggling 
desperately to provide a better life for millions of ordinary 
men, women and children, the problem of giving an appro- 
priate priority to this essentially esoteric activity is not 
trivial. I am speaking now of research without any more 
conscious aim than the understanding of how things are, 
or were, or might be. When money and men are short, 
it is by no means self-evident that an institute of theoreti- 
cal physies, or molecular biology, or archaeology, should 
take precedence over a tractor factory, a hospital or a 
school of civil engineering. 

In a eountry such as India or Pakistan I can see no 
justification for, shall we say, the neglect of practical 
animal husbandry for the sake of research in pure physio- 
logy, or for the study of the theory of supereonductivity 
in the absence of good schools of electrical engineering. 
Indeed, I suspect that the solution of technological 
problems, which come already loaded with human cares 
and consequences, is more satisfying than finding answers 
to those abstract impersonal puzzles which we dream 
up for ourselves in our ivory towers; and I simply cannot 
understand the intellectual snobbery of those silly people 
who give more credit for the discovery of another meson 
than for the design of a suspension bridge, and who cannot 
see that a zip fastener is a far more beautiful idea than a 
zeta function. 

But the utilitarian argument against basic research can 
be carried too far. A certain amount of fundamental 
research must be sponsored in a developing country, for a 
number of excellent reasons. 

In the first place the education of technical experts-— 
engineers, doctors, agricultural advisers, even govern- 
ment administrators—cannot be left entirely in the hands 
of technologists of their own practical kind. Modern 
engineering, for example, requires the exercise of skills, 
and the application of knowledge, acquired from pure 
physics, chemistry and mathematics. The rapid develop- 
ment of new techniques ean only be exploited if the 
practitioners are adequately trained in these fundamental 
disciplines by teachers who are themselves in close con- 
tact with the latest theoretical principles. Only those 
who are actively engaged in research can truly absorb and 
retransmit these new principles as they arise. 

From a purely practical point of view, also, it is impos- 
sible to import technieal know-how, and to apply it 
successfully, if one does not have available, locally, a 
corps of learned men to whom one can appeal for guidance 


version of a Royal Society Rutherford Memoriai Lecture delivered 
at the University of Delhi on December 2, 1968. 


on matters of pure scientific prineiole, — Seienee- based 
technology is not a lusty erop of rules of thumb, perfected 
by evolution over long periods; itisa delicate plant, which 
thrives only when tended by muxed teams of experta, 
including those impractical specialists to whom the buck 
can be passed when fundamental principles are at stake. 

Quite apart from utilitaman arguments, there are 
spiritual considerations. The pursuit of scientific know- 
ledge for its own sake has become one of the major 
artistic enterprises of humanity. Failure to give at least 
token support to pure science would de as Philistine as 
banning the publie performance of orchestral musie or 
ploughing up Regent's Park to grow potatoes ! 

These arguments do not, however, :ustifv leaving the 
choice of basic sciences entirely to the accident of the 
availability of trained men, and the dizeetions into which 
their enthusiasms happen to lead them. There are occa- 
sions when deliberate decisions of police can be taken at a 
relatively general level. Surely one should then take 
account of the relevance of the subjee: to the economie, 
geographical, meteorological or social background of 
one’s country. Even withm pure science there are branches 
that are more natural, so to speak, toone region of the 
world than another, and which are therefore more likely 
to thrive in the appropriate context. In Alaska, for 
example, a physicist might find glaciology congenial; 
while the study of thunderstorms coud be left to the 
fortunate inhabitants of the tropies: in Western Australia, 
with its vast new mining industry, be might become 
interested in mineralogy; while the Japanese steel 
industry might encourage him to studs the mechanical 
properties of metals—and so on. Ths is the sort of 
shrewd and practical policy that can counteract the brain 
drain. It gives the local scientist a better reason than 
mere patriotism for staying where he is. 

It would also seem sensible to put the maim emphasis 
on what I should describe as "potentially applicable" 
science. Of course, we do not know in advance what 
may come of any particular seientifie discovery. It is a 
trite argument, often used to justify tae most esoterie 
activities, to point out that nobody could have known the 
practical uses of radioactivity, or electromagnetism, when 
they were first discovered ©... and ther fore, gentlemen, 
vou must, of course, give me another railhon dollars in 
case I discover something equally useful up there in the 
stratosphere”, ete., ete. 





Im afraid I dor t see the neces- 
sity. There are numerous excellent difficwt and rewarding 
branches of pure science which at leas attempt sore 
understanding of humanity and the everyday human 
environment and which therefore promise, some day, to 
be of real use. 

Indeed, the sooner we all face up to the "act that theory 
and practice are indissoluble, and that here is no con- 
tradiction between the qualities of usefuleess and beauty, 
the better. In a developing country, where short term 





practice of keeping "applied" work out of the universities 
is quite indefensible. 

From these relatively sober considerations, it follows 
that any developing country, once it has emerged from 
the most primitive poverty, should foster a small amount 
of basic science. At the outset, one must have a clear 
idea of the nature of science itself. It is all too easy to 
adopt an uneritical, imitative attitude. “science is what 
they do at the Cavendish Laboratory, so we must try to 
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build a laboratory that is just the same.” But any attempt 
to make à carbon copy of a social institution, under another 
sky, is bound to end in disappointment. If we are to 
foster new institutions that really work— produetive 
and creative Indian science, or Pakistani science or 
Nigerian science, or Patagonian science-—then we must 
have a proper understanding of the long term goals and 
short term functioning of the parent institution on which 
they are moulded. 


Science and Culture 


For the purpose, it is essential to begin the analysis 
at the most general level—indeed, one must first try to 
define science itself. The most useful definition compre- 
hends the social dimension of science. The role of the 
pure scientist, however eccentric, imaginative, speculative 
or opinionated, is to make a contribution to "public 
knowledge"—to help construct a rational consensus. 
Many familiar dichotomies—experiment and theory, 
creation and criticism, accidental observation and 
deliberate search, logie and intuition, master and pupil, 
freedom and authority—can live together without con- 
tradietion in this definition and one can deduce from it 
some quite powerful guiding principles for the practical 
management of scholarly affairs. This point of view 
implies, conversely, that there is no very special and 
esoteric "philosophy of science" that must already be 
latent in the culture of a developing country before a 
scientific community can be established. 

We must be careful here not to confuse the conditions 
required for the growth and spread of science from those 
required for it to appear spontaneously. The science 
about which we are here talking eame to birth in western 
Europe in the seventeenth century, and has not had the 
occasion to appear independently at another time and 
place. One of the grand problems of cultural history is 
just why it did appear there; what were the origins and 
causes of this unique event ? Of course, the whole thing 
is very well documented but still remains almost as 
baffling as the ecrresponding biological problem of the 
origin of life. This, indeed, is a good analogy, for the 
conditions envisaged for the original spontaneous genera- 
tion of the very first living organisms are entirely different 
from those which could easily be colonized in the later 
stages of biological evolution. The sophisticated science 
of today could certainly not now be expected to appear 
all of a sudden out of the forests of the Amazon or the 
aboriginal wastes of Australia; but we know that it can 
be taught quite well, and can thus reproduce itself, in 
almost any civilized cultural environment. 

But although the basie metaphysical foundations of 
science are relatively naive, we all know what an immense 
superstructure of actual knowledge they carry. The 
unity of seience—the fact that it is the product of in- 
numerable hands, cooperating over the centuries—and 
the unique power of the dialectical process of imaginative 
criticism and eritical reappraisal, make it by far the most 
claborate intelleetual construction that the world has ever 
seen. If one is to contribute to this vast system, one 
must become the master of what is already known, at 
least in some limited aspect. 


Higher Education 


This is, of course, fully recognized, and the first condi- 
tion for the growth of science in a developing country is 
the establishment of centres of higher education. It is 
here that the ehild brought up in advanced society has his 
major advantage. Up to the age of ten or twelve he is 
still no better than a primitive savage, with only a mater- 
ial, instrumental, familiarity with the products of modern 
technology to offset his natural beliefs in magic and 
mystery. But the ordinary curriculum of secondary 
education introduces him rapidly and efficiently to the 
general principles of scientifie thought, and his talents 


are guided by experienced teachers into the higher realms 
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of knowledge. If he works hard, then he may have learnt 
enough by his early twenties to begin to do research on his 
own account. 

For a child born into a developing country this process 
is far more erratic and uncertain. His whole environment 
may be entirely traditional, materially and intellectually, 
and it may only be a stroke of fortune that earries him 
beyond mere literacy. He will be lucky if he encounters 
good secondary teachers to give him the necessary 
grounding in scientific subjects, and it is more than likely 
that most of his university education will be at the feet 
of scholars who have not, themselves, fully mastered their 
subjects, and who can convey only the outward inessen- 
tials to their pupils. The most serious obstacle to the 
creation of a genuine scientific community in à developing 
country is often the prior existence of a self-perpetuating 
academic system of low quality. 

It is instructive to notice that the best basic research 
workers in many European countries often come through 
the “technical high schools", or “institutes of technology" 
which are supposed to be for the training of practical 
engineers. The reason is that these schools have developed 
outside the old mediaeval university system, and as 
their qualifications have become more highly regarded 
they have built up very high standards of competitive 
entry and rigorous professional training. The value of a 
few such centres of excellence eannot be denied; the 
recent, Indian decision in favour of such a poliey can only 
be welcomed. 

But a good basic education in the established principles 
of mathematics, physics, chemistry or biology is only 
half the training of a proper scientist. The longer this is 
drawn out, the more difficult it becomes to learn the other 
half—how to do research. Tt is sometimes assumed that 
a man who has shown that he has a “first class mind" 
by answering the stereotyped riddles of the Tripos can be 
put down in a laboratory and safely left to get on with his 
research on his very own, with no more assistance than is 
appropriate to a junior colleague. That is what happened 
in Rutherford's day, so why should we act differently now ? 

Well, of course, Rutherford was a genius, and had 
enormous reserves of spiritual energy. The poliev of 
"throwing 'em into the deep end and larning 'em to 
swim" is not inappropriate to a strongly independent 
“inner-directed” personality. This facet of the scientific 
attitude comes relatively easily and naturally to persons 
whose psychology has been moulded by the puritan culture 
of northern Europe and the United States. The profes- 
sional scientist must be able to shut off his ego from the 
opinions of other people, and "press on regardless" with 
his own ideas. He must still assert the stubborn "It still 
moves" of Galileo, which echoes Luther's “I eannot do 
otherwise". 


Unfortunately, these qualities are eertainly not those 
that are encouraged by a system of mass education 


psychological and mental trap. To become a scientist 
one must first master the current consensus, which 
demands many years of accepting the arguments and 
opinions of teachers without serious question: one must 
at the same time preserve, or acquire, the self-confidence 
to rejeet some of those arguments when, in due course, 
one uncovers evidence against them. There is no simple 
way of short circuiting this dilemma; we must plunge 
into the educational system and endeavour to struggle 
out of it again without too much loss of impetus. 

This stage in the creation of efficient scientific cadres 
has now become the function of what the Americans have 
taught us to call a "graduate school". Unfortunately, 
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the very name—-school—tends to put the emphasis on the 
quality of the advanced courses of instruction offered by 
the faculty. These are, of course, very important, especi- 
ally in countries where the ordinary undergraduate curricu- 
lum is of a low standard, or too heavily weighted by old 
fashioned “classical” topics. 

But a graduate school is more than a stockpile of 
scientific learning, technical advice, solvable problems 
and material equipment. The psychological transition 
from student to researcher is not merely a matter of 
strengthening one’s personality and throwing away the 
crutches of bookish knowledge. Paradoxically, one must 
also learn to be "other directed” in a special way: one 
must acquire the habits and conventions of a responsible 
member of the scientific community. 

For example, the graduate student must learn to write 
scientific papers in the peculiar impersonal stvle which is 
now customary. He must learn to accept criticism without 
personal offence, and to offer it without rancour. He 
must learn to give due eredit to other people for their 
prior discoveries, and not to claim too much for himself. 
He must learn to scour the literature for references and 
to keep abreast of all relevant work in his own subject. 
Above all, he must somehow acquire high standards of 
scientific accuracy, honesty and judgment, so as to dis- 
tinguish quickly between the true and the false, the 
meaningful and the trivial. These desirable habits of 
mind and art do not come from some inner source of the 
soul, but are acquired by imitation of the current stand- 
ards and conventions of the particular institution where 
he is trained. They cannot be mugged up from a textbook 
—which, in any case, would be about as useful as an 
instruction leaflet on skiing or horse riding. It is rightly 
assumed that the difficult art of research is learnt by 
apprenticeship—-by direct personal contact with an 
experienced practising master. 

I have emphasized the world wide unity of pure science. 
That unity is not achieved and maintained by such feeble 
strands as the publication of learned journals, nor by 
corporate junketings at conferences and congresses; it 
exists because modern science stems historically from a 
single source in Renaissance Europe, and has spread 
outwards by the natural process of an apostolic succession 
—by the fact that almost every practismg scientist has 
at one time or another been the personal pupil of a scholar 
of a previous generation. 

Ideas, standards and traditions travel around imside 
people, and are only transferred from one to another by 
prolonged contact. Of course, the major developing 
nations now have self-sustaining scientific communities 
where traditions are preserved and re-transmitted. It is 
easy enough to assert that graduate schools should be 
established in developing countries, because of the cost of 
sending people overseas, because of shortages of places in 
Western institutions, because graduate students are 
valuable technieal assistants in research, and because 
once you have sent a man overseas for training it becomes 
difficult for him to re-adjust to more primitive conditions 
on his return. 

It is generally agreed that one should try to give a future 
research worker the fullest possible preparation in his 
own country before sending him to an institution for 
advanced training overseas. There are many factors, of 
cost and morale, in favour of such a policy. 

Yet there are real dangers in forcing the premature 
growth of graduate schools before sufficient human re- 
sources are available to man them. Only a poliey of 
rigorous selectivity, by the encouragement of really first 
rate scholars, makes sense. I know how difficult it is to 
achieve such a policy, against all the academic political 
arts of log-rolling, me-tooism, appeals to fair play, ete.; 
but the consequences of flabbiness are all too sadly evident 
in all quarters of the globe—-the proliferation of third rate 
research which is just as expensive of money and 
materials as the best, but does not really satisfy those 
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who earry it out, and adds nothing at all to the world's 
stock of useful or useless knowledge. 

The difficulty is that one cannot ereate good research 
groups just by setting up graduat» schools: the two 
phenomena are strongly interactimz, and come into 
existence simultaneously. An incagenous school of 
research is the culmination of the growth of pure science 
in a particular country, not à mere ss bsidiary agent. If 
a research group is to live for more han a few years, it 
must have a balanced composition, vith a range of ages 
and experience and mechanisms or acquiring new 
members as the older ones retire or »ecome administra- 
tors. These are the makings of a graduate school; the 
problem of tacking graduate students on at the bottom, 
and arranging for their supervision anc formal instruction, 
is quite trivial by comparison with the problem of creating 
such a research group in the first place All active seienti- 
fic institutions are schools of appreaticeship for their 
junior members, whether we call them: graduate students, 
research students, “post-does’” or assistant scientific 
officers. The responsibility for producing well formed 
research workers out of raw graduates should be the most 
serious burden on any senior scientist «r laboratory head. 
The whole quality and success of the seientifie activity of 
one's country depend on how they axe treated in these 
vital years. 








Importance of Foreign Travel 

Until that happens, there is no substitute for post- 
graduate and post-doctoral study abroad by the most 
promising young scientists. Whatever he disadvantages, 
costs and difficulties of such a policy, taey must be borne 
if a developing country is ever to acquire a worthwhile 
scientific establishment. 

The topics and techniques of cursent research are 
determined by the actions and opinians of the whole 


that it be subject to the eritical eye of every competent 
authority, whether he lives in Tobolsk, Metheme Hat or 
the legendary hamlet of Waikika mukia. 

Science in a developing country canaot eut itself off 


from competition, and protect itself ky tariffs like an 
infant manufacturing industry. If it s to be genume 


science at all, it must, from the beginning, be able to stand 
on its own feet. The international scieatific community 
is not a very lenient examiner, and doer not award even 
one mark out of ten for just attempting the question. 
Work that is not up to the standard set on the world 
market of ideas willsimply be ignored; t wil either not 
get published, or will appear in an obsexre local journal 
which is not read outside its own country. There is 
nothing more disheartening and debilita-ing to a scholar 
than to know that his work goes unrecogmzed and unread. 
His whole professional activity is diree-ed towards the 
production of some contribution to cnowledge; his 
labour is utterly wasted if that contribut on is eventually 
judged to be negligible. If pure science is :o exist at all, in 
any country, it must be adequate in cuality, by this 
eriterion. But only by keeping in close -ontact with his 
foreign contemporaries by word of mouta, hand waving 
and sketches on the backs of envelopes or luneh table 
napkins ean the active research worke maintain his 
eritieal standards. 

The mistake that is often made by taose who are a 
little out of touch is to follow fashion—not even current 
fashion, but the styles of a few years back. This is natural 
enough, I suppose. Topics and technajues that are 
heavily emphasized in the literature have £ high visibility, 
even from a distant continent. Imperfect communications 
wil make them seem the only important topies for 
research; while the peeuliar frenzy tha 
ambitious scientists when they see a problem half way to 


524 


solution ean seem the collective wisdom of the eom- 
munity at large. The fact is that fashionable subjects are 
those in which the competition is fiercest, and often 
where too many good people are chasing too few ideas. 


Policy for a Developing Country 

The optimum strategy for the organization and planning 
of pure seientifie research in a developmg country would 
thus seem to be to concentrate on a few solid scientific 
problems, not necessarily those that are currently fashion- 
able, and to establish a sound reputation for good if 
unspectacular work in these particular fields. l 

I am fully aware that this optimum strategy is a counsel 
of perfection which is not at all easily followed. The 
reality of pure scientific research in many developing 
countries is often tragically wasteful of training and 
talent. There is a regular pattern of failure, which 
continually frustrates the well meant effort to construct 
viable scientific institutions. Let me draw attention 
to one typical phenomenon. 

Let us assume that a young and able student has taken 
himself off to a good graduate school in his native 
country or abroad and has got his PhD. He has the 
makings of à competent scientist, and, given a decade of 
experlenee in aetive research, he might well have become 
the powerful nucleus of a good new research group. But 
for perfectly proper reasons-—patriotism, availabilty of 
jobs, family and cultural ties, ete.—he takes a relatively 
junior position in a small university away from any major 
scientifie centre. What happens to him ? 

We do not know in detail, because no sociologist has 
vet had the inspiration to go and find out. But it does 
not take all the professional technique of sociology to ask 
a few questions and to make a few modest enquiries. 
On this topic I can strongly recommend an excellent 
artiele by Amar Kumar Singh!, who diseusses very per- 
eeptively the impact of foreign study on Indian students. 
He expresses very forcibly the dissatisfaction and dis- 
illusionment with such things as “nepotism and corruption 
in publie organizations and government; poverty and low 
standards of living; waste and dishonesty; low morality 
in commerce; red.tape and bureaucratic delay; the 
diseouragement and obstructive attitudes of senior persons 
in positions of authority; the general inefficiency, lethargy 
and disorganization permeating all spheres of social and 
political life, and the absence of social justice and indivi- 
dual dignity". Stevan Dedijer adds, for good measure, 
the lack of any general cultural sympathy for the scientific 
point of view, and remarks on certain pathological forms 
of eareerism that flourish in this unhealthy soil. I have 
quoted evidence from India, but much the same would be 
said about many developing countries by those who know 
them best. 

It is not surprising, in these cireumstances, that many 
a promising young scholar abandons serious science at 
this stage. He loses enthusiasm for research, and becomes 
eventually one of those lazy, do-nothing politicking 
professors at whom so many brickbats are thrown--—or 
else he resigns his post, and flees to a bigger centre at 
home or abroad, where he can continue to be a scientist. 
At the moment when he is trving at last to stand on his own 
feet, he is bowled over by the irresistible tides of an inimical 
eultural environment. 

The modern research worker is a highly trained pro- 
fessional, who has been taught to cooperate--and com- 
pete—with his contemporaries. The better his training, 
the more he will have come to depend on face to face 
contact with his peers, for discussion, stimulation, eriti- 
cism and technical information. He is no better prepared 
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We owe this not merely to our own charitable instincts 
but to our allegiance to the pursuit of learning, for he is 
not merely a fellow man but a scientific colleague. What 
can we do to keep his mind alive ? 

Here again, the only eure is to provide some means of 
personal contact with other scientists in the same field of 
study. The admirable practice of sending experts out on 
leeture tours from the major centres to the provinces, or 
from advanced countries to less developed regions, helps a 
little, but it is necessarily a transitory effeet that cannot 
be repeated often enough, or for long enough on each 
occasion. 

The sending out of young but competent scientists 
from the advanced countries to spend several years or 
more in the newer institutions to help them set high 
standards of teaching and research is another admirable 
activity, but it is not really cheap in money and manpower. 

Another valuable development is the organization of 
local, national and regional conferences, summer schools 
and other meetings. One of the lamentable consequences 
of intellectual isolation is isolationismm.—the unconscious 
fear of exposing the inadequacy of one's achievement to 
one's fellow scientists. In the struggle to get any work 
done at all, the effort to ereate time, funds and organiza- 
tion for such meetings begins to seem not worth the 
possible benefits. 

The most ambitious attempt to combat intellectual 
isolation is Abdus Salam’s International Centre for 
Theoretical Physics, at Trieste. This was created in 
1962 as a place to which active scientists from developing 
countries might go from time to time, for periods ranging 
up toa year, to bring themselves into contact with current 
research and with their contemporaries from both develop- 
ing and advanced nations. One might say that it was 
conceived as a permanent meeting place for the members 
of the Invisible College of this particular scientific subject, 
where they might return again and again to recharge their 
intellectual batteries. 

I am by no means sure that it is in all respects an ideal 
solution, nor that the same thing eould be done in all 
other fields. But it has produced one entirely new social 
deviee—the idea of associateships. Briefly, this is a 
scheme by which an individual scientist acquires the 
means to travel to Trieste and to spend up to three months 
there, once a year, over a period of several years. It is 
like a travelling scholarship, or postdoctoral fellowship, 
but broken up into small pieces and spread over a much 
longer tire. Travel and subsistence costs for each visit 
are paid for, but the associate must, for his part, continue 
his ordinary duties as a lecturer, professor or scientific 
officer in his home country in the intervening periods. 

There is no reason why such a scheme should be arranged 
solely in connexion with a centre of the Trieste type. 
Every good university is an international centre of 
learning. The cure for isolation is to come back, from 
time to time, to any active research eentre in one's partien- 
lar field. The very strength of the scientific community 
is that it is eross-linked in all direetions, and does not 
depend on just a few key "centres". It is still true, 
however, that ideas tend to flow outwards, from the most 
successful and active institutions (not always m advanced 
:ountries), to the isolated workers on the periphery. Let 
the means be found by which the latter can travel regu- 
larly to the places whence their ideas come, so that they 
may share a little in the making of them, and earry them 
home inside their own heads. The associate thus becomes, 
so to speak, a foreign member of an active research group, 
familiar as a person through his regular visits, and a party 
to its colleetive wisdom. Here is the most practical means 
by which the scientists of advaneed countries can give 
aid to their colleagues in developing eountries—aid that 
is more precious than shiploads of books and apparatus. 

(The full text of this lecture will be published in the 
Proceedings of the Royal Society.) 

‘Singh, A. K., Minerea, 1, 43 (1962). 
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Discovery of Optical Signals from Pulsar NP 0532 


by 
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Steward Observatory, 
University of Arizona, 
Tucson, Arizona 


We wish to report the discovery on January 16, 1969, 
035 30m UT, of strong optical inus from the pulsating 
radio source NP 0532 in the Crab Nebula. The radio 
pulses were first detected by Staci and Heifenstein!. 
The optical pulses were observed by us to have a geo- 
centrie period of 0-033095 s, which agrees well with the 
projected hehocentric radio period". 

The pulses were observed on January 16, 17, 18 and 
20 (UT) with the Steward Observatory 36 inch f/5 reflect- 
ing telescope and a 1P21 photomultiplier. They were 
observed in real time on the cathode ray tube of a 400 
channel computer of average transients (CAT). The CAT 
adds successive eycles of the pulsation waveform in phase. 

Our magnitude analysis of the pulses, which we present 
in more detail later. shows that the time-averaged optical 
flux of the pulses alone would bu equivalent to a star of 
apparent visual magnitude + 17 Because the maximum 
size of the object ought to be at od comparable with the 
distance travelled by light in one period (x 10* em), the 
source of the pulsations should be apparent as a point 
image on a high-resolution photograph of the Crab 
Nebula. 

By sweeping a diaphragm of 22 arc s diameter around 
the central region of the Crab Nebula, we determined that 
the optical pulses came from à point 5 (+4) are s north 
and 4 (+5) are s east of the south preceding component 
of the central double star in the Crab Nebula. The double 
star has a separation of 4 are s, and thus the north follow- 
ing component is nearer the centre of the error circle (see 
Fig. 1). The only star-like objects appearing in our posi- 
tion error circle are the two components of the central 


22° Q1' 


22° 00' 


21° 59' 


21* 58 


21' 397 





05h31 m 40s 


05h 31m35s 


05h 31m30s 05h Bim 25s 


Fig. 1. (Adopted from Gower.) Positions of objects in the Crab 
Nebula superimposed on optical isophotes due to Woltjer''—the X-ray 
source (dashed ares), the anomalous radio source (parallelogram) and 
star-like images near the central double star (inside circle). The circle 
represents the probable location of the optical pulse source. 


Strong light flashes have been detected from the fast pulsar in the 
Crab Nebula. 


double, both of approximate visual magnitude E x + 16. 
The north following star, however, is generally re sgarded? 
as not being associated with the nebula, whereas the 
south preceding star has roughly the same proper motion 
as the nebula itself ^^, Thus we tentetively identify the 
source of the optical pulsations as the south preceding 
component located? at x(1950) = 5t 31m 31-5 » and 3(1950) = 
+ 21° 58' 55". 

Fig. 2 shows the first pulse observed by us on the 
CAT screen. this particular pulse being a superposition of 


Mcd 5,000 pulses taken through che 22 are s dia- 
phragm. Fig. 3 depicts à superposimon of 300 pulses 


taken through a 5 are s diaphragm. Bote the improved 
pulse height relative to the background, The secondary 
interpulse is usually present and is somewhat broader 
than the primary pulse, Occasionally the relative heights 
of the two pulses seem to change. as shown in Pig, 4. 
The time seale for gross changes in che relative pulse 
shapes seems to be about 2 h. 





ü 15-82 335 
ms 
Fig. 2. The first pulse observed on the CAT screer: January 16, 1009, 


63" 30e U T, with 22 are s diaphragm and summing 5,000 periods. The 
amplitude seale is arbitrary. The last 2 ms of the pi alse period are not 
stored by the € CAT, 


Our best observation (Fig. 3) shows a mse time (10 per 
cent-90 per cent) for the main pulse of pe ma, a fall time 
of 1-2 ms and a half width of 1-4 ms. "The interpulse 
trails the main pulse by 14-0 ms, and the half width of 
the interpulse is 3 ms. 


The UBV magnitude observations were made on 
January 18, 1969, 08h 00m UT. The casculated values 


are based on previously measured mean values for atmo- 
spheric extinction and transformation to the UBV system. 
The V magnitude of the main pulse smeared out over a 
complete period is V= + 18: ‘2. For both raain and inter- 
pulse together, V — 177. The peak bmllianee of the 
main pulse is V=+15-1. The peak amplitude of the 
interpulse is 30 per cent of the peak main pulse. The 
observed colours of the main pulse are U-B= — 0-8. 
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Fig. 8. A pulse taken through the 5 are s diaphragm on January 20, 
1969, 06° 002 UT, summing 300 periods. 


B-V = 0-8. If one assumes the secondary pulse to 
have the same colours, the total optieal pulse energy 
flux incident on the Earth comes out to be l-0x 107 erg 
cm- s, If this is corrected for interstellar reddening 
and absorption** over the 2 kpe distance of the Crab 
Nebula?4, the corrected flux would be 8x 10°" erg em“? 
e-l. The corrected colours are U-B= — 1-3, B-V = +01 
In Fig. 5 we have plotted the corrected pulse colours on a 
U-B, B-V diagram, together with various stellar and 
quasi-stellar objeets. Note that the pulse colours are 
extraordinarily blue, suggesting large ultraviolet and 
X-ray pulse fluxes. 





0 15-62 31-29 
ms 
Fig. 4. Strong interpulse recorded through 22 are & diaphragm on 


January 17, 1969, 05^ 255 UT, summing 3,000 periods, 


Fig. 6 gives a plot of the corrected pulse spectral energy 
flux density with respeet to frequency. Note that the 
density rises sharply into the ultraviolet, The area con- 
tained in the dashed quadrilateral represents the total 
pulse energy flux for the optical band. 

The speetral index from U to B wavelengths is +1°7, 
and from B to V itis + 0:3, whereas a mean spectral index 
obtained by interpolating from the radio data to the visual 
is — 0-66. 

'The total average pulse flux in the radio band can also 
be computed. A rough figure can be obtained using data 
given by Comella, Craft, Lovelace. Sutton and Tyler’, 
from which we get 6 x 10- erg em? s~, We see that the 
corrected optical flux from the pulsar is more than two 
orders of magnitude greater than the radio flux. It is 
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Fig, 5. ‘The unreddened position, x, of the AF 0532 optical pulses in 
the (U-B) versus (B-V) diagram with intrinsically blue objects for 
comparison. 


difficult to estimate the total optical luminosity of the 
pulses, but if we assume that the Crab Nebula 1s located 
at a distance’ of 2 kpe, and that the pulse radiation 1s 
isotropic, the optical pulse luminosity is then 3x 10? 
erg scl. 

The total X-ray flux? from the Crab Nebula is roughly 
10-7 erg em-? s~ at the Earth. It would be interesting, but 
certainly extremely difficult, to determine how much of 
this lux comes from the pulsating source. The position 
of the X-ray source (Taurus XH-1)* is given roughly as 
somewhere inside the dashed ares in Fig. 1. Fig. 1 also 
shows the probable position! of the anomalous low- 
frequeney radio source, which contributes substantially 
to the general radio signal from the Crab below 100 MHz. 
From interplanetary scintillation studies’? it has been 
determined to have an angular diameter less than | arc s. 
The coincidence between the probable positions of the 
X-ray source, the anomalous radio source and the pulsar 
is quite suggestive. 

We have measured only the magnitudes of the pulses 
themselves, but we ean say that if the south preceding 
star is indeed the source of the pulses, then the ratio of 
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Fig. 6. Spectral distribution of energy arriving at the Earth, correeted 
for interstellar absorption. The area inside the trapezoid has been 
nsed to caleulate the total optical flux. 
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puise luminosity to total star luminosity is about 10 per 
cent, beeause the apparent visual magnitude of the star 
as a whole? is 15:4. According to current neutron star 
models!??;4, this is an exceedingly high luminosity, for 
theoretical burning and cooling times for neutron star 
atmospheres are much shorter than the known lifetime of 
the Crab Nebula. 

The short rise and fall times of the main pulse observed 
by us (1-5 ms) imply stringent conditions for any beam- 
ing mechanism that might be invoked to explain the 
pulses. The fact that most of the observed pulse emission 
is in the optical band seems to indicate that coherent 
plasma oscillations. as commonly understood, are not the 
source of the pulse radiation. 
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R. C. Lynds and $8. P. Maran, of Kitt Peak National 
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Optical Pulsations in the Crab Nebula Pulsar 


by 

R. E. NATHER 

B. WARNER 

M. MACFARLANE 


McDonald Observatory and 
University of Texas at Austin 


A PULSAR near the Crab Nebula was discovered by Staelin 
and Heifensteimn! and tentatively designated NP 0532. 
Subsequent observations at 195 MHz showed that the 
pulsar had a heliocentric period of 33-09114 + 0-00001 ms 
on November 15, 1968, and a pulse width of 3 ms at half 
intensity, with a postcursor pulse trailing by 14 ms and 
with about one-quarter the intensity of the primary 
pulse*. Further observations by Richards? gave the 
heliocentric periods of Table 1, which suggest that the 
pulsar period is increasing uniformly at a rate of 38 ns 
per day. 


Table 1. HELIOCENTRIC PERIODS Or NP 0532 


1968 UT P o (ms) 
October 20 33-09014 + 000005 
November 15 33-09114 + 0-00003 
November 22 33-09140 + 0-00002 


The remarkable diseovery on January 16, 1969, by 
Cocke, Disney and Taylor* that an object in the optical 
centre of the Crab Nebula is emitting pulses of visible 
light with a period and pulse width similar to that re- 
ported for NP 0532 induced us to observe this object 
with the 82 inch Struve telescope at the McDonald 
Observatory on the nights of January 19 and 20, 1969. 
Because the quality of our results is critically dependent 
on the instrumentation used, we will first describe the 
equipment in some detail. 


Electronic Instrumentation 

The extremely short period means that only a few 
photons are received during any one pulsation cycle, and 
signal averaging techniques are required to observe the 
object at all. Artificial synchronism with the period of the 
objeet has to be achieved, and must be maintained to 
high precision during the data integration time. Syn- 
chronism to a precision of 0-5 us, attainable with fre- 
quency synthesis based on a 1 MHz base frequency. will 
only allow an integration time of 33 s before the apparent 


The discovery of strong light flashes from pulsar NP0532 is confirmed 
in this paper from McDonald Observatory. 


position of the optical pulse has “drivted” by 0-3 ma, 
about the maximum allowable. 

A block diagram of the electronic system is shown in 
Fig. 1. Pulse signals from the photometer at the Cassegrain 
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Fig. 1. Block diagram of the detection equioment. 
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focus of the telescope were amplified and counted on a 
400 channel multisealer, the accumulation cycle of which 
was controlled by the timing system. Broadcast time 
signals from radio station WWV in Boulder, Colorado, were 
displayed on an oscilloscope triggered by the observatory's 
digital eloek, which could then be adjusted to the proper 
frequency and phase relationship with the time signals. 
A phase offset of — 5:4 ms with respect to the WWV time 
“ticks? was maintained during the observations to an 
accuraey of about 0-2 ms. 

The 1 MHz clock frequency. together with lower fre- 
quencies obtained from it by digital division, were used 
to generate the synchronizing signals required by the 
multisealer. The preset accumulator was set to give an 
output pulse after each 33,095 input pulses had been 
received. As noted, this resolution is not adequate for 
long integration times, so à vermer corrector was devised 
to supplement the preset aceumulator. Once every 2 s, 
in exact synehronism with the 1 MHz base frequency. the 
preset aceumulator was eleetronically gated off by a pulse 
signal the width of which could be adjusted. This had the 
effect of removing a few of the 1 MHz pulses every 
2.000,000 us. lowering the output frequency in adjustable 
steps each of 1 part in 2 million. equivalent to a change 
in instrumental period of 16 us. Integration times could 
now be increased to 1.000 s, or a little over 15 min, with a 
"drift" of less than 0-9 ms. 

The photometer on the 82 inch telescope was supplied 
with standard UBV filters and a cooled 1P21 photomulti- 
plier tube. Observational conditions on January 19 were 
ideal, with good transpareney and moderate seeing disk 
all night. With the instrumental period set at 33-09500 ms 
we searched for the pulsar within the boundaries of the 
Crab Nebula. Our almost immediate success, at 04h 50m 
on January 19 (UT). confirmed the observational discovery 
by Cocke, Disney and Taylor. 

Observations with a photometer diaphragm 3:6 are s 
in diameter indicated that the object was essentially a 
point source. All further photometric measurements were 
made with a diaphragm 7.2 are s in diameter. Visual 
inspections through the 7 and 15 are s diaphragms showed 
the pulsar to be located extremely close to the optical 
centre of the nebula, and to be marginally visible against 
the bright nebular background. 

A series of observations was made without filter to 
establish the pulsar period in order to synchronize closely 
with it. Further observations through the C BV filters. 
with integration times of 132 s. provided the data for the 
eolours reported. After close synchronism was attained, 
a 380 s integration without filter obtamed the data for 
the light curve shown m Fig. 2. 

Limited observations, between clouds, were possible on 
the night of January 20 (UT). We concentrated on scans 
without filter to establish a new value for the pulsar 
period. 


Light Curve 

The mean light curve shown in Fig. 1 was obtained by 
operating the multisealer at 400 ps per channel. The 400 
channels could thus accommodate just over 4:8 complete 
cyeles of the pulsar in a single sean; the remaining 0-2 
cycles were lost while the instrument was waiting for the 
next synehronizing pulse from the timing system. The 
light eurve is a plot of the unretouched raw data as 
obtained from the multiscaler, with the 4-8 cycles super- 
imposed to define the shape of the eurve and to indicate 
the statistical fluctuations observed. 

The full width at half height for the principal pulse is 
measured ag 1:50 ms. Exact synchronism was not attained, 
however, and a "drift" of 0-56 ms was experienced during 
the run. This effect will reduce the peak height by 15 per 
cent and inerease the apparent width by the same amount 
— the corrected value is 1-3 ms. Similarly the corrected 
value for the secondary pulse width is 2:8 ms, and it 
trails the primary pulse by 13-6 ms. Our measured width 
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Vig. 2. Composite pulsar light curve. The complete cycle of 33-005 Tis 


duration is shown. 


for the primary pulse is significantly smaller than that 
determined by Lovelace ef al. at 195 MHz. The ratio of 
primary to secondary pulse areas (that is, the total energy 
emitted within the pulses) is 1-74, and the ratio of peak 
heights is 3-64. These values are not appreciably affected 
by the time drift experienced during the integration. 

If there are appreciable differences between one pulse 
and the next, it is unlikely that optical measurements 
will ever reveal them, beeause only about two photons are 
deteeted in the principal pulse during any one pulsation 
cycle with our equipment. The apparent optical brightness 
of this objeet is in extreme contrast with its brightness at 
radio wavelengths, where it is one of the brighter objects 
in the radio sky when observed synchronously. 


Observed Periods 

After the time drift of the principal pulse was reduced 
to a suitably small value it became possible to measure 
the apparent pulsar period with considerable precision. 
The location of the principal pulse with respect to the 
synchronizing signal could be measured to within (95 ms 
very easily. Two such measurements separated by 4.740 s 
(79 min) on January 19 established the heliocentric period 
as 33-093464 ms. Correction must be made for the 
rotational velocity of the Earth, as well as the orbital 
velocity, in the direction of the object. 

A similar pair of measurements on January 20. separated 
by 2,940 s (49 min). yielded the heliocentric period of 
33-093487 ms. some 23 ns longer than the day before. 
By combining our two period measurements with those of 
Richards? we find that the pulsar period is slowing down 
at a mean rate of 39-2 ns day. The difference between 
our two measurements, made | day apart, indicates that 
our measured periods are accurate to about 39 — 23 = 16 ns. 
The fact that this diserepaney corresponds to just one 
step of the vernier system is suggestive; internal evidence 
indieates an error level of eloser to 5 ns. We plan to 
investigate this point in the near future, 


UBV Photometry 

Photometrie measures of the nebular brightness in areas 
immediately adjacent to the pulsar location gave values 
essentially identical with the interpulse level in all three 
colours. We have therefore based our eolour measures 
only on those areas of the pulses which rise above this 
mean level. We have calibrated our system against a 
comparison star used in another observing programme, 
measured with the same equipment. We find the colour 
indices listed in Table 2. These values must be regarded 
as preliminary and the indicated colour difference between 
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Table 2, COLOUR INDICES 


U-B B-V 
Primary pulse ~ 0:38 0-52 
Secondary pulse -0-50 0-80 


the two pulses is not considered significant. Our present 
tie-in with the UBF system is somewhat tenuous. 

The measured V magnitude of the primary pulse, 
averaged over the L3 ms duration of the pulse, is 14-4, and 
that of the secondary pulse is 15:8. 
the sum of the two pulses, averaged over a complete 
pulsation cycle of 33-095 ms. is 17-4. It will be interesting 
to see if the objeet maintains this average brightness. 

For an assumed distance to the Crab Nebula of 2-02 kpc 
(ref. 5), and with an interstellar absorption Av= 1-1 mag- 
nitudes (ref. 6). our measured V magnitude during the 
primary pulse corresponds to an absolute magnitude 
Moz + L8. Our measured colours for the primary pulse, 
corrected for interstellar reddening®, are U-B= — 0-66 and 


The V magnitude of 


G29 


b-V=015. Using the absolute calibration of the UBF 
system given by Johnson’, we car compare the flux in 
the optical region with the value for the pulse energy at 
112-5 MHz given by Staelin and Retfenstem'. For an 
assumed sy nehrotron-type emission power law l(v)xw* 
this Lamia P nest 69. Ake UB V colours n 


B- y = 23 (ref. 8). are in is Ben with 
our Ride colours. We conclude that the pulsar 
radiation can be interpreted as E MA radiation. 
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Nature of Radio and Optical Emissions from Pulsars 


by 
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LAURA FASSIO-CANUTO 


Department of Earth and Space Sciences, 
State University of New York, 
Stony Brook, New York 11790 


IN several papers?" and some unpublished work we have 
shown that radio emissions from rotating magnetic 
neutron stars with surface field strengths of ~ 10° gauss 
and surface temperatures of ~ 10*?^K ean explain the 
observed pulsed radio emission of pulsars’. We have also 
pointed out that certain line emissions at frequencies 
well above 10'? Hz are expeeted!. Recently, Cocke, 
Disney and Taylor (ref. 5 and page 525 of this issue) have 
discovered that the pulsar NP 0532 (in the Crab Nebula) 
emits optical pulses of width ~ 4 ms and repetition period 
equal to that of the radio pulses. In this article we show 
that the theory for ultraviolet line emissions already 
advanced by us can also account for the optical pulses 
observed by Cocke et al. 

In a magnetic field the electrons move in circular orbits 
the radius (the Larmor radius) of which is determined by 
the field strength and the eleetron energy. When the 
Larmor radius of an eleetron approaches the de Broglie 
wavelength, however, the energy of the electron in the 
plane perpendieular to the field H (taken to be in the z- 
direction) is quantized and the classical theory of magneto- 
hydrodynamics breaks down. The non-relativistic expres- 
sion for the nd electron energy is? 

= b(pj[m)- 1:16 M H, (eV) (1) 
where p; 1s he z-momentum of the electron (the motion 
of the electron in the direction of the field is unaffected 
by this quantization) and M is a quantum number taking 
integral values from 0 to oc. (M deseribes the size of the 
electron orbit and the direction of the spin.) H, is the 
magnetic field in units of 10° gauss. For H= 1, and a 
temperature of 10° °K, 
lowest quantum number. 


* Visiting astronomer, Space Division, Kitt Peak N 
January 1969, 


vational Observatory, 


most electrons are in states of 


A report of how rotating and oscillating magnetic neutron stars 
can account for the radio and optical signals from pulsars. 
predictions of the nature of the signals are put forward. 


Several 


There are only two radiation processes: 

(1) Electron. bremsstrahlung. An electron can make € 
transition in the same quantum state by decreasing 
value of p. This is accomplished by collisions with a 
nucleus 

magnetic field 


This is similar to the classical bremsstrahlung process 
(free-free transition) but here the electrons move in 
quantized orbits. These electrons are one-dimensional 
particles, 

(2) Quantized synchrotron radiation. Classically an elec- 
tron can emit radiation of arbitrary wavelength by spiral- 
ling into orbits of smaller diameters (synchrotron radia- 
tion). In the quantized orbits, the eleetrons can oniy 
make discrete transitions from a state JJ to another A' 
CM — M'— AM > 0), emitting a photon of energv AM 1-16 
H, eV. If the magnetic field is not homogeneous, for 
example, varying by a factor of two over the emitting 
region, then these discrete lines will be smeared out. into 
a continuous spectrum, This type of transizion is analogous 
to the classical bound--bound transition. 

There is no analogy to the classical bound- free transition 
in à magnetie field. 

The brightness temperatures of radio aad optical emis- 
sions. from ocu he are po dcre hy greater cu 10 Nor 


Both ihe raid ane Donel e emissions must ee eae og be 
produced by non- equilibrium processes. A non-equilib- 
rium process can give rise to high intensity radiation when 
the population of particles in an energy level higher than 
the ground state is greater than the equilibrium value. 


530 


This is called population inversion. In pulsars a process 
must therefore exist by which level inversion is main- 
tained over a long time scale. 

We now show that such departures from thermo- 
dynamic equilibrium can take place when the magnetic 
neutron star oscillates in the direction of the field. During 
an oscillation, the temperatures of electrons and ions will 
change adiabatically. The ions are classical particles, so 
their temperatures will change according to the classical 
adiabatic law for an ideal gas, that is, T; Œœ p?? where Ti 
is the temperature of the ions and ¢ is the density. In 
an intense field, however, the electrons become one- 
dimensional particles?. If they undergo an adiabatic 
process and do not change their quantum number (the 
case when they change their quantum numbers will be 
discussed later), then their temperature changes accord- 
ing to the adiabatic law for a one-dimensional gas, that 15, 
T.o o? where Te is the electron temperature. If the 
electrons are initially in equilibrium with the ions, then 
during the expansion phase of the oscillation the eleetrons 
will become cooler than the ions. The upper magnetic 
states will then be overpopulated, and a population 
inversion will be set up. Stimulated emission can cause 
electrons in the upper states to avalanche into states of 
lower quantum numbers, in a laser-like process with a 
very high energy flux. The energy of photons will be in 
multiples of 1-16 AM H, eV, but transitions with lower 
values of AM will be favoured. 

In the contracting phase of oscillation, matter moves 
back to regions of higher density. Then the reverse occurs. 
Because of the difference in their adiabatie laws, the 
electrons will acquire a higher temperature than the ions. 
In order to achieve equilibrium, part of the electrons may 
return to the upper state, but some eleetrons will only lose 
energy via the eleetron bremsstrahlung process. Because 
the electrons are not in thermal equilibrium, energy 1s 
produced at a rate governed only by the absorption pro- 
cess. This gives rise to the radio emission, which may be 
coherent. 

We have computed the emissivity of the electron 
bremsstrahlung and quantized synehrotron radiation. The 
spectrum and radiation rate of electron bremsstrahlung 
in the M — 0 state is given by the following equation? 


I = 301x 10-9 N,N.H, Z? E; vg? erg sc! cm? 
(108 Hz)? (3) 


where Ne and N; are electron and ion number densities 
respectively, Z is the charge of the nucleus, E, is the 
electron energy measured in k:105 ^K — 8:63 eV, and vg Is 
the frequency of radiation in 10° Hz. The surface density 
of a neutron star is 1 g em-? and the corresponding particle 
density is about 1024 em-*. The scale height is about 1 em 
at a temperature of 105 ^K. If the oscillation involves 
matter up to a depth of several em with an amplitude 
which is also a few cm, then a sizable fraction of electrons 
can become overheated in the contracting phase of the 
oscillation. If we assume an optical depth of a few em 
(theoretically the absorption coefficient for radio waves 
vanishes along the field), we obtain a radio flux of about 
107 ergs em-? s~, If we assume a total radiating surface 
of 10 per cent of the neutron star area of 10° emë, we find 
a flux of about 10% erg s-!, which is the same as the ob- 
served radio flux. Further, the spectral index of the radio 
radiation is — 2, which is what is observed for most pulsars. 
The bremsstrahlung radiation is 100 per cent linearly 
polarized. Coherent processes discussed previously ean 
cause the emitted radiation to have a 100 per cent overall 
polarization. This agrees with observation. 

The optical radiation is produced by transitions among 
neighbouring magnetic states. We have computed the 
emission probability for all transitions?. In particular, for 
the M — 1 to M’=0 transition, the result is 


Dus pm 
2.85 x 10-5 NH (12-cos?0) erg em~? s7? ster-* (4) 
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where N,M is the number density of electrons in the state 
M. NM is also a sizable fraction of the electron density 
for the temperature and change of field strength con- 
sidered. Applying equation (4) to the surface of neutron 
stars, we find that the surface flux of photons of energy 
equal to 1-16 H, eV is about 10!* erg cm~? s~, (The optical 
depth eorresponding to the inverse process is about 0-1 em 
at the neutron star surface density.) Again, assuming a 
total emitting area of 107? cm? out of a total 101? em?, we 
find that at a distance corresponding to that of the Crab 
Nebula this radiation is equivalent to that of a fifteenth 
magnitude star "turning on and off" (ref. 5 and page 525 
of this issue). The emission in equation (4) is 100 per cent 
circularly polarized. We thus expect that the optical 
emission from pulsars will be nearly 100 per cent circularly 
polarized because of coherent processes. 

The plasma frequeney at the surface of a neutron star 
is about 10!* Hz, which is greater than that of the radio 
emission, and also that of the optical emission if the 
magnetic field is less than 4x 10° gauss. Then how can 
this radiation emerge? Along the field direction the 
radiation cannot interact with electrons (the eleetrons 
have no motion perpendicular to the magnetic field and 
hence cannot interact with the electric fieid component 
of the wave if the wave propagates along the magnetic 
field). This means that the radiation will not be absorbed 
and will be guided by the magnetic field lines from the 
pole region into a sharply defined beam. As the star 
rotates, this beam will sweep in space, giving rise to the 
observed pulsed radiation. 

Thus we see that both the radio and the optical emis- 
sions have a common origin. The radio emission is caused 
by bremsstrahlung of eleetrons moving in the same mag- 
netic quantized orbit, an analogy of one-dimensional 
bremsstrahlung. The optical emission is produced by 
electrons falling from orbits of high quantum number to 
lower quantum number, but the transition favours 
adjacent transitions. “Line” emissions of energy 1-16 
H, eV will be produced, but the line character of this 
radiation is smeared out by large scale inhomogeneities of 
the field. The radio and the optical emissions take place 
in the outgoing and ingoing halves of the stellar oscilla- 
tions respectively. Thus we expect the general pulse 
shape of optieal and radio emissions to be the same. We 
also expect, however, that the optical and the radio 
emissions will have opposite phases in the submüllisecond 
oscillations of each pulse. Observations (diseussed later) 
show that the radio and the optical emissions do have the 
same general pulse shape, indicating their common origin, 
but the optieal observation has not been extended to 
detect submillisecond oscillations in each pulse, as needed 
to check this theory. 

Another question remains: what is the driving mechan- 
ism of submillisecond oscillations in a neutron star ? The 
ability to emit large pulses of radiation intermittently 1s 
equivalent to an opacity that can change drastically with 
time. Study of the structure of classical Cepheid variable 
stars shows that if the opacity changes rapidly with 
temperature and density, the star is unstable against 
oscillation. This type of process when applied to magnetic 
neutron stars will lead to an oscillation that is non- 
radial because the opacity is anisotropic. The amplitude 
of oscillation will extend only to outer regions where & 
thermal structure exists, and not to the deep interior. 
Both neutrino and gravitational wave losses will be quite 
negligible in this case. 

Because a large oscillation amplitude is not required to 
pump electrons into high magnetic states or to produce 
superthermal electrons-—an amplitude of a few em is 
enough-—we can expect that the wavelength of oscillation 
will be small. This means that the density waves will be 
quite irregular, just like waves in a sea. The emitted 
radiation can only travel along the line of force. The 
lines of force diverge from the surface into space at dif- 
ferent angles, however. According to our theorv, there- 
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fore, at any instant we will examine only a small 
portion of the surface. The wave structure of this small 
portion of surface then determines the character of emis- 
sion. This is our explanation for the observation that the 
radio pulses contain random submullisecond structure. 
This can also produce successive pulses of very different 
intensities. 

The wavelength of optical emission, according to our 
theory, depends on the magnetic field. Thus if an 
optical spectrum can be obtained that corresponds to a 
particular phase of the pulse, it will inform us about the 
magnetic structure at the surface of the star. (Unfor- 
tunately the spectrum of radio emission does not tell us 
about the magnetic field of the star. It tells us something 
about the magnetic field in the form of a convolute 
integral.) Lines corresponding to quantized synchrotron 
emission may also exist in these ‘flash spectra". 

If the field strength exceeds a few times 10° gauss, the 
radiation will be in the ultraviolet band, and may be very 
hard to detect. Likewise, if the field strength is below 
10* gauss, most of the radiation will be in the infrared. 
Thus we expect that optical pulses from pulsars will not 
be a frequent phenomenon unless 1t happens that fields of 
just about 10* gauss are common among pulsars. This 
may be the explanation why earlier work seeking optical 
radiation from some pulsars has been unsuccessful. 

While we were writing this article one of us (H.-Y. C.) 
was invited by Dr Roger Lynds and Dr Stephen P. Maran 
to the dome of the 84 inch telescope of the Kitt Peak 
National Observatory to witness their identification’ of 
the pulsar m the Crab Nebula which emits the pulsed 
light discovered by Cocke et al. earlier (ref. 5 and page 525 
of this issue), It was the very star which Baade* 
and Minkowski® suggested in 1942 as the remnant 
of the supernova! The spectrum taken by Minkow- 
ski in 1942 with the Mt Wilson 100 inch telescope 
showed no lies nor any identifiable features, but, as 
Minkowski remarked, the spectrum was definitely not 
that of a black body. The spectrum obtained by Lynds 
(private communication) also showed no identifiable 
features. The peak of the spectrum is at about 5800 A. 
Tf all the radiation in this spectrum comes from magnetic 
transitions, then the magnetic field strength at the surface 
of the Crab Nebula is about 2x 108 gauss. (A magnetic 
neutron star can also radiate thermally, but the energy of 
the photons radiated must exceed À times the plasma 
frequency, or 50 eV. A substantial amount of energy can 
be emitted if the temperature exceeds 5x 10* ^K. This 
radiation is of the order of 10% ergs s-! if the temperature 
is 10* ^K. This radiation ean be converted into visible 
light by surrounding matter.) 
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Lynds and Maran also obtained the macroscopic struc- 
ture of the pulses, which they found resemble those of the 
radio emission, and consist of two components, the weaker 
appearing about 14 ms after the main pulse. According 
to our theory, the second pulse is produced by the pole 
opposing the pole giving rise to the main pulse. The time 
asymmetry of the two pulses within one pulse period 
shows that the magnetic moment of the neutron star is 
off-set from the centre, and very likely inclined at a large 
angle to the axis of rotation. 

In eonclusion, we believe that we have found a rational 
explanation of the optical and radio pulses from pulsars. 
The pulsars are rotating and oscillatiag magnetic neutron 
stars. Both the optical and radio raciations are produced. 
by electrons moving in quantized osbits in very imtense 
magnetic fields. Both optical and radio emission will 
have the same pulse shape. This agrees with observation’. 
We predict, however, that the optical and the radio 
emission will have opposite phases ir. the submillisecond 
oscillatory structure of each pulse. The energy source for 
both radiations is the residual themnal energy of the 
neutron star and should last something like 10° yr. The 
radio spectral index is determined by detailed properties 
at the surface but should be in the neighbourhood of ~ 2. 
The wavelength of optical emission is determined by the 
field strength and not by the surface temperature. Hence 
the wavelength at which the optical recliation (or infrared 
or ultraviolet) takes place is an indication of the field 
strength. The field strength of the pulsar in the, Crab 
is thus determined to be 2 x 10° gauss. 

We thank Dr W. J. Cocke for telling us of the discovery 
at Steward Observatory, and Drs Roger Lynds and 
Stephen P. Maran for communicating the Kitt Peak 
results and for many other courtesies. H.-Y. C. thanks 
Dr J. W. Chamberlain for hospitality at the Katt Peak 
National Observatory, and V. C. thanks Dr R. Jastrow 
for hospitality at the Institute for Space Studies. One 
of us (V. C.) is an NAS-NRC research associate. 
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Neutral Hydrogen Asymmetry in the Galaxy MIOI as 


Evidence for Tidal Effects 


by 

J. S. BEALE 

R. D. DAVIES 
University of Manchester, 


Nuffield Radio Astronomy Laboratories, 
Jodrell Bank, Cheshire 


A RECENT 21 em hydrogen line survey of the Sc galaxy 
M101 (NGC 5457) completed at Jodrell Bank using the 
Mark I radio telescope has shown an interesting asym- 
metry m its neutral hydrogen distribution. This can be 


Measurements of the distribution of neutral hydrogen in the galaxy 
MIOI reveal an asymmetry which raises interesting points about — 
tidal effects in galaxies due to nearby companions. 


Man cda hy Ee per ee main opiical Patines a 


AM 101. 
The most intense neutral hydrogen emsssion is found 
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‘are north of the optical nucleus. At all points along a 
Be line through the nucleus out to 20' are there 
is more hydrogen in the north than at a corresponding 
distance in the south. The asymmetry in the neutral 
hydrogen distribution can be specified quantitatively by 
integrating contours at declinations north and south of 
the nucleus separately. There is 1-94 0-3 times as much 
neutral hydrogen in the north as in the south. The 
integrated neutral hydrogen spectrum of the whole galaxy 
(see Fig. 2) also shows a marked asymmetry. This is 
interpreted as indieating 1:5 times as much neutral 
hydrogen with velocities “corresponding to positions N-E 
of the minor axis (position angle 120°) as there is at veloci- 
ties characteristic of positions S-W of the minor axis. 





Á 
N 2d Half. power 


Pat bearawidth 


= 60! 


Fig, 1. Optical and neutral hydrogen features of MIOL The contours 
give the integrated neutral hydrogen distribution over the galaxy. 
One contour unit is approximately 1-9 x 10° neutral hydrogen atoms 
em, The main optical features are shown schematically. M101 has 
three smaller companion galaxies, NGC 5474, NGC 5477 and 4 1353. 


The effect is larger than the neutral hydrogen asym- 
metry found in 731 (ref. 1) and M33 (ref. 2) and, as far 
as can be ascertained, in the Milky Way. Although this 
asymmetry represents a major distortion of the neutral 
hydrogen distribution in the outer parts of 47101 it 
corresponds to only 1 per cent of the total mass, for neutral 
hydrogen constitutes 4 per cent of the total mass. 

Long exposure optical photographs of M101 (for 
example, the Sky Atlas plates) show a very similar asym- 
metry. The outer spiral arms are brighter in the north 
of M101 than in the south and, moreover, they can be 
traced further out from the nucleus of the galaxy in the 
north. They seem to contain HII regions which pre- 
sumably have condensed in the neutral hydre wen seen 
on the 21 em contour map. 

A further interesting feature of M101 which we believe 
will help in understanding its asymmetry is the presence 
of three dwarf systems within four diameters. The 
largest is NGC 5474, which is a highly asymmetrical Sed 
gany Tie other two, i GC 5477 a A T9359 As P END 
is an irre ene iy shaped pubs 90' a are » east of itio A 
which is only L3 times the distance of the farthest spiral 
arm. Although it lies within the neutral hydrogen 
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Fig. 2. The neutral hydrogen spectrum of MIO: integrated over the 

whole galaxy. The system velocity is taken as the centre of the velocity 

spread in the spectrum, 235 km s Hydrogen at velocities greater than 

this come from the N- E part of the aM velocities less come from the 
SW 


contours of Fig. 1 and might perhaps be taken as an out- 
lying part of M101, it is actually a companion galaxy 
which de Vaucouleurs? classifies as an Sd spiral. 

Before proposing a possible explanation of the M101 
asymmetry we wish to point out the similarity between 
the situation in the M101 system and a number of other 
extragalactic systems. In the first place the two systems 
with companions which have been studied in the 21 em 
line of neutral hydrogen--the Milky Way and M31 — 
show recognizable distortions. The Milky Way, which has 
the two Magellanic Clouds as companions, shows the well 
known bending of the neutral hydrogen layer in the outer 
part of the disk. M31 shows a small but significant 
asymmetry in its velocity distribution near the minor 
axis^*, Photographs of M31 also indicate a distortion of 
the spiral pattern on the side adjacent to NGC 221, the 
closest companion. NGC 205, the larger companion, is 
itself distorted. Second, many bright galaxies have dwarf 
companions. Arp® has noted that of the 31 brightest 
galaxies of the Shapley--Ames Catalogue, 20 have com- 
panions within four diameters. Zv vagina’ found that at 
least 50 per cent of galaxies of 13m and 14" had dwarf 
companions. We have independently studied the bright- 
est galaxies on the Sky Atlas prints for evidence of 
distortion in the parent or the companion galaxy. Of 
45 svstems contaming at least one member brighter than 
Harvard magnitude 11-0, 18 had what seemed to be associ- 
ated companion galaxies within 2-5 diameters. A galaxy 
was Tecorcen as oe a LL arie if the cen "E 
more pcm I 0 times rh than i m the region out to four 
diameters from the parent. Nine of these systems, melud- 
ing M101, showed good evidence for distortion of the 
parent galaxy. In each ease the brightest companion 
had more than ~10 per cent of the luminosity of the 
parent, except in the case of NGC 1097 where the com- 
panion was fainter but was, on the other hand, much 
closer to the parent. It should also be remarked that 
all of the bright galaxies whieh did not have a possible 
companion were apparently undistorted. Thus we 
monedo that M 101, d ama ee Milky- Way hdd |o 


Own 20 7 per cent or all pid MN distorted pao 
features and close companions. 

In the past the problem of the distortion of the neutral 
hydrogen laver in the Milky Way has been treated in 
isolation. We are proposing that this problem should be 
seen as part of a more general pattern in which many 
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Table 1 
Photographie 
Galaxy R.A. (1950) Dec. (1950) magnitude 
NGC D (M101) 14h O14 54° 35° gak 
NGC 5 14 h 032 53? 54’ 1L:2* 
NGC 477 t4 h 03-7 54^ 41’ 13-97 
A 1358 (Ho IV) 13 h 53-0 54? 08" 13-0* 


* From Holmberg, E., Wedd. fr. Lunds Astron. Obs. Ser. II. No. 
t From Keenan, P. C., Astrophys. J., 85, 325 (1937). 
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GALAXIES PROBABLY ASSOCIATED WITH Mi 


Morphological Velocity ase i Projected diste 

type rel, to 8un rei, on M101 ance from MI 
SXT6 Sed 266 km RU 1300 0 kpe 
SAS6P Sed 247 km s C 062 51 kpe 
SEN o 0 am ipa 25 kpe 
IB.9 Im n GLA 90 koe 


136 (1955). 


t Calculated assuming that W101 and its companion galaxies have the same mass-to-luminosity ratio. 


$ Projected distance in the plane of the sky assuming 37101 lies at 4 Mpe. 


galaxies with smaller companions show distortion. The 
common feature of all the distorted systems is the presence 
of companion galaxies. This evidence favours an explana- 
tion involving interaction with the companion rather than 
proposals which are independent of this salent fact: 
such alternative proposals include the interaction with an 
intergalactic wind’ and the effect of the symmetry axis 
of the galaxy not being parallel to the angular momentum 
axis’, 

The present statistics on the angular separation between 
the parent and the companion galaxies indicate that on 


average the companion galaxy is at an actual distance of 


between two and three radii from the parent. Caleulations 
of the gravitational effects (tides) exerted on the Milky 
Way by the Magellanic Clouds*-", which are three re adii 
distant, show that after a period of ~ 10° yr in orbit they 
can produce distortions of the shape and magnitude 
observed. A closer approach of the companion galaxy 
to the parent would obviously produce larger tidal effects 
and material could actually be torn from the parent 
galaxy". An approach to within one radius would 
produce additional mechanical effeets which could severely 
distort the outer regions of both the parent and the 
companion. 

The gravitational situation in the M101 system is 
probably very similar to that in the Milky Way- Magellanic 
Cloud system. A reasonable estimate of the mass of the 
companions of 7101 ean be made on the assumption that 
they have the same mass-to-Iuminosity ratio as the parent, 
which is also a late-tvpe spiral galaxy. The situation 
is summarized in Table 1. The largest companion is 
NGC 5474 which has a mass estimated as 6 per cent of 
M101 and a projected distance of 51 kpe. Because the 
mass of W101 is similar to our galaxy all the gravitational 
parameters of the M 101 system are similar to the Milky 
Way system. The two smaller companion galaxies, 
NGC 5477 and A 1353, have only about 1 per cent of the 
mass of MIOI and consequently their gravitational 
influence on M 101 will be less than that of NGC 5474 if 
the separations in Table 1 are taken to be the actual 
separations. 


In conclusion, it seems probable that neutral hydrogen 
measurements of galaxies are sensitewe indicators of any 
asymmetries in their outer regions. The reason for this 
is that in the spiral galaxies studied sc far neutral hvdrogeré 
emission is distributed throughout ihe dev eloped spiral 
structure of spiral galaxies with a raaximurn density at 
least several kiloparsees from the centre of the galaxy : 
it also extends in detectable amounts eut to and sometimes 
beyond the edge of the optical system. In these outer 
regions the gravitational interaetiens by companion 
galaxies produce the greatest. distortions, 

Second, the new neutral hydrogen survey of MIOI has 
shown asymmetries resembling those found in M31 and 
the Milky Way. These asymmetries in neutral hydrogen 
seem to be of similar character to those found in some 
20 per cent of the brightest galaxies. In all cases the 
galaxy has nearby companions suggesting that the 
distortion is produced by gravitational interaction. 
Further, it would seem that the int: racting gala€ies of 
the Arpt? and Vorontsov.Velvamineov!? catalogues are 
examples of even stronger interactions. The latter 
galaxies, which are much closer togetier and are of com- 
parable masses, would clearly exert gravitational forces 
sufficient to produce the major distortions actually 
observed. 
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Geometric and Physical Scaling of River Dimensions on the 


Earth and Moon 


by 
j. J. GILVARRY* 


Space Science Laboratory, 
General Dynamics/Astronautics, 
San Diego, California 


I wave challenged the conventional idea of lava in the 
floors of the lunar maria, on the hypothesis of a pristine 
atmosphere and hydrosphere of the Moon lasting for a 


* Present address: The RAND Corporation, Santa Monica, California. 


time significant astronomically (of the erder of 1 Gyr) 
(ref. 1). On this view, the floors of the maria are desiccated 
sediments darkened by organic matter’. The theory 
was criticized by Goles et al. on the basis shat there is no 
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evidence whatsoever for erosion by streams on the lunar 
surface and that the maria cannot be sediment plains in 
any usual sense’. In a recent paper, however, I have 
discussed evidence provided by Surveyors I and V and 
by Orbiter IV which strongly suggests the existence of 
sedimentary rocks in the mariat. 

That traces of river systems of terrestrial type do exist 
on the Moon is strongly indieated by at least one fluvial 
fcature in a photograph from Orbiter IV, as I have pointed 
out®. Another such feature also resembling a terrestrial 
river in the essential respect that it shows tributaries has 
been found by P. R. Bell (private communication) between 
the eraters Krieger and Prinz on a photograph from Orbi- 
ter V (medium resolution, frame 191). As a further pos- 
sible example, the width of the eentral rille in the floor of 
the Alpine Valley inereases in the presumptive direction 
of flow*:t5*, Other but less definite paradigms exist. 

For this photographie evidence of lunar rivers to carry 
full conviction, one must know how to seale the dimen- 
sions of a terrestrial river to the Moon, taking into aecount 
the different gravity. One purpose of this article is to 
determine how the mensuration and hydrodynamies of 
8 river change when some parameter such as the length 
varies. The proper effect of the acceleration of gravity 
appears explicitly in the theoretical results. The develop- 
ment thus permits scaling the dimensions of a terrestrial 
river directly to its lunar homologue. Apart from this 
selenological application, the theory puts on a firmer 
basis the fundamental relations of the hydraulic geo- 
metry’ of rivers on the Earth. 


Geometric Scaling 


The discussion will be restricted to mature river 
systems. Thus it can be assumed that the river channel 


is at grade or in equilibrium, so that the geometric 
dimensions of the channel are constant secularly®. 
The boundary of the catchment basin is fixed by the topo- 
graphie or ground-water (phreatie) divide defining the 
area from which the flow of the river is derived. The 
configuration of such a basin usually resembles a leaf?*. 
As an idealization, it will be assumed that all river water- 
sheds are geometrically similar (in a sense made precise 
by Strahler*), with such a foliate form demarcated by the 
divide. 

Under the last assumption, the drainage area A of a 
river is related to the corresponding length L of the river 
by 


A aL? (1) 


where a is a dimensionless constant. The dramage area A 
is plotted against L? in Fig. 1 for the rivers of greatest 
mean flow. One sees that equation (1) represents the 
data well on the average. In fact, a least-squares fit 
to the data would yield an equation with an exponent 
of L somewhat less than 2. This circumstance arises 
from the constriction of basin shape with increasing area 
(the width increases slower than the length)! and the 
variation of stream sinuosity with increasing size (the 
sinuosity increases preferentially with length)". 


Physical Scaling 
The flow of a river consists almost entirely of run-off 
from its basin, and one can write the proportionality 


Q=0A (2) 


between the mean water discharge Q at its mouth and the 
drainage area A, where the coefficient O of proportionality 
is the mean run-off per unit area over the basin. The run- 
off is defined as that part of the precipitation reaching the 
sea by natural surface channels. With this identification 
of the coefficient O as the mean run-off, the physical 
validity of equation (2) for a particular river is a matter 
of definition, with the run-off playing the part of the 
effective precipitation. 
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In what follows, the theoretical results for physical 
scaling presuppose a stationary state for a river in steady 
flow. Because the flow in all rivers varies with the season 
and peaks during a flood, it will be assumed that all 
physical variables represent suitable averages over a 
sufficiently long time (or mean annual values). 

As an idealization, equation (2) will be applied with the 
run-off O identified not merely as a temporal average 
over the basin for a particular stream, but as averaged 
further over climatic zones, so that the relation holds in 
some sense for all streams. One sees from the plot of 
mean discharge against drainage area‘! in Fig. 2 that 
equation (2) in this sense fits the data for rivers reasonably 
well. It tends to fail for rivers (such as the Nile, the 
Colorado, and the Murray-Darling) with a long reach 
through desert from the headwaters to the sea‘. 
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Fig. 1. The drainage area A as a function of the square of the length L 


for the rivers of greatest mean flow and for other important rivers. 


The diseussion will be restricted to perennial streams, 
in which ease the flow of the river is derived principally 
from ground water (intermittent and ephemeral streams, 
which are fed ehiefly by surface run-off, will be ignored). 
Thus the water table intersects the banks above the bed. 
If J (l1) is the current density of the ground water percolat- 
ing through the bed at a distance I from the source of the 
river where w(l) is the width (assumed much larger than 
the depth), then the discharge Q equals the integral of 
Jw over the river length (exactly, for a stream with no 
tributaries). For a particular river, 1t will be assumed 
that J is a constant. When a power-law variation of 
w with i| is assumed, this integral equation yields the 
proportionality 


WzbL (3) 


for the width W of a river at its mouth in terms of the 
length L, from equations (1) and (2). The constant 6 has 
the value b=2a0/J and thus is dimensionless. Equation 
(3) will be taken as a statistical average over rivers. 

The velocity V of the water at the river mouth is speci- 
fied by the Chézy formula, appropriate to turbulent flow 
in an open channel where the resisting foree is proportional 
to the wet area of contact with the fluid and to the 
square of the velocity* ^. For the ease (true for rivers, in 
general) where the width W is large relative to the depth 
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D at the mouth, the Chézy formula becomes V — c(gSD)'^*. 
In this expression, c is the dimensionless Chézy coefficient 
(dependent on channel roughness), g is the acceleration of 
gravity, and S is the mean slope of the river bed. 

The physical relation of equation (2) for Q, when com- 
bined with the geometric sealing law of equation (1), 
must be identical with the definition Q=WDV of the 
discharge Q (by volume) at the river mouth when 
the physical result of equation (3) is used for W and the 
Chézy expression is used for V. On this basis, one 
obtains 


D=EL?® (4) 


for the depth D in terms of the length L of the river, where 
E = (ajbc)**(O*/g9S)1?, The relation V — GL! with C= 
(a/b)O/E follows immediately for the water velocity V in 
terms of L. 


10: i 
AMAZON -*~ 








i 


i 1 H 
EPEE eie m BOSCO: Qi SPRING 7 
? 


H0 






10: 


MISSISSIPPI- \ 
MISSOURI -> 


River discharge Q (m?/s) 


—NILE 
p7 COLORADO 
| C MURRAY DARLING 
SHANNON XO 
ON THAMES 
5.10! 
10t 105 10* 107 


Drainage area A (km?) 


Fig. 2. The mean discharge Q of water as a function of the drainage area 
A for the rivers of greatest mean flow and for other important rivers. 


With these equations, one obtains a complete specifica- 
tion of all geometrie and physieal parameters of a river 
in steady flow at grade (in equilibrium conditions) as 
a function of its length L. To emphasize the scope of 
the results, note that they imply the proportionalities 
Woq?, Dag and VocQ'/*, in terms of powers of 
Q. The theoretical values 1/2, 1/3 and 1/6 of the exponents 
compare well with the mean observational values 0-49, 
0-38 and 0-11, respectively, measured on American rivers 
for mean annual flow (or at bankfull condition}. Thus 
the theory yields an immediate and satisfactory predic- 
tion of these empirically determined exponents. 

In addition, the theory should apply also to stable 
regime canals—-unlined canals which are allowed to scour 
and fill to achieve an equilibrium form. The archetypes 
are the irrigation canals built by British engineers in 
India over the past century. Independently of the details 
of initial construction, j£ was found that the geometric 
dimensions and physical parameters approached secularly 
an interrelationship specified by the empirical equations of 
Lacey. If L is eliminated pairwise between the present 
relations, one obtains precisely Lacey’s equations for a 
canal under regime conditions’. Equations (3) and (4) 
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thus yield the proportionality W Do V* for the eross- 
sectional area WD, equivalent to Lacey’s second equation. 


Application to the Moon 


The preceding development yields every geometric 
and physical parameter of a river as proportional to a 
power of the length. The sealing of every such parameter 
of a river to the Moon from the Earth is fixed once the 
corresponding sealing of the length is determined, with 
the effeet of the different gravity taken into account 
properly in the corresponding coefficent of proportionality 
(as is not true in Lacey's empirical equations). 

The river of the world with the iargest discharge, the 
widest mouth and the greatest depth at the mouth is the 
Amazon, and the length (6,400 km) of this river is closely 
equal to the radius (6,370 km) of the Earth". This fact 
suggests that the length of the largest possible river on 
the Moon should be sealed from the corresponding length 
on the Earth according to the radii «f these bodies. This 
rule is consistent with the fact thet the volume of the 
primordial hydrosphere on the Moon was inferred from 
that for the oceans of the Earth by sealing according to 
the cube of the radii of these bodies', 

It follows from the coefficient Æ entering equation (4) 
for D in terms of L that scaling the depth at a river mouth 
to the Moon requires knowledge of the mean slope S of 
the lunar surface, or of the mean elevation of the highlands 
above the maria. For this purpose, a contour map of the 
Moon by Baldwin" is available, frone which corresponding 
hypsographie and hypsometric curves have been con- 
structed by P. Hédervári (results given by Baldwim)**. 
Some doubt has been cast on the validity of details of 
Baldwin's map by Kopal”, who points out that a harmonie 
analysis of the hypsometric results of Baldwm fails to 
agree with that based on later and more extensive data. 
Runeorn!5 insists, however, and wh reason, that the 
map is reasonably accurate and thas the discrepancy in 
question arises from failure of other investigators to separ- 
ate their data into points correspondmg to highlands and 
maria. A stronger argument can be made, For three 
harmonics, contours of constant level shown by Kopal 
cross the low mare floor and the encircling mountain rim 
for Mare Imbrium. This unphysical feature disappears, 
in accordance with Baldwin's results. when one proceeds 
to twelve harmonics, as shown by L. B. Ronea (private 
communication). This fact indicates that the difficulty 
indeed lies in details of the harmonie analysis. 

In Fig. 3, the hypsographie and Lbypsometrie data of 
Hédervári are presented for the Moon. valid for about the 
central 55 per cent of the visible surface. The hypso- 
metrie eurve implies two maxima in the distribution of 
land mass-—the upper eorresponding to the highlands and 
the lower to the (non-circular) maria. The difference in 
elevation is 3 km. On my theory!, the maximum depth 
of the postulated hydrosphere was abeut 2 km. Thus the 
pristine elevation of the highlands above the water sur- 
face initially was about 1 km, and the zero level in Fig. : 
was drawn to correspond to this figure. 

The hypsographie and hypsometrie «ata for the Earth?’ 
are also shown (dashed) in Fig. 3. “The corresponding 
mean elevation of the land mass above the ocean surface 
is 840 m. There is a striking similamty between corre- 
sponding curves for the Moon and Easth. 

Using the mean elevations given for the Earth and Moon 
and scaling the corresponding reaches entering the mean 
slopes S according to the radii of these two bodies, one | 
finds that the ratio of the mean values of gS for the Earth 
and Moon is 1-4. The effect of the lewer gravity on the 
Moon is thus largely offset in the produet gS by the fact 
that the mean elevation is about the same as for the Earth 
but over a correspondingly smaller distance. The ratio 
in question is sufficiently close to unity that the disparity 
ean be ignored for present purposes, ae the divisor {g5 p" 
entering the coefficient E of equation (4) varies only by a 
factor l-1 in mean value between the Earth and Moon. 
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On the basis outlined, the geometric and physical 
scaling laws developed will be used to seale the dimensions 
of the Amazon River to the Moon. It will be assumed 
that the geometrie constant a and the phenomenological 
coefficients b and c associated with the average terrestrial 
river are the same in the lunar homologue. Further, it 
will be hypothesized that the mean run-off O on the Moon 
at the time when it possessed an atmosphere and hydro- 
sphere was approximately the same as now holds for the 
Earth. 
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Fig. 3. The hypsographic (integral) and hypsometrie (differential) dis- 
tributions of elevation as a function of the percentage of surface area, for 
the Moon (solid) and for the Earth (dashed). 


The corresponding mensuration of the lunar homologue 
of the Amazon River is shown in Table 1. The second 
column shows the value of the length L scaled aecording 
to the radii of the Moon and Earth. The third and fourth 
columns show values of the width W and depth D at the 
mouth determined correspondingly from equations (3) 
and (4), respectively. The age of the present Amazon 
can be estimated as about 250 Myr from the time of the 
Andean uplift, but this age nowhere enters the ealeula- 
tions leading to the figures in Table 1, which presuppose 
that the river and its lunar homologue are at grade. 


Table 1. MENSURATION GF THE AMAZON RIVER AS SCALED TO THE 


FROM THE EARTH 
Width W 


MOON 


Length £L Depth D 


Body (km) (km) (an) 
Earth 6,400 10 30 
Moon 1,000 2:5 12 


Examination of the values of the width W and depth D 
of the lunar homologue of the Amazon implied by Table 1 
reveals immediately why so few examples of mature rivers 
of terrestrial type could now be visible on the Moon, 
if my theory of a former lunar atmosphere and hydro- 
sphere is correct. The width of 2-5 km appearing in the 
table for the Moon exceeds the possible resolving power of 
à large telescope (1 km for the best photographs and 
100 m visually under the best seeing). But the exceed- 
inglv small depth (12 m) predicted for the lunar homo- 
logue of the Amazon rules out immediately any possibil- 
ity of telescopic discovery. 

For detection by an Or biter, the depth of a pristine hinar 
river must have exceeded that corresponding to the net 
loss of mass from the Moon produced by the bombard- 
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ment of meteorites and micrometeorites and the sputtering 
by the solar wind and flares?**:?, These processes result 
in a continuous denudation of the surface of the Moon 
after that body lost its primordial atmosphere, of the 
order of 3 Gyr ago on my theory!. Over this period, the 
pogonotomy of the Moon by the bombardment from space 
would result in shaving off a surface thickness amounting 
to 10 m as a lower limit from my own results?!, to 50 m as 
a possible mean from data of Bjork? , and to 75 m as an 
upper limit from conclusions of Anders?. On the basis of 
these independent estimates of the depth removed, sur- 
vival to the present time of traces of a large lunar river 
with an initial depth at its mouth of only 12 m could be 
the result of only a very rare fluctuation in physical cir- 
cumstances. The existence of only a few possible examples 
of rivers of terrestrial type found in Orbiter pictures is 
consistent with these theoretical predictions. One notes 
that beach marks, by the same argument, could not appear 
prominently. 

The present considerations answer completely the criti- 
cism of Goles et al.* that my theory is inconsistent with the 
absence of indications of mature river systems on the 
Moon. 

From the foregoing results, the concept of lunar maria as 
vanished seas is quantitatively supported as regards 
prediction of vestiges of rivers. This evidence buttresses 
the quantitative check of a recent paper?*, based on the 
similarity of the elemental composition of terrestrial 
mudstone with the ehemical analysis of mare soil determ- 
ined from Surveyor V and on the correspondence of the 
size distribution. of fragments in sedimentary deposits 
with the frequency curves for particles in mare surfaces 
inferred from Surveyors I and V. On the other hand, the 
testimony for the lava hypothesis is chiefly qualitative 
and still equivocal* after collection of vast data from 
Ranger, Surveyor and Orbiter missions. 

Whether or not this work contributes to a fuller under- 
standing of the nature of the lunar surface, it fills a gap 
in the geological literature. Repeated attempts to obtain 
a rational theory of the hydraulic geometry? of a natural 
stream and to derive the empirical equations of Lacey for 
a regime canal have been made, recently and notably by 
Leopold and Langbein” and by Langbein?*, who exploited 
an analogy with the energy and entropy of thermodyna- 
mics. The present theory shows that it is unnecessary to 
appeal to analogies, for the correct results follow by 
direct application of physical principles on the assumption 
of geometrical similarity of river basins. The assumption 
of precise similarity can be relaxed by taking into account 
in equation (1) ) the exponents | and m of Smart and Sur- 
kan?” corresponding to stream sinuosity and shape varia- 
tion, respectively. In this case, however, one should 
include in the analysis the exponent n of Hack!?, specifying 
the variation of the slope s(I) of a river downstream as L” 
in terms of the length Z. 

I thank B. W. oe Dr F. G. Casal and Professors 
R. E. Lingenfelter, D. T. Griggs, W. W. Rubey, M. 8. 
Plesset, and R. L. Shreve for helpful discussions. 
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INvESTIGATIONS of the aetiology of psychoses have 
followed the functional or the biochemical approach. 
The latter stems from a hypothesis advanced by Osmond 
and Smythies in 1952 (ref. 1) that an aberration in the 
metabolism of catecholamines could produce an endo- 
genous psychotogen resembling the well known psychoto- 
mimetic mescaline. Our work has stemmed directly from 
this. The purpose of this article is to examine the struc- 
ture~activity relationships of related compounds which 
may reflect the metabolic processes involved in psychosis. 

The idea of an endogenous psychotogen finds support 
in that some aspects of schizophrenia can be produced m 
healthy subjects by chemical means. This mimicry was 
initially viewed as the ‘“‘model psychosis”, but subsequent 
studies have revealed shortcomings? and as Investiga- 
tional tools psychotomumnetic compounds have recently 
fallen into disuse and even disrepute’. Many of the 
features characteristic of the induced intoxieation are 

nevertheless frequently observed as symptoms of schizo- 
phrenia: distortion. of time and space, synaesthesia, 
occasional hallucinatory experiences, delusional states, 
depersonalization, changes in effect, and an easy and often 
Buon roncd access to SUO UIS material. There 
ud ihi suppers Wie he acus of a necu ion, 
Possibly the complexity of the syndrome is the result 
of multiple alleles, and permutations of these mav 
account in some part for this complexitv®, The diversity 
in the syndrome, and also in the nature of the chemically 
induced intoxication. produce ed by phenethylamines, 
indoles and carbolines*", may imply a multiplicity of 
metabolic sites of action. Recently there has been a 
controversy over the presence of 3,4- dimethoxyphenethyl. 
amine (DMPEA, XXXVIII) in the urine of schizophrenic 
patients*, Although DMPEA itself has been reported 
not to be psycehotomimetie?:!?, it may nevertheless reflect 
the metabolism of an endogenous psychotogen. 

Rather than systematizing the complex features of the 
chemically induced psychosis, we have considered this 
state constant and have mvestigated the dose-response 
relationships instead. Some recent studies have shown 
accord between human effective levels, and both biological 
(ref. 11 and private communication from H. E. Himwich) 
and physical? properties. Although animal studies have 
shown a general correlation with human results!?-15, there 


Human dose-response relationships for psychctomimetic phen- 
ethylamines : 
substitution provide cptimum activity. Available da.a suggest possible 
structures for the hypothetical psychotogen of sch zophrenia. 


an isopropylamine side chain anc triple methoxy 


are some exceptions possibly attributable to metabolic 
differences between species. Furthermore, the dosage 
required to obtain behavioural effects «1 test animals is 
usually many times the effective humanaosage, Because 
of these difficulties with animal results. we have lonited 
this report to data obtained from huma. experimenta. 

Mescalime was selected as the initial compound for this 
study. Although it is less active thar most psvchoto- 
mimetics, it has the dual virtue of chemical sumpheits 
allowing many structural permutations, and a close 
relationship to compounds known to be aaturally present 
in humans. 


“ Double Conscious " Technique 


If the psvchotomimetic effect is to be considered con- 
stant, ideally the subjects should also be kept constant. 
To this end the same subjects were usec for as many of 
the different compounds as possible. The ise of the double 
blind method is not applicable to this &oproach!*5*5 and 
we have preferred to use the "double conseious” technique 
of Alles?’, 

For each new compound for which previous data were 
not available, chemical identity and pumty were estab- 
lished through spectroscopic, microanalyical and exten- 
sive physical analyses. The toxic levels were then estab- 
lished in several test animals, and gress behavioural 
changes noted although these did not usually oceur 
until near-lethal levels were reached. “he therapeutic 
index (LDj;, mice/E Dnuman) was at least BO in all com. 
pounds tested. The human threshold dose «as determined 
by administering an initial dose of 100 ug orally, followed 
by suecessive doses at intervals of no ex than 3 and 
usually at least 7 days, at levels about 1-5 times the 
previous dose. Estimates of threshold dese among sub- 
jects agreed within 25 per cent, and they sould recognize 
the same level when repeated, more than 3 months later. 
The effective dose was then determinec in extensive 
clinical studies at the University of Chile, and was taken 
as the mean of the threshold dose (already established) 
and the dosage that was “maximally efeetive", The 
potency of each compound was expressec in mescaline 
units (MU), defined as the quotient of the efective dose of 
mescaline divided by the effective dose of the compound, 
both cenaa as the nee An E he efs 





wetive dose of 
Tae MU values 
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should not be considered accurate to closer than 25 per 
cent, and those values that are deduced from the litera- 
ture, established in different subjects and on different 
eriteria, must be held as less reliable. 


Data Analysis 

All the new, as well as the previously known, human data 
on psyehotomimetie compounds of the phenethylamine 
type have been assembled in Table 1. These compounds 
will be discussed with regard to various struetural para- 
meters, and listed in subsequent tables. The extent of 
change in potency is represented by + +, +, Ô, — 
and — —, indicating changes of at least an order of magni- 
tude increase, moderate increase, no change, moderate 
decrease and an order of magnitude decrease. The 
symbol < means that the potency is less than the number 
indicated because the dosage required to caleulate this 
number was ineffective and higher doses were not 
used. 

Length of chain. Early in the study of the ana- 
logues of the catecholamines, the highly active sympatho- 
mimetic amphetamine was prepared and studied by 
Alles?*, Modification of the structure of mescaline by 
amalgamation of these two structures provided 3,4,5- 
trimethoxyphenylisopropylamine (VIIT)?!; its psychoto- 
mimetic potency has been demonstrated?? and confirmed*. 


Table 1 
3 2 
i Da HK n NH, 
6 PE 
AC- 
Compound Substitution pattern tivity Foot- 
No, 2 3 4 5 6 R MU notes 

H H OCH, H H CH, 5 a,b 
II OCH, OCH, H H H CH. — g 
HI OCH, H OCH, H H CH, 5 b 
IV OCH, H H OCH, | CH; 8 i 
Y OCH, H H H QO CH; CH, Tx 
VI H OCH, OCH, H H CH, «1 d 
Vit H OCH H OCH, H CH; — € 
VIII H OCH, OCH, OCH, H CH, 9-2 e 
IX OCH, H OCH, OCH, H CH, 17 f 
X OCH, OCE, OCH, I H CH, «2 f 
XT OCH OCH, H OCH, H CH; 4 b 
XIT OCH, OCT, OCH, CH, H b 
ATIT OCH, H OCH, H OCH, CH, 10 b 
XIV O-—CH,—O H H H CH, — g 
XV Q—CH,-—-O 5 H CH, 3 d 
XVI H OCH, O—CH,-— H CH, 9-7 g 
XVIT OCH, H O-——CH,— 0 H CH, 12 fh 
XVEHT OCH, 0—CH,—O H CH, 160 Lk 
XIX O-—CH,—0 OCH, H H CH, a b 
AX. O-—CH,--O H OCH, H CH, — € 
AXI O-—CH,-—0 H OCH, CH, — e 
XXII OUCH, Q-—CH,.-—-O0 Qt IH, H CH, i 2 i 
AAIIH OCH, OCH, O—CH,—O0 H CH, 5 i 
XXIV OCH, AD e H CH, «1 ] 
XXV OCH, OCH, 'H, OCH, H CH, 6 b 
XXVI OCH, OCH, OCH, H OCH, CH, — 5 
XXVII OCH, OCH, H OCH, OCH, CH, — g 
XXVIII OCH, OCH, OCH, OCH, OCH, CH, — g 
ANXIX OCH, H OCH, OCH, CH, < b, j 
XAN OCH, H OC.H, OCH, H CH, 15 b, j 
XXXI OCH, H OCH, OCH, H CH, < b, 3 
XXXII OC,H, H OC, H;, CH, H CH, — jk 
XXXIII OC, H, H OCH, OC,H, H CH, = jk 
AXXAXIV OCH, H OCH, OCLH, H CH, — 4k 
AXXV OCLs OCH, : C, H; H CH; Uus j. k 
AXXVI OCH, H CH, OCH, H CH, 80 bf 
XXXVII H I OCH, Li H «1 d 
XXXVII H OCH, OCH, H H H «02 pn 
XXXIX H OCH OCH, OCH, H H LO o 
XL OCH, H OCH, OCH, H H 1 p 
XLI OCH, O-—CH,—O0 H H H <5 b 
XLII H OCH, O—CH,-—0 H H 1 b 
XMLUI H OCH, OCH, OCH, H C,H; <2 g 
XLIV OUCH, O-—CH,—O 1 CQH. -~- k 


Footnotes: a, See ref. 15. b, Previously unpublished data. ec, Chemical 
synthesis not complete, d, Naranjo, C., Shulgin, A. T., and Sargent, T., Med. 
Pharmacol. Ezp.. 17, 359 (19067) e, See refs. 22 and 23, f, See ref. 19. p, 
Shulgin, A, T., Nature, 201, 1120 (1964). A, This MU value is slightly lower 
than cited in ref. 19. i, Shulgin, A. T., and Sargent, T., Nature, 215, 1404 
(1987), j, Shulgin, A. T., J. Med. Chem. 11, 186 (1968). i. Animal pharma- 
cology not yet complete. l, Snyder, ï. i Faillace, L., and Hollister, L., 
Science, 158, 669 (1967). m, Brown, wW. T., MeGeer, P. L., and Moser, I, 
J. Canad. Psychiat, A8800., 13. OF (1968). E See refs. 9 and 10, also Vojte- 
chovsky, M., and Krus, D. 4 Aetivitas Nervosa Superior 9.4.67, ninth Ann. 
Psy chopharmacological Meeting, Jesenik, Jan 17-21, 1967. a, This is the 
reference compound mescaline which defines the MU (see text). p. Jansen, 
M. P. JF. M., Rec. Trav, Chim., 80, 201 (1931). g, See ref. 24, 
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Table 2 
fe N fe 
f ‘S—CH,CH,NH, ae ‘S—CH,CHNH, 
EN i A | . 
HR IM Re Num CH, 
2-Carbon chain V8. 3-Carbon chain 
Compound MU Compound MU Change 

XXXVII. «1 io 5 4 
XXXVIIL <02 Vi <i ? 
XXXIX 1 VIH 2-9 + 
XL 1 IX 17 + + 
XLI <5 XVIH 10 + 
ALII i XVI 2:7 ~f- 


The next immediate homologue was the less active butyl- 
amine (XLIID)". Table 2 contains the comparisons of 
all two and three-carbon chain compounds. In no case 
was there a decrease in activity with the introduction of 
the alpha methyl group, while there seems to be a decrease 
by further extending the chain to four carbons (ALII). 

indole generation. One of the first arguments accom- 
panying the adrenochrome hypothesis was the demon- 
strated ability of adrenaline to cyclize in oxidative 
conditions to form an indole ring. Such a eychzed product 
has been sought but not obser ved in the living organism. 
It is nevertheless intriguing to consider the possibility 
of such an Zn vivo indole synthesis, for many psychoto- 
mimetie compounds found in nature are indolic. 

There are two reasonable mechanisms by which com- 
pounds in Table 1 might be converted to indoles: by the 
generation of a quinonic intermediate using a pair 
of oxygen atoms located ortho or para to one another 
followed by the abstraction of a molecule of water, or by 
the nucleophilic attack of the nitrogen atom of the base 
on one of the ortho hydrogens, itself lying ortho or para 
to an oxygen atom. 

Considering the first mechanism, the probable quinone 
intermediate that could lead to an indole product is the 
para-quinone structure illustrated. Also possible is the 


Table 3 


Potential for 
quinone only ; 
oxvgen available 


Potential for both orto 
and para-quinone: 
oxygen available 


Potential for pare- 
quinone only; 
oxygen available 


O Ó H H H 
"T E P Y y 
rd Dama S—CH, & SCH, 
M « Mm c x 
" i. * Pi S . ^r ~E . ae NG 4 
o O è HCH, y D. SACH 6 p COB 
PA rile Qm 
MU Mt Mt 
XI 4 Iv 8 
XH 13 TX 17 Šv 10 
XANH 12 XVII 19 XIX 
XXIII 5 XXIX <7 Range «2-10 
XXV 6 NNN 15 
XXXI <7 
Range 4-13 XXXVI SO 
Range «1T 
(with NNXNVID. «7-80 


Potential for or!ho-quinone No potential for 


only; oxygen available quinone formation 
H H 
(A ^ b 
s 2—CH; ‘SCH, 
QUON. fo 2 PS ‘ 
? = " "HC 
5 H e HCH, H TEN 
ES. 
N " XH, 
ME NU 
Vi < H í a 
VIH ra Tit b 
XV 3 XHI 10 
XVI doy Range 5-10 
XXIV «1l 
Range «1-3 
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Ut CHCH, 
Oxidative quinone generation 


ortho-quinone (not shown), and in either case the inter- 
action of the amino group with the carbonyl oxygen would 
be necessary. In Table 3 all compounds are arranged 
into five groupings according to quinone-forming potential. 
With each group is a skeleton structure that displays the 
mandatory atomic features; where no substitution is 
shown, the substituent at that point is not relevant. 
There appears to be some trend for a decrease of biological 
activity with the decrease of quinone generation potential. 
In group E, however, in which no quinone formation is 
possible, the range of potencies is essentially the same 
as in group A, where there is theoretically a maximum 
potential of such formation. Further, group D, which 
would involve the “adrenochrome”’ cyclization, contains 
the least active compounds. 


RO o 
N, ES 
4c, __, < a, 
UNS "ogoH, u/^  tmgcn, 
Ix HN 
o HO 
N S—CH à MER < SH i 
í CON: ue P ‘HCH, 
H, H, 


Nueleophilic attack 


The second mechanism of conversion to indoles involves 
the nucleophilic attack of the nitrogen electron pair 
directly on an unsubstituted position of the ring. The 
structural requirements are that there be an unsubstituted 
position ortho to the aliphatic chain that carries the 


Table 4 
o 
Mc 
P Es 
CH,CHNH, f » Sy —CH,CHNH, 
| 


CH n iin CH 4 





Reference compound 


Reference compound MU plus methoxy group MU Change 

VI «1 VHI 2-2 + 

IX 17 Tox 
X <2 ? 
VIII 22 XXV 6 + 
X «2 XXV 6 + 
XI 4 XXV 6 + 
XY 3 XVI eF ü 
XVII 12 4 
] XVIH 10 + 
XVI 2-7 XXII 12 + 
l l XXIII b + 
XVIII 10 XXII 12 6 
XIX 3 X XIII 5 + 
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nitrogen atom, and that there be an oxygen atom located 
para io this unsubstituted position. This parameter 
may be evaluated by the addition of alkoxy groups to the 
system. If the increase in nuclear basicity by such addi- 
tion increases the susceptibility of the ring to nucleophilic 
attack, then there should be an inerease in potency of 
the compounds as substitution density is increased. 
Table 4 compares the compounds whien meet these criteria. 
In virtually every case the addition cf a methoxy! group, 
within the limits stated, has led to an increase in potency. 
Thus there is support for the possibiaty of indole forma- 
tion by this route. 

In the conversion of adrenaline tc adrenoehrome and 
in the oxidative cyclization of demethylated mescaline 
derivatives*», both a nucleophilic meccanism and a quino- 
nie intermediate would be required. 


Location of Methoxyl Substituent 

Varying the specifie location of a methoxyl substituent 
has several effects. (a) Ortho. Table 5 lists compounds 
in which an ortho methoxy] group has been introduced, 
and compares resulting changes in activity. In no case 
has the psychotomimetic activity beea decreased, and in 


from this addition. 


Table 5 


H OCH, 
F "d N i: Z ia ^ i 
(s S—CH,CHNH, 4, S—CH,CHNH, 
w^ ra i X E, i 
p i ^ i 
RÁ SN CH, yn Sunc CH, 
Ortho-methoxviates 
Reference compound Mt product MU Spange 
I 5 Tit 5 Ü 
III 5 ATI 10 + 
Vv ï XH E + 
Vi «1 IX 17 B 
X. «z ? 
VIII 2 XXV 6 * 
XV 2 XVII 12 + 
! XVIII 18 e 
XVI 2-7 XXII 12 + 
XXIIT 5 Ez 


(b) Meta. Table 6 similarly compares compounds 
with and without a meta-methoxyl group. It seems that, 
with three exceptions, meta-methoxylation decreases the 
psychotomimetic activity. The evaluation of the addition 
of either an ortho or a meta methoxyl group is complicated 
by the necessarily accompanying increas® in ring basicity, 
and the resulting increase in susceptioilitv to nucleo- 
philie attack. 


‘Table 6 


H CH,O 
P i 
a “y-—CH,CHNH, c S—CH,CHNH, 
x / | X / | 
SU ÁN T d e SN d LE 
P4 Mmmm C H 3 R^ itane did CH " 
Meta-methoxylation 
Reference compound MU product MU Change 
Į 5 VI <i = 
IH 5 IX 17 ES 
X «2 a 
IV & XI 4 ~ 
VI «1 VIII 23 + 
IX 17 XXV 8 - 
X «2 XXV § + 
XV 3 XVI 2-7 0 
XVH 12 XXIH 5 wwr 
XVII 10 XXH 12 6 


(c) Para. In considering the effect of pera substitution, 
it must be noted that most of the compounds listed in 
Table 1 are indeed substituted in this posion. Although 
animal evaluations have indicated that pera substitution 
is by itself sufficient for psychotomimetze activity, our 
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human data show that it is not mandatory (compounds 
IV and XI). Animal data show that ortho and meta- 
methoxy groups alone are not sufficient, but there are no 
human data on such compounds. The only direct com- 
parisons that can be made with regard to para substitution 
are IV (mu=8) versus IX (MU —17) and XI (mu=4) 
versus &XV (MU 6). In both instances the addition of a 
4-methoxyl group increases activity, but in both, the 
4-unsubstituted isomer was none the less active. In IV, 
replacement of the methoxyl group at the para position 
with a methyl group leads to XXXVI (mu= 80) with a 
five-fold further increase in potency. 


Nature of the Substituent 

Three variations on the methoxy substituent have been 
reported: replacement with ethoxy groups, replacement 
of adjacent pairs with a eyclic ether (usually methylene- 
dioxy), and replaeement with an alkyl group. 

Table 7 hsts all the pairs of compounds that can be 
arranged in accordance with the transformation of two 
adjacent methoxy groups into a methylenedioxy ring. 
With one exception there is no loss of potency, and the 
increase in several cases is noteworthy. In a study in 
which the heterocycle was the distinctly less strained 
six-membered ring (XXIV, MU = 1), there is a decrease in 
activity. Of the seven possible ethoxy homologues of 
IX, data are available for three. Of these, the para- 
ethoxy isomer (XXX) has activity similar to that of IX. 
The fact that 4-substitution by ethoxy does not decrease, 
and the substitution with a methyl group greatly increases, 
the biological aetivity over the reference IX draws 
attention to the importance of the nature of the substituent 
at this location. 


Table 7 


SHC HNH, CH, HNH, 
T F a M | 
rs Pa ^ "H, P Pa ji ES C H 4 
^ P d ^ E "d 
od == 
OCH, OCH, Ó 0 
p NP p 
CH 2^ 
Methylenedioxy 
Reference compound MU v8, counterpart ME Change 
Vi «1 XV 3 + 
VIII RA XVI 2-7 + 
IX 17 XVII 12 - 
X «3 XVI 10 + ob 
XIX 3 + 
XXV 6 XAH 12 -> 
XXIH 5 0 


Schizophrenia seems to be a disease unique to humans, 
so it may well be that a hypothetical endotoxin is unique 
to human metabolism. The difficulties of interpretation 
in animal experiment are illustrated by the example 
of 4-methoxyphenylisopropylamine (I) which shows a 
potency in rats exceeded only by LSD (ref. 15) yet has 
an activity of only 5 mv in humans (LSD = 4,600 wv in 
humans). The structure-activity relationships discussed 
here have been derived exclusively from human data, 
and from these several conclusions appear. 

The three-carbon side chain seems to provide maximum 
activity. This is presumably because such molecules are 
poor substrates for monoamine oxidase (MAO), the 
enzyme which deaminates the alpha-unsubstituted phen- 
ethylamines. Thus an endogenous psychotogen may have 
a two-carbon chain yet in some way be protected from 
deamination, for example, by being poc and acting 
in the synaptic cleft, whereas MAO acts intracellularly. 

A methoxy group in an ortho or para position enhances 
activity, in the meta position decreases it. The presence 
o f ortho substituents may ee influence the pee 
site. A total of three SENE groups; seems to be B 
for activity. for both di and tetramethoxylated compounds 
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tend to be less potent. Replacement of the methoxy 
groups at the 3 and 4-positions with the more strained 
(and thus more labile) methylenedioxy bridge results in 
material of increased potency. The replacement of the 
4-methoxy group with an ethoxy homologue did not 
decrease potency, and replacement with a methyl group 
increased it. 

These general conclusions suggest a variety of possible 
modes of action. It appears that a substituent at the 
4-position affords stability and immunity from chemical 
attack rather than lability to attack. This is supported 
by the great increase of activity when the non-labile 
methyl group is found at this position. A blocking of 
this position might permit a compound to function as an 
enzyme inhibitor or a false transmitter. In a study of 
the metabolism of DMPEA (XXXVIII) the two methoxy! 
groups were metabolically distinguishable. Using unique 
"C labels in each position, fifteen times more of the 
4-methoxy group carbon appeared ain the expired 
breath than that derived from the 3-methoxy group. 
This is evidence for a specific enzyme for the 4-demethyla- 
tion of 4-methoxy substituted aromatic amines. 

On the hypothesis that there is an endogenous psychoto- 
gen, to what extent can we deduce its structure? Com- 
pounds involved in catecholamine metabolism may be 
considered with regard to their possible involvement in 
abnormal function. In the search for a biochemical 
lesion the more probable expectation will be the loss of 
an existing enzyme, rather than the appearance of a new 
one. Thus rather than search for an abnormal methyla- 
tion process! it would seem more fruitful to look for the 
failure of a demethylation process which would lead to 
the accumulation of a methylated intermediate. 

There have been many methylation and demethylation 
processes observed that are achieved enzymatieally?5/?5. 
Transmethylation can oceur both inter and mtramole- 
eularly and selective demethylation has been shown. 
Although exogenous origins of DMPEA have not been 
excluded, its appearance as a proven component of 
human urine’! supports a process of dimethylation. 

One theoretical compound that has a structure com- 
patible with these ideas, and that can be argued as bemg 
a metabolic intermediate, is 3,4-dimethoxyphenethanol- 
amine (XLV, DME). This compound was originally pro- 
posed by Harley-Mason (see ref. 1) as a possible product ofa 
disordered metabolism of noradrenaline. If, however, 
it is a normal intermediary in noradrenaline c 'atabolism, 
it would be rapidly 4-demethylated to the known 4- 
hydroxy analogue, norme tanephri ine, An interference 
with the 4-demethylation enzyme system and the resultant 
accumulation of DME might produce & psychotie state. 
Challenges to this hypothesis may encounter difficulties 
for several reasons. The direet evaluation of DME in 
human subjects may fail, for this compound can be 
expected to be de aminated readily. The addition of an 
alpha-methyl group to DME to produce 3,4-dimethoxy- 
norephedrine would provide protection against deamina- 
tion. 


CH,0—4 ` CHCH, NH, 
pe 1 7 

CH,O" OH 

XLV (DME) 


Another problem concerns demethylation. If the 
ability to demethylate is the normal state, then in the 
normal subject test compounds such as DME will be 
inactivated by the very process that is assumed to be 
non-functional in the abnormal state. To circumvent 
this, the lability of the 4-methoxy! group can be reduced, 
as in analogues such as 3 ,4-methy lenedioxyethanolamine, 
or abolished in desoxy analogues such as 3-methoxy-4- 
methylphenethanolamine. 

There is a second theoretical structure that js sug- 
gested for the hypothetical endogenous psychotogen by 
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the strueture-aetivitv relationships reported here. A 
feature not considered in the tables is that compounds 
with the 2,4,5-substitution pattern have consistently 
high activity. This orientation is known to occur normally 
in animal metabolism. In the intact rat, labelled dopamine 
has been shown to be converted to 6-hydroxydopamine 
(XLVI) (ref. 31), and this product has been shown to be 
capable of methylation by COMT (ref. 32}. Another 
system that could achieve this orientation is the enzyme 
complement that converts tyrosine to the 2,5-dihydroxy 
analogue, homogentisic acid?*. If this enzyme system 
could accept DOPA as a substrate, a 2,4,5-trihvdroxy 
product would result. 


OH 
HO =e u i S—CH,CH,NH, —— HO ues CH,CH,NH, 
HO HO 
Dopamine XLVI 


Based on this, and by following an argument analogous 
to that applied to DME, we propose that 2-hydroxy-4,5- 
dimethoxyphenethanolamine (XLVII) could be a possible 
endogenous psvehotogen. To challenge this possibility, 
again by analogy to the DME arguments, ortho hydroxy 
or methoxy analogues of these compounds, discussed in 
reference to DME, warrant synthesis and evaluation. 


A 
a 


jm 


CH, 6 7 ;—CHCH;NH, 


P a 


CH,O OH 


XLVII 


Although a chemical explanation for schizophrenia is 
only one of several that are possible, the fact remains 
that some aspects of this state can be reproduced chemi- 
cally. Thus the hypothesis of an endogenous psychotogen 
deserves further investigation. The compounds implicit 
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in the combinations of ring and chaia variations outlined 

here may provide the tools that can challenge this 

hypothesis. 
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Effects associated with Permeability Changes caused 
by Gramicidin A in Electroplax Membrane 


by 
THOMAS PODLESKI 
JEAN-PIERRE CHANGEUX 


Service de Biochimie Cellulaire, 
institut Pasteur, 
Paris 


POLYPEPTIDE antibiotics such as gramicidin, valinomycin, 
nigericin and several others have been shown to promote 
permeability changes in several artificial! and biological 
membranes*. We are concerned here with the effects of 
one of them, gramicidin A, on the excitable membrane 
of the eleetroplax of the electric eel?-5. This antibiotic 
has been shown to cause an increase in the permeability 
of the membrane, which (1) develops with time according 
to high order kinetics; (2) proceeds always to the same 
maximum extent independently of the concentration of 
gramicidin A used; and (3) lasts for several hours at least. 
We discuss these results in terms of a cooperative re- 
organization of membrane structure®-*. 


In the membrane of the electroplax from the electric organ of 
Electrophorus electricus, gramicidin A causes an increase of permea- 
bility to sodium ions. 
development of this long lasting change in permeabi ty. 


Cooperative effects are associated with the 


Action of Gramicidin A on Electroplax Membrane 
Fig. 1 shows a recording of a typical experiment when 
the us n membrane of. an Isole NEN bs 


5x 10-7 M). In a Hs minutes the membrane a ad 
decreases from its resting value of about — 80 mV almost 
to zero (in a few cases positive potentials ap to +10 mV 
have been recorded). Simultaneousiy, anc with the same 
time course, the membrane conductance mcreases about 
25-fold and reaches a steady value which as significantly 
smaller than the conductance of the physicingical solution. 
The general features of the steady state woltage-current 
relationship of the innervated membrane are also modified. 
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In the resting cell, the EvsI curves exhibit a characteristic 
non-linear shape®. As a consequence of the action of 
gramicidin A this non-linearity is abolished and the 
voltage-current curve becomes almost linear (Fig. 1). 

The classical receptor activators of the electroplax, 
for example, carbamylcholine (Carb). decamethonium 
(Deca), exert reversible effects on the electrical parameters 
of the membrane. By contrast. the modifications caused 
by gramicidin A persisted for several hours without 
evidence of recovery after removal of the antibiotic and 
continuous washing with normal Ringer solution (Figs. 
1, 4 and 5). 

Furthermore, the time of exposure to gramicidin i 
required to give a long lasting modification of the cell 
can be extremely short: much shorter than the duration 
of the effect. For example, when the cell is exposed to a 
| min “pulse” of 1 ug/ml. of gramicidin A the change of 
membrane potential is only of a few mV but after the 
removal of the antibiotic the depolarization continued 
for about 80 mV to zero potential. The 1 min exposure to 
gramicidin A resulted in a commitment of membrane 
property leading to a complete depolarization of the cell for 
several hours. 


— 100 
-S0 


- 60 


EinW 


240 





0 5 i0 15 2 40 
Min 


Fig. 1. Effect of gramicidin A on the resistance and potentíal of the 
electroplax membrane. in the graph: membrane potential and relative 
resistance changes are plotted as a function of the time of exposure to n 
1 egirl. solution of gramicidin A in Ringer solution (1 60 mM NaCl, 5 mM 
KCL 2 mM CaCl, 2 mM MgCl, L mM Na,HPO,, 0-3 mM NaH,PO,). 
The inset shows voltage-eurrent curves used for the resistance measure- 
ments plotted in the graph. +, Zero current; zero potential. Vertical 
scale, bx 10-5 A; horizontal scale, 15 mV. The membrane potential was 
recorded as the potential difference between two microelectrodes 
straddling the innervated membrane-—one external, the other Internal. 
These electrodes were connected to the inputs of neutralized capacity 
amplifiers. The output of the two amplifiers was divided and fed into a 
differential amplifier of an oscilloscope and a paper recorder. Current. was 
applied to the innervated membrane using two external silver-silver 
chloride electrodes. The voltage drop across a £7 x 10* Q resistor was 
used to determine the current flowing between the two current electrodes 
and was monitored using the X axis amplifier of the oscilloscope. This 
method gives results which were not greatly different from those obtained 
by measuring the steady state voltage-eurrent relationship using rect- 
angular pulses lasting from 400 ms to 1 s, or by using voltage-clamp 
procedures”, The area of the membrane through which current was passed 
was b6x10-cmÀ. Gramieidin 4 was dissolved (1 mg/ml.) in 95 per cent 
ethyl alcohol and diluted in Ringer solution. Ethyl aleohol (1 per cent) 
had no effect on any of the electrical characteristies which were measured 
nor on the response to carbamylcholine. 


Expogure of the innervated face of the electroplax to 
receptor activators is accompanied by a decrease of 
potential which reaches a steady state in a few minutes. 
The value of these steady state potentials depends on the 
activator concentration, and the dose response curves 
thus obtained usually approximate hyperbolas or are 
slightly s-shaped^*. In other words, the response of the 
electroplax to receptor activators is a typical "graded" 
response. By contrast, an essential characteristic of the 
action of gramicidin A is that, whatever the concentration 
used, the membrane potential always decreases to about 
the same steady state value, close to zero potential. The 
only parameter to vary as a function of concentration of 
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~ 100 ,Gramicidin 


a O.Olpg/m (2) 
S 
4 - 50 M2 pg/ml S t) 0.05 pg/m 
Syg/mi^ tl} 2} . 
2 p/m) LO. pg/m !ug/ 
I pg/ml A 
0 () "m 
Ü 10 20 30 40 
Min (1) 
0 20 40 60 B0 


Min (2) 


Response of the electroplax to various concentrations of grami- 
cidin 4. The numbers im parentheses refer to time seale Cl) or (2). 
Concentrations of gramicidin A were as indicated. For the curve abe 
tained with 0-05 sgimh. of gramicidin 4: after 90 min the concentra tion 
of gramicidin A was increased to l agimi. (vertical arrow). 


Lib. 


gramicidin 4 is the half-time of the reaction, but às long 
as the reaction starts. it proceeds to the same maximal 
extent (Fig. 2). The change of property of the electroplax 
membrane on binding of gramicidin A is thus strikingly 
different from the graded response to receptor activators 
and will be considered here as a typical all or none 
response. 

Another important feature of the mode of action of 
gramicidin A is seen in the time course of the change of 
membrane properties. Figs. 1, 2 and 3 show that the 
decrease in membrane potential and resistance as a func- 
tion of time of contact with the antibiotic is not a sunple 
exponential decay like the decrease of membrane potential 
recorded in the presence of decamethonium (Fig. 3). The 
reaction of gramicidin A with the membrane is of a high 
order, which suggests that cooperative phenomena are 
involved in this reaction. 


Site of Action of Gramicidin À 

To identify the site of action of gramicidin A the follow- 
ing experiments were carried out. The chamber in which 
the electroplax preparation was mounted made possible 
independent exposure of the innervated and non-inner- 
vated surfaces of the cell. As Table I shows, perfusion of the 
non-innervated face with a solution of gramicidin A has 
no effect on the electrical properties of the eell; only the 
innervated face is sensitive to the antibiotic. Several 
classical pharmacological agents were tested on the 
electroplax response to gramicidin A. As Table I shows, 
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Fig. 3. Comparison of the kinetics of the electroplax response to 
1 ug/ml. of gramicidin A and 2 x 107* M decamethonium. Responses are 
normalized to the limits 0 and 1 as indicated. Relative changes of 
membrane potentia: (upper figure) and their logarithm Gower figure} are 
plotted as a function of time. Æ is the steady state value of the mem- 
brane potential; E,is the membrane potential a£ rest and Emar at the 
considered concentration of ligand in this experiment, E, was ~ A0 mV; 
Emax for decamethonium was — 58, for gramicidin 4-5 mV. 
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Table 1. RESPONSE OF THE ELECTROPLAX TO l “G/ML. OF GRAMICIDIN A IN 
VARIOUS EXPERIMENTAL CONDITIONS 


lun 
A Control: innervated membrane 7°5, 7:5, 7-5, 6:5, 6-3, 
4-5, 4-0, 2:8, 2:5 
Non-innervated membrane No effect for 45 min 


C In the presence of: 


10-* M physostigmine 9-0 
10-5 M d-tubocurarine A 4-0 
After 10 min exposure to 10-+ M TDF 3:5 


In the presence of: 

107? M tetracaine i 
After 30 min exposure to 10^? M dithiothreitol 8-0 
After 10 min exposure to 5 x 10+ M PMB 1 


In the presence of: 
10-* M ouabain 4-0 
2x 10 M tetrodotoxin 4:5 
2 x 1075 M tetrodotoxin t5 


D Physiological solution with 80 mM hydrazine sul- 
phate +80 mM Natl 


TO 8-7 


tye is the half-time in minutes of the response to 1 gg/ml. of gramicidin 4. 
All experiments were carried out in the presence of Ringer solution except 
for D where half of the NaCl was replaced by hydrazine sulphate, The con- 
centrations of all the effectors listed were sufficient to have marked effects on 
either the depolarization caused by carbamylcholine or acetyicholine, or on 
the electrical excitability. TDF, p-Diazotrimethyl phenylammonium fluoro- 
borate; PMB, p-hydroxymercuribenzoate. 

Except with physostigmine (5 min), dithiothreitol (30 min) and ouabain 
(20 min) the cells were preincubated for 10 min with the effector in the con- 
centration indicated. The pH of all solutions was 7-0 exeept for TDF (pH 
53) and PMB (pH 8-0). The gramicidin A response was measured in the 
presence of effector except for TDF, PMB and dithiothreitol which were 
removed 10 min before the addition of the antibiotic. The action of these last. 
three effectors was irreversible in the conditions used and a test response to 
carbamylcholine was always measured before exposure to gramicidin A. In 
all these conditions no difference in the maximum depolarization caused by 
gramicidin A was detected. In the case of hydrazine no further depolarization 
was observed when the hydrazine was completely replaced with Na. Hydra- 
zine therefore effectively replaced Na in the response to gramicidin A. 


physostigmine, a specific inhibitor of acetylcholinesterase, 
d-tubocurarine and p-diazotrimethyl phenylammonium 
fluoroborate (TDF)'? (respectively a reversible and irre- 
versible receptor inhibitor) do not significantly alter the 
response to gramicidin A. Tetracaine, a local anaesthetic, 
has no effect either. We also tested some group reactive 
agents such as dithiothreitol or parahydroxymercuri- 
benzoate, known to alter the sensitivity of the membrane 
to acetylcholine and its congeners!. None of them has 
any effect on the response to gramicidin A. These experi- 
ments suggest that gramicidin A binds to a site distinct 
from the binding site of receptor activators. 

The active transport of Na* and Kt has recently been 
suggested to contribute directly to the variation of mem- 
brane potential when receptor activators are functioning!?. 
To test whether such a contribution might account for 
some of the observed effects of gramicidin A, the response 
to the antibiotic was followed after incubation with 
ouabain at concentrations which have been shown to 
inhibit the repolarization of the cell after depolarization 
by receptor activators and which are considered to inhibit 
active transport. Again no effect was seen, which suggests 
that the changes of potential and resistance which follow 
the addition of gramicidin A are not concerned directly 
with active transport systems (Table 1). 

We conclude that gramicidin A exerts its action on the 
cell membrane at a site distinct from those involved in 
“physiological” activation or active transport. 
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Fig. 4. Effect of sodium ions on the response of the electroplax to 1 ug/ml. 
gramicidin 4. The composition of the physiological solution was as indi- 
cated in Fig. 1 except that NaCl was replaced by choline chloride and 
the total concentration of the compounds was maintained at 160 mM. 


Permeability Changes caused by Gramicidin À 
Several polypeptide antibiotics heve been reported to 
promote disruption of cell membrane accompanied by lysis 
of the cell?. Gramicidin A leads to complete depolariza- 
tion of the eleetroplax and so the primary action of the 
antibiotic might be thought simply to create non-specific 
"holes" in the membrane, thereby abolishing the tonic 
gradients which account for the membrane potential. 


U 


treatment with gramicidin A, for the membrane resistance 
is still large compared with the resismance of the physio- 


electroplax membrane is illustrated in Figs. 4, 5 and 6. 
Total, or even partial, substitution of sodium ions in 
the saline physiological solution by choline. tetraethyl- 
ammonium, trimethylamine (in its cetionie form at pH 
1:0) or even sucrose profoundly acters the observed 
response to gramicidin A. Almost no ehanges of potential 
and resistance are measured in a solumon free of sodium, 
but & limited response is detected whieh differs primarily 
in its maximum extent from the response measured in 
the presence of normal Ringer solution (Fig. 4), Further- 
more, if the cell is depolarized by gramicidin A in the 
presence of normal physiological solu:ion and then per- 
fused with sodium-free solution the membrane potential 
and resistance are restored to their resing value (Fig. 5). 
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Fig.5. Effect of the removal of Na from Ringer sofstion after treatment 
with gramicidin A. The cell is first exposed to 1 ugemi. of gramicidin A 
in normal Ringer solution. NaCl was replaced by eholine chloride as in 


Fig. 4. After complete replacement of NaCl by cholime chloride (no Nati), 
KCl concentration was increased to 50 mM and a normal depolarization 


This ability of the membrane to allow a full restoration 
of membrane potential after treatment wath gramicidin A 
persists for several hours without any apparent decay. 
We conclude that gramicidin 4A does not promote a genera! 
disruption of the cell membrane, but produces a permanent 
and characteristic change in its permselectivity to ions. 

The variation of membrane potential of cells treated 
with gramicidin 4 was therefore studied as a function of 
Na* and K* concentrations (Figs. 5 and 6). It wus 
shown that (1) although the potential caries with Na: 
concentration, it never reaches the +40 to +60 mV 
expected for the Na* equilibrium potential; (2) the 
response to variations of K* concentration is normal once 
the potential has been restored to its resting value in a 
sodium-free medium. These results indicste that there is 
a large increase of membrane permeabili: y to Nat after 
treatment with gramicidin A. In the same circumstances, 
however, the permeability to K+ is stil high, and an 
effect of gramicidin A on K* permeability would be 
diffieult to deteet. We cannot therefore conclude whether 
the permeability change caused by gramicdin A is selec- 
tive for Na* or concerns both Na* and K-. 

The permselective elements which account for the 
increase of permeability to cations of various electrically 
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excitable membranes during spike initiatios and propaga- 
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Fig. 6. Variation of membrane potential as a function of external con- 
centration of Na^ or K^ after exposure to 1 «g/ml. of gramicidin 4. 
Exposure to gramicidin A was first made in Na‘-free Ringer solution 
{see Fig. 5) for 10 min. Then we determined the response to increased 
K* concentration and, after rinsing with Na*-free Ringer solution, the 
response to increased Na* concentration. Control curve GÀ, 4) and 
curve after gramicidin treatment (@, Oo) were made on different cells, 
Membrane potentials are plotted as a function of the logarithm of 
external K* or Nat concentration expressed in mmoles/1. The broken line 
represents the theoretical line drawn from the simple Nernst equation. 


tion’? do not discriminate between Na* and hydrazine 
ions but are specifically blocked by the puffer-fish poison 
tetrodotoxin. With the electroplax after treatment with 
gramicidin A, hydrazine replaces Na* but tetrodotoxin 
has no action (Table 1). The structural elements involved 
in these two cases of increased permeability thus seem to 
be at least partially distinct. 

We then tested whether the establishment of the in- 
creased permeability to Na* caused by gramicidin A 
requires the presence of Na* (ref. 15). Fig. 4 shows that 
this is not the case. In sodium-free Ringer solution no 
change of potential was recorded when the cell was 
incubated with a solution of gramicidin A, but if after 
20 min of incubation with the antibiotic the perfusion 
solution was changed from sodium-free to normal Ringer 
the potential dropped to zero in a few seconds ( occasionally 
positive potentials were recorded), whieh indicates that 
gramicidin A exerts its action in sodium-free solution, 
but this action is not expressed by a change of potential 
or resistance. Furthermore, treatments with gramicidin A 
at various intermediate Na* concentrations show that the 
half-times of the partial responses and the sigmoid kinetics 
recorded in these conditions do not vary with Nat 
concentration. The establishment of the permeability 
change provoked by gramicidin A and its time course 
do not require, and are not influenced by, the presence of 
Nat ions. 


Effect of Other Polypeptide Antibiotics 


Several other polypeptide antibioties were tested on the 
eleetroplax preparation and their effects were compared 
with that of gramicidin A. Valinomycin (1 ug/ml.) and 
10 ug/ml. of gramicidin S have no effect on membrane 
potential and resistance. 

Tyrocidine has an action very similar to that of grami- 
cidin A : 40 ug/ml. of tyrocidine causes an irreversible and 
cooperative depolarization of the electroplax to zero 
potential. In these conditions the decrease in resistance 
does not parallel the change of potential, but is delayed 
until depolarization is almost complete. In addition, 
restoration of the membrane potential to its resting value 
is achieved only partially with sodium-free physiological 
solution. The extent of this partial restoration of poten- 
tial tends to decay with time, and the time course of this 
decay is the same as the delayed decrease of resistance. 
The action of tyrocidine thus seems to be complex and to 
involve at least two consecutive steps : first, a specific 
change in the permselectivity of the cell membrane and 
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later a non-specific change—a disruption of the cell 
membrane. 

Haemolysin S of Staphylococcus aureus (supplied by 
Dr A. Kayser), a polypeptide of molecular weight 10,000, 
has the same effect as tyrocidine. In general the action of 
all these polypeptides on the electroplax is accompanied 
by highly cooperative and long lasting effects. 


Possible Causes 

To account for the long lasting permeability changes 
caused by gramicidin 4, the high order kineties and the 
all or none character of the cell response, we propose that 
the interaction of the antibiotie with the eleetroplax 
membrane involves the following sequence of events. 
(1) The adsorption of gramicidin A on the membrane 
surface; (2) a structural reorganization of the membrane; 
and (3) the expression of this structural reorganization 
by a change of conductance and potential. 

Considering first the long duration of gramicidin A 
effect, a plausible explanation would be that after the 
adsorption of gramicidin A the polypeptide is sequestered 
within the membrane. Such an effect is known for 
synthetic polymers in solution exposed to a different 
phase’, in which they dissolve preferentially. A change 
in the conformation of the polymer accompanies its 
dissolution and prevents its desorption. An alternative 
but not exclusive mechanism which does not require the 
integration of the polypeptide into the membrane is that 
some irreversible step oceurs in the sequence of events 
leading to the permeability change. The use of labelled 
gramicidin A should make possible a choice between these 
alternatives. 

The high order kinetics and the all or none response 
might be accounted for by any reaction occurring during 
steps (1), (2) or (3). The fact that exposure to 1 ug/ml. 
of gramicidin A for 1 min is sufficient to promote complete 
and long lasting depolarization of the cell, without chang- 
ing by more than 5 mV the potential of the cell during the 
exposure, indicates that step (1) is fast compared with 
step (2), and so the high order kineties are not determined 
by a multimolecular adsorption of gramicidin A (step (1)). 
After a long exposure of the electroplax membrane to 
gramicidin A in a solution containing a low concentration 
of Nat, the change in potential and resistance which 
occurs after the shift to a high Na* medium has a half-time 
of a few seconds. This change is fast compared with the 
half-time of the depolarization caused by gramicidin 4 in 
normal Ringer solution (2 to 8 min); eonsequently step 
(3) is not rate limiting in this process. The high order 
kineties are caused by a reaction oceurring during step (2). 

A convenient and simplifying, although not necessarily 
valid, assumption is that the relative changes of resistance 
and potential are directly proportional to the variation of 
some characteristic structural parameters of the mem- 
brane; for example, its permeability coefficient to ions. 
The high order kinetics of the membrane change oceurring 
during step (2) might then be accounted for by at least 
two classes of mechanisms. 

Mechanism (1) requires that each molecule of gramicidin 
A, onee bound to the membrane, initiates a chain of 
covalent reactions (for example, the activation of lipases 
or proteases) or a variation in the concentration of diffus- 
ible signals (such as ions and transmitters) which secondar- 
ily leads to a reorganization of the membrane. 

Mechanism (2) requires that there is no covalent or 
catalytic reaction involved, but a cooperative interaction 
which is established either directly or indirectly through 
a conformational transition of the membrane structure*:*. 

The analysis of the time course of the action of gramici- 
din A as a function of its concentration makes possible a 
distinction between these two alternative mechanisms. 
In the case of mechanism (1), the half-time of the reaction 
would be expected in general to be proportional to the 
number of molecules of gramicidin A bound and thus to 
be first order with respect to concentration of the anti- 
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biotie. But when the logarithm of the half-time is plotted 
as a function of the logarithm of gramicidin A concentra- 
tion a straight line is obtained and its slope approximates 
2. The second mechanism which accounts for the high 
order kineties is thus the more plausible: it is a cooperative 
reorganization of the membrane. 

Several alternative interpretations can be proposed for 
the details of the cooperative struetural reorganization 
involved in step (2). Aware of the fact that this step 
might be complex and result from several successive 
reactions, we consider two models. In model 1, several 
molecules of gramicidin .4 cooperate to constitute a 
permselective channel, pore or any type of structure which 
participates directly in the specific translocation of Na* 
ions. In model 2, molecules of gramicidin A do not eontri- 
bute direetly to the translocation of Na* ions, but are 
membrane ligands which change indirectly the perm- 
selective properties of the membrane through a coopera- 
tive reorganization of its ordered structure. 

A definite choice between these two alternative models 
can hardly be given by this electrophysiological approach. 
A specific prediction of model 1 is that the ionic selectivity 
of the action of gramicidin A should be universal and inde- 
pendent of the chemical composition and origin of the 
membrane considered. Although gramicidin A promotes 
an increased permeability to Na* in the electroplax 
membrane we cannot conclude that this effect is selective 
for Na*, and so make no suggestions about the *universal- 
ity" of its action. A prerequisite for the proof of model 
2 is the demonstration that specifie conformational 
changes in membrane macromolecules occur with the 
binding of gramicidin A. An interesting eventuality 
would be that gramicidin A stabilizes one of the two 
structural states postulated for the depolarization of 
the membrane by receptor activators? acting, however, 
through à mechanism distinct from the binding of activa- 
tors to the acetylcholine receptor. Future studies should 
enable us to distinguish between these two models, and a 
fruitful approach would be to eompare the amount of 
ligand bound with the extent of the conformational 
transition of the membrane macromolecules. Such a com- 
parison of the corresponding "state" and "binding" 
funetion has already given eonsiderable information on 
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the mechanism of the allosteric trausitions of regulatory 
enzymes!', 
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Effects of some Cellular Antigens on Lymphocytes anc 
the Nature of the Mixed Lymphocyte Reaction 


by Irradiated lymphoma cells markedly activate humar lymphocytes in 
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CELL recognition of foreignness takes place at the cell 
surface? and, in the case of lymphocytes, the recognition 
of & foreign configuration leads to activation and pro- 
liferation. Activation of lymphocytes occurs in cultures 
of mixtures of leucocytes from two or more unrelated 
human donors??. After 4-7 days of culture more blast 
cells, some of them in DNA synthesis, are present in the 
leucocyte mixtures than in the control unmixed cultures. 
Using a sensitive assay system, such as scintillation 
counting of tritiated thymidine ineorporated into DNA 
and a long culture period (5-8 days), some interstimulation 
can be deteeted in most, if not all, leucoeyte mixtures 
from unrelated donors?5. A similar interaction occurs in 
homologous mixtures of animal lymphoid cells (refs. 2, 
6-14 and personal communication from Stella Knight). 


a mixed cell reaction. 
concentrations of allogeneic erythrocytes, disrupted leucocytes or 
microsome preparations from spleen are all inactive. 
mixed lymphocyte reaction require two popularions of viable 
lymphoid cells ? 


HeLa cells (irradiated or disrupted), high 


Does the 


No previous sensitization of the donors te the cells of the 
other is required and it is not certaim that enhanced 
reactivity is obtained when one donor has been immunized 
with the cells of the other? Yet the reaction has an 


immunological basis because Iyvimphoeytes from rata made 





living cells. The experiments described here suggest that 
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Table 1. EFFECT OF INTACT AND DISRUPTED HUMAN LEUCOCYTES ON HOMO- 
LOGOUS LYMPHOCYTES 


Culture combinations and per cent blasts 


(a) N.(2) €C.(2) N.O)-C. OG) NG) 4+dis. C, (1) €. (1) 4 dis. N. (1) 
Od 1:9 6-9 0:1 0:8 


(b J.(29) LD FQ) +h. 0) J. Ox dis. L. (22). E. (1) + dis. J. (1) 
0^2 0-3 3:8 0-4 0-1 
Le. (2) 
0:5 
Numbers in parentheses represent millions of leucocytes per ml. of culture; 
dis-eells disrupted by freezing and thawing; N., C. J.,L.,8. and Le. are 
human leucocyte donors. Values in rows (a) and (b) represent blasts present 
after 4 days of culture and in row (c) the percentage of cells labelled on day 5 
after the addition of tritiated thymidine (0-5 uCi/ml.) 24 h earlier. 


(c) 8. (2) S. (1)+ Le. (1) 8.0) dis. Le. (1) 8. (1)+ dis. Le. (1) 
0-2 3-0 0-3 0-3 
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within a species may have been a consequence of failure 
to detect a low grade stimulation because of the relatively 
small number of erythrocytes used. We incubated human 
lymphocytes with 50-100 times the number of allogeneic 
erythrocytes and measured the incorporation of tritiated 
thymidine into DNA by scintillation counting, after first. 
removing the haemoglobin from the cell deposits by 
washing in 1 per cent acetic acid in saline before pro- 
cessing (Table 3). No stimulation was obtained and 
sometimes there was even a depression of the background 
spontaneous activity indicating that human lymphocytes 


Table 2. EFFECT OF SUBCELLULAR RABBIT SPLEEN FRACTIONS ON HOMOLOGOUS SPLEEN CELLS 


Total Tritiated thymidine incorporated (disintegrations per minute)* 
Ee of Controls i 
culture Saline Sucrose Nuclei Mitochondria Microsomes Supernatant 
(days) (0-1 ml) (0-1 ml) (0-1 ml.) (0-2 ml.) (0-1 ml.) (0:2 ml.) (0:1 ml.) (0-2 ml.) (0:1 m (0-2 ml.) 
2 1,847 831 520 133 1,214 685 S297 838 1,285 729 
3 3,375 1,993 589 180 979 375 1,0168 786 1,566 918 


* 0-5 pCi of (?H-methyD-thymidine, 150 mCi/mM, was added to 1 ml. eultures 24 h before collection. 


Subcellular fractions were prepared from whole 


spleen by the method of Hogeboom and Schneider. The total volume of each fraction was 2 ml. The sucrose control was included to gauge the effect of residual 
snerose in the fractions. Results are means of triplicate cultures. Details of the technique are given in ref. 38, 


this is an oversimplification, and raise the possibility that 
the reaction is a cellular interaction requiring two popula- 
tions of metabolizing lymphoid cells. 


Disrupted Cells do not affect Lymphocytes in Culture 


The stimulatory action of allogeneic leucocytes has been 
assumed to be caused by an antigenic substance, and the 
association of activity with histocompatibility differences 
in humans?” and in rodents?7-!? has led, very reasonably, 
to the supposition that the stimulation 1s produced by 
foreign histocompatibility antigens expressed on the cell 
surface, the “stimulator” cell acting merely as a vehicle 
of these antigens. This view seemed to be confirmed by 
reports that disrupted human’®'7* and monkey! leuco- 
eytes produced a stimulation of homologous lymphocytes 
of the same order as that produced by intact cells. We 
attempted to confirm this finding with human leuco- 
cytes but were unable to do so (Table 1). Work with 
human?!?, mouse? or dog! leucocytes has similarly 
shown that disruption of cell preparations destroyed their 
stimulatory activity. We thought that stimulation might 
be obtained if sufficiently large quantities of membranes 
containing transplantation antigens free, as far as prac- 
ticable, of large amounts of other, and possibly inhibitory, 
cellular constituents were added to lymphocytes in culture. 
We homogenized a whole rabbit spleen and prepared 
microparticulate fractions from it. Mitochondrial and 
mierosomal fractions of spleen are known to be potent 
sources of transplantation antigens?. These fractions 
proved to have no activity against the spleen cells of 
another rabbit even when tested at very high concen- 
trations (Table 2). Whole rabbit spleen cells, on the 
other hand, containing relatively much lower concen- 
trations of membrane antigens, produce some degree of 
stimulation of lymphocytes of all randomly chosen rabbits 
(ref. 6 and personal communication from Stella Knight). 
If cell products contain stimulatory activity, these do not 
seem to be readily demonstrable in disrupted cell pre- 
parations although they may be actively produced by 
leueocytes in culture as several reports suggest!* ?n??, 


Allogeneic Erythrocytes do not affect Lymphocytes 


Erythrocytes have been found to have no stimula- 
tory role in human cell mixtures even across the 
ABO barrier?*9, and they are inactive in mixtures of 
rabbit cells (ref. 6 and personal communication from 
Stella Knight). Some success in stimulating lymphocytes 
from rabbits immunized with sheep erythroeytes sug- 
gested to us that antigens expressed on erythrocytes are 
not ineapable, on physicochemical grounds, of aetivating 
lymphocytes and raised the possibility that failure to 
demonstrate lymphocyte stimulation with erythrocytes 


have no “natural” reactivity to foreign erythrocyte anti- 
gens in spite of the capacity of these antigens to induce 
homograft sensitization. A very low grade and probably 
insignificant response to pig and sheep erythrocytes was 
obtained. There is obviously a practical limit to the 
number of erythrocytes which can be added to a culture, 
but higher concentrations of erythrocyte stromata can 
be added. These stromata never stimulated lymphocytes 
and again a depression of the background spontaneous 
activity was observed. Erythrocyte stromata added to 
lymphocyte mixtures markedly inhibited the activation 
process (‘Table 3). 


Activity of Various Cell Types in Mixed Cell Cultures 


Allogeneic cell stimulation occurs in mixtures of almost 
pure lymphocytes from thymus"? and thoracic duct™ so that 
lymphoeyte—lymphocyte interactions must play a prinei- 
pal part, but most human mixed cell reactions have been 
performed with impure leueocyte fractions and the con- 
tribution of granulocytes and monocytes to the human 
cell reaction is still in doubt?^*. In rabbit mixed cell 
reaetions, macrophages seem to have an inhibitory 
effect? and in rat mixed cell reactions they have no 
effect®. Direct cell-cell interactions between monocytes 
Table 8. ABSENCE OF STIMULATION WITH ERYTHROCYTES AND STROMATA 


Tritiated thymidine incorporated 


(d.p.m.) 
Experi- Composition of culture After 5 After 6 After 7 
ment days of davs of davs of 
culture cultare culture 
(1) D.H. (2x 108) — 2361 498 
D.H. (2 x 105) + N.L. rbe (10*) _ 513. 473 
D.H. (2 x 109+ N, L. rbe (2 x 105) — 3680 698 
D.H. (2x 105) - D.H. rbe (10%) — 479 m 
D.H. (2x 1694 D. H. rbe (2 x 109 — 1736 76 
N.L.(2x109) — 1,455 2,842 
N.Li2x1094 D.H.rbe(l0) | — =s 1,010 1,976 
N.L. (2 x 105) 4 D.H. rbe (2 x 10°) — 913 456 
N.L.'í2x109) 4 N,L.rhe(10)  — . 504 1.451 
N.L. (2x 109) + N.L. rbe (2 x 107) M 1,238 781 
NLS (109) + D. H.' (109) — 14,770 15,824 
(2) D.H.(2x10*) 384 133 — 
B.B, (2 x 10*) 128 536 -— 
B.B. (2 x 105-- D.H. stromata (10%) — 36 113 — 
B.B.(2 x 10%) + D.H. stromata 
(2 x 109) 49 125 — 
D.H. (109) + B. B. (10°) 9,766 1,746 — 
(3) N.L3(2x109) — 1,318 137 
D.H.:(2x1090  — -77 - 144 114 
N.L. (105) + D. H.* (109) one 13,535 7,081 
N.L. (105) + D.H.* (105) + B.B. 
stromata (10 2 70m 8T 168 
(4) DH? (2x 10%) 180 i FM 
D.H.* (2 x 105) - sheep rbe (10*) 672 — -— 
D.H.: (2 x 10%) + pig rbe (19°) 431 — — 


QH-methylD-thymidine was present for 24 h before ceils were collected, 
rhe=:Red blood cella; stromata concentration is expressed as rbe equivalent. 
Results are means of triplicate cultures. D.H., N.L. and B.B. are human 
leucocyte donors. 
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and lymphocytes, as well as between lymphocytes and 
lymphocytes, have been observed in mixed leucocyte 
cultures?5?5, Cells other than blood cells have received 
little attention, but the fact that human lymphocytes 
are not activated by monolayers of monkey kidney or 
homologous thyroid cells** indicates that something more 
than a simple antigenic dissimilarity is involved. 

We have compared the effects on normal human lympho- 
eytes of two human cell lines: HeLa cells, originating 
from a cervical eareinoma, and EB4 lymphoma cells, 
originating from a Burkitt lymphoma (provided by Pro- 
fessor M. A. Epstein) Both intaet and disrupted cells 
were tested. Intact cells were tested after X-irradiation 
with a dose sufficient to depress DNA synthesis of the 
cell population to a low level after 4 days or more—a 
method which has been widely used to produce one way 
reactions in mixed lymphocyte cultures?:$7525.?1, Lympho- 
cytes were not activated by irradiated HeLa cells, nor by 
HeLa cells arrested by heating or produets of disrupted 
HeLa cells (Table 4). On the other hand, irradiated EB4 
lymphoma cells markedly activated the lymphocytes of 
several donors (Table 5). At first we interpreted this 
stimulation as a transfer of EB virus’? from the irradiated 
EB4 cells to the normal lymphocytes. Virus transfer in 
this manner had been reported to oceur and to initiate 
the proliferation of normal lymphocytes**. In subsequent 
experiments, however, we were unable to initiate lympho- 
cyte proliferation or to affect the survival of lymphocytes 
from two human donors or from several pigs and rabbits. 

Table 4. ABSENCE OF STIMULATION WITH HeLa CELLS 


'Tritiated thymidine 


Composition of culture incorporated (d.p.m.) 


N.L.(2x 105) 2,759 
Irrad. HeLa (10°) 4,826 
N.L. (10°) +irrad. HeLa (0-5 x 10°) 1,886 
Irrad. heated HeLa (10°) 170 
N.L. (10°) + irrad. heated HeLa (0-5 x 105) 114 
E.R. (2 x 10*) 523 
E.R. (10°) - irrad. HeLa (0-5 x 10%) 114 
Per cent blasts 
B. (2 x 10*) 0-15 
B. (2 x 10°) + disrupted HeLa celis 0-20 
B. (2x 109 -- 1/100 HeLa cell sap 0-10 


QH-methyD-thymidine was present for 24 h before cells were collected on 
day 5. HeLa cells were X-irradiated with 10,000 rads and some were also 
subjected to a temperature of 47°-48° C for 45 min. N.L., E.R. and B. are 
human leucocyte donors. Results are means of triplicate cultures. 
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The effect of varying the ratio of cells of the two donors on the 
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Table 5. STIMULATION WITH LYMPHOMA CELLS 
Tritiated thymidine 


Experi» incorporated (d pii} 
ment Composition of culture After idays After 9 days 
of culture of culture 
(1) D.H.(2x109 WO . 
Irrad, EBP (2 x 108) RBBB - 
D.H. (105 + irrad. EB4 (109) 162,390  - ^  ——— 


D.H. (109) -irrad. EBA! (10%), frozen and 
thawed once (20 per cent viable} TR ROE 000000 o : 


(2) A.E.(2x105) 5,941 m 
Irrad. EB4* (2 x 10?) 6,838 9 0 o - 
A, E. (109) + irrad. EB4* (105) 33,034 — 

(3) N.L.(2x109 8,000 7,014 
Irrad. EB4* (2 x 109) 4,205 i,41ü 
N.L. (105) +irrad. EBE (109) x8 ,950 13,185 
N.L. (105) -irrad. EBA4*(10*), Frozen anc — 3,404 9,302 
N.L. (10%) -irrad. EB4*(100.,.— thawed 3,072 12,475 
Irrad, EB4* (10*) j five 447 218 
Irrad. EB? (107) times 207 225 


QH-methyD-thymidine was present for 24 h before cells were collected, 
The batches of EB4 cells were X-irradiated with 5,000 rads. Disrunted EBA* 
cells were completely disrupted by freeze-thawing five times: disrupted 
EBE cells were freeze-thawed only once and approximately 20 per cent of the 
cells remained viable. D.H, A. E. and N.L. are human leucoeyte donors, 
Results are means of triplicate cultures, 


Gerber and Monroe were similarly unsuceessful with cell 
extracts containing herpes-like virus?* The time sequence 
of the activation process would also make the implication 
of virus improbable (Table 5). As a eonsequence we now 
consider that the activation of normal lymphocytes by 
irradiated EB4 cells could be a true lymphoid cell stimu- 
lation analogous to that in mixed lymphocyte reactions. 
Disrupted EB4 cells had no stimulatory effect after 4—5 
days even in a concentration ten times that of intact 
irradiated cells (Table 5). Thus it seems that the marked 
stimulation initiated by EB4 cells is eependent on living 
cells. There was, however, mild stimulation by disrupted 
cells after 8-9 days of culture when tne whole cell effeet 
had tailed off. This could be due to a low grade stimulation 
by lymphoma antigens or by viral preteins, and does not 
detract from the principal finding that the stimulation 
obtained with irradiated EB4 cells couid not be simulated 
with disrupted cells. 


Mechanism of Activation 


The mixed lymphocyte reaction is usually a two way 
reaction in which the two populations make their charac- 
teristic contributions to the summatee activity (Fig. 1), 
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response in a 


mixed lymphocyte reaction. Lymphocytes (approximately 80 per cent pure the am- 
inating cells being principally eosinophils and neutrophils) ero ebata ied yon 
defibrinated blood of three randomly chosen pigs by gelatine sedimentation for 2 h, Sus- 
pensions of lymphocytes (2 x 10*/mi, in 20 per cent pooled pig serum in Eagle's medium) 
were prepared, Mixtures containing varying proportions of the cells from two pigs were 


cultured in capped tubes in 5 per cent CO, in air 
* H-thymidine, 0-5 uCi/eulture (150 mCi/mM 


ot ), was added 24 h before collection. 
are means of triplicates. Details are given in ref. 36, 


or 4 days (@—~ @) or 6 days {A - -- A): 
Points 
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Cell destruction is not a detectable result of the inter- 
action and, indeed, the activation consequential on the 
interaction may protect the cells from low levels of 
X-irradiation®®, Our failure to stimulate lymphocytes 
with products extracted from lymphoid cells made us 
wonder whether the mixed reaction is a simple antigenic 
stimulation and whether it may not be a more subtle 
cell-cell interaetion**?5, This interaction could depend 
on the close apposition of large areas of the surfaces of 
two cells in à manner impossible to achieve unless both 
cells were intact and possibly viable. It could also 
involve the passage of cytoplasmic constituents from 
one cell to another although cytoplasmic interchange 
may not be a erucial part of the activation process, for 
nuclear activation does not oceur when lymphocytes 
are sewn to foreign lymphocytes or macrophages with 
Sendai virus'. If an exchange of a dynamic nature 
between the cells initiated. the activation, the process 
should be quantitatively related to the metabolic state 
of the mteracting cells, a factor which could account for 
the high level of stimulation attained with EB4 cells as 
“stimulator” cells. Lymphocytes activated by a pulse 
of staphylococcal filtrate do not, however, exhibit a 
higher mixing Increment than preparations consisting 
largely of small lymphocytes mixed in the usual manner. 
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MA 
c 
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Fig. 2, The effect of antilymphocyte serum on the mixed lymphocyte 
reaction, Complement-inaetivated rabbit antihuman lymphocyte serum 
(0-03 ml.) (ref. 2) was added to 2 x 10° D.H. cells (A —4A), 2x 10* N.L, 
cells (8 — @) or a mixture of 1 x 105 of each (IM 9 — BD. Controls without 
antiserum for D.H. celis (À - - - A), N.L. cells (& - - - 8) or a mixture 
of the two (Ul - - - D are shown. Cultures (1 ml.) were incubated at 
37° € for the time indicated; 0-5 uCi of *H-thymidine (150 mCi/mM) 
was added 24 h before collection. Each point represents the mean of trip- 
licates of the disintegrations per minute in the acid-insoluble (DNA) 
fraction. 


The mixed lymphocyte reaction is sensitive to reagents 
which affect the cell surface. Antilymphocyte sera 
have a dramatie inhibitory effect (Fig. 2). The inhibition 
may be simply a eonsequence of the immobilization of 
the cultured cells by agglutination but, more probably, 
of a modification of the cell surface. The phenomenon 
has recently received attention from others*!.**. 

Activation does not always oceur when foreign cells are 
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the skin site of an irradiated hamster unless lymphocytes 
from two donors and not just a single donor are injected™. 
The chief manifestations of the graft versus host reaction 
occur in the lymphoid tissues of the recipient, suggesting 
that the proliferative reaction of injected lymphocytes is 
largely induced by cells in host lymphoid tissue?*. These 
are indications that lymphoid cells are potent ‘“‘stimu- 
lators" of allogeneic lymphocytes, a factor which may be 
related to their known potency as a source of transplant- 
ation antigens. It is evident from the experiments 
deseribed, however, that it would be a mistake to aseribe 
the stimulatory activity of lymphocytes merely to their 
complement of transplantation antigens, for the activity 
of live cells is considerably greater than that of cell 
fragments. It is possible that the antigens necessary 
for stimulating the cells of the other donor are destroyed 
by cell disruption, but many transplantation antigens 
are known to survive autolytic procedures. Another 
possibility is that enzymes in the membranes or cell sap 
cause the death of cells or the breakdown of an essential 
factor in the medium or simply exert a purely non-specific 
blocking effect similar to that shown with antilymphoeyte 
serum. But the very low degree of stimulation produced 
by extracts of "pure" lymphoma cells (free of the con- 
taminating cells found in blood lymphocyte preparations) 
compared with whole cells must mean that cell disruption 
leads to a loss of stimulating principle as well as to the 
addition of inhibitory factors. It seems probable that 
direct cell-cell interaction is necessary, at least for 
anything like maximal stimulation. The very marked 
stimulation obtained with irradiated lymphoma cells 
opens the way to a closer investigation of the activation 
phenomenon and it may be possible to use these cells to 
standardize mixed cell histocompatibility tests. 

We thank the Wellcome Trust for financial support, 
Dr Stella Knight for helpful discussion and Mrs J. 
Wallin for technical assistance. 
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BBA-PROTEIN STRUCTURE 


Scope: Isolation and covalent structure of proteins; 
molecular weight determination and solution properties; 
studies on sub-unit dissociation and interaction; immuno- 
chemistry; probing of active sites; magnetic and spectro- 
scopic analysis of metal- and chromophore-bearing pro- 
teins. 


Subscription details for 1969: 4 volumes (8 issues); 
Dfl. 260.00 + 4.00 airmail surcharge for USA & Canada. 


Volume coding: “P” identifies this section. Volumes P1 - 
P6 have appeared; P7 - P10 are planned for 1969. Back 
volumes Dfl. 72.00 each. 


BBA-GENERAL SUBJECTS 


Scope: Intermediary metabolism of carbohydrates, amino 
acids, nucleotides, coenzymes, vitamirts and other natural 
products, The regulation of cellular and metabolic pro- 
cesses; enzyme patterns; glycosaminoglycans and glyco- 
proteins; techniques of general interest and application. 


Subscription details for 1969: 3 Volumes (9 issues); 
Dfl. 195.00 + 4.50 airmail surcharge for USA & Canada. 


Volume coding: This section bears only the Biochim, 
Biophys. Acta volume numbers. Back volumes Dfl. 72.00 
each, 


BBA-LIPIDS & LIPID METABOLISM 


Scope: Chemical, metabolic, enzymological and bio- 
physical studies on fatty acids, glycerides, phospholipids, 
glycolipids,cerebrosides and gangliosides; bile acids, sterols 
and steroids, lipoproteins. 


Subscription details for 1969: 2 Volumes (8 issues); 
DEL. 130.00 + 4,00 airmail surcharge for USA & Canada. 


Volume coding: “L” identifies this section. Volumes L1 - 
L10 have appeared; L11 - L12 are planned for 1969. Back 
volumes Dfl. 72.00 each. 


BBA-BIOENERGETICS 


Scope: Biological oxido-reduction reactions; respiratory- 
chain enzymes and cytochromes; mitochondrial electron 
transfer and respiratory-linked ion transport; photo- 
synthesis; photosynthetic organelles and pigments; con- 
tractile and motile systems. 


Subscription details for 1969: 3 Volumes (9 issues), 
Dfl. 195.00 + 4.50 airmail surcharge for USA & Canada. 


Volume coding: "B" identifies this section. Volumes BI - 
B4 have appeared; B5 - B7 are planned for 1969. Back 
volumes Dfl, 72.00 each. 


BBA-BIOMEMBRANES 


Scope: The structure and organization of biological 
membranes; solubilization and characterization of mem- 
brane components and membrane-associated enzymes; 
model membranes and films; the transport of non- 
electrolytes and ions; permeases and ATPases; excitation 
phenomena and bioelectricity. 


Subscription details for 1969: 3 Volumes (8 issues}, 
Dfl. 195.00 + 4.00 airmail surcharge for USA & Canada. 


Volume coding: "M" identifies this section. Volumes M1 - 
M3 have ADDS M4 - M6 are planned for 1969. Back 
volumes Dfl. 72.00 each. 


BBA-ENZYMOLOGY 


Scope: The isolation and characterization of enzymes; 
resolution of multienzyme systems and isoenzymes; studies 
on the conformation, active sites and mechanism of action 
of enzymes; enzyme kinetics. 


Subscription details for 1969: 4 Volumes (10 issues); 
Df. 260.00 + 5.00 airmail surcharge for USA & Canada. 
Volume coding: "E" identifies this section. Volumes E1 - 


E24 have appeared; E25 - E28 are planned for 1969, Back 
volumes Dfl. 72.00 each. 


BBA-NUCLEIC ACIDS & PROTEIN SYNTHESIS 


Scope: Chemical and physical properties of nucleic acids and their components; 
precursor metabolism; polynucleotide biosynthesis; cellular and macromolecular 
processes in the synthesis of proteins; differentiation, embryology, genetic 


mechanisms. 


Subscription details for 1969: 6 Volumes (12 issues); Dfl. 390.00 + 6.00 airmail 


surcharge for USA & Canada, 


Volume coding: “N” identifies this section. Volumes N1 - N27 have appeared; 
N28 - N33 are planned for 1969, Back volumes Dfl. 72.00 each. 
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PLASTICS FOR ELECTRICAL 
INSULATION 


by Paul Bruins, Polytechnic Institute of Brooklyn 


This book, a volume in the Polymer Engineering and 
Technology Series, is an up-to-date discussion of the 
fundamentals and theory of electric insulation materials 
and a guide to the selection of plastics for electrical 
insulation. New materials are discussed and problems 
and solutions are given. 

201 pages 


140s. February 1969. 


INFORMATION THEORY AND 
RELIABLE COMMUNICATION 


by Robert Gallager, Massachusetts Institute of Technology 


A self-contained, first-year graduate text on infor- 
mation theory and coding techniques, starting with 
a complete and elementary discussion of the basic 
ideas and applications of the theory and gradually 
working up to topics of current research interest, 


588 pages 160s. February 1969. 


HIGH-SPEED PHOTOGRAPHY 
edited by N. R. Nilsson and L. Hógberg 


This book contains the Proceedings of the Eighth 
International Congress on S M Photography 
held in Stockholm in June 1968. 128 articles give an 
almost complete coverage of the progress in the entire 
field. They include papers on photoelectronic image 
devices, fiber optics and holography. 

502 pages 290s. February 1969. U.K. Only 


Almquist and Wiksell, Stockholm. 
Distributed by John Wiley & Sons, Ltd. 


THE BIOSYNTHESIS OF 
DEOXYRIBOSE 


by Peter Reichard, Karolinska Institutet, Stockholm, Sweden 


This book, a volume in the CIBA series, describes 
the mechanism and the control of the synthesis of 
deoxyribonucleotides, the building blocks of DNA. 


77 pages 75s. February 1969. 


THE SCIENCE AND TECHNOLOGY 
OF POLYMER FILMS, Volume 1 


edited by Orville J. Sweeting, Yale University 


This book, a volume in the Polymer Engineering and 
Technology series, presents the scientific bases for 
polymer films, with special emphasis upon packaging 
films, together with theoretical material consistent 
with an understanding of packaging film principles 
and applications. 


888 pages 330s. 


February 1969, 
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A Spider's Web 


Problems in Regulatory Biology 


By Peter N. Witt, Division of Reseatch, North 
Carolina Department of Mental Health, Raleigh; 
N.C., Charles F, Reed, Department of Psychology, 
Temple University, Philadelp! hia/Fa., and 

David B. Peakall, Division of Biological 

Sciences, Langmuir Laboratories, 

Cornell University, Ithaca/N. Y. 


With 47 figures. VIIL, 107 pages. 1968 
Cloth DM 6,— 


The geometric cart-wheel web of the cross or 
garden spider, Araneus diadematus €, is the object 
of the converging efforts of the three authors who 
have carried out individual investigations at various 
levels of analysis in the laboratory. The biochemist 
focuses interest mainly on the rapid synthesis of 
single polypeptides in the various silk glands. 
Changing the pace of production through end- 
product depletion or neuro-humor:] signals makes 
the glands i2 vifro suitable objects or the studv of 
regulation of prom synthesis at ihe cellular ee 
organ levels. Application of drugs to spiders has 
enabled the pharmacologist to investigate effects at 
the cellular as well as central nervous svstem level: 
in the latter case the changes in web geometry, 
expressed in size, regularity and shape measures, 
prov ide objective information on tne several ways 
in w x chemicals can eE wi a motor beha- 


o in RE pocas measuses to den 
hypotheses about ways in which a complex beha- 
viour pattern, like the construction of the web, is 
sees in an animal: 8 Cni d nerve us Syste! m and 


experience. 
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WITH THE JNM-C-60HL 60MHz NMR SPECTROMETER 


The JEOL C-60HL Spectrometer is the only instrument 
which incorporates full research facilities with ease of 
operation for routine analysis. |t features flexibility in 
application--easy measurement of other nuclei in 
addition to protons and fluorine; and compactness-— 
iow impedance magnet and solid state power supply 
in a single consol--needs less floorspace. An S/N booster 
for higher sensitivity is an optional extra. 





ROUTINE APPLICATIONS 
High Proton Sensitivity > 25. 

Resolution 0.3 Hz or better. 

Internal and external proton lock. 

Tuneable proton probe for F measurement. 


Built in homonucíear spin decoupler. 


Variable temperature range —150^C to + 200 C. 


JEOLCO (U.Kj Ltd, has been formed as a subsidiary of 
JEOL, Tokyo, to provide sales, installation and service facilities 
in the United Kingdom and Eire. The company incorporates 
the former Deivillem organisation. A new Applications Centre 
will be opened to display and operate a wide range of equipment 
and to facilitate investigation of prospective users’ particular 
problems and applications. 








RESEARCH APPLICATIONS 


M Nuclear single side band detection system is built 
into spectrometer for N. M.B., measurement of nuclei 
other than protons. 

@ Optional attachments—'^C (8 mme spinning tube) 
"UP and B (5 mm spinning tube). 

B Heteronuciear Double Resonance 
built-in noise decoupiler. 

E indor and spin tickling facilities are available. 


accessory with 





WHY NOT WRITE FOR A DEMONSTZATION OF 
UNIQUELY VERSATILE INSTRUMENT TO: 


4 Shakespeas Road 
Finchley 

London, N.3 

Tel: 01.349 9241 


JEOLCO (U.K.) Ltd. 
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The Elliott TX series of watercooled, air insulated l j 


X-ray diffraction tubes are direct replacements for the Philips range and can 
be despatched from stock within 10 days of an order. They are suitable for 
crystal analysis and similar work, operating at maximum voltage of 50 kVp. 
On self-rectified circuits the maximum permissible peak inverse is 55 kVp. 

The anode and water cooling system is at earth potential and contact is made 
at the filament end via a silver plated contact ring. Elliott tubes are 
rigorously tested with pin hole focal spot pictures to control focus dimensions 
and single crystal pictures to ensure spectral purity. Contamination of the 
target by tungsten evaporation remains below 1% after a minimum 
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long vacuum life. l 
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LETTERS TO THE EDITOR 


PHYSICAL SCIENCES 


Fission Track Ages of Deep Sea Glasses 


Tue results of K : Ar measurements on several deep sea 
basalts’? have been interpreted as indicating that the 
basaltie outflows on the crest of the East Pacifie Rise are 
fairly young («1 m.y.) that there is no systematie in- 
crease in age with distance from the Rise of three sea 
mounts studied, and that excess Ar is a frequent com- 
ponent of deep sea rocks. This excess of argon means 
that K : Ar ages on deep sea materials must be regarded 
as maxima until the extent of the excess is determined 
for each sample. The excess is probably produced by 
K-decay before eruption and is frozen into the rock as it 
cools. It is therefore associated with the hydrostatic 
pressure and with the rapidity of cooling of each sample 
(that is, with the glass content). The presence of glass in 
terrestrial (non-pelagic) rocks is usually thought to 
indicate the possibility of Ar loss (so that K : Ar ages of 
glassy materials may indicate only minimum ages) and 
80 it was clear that an independent means of dating these 
rocks would help substantiate our interpretations. 

The fission track technique for age determination was 
described earlier". In this work I isolated samples of glass 
from the crust of basalt rocks!:*, potted and polished them, 
and then induced fission tracks in one portion of each 
sample by irradiation with a ?**Cf spontaneous fission 
source. The samples were etched with 10 per cent HF 
for periods of 15 s to 2 min, until the induced tracks were 
clearly developed. The rest of the surface was then 
scanned at magnifications of 256-1.840 for fossil fission 
tracks. After counting fossil tracks the samples were 
eovered with ‘Lexan’ and irradiated together with a glass 
standard in a total thermal neutron flux of 10!9-103* 
n/em?, and tracks induced by the neutrons were counted. 
The density of induced tracks provides a measure of the 
abundance of ?55U in the samples and, from this, fission 
track ages can be calculated. The results are shown in 
Table 1. The chief experimental problem was the low 
abundance of fossil tracks and the concomitant difficulty 
of distinguishing them from inclusions, bubbles and other 
impurities in the glass. In most of the samples reported 
here, no fossil tracks were seen; l report generally upper 
limits to the ages. In principle the sensitivity of the 
technique can be increased by simply scanning ever 
larger surface areas, but in practice this inerease is 
limited by the density of struetures in the glass indis- 
tinguishable from tracks. This density is a function not 
only of the individual glass specimen but of the observer's 
experience and skill. Thus the technique has recently 
been used to establish fission track ages of deep sea glasses 
down to the 10,000 year range’. It is not to be expected, 
however. that fission track age determinations for basaltic 
glasses in such an age interval will ever become routine. 

The samples were dredged from along the crest of the 
East Pacifie Rise at approximately 10? S, and from four 
sea mounts at distances of 0-1,500 km from the risent. 
The K : Ar ages of the sea mounts 20, 23 and 25 were all 
approximately 3 million years, showing no dependence on 
distance from the rise (except that one measurement on 
sample 25 showed excess Ar). Sample 23 had no glass 
erust and so could not be dated by the fission track tech- 
nique, but the fission track ages of samples 20 and 25 


Gao 


A 


are in good agreement with the K | Ar values. It has 
been implied recently that our K : Ar study could not be 
accepted as a test of any features of the sea floor spreading 
hypothesis because of the possible eceurrence of excess 
Ar*. As has been pointed out!, any excess Ar in these 
samples would not have altered the earlier conclusions, 
for these rested only on the K : Ar data giving at least 
upper limits to the time of eruption. Furthermore. the 
data presented here indicate that excess Ar did not 
markedly affect our age estimates. 

Samples 27, 29, 32, 39 and 42 were accepted as defining 
an age for the erest of the rise of <1 raillion years (on the 
basis of the K : Ar measurements), ewen though samples 
D3, D4, 36, 40 and 44, also located aleng the crest of the 
rise, gave apparent K : Ar ages ranging from 19-690 muy. 
indicating excess Ar. The fission track data from ali 
rocks in which glass was available corroborate this inter- 
pretation: the glass crusts of samples 27, 29, 32, 39 and 
42 all give ages or upper limits in agreement witb the 
<1 million year K: Ar estimate, as 40 also the glasses 
from those rocks which showed much older K : Ar ages 
(samples 40, 44 and D3). No glass was available from 
36 and D4. The only way in which a measured fission 
track age of a volcanic glass can be iss than the time 
of eruption of that glass is if there has been subsequent 
annealing of the fission tracks. But at ambient ocean 
water temperatures fossil fission tracks. are maintained in 
all crystals studied so far, and in particular in basaltic 
glasses, for time periods of the order of 109—10'* yrit, 
Thus the fission track data set upper age limits to the time 
of outflow much less than the excessive A: Ar ages. From 
these upper age limits and from the measured “Ar con- 
tents. approximate values for excess “Ar can be estab- 
lished. ‘These are shown in the final celumn of Table 1. 

A ‘He abundance of about 1,300 x 16/5 sce/g was meas- 
ured? in the glass crust of sample 44. I found uranium 
abundance of about 0-1 p.p.m. for this glass. Using the 
age limit set in Table 1 I calculated tuat more than 99 
per cent of this ‘He is excess, that is, of radiogenic origin 
but produced before the eruption and subsequent cooling 
of the glass. This gives, for sample 44. a ( He] Arex cess 
ratio of about 13. Such a ratio is approximately the 
maximum to be expected from estimated mantle ratios 
of U/K~ 10-4 and Th/U~3-6. This incieates both that 
the parent material of these rocks has operated as a closed 
system (with respect to the rare gases) foronly a short time 
compared with the age of the Earth and that during this 
time there has been insignificant degassing of the rare 
gases, so that the measured values are indicative of the 
rare gas atmosphere ambient in the parent material. 

These observations open up the possibility of studying 
mantle-ambient rare gas abundances sud composition, 
if current theories regarding upwelling of mantle material 
along the crests of active oceanic ridges are valid, To 





Table 1. RESULTS OF FISSION TRACK DATING OF KEEP SEA GLASSES 





Apparent Fossil Fission “Ar excess 
Sample Descrip. Wo: rage!? fission Area track {x 10" 
tion? omy} tracks (em?) egefmv.) — secígn 
90 Sea mount, 
500 km 3:5-4-5 3r2 ~ OF #643 <n 
25 Sea mount, 
1,500 km 32:29 542 ~0-25 ERU “4: +20 
27 Fissure flow, 
on crest zio 0 me OOS «2:1 x1 
20 Fissure flow, £i 
on erest ~ 3 Oe + O-4 «1 


32 Fissure flow, 


on erest 0-1; 3942 4-2 0:285 OUO Od cl: ~ a0 
30 Fissure flow, es 

on crest 0:8 - 0-6; 0 ow 0-054 «15 €i 

POLO? POT 

40 Fissure flow, 

on crest 210-250 0 0-00 wt Bod ^ 60 
42 Fissure flow, 

on creat OFT4+O0-4150-90 6 0g «2 < 
44 Fissure flow, PEN 

on erest 380-600 ü ~ G- 2 «8 100-130 
50 Sea mount, 

1,000 km 530-580 0 ww 13 25 145-160 
D3 Fissure flow, 

on creat 19 0 ^ O9 L8 ^ A 


550 


study these rare gas abundances, one must have a clear 
quantitative eriterion by which the extent of the excesses 
ean be estimated. lt is clear from this work that the 
fission track teehnique provides such a criterion and 
should be very important in future studies of the occur- 
rence and mode of incorporation of these excess rare gases, 
as well as in independent studies on the ages of deep sea 
rocks. 

I thank Dr R. Fleischer and Professor W. Herr for 
helpful diseussions and for providing calibration samples. 
The neutron radiations were performed through the 
generosity of Drs E. Eichler and G. D. O' Kelley of Oak 
Ridge National Laboratory. Laboratory assistance was 
provided by T. Middleton, and financial assistance by the 
US Atomic Energy Commission and the US National 
Science Foundation. The rock samples were gathered by 
the RV Pillsbury of the University of Miami. 

Davip E. FISHER 
Institute of Marine Sciences, 
University of Miami, 
Miami, Florida. 
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Structure of Lead(ll) 
O,O-Diisopropylphosphorodithioate 


We have found a new compound of lead(II) containing 
seven electron-pairs in its valence shell, one of which is a 
stereochemically active lone pair of electrons. It is the 
first authentic example of its kind for a non-transition 
element and represents a substantial contribution to the 
understanding of the stereochemistry of non-transition 
metal complexes. The crystal structure of Pb[(i-C,H,O).- 
PS,], contains lead in coordination with six sulphur atoms. 
The observed bond lengths and angles are fully consistent 
with the classical apportioning of fourteen electrons 
(seven pairs) in the valence shell of lead (four from the 
lead atom plus a total of ten from the six sulphur atoms) 
in whieh six pairs are bonding and one is a lone pair. 
The stereochemical arrangement of these seven pairs is 
in very close accord with the simple electron-pair repulsion 
model of Sidgwick and Powell! and Gillespie and 
Nyhohlm?-*. 

Caleulations have shown that for the seven eoordination 
case more than one arrangement of electron-pairs with 
similar energies is possible*.*-?. Two of these arrangements 
are exhibited by IF, and XeF, The molecule IF; 
exhibits the pentagonal bipyramid structure!’ while 
gaseous XeF, occurs as an irregular octahedron exhibiting 
a preference toward Czy symmetry (with large amplitudes 
of bending vibrations), although it is considerably less 
distorted than predicted solely by the electron-pair 
repulsion models, The hexahalide ions (SeCi,), 
(SeBr,)?-, (TeCi,)?- (TeBr,}*> and (SbBr,)*-, on the other 
hand, each have regular octahedral structures and thus 
constitute definite exceptions to Gillespie’s hypothesis!*-??; 
their abnormally long bonds indieate that the lone pair 
orbital is strongly antibonding”. Gillespie has recently 
pointed out that when ligand-ligand distances approach 
the sum of their normal van der Waals radii, repulsive 
forces may override the stereochemical influence of the 
lone pair, as is believed to oceur in the hexahalide ions?. 
Interligand repulsion ean be reduced by inereasing the 
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size of the central atom or by the formation of multi- 
dentate ligands. Either avenue of approach should be 
capable of achieving a hexa-unidentate complex with 
seven valence-shell pairs in complianee with Gullespie’s 
theory. The lead(II) structure reported here satisfies 
both approaches and thus provides a tenable test of his 
theory. 

Crystals of Pb[u-C,H,O),PS,l, prepared as described 
elsewhere**, are monoclinic P2,/n (b-unique) with unit cell 
dimensions a= 25-2904 0-002, b= 10-0666 + 06-0009, 
9-335+0-001 A, 8=95-966°+0-008° (refined by least- 
squares) at 244+3° C; Dopg=1-77+0-02 g/em? (by flota- 
tion), Deagie= 1-781: 0-001. g/em? for Z=4 molecules 
unit cell; erystal habit: acieular. The structure was 
solved using three-dimensional X-ray diffraction intensity 
data and refined to a conventional E factor of 7-4 per cent. 

The crystals consist of molecules with empirical formula 


(1). 


C= 


v Po P 
HQC—04 ^84 ^87  *O—C,H, 
(D 


The nearly planar Pb(S,P), fragments form staggered 
stacks in which each lead atom has as nearest out-of- 
plane neighbours two sulphur atoms. The polymeric 
structure is shown in Fig. 1 with the bond lengths and 
angles indicated. The mean Pb—S bond length, 3:00 A, is 
consistent with the value 2-97 À found in PbS (NaCl 
lattice) in which lead contains a lone pair of eleetrons??, 
The PbS, group closely approximates an irregular penta- 
gonal bipyramid in which the lone pair occupies an 
equatorial position. The backside 8S -- + § non-bonded 
distance, 3-38 A, is virtually as short as the S +--+ 5 dis- 
tance in the bidentate ligands which is constrained to be 
3.32 Å. Both are markedly shorter than the 3-70 A sum of 
van der Waals radii. The two angles S(2)' —Pb—E and 
S(4)"—Pb-—E are 93:8? and 93-5? respectively, where E, 
the lone pair of electrons, is assumed to lie in a plane 
defined by Pb, S(I) and S(3) and directed along a line 
passing through the midpoints of S(1) with S(3), and Pb. 
Binding of adjacent molecules, via the axial Pb—5 linkages, 
is fairly strong, indicated by the fact that S(2) and S(4) 
are lifted out of the Pb—S(1)—-S(3) equatorial plane by 
an amount 0:558 + 0-009 and 0-660 + 0-012 A, respectively, 
in the direction of the lead atom to which each is bonded 
axially. 





The molecular configuration of the PbS, group in Pb[Gi-C, H,0),- 
The calculated o for the bond lengths and angles are : Pb-—S 
- («009 A), P—8 (40-01 A) and S—Pb—8 (+ 037) 


Fig. i. 
PS... 
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The contribution of molecular packing, crystal forces 
and steric interference between isopropyl groups of 
neighbouring molecules on the deformation of the PbS, 
group is being studied. 

We thank J. J. Dickert for supplying the crystals of 
this material, L. S. Bartell for recognizing the presence 
and interesting stereochemical influence of the lone pair, 
and J. J. Wise and C. N. Rowe for helpful discussions. 
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Hyperfine Structure in the Electron 
Spin Resonance Spectra of Reduced 
Chromium and Iron Phthalocyanins 


HYPERFINE structure (h.f.s.) arising from interaction of 
the unpaired electron with nitrogen or hydrogen atoms 
of the phthalocyanin (Pe) or porphin ring system in 
metal complexes has been observed in only a few cases. 
Copper complexes readily exhibit nitrogen h.f.s., and there 
is evidence for it in reduced cobalt phthaloevanin tetra- 
sulphonate’. Both nitrogen and hydrogen h.f.s. are 
observed in reduced zine aetioporphyrin and zine tetra- 
benzporphyrin?. 

When we reduced chromium phthalocyanin by Na/THF 
we obtained a well resolved nine line spectrum with 
relative intensities 1:4: 10: 16: 19: 16 : 10: 4 : 1, centred 
on g= 1:975 and with a spacing of 3-05 gauss. We attri- 
buted this to interaction of the unpaired electron with the 
four inner nitrogen atoms of the phthaloeyanin. The 
signal decreases in intensity without further reduction, 
and is replaced by a similar spectrum with splitting 3:15 
gauss and g=1-981. This latter spectrum also shows 
coupling to “Cr (21-6 gauss). On freezing to 77^ K, a 
symmetrieal line at g — 1:975 is seen together with features 
associated with A; (Cr) (35 gauss). There seem to be 
two species in solution and we attribute the electron spin 
resonance (ESR) spectra to a metal ion with configuration 
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eg (daz, yz)*, bag (dry) the YN hyperfine coupling probably 
resulting from spin polarization of tae o electrons. 

When we reduced CrPe with Na/bexamethylphosphor- 
amide (HMPA), a 17 line spectrum with average spacing 
2-04 gauss and centred on g= 20029 was obtained. There 
was no evidence for Cr hyperfine splizting. This spectrum. 
is attributed to an unpaired electron largely localized in a 
phthaloeyanin z-orbital and interacting roughly equally 
with all eight nitrogen atoms. The strong z interaction 
between the HMPA and the CrPe wil raise the energy of 
the eg orbitals so that they are higher-than the bay orbital. 
The electron configuration will now de byg*, ej? with the 
unpaired electron in the e; orbital which must have con- 
siderable ligand character. 

When a solution of iron phthaloeyenin was reduced by 
Na/THEF, a well resolved nine line spectrum similar to 
that for CrPe was observed. It was centred on g=2-01 
and had a spacing of 2-4 gauss. On further reduction, the 
signal disappeared, and was eventually replaced by a 
single isotropic broad line (AH = 12 gauss) at g= 2-0030. 
When reduction was carried out using Na/HMPA, a 
poorly resolved nine line spectrum as g= 1-987 was ob- 
served with a spacing of about 2-3 gauss. These results 
are consistent with an electron being added initially to 
the a, (dz) orbital to give a d? (fet) ion with interaction 
of the unpaired eleetron with each of the four inner 
nitrogen atoms. The g values vary either side of 2 because 
of the allowed mixing by spin orbit coupling of the ayy 
orbital with both the filled eg (which is very dependent on 
zx bonding to the solvent HMPA), and empty esm) ligand 
orbitals. A second electron yields the ciamagnetie d*(Fe?) 
species and a third can then be added to the lowest empty 
z Orbital on the phthalocyanin. 

i, M. Guzy 
d. B. RAYNOR 
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Nitrogen Complexes as Models for 
Nitrogenase with Nitrogen cn the Active 
Site 

NITROGEN gas reacts in mild conditions in protic media 
to give the nitrogen complexes [CoH (X AP Pha P, and 
[Ru(NH;X(N,)]IX, (X=mono anion)’, and related com- 
plexes, but the complexed nitrogen molecule has not yet 
been reduced to àmmonia?. Nevertheles:, the mechanism 
of nitrogen uptake in the formation of these complexes 
may represent the process by which nitrogen is bound in 
nitrogenase, and the reduction to ammonia could oecur in 
nature by protonation of the complexed nitrogen with 
simultaneous influx of electrons from the metal. We have 
therefore studied quantitatively the reactions with strong 
acids of [(CoH(N,}(PPh,),|', the substanee formulated as 
[Co(N,)(PPhs),}*, trans-[IrCl(N,)(PPh,},]§,.and [Ru( NH,),- 
(NIX, (X =C] or BEj)*7.. If protonation oceurred, some 
reduction of the nitrogen with simultaneous oxidation of 
the metal would be expected. We hav» found that in 
general there is oxidation of the metal by the acid, but it 
leads to nitrogen evolution, often together with hydrogen, 
and no ammonia. 

The nitrogen complexes were prepared as deseribed in 
refs. 1-6, except that [Co(N,)(PPh,),] was better obtained 
using AIEt, in ether, instead of AIEt,(OEt:. Nevertheless, 
this cobalt complex was never obtained pure, and our 
best material contained about 15 per cent [CoH(N,) 
(PPh,),] (determined by reaction with DCI which we 
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were unable to remove. Its reaetions with acids were, 
however, identical with those of the hydride [CoH (N,) 
(PPh,),] except that correspondingly less hydrogen was 
evolved. In toluene solution the cobalt compounds 
reacted according to scheme (I) (Y=Cl or Br). The first 
step is fast, and nitrogen and hydrogen are lost quantita- 
tively to form [CoX(PPh,),]. If DCI is used in deuterio- 


benzene, H,, HD and D, are obtained, the proportion of 


HD being slightly higher than statistical. The second 


step in the reaction is slow. 


Reaction schemes 


r 


HA 
[CoH(N,Y(PPh,),4] ==> (CoX(PP hj] + N 


j ie + Hy 
fast | 
l 2HY 
[CoX ,(PPh,),] + [PPh H] X- + 4H, 
(I) 
E . HC! [colourless | j-Ns 
[IrCI( N (PPh,),) nett solution | —-* [IrHC la (PPh4,] (A) 
| | 
HCl | EtOH | CHC! 
[IrHCH (CO)PPh,),! [IrCC PPh] (B) 


(11) 


Hydrogen chloride appears to add oxidatively to the 
iridium complex in toluene or chloroform, to give a 
eolourless solution which rapidly becomes orange with 
quantitative loss of nitrogen, and also a little hy dro gen, 
scheme (II). The orange iridium(I) complex (A) [v(I1r- -H), 
2,242 em~] can be isolated from a neutral reaction medium 
such as toluene, but in halogenated solvents such as 
chloroform the hydride reacts to form the vellow iridium- 
(III) complex (B). If ethanol is used as solvent, carbon 
monoxide is abstracted from the alcohol with the forma- 
tion of [IrHCLl(CO)(PPh,),]. EtOH, m.p. 148°—150° C, an 
isomer of the compound prepared by the addition of HC] 
to [IrCI(CO)( PPh,),]*. 

Only [Ru(NH,4),(N,)]Cl, seemed to form some ammonia 
from the nitr ogen ligand on reaction with 17 per cent HCl 
or concentrated H,SO, (ref. 9). This ammonia probably 
arises from a hydrazine umpurity?. We have therefore 
checked whether any ammonia arises from the nitrogen 
ligand by acid treatment of [Ru(NH;),(5N,)]CL, and find 
no enrichment of NH, in the PERO Ce ammonia. In 
no nitrogen complexes, therefore, is there any evidence of 
the reduction of the nitrogen by protic attack. 

We have also attempted the reduction of [Ru(NH,),- 
(N,)]?* salts in aqueous alkali, using (a) Devarda’s alloy, 
(b) sodium borohydride, or (c) sodium dithionite, but no 
reduction of the nitrogen to ammonia was found. The 
attempted reduction by sodium dithionite was checked 
by MN, tracer studies because dithionite is the most 
effective artificial reducing agent in natural systems!?. 
Also reagents (b) and (e) did not reduce the nitrogen in the 
dinuclear complex [(Ru(NH,),N,]***; (a) was not tried. 
More ammonia was produced by dithionite than by sodium 


borohydride. The action of dithionite on [JRu(NH,),H,- 
(5N, nm. however, showed that none of the additional 


ammonia comes from the complexed nitrogen. It arose 
because alkaline distillation of the complex alone or with 
sodium borohydride gives only 9:2-0-5 moles of ammonia, 
but in the presence of dithionite it gives the full 10 moles. 
This would be explained if some ammonia was dehydro- 
genated catalytically by the ruthenium salt and the 
catalysis was poisoned by dithionite. 

The advent of nitrogen complexes and their reported 
Teuer ion by sodium bod eg 7 Was Ta ac- 
bé FS d 1 Mundi T his in still be 80, but it is now 
also evident that the reduction of the complexed nitrogen 
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requires specific reagents or conditions, and these may be 
just as elusive as the first nitrogen complexes. 
We thank Mr S. W. F. Restall and Miss M. Sutcliffe for 

isotope analyses. 
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BIOLOGICAL SCIENCES 


Low Content of Cerebral Lipids in 
Infants suffering from Malnutrition 


THE pathological and biochemical effects of malnutrition 
on the developing central nervous system of experi- 
mental animals have already been studied!~?. If animals 

are starved early in life, the weight and the content of 
lipid and nucleic acid in the brain are less than in well 
nourished animals at all ages'-?. The rate of swnthesis is 
retarded most for classes of lipids closely associated with 
the formation of myelin. Persistent deficits in learning 
have aiso been demonstrated in animals deprived of 
food during the intrauterine or pre-weanling phase of 
growth*:?. 

The circumference of the head and the weight of the 
human brain are reduced as a consequence of malnu- 
trition’. There is also suggestive evidence that protein- 

calorie deprivation in early infaney is associated with a 
retardation of human psychomotor development !*-13, 
This communication describes an attempt to study the 
lipid composition of the human brain in ehronically 
malnourished infants. Our results demonstrate that the 
changes in the brain lipids of starved humans resemble 
those reported for experimental animals. Im particular, 
there is a reduction in total lipid content, and those 
classes of which myelin is composed are most severely 
affected. 

The brains of four malnourished infants, from 2 to 22 
months old, and appropriate controls from the same 
socio-economic population in Puerto Rico were studied. 
All brains were examined to exclude any major mal- 
formations and disease processes unrelated to mal- 
nutrition. Brains were frozen at — 50° C immediately 
after autopsy. White matter from the frontal lobe 
anterior to the head of the caudate nucleus was dissected 
while the tissue was still frozen. Aliquots were taken for 
dry weight determination and the rest was extracted by 
the method of Folch et al.4. Dry weight was determined 
after ineubating the tissue at 105° € for 72h. Total lipids 
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Table 1. CLINICAL INFORMATION 


State of Weight at Length at Brain Time from death 
nutrition Cause of death death (kg) deathiem) weight (D — to autopsy (h) 
2 month malnourished male Poor Acute dehydration, chronic diarrhoea 28 i 129 More than 24 
4 month control female Good Acute diarrhoeal dehydration i9 OL 992 i3 
4 month malnourished male Poor Acute diarrhoeal dehydration 3:8 98 poe 9 
12 month eontrol male Excelent Acute diarrhoeal dehydration u oc 74 927 $ 
12 month malnourished male Extremely Acute dehydration, chronic diarrhoea, and vomiting BO 34 610 Less than Z4 
| poor E . US E ee oe — E 
22 month malnourished male Poor Bronchopneumonia, chronie diarrhoea RG is 1,000 Less than 24 


* Data unavailable. 


Table 2. LIPID COMPOSITION OF BRAIN WHITE MATTER IN MALNOURISHED AND CONTROL INFANTS 


Dry weight as 


o4 wet weight Total lipid Phospholipid 
2 month malnourished 124 43°6 23-9 
4 month control 19-2 51:5 24-4 
4 month malnourished 15-1 48 24:4 
12 month control 19-5 62-4 02:9 
12 month malnourished 21s 57-3 25-6 
22 month malnourished 22:2 68-58 OR-2 


All data are given as percentage dry weight unless otherwise stated. 
* Assuming molecular weight 750. 


were measured from aliquots of the lower phase. Proteo- 
lipid proteins were determined by the method of Lowry 
et al^, modified to measure protein in lipid extracts!*. 
Phospholipids were determined by the method of Rouser 
et al., cholesterol by the method of Zlatkis et al.!^, and 
plasmalogens by the method of Wittenberg et al.” as 
modified by Rapport and Alonzo?. Glycolipids were 
measured by a modification of the method of Sorenson 
and Haugaard?! on fractions eluted from columns of 
‘Florisil’ as described by Rouser et al.?*. Neuraminie acid 
was determined on the upper phase of each sample by 
the method of Suzuki?. Clinical and biochemical results 
are presented in Tables | and 2. 

Proteolipid proteins, cerebrosides and plasmalogens 
are considered to be the lipids most elosely linked to 
myelin membranes?*, and the contents of these classes 
were consistently reduced in the white matter of our 
patients. The cerebrosides of the brains of malnourished 
infants were 70-80 per cent and plasmalogens 80-85 per 
cent of control values. Proteolipid protein was markedly 
reduced in our malnourished 4 month old patient, but 
was not significantly altered in the older cases. 

Dobbing! first showed that there was a reduction in 
total lipid, in partieular eholesterol, in the brains of 
starved animals. Culley, Yuan, and Mertz* later showed 
that the plasmalogen fraction of phospholipids is most 
prominently affected by starvation. After demonstrating 
histologically that there was less myelin in deprived 
animals than in controls, Benton et al.9 found that 
proteolipid protein and cerebrosides were considerably 
decreased during starvation. Chase et al. showed decreased 
rate of synthesis of sulphatide in malnourished rats?. All 
these studies were carried out during the suckling period 
when the formation of myelin is maximal. 

There are obvious inherent difficulties in attempting 
this type of study. Adequate clinical histories are dif- 
ficult to obtain. When they are available, mothers are 
often found to have been malnourished during the preg- 
nancy and the infants to have been of relatively low birth 
weight. Information is available about three of our 
malnourished infants. Birth weights ranged between 
2-5 and 2-8 kg, which is lower than the average for infants 
in the higher socio-economic section of the same popu- 
lation. The effects of intrauterine malnutrition therefore 
cannot be separated from malnutrition suffered during 
infancy. Because our patients usually suffered from termi- 
nal aberrations in water and electrolyte content, which 
undoubtedly altered the water content of their brains, 
all values are expressed as percentage of dry weight. 

Although this work shows that the synthesis of lipids 
associated with the myelin membrane is that affected most 
by undernutrition in humans as well as in animals, it is 
not clear that this is the primary effect. The failure to 
produce normal amounts of myelin could be secondary 
to a failure to elaborate neural elements or to increase 


oligodendrocytes. Eayrs and  Horn?* demonstrated 
histologically that undernutrition impairs the elaboration 


Neuraminic 


Cholesterol Proteolipid Glycolipió Plasmalogen* aeid 
10-3 0-39 212 S06 edd 
11:7 4:68 7:07 4-50 (22 
11-2 1:86 Bd 1-60 0-33 
13:1 25:772 98-40 6-32 0-13 
13.4 5-78 7063 Bebo Qr 
13:7 &-02 10:3 OS o 


of neural processes. Furthermore, biochemical studies 
have indicated that the content of DNA is reduced in 
these conditions’. The effect of starvation on oligoden- 
drocytes has not been carefully studied in animals or 
humans. 

Clinical and epidemiological studies carried out by 
Cravioto and Robles suggested that there is a critical 
period in the maturation of the human nervous system 
when adverse influences have a profound and permanent 
effect. Their data suggest that there is delayed psycho- 
motor development in malnourished children, particularly 
if the deficiency has been early in infancy, despite an 
adequate diet thereafter. Biochemical correlates of their 
clinical observations have yet to be established and will 
require the study of many more eases with adequate 
social and medical histories. 

This work was supported by grants from the National 
Institute of Neurological Diseases and Blindness, US 
Publie Health Service and the Green Foundation. 
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Undernutrition and Cerebellar 
Development 


UNDERNUTRITION in laboratory animals has been shown to 
result in a permanent impairment of brain and body 


growth!, in decreased brain cholesterol? and synthesis of 


cerebroside sulphate** and in decreased brain cellul- 
arity*5. The number of cells in the brain was determined 
by measuring the amount of DNA present, assuming 
this to be constant in each nucleus. In these studies, 
however, whole brain was used for DNA analyses, and 
possible alterations in DNA in parts of the brain were 
not allowed for. The purpose of the study described 
here was to ascertain whether malnutrition has any 
regionally specific effect on cell growth. 

Young rats were undernourished by separating them at 
birth into nursing litters of sixteen animals to one mother. 
For good nutrition, there were four animals to one mother. 
lhe animals were killed when 18 days old and the brain 
and brain stem were dissected free of meninges and 
divided into cerebrum and cerebellum. In initial experi- 
ments brain stems were also dissected free of cerebral 
hemispheres, but because the concentrations of DNA in 
the two areas were similar the two tissues were both 
ineluded in the cerebrum fraction. 

As reported before'?, body and total brain weights 
were much lower in undernourished than well-nourished 
animals, with the difference in body weights considerably 
greater than the difference in brain weights (Table 1). 
The weights of both the cerebrum and the cerebellum 
fractions were significantly lower in the undernourished 
animals, with mean differences of 9-9 per cent for cerebrum 
and 18 per cent for cerebellum. 

DNA was determined by Zamenhof’s method’, modi- 
tied to include two 15 min extractions at 70° C to extract 
more completely the DNA from pellets precipitated 
by trichloroacetic acid (personal communication from 
5. Zamenhof). In contrast to other methods for eval- 
uating DNA in brain tissue, this method does not involve 
discrepancies resulting from sialic acids or non-nucleotide 
phosphorus derivatives which might be affected in under- 
nourished brain tissue. As in the previous studies®-*. 
total brain DNA was significantly lower in undernourished 
animals (Table 2). This difference was wholly the result 
of the difference in cerebellar DNA content of under- 
nourished and well-nourished animals with no significant 
difference in the DNA in the cerebrum fractions. The 
difference in cerebellar DNA was great enough (18 per 
cent) to account for the difference in total brain DNA. 
Although eerebslla were much lighter than cerebra. they 


‘Table 1, 
No. of animals 
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contained similar total amounts of DNA, resulting in a 
disproportionate contribution from the cerebellum. The 
use of DNA as a measure of cell number is valid only if 
there is a constant amount of DNA in each cell of the tissue 
being examined. The method is valid for the diploid 
cells in the cerebrum fractions, but polyploidy is well 
known in the cerebellum’. It is therefore uncertain 
whether the lower content of cerebellar DNA represents 
fewer cells or only a reduction in polyploidy. 

Previous studies have also revealed less total brain 
protein in undernourished animals, The work described 
here confirms that the amount of protein is less in the 
total brain, but that the percentage difference is much 
greater in the cerebellum (28 per cent) than in the cerebrum 
(4-6 per cent) (Table 2). 

Cell size is frequently expressed by tissue weight per 
mg of DNA, or by protein per mg of DNA. This again 
requires that the organ is composed of cells with a constant 
amount of DNA in each cell, and is likely to be an un- 
reliable measure for cerebellar tissue. The ratio of weight 
to DNA was significantly smaller in the cerebra of under- 
nourished animals (Table 3), but was the same for cere- 
bellar tissue because of the proportionate differences in 
both organ weight and DNA. The ratio of protein content 
to DNA, however, was smaller in the cerebella of under- 
nourished animals (Table 3). Brain cells in undernourished 
animals contain more water than those of well-nourished 
animals of the same age!'. The error for the extra water 
would be included in an expression of the ratio of brain 
weight to DNA used to evaluate cell size, and would 
make the cells seem heavier than they might be. It thus 
seems likely that cells are really smaller in the cerebra of 
undernourished animals. 

The effects of undernutrition can be interpreted as 
less protein and smaller cells m the cerebrum of under- 
nourished as opposed to well-nourished animals, but 
there is no difference in cell numbers. The cerebellum 
seems to be more severely affected by undernutrition 
than the cerebrum, with considerable effects on weight, 
DNA and protein, and a suggestion that cell number 
but not cell size is influenced. 

The timing of the undernutrition may be important in 
determining whether observed effects are permanent. as 
well as which tissue is affected most. Winick has noted 
less DNA in cerebella, but not in the cortex, of animals 
undernourished in the first 9 days of life’. At 9 days they 
were well-nourished, and when killed at age 21 days the 
cerebellar deficit had disappeared. The period of rapid 
brain growth begins in the rat 6 days after birth and 
diminishes 23 days after birth. Approximately 10 per 


BRAIN AND BODY WEIGHTS IN 18 DAY OLD RATS 
Body weight (g) 


Total brain weight (g) Cerebrum weight (g) Cerebellum weight ig) 


Well-nourished 8 46-1 (4:3) 1:500 ( + 0-036) 1:282 ( + 0-030) 0-187 ( + 0-000) 
Undernourished 10 28-3 (+ 2-9) 1-340 ( + 0-034) 1:155 (+ 0-086) 0-154 ( x 0-008) 
Significance P001 P «0-01 P001 P «0401 
Values in this and the other two tables refer to the means, with standard deviations included in parentheses, Significance was determined by Student's 
t test, 
Table 2. TOTAL DNA AND PROTEIN IN BRAINS OF 18 DAY OLD RATS 
No. of animals Total brain Cerebrum Cerebellum 
DNA content (mg) ate Bes a ae 
Well-nourished 8 2-701 (+ 0-091) 1-245 (+ 0-106) 471 (40-070) 
Undernourished 14 2-456 (+ 0-105) 1:260 (+ 0-089) 1:180 (0-685) 
Significance P «0-01 P 05 P <Q] 
Protein content (mg) "e 
Well-nourished g 102-06 (+ 3-40) 86.32 (+ 2:08) 1474 t 144) 
Unde nourished 10 92:89 (+ 7-59) 82-14 (06-9) 10.78 (+ 0:92) 
Significance P «0:05 P 05 P «001 


Table 3. 


RATIO OF BRAIN WEIGHT AND PROTEIN TO DNA IN 18 DAY OLD RATS 


No. of animals Total brain Cerebrum Cerebelium 
Weight (g)/ DNA Om . 
Well-nourished. E 8 0-5558 ( + 0-0204) 1:0495 ( + 0-0608) 0-1268 (+ 0-0957) 
Undernourished 10 0-5464 (--0-0278) (- 9356 (+ 0-0757) 0-1270( 20: 0041 ) 
Significance P905 P «0-05 P905 
Protein (mg)/DNA (mg) ee Spek 
Well-nourished "ne 8 37-5( 4 2-8) 70-7 (t51) 9-9 (t 0-9) 
Undernourished 10 35.7 (+59) 82-6 (+ 18-4) 8-8 (£0: 
Significance P >05 P <03 P <01 
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cent of rat brain DNA is present at birth, with synthesis 
stopping after 17 days. ‘This is in contrast to the period 
of rapid brain growth in the human, which commences 
in the uterus, reaches a peak near birth, and continues 
in the first year after birth. The production of human 
brain DNA is two-thirds complete by birth. and ceases 
5 months after birth'". It is not known whether post- 
natal malnutrition in the human has the same deleterious 
effects as post-natal malnutrition in the rat. 1t is inter- 
esting. however, that we have recently examined two 
children who suffered from severe malnutrition in the 
first 8 months of life and who showed evidence of cerebellar 
damage at age 4 and 5. 
We thank Miss Naney Weleh and Mrs Carol s 
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Sweet Taste of p and L-Sugars 
and Amino-acids and the 
Steric Nature of their 
Chemo-receptor Site 


IN an attempt to identify the feature common to various 
and seemingly unrelated compounds which taste sweet, 
we suggested! that the saporous unit of all sweet tasting 
compounds was a bifunctional group consisting of an 
acidic (AH) and a basie (B) moiety with an A—H proton 
to B distance of about 3 A. The common unit described 
seems to be very similar to that proposed by Warfield’, 
in which the common molecular feature was visualized 
as a “taste couple" composed of a proton and a neighbour- 
ing, unshared electron pair. 

For the various AH,B systems, the AH moieties recog- 
nized were —OH, NH, —NHi;, ArH, and, in special cases, 
—CH. The B moieties recognized were —O-—, =O, Cl, 
—C-—C-—-, and COO-. A. L. McClellan (private com- 
munication, 1968) pointed out that the z-bonding cloud 
of the benzene ring might also serve as a B moiety to 
explain why benzyl alcohol tastes sweet. The interaction 
between the sweet compound and the receptor site was 
stated to be the formation of a hydrogen bond? in which 
AH,B of the sweet compound forms two simultaneous 
H-bonds with an AH,B unit on the receptor site. 

This model of the receptor site does not account for 
certain stereochemical features which the site must possess. 
Amino-acids which belong to the D-series are usually 
sweet tasting, but those in the L-series are tasteless or 
bitter when È in RCNH,CO,H is larger than the ethyl 
radiealt-. 
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Equally, the naturally occurring D-series of sugars 
usually taste sweet. while it has been generally and 
tacitly assumed that the synthetic L-series are tasteless. 
In support of this assumption, it has been reported that 
L-glucose is tasteless, and D-mannose is sweeter than 
L-mannose*. 

The p and L-sugars and amino-acids are, of course. 
enantiomorphs, and differ in absolute configuration about 
every asymmetric carbon atom. The pentose L-arabinose 
is structurally related to the sweet-tasting hexose, D- 
galactose, and, in recognition of this, we predicted that. 
L-arabinose would probably taste sweet. 
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a-D-Galaetose (R= CH,CH) 
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L-Arabinose did in fact taste Just about as sweet as 
D-galactose, and L-sorbose, the 5- i Sasha of D-Íruetose, 
also tasted sweet, although it was omy about one-fifth 
as sweet as D-fructose. 

To extend these findings, a series of p and L-sugars was 
submitted to a taste panel to compare the sweet taste 
characteristics of each enantiomorphie pair. The method 
used was that of a paired comparisor. technique where 
sweetness scores are assigned to the taste of each sugar’. 
To obviate the need to identify the anomeric and erystal- 
line form of each sugar (the supply of certain rare enantio- 
morphs was small), 10 per cent solutions of the sugars were 
allowed to come to mutarotational equilibrium before 
they are tasted. Thus the tautomeric er conformational 
composition of a reducing sugar solution would not be 
important as long as only enantiomcrphie sugars are 
compared. 

The results obtained are shown in fable l. While 
sugars, when tasted at a concentration of 10 per cent, in 
solution, were rated as rather sweet (scores in the range 
4-6), it was interesting to find that the panel could not 
distinguish significantly between the sweet taste intensity 
of a given D-sugar and its enantiomoroh. We believe 
that it is particularly significant that a change in the 
configuration of substituents about one asymmetric carbon 
atom will have a marked effect on the taste of a sugar: for 
example, glucose is about twice as sweet as galactose 
(S. Price, private communication), but chat a change in 
the configuration of carbon atom substituents of ali 
asymmetric centres has no effect on the ability of à sugar 
to elicit sweet taste. The findings of Bove and Matsubara* 
therefore seem to be in error. In line with our results. 
it has been d d Mud L- arse tastes ` very P 











es 


the structure of the taste Bul a sie. 


Table 1, SWEETNESS SCORES FOR D VERSU. L-SUGARE 
Sugar p- Enantiomorph L-EÉnantiomorph 

Arabinose 5-2 56 
Xylose 4-6 4-4 
Glucose $-4 6.6 
Rhamnose 4-6 6-5 
Mannose 49 5-0 
3alactose 5.6 8-0 
Glucoheptulose 2 £46 
Fruetose Very sweet Very gweot 


4 wee f C 


Fig. 1. A, The positioning of the saporous unit of b-leucine over a 


theoretical AH (+) and B (—) taste bud receptor site. B, The inter- 
ference of a "spatial barrier" with the isobutyl group of L-leucine so 
that reaction with the taste bud receptor site is prevented, 


Apparently, any individual sugar OH group can act as 
either an AH or B unit. The stereo nature, then, of 
vieinal (glyeol) OH. groups, with respect to each other, 
would be of little importance in determining whether or 
not the sugar glycol group. as an AH.B unit, is sterically 
appropriate for reaetion with the taste bud receptor site. 
Thus there should be little, if any. difference in the taste 
of the enantiomorphie sugars. On the other hand. amino- 
acids have only one group whieh ean serve as AH and only 
one to serve as B. These are the protonated amino and 
the carboxylate groups. respectively. Because glycine 
and either D or L-alanine taste sweet, the size of A must 
be greater than the ethyl radieal in. those L-amino-acids 
which do not elicit sweet taste. Thus a spatial barrier 
may restrict the ability of those L-amino-acids to gain 
access to the taste bud receptor site. 

Using D and t-leucine, we have attempted to describe 
this barrier in Fig. 1. In this case, it is drawn at a distance 
of about 3-4 À from the AH,B receptor site. Only 
p-leucine ean be positioned over the chemical receptor 
aite; therefore it tastes sweet but the L-form does not. 
In spite of the barrier. vicinal OH. groups of either a D 
or an L-sugar would be eapable of forming an inter- 
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molecular H-bond at the AH,B site. While we view the 
barrier which prevents reaction of amino-acids with R 
greater than the ethyl radical as a straightforward steric 
problem, Price (private communication, 1968) has sug- 
gested that it may also be of a hydrophilic or “charge” 
nature. 

The p-rhamnose, r-galactose and D and r-glucoheptulose 
were kindly given to us by N. K. Richtmyer. 
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Effect of Bromide on Evoked Release 
of Monoamines from Brain 
Slices and Intact Atria 


a kwe 


acid. 

Sliees of mammalian braim and other tissues rich in 
adrenergie nerve endings actively aceumulate SH -nor- 
adrenaline’, ?H-serotonin? and ?H-y-aminobutyrate* from 
incubation media. These compounds seem to be con- 
eentrated in nerve terminals which normally contain the 
endogenous amine*?. Electrical stimuli of low intensity 
and short duration, which are known reversibly to de- 
polarize nerve membranes*, enhance release of *H-nor- 
adrenaline?, *H-serotonin!? and *H-y-aminobutyrate!! into 
the perfusing medium. This effect of electrical stimulation 
ean be modified by altering the ionic eontent of the 
perfusing medium or by adding drugs*^''. The effect. of 
bromide ions on the release of ?H-noradrenaline, °H- 
serotonin and ?H-y-aminobutyrate from rat atria and 
brain sliees was studied. 

Adult male Sprague-Dawley rats were killed by cervical 
fracture. Their brains or hearts were rapidly removed. 
Slices weighing about 20 mg were prepared from the 
striatum!*, or the atria were removed intact. The tissue 


perfused. 
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Fig. 1. Rat striatal slices were incubated with labelled amine, super- 


fused and stimulated. The cross-hatched areas of the bars indicate the 

levels of tritium efflux before stimulation while the total height of 

each bar depicts efflux during stimulation. The lined areas thus represent 

stimulation-induced release. Results are expressed as pc/min and are 

the means (+ S. E. M.) for eight slices. The P values refer to differences 

in the stimulation-induced release compared with control slices. a, *H- 
Noradrenaline; b, *H-serotonin. 


When the spontaneous efflux of radioactivity had fallen 
to a steady level (20 min), reetangular de pulsatile stimula- 
tion (10 or 20 mA, 100 Hz, 4:0 ms) was applied for 1 min 
using a Grass S-4 stimulator and a CCU-IA constant cur- 
rent control unit. Effluent superfusate was collected during 
2 min intervals immediately before and during stimulation 
and assayed for total tritium by liquid scintillation 
spectroscopy. Stimulation of atria or slices of brain 
previously incubated with *H-noradrenaline, *H-serotonin 
or *H---aminobutyrate produces a rapid rise in the tritium 
efflux, consisting chiefly of unmetabolized amine*-?!, Dif. 
ferent eoncentrations of the sodium salts of bromude or 
iodide were substituted for the sodium chloride in the 
normal perfusing medium. 

When sodium bromide (30 mequiv./l) was used to 
replace a portion of the sodium chloride in the perfusing 
medium, the *H-noradrenaline and *H-serotonin evoked 
from the striatum by a 10 mA stimulus were diminished 
(Fig. 1). No effect on release of *H-v-aminobutyrate was 
shown. At concentrations of 20 mequiv./l., bromide ions 
reduced evoked release (at 10 mA) of *H-serotonin but 
not °H-noradrenaline. When the stimulating current 
strength was increased to 20 mA, there was no significant 
inhibition. Replacement by iodide (30 mequiv./l.) of a 
portion of the chloride caused no diminution of *H-sero- 
tonin or *H-noradrenaline release. This suggests that the 
inhibition of release is a specific effect of the bromide 
ions rather than an effect of chloride replacement. With 
intact atria, 30 mequiv./l. of bromide did not significantly 
inhibit release of either ?H-serotonin or “H-noradrenaline. 

The concentrations of bromide used in these experi- 
ments are comparable with serum concentrations (19-25 
mequiv./1.) found in bromide intoxication!?. The inhibition 
of stimulus-evoked release of *H-monoamine by bromide 
is comparable with the inhibition by barbiturates’, 
lithium!? and lysergie acid diethylamide". The apparent 
lack of effect of bromide on monoamine release from atria 
is consistent with the fact that bromide toxicity chiefly 
affects the central nervous system and has no sympatho- 
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lytic effects!'?:5, Lithium ions also selectively diminish 
release of amines from brain slices but not from atria. 
These results suggest that action of ¿hese drugs involves 
a diminution of synaptic efficacy by reduction of transmit- 
ter release specifically in brain. 
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Effects of 6-Hydroxydopamine on 
Noradrenaline-containing 
Neurones in the Rat Brain 


THE compound 6-hydroxydopamine (2,4,5-tribydroxy- 
phenylethylamine) produces a long lasting depletion of 
noradrenaline (NA) from peripheral sympathetically 
innervated tissues in various species!*, It was originally 
suggested that the depletion of noradreraline produced by 
6-hydroxydopamine might be a result of damage to the 
amine storage sites in sympathetic nerves i a manner 
similar to that of reserpine, or that, alternatively, 8- 
hydroxydopamine might act as a "false transmitter" and 
displace noradrenaline from sympathetis nerves!-*. Elec- 
tron microscopy has shown recently, however, that after 
treatment with 6-hvdroxvdopamine the terminal regions 
of peripheral adrenergic nerves degererate and even- 
tually disappear*. The noradrenaline depletion produced 
by 6-hydroxydopamine has been suggested to result from 
this aeute degeneration of adrenergic terminalis. This 
hypothesis was supported by the histochemical evidence 
that after treatment with 6-hydroxydopemine the fluores- 
cent network of sympathetic nerve terminals in the rat 
iris disappeared, while the fluorescence of pretermunal 
axons increasedt. 6§-Hydroxydopamire thus induces 
changes similar to those seen after section of an adrenergic 
nerve, suggesting that this compound preduces a “chemu- 
cal sympathectomy”. 

Although systemic administration of 6-hydroxydop- 
amine leads to a reduction in the noradrenaline content of 
kitten hypothalamus, the drug has no effeet on whole brain 
concentrations of noradrenaline in the mouse"; this is 
presumably because it does not readily enter the brain 
from the bloodstream. We have therefore investigated 
the actions of 6-hydroxydopamime or noradrenaline- 
containing neurones in the rat brain waen the drug is 
administered directly into the cerebrospinal fluid. 

Male Wistar rats (250-300 g body weight) were given 
injections of 6-hvdroxydopamine hydrobromide into the 
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lateral ventricle of the brain". The drug was dissolved in 
artificial cerebrospinal fluid*, to which ascorbic acid was 
added (1 mg/ml.) to inhibit the otherwise rapid auto- 
oxidation of 6-hydroxydopamine. The injection volume 
was 20 ul. in all experiments, and doses of 6-hydroxydop- 
amine are expressed as ug of free base. Control animals 
were injected intraventricularly with 20 ul. of the vehicle 
solution. 

At various times after injection of 6-hydroxydopamine 
the animals were killed and noradrenaline was isolated 
from perchloric acid extracts of brain by ion exchange 
chromatography’, and estimated fluorimetrically*. 
Twenty-four hours after injection of 100 ug of 6-hydroxy- 
dopamine the noradrenaline content of whole brain had 
deereased to approxunately 40 per cent of the control 
value. The brain content of noradrenaline remained at 
this depressed level with no significant recovery for at 
least 32 days, this being the longest time inter val so far 
investigated (Fig. 1). In animals given various doses 
of 6-hydr oxydopamine and examined 2 days after the 
injections, the dose required to deplete brain noradren- 
alme by 50 per cent was approximately 25 ug (Fig. 2). 
The highest dose tested (500 ug) produced a depletion of 
85 per cent of brain noradrenaline. At this dose two out of 
five animals developed convulsions within 2 h of receiving 
the drug; higher doses were not therefore tested. Apart 
from the toxic reactions observed after doses of 500 ug, 
no obvious behavioural changes were noted in treated 
animals. 

In studies of the effects of 6-hydroxydopamine on peri- 
pheral adrenergie neurones, the drug has been found to 
cause a long lasting reduction in the ability of sympathetie- 
ally innervated tissues to accumulate exogenous cate- 
cholamines®*. This is consistent with an acute degenera- 
tion of adrenergic nerve terminals, for the membranes 
of such terminals are known to possess a specific uptake 
mechanism for exogenous catecholamines!!. The loss of 
uptake sites induced by 6-hydroxydopamine distinguishes 
the effects of this drug from those of reserpine, which also 
depletes noradrenaline from peripheral and central 
adrenergic neurones, but leaves the neuronal uptake sites 
intact. Histochemical studies in the rat, for example, 
have shown that «-methylnoradrenaline is taken up into 
the terminal network of adrenergie fibres of the iris in 
animals treated with reserpine, while no uptake of «- 
methylnoradrenaline occurred in irides from animals 
treated with 6-hydroxydopamine*. 

Catecholamine-eontaining neurones in the brain are 
also able to accumulate exogenous catecholamines by a 
reserpine-resistant mechanism!-*, and so we have 
compared the ability of brain tissues from animals treated 
with reserpine or 6-hydroxydopamine to accumulate 
exogeneous noradrenaline labelled with tritium. Uptake 
of labelled noradrenaline was measured in slices of 
tissue incubated in vitro in a medium containing 
DL-7-?H-noradrenaline (Radiochemical Centre, Amersham; 





mM 
Es 
2? 
2 
3: ^ 
2 8 16 32 
Davs after injection 
Fig. 1. The noradrenaline (NA) concentration in rat brain at different 


times after intraventricular injection of 100 ug of 6-hydroxydopamine. 

Each pointis the mean + S. E.forfour to five animals. The overall mean 

+S E. for the noradrenaline concentration in control animals was 
0-36 - 0-01 ugig (n —21). 
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Fig. 2. Effect of different doses of 6- hydroxydopamine on whole brain 

noradrenaline concentration in rata 2 2 days after intraventricular injec- 

tion of a single dose of the drug. Fach value is the mean + S. EK. for 
groups of three to seven animals, 


specifie activity — 3-5  Ci/mmole). Slices were pre- 
pared from samples of the hypothalamus (a region 
containing an abundance of noradrenaline nerve ter. 
minals) and the striatum (a dopamine-rieh area), and 
dissected according to the procedure of Glowinski and 
lversen!*. Reserpine does not affect the initial uptake of 
exogenous noradrenaline into adrenergie neurones, but 
interferes with the subsequent retention of the aecumu- 
lated amine!*. The initial uptake of *H-noradrenaline 
was therefore estimated in the present experiments by 
measuring the accumulation of radioactivity in slices 
exposed only briefly (5 min) to *H-noradrenaline (0-05 uM). 
The tissues were also exposed to the monoamine oxidase 
inhibitor pargyline (0-1 mM) for 15 min before the addition 
of *H-noradrenaline to inhibit the enzymatic destruction 
of the accumulated amune. In slices of rat brain incubated 
with ?H.noradrenaline in similar conditions, almost all 
the radioactivity which accumulated in the tissue was 
present as unchanged *H-noradrenaline!®. The uptake of 
*H-noradrenaline was thus estimated by measuring the 
total radioactivity accumulating in the tissue, and was 
expressed as a tissue : medium ratio (d.p.m./g of tissue : 
d.p.m./ml. of ineubation medium). Sliees of the brain 
regions (0-1 x 0-1 x 1-0 mm) were prepared with à mechani- 
cal chopper, and samples containing 10 mg of tissue were 
incubated and collected as described before". During 
the 5 min exposure to ?*H-noradrenaline the radioactivity 
in the control tissues from untreated animals rose to 
levels many times higher than those in the incubation 
medium (tissue medium ratio= 7:5 for hypothalamus and 
19-2 for striatum). 

There was a small but not significant reduction in the 
accumulation of radioactivity in hypothalamic slices 
prepared from rats treated 20 h earler with reserpine 
(5 mg/kg given intraperitoneally). On the other hand, in 
hypothalamic shees from animals treated 2 or 16 days 
previously with 6-hvdroxydopanune (100 ug) the aecumu- 
lation of radioactivity was significantly reduced, to about 
60 per cent of control values (Fig. 3). Treatment with 
reserpine had only à small effect, and so the accumulation 
of radioaetivity can be used as an estimate of the initial 
uptake of the labelled amine into adrenergic neurones. 
The reduced accumulation of labelled amine observed in 
the hypothalamic tissue from animals treated with 6. 
hydroxydopamine thus presumably reflects a reduction 
in the number of available uptake sites in these tissues. 
In slices of the striatum, treatment with 6-hydroxydop- 
amine did not lead to any significant reduction in ?H- 
noradrenaline uptake (Fig. 3). The striatum contains 
predominantly dopamine neurones, and so these results 
suggest that 6-hydroxydopamine has a selective effect 
on noradrenaline neurones, with little action on structures 
containing dopamine. This possibility 1s bemg explored 
by investigating the effects of 6-hydroxydopamine on 
the concentrations of endogenous dopamine and other 
amines in the rat brain. 
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Fig. 3. Effects of reserpine (5 mg/kg, given DAD 20 h 
earlier) and 6-hydroxydopamine (6-OHDA) (100 ug given intra- 
ventricularly, 2 or 16 days earlier) on the initial uptake of *H-noradren- 
aline into hypothalamic and striatal slices. Each value is the mean 
t S.E. of four to ten experiments. The overall means + S.E. for the 
tissue : medium ratios in control experiments were T x08 (n= 14) 
for hypothalamus and 19-2 + 2-70 (n — 16) for striatum. White columns, 
control; stippled columns, experimental. 


In conclusion, these results indicate that the administra- 
tion of 6-hydroxydopamine into the cerebrospinal fluid 
leads to à substantial and long lasting depletion of nor- 
adrenaline from the rat brain. As in peripheral organs, 
the depletion of noradrenaline in the brain after a single 
dose of 6-hydroxydopamine persists for several weeks: 
considerably longer than the effects produced by other 
known depleting agents'. This finding. together with 
the apparent reduetion in the number of eatecholamine 
uptake sites in the rat hypothalamus after treatment with 
6-hydroxydopamine, is consistent with the hypothesis 
that 6-hydroxydopamine produces a selective acute 
degeneration of noradrenaline nerve terminals in the 
brain, as in the peripheral sympathetic nervous system’. 
Further biochemical and anatomical studies, however, 
are clearly necessary to substantiate this hypothesis. The 
possibility of producing a selective and long lasting 
depletion of noradrenaline from the brain with 6-hydroxy- 
dopamine suggests that this drug may prove to be a 
valuable tool for future investigations of the physiological 
role of amines in the central nervous system. 
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Circadian Rhythms in the insect 
* + 

Photoperiodic Clock 

THE parasitic wasp, Nasonia vitripennis, is a long day 
insect which produces developing larvae in the summer 
months and diapausing larvae when she day-length falls - 
below the critical value of 15-25 h lgbt in 24 h (ref. 1). 


There is now strong circumstantial evidence that the 
"time measuring" ability. and thus the photoperiodic 


"eloek", of this species is based on a circadian rhythm of 
sensitivity to light which is itself phase set by the cycle 
of light and dark?*. In particular, night interruption 
experiments produce two peaks of diapause inhibition 
and support the coincidence model proposed by Pitten- 
drigh and Minis**, and daily chilling during the light or 
dark of cycles close to the critical day -length can reverse 
their photoperiodic effect®. This communication describes 
experiments in which females of N. veripennis were sub- 
jected to night interruption experiments (in which the 
dark component of the cycle is systematically scanned by 
supplementary light pulses) together with a daily period 
of chilling in an attempt to explain these photoperiodic 
reversals. 

Newly emerged females of N. vitripennis were placed 
in glass tubes (2x (0-5 inch) with a male wasp and two 
3 day old pupae of their flesh-flv host, Sarcophaga barbata. 
Groups of twenty of these tubes were then placed at 18" C 
in different cycles of light and dark. Constant tempers- 
tures were maintained in Gallenkamp cooled Incubators 
and illumination was provided by Phiips 8W striplights 
controlled by Londex time switches. 

The parasitized pupae of S. barbata were replaced daily 
by fresh pupae and incubated in contiauous darkness at 
25^ C for 10 days. After this the parasitized Sarcophaga 
pupae were opened and the contents were scored as dia- 
pause larvae or developing pupae. The experiments 
were continued for 28 to 30 days. Control groups of 
wasps were subjected to interrupted nights; experi- 
mental groups received interrupted nights and a daily 
period of chilling (3 h at 2° C) at differens times in the day 
or night. Results were computed as the geometrical 
mean number of days until the "switch" to the production 
of diapause larvae; short-day effects are represented by a 
rapid switch (8-11 days) and long-day eflects by a delayed 
switch (20-25 days). 

Fig. 1 shows the effect of chilling in she middle of the 
light (Zeitgeber time (Zt) 5 to 8 (which s 5-8 h after the 





^ 








Zeitgeber time (b) 


Fig. 1. The effect of chilling in the middle of the light component 
(Zeitgeber time 5 to 8) of a cycle of 14 h light and: 10 h dark on the 
peaks of diapause inhibition in night interruption experiments. Both 
peaks become reduced in amplitude, and a supplementary p eak {Ap 
appeared at Zt 18 to 19. & —— €, Females subjecsed to night inter- 
ruption experiments (1 h supplementary light puises): G 

females subjected to night interruption experiments s h ehilling a 
9* C from Zt 5 to §, In thia experiment 286 females were used, Points 
represent the geometrical mean number of days untit the gwiteh fo dia- 

pause production 42x S.E. 
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beginning of the light component of the cycle)) in a 
regime of 14 h light and 10 h dark. When compared with 


the response for the unchilled females, the amplitudes of 


both peaks of diapause inhibition were significantly 
lowered. Both peaks appear to lie in the same positions 
. at night as do those for the controls, but there was 
evidence of an additional "peak" (4,) at Zt 18 to 19. A 
similar result was obtained when the females were chilled 
at the end of the main light component of the cycle 
(Zt 11 to 14) (Fig. 2). In this case, however, the reduction 
in amplitude was less apparent, but the supplementary 
peak (4,) at Zt 18 to 19 was much stronger. 

These results are somewhat different from that reported 
earlier in which peak A was shifted further into the 
night by a period of chilling from Zt 0 to 4 (refs. 2 and 5). 
One explanation for this difference could be as follows. 
When the females were chilled from Zt 0 to 4 the "lights- 
on’ signal was effectively delayed until Zt 4, but. in 
experiments in which the wasps were chilled from Zt 5 
to 8 or Zt 11 to 14, "lights-on" and "lights-off" (the end 
of the supplementary light pulse) were unaffected. This 
suggests that once these two signals have entrained the 
oscillation it ean continue operating with a 24 h period 
even with a temperature pulse at 2° C. But this may not 
be completely effeetive and the small supplementary peak 
(4,) may represent some of the individual oscillations in 
the population being shifted in the manner expeeted. 
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Fig. 2. The effect of chilling at the end of the light component (Zt 11 
to 14) of a cycle of 14 h light and 10 h dark on the peaks of diapause 
inhibition in night interruption experiments. Peak 4 is reduced in 
amplitude, and a supplementary peak (4,) appears at Zt 18 to I9. 
e9 —— @, Females subjected to night interruption experiments; 
O =m ©, females subjected to night interruption experiments plus 
3 h chilling at 2? C from Zt 11 to 14. In this experiment 277 females 
were used. 


If the explanation for the shift of peak A to the right 
by chilling in the light component of the cycle is correct”, 
chilling in the dark component should shift peak A to the 
left (and peak B to the right). This argument, whieh is 
based on the coincidence model, was put forward earlier?. 
It has now been tested by using a regime of 12 h light and 
12 h dark and by chilling from Zt 14 to 17 and from 
Zt 17 to 20 (Figs. 3 and 4). 

The most obvious effect of chilling the wasps from 
Zt 14 to 17 was the considerable increase in the amplitude 
of peak B. There was also some evidence that peak A 
moved to the left (Fig. 3. When the wasps were chilled 
from Zt 17 to 20 (between the peaks) both 4 and B 
inereaged in amplitude (for A, t= 2-32, P « 0-05) and there 


at low temperature were apparently "not seen’, for the 
rate of switehing to diapause at these points was no 
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Fig. 3. The effect of chilling in the dark component (Zt 14 to 17) of 
a eycle of 12 h light and dark on the peaks of diapause inhibition in 
night interruption experiments. Diapause reversal was suppressed at 
2° C, Peak 4 appears to have moved to the left and peak B is greatly 
increased in amplitude, €-—— 9, Females subjected to night inter- 
ruption experiments; © ==- ©, females subjected to night interrup- 
tion experiments plus 3 h chilling at 2° C from Zt 14 to 17. In this 
experiment 313 females were used. 


different from that of the uninterrupted but chilled 
controls. 

These shifts in the peaks of diapause inhibition confirm 
the expectations referred to earlier and therefore are 
evidence in favour of a circadian mechanism for the 
photoperiodic clock. In particular, the shift of peak A to 
the right by chilling during the “day” shows that time 
measurement begins with "lights-on", and the shift of 
peak A to the left with chilling in the dark clearly demon- 
strates a "carry-over" effect which can best be explained 
by a rhythmic hypothesis, but not by one (such as an 
"hour-glass"*) in which time measurement essentially 
begins with “lghts-off”. 

As regards the reversal of photoperiodie response by 
chilling. these results also support those obtained earlier. 
They suggest. however, that changes in amplitude of the 
peaks may be more important in this respect than the 
changes in their position in the night. For example, 
chilling in the dark tends to raise the amplitude of the 
peaks and thereby encourage the appearance of long-day 
effects, and chilling in the light reduces the peaks and 
encourages short-day effects. 
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The effect of chilling in the dark component (Zt 17 to 20) 
of a eyele of 19 h light and dark on the peaks of diapause inhibition in 
night interruption experiments. Both peaks are Increased in amplitude; 
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Effect of Intrahypothalamic Infusion 
of Acetylcholine on Behavioural and 
Physiological Thermoregulation in the 
Rat 


CHANGES In body temperature can be produced by local 
application. of drugs to the preoptie and anterior area 
of the hypothalamus. The direction of these responses 
varies with the drug and the species! ?,. The physiological 
response induced by the drug may be accompanied by a 
complementary behavioural thermoregulatory response: 
loeal heating of the hypothalamus, which produces physio- 
logical heat dissipation responses*, also results in de- 
creases in rate of response for peripheral heat*^. Similarly, 
local cooling produces inereased rectal tempers ature and 
increased rates of response for heat?-*. 

Intrahypothalamic applieation of acetylcholine chloride 
in the rat results in hypothermia and in a parallel reduc- 
tion in the rate of response for peripheral heat. Local 
hypothalamic temperature was used as the index of 
bedy temperature. This measure parallels changes in 
intraperitoneal temperature, although the absolute leve! 
of each may be different’. 

Eighteen Sprague-Dawley male rats, weighing between 
415 and 610 g, were used. The behavioural test apparatus 
was a circular hardware cloth cage with ‘Plexiglas’ tube 
flooring, housed in a commercial chest-type freezer 
maintained at —5°+2° C. A ‘Plexiglas’ lever, extending 
into the cage, operated a microswitch which activated 
two infrared heat lamps placed on either side of the cage. 
Pressing the lever activated the lamps for 3 s with a total 
power dissipation of 300 W (150 W per lamp). Each 
bar press turned the lamps on if they were off. Responses 
while the lamps were on did not prolong their operation. 

The bilateral cannula assembly consisted of 21-gauge 
stainless steel tubing guides, with 26- gauge stainless steel 
inserts which extended 1 mm beneath the tips of the guides 
when secured in place. The inter-cannula distance was 
8 mm. The guides were implanted stereotaxically. 
ten pairs directed into the preoptic and eight pairs into 
the anterior hypothalamus, according to the 
de Groot!*. Infusion was accomplished with two Hamilton 
microhtre syringes connected to the cannulae via PE 20 
polyethylene tubing. The cannulae were inserted at the 
beginning of each session and remained in place during 
the course of the test, so infusion took place without 
the animal being handled. The drugs were dissolved in 
0-9 per cent NaCl solution at pH 5:5-6-0, and were infused 
in l ul  Loeal hypothalamic temperature (Th) was 
sensed by a calibrated. bead-type thermistor (VECO 
32A7) which was mounted at the tip of one tube of the 
bilateral guide. The leads were brought out to an ‘Amphenol’ 
plug which, together with the cannula guide. was anchored 
to the skull with stainless steel screws and dental aervlic. 
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Continuous records of Th were obtained with a Leeds 
and Northrup recording potentiometer. 

The fur of the animals was clipped before testing. 
Each rat had at least seven 3 h trairang sessions before 
implantation. Four rats showed a decrease in rate of 
behavioural response for heat postoperatively. bub this 
returned to the preoperative baseline within two sessions. 

Before infusion sessions, baseline temperature and 
behavioural data were obtained. Æt the end of the 
30-40 min pre-infusion period, 1 pa of acetylcholine 
chloride was infused bilaterally. The session continued 
after infusion until Th recovered to a stable pre-infusion 


level. Total time for each experiment was approximately 
1-5 h. 


The response to acetylcholine chloride was a decrease 
in Th accompanied by a decrease ir rate of response 
for peripheral heat. The magnitude of both effects 
attenuated gradually with repeated tests. Table la 
summarizes the data for s six animals tested at à concen- 
tration of 50 ug/ul. The mean decrease in Th (+ 8. ELM 2 
was (84 +0-11° C; the time for the temperature de- 
erease was approximately 8 min. One rat failed to show 
a temperature response to ACh. Decrease in rate of 
response was calculated as the percentage deerease in 
the number of bar press responses in tue LO min maimed- 
lately after infusion, compared with thesrumber oceurring 
during the 10 min preceding infusion. Tae rate of response 
following infusion of acetyleholine ehloride. declined 
434 6:5 percent. This change was usually due to cessation 
of bar press behaviour lasting 8-10 mim but occasionally 


there was a constant response at a reduced rate. The 
rats were sitting quietly with no visible signs of dis- 


comfort during the period of inactivity. — Inereased 
response typically resumed while Th wes still decreasing. 
and the pre-infusion response rate was re-established 
within 15 min. 


Table l. EFFECT OF INTRAHYPOTHALAMIC 
SALINE, ANT? COLD EX 


ACETXLUHOLISE CHLORIDE, 
CPOSURE ON HYPOTHALAMIC TEMPERATURE AND RESPONSE 





RATE 
Mean No. of responses 
0-10 16-20 Men "5 Mean 
No. of 10 min min min change in No. change tn 
Animal obser- pre- post- post- of rec&ponaes Th CA 
No. vations infusion infusion infusion ta E.M. + SEAM, 
a ACh 1 ul, (50 vgiuh) 
Bal 1 57 14 23 ~ = pRB 
ha 3 67 57 27 - (00 + GG 
B5 5 Ot a0 82 ~ — O67 + 10 
BG 3 48 14 51 OAT (ps 
Ci 6 60 i8 60 ~ 1:56 4 0-14 
UA 4 42 26 i3 om SR 0342 
b, Normal saline, 1 yl. 
Group 
N=10 107 AS 49 56 EB -60A — 000200 
e, Exposure to — 3° C for 20 mir 
Group 
Ne=12 12 = es ak ~ (22 0: 03* 


* Th expressed in ° C/10 min. 


The animals included in Table la were tested repeatedly 
with a standard 50 ug dose of acetylcholine chloride. 
The effects of the drug on temperature and behaviour 
lessened with repeated tests. A seconc group of rats 
was therefore studied in order to replicate the behavioural 
and physiological effects of acetylcholine chloride, and to 
obtain a dose-response function subject. to the condition 
that no animal be tested more d three tunes. Five 
observations at each of three drug doses were obtained 
from seven rats. The decrease in Th and response rate 
was a linear increasing function of concestrations of the 
drug: 30 and ug/ul. were 





concentrations of 20, 
followed by decreases in Th of (8-4 0-2? 0, pb5 xz O14 © 
and 2-124 029^ C, respectively. The effect of 30 ug 
was greater for this group than for the rats shown in 
Table I. The decreases in rate of respense were 36-0 
X27T.6 per cent, 449412-7 per cent and 599459 
per cent for concentrations of 20, 30 and 50 ug/ul of 


& 
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acetylcholine chloride, respectively. Response was 
suppressed for 3 min at 20 ug, 5 min at 30 ug and 8 min 
at 50 ug. 

The influence of local pretreatment with atropine 
sulphate was tested in seven rats. Bilateral infusion of 
1 ul. of atropine (20 ug) before the animal was put in the 
test apparatus prevented the decrease in T'h and bar press 
response rate usually seen when 50 ug/ul. acetylcholine 
ehloride was infused 30-40 min later. The effects of 
infusion of normal saline and of exposure to —5? C 
for 20 min are shown in Table 1b and c. Infusion of 1 
ul. of normal saline at pH. 5-5-6-0 resulted in no change 
in Th and in à small, variable increase in rate of response 
(l[6 6:0 per cent). Thus the decrease in Th and rate 
ef response following acetylcholine chloride is not caused 
by the infusion process itself. Exposure to an ambient 
temperature of —5° C for 20 min, without the oppor- 
tunity to work for radiant heat, resulted in a mean 
decrease in Th of 0-02? C/min, demonstrating that 
the temperature decrease (approximately 0-10^ C/min) 
induced by acetylcholine chloride was produced by more 
than a lack of peripheral heat input. A decrease in heat 
production as wellas cutaneous vasodilatation were probably 
responsible for the extent of the total heat loss observed!!. 
Our results are illustrated by Fig. 1. Histological exam- 
ination showed that the cannulae in the animals displaying 
a temperature response to acetylcholine chloride were 
located between A7-0 and A8-2 in the atlas of de Groot’. 
The cannulae in the one rat which did not show tempera- 
ture decline were located rostrally at AQ-0. 
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Fig. 1. Decrease in hypothalamic temperature (TA) of 1° C and cessation 


of response for 7:5 min after infusion of 1 wl. of aecetvicholine chloride 

(50 ng/ul. into the preoptic area. The lower record shows rate of 

response as the slope of the record. The dotted line shows resumption of 

stable bar press rate occurring before the base of the temperature 
decrease, 


Local cooling of the preoptic/anterior hypothalamic 
area results in an increase in rate of response for peripheral 
heat?^?. Our results may appear paradoxical in that a 
decrease in hypothalamic temperature induced by 
acetylcholine chloride is accompanied by a decreased 
response for peripheral heat, rather than an increased 
response. We assume that behavioural response and 
body temperature are both responsive to the activation 
of heat loss mechanisms. Lack of response in this situ- 
ation is viewed as a heat dissipating response. A similar 
deerease in behavioural response rate has been noted 
as a consequence of hypothalamic heating*. 
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Lactose Intolerance in Asians 


THE report of a postulated lactose intolerance in Asians! 
said of food aid programmes: “It could be that aid in 
this form with the subsequent induction of diarrhoea is 
not the most efficient method of helping a malnourished 
community’. Subsequent criticism of this comment? 
questioned the validity of extending the results of a 
laboratory experiment, in which the administration of 
lactose induced gastric disorders among adult Asians, 
to food aid programmes because "To be me: aningful in 
terms of the place of milk and milk products in aid 
schemes . . . the emphasis should be on the reactions of 
children rather than of adults, for most food aid schemes 
are directed towards improving the health of children”. 

In fairness to the authors of the report, it should be 
remembered that such aid programmes, though perhaps 
intended principally to save the lives of children, and 
intended as only temporary expedients, might have 
very far-reaching effects. Would it not be more realistic 
to consider them as one particular and modern aspect 
of a much more general phenomenon: that of replacing 
the traditional diet of one region by the diet and the 
cultural characteristics of another ? Even if the donation 
is unconditional and unaccompanied by propaganda, 
delivery alone implies at least contact between donor 
and reeipient and the consumption of any new foodstuff 
is likely to result in the acquisition of a new taste. In 
this general case, therefore, it is the adult who will 
ultimately be most concerned because the young child 
at least will remain dependent on its mother’s milk 
whatever happens to the diet of its parents. 

A hundred years ago the policy was adopted in Japan 
to study western science and technology in order to 
modernize and improve the naticnal way of hfe. The 
introduction of milk drinking and meat eating was en- 
couraged from the beginning and even today relentless 
efforts are made by interested (and largely foreign) 
groups and companies to westernize the national diet. 
At first the diet of much of the population was deficient 
in protein, so that the introduction of milk might well 
have contributed to improving the health of the people—- 
as water may be said to improve the health of a man 
dying of thirst Now that nearly everybody in the 
country receives at least the minimum dietary Pur 
ments for good health, as is probably, though not neces 
sarily, shown by the marked increase in stature of ie 
Japanese since the end of the war, is there not a very 
good case for studying carefully the effects of milk— 
baby food, and an unnatural food for adults if ever there 
was one—on healthy non-Caueasian adults ? 
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That a prominent Japanese cancer specialist, trained 
largely in the United States, should suggest that the high 
incidence of gastrie cancer in his country is attributable 
to the fact that “we don't drink enough milk", seems to 
indicate a most irrational assumption that western (or 
more accurately, American) food is best for everyone. 
At the cost of replacing Asian diseases by American 
diseases, this might well be the case. Nevertheless, a 
distinction between a possible diet in survival conditions 
and an optimum diet in affluent conditions should be 
made when such matters are considered. 
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Retardation of Clot Retraction after 
Incubation of Platelets with 
Colchicine and Heavy Water 


Bioop removed from the circulation and allowed to clot 
undergoes retraction, and the evidence is quite conclusive 
that retraction requires the presence of viable platelets!'?, 
A circulating platelet is disk shaped, containing a marginal 
band of microtubules, a rather sparse layer of microfibres 
beneath the plasma membrane, and a variety of granules. 
With activation by clotting, the platelet peripheral micro- 
tubules disappear and hyaloplasmic microtubules appear. 
degranulation occurs, and the cells take on a constricted 
appearance because of the pseudopods that form and the 
centralizing of the organelles. The prevailing theory of 
clot retraction is that the withdrawal of the platelet 
pseudopods somehow provides the impetus for the 
compression of the inert extracellular fibrin. We suggested 
recently that in an analogous, non-mammalian clotting 
system the contraction of the whole haemostatic cell is 
related to clot eontraction?. 

Platelets contain contractile protems, thrombosthenin, 
with properties quite similar to muscle aetomyosin*. The 
contraction of platelets during clot retraction may there- 
fore be another example of the monophyletic approach, 
whereby specific movements of and within cells seen in 
mitosis, phagocytosis, saltation, and when cilia and 
flagella are active, have an ultrastructural, phylogenetic 
relationship that seems to be centred on the microtubules 
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Fig.1. Effects of colchicine on clot retraction compared with the control, 

which is plotted as 100 per cent (control clot retraction = 8Ü per cent). 

The two symbols represent separate experiments, but with similar 
platelet counts 3-5 x 105/mm?, 
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Fig. 2. The relationship of platelet number to the retarding action of 
colchicine at a fixed concentration is illustrated in tae curves with closed 
symbols, and the non-colchicine controla are plottet with open symbols. 


(Mt) and their subunits. We demonstrate here that 
colchicine retards clot retraction (CR) ina manner similar 
to the inhibition of fibre-motile systems deseribed for 
other cells*-7. 

Platelets were obtained from citrated (0:1 volume of 
3-8 per cent sodium citrate) bovine blood. and resuspended 
in platelet poor plasma (PPP) to obtain the desired celi 
counts. The platelet suspensions were incubated for 
15 min in a water bath shaker at 37^ C with 0-1 volume 
of colchicine dissolved in physiological seline. Clots were 
made by recalcification of the suspensions (L8 mi. of 
colehicinized platelets + 0-2 ml. of 0-1: M CaCl) and 
incubated at 37° C without agitation (cowhicine does not 
affect clotting times); at intervals the tubes were removed 
and placed in melting ice to stop retraction. The serum 
expressed was measured in a calibrated burette. Samples 
of platelets incubated with 10- M colehicine were washed 
three times with PPP and then resusperded and clotted 
in fresh plasma; controls with washed, mon-colehicinized 
platelets were run concurrently. Platelet protein synthe- 
sis during incubation with high concentrations of colchicine 
was determined as deseribed before’.  Zleetron miero- 
graphs of normal and colchicinized platelets were made from 
clots as described before®. Platelets (1-35 x 109/mm?) were 
also suspended and incubated for 15 min at 37° C in 
0-9 per cent saline made with different amounts of heavy 
water (D,O), and then reealeified to form a elot; the 
degree of clot retraction was measured after 120 min. 
For each D,O concentration a control was set up with 
HO. 

The general effect of incubating platelets with colchicine 
before clotting is to slow down the rate o" clot retraction 
and, with high concentrations of colechicme (10-? M), to | 
delay the initiation of clot retraction. Diute concentre- 
tions of colchicine seem to enhance clot retraction (Figs. l 
and 2). With colchicine concentrations fixed at 10-* M, the 
retardation of clot retraction is seen as a funetion of the 
number of cells, indicating that colchicine acts on the 
platelets (Fig. 2). The incubation also delays initiation of 
clot retraction for all platelet concentramons, and this 
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time lag likewise seems to be a function of platelet num- 
bers. Washing colchicinized platelets three times with 
PPP removes the retarding effect on clot. retraction. 

The addition of high concentrations of colchicine 
(10-* M) has essentially no effect on protein synthesis by 
platelets as measured by the radioactivity recovered in 
TCA-precipitated material. The controls at 60 and 90 
min yielded 3,200 d.p.m. and 4,052 d.p.m. respectively. 
The counts for the colehicine experiments for the same 
periods were 3,124 d.p.m. and 3,991 d.p.m. respectively. 

During the lag period, the colehicinized platelets are 
characterized by an absence of microtubules (Figs. 4 
and 3). Ace :ording to the work of Taylor and his eol- 
leagues®* the role of colehicine in all the diverse actions 
related to motility is to bind with specifie macromolecules 
found in the microtubule, and the inhibitory effect on the 
movement is a secondary manifestation, 

The effeet of colchicine on clot retraction is only 
temporary, and experimental clots eventually retract 
to the same extent as the controls. One explanation Is 
that some aspect of the substrate produces subunits 
beyond the binding concentration of the colchicine. The 
delay of initiation. of clot retraction could represent the 
time needed to produce and assemble the precursors of 
the contractile protein in excess of « existing colchicine 
titre. Once sufficient contractile proteins are produced, 
clot retraction can proceed at a rate which parallels the 
controls. Even the enhancement effect can be attributed 
to the possibility that a slight amount of colchicine 
(107° M) binds just enough subunits of the contractile 
elements to initiate the production of additional con- 
tractile proteins; the net result 1s a platelet with more 
than normal eoneentration of contractile elements which 
produces an even greater clot retraction. 

The pilot study with D,O instead of eolehieine further 
substantiates the role of the mierotubules-mierofibres in 
platelets as part of the contractile system. Investigations 
with heavy water indicate that deuteration enhances the 
polymerization of protein units and favours stability in 
this state. If the contractile elements of the haemo- 
static cells are in part formed from the subunits derived 
from microtubules, then D,O by its overstabilizing ability 
should hkewise effeet clot retraction. With 80 per cent 
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Fig.3, The retarding effects of incubating platelet suspensions in vary ing 
concentrations of heavy water in saline on clot retraction are depicted in 
this Hlustration. AH measurements were made 120 min after clotting. 

Percentage of experimental elotre traction 


Percentage of retardation = 1— 222 ulis mii sada lhc ll 
* our Percentage of control clot retraction 


NATURE, VOL. 221. 


FEBRUARY 8. 


1969 





Section showing the marginal band microtubules in conzrol, non- 


colehieinized bovine platelet, (x 21,000.) 


Fig. 4. 





Fig. 5. Section showing an absonee of microtubules in bovine platelet 
treated with 10: * M eolehieine. (6 » 30,000.) 
D4,0, clot retraction was delayed for 120 nun, the length 
of the experiment (Fig. 3). The retardation of clot 


retraction was almost completely reversed by washing 
with PPP the platelets which had been incubated in 
D,O. 

The general view of the action of colchicine and D,O 
together with our results provides a working model for 
the sources of contractile proteins in the platelets. The 
precursors of the contractile proteins may come: (1) 
from the disassembly of the microtubules; (2) frorn an 
existing protein pool; and (3) direetly from substrates 
synthesis. 

One possibility why other investigators have not ob- 
tained a change in degree of clot retraction using col- 
chieine!?/!? is perhaps the final concentration of colchicine 
utilized or the time mterval for measuring clot retrac- 
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tion. Referring to Fig. 1, if concentrations of colchicine 
between 10-5 M to 10-5 M are used, even with 3-5 x 105 
platelets/mm*, the comparative percentage retraction 
would be equal to the control. Consequently it might 
be assumed that there had been no change. As Fig. 2 
shows, if higher concentrations of colchicine are used and 
clot retraction is measured only at one time interval, 
such as 90 min, it would also be assumed that colchicine 
has no obstructing effeet on clot retraction. 

These data show that the platelet contractile mechan- 
ism is remarkably similar in its response to colchicine 
to the contractile system controlling biological movement 
in other types of cells. Although there is still no direct 
evidence, our data, coupled with the quite conclusive 
evidence presented by Taylors group that colchicine 
binds subunits of microtubules, indicate that a miero- 
tubular-mierofibre system plays an important part in 
platelet alteration during in vitro clot retraction. 

This work was supported in part by grants from the 
US National Heart Institute and the American Heart 
Association. 


D. SHEFRO 
F. A. BELAMARICH 
F. €. CHAO 
Department of Biology, 
Boston University Graduate School, 
Boston, Massachusetts 02215; and 
Marine Biological Laboratory, 
Woods Hole, Massachusetts. 


Received September 3; revised October 3i, 1965. 
* Budtz-Olsen, O, E., Clot Retraction (Thomas, Springfield, Hlinois, 1950). 


* Luscher, E. F., 
Brown, Boston, 1061). 


* Shepro, D., Belamarich, F. A., Merk, F. B., and Chao, F. Ca J. Coll Sei. 


(in the press). 
* Bettex-Galland, M., and Luscher, E. F., Nature, 184, 276 (1959). 
* Malawista, S. E., and Bensch, K. G., Seienee, 158, 521 (1967). 
* Borisy, G. G., and Taylor, E. W., J, Cell Biol., 84, 525 (1967). 


* Inoue, S., in. Primitive Motile Systems in Cell Biology (edit. by Allen, R. D., 


and Kamiya, N.), 549 (Academic Press, New York, 1064). 


* Warshaw, A. L., Laster, L., and Shulman, N, R., J. Biol. Chem., 242, 2004 


(1967), 
* Borisy, G. G., J. Cell Biol., 34, 535 (1967). 
1? Shelanski, M. L., and Taylor, E. W., J. Cell Biol., 84, 549 (1967). 
! Marsland, D., and Zimmerman, A. M., Exp. Ceil Rer., 88, 306 (1965), 
i! Zucker-Franklin, D., J. Cell. Biol., 85, 1494 (1987). 
S White, J. G., Amer. J. Pathol., 58, 281 (1968). 


Effect of a Sensory Stimulus on an 
Impaired Membrane Transport 
System in Man 


CLINICAL observation suggests that increased Sensory 
stimulation in depressed psychiatric patients results in a 
transient improvement in mood. Here, we describe results 
of an investigation designed to measure objeetively the 
effect of a sensory stimulus on a cell transport mechanism 
in depressed patients and in normal subjects. 

Coppen and his colleagues have described significant 
changes in the distribution of sodium between cells and 
the extracellular space in certain psychiatrie patients 
during episodes of depression and of mania'?. These 
workers used isotope dilution techniques which could not 
be repeated in the same patient or be readily applied to 
normal controls. In order to overcome this technical 
problem and to develop a clinical method of measuring 
these changes, we have recently devised a technique for 
assessing the rate of transport of ions aeross the parotid 
duet using ion sensitive electrodes. 

Parotid saliva in the rat is secreted at the acinus isotonie 
with plasma? and a similar mechanism almost certainly 
exists in man, The final composition of parotid fluid thus 
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depends on the rates of selective reabsorption or of seere- 
2 If the rate 
of flow and ionic activity of the secresed saliva ean be 
continuously measured, then the rate of transport of 
ions across the duct walls can be determined. Using a 
sodium sensitive capillary electrode system and continu- 
ously measuring pNa and flow we foand that sodium 
transport in certain psychiatric patients during. episodes 
of depression and of mania was about one-third that of 
normal controls*. A similar reduction im the transport of 
bicarbonate resulting in a deerease in hydrogen ion con- 
centration was measured using a pH miero-electrode. The 
pH electrode was less sensitive to rapid changes in flow, 
and this is the measure we have used te study the effect 
of stimulation. 


pH 


6 





0-35 i49 


0-31 
of ml. 
change 


Onset 


Fig. i. Mean values and standard deviations of response curves for 

fifteen depressed episodes in eleven patients ( — — - 3 and seventeen 

normal controla (————-3. The observations marked ** and * are 
significantly different. **, P «0-001; *, P< 0-08, 


Eleven patients (mean age 47-9, S.D. 14: 14) were meas- 
ured in fifteen depressed episodes and were compared with 
seventeen normal controls (mean age 327, S.D. 11-43). 
The subjects rested quietly until pH and flew were steady. 
a period of about 15 min. A maximum stznulus (5 ml. of 
0-6 M citric acid) was then delivered at s standard rate 
from a spring loaded syringe. Fig. 1 shows the response 
curve of change in pH. plotted against the volume of 
parotid fluid which has passed the electrode since stimula- 
tion. The rise in pH in the controls is accounted for by 
the maximum gradient for bicarbonate reabsorption being 
overcome by the inerease in volume. 





I: seems likely, 
however, that the fall in pH in the patient» after stimula- 
tion —also accompanied by an increase in vclume oecurring 
after a steady state-——ean only be accounted for by an 
increase in transport, that is, a recovery after stimulation. 
The alternative explanation is that secretion at the acinus 
cannot be maintained at the same isotonic evel when the 
volume is inereased in the presence of impaired transport. 
This explanation seems unlikely, for Schneyer and Schnevyer 
have shown that the defect in transpor: in ouabain- 
inhibited parotid gland preparations in sats is almost 
certainly in the duct’. Further investigatiens are now in 
progress and preliminary findings suggest that changes 
in the level of sensory stimulation in normal individuals, 
for example, drowsiness and sleep, are aleo reflected in 
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changes in the rate of transport of ions across the parotid 
duct. 
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N-Acetyl-D-galactosamine inhibits 
the Early Phospholipid Response 
by Lymphocytes to 
Phytohaemagglutinin 


Two early events m the initiation of lymphocyte growth 
by phytohaemagglutinin (PHA) are the acceleration of 
phosphatidylinositol (PI) turnover! and the agglutination 
of the Iymphocytes?. To determine whether these two 
ios) Shader are related, a specific inhibitor of the lymphocyte 

agglutination, N-acetyl-p-galactosamine (NAGA), was 
tested for its effect on the PI response. NAGA was found 
greatly to inhibit the acceleration of PI turnover by PHA, 
which suggests that the abilities of PHA to agglutinate 
lymphocytes and to activate PI metabolism are related 
properties of this mitogen. 


EFFECT OF NAGA AND NAGU ON PHA STIMULATION OF *?Pi INCORPORA- 
TION INTO PHOSPHATIDYLINOSITOL 


Tahle 1 


Per cent inhibition of PI 


Concentration response to PHA* 
of sugar NAGA NAGU 

16:5 mg/ml. 66 16 

33 mg/ml. 73 28 


Each culture contained 5x10? lymphocytes in 1:5 ml. of phosphate-frei 
Eagle's HeLa medium. Cultures were incubated 2-5 h with 100 «Ci ?*Pe 
culture and sugars were added, 15 min later PHA was added and after an 
additional 30 min incubation, the PI of each culture was isolated and its 
radioactivity determined. 


* Per cent inhibition of PI response to PHA = 
100 — ( stim. of “Pi incorp, into PI by PHA with sugar 


„stim. of ©] _ x 100) 
stim. of Pi incorp. into PI by PHA without sugar 


Values are the means of duplicate determinations, 





Lymphocytes were isolated from human  blood!; 
heparin was used at 8 u/ml. The lymphocytes (1-2 x 10$) 
were incubated for 1 day in a modified Eagle's HeLa 
medium (EHM) containing 7 per cent bovine serum}, 
after which the nucleated cell population consisted of 
99-5 per cent lymphocytes. To initiate an experiment, 
the lymphocytes were washed with 0-9 per cent NaCl and 
resuspended in phosphate-free EHM. Pi (50-100 uCi/ 
culture, carrier free, Squibb and Sons Co.), in phosphate- 
free EHM, was then added to each culture. Cultures were 
incubated for varying periods to equilibrate the nucleotide 
phosphate pools of the cells and to raise their specific 
activities so that short interval experiments with PHA 
could be measured accurately. The sugars were added 
10 or 15 min before PHA in order to isolate the PHA effect 
as Duc as E Stee 30 iun Peu with. TA 
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collected. The individual phospholipids were isolated bv 
thin layer chromatography and their radioactivity was 
measured!. NAGA (purity 98 per cent, m.p. 162-163^, 
[x]b" = +88°) and N-acetyl-n-glucosamine (purity 99 per 
cent, m.p. 194—1967, fale =: +41°) were obtained from 
Pierce Chem. Co., Rockford, Illinois. 

NAGA (50 mg /ml.) prevented the twenty to thirty -fold 
acceler ation by PHA of **Pi incorporation into PI (Fig. 1). 
In three experiments, the inhibition of PHA action aver- 
aged 73--10 per cent (+S8.D.). In the absence of PHA, 
however, NAGA consistently produced a small stimulation 
of Pi incorporation into PI. This suggests that NAGA 
blocked the process by which PHA activated the PI 
pathway rather than inhibiting the functional pathway 
directly. 





- 
: Z 
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Fig. 1. Effect of N-acetyl-n-galactosamine (NAGA) on the stimulation 
by PHA of Pi incorporation into phosphatidylinosite! (PI). Cultures 
containing 10 x 10* lymphocytes in 0-8 ml. phosphate-free Eagle's HeLa 
medium ( EHM) were incubated 1 hand 20 min with 100 4Ci **Pi/ culture. 
Then 0-2 ml. of NAGA in phosphate-free RHM (giving a final concen- 
tration of 50 mg NAGA/ml.) or 0-2 ml. of phosphate-free EHM alone 
was added to appropriate cultures. After 10 min additional incubation, 
PHA was added to the indicated cultures. Then there was 30 min further 
incubation, PI was isolated and its radioactivity determined. 


N-Acetyl-p-glucosamine (NAGU), an agent which affects 
only slightly the agglutination of lymphocytes by PHAY, 
was used as a control, NAGU was much less effective than 
NAGA in inhibiting the acceleration by PHA of 3*Pi 
incorporation into PI (Table 1). Accordingly, the isomer 
specificity of these two sugars in the inhibition of syn- 
thesis of PI induced by PHA and in the prevention of the 
agglutination of lymphocytes was the same. 

The observations that PHA decreases the surface charge 
of the lymphocyte’, causes agglutination, and stimulates 
phosphatidylinositol metabolism‘ suggest that the lym- 
phocyte membrane is the site of PHA action. This view 
is supported by the demonstration that PHA stimulates 
the synthesis of phosphatidic acid in isolated plasma 
membrane preparations from lymphocytes (our unpub- 
lished results). The finding that NAGA, an agent which 
prevents the binding of 1I- labelled PHA to | vimphoeyvtes?, 
also inhibits the phospholipid response shows that the 
binding process is important m the activation of this 
pathway. Further experimentation will be required te 
determine the extent to which the sites involved in the 
PE a rau e with SERO eoncer ned 
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It will be interesting to test mitogens with varying 
abilities to agglutinate lymphocytes. 
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Accumulation of Antibody-forming 
Cells in Spleens of Pre-immunized 
Irradiated Mice after Transplantation 
of Syngeneic Bone Marrow 


HaEMOPOIETIC and immunological activity in radiation 
chimaeras is related to the proliferation of donor-type 
cellst-3, Primary stimulation with antigen immediately 
after transplantation of bone marrow into lethally irradi- 
ated animals gave negative results*-*. In these conditions 
antibody synthesis took place only after transplantation 
of spleen or lymph node cells*?^*, which seemed to imply 
that neither donor bone marrow cells nor recipient cells 
are involved in antibody synthesis in response to primary 
stimulation with antigen immediately after irradiation and 
transplantation. The number of antibody-forming cells 
in the lymphoid tissue of such animals was not studied, 
however. Our experiments show that accumulation of 
antibody-forming cells in lethally irradiated mice protected 
with syngeneie bone marrow requires the interaction of 
graft and recipient cells. 

CBA mice (8-10 weeks old) were immunized with washed 
sheep red blood cells (SRBC) (0-5 ml. of 2 per cent SRBC 
suspension per mouse). A month and a half later the mice 
were irradiated with LD isos (1,000 r. from a y-source of 
eCo) and were divided into the following groups: (I) 
immunization + irradiation (Im, Ir); (II) immunization + 
irradiation -- bone marrow (Im, Ir, BM); (III) immuniza- 
tion + irradiation + immunization (Im, Ir, Im); (IV) rn- 
munization + irradiation + bone marrow + immunization 
Im, Ir, BM, Im); (V)irradiation + bone marrow + immun- 
ization (Ir, BM, Im). 

woups II and IV were each given an intravenous 
transfusion of 3-0 x 10? syngeneic bone marrow nucleated 
cells 24 h after irradiation; groups III and IV were 
re-immunized with the same antigen 4 days after irradia- 
tion. Mice in group V were not immunized before irradia- 
tion but were similar in all other respects to mice in group 
IV. Antibody-forming cells were determined by Jerne’s 
method. After the number of plaque-forming cells 
(PFC) per 109 nucleated spleen cells had been determined, 
the calculation was made for the whole spleen. At the 
same time titres of the circulating haemagglutinins in 
groups II, IV and V were determined. 

A month and a half after mumunization, 213-2 + 55:9 
PFC were recorded in the spleen of the recipient. As a 
result of irradiation, most of these cells were killed 
(Table 1). Four days after exposure, 34-9 +62 PFC were 
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recorded in the spleen (group I) Tae remaming PFC 
gradually disappeared, and the numbe of PFU was two- 
fold smaller on the eighth day after iradiation than on 
the fourth day. 

In group II, which differed from group I in that it was 
protected with syngeneic bone marrow, the number of 
PFC was significantly greater on the eghth day than on 
the fourth day, and was three times gzeater than that in 
group I. Because group Il was not -e-immunized, the 
increase in PFC ean be attributed t proliferation of 
antibody-forming cells or their precursors which were 
stimulated before irradiation. In this group, donor bone 
marrow seems to have contributed tc maintaining the 
proliferative capacity of the recipient antibody-forming 
cells or their precursors which surviv d after radiation 
treatment. 

Some workers have shown that a srngeneic chimaera 
retains an immunological memory tovards the &ntigen 
by which it was stimulated before irracaation?:*/*. 

In our experiments the number of PF after secondary 
immunization in animals not protected vith bone marrow 
(group III) does not exceed the number of cells which 
survived after primary immunization. 

In group IV, after transplantation of bone marrow 
accompanied by the secondary stimulction with SRBC, 
the number of PFC in the spleen greatly exceeds both the 
number of cells which survived after pzmmary unmuniza- 
tion and the number of PFC formed £s a result of the 
primary immunization (group V). To raake sure that in 
this case cellular response follows an ansmnestic pattern, 
the titres of circulating antibodies after immunization 
were determined. In group IV, after the second immuniza- 
tion with SRBC on the eighth day, the log, titre was 7-31 + 
0-35; in group II, for the same period t was 5-34 0-33, 
and in group V it was 0. The differenceg between the log, 
titres in groups II and IV, verified according to Student's 
formula, were statistically significant P005). Thus 
both the cellular and the antibody-forming activity of the 
syngeneic chimaera restimulated after ir-adiation follows 
the pattern of an anamnestic response. 

In group V the maximal number of PEC formed by the 
chimaera as a result of the first stimulation following 
irradiation is 27-9 cells per spleen. If it is assumed that 
all of the PFC are formed at the expezse of the donor 
component, this number is five-fold less than the number 
of PFC in group IV resulting from the sesondary stimula- 
tion. As shown by the determination of the titre of cir- 
culating antibody, this cellular activity m not completed 
with detectable numbers of antibodies enering the blood. 
Thus it seems that recipient cells play thecmost important 
part in the chimaera’s reaction to a seecadary antigenic 
stimulus. 

Comparison of experimental groups II. and IV shows, 
however, that the increase in PFC contest in the spleen 
occurs only when immunization before irradiation is 
combined with subsequent transplantatien of syngeneic 
bone marrow. 

It is quite possible that these experiments demonstrate 
new aspects of the activity of donor bore marrow in a 
radiation chimaera. In this case there is probably a 
specifie type of intercellular relationship as a result of 
whieh donor eells, and the substances th y release, con- 
tribute to the restoration of recipient cells or their fune- 
tions involved in active antibody synthesis. The possibil- 
ity of another mechanism cannot be ruled out: the 
introduced potentially immunocompetert donor cells 
assimilate antigenic information in the re«ipient’s struc. 
tures destroyed by irradiation’ or obtain iv from resistant 


Table 1. AVERAGE NUMBERS OF PFC PER SPLEEN IN PRIMARILY AND REPEATEDLY IMMUNIZED MICE PROTECTED AND NOT PROTECTED WIGH SYNGENEIC BONE 
MARROW CELLS 


Groups H it 
Time of investigation Im, Ir Im, Ir, BM 
4 days after irradiation 34-0 + 6-24 (5)* 34-24 4-79 (5) 
8 days after irradiation 18-3 408 (13) 60-5 12-0 (13) 


In IV Y 
Im, Ir, Im Im, Ir, BM, Im X, BM, im 


aa 


18.5 t 4-83 (14) 172-7 + 58.34 (7) 27°) + 7-08 (14) 


* Figures in parentheses are numbers of animals in each experimental group. 
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cells of the recipient eomponent!!, and are thus involved 


in the antibody synthesis. 
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Capacitation in vitro of Rabbit Sperm 
with Mule Eosinophils 


CAPACITATION of rabbit sperm in vitro has been reported’, 
but never when mixed with live heterologous granulocytes; 
neither has it been aecomplished with incubation for only 
several hours. A hypothetical explanation as to the 
nature of capacitation, which enables sperm to penetrate 
and utimately fertilize ova, has been published elsewhere’. 
A recently perfected technique is available for indircet 
measurement of eapaeitation?. This fluorometrie. proce- 
dure requires the labelling of sperm with tetracycline 
HCI (T-HCD (ref. 4), and its removal correlates with eondi- 
tions in which sperm are known to capacitate. Repeated 
attempts to remove T-HCl from sperm im vitro failed? 
until such sperm were mixed with mule leucocytes. 
Further experimentation revealed mule neutrophils which 
phagocytosed rabbit sperm whereas eosinophils removed 
T-HCL but left sperm intact and alive. Removal of 
T-HCl from sperm in vitro in itself does not prove that 
these sperm are capacitated. Proof lies in the ability of 
these sperm to fertilize rabbit ova. Rabbit sperm can be 
placed experimentally in the oviduct several hours after 
ovulation and, unless these sperm are capacitated, the 
ova fail to eleave?. The work deseribed here provides 
experimental evidence of partial capacitation in vitro. 

7—15 x 109 eosinophils were recovered from each 225 ml. 
of citrated jugular blood from a sexually intact male 
mule. Isolation of eosinophils (74-96 per cent) from 
other leucocytes was carried out by the procedure of 
Archer and Hirseh*, except that recovered eosinophils 
were not centrifuged a second time in bovine serum 
albumin. Epididymal or washed ejaculated sperm were 
suspended in sterile Tyrode’s solution and then mixed 
with eosinophils, also in Tyrode's, in a ratio of 1:1 to 
10:1. They were incubated for 2-7 h at 347" C in a 
Dubnoff metabolic shaking incubator. A sperm-eosino- 
phil mixture (300—800 x 10° sperm), volume 0-05 ml., was 
placed in either one or both oviduets of does which had 
been mated with sterile males 10—12 h earlier. Control 
sperm were treated similarly except for admixture with 
eosinophils before their deposition into the contralateral 
oviduet. Ova were flushed 24-36 h later and checked for 
cleavage?. 

Capacitation is measured by the ability of treated 
sperm to fertilize ova and by the inability of control 
sperm to do so. During the experiments none of 302 ova 
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from 122 does exposed to control sperm were cleaved 
(91-8 per cent of the females received sperm 10-12 h after 
mating). The hypothesis that eosinophils can capacitate 
sperm was tested in a series of experiments summarized 
in Table 1. The results, even though meagre, provided 


experiments and signify that capacitation | occurred, 
at least in part, in vitro. Sperm placed im oviduets 10 or 
11 h after mating resulted in fertilized ova in eight out of 
seventeen does, whereas none of eight does had fertilized 
ova when sperm deposit was delayed for 12 h after mating 
(Table 2). Reasons for the difference in fertility may be 
(i) that the earlicr time allows capacitation to be com- 
pleted in vivo; or (i) the different ratio of sperm to 
eosinophils and the incubation time were not adequate 
for capacitation in vitro, The longer incubation time was 
necessary to increase the percentage of cleaved ova. 
To do this the ratio of sperm to eosinophil was changed, 
thus prolonging the survival of sperm. 


Table 1, Zn vitro CAPACITATION OF RABBIT SPERM WITH RABBIT LEUCOCYTES, 


RAT EOSINOPHILS AND MULE EOSINOPHILS 


| Time after No.of No, of  Percent- 
‘Treatment* No.of mating sperm No.of — ova ova age of ova 
trials deposited (h) does recovered cleaved cleaved 
Peripheral rab- 
bit leucocytes 5 115-12 36 88 Q ü 
Control 5 115-42 36 TD 0 Ü 
Peritoneal rat 
eosinophils 3 12-1: 15 43 1 2:3 
T js m i 5-5:5 4 13 à as 5 
Control 3 12-13 15 51 0 ü 
T 1 5-5:5 4 6 ü Ü 
Peripheral mule 
eosinophils 3 11-12 18 27 Ü 0 
Vae du sa 5 9-10 ay 64 i2 18-7 
Control 3 11-12 10 20 Q i} 
- 9 9-10 ae 44 ü ü 


* Íncubated with ejaculated rabbit sperm from fertile males for 45 min te 
11.0h. 


Table 2, Jn vilro CAPACITATION OF RABBIT SPERM WITH MULE EOSINOPHILS 


AS MEASURED BY CLEAVED OVA 

Time after 
mating NO. 

sperm de- pf 


Percent- 
age of 
öva 


Ratio 
sperm to Zn vilro 
incuba- 


Xo. of 
ova 


No, of 
OVE re- 


Trial No, — 
and type of eosino- 


sperm phils tion (h) posited (h) does covered cleaved cleaved 
Į 134 3-0 10 10 3 30-0 
Epididwmal Control 3-0 10 4 1 4 0-0 
if T 354 160 4 8 g 25:0 
Epididymal Control 35-4 10 3 T 0 0:0 
HT 2:1 20 10 2 9 3 39:8 
Ejacuhited 4-0 10 z 3 G od 
121 2-0 10 2 3 ü 0:0 
4-0 10 2 9 p 0-0 
iV 
Ejaculated MM 2:0-2:5 1} 6 26 T 26-9 
hu 
Ejaculated 5:1and  3-0-7-0 12 & i6 Ü 0-0 
10:1 


Sperm attach to eosinophils on admuxture but were 


seen, for the most part, freely motile after ineubation for 
2 h (exeept for Trial V—see Table 2). This time coin- 


cides with removal of 'T-HCl from sperm (1-0 ug/10* cells) 
and the uptake, as measured by fluorescence microscopy, 
of T-HCl by eosinophils. Physical attachment of sperm 
to eosinophils was seen primarily on the anterior head 
region; release of sperm from the leucocyte surface is 
thought to occur when the coating material js removed 
from the acrosome. Simultaneously with these observed 
events sperm evidently undergo some initial phase of 
capacitation. Time should tell if detachment of sperm 
and eosinophils or removal of T.HCl from sperm are 
reliable indicators of an initial phase of capacitation 
in witro. 

The sequence of events in capacitation is hypothesized 
as follows: (i) ovarian oestrogens cause eosinophils to 
localize in uterine tissues?-*; (ii) the presence of sperm 
in the female reproduetive tract triggers a foreign body 
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response; (ii) antigens which coat sperm!*^!! or antigen- 
antibody complexes cause an eosinophilic chemotaxis; 
(iv) the ant igenie or antigen-antibody complex reaction 
which results involves removal of sperm coat by eosino- 
philic enzymes; (v) eosinophils engulf the foreign material 
from sperm and are then removed by maerophages or the 
reticuloendothelial system. 
Werden DEVE no known physiological function. It 
" . Outside Mod re calm of re productie 
E 
alone!? or as aal coi anod complexes?i, E he signifi- 
cance of eosinophils in capacitation may be an ability to 
remove a coating substance from the sperm plasma 
membrane. Removal of the coat material would then 
allow the plasma membrane to vcsieulate with the outer 
acrosomal membrane; at this point in capacitation 
enzymes are liberated from the aerosome to aid sperm in 
penetration of the zona pellucida’. 
I thank A. J. Baleuns and V. F. 
assistance. 
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Non-inducing RNA antagonizes the 
Induction of interference wlth Animal 
Virus Infection 


RNA as an inducer of interferon has attracted considerable 
interest since Isaacs, Cox and Rotem! proposed that 
animal cells respond to a foreign RNA, but not to their 
own RNA, by producing interferon. Although this 
hypothesis does not appear to have been supported 
experimentally*, the recent findings of Lampson and co- 
workers? that double stranded RNAs are potent inducers 
of interferon in rabbits and mice, as well as in vitro, 
point again to the importance of this nucleic acid. Single 
stranded RNAs were reported not to induce interferon, 
but using different kinds of cells (chick embryo cell 
cultures), we have shown that some single stranded RNAs, 
especially from Escherichia coli phage M82, as well as 
some oligonucleotides obtamed by digestion ‘with RNase 
(ribonuclease) TI of, for example, calf liver RNA, induce 
strong interference with virus growth. It is not clear, 
however, whether the observed interference can wholly 
be aecounted for by the induction of interferon synthe- 
sist}, An especially interesting case was the "homolo- 
gous" ribosomal RNA, prepared from chick embryos, 
which did not induce cellular resistance to virus until it 
had been digested with RNase Tl. Some single stranded 
RNAs such as yeast RNA and E. coli ribosomal RNA had 
no appreciable inhibiting or enhancing effect on virus 
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growth, either as such or after digesmon with RNase. 
Also, four kinds of synthetic homopclyribonucleotides, 
poly A, poly U, poly C and poly I, when used singly, 
showed no effect on virus growth. Furthermore, double 
stranded RNAs obtained from rice dwarf virus? and, by 
mixing poly € and poly I, were strong inducers of inter- 
ference, in agreement with Lampson et al. It is note- 
worthy that, in our system, the RNAs able to induce 
interference also caused cell damage in certain cases, 
especially when used in high concentrasions, whereas the 
ineffective RNAs showed no such effec. 

These observations have raised various questions about 
the nature of interaction between excgenous RNA and 
animal cells. This communication is concerned with one 
particular question, whether or not the “‘ineffeetive™ 
RNAs are without any action on the ceils, The following 
experiments indicated that these RN.as are not simply 
inert, but have a positive action on the cells which is an 
antagonistic effect on RNA-induced visal interference. 

Monolayers of chick embryo cells obtained from 10 or 
11 day old embryos were incubated overnight with medium 
containing RNA, washed and challenged by vesicular 
stomatitis virus or Sindbis virus, as deseribed previously’. 





Table 1. INHIBITION. BY “INEFFECTIVE RNA CY VIRAL INTERFERENCE 


INDUCED BY "EFFECTIVE RA 
Exp, Effective RNA ineffective RNA Relative 
No, (ugiml.) iugin.) plague No.” 
1 MS? phage RNA, 8 None 9 
1? 12 y? t4 Chiek embrye R NA, i Oo) 
oY *t SUP 3, "ES i OG 0 
v usd us E Yeast RNA, 8D RH 
j^ 233 T . o SO i0n 
2 MS2 phage RNA, |I None nn 
$005 i AG T 15 
B . 10 Poly C, 100 às 
Se a 10 Poly FE, 100 85 
3 Poly Te T, 0-06 None 5 
is s p AU j (n 
p 5 0 »0 0:6 Chick embry: RNA. 100 9i 
o£, WË Yeast RNA, 00 Lis 
Qo OG Poly A, 100 án 
n OG Poly U, 100 130 


* Average plaque number of vesicular stomatitis virus from two or three 
culture bottles, relative to that of control cultures (taken to be 100), whith 
were preincubated identically but in the absence of RNA. and vielded about 
100 plaques per bottle. 


+ Cell damage (poor uptake of neutral red). 


As Table 1 shows, when M52 phage ANA (5-10 ug/ml.) 
or poly C-poly I complex (t- 1-1 ugina.) was used, plaque 
numbers were greatly reduced, or im certain cases the 
plaques were not discernible because the cells were 
damaged resulting im failure to take up neutral red. On 
the other hand, chick embryo RNA. commercial veast 
RNA, and any one of the four synthetic hoinopolvribo- 
nucleotides had no effect on plaque numbers for a wide 
range of concentrations (1-500 ug/mlj. When, however, 
one of the latter "ineffective" RNAs was mixed with 
M82 RNA or poly C-poly I, induction of interference was 
greatly inhibited or abolished, as shown by inereased 
plaque numbers, approaching the level of control un- 
treated culture, and the cells were proteeted from the 
damaging action sometimes exhibitec. by the "effective" 

RNAs. Alkaline digests of the various RNAs, as well ns 
mixtures of mononucleotides, had no such action, indicat- 
ing that some polymeric structure as required for the 
observed effect. 





"ineffective" RNA forms à complex with ae "e 'effootive" i 
RNA in the culture medium, thus inectivating the latter. 
To test this, we carried out experiments in which direct 

contact between the two RNAs wes avoided. In one 
experiment (Table 2), a group of cell cultures was treated 
first for 7 h with effective RNA, in thes case chick embryo 
RNA digested with RNase T1, and then divided into two. 
The first group received, after washing, RNA-free medium. 
The second group received medium containing '"ineffee- 

tive" RNA, in this case undigested chick embryo RNA, 
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either immediately after washing away the first medium, 
or after incubation for 2 or h in the absence of RNA. 
All the cultures were challenged by Sindbis virus 18 h 
after termination of the first, interference-inducing incuba- 
tion. As Table 2 shows, the antagonistie effect of intact 
chick embryo RNA was also clearly demonstrable in this 
experimental design, indieating that direet interaction 
between effective and ineffective RNAs is not required. 


Table 2. DIMINUTION OF RNA-INDUCED RESISTANCE TO VIRUS BY DELAYED 
ADDITION OF "INEFFECTIVE" RNA AFTER REMOVAL OF "EFFECTIVE" RNA 


Second incubation Relative 


First incubation 
(18 h) with plaque No. 


(7 h) with 


No RNA No RNA 100 
TL RNase digest of CE RNA* 7 

(50 ugml.) NES 7 

js us Ms 2 js CE RNA (20 ug/ml.) 56 

e yx = as en No RNA 2 h, then CE RNA 51 

No RNA 4h, then CE RNA 55 


*CE RNA=chick embryo ribosomal RNA. 


Thus it is strongly suggested that the RNAs which are 
apparently ineffective in inducing viral interference exert 
on the cells an influence the nature of which is so far 
obseure. These experiments and others to be reported 
later indicate that the various RNAs and oligonucleotides 
tested aet on chick embryo cells, either inducing resistance 
to virus (and physiologieal damage) or abolishing it. 
What structural features of the RNAs determine the 
direetion of their action remains an interesting question 
for the future. 

This work was aided by grants from the Yakult Institute 
for Microbiological Research, the Jane Coffin Childs 
Memorial Funds for Medical Research and the Ministry 
of Education of Japan. 
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Incorporation of Tritium of *H-Arginine 
into DNA as the Explanation of “Late 
Synthesis of Protein" on the Human 

X Chromosome 


CugRNICK'S! demonstration of apparent late synthesis of 
protein on the X chromosome of female lymphocytes 
labelled with *H-arginine’ interested me-—for several 
years ago I carried out a similar experiment. The studies 
were done on an individual with an iso-X chromosome 
so that there was no question of the identification of the 
late replicating X chromosome. Lymphocytes were grown 
in culture with phytohaemagglutinin and, after 72 h, 
25 uCi/ml. of 3H-arginine (Schwarz BioResearch, Inc.) and 
0-1 ug/ml. of eolehicine were added to the culture. Three 
h later the cultures were collected, treated with hypo- 
tonie. fixed in acetic acid-methanol and flame-dried. 
They were then stained with aceto-orcein, covered with 
Kodak AR-10 stripping film, and autoradiographed for 
48 days. The iso-X chromosome was late labelled (Fig. 1) 
in a pattern identical to that seen with ?H-thymidine. 
Similar studies with normal female lymphocytes also 
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Late labelling pattern of an iso-Y chromosome labelled with 
This typical DNA replication pattern disappeared after 
treatment with DNase. {x 2,000.) 


Fig. 1. 
SH-arginine. 


showed a labelling pattern that mimicked that of *H- 
thymidine. 
This result was initially exciting but seemed too good 


to be true. There was some non-specific label on the other 
chromosomes, typical of that seen with *H-lysine or ?H- 
tryptophan labeling (my unpublished work) 1 also 
noted two populations of interphase celis, one very heavily 
labelled and one lightly labelled. The percentage of 
heavily labelled cells was similar to that in a culture 
labelled with *H-thymidine. The tritium of ?H-arginine 
can readily gain access to the precursors of de novo DNA 


synthesis by the pathway arginine—-ornithine—glutamie 
acid—the carbon pool of the citrice acid cycle, and so 


what I observed was actually a roundabout method of 
labelling DNA. This was further indicated by the fact 
that treatment of these slides with DNase (0:5 mg/ml. in 
2-0 uM MgCl, 0-1 M phosphate buffer. pH 6:8, at 397^ C 
for 1 h) eompletely removed the late labelling pattern and 
left only a non-specific pattern typical of chromosomal 
labelling by other tritiated amino-acids. 
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Luteinizing Hormone Releasing 
Activity of Crude Ovine 
Hypothalamic Extract in Man 


A HYPOTHALAMIC luteinizing hormone releasing factor, 
which is active in rats and rabbits, has been purified and 
separated from other hypothalamic factors which control 
the function of the adenohypophysist. In order to de- 
termine whether hypothalamic extracts of animal origin 
were capable of stimulating the release of pituitary hor- 
mones in man, a crude, thioglycollate-treated extract of 
ovine stalk-median eminence was administered to three 
children. This material elicited an increase in the plasma 
concentration of immunoassayable luteinizing hormone in 
each subject. The investigation was initiated to study the 
effect of such extracts on plasma growth hormone con- 
centrations because of the potential use of these materials 
in patients with hypopituitarism seeondary to hypo- 
thalamic dysfunction. A preliminary report of this aspect 
of the study has been presented’, 

Two human infants with lethal chromosomal anomalies 
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and multiple congenital anomalies and one child with 
severe cerebral dysfunction participated in this investiga- 
tion after complete and informed written parental consent 
had been obtained. BT was a 7 month old male with 
tetraploid-diploid mosaicism of the peripheral lymphoid 
cells?, PM was a 5 week old female with an isochromosome 
of the long arm of the eighteenth chromosome. CL was 
a 6 year old male with central nervous system injury of 
unknown aetiology who was dwarfed (height 71:3 cm; 
weight 6:45 kg). | 

trude acetone—acetic acid extracts of ovine stalk-median 
eminence and cerebral cortex were prepared by the 
method of Dhariwal and co-workers’. One mg of 
the extract was equivalent to 0-5 to 1-0 hypothalamic 
fragment. Because large quantities of vasopressin release 
luteinizing hormone’, these extracts were subjected to 
treatment with thioglycollate in 0-1 M ammonium acetate 
buffer* in order to inactivate the vasopressin contained in 
the extract. Following this treatment all extracts lacked 
pressor activity in the assay of Dekanski’, indicating that 
the biological activity of vasopressin had been destroyed. 
The plasma concentration of luteinizing hormone was 
measured by a double antibody radioimmunoassay’, 
modified by the addition of hypopituitary plasma to the 
tubes containing the standards (second international 
reference preparation of human menopausal gonadotro- 
phin). Results are expressed as milli-international units 
(mic) of this standard per ml. of undiluted plasma. The 
lower limit of sensitivity of the assay was 
2:5 miU /ml. Ovine hypothalamic extract 
did not cross-react in this immunoassay. 
Each sample was assayed at several dilu- 


TM 
| BT | PM. | CL. | 
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pletion of the infusion); (2) luteinizing hormone is prob- 
ably not released by non-specific "stress *; (3) the de- 
struction of vasopressin activity in the hypothalamic 


source of luteinizing hormone releasing activity; (4) 
patient CL twice failed to respond te insulin induced 
hypoglycaemia with an increase in the plasma coneentra- 
tion of growth hormone, which sugges:s that the hypo- 
thalamie eontrol of pituitary function was disrupted in 
this subject!*:!, Nevertheless, CL resporxled to the highest 
dose of hypothalamie extract with an iaerease in plasma 
luteinizing hormone concentration. The plasma growth 
hormone responses to hypoglycaemia imduced by insulin 
were normal in BT and PM. Luteinizing hormone releas- 
ing factor acts directly on the pituitary of lower species 
to evoke luteinizing hormone release because it is active: 
(1) m rats with lesions of the median eminence which block 
neural control of luteimuzing hormone release; (2) if 
infused direetly into the pituitary of rats or rabbits; 
or (3) if added directly to pituitaries incubated (n vitro, 
T hese data together with our earlier studies on the 
effect of these extraets on the release of growth hormone 
in primates? support the suggestion that the hypo- 
thalamic releasing factors are not species specific because 
ovine extracts appear to be active in monkeys and man. 
It will be important to evaluate the luteinizing hormone 
releasing activity in man of highly purified luteimizing 
hormone releasing factor!. 


| 
H 

tions on three separate occasions with Thio-SME Thio-SME | Thie-SME | 
similar results. The data presented were bai REMEE | E 
obtained from one assay in which all 30 (2) 7/28/66 | i TM. s 
samples were included. | (94mg/kgl| 
All test materials, after sterilization by (30/6/68 | 
passage through a ‘Millipore’ filter, were | (4&Tmg/kg) | 


infused through and blood specimens 
were obtained from venous catheters 
inserted before the procedures. Each 
blood specimen was replaced immediately 
by an equal volume of isotonic saline. 
Packed red blood cells, sufficient to main- 
tain a normal haematocrit, were admini- 
stered at the completion of each study. 
On separate days BT received 27-1 and 
243 mg/kg of hypothalamic extract, 
PM 28 mg/kg, and CL 17-5, 9:4 and 47 «2:5 
mg/kg. Each subject also received an 


10 


Plasma luteinizing hormone (mtU/ml.) 


t2 
; ien 
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equivalent amount of a similarly prepared -30 0 
extract of ovine cerebral cortex. These 
materials were administered intravenously Fig. 1. 


over 3-5 min. Both the hypothalamic 


and cerebral cortical extracts evoked 
transient pallor, bradycardia and salvation without 


change in blood pressure. 

The concentration of plasma luteinizing hormone in- 
creased promptly following the infusion of stalk-median 
eminence extract in each of two experiments in BT, in 
PM and in CL when the highest dose (17-5 mg/kg) was 
administered. There was no change in the plasma con- 
centration of lutemizing hormone after the administration 
of cerebral cortical extract or of hypothalamic extract at 
lower doses (9:4 and 4-7 mg/kg) in CL (Fig. 1). 

Neither the mechanism by whieh ovine hypothalamie 
extract increased the plasma concentrations of luteinizing 
hormone nor the site of action of this material has been 
determined by these experiments. We believe, however, 
that the stalk-median eminenee extract may have had a 
direct and specific effect on the pituitaries of these children 
because: (1) the rise in the plasma concentration of 
luteinizing hormone occurred immediately after the 
administration of the hypothalamic extract; in PM this 
increase was measurable within 5 min (2 min after com- 





——————— 
— Cae eat ee eee 








-30 OF 60 


—-80 0 60 
Time (min) 


120 


Increase in the plasma concentration of luteinizing hormone following 
the intravenous administration of thioglyeollate-treated extract cf ovine stalk- 


median eminence (Thio-SM E). 


While this work was in progress, Igarashi et alt? 
reported that partially purified bovime folacle stimulating 
hormone releasing factor was active i adult human 
females, and more recently Bowers ard co-workers? 
demonstrated that highly purified porcine thyrotrophin 
releasing factor was active in three male eretins (8 to 
19 vears of age). Although much more work must be done, 
there is a potentially new approach to the treatment. of 
patients with hypopituitarism secondary to disease of the 
hypothalamus. Treatment with releasing factors could 
compensate for the hypothalamic abnormality. Further- 
more, the releasing factors should be of use in evalu- 
ating the pituitary reserve of particular trophic 
hormones. 

This study has been supported by grants from the US 
Public Health Service and by a grant trom the Ford 
Foundation. Part of this work was cormdueted in the 
Clinical Research Center of the Childress Hospital of 
Philadelphia. We thank Dr D. R. Bangham for providing 
the second international reference preparacion of human 
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menopausal gonadotrophin and Mr R. Marks for technical 
assistance. 
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Absorption Spectrum of Leech 
Haemoglobin: a Correction 


Access to a Unicam S P800 recording speetrophotometer 
prompted me to eheck the absorption spectra of the 
haemoglobins of the leeches Hirudo medicinalis L., 
Haemopis sanguisuga (L.) and Erpobdella testacea (Savigny) 
previously recorded? with another instrument. The new 
records (Table 1) show the previous set to have been in 
considerable error at the longest wavelengths, though 
substantially correct at the short wave end of the range. 
The corrected values resolve the problem raised by the 
apparent implication that leeches live in conditions of 
very low oxygen tension. 

I regret that the error m prism angle of the instrument 
previously used was not then suspected and that the 
wavelength calibration therefore was not checked over 
the whole range. The present records have been checked 
against the spectrum of holmium oxide and the figures 
in Table 1 are values thus eorrected. As an additional 
cheek, the speetra of two Hbs for whieh records are 
already available, those of Lumbricus terrestris L. and 
man, have been recorded by the same instrument and 
procedure, These agree well with the existing records? ?, 

The spectrum for the Hb of Erpobdella octocwata L. 
also was recorded and seems to be identical with that of 


Table 1. 


Peaks $ an 
Erpobdella octoculata 254-5 27: 311 344 
Erpobdella testacea 256 274 311:5 344:5 
Haemopis sanguisuga 250 274 310-5 340-5 
Hirudo medicinalis 260 273:5 311.5 345°5 
Lumbricus terrestris 254: 5 271 313-5 338 


Homo sapiens 252 274: 406-5 


344-5 
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E. testacea, within the limits of recording errors, and there 
are only very small differences between these and the 
speetra for the other two leeches. Except perhaps in the 
Y! peak the spectrum of Lumbricus Hb differs very 
little more: the positions of peaks and troughs towards 
the short wave end of the range are somewhat approximate 
because the measurements were made on whole blood 
and not on solutions of purified Hb, and beeause in any 
case the features are less sharp than at longer wave- 
lengths. Further, the clitellate spectra differ relatively 
little from that of man, except perhaps in the 9. peak. 
This seems to confirm fully that none of these animals 
are normally subject to very low oxygen tensions. All 
have, in. addition to the features shown in Table 1, a 
shoulder at approximately 289 nm. 

There are probably small differences between the human 
and chtellate annelid Hbs in the relative heights of the 
x and B peaks: in man « is slightly higher than f$, and 
reciprocally in the clitellata (ref. 1, Fig. 1). Nevertheless, 
Hüfner'*s quotient (ratio of extinction coefficient at the 
8 peak to that at the «-B trough) is lower in the annelids 
than in man. The height of the Soret (y) relative to other 
peaks also may be lower. 
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Secretion of Pregn-4-ene-3,20-dione 
(Progesterone) in vivo by the 
Adrenal Gland of the Rat 


Feder, Resko and Coy! suggested recently that the adrenal 
gland of the rat secretes progesterone. They observed 
that the arterial blood of female rats still contained signi- 
ficant amounts of progesterone 25 days after bilateral 
ovariectomy; 8 h after additional adrenalectomy. however, 
the steroid was no longer detectable. Because the rat is 
often used for experiments in reproductiv e physiology, 

is important to assess the contribution of the adrenal AN 
to the total available progesterone in the female rat. We 
have therefore measured the secretion of progesterone 
from the adrenal gland by estimating the amount of the 
steroid secreted into the adrenal venous blood. Experi- 
mental conditions were maintained comparable with those 
used recently for measuring the secretion of progesterone 
by the ovary of the rat?-*. 

Virgin female Wistar rats, 6 weeks (110-130 g) or 9 
weeks (170-230 g) old, were used.  Venous blood was 
collected from the left adrenal gland under pentobarbitone 
sodium anaesthesia (50 mg/kg) for 30 mun, using the 
method deseribed by Vogt’. Results are included from 
rats with adrenal glands which had been demedullated for 
other reasons 19-44 days before the adrenal blood was 
colleeted. Blood pressure was recorded from a carotid 
artery and supported by infusing either rat blood or a 
0-9 per cent solution of sodium chloride. Before adrenal 

vein annuos the art terial D o from d to 


WAVELENGTHS (NM) OF PEAKS AND TROUGHS IN ABSORPTION SPECTRA OF AQUEOUS SOLUTIONS OF BLOODS OF CLITELLATES AND MAN 


Soret y B a 
369 413-5 509 538 5588 S753 
368 413-5 500 538 557.5 575 
369-5 414 509 5805 560 576-5 
373-5 414 510 5385 559 576-5 
371 414-5 505 538 558-5 576 
369-5 413 508 540 559 576 
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Table 1. 


Progesterone 


Rat No. Left adr. gland (mg) 


SS 


Adrenal glands intact 


SECRETION OF PREGN-4-ENE-3,20-DIONE (PROGESTERONE) BY THE ADRENAL GLAND OF THE RAE 


Steroid secretion rates 
Ree nt e rnnt t t mnm T Rr NEEDS STERN ei ia E WERE sy oats i a Ee UN ERES ey 


Corticosterone 
(ugh! Phase of oestrous cycle 


(ug/h/ (ug 
(100 mg adr) 





C1 25:4 0-285 2:13 144 
c2 25-2 (0-17 1-11 117 ME 
C3 26-0 0-26 1-69 86 Pro-oestrüs 
C4 35-8 0-61 3-24 180 Oestrus 
C6 31-3 0-16 1:02 76 Ocatrus 
CT 15-9 2: 1-89 Jg Pro-oestrüsg 
CR 217 0-4: 2-49 115 Oestrüs 
Mean + SE.: 0-31 € 0-06 1-4 + 0-29 114 17 
Adrenal glands demedullated 
Di 13:4 0-07 1-00 65 
D2 25-4 (^72 4°38 203 
D3 25-6 (^16 1:95 173 Dee Lis 
D4 34:2* 0:28 1:64 174 b: jestrus 
D5 25-6 0-44 3:50 149 Me: -oestrus 
D8 30-0 0-31 2°33 194 Vagina artretic 
D7 6-8 0-18 2-06 44 c 
Ds 10:4 0-16 1-92 204 Mes -nestrus 
Mean + S,E,: 0-28 + 0-08 2-38 + 0-46 162 + 2% 
Ovarian progesterone secretion rates + 
Progesterone secretion rates 
genes mmtene retener enean rn nune eere mere ee rt estt ae qi s PEE THIS E T 
. . (eg/tett ovary /h/ (ug ih] 
Left ovary mean: (mg) 100 g b.wt.) 100 mg ovary) (Range) 
(mean + AE.) (mean + SN. E.) 
ncs 38S BLE O59 9-35 -3.0 2.16 - 33:360 Oestrus, met-oes tras 
n4 36-8 <-i «0:02 hasty pro-oestrus 


Virgin female Wistar rats, 6 weeks (C1-C6, D1-D6, 10-130 g b.wt.) or 9 weeks (C7, C8, D7, D8, 170-230 g bwt); venous blood was from the left adrenal 


gland collected under pentobarbitone sodium anaesthesia between 1000 and 1500 for periods of 30 min: 
Days after demedullation: DH D2: 37; D3, D4: 43: 


rats; D: rats with demedullated adrenal glands. 
adr.: adrenal gland; b.wt.: body weight. 


* Right adrenal removed, 


body temperature was 37-37-8^ C; QC;econtrol 
DS. D6: 44; D7, Tes: 19; not recorded: 


t Results obtained in previous experiments on rats of the same strain (mean b.wt. 180 g) in similar experimental conditions*, 


(65-100 mm Hg). There was no significant difference 
between rats with intact or demedullated adrenal glands. 
In 30 min 2-3 ml. of adrenal blood was collected. To 
correct for losses during the chemical procedures 4-YC- 
progesterone (04 muCi) was added to each blood sample. 
The whole blood was extracted with a mixture of ethyl- 
acetate and ether (2:1, v/v), purified and applied to 
2cm wide strips of Whatman No. 2 chromatography 
paper. A descending chromatogram was developed for 
40 h at 27° C in thetoluene-propylene glycol (TPG) system 
of Zaffaroni and Burton*. 'The overflow which contained 
the progesterone was rechromatographed on sodium 
hydroxide-washed Whatman No. 50 paper in the E,- 
system of Eberlein and Bongiovanni’. Progesterone was 
identified and estimated by gas-liquid ehromatography 
in eluates from the E,-chromatogram as described before*. 
Corticosterone was estimated according to its reaction 
with tetrazolium blue on eluates of the corresponding 
regions of the TPG chromatogram. 

The results are given in Table 1. Progesterone was 
detected in the adrenal venous blood of all rats studied, 
except rat D1. The concentrations of progesterone in the 
adrenal venous blood varied between 0°04 and 0:15 ug/ml. 
Progesterone could not be detected in 5 ml. of arterial 
blood (< 0°08 ug/ml.) by the method used. The rates of 
secretion of corticosterone were of the same order of 
magnitude as those found earlier? and about fifty times 
greater than the secretion of progesterone. 

Mean values of rates of ovarian progesterone secretion, 
obtained by Fajer and Holzbauer?, who colleeted ovarian 
venous blood from rats of the same strain in similar 
experimental conditions, are included in Table 1. Com- 
parison of these ovarian secretion rates of progesterone 
with adrenal progesterone secretion shows that, in 
conditions of surgieal stress, the adrenal gland contributes 
a large proportion of the total progesterone available to the 
female rat. These results agree with the observations 
and conclusions of Feder et al. 

The pig is another animal in whieh the adrenal gland 
ean contribute a considerable proportion of the progester- 


one available to the body", "The adrenal secretion of 
progesterone has been found to vary between 0-2 and 
3 ug/min. In similar conditions of stress, the secretion of 
progesterone from the ovaries during the oestrous cycle 
was reported to vary from 0-6 to 30 ugenin!. 

Further experiments were carried ost with rats sub- 
jeeted to adrenal demedullation, for the pattern of steroid 
secretion. might be modified by this operation. The 
results show that the adrenal secretion of corticosterone 
and progesterone was of the same magnitude in the 
absence of the adrenal medulla. 

We thank Dr M. Vogt for carrying out the adrenal 
demedullations and for her interest in this work. 
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Characterization and Properties of a 
New Placental Protein 


PLACENTA is the source of several protein hormones 
described recently!-*. While working on a new method 
for making one of them, human placental lactogen, we 
found a new protein with hormonal properties, and we 
deseribe here its preparation and characterization. 

A recently eliminated, membrane-free human placenta 
was homogenized in a Waring blender, freeze-dried, 
ground and extracted overnight with 450 ml. of 06-1 N 
acetic acid at 4? C. The supernatant was collected by 
centrifugation at 1,500 r.p.m. for 15 min and then freeze- 
dried. One hundred mg of it was then dissolved in 
4 ml. of 0-1 N acetic acid and then chromatographed in a 
‘Sephadex G-75° column of 100 x 1 em; 0-1 N acetic acid 
was used as eluent and 3 ml. fractions were collected in an 
automatie fraction collector. 

Protein was assayed in each fraction by the method of 
Lowry*. Two principal peaks of protein were obtained, 
A and B, as shown in Fig. 1; the protein fractions thus 
obtained were tested against antiserum anti-HGH accord- 
ing to the immunodiffusion technique of Ouchterlony*; 
only the second peak showed a positive reaction of 
partial identity with the HGH prepared by the method 
of Raben'. This second peak could possibly correspond 
to the human placental lactogen described by Josimovich 
and MacLaren’ and Kaplan and Grumbeck*. 
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Fig. 1. Gel filtration on ‘Sephadex G-75' of a placental protein extract. 


The protein fraction contained in peak A (Fig. 1) was 
concentrated by freeze-drying and redissolved in the 
appropriate solvent for each of the following experimenta. 

The purity of this protein fraction was established by 
eleetrophoresis on cellulose acetate strips. The lyophilized 
protein was dissolved in 0-33 M boric acid-0-1 M LiOH 
buffer pH. 8 and submitted to electrophoresis in the same 
buffer for 90 min at 25 V/em; protein was then stained 
on a 0-5 per cent solution of water-soluble nygrosin in 
methanol-acetie acid-water 50 : 10 : 40 (ref. 8). Only one 
band of protein was obtained with a mobility of 4-3 em. 
Analytical chromatography in ‘Sephadex G-100' using 
0-05 M tris buffer pH. 8 as solvent and eluent also revealed 
only one symmetrical peak of protein with a molecular 
weight of approximately 70,000 according to the method 
of Andrews’. 

Comparative studies with HGH, ACTH, HPL, CGT and 
TSH and albumin were made in order to establish the 
distinct identity of peak A. Zone electrophoresis, im- 
munodiffusion, immunoelectrophoresis as well as haemag- 
glutination showed non-identity with all these protein 
hormones; we were able to show that cross-contamination 
was less than 1 per cent. 

The injection of peak A dissolved in saline, in doses of 
30 ug/day to young female rats, produced a significant 
increase in uterus weight (P-- 0-001). This effect was 
completely inhibited by the simultaneous injeetion of 
antiserum anti-peak A prepared in rabbits, as shown in 
Fig. 2. 
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Fig. 9. Action of the placental protein and its antiserum on the weights 


of the uterus of rats. 


The results of these preliminary experiments towards 
the hormonal activity of our protein fraction lead us to 
suggest the provisional name of “placental uterotrophic 
hormone” for this new placental protem. The physio- 
logical role of the protein is being investigated in our 
laboratory. 
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Control of Cholesterol Biosynthesis 
by a Plasma Apo-lipoprotein 


MEVALONIC acid (MVA) is well known as a precursor of 
cholesterol’, and it is also established that squalene is an 
intermediate in the biosynthesis of cholesterol. When 
liver microsomes plus the cell sap are incubated with 
2.1340 mevalonic acid in air, most of the radioactivity is 
incorporated into cholesterol and very little radioactivity 
is associated with squalene. Conversely, im anaerobic 
conditions squalene accumulates? *. We have encountered 
an interesting situation in which squalene accurnulates 
during cholesterologenesis in aerobic conditions. 

A rat liver homogenate was prepared in Bucher's 
medium, and centrifuged at 18,000g for 20 min. The 
18,000g supernatant containing microsomes plus the cell 
sap was incubated with 2-"C pr-MVA (Radiochemieal 
Centre, Amersham), NADPH generating system, NADH, 
ATP generating system and reduced glutathione at 
37? C in air for 1-15 h. In these incubations about 
30-40 per cent of the 2-4C pi-M /A was converted to 
sterols——the r-isomer of mevalonie acid is not incor- 
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Fig. 1. Thin-layer chromatogram of the producta obtained on incuba- 

tion of the liver preparation in the presence (a) and in the absence (b) of 

normalserum. Chromatogram prepared with 5 per cent silver nitrate and 
the plates run in benzene : dioxan, 9 : 1. 


porated into sterols. About 90 per cent of the sterol 
radioactivity was associated with cholesterol and its esters, 
while about 10 per cent of the radioactivity was dis- 
tributed between squalene, lanosterol and some other 
minor products (Fig. 1).  Squalene, lanosterol and 
cholesterol were identified by thin-layer chromatography 
followed by radioscanning of the chromatoplates. The 
products were also identified by gas liquid radiochromato- 
graphy. 

When rat or human serum (0-2-0-4 ml./ml. incubation) 
was added to the incubation mixture there was an 
accumulation of squalene with a concomitant decrease 
in cholesterol synthesis (Fig. 1). This squalene accumulat- 
ing factor was non-dialysable and stable to 95° C for 15 
min. Fractionation of rat serum was earried out using 
gel-filtration on ‘Sephadex G-200 followed by ion- 
exchange chromatography on DEAE-'Sephadex .4—-50' 
after the method of Gelotte, Flodin and Killander’. The 
various serum fractions were added to ineubations as 
previously deseribed and it was found that the squalene 
accumulating factor in rat serum appeared to be associated 
with the «,-globulin. 
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Fig. 2. The effect of increasing concentrations of delipidized fraction 
IV-1 on the biosynthesis of cholesterol and the accumulation of squalene. 
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Cohn fractionation of human serun? showed that 
squalene accumulating activity was also present in 
fractions III-0 (rich in f.-lipoproteia), IV-1 (rich in 
a,-lipoprotein) and IV.4 (rich in «,-., a, and p-maero- 
globulins). Fraction IV-1 was delipidized by the method 
of Scanu, Lewis and Bumpus? and this treatment increased 
the squalene accumulating potency of this fraction. 
Further studies have shown that the squalene accumulat- 
ing activity of delipidized fraction IV. l is present in the 
apo-protein of the «,-lipoprotein. There is a relationship 
between the amount of apo-protem acded to the incuba- 
tion mixture and the amount of squalene accumulated as 
shown in Fig. 2. 


Mevalonic =se% Squalene eea Squalone —9»  Lanosterol 
acid oxide 


Delipidized 


a -lipoprotein Cholesterol 


Squalene-protein 
complex 


Fig. 3. 


Although there are various possible modes of action of 
the apo-a,-lipoprotein with regard to squalene accumula- 
tion, the present evidence indicates that it may act by 
sequestering squalene thus making it unavailable for 
further enzymatic action, such as attack by oxygen to 
form squalene oxide, and therefore leading to an inhibition 
of cholesterol synthesis. The apo-s-lipoprotem is syn- 
thesized in the liver and presumably in most mammals 
the subcellular compartmentation prevents this molecule 
producing substantial squalene accumulation. Neverthe- 
less this protein may play an important part in sterol 
biosynthesis and regulation. The protein may account 
for the accumulation of squalene in che livers of certain 
fish and in certain extra-hepatic mammalian tissues, 

This seems to us to be a novel form of enzymatic control 
exerted by sequestering the substrate (Fig. 3). 
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Spontaneous and Amethopterin- 
induced Death of LI210 Leukaemia 
Cells in vivo 


Tue principal aim in cancer chemotherapy is to find 
compounds which kill the tumour cells without irreversibly 
damaging normal cells of the host. If the cells of a cancer, 
like many normal cells of the body, are continuously 
dying, the cancer could be controlled by slowing the rate 
of tumour cell proliferation below the rate of tumour cell 
death. Tumour remissions could then be obtained by 
administration of a drug which does not directly kill the 
tumour cells. One of the most successful chemotherapeutic 
agents, amethopterin (methotrexate), may act in this way. 

Treatment with amethopterin inereases the life span of 
mice inoculated with L1210 lymphoid leukaemia cells. 
Two different explanations of this effect have been pro- 
posed?, According to Goldin et a£.*, Klein? and Jacobson‘, 
amethopterin may prolong the generation time of the 
leukaemia cells, while Skipper ef al.** maintain that the 
inereased life span of the treated animals depends on the 
eytocidal effects of this drug. No satisfactory met hod has 
existed for distinguishing between cytostatic and cytocidal 
effects of antitumour agents, because tools for measuring 
the rate of cell death in vive have not been available. 
The most common approaches in studying the im vivo 
effects of tumour arresting agents are based on such 
parameters as survival time, rate of increase in cell number 
(cell counts, size of the tumour), or rate of metabolism 
(incorporation of radioactive precursors). None of these 
parameters measures cell death. We have attemp ted to 
estimate the rate of cell death by monitoring the rate of 
excretion of 5I from mice inoculated with L1210 cells 
whose DNA was previously labelled with radioiodine. 

L1210 cells growing in the peritoneal cavity of C3D2F 1d 
(L1210 leukaemia cells? derived from DBA2 mice grow 
equally well in C3D2FIJ mice, an F, hybrid strain of 
DBA24 x C3H9?) mice were labelled by intraperitoneal ad- 
ministration of 10 uCi of !?I-iododeoxyuridine ('5IUDR). 
'This compound, an analogue of thymidine, is incorporated 
exclusively into DNA of proliferating cells. The unin- 
corporated portion is rapidly degraded to radioiodide and 
excreted’, Two days after !TIUDR injection, when most 
of the unineorporated IUDR breakdown products had 
been excreted, the mice were killed and the labelled 
tumour cells were collected in sterile conditions by 
repeated washings of the peritoneal cavity. L1210 cells 
from five to ten miee were combined and washed re- 
peatedly by centrifugation at low speed to remove asso- 
ciated radioiodide. We found that more than 90 per cent 
of the remaining radioactivity of such à sample was 
associated with the DNA of the leukaemia cells. 

To study the death of these labelled cells, 5 to 20 x 105 
cells were inoculated either intraperitoneally or intra- 
museularly into non-radioactive mice. The drinking water 
of these mice was supplemented with 0-1 per cent sodium 
iodide to depress accumulation of I in the thyroid. 
The whole body !*?I activity of the mice was monitored 
daily by counting individual live mice in a well-type 
erystal scintillation counter. Similar measurements were 
made on mice receiving chronic intraperitoneal doses of 
amethopterin (1 mg/kg/day, starting one day after tumour 
inoculation). In order to minimize possible variations in 
cell viability caused by the labelling procedure, control 
and amethopterin treated mice received their inocula 
from the same pool of labelled cells. To determine the 
excretion time of I labelled breakdown products, a 
control group of mice received an inoculum of labelled 
tumour cells which had been killed by heating at 80°C 
for 15 min. 

Fig. 1 (upper line) shows the loss of !?*Í radioactivity 
from mice inoculated intraperitoneally with living 
$p]UDR labelled L1210 cells. The slope of the curve 
indicates that up to 33 per cent of the +I is lost from the 
leukaemic mice each day. Short term experiments indi- 
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cated that normal mouse cells labelled in vivo with IUDR 
lose radioactivity only when the DNA of the labelled cells 
is broken down, and this process only oecurs when the 
cells die*. Furthermore, it has been shown that many 
types of normal mouse cells similarly labelled with iodo- 
deoxyuridine survive without loss of radioactivity (except 
bv dilution during cell division) throughout the life span 
of the mouse’. The loss of 5] activity from the leukaemic 


ment of the tumour. 

When labelled L1210 cells killed by heat are inoculated, 
more than 60 per cent of the radioactivity is lost each 
day during the first 2 or 3 days after inoculation (Fig. 1, 
bottom line). Similar results were obtamed with inocula 
killed by freezing or by gamma irradiation. The different 
rates of 1I loss from living and dead mocula suggest 
that the !5IUDR labelling technique should be useful for 
in vivo evaluation of the eytocidal effects of various thera- 
peutic treatments. If a drug kills all the tumour cells in 
the animals, the rate of !*?I loss should be similar to the 
rate obtained from prekilled inocula. 
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Fig. 1. Loss of "^I from mice inoculated intraperitoneally with SIU DR 


labelled 1.1210 celis (upper curve), or with similarly labelled cells which 
had been killed by heating at 80° C (lower curve). The effect of ehronie 
amethopterin treatment is shown in the middle curve, The L1210 cells 
were inoculated on day 0, aad most or all of the mice died on the days 
indicated by t (four mice in each group). All counts were corrected for 
radioactive decay by monitoring an appropriate standard sample of uer. 


Fig. 1 (middle line) shows the effect of amerhopterin on 
the rate of 1?*I excretion from mice inoeulated intraperi- 
Chronic 


then cell killing by amethopterin cannot account for the 
7 day prolongation of life. The gene ‘ation time of L1210 
cells is about 11-15 h (refs. 10 and 11), so it would require 
only 1 or 2 days (2 to 3 doubling times) to replace the 
L1210 cells killed by the drug. Treatment with ametho- 
pterin must therefore result not only in cell death but also 
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The Reptilia 


A Multi-volume work 


General Editor: Carl Gans 
State University of New York, 
Buffalo, New York, U.S.A. 


This multi-volume treatise will 
present a comprehensive review 
of the class Reptilia, It will be 





Relatively few broad, yet detailed 
studies of reptilian morphology 
are now available, The Biology of 
the Reptilia is addressed to and 
designed for specialists who need 
a summary on the status of our 
knowledge in a particular system 
or process in reptiles, It is there- 
fore intended for people who have 


at least some minimal background 


will be essential to herpetologists 
and zoologists, and it is hoped 
that many of the topics discussed 


physiologists and behaviourists. 
Dr. Carl Gans will remain as 
General Editor of this series, 
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St. Mary's Hospital Medical 
School, London, England 
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January 1969, xvi -374 pp., 80s. 
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of the pre-history of the major 
groups of Recent reptiles and 
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the turtle shell, the vertebral 
column and ribs, and the reptilian 
dentition. 


Introduction, The Ancestry of Living 
Reptiles, Lower Permian and 
Carboniferous Reptiles. Palaeozoic 
Amphibians and the Origin of 
Reptiles, The Environment of Early 
Reptiles. Definition of a Reptile. 
Summary. References. 


Donald H. Enlow: The Bone of 
Reptiles. Introduction. Early 
History. Types of Reptilian Bone 
Tissue. Patterns of Bone Structure 
in Modern Reptiles, Significance of 
Cortical Stratification. Evolution 
of Reptilian Bone, Bibliography 
and References. 

R. Wheeler Haines: Epiphyses 
and Sesamoids, Introduction. 
Epiphyses and Related Structures. 
Sesamoids. References, 






I. L. Baird, The Ear. 
G, L. Underwood, The Eye. 


Volume 2, in preparation. 
T. S. Parsons, The Nose. 


BEN NNNM E 


Volume 3, in preparation. 

H. C. Dessauer, Blood Chemistry. 
R. Duguy, Cyclic Changes in the 
Blood. Mme. M. C. Saint Girons, 


Cellular Constituents of the Blood. 


W. G. Lynn, The Thyroid. 
NL B. Clark, The Parathyroid. 


Other volumes in preparation. 


divided into three main sub-areas: 





in the areas concerned. AH volumes 


will also be of interest to anatomists, 


BENE mend 


Robert L. Carroll: Origin of Reptiles. 


G. Ottaviani, The Lymphatic System. 


MATURE, FEBRUARY 8. 1969 


* Morphology 
* Embryology and Physiology 


* Behaviour and Ecology 


assisted by an international board 

of specialist Co-editors, who will 

be responsible separately for 
sections of only particular volumes. 
Since the chapters have been grouped 
to place organ systems or associated 
topics into immediate juxtaposition, 
each volume has a place independent 
of the series as a whole. 


A. G, Edmund: Dentition, 
Introduction. Dental Morphology. 
Dental Development. The Egg 
Tooth and Egg Caruncie. 
Description of Fossil and Recent 
Dentitions. References. 


Robert Hoffstetter and jean- 
Pierre Gasc: Vertebrae and Ribs 
of Modern Reptiles. Introduction. 
General Morphological Features of 
Reptilian Vertebrae ond Ribs. 
Structural Patterns in the Living 
Orders of Reptiles. Conclusions, 
References, 


Rainer Zangerl: The Turtle Shell. 
Introduction. Anatomy of the Turtle 
Shell. Comparative Morphology of 
the Turtle Sheil, Phylogenetic 
History of the Turtle Sheil, Summary, 
References. 


Author Index. Subject Index. 





R. Barrett, Pit Organs. 





H. Saint Girons, The Pituitary. 

M. R, Miller, The Poncreas. M. Gabe. 
The Adrenals. D. E. Bockman, 

The Thymus, 


Academic Press 


111 Fifth Avenue, New York, 
N.Y, 10003, U.S.A. 


London and New York 
Berkeley Square House, 


Berkeley Square, London W1X 6BA, 


England 





NATURE, VOL. 221. FEBRUARY 8. 1969 


in considerably slower growth and proliferation rates of 
the surviving tumour cells. 

The behaviour of intramuseularly injected L1210 cells 
demonstrates the cytostatic effects of amethopterin more 
clearly. Mice inoculated intramuscularly with living 
labelled L1210 cells show a faster rate of 1I excretion 
than mice with L1210 cells in the peritoneal cavity (Fig. 2). 
Intramuscularly injected tumour cells thus seem to die at 
a faster rate than L1210 cells growing within the peri- 
toneal cavity. The rate of 1I excretion from dead tumour 
cells injected intramuscularly is approximately the same 
as that of cells inoeulated intraperitoneally. Amethopterin 
administration prolongs the survival of mice inoculated 
intramuscularly with living labelled L1210 cells by 6 days, 
but fails to increase the rate of I loss. This experiment 
shows that it 1s possible to obtain life prolongation from 
treatment which has no measurable cytocidal effects on 
the tumour cell population. Cytocidal effects could be 
obscured by alterations of the rate of iodide excretion 
from the leukaemic mice induced by amethopterin. 
Treatment with amethopterin does not interfere with the 
ability of the mice to excrete !?*5I from intraperitoneally 
implanted dead labelled L1210 cells (Fig. 1), however, 
so this explanation seems unlikely. 
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Fig. 2. Loss of '*I from mice inoculated intramuscularly with '5IUDR 
labelled L1210 cells (legend as in Fig. 1). 


In mice killed 4 days after intraperitoneal inoeulation 
of prelabelled living tumour cells, radioactivity was found 
in the cells of most organs as well as those in the peritoneal 
cavity (Table 1). This distribution of radioactivity can be 
taken as an index of tumour cell migration. Proliferative 
tissues, however, present special problems. For example, 
the skin and the intestine retain as much radioactivity in 
mice inoculated with dead labelled tumour cells as in mice 
receiving living inocula. While the skin may contain some 
metastatic cells, it also contains large and variable amounts 
of excreted radioactivity which is difficult to remove’, so 
no attempts have been made further to analyse this organ. 
Most of the activity in the intestine can be readily attri- 
buted to radioactive IUDR released from dead labelled 
tumour cells and re-utilized by the rapidly proliferating 
cells of the intestinal epithelium?. Comparison of the 
anatomical distribution of radioactivity between control 
and amethopterin-treated leukaemic mice shows that the 
cytocidal effects of amethopterin are largely confined to 
the tumour cells growing in the peritoneal cavity. Treat- 
ment with amethopterin decreases the amount of radio- 
activity retained in the peritoneal portion of the leukaemia 
population (intraperitoneal tumour) to 5 per cent of the 
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radioactivity present in control animals. The radioaetivity 
of cells which had invaded other parts of the body was not 
greatly affected by treatment with this drug. The small 
decrease in 1I retention in the spleen and liver as well as 
in the rest of the body is probably the result of decreasing 
migration of labelled L1210 cells from the peritoneal 
cavity. We ean therefore conclude that the primary 
effectiveness of this drug in prolonging the life span of 
leukaemic mice is due to cytostatic action on tumour 
proliferation. 


Table 1. ANATOMICAL DISTRIBUTION OF Y ACTIVITY IN MICK 4 DAYS AFTER 
INTRAPERITONEAL INOCULATION OF UDR LABELLED LIZIO CRELLE 


, Living LIZIO -+ 
Living L1210 


Organ amethopterin Heat-Killed 
treatment Li210 
Whole body 32-44* 18-28 $22 
Intraperitoneal tumour 11-04 0-54 Gül 
Skin 2-47 2:13 1:18 
Spleen 0:17 0-14 (^04 
Liver 0-44 0-38 003 
Intestine 0-80 0-78 0-68 
Rest of body 14-86 13-01 1-57 


* Per cent of Inoculated radioactivity, 


All tissues except the skin were homogenized and precipitated with 10 
per cent trichloroacetic acid to remove soluble radioactivity before counting”, 
The numbers do not add up exactly to the values given for the whole body, 


Only small chronic doses of amethopterin were used, 
however. Such doses only killed peritoneal L1210 cells 
which were directly exposed to relatively high concentra- 
tions of the intraperitoneally injected drug. Large acute 
doses of amethopterin may also kill tumour cells growing 
outside the peritoneal cavity. Nevertheless, our work 
underscores the danger of accepting increased host survival 
time, or decreased tumour size, as prima facie evidence 
for cytocidal effects of antitumour drugs in vivo. Because 
continuous natural cell death is not a peculiarity of the 
L1210 lymphoma, but also occurs in Ehrlich ascites cells 
and WR-6 rat leukaemia cells (our unpublished observa- 
tions), we believe that in vivo death of tumour cells is 
probably a common event in many transplantable 
tumours. Drugs which have only cytostatic effects may 
therefore still be valuable in cancer chemotherapy, because 
a tumour will regress when its rate of cell proliferation is 
slowed below its normal rate of cell death. 

The IUDR was prepared by Dr S. L. Commerford 
at the Brookhaven National Laboratory. Because it was 
prepared without the addition of carrier iodide, it waa of 
very high specific activity*. L1210 cells were supplied 
by Mr I. Wodinsky at Arthur D. Little Laboratories. This 
investigation was supported by grants from the Massa- 
chusetts Division of the American Cancer Society and 
from the US National Science Foundation. 


Kerr G. HOFER 
STEPHEN RoOSENOFF 
WOLF PRENSKY 
WALTER L. HUGHES 


Department of Physiology, 
Tufts University School of Medicine, 
Boston, Massachusetts. 


Received October 24: revised December 9, 1968, 


! Friedkin, M., and Goldin, A., Cancer Res., 92, 607 (1962). 
* Goldin, A., Venditti, J. M., Humphreys, 8, Ro, Dennis, D., and Mantel, X., 
Cancer Res..15, 742 (1955). 
* Klein, G., Cancer Res.,19, 343 (1959), 
* Jacobson, W., The Treatment of Cancer (1965). 
è Skipper. H. E., Schabel, jun., F. M., and Wilcox, W, S., Cancer Chemo- 
ther. Rep., 35, 1 (1904). 
5 Skipper, H. E., Cancer Res., 25, 1544 (10805). 
? Law, L. W., Dunn, T. B., Boyle, P. J., and Miller, J. TL, J, Nat, Cancer 
Inst.,10, 179 (1949). 
* Hughes, W. L., Commerford, S. L., Gitlin, D., Krueger, R. C., Sehultze, 
B., Shah, V., and Reilly, P., Fed. Proc., 28, 640 (1964), 
* Commerford, S. L., Nature, 206, 949 (1965), 
1? Yankee, D. A., DeVita, V. T., and Perry, 8., Cancer Res., 97, 2381 (1967). 
n Wheeler, G. P., Bowdon, B. J., Wilkow, L. J., and Dulmadge, E. A. Proc. 
See. Exp. and Biol, Mel., 126, 903 (1967). 


578 


Tritiated Water in the Measurement 

of Milk Intake and Tissue 

Growth of Ruminants in the Field 
MEASUREMENT of the turnover and content of water in 
grazing animals is a useful approach to their physiological 
ecology. Young ruminants obtain this water from milk. 
Linnaeus, when he named the mammals, recognized that 
the provision of milk is a major adaptation of these 
vertebrates to dry land, but it is not easy to measure the 
amount of milk taken by mammalian young m the field!. 
The supply of milk, however, determines not only the 
early growth but often the survival of neonates?. Most 
milk is more than 80 per cent water and the burning of 
hydrogen in the milk solids yields a volume of water near 
to that of the solids themselves, so that measurement of 
water turnover in the young provides a close estimate of 
milk intake*, The use of tritiated water m the young 
allows estimation of the body solids content as well as an 
integrated measure of milk taken, while mother and off- 
spring live undisturbed (apart from recapture at 7—10 
day intervals) in their normal environment. 

This approach has been applied to different breeds and 
species at pasture in temperate, desert and tropieal en- 
vironments. The environmental adaptation of adults may 
be compared, using water turnover as an integral of 
behaviour and energy expenditure. There is evidence 
of a genetic determination of water turnover’, for identical 
twin cattle of different breeds, grazing the same pasture 
at the same time, differ by more than 30 per cent between 
breeds, although members of a twin pair agree within 2 per 
cent in water turnover. Similarly, sheep selected for high 
rates of wool growth over 10 years were found at the same 
time and place to use 13-30 per cent more water than sheep 
that had not been selected and were producing 15 per 
cent less wool per sheep*. Rams from these flocks with 
high wool produetion have been shown also to have higher 
fasting metabolie rates than those with low wool-producing 
capaeity?. A close relationship between water and food or 
energy turnover was indicated when wethers with faecal 
collection bags were studied in the field, and a correlation 
of r= 0-930 was found between faecal dry matter and water 
turnover. 

For the measurements to be made, animals were brought 
in from pasture and weighed. Tritiated water was made 
up in 150 mM sodium chloride and injected intramuscu- 
larly in a dose of 10 uCi/kg. Equilibration of the labelled 
water required less than 2 h in young lambs and calves, 
6 h in adult sheep and 7 or 8 h in adult cattle, because of 
the slow mixing of rumen water with the other body 
fluids. A blood sample was drawn at the end of the 
equilibration period. Animals were then allowed to graze 
freely and a blood sample was taken when they were 
weighed at the end of 7 to 15 days. At that time another 
dose of labelled water can be injected to determine 
changes in volume of body water and thus the content of 
solids during growth. Specifie activity was determined by 


lambs. 
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Fig. 1, Comparison of the measured intake of milk of known comgosi- 
tion by seven bottle fed lambs from birth to è weeks of age, with the 
dilution and turnover of tritiated water. The whole milk volume. was 
5:3 per cent higher than the tritiated water turnover estimate of the milk 
intake (integrated relative to ordinate on the right). As lambs became 
older the amount of milk solids needed to vield 1 kg ef body solids 
increased, so that conversion efficiency decreased, 


milk of known composition together with metabole 
water, and tritium estimation, was high (r= + 0-985). The 
actual volume of milk taken was 5 per cent greater than 
the turnover of tritiated water, because of the ash, carbon, 
nitrogen and phosphorus component that was not 
measured as water. The body solids as a fraetion of body 
weight were estimated by subtracting the tritiated water 
space, without correction, from the weight of the lambs 
(Fig. 1). 


Table 1. INGESTED MILK AND TRITIATED WATER TURNOVER IN PENNED 


LAMBS (8 WEEK TOTALS) 


Milk water + Turnover of 


Milk volunie metabolie tritiated A 
(0. water water (l5 
(1) (1) 

Car) (b) (e) (ch) 
(1) 113-6 107-8 107.7 <D] 
(2) 97-3 92-3 929 4086 
(3) 85-2 8O-G 82-8 48 
(4) TEO 70-3 68.8 — 1-5 
(5) TT 83-5 89-3 + 5-8 
(6) 55598 53:0 48-6 — 4-4 
(7) 65-3 62.1 63:1 + 1-0 
570-0 549-9 553-2 43 


The measured volume of whole milk taken by each lamb (a) gives the 
known free water + calculated metabolic water content (b). These values are 
compared with the turnover (c) of tritiated water measured during & weeks, 
The water intakes agree to 0-6 per cent (e-#). Lamb 5 took some of lamb 6's 
milk. This milk mixture (15 per cent solide} was 5:3 per cent greater in 
volume than the sum of the metabolic and free water yield of the milk. 


The increase in weight of bottle fed lambs was propor- 
tional to the milk intake or water turnover, but there were 
individual variations in the amount of milk taken and its 
conversion to body solids (Table 1). The difference between 
the volume of milk taken and its estimation by tritiated 
water was less than 1 per cent, except for lambs 5 and 6. 
Lamb 5 was a predator whieh managed to taxe milk from 
the bottle used by number 6, behaviour which was 
detected by using tritiated water. Lambs running with 
their mothers at pasture also showed individuality of 
rates of water intake and weight gain. Members of twin 
pairs of lambs received milk at rates proportional to their 
weight, so that the milk yield of ewes with twins was 
greater (up to twice) than that of ewes with single lambs. 

This method of assessing milk intake was applied to 
calves fed by cows which grazed together on the same 


NATURE, VOL. 221, FEBRUARY 8, 1969 


range in the tropies at Darwin. Comparisons were made 
between five different types of bovid during the wet 
season (Table = A CUR ri ate of water n ane a high 


values were ee for Gobi Shovihors cross, W wile peeves 
Shorthorn and Buffalo calves had low intakes. Buffalo 
calves contained more body solids than Shorthorn calves, 
which is consistent with the high fat content of Buffalo 
milk. In a tropical environment, Zebu calves with high 
water turnover have more milk intake and grow faster 
than the other types. Water turnover values of adult 
males of these different types of cattle were the reciprocal 
of those of the calves, that is, the highest rate was found 
in Buffalo and the lowest rate in Zebu. 


Table 2. MILK INTAKE AND BODY SOLIDS GAIN OF BOTTLE FED LAMBS 


DURING 8 WEEKS 


Relative 
Weight Milk intake Body weight Solids gain efficiency of 

increase (1./56 davs) gain (g/l. milk) solids gain 

(kg/56 days) gil. milk) (per cent) 
131 102-5 128 43 86 
1r7 91-0 129 40 30 
11-4 88-7 129 45 90 
11:2 RO-7 139 50 100 
84d 63-0 122 43 86 


The relative efficiency of solids gain was estimated in these lambs. 
Although milk intakes increased with weight gain, weight gain and solids 
gain seemed to follow different rank orders, and the largest animal was not 
the most efficient in converting milk to body solids. To grow 1 kg body 
weight required an average of 7-7 L of milk although 44 g of solids was laid 
down for each litre of milk taken. The milk comprised 15 per cent solids. 
It vielded 770 kealories/l. and 90 ml./l of metabolic water. 


Table 3, WATER CONTENT AND TURNOVER OF BOVIDS NEAR DARWIN 


Body 
Water solids 
Breeds of species Weight content (percent 1/24 h  ml/kg'"**/ 
(kg) (ml./kg) body 24h 
weight) 
Calves 
Bos bubalus bubalis (2) 152 Tif 22.] 23-6 384 
Bibos banteng (2) 51 R25 17:5 9:3 367 
Bos taurus (2) 15 804 19-6 13-1 372 
B. taurus x B. 
indicus (3) 59 755 24-5 12.9 429 
Bos indicus (3) 63 791 273 12-7 494 


The body water content of calves running together with their dams on the 
same range was estimated by tritiated water dilution. Turnover of tritiated 
water gives a measure of the milk intake, related to the 0-82 exponent of the 
body weight to compensate for size differenees. Measurements were made in 
the wet season, when the maximum temperature was 32? C, 


The influence of humid environmental eonditions on 
similar breeds of cattle was examined in New Guinea 
(latitude 6° S). Shorthorn-Afrikaner calves were measured 
in the humid lowland valley of the Markham River and 
in the cool uplands (altitude 1,200 m) of the Baiyer River. 
The lowland ealves weighed less at a given age, and con- 
tamed less body solids than the highland calves. The rate 
of intake of water, and presumably milk, was also less in 
the humid tropical animals than the mountain calves. In 


this method of estimating milk intake and efficiency of 


conversion, assumptions are made about the composition 
of milk (which, however, can be checked by sampling at 
intervals) and the chemical composition of the carcass. 
It is also assumed that the lamb or ealf does not take in 
water other than from milk. If, however, green grass is 
ingested the composition of this does not differ greatly 
from milk, and during the first half of lactation at least 
it is likely to make up only a small proportion of ingested 
food and water. 

The calorie value of the body solids of lambs at different 
ages has been estimated by Kellaway (personal com- 
munication). The average composition of milk from 
ewes has been determined. Using these values in relation 
to the water turnover and body solids content of lambs, a 
measure of the efficiency of energy conversion can be 
obtained. This can reach an estimated 40 per cent in the 
first week of life but falls to less than half that value by 
the end of 4 weeks. The lambs with the highest rate of 
intake and of growth were not necessarily the most 
efficient in converting milk to tissue (Table 2). 

The use of water metabolism in this way has four 
principal advantages. It permits the estimation of milk 
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received while the mother and offspring are undisturbed 
at pasture during the important early phase of lactation. 
This gives an integral picture of intake m which the week 
becomes the unit of measured time rataer than 2 or 4 h 
of milk measurement. The body solids content, obtained 
from these measurements, pr ovides a picture of individual 
efficiencies of conversion. By means of this ecological 
tool, different animals ean be comparec in the same en- 
vironment, or the same types of animale can be compared 
in different environments, while there is minimal disturb. 
ance or need for training the animals. 

We thank the members of the Deparsment of Primary 
Industries in the Northern Territory and in New Guinea 
for permitting access to their herds and for valuable he ip 
in the field. This work was supported Ey the Australian 
Wool Board, the Australian Meat Board and the Rural 
Credits Development Fund of the Peserve Bank of 
Australia. 
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Degeneration of Nerve Fibres within 
the Embryonic Spinal Cord 


WE wish to present evidence that during the development 
of the spinal cord, nerve fibres in their primitive un- 
sheathed condition may degenerate. We shall also show 
that a site where this breakdown begins can be recognized 
in electron micrographs as a local herniat«on of the fibre, 
with the swelling of eytoplasmie organelles within into 
apparently empty vesicles, variable in form, which at 
first are contained within the enlarged surface membrane 
of the fibre. This later breaks down, «iseharging the 
contents into spaces within the embryonie cord. 

In the adult nervous system, rounded vesicles are 
associated with synaptic terminals and are generally 
thought to contain transmitter substances. Recent 
observations, however, have demonstrated iy abundant 
vesicular bodies may be found within a neural structure 
at sites other than synaptic terminals! Elements of 
various sizes and types have been seen in cd sec 
sclatic nerve fibres’, and also aecompanymg the break- 
down of visual receptor disks in the Lizard pineal organ’. 
In both these situations, both dense-cored and apparently 
empty vesicles were noted. Vesicles of ths second type 
have been observed in the developing nervous system. 
Del Cerro, Snider and Snider? have drawa attention to 
terminal dilations of nerve fibres, packed with oval vesicles 
and enclosed within a single membrane. These were found 
both in the developing rat cerebellum and in outgrowing 
fibres from a deplanted salamander spinal cord. The 
prevalence of these structures among growing nerve 
fibres has suggested to these authors their interpretation 
as terminal growth cones which are so characteristic a 
feature of elongating nerve fibres. These vesicular bodies, 
however, seem to lack any of the extendec fine pseudo- 
podial processes conspieuous in the growth cone under 
the light microscope. 
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Fig. 3 


Fig. 1. From the lateral surface (right) of the cord of a 7 day embryo of Eleutherodactylus. Magnification as indicated for Fig. 3, 


Fig. 2. Similar to Fig. 1, from embryo of the same stage. 


Twelve hours after transection of the cord at more eranial level, 


Magnification 


as indicated for Fig. 3. 


Fig. 3. 


In current studies of the developing anuran spinal cord 
and peripheral nerves we observe similar vesicular 
structures, both in embryos and larvae of Rana pipiens, 
and in embryos of Hleutherodactylus ricordit. In the 
white matter of the developing cord outwardly directed 
processes of ependymal cells enclose spaces partially 
filled with bundles of primitive unwrapped fibres most of 
which are less than 1000 A in diameter (Fig. 1). Within 
these spaces are found densely packed bags of vesicles in 
continuity with normal fibres, and also large detached 
sacs apparently in process of discharging their contents 
(Fig. 4). 

A further stage which predominates in normal embryos 
is represented by the dilated bags which are found within 
lacunae of the spinal cord. Both spaces and vesicular 


bags are seen most abundantly on the lateral aspect of 


the white matter. Occasionally free vesicles seem to be 
discharged directly, both from nerve fibres and from 
ependymal processes. The vesicles are usually irregularly 
oval in shape. Those in tightly packed bags are about 
700 A in diameter. As the bag enlarges, so do the vesicles. 
They become wrinkled, and may swell to 2000 A across. 

Some recent experiments with embryos of Eleuthero- 
dactylus have indicated that these bags of vesicles are to be 
regarded as products of degeneration rather than an 
accompaniment of fibre elongation. Embryos of Eleuthero- 
dactylus ricordii at 7 to 7-5 days (that is, almost. halfway 
through embryonie development) were removed from 
their envelopes and placed in Holtfreter saline. The 
neural tube was then transected just behind the medulla. 
Most of these embryos survived the operation, and the 
wound healed externally within 24 h. At intervals from 
12 h to 3 days some were fixed in glutaraldehyde for 
electron microscopy, followed by post-fixation in osmium 
tetroxide’, Others were fixed in Bouin’s fluid for examina- 
tion with the light microscope. Eighty-seven were fixed 
in all. 

Twelve hours after transection of the cord, conspicuous 
numbers of the smaller, densely packed bags of vesicles 
appear within these spaces of the white matter, at levels 


Similar to Fig. 1, from embryo 24 h after operation. 


caudal to the site of operation (Fig. 2). Subsequently, 
they are succeeded by empty bags, a sequence which 
demonstrates that each type represents a stage in the same 
process (Fig. 3). The prevalence of the second in normal 


material suggests that bags are continuously being 
produced, and persist in the latter form for several 
days. 


The loss of nerve fibres through degeneration of descend- 
ing axons eut off from their cell bodies results in the 
enlargement of the spaces normally present in the outer 


) 3 


. 





Fig. 4. From superficial layer of white matter ot 7 day embryo of 

Kleutherodactylus 12 h after transection of cord. At the top is a bag of 

vesicles containing remains of mitochondrion, in the middle and at the 
lower right are vesicles discharging trom a ruptured bad. 
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zone of the white matter of the embryonie cord. Both 
aspects of fibre degeneration are most conspicuous beneath 
the lateral surface, in the same region as in normal 
embryos. The effects of the operation are seen within 
the cord behind the site of operation as far caudally as 
the lumbar enlargement. Nor are degenerating fibres 
confined to the white matter, for vesicular bodies can be 
observed within the mantle layer and between cells of 
the ventral horns. 

It is thus possible to trace the course of the degeneration 
of fine primitive fibres after sueh operations in a manner 
comparable with the classical procedures which have long 
been applied to more differentiated elements of the adult 
nervous system. The experimental degeneration of 
adult axons and synaptic terminals is now being traced 
by eleetron mieroscopy*. Although our experiments lack 
precision, they indicate something of the distribution of 
early embryonie fibres descending from cranial levels 
which would be possible to define by examining the results 
of more localized lesions. 

In about half of the operated embryos, the snout became 
sensitive to light touch from the second day after opera- 
tion, and at about the normal time of development*, thus 
indicating that by then there had been some regenera- 
tion of descending fibres. Under the electron microscope 
enhanced degeneration was no longer evident within the 
lateral superficial zone of the white matter. 

Saes filled with vesicles apparently similar to those 
whieh we interpret as the result of the degeneration of 
nerve fibres are not confined to neural tissues and can be 
recognized in electron micrographs published by other 
authors, as, for example, in a recent figure of a section 
through the human syncytiotrophoblast given by Boyd, 
Boyd and Hamilton’, where within a large trophoblastic 
vacuole can be seen a body of this nature. We have 
observed similar vesicular sacs within the pronephric 
tubules of Eleutherodactylus embryos, at stages where 
involution of the pronephros has begun. 

De Iraldi and de Robertis! have presented evidence 
that the vesicles which appear near the site of crushing 
the sciatic nerve are locally formed by the enlargement 
and fragmentation of neurotubules. In a developing 
nerve fibre, bags of vesicles seem to originate by local 
herniation of the cell membrane, and simultaneous 
swelling of all nearby cytoplasmic constituents, including 
the neurotubules. Often the early attached bag contains 
one specially large vesicle which seems to be derived from 
a mitochondrion. 

In early larvae of Rana pipiens at stage 22 (ref. 8). 
vesicles about 400 A in diameter accumulate within intact 
nerve fibres, often in the presence of unchanged neuro- 
tubules (Fig. 5), and have there been seen apparently 
budding off from some large membranous element. 
These vesicles swell as soon as the cell membrane 1s 
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Fig. 5. From upper surface of mid-brain of early larvae of Rana pipiens 

showing small vesicles within fibres with intact neurotubules. To left of 

figure a vesicle is being budded from a large membranous element. To 
same magnification as Fig. 4. 
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ruptured. Maybe in growing nerve fibres vesicles originate 
in several ways. If, as we suggest, bags-of vesicles can be 
formed by local changes in cells of other tissues, in such 
cases they must originate from elements other than 
specific neural constituents. 

If we are correct in our interpretation of these bodies 
within the developing nervous system, then it follows 
that during normal development of the vertebrate nervous 
system, fibres degenerate on an appreeiable scale. Cell 
degeneration during neural development is by now well 
recognized*.?, and occurs during the differentiation of 
the anuran ventral horn" and dorsal root ganglia'. 
apparently on such a scale as to constmute a turnover of 
neuroblastie cells, with many more undergoing cell death 
than differentiating into mature neurones. It is uncertain, 
however, whether in other tetrapods, particularly among 
the higher vertebrates, a turnover of differentinting 
neurones occurs on this scale. So far we have lacked any 
direct evidence as to whether the death of developing cell 
bodies was accompanied by the dissoletion of any fibres 
which these abortive neurones may hav» formed. Further 
studies are planned with the aim of determining how 
far these two aspects of cellular degeneration are corre- 
lated during the development of the nervous system. 

The causative agencies which contradi the degeneration 
of cell body or nerve fibre in normal ontogeny are still 
obscure. It may be that a naked, unwrapped embryonic 
fibre can in certain conditions of grewth represent an 
unstable structure. and that the significance of fibre 
degeneration may extend no further. It is possible, 
however, that the liberation of vesicles into spaces within 
the developing nervous system may be a mechanism for 
the distribution of substances with specific effects on 
growth. De Iraldi and de Robertis' maintain that 
vesicles formed at sites of injury are similar to normal 
synaptic vesicles, in that they contain transmitter sub- 
stances locally formed within dilating n-urotubules. These 
authors cite evidence that this is the cause of the accumula- 
tion of transmitters at the ends of severed axons rather 
than enhanced intra-axonal transport being responsible. 
Although the vesicles liberated from developing nerves 
are clearly different in size and shape from synaptic 
vesicles, the possibility is not ruled eut that they may 
contain specific materials. Some such mechanism is 
required to explain, for example, the numerous cases of 
trophic influence exerted by growing and regenerating 
nerve fibres on surrounding tissues!?:*, 
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Metabolism of Thiazole Acetic 
Acid Derivatives and the NIH Shift 


THE microsomal hydroxylation of para-halogen sub- 
stituted anilines, acetanilides and aromatic amino-acids, 
with subsequent migration of the halogen function, has 
been termed the NIH shifti. 

We wish to report the observation of such a metabolic 
process occurring in substituted thiazole acetic acids, one 
of which (ICI 54 450) has been shown to possess anti- 
flammatory, analgesie and antipyretie aetivity (ref. 5 and 
following communication). 

ICI 54,450, (1), when administered orally to rats in a 
concentration of 50 mg/kg, gave rise to two fluorescent 
metabolites in the ratio 2: 1. The minor metabolite was 
shown by mass spectrometry to contain the moiety (II). 
For comparison with this metabolite the two phenols (LIT) 
and (IV) were synthesized. Thin-layer chromatographic 
behaviour, mass spectra abundance patterns and fluor- 
escence spectra showed wide differences between these 
compounds and the minor metabolite. The compound (V) 
whieh would be formed by the NIH shift mechanism was 
then synthesized for comparison. This phenol was found 
to be identical in all spectroscopie and chromatographie 
respects to the minor metabolite. The identity of this 
metabolite was further established by inverse radioisotope 
dilution analysis with material metabolically derived from 
ICI 54.450 labelled with MC. 


COH 








Vil 


Mass spectrometry showed that the major metabolite 
contained a phenolic hydroxy function but no chloro 
substituent. The nuclear magnetic resonance spectrum of 
the methylation product (diazomethane) of this metabolite 
was consistent with the structure (VI), a symmetrical 
A,B, aromatic proton splitting pattern being observed. 

ICI 55,100 (VII) administered to rats in the manner 
deacabicd for ICI 54,450 gave rise to a single metabolite. 
This was identical to the metabolite (V) produced by 
ICI 54,450. The fact that the halogen had not migrated 
supports the findings of Daly et al.* that the NIH shift is 
restricted to para hydroxylation. 

ICT 54,450 was less efficiently metabolized in dogs than 
in the rat. The metabolites were identical, however, with 
even more of the phenol (VIII) predominating. No 
metabolites of ICI 54,450 were detected in monkeys and 
man, or in the serum of any of the species examined. 

When treated with pertrifluoracetic acid in methylene 
Ende Pa I 94, P. 50 nid rise ES à number of products 
in à yie ed of 10 0 per ‘cent. This alic Wu) an in vitro 
halogen migration albeit with a lower efficiency than that 
achieved in vivo. The phenols (IH) and (IV) were not 
detected. 

L thank Dr B. R. Webster and Mr W. Hepworth 
respectively for mass spectra determination and synthetic 
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2-(4-chlorophenyl)thiazol-4-ylacetic 
Acid (‘Myalex’): a New Compound 
with Anti-inflammatory, Analgesic and 
Antipyretic Activity 


THe use of adjuvant-induced arthritis in rats for the 
testing of compounds which may be of value in the 
treatment of rheumatoid arthritis in man? has resulted in 
the diseovery. in our laboratories, of two classes of com- 
pounds with different modes of action?. We wish to 
deseribe briefly the properties of a third class of com- 
pound? which has recently been discovered using this 
laboratory model. 

Our initial observation was that 25 mg/kg of ethyl 

4-(4-bromophenyl thiazol-2-ylacetate, ICT 52,722 (1). given 
by mouth daily, reduced the inflammation associated with 
the devi lopment of both “primary” and "secondary. 
lesions in rats with adjuvant-induced arthritis. 

Compound ICE 54.450. 2-(4- chlorophenylthiazol-4-vyl- 
acetic acid, (ED. “Myalex’ (ICD. subsequently proved to 
be more potent and was therefore studied in more detail. 


N=-CH,.COOC,H, 
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ICI 54,450 was prepared by the reaction of p-ehlorothio- 
benzamide with ethyl o- -bromoacetoacetate. followed by 
hydrolysis of the product, ethyl 2-(4-chlorophenyl)- 
thiazol-4-ylacetate, to the corresponding acid. It is a 
colourless, crystalline solid, melting point 155°-156 a t^ 
It is soluble in most organie solvents but only sparingly 
soluble in water. Salts of varying solubility in. water 
have been produced. 

Tests for biological activity in rats, mice and guinea- 
pigs showed that ICI 54,450 is a potent anti-inflammatory 
agent with analgesic and antipyretie properties. Doses 
within the range 2-5 to 100 mg/kg by mouth produced 
graded responses on adjuvant- induced arthritis in futs 
(developing and established), earrageenin oedema in rats 
adjuvant-induced inflammation in mice and ae 
licht erythema in guinea-pigs*. The compound was also 
active in tests for analgesic activity. for example, the 
squirming syndrome in mice’. In tests for antipyretic 
activity, & | single dose of 100 mg/kg given immediately 
before e injection of à baete rial pyrogen to rats com- 
pletely prevented the inerease in body temperature. 
Studies in adrenalectomized arthritie rats showed that the 

activity of ICI 54,450 was not mediated by stimulation of 
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the adrenals. Studies in adrenalectomized normal rats 
showed that the compound had no corticosteroid-hke 
activity. 

Toxicological investigations in the rat have shown that 
the LD,, acute, of ICI 54,450, is about 850 mg/kg by 
mouth and about 300 mg/kg by intravenous injection. 
In mice, the LD, is about 1,000 mg/kg by mouth and 
about 250 mg/kg by intravenous injection, In chronie 
toxicity tests, rats were dosed daily by mouth for 3 months 
with 80 mg/kg (subsequently reduced to 70 mg/kg), 
50 mg/kg and 10 mg/kg. During the course of the experi- 
ment a few animals died and all these were in the group 
receiving the largest dose. Most of the deaths resulted 
from duodenal ulceration and peritonitis. None of the 
animals killed at the termination of the experiment had 
ulcers, and no other abnormalities were found. Dogs 
dosed daily for up to 3 months with 80, 30 and 10 mg/kg 
were more sensitive to the ulcerogenie actions of the 
compound. By contrast. monkeys tolerated daily doses 
of 125 mg/kg for prolonged periods without clinical signs 
of toxiciby. 

The concentration of ICI 54,450 in body fluids ean be 
readily estimated. The compound is bound to serum 
proteins but can be extraeted from acidified serum into 
trimethylpentane containing 5 per cent amyl alcohol. 
The concentration of the compound can then be de- 
termined by direct speetrophotometrie assay of the 
trimethylpentane phase at 300 mu. 

A single dose of 5 mg/kg by mouth gave maximum 
serum concentrations within the range 25 to 35 ug/ml. 
in rats, mice, guinea-pigs. dogs and monkeys (Table 1). 
The half life of the compound in the serum of rats and 
guinea-pigs was greater than 24 h. In dogs the serum 
half life was about 18 h. Repeated daily doses of 5 mg/kg 
therefore resulted in higher maximum serum concentra- 
tions than those observed after a single oral dose. The 
half life of the compound in the serum of mice and 
monkeys was about 10 h and 3 h respectively and there 
was no aceumulation of the compound in the serum follow- 
ing repeated daily dosing. 


Table 1, SERUM CONCENTRATIONS AND HALF LIFE OF ICI 54,450 IN VARIOUS 


SPECIES 
Maximum serum concentration (gg/ml) 
l Species 
Dose Rats Mice Guinea- Dogs Monkeys 
(mg/kg by mouth) pigs 
5 (single dose) 30 3 30 35 25 
5 (repeated dailv dose? 59 25 60 45 25 
. l Half life in serum (h) 
6 (repeated daily dose) 30-40 11 36 18 3 


In all species examined so far we have found that, at 
therapeutically effective doses, ICI 54,450 is distributed 
within the albumin space--approximately 15 per cent of 
body weight. Examination of the urine from rats and dogs 
has revealed two principal metabolites (preceding com- 
munication), but neither of these has yet been detected 
in the serum of dosed anunals. | 

Correlation of the biological aetivity of ICI 54,450 in 
laboratory animals, with serum concentrations. showed 
that significant anti-inflammatory activity was associated 
with a serum concentration of more than 50 ug/ml. 

Preliminary clinical studies have shown that ICI 54,450 
is effective in the treatment of rheumatoid arthritis in 
man at doses within the range 100 to 200 mg twice daily 
(T. M. Chalmers, J. H. Kellgren and D. S. P., unpublished). 

We thank Dr S. B. de C. Baker and Miss 5. J. Alcock 
for the toxicological data. a 
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Visual Orientation Illusion following 
Judgments with a Tilted Visual Field 


Asch and Witkin showed that when an cbserver adjusted 
a bar on the far wall of a miniature roem tilted at 22° 
laterally, the apparent vertical of the bar was cisplaced 
about 10°-14° in the direction of room ulti. We report 
here an experiment which shows that earaer exposure to a 
similarly tilted roorn produces the same direction of change 
in apparent vertieality when a luminous bar is adjusted 
in darkness. This experiment included appropriate 
controls for the occurrence of a spatial after-effect’“, 
and so the data suggest that illusory effects persist after 
the conditions inducing them are removed. 

Subjects were seated upright in front o: a room (Fig. 1) 
6 feet high and deep, and 4 feet wide, tilsed 227 laterally. 
Although movement was not restricted, monitoring of 
head and body movements showed that departures from 
the normal upright posture were small and unsystematie. 
The room contained a small table and chear, and a picture 
was attached to the wall. The floor waes recessed at the 
front so that the ceiling and walls extended behind the 
seated subject. A black curtain could be drawn across 
the front of the room to obseure, wher necessary, the 
subject’s view of the room. Attached t the rear wall 
was a 24 inch x L5 inch bar which was pivoted at its 
centre and which could be rotated into any orientation 
either by the subject using a rotary cortrol (Fig. 1) or 
by the experimenter. The bar was coate& with luminous 





Fig. 1. 


Miniature room tilted at 22° from vertical. 
upright in front of the open room and adjusted the bar on the rear wall to 
apparent verticality in the dark (with the bar iuminot before and after 
adiustment with room visible. 


The subject sat 
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paint and was clearly visible in the dark following activa- 
tion for a few minutes by the 50 W overhead lamp. 

Each subject was brought into the laboratory wearing 
translucent goggles, which prevented form vision and dark 
adaptation. When seated, and the goggles had been 
removed, he was required to adjust the luminous bar in 
darkness to apparent verticality three times, on two 
oecasions immediately on entering the room (pre-test), 
and on one occasion after undertaking certain intervening 
tasks with the room fully illuminated (post-test). There 
were six groups of fourteen adult subjects. Between the 
pre-test and post-test, groups 1, 3 and 5 adjusted the bar 
to the vertical on one oceasion with the room illuminated, 
and groups 2, 4 and 6 did so on ten occasions at 30 s 
intervals. Between all adjustments the view of the room 
was shut off by drawing the curtain. Groups 1 and 2 
undertook the post-test immediately after the adjust- 
ments, groups 3 and 4 after 5 min, and groups 5 and 6 
after 15 min. Groups 3 to 6 wore the translucent goggles 
between completing the adjustments and undertaking the 
post-test. Thus there were two conditions of adjustment 
(one and ten adjustments) and three conditions of time- 
lapse between adjustment and post-test (immediate, 5 min 
and 15 min). There were nine starting positions, vertical 
(0°), 5°, 10°, 15? and 20° clockwise and counter-clockwise, 
which were randomized across subjects and all adjust- 
ments. 

Means and standard deviations of the differences 
between the mean of the two pre-tests and the post-test 
for the six groups are shown in Table 1. The mean effects 
for groups 1-6 were significantly different from zero’, The 
effect for the groups undertaking ten adjustments was 
consistently larger than those for the groups undertaking 
one adjustment and achieved statistical significance. 
The magnitude of the effect for the conditions in which 
the post-test was undertaken immediately after the 
adjustment period was significantly greater than that for 
those conditions in which there was a delay of 5 min. 
There was no significant difference in the effect between 
the conditions involving 5 min and 15 min delay before 
the post-test. 

That the effects obtained are not sensory spatial after- 
effects is indicated by three further observations. First, 
even after 2 min inspections of a contour, the after-effect 
is known to dissipate rapidly to zero after about 3 min’. 
It is unlikely therefore that such an effect would be 
present after 15 min following 5-10 s inspection during 
the adjustment, as for group 5. Second, it is well estab- 
lished that the after-effect from tilted eontours does not 
oceur for 45° tilt®, whereas the effeets reported here have 
been found to be large and significant with the room at 
45° (ref. 7). Third, two further groups, each of four 
subjects, were required to inspect the tilted luminous bar 
in the dark on one occasion for 15 s and on ten occasions 
for the same period at 30 s intervals respectively. In 
both eonditions there was no significant difference between 
pre-test and post-test settings". We have concluded 
therefore that. the effects observed are not sensory spatial 
after-effects. 

Asch and Witkin showed that a tilted environment 
radically modified the apparent vertieal for an upright 
subject. The data reported here show that a smaller 
modification occurs in the same direction when the tilted 
environment is presented earlier and subsequent judg- 


Table 1, MEAN EFFECT AND STANDARD DEVIATIONS 


Delay Mean Standard 
Group No. of before effect deviation 
adjustments post-test (degrees! (degrees) 

1 1 No delay 3-93* 2-60 

2 10 No delay L14 2:34 

3 1 5 min 2.20 2:52 

4 10 5 min 487 2-77 

5 1 15 min 2-54 2.39 

ü 10 15 min 4:05 3:64 

The effect is the difference between the post-test and the mean of the two 
pre-tests, 


* All deviations were in same direction as room tilt. 
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ments made in a dark field. Such modifications in judg- 
ments of orientation are known to oecur after protracted 
inspection of a laterally tilted field, and are referred to as 
figural, negative or spatial after-effects. These latter 
phenomena have now been exclusively studied. Appro- 
priate controls, however, have shown that the effect 
reported here is not a sensory after-effect of the type 
reported earlier? 9. Three observed characteristics of the 
phenomenon (slow rate of dissipation, significantly large 
magnitude at 45° of room tilt, and presence of the effect 
after 15 min) distinguish it from a spatial after-effect. 
Rather, it is an illusory effect deriving from prior judg- 
ments of orientation in a tilted environment; it might 
be characterized as a learning phenomenon. 
We thank Dr R. 8. Rodger for advice and assistance 
with experimental design and statistical analysis. 
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Sizes of Retinal Images 
formed by Distant Objects 


IN popular discussion the analogy is frequently drawn 
between the structure of the human eye and the mechan- 
ism of a camera. These two optical systems bear a super- 
ficial resemblance because, in each case, light rays reflected 
from distant objeets enter an iris-diaphragm before 
actuating a photo-sensitive surface. Important examples 
of the many cues available for recognizing features otf the 
immediate environment indicate variation in the sizes 
of objeets in accordance with their locations in depth. 
Thus when considering the ability of human beings to 
perceive stimuli present in the field of vision, it is neces- 
sary to determine the sizes of the images formed on the 
retina of the eye. 

The angle subtended at the eye by a given stimulus may 
be caleulated by simple trigonometry if its dimensions and 
distance from an observer are known. This is exemplified 


the eye and the refracting properties of the optical lens 
system contained within it. Appealing to the camera 
analogy. it is eustomary to assume that the retina of the 
eye is a plane, two-dimensional surface. In his discussion 
of image-formation, for example, H cehberg! observed 
that “the retina of the eye is flat, just as an artist's canvas 
or a photographer's plate... ". This assumption allows 
a convenient simplification to be made in calculation and 
it seems to imply that the sizes of objects and images are 
related in a linear fashion. Accordingly, it is usually 
aecepted that for the size of a retinal image to be doubled 
an object, situated at a given distance, must be increased 
to twice its original size, and it must be enlarged by three 
times to treble the image in size. I suggest here that the 
assumptions involved in conventional methods for determ- 
ining the sizes of retinal images are not entirely satis- 
factory. 
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The retinal receptors are distributed over the inner 
posterior surface of the eyeball which is approximately 
spheriea! in shape. In the typical "reduced eye" defined 
by Donders?, the principal axis of the eyeball is taken as 
25-5 mm long. The refractive structures of the human 
eye function as a composite concavo—convex lens. Donders 
assumed that the entire refracting power of the optical 
lens system is homogeneous and situated at the single 
surface, air/cornea, with a refractive index of 1:34. The 
rays bounding a specified physical object converge on 
the refracting structures of the eye and, emerging 
from them, they form a diverging bundle of rays which 
impinge on the retina. The relationship between the 
sizes of the convergent and divergent ray-paths is ex- 
pressed in Snell's law, whereby u-sin g/sin 8; p being 
the refractive index of the optical system. Thus the 
size of an image may be estimated if the physical dimen- 
sions of the object, its location with respect to the lens 
system, the physical characteristics of the system and the 
refracting power of its component optical structures are 
known. In Fig. 1 the size of angle « is obtained as de- 
seribed here and, because sin x/sin 8= 1-34, the size of 
angle 8 can be determined. The are a'b’ represents the 
image formed on the retina by object ab and its length is 
2r8, where r is the radius of the spherical chamber of the 
eye and B is measured in radians. "Thus the sizes of 
retinal images can be evaluated for any objects of given 
sizes located at specified distances. 

This procedure has been adopted to determine the 
heights of the retinal images (a’b’) formed by objects 
(ab) ranging in size from 100 to 2,000 mm and situated 
at a distance (ob) of 500 mm from the eye. The sizes of 
the images (a^b') which would be formed if the retina were 
actually a flat surface tangential with b' have been 
ealeulated also. These dimensions are plotted in Fig. 2 
where the solid line refers to the actual eurved surface 
of the retina and the broken hine to its assumed flat 
surface. This graph shows that the relationship between 
the heights of objects and images is non-linear irrespective 
of whether the retina is understood as curved or flat. 
If the function relating objeet and image sizes were linear, 
an objeet 1,000 mm high would give a retinal image twice 
the size of one 500 mm in height. These calculations 
show that the image developed by an object 500 mm tall 1s 
14-18 mm in height but, when the objeet is doubled in 
size, the image is enlarged to only 18-64 mm and when 
trebled its image increases to 20-07 mm. The corre- 
sponding dimensions obtained on the assumption that the 
retina is flat are 15-84, 22-87 and 25-57 mm. The depar- 
ture from linearity of these two functions and the differ- 
ence between them indicate that the usual methods used 
in determining the sizes of retinal images give inaccurate 
estimates. Helmholtz? was aware of this problem and 
pointed out that “In short stretches of straight lines the 
apparent curvature is not noticed because we are disposed 
to regard and interpret them as being straight lines on 
material objects, rather than as being great circles in the 
field of view". His subsequent analysis of barrel distor- 
tion in the monocular field of vision is readily understood 
in terms of the present discussion. 
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Fig. 1. The image of a distant object formed on the retina of the eye. 
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It is customary also to assume that linearity of the 
relationship between images of different objects situated 
at a fixed distance extends to the sizes of images caused 
by the same object located at different distances. When 
referring to the areas of retinal images formed by distant 
objects, Descartes! observed: "Clearly they are a hundred 
times bigger when the objects are very close to us than 
when they are ten times further away”. This was 
reaffirmed by Gregory®, who stated: “Look at your two 
hands, one placed at arm’s length the cther at half the 
distance-—they will look almost exactly the same size, 
and yet the image of the further hand will be only half 
the (linear) size of the nearer’. It is well known that 
certain of the perceptual attributes of turee-dimensional 
space differ from their physical characteristics. One 
example of this arises when an object seen ever mereasingly 
large distances does not appear to an observer to become 
appreciably smaller in size. The tendensy of objects to 
appear to maintain their sizes irrespective of their loca- 
tions is known as size-constancy. It implies that the 
retinal images of objects appear to become enlarged in 
some way with increasing distance. Because the size 
of the image formed by a given object is understood to be 
inversely related to the distance at which it is displaced 
from the eye, the problem of explaining the phenomenon 
of size-constancy has been considered almost exclusively 
by psyehologists. 

Further calculations have been made to estimate the sizes 
of the retinal images developed by an object 1,000 mm 
in height situated at distances ranging from 500 mun to 
10,000 mm from the eye. Fig. 3 shows that here again 
both functions are curvilinear. As the distance inter. 
vening between the object and the eye increases, the size 
of the image east by it decreases commensurately, but 
increasing increments in distance are net reflected in 
equally proportional decrements in the mage. As the 
distance of the objeet becomes larger. smaller and 
smaller decreases appear in the size of tae retinal arc. 
Conventional assumptions and the misleading camera 
analogy imply that, as the distance of an object is increased 
by linear increments, the size of the retinal image formed 
by it should decrease inversely. | Numerous attempts 
have been made to account for distortions ef visual space 
perception in terms of such phenomena as size-constancy. 
These propose that the denotable characteristics of spatial 
patterns are modified by the operation of psychological 
mechanisms rather than by the properties of physical 
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Fig. 3. Retinal image size and distance for an object 1,000 mm in 


height. 


systems. It should be emphasized that the non-linear 
function relating image-size with distance cannot account 
entirely for the appearance of spatial distortions. The 
ealeulations deseribed above were confined to a static 
photo-optical system and size-constancy is far too great 
in magnitude to be deseribed by either of the relationships 
illustrated in Fig. 3. Its appearance may be explained 
partially in these terms, however, because images tend 
to be larger in size with inereasing distance than would be 
expected if they were related by an inverse function. 
GERALD H. FisHER 
Department of Psychology, 
University of Neweastle upon Tyne. 
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Identification of Concealed Randomized 
Objects 


We should like to make a few comments on two recent 
responses to a communication by J. G. P. et al. 

Several of the questions raised by Farge? quite correctly 
point to the lack of details amplifying the general state- 
ments to which the article was limited because of space 
restrictions. Readers who are interested in being more 
fully informed should read the full research reports that 
have been appearing in the Journal of the American 
Society for Psychical Research beginning with the January 
1968 issue. These artieles contain details of the cardboard 


menters exposed the numbers to themselves for recording 
purposes. But even though the numbers were not visible 
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to the subjeet, we did not elaim that the formation of 
response habits while the individual covers were exposed 
to the subject during series 1, 2 and 3 provided any 
evidence for ESP. 

It is not reasonable to assume that the subjeet could 
have been responding to differential placing of the covers 
within their jackets in those series in which the covers 
were concealed. The jackets were only wide enough to 
permit the covers to be inserted without forcing, and they 
were always placed squarely against the lower ends of the 
jackets. The experimenter who randomized and con- 
cealed the covers was always completely screened from 
the sight of the subject and the experimenter who tested 
him. The experimenter working with the subject 
always gave the stack of prepared stimulus objects a 
random cut before they were used. Thus neither the 
experimenter who concealed the covers nor the experi- 
menter who placed the stack in front of the subject had 
any sensory knowledge of the final order in which they 
were used during the run. 

We were not concerned in our experiment. with making 

distinctions between the subject's use of clairvoyance 
(direct extrasensory perception of a physical object), 
telepathy (extrasensory perception of the thoughts of 
another person) and other possible modes of ESP response. 
though we think that clairvoyance is the most hkely 
explanation of the results so far obtained. 
Series of trials have already been performed both with 
empty covers and with empty jackets. In the former case. 
highly significant response preferences discriminating 
among the covers continued on the same pattern as when 
the cards were inside. Tests with the empty jackets were 
made after the subject had developed response patterns 
for them, and these associative habits continued when 
the empty jackets were coneealed inside ‘Jiffy? book- 
mailing bags. 

In his comments, Robertson? gives no direct. indication 
of having read the article itself, for he was reacting only 
to the heading “parapsychology under which our report 
was classified. Scientifie terminology introduced when it i8 
first needed at an early stage of research, such as the word 
"atom" in physies, tends to be kept in use when the 
advance of seientifie understanding makes the literal, 
We do not claim that 

g are 
ideal terms, but they have (like "atom ') gained a currency 
in the literature that appears to justify their continued 
use as long as everyone really concerned understands what 
is meant. But we fear this may exclude the writer of that 
letter if we may judge from the parable he related. His 
statistical example has no relation to the research methods 
used by qualified investigators in parapsychology and it 
suggests that he has a totally erroneous conception of the 
evidence on which the case for ESP rests. Parapsycho- 


as 


surprised at the number of persons who have not grasped 
this elementary principle. 

Naturally, we do not claim to have the answers to all 
of the questions raised by the results obtained so far. 
and the research with this special subject is continuing. 

J. G. PRATT 
" S ! 1. STEVENSON 
Department of Psychiatry. 
University of Virginia, 
Charlottesville, Virginia. 
Received December 30, 1988. 
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Book Reviews 


PHYSICAL FOUNDATIONS 


Foundations of Quantum Mechanics 
By Josef M. Jauch. Pp. xu-- 299. 
Reading, Mass., and London, 1968.) 


(Addison-Wesley: 
140s. 


FOURTEEN years ago, Professor Jauch published, in 
collaboration with Professor Rohrlich, à treatise and 
textbook on the quantum electrodynamics of spin one 
half particles which was distinguished by covariance of 
notation and extreme elegance of exposition. This book 
remains useful to this day, but à sympathetic reviewer 
soon pointed out a serious flaw whieh this magnificent 
treatise shared with its subject matter; namely, a pre- 
tension to rigour and deductive exposition when the sub- 
ject matter admits at most of heuristicism. 

This challenge to provide more precise mathematical 
justification for the symbolic expressions which con- 
stitute the quantum calculus roused Jauch's interest in 
questions of foundations in general. Starting from the 
mathematical basis of scattering theory he went on to 
problems of localizabihty and measurement in quantum 
mechanies, and has been one of the most active workers in 
this field in recent years. This book is an outcome of his 
activity. 

Jauch himself calls it an advanced text on elementary 
quantum mechanies. By "elementary" he designates the 
subject matter of non-relativistic quantum mechanics for 
the simplest physical systems. With the word “advanced” 
he refers to the use of modern mathematical tools and the 
careful study of difficult questions concerning the physical 
interpretation of quantum mechanics. Actually, the 
physical systems covered explicitly are really “‘element- 
ary’ ' particles or systems of such identical particles, and 
the nearest thing one gets to an interacting system in 
concrete is a spin in an external force field. 

Clearly this is à book which is meant to replace von 
Neumann’s classic. The mathematical tools displayed 
here have a greater generality, and the propositional 
calculus of **ves-no" experiments, or questions, which von 
Neumann already recognized as domains of projections, is 
given great prominence. The related concepts of state and 
observable are more sharply defined and symmetry 
considerations, hardly known in 1930, are now to the fore. 
The connexion with thermodynamics and the statistical 
definition of entropy which was developed at length in 
von Neumann’s book and related to measurements is 
absent, but much greater explicit attention 1s paid to the 


paradoxes of quantum mechanics and the problem of 


hidden variables. Many papers on these and related 
questions appeared in the years which elapsed since von 
Neumann wrote, and Jauch certainly incorporates their 
findings. To put so much into two hundred and ninety 
odd pages makes for a tour de force, and even allowing for 
the author's well known mastery of exposition, the book 
will be heavy gomg for readers who are not on top of the 
mathematical formalism. 

In more detail, Foundations of Quantum Mechanics 
falls into three parts. First, there are four chapters on 
mathematieal foundations, mainly functional analysis, 
and culminating in the spectral theorem and spectral 
representation. This will be quite reasonable to anyone who 
has read Achieser and Glasmann on linear operators in 
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Hilbert space, although in the last chapzer there are a few 
ridiculously diffieult problems. Jauch prefers the spectral 
representation to the eigenfunction expansion method as a 
tool for the diagonalization of self-adjoint operators. but 
he only cites Titehmarsh and Ikebe bi: evidence of the 
shortcomings of eigenfunction developraents. Using the 
tools of generalized function theory it would seem that 
Garding and Gelfand have in different ways rescued the 
much better known eigenfunction theory in sufficient 
generality. 

Part two is entitled “Physical Foundations”. This is the 
core of the book; it contains all the conceptual discussions. 
measurement questions and the abstract scheme of 
quantum mechanies. A rather brief formulation of what 
constitutes a physical system, the nature of models and 
the character of physical laws is immediately reformulated 
in terms of the probability relations betwen the conditions 
to which a system is subject and the eff cts which ean be 
observed. The statistical character of quantal systems. 
considered as inherent in the systerms themselves, 1s 
accepted as a basic axiom at this stage, and a mode of 
description of physical systems in terms of the “yea-no™ 
experiments is then dev eloped. This leads to the caleulus 
of propositions of a physical system aad this ts where 
lattice theory is brought in. — Forturately, both the 
Boolean lattices of classical physics and the weakly 
modular. complete orthocomplemented lettices of quantal 
proposition systerns are not such very complex structures 
and the exposition, although quite terse and demanding, 
remains readable. Similar remarks apoly to the next 
chapter, where the eoncepts of state. observable and the 
superposition principle are introduced. The mode of 
exposition veers from the physical to tae mathematical 
but, although some of the terminology may be forbidding. 
the subjeet matter remains quite accessible. It sounds 
EE at first sight, but need not remain «o after reflexion, 
that a c—homomorphism of the Borel sets over the real 
Wambeis into the proposition lattice detines an observ- 


able. Propositional calculus plus sates, resulting 
from) preparation. plus observables plus superposition 


constitute abstracts quantum theory for Jauch. That this 
abstract, axiomatized scheme is incompatible with the 
expansion of every state in terms of dispersion free states 
(hidden variables) is shown in chapter seven. So far so 
EDU wnat m ud ns Thenry de mors à pene than 


proposition ea of GIAN enn c eu onc) O 
the partially ordered sets of all elosed subspaces of 
separable, infinite dimensional Hilbert sp.ce. Almost all 
modern quantum mechanics is based iaplicitly or ex- 
plieitly on this assumption. Jauch prevers instead an 
abstract characterization of the almost Beolean lattice of 
quantum algebra and replaces the distribucive property of 
the Boolean algebra by a weak modularity property; this 
is satisfied automatically if the isomorpkism alluded to 
above is admitted a priori. To motivate it as the most 
reasonable generalization of the distributive property of 
Boolean algebra. an alternative proposcsl. due to von 
Neumann and Birkhoff, the so-called modular property. 
is first shown physically untenable. Jaueh does this by 
appealing to localizability requirements, using the stand- 
ard Hilbert space formalism. and also by performing the 
not dificult demonstration that the subspace s of infinite- 
dimensional Hilbert space are a non-anodular lattice. 
Nevertheless. the further theory is presen: ed in terms of 
lattices and the general representation :heory of pro- 
positions is offered in terms of the subspewes in a linear 
vector space over an arbitrary field F. This requires the 
theory of projective spaces in the sense of Artin and 
2a ar, a and Iun mat hematics unfamiliar zo physicists is 
EE i = SCOR nore n 





Eo oa even so he ie 12 on sym- 
metries and groups uses the more general language, and 
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hence the famous Wigner theorem on the realization of 
symmetries by linear or antilinear transformations appears 
here in relation to the fundamental theorem of projective 
geometry, in the formulation of Artin. Even if Jauch 
sketches in all the required mathematics, from the 
structure of topological groups to the pio uns -Wigner 
theory of projeetive representations, at this level of 
abstraction these chapters are rather hard. For the 
further development on the dynamieal behaviour of 
physieal quantum systems and the measurement process, 
the standard Hilbert space realization is drawn on. Only 
conservative situations are considered in detail and the 
existence of the Hamiltonian is inferred from the existence 
of automorphisms of the quantum lattice of questions 
which are continuous in time. Jauch offers an original 
version of measurement theory designed to obviate that 
seemingly infinite regression where the “eut” between 

observer and object of measurement 1s dead so that 
finally the “‘consciousness of the observer" appears as a 
kind of last court of appeal. This is done by an axiomatie 
restriction of suitable measuring apparatus, which covers 

classical systems, but also subsumes a class of quantal 
systems. The restriction is by no means obvious and I. 

like Rosenfeld, share some of the doubts expressed 
about this procedure. Jauch's formulation does at least 
have the merit of excluding consciousness from the 
realm of quantum mechanics and ‘‘Wigner’s friend" 
loses his paradoxical status. The other paradoxes are 
given their due, in somewhat conventional terms. 

The remaining four chapters, forming part three, which 
can really be read independently of the rest, are an 
extremely elegant and economical version of the conven- 
tional quantum mechanics of elementary particles. This 
is based on localizability and the homogeneity and iso- 
tropy of space and is a Joy to read. 

Even if one does not entirely share the enthusiasm of 
the author for axiomatization as the best way to deal 
with questions of eonsistency in quantum mechanies, one 
wil readily grant him that as an example of abstract 
presentation of pure theory his book is à masterpiece. 
That non-relativistic quantum mechanies admits of such à 
formulation, although Jauch does not quite succeed in 
laying bare the empirical grounds for the mysterious use 
of complex numbers, is itself reason for congratulation. 
Tt is perhaps fortunate for physical theory in general that 
the range of application of the non-relativistie theory has 
its well understood limits! B. ZIENAU 


COMPUTERS AND CHEMISTS 


The Computer and Chemistry 
An Introduction to Programming and Numerieal Methods. 
By T. R. Dickson. Pp. 216. (Freeman : San Francisco and 
London, November 1968.) 48s. 


THis is a very well written and carefully compiled book; 

it has been written in two parts. In part one the author 
presents a very brief introduction to digital computers, 
computer languages and flow charting. The remainder 
of part one 1s devoted to a description of the FORTRAN 
language. Because there are now many FORTRAN 
dialects, the author has chosen to present FORTRAN II 
and FORTRAN IV, taking great care, at the appropriate 
points, to indicate where these differ. Not all, but most, 
of the features of the language have been included, a 
sensible subset having been selected which should certainly 
satisfy the needs of most programmers. It should, of 
course, be pointed out, as the author does, that anyone 
preparing a program for a specific computer should check 
on his local FORTRAN dialect before becoming too 
involved in detailed coding. None the less, this section 
gives an extremely lucid account of the language and 
provides a very readable text for the beginner. 
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The second part of the book accomplishes two functions; 
on the one hand, it provides a useful survey of the various 
parts of chemistry where computation may be successfully 
applied, and, on the other, it gives sufficient detail about 
many topics to provide a useful reference text for pro- 
grammers with specifie interests.  Entitled "Numerical 
Methods and Computer Applications" the subjects covered 
are program writing, data manipulation and function 
evaluation, finding roots of equations, numerical integra- 
tion, Matrix manipulation and solution of simultaneous 
linear equations, curve fitting, eigenvalues and eigenvec- 
tors. Each chapter contains an adequate theoretical 
discussion of the subject matter and has relevant sections 
of program in FORTRAN together with specimen data 
and results. This ensures that the student not only 
appreciates the theory lying behind his problem, but also 
that he can readily produce a program and has ready- 
made data and results to use for testing it. Also ineluded 
in each chapter are additional problems suggested as 
student programs. 

My only regrets about this book are that the initial 
introduction is so brief, and that the language presented 
is FORTRAN and not ALGOL, which is more widely 
used in this country than it is in America. The author’s 
purpose of providing a solid introduction to computer 
programming and numerical methods for undergraduate 
chemistry students has been admirably achieved. 

J. G. SIME 


ORGANIC GEOCHEMISTRY 


Geochemistry of Organic Substances 
By S. M. Manskaya and T. V. Drozdova. Translated 
and edited by Leonard Shapiro and Irving A. Breger. 
(International Series of Monographs in Earth Sciences, 
Vol. 28.) Pp. xxiv +347. (Pergamon: Oxford, London 
and New York, October 1968.) 140s. 


THe past fifteen years have seen a rapid expansion in 
organic geochemistry. To begin with, the petroleum 
companies were chiefly concerned, but now it involves 
coal industries, universities and research institutes. At 
present most of the available organic geochemical texts 
are compilations of the proceedings of meetings. Until the 
publication of the translated Russian text, Geochemistry 
of Organic Substances, only one book? in the English 
language was wholly devoted to a deliberate synthesis 
of organic geochemical knowledge, and even in this 
instance individual chapters were written by different 
authors. Although E. Degens? in his book on low- 
temperature geochemistry gave an extensive survey of 
organic geochemistry, Manskaya and Drozdova are the 
first authors to attempt to write a complete monograph 
on the subject. 

Whereas the book with many contributors achieves a 
wide coverage, but often lacks an integrated theme and & 
uniform style, à book by one or two authors may be 
heavily weighted towards the researeh interests of the 
writers. This pitfall has unfortunately not been avoided 
by Manskaya and Drozdova. The book begins Si ed 
unconventionally with a preamble that includes a preface, 
a short survey entitled “Organic Substances im Geo- 
ehemistry" by A. P. Vinogradov and then a brief intro- 
duction. The initial twenty-five pages of the main text 
consider the classification and structure of organic 
compounds which may reach sediments and which are 
later converted to fossil organic materials by diagenetic 
and post-diagenetie processes. More than one third cf 
the book is then devoted to the origin, nature and form- 
ation of organic substances in peat and coal, and virtually 
all the remaining text, apart from some twenty pages, 
is concerned with the concentration of metals by organic 
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substances in the Earth's crust. Both authors are special- 
ists in these fields and are well known for their research 
and writings on lignin, humic acids and soils. “Geo- 
chemistry of Organic Substances" is thus a quite mis- 
leading title for the book. For example, only twenty 
pages of text are devoted to the nature and distribution 
of organic matter, apart from peat and coal but in- 
cluding petroleum, in different geological environments, 
an important subject on which it would have been 
valuable to have Russian comment. A similar amount 
of space is used to discuss the melanoidin reaction and 
its possible role in coal formation. 

Translation of a book brings problems not associated 
with its production in the original language. Inevitably, 
the assessment of new developments in the field and 
the literature coverage cannot be so up to date as in the 
initial edition, which was published by “Nauka”, Moscow, 
in 1964, Fortunately, the Russian authors have considered 
a substantial number of references to work published 
in 1963 and even several from publications in 1964, 
but even so a further four years of expansion have taken 
place in the field since then. A useful feature of the 
book is that references mainly from Russian sources, 
approximately 450 with the majority covering the 
period after the Second World War, have been listed 
separately to those taken from non-Russian periodicals 
and books. There are obvious gaps in the non-Russian 
references and also in the text coverage of work by certam 
scientists, features which probably reflect the difficulties 
of access to periodicals and books of countries lying 
outside the eastern bloc. A defect, but one noted by the 
editors, is that certain text references are not included 
in the literature list. while others are incomplete. 

On more technical aspects the type is clear and, al- 
though there are relatively few plates and figures, the 
majority of these are well presented. Printing of double 
bonds in some of the structural formulae is, however, 
uneven and aesthetically displeasing. 
the English text has been thorough and there are few 
errors, but the meaning of '". . . relatively low molecular 
weights (35-40% € .. (page 124) is far from obvious! 
The index is adequate. 

Enthusiasm for the book is tempered by minor defects— 
the unbalanced coverage of the subject and the minimal 
treatment of some important aspects. The Russian 
authors could certainly have offered more constructive 
evaluation of other scientists’ researches. The trans- 
lators, who were also the editors, should, however. 
be congratulated on accomplishing what must have been 
a formidable task and producing a text that reads well. 
Geochemists and coal and soil scientists should find the 
book of value despite the inevitable delay between publica- 
tion of the original Russian text and the translated version. 

D. MURCHISON 
! Breger, I. A. (editor), Organic Geochemistry (Pergamon, London, 1963). 
* Degens, E. T., Geochemistry of Sediments (Prentice-Hall, New Jersey, 1965). 


PAST VEGETATIONS 


Palaeoecology of Africa and of the Surrounding Islands 
and Antarctica 

Edited by E. M. van Zinderen Bakker. Vol. 2: Covering 

the years 1964 and 1965. Pp. 184. Vol. 3: Pollen 

Analytical Studies in East and Southern Africa. By 

J. A. Coetzee. Pp. xi+ 147+8 plates. (Balkema: Cape 

Town and Amsterdam, 1967.) R6.00 each volume. 


In 1950 Professor van Zinderen Bakker published the 
first of the reports Palynology in Africa. Continuing use 
and demand caused the reprinting of the 1950-1963 
coverage which appeared as the first volume of the new 
series Palaeoecology of Africa and of the Surrounding 
Islands and Antarctica. The warmest appreciation and 
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gratitude are due to Professor van Zinderen Bakker for 
these useful publications. Volume two summarizes work 
in pollen analysis and in related subjects, namely, 
climatology and palaeoecology, geology and palaeontology, 
archaeology, biogeography, isotope dates, and morphology 
of fossils, and the volume includes classified lists of publiea- 
tions and addresses of palynologists. Volume three is & 
carefully documented account by Miss Coetzee of pollen 
analyses of long cores mainly from the Mast African high- 
lands; there are accounts of two cores from Mt Kenya; 
one from the Cherangani Range to the immediate cast of 
Mt Kenya; and one from Mt Kilimazjaro. The pollen 
results are prefaced with a comprehens:ve account of the 
climate and See of these mountains, The core 
from Sacred Lake at 2,400 m (7,874 ft) on Mt Kenya 
covers the longest period ; ; the base of the core was dated 
by radiocarbon to 33,350 + 1,000 years »efore the present. 
These pollen diagrams, like those cf Osmaston and 
Livingstone from the Ruwenzori range and Morrison from 
south-west Uganda, supply clear evidence of climatic 
amelioration; vegetation types now characteristic of 
higher altitudes are represented in the ower parts of the 
diagrams. Miss Coetzee believes that the amelioration was 
mainly thermal but more emphasis could be placed, if one 
were so disposed, on changes in effective rainfall. There is 
no doubt that the altitudinal zonatiom of vegetation in 
East Africa is in part controlled by effective ramfall. 
Our present knowledge of the relationships of the vegeta- 
tion types and zones to the environment is so slight, 

however, that there is no immediate prospect of a de- 

finitive interpretation of the pollen diagzams now coming 
from tropical East Africa. 

The final part of this third volume by Miss Coetzee 
describes a pollen diagram from NE Cape Province, 
South Africa. This diagram points tc cooler climates 
alternating with warmer clunates durmg a time-span 
equivalent to the Late Glacial of Eurcpe and the first 
part of the Holocene. 

These two volumes bring together a weaith of instructive 
information and they are important and andispensable to 
those interested in present and past vegetations and 
climates. M. E. 5. MORRISON 


SCREENING FOR DISEASE 


Presymptomatic Detection and Early Diagnosis 

A Critical Appraisal. Edited by C. L. E. H. Sharp and 
Harry Keen. Pp. xvi+ 384. (Pitman Medical: London, 
December 1968.) 126s. 


THe aim of medicine is not only the cure of patients but 
also the prevention of disease. In recen: times a lot of 
emphasis has been placed on screening andwarly diagnosis. 
Although, theoretically, the idea of early diagnosis appears 
sound and has been proven to be useful in the ease of 
infective diseases such as tuberculosis, it is of more 
doubtful value in the ease of chronic conditions. Questions 
arise, therefore, whether such diseases as hypertension and 
diabetes, if recognized early enough, can be cured or, at 
least, whether the management of patients can be helped 
and their survival lengthened, 

This book is edited by the late Clive Sharp and Harry 
Keen. Dr Sharp was medical officer of heath for Bedford 
and was one of the first to realize that it vas essential to 
investigate clearly whether early diagnosis w vas use ful with 
chronic disease. He and a team from Gay's Hospital, 
London, began their pioneer efforts as te the value of 
diabetic screening in Bedford in 1962, Unfortunately, 
Sharp died before this book was published. His work has 
been carried on by Dr Harry Keen of Guy's. 

The book consists of some sixteen chapters, divided 
into three parts. The first part consists of « review of the 
opportunities and problems presented by screening pro- 
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cedures by Sharp; a description of probably the most 
thorough and well known of multiphasie screening 
examinations by Collen of Oakland, California; a de- 
scription of chemical health screening by the Jungner 
brothers from Sweden; the methods of linking medical 
records by Acheson; and methods of evaluating the 
quality of medieal care by Donadebian. 

The second group of chapters considers the worth of 
detecting occult disease by Wilson and then examunes 
specific problems; namely, diabetes mellitus, urinary 
infection, breast cancer, ophthalmology, coronary heart 
disease, ischaemic heart disease and malignant disease. 
The third section has three chapters-—-one on screening 
and the World Health Organization programme; the 
health services of developing countries and the place for 
screening tests by Wood; and a critical analysis of the 
value of screening by Cochrane and Elwood. 

The main problem of this book is that much of the 
material presented is out ef date, and it competes 
with a recent publication, Screening in Medical Care— 
Reviewing the Evidence—a collection of essays for the 
Nuffield Provincial Hospitals Trust. This latter book 
reviews the evidence much more critically than does Sharp 
and Keen’s book, which consists of a strange mixture. 
Thus the chapter by Donadebian on evaluating the quality 
of medical care, although good, has been previously 
published by the Milbank Memorial Fund and really 
should not appear in this publication as it is not concerned 
with screening. 

The description by Collen of screening is concise and 
worthwhile reading, as is the description by the Jungners 
of their methods for chemical pathology. The chapters on 
urinary infection, diabetes and breast cancer and cytology 
are worth reading for their deseription of the problem. 
Yet none of them eritically examines the evidence for and 
against screening. The chapters on coronary heart 
disease and ischaemic heart. disease really do not offer any 
evaluation of the value of screening but are accounts of 
epidemiological investigations of these conditions. Only 
two chapters, by Wilson and by Cochrane and Elwood, 
clearly present the problems of screening for chronic 
disease. 

This book can be recommended for its description of 
screening procedures. Its cost, however, is very great 
when compared with the publication of the Nuffield group. 

W. W. HOLLAND 


ACTIVITIES OF THE BRAIN 


Mathematical Analysis of the Electrical Activity of the 
Brain 

Edited by M. N. Livanov and V. S. Rusinov. Translated 

from the Russian and edited by John S. Barlow. Pp. 

viii--105. (Harvard University Press: Cambridge, 

Mass. ; Oxford University Press: London, November 

1968.) 668 6d. 


Physiological Basis of the Alpha Rhythm 


By Per Andersen and Sven A. Andersson. (Neuro- 
science Series.) Pp. vii4- 235. (Appleton-Century Crofts 


(Meredith): New York, August 1968.) $12. 

Tue first-named book represents the proceedings of a 
symposium held at Erivan in the Soviet Union in October 
1964, and provides a useful introduetion to more recent 
Russian work on the application of mathematieal (mainly 
statistical) analysis to electroencephalography. It is 
ably translated by J. S. Barlow of Harvard, himself an 
expert in this field. As Walter A. Rosenblith, professor 
of communications biophysics, MIT, emphasizes in his 
foreword, it links Russian statistical EEG techniques and 
the cybernetic school, and it demonstrates the application 
of time-series and non-standard EEG analysis in extensive, 


NATURE. VOL. 221, FEBRUARY 8, 1969 


well-controlled, mainly human experiments, often with 
behavioural evaluation. 

The book contains, among established methods of 
analysis, a report on the computer application of Bern- 
stein's method and a discussion of the signifieanee of auto- 
and eross-eorrelation studies for evaluation of the EEG. 
Theoretieal aspeets of power spectral analysis and eorrela- 
tion analysis of photie driving or "the reaction of assimila- 
tion of flashing" are described by Boldyreva. Non- 
standard methods are explored. Genkin has compared 
the duration of the rising phase with that of the falling 
phase of alpha waves. He reports that the ratio of the two 
phases varied with conscious levels and mental processes 
before changes in conventional parameters became 
detectable. Further attention is directed to this aspect 
of analysis by a contribution deseribing regular oscilla- 
tions (called G-waves) m this ratio of asymmetry which 
were also affected by mental activity. Although a 
mathematical account is given, it is a pity that the actual 
techniques of measurement are not deseribed. 

The section on computer analysis of clinical electro- 
encephalographs details interesting effects of mental 
arithmetic on synchronous activity from fifty electrode 
pairs in normal subjects and schizophrenics. The final 
contribution (‘only the beginning ) is a brief but advanced 
aceount of evoked potentials and phase effects. 

It is now almost a century since Caton expressed the 
hope that study of what he called “feeble currents of 
varying direction” might throw further hght “on the 
functions of the hemispheres’. In this context the 
Russian editors point out that “no single one of the 
methods known at present for analysis of the electro- 
encephalogram can reflect with sufficient completeness 
the most complex processes of the activity of the brain". 
The book, however, shows both thoroughness and imagina- 
tive ability of a high order in seeking to achieve this aim. 
It may be compared with the proceedings of earlier 
international conferences held in Russia on this subject, 
for example, the Moscow Colloquium of 1958. Inevitably, 
translation has led to delay, but non-Russian-speaking 
readers owe a debt to the translator for making an English 
version available. Full references are given both .to 
Russian and to cther sources. 

The monograph by Per Andersen and Sven A. Anders- 
son forms a complementary but contrasting volume to the 
foregoing book and deals mainly with what has been 
termed “molecular neurology” (Rosenblith). 

It sets itself the problem of explaining the pacemaker 
control of rhythmicity of cerebral electrical activity. 
The study is based on the plausible assumption that 
barbiturate spindle activity in animals is analogous 
to human alpha rhythm. 

This analogy may not cover all peculiarities relating 
to the human EEG (for example, in man, barbiturates 
induce beta activity); especially those aspects of alpha 
activity involved with behaviour. 

The authors propound "the facultative pacemaker 
theory”. All major thalamic nuclei are capable of rhyth- 
mie activity. Each controls an appropriate cortical 
region and acts, at different times, as starting point for 
rhythmic activity initiated by afferent impulses or stochas- 
tie proeesses—henee the term facultative. Thalamic 
autorhythmicity depends on recurrent inhibitory process 
involving an interneurone which hyperpolarizes neigh- 
bouring projection neurones. 

The authors’ theory is well supported experimentally 
by evidence supplied by several techniques, including 
recording with macro and intracellular electrodes (this in 
collaboration with Sir John Eccles) and study of recruiting 
responses from their own and from other sources, Neuro- 
anatomical support is adduced and properties of a thala- 
mic model are described. 

Suppression of alpha activity mediated by the reticular 
formation, for example, by eye opening or calculation, 
is regarded as being outside the scope of the hypothesis. 
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Andersen and Andersson emphasize thalamie at the 
expense of cortical function in electrocerebral activity 
and it would perhaps be unfair to expect otherwise. The 
monograph should provoke discussion and further 
enquiry. It can be warmly recommended to everyone 
interested in fundamental electroencephalography and 
brain function. A. GLASS 


APPROACHES TO REGENERATION 


Cellular Biology of Vertebrate Regeneration and Repair 
By Anthony J. Schmidt. Pp. xi--420. (University of 
Chicago Press: London. November 1968.) 157s. 


As indicated by its title, this book does not deal with 
regeneration in invertebrates and in fact it is concerned 
chiefly with the limbs and tail of Amphibia. The healing 
of skin wounds in mammals is also considered, more 
briefly, for comparison. There is no specific account of 
organs such as the liver which probably regenerate exten- 
sively in all classes of vertebrates. Knowledge of re- 
generation in cyclostomes, fishes, reptiles and birds is 
limited, of course, but it would permit some useful com- 
parison between classes. 

The title also expresses an emphasis on regeneration 
processes at the cellular and sub-cellular levels of magni- 
tude though, inevitably, tissues and their interactions 
often come into the picture. There is also a section on 
systemic and local factors which affect regeneration, so 
that the scope in these respects is broader than the title 
implies. 

The book could scarcely be considered narrow in scope, 
in view of its ninety pages of 1.450 references. This 
compilation will be most valuable for all in the field. It 
includes many early works, gives full titles and has been 
prepared with great care: I found only one reference in the 
text whieh was absent from the bibliography. In con- 
trast, there are a number of minor errors in authors’ 
names, and the like, in the text, and the index looks thin. 

Because the book also centres very manifestly on the 
author's own contributions to the subject, the inescapable 
implication is that these have been very substantial and 
broadly based—-and all in the short space of one decade. 
Inevitably, the book has some of the shortcomings as well 
as the virtues of this situation. It has freshness and 
energy, but it has gaps (particularly in background), 
errors in perspective and signs of haste (in proof-correcting, 
for example). * There is, perhaps, also a tendency to under- 
acknowledge earlier books and reviews in the field. 
Korschelt (1927), for instance, is surely a classic, while 
Abeloos (1932) and Millot (1931) deserve a place in com- 
prehensive, general bibliographies. Schmidt no doubt is 
justified in eschewing the “theoretical vaporizings" 
(to quote a compatriot zoologist) of earlier reviewers, 
though not in overlooking some of their useful contribu- 
tions. Equally, of course, the author’s own theoretical 
ventures must be appraised critically—not all will agree 
with the delimitation of ‘“‘blastema’’, for instance. 

The author’s emphasis on limited aspects of recent 
research can scarcely give a well-proportioned picture for 
young zoologists who should constitute the book’s main 
public. Nevertheless, as a record and interim report of 
the present stand of Schmidt with regard to research on 
regeneration, the book is as valuable as it is stimulating; 
it should certainly promote interest in, and direct research 
along, the author’s main paths—the biochemical and the 
cytological. It is essential to know the metabolic and 
other chemical changes in regenerating systems at least 
as well as the morphogenetic changes are known, because 
they are likely to provide information which the latter 
alone never could. The author's whole-hearted applica- 
tion, in his work and reviews, to the initial problem of 
plotting the basic metabolic pattern deserves full credit. 
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lt is an essential launching-pad for che really exciting 
phase, of research into the metabolrtes specific to the 
process, leading to the actual identification of such men- 
in-the-moon as “‘evocators”, “inducers”, “organisers”, 
and the like. Morphogeneticists may be pardoned for any 
present scepticism and restiveness about the chemical 
approach—this adds to the magnitude of the challenge. 
At the present stage. however, Schmidt is preoceupied 
with the basie metabolism, and he soraetimes appears to 
forget that the centre of interest is the differences from, 
rather than the resemblances to, normal metabolism. 

The organization of the book is open to some criticism. 
Sections other than chapter thre»  (morphogenetie 
changes), part two (metabolites and metabolism) and 
chapter nine (endocrine factors) rouse some suspicion of 
paying mere lip-service to comprekensiveness. — This 
impression is not improved by the final part which, 
despite its novel and intriguing heacing, seems rather 
unmotivated and earthbound. Some cf the headings do 
less than they might for the synopsis of the book. 

The author has taken some liberties with English (and 
Latin) usage; for instance "overly", "interpretating '. 
"intrafiberal", in loco meaning in vitu, “temporally 
obligated" (correlated in time), none of which seems justi- 
fied and could give much trouble to those less than fluent 
in the language. The same might be trae of some of the 
technical terms: “muscle terminals" ( ? cut-ends), "third 
intention" ( ? tertiary intention). “pleurspotent’’ (pluripo- 
tent) and “analyn” (alanine). 

There are a few factual errors such as using methyl 
green and pyronin for a fuchsin reaction. and sorne of the 
bioelectrical statements, but it is perhaps for the innocent 
to cast such stones. 

The quality of both the contents and publication 
deserves due credit, but the price in sterling is high. 

A, E. NEEDHAM 


RUSSIAN PHYSIOLOGY 


Physiology and Pathology of Membrane Digestion 

By Aleksander M. Ugolev. Translated from the Russian 
by Jacob A. Stekol. Pp. xvi+ 226. (Plenum Press: New 
York, 1968.) $15. 


Turis is a disappointing book. It would have been justifi- 
able to hope that Ugolev would have produced an illum- 
inating account of problems with which he has been 
prominently concerned, This would give us an insight into 
an interesting aspect of Russian physology which is 
otherwise available only to those of us who are fluent in 
Russian. Unfortunately, he has attemp»ed to cover too 
wide a field, so that there is alternatioa between very 
detailed aecounts of the experimental bas:s of some of the 
conclusions and wholly superficial accounts of the basis 
of other conclusions. 

The main thesis of the book is that thers is a process of 
intestinal digestion which takes place on the surface of the 
cells of the intestinal mucous membrane und that this is 
at least as important as digestion in the lumen of the 
intestine brought about by the enzymes c? the secretions 
of the pancreas and the intestine. This shesis has been 
generally accepted and there is much wo:k published in 
English to support it. Ugolev himself published a review 
in English in 1965 (Physiological Reviews 45, 555), and 
what would have been helpful here woui have been a 
fuller account in English of the experimental work rather 
than of the basic ideas. 

There is, indeed, more experimental detail in this book 
than in the review, but it does not streng: hen the argu- 
ment, because it is rarely full enough. Much of it is in the 
form of diagrammatic presentations of «he results of 
experiments whose design has not been deseribed, and in 
a number of instances there is no reference +o the paper in 
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which these experiments were published. Some of the 
technical detail is obscure, in part because instruments or 
components are referred to by alphanumerical designa- 
tions which have no clear meaning in English. The 
English of the translation is not as clear as that of the 
review and the ground which is fully covered in the book 
is little greater than that of the review, nor is it appreciably 
more up to date. 

It is disappointing not to be able to recommend this 
book. It certainly contains more of Ugolev's work than 
has yet been published in English, but it is not likely to be 
of value to anyone not engaged in work in closely related 
fields. R. B. FISHER 


PLAGUE ON THE FARMS 


The Great Cattle Plague 

An Account of the Foot-and-Mouth Epidemic of 1967-8. 
By Ralph Whitlock. Pp. 111+12 plates. (Baker: 
London, 1968.) 2655. 


Tus great cattle plague Ralph Whitlock describes is, of 
course, the foot and mouth disease epidemic of the winter 
of 1967-8 which became the greatest disaster British 
animal husbandry has ever suffered; botween October 25, 
1967, and the end of February 1968 over two hundred 
thousand cattle and over four hundred thousand sheep and 
pigs were slaughtered. Estimates of the total cost of the 
epidemic exceed £100 million. 

Whitlock, who is the farming correspondent of The 
Field, and a farmer, was obviously quick to realize that 
in the appalling events which he saw and reported he 
had the makings of a book. He has written a fascinating, 
albeit lugubrious pieee of extended journalism with 
enough editorial slips to attest the rush to the press. In 
seven short chapters centred on a week by week account 
of the plague months, he successfully conveys something 
of the feelings of the farming community—its anger, 
depression and above all impotence—during the epidemic, 
and the arguments that still continue over what might 
have been done or should be done in the future. In- 
evitably, the book is unfinished; the final chapter can 
only be written when the Duke of Northumberland's 
Committee of Inquiry produces its reports and reveals 
what has been learnt from this bitter lesson. 

The first three ehapters are devoted to the history of 
the disease in Britain since the first recognized ease in 
1839, the nature of the virus and the disease, and the 
mechanics of the British slaughter polhey. Naturally, 
Whitlock is more at home with foot and mouth disease 
on the farm than in the laboratory, and his journalistic 
style leads to statements such as “It [the virus] thrives on 
eold and darkness". But, all in all, the background 
introduction manages creditably enough to set the scene, 
contrasting the successes in Victorian times of a slaughter 
policy against rinderpest and pleuropneumonia with the 
failure of the slaughter policy against foot and mouth 
disease. Whitldck even reaches the conclusion at the 
end of his first chapter that, “from the statistics it could 
be argued that foot and mouth disease has been winning", 
but like most farmers he maintains throughout that 
slaughter is the best and only policy. 

There is no comment on one of the most curious eireum- 
stances of the epidemie; namely, that on the day that the 
first case was confirmed, animals from the infected farm 
were being sold at a nearby market with some 7,000 head 
of livestock. But Whitlock describes the criticism of the 
Ministry of Agriculture which mounted as the magnitude 
of the outbreak became clear. Farmers were particularly 
angered by the apparently inconsistent, way in which the 
ministry caneelled publie events, and by the ministry's 
contradictory advice on disinfectants. More seriously, 
the ministry apparently refused to consider a preparation 
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specifically made to kill foot and mouth disease virus by 
a Manchester company on the grounds that it did not 
fit into any of the categories listed in an Act of Parhament 
of 1932. And yet the deputy director of the Animal Virus 
Research Institute at Pirbright said, “This is the fastest 
acting disinfectant we have tested for reaction against 
foot and mouth disease virus”. 

Whitlock is at his best describing the reactions of 
individual farmers to the desolation of assisting in the 
destruction of generations of work and the loss of tens of 
thousands of pounds worth of stock. And his descriptions 
bear out another criticism of the ministry-—the delays in 
the disposing of the slaughtered animals. One farmer, for 
example, had his stock of 120 cows slaughtered on a 
Saturday evening, but not until the following Wednesday 
had 250 railway sleepers, 450 bales of hay, three lorry 
loads of old tyres and 200 gallons of oil been collected for 
the pyre. So for three days the 120 carcasses lay rotting 
as a source of further infection. Thea Gowers Report in 
1954 said that the chief reason for preferring cremation 
to burial “was that carcasses should be disposed of as 
quickly as possible". It is incredible that in a national 
emergency the Ministry of Agriculture cannot find more 
portable bonfire materials than old tyres and railway 
sleepers—it should consult its friends in the Ministry of De- 
fence. Whitlock is least convincing when he comes to discuss 
the alternatives to slaughter. Out come all the old argu- 
ments against vaccination, which he claims would lead to 
endemic foot and mouth disease. And he has not done his 
homework about the cost of vaccination. He is content to 
repeat the estimate of £20 million a vear published in the 
Gowers Committee report, adding for good measure that it 
might cost as much as £100 million annually. Experience 
in France and the development. of cheaper and polyvalent 
vaccines since 1954 are not mentioned. But apart from 
the one-sided discussion of vaccination, the book is 
a balaneed and readable account of the 1967-8 epidemic 
and the problems an outbreak of foot and mouth disease 
poses. JOHN ToozE 


PLASTIC MOULDING 


Injection Mould Design (for Thermoplastics) 
By R. G. W. Pye. Pp. 8-- 417. (lliffe: London, December 
1968. Published for the Plasties Institute.) 115s. 


IwsECTION moulding, which consists of forcing heated 
plastic material at high pressure into a metal mould 
through a constricted orifice, is probably the most effective 
method for production of large numbers of articles of 
all kinds. When the method was first introduced it was 
applied to the moulding of objects of comparatively 
simple shape permitting easy withdrawal of the product 
when two halves of the mould were separated. With 
the passing of the years, much ingenuity has been devoted 
to devismg means for the production of components 
the shapes of which have become increasingly complicated. 

The major requirernents of mould design are the pro- 
vision of means, (1) to secure correct alignment of the 
various components which deterraine the shape of the 
product, (2) to enable the finished component to be auto- 
matically ejected from the mould, (3) to secure the plastic 
flow of the material into the most remote and inaccessible 
parts of the moulding, (4) to cool the mould and the pro- 
duct, and (5) to permit the escape of air displaced by 
the plastic material. The book deseribes, in full detail, 
the various solutions which have been adopted to meet 
these requirements and is exceptionally well illustrated, 
every description being accompanied by clear black-and- 
white diagrams. 

The subject is treated in two parts. The first part 
deals with the more straightforward cases of mould 
making, mould construction, ejeetion systems and their 
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effect on the selection of the type of mould, systems of 
feeding plastic from the nozzle to the various cavities 
which go to make up the impression, parting surfaces 
and cooling. 

More advanced constructions are dealt with in the 
second part. This includes moulds which are split to 
permit extraction of products of complex shape, those 
with side covers and cavities and those which are adapted 
for moulding internal undercuts. Detailed descriptions 
are given of the complex arrangements necessary for 
releasing screwed components. 

To a certain extent, injection moulding is an art rather 
than a science and its terminology has been evolved by 
the mould designers themselves with some variations in 
nomenclature. The inclusion in the book of a eompre- 
hensive glossary of terms is therefore timely and valuable. 

The treatment is deseriptive rather than numerate, 
although empirical formulae are given to enable the most 
important dimensions required in a mould design to be 
estimated. Thus such factors as the diameter of guide 
pillars for different sizes of mould, the area of moulding 
appropriate to the action of each injector pin, runner 
diameters and the dimensions of gates can be determined 
in the light of established practice. 

The empirical approach is not a basis for criticism of a 
book intended to enable designers to appreciate and apply 
the results of years of intensive development, but consid- 
eration of the contents reveals some interesting basic 
problems which might well repay study from the scientific 
point of view. Such studies might include the flow of 
non-Newtonian fluids at changing temperatures through 
channels of various shapes and the transient heat flow 
associated with the introduction of hot material into 
moulds from which heat must be removed rapidly for 
the product to solidify sufficiently to withstand the 
forces applied when the work is removed at the completion 
of the moulding cycle. 

The book is intended for, and admirably suited to, the 
student of plasties technology, but 1s unlikely to appeal 
to the non-specialist reader. F. T. BARWELL 


Correspondence 


The Knights’ Move 


SiR,—Now that imagination has been banished from 
philosophy, and maintains a fleeting existence in labora- 
tories, a somewhat furtive existence due to a widespread 
belief in the antipathy of fact and fancy, it is necessary 
to consider what forces are working towards its further 
suppression and extinction, and, in particular, to seek for 
any epidemic disorder of thought against which action 
can be taken. This is, as you point out so forcibly 
(Nature, 221, 109; 1969), no idle speculation. The scienti- 
fic imagination, the most extreme manifestation of the 
human mind, is at stake. The scientific paper, Medawar 
tells us, is largely fraudulent. The heureka ery is muffied 
and we are denied the sight of the heureka-man, naked 
and dripping from immersion in some apparently irrelevant 
experience. The single author, the herald of insight, is 
bemg banished until age and administrative duties have 
deprived him of long and uninterrupted contact with raw 
data, an exile of youth most extreme in countries which are 
most vociferously democratic. The lights of the imagina- 
tion are being dimmed, amidst widespread applause that 
the shadows of obscure inference are disappearing. The 
very seed-corn of reason is being sterilized because it is 
weed-infested and germinates unpredictably. 

There are doubtless many reasons for the diminishing 
return in response to increased investment, but the matter 
is so important that a proportion of the space allocated to 
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what you call scientific journalism, in its best sense, should 
be devoted to it. I think I have identified one major 
virus which, originally incorporated as a useful symbiont, 
has now overwhelmed its host in many of the less robust 
sciences, and is disseminated by incorporation in their 
basie teaching. By infiltrating ready-to-wear computer 
programs it has now infected these devices which, in 
other ways, are so well fitted to the economical recall of 
fact and the orderly display of fancy. 

I refer to the null hypothesis, the simplest concept 
which can permit surprise to be measured so that it can 
be expressed vicariously, appreciated communally and 
approved editorially. 

The first alchemists sought gold without commerce, 
for they were ignorant of elements. Their successors 
sought to extract energy from closed systems, for they 
were ignorant of disorderliness. Our present alchemy is 
the disembodiment of intellect into simple rituals which 
will allow discoveries to be made without the tedium of 
thought or the indignity of the heureka, an event which 
tends to occur at inconvenient times to inconvenjent 
people, usually lighting up the blind ending of some 
highway which has involved a major investment in re- 
sources and in the reputations of their trustees. | 

The null hypothesis is not to be confused with statistics 
although it provides the basis for the simplest deeisional 
procedures which have so effectively colonized the more 
gullible sciences. An editorial poliey which demanded 
the explicit formulation of any implicit null hypothesis 
would restrict this useful device to those few problems 
about which experts were adequately ignorant. It would 
also divert the talents of applied mathematicians from 
presuming to tell other people when they ought to be 
surprised to accelerating the colonization of those vast and 
fertile areas of the unknown which could benefit from 
simulation, model building, parameter fitting, the graphie 
portrayal of likelihoods, and to serious study of the 
genuine problems of machine intelligence. Most of these 
activities are assisted by computers and some are impos- 
sible without them. 

Imagination, which has survived the attack of the 
theorists of knowledge acquisition, is now threatened by 
the sales-directed spread of transistorized sophistry, a 
threat of such gravity that discussion is necessary. 
Epidemiologists usually err in their first diagnoses, but 
this is no argument against epidemiology. Stall less 1s 
it an argument against serious consideration of the alarm- 
ist views of those outsiders who pursue their subjeet 
without their thoughts being infiltrated by nullity or their 
manuscripts being decorated with significance tests. 

Before complacency is induced by the widespread use, 
and occasional appropriateness, of these conventions, we 
should consider the sterilizing effect of the Aristotelian 
logie which was taught and practised for two thousand 
years. Bertrand Russell, after a prolonged search for 
some useful consequence of these rituals of inference, 
records the solitary example of a German metaphvsician 
who was assisted in understanding a joke. 

Yours sincerely, 
J. H. EDWARDS 
Department of Social Medicine, 
The Medical School, 
Birmingham 15. 


Mr Short's Shibboleth 


SIR,— You are being less than fair to Mr Short (Nature, 
221, 298; 1969). Your main reason for ‘profound 
despair" seems to be the apparent discrepancy between 
his figure of 90 per cent of parents who want religious 
instruetion to continue and 20 per cent of the population 
confirmed in the Church of England. To the latter figure 
must surely be added: (a) the active members of other 
Christian denominations; (b) those who deny the divinity 
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of Christ, but see worth in His teachings; (c) those parents 
who do not themselves believe, but nevertheless wish 
their children to hear the Christian case and to decide for 
or against it later on; (d) those who are opposed to 
changes of any kind. 

Your proposal for "neutral" ethical instruction in 
schools provokes the question Where do we go for source- 
material?" To highly controversial figures like Comfort, 
Crick, Arnold Lunn or the Bishop of Woolwich? To the 
writings of professional philosophers ? I agree with you 
that the Old Testament is now not very useful as source- 
material for ethics, its main claims to attention being 
cultural and historical. But why throw away the New 
Testament as a source? The principles laid down by 
Christ remain relevant-~a fact of immense significance. 
It is quite possible to deny his divinity and yet to recognize 
that he was a man of immense genius who changed the 
world for ever. 

As we all know, it is going to be difficult enough for 
children to make decisions on ethical matters as it is. Let 
us try to help, not to hinder. Parents who do not believe 
might have real difficulty in giving such instruction at 
home, as you suggest they should. 

Yours sincerely, 
H. N. V. 
Department of Applied Mathematies, 
University College of Swansea, 
Singleton Park, Swansea. 


TEMPERLEY 


New Constitution for British Physicists 


Str,—While I do not wish to endorse all that Professor 
Blackman said in his letter of January 4 (Nature, 221, 105; 
1969), I think it is true that had members of the Physical 
Society realized, at the time of amalgamation with the 
Institute of Physics, that within a few years their identity 
would have disappeared altogether, that what was pro- 
posed was really a take-over, the offer would have been 
rejeeted or at least bitterly opposed. 

Some of us have, in fact, taken a long time to realize 
just what was happening: a sad commentary, in many 
cases, on the pressure of papers on our desks. 

I do think, however, that the council of the IPPS 
would do well, if it wishes to retain its reputation for 
scientific integrity, to take heed of the advice given in 
your article (Nature, 220, 952; 1968) and to allow more time 
for discussion within the joint organization. A year would 
not be too long. 

Yours sincerely, 
KATHLEEN LONSDALE 
1254 Dorset Road, 
Bexhill-on-Sea, 
Sussex. 


Probability and Prejudice 


Sir,—In the course of a book review (Nature, 221, 291; 
1969) Professor M. 8. Bartlett discusses the problem of 
three prisoners, two of whom are to be excecuted. His 
comments merit further discussion. He first remarks 
that if, as has been reported, the problem nearly wrecked 
a conference on theoretical biology and yet yields at once 
to Bayes’s theorem, it does not say much for the con- 
ference participants. This seems a little hard on the 
theoretical biologists who will typieally have learnt their 
probability from a member of the frequentist school who, 
if he mentioned Bayes’s theorem at all, will have played 
it down as of minor interest. The fault surely lies with the 
statistician, not the biologist. 

The second point is more material. Bartlett draws the 
conclusion that subjective prior probabilities are indefinite. 
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The basis for this assertion seems to be that the prisoner, 
Matthew, is entitled to feel happier if P (the probability 
of the jailer naming Mark if both Mark and Luke are to 
be executed) equals 3r. If r> 1/3, the Bayesian analysis 
shows that this is impossible so that Matthew is incon- 
sistent. If 7 1/3, this requires P —1. Taking r= 1/3 as 
a reasonable value, this shows that Matthews elation is 
only justifiable (to him !) if he believes that when there 
is a choice, the jailer will always name Mark. So I would 
say to Matthew, “If you feel elated it is equivalent to your 
assuming this preference on the jailer's part". Matthew 
would typieally reply that he has no reason for thinking 
the jailer has such a preference: therefore, I say, he has 
no reason for feeling happier. ‘The subjective probabilities 
must cohere and their value lies in doing just this—in the 
example in establishing eoherenee between Matthew's 
happiness and his opinion of the jailer, This seems to me 
to lead to à definite conclusion of some value, contrarv to 
what has been said. | i 
Yours sincerely, 

| D. V. LINDLEY 
Department of Statistics, 

University College London, 

Gower Street, 

London WCI. 


International Meetings 


September 9-12, Conformational Analysis, Brussels 
(R. C. Smekens, Executive Secretary, 49 Sq Marie-Louise, 
Brussels 4, Belgium). 


September 9-15, Foundry Congress, Belgrade (Professor 
M. B. Pajevie, Sevez Drustava Livaca SFRJ, Karnegijeva. 
4, Belgrade, Yugoslavia). 


September 14-19, International Society of Rehabilita- 
tion of the Disabled congress, Dublin (Joseph N. Malone, 
National Organization for Rehabilitation, 25 Clyde Road, 
Dublin 4, Ireland). 


September 15-16, Bridge and Structural Engineering 
Symposium on Safety, London (A. R. Collins, Civil 
Engineering Research Association, Old Queen Street 
House, 6 Storey’s Gate, London SW1). 


September 15-17, Trunk Telecommunications by 
Guided Waves, London (Conferenee Department, The 
Institution of Electrical Engineers, Savoy Place, London 
WC2). 

September 15-17, Programming Languages for 
Numerically Controlled Machine Tools, Rome (Dr 
E. L. Harder, c/o Westinghouse Electrice Corporation, 
1204 Milton Avenue, Pittsburgh, Pennsylvania 15218, 
USA, and Professor A. Caracciolo di Forina, Centro Studi 
Calcolatrici Elettroniche, University of Pisa, Pisa, Italy). 


September 15-17, Aerospace and Electronic Systems, 
Washington DC (Institution of Electrical and Electronics 


Engineers, Box A, Lenox Hil Station, New York NY 
10021, USA). 


September 15-17, Congress of World Veterinary 
Poultry Association, Belgrade (Professor L. Kozic, c/o 
Institute of Preventive Veterinary Medicine, Belgrade 
J. A., 8, Yugoslavia). 


September 15-19, Tropical and Sub-tropical Fruits, 
London (The Scientific Secretariat, Tropical Products 
Institute, 56-62 Gray’s Inn Road, London WCL). 


September 15-19, Electronics for Civil Aviation, 


Square House, Berkeley Square, London W1). 
September 15-20, Chemical Engineering, Chemical 
Equipment and Automation Congress, Marianske 
(HI Chisa 1969, Czechoslovak Scientific and Technical 
Society, POB 857, Prague 1, Czechoslovakia). 
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September 15-21, Funicular Transportation, Lucerne 
(Gilberto Greco, Chief of the Secretariat, International 
Organization for Transportation by Rope, 4 Via 5. 
Martino Derra Battaglia, Rome, Italy). 


September 15-21, Anaesthesia, Varna (Dr E. Stojanov, 
Bul. Batr. Evtimii 59, Sofia, Bulgaria). 


September 16-19, International Federation of Surgical 
Colleges, Buenos Aires (R. 8. Johnson-Gilbert, e/o Royal 
College of Surgeons, Lincoln's Inn Fields, London WC2). 


September 17-20, Congress of Neurological Surgeons 
Meeting, Boston (Dr John M. Thompson, 1955 Blossom 
Way South, St Petersburg, Florida 33712, USA). 


September 17-22, Land Subsidence, Tokyo (Arnold 1. 
Johnson, e/o Water Resourees Division, US Geological 
Survey, Federal Center, Denver, Colorado 80255, USA). 


September 17-24, Cyclotron Conference, Oxford and 
Harwell (Dr F. J. Stubbs, Chemistry Division, AERE, 
Harwell, Dideot, Berks, UK). 


September 20-25, International Society of Surgery 
Congress, Buenos Aires (Professor E. Etala, c/o Societe 
Int. de Chirurgie, 43 Rue des Champs-Elysees, Brussels 5, 
Belgium). 


September 20-27, Cardiovascular Society Congress, 
Buenos Aires (Dr Alan D. Callow, 171 Harrison Avenue, 
Boston, Massachusetts 02111, USA). 


September 21-25, Plant Protection Research, Paris 
(Secretary-General, Societe Francaise de Phytiatrie et de 
Phytopharmacie, 57 Boul. Lannes, Paris 16, France). 


September 21-25, Master Brewers Association of 
America Meeting, Toronto (Allan E. Beach, Executive 
Secretary, 154 E. Erie Street, Room 300, Chicago, Illinois 
60611, USA). 


September 2)]-26, Papermaking Systems and their 
Control, London (Technical Section, British Paper and 
Board Makers’ Association, Plough Place, Fetter Lane, 
London ECA4). 


September 21-27, Neurological Surgery, New York 
(World Federation of Neurological Societies, c/o Johns 
Hopkins Hospital, 601 W Broadway, Baltimore, Maryland 
21205, USA). 


September 21-27, Mediterranean Phytopathological 
Union Congress, Avignon and Antibes (Dr J. Ponchet, 
Secretary-General, BP 79, 06— Antibes, France). 


Sabbatical itinerants 


In the hope of providing some practical assistance in the 
good cause of mobility between laboratories, Nature is 
proposing to advertise the needs for housing of families 
about to take up periods of sabbatical leave. To begin 
with, no charge will be made for advertisements like this. 
it is hoped that a period of experiment will show what 
form these advertisements could most usefully take and 
whether they are effective. 


Wanted : Three months from March 1, 1969; flat 
near to Imperial College, South Kensington, for 
visiting American professor and wife. Please contact 
Dr G. Borlev, Department of Geology, Imperial 
College, London SW7. 


Vacant: 4-roomed ground-floor flat in north-west 
London to let, suitable for a family with several 
children, newly decorated, fully furnished, garden, 
car space. 21 gns per week. Please write to B, 
Michelson, 43 Mapesbury Road, London NW2. 
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BRITISH DIARY 


Monday, February 10 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, Wwe), 
at 2 p.m. and 5.30 p.m.—Meeting on “Noise in Rotating Electrical Machines", 
Papers by Mr A. J. Ellison, Mr C. J. Moore, Mr R. E Davies and Mr D. D. 
Stephen. 


INSTITUTION OF MECHANICAL ENGINEERS, NUCLEAR ENERGY GROUP (at 
1 Birdcage Walk, London, SW1), at 6 p.m.—Discusson meeting on "Once- 
through versus Circulating Boilers in Nuclear Power Plants”. 


Tuesday, February 11 


ZOOLOGICAL SOCIETY OF LONDON (at the Zoological Gardens, Regent's 
Park, London, NWI), at 5 p.m.—Mr M. J. Holden: "The Distribution of 
some Species of Fish in Lake Albert, East Africa"; Professor EK. Simkiss: 
‘Where do the Bones of Embryos Come From ?"; "Zoologisis at Work" 
(film). 


UNIVERSITY OF LONDON (at Westminster Medical Ssihool, Horseferry Road, 
London, SW1), at 5.15 p.m.—Dr P. W. M. Copeman "Drug Rashes”, 


INSTITUTION OF ELECTRICAL ENGINEERS, JOINT LEE/IERE MEDICAL AND 
BIOLOGICAL ELECTRONICS GROUP (at St Bartholomew's Hospital Medical 
School, London, EC1), at 5.30 p.m.— Professor D, R. Wilkie: "Muscle", 


INSTITUTION OF ELECTRICAL ENGINEERS (joint meeting with the Automatic 
Control Group of the I. Mech. E., at Savoy Place, Londen, WCZ), a£ 5.30 p.m.— 
Mr B. May: "pH Control of Effluent Disposal". 


INSTITUTION OF THE RUBBER INDUSTRY (at the Eceeston Hotel, Eccleston 
Square, London, SW1), af 5.30 p.m.——"Mould Design” (speaker to be 
arranged); Mr H. Hurst: "Latex-siliconate Compositions for Damp 
Proofing". 


UNIVERSITY OF LONDON (at the Institute of Child Health, Guilford Street, 
London, WC1), at 5.30 p.m.—Dr C. O. Carter: "ThesGeneties of some Com- 
mon Malformations’ (tenth of sixteen lectures on “The Acientifie Basis of 
Medicine" organized by the British Postgraduate Medical Federation. 


INSTITUTION OF MECHANICAL ENGINEERS, AUTOMOBILE DIVISION (at 1 
Birdcage Walk, London, SW1), at 6 p.m.--Meeting on “Plastics in the 
Motor Industry”. 


INSTITUTION OF THE RUBBER INDUSTRY, WEST OF ENGLAND SECTION (ab 
the George Hotel, Trowbridge), at 8 p.m.—Mr P. HiiE “The Choice of Anti- 
oxidants for Synthetic Rubber Compounding”. 


Wednesday, February 12 


UNIVERSITY OF LONDON (at the Royal Postgracaate Medieal School, 
Du Cane Road, London, W12), at 2 p.m.—Dr P. Hamilton: "Epidemiology 
of Anaemia in the Tropics’’. 


{INSTITUTE OF NAVIGATION (at the Royal [Institution of Naval Architecta, 
10 Upper Belgrave Street, London, SW1), at 6 p.m.—Symiposlum on. "Iner- 
tial Navigation”. 

UNIVERSITY OF LONDON (in the Physiology Leeture Theatre, University 
College London, Gower Street, London, WC), at & p.m.--Professor C, de 
Dave (Louvain): "Lysosomes'' (further lecture on February 13). 


INSTITUTE OF FUEL (at the Duke of York's HQ, Sloane Square, London, 
SW3). at 5.30 p.m.-—Mr M. G. Lacey: "Water Treatsaent-—Current Practice 
and Future Developments", 


INSTITUTION OF ELRCTRICAL ENGINEERS (at Savoy Place, London, WO), 
at 5.80 p.m.--Dr G. G. Macfarlane: ‘‘Electronics Research and the Ministry 
of Technology". 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC), 
at 5.30 p.m.-—Dr W, T. Norris: "The Use of Super-conducting Materials in 
Magnets". 


INSTITUTION OF MECHANICAL ENGINEERS. INTERNAL COMBUSTION ENGINES 
GROUP (at 1 Birdcage Walk, London, SWI}, at 6 ».m.—-Meeting on "Án 
Experimental and Analytical Investigation of the Gas Exchange Process in a 
Muiti-Cylinder Pressure Charged Two-Stroke Engine". 


SOCIETY OF ENVIRONMENTAL ENGINEERS (in the Mechanical Engineering 
Department, Imperial College, London, SW7), at 8 p.m.—Dr A. F., C. 
Sherratt: "Air Conditioning for the Human Envireament'. 


. SOCIETY OF CHEMICAL INDUSTRY, OILS AND Fats GROUP (at 14 Belgrave 
Square, London, SW), at 6.15 p.m.—Dr R. Dils: “Biosynthesis and GLO 
of Trigiycerides''. 


BRITISH SOCIETY FOR THE HISTORY OF PHARMACY ‘at the Pharmaceutical 
Society of Great Britain, 17 Bloomsbury Square, Lonsion, WO) at 7 p.m. 
Miss A. J. O' Hara-May: "Foods as Materia Medica". 


Wednesday, February 12—Thursday, February 13 


[RON AND STEEL INSTITUTE (at the Royal Garden. Hotel, London, W8)-- 
Meeting on ‘Mathematical Models in Metallurgical Erocess Control", 


Thursday, February 13 


INSTITUTE OF PHYSICS AND THE PHYSICAL SOCIETY, VACUUM GROUP (at 
the Institution of Electrical Engineers, Savoy Place, London, WC2) — Meeting 
on “The Preparation of Thin Films by the Method of Sputtering”. 

CHEMICAL SOCIETY (in the Chemistry Lecture Theatre, Imperial College, 
London, SW7), at 2 p.m.—Symposium on “Structural Chemistry of Plant 
Products". 

ROYAL SOCIETY (at 5 Carlton House Terrace, London, 8W1), at 4.30 p.m 





IMPERIAL COLLEGE, DEPARTMENT OF HISTORY of BOIENCH AND TECH- 
NOLOGY (in the Main Physics Lecture Theatre, Prince Consort Road, London, 
SW7), at 5 p.m.—Professor Everett Mendelsohn (“Harvard University) 
“Helmholtz and the Problem of Reductionism"'. 


J UNIVERSITY OF LONDON (at the Institute of Child Health, Guilford Street, 
London, WC1), at 5.80 p.m.—Dr R. T. C. Pratt: "The implications for 
Neurology of Recent Advances in Medical Genetics" (eleventh of sixteen 
lectures on "The Scientific Basis of Medicine" organized by the British Post» 
graduate Medical Federation). 
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UNIVERSITY OF LONDON (at the Middlesex Hospital Medical School, 
Mortimer Street, London, W1), at 5.30 p.m.—Dr Marthe Vogt: “Release 
from Brain Tissue of Potential Transmitter Substances and Interaction of 
Drugs with these Substances", 


x INSTITUTION OF ELECTRONIC AND RADIO ENGINEERS, COMPONENTS AND 
CIRCUITS GROUP (at 9 Bedford Square, London, WC1), a£ 6 p.m.—Dr R., C. 
Foss: "MOST Arrays”. 


INSTITUTION OF MECHANICAL ENGINEERS, APPLIED MECHANICS GROUP, 
AND MEDICAL ENGINEERING WoRKING Party, jointly with the ROYAL 
COLLEGE OF PHYSICIANS AND SURGEONS, GLASGOW (at the University of 
Strathclyde, Glasgow), at 6 p.m,—-Meeting on “A Bio-Engineering Approach 
to Stereotactic Surgery of the Brain”. 


ANSTITUTION OF MECHANICAL ENGINEERS, STEAM PLANT GROUP (at 1 
Birdeage Walk, London, SW1), at 6 p.m.— Discussion meeting on “Ways and 
Means of Expediting the Preliminary Phases in the Planning and the Design 
of Large Projects''. 

SOCIETY FOR ANALYTICAL CHEMISTRY, AUTOMATIC METHODS GROUP and 
the NORTH OF ENGLAND SECTION (at the University of Manchester Institute 
of Science and Technology, Sackville Street, Manchester 1), at 6.30 p.m.— 
Discussion meeting on “Automatic Chemical Analysis and Analysis Systems", 


Friday, February 14 


ROYAL INSTITUTION, PHOTOCHEMISTRY DISCUSSION GROUP (at 21 Albe- 
marie Street, London, W1), at 1 p.m.-—Dr R. Armstrong: "Pulse Radiolysis 
of Tryptophan", 

INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
at 5.30 p.m.---Discussion meeting on “Measurement of Transient Phenomena 
in EHV Systems” opened by Professor L. M. Wedepohl. 

SOCIETY FOR ANALYTICAL CHEMISTRY (in the Department of Mechanical 
Engineering, Imperial College, London, SW7), at 7 p.m.— Professor E. Pungor 
(University of Chemical Industries, Veszprem, Hungary): "Ion Selective 
Membrane Electrodes”, 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W1), at 9 p.m.— 
Professor A. F, Huxley, FRS: “Theories of Muscular Contraction’’. 


Saturday, February 15 


INNER LONDON Epvucation AUTHORITY (at the Horniman Museum, 
London Road, Forest Hill, London, 8823), at 8,30 p.m. The African 
Lion” (colour film). 


Monday, February 17 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
at 5.30 p.m.—Mr G. C. Eltenton: “Brain Efficiency versus Educational 
Inefficiency”. 

UNIVERSITY OF LONDON (in the Anatomy Lecture Theatre, University 
College London, Gower Street, London, WC1), at 5.80 p.m.— Professor R. 
Ceppellini (Turin): “Genetic Control over Antibody Structure” (further 
lectures on February 18 and 19). 


ROYAL SOCIETY OF ARTS (at John Adam Street, London, WC2), at 6 p.m.— 
Sir Erie Richardson: "Education in a Technologically-Based Society” (first 
of three Cantor Lectures on “Technology in Education’). 


SCIENCE OF SCTENCE FOUNDATION, MEDICAL COMMITTEE (at the Hospital 
Centre, Nutford Place, London, W1), at 6.15 p.m.—Dr Peter Draper: 
"Possible Changes in the Organization of Medical Care”. 


REPORTS and other PUBLICATIONS 


(nol included in the monthly Books Supplement) 
Great Britain and lreland 


Questions about the Breeding of Animals. By Charles Darwin. With an 
Introduction by Sir Gavin de Beer. (Sherborn Fund Facsimile, No. 3.) 
Pp. xi+8. (London: Society for the Bibliography of Natural History, 


1968.) 25s.; $3.20. [71 
The Schools Mathematics Project. Director's Report 1907-68, Pp. 37, 
81 


(London: SMP Office, Westfield College, 1968.) 

Diamond Information L17: Metal Bond Versus Resin Bond Diamond 
Abrasive Grinding Wheels in Wet Surface Grinding. By F. Hughes. (London: 
De Beers Industrial Diamond Division, 1969.) gratis. 81 

Building Research Station. Current Papers 76-68: Glasgow Wind Damage 
—Design and Construction Facets. By P. H. Wilson. Pp. 4. (Reprinted 
from Construction Technology, July 1988). (Garston, Watford: Building 
Research Station, 1968.) [01 

International Commission on Radiological Protection. Radiation Pro- 
tection, ICRP Publication No. 11: A Review of the Radiosensitivity of the 
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issues im Bone. Pp. vi+36. (Oxford, London and New York: Pergamon 
Press, 1068.) 25s. [01 
Department of Education and Seience—National Advisory Council on 
Education for Industry and Commerce. A Report on the Use of Costing and 
other Financial Techniques in Technical Colleges by the Committee on the 
More Effective Use of Technical College Resources, Pp. vi+ 178. (London: 
H.M. Stationery Office, 1869.) 14s, 6d. net. [91 
Central Youth Employment Executive. Choice of Careers, No. 111: 
Veterinary Science and Surgery. Third edition. Pp. 33. (London: H.M, 
Stationery Office, 1968.) 2s. 3d. net. [01 
University of Cambridge, School of Agriculture Memoir, No. 40: A Summary 
of the Research in Progress and Papers Published by the Members of the Staff 
of the School of Agriculture and its Associated Research Organization during 
the period October 1st, 1067— September 30th, 1968. Review Series No. 23: 
Changing Poliey in Agricultural Research and Teaching at Cambridge. Pp. 
24. (Cambridge: The University School of Agriculture, 1968.) 3s, _ [01 
. The Schools Council. Working Paper No. 22: The Middle Years of School- 
ing from 8 to 13, Pp. v+87. (London: HM, Stationery Office, 1969.) 
7s. 6d. net. {103 
Register of Medical Instrument Manufacturers. Pp. 39. (London: 
Scientific Instrument Manufacturers’ Association of Great Britain, 1968.) [101 


English Electric Valves—Abridged Valve Pata Book 1969. Pp. 90. 
(Chelmsford: English Electric Valve Co., Ltd., 1969.) [101 
The Ordnance Survey Annual Report, 1967-68, Pp. v -9-- 8 appendices 
+ 5 plates. (London: H.M. Stationery Office, 1969.) 16s. net. [101 


Other Countries 


Records of the Australian Museum. Vol. 27, No. 14 (27th November, 
1968): Undescribed Fossil Insects from the Upper Permian of Belmont, 
New South Wales, (With an Appendix Listing the Described Species.) By 
E. F. Riek. Pp. 303-3104 plate 45. AS0.30. Vol. 27. No. 16 (28th Novem- 
ber, 1968): On the Occurrence of Fossil Insects in the Mesozoic Rocks of 
Western Australia, By E. F. Riek. Pp. 311-312 -+ plate 46. A$0.12. 
(Sydney: Australian Museum, 1968.) [91 


Metropolitan Life, Statistical Bulletin, November 1908: The 1968 
Company Awarda for Safety Research. Trends in Viral Hepatitis, Popula- 


tion and Labour Force to Continue to Grow. Hospital Care in 1997 for 
Company Employees. Pp. 12. (New York: Metropolitan Life, 1968.) [91 
Institut Royal Météorologique de Belgique. Statistiques Quinquennales. 
Observations Aérologiques, Station d’Ueele, 1951-1955. Pp. 74. Bulletin 
Mensuel. Observations ionosphériques. Septembre 1968. Pp. 26, Octobre 
1968, Pp. 26. (Ucele-Bruxelles: Institut Royal Météorologique de 
Belgique, 1968.) [131 
Republic of Botswana, Ministry of Commerce, Industry and Water 
Affairs. Annual Report of the Geological Survey Department for the year 
ended 31st December 1967. Pp. 40. (Lobatsi: Geological Survey, 1968.) 
50 cents, [131 
World Health Organization. Monograph Series No. 57: Interactions of 
Nutrition and Infection. By Nevin S. Serimshaw, Carl E. Tavlor and John 
E. Gordon. Pp, 320. (Geneva: World Health Organization; London: 
H.M. Stationery Office, 1968.) 27 Sw.franes; 548.; $9. [131 
International Cooperation on Geophysical Research and the Air Force 
Role in Geophysies--(a Colloquium). By Professor Joseph Kaplan. Pp. 
v+15. (Bedford, Mass.: Air Force Cambridge Research Laboratories, 
Office of Aerospace Research, U.S. Air Force, 1967.) [131 
U.S. Naval Observatory. Circular No. 122: Annular Solar Eclipse of 
18 March 1969. By Julena S. Duncombe. Pp. 22. (Washington, D.C.: 
U.S. Naval Observatory, 1968.) [131 
Studia Forestalia Sueciea. Nr. 64: Antagonistic Effects of Some Soil 
Fungi on Fomes annossus in Laboratory Experiments. By Arne Hyppel. 
Pp. 18.5 kr. Nr. 65: Effect of Different Distances between Water Level and 
Seed Bed on Jacobsen Apparatus on the Germination of Pinus silvestris L. 
Seed. By S. K. Kamra. Pp. 18, 5 kr. (Stockholm: Skogshógskolan, 
Royal School of Forestry, 1068.) [131 
Deutsche Akademie der Wissenschaften zu Berlin. Arbeiten aus dem 
Geodátischen Institut Potsdam, Nr. 19: Über die Leistungsfühigkeit des 
Potsdammer 24-m-Interferenzkomparators, Von Joachim Rauhut. Pp. 
143. (Berlin: Deutsche Akademie der Wissenschaften, Geoddtisches 
Institut Potsdam, 1968.) l [131 
World Health Organization. Technical Report Series, No. 407: WHO 
Expert Committee on Drug Dependence—Sixteenth Report. Pp. 28. (Gen- 
eva: World Health Organization: London: H.M. Stationery Office, 1969.) 
2 Sw.francs; 4¢.: $0.60. [131 
Publikationer fra det Danske Meteorologiske institut. Isforholdene i de 
Grolandske Farvande (The Ice-Conditions in the Greenland Waters, 1962). 
Pp. 25448 Ice-Charts. (Charlottenlund: Det Danske Meteorologiske 
Institut, 1968.) 141 
Deutscher Wetterdienst, Deutsches Meteorologisches Jahrbuch Bundes- 
republik 1065. Pp. xxxv 232.-5 kartes, (Cffenbach a.M.: Deutscher 
Wetterdienst, 1968.) [141 
Australia: Commonwealth Scientific and Industrial Research Organization. 
Annual Report of the Division of Fisheries and Oceanography 1967-68. 
Pp. 54. (Cronulla, NSW: Commonwealth Scientific and Industrial Research 
Organization, 1968.) [1 
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Back Volumes of 
Periodicals for sale 


Biochemical Pharmacology 


Vols. 1-16 (1958-1967). £288 10 0 

Journal of Social Psychology 

Vols, 23-61, Provincetown, 1946-1963. Bound. 
£195 00 


We are always interested in buying your 
collections of duplicates of Scientific, Technical 
and Medical Journals at the highest prevailing 
prices. Please send us your lists of surplus 
journals which will receive our immediate 
attention. 


We invite you to write in for our regularly issued 
Bulletins and Catalogues and should be pleased 
to be of assistance in your acquisitions. 
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Thermostatic Bath’, 

Working interior dimensions 20" x 93° x 44". 
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Telephone: Saddieworth 3221/2 





ORDER FORM 


o5 RB cou ok 


+ > Fate 


for which | enclose remittance* value 
* Cheque, international Money Order or Bankers Draft on London, 


NAME odeto Ecos UR ERES ES EE DR qe bacs 


woe €  & € 9 * 4 & 9 5? vo a dot KAD o9 HHH Sot t 


4€ 4 8 o» wh ow o» v doa or 
^od! À SOR sor 08 9 4 ROY  & € 4€ O8 0 4 9 Y Fo ORO SOR 3 Rot Ro pog ho O4 Y a v QUO eo o4 0) 4 4 OR 9 A X Y 3 « » 9 $t 
]ox Ty o9 9 o4 €9 y itaas $ e 


O8 0 SN CCR R04 8 o9 o BOX n PF oa 9 P à 3 9 Xo* o» 4&6 9 OY X 6 « 8 OS 4 Y og Y s b OS v X OR Oh o4 9 NX 6€ Pod 5 ; 9 


Bow wow 4) o 4 4 3 oc * à Y & & oW Y 8 4 t o9 9 & * $ Wo € Wo à À «s à 9 9 d 4 ^09 4 &OY à 8 POR 9 Y Y ox vos 0 6 4 4 P FOR NON OS 8 ON ROG o 


ZIP OR POSTAL CODE 
ZIP essential for U.S.A, 


mom y A vo Y s don 4o 4 o» o» 3 4 X 4 E 9 or 4 39 s oS € 8 $ dos No. V OW BO 0 9 4 9 & $ oy 9 € X 


The publisher would appreciate this additional 
information 


BRANCH OF SCIENCE 
ORTECHNOLOGY pinea EE ith ve Pda i Ponce ID T 


ORGANIZATION 


OR Bo» *o 49 BO? $oR TOR vVoOR LOX*X À ON Bo: FO OM WORSOR & po Àoqéo60f Fo 4 à OX o € a Y s 9. 4 4A o Xo 9 o 4B vor 
OY NON à 9 R6 8 EOM 4 omo X ro o M Y / "og o P oS Ao oh o» 3$» 3o» O3 Jod 9 9o qo om ON 408 POR Xa o3 ON on S 9 d o» ob O6 Yo Boy S y d à doi: : 
22111717 lv IIIJ III 


OR d oXÀ mod A oB OR» 4 4 oO? dox OX OB OA 4 08 09 V 0E oso 4 XN OB ovo pO 2 Nos o 4o € PO XN 0 A 9 ^ 4 om o o9 poa V t o, voa 6 3 4 X M 3 € m RO Y von y $ 3 


NATURE OF WORK 
(RESEARCH, DEVELOPMENT, TEACHING, ETOJ. 0.0.0.0... 0:20.00. T 


ee 9 4 4 o € OR DEH RR ERE 4 X 9 $ t » $4 HE Per à e * 4 à 4 OT M Ore « o m 4 Fog aoo REA € ton 9 9 Y ot à O^  * OX y $5 


& 03 09 8 OK OR ox 4o Roy OY POR ON 9 o3 9 OR oW MX 09 & X 8 3 à Y € No» 


POST TO Subscription Department MACMILLAN 
(JOURNALS) LTD. Brunel Road, Basingstoke, Hamp 
shire, England. 





NATURE. FEBRUARY 8, 


196 


9 


an pever Anen at aA ah . ——Ó———————————————— 
I ater Meme ——— = a Hee rea S eee eie AM leg ee PRA AP PUNDITS SA HERAUS te SCENA EM AUS AS HA a 4 FARA A Ape A v AE rr meo meer rom oreet erm deer reete MEAS P Nye m fl a A Vg rr nia YAY AIR tra Nf ale RNAP t A NEAR trem rtu eer n M ten Ay eri Ar AeA A AMARA MA 


Classified Advertisements 


All copy is subject ro the approval of the Pub- 
lishers, who retain the right to refuse or 
withdraw advertisements at their discretion. 
The Publishers will not be Hable for any loss 
occasioned by che failure of any advertisement 
to appear from any cause whatever, nor do 
they accept liability for printers’ errors, 
although every care is taken to avoid mistakes. 
Semi-displayed £6 per single column inch, 
Minimum £3, each additional [/l2ch of an inch 
fOs. Full page £158, Half page across £80. 
Colour (orange) £20 extra. 2/6 is charged 
for the re-direction of replies to advertise- 
ments with a box number. 

ADVERTISEMENTS SHOULD BE ADDRESSED 
TO: T. G. Scott and Son, Limited, | Clement's 
inn, Strand, London, W.C.2. Telephone: 
ci 4743. Telegrams: Textualist, London, 





APPOINTMENTS VACANT 


UNIVERSITY OF 
MANCHESTER 


RESEARCH ASSOCIATE IN 
CHILD HEALTH 


Biochemist required with postgraduate 
research experience for this post in the 
Department of Child Health with new team 
investigating brain growth and development. 
Salary according to experience, up to 
£1,470 per annum, 

Further details and application forms 
{returnable by February 17) from the Regis- 
uar, The University, Manchester, M13 SPL. 
Quote Ref, 14/69/iNa. (370) 


THE METAL BOX COMPANY 
LIMITED 


R & D DEPARTMENT 
INFORMATION SERVICES 


INFORMATION 
SCIENTIST 


fication including chemistry is required to 
join a teum of information specialists. 


The successful candidate will be respon- 
sible for supplying informauion to pack- 
aging, food amd paper technologists, This 
work wih involve studying the — user's 
interests and needs, reviewing sources of 
information, performing information 
searches, advising on sources of expert 
knowledge, preparing and editing abstracts, 
indexes, bibliographies, surveys and iech- 
nical publications. 


Previous experience in information work 
or research and development, and a quall- 
cation in information science, are desir- 
able but not essential, Encouragement will 
be given to study for approved qualifica- 
tions in information science, 


Apply in wriing to: 
CA 71, Administration, 
R & D Department, 
The Metal Box Co. Lid., 
Kendai Avenue, 
Acton, W.3. (337) 


RICHARD DIMBLEBY CANCER 


RESEARCH LABORATORY 
ST. THOMAS’ HOSPITAL, LONDON, SE.I 
RESEARCH ASSISTANTS 

Science graduates required for two posts: 
1. to study biochemical aspects of adaptive 
growth; Z. to undertake cell and organ culture 
studies. Salary according to qualifications and 
experience, 

Applications with the name and address of 
three referees to the Clerk of the Governors at 
St. Thomas’ Hospital, by February 28, Eom 








BIOCHEMICAL 
RESEARCH 


The Research Division of Pfizer Limited is broadly based in the major scientific 
disciplines and has a staff in excess of 400. 


Internal promotions together with a widening spectrum of interests have 
created vacancies ; 





1. In a team working on antiviral agents. The man or woman we seek 
is a graduate in the 24/28 age group, with a Ph.D., or research experience 
in biochemistry; similar qualifications in chemistry, virology, or 
microbiology, with some knowledge of biochemistry, will also be 
considered. The major requirement is a keen interest in applying 
basic knowledge to the practical problems of developing antiviral drugs. 


2. inateam working on antibacterial agents. This position would interest 
a young graduate with a good degree (B.Sc. or M.LBiol) in bio- 
chemistry or microbiology and a keen interest in the fields of bacterial 
protein and nucleic acid synthesis, 


3. Inateam working on fermentation problems as part of our development 
programme. This appointment would suit a Ph.D. or good honours 
graduate (biochemist or microbiologist) with a particular interest 
in the use of micro-organisms to effect steps in organic syntheses. 

The persons appointed will work in modern, well equipped laboratories 
located at Sandwich on the Kent coast, A wide choice of residential areas 
is available and property is reasonably priced. 


The starting salaries will be competitive and the fringe benefits include free 
pension and life assurance schemes, bonus, and the payment of removal 
expenses. 


Applications indicating which position is of interest and giving brief details 
of age, qualifications and current salary should be addressed to: 


D. W. Selis, Personnel Manager, 
Research Division, 

Pfizer Limited, 

Sandwich, Kent. 


biologist for 
research into allergy 


FISONS PHARMACEUTICALS LIMITED have a vacancy for a Biologist 
with post graduate experience and preferably with some training in Pharma- 
cology. 


The person appointed would be responsible to a senior research graduate 
for the organisation and performance of experiments designed to study 
immediate hypersensitivity reactions. 


He would have adequate ancillary staff and every facility provided in new 
laboratories which have recently been built in Loughborough. 

The Company is a member of the Fisons Group of Companies and Group 
Welfare benefits apply, including first class pension scheme, generous 
holidays, cafeteria and sports and social club facilities. 


Please write for an application form, giving brief details to: 


Ref. 10, 
Fisons Pharmaceuticals Limited, 
Bakewell Road, 
Loughborough, Leicestershire. 


The Research Personnel Assistant 


(499) 
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UNIVERSITY OF DURHAM 
DEPARTMENT OF PHYSICS 


Applications are invited for the post of 
RESEARCH ASSISTANT in Theoretical 
Physics from May 1, 1969, or as soon after 
as possible. The main research interests of 
the theoretical group are in the fields of 
elementary particle physics and the theory 
of atomic collisions, 


Salary will be on the scale £850 to 
£1,260 per annum (under review), accord- 
ing to age and experience, with ESS U. 
benefits. 


Applications (three copies), together with 
the names of three Te Crees, should be sent 
not later than March 22, 1969, to the Regis- 
tirar and Secretary, Old Shire Hall, Dur- 
ham, from whom further particulars may 
be obtained, Overseas applicants need sub- 
mit one copy only. (466) 





Inner London Education Authority 
NATURE STUDY SCHEME 


Applications are invited for the post of 
DEPUTY SUPERINTENDENT 


of the Auhority’s Nature Study Scheme. 
The candidate should have suitable experi- 
ence and qualifications to enable him or 
her to assist the Superintendent over the 
whole range of the scheme, including sup- 
ply to schools and colleges of botanical and 
biological specimens and the maintenance 
of school gardens. 


Salary scale: £1,460 by £70 to £1,530 by 
£80 (3) to £1,770. 


Appointment may be made above the mini- 
mum of the scale, 


Further details and application forms from 

Education Officer (Estab. 23). County Hall, 

London, S.E.l. Closing date February 25. 
(465) 


THE CITY UNIVERSITY 
St. John Street, London, E.C.1 


Applications are invited for a second 


CHAIR OF ELECTRICAL 
ENGINEERING 


The salary wil be in the range for pro- 
fessorial appointments. Superannuation in 
accordance with the provisions of the 
F.S.S.U. 


Farther particulars and application forms 
may be obtained from the Academic Regis- 
trar at the above address.  Piease quote 
Reference EE/N. (494) 


RADIOLOGICAL PROTECTION 
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MEMORIAL UNIVERSITY OF NEWFOUNDLANE 
DEPARTMENT OF BIOLOGY 


Applications are invited as outlined hereunder from persons interested in working in a 
progressive University (current enrolment 6,000) and in participating in the comprehensive 
programme of biological investigations presently being conducted in insular Newfoundland 
and Labrador by this Depariment's twenty-one full-time faculty members. Facilities 
ingude the Marine Sctences Research Laboratory at Logy Bay (five miles from Si. john one 
a research reserve on the Avalon Peninsula, a field station at Bonne Bay, estem New- 
foundiand, and a mobile laboratory. 


Inguinies would be welcomed from persons seeking positions (rom July !. 1969, or by 
arrangement later in the 1969/70 academic year) in the following fields: 


Parasitology /Protozoology Invertebrate Pathe ogy 
Comparative Anatomy Marine Ecology 


Rank and salary commensurate with qualifications and experience. Startins salaries for 
Assistant, Associate, and Full Professors currently range up to $11,000, $15,000, and 
$20,000 respectively. We envisage a senior appointment for the nrotozoologist, and would 
show preference for candidates wih a broad parasiological background (hopeiwlly including 
some experience in health-related research) and special interests in protozoa aarboured by 
marine fish. The invertebrate pathologist should be ready to initiate undéseraduate and 
graduate course work in this discipline and to undertake research on pathogens of marine 
and/or freshwater invertebrates. 


Inquiries are also welcome from those seeking post-doctoral fellowships, or recruitment in 
the capacity of technical or research assistants in, eg., environmental biolesy (especially 
yeotor ecology and pollution-related studies), parasitology, biofloristics, and marine biology. 


Limited accommodation for research workers will be available at the Mæane SCIENCES 
Research Laboratory (39 inquiries in this context should be addressed t Dr. PF. A, 
Aldrich, Director, M.S.R L ). 


Graduate student fellowships and departmental assistantships in the amout of $2,500 
{which may be supplemented by up to $600 through class demonstrating assignments) and 
leading to the degrees of M.Sc, and Ph.D. are available for work in the abe«e and other 
specialities, including entomology, environmental biology (e.g, podution-relaced studies), 
field botany, genetics, ichthvology, mammaiogy, marine biology, méicrofüology, and 
nhycology. 
Inquiries and applications, with résumé, should be addressed to: 

Marshall Laird, Ph.D.. D.Sc., 

Professor and Head, 

Department of Biology. 

Memorial University of Newfoundland, 


St. John’s, Newfoundland, Canada. (513) 


HUNTINGDON RESEARCH CENTRE 


RESEARCH OFFICERS 


Graduates in biological sciences are required for participation in research 
work in the field of safety evaluation of drugs and other chemicals 
Preference will be given to candidates who have an interest in mammalian 


systems, associated with a broader physico-chemical knowledge. They 
should have initiative and organising ability. Experience in the field of 
Toxicology would be considered a definite advantage but is not essential 
The commencing salary will be according to experience with a minimum 
of £1,000 for newly qualified graduates. Library and social facifties are 
good, and four week's holiday will be granted per year. 


Applications should be addressed to the Personnel Officer, Huntingdon 


Research Centre, Huntingdon, quoting reference PRN. RS 
i494) 


UNIVERSITY OF HARPER ADAMS AGRIC 


/LTURAL 


SERVICE 
(MINISTRY OF HEALTH AND 
MEDICAL RESEARCH COUNCIL) 
CLIFTON AVENUE, BELMONT, 
SUTTON, SURREY 


requires a 
TECHNICIAN 


(male) for work on measurement of low 
levels of radioactivity in humans. Candi- 
dates should possess G.C.E. "OQ" Ievels 
in five subjects plus at least five years’ 
appropriate experience. 

Salary, according to age, experience and 
qualifications, in range £890 to £1,130 per 
annum, plus London Weighting. M.R.C. 
condidons of employment. 

Applications, whith the names and 
addresses of two referees, to the Director, 
Radiological Protection Service, Clifton 
Avenue, Belmont, Sutton, Surrey. (478) 





THE WEST INDIES 
TRINIDAD 


Applications are invited for posts of SENIOR 
LECTURER/LECTURER and LECTURER / 
ASSISTANT LECTURER IN PHYSICS.  Pre- 
ference given to candidates with previous experi- 
ence of undergraduate teaching and research in 
any of the foHowing fields: Theoretical Solid 
State Physics, CrystaHography, Crystal Physics 
and Electronics. Appointments to be assumed 
October, 1969, or soonest thereafter. Salary 
scales: Senior Lecturer, £2,250 to £3,090 Char) to 
£3,405 per annum. (Salary above bar paid only 
to Heads of Departments and Readers): Lec- 
turer, £1,550 to £2,630 per annum; Assistant 
Lecturer, £1,250 to £1,410 per annum. Chiki 
Allowance. F.S.S.U. Family passages. Triennial 
study leave. 

Detailed apphcation (Six copies), naming three 
referees by March 10, 1969, by all persons living 
in the Americas and Caribbean area to Secretary, 
University of the West Indies, St. Augustine, 
Trinidad, and by ai others to Inter-University 
Council, 90/91 Tottenham Court Road, London, 
Wl. Further particulars obtainable mn 

(5321 


COLLEGE 
NEWPORT, SHROPSHIRE 
SENIOR LECTURER 
BIOLOGY DEPARTMENT 
Applications are invited for she above post, 
which will become vacant on luy; 31, 1969. In 
addition to the Senior Lecturer, a Lecturer and 
Assistant Lecturer are employed in this Depart- 
ment. — Applicants should preferably have a 
Ph.D. degree, have wide teaching experience and 
have undertaken recent published pescar eh work. 
Salary within the Senior Lecturer rede for Col- 
leges of Further Education. 
Application. form and ful detis, obtainable 
from the Bursar. (442) 
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ENZYMOLOGIST, ?H.D. 


well versed in purification procesures, — Experi- 
ence with phosphorylases  helpfu, for preiect 
involving thrombosis and cancer. Fulltime re- 
search. Salary open. 

Write: Dr. S. Golub, Saint Sarnabas Hos- 
pital, 4422 Third Avenue, New York, N.Y. 
10487, U.S.A (432) 
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National Council for 
Scientific Research 


Vacancies exist for 


TECHNICAL OFFICERS 


University graduates or equivalent and at least three 
fields: civil engineering (tenders and 
{national 
tion) ; 





Tee years’ experience in the following 
? l construction supervision); technical relations 
and international research organisations): documentation (scientific informa- 


According to qualifications and experience salary scales are: 
TECHNICAL OFFICER GRADE I K2.280 to K3,720 
(with annual increments of K180}; 


K1,800 to K2,160 
(with annual increments of K120). 


(£1 sterling - K1.7) 


For Zambians there is a superannuation scheme ; non-Zambians will be paid a gratuity 
of 25% of aggregate basic salary earned during resident service of not less than thirty 
months. Non-Zambian residents will be paid a contract allowance of K600. Accom- 
modation facilities will be provided. 


TECHNICAL OFFICER GRADE N 
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Applications (five copies) giving full personal details, qualifications and experience and 
naming three referees, to be sent to the Secretary General, National Council for Scientific Ga 


Ve 

















Research, P.O. Box RW.166, Ridgeway, Lusaka, Zambia, from whom further particulars 2 t Ln 
may be obtained. HA e^ on 
GI ERG ei cm 1 
Closing date February 15, 1969, al np mee 
(509) 


BIOCHEMIST 
o BIOLOGICAL CHEMIST 
o COLOUR CHEMIST (natural fibres) 


Any one of the above specialists, with relevant. 
experience, could undertake the responsibilities 
of a new appointment in the Research and 
Development Laboratories concerned with 
toiletries and eosmeties. The Laboratories 
are within a major British company of high 
repute which operates internationally in a 
number of consumer product areas. 

He wil participate (with full specialist 
services support) in an expanding and produet- 


chemistry and/or physiology of the skin and 
of naturally occurring polymers (e.g., keratin). 
Salary will be negotiated in the approximate 
£2,000 to £3,000 range taking mito account age 
and experience. There are contributory pen- 
sion and profit sharing schemes, and assistance 
with removal expenses to the provincial loca- 
tion would be given, if necessary. 
It is appreciated that there may be certain 
companies to which you do NOT wish your 


orientated research programme in the develop- 
ment of products and treatments for hair and 
scalp. 

Candidates, probably 25 to 35, should prefer- 
ably have postgraduate qualifications and some 
experience or working knowledge of the bio- 


MSL Advertising Services 


Ltd. 


application to be forwarded. Please list their 
names in a covering note. 

Applications giving full details of career to 
date and quoting reference U.67 should be 
addressed to W. Elton Davies at 


17 Stratton Street London Wl 
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ROYAL HOLLOWAY 


COLLEGE _ 
(UNIVERSITY OF LONDON) 
ENGLEFIELD GREEN, SURREY 


PHYSICS DEPARTMENT 


RESEARCH IN PLASMA 
PHYSICS 


Applications are invited for a SENIOR 
RESEARCH FELLOW to investigate scat- 
tering of laser radiation and microwaves by 
à plasma. Previous experience of a similar 
topic would be an advantage but not essen- 
tíal. The | appointment — qualifies for 
ESS U. benefits. 

Applicants should send details of their 
qualifications and experience to Dr. E. R 
Wooding, Physics Deparument, Sutherland 
House, Royal Holloway College. — (501) 





University of Salford 


Department of 
Chemical Engineering 


Applications are invited for the folowing 
posts 


EXPERIMENTAL 
OFFICER (Ref. CE/18/N) 


Candidates should have experience in the 
development and maintenance of  experi- 
mental equipment and possess a good 
knowledge of general instrumentation tech- 
niques. 

A degree or equivalent professional qualifi- 
cation in science or engineering is required. 
Salary scale £1,095 to £1,485 (bar) to £1,715 
à year. 


DESIGNER 


DRAUGHTSMAN 
(Ref. CE/19/N) 


Candidates should have substantial experi- 
ence in the mechanical design of experimen- 
tal equipment. The main duties will in- 
valve preparation of working drawings for 
the construction. of research. equipment. 


A Higher National Certificate in Mechani- 
cad or Chemical Engineering is required. 


Salary scale £1,205 to £1,485 a year. 
Both posts are superannuable. 


Application forms may be obtained from 
the Registrar, University of Salford, Sal- 
ford M5 4WT, to whom they should be 
returned by February 19, quoting reference 
number shown, (464) 


RADIOLOGICAL PROTECTION 
SERVICE 
(MINISTRY OF HEALTH AND 
MEDICAL RESEARCH COUNCIL) 
CLIFTON AVENUE, BELMONT, 
SUTTON, SURREY 


requires a 
TECHNICIAN 


to be concerned with the development of 
methods for the biological monitoring of 
radionuclides and the development of 
analvtical methods of inorganic analysis. 
Candidates should have some experience in 
radiochemical methods, ion exchange, Hquid 
extraction and chromatographic techniques, 
Candidates should possess Q.C.E, 

levels in five subjects plus at least five years’ 
appropriate experience. 

Salary, according to age, experience and 
qualifications, in range £890 to £1,130 per 
annum plus London Weighting. Five-day 
week, Three weeks leave per year, MRC, 





to this new 


MEDICAL FACULTY ROTTERDAM 


Department of Pathology 


Applications are invited for the post of 


SENIOR LECTURER 


in the field of TUMOR PATHOLOGY 


The qualified pathologist to be appointed will be responsible 
for the diagnostic pathology of the Department of Pathology 


and cooperate in the clinical research proiects of the 


CENTRE ROTTERDAM. 


TUMOR 


Part of this work will be in close cooperation with ihe staff 


of the Rotterdam Radio Therapeutic Institute. 


He wil also 


participate in undergraduate and postgraduate teaching 


Detailed applications giving full personal particulars, cualifica- 
uons, experience and publications and naming 3 referee: should 


be submitted to; 


Professor Dr. M. J. de Vries, c/o Radio- 


biological Institute TNO, 151 Lange Kleiweg, Rojswik Z.H., 


The Netherlands. 


b. 


ULSTER: 
THE NEW UNIVERSITY 


Research Assistant in 
Animal Behaviour 


Applications are invited for a 
Research Assistantship over three 
years to work with Dr. N. Rutter 
(School of Biological and Environ- 
mental Studies) on a project sup- 
ported by A.R.C. involving time-lapse 
studies of the effects of weather on 
the behaviour of hill livestock under 
normal management. The applicant, 
who will work in collaboration with 
Greenmount Agricultural College at 
its hill farm, Glenwherry, will be 
expected to register for the degree of 
Ph.D. and should have experience 
and qualifications in animal behaviour 
or meteorology/biophysics with, pre- 
ferably, an added interest in photo- 
graphy. 


Salary will be not less than £650 
per annum. 


Applications (three copies), with the 
names of two referees, should be 
lodged not later than February 27, 
1969, with the Registrar, the New 
University of Ulster, Coleraine, Co. 
Londonderry, from whom further 
particulars may be obtained. 


(497) 


(REVISED ADVERTISEMENT) 
UNIVERSITY OF OXFORD 
PROFESSORSHIP OF GENETICS 
The electors intend to proceed to an election 


established Professorship, The pre- 
sent stipend is £4,305 a year. 


NATURAL ENVERONMENT 
RESEARCH COUNCIL 


FLOOD STUDIES FOR THE UNITED 
KINGDOM 


PROJECT LEADER (FXYDROLOGIST) 


A — wel qualified end — experienced 
HYDROLOGIST is required to lead an 
investigation into the causes and fregquen- 
cies of occurrence of flocds, The studies 
to be undertaken and trer oblectives are 
outlined in the Insttuiom of Civi Enain- 
eers Flood Studies Renert of February 
1967. ‘The person appoisted wil be in 
Charge of a team of hydrsogisis based ai 
the Institure of Hydrology. Howbery Park, 
Wallingford, which will werk in close col 
laboration with other staff at the Institute 
and with the staff of the "Vater Resources 
Board, Reading, Berks. 

Applicants should be experienced in 
applying, or competent le apply, hydro- 
logical expertise to practical problems cone 
cerned with flood aleviatien and conrod, 
The post carries the rank ef Senior Princi- 
pal Scientific Officer with « present salary 
scale of £3,850 to £4,400. 

Application forms from che Natural 
Environment Research — Counocl — Pesd- 
quarters CE), Alhambra House, WA 
Charing Cross Road, London, W.€.2, 
quoting Ref. E2.5.17.. Closeng date: April 
24, 1969. (490) 


UNIVERSITY OF 
NOTTINGHAM 
DEPARTMENT OF EOTANY 


Applications are invited fer the posidon 
of LECTURER in the LDepanmem of 
Botany. Applicams should have interest in 


and experience of the biochemical side of 
piant physiology. Osher things being gauai 
preference will be giver io applicants 
having an interest at the cellular devel, 








NE EE c kia and address The electors invite applications (nine comes}, 
of two referees, to the Director, Radio- naming three referees, but without testimonials, 
logical Protection Service, Clifton Avenue, De Forced Oe NOS eia A VENE M by 
t, Sutton, Surrey. à (47D) the Registrar, University Registry, Oxford, from 
à whom further particulars may be obtained. 
(484) 


Salary within the range £1,240 to £2,735 
per annum. 

Further particulars and fonus of appiica- 
tion, returnable not later than February 
24, 1969, from the Registrar. [468 
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Chemistry of Animal Nutrition 


and Soil Science 
NATIONAL AGRICULTURAL ADVISORY SERVICE 


At least eight posts for Advisers in the chemistry of animal nutrition 
and soi science. Appointment to (i) Grade III or (i) Grade IV 
according to age, qualifications, and experience. 


AGE : at least 26 for (1) or at least 20 for (ii). 


QUALIFICATIONS : degree (or equivalent or higher qualification) 
in agricultural or natural science with specialisation in (i) animal 
nutrition or biochemistry, or (ii) soil science. In addition, for Grade 
III posts, normally at least three years’ relevant experience. Car 
driving essential. 


FINAL YEAR STUDENTS MAY APPLY. 


SALARY (national); Grade IH £1,540 to £2,413; 
£1,415. Starting salary may be above minimum in both cases. 
contributory pension. Promotion prospects. 


WRITE to Civil Service Commission, Savile Row, London, WIX 2AA. 
or TELEPHONE 01-734 6010 Ext. 229 (after 5.30 p.m. 01-734 6464 
" Ansafone " service), for application form, quoting 7093/69/1. 
Closing date February 26, 1969. 


Grade IV £990 to 
Non- 


(491) 


Chief Animal 
Technician 





A Chief Animal Technician is required to take charge of a large unit. 
The successful applicant will be responsible to the Head of our Pathology 
Department, and will be expected to work in conjunction with the 
scientific staff, maintaining a high standard of animal care. 


Associateship or Fellowship of the Institute of Animal Technicians, 
together with current Home Office Certificates A and E will be an 
advantage. 


The Company's Conditions of Service are good, and the salary will 
be commensurate with the successful applicant's qualifications and 
experience. 


Please write or telephone for an application form to:— 


Administration Manager, 
Riker Laboratories, 

44, Tewin Road, 

Welwyn Garden City, Herts. 


Telephone: W.G. 25001. 
(495) 
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UNIVERSITY COLLEGE LONDON 


Applications are invited from Pure Mathemati- 
cans for post of ASSISTANT LECTURER or 
LECTURER in Department of MATHEMATICS, 
tenable from October 1, 1969. Salary ranges 
funder review): Assistant Lecturer, £1,505 to 
£1,340: Lecturer, £1,470 to £2,630, both plus £60 
London allowance per annum: F,S.S.U.——Appli- 
cations as soon as possible to the Sécretary, Uni- 
versity College London, Gower Street, W.C.1, 
from whom further particulars may be obtained. 


IMPERIAL COLLEGE 

CHIEF OR SENIOR VIROLOGY TECHNI- 
CIAN required to be responsible for the day-to- 
day running of the non-specific immunity section. 
Experience in Virology and tissue culture tech- 
niques essential. Salary in range £1.112 to £1,833 
per annum, according to age, qualifications and 
experience. 37i-hour week, superannuation 
scheme and four weeks annual leave, 

Applications in writing to Departmental Super- 
infendent, Biochemistry Department, Imperial 
College, London, S.W.7. (469) 


NATURE, FEBRUARY 8. 1969 


EE A —————H a t ÓÀÀ 
Marittima: e nne etn Hen e t» —À TH o n tmr He rye USE IAW PS rer re Hn eer rere rrr rr rtm gita e FA FA SRA IAN PIN SHHAN MA SPAIN REA RI rar ga i ASH Re EST A ru erm parer mie t a e a A ARA 


UNIVERSITY OF CAPE TOWN/ 
PROVINCIAL ADMINISTRATION 
OF THE CAPE OF GOOD HOPE 
DEPARTMENT OF PHYSIOLOGY AND 
MEDICAL BIOCHEMISTRY 
LECTURER IN PHYSIOLOGY 

Applications are invited for the vacant post of 
Lecturer in Physiology and Histology. The duties 
include systematic teaching of medical and science 
students and medical auxiliaries, and the super- 
vision of laboratory classes. The timetable 
allows ample time for research. 

The lectureship is on the Registrar salary scale 
(R3,000 to R3,360 to R3,600 to R3,900 by R150 
to R4,500 per annum), the initial salary depend- 
ing on experience and qualifications, 

Applicants should state age, qualifications, 
teaching experience. publications, and research 
interests and should indicate the date when they 
could assume duty. Applicants should submit 
the names of two referees whom the University 
may consult. 

Two copies of tbe application should reach 
the Secretary-General, Association of Common- 
wealth Universities (Branch Office), Martborough 
House, Pail Mal, London, S.W.1 (rom whom 
memoranda giving the general conditions of ser- 
vice, including transport expenses on appoint- 
ment, and information on the work of the De- 
partment should be obtained) not later than 
March 20, 1969. A third copy of the application 
with a recent photograph and medical certificate 
should be sent direct by airmail to the Registrar, 
University of Cape Town, Private Bag, Ronde- 
bosch, Cape Town, South Africa by the same 
date. 

The University reserves the right to appoint a 
person other than one of the applicants or to 
make no SPEI (518) 


"UNIVERSITY OF ‘QUEENSLAND | 
BRISBANE, AUSTRALIA 
PROFESSOR OF CHEMICAL ENGINEERING 
The University invites applications for the posi- 
tion of Professor of Chemical Engineering. The 
appointee will be Head of the Department and 
will have overall responsibility for the administra- 
tion and development of teaching and research 

within the Department. 

The Department has grown rapidly in the last 
four years and has developed a vigorous rescarch 
school which has attracted considerable support 
from both Government sources and process jin- 
dustries within the State. These industries, which 
include mineral processing. sugar, ferulizers and 
cil refining, have all expanded rapidly in recent 
years. A large range of specialized equipment 
is available, including an analogue computer. A 
remote terminal ta the central PDP 10/50 digital 
Computer will soon be installed. 

Applicants, who will be expected to have 
reached some standing in the feld of Chemical 
Engineering, should have high academic qualifi- 
cations and a strong research record. 

The salary for a Professor is $412,000 per 
annum. The University provides Superannuation 
similar to F.S.S,U., housing assistance, study 
leave, and travel grants for permanent appointees 
of Lecturer status and above, 

Additional information and application forms 
will be supplied upon request to the Seeretary- 
General, Association of Commonwealth Universi- 
ties (Branch Office), Marlborough House. Pall 
Mall, London, S.W.i. Applications close in 
London and Brisbane on March 31, 1969. 


MIDLAND CENTRE FOR 
NEUROSURGERY AND 
NEUROLOGY 
HOLLY LANE, SMETHWICK. WARLEY, 
WORCS. 

STUDENT OR JUNIOR TECHNICIAN re- 
quired for duties in Department of Pathology. 
Applicants should hoki G.C.E. "O" level eer- 
tificates in four subjects including two science 

subjects. 

Applications with names and addresses of two 
referees as soon as possible to: Hospital Sec- 
retaty. 630 


ELECTRONICS AND ‘INSTRUMENTATION 
ENGINEER with experience of vacuum tech- 
niques, required to work with a team investigat- 
ing diseases of the heart and lungs, and to be 
responsible for the maintenance of MS4 mass 
spectrometer, automation of exercise tests and a 
whole-body plethysmograph now in use for epi- 
demiological studies, etc. Degree or H.N.C€. 
preferred. Salary range £1,165 to £1,950 per 
annum. Four weeks kave. F.S.S.N.—-A pplica- 
tions, in writing, to the Secretary, Royal Post- 
graduate Medical School, Hammersmith  Hospi- 
tal, London, W.12, guoting reference d T 

518 
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UNIVERSITY OF MALAWI 
BUNDA COLLEGE OF AGRICULTURE 
Applications are invited for the following posts 
tenable from September, 1969 at Bunda College, 
Lilongwe, a constituent College of the Univer- 
sity: 
ia} ANIMAL PRODUCTION AND HUS- 
BANDRY. l or 2 Senior Lecturers or 
Lecturers. 


fb) AGRONOMY | PLANT PATHOLOGY / 
PLANT BREEDING. 1 or 2 Senior 
lecturers or Lecturers. 


fc} AGRICULTURAL ECONOMICS/FARM 
MANAGEMENT, 2 Senior Lecturers, 
Lecturers or Assistant Lecturers. 

(QD AGRICULTURAL ENGINEERING. 1 of 
2 Senior Lecturers, Lecturers, or Assist- 
amt Lecturers, 

(6) ENGLISH. 2 Lecturers or Assistant Les- 
turers. 

(D MATHEMATICS. 1 or 2 Lecturers or 
Assistant Lecturers. 


Salary scales Gincluding expatriate addition) (a) 
Senior Lecturer, £2,500 to £2,800 per annum: 
(b) Lecturer, £1,340 to £2,250 per annum; (c) 
Assistant Lecturer, £1,120 to £1,280 per annum. 
all plus University addition as follows: fa} (D 
£360 per annum, (c) £300 per annum, QR Salary 
Supplemented fall seals) by £275 per annum 
(normally tax-free) in appropriate cases under 
British Expatriates Supplementation Scheme, 
Gratuity ; Superannuation Scheme: family pas- 
Sages: various allowances; biennial overseas 
leave. 

Detailed applications (six copies), naming three 
referees by March £7, 1969 to Inter-University 
CouncH, 90/91 Toucnham Court Road, London, 
W.i, from whom particulars are avaikible. 

GI» 


POSTDOCTORA TE POSITIONS IN 


PHYSICS 
QUEEN'S UNIVERSITY 
KINGSTON, ONTARIO, CANADA 


Research and Teaching Assistantships are avail- 
able to postgraduate students, both theoretical 
and experimental, in the fields of solid state 
physics, nuclear physics, and radio astronomy. 
Special experimental facilities include:  equip- 
ment for ultra high vacuum, magnetic resonunce, 
microwave spectroscopy, luminescence studies, 
and for electron structure studies of metals by 
positron annihilation: a 3-MV Van de Graaff 
positive-ion accelerator, and use of the MP 
Tandem at Chalk River: a 60-ft. radio-telescope, 
and use of the 150-81. radio telescope at 
Algonquin Park. Financial assistance in a come- 
bination of Scholarships and Teaching and Re- 
search Assistantships is provided in the range 
$3,700 to $4,800 per annum. 

Several Postdoctorate Fellowships are available 
in the above fields, with a stipend of $6,000 or 
$7,200 depending on marital status : these Fellow- 
ships are tax free, and a travel allowance will be 
paid. 

Letters of application and requests for 
brochures and further information should be 
addressed to the Head, Department of Physics, 
Quzen's University. (268) 


COMMONWEAL T H 
AGRICULTURAL BUREAUX 


VACANCY FOR ASSISTANT DIRECTOR 
COMMONWEALTH INSTITUTE OF 
ENTOMOLOGY 
56 QUEEN'S GATE, LONDON, S.W.7 


SALARY: In the scale £3,850, £3,900, £3,950 
plus £125 London Weighting at each point. Pro- 
vision for superannuation. 

OUALIFICATIONS: A wide general know- 
ledge of applied entomology, | administrative 
ability, an interest. in scientific documentation 
and some knowledge of modern languages. 

Further information and application forms ob- 
tainable from the Seeretary, Commonwealth 
Agricultural Bureaux, Farnham House, Farnham 
Royal, Near Slough, Buckinghamshire, England, 
to whem completed applications, in duplicate, 
should be submitted nat later than March 31, 
1969. {418} 


It NIOR POSITION. IN “ENVIRONMENTAL 
voxicolozy. Academic position open at Univer- 
sity of California, Davis. Duties research and 
teaching in environmental toxicology. Educa- 
tional prerequisite Ph.D. in chemistry, bio- 
chemistry, chemical engineering or closely related 
discipline, Experience in field desirable but not 
essential. Prefer person under 40 years of age == 
Send curriculum vitae to Dr. G. F. Stewart, 
Agricultural Toxicology Laboratory, University 
of California, Davis, California, U.S.A., 95816, 

{11} 
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AUSTRALIAN ATOMIC 
ENERGY COMMISSION 
RESEARCH 
ESTABLISHMENT 


Lucas Heights near Sydney 


RESEARCH 
SCIENTIST 


OXIDATION AND CORROSION 
OF NUCLEAR MATERIALS 


Applications are invited for a Research Scientist position in the Oxidation 
Group. The research programme of the group involves the study of the 
oxidation and corrosion behaviour of reactor materials, includine transition 
and breakaway phenomena in zirconium alloys, and the physical and 
mechanical properties of protective oxide films. Other woe includes 
electrochemical studies at high temperatures, and the corrosion of low 
alloy steels in high pressure water environment. 





Applicants must possess a Ph.D. degree (or postgraduate researchvexperience 
of equivalent standard and duration) in metallurgy, physical chemistry or 
materials science, supported by satisfactory evidence of research ability. 


Salary, depending upon qualifications and experience will be within the 
following range : 


RESEARCH SCIENTIST $Aus. 5321-$Aus. 6693 
(Female salaries are $Aus. 428 p.a. less male rates quotes.) 


Application forms may be obtained from the Atomic Energy Advser, Office 
of the High Commissioner for Australia, Canberra House, 10-16 Maltravers 
Street, Strand, London, W.C.2. Please quote position L.17. 


(556) 


RESEARCH AND DEVELOPMENT 


Applications are invited from young men with initiative and drive and a 
degree or its equivalent for industrial research. 


Experience in natural product chemsitry or biochemistry is desirable and 
previous experience in industry would be an advantage. 


The Research Division is housed in specially designed accommodation 
and is very well equipped. 


The commencing salary for the right applicant will be in the region of 
£1,350 and the Company operates a superannuation scheme and there are 
generous life assurances and other benefits. 


Applications, giving details of age and previous experience, should be 
addressed to: 
Personnel Officer (M.T.B.). 
CARRERAS LIMITED, 
Christopher Martin Road, 
Basildon, Essex. 


XL 
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National Gouncil for 
Scientific Research 


Vacancies exist for: 





(1) PRINCIPAL PROFESSIONAL OFFICERS 


(with research, technical and practical experience in the fields of engineering and 
building technology and in industrial engineering (unit process industries). Basic require- 
ments are a Ph.D. or equivalent and at least ten years’ experience after graduation). 


(2) SENIOR PROFESSIONAL OFFICERS 


(with research, technical and practical experience in the fields of chemical engineering 
(unit processes and unit operations), architectural engineering, agricultural technology 
and medical statistics. Basic requirements are a Ph.D. or equivalent and at least six 
years' experience after graduation). 


(3) PROFESSIONAL OFFICERS 


(with technical and practical experience in the fields of physics and/or chemistry 
(radioisotopes) ; building materials technology (chemical technology) ; architecture (rural 
housing) ; textile technology (cotton fibres) ; fuel technology (coal and its derivatives) ; 
economic geology; hydrology and water resources; and industrial statistics. Basic 
requirements are post-graduate qualifications or equivalent experience and at least three 
years' experience after graduation). 


According to qualifications and experience salary scales are : 


Principal Professional Officers 
K5,250 to K5,970 (with annual increments of K180); 


Senior Professional Officers 
K4,050 to K5,010 (with annual increments of K240) ; 


Professional Officers 
K2,370 to K3,810 (with annual increments of K240). 
(£1 sterling —-K1.7) 


For Zambians there is a superannuation scheme. Non-Zambians will be paid a gratuity 
of 25% of aggregate basic salary earned during resident service of not less than thirty 
months, Non-residents will be paid a contract allowance of K600 p.a. Accommodation 
facilities will be provided. 


Applications (five copies) giving full personal details, qualifications and experience and 
naming three referees, to be sent to the Secretary General, National Council for Scientific 
Research, P.O. Box RW.166, Ridgeway, Lusaka, Zambia, from whom further particulars 
may be obtained. 


Closing date February 15, 1969, 


E d 





UNIVERSITY OF SURREY 
DEPARTMENT OF ELECTRICAL AND 
CONTROL ENGINEERING 
SENIOR LECTURER/LECTURER POSTS 
Applications are invited from honours gradu- 
ales experienced in most branches of modern 
electronics. Industrial experience would be an 
advantage. The Deparument conducts research 
in a number of fields, in active collaboration with 
industrial companies and Government establish- 
ments. Projects inchide fon implantation and 
channelling in semiconductors and metals; laser 
applications; VHE and UHF electronic tech- 
niques, The Department is now established on 
the new University site in Guildford, Surrey. 
Scales : Senior Lecturer, £2,600 to £3,420; Lec- 
turer, £1,240 to £2,735, Some assistance may be 

given with removal expenses. 

Applications should be forwarded with the 
names and addresses of three referees to the 
Academic Registrar (LFG), University of Surrey, 
Guildford, Surrey, by February 28, dt A 


UNIVERSITY OF GHANA 
DEPARTMENT OF BOTANY 
Applications are invited for 
LECTURESHIP 

Candidates should have postgraduate qualifica- 
ions and research cxperience in plant physio- 
logy. 

Salary scale: N@2,720 by N@120 to N@3,560 
by NZ180 to NG@4,640; NQ4,800 per annum, 
{Nontaxable inducement allowance of NQ720 
per annum for expatriates.) (Official rate of 
exchange for the New Cedi: one pound sterling = 
N€2.45: one U.S. dollar = NEI 02.) Appoint- 
ment normally four or six years in the first in- 
stance but shorter periods of secondment will be 
considered. 

Further particulars and forms of application 
should be obtained from the Assistant Registrar, 
University of Ghana Office, 13 Gordon Square, 
Londen, W C.!, or from the Registrar, Univer- 
sity of Ghana, Legon, Accra, Ghana, with whom 
applications (EIGHT COPIES) should be lodged 
not later than February 28, 1969. (532) 


UNIVERSITY OF GHANA 
Applications are invited for the 
CHAIR OF CLASSICS 
CHAIR OF PSYCHOLOGY 


Candidates should have had considerable 
research, teaching and administrative ex 
in a rapidly develoning University Department, 

Salary NG6,400 per annum, (Non-taxable 
inducement allowance of N@900 per annum for 
expatriates), (Official rate of exchange for new 
Cedi: one pound sterling=N@245; one U.S. 
dollar= NEOIL Appointments normally four or 
six years in the first instance, but a shorter 
period of secondment will be considered, 

Further particulars and forms of application 
should be obtained from the Assistant Registrar, 
eU of Ghana Office, 14 Gordon Square, 
London WEI, or the Registrar, University of 
Ghana, P.O. Box 25, Legon, Accra, Ghana, with 
whom applications (EIGHT COPIES) should 
be lodged not later than February 28, Hed 
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AUSTRALIAN NATIONAL 
UNIVERSITY 


RESEARCH SCHOOL OF PHYSICAL 
SCIENCES 
TECHNICAL OFFICER 
DEPARTMENT OF NUCLEAR PHYSICS 


Applications are invited from suitably qualified 
persons for the above-mentioned position. The 
successful applicant will be required to assist in 
the operation and maintenance of the 12 MeV 
Tandem accelerator and associated equipment. 
He will also be responsible for fault finding, 
‘maintenance design and development of the elec- 
tronics control equipment used with the Tandem 
aceelerator and to assist in the construction and 
maintenance of digital and analog data process- 
ing equipment used for data colection from the 
Department's research projects. 

Applicants should have a sound basic training 
in electrical or electronic engineering with several 
years’ experience in electronics. A diploma in 
Electronic Engineering or equivalent preferred. 

Salary wil be within one of the following 
limits depending upon qualifications and experi- 
ence. Senior Technical Officer, S$A4.684 to 
$A6,032 per annum (imita); Technical Officer 
Grade If, $A4,238 to $A4,553 per annum. fn 
addition a salary loading at the rate of $A200 
per annum is payable to Technical Officers for an 
approved University degree or SATO0 per annum 
for certain recognized Technical College diplomas 
or membership of a professional body recognized 
by the University. Assistance with passages and 
accommodation will be provided. 

The suceessful applicant will be required to 
undergo a medical examination. Written appli- 
cations, quoting reference number 69034 should 
be forwarded to the Registrar. — Australian 
National University, Box 4, P.O. Canberra, 
A.C.T. 2600, Australia, with whom applications 
close on March 1, 1969, (502) 


UNIVERSITY OF OTAGO 
DUNEDIN, NEW ZEALAND 
LECTURER/SENIOR LECTURER IN 
BIOCHEMISTRY 


Applications are invited from suitably qualified 
persons for the above-mentioned appointment. 
This position is the result of a recent increase 
in staff establishment in the Department of Bio- 
chemistry (Head of Department: Professor G. B. 
Petersen, D.Phil) Applications are sought from 
candidates whose research interests He fn any 
fiekd of biochemistry, including molecular biology 
and developmental biology. Salary scales: 
Science Graduate (from April 1. 1969) —1 ecturer, 
A scale from $NZ3.100 by $NZ200 to $NZ4,700 
per annum by $NZIOO to SNZ4,800 per anum; 
Senior Lecturer, a scale from | $NZ4,700 by 
$NZ200 to $NZ35,500 per annum, thereafter a 
range of salaries up to S$SNZ6,600 per annum. 
Medical Graduate-—Lecturer, a scale from 
$NZ4,270 to SNZ6,800 per annum with a bar at 
$NZS.,600 per annum; Senior Lecturer, a scale 
from $NZ7,000 to $NZ8,100 per annum. A par- 
ticularly wel qualified candidate could be ap- 
pointed at the grade of Associate Professor at 
a salary within the range of | SNZS,800 
$NZ7,300 ner annum (Science) or SNZ8,500 to 
$NZ9,150 per annum (Medical). (Note: $SNZ100 
equals £46 13s. 4d. sterling: $USII2; SA100) 
Although teaching experience is — desirable 
applications will also be welcomed from young 
research workers with post-doctoral experience 
and who will enjoy contact with both under- 
graduate and graduate students. {n certain oir- 
cumstances, a short-term appointment, with 
provision for return fares, may be negotiated. In 
general, such an arrangement would be on the 
basis of a three-vear term. 

Further particulars are available from the 
Secretary-General, Association of Commonwealth 
Universities (Branch Office), Marlborough House, 
Pall Mall, London, S.W.l. or from the Registrar 
of the University. Applications close in New 
Zealand and London on March 8, 1969, (503) 


HAILE SELLASSIE I UNIVERSITY 
ETHIOPIA 


Applications are invited for post of (3) ASSIST- 
ANT PROFESSOR or (t) ASSOCIATE PRO- 
FESSOR IN DEPARTMENT OF BIOLOGY. 
Appointee wil be required to teach in at least 
two of the following fields: Genetics, Animal 
Physiology, | Embryology. Salary Scales: (a) 
$Eth15,000 to $Ethi8.750 per annum: (b) 
SEthi8,.000 to $Eth22.400 per annum.  (SEth6-— 
£l sterling) free of Ethiopian tax for expatriates. 
Initial contract two years. Return family pas- 

Detailed applications (six copies}, naming three 
referees by March 7, 1969, to Inter-University 
Council, 90/91 Tottenham Court Road, London, 
W.1, from whom particulars are alata? hs 
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Wellcome 


Biophysics and 
Biochemistry Departmen 
NEW RESEARCH APPOINTMENT 





A department of biophysics and biochemistry has been 
formed to widen the activities of the Wellcome Research 
Laboratories, Beckenham, Kent, and a new post is 
available for an experienced research worker with a 
Ph.D. degree in chemistry, biochemistry or a related 
discipline. He will collaborate with a team which is 
attempting to measure and predict the interactions of 
therapeutic agents with biological systems. He may 
either have experience in the application of physico- 
chemical methods to the life sciences, or experience in 
quantitative studies of the metabolism and distributior 
of small molecules in vivo. He will be expected to take 
complete responsibility for at least one aspect of the 
work of his team. 


The Wellcome Research Laboratories are very modern 
and are set in pleasant parkland about ten miles from 
London Bridge. Working conditions are good and the 
conditions of employment include generous payment 
and sick pay schemes. Please write for application forra 
and further information, quoting reference U.106. to 
the Senior Personnel Officer, 


THE WELLCOME RESEARCH LABORATORIES 
Langley Court, Beckenham. Kent, BR3 3BS. 


(6543) 


GRUPPO LEPITIT S.p.a. 
Research Laboratories, Milan 
As one of the leading Italian Pharmaceutical Companies with sales and 


manufacturing interests in Europe, Africa, Asia and America we cam offer 
an interesting career opportunity in our Central Research Laborator- to a 


MOLECULAR BIOLOGIST 


The work involves investigations of the mechanisms which contrel the 
biosynthesis of antibiotics and other products by microorganisms. Super- 


vision will be available from a Senior Biologist but considerable freedom 
exists for an inventive and independent man. Adequate Laboratory space 
and technical assistance are available. 


We would like to hear from graduates aged 25-35 with some yeers of 
research experience and practice with the latest biological and micro- 
biological techniques. 

Salary will depend on age and experience. Please send curriculum including 
details of age, nationality and experience to 

Gruppo Lepetit 

Servizio Selezione 

Via R. Lepetit, 8 

20124 Milano 















EA E BRITISH AIRCRAFT CORPORATION 


| work in the 
t West Country 


... With Europe's 


aerospace leaders 


At Bristol —gateway to the delightful 
West Country — British Aircraft 
Corporation is working on some of 
today's, and tomorrow’s, most ex- 
citing advanced technology 
programmes. Already established as 
one of Europe'sleading space engin- 
eering centres, Bristol is expanding 
its capability in many new and 
challenging technological areas. Its 
skilled and versatile teams in 
electronics, mechanical, systems, 
optics, structures, environmental, 
instrumentation and project design 
have earned a world-wide reputa- 
tion which it intends to consolidate 
to meet the challenge of the 1970s. 





In the Systems Office, there is a wide 
variety of work offering well-paid careers 
full of technical interest and challenge 
for 


CONTROLS ENGINEERS io work on 


feasibility studies of new missiles or new civil projects. 
The work will include research into advanced control 
theory and control work on existing satellite and missile 
projects and research programmes 


SYSTEMS ENGINEERS to work on 


development of mathematical models, logic studies and 
computer analyses. The work includes development of 
mathematical models for the prediction of missile and 
weapons system performance and the modelling of com- 
munications equipment/radars for mutual interference 
system studies. 


HYBRID COMPUTER 
APPLICATION ENGINEERS fo: 


work of an advanced nature on hybrid modelling 
of interest to those with hybrid experience or with good 
digital or analogue experience. The computer used is an 
EAI 8945 fully hybrid machine. 


MATHEMATICIANS to investigate the 
dynamics of satellite motion and various aspects of 
satellite design. Other areas of work include analysis of 
current trials of missiles, sounding rockets, and space 
experiments. 


Vacancies exist at all staff levels, and 
applications are invited from group 
leaders, section leaders, engineers and 
new graduates. Please reply to... 


Senior Employment Officer (Ref No. GW9 N) 


British Aircraft Corporation 
Filton House, Filton, BRISTOL BS99 7AR 


the most powerful aerospace company in Europe 
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UNIVERSITY OF DURHAM 
DEPARTMENT OF PHYSICS 


Applications are invited for the post 
of LECTURER IN EXPERIMENTAL 
PHYSICS from October 1, 1969. Prefer- 
ence will be given to candidates with special 
interest in Atmospheric Physics or Cosmic 
Rays, 

Salary wid be on the scale £1,470 to 
£2.630 per annum (under review). 

Applications (nine copies), together with 
the names of three referees, should be sent 
not later than March 22, 1969, to the Regis- 
arar and Secretary, Old Shire Hall, Durhagn, 
from whom further particulars may be ob- 
tained. Overseas applicants need submit 
one copy only. (467) 


UNIVERSITY OF 
NEW SCUTH WALES 
WOLLONGONG UNIVERSITY COLLEGE 
PROFESSOR OF CHEMISTRY 


Applications are invited for appointment to 
the above-mentioned position. Applicants with 
interest in any field of chemistry will be con- 
sidered. Full undergraduate courses leading to 
the degrees of the University of New South 
Wales are offered at Wollongong and the De- 
partment has substantial research programmes 
mainly in the fiekd of organic chemistry with 
specialization in the isolation and synthesis of 
physiologically active natural products. Salary: 
$A12,000 per annum. Subiect to the consent of 
the University Couneil, professors may undertake 
a limited amount of higher consultative work. 
The University reserves the right to fil any chair 
by invitation. 

Details of appointment, including superannua- 
tion, study leave and housing scheme, may be 
obtained from the Secretary-General, Association 
of Commonwealth Universities (Branch Office), 
Marlborough House, Pall Mall, London, S.W.1. 
Applications close in Australia and London on 
March 10, 1969. (438) 


UNIVERSITY OF HONG KONG 
SENIOR LECTURESHIP/LECTURESHIP IN 
BACTERIOLOGY 
Applications are invited for the post cf Senior 
Lecturer or Lecturer in Bacteriology in the De- 
parument of Microbiology. Candidates should 
preferably be medically qualified but applica- 
tions from science graduates with appropriate 
qualifications and experience in medical micro- 

biology will be considered. 

Annual salaries (superannuabe) (approximate 
sterling equivalents at current. rate of exchange 
in parentheses) are: Senior Lecturer, S$HK47,366 
by SHK1,840 to SHKSS,400 by SHK2,000 to 
SHK62,400 (£3,255 to £4,288) (man or woman); 
Lecturer, SHK30,880 by SHK1,440 to $HK49,600 
(£2,122 to £3,409) (man); 3$HEK26,20 by 
SHK1,760 to  SHK32,000 to  $SHK33,280 dy 
SHK2,000 to SHK45,280. by SHK1,440 to 
$HK49,600 (£1,836 to £3.409) iwoman. A Clini- 
cal Award is pavable to a Senior Lecturer or 
Lecturer who is medically qualified, has five 
years’ experience in his specialty and possesses 
an approved higher qualification. 

Further particulars and application forms may 
be obtained from the Secretary-General, Associa- 
tion of Commonwealth Universities (Branch 
Office), Marlborough House, Pali Mall, London, 
S.W.i, or the Registrar, University of Hong 
Kong. Closing date for applications March 15, 
1969. (514) 


UNIVERSITY OF ABERDEEN 
LECTURESHIP IN SOIL SCIENCE 


Applications are invited for appointment 
as Lecturer as early as possibile in period 
May-Sepitember 1969, 

Candidates should have inidal qualifica- 
tions in geology or a cognate science and 
experience of, or interest in, soi] survey 
and cartography, land use studies and com- 


puer technignes. 

Salary on revised scale £1,240 by £115 to 
to £2,735, with placing according to qualifi- 
catiens and experience, Superannuation 
(F.S.S.UJ and removal allowance. 

Further particulars from The Secretary. 
The University, Aberdeen, with whom 
applications (8 copies) giving ihe names 
of three referees, should be lodged by 
Pebruary 25, 1909. Candidates overseas 
may submit one copy only, (A74) 
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UNIVERSITY OF LONDON 


ROYAL FREE HOSPITAL SCHOOL OF 
MEDICINE 


DEPARTMENT OF BIOCHEMISTRY 


Applications are invited for an M.R.C. 
POSTDOCTORAL RESEARCH ASSIST- 
ANTSHIP for the investigation of the bio- 
chemical function of vitamin E and its 
interaction in yive with selenium. The 
work will involve isolation of functional 
particles from rat liver mitochondria and 
microsomes by zonal centrifugation, and 
their study by isotopic and enzymic tech- 
niques. Initial salary up to £1,414 per 
annum, plus £60 London Allowance and 
F.S.S.U. benefits. The grant is tenable for 
three years, with salary increment allow- 
ance. 

Apply to Dr. A. T. Diplock, Department 
of Biochemistry, Royal Free Hospital 
School of Medicine, 8 Hunter Street, Lon- 
don, W.C.1. (512) 

















UNIVERSITY OF WALES 
UNIVERSITY COLLEGE OF SWANSEA 
APPOINTMENT OF EXPERIMENTAL 

OFFICER /SENIOR EXPERIMENTAL 
OFFICER IN THE DEPARTMENT OF 
PHYSICS 


Applications are invited for the post of Ex- 
perimental Officer or Senior Experimental Officer 
in the Department of Physics. The successful 
applicant will be responsible for the design and 
operation of apparatus for the study of electrons 
produced in gases by laser beams. Experience 
with electronic equipment and high vacuum 
systems is essential and a knowledge of design 
drawing an advantage. Applicants should have a 
Degree, Diploma in Technology, Grad-Inst. 
Physics or an equivalent qualification. 

The salary scales are Experimental Officer, £900 
to £1,500 by £75; Senior Experimental Officer, 
£1,500 by £85 to £2,010, depending on age and 
experience. The appoinument will be for a period 
of three years in the first instance and F.S.S.U. 
benefits are provided by the College. 

Applications, quoting reference number B6, 
which should be received by February 28, 1969, 
should be addressed to the Registrar, University 
College, Swansea, Singleton Park, Swansea, from 
whom further particulars may be obtained. j 
(470 


| UNIVERSITY OF IBADAN 
NIGERIA 


Applications are invited for the following ap- 
pointments in the DEPARTMENT OF ZOO- 
LOGY: 

(à) SENIOR LECTURESHIP OR LECTURE- 
SHIP IN THE FIELD OF CELLULAR AND 
COMPARATIVE PHYSIOLOGY. 


(D SENIOR LECTURESHIP OR LECTURE- 
SHIP IN PARASITOLOGY. 


tc) SENIOR LECTURESHIP OR LECTURE- 
SHIP. Preference may be given to candidates 
with interests in Fisheries Biology and Limnology. 

(d) ASSISTANT LECTURESHIP. 

Salary scales: Senior Lecturer, £N2.275 to 
£N2,575 per annum; Lecturer, £N1,200 to 
£N2,175 per annum. Assistant Lecturer, £N950 
to £NI,150 per annum. GNi=£1 3s. 4d. steril- 
ing). Salary supplemented in appropriate cases 
in range £190 to £515 per annum (sterling) under 
British Expatriates Supplementation Scheme. 
Family passages ; various allowances; F.S.S.U. ; 
regular overseas leave. 

Detailed applications (six copies), naming three 
referees by March 14, 1969, to Inter-University 
Council, 90/91 Tottenham Court Road, London. 
W.I, from whom particulars are available. 

(472) 


UNIVERSITY OF EAST ANGLIA 

SCHOOL OF BIOLOGICAL SCIENCES 

Applications are invited for an appointment as 
LECTURER/ASSISTANT LECTURER in Bio- 
logy, to start not later than October 1, 1969. 
This appointment will be made in the field of 
Biophysics ; the successful applicant wil be ex- 
pected to contribute to advanced Biology classes 
and to teach Physics io first year students of 
Biology. Stipend wiH be within the overall scale 
SLUT to £2.735 per annum, plus F.S.S.U. bene- 
ts. 

Further particulars may be obtained from the 
Registrar and Secretary, University of East 
Anglia, Earlham Hall, Norwich, NOR 88C., with 
whom applications (one copy only), together with 
the names and addresses of three persons to 
whom reference may be made should be lodged 
not later than April 15, 1969. (459) 


UNIVERSITY OF GHANA 
DEPARTMENT OF BIOCHEMISTRY, 
NUTRITION AND FOOD SCIENCE 

Applications are invited for 

(a) LECTURER in Biochemistry. Candidates 
should have postgraduate qualification. — Famili- 
arity with modern biochemical techniques is 
essential, 

(b) LECTURER in Food Science. Candidates 
Should have postgraduate qualifications, Prefer- 
ence wid be given to those with special interests 
in one or more of the following : carbohydrates, 
fermentations, meat and fish products, tropical 
food crops. 

Salary scales: N€@2,720 by NC120 to N€3,560 
by NC180 to N€4,640; N€4,800 per annum. 
(Non-taxable inducement allowance of N@720 per 
annum for expatriates.) (Official rate of ex- 
change for the New Cedi: one pound sterling — 
NCQ2.45; one US, dolar- NG1.02) Appoint- 
ments normaily four or six years in the first 
instance but shorter periods of secondment wil 
be considered. 

Further particulars and forms of application 
should be obtained from the Assistant Registrar, 
University of Ghana Office, 15 Gordon Square, 
London, W.C.1, or the Registrar, University of 
Ghana, P.O. Box 25, Legon, Accra, Ghana, with 
whom applications (EIGHT COPIES) should be 
lodged not later than February 28, 1969. 


AND TECHNOLOGY 
(UNIVERSITY OF LONDON) 
ASSISTANT LECTURER IN MATHEMATICS 
Applications are invited for a post of Ass stant 
Lecturer in Mathematics. Preference will be 
given to candidates with interests in analysis, 
functional analysis or topology, or in linear and 
dynamic programming. Salary scale (under re- 
view): £1,105 1o £1,340 pius £60 London Allow- 

ance. 

Application forms (to be returned by March 
i, 1969) and further particulars may be obtained 
from the Secretaty, Chelsea CoHege of Science 
and Technology, Manresa Road, London, S. W.3. 





are you a Veterinary Surgeon, Geologist, Chem- 
ist, Pharmacologist, Physicist, Metallurgist, Micro- 
biologist. Pharmacist, Information Scientist or 
Technical Editor ? 

Whatever it is Please Note ! 

G.K. Bureau employ six scíentifically qualified 
interviewers to select the best positions for you. 
—Wirite or telephone 


Miss J. R. Hortin, G.K, Bureau, 
17 Shaftesbury Avenue, London W.1. 
01-437-6886 or 01-437-6779. 

NO FEES TO PAY. 


UNIVERSITY OF CALGARY 


CHEMISTRY DEPARTMENT 
CANADA 


Graduate Teaching and Research Assistantships 
are available for students proceeding to the Ph.D. 
or M.Sc. degrees jin all branches of Chemistry 
and Biochemistry. The Assistantships are valued 
up to $4,600 per annum and carry remission of 
fees and a travel allowance. 

For further information, write to The Chair- 
man, Graduate Admissions Committee, Chemistry 
Department, University of Calgary, Calgary, 
Alberta, Canada. (441) 

UNIVERSITY OF GHANA 

DEPARTMENT OF GEOLOGY 
Applications are inviced for 
LECTURER 

Preference will be given to candidates with 
postgraduate qualifications in one of the follow- 
ing fields: Geomorphology and quaternary 
geology. Sedimentology. geophysics. 

Salary scale: NC2,720 by N€126 to N€3.560 
by N€180 to NG4,640; N€4,800 per annum. 
(Non-taxable inducement allowance of NQ720 per 
annum for expatriates). Official rate of exchange 
for the New Cedi: One pound Sterling = N2 45, 
One US. dollar- NC1.02. Appointments nor- 
maly four or six years in the first instance but 
shorter periods of secondment will be con- 
sidered. 

Further particulars and forms of application 
shouid be obtained from the Assistant Registrar, 
University of Ghana Office, 15 Gordon Square, 
London W.C.1, or the Registrar, University of 








Ghana, P.O. Box 25, Legon, Accra, Ghana, 
with whom applications (EIGHT COPIES) 
shouid be lodged not later than February 28, 
1969, ($35) 


ALT 


BRUNEL UNIVERSITY 
READER IN MATHEMATICS 


Applications are invited for this newly- 
created post in the Department of Mathe- 
matics (Head of Depasmeni: Profesor 
lohn Crank, to whom comidential enquiries 
can be addressed). 

Candidates should be actively engaged in 
academic or industrial research, Prefer- 
ence wil be given to pure mathematicians 
with a strong interest in sumerical analysis, 
In addition to stmulatng research, che 
Reader will be expected to give some 
advanced lectures, 

Salary, according to experience — and 
qualifications, within the range £2,600 to 
£3,245, or exceptionally with a maximum 
of £3,520 per annum. 


Further particulars avaliable from the 
Academic Registrar, Bunei — University, 
Uxbridge, Middiesex. 

Closing date: March 9, 1969, — (329 


LONDON SCHOOL OF HYGIENE 
AND TROPICAL MEDICINE 
INCORPORATING THE ROSS INSTITUTE 
DEPARTMENT O^ MEDICAL 
PROTOZOO. OGY 


CHIEF TECHNICIAN sequired for a pusy 
teaching and research depamment to iake charge 
of about 8 technicians engaged in a wide range 
of technical services—maintenance of pathogenic 
protozoa, Organization of teaching material, 
supervision of demonstrations for postgraduate 
students, equipment, supplies and central ser. 
vices. There may be, from time to time require- 
ments for short assignmenss overseas. — Oualiti- 
cations: H.N.C.. F.LM.L.i., or equivalent with 
experience in biological laboratories if possible, 
including immunology. Salary in the range 
£1,655 per annum to £L BIS per annum. plus £90 
London Weighting and superannuation (N H.S. 
Superannuation Scheme can be continued), 

Applications, including che names of two 
referees, to Professor W. H. R. Lumsden, keppel 


Street, Gower Street, Logsdon, W C.i, before 
February 17, 1969. (539) 
UNIVERSITY CF IBADAN 
NIGERIA 


Applications are invited fer (3) SENIOR LEC. 
TURESHIP or (b) LECTURESHIP IN CYTO. 
LOGY/GENETICS IN SEPARTMENT OF 
AGRICULTURAL BIOLOGY. Preference given 
to candidates with teaching and research interests 
in the field of higher pam or anima] genetics 
(not microbial genetics). Salary scales: — (a) 
£N2,275 to £N2,875 per anmum: (b) EN1,200 to 
£N2,175 per annum.  (£NI-£l, 3s. 4d. sterling). 
Salary supplemented in appwopriate case in range 
£240 to £515 per annum (terhng) under British 
Expatriates Supplementation Scheme. Family 
passages ; various allowances; F.S.S.U. ; regular 
overseas leave, 

Detailed applications (six copies), having three 
referees by March 14, 1969 to inter-University 
Council, 90/91 Tortenham Court Road, London, 
Wi from whom particulas are available, 

id T 


CHARLES SALT RESEARCH 
CENTEE 
THE ROBERT JONES AND AGNES HUNT 
ORTHOPAEDIC HOSPITAL 
Oswestry, Shennshire, 

There is a vacancy ior a PRINCIPAL 
RESEARCH BIOLOGIST  salarv £2,486 to 
£3,196 per annum, in the Charles Salt Research 
Centre, for which applicatons are invited from 
biologists interested in — transniantation — and 
tumour immunology. 

Applications, giving age, qualificaiions, details 
of experience and names acd addresses of three 
referees, to be sent to the Director of Research, 
from whom further details may be obtained. 

(536) 


NATIONAL VEGETABLE RESEARCH 
STATION, WELLESBOUR 4E, WARWICK, re. 
quire (a) EXPERIMENTAE OFFICER and (5) 
ASSISTANT EXPERIMENTAL OFFICER for 
work on field studies of eswironmental and cul. 
tural factors influencing veestable crop produc- 
tion. A degree in agric. sciences, agric. or hort., 
N.D.H., or equivalent essential. For post (a) 
experience of research or commercial vegetatie 
production is also required. Salary: EO., £i.514 
to £1,910; A.E.O., £830 at 21, rising to £1,385. 
Contributory superannnation.scheme.—Further in- 
formation and application forms Go be come 
pleted by March 1, 1969), obtainable from ihe 
Secretary. (517) 
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INSTITUTE OF CHILD HEALTH 
UNIVERSITY OF LONDON 
DEPARTMENT OF IMMUNOLOGY AND 
M.R.C. RESEARCH GROUP IN 
IMMUNOLOGY 
LECTURER IN IMMUNOLOGY 


An immunologist, preferably with macro- 
molecular physical chemistry and immunochemi- 
cal experience, is required for work on the 
heterogeneity of antibody binding in human gis- 
ease and experimental situations, including 
nephritis, and immunity deficiency. Applicants 
need not necessarily be medically qualified but 
Ph.D., or equivalent, in work of this type would 
be desirable. Salaries will be in the range £1,470 
to £2,630 plus £60 London Allowance. The post 
is superannuable. 

Applications shauld be sent to The Secretary, 
Institute of Child Health, 30 Guildford Street, 
London, W.C.1. 


COUNCIL 
has a vacancy in its 
RADIOBIOLOGICAL LABORATORY 
LETCOMBE REGIS, WANTAGE, 
BERKSHIRE, for à 
PLANT PHYSIOLOGIST 


on the Scientific Officer or Senior Scientific Officer 
scales to study factors which affect the form and 
function of root systems. The work will form 
part of a comprekensive investigation of root 
function, especially with respect to nutrition, both 
in the laboratory. and in the field. Minimum 
qualifications: First or upper  second-class 
honours degree or equivalent. Age 22 to 35. 
Postgraduate — experience desirable. Salary : 
Scientific Officer scale, £1,020 to £1,740 or Senior 
Scientific Officer scale, £1,925 to £2,372. 
Apply with names of two referees, to the Sec- 
retary of the Laboratory by February 14, 1969. 
(307) 


UNIVERSITY OF OXFORD 
UNIVERSITY LECTURESHIP IN THE 
DEFARTMENT OF ASTROPHYSICS 

(UNIVERSITY OBSERVATORY) 


Applications are invited for the post of Uni- 
versity Lecturer in experimental spectroscopy in 
the field of atomic physics or astrophysics, The 
stipend will be in the range £1,470 to £2,900 
per annum (scale subject to revision) depending 
upon age, with superannuation undir tne 
F.S.8.U. The date of commencement in the 
post is October 1, 1969. 

Applhicauons (four copies) inchading a state- 
ment of qualifications, and career, and the names 
of three referees, should reach the Secretary of 
Faculties, University Registry, Broad Street, 
Oxford, by April 1, 1969. (549) 


~ UNIVERSITY OF ABERDEEN _ 
DEPARTMENT OF MEDICAL PHYSICS 


PHYSICIST (Lecturer/ Assistant Lecturer) re- 
quired in progressive department to assist with 
clinical isotope procedures and to participate in 
extensive development programme of radioisotope 
scanning and Gamma-camera techniques. Salary 
on scale: Lecturer, £1,470 to £2,630; Assistant 
Lecturer, £1,105 to £1,340. (Meantime under re- 
view), with initial placing according to qualifica- 
tions and experience. Superannuation (F.S.S.U.) 
and removal allowance. 

Further particulars from the Secretary, The 
University, Aberdeen, with whom applications 
(Lecturer eight copies, Assistant Lecturer two 
copies), should be lodged by February € um 

t x 


UNIVERSITY OF CAMBRIDGE |. 


DEPARTMENT OF PHYSICAL CHEMISTRY 


Applications are invited for a POST- 
DOCTORAL RESEARCH ASSIST ANT. to en- 
gage for a period of one year commencing Sep- 
tember 1969 on work on the diffraction of elec- 
trons of jow energy at the surfaces of single 
crystals. The effect of exposure of particular 
crystal faces to gases at low pressure wil be 
examined. The work will be done on a Vacuum 
Generators LEED apparatus. The salary will be 
in the range £1.300 to £1,400 per annum accord- 
ing to qualifications. 

Applications should be made to Professor 
J. W. Linnett, Department of Physical Chemistry, 
Lensfield Road, Cambridge CVE OEZ., from 
whom further particulars can be ORGANES 


possess English as your mother tongue and wish 
to supplement your income, 
with us. Swiss pharmaceutical Company needs 
regular translations from German cf documen- 
tary and advertising literature.—Picase appty 
ander Box 4-123 a Publicitas AG., CH-3000, 
Bern. Switzerland. (329) 
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UNIVERSITY OF KHARTOUM 

Applications are invited for 2 posts of (a) 
SENIOR LECTURER or (b LECTURER IN 
DEPARTMENT OF ENGINEERING MATHE- 


“MATICS. Salary scales: (3) £82,400 to £S2,.800 


per annum, (b) £81,500 to £52,300 per annum 
(£$1=£1 3s. Lid. sterling), plus temporary special 
allowance of (a) £8250 per annum or (b) £S180 
per annum. Cost of living, famiy and outfit 
allowances also payable. Passages for appointee 
and family on appointment, termination and 
annual ieave,  Superannuauon scheme. 

Detatied applications (6 copies), naming 3 
referees, by March 4, 1969, to Inter-University 
Council, 90/91 Tottenham Court Road, London. 
W.L from whom particulars are available, 

(459) 


© GAS CHROMATOGRAPHY 
—MASS SPECTROMETRY 


ihe Rheumausm Research Unit, Nether Edge 
Hospital. Sheffield, offer a lI2-montbs appoint- 
ment for work on GC-MC in relation to chemi- 
cal pathology. Salary according to qualifications 
and experience. 

inquiries and applications to Dr. H. F. West. 

(354) 


University Institute 


of Technology 
Cardiff 





APPLIED BIOLOGY 
RESEARCH ASSISTANT 


to study the effect on a Deciduous Woodland. 
Applicants should preferably have a Ph.D. or 
equivalent postgraduate research experience in 
terrestrial ecology, plant physiology or plant Dic- 
chemistry. The post is financed by the Natural 
Environment Research Council and is for three 
vears starting September 1. Salary Seale: £1,105 
to £1,180 to £1,260. Appointment at a lower 
evel may be considered. 

Further particulars and application forms (to 
be returned by February 24) obtainable from 
Deputy Registrar (Personnel). (S41) 


UNIVERSITY OF ABERDEEN 
DEPARTMENT OF MEDICAL PHYSICS 
PHYSICIST (Research Assistant) required for 


radiotherapy techniques and development work, 
and to assist in other clinical procedures.  Pre- 


vious experience in medical physics desirable, but 
not essential. Salary on scale: £945 to £1.415, 
with placing according to qualifications and €x- 
perience. Superannuation (F.S,.S.U ). 
Further particulars from The Secretary, The 
University. Aberdeen, with whom applications 
(two copies), giving the names of three referees, 
should be lodged by February 22. 1969. (476) 
SCOTTISH HORTICULTURAL 
RESEARCH INSTITUTE 


INVERGOWRIE, DUNDEE. DD2 5DA 


Applications are invited for a post in the Crops 
Research Section associated with work on the 
effects of climatic conditions on horticultural 
crop production in Scotland. The post is a tem- 
porary one in the SCIENTIFIC OFFICER grade 
and will be made for three years in the first 
instance. Candidates should have an Honours 
Degree in a biological science. Training in 
physics or mathematics or experience of instru- 
mentation for micro-metereology would be an 
advantage. Opportunities for study for higher 
degrees are available. Salary Scale: £1,020 to 
£1.740 plus allowances for postgraduate experi- 
ence. F.S.8.U. superannuation. 

Further particulars may be had fram the Secre- 
tary with whom applications, giving full details 
of age, education and experience, together with 
the names of two referees, should be lodged by 
February 28. (552) 


ASSISTANT PROFESSOR — PH.D. WITH 
specialization in ruminant nutrition. — Teaching. 
research and extension responsibilities in beef 
cattle nutrition. Starting salary $11.000; open 
July 1, 1969.—Forward applications, including 
curriculum vitae, transcripts and names of three 
referees, by April 15 to Chairman, Department 
of Animal Science, Faculty of Agriculture, The 
University of Alberta, Edmonton, dide cas 
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BUTTERWORTHS REQUIRE RECENT 
B.Sc.. for sub-editorial work on their scientific 
publications. Salary on scale £1,100 to £1,450 
according to age and experience. Free life assur- 
ance and contributory pension scheme.—Please 
apply in writing to the Staff Appointments 
Officer. 88 Kingsway, London, W.C.2. £80 





UNIVERSITY OF ST. ANDREWS 
DEPARTMENT OF APPLIED MATHEMATICS 


A vacancy has arisen in the above Department, 
following the apoinunent of Dr. T. J. M. Boyd 
to the Chair of Applied Mathematics at Univer- 


sity College of Bangor. Applications are ac- 
cordingly invited for a post of LECTURER in 
APPLIED MATHEMATICS. The current re- 
search interests, within the Department He 
primarily in the * fields of Fluid Dynamics, 
Numerical Analysis amd Plasma Dynamics, but 
applications are invited from candidates with in- 
terests. in any branch of Applied Mathematics. 
Salary scale: £1,240 to £2,735; starting salary 
according to qualifications and  exnperimence. 
F.S.S.U. : grant towards expenses of furniture 
removal. 

Five copies of applications, with the names of 
three referees, should be lodged by February 28, 
1969, with the Secretary of the University, Col- 
lege Gate, St. Andrews, from whom further par- 
ticulars may be obtained. (547) 


MAKERERE UNIVERSITY COLLEGE— 
UGANDA 


Applications are invited for the following ap- 
pointments : 

(a) 2 LECTURESHEPS IN BOTANY. Cand: 
dates should preferably have interests in one of 
the folowing fields: environmental studies ; taxo- 
nomy or whole plant physiology, but other in- 
terests will also be considered. — Teaching and 
research experience essential. 

(b) LECTURESHIPS IN ORGANIC CHEM- 
ISTRY, INORGANEC CHEMISTRY AND 
PHYSICAL CHEMISTRY, tenable from July, 
1969, 

(o) LECTURESHIP 
from mid-1969, 

Salary scale, £EAT,330 to ££A2,230 per annum. 
(£EAi-£li 3s. 4d. sterling). Salary suppiemented 
in appropriate cases in range £348 to £410 per 





IN PHYSICS available 


annum (sterling) under British Expatriates Sup- 
plementation Scheme. — F.S.S.U. Family pas- 
sages ; biennial overseas leave. 


Detailed applications (six copies), naming three 
referees, by March 20, 19659, to Inter-University 
Council, 90/91 Tottenham Court Road, London, 
Wi, from whom particulars are available. 

(545) 


TECHNICAL PRODUCT 
SPECIALISTS 


This long established Company is setting up a 
technical department to assist our sales effort in 
Membrane Filtration, Blectrophoresis and Fluoro- 
metry. We require two experienced and prefer- 
ably qualified men specializing in one of these 
subjects. Applicants would be required to set 
up a small test faciliy, assist representatives in 
special situations and arrange to conduct one/ 


two day Symposiums. Good salary, non-contri- 
butory pension scheme, car provided. This is a 
most progressive position. 

Hawksley & Sons Limited, 

12 Peter Road, 


LANCING, Sussex. (£50) 


UNIVERSITY OF ABERDEEN 
SCHOOL OF AGRECULTURE., ABERDEEN 

Applicauions are invited for the following Umi- 
versity posts: 

LECTURER/ASSISTANT LECTURER IN 

AGRICULTURAL BIOCHEMISTRY 

Experience desirable in separation of maacro- 
molecules and use of radio isotopes. Salary on 
scale: £1,240 by £115 to £2,738, with initial 
placing according to qualifications and experience. 
Superannuation (F.S.S.UO and removal allowance. 


Further particulars from the Secretary, the 
University. Aberdeen, with whom applications 


(Lecturer eight copies, Assistant Lecturer two 
copies), shouki be lodged by February 28, 1969. 
(553) 


NEUROCHEMICAL RESEARCH. APPLI- 
cations are invited from persons interested in 
pursuing a course of training in neurochemical 
research leading to a higher degree. Applicants 
should have a good honours degree in biochem- 
istry or medicine or expect to graduate this year. 
— Further details from The Secretary, Depart- 
ment of Biochemistry, Institute of Psychiatry, De 
Crespigny Park. Denmark Hill, idt cn 

495) 


quired for research on diseases of the nervous 
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system. Experience in experimental surgical 
techniques and electron microscopy preferable. 
Salary, £1,165 per annum, plus increments. 
Apply: Professor E. G. Gray, Department of 
Anatomy, University College London, Gower 
Street, W.C.1. (5200 


NATURE, FEBRUARY 8, 1969 


UNIVERSITY OF QUEENSLAND 
BRISBANE, AUSTRALIA 
PROFESSOR OF ANATOMY 


The University invites applications for the 
Chair in Anatomy. The Department is respon- 
sible for the teaching of Anatomy to students in 
the Faculties of Medicine, Dentistry and Science 
and to students of Physiotherapy, Occupational 
Therapy, Speech Therapy and Physical Educa- 
tion, 

The curriculum of the medical faculty is under 
review and the successful applicant would take 
up the appointment at the beginning of a stimu- 
lating period of change and development. 

Applicants may be drawn from any of the 
broad. range of disciplines which comprise 
Anatomy or Human Biology—¢.g., Histology, 
Embryology, Cellular Ultrastructure, Gross 
Morphology-—and must have carried out research 
in their field. 

The successful applicant wil be Head of the 
Department of Anatomy. He wil be respon- 
sible for the organization of the Department and 
for the supervision of teaching and research 
activities. 

The salarv $A12,000 per 
annum. 

The University provides Superannuation simi- 
lar to F.S.S.U., housing assistance, study leave 
and travel grants. 

Additional information and application forms 
will be supplied upon request to the Secretary- 
General, Association of Commonweakh Universi- 
des (Branch Office), Marlborough House, Pall 
Mak. London, S.W.i. Applications close on 
March 31, 1969, SC ?) 


UNIVERSITY OF : QUEENSLAND 
BRISBANE, AUSTRALIA 
LECTURER IN MATHEMATICS 


The University invites applications for the 
position of Lecturer in the Department of Mathe- 
matics. An applicant should have a Ph.D. and 
research interests related to fluid dynamics, 
elasticity, heat convection and singular perturba- 
tien problems. Some experience in both lectur- 
ing and research would be advantageous. Ap 
plicants for a permanent position are preferred 
but a qualified. person. who is available only for 
a specific period may apply for appointment as 
Temporary Lecturer for that period. The suc- 
cessful applicant wil be expected to join fully 
in the research activities of a research group 
which is concentrating on applications of singular 
perturbation techniques to linear and non-linear 
problems in fluid dynamics, elasticity and heat 
convection. The successful applicant wil also be 
expected to lecture and examine in appropriate 
branches of applied mathematics. 

The salary for a Lecturer will be within the 
range $A5,400 to $A7,300 per annum. 

The University provides Superannuation similar 
to F.S.S.U., Housing Assistance, Study Leave 
and Travel Grants for permanent appointees of 
Lecturer status and above. 

Additional information and application forms 
will be supplied upon request to the Association 
of Commonwealth Universities (Branch Office), 
Marlborough House, Pall Mall, London, §.W.1 
Applications close in London and Brisbane on 
March 31, 1969. (528) 


UNIVERSITY OF ABERDEEN 
NATURAL PHILOSOPHY DEPARTMENT 
LECTURESHIPS AND ASSISTANT 

LECTURESHIPS are vacant in: 


for a Professor is 








Experimental Physics, including Geophysics ; 
Theoretical Physics, including Classical 
Mechanics ; 


Instrument Design, 

These posts are concerned with research and 
with teaching at graduate and undergraduate 
level. Preference in each branch will be given 
to applicants with interests primarily in funda- 


mentals, Salary on revised Scale £1,240 by £115 
to £2,735: Initial placing according to quali- 
fications and experience. Superannuation 


(FSS. U) and removal allowance. 

Further particulars from the Secretary, The 
University, Aberdeen, with whom applications 
(Lecturer 8 copies; Assistant Lecturer 2 copies) 
should be lodged by March 15, 1969, (Later 
applications from abroad wiM be considered). 

(540) 


ST. BAR THOLOMEW’ S HOSPITAL 
LONDON, E.C.1 

. Postgraduate student with B.Sc. in Biochem- 
istry required for research into some metabolic 
aspects of Diabetes. Post suitable for applicant 
wishing to study for bigher degree. Starting 
salary £850 per annum 

Apply in writing to the Clerk to the Governors 
quoting Ref, R/1 and naming two referees, 

(506) 


IMPERIAL COLLEGE OF SCIENCE 
AND TECHNOLOGY | 
(UNIVERSITY OF LONDON) 
LECTURER/SENIOR LECTURER 
IN MINING GEOLOGY 


Duties include teaching at graduate and post- 
graduate levels, and research, with preference for 
economic mineralogy. Candidates should be ex- 
perienced either in research or mineral industry. 
The devel of appointment wil depend upon 
qualifications and experience. — Salary scales: 
Senior Lecturer, £2,250 by £105 to £3,255; Lec- 
turer, £1,470 by £90 to £2,010 by £85 to £2,180 
by £90 to £2.630. (Salary scales under review.) 
F.S.S.U. benefits. 

Apply, giving full details to The Professor of 
Mining Geology, Department of Geology, 
Imperial College of Science and Technology, 
Prince Consort Road, S.W.7. (492) 


AUSTRALIAN NATIONAL 
UNIVERSITY 


THE RESEARCH SCHOOL OF PACIFIC 
STUDIES 


FELLOWSHIP OR SENIOR FELLOWSHIP 
IN PALYNOLOGY 


There is a vacancy for a palynologist in the 
Department of Biogeography and Geomorphology 
(Professor D. Walker, Head of Department). 
The person appointed will be expected to work 
mainly on the Quaternary vegetation history of 
Australia, the South-west Pacific or South-east 
Asia but an interest in some aspect of funda- 
mental palvnology, plant ecology or other associ 
ated field is desirable. Laboratory facilities are 
established and support for field work is liberal. 

Appointment will be to a Senior Felowship 
($A8,750 to $A10,274) or a Fellowship ($A6,400 
to SAR,740. Fellows and Senior Fellows are 
appointed for an initial period of five years, after 
which they are normally reappointed until re- 
tiring age. A superannuation scheme of F.S.S.U. 
type is available and assistance is provided with 
joining expenses and housing.  FeHows are en- 
titled to one year’s study leave on full pay in 
every seven years' service, with a maximum grant 
of $A2,160 towards expenses, and Senior Fellows 
to one year's study leave in every six years with 
a maximum grant of $42,600. Applicants should 
be prepared to join the University in Canberra 
during 1969. 

Further information may be obtained from the 
Head of Department in Canberra or from the 
Association of Commonwealth Universities 
(Branch Office), Marlborough House, Pall Mall. 
London. S.W.1. Applications close on March 
28, 1969. (504) 





GRANTS & SCHOLARSHIPS 





ANIMAL HEALTH TRUST 
RESEARCH TRAINING SCHOLARSHIPS 1969 


Offered to recent graduates in veterinary or 
allied sciences. One award. the A.D. Alien 
Memorial Scholarship. available for work on any 
aspect of tissue culture. Tenable up to three 
years from October 1, 1969. Value : £700 per 
annum. £100 towards essential fees in relevant 
on ey department. Closing date April 15, 

Apply The Animal Health Trust, 14 Ashley 
Place, London, SWL (405) 





SYMPOSIUM 


UNIVERSITY OF MANCHESTER 
INSTITUTE OF SCIENCE AND 
TECHNOLOGY 
DEPARTMENT OF CHEMISTRY 


ADVANCES IN CHEMISTRY 
SERIES 
SESSION 1968-69 
PRELIMINARY ANNOUNCEMENT 
A Symposium on 


OXIDATION IN ORGANIC 


CHEMISTRY 
wil be held on 
July 8 and 9, 1969 


Industrial aspects will receive particular atten- 
tion. 


Contributions are invited and should be sent to 
Dr. G. Hok, Department of Chemistry, The 
University of Manchester Institute of Science and 
io e P.O. Box No. 88, Manchester, M60 

Further details of the programme will be pub- 
lished later. (525) 
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FELLOWSHIPS AND 
STUDENTSHIPS 





DEPARTMENT PHYSICS 


CARLETON UNIVERSITY, 
OTTAWA, CANADA 


invites applications for — POST-DOCTORAL 
FELLOWSHIPS for work o experimental rie 
mentary particle physics. Current active peo 
grammes exist in boson spectroscopy and studies 
of muonic atoms. Annual sspends of $6,000 to 
$7,200 (according to dependens} are income tax 
exempt. Return economy air fare available to an 
accepted Fellow, and, if hc is married, to his 
wife. 

The Department offers graduate programmes 
leading to the M.Sc. and PhD. degrees in the 
following fields: theoretical and experimental ele- 
mentary particle physics, experimental nuciear 
physics and mass spectroscapy applied to geo- 
chronology. 

Application forms, further information 
grammes, and information on financial 
may be had by writing to the Chairman, 
ment of Physics, Carleton University, 
By Drive, Ottawa 1, Ontario, Canada. 





on pro- 
BAER OTT 
Depart 
Colonel 
{433} 


UNIVERSITY OF LONDON 


THE MEDICAL CCLLEGE OF 
ST. BARTHOLOMEW«S HOSPITAL 
CHARTERHOUSE SQUARE, ECi 
PH.D. AND M.PHIL. DEGREES IN 
RADIATION PHYSICS OR RADIATION 
BIOLOGY 


Applications are invited from students wishing 
to pursue research projects kading to M Phi. or 
Ph.D. degrees. Candidates. should possess an 
honours degree in physics for research in Radis- 
tion Physics, or in a science subject or a medical 
degree for research in Radiction Biology, 

S.R.C. and M.R.C. studertships may be avail- 
able for suitably qualified candidates. 

Further information and zpplicauon forms are 
available from the Secretary of the Physics De- 
partment. (49m 


EUROPEAN MCLECU LAR 
BIOLOGY ORGANIZATION 
(EMBC) 


AND LONG-TEEM FELLOWSHIPS 
IN MOLECULAR BIOLOGY 


The European Molecular Biology Organization 
intends to award to scientists working in labora- 
tories within the European area both short-term 
(from a few days to severa. weeks) and longer- 
term Fellowships for colacorative research or 
advanced training in molecwar biology. 

The short-term  Fellowshios are intended for 
visits to other laboratories for the purpose of 
carrying out experimenis with special techniques 
or of other forms of sciendfic collaboration or 
advanced training, and especially of meeting 
developments arising at shor: novice. 

The long-term Fellowships will be awarded to 
young and promising reseacch workers so that 
they may spend prolonged periods in other 
laboratories working unde: the guidance of 
leaders in the field of molecular biology, Awards 
wil usually be made for a period of abour one 
year. 

Applications should be aderessed to the Execu- 
tive Secretary, Dr. R. K. applevard, c/o Uni- 
versity of Brussels, 67 Paardestrast, — Sint- 
Genesius-Rode, Belgium, from whom application 
forms and further details moy be obtained, 

Applications for Fellowshos may be made at 
any time. Applications for longterm Fellowships 
are, however, best made sx months or more 
before departure: in 1969, those made before 
February 1 wil be decided not later than May 
31 and those made before August i will bc 
decided not later than November 30. Decisions 
concerning short-term Fellowships wil be made 
soon after receipt of applicstion. 

The Organization is also ble to award a few 
senior appointments to help institutlons wishing 
to receive visiting professors or other established 
workers in order to develom their own efforts. 
Interested institutions may <btain further infor- 
mation about these appointments from the 
Executive Secretary. (3083 


SHORT- 


e ——————P E m: 


FELLOWSHIPS | AND. ASSISTANTSHIPS 
leading to M.S. and Ph.D. cegrees are offered ai 
$2,400 for the academic veer with remission of 
tuition and fees. Excellent research facilities e 
Address to Chairman, Depastment of Chemisiry, 
Drexel Institute of Technology. Philadelphin, 
Pennsylvania 19104, U.S.A. C248) 


—— 




















WELLCOME TRUST/ANIMAL 
HEALTH TRUST 


VETERINARY RESEARCH FELLOWSHIPS 


The Welcome Trust and the Animal Health 

Trust are 
Research Fellowships in Veterinary Medicine. 
These, are open to graduates in veterinary or 
allied ‘sciences who have had at least two years 
research experience. The Fellowships are tenable 
for up to three years and carry a stipend of 
£1,100 per annum,.at age 24, rising to £2,500 per 
annum at age 36 and over. Plus London allaw- 
ance of £60 per annum. . 
. Applications, in duplicate, should reach the 
under-mentioned by March 1, 1969, and should 
include a formal curriculum viae, details of the 
research programme proposed and a supporting 
letter from the Head of Department in which 
the candidate plans to work. 


THE ANIMAL HEALTH TRUST, 
i4, ASHLEY PLACE, 


LONDON, S.W.1 (406) 


THE MICHAEL SOBELL CANCER 
RESEARCH FELLOWSHIP OF THE 
BRITISH EMPIRE CANCER 
CAMPAIGN FOR RESEARCH IN 
ASSOCIATION WITH THE 
COLLEGE OF PATHOLOGISTS 


Applications are invited for the above Fellow- 
ship, which has recently been endowed through 
the generosity of Mr. Michael Sobell, and is 
intended for young graduate research workers to 
undertake laboratory research into some aspect 
of cancer, The Fellowship would normally be 
heid for a period of from three to five years, 
and could include a period of work abroad, The 
salary would be appropriate to the age, qualifi- 
cations and experience of the successful candi- 
date, and funds would be made available for the 
running expenses of the work undertaken, and 
also, if applicable, for a limited amount of travel. 
Applicants should submit their curriculum 
vitae and full details of their proposed project. 
and name both the institute at which the work 
will be carried out and the Director who would 
supervise it. These details, with the names of 
three referees, should be sent to The Secretary 
General, British Empire Cancer Campaign for 


Research, 11 Grosvenor Crescent, Hyde Park 
Cerner, London, S,W.1, and must reach him not 
later than April 30, 1969, (391) 





FOR SALE AND WANTED 





WM. DAWSON & SONS LTD. 
Back Issues Department, 
16 West Street, Farnham, Surrey, 
England. 
Tel: Farnham 4664. 


Offer rop prices for: 
BACK RUNS OF JOURNALS 
IN SCIENCE AND THE Pane 


HIGH VACUUM COATING 
UNIT FOR SALE 


Type EV.24, Ser, No, 4374, by Vacuum 
Industrial Applications Ltd. Degree of 
10 to minus $ 
in 30 min., 24 in. dia. vertical chamber, 
S.S. bell jar and base plate, Minus motor- 
ised rotary seals and workholders. Pur- 
chased 1964, since which date this unit has 
been subjected only to very light usage. 

Inspection upon application. Telephone 
01-573 3888, EXT. 499 (Mr. S, W., Tomlin}. 

(483) 


high vacuum obtainable: 





LECTURES AND COURSES 


UNIVERSITY OF LONDON: A COURSE 
of three lectures entitled (D " Genetic control 
over antibody structure " ; (2) "' Genetics of 
ussue transplantation in man "7; (3)  " The 
genetics of mental trait "' will be delivered by 
Professor R. Céppellini (Turin) at 5.30. p.m. on 
February 17, 18 and 19 at University College 





(Anatomy Lecture Theatre), Gower Street, 
W.C.1. Admission free, without ticket. —M. A. 


Baatz, Academic Registrar. (544) 


inviting applications for up to six 





UNIVERSITY 
OF DUBLIN 


Trinity College 





Biochemistry Department 


M.Sc. in CLINICAL 
BIOCHEMISTRY 


Cardidates for the course should pe m 
fail-time employment fm a laboratory 
undertaking a good cross-section. of clini- 
val biochemistry and = should, normally, 
passess a good honours degree. The formal 
course work involves one month's atten- ^ 
dance at the University in each of three 
summers. in addition. students are ex. 
pected to present a dissertation on an ap 
proved research project to be carried out at 
their place of employment. 

Further information and application forms 
may be obtained from: 


The Dean of Graduate Studies, 
Trinity College, 
Dublin, 2. 

The latest. date for the receipt of com- 


pleted applications is Monday, March 31, 
1969, 


(348) 


"UNIVERSITY OF MANCHESTER 
INSTITUTE OF SCIENCE AND 
TECHNOLOGY 


M.SC. COURSE IN STATISTICS AND 
RANDOM PROCESSES 


Applications are invited for a postgraduate 
course in APPLIED STATISTICAL ANALYSIS 
AND RANDOM PROCESSES, commencing in 
October 1969, and normally of twelve months' 
duration, leading to the degree of M.Sc. by ex- 
amination and dissertation. It is intended to 
provide training in advanced statistical techniques 
of general applicability, with special emphasis on 
the theory and analysis of Random (Stochastic) 
Processes, which underlie the statistical approach 


to AUTOMATIC PROCESS CONTROL and 
ECONOMIC FORECASTING. 
The lecture courses comprise: Mathematical 


Statistics, Statistical Methods, Design of Experi- 
ments, Practical Statistics, Evolutionary Stochastic 
Processes, Stationary Stochastic Processes and 
Time Series Analysis. 

Applicants should possess. or expect to gain, a 
good Honours Degree in Mathematics, Physics, 
or Engineering. or an equivalent qualification. to- 
gether with some basic knowledge of probability 
theory and statistics. 

Suitable candidates will be encouraged to con- 
tinue their research work which would normally 
lead ta a Ph.D. degree. The course has been 
approved by S.R.C. as suitable for the tenure of 
their Advanced Course Studentships. 

Close co-operation is mamtained between the 
Statistics Group at the Institute, the Statistical 
Laboratory at the University af Manchester, and 
the Department of Probability and Statistics at 
the University of Sheffield. The first five courses 
listed above are attended also by postgraduate 
students at the Statistical Laboratory, and 
students at the Institute may also attend a course 
in Probabliy Theory at the Laboratory, A joint 
seminar programme is run by the three depart- 
ments throughout the academic year. 

Applicanvions and inquiries should be addressed 
to: DR. M. B. PRIESTLEY, Department of 
Mathematics at the Institute, P.O. Box 88, MAN- 
CHESTER, M60 IOD. (480) 


UNIVERSITY OF MANCHESTER. 
INSTITUTE OF SCIENCE AND 
TECHNOLOGY 


M.SC. COURSE IN HYDROCARBON 
CHEMISTRY 


The above one-year course, which will start on 
October 1, 1969, is open to Graduates in Chem- 
istry or Chemical Engineering and to those with 
Grad.R.I.C., Dip. Tech., or equivalent qualifica- 
tions at an appropriate level of achievement. 
This course, which is designed for those inter- 
ested in petrochemistry, in the chemistry of 
petroleum, or in general hydrocarbon chemistry, 
has received support from the Petroleum and 
Chemical Industries. and is approved for the 
award of S.R.C. Scholarships. 

For further information apply to Professor 
R. N. Haszeldine, F,R.S., Department of Chem- 
istry, at the Institute, P.O. Box 88, Manchester, 
M60 10D. 81} 





CHELSEA COLLEGE OF 
SCIENCE AND TECHNOLOGY 
(UNIVERSITY OF LONDON) 


M.SC. COURSE IN 
PHARMACOLOGY 


Applications are invited for :be above 
one-year fuli-ime course commencing in 
October 1969, Applicants should have at 
least a lower second-class honours degree 
in an appropriate subject. S.R.C. support 
is avaldable for suitable candidates, 


Further details may be obtained, from 


the Secretary, Department of Pharmaco- 
logy, Chelsea CoHege of Science and Tech- 
nology, Manresa Road, S.W.3, (531) 


UNIVERSITY OF LEEDS 


DEPARTMENT OF 
EARTH SCIENCES 


M.SC. COURSES IN 
GEOCHEMISTRY 
GEOPHYSICS 


GINEERING GEOLOGY AND 
GEOTECHNICS 


Applications are invited for eniry to the above 
postgraduate courses which lead to the degree of 
M.Sc. by examination. The courses are for 12 
months, beginning on October 1, 1969, and they 
have been approved for the award of Advanced 
Course Studentships. 


The entry requirements are a Ist or 2nd Class 
Honours degree in an appropriate subject: Geo- 
logy or Earth Sciences, Chemistry, Physics, 
Mathematics, Civil Engineering cr Mining, or a 
combined scheme of study which includes at 
least one of these subjects. 


The course in Engineering Geology and Geo- 
technics is run jointly with the Deparumnert of 
Civil Enginecring and the course in Geophysics 
is run in conjunction with the Department of 
Applied Mineral Sciences. 


Further detalis and application forms can be 


obtained from the Secretary, Department of 
Earth Sciences, The University of Leeds, Leeds 
LS2 SIT, (381) 


UNIVERSITY COLLEGE LONDON 
DEPARTMENT OF PHYSICS 
MULLARD SPACE SCIENCE LABORATORY 


INTERNATIONAL SUMMER SCHOOL IN 
SPACE EXPERIMENT DESIGN 
(A NATO Advanced Study Institute) 


Applications are invited from graduate physi- 
cists and engineers (or from persons with equiva- 
lent qualifications) to take part in the above 
School, which wil be held at the Mullard Space 
Science Laboratory, Holmbury, St. Mary, Surrey, 
England, from August 25 to September 12, 1969. 

The School will provide an introduction to the 
design of spacecraft scientific experiments. H 
will be organized as a group exercise, and the 
participants, assisted by an international directing 
staff, wH form a team to undertake the pre- 
Hminary design of an advanced type of cosmic 
x-ray telescope suitable for flight in a stabilized 
Earth-orbiting satellite. Background lectures on 
space experiment techniques will be given. 

A course fee of £5 will be charged. A limited 
amount of financial assistance is available for 
participants. unable to obtain such support from 
their parent insututions. Applicants should have 
a good command of spoken and written English. 

Further details about the School can te ob- 
tained by writing to Dr. P. J. Bowen, Multard 


Space Science Laboratory, Holmbury St. Mary, 
Dorking, Surrey, ie (423) 
PSYC H OAN ALYSIS 


weekly (except 
The British 


Six © Winter Lectures 1969 " 
for February 11) by Members of 
Psycho-Analytical Society. 

Fourth Lecture: “ THE MOTOR-CYXCLE: 
GROWING UP ON TWO WHEELS ” by Miss 
I. E. P. Menzies, M.A., on Tuesday, February 
18, 6,30 p.m. at the Porchester Hal, Porchester 
Road, London, WE 

Tickets (£2 for course or 8s, a lecture: 
students 10s. for course or 2s. single lecture) and 
programme from E. H. Wedeles, M.D., 63 New 
Cavendish Street, W.1. or at the lectures, A 
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Contact 


 Harwell 


FOR HIGH PURITY STABLE ISOTOPES 





= CUSTOM MADE ISOTOPIC FOLS 






AND TARGETS 


LOAN FACILITIES FOR 
\ NON DESTRUCTIVE APPLICATIONS 







For further details write for current 
STABLE ISOTOPE CATALOGUE 
to E.M. Group, A.E.R.E., Harwell, Berks 
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The LKB UV. kalan 
the Uvicord is completely compatible with the ÜitroRac. 
cof | The Uvicord detector unit is here shown incorporated, 
Ž à with the UltroRac, in a separation sy stem. 


] iN THE SERVICE OF SCIENCE 





l LKB INSTRUMENTS LTD. @ LKR HOUSE ©7237 ADDINGTON ROAD eS. CROYDON, SURREY. CR2 BYD @ TEL: 01-657.0286 





: STOCKHOLM. WASHINGTON, THE HAGUE. COPENHAGEN, ROME, VIENNA 


~ A Fraction Larger 
















Yes, our Eraction Collector, The UltroRac, is 
a fraction larger than some others on the mar- 
. ket, but we do not consider this a disadvan- 
tage and neither do our customers who only 
speak of the ADVANTAGES of owning an 
LKB UltroRac. The UltroRac gives users 
reliable collection, ease of operation, easily 
varied test-tube capacity and freedom of 
choice.in the method of collection. Any num- 
ber of test-tube racks can be removed from 
the collecting platform without interrupting 
the collecting process. 
SP STAND D12 
Write or phone LKB today for a fully illus- 
trated brochure on this QUALITY instru- 
ment and the many others in the LKB Labo- 


ratory Instruments Line. SEE YOU AT LABEX 
[SEE | 


Space Saving 

Coldroom Use 

Standard Test Tubes 
Removable electronic unit 
200 test-tube capacity 
Time, drop and volume 
Stainless steel support rods 
Polypropylene racks 
Provision for event marking 
Power outlet for flow pump 
Electronic counting system 
Positive flow control 


| 
L 
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"te Ort-free model ECLI 






Don't strain your eyes now... E 
send for your own full-size catalogue — 


EDWARDS 
VACUUM COMPRESSOR PUMPS 


(All the detailed information you need for selecting the right model, in a clear concise 
form — performance tables, dimensional drawings, and accessories with full descriptions) 


EN 
Edwards Edwards Vacuum Components Limited A member of the EOC grou db 


44th Manor Royal, Crawley, Sussex, England 
Telephone Crawley 28844 Telex 87123 Edhivac Crawley 
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Chromatographic 


Drying 
Oven 
















visibility : clear 
outiook: dry 


Our Chromatographic Drying Oven is specifically designed for the 
drying of paper chromatograms. It gives uniform drying with no paper 
flutter — papers do not touch or tear. And the stainiess steel chamber 
has an armour-glass viewing door. No heat loss when you take a 
icok inside. 

it can also be used as a general purpose laboratory oven with three 
shelves provided as an extra. 

Chamber dimensions: 22” high, 22°” wide, 18" deep. 

Temperature range: ambient to 220 C. 

Telescopic rack for easy loading and unloading. 

Price £320.0.0. Cat. No. 306/6300. Ask for leaflet T137. 

Write or ‘phone for further information: 
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Baird & Tatlock 


(London) Ltd.. Freshwater Rd., Chadwell Heath. Essex. Te 





t: 01-590 6081 


Member of Tarmac Derby Limited Telex: 24225. Cables: Burette, Romford. 
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MILLING 
NOODLES ? 


Maybe you're not in the soup... neither is 
one user of the RHC Rotomill RM-100 who 
needed to analyse noodles and did so by 
finely milling a sample prior to spectroscopic 
analysis. Which goes to show that the 
Rotomill can digest practically anything ! 
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Other Features ? 


OF ORGANIC 
RESEARCH 
CHEMICALS 


S NOW  A/ALABLE 


ROTOMILE 


Features include 


sie Over 8,000 compounds including more than 1,000 * Interchangeable grinding capsules and 


spheres of hardened steel; stainless 


new items. steel ; tungsten carbide ; or agate 
sk Structures of a// compounds shown. | MEAM | 
All compounds listed are cross indexed by * me EL Sone Ost median CAR 
x yard materials 
empirical formulae. PR T" 
. : X Built-in timer variable at ; minute intervals, 
sk Priced to meet the needs of the budget conscious. over a range 0 to 15 minutes. By-pass 
sk To obtain your free copy of this catalogue please switch for longer milling times. 


fill in the coupon and return to us. 


A LT A SL | LTT | suum, 


Adaptability to a centrifuge 


Suitable for grinding and blending fibrous 


To: Ralph N. Emanuel Ltd., 264, Water Road, substances, pigments, ores, siag, mineral, 


Alperton, Middx. rock, quartz, corundum, ceramic, wood, 


+ x* 


lass, paper, foodstuff, and slurries 
| Please send me a copy of your 1969 Catalogue of | g pepe " 
anic Research Chemicals. i 
| PUE i Full range of other spectroscopy accessories 
[NAME qari ee | 
| ADDRESS onan ceeded Caen fuo veg dude | 


division. of Beckman RHIC Limited 


WORSLEY BRIDGE ROAD : LONDON :  S.E26 


RalphN.EmanuelLimited | 77 ^^^ 


264, Water Road, Alperton, Middlesex. 
Tel. : 01-998 4414 (5 lines) Telex: 261 460 
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NATURE OF WORK 


Please send me......copy/copies of NATURE each week 
(RESEARCH, DEVELOPMENT, TEACHING, ETC... sse e LLL 


for which | enclose remittance* value......................... 2. 
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MACMILLAN 


PULSATING STARS 


NATURE SCIENCE REPORT 
ON 1968 


ENGINEERING OUTLINES 2 
Edited by A. A. H. Scott 


METABOLISM OF AMINES IN 
THE BRAIN 
Edited by G. Hooper 


FLOW IN CHANNELS 
By R. H: J. Sellin 


ENGINEERING HYDROLOGY 
By E. M. Wilson 


NATURE, FEBRUARY 15. 1969 


NEW AND FORTHCOMING BOOKS 


This volume contains the first 51 papers to have appeared 
in Mature on the astronomical discovery of the year, together 
with introductions by Dr A. Hewish and Professor F. G. Smith. 
Rapid publication has ensured that this historical collection 
is available within nine months of the announcement of the 
original discovery. 


128 pages Illustrated 7968 60s. 


An opportunity to recall the spectacular discoveries and 
important progress in nine very different fields of science. 
Intended not just for professional scientists but for all those 
who seek to know what is happening in science. 


“Of great value to those who want a lucid summary of recent 
important progress.” Science in Action 


720 pages Illustrated 1968 7s. 6d. 


A compilation of specially commissioned articles which have 
appeared regularly in the British journal Engineering, designed 
to be compact sources of information about scientific and 
engineering subjects. They are intended for non-specialists 
as well as for engineers and scientists. 


224 pages Colour and half-tone illustrations 1968 60s. 
Copies of Engineering Outlines 1 are still available at 42s. 


This book consists of the papers given at a symposium of 
the British and Scandinavian Pharmacological Societies 
(Edinburgh, July 1968) on the distribution, release and 
turnover of amines in the central nervous system. 


74 pages Illustrated January 23 1969 50s. 
176 pages Illustrated January 23 1969 55s. 
192 pages Illustrated January 23 1969 55s. 


These are the first two of a group of books under the general 
editorship of Dr E. M. Wilson, to be known as MACMILLAN 
CIVIL ENGINEERING HYDRAULICS. 


These books have been written for students, although prac- 
tising engineers will find them valuable as well. Among the 
the other titles planned, however, are some intended chiefly 
for research students and practising engineers. 


MACMILLAN & CO. LTD. 


Little Essex Street, 
London W.C.2. 
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Unlike other biochemical supply 
LL houses, mere re-sellers, we make all 

our own enzymes. We hav»? adapted 
suchspecialized analytical tschniques 
as column chromatography. free-flow 
electrophoresis, and disc gel electro- 
phoresis to rou ge enzym2 produc- 
tion. From our efforts come enzymes 
with the purity and high a:tivity re- 
quired for demanding research work. 





WORTHINGTON 
I 





* For example, our chrom: tographi- 
cally-prepared pancreati: ribonu- 
cleases, RAF and RASE are free 
of that last 1% impurity found in 
other preparations. Even though we 
sacrifice half our yield in inal puri- 
fication, our RNA materials are 
priced competitively. 


e Another ribonuclease fc nucleic 
acid chemists, our RT, kas twice 
the activity of any other commer- 


RNase-free DNase, cially-available product. 


Our standard once-crystallized 


DNase and our chrometographi- 
DNase-free RNase eee cally-prepared alkaline phospha- 


tase both are upgraded el«ctropho- 
retically to eliminate tra«e RNase. 


the cleanest, sharpest tools The preparation of each of our 200- 


5 plus enzymes is carried th ough ‘by 
for molecular biology the one person who best unc erstands 
come to you direct the process. His records previde the 


complete history of each o»atch of 


from Worthington every enzyme. If necessary we can 


trace any material back to i& source. 


Re-sellers can't do this. They merely 
slap a new label on the bettle and 
stick it on the shelf. 


Ask for the Worthington catalog. 





CN 
eee Biochemical Corporation — 
ept. K M 
Freehold, New Jersey 07728 EF. 

| 


[] Send WORTHINGTON EFZYMES 
FOR RESEARCH booklet. 


O Send the complete Worthiagton En- 
zyme Manual. I am a new zustómer. 


-^ -— 


Title 


eek V MAC OST TENES ee 1 
Institution 


Address 


State : Zip 1 
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Tubing for 
Peristaltic 
Pumps 


FROM 


Esco (Rubber) Ltd 











Silicone Rubber, non toxic, over 30 standard 


e 
S | les col sizes from 0.5mm i.d., elastic, excellent resistance 


to many chemicals, sterilizable either by steam at 
120°C. or by dry heat at 180°C., will not deterior- 


Transl u ce n t ate either in storage or in tropical climate. 


e Black fluorinated synthetic rubber resistant to con- 
Vi nescol 23 centrated sulphuric acid 9896, phosphoric acid 
| 80%, petrol, crude oil, perchloroethylene, etc. Will 

withstand temperatures up to 200°C. 





Esco (Rubber) Ltd. 


Walsingham House, 35 Seething Lane, London EC3 
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Select 1 or 2 wavelengths. 
You can match the six 
cells electronically to 
-0.002A at two wave- 
lengths, or offset any up 
to 0.4A in case of 
overlapping curves. A long 
(180cm) parallaxfree 
projected scale gives you 
unmatched reading 


A A i à P e gt he 
insert samples 


Read result. 

The recorder, with clearly 
coded and nembered 
chart, is automatically 
operated on eommand. 
This eliminates the 
confusion of meandering 
lines, and the 
inconvenience of miles 
of waste recorder paper. 


Set control unit. 

Offers automatic ‘in-the- 
beam’ dwell time from 2 to 
60 seconds, and cycle 
time from 1 to 15 minutes. 
An automatic slit 
adjustment repeats the 
setting of each blank with 
an accuracy of +0.002A 
after each cycle. This unit 


The Zeiss Automatic 
Sample Changer 
accommodates six cells 
... any of which may be 
used as reference. Cells 
are supplied with 
pathlengths from 0.1 to 
50mm, and volumes from 
12u | to 15ml. Only Zeiss 


Automatic Changers have 


automatically controls 


accuracy and permits 


Only Zeiss offers this 


a six-cell capacity. 
holder. 


movement of sample 


sss 


Now...automated 
spectrophotometry, 


=0.002A accuracy! 


LIEENN 


What features could you want in a 
spectrophotometer? Unequalled 
accuracy? Solid stability? The 
convenience of automation? The 
Zeiss PMQ 11 with Automatic 
Sample Changer has them all 

It's the ideal instrument for work in 


enzyme kinetics and other time-rate 


studies, for analysis of chromato- 
graphic columns, and for recording 
of absorption spectra. With 
auxiliary equipment, you can 
perform melting point analyses, 
and follow denaturation processes. 





KISS 


Consider these outstanding 
features: Built-in micro-optics 
allow you to get full sensitivity 
from the monochromator, even with 
microcells. 100-point accuracy is 
0.01%. Scale expansion is 1.0, 
0.5, and 0.2A. If you already own a 
Zeiss PMQ 11, you can easily add 
an Automatic Sample Changer 
The precision optical bench 
makes prealignment a simple job. 


precise repeatability. 


important feature. 





Full information on the PMO 11 
with Automatic Sample Changer 
from Carl Zeiss at Degenhardt & 
Co. Ltd, Carl Zeiss House, 
31/36 Foley Street 

London W1P 8AP 

01-636 8050 (15 lines) 

Telex No. 24300 


A range of Zeiss microscopes and 
analytical instruments wil! be shown 
on Stand E7 at LABEX 





ue 


| West 
_ ZEISS | | Germany 





HJegenhardt 
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The SCORAH Automatic Electric 
all glass WATER STILL (patented) 


Automatic Can be left on without«attention.  ileater 
current cuts off if water supply is interrupted, or inade- 
quate or forgotten, When receiver (5 litres capacity) is 
full, current cuts off. When distilled water is drawn from 
receiver, the still resumes operation until receiver is refilled. 


Purity  Electrostatically charged condenser droplets 
can pick up fumes, dust and air-borse organisms from the 
laboratory atmosphere. The design of the receiver vessel 
ensures absenee of such contamination. 


Efficiency Heater of Scorah design and manufacture, 
consumption 1.700 watts, output 2.4 litres per hour (the 
full theoretical yield). Cost 34d. per gallon at Id. per unit, 





This unique water still is in use in à nur 2 abli 2 : , . ; 
1 number of research establishments and Safety The heating element is out of contact with the 


hospitals where water of the highest purity is essential. Dok p egeat 
feed water, thus eliminating danger from "live water 


l ti y x ¥ g's A DEGq4*" d^ potu i wat 54 
Price, complete with heater and all electrical supply or electrolytic effects or “burn out’. 
equipment 230 volt (a.c. only)--£ 3 8-1 0-0 Assembly No retort stands or clamps are required. 
The 24-in. diameter ball joint gives a strainless set-up. 
Obeainabl Ivf Outlet cap on boiler for quick periodical drain-off of sedi- 
Jdtainable oniy iror "p ; : ' 
aa Md ment, The still may be installed on a shelf or platform 


L. V. D. SCORAH, MSc. about 1 ft. above bench level near a sink and enelosed in 


(Manufacturer of the “SCORAH" Blowpipe) a transparent plastic cover to keep out dust. 


44 NORTHFIELD ROAD, KINGS NORTON, Phoenix heat-resisting glass. interchangeable ground 
BIRMINGHAM, 30. 021-458 1885 glass joints. 
NNMNNNNNNNNNN———AA———————— a n EAE OLA 


DYES FOR USE IN ALL INDUSTRIES 


Manufacturers of RESEARCH & PRODUCTION CHEMISTS: if you 
Biochemicals for Research are looking for dyes with specific chemical and physical 
properties suitable for particular manufacturing and/or 
and Laboratory Studies testing processes you are invited to contact 


EDWARD GURR LIMITED 


for supplies. 


We hold stocks of an enormous variety of dyes, ready for immediate 
despatch, including: 

Cyanine, Dicyanine, Fast Bordeaux OQ, Aurantia, Crystal violet, BPC- 
Scarlet R, BPC, Diazonium salts, Neutral violet, Lacmoid, Nile blue, 
Janus green, Brilliart green BPC, Rosolic acid, Methyl green, p- Ethoxy- 
chrysoidin, Methyl red, Nitrazine yellow, Pinacryptol green, etc. 


Industrial Research Establishments 


i. wed S are invited to make use of our professional services as 
The Mark of Quality: Reliabdity consultants on the selection and use of dyes as research 
and production tools. 





Anti-serums and Laboratory Reagents For BIOLOGISTS are invited to send for our catalogue of: 
immunoelectrophoresis, Immunoassay and Fluorescent 


mesas *MIICIHIRQMIE? 


Animal Blood Proteins Purified gamma globulins 
and albumin fractions isolated from large and small | STAINS £r REAGENTS FOR BIOLOGY 


animal plasma or serum 

n ih , Acridine orange, Aquamount, Fluormount, Lipid crimson, Matamaunt, 
Custom Manufacturing wor k with investigators to May-Grünwald, Leishman, Giemsa, Toluidine blue, Cresyl fast violet, 
provide, where possible, products to your specifications Papanicolaou stains, Thioflavine S, Brilliant cresyl blue, Nile blue, 


Write for our complete catalog plus supplement Pyronin Y, Trifalgic acid, Rhodanile blue, Haplo, etc, 


entex | EDWARD GURR LTD 
42 Upper Richmond Road West, London, S.W.14 
l Telephone: 01-876 82289 


! Cables: Micromiabs London SW14. 
p O, Box 272 Kankakee, Illinois U.S.A, 






NATURE. FEBRUARY 15. 1969 





What 

makes the EM 300 
electron microscope 
unique? 








Its combination of versatility, better performance, easier and quicker operation. 


Its a pleasure to work with the EM 300. AII the 
important controls are exactly where you want them. 
So make yourself comfortable and start right away. 
You can perform all magnification changes with 
just one knob. Vacuum control is fully automated 
and there are airlocks for specimen, gun and all 
cameras. Should the instrument need alignment, 

it takes less than five minutes. 

The EM 300's high quality objective lens and 
transistorised circuitry give a guaranteed point 
resolution of 5A with consummate ease (and 

the theoretical limit of 2.3 A under favourable 
circumstances). 


Photographic recording facilities are unparalleled - 
3 cameras (plate, 35 mm and 70 mm film) all in 
vacuum and ready for use in any sequence, give a 
total load of 105 exposures. 

If you want TV display, replace the 70 mm camera 
with a television adaptor and link up to a monitor. 
The finest image detail is shown by the special 
plumbicon camera, without extensive dark field 
adaption. You can make your own video tape 
recordings for immediate playback in order to 
analyse dynamic phenomena. 


The standard stage is easily replaced by a tilt or 


goniometer stage, with holders for rotation. heating, 
cooling,double-tilt,stressingand reflection diffraction. 


Anti-contamination is provided for all three stages. 
Also available are attachments for high resolution 
transmission and reflection electroa diffraction, and 
Lorentz microscopy. 


Because of its unique optical system, the standard 
instrument can also provide low magnification 
with high contrast, extensive versatility in selected 
area diffraction, high resolution dark field micro- 
scopy, stereoscopy, low voltage and low intensity 
studies. 


Thesearesome of the featureswhickmakethe EM 300 
the most useful and most easy to use electron 
microscope in the world today. 

There’s a brochure which enlarges on the points 
which are raised here. Send for a copy so that you 
can judge for yourself that the EM 300 is truly a 
new class of high resolution electron microscope. 


N.V. Philips Gloeilampenfabrieke: 


Scientific and Analytical Equipmezt Department 
Eindhoven, The Netherlands. 


PHILIPS 
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Yo one knew how a book written by a philosopher about a subject 
so concerned with biology, astronomy and astro-physics would 





be accepted 








Puccetti has been accepted 


' He is a witty, incisive, almost insolent writer. Professor Puccetti 
dazzlingly draws upon a host of different disciplines to show that belief 
in extraterrestrial intelligence has now acquired a scientific basis 

and hence a logical status no longer on a par with metaphysical 

or religious beliefs. He handles his evidence and his arguments with 
astonishing dexterity. Biology, astronomy and astro-physics are raided, 
plucked of vital scraps and pressed down into a few slim chapters which 
contain more to excite the mind than the shelf-full of fat space books 
which | reviewed a fortnight ago.’ Dennis Potter, The Times. 


‘The last philosopher to write seriously about beings in outer space 
was Giordano Bruno. They burnt him. Don’t burn Puccetti; read him 
instead.’ Alistair Macintyre, The Guardian. 


‘Without labouring the fact, Puccetti shows that analytical philosophy 
has a direct bearing on topics of general human interest—in particular, 
on the more speculative edge of scientific enquiry. Even if there is 
nobody there...the intellectual journey represented by this book is 
worth making for the fresh perspective it offers on ourselves.’ 
Anthony Quinton, The Listener. 


50s 


Macmillan 
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Our new Infragraph 
Spectrophotometer costs only £970. 

Yet it’s about the best medium-reso- 
lution infra-red spectrophotometer you 
can buy. And it’s certainly the best value 
for money. 

Take a look at this Infragraph trace 
and then check through these four 
vital value-for-money features and get 
the rest of the story. 

Wavelength range. 

The Infragraph covers the whole of the 
most useful range from 4000-650 cm". 
See trace for resolution achieved. 

A4 graph paper or flow chart. 

Our Infragraph uses either A4 or contin- 
uous paper equally well. Produces a 
clean, well-defined spectrogram at speeds 
ranging between two and ten minutes 


PEGGAR HILGER & WATTS 





Cables: Sphericity London 
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RANK PRECISION INDUSTRIES LTD & CES 3 
ANALYTICAL DIVISION COc OOS O60 
98 St. Pancras Way, Camden Road, London, N.W.1. Telephone: 01-485 5636 Telex: 23852 zi WEE 


Accessibility. The Infragr aph | 

opens up easily for inspection. It's just the 
job for lectures. 
Easy to use. A first year student or 
lab assistant can be at home with the 
Infragraph in a matter of minutes. 

But even that's not all. 

| The Infragraph is small, light and takes 
the minimum of bench space. And uses 


$ | all your existing sampling accessories. 





So send us the coupon and ask to be 
included on our demonstration tour. 

Find out what a £970 
Spectrophotometer can really do. 


Please write for brochure 
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Get the facts on the new JEM-100 
SERIES 






















a brand new design with f 
outstanding performance (d 


The JEM-100 is the latest addition to the range of JEOL 
Electron Microscopes. 





With a guaranteed resolution of 2A (lattice), it 
achieves a consistently high standard of performance. 
Operation is simple, rapid and safe. 


Principal features include: 


B Guaranteed resolution of 2À (lattice) 

B Magnification from *x500 to *x500,000 

@ Accelerating voltage stepped from 20 to 100kV 
B Contamination rate less than 0.1 A/min 

B High image quality at low magnification 

2 


Very bright illumination at even the highest 
magnification 


B Drift-free specimen holder 
B Simultaneous loading of six specimens 


B Automatic gun airlock system for rapid 
filament change 


B Automatic camera and vacuum systems 

B Automatic plate numbering 

B CRT display for accurate 
specimen positioning 

w Digital display of magnification 


Fully detailed specification 


and brochure sent on request 
to JEOLCO (U.K.) Ltd. 





JEOLCO (U.K.) Ltd., has been formed as a 
subsidiary of JEOL, Tokyo, to provide sales, 
installation and service facilities in the United 
Kingdom and Eire. 

— ime, tur aor i ans i ES The range of JEOL research equipment includes: 
opened to display and operate a wide range of 
equipment and to facilitate investigation of pros- 
pective users particular problems and applications 


Computers, High Voltage, Metallurgical, Biological, 
and Compact Electron Microscopes, Electron Probe 


Microanalysers and Scanning Microscopes. 
Nuclear Magnetic Resonance Spectrometers, 
T MH Road, Electron Spin Resonance Spectrometers, Mass 
ey, 


JEOLCO (U K ) Ltd London, N.3 Spectrometers, Amino Acid Analysers. 
Tel: 01-346 7211 
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The new Unicam SP45 Concentration Readout Unit is correction is carried out automatically where necessary. 
designed primarily to convert the output of the well-proven The SP45 Unit will prove indispensable to busy routine and 
SP90 Atomic Absorption Spectrophotometer directly into research laboratories where quantitative studies involve the 
concentration units. The Unit gives a highly-accurate reading laborious plotting and calculation of calibration curves. 
which can be displayed on the large built-in meter orfed to Write or telephone Pye Unicam today for full technical details 
an external recorder or digital printer. Four linear scales are of the Unicam SP90 Atomic Absorption Spectrophotometer 
provided for both concentration and absorbance. Curvature with this important new accessory. 

a 


PYE UNICAIVI do 


Pye Unicam Ltd 
York Street Cambridge, CB1 2PX, England 


Precision Instruments Telephone (0223) 58866 Telex 81215 
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Microbiological 
reagents 
and media 





é 5 delivered 
to your bench 













fa 6 Hundreds of different products in the complete Difco range are 
kept in stock ready to be on your bench without delay. We shall 
always be pleased to obtain other items specially to order. 


à Speed, convenience, reliability . . . and remember that Difco 
offer the only complete line of culture media available in U.K. 

Please send for the latest literature concerning your special 

interests. 





complete 
laboratory 
service 
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BAIRD & TATLOCK (LONDON) LTD., CHADWELL HEATH, ESSEX, ENGLAND 
Branches in London, Manchester, Birmingham and Glasgow 
Member of Tarmac Derby Limited. 





TAG/DO.T138 


‘40m Diamond or Abrasive Wheel Cut-off Machine “°°: 


CUTROCK 
I ins Cuts Rock, Refractories Ceramics Glass or Metals 





A simple to operate machine with application 
in all fields where hard materials are cut. 


The vice unit will grip either regular or 
irregular specimens, and has a detachable 
vee jaw for clamping rods, cores or tubes. 


Coolant pipes on both sides of the cutting 
wheel supply ample cooling during cutting. 


The machine can be supplied with a settling 
tank and pump unit if required. 


Vice with Vee Location 





High speed vibration free taper roller bearing spindle. 
Standard Cutting Wheels, 8" diameter x 1/16" or 1 mm wide. 
Area of cut 5" x 21 "— Drive flat nylon belt.— 
Dimensions—length 30", width 28”, height 16”. Wt. 1 ewt. 


CUTROCK ENGINEERING CO. LTD. 


Phone 011-346-5978 35 Ballards Lane, London N.3 
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Pause on Weapons 


THERE is nothing like a shortage of money, or an 
imagined shortage of money, for making nations go 
slow on the deployment of arms. Without doubt, 
Britain would still be heavily committed to a military 
policy east of Suez if it were not for the economic 
crises which have happened in the past few years. In 
this sense, it is hard to know whether the decision of 
the new administration in the United States to postpone 
the installation of the anti-ballistic missile system 
Sentinel pending a review is to be regarded as altruism 
or parsimony. To be sure, it has helped a lot that the 
Soviet Union has been talking freely, in the past few 
months, of its willingness for tangible discussions of a 
restriction of strategic missile systems. No doubt Mr 
Nixon is also anxious that last year’s clamour about 
the Vietnam war should not immediately be replaced 
by a wave of publie protest from local residents who 
think that nearby Sentinels are not so much a protec- 
tion as a warning. So far, however, the signs are that 
Mr Nixon is seeking to be à good Republican living 
well within his budget, so that it is entirely under- 
standable that he should take a close and sceptical 
look at the potential benefits of the anti-missile system, 
whieh eould easily become as large a part of the 
defence budgets of the future as defensive missiles in 
the past few vears. Mr Nixon is, however, lucky that 
he can fall back on Professor Henry Kissinger for the 
kind of help which the accountants cannot provide. 
In the first place, the need for diseussions on the 
anti-missile systems now being built in the Soviet 
Union and the United States is urgent and important. 
Mr McNamara’s grudging agreement to begin with the 
construction of a "thin" anti-ballistic missile system 
was one of the least credible and creditable parts of 
his career as Secretary of Defense. In his speech at 
San Francisco on September 19, 1967, Mr MeNamara 
prefaced the news of his decision to build the svstem 
with what remains one of the most convincing argu- 
ments against the military usefulness of anti-ballistic 
missile systems. The plan for Sentinel is in fact a 
bastard compromise, neither fish nor fowl. Ostensibly 
it is direeted against mainland China, yet there is no 
reason to think that the Chinese would be deterred 
from attacking the United States by the classical 
threat of overwhelming retaliation. Yet, as it is con- 
ceived, the Sentinel system is ineffectual against any- 
thing but an accidental release of missiles from the 
Soviet Union against the United States. In other words, 
once built, it would cry out for strengthening and then 
the danger would be that too great a sense of security 
from nuclear attack, both in the United States and the 
Soviet Union, would destroy the uneasy balance which 
seems now to exist between the two nations which at 
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present enjoy what is fashionably kaown as nuclear 
sufficiency. But this galling prize will of course be 


prising that Professor Kissinger has put the President. 
up to giving the whole question a careful examination. 
The hope now is that the United States will somehow 
find a way of talking to the Russians on the problem. 
On balance, it would do no harm if the United States 
decided unilaterally to go slow on Sentinel. at least 
until it is more clear what the Russians are about. 
Mr Nixon has also been active on tke non-prolifera- 
tion treaty and has been urging that Congress should 
ratify this document as soon as possible, This repre- 
sents a change of face for the new President., for in his 
election campaign he urged that ratification should 
be postponed as a kind of reprisal for waat happened in 
Central Europe in the summer. In :he event, it is 
more likely that Mr Nixon has been alarmed at the 
possibility that many of the lesser sowers will not 
ratify the treaty until it has been ratified in Washington 
and Moscow. Indeed, it is only too easy to see how 
embarrassed Mr Nixon would be on his tour of Eu rope 
at the end of this month if he were forced to urge that 





West Germany should ratify the treat; when his own 
Congress had hung fire. At the same tame, it would be 
unfortunate if the United States invested too much of 
its reputation in trving to make all kiads of countries 
ratify the non-proliferation treaty. Already it is clear 
that India will not sign. Israel is unlikely to do so 
until the Middle East is more free from tension, if only 
because a neglect to sign is a potential threat, while 
will tread the path of righteousness. A part of the 
trouble is of course that the treaty is inherently 
defective in that it would perpetuate the disparity 
between the nuclear powers and the rest. When it 
seemed possible that all kinds of countries would 
accede, it seemed entirely reasonable that they would 
do so quickly. Now that the prospects of success are 
fading, nobody should be too depressec 

By itself, this does not imply that the spread of 
nuclear weapons is inevitable. For one thing, the 
difficulty of making delivery systems abe to make their 
way in the modern world is likely to be. in the years to 
come, a much greater obstacle than tae mere manu- 
facture of nuclear explosives, But ther it is also clear 
that the countries most likely to make ruclear weapons 
for themselves are also the ones mos: aware of the 
dangers—diplomatie and military-—of doing so. It is 
true, of course, that nations like India need diplomatie 
reassurance, while it is hard to see kow Israel will 
conform to what the nuclear powers vould like until 
there is some lasting political settlemert in the Middle 
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East, but this only points the moral that the way in 
which the nuclear powers should try to prevent others 
imitating them is one which requires special attention 
to all the special problems which exist. One of the 
mistakes of the past few years has been the ready 
assumption that everything could be done with a single 
scrap of paper. 

The latest fuss about the way in which the govern- 
ments of Britain, West Germany and the Netherlands 
have reached some informal understanding about the 
development of gas centrifuges for uranium enrichment 
is another illustration of this point. In reality, of course, 
the tripartite nature of the development work is as 
likely to be a brake on its use for military purposes as an 
opportunity for, say, West Germany to make nuclear 
weapons for itself. Indeed, on this issue it is hard to 
think that the three nations have chosen a prudent 
course of development for themselves. In the long run, 
the price of enriched uranium is likely severely to be 
undereut by the price of plutonium from fast reactors. 
This, too, is also the field in which old-fashioned 
diplomacy is likely to be more effective than formal 
agreements, If the nuclear powers seriously wish, 
however, to reach some further treaty on arms control, 
the best bet after an agreement on anti-ballistie missiles 
would be an extension of the test ban to explosions 
underground. 


NUCLEAR INDUSTRY 


Unhappy Risley 


Mr Wepawoop Bess believes that he has done a good 
job in reorganizing the nuclear power industry in 
Britain. Many of those more directly involved with the 
changes disagree, and the Risley Establishment of the 
Atomie Energy Authority continues to be the centre of 
discontent. The team there working on the design of 
the fast reactor, 350 strong, is expected to transfer to 
the company which has been given responsibility for 
the prototype fast reactor at Dounreay, the Nuclear 
Power Group. Originally it was intended that the 
Risley team should join the other company, British 
Nuclear Design and Construction (whieh was called 
Babcock English Electric Nuclear, BEEN, until the 
unkind jokes about its name persuaded it to change), 
but BNDC ultimately decided not to take over the 
fast reactor. 

By and large, the staff at Risley are much happier 
at the prospect of joining TNPG than they were with 
BNDC. For one thing, TNPG gives a much more 
convincing impression of itself technically —it was 
easily the most successful of the three consortia before 
the reorganization—and for another the management 
of TNPG has been quite accommodating so far in the 
negotiations. “The situation is much better, because 
TNPG has taken a much more positive approach”, one 
Risley scientist commented this week. Despite this, 
there is unrest because the Risley staff feels, quite 
reasonably, that the new nuclear industry is little 
different. from the old, and certainly no better. "It's 
like a lot of staff being transferred to one of the con- 
sortia" seems to be a typical reaction. It is no secret 
that most of the staff employed by the AEA would 
have preferred a new industry based on one design and 
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construction organization, and there is reason to believe 
that Mr Wedgwood Benn himself favoured this solution 
until it became clear that forcing it through would be 
something of a struggle. Indeed, when Mr Benn visited 
Risley last year to implore the staff not to emigrate 
to the United States, he seems to have left the impres- 
sion that there would indeed be one organization. 

Unfortunately, there is still real doubt about how 
the development of the fast reactor will be financed. 
There remains a good deal of fairly basic research and 
development work to be done before the CEGB is 
likely to order a commercial fast reactor, and most of 
this is likely to be done by TNPG under AEA contracts. 
If the CEGB drags its feet, the Risley scientists are 
not sure just how keen TNPG would be to maintain 
the work at a good level. In any case, if the work is 
being done with AEA money, the team cannot see any 
great advantage im doing it within TNPG. These are 
fairly fundamental doubts, which could encourage at 
least a few of the team to emigrate. This time, Mr 
Benn's pleas are likely to fall on deaf ears. 


RADIOBIOLOGY 


Feeling the Pinch 


TuE Medical Research Council's Radiobiological Re- 
search Unit at Harwell looks like being the first MRC 
unit to suffer severely from the council’s current short- 
age of money and increasing emphasis on clinical 
research. Last week Dr J. A. B. Gray, the secretary of 
the MRC, went to Harwell and told the staff of the unit 
that the council has decided to run down the unit to 
roughly half its present size over the next few years. 
Apparently what Dr Gray said was sufficiently am- 
biguous to leave people at Harwell undecided as to 
whether the budget or the number of staff is to be 
halved, but, whatever the truth, most of the economies 
will have to come from a reduction in staff simply 
because wages account for 70 per cent of the unit's 
budget. Dr Gray was equally vague about the time 
scale of the run down, but the general impression is that 
it will be achieved in the next five years. 

The council took the decision at its January meeting 
after considering the report of an expert Committee 
of Council under the chairmanship of Professor W. D. 
Paton, professor of pharmacology at Oxford. The 
Paton Committee, whose report the MRC hopes to 
publish in due course, was asked to review the state of 
radiobiological research in Britain financed by the 
MRC and make some sort of projection for the future 
lines of development in the next decade. Two factors 
seem to have spurred the MRC into action at the 
present time. First, the council had apparently been 
growing increasingly concerned that radiobiology was 
taking too large a proportion of its budget at a time 
when the budget was being held more or less stationary 
and large commitments such as the new Clinical 
Research Centre were making themselves felt. Second, 
declines in the levels of radioactive fallout and inter- 
national agreements such as the Test Ban Treaty have 
removed some of the urgeney and most of the political 
pressure for fundamental research into radiobiology. 
At the same time, however, there is growing evidence of 
increasing political pressures on the MRC to devote 
more of its resources during the next decade to clinical 
research and to opening up new fields such as mental 
health. 
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The forty qualified staff at Harwell, roughly a third 
of whom hold permanent MRC appointments, have by 
all accounts taken the news calmly enough; they may 
even feel relieved that the months of rumour are at 
last over. As one of them said, they do not feel—at 
least not yet—that there is a chopper hanging over 
their heads, and the council has assured them that the 
time scale of the run down is such that none need feel 
panie. Everything will be done to ensure that the staff 
are given time enough to find new jobs even if they 
cannot all stay in the employment of the MRC. And 
although the units director, Dr Loutit, reaches retire- 
ment age next year, he will probably have his 
appointment renewed on a yearly basis during the 
run down, for the MRC has made no suggestion of a 
successor. 

But it is futile to pretend that the atmosphere at 
the unit, with its proud record, has not suffered. One 
observation in particular in the Paton report has hurt 
more than most; it is the suggestion that the uni- 
versities would be better places in which to do funda- 
mental radiobiological research. The MRC is quick to 
point out, however, that that is no disparagement of 
what the Radiobiological Unit has achieved but simply 
reflects the belief that the situation has changed greatly 
during the life-time of the unit. 

By 1975, the twenty-strong unit will also have 
undergone a change in the overall direction of its work. 
As Dr Gray said, the emphasis at the unit will gradually 
be changed from basic to more applied radiobiological 
protection research. By all accounts, the space vacated 
as the unit contracts is to be allocated to a new Govern- 
ment organization to be known as the Radiation 
Protection Board, yet to be established. The intention 
is to amalgamate the Radiological Protection Service, 
which is currently financed jointly by the MRC and 
the Department of Health and Social Security and 
housed at Sutton in Surrey, with the Atomic Energy 
Authority's Health and Safety Branch. The board 
and the unit will then be able to work side by side, the 
board being responsible for all the Government’s pro- 
tection services, which range from the film badge 
service to advice on radiological problems. The Institu- 
tion of Professional Civil Servants and members of the 
AEA's Health and Safety Branch have apparently 
been notified of this impending reorganization. 

What about the MRC's other units working on 
radiobiological problems ? For the next five years at 
least, the Environmental Radiation Research Unit at 
Leeds looks like being unaffected by the changes at 
Harwell, but thereafter it would not be surprising if 
there were some reorientation of its work. Now that 
the emphasis in the MRC has shifted towards clinical 
research, it would be natural if the MRC units at 
Hammersmith Hospital—the Experimental Radio- 
pathology Research Unit and the Cyclotron Unit—were 
expanded or new units set up there, and it is certain 
that the new Clinical Research Centre will undertake 
some radiobiological research. 


SHIPBUILDING 


Cunard Turbines Examined 


THERE will be widespread relief that the affair of the 
QE2 has at last reached the stage of an independent 
investigation. The three companies involved in the 
dispute—John Brown Engineering, Cunard and Upper 
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Sir Arnold Lindley. 


Clyde Shipbuilders—have all agreed to the appointment 
of Sir Arnold Lindley as investigator, but it is likely 
that rough seas lie ahead. Sir Arnold, as president of 
the Institution of Mechanical Engmeers, is admirably 
suited to act as an independent judge. It will be 
a great achievement if he can devise an assess- 
ment of the turbine troubles te satisfv all three 
parties. The Minister of Technelogy, Mr Anthony 
Wedgwood Benn, has asked Sir Arnold to examine 
reports from all three companies on the faults which 
arose in the turbines during the recent trials of the QEZ, 
and to assess the remedial measures that John Brown 
Engineering has since taken. Sir Arnold will start work 
immediately, and will have access to all the resources 
of the Ministry of Technology, in-luding the National 
Gas Turbine Establishment and the National Engineer- 
ing Laboratory. One complicating feature of the affair 
is that the turbines were originally designed by the 
Pametrada organization at Newcastle upon Tyne. 
which was disbanded just a year ago. 


AVIATION 


Virtue from Necessity 


await Government decisions, and the Ministry of 
Technology will also have to maze up its mind about 
Concorde, and about two projects for vertical take-off 
passenger aircraft which have been put to it. On 
these decisions hangs the future ef much of the British 
aireraft industry. "Timing its publication with more 
than usual skill, the Society of British Aerospace 
Companies last week issued a pamphlet which sets out 
an unashamedly partisan view of the industry's 
success in the past few years, aad produces proposals 
for the future. 

The first part of the pampleet proves to its own 
satisfaetion that the British aerospace industry has 
done a remarkable job. This is Gone by first dismissing 
comparisons based on net output per man (“a poor 
measure of efficiency’) or on annual growth rates 
("meaningless, since the recent statistics are greatly 
influenced by Government pcicy towards military 
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procurement”), Indeed, by a logical twist of which 
'ardinal Morton would have been proud, it suggests 
that à low output per man (one third of the American 
figure) actually offers the British industry a "most 
powerful advantage" in a "skill-intensive" industry. 
Without going into any detail, it reports the results of 
a study which suggests that British costs are very 
much lower than American ones; on a run of fifty 
aeroplanes, the advantage is 40 per cent. An aircraft 
which in Britain would break even on à production 
run of 130 would need a run of 410 in the United States. 
“With anything like a comparable run, the British 
cost advantage is very great”, it declares. 

It continues in the same vein, showing that Govern- 
ment money invested in the aircraft industry is well 
spent. The ratio between net aid and sales for the 
VC 10, the Trident and the BAC 1-11 series is 1 to 
14-5. This would have been even better if the VC 10 
and Trident had not been tailored so closely to British 
airline requirements—-or even worse if the Concorde 
had been included. But it was omitted because, says 
the pamphlet, "it was realized from the outset that 
although it would achieve very large export sales, it 
was not a commercial venture in the normal sense" 
It is à pity that the SBAC did not share this realization 
with the publie a little sooner. 

This knockabout stuff sets the scene for the second 
half of the pamphlet, whieh tells the Government 
where it should spend its money next. The answer, 
unfortunately, is not very helpful, for the SBAC is in 
favour of supporting almost every kind of aircraft it is 
possible to think of. In the civil field, for example, it 
favours supersonic transports, short/medium range 
subsonic transports, V/STOL inter-city transports, 
medium size short take-off transports, turbine powered 
executive aircraft, and light transports for short-range 
freight and passenger operation. The military list is 
almost as comprehensive; about the only thing the 
SBAC fails to mention is the dirigible. In space, oddly 
enough, its heart and that of Mr Wedgwood Benn 
seem to beat as one: it favours fewer international 
obligations, more emphasis on applications satellites, 
and the development of a European launcher only as 
a long term project. As a declaration of self-confidence 
and enthusiasm the pamphlet is a complete success; 
but it leaves the Government to make the difficult 
decisions. 


UNIVERSITIES AND GOVERNMENT 


* 


THe University of Surrey and the Ministry of Tech- 
nologv's Royal Aircraft Establishment. (RAE) have 
formally joined forces in research and teaching in a 
number of departments of both organizations. This is 
the fifth of a series of links formed between British 
universities and Government research establishments 
and is possibly the most far reaching in its arrangements 
for collaborative higher degree work. 

During the five vears for which the agreement will 
initially run, joint research programmes will be set up 
in whieh part of the work will be done at the RAE 
and part at the university. The projects will in general 
be selected from those areas involving long term 
interests to the RAE where the university has or 
expects to have special expertise—these include elec- 
trical and control engineering, civil and mechanical 
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engineering, materials technology and computing tech- 
niques. 5o far only about 60 per cent of the university 
has moved from the site at Battersea to Guildford, 
conveniently near the RAE, but, when the rest moves, 
departments such as the linguisties de ppartment, wh ich 
offers intensive language courses, may become involved. 

A joint RAK~university advi isory board has been 
set up under the chairmanship of Mr R. J. Lee, the 
deputy director of RAE, and Professor D. R. Chick 
to initiate new joint projects and to carry out annual 
reviews of existing programmes. No attempt will be 
made rigidly to define the extent of the programmes. 

RAE staff members will be able to work for higher 
degrees—M.Phil or PhD—from the university through 
any mutually acceptable research work, whether it is 
part of a joint research programme or not. They will 
also be encouraged to join the university Senior Com- 
mon Room and any appropriate committees, while 
university members will be able to serve on the RAE 
planning bodies concerned with their work. Arrange- 
ments will be made for seconding members of staff of 
the university to RAE and vice versa for periods of up 
to a year. The RAE “will consider svmpathetically" 
applications from research students to carry out their 
MSc projects at the RAE in areas of mutual interest. 
Some of the undergraduate sandwich course students 
will be able to spend their year in industry at the 
RAE. The university and RAE will cooperate in 
arrangements for holding specialist and refresher 
courses, 

schemes for forming links between Government 
establishments and universities go back to the earlv 
sixties. One of the first to be consummated was 
that between the University of Birmingham and the 
Royal Radar Establishment, Malvern, which brought 
about the exchange of three or four officers at a time. 
Much of the credit for that arrangement goes to Dr 
George MacFarlane, now Controller at the Ministry of 
Technology but then head of RRE. A link between 
the University of Southampton and the RAE was 
forged in 1966, and the following year the Explosives 
Research and Development Organization was linked 
with the University of East Anglia. The University 
of Surrey is anxious to make quite clear that the 
scheme now set up is more intimate than its predeces- 
sors. Whether it will be the first or the last of its kind 
is another matter. In spite of the platitudes of the 
Sutherland Committee, which reported on the relation- 
ship between Government establishments and the uni- 
versities just two years ago, it is now more than likely 
that the Ministry of Technology is more anxious to 
have links with industry than with the universities. 





PLANNING 


City for Learning 


Mitton Keynes, the new city planned in an area of 
north Buckinghamshire about midway between London 
and Birmingham, moved a step nearer reality last week 
with the publication of the interim report of the 
consultants to the development corporation, Llewelyn- 
Davies, Weeks, Forestier-Walker and Bor. The plan- 
ners aim to create a city for 250,000 people by the end 
of the century on a 21,000 acre (8,863 hectare} site 
taking in the existing towns of Bletchley, Wolverton 
and Stony Stratford and some other small villages 
including the one after which the city will take its 
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name. The plan is the most ambitious yet for a new 
town in Britain. Throughout, there is an emphasis on 
freedom of choice and variety. The planners have set 
their goals high. They see Milton Keynes as a city of 
quality where the residents will have high incomes, 
short working weeks and consequently plenty of time 
for leisure; where homes will be spaced apart with 
trees and greenery more evident than buildings: and 
where homes, jobs, schools, and health, shopping and 
recreational facilities, are all freely accessible. It will 
be a city influenced by market forces, with the public 
free to choose between publie and private methods of 
transport with, at the same time, congestion-free motor- 
ing and easy parking. Above all, the planners see the 
city as balanced throughout its development—some- 
thing earlier new towns failed to achieve. 

In the field of social services. the planners see Milton 
Keynes as the "scene of educational advance and 
innovation". They suggest it could be Britain's first 
planned “city for learning". While they would like 
to see nursery and primary schools within walking 
distance of the family home, they say that, with easy 
travel, this would not be necessarv with the later 
schools. The break-away from the rigid catchment 
areas, "neighbourhood units", complete with schools, 
health clinics, shops, and so on, is a noteworthy feature 
of the scheme, and it incorporates recent thinking 
that towns should be built to allow for the maximum 
freedom of social development, movement and choice. 
Churches, social groups, employment patterns and 
many other groupings would together form local com- 
munities which would vary and overlap widely. It is 
suggested further that secondary schools might be 
grouped to share advanced teaching centres and, 
eventually, a university could develop out of the con- 
centration of colleges for advanced further education 
proposed near Stony Stratford, or from the existing 
college at Cranfield, or both. 
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Particular attention is paid in the report to the siting 
of clean and quiet factories in the residential areas. 
These would be equipped with nursery schools to meet 
the need for the employment of married women. A 
grid type of road network consisting primarily of ground 
level roads 1 km apart in each direction throughout the 
residential areas would mean that the average journey 
to work would only be 10 to 15 minutes. But all 
the areas of the city must also be accessible by public 
transport—'a safe and environmentally attractive 
transport system, one which minimizes nuisance from 
noise and pollution". After investigating forty-six 
types of publie transport, some existing and some 
possible in the future, the consultan*s recommend a 
road-based system using small buses — This type of 
system, they say, could be brought relatively close to 
the doorstep of every home at a reasonable cost—it is 
calculated that about a thousand fourteen-seater buses 
giving a 2-4 minute service in peak periods would cost 
£2 million a year to run. The later introduction of a 
development in transport called  'dial-a-bus" or 
"telebus" is also recommended. The passenger “dials” 
his destination at the bus stop near his home, and a 
central computer would then route a bus to pick him 
up. The planners are also allowing fcr the possibility 
of using systems like the monorail in the city. 

"Recreation in the future could be a bigger business 
than any single industry" in Milton Keynes, and 
accordingly the planners have allocated some 5 to 6 
acres of land per 1,000 population for outdoor recrea- 
tion—this figure excludes land allocated for playing 
fields, local parks and gardens. Among the proposals 
are the development of a linear park along the Grand 
Union Canal, the conservation of all the existing woods, 
and the building of an international gclf course. 

This interim report presents the concepts of the 
plan, rather than firm decisions. Inevitably, it brings 
out the enormous practical, social and economic 
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Sketch map of interim proposals for the new city. 
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difficulties facing planners of new towns. It is an 
excellent theoretical exercise, but how will it work in 
reality ? Some crucial points remain in doubt. Will 
development of the city be coordinated sufficiently, 
both internally and regionally ? Many of the planners' 
proposals for the city have had to be guesswork 
because the Government's economic strategy for the 
south-east will not be completed before December 
1969, the date of the completion of the master plan 
for Milton Keynes. The city's future depends on the 
attraction of the right industries—if it does not succeed 
it could become a dormitory town for Birmingham. 
Another problem is water supply. Buckinghamshire 
Water Resources Board only has definite sources of 
supply decided up to 1975—only the first six years of 
the thirty years of rapid growth of the city as proposed 
in the report. 


ARCHAEOLOGY 


Treasure Trove 





Three of the five late Iron Age gold torcs or neck collars 
which were found last October at Belstead near Ipswich by a 
workman driving an excavator. The torcs, declared treasure 
trove in December, are now on permanent exhibition at the 
British Museum and their finder has received a £45,000 reward. 
Each is about 8 inches in diameter and their weight ranges from 


858 to 1,044 grams. Four of the five are decorated in the 
same style as the torc found several years ago at Snettisham 
in Norfolk and also now at the British Museum. The Snetti- 
sham torc was found with a silver coin of the second quarter 
of the first century BC stuck in one of its decorated ring 
terminals. Because of similarities of style the Ipswich torcs 
are believed to date from this period. They are particularly 
valuable to archaeologists because they are unfinished and 
thus reveal the methods used by Iron Age goldsmiths. The 
three illustrated, for example, show the sequence in which 
the incised decoration was built up on the ring terminals. 

(Photographs by courtesy of the British Museum.) 


CONSERVATION 


Naturalists to Unite ? 


NATURALISTS seem to have been taken by surprise by 
the memorandum “Plan for a Merger" in which Sir 
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Landsborough Thomson has set out proposals for a 
society to coordinate bodies concerned with nature 
conservation in Britain. Sir Landsborough proposes a 
merger of the Royal Society for the Protection of Birds, 
the Society for the Promotion of Nature Reserves and 
the Council for Nature. This is not a new idea; the 
SPNR and the RSPB already have a liaison committee 
which agrees that a merger is a good long term aim. and 
throughout 1968 there were discussions with the 
Council for Nature about the formation of a new 
organization. Sir Landsborough Thomson’s document, 
produced independently of the Council for Nature of 
which he is chairman, is intended to give some impetus 
to this process of rationalization, which many people 
believe cannot be hurried. 

There is considerable overlap of function between the 
existing organizations, although each originally had a 
distinct purpose. The RSPB, with more than 30,000 
members, has 104 acres at its headquarters in Sandy, 
Bedfordshire, where 13,000 birds are kept and ecological 
work is carried out. The SPNR devotes most of its 
energies to being the national mouthpiece of the county 
naturalists’ trusts (which now cover the whole of 
England, Wales and Scotland), encouraging local 
government, river authorities, sporting organizations 
and similar bodies to adopt an enlightened attitude to 
conservation. The Council for Nature was set up in 
1958 to represent and coordinate the voluntary con- 
servation movement as a whole. More than 400 
societies are affiliated, and several of them, including 
the RSPB and SPNR, are represented on the council. 
It is the fact that the Council for Nature is an affiliation 
of societies and not an autonomous society that is 
worrying some people about the merger—it looks as if 
the Council for Nature would be merging with part of 
itself. Last April a new constitution was adopted and 
the old executive committee was replaced by the present 
council of members elected by the affiliated bodies. 
These changes were regarded at the time as a step 
towards closer cooperation with other voluntary 
bodies. 

Sir Landsborough Thomson’s proposed constitution 
for the new merged society suggests that there should be 
both corporate and individual members, with all bodies 
associated with the Council for Nature as corporate 
members and the county naturalists’ trusts as "asso- 
ciated trusts’. Members of the RSPB and the SPNR 
would be able to be members of the new society, which 
would have a name such as the “Royal Society for Bird 
Protection and Conservation’’—fresh permission would 
probably be needed for the "Royal" title. Two coun- 
cils are suggested, one elected and executive and one 
appointed and advisory. The proposed constitution 
includes provision for a magazine, on the lines of Birds 
now published by the RSPB, but with a wider scope 
and title such as “Birds and Habitat". 


POLLUTION 


London grows Cleaner 


Tue River Thames and London's air are becoming 
progressively cleaner. That is the cheerful message 
of the annual report for 1967 of the Scientifie Adviser 
to the Greater London Council which says that, for the 
first time for more than half a century, "not a single 
sample (from the Thames) at any time during the year 
was devoid of oxygen". The river is sampled in 
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Miles from London Bridge 


Dissolved oxygen in the Thames at low water (continuous 
line) and at high water (broken line) between July and 
September, 1967. 


alternate weeks at high and low water at twenty-nine 
sites covering ninety miles of its course (see Figure). 
But even if the present rate of improvement is main- 
tained, it will be many years before anglers find it 
worth their while to unpack their ereels on London 
Bridge. 

The Greater London Council, which is eharged with 
preventing pollution of the Thames, in fact puts more 
effluent into the river than any other organization, so 
that it can congratulate itself on the way improvements 
in sewage treatment—-£20 million is being spent at the 
Beckton sewage works alone—-are taking effect. But 
the report emphasizes the need for continued surveil- 
lance of trade effluents. In the past four years, the 
council has inereased the analysis of trade effluent 
samples from 15,621 samples à year in 1964 to 38,804 
in 1967. Of the 38,804 samples taken in 1967, 7-7 per 
cent were unsatisfactory and some of them KIM EN 
so. Thus one effluent contained 430 mg per litre of 
cvanide, or 43 times the maximum permitted concen- 
tration, and another contained 4,620 mg per litre of 
formaldehyde, 230 times the permitted concentration. 
Needless to say, the pleas of indicted traders were 
almost invariably that the pollution resulted from 
accidents. The council says, however, that it intends 
to maintain its vigilance. But overall, the percentage 
of unsatisfactory trade effluents fell marginally from 
8:9 per cent in 1966 to 7-7 per cent in 1967. 

The improvement of London's air since the 1956 
Clean Air Act has been even more impressive than the 
cleansing of the Thames. In 1967, the average concen- 
trations of smoke and sulphur dioxide were 55 and 
161 mierogrammes per cubic metre respectively, 
compared with 65 and 175 mier ogrammes per cubic 
metre in 1966 and 190—200 and 230-235 microgrammes 
per cubic metre in 1955-6. Asa result of these improve- 
ments, newly cleaned buildings—St Pauls and the 
National Gallery for example—should stay clean for 
decades. 

Those who know the clouds of smoke about the 
Bankside power station on the opposite side of the 
river, less than half a mile south of St Paul's, may be 
forgiven for asking what point there can be in cleaning 
St Pauls. During 1967, a special survey of this 
problem was carried out, and the report says that in 
southerly winds, the air by the cathedral is not abnor- 


mally polluted and that highest concentrations of 
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sulphur dioxide oecur in the air at 5t Paul's when the 
prevailing winds are from the east. The Bankside 
smoke plume seems to have been exonerated. 


WATER POLLUTION 


Another Lead Balloon 


PorLvTION does not appear to be tke World Health 
Organizations strong point. Its recent report on 
environmental pollution was flaccid (s'ature, 221, 404; 
1969) and no doubt its successor, Water P ollution 
Control in Developing Countries (Technical Report 
Series No. 404), published last week, will receive a 
similar unenthusiastic welcome. Th» new report is 
the outcome of a meeting, in December 1967, of seven 
members of a WHO expert committee on water polli- 
tion control, one representative from the Economic 
Commission for Europe and one from Uneseo. Thev, 
in turn, have based their recommerzlations on the 
reports of an inter-regional seminar organized by 
WHO in New Delhi in November 1 967 at which 
fourteen countries were represented. At best, the 
report contains straightforward, sensib«e stuff: it pro- 
vides an insight into the situation in particular countries 
and it may also provide personnel in taese developing 
eountries with à broad but not detailec plan of attack 
on the management of water resources and the control 
of pollution. 

This said, however, the report is unzemarkable and 
not very original. Thus it states that, in any country 
where the demand for water is increasing and water 
pollution is reducing usable water resoarces, the only 
rational way to protect the publie health is the organ- 
ization of water pollution control as part of overall 
planning of the water economy. The ürst step is to 
record existing resources of both surfsce and under. 
ground water. The next is to predict tke future needs 
for water—first for urban, industrial aad agricultural 
uses, and second for reereation, power generation, 
transport of wastes and so on. If it looks as though 
future needs will exceed resources, then provision 
should be made to make good the deficr by water anc 
waste-water treatment, and by storage conservation, 
recovery and re-use. 

Equally uninspiring is the section on water quality 
management. The committee concludes that the way 
in which polluted water is treated deper:ls on the way 
in which it is to be used or disposed of. Ox the one hand, 
it recommends that developing countries should favour 
low-cost systems which do not require complex 
machinery for treating sewage and indwstrial wastes; 
for example, irrigation, stabilization pords and oxida- 
tion ditches. But in the same breath, the report states 
that, in selecting methods for treatment of sewage, 
considerations of publie health should always come 
before those of cost. 


MEDICAL EDUCATION 


Echo of Todd in London 


Fears that the Todd report on medical education 
(Nature, 218, 121; 1968) might be pigeonholed will 
be partly allayed if the suggested revisions of the 
regulations for the London MB and BS cegrees get off 
the ground. Liberal beyond expectation, the sugges- 
tions—outlined by a sub-committee om the medical 
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curriculum set up by the board of the faculty of 
medicine and currently being debated—reflect closely 
the proposals in the Todd report for bringing up to 
date and introducing flexibility into the sharply « divided 
indigestible pre-clinical and clinical curricula. 

One of the principal suggestions is that the curri- 
culum should consist of "studies of the normal in man 
and clinical and related sciences". Attention has 
already been drawn to the desirability of founding 
medical education on a degree course in human biology 
—for one thing, it would enable students other than 
those intending to become doctors to follow the first 
three years or so of the course. In line with this, it is 
suggested that in London schools, studies of the 

"normal in man” should be based on general biological 
principles, dealing with human structure, function and 


behaviour. In particular, the studies would include 
anatomy, biochemistry, biometric and statistical 


methods, genetics, physiology, psychology and socio. 
logy. Integrated with, or subsequent to, this biological 
grounding “would come pathology, clinical studies, 
community health, medical ethics and the law relating 
to medicine. 

A farsighted suggestion is that the University of 
London should institute a new degree of Bachelor of 
Medical Science. The Todd report urged such a 
development, on the grounds that it would give 
medical students who have completed 3 years study the 
graduate status that students in other faculties enjoy. 
Furthermore, if a student failed to complete the 
medical course, he would at least have a qualification 
that would enable him to take up a career in some 
non-medical or paramedical field. In London, the new 
degree would be taught and examined on the basis of 
a minimum of nine course units similar to those already 
operating for the BSe degree in the Faculty of Science. 
In order to qualify, students would have £o undertake 
a group of compulsory subjects—including at least six 
course units made up from the subjects ‘listed under 
"studies of the normal in man", together with intro- 
ductory courses in pathology and pharmacology—and 
a number of optional subjects which could be either 
clinical or non-medical. Candidates achieving a suffi- 
cient standard above that required for a pass would 
be awarded honours, and should be permitted to 
proceed to higher degrees. 

As far as assessment of students’ performance is 
concerned, the sub-committee proposes that it would 
be open to schools to conduct special (or internal) 
examinations whose timing, combination of subjects 
and form would not be prescribed but would have 
to be approved by the university. It will be interesting 
to see how many new methods of evaluation, such as 
those proposed in a recent World Health Organization 
publication (see Nature,220, 842; 1968), are introduced. 

Needless to say, the suggestions for revised regula- 
tions are provoking mixed reactions. In par ticular. the 
BMedSci degree has been both criticized as an unneces- 
sary evil and supported as a welcome proposal. As one 
senior lecturer pointed out, not all students may want 
to take the degree, preferring instead to study for a 
BSc in one particular subject under the present 
arrangement. Set against this, however, if students 
were awarded a BMedSci, he said, they would auto- 
matically become postgraduates which would improve 
their status and might also help them to obtain grants 
from the university. But he thought the degree would 
he less enthusiastically welcomed if it meant that 
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students could not get on to the wards, as they do at 
present, to see applied physiology at the bedside. 

Integration of courses in present conditions is also 
a controversial topic. At King’s College Hospital 
Medical School, Westminster Medical School and St 
George’s Hospital Medical School, for example, pre- 
clinical students are geographic ally isolated from 
clinical students and, until stronger ties are established 
between them, integration of the course, it has been 
suggested, would be almost impossible. Most London 
medical schools are fortunate in having their own 
pre-clinical departments, but even so the complexities 
of planning integrated courses loom large. 


MEDICINE 


Doctors’ Pay 


Britisu doctors seem to have grudgingly accepted 
their 8 per cent pay rise backdated to January 1, 
awarded last week by the Ministry of Health on the 
basis of the tenth report of the Review Body on Doctors’ 
and Dentists’ Remuneration (HMSO, 2s 6d). Dr S. 
Greaves, the secretary of the Medical Practitioners 
Union, said last week he did not think the award 
generous; it is to last for at least two years and there- 
fore is within the 3-5 per cent norm laid down by the 
prices and incomes policy. Dr Greaves said he is 
convinced that the increase will have no effect on the 
levels of emigration. This view was echoed by the 
Junior Hospital Doctors’ Association, a spokesman of 
which said he would have preferred the £18 million 
which the pay award will cost the country annually to 
have been spent on creating another 4,000 consultancies 
in the hospitals. 


PAY SCALES IN LONDON FOR CLINICAL SENIOR LECTURERS 
AND NHS CONSULTANTS (IN POUNDS} 


Senior lecturer NHS consultant 


Service Present New scale To Dec. New seale 
(years) scale for 1968 from Jan. 
1968-1960* 19697 
2,765 3.200 3.200 3.470 
l 2,889 3.200 3,385 3,670 
2 2,0605 3.200 3.570 3.870 
6 3,455 3,455 1,315 4,070 
9 3,510 3,810 4.885 5,215 
12 4.055 4,325 4,885 5,275 
15 4,380 1.380 4,882 5,275 


* Proposed by UGC on December 23, 1968 
+ This includes the Review Body’s latest 8 per cent award 





In the report, the Review Body under Lord Kinder- 
sley recalls that comparability is “one of the chief 
factors to be taken into account in determining appre- 
priate medical and dental remuneration’. The great 
attraction of comparability to all wage negotiators is, 
of course, that it can seldom be accurately assessed. 
The Review Body admits as much, saying “the appro- 
priate relationship between the remuneration of 
doctors and dentists and that of other professions could 
not be precisely established, but should be maintained 
in broad terms". Lord Kindersley and his colleagues 
argue that as salaries have risen on average by 7-9 per 
cent since the last pay award to the medical profession, 
doctors merit an 8 per cent increase. To the average 
general practitioner, this means between £200 and £300 
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a year more, bringing the average salary to £4,250. 
The upper echelons of the hospital service will also 
receive 8 per cent but, just as the Prices and Incomes 
Board recently gave a greater proportional increase to 
junior university staff, the Review Body awards 14 per 
cent instead of 8 per cent to house officers, the lowest 
grade of the hospital service, who will now start at 
£1,250, increasing in three years to £1.450—-an increase 
of £150 a year. 

In an addendum, Lord Kindersley’s committee says 
that the Prices and Incomes Board, in its recent report 
on academic pay scales, drew attention to the anomaly 
that university salaries have been referred to the board 
although the medical salaries have thus far escaped its 
attention. The Review Body says this situation is 
inherent in the acceptance of the recommendations of 
the royal commission on medical salaries which reported 
in 1957—and the Review Body goes on to say that its 
existence is justified by the need for a totally inde- 
pendent organization to scrutinize doctors’ wages. 

Meanwhile, there has been a chorus of protests about 
the way in which the University Grants Committee 
apparently intends to implement the PIB's recommen- 
dation that university teachers holding honorary 
consultancies should be paid on National Health 
Service consultant scales. After all, considerable sums 
of money are at stake. In a letter of December 23, 
1968, to the Principal of the University of London, 
the UGC suggested that clinical lecturers, senior 
lecturers and readers with consultancies should be 
translated to a point on the NHS scale nearest to their 
present salary and not by order of seniority. If this 
should mean a drop in salary, the teachers should 
remain at their present salary until their next incre- 
ment falls due. This scheme has the merit of simplicity 
but it will create a host of new anomalies. First, the 
university pay scales vary significantly from university 
to university. Second, the NHS scales are usually 
better than the university scales and the Review 
Board’s award has increased the difference (see table). 
As articles in the Lancet (1, 199 and 254; 1969) in the 
past fortnight have pointed out, the UGC's recom- 
mendation entirely misses the spirit of the PIB’s 
report, which was explicit enough—that those with 
consultancies should receive comparable pay irrespec- 
tive of whether they work for a university or the 
NHS. Obviously the thing to do is to assimilate 
university clinical teachers on the NHS scale at a 
point which gives them the same salary as NHS 
consultants of the same seniority. It is inexplicable 
that the UGC should try to do otherwise. 


RADIO TELESCOPES 


Straight Track for Cambridge 


Tug widespread pruning of the British railway network 
has its advantages for the Mullard Radio Astronomy 
Observatory of Cambr idge University. An axed section 
ofthe Cambridge- Bedford line is the northern boundary 
of the observatory’ s Lord's Bridge site, and runs in a 
straight line almost due east-west “for about three miles. 

The track has proved to be just the site for the new 
three-mile telescope, a linear array of eight dish aerials 
for which the Science Research Council announced the 
go-ahead last week (Nature, 221, 515; 1969). Otherwise 
the observatory would have had to negotiate with 
neighbouring farmers for more land. Lord's Bridge 
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station stands derelict, roughly in the middle of the 
stretch of line, and is to be the site of the control room 
of the new telescope. 

At the Cavendish Laboratory last week, Professor 
Sir Martin Ryle, director of the observatory, eloquently 
outlined the scientifie case for the telescope, which 
will take two vears to build and will cost the SRC 
£2-1 million. The gist of what he said is that the 
telescope will be primarily a map»ing instrument, 
plotting radio sources with a resolution of one or two 
seconds of are. This compares with the 20 seconds of 
arc achieved by the present mapping telescope, the 
one-mile array. Professor Ryle descrr bed the situation 
which has arisen in astronomy with tae discovery of a 
succession of quite unexpected sources, Such as quasars 
and radio galaxies, requiring mechanisms which cannot 
be accounted for by physies and concitions whieh can 
never be reproduced in terrestrial lgboratories. The 





Traversable aerial for the three-mi/s telescope 


hope is that detailed maps will threw some light on 
what is going on in the sources, Cosmology should 
also benefit from à new mapping instrument—one 
criticism of the source counts which have become a 
speciality at Cambridge is that they ace hard to under- 
stand while the nature of the sources remains unknown. 
Mapping of supernovae remnants = also likely to 
receive high priority with the new telescope. 

In its simplest form, the aperture synthesis technique 
which will simulate a three-mile dish requires two dish 
aerials whose separation can be varied by up to three 
miles. The rotation of the Earth means that, viewed 
from space, one aerial draws out an acc relative to the 
other. By varying the separation uo to three miles, 
successive ring elements of the dish are filled in. This 
is the principle of the one-mile telescope at Lord's 
Bridge, except that, to save time during the observa- 
tions, three 60 foot dishes are spaced in a linear cast- 
west array. The east and centre aerials are fixed half 
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a mile apart, while the third aerial runs on rails extend- 
ing half a mile to the west of the centre aerial. Thus 
signals corresponding to two spacings can be recorded 
at the same time, and all spacings up to one mile are 
possible. As well as the saving in time, this layout 
means that the length of accurately placed rail to be 
laid is reduced by half. The three-mile instrument 
extends the concept further with eight aerials strung 
out over three miles. Four of the aerials—42 foot 
dishes—run on a three-quarter mile length of rail laid 
at the eastern extremity of the array to an accuracy 
better than one millimetre. The four similar fixed 


dishes are to be evenly spaced over the remainder of 


the three-mile system, and sixteen spacings will be 
available simultaneously. One twelve-hour run will 
be enough to plot a rough chart of the radio emission 
from an object, while eight runs will draw the complete 
map. But the complexity means that a computer is 
needed at the site—so far the punched tape output of 
the observatory's telescopes has been taken into Cam- 
bridge for processing at the university. The Myriad 2 
computer which has been chosen will have a 30 inch 
line plotter to draw the maps, and will also control the 
eight telescopes. 

When the three-mile telescope is built, the present 
one-mile instrument will be devoted largely to source 
counting. The view seems to be that most of the fainter 
sources have been seen, so that there is little point in 
looking back to even fainter sources. This is why it 
now seems more important to build an instrument for 
source mapping. The curious result is that the resolving 
powers of radio and optical telescopes are now rapidly 
converging. 





ARCHAEOLOGY 


Ludgershall Castle 


from our Archaeology Correspondent 


As the Ministry of Public Building and Works knows 
all too well, visitors who go out of their way to visit 
Ludgershall Castle in Wiltshire are apt to get annoyed 
when they discover that there is little to see above 
ground apart from the stump of a twelfth century 
tower. This is one reason why the ministry has 
financed a major excavation at the site, directed by 
Mr P. Addyman of the University of Southampton, 
during the past five seasons. There are, however, more 
academic justifications for the excavation. For one 
thing, from the beginning of the twelfth century until 
the fifteenth the castle was a royal residence 
and account books have survived, so there is an 
opportunity to correlate archaeological and documen- 
tary evidence. For another, Ludgershall in the twelfth 
century was a major ring-work castle, and only a few of 
them have been excavated. In fact the present day 
remains of the earthwork have an unusual figure of eight 
shape, which adds to the interest of the excavation. 
The earliest reference to Ludgershall Manor is in the 
Domesday Book. In 1086, it was owned by the Earl 
of Salisbury, but by 1103 it was in the hands of Henry I 
and it remained a royal residence until the fifteenth 
century, evolving in that time from a castle to a hunting 
lodge. The excavations have revealed no fewer than 
fifteen phases of construction as the buildings were 
repeatedly pulled down, rebuilt and extended, and 
these promise to give a detailed picture both of building 
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Bone strip decorations from the lid of a twelfth century 

casket discovered at Ludgershall Castle. The three central 

strips may have been inlaid with silver. The casket had two 
iron hinges and two iron hasps. 


techniques and of the way of life in a royal household. 

The figure of eight ring works, consisting of a ditch, 
a bank and an inner ditch, were built in two phases. 
The first fortification on the site, what is now the 
southern ring of the figure of eight, was built in the 
mid-twelfth century, perhaps by John the Marshall, 
who had a reputation for building castles "wonderous 
of devise", during the civil war between Stephen and 
Matilda. The northern loop of the figure of eight was 
added by Henry III. Originally the ditches were some 
twenty feet deep with very steep outer faces, and 
the banks were made of chalk revetted with timber. 

In the twelfth century there were only wooden 
buildings in the southern ring, which can be securely 
dated by a coin of Stephen. Curiously enough, a large 
number of fox bones have been found, some of which 
show deficiency diseases: this raises the interesting 
possibility that foxes were being farmed at this time, 
presumably for their pelts. In the thirteenth and 
fourteenth centuries the area was redeveloped as 
servants’ quarters. The wooden buildings were 
replaced with timber framed, flint walled houses and 
the large number of cattle bones indicates that their 
occupants had a comparatively simple diet. 

The northern loop of the castle, by contrast, was 
developed into palatial royal quarters. During 
successive reigns, stone buildings of increasing sophis- 
tication were built there, and the defensive features of 
the castle, including the ditches, were progressively 
sacrificed for increased luxury as the castle evolved 
into a hunting lodge. 

The architecture was of a standard fit for a cathedral, 
with intricately carved pillars, painted plaster walls 
and large windows. The royal buildings include a great 
hall, a solar-hall and kitchen range, sleeping chambers 
and a stone lined latrine; building materials include 
Cornish slate, Purbeck marble, Bath stone and stone 
from the Isle of Wight. As the contents of the latrine 
have shown, royal tastes in food matched those in 
architecture; literally thousands of quail and small bird 
bones have been found, as well as oyster shells, lobster 
shells and the bones of deer. 
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Ludgershall is the richest mediaeval site excavated 
in Britain; more than 5,000 iron objects have been 
recovered as well as numerous pieces of jewellery, a 
gilt spur, bronze and bone artefacts (see the photo- 
graph) and pottery. If a small fraction of the finds 
was put on display in à museum on the site, the 
ministry would no longer suffer from the complaints 
of disappointed visitors. And when the embarrassing 
wealth of material has been examined and catalogued, 
It should give a unique picture of almost every aspect 
of the daily life of the period. 


MANAGEMENT 


Too Late and Too Deur 


Wuar do Concorde, the QE2 and Dungeness B power 
station have in common? All three are late, and all 
three are going to cost more than was expected. True, 
they are also all British—but delays and overspending 
are just as common abroad as in Britain. Inthe United 
States, the C5-A transport aircraft is way over budget, 
and may eost $900 million more than it should; the 
Boeing 747 is two months behind schedule, and delays 
on some nuclear power station contracts would make 
the CEGB blanch. The misfortunes of British tech. 
nology are characteristie not of Britain but of tech- 
nology itself. People are more conscious of the process 
when money is tightest, which is why in both Britain 
and the United States there is concern to bring it under 
control. The Institution of Mechanical Engineers last 
week organized a meeting at which project management 
was discussed. 

Mr D. Rowley and Mr D. Metcalfe, from British 
Aircraft Corporation, pointed out why the original cost 
estimates tend to be far too optimistie. "Estimates for 
difficult research and development tasks are delicate 
things, comprising a series of judgments by many 
people. Often these judgments cannot be defended in 
argument, and onlv too often the pressures lead to 
unwisely reduced estimates." One way round this, the 
BAC men said, is to split the task into a mixture of 
cost-plus and fixed price parts. Another more provo- 
cative recommendation was that the ministries con- 
cerned should keep a semi-public league table showing 
how contractors’ actual costs compare with estimates, 
and to use this as a guide in the placing of contracts. 
(Something of the sort is already done in the United 
States, and is said to have had salutary effects.) But 
they also criticized the Government for failing to appoint 
project. directors, responsible for the smooth function- 
ing of major projects; although these men exist in the 
Ministry of Technology, they generally have several 
projects under their control. As Rowley and Metcalfe 
pointed out: “If one cannot appoint a man of the 
appropriate seniority, experience and ability to run 
full-time on the Government's behalf a project costing, 
say, £100 million or more, one cannot complain if 
things go wrong". 

The Central Electricity Generating Board, with a 
history of late completion which has almost become 
& tradition, has clearly done some heavy thinking on 
the subject. Mr B. C. Pyle and Mr R. N, Burbridge 
described the CEGB approach. One of the most 
important requirements is to convince designers that 
small changes in design late in the day are more likely 
to disrupt than to aid the project. “At some point in 
the design process, and usually when manufacture has 
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commenced, any change must be desigaated as a ‘modi. 
fication’; these are most disruptive.’ The authors 
also stressed the need to stimulate among all the sub- 
contractors a loyalty to the whole project rather than 
to their own sectional interests, and to-encourage ruth- 
less honesty from all concerned. Cheerful optimism 
about the outcome may make life easier for a while, but 
in the long run it is the recipe for ruin. 

Motorway projects, because they involve fewer 
uncertainties, are more often on target, Mr W. T. F. 
Austin, of Freeman Fox and Partners, and Mr D. S. 
Elbourne, from John Laing Construction Ltd, had a 
good word for a form of programme presentation called 
"Cascade", which, they said, was better than critical 
path systems. The advantage of Cascede was its rela- 
tive simplieity which made it possible for all involved 
to understand what was going on. They also made a 
plea for more feedback from completed projects which 
could prevent the same mistakes being repeated. 

Many of these threads were brought. together in an 
admirable paper by Mr H. H. Gott, managing director of 
Associated Nuclear Services. He made «he same points 
about honesty in reporting of work done. and about the 
need to freeze the design at the right moment. Talking 
about power station construction, he peinted out that 
the man hours devoted to construeticn are roughly 
equal to the man hours expended by the operating staff 
during the whole life of the station, so that it is just as 
important to design a station to be easy to build as to be 
easy to operate. Another general poini made by Mr 
Gott was the need for genuine communication between 
those involved in different aspects o* the project, 
particularly by conversation. Geography and organiza- 
tional restrictive practices often make tais apparently 
simple aim hard to achieve: Mr Gott said that “one has 
known a number of chief draughtsmen who didn't 
like engineers talking to draughtsmen, and contracts 
officers who haunted engineering discussions like com- 
missars requiring explanations of every point but not 
understanding them". Mr Gott also said that 
economists have tended to write textbooks about ideal 
situations, such as the quantity production of com. 
modities, but nobody has yet tackled the much more 
difficult task of educating site managers. 


EDUCATION 


More Children for Science 


from a Correspondent 

MEMBERS of five organizations—the Institute of 
Physies and the Physical Society, the Royal Institute 
of Chemistry, the Institute of Biology, the Association 
for Science Education and the British Association for 
the Advancement of Science—met at the University of 
Birmingham on February 8 to discuss the shortage of 
science pupils in educational establishmen:s. Opening 
the meeting Professor L. Rosenhead (University of 
Liverpool) recalled that the Dainton report has shown 
that although the number of students in si«th forms is 
increasing, the number studying science is falling at an 
ever increasing rate. The meeting discussec the reasons 
for this decline and possible ways for reversing it. 

Several speakers doubted the need for mere specialist 
scientists—there is a need of more graduates with a 
fundamental general knowledge but trained to think 
in a scientific way. Contrary to general opinion, they 
argued that to enter industry was not to narrow one’s 
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career prospeets-—active brains are urgently needed in 
production, on the shop floor, in the sales office, manage- 
ment, communication media, politics and everywhere. 
Although technical education has expanded in the past 
ten years, business studies have been neglected and 
many people in industry may be underemployed 
because of bad management. Mr A. D. I. Nicol of the 

‘avendish Laboratory, Cambridge, said that the 
number of scientists and engineers on boards of directors 
is woefully inadequate, and many managers do not 
know how to analyse a situation scientifically. 

The opinion seemed to be that a much broader and 
less mathematical education must be given up to 
university entrance. Professor Rosenhead suggested 
that perhaps O-levels should be abolished and A-levels 
modified to include more general subjects like "physical 
sciences” and “biological sciences”. Universities would 
have to change their rigid entrance requirements, but 
they must all act together. Professor J. T. Allanson 
(University of Birmingham) considered that first degree 
courses in science and technology should be less special- 
ized, and courses in social science and the arts should 
be modified to at least the same extent to include 
appreciation of modern technology and industry. 

Speakers agreed that teachers of twelve to four- 
teen. year olds must explain and interpret the facts 
about science and industry, but must make sure they 
know the facts. Professor J. Walker (University of 
Birmingham) said that teachers should show that 
science is not to blame for the bad things of the modern 
world but is responsible for many of the good things 
leading to economie wealth and a high standard of 
living. Mr E. E. Robinson (Enfield College of Tech- 
nology) thought that all teachers must be given an 
accurate background of science in their training, 
whether at university or college of education, for it is 
often teachers ignorant of science and industry who 
influence pupils away from them. As Professor Walker 
said, teachers and pupils should see that technology is 
just as cultural, intellectually adequate and creative 
as the arts. 

Professor Rosenhead pointed out that industry must 
take positive steps to make its inner workings known 
to teachers, parents and pupils, to eradicate the 
misconceptions and distortions illustrated on television 
and films. An industrialist's view was that pupils must 
be shown that industry is not as ruthless, incompetent 
or insecure as they are led to believe. 

Mr Robinson thought that there should be more 
recognition of courses like the Higher National Diploma. 
and they should be extended to general rather than 
specialized subjects; they are little different from 
degree courses but there are strong forces against them, 
particularly y from the professional. institutions. Mr N. 
Booth (Her Majesty’s Inspectorate) made a further 
suggestion—to try to attract more girls to science and 
mathematics teaching—-and a female point of view was 
that part-time teaching and technical posts should be 
made available to women with families. 

The meeting ended with a plea from Professor 
Allanson that everyone in contact with schoolchildren 
should be made aware that the standard of living 
depends on technology and engineering and should be 
given the faets about these s subjects and the w ay they 
are applied in industry. Education and industry must 
find out what goes on in the other, rather than imagine 
what goes on as they seem to do at present. 
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Parliament in Britain 


by our Parliamentary Correspondent 


Oceanography 

Mr Tam DALYELL has turned his attention to the sub- 
ject of oceanography, and last week actually managed 
to extract some new information. Mr Wedgwood Benn 
reported that a Review of Marine Science and Tech- 
nology by an interdepartmental working party had 
been completed, and had shown that research into 
the marine environment had “developed satisfactorily 
under the aegis of the NERC and the Secretary of 
State for Education and Science’. When published, 
he said, the review would set out the guide-lines for 
future Government policy. To foster technological 
developments, an Advisory Committee on Marine 
Technology had been set up, taking in representatives 
from all the interested ministries. ‘The purpose of the 
committee was to review the field, identify promising 
projects, stimulate users to define their needs and 
recommend to the appropriate authorities technological 
programmes to meet their needs. (Written answers, 
February 5.) 

Kidney Transplants 

SIR GERALD NABARRO 8 attempt to introduce a Bill 
whieh would make it possible to remove kidneys from 
cadavers without the permission of the next-of-kin 
was defeated on its second reading. (A previous 
attempt to introduce the Bill, in the last session, had 
failed for lack of time.) Sir Gerald said that he wanted 
to see a kidney bank containing thousands of kidneys, 
all refrigerated i in bottles and ready for use. The Bill 
would make it possible, once two doctors had signed a 
death certificate, for another doctor to remove the 
kidneys, unless there were evidence on the person or 
in a central registry explicitly asking for this not to he 
done. Mr Julian Snow, for the Department of Health 
and Social Security, said that his ministry could not 
accept the Bill; it would be wrong to consider kidneys 
in isolation from other organs, and Sir Gerald had exag- 
gerated the success w hich had heen achieved in kidney 
transplantation. A central registry of objectors would 
not be workable, and there were religious objections as 
well. The second reading was defeated by 8 votes to 
38. (Debate, January 31. ) 


Government Establishments 

Mr Ernest ManrLEs asked a series of questions about 
the most expensive projects in progress at several 
yovernment establishments. The five most expensive 
non-military projects at the Royal Aircraft Establish- 
ment, Mr Gerry Fowler told him, were civil transport 
arera (£742, 000 this year), take-off and landing aids 
(£571,000), supersonic transports (£487,000), industrial 
applications, including Central Unit for Scientific 
Photography (£232,000), and satellites and launchers 
(£187,000). Corresponding figures were given for the 
National Physieal Laboratory, where marine hover- 
craft trials (£148,000 this year) are the most expensive 
project. At the same time, Mr Marples was also told 
by Mr J. P. W. Mallalieu of the costs of the establish- 
ments of the Atomic Energy Authority. Harwell, 
including Wantage, will cost £13-4 million to run this 
year, and Culham £25 million. Winfrith will cost 
£3-3 million, Dounreay £4-5 million, and Springfields, 
Risley, Culcheth and Windscale t taken together £6-1 
million, (Written answer, February 4.) 
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NORTH AMERICA 


Hirst Base for Dr DuBridge 


THE new regime at the White House has made a popular 
if easy start by agreeing that the spending of the 
National Science Foundation should be increased by 
$10 million between now and the end of the current 
fiscal year in June. This will go some way to heal the 
scars created last summer, when the Johnson Adminis- 
tration interpreted so toughly the ceilings on govern- 
ment expenditure set by Congress that some of the 
foundation’s pensioners were asked to spend less in the 
remainder of the fiscal year than the sums to which 
they were already committed. It will also help a great 
deal if the $500 million asked for by the outgoing 
administration can be augmented by four or five 
per cent, as now seems probable. For the budget for 
the coming fiscal year was clearly intended as a kind of 
standstill measure—an opportunity for the foundation 
to recover its breath after the deprivations of the past 
few months but not to resume the steady growth which 
marked out the first half of the sixties. Even if expen- 
diture in the year which begins on July 1 does even- 
tually turn out to be as much as $350 million, this will 
not be over-generous. Although spending during the 
current year was apparently only modestly reduced 
from the $480 million originally authorized to $462-5 
million, it is an open secret that the National Science 
Foundation had originally been hoping to get permis- 
sion to spend well over $520 million. The largesse 
whieh Mr Nixon is now distributing or promising to 
distribute is weleome, and will properly be regarded as a 
feather in the cap of Dr Lee DuBridge, the new Science 
Adviser, but nobody should run away with the notion 
that happy days are here again. 

All the experience of the past few months suggests, on 
the contrary, that a radical review of the machinery of 
the government of science is now long overdue. The 
sad way in which the scientifie objectives of the 
National Aeronauties and Space Administration have 
not readilv been identified by scientists as their own is 
one illustration of how ineffectual machinery, or the 
lack of machinery, can waste money and create frustra- 
tion. But if NASA provides the best illustration of 
how the mission-oriented agencies can fail to carry their 
seientifie constituents with them, it is also clear that 
other agencies would benefit enormously from better 
coordination of scientific research in the United States 
as à whole. And then, of course, there are anomalies 
such as the way in which the special responsibility of 
the Atomic Energy Commission for operating high 
energy accelerators has consistently given high energy 
physies a greater head of steam than it deserves, or has 
at least isolated high energy physics from the kind of 
realistic debate about priorities which is now recognized 
to be an essential part of the process of making wise 
policy in seience. On the face of things, of course, the 
Office of Science and Technology at the White House 
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should be equipped to bring about fhis coordination, 
but it is now plain for everybody to see that the office 
is strong enough to come out on top oniy when mistakes 
are relatively small. There is no hope that the Office of 
Science and Technology will ever be strong enough to 
bring the Department of Defense to book, or even to 
prevent some president in the future ‘rom starting up 


an equivalent of the space programme without so much 
as a preliminary consultation. 

But if the Office of Science and Technology is not 
strong enough, what other kinds of machinery should 
there be? In the past few months, the issue of whether 
the United States needs a Departmert of Science has 
reared its head again, after lying dormant for the best 
part of five years. The argument is simple, and was 
given a certain amount of power by Dr Donald Hornig, 
the now retired Chief Adviser on Sesence and Tech. 
nology, in his speech to the Americar Association for 
the Advancement of Science in Dallas. In Washington, 
the power of an agency is as much measured by the size 
of its budget as by the justice of its claim on publie 
attention. There is therefore, the argument goes, a 
ease for putting together a collecton of research 
activities which is enough to justify a budget of $2 
million a year, a cabinet officer and the appropriate 
committees of the Senate and the House of Representa- 
tives. Agencies would retain responsibility for research 
which is an integral part of their work, but peripheral 
parts of their activity would be traasferred to the 
Department of Science. On this view, the National 
Science Foundation would be a part bu: not necessarily 
the whole of the Department of Scienec. 

This proposal has the obvious merit that it could be 
implemented quickly. At the same time, however, 
there is a serious danger that such a system will greatly 
oversimplify the needs of the years aaead. And the 
trouble with a ragbag collection of activities like those 
which would no doubt find their way into a Department 
of Science is that proper coordinatien will depend 
entirely on the strength of the individusl in charge. In 
the long run, it will be much better if thespresent turning 
point in the history of public institutions for the 
administration of science could be taken as an oppor- 
tunity to create machinery which will renew itself as the 
years go by. This is why the first need is to define the 
functions that the Department of Science might perform 


and then to decide how best to satisfv each of them. 
First on the list must come the need to sapport research 
at universities, not merely by research grants to indi- 
vidual investigators but also by the prevision of com- 
mon facilities—the national observatories at Kitt Peak 
and Greenbank, for example. The development of 
science curricula is another task which the National 
Science Foundation has made its own m the past few 
years and there will evidently be a continuing need for 





610 


work of this kind. The several programmes of environ- 
mental research (including agriculture) which many 
agencies at present support form a coherent package of 
their own, while there are also programmes of applied 
research, in space and in oceanography, for example, 
which deserve separate consideration. 

The National Science Foundation has built up, in 
the past decade, an enviable reputation for probity. 
Like the Science Research Council in Britain, and like 
a great many organizations elsewhere in the world, it 
owes its success to the selfless way in which professional 
scientists, not distinguished for their lack of prejudice, 
are able to behave judicially once they find themselves 
in Washington sharing out publie money. It is hard to 
believe that any other mechanism for dealing with the 
financing of university research could ever be devised, 
from which it follows that the National Science Founda- 
tion must grow larger whatever decisions are eventually 
made about the setting up of a Department of Science. 

The dividing line should be determined by giving 
the National Science Foundation responsibility for the 
direct support of research in American universities, 
which implies that it should also take over respon- 
sibility for common facilities such as the accelerators 
and even for those parts of the programmes of the 
mission-oriented agencies such as NASA which are said 
to exist for the sake of the academics—the programmes 
in basic astronomy, for example. Naturally, such an 
enlarged science foundation would often find itself 
commissioning agencies such as NASA to carry out 
desirable pieces of research, but at least there would 
then be some assurance that the projects concerned had 
been weighed in the balance against other kinds of 
academie work. By such means, the National Science 
Foundation could easily grow to twice its present size. 
(In the coming fiscal year, the Federal Government as 
a whole is likely to spend more than $1,500 million on 
university research.) It would be fair, however, if 
responsibility for supporting postgraduate students by 
training fellowships were transferred from the National 
Science Foundation and the NIH to some other part 
of the octopodal Department of Health, Education and 
Welfare—this, after all, is a part of the Federal 
Government's relationship with universities as a whole. 
Whether curriculum development should stay with the 
National Science Foundation is another question. 

If the National Science Foundation should grow to 
such a scale, what need would there be of a Department 
of Science ? This is an obvious question to ask. The 
first thing to be said, of course, is that there are a 
great many technical questions which are outside the 
limits of the brief of even an enlarged science founda- 
tion. What, for example, should be done about oceano- 
graphy—a field in which it is inevitable that several 
powerful agencies should simultaneously have strong 
views * Metrication is another case in which a Depart- 
ment of Science would find itself having to reconcile 
conflicting interests. But these are all matters where 
the interests of the scientific community will best be 
served if important disputes can always be carried to 
arbitration at the White House. All this implies that 
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the immediate objective should not be an independent 
agency for science, compelled to win a place for itself 
in the jungle on the Capitol, but rather a strengthened 
Office of Science and Technology. 1t would help enor- 
mously if the office were more able than it has been to 
take forward planning seriously. There is also a power- 
ful ease for asking that the character of the President's 
Science Advisory Committee should be changed so as 
to make it much more directly a forum in which 
professional opinions, often in conflict with each other, 
could be brought to bear on poliey making. If this 
were done well enough, it is entirely possible that the 
interests of the scientific community could be safe. 
guarded without the presence of a ritual champion in 
the Cabinet. Development along these lines would be 
at once more immediately beneficial and less prone to 
major error than the setting up of an entirely new 
department. This, then, is the goal at which Dr 
DuBridge should now be aiming. 


OIL POLLUTION 


Crying over Spilt Oil 


THe Union Oil Company of California seems doomed to 
be involved in major oil pollution disasters. It had the 
lease of the Torrey Canyon, and now one of its wells, 
5:5 miles off the coast of California, has been leaking oil 
at a rate estimated to be at least 21,000 gallons a day. 
The well off Santa Barbara developed the leak and 
opened up five fissures in the sea bed around the drilling 
platform on January 29. Since then, the company has 
been drilling a second hole into the oil reservoir to 
relieve pressure and block the leak while, at the same 
time, tons of drilling mud have been pumped down the 
well in an attempt to staunch the flow of oil. At the 
surface, two allegedlv biodegradable dispersants are 
being used but, learning from the Torrey Canyon, deter- 
gents have not been tried, and so far there has been no 
attempt to fire the oil. Fortunately, it seemed clear at 
the beginning of this week that efforts to staunch the 
flow were achieving some success. 

For the first few days after the leak began, easterly 
winds kept the growing oil slick off the coast, but 
westerlies have since forced some oil onto what must be 
the world's most expensive coast. The result seems to 
have been an alliance of people concerned about ocean 
frontages, which cost anything up to $2,000 a foot, 
and simple conservationists. Union Oil's plea that it 
has always rigidly enforced existing safety standards 
cut no ice with Californians, who quickly retorted 
by saying that all that proved was the inadequacy of 
the standards. The State of California has announced 
it will sue Union Oil when the extent of the losses of 
wild life has been assessed. 

The attempts to deal with the oil have also been 
criticized by a group of academics at the University of 
California at Santa Barbara, who seem to be particularly 
incensed because no one has sought their help or advice 
even though the leaking well is almost in sight of the 
campus. They maintain that the disaster should be 
used as an opportunity to try new techniques for 
clearing or containing oil, and they claim that better 
results would be achieved if the dispersants were 
pumped directly into the fissures instead of onto the sea. 
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For the new Secretary of the Interior, Mr Hickel, the 
disaster could not have come at a worse time. He looks 
like being the first of the new cabinet officers to have to 
run the gauntlet of public criticism. He was, of course, 
accused of being a tool of the oil industry lobby 
when his nomination was challenged, and his decision 
to ask for a voluntary cessation of drilling from 
the other companies working in the Santa Barbara 
channel, and then, a day later, to allow drilling to 
restart, was particularly maladroit. But Mr Hickel has 
now initiated a review of the fifteen year old drilling 
regulations which were primarily designed to deal with 
the conditions encountered in the gulf coasts of Texas 
and Louisiana. President Nixon seems to have 
anticipated the outcome of the inquiry by saying at a 
press conference that "We've got to get to the source of 
the problem" and “that means very stringent regula- 
tions in off.shore drilling". Congress may be more 
inclined to pass proposals—which it balked at last 
year—for strengthening Federal control of pollution 
from drillings and tankers. Future drilling regulations 
will probably include some of the practices which 
companies still working in the Santa Barbara Channel 
have voluntarily but belatedly adopted. These 
include more frequent testing of safety devices to 
prevent blowouts, increased use of drilling mud to seal 
nascent fissures and installation of stronger well 
casings. 

But how does a well blowing wild cause the sea bed 
to crack? It is too soon yet to know exactly what 
happened at Santa Barbara, but the pattern of events 
suggests that, to begin with, something went wrong 
at the base of the well. Once this happens, the pressure 
builds up and oil begins to escape either up the casing 
of the well or outside it, or into the strata above the 
reservoir. In either event it can cut fissures into the sea 
bed as it emerges. Once this has happened, the only 
cure is to drill a new hole into the reservoir starting 
perhaps half a mile from the well but with a sloping 
bore so that it ends up close to the well. Once the 
second boring penetrates the reservoir, any material 
heavier than the oil from the well can be pumped into 
the reservoir. This in effect strangulates the well by 
counteracting the pressure forcing the oil out of the 
oil-bearing rock. Union Oil has apparently adopted 
this procedure, and, now it has sealed it, it has 
the option of repairing the well or filling it up with 
concrete and giving it up as a bad job. The betting is 
that it will do the latter. 


EARTH SATELLITES 


Prospecting from Above 


from our Astronomy Correspondent 


Non-stick frying pans used to be the spin-off which 
made space research worthwhile. The latest claimants 
are called earth resources satellites which, the argu- 
ments go, will lead to massive benefits in cartography, 
agriculture, oceanography, geology and hydrology 
simply by using space platforms as vantage points for 
looking at the Earth. The latest document to back 
earth resources satellites is a report prepared for a 
subcommittee of the House Committee on Science and 
Astronautics. In his introduction, Rep. Joseph E. 
Karth, chairman of the Subcommittee on Space 
Science and Applications, says that an earth resources 
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satellite system represents the largest potential return 
on investment of any space project sc far. He goes on 
to recall how last vear the subcommittee unsuccessfully 
tried to double NASA's modest budget for an earth 
resources satellite. Since then the skbeommittee has 
kept more than a watchful eye on ‘he project, and 
much of the report is a criticism of what has happened. 

The report makes few concessions to the scepticism 
which many scientists share about earth resources 
satellites, however. Yet there is widespread doubt 
whether instrumentation has reached s stage advanced 
enough for a valuable earth resources programme. 
Prospecting for minerals, for example. put forward as 
a job which satellites ought to be doing, requires 
measurements which are hard enough to carry out 
from an aircraft flying at 1,000 feet, let alone from a 
satellite at 100 miles. And the propenents of simple 
geological mapping from space photographs cannot so 
far point to any new geological features revealed from 
satellite photographs. Naturally enough, much of the 
value of viewing the Earth from space depends on the 
detail which can be seen, and it is here that much of 
the controversy lies. The claim that Gemini photo- 
graphs frequently contain greater detail than conven- 
tional aerial photographs is hard to believe, but high 
resolution photo-reconnaissance systems from military 
satellites could make geographical mapping from space 
a possibility. But will it be econemically worth- 
while ? And will it ever be possible, let:alone economie, 
to conduct land-use survey by satelite? Then the 
application of satellites to oceanography and hydrology, 
mentioned in the report, requires sensors in ranges 
other than the visible in many cases. The use of radar 
to detect the roughness of the sea, and infrared sensors 
to detect ocean currents where there may be schools of 
fish, are just two examples. Here it is more than likely 
that the development of the necessary instrumentation 
is at too early a stage to warrant the support for earth 
resources satellites for which the report asks. And 
in spite of the dispute which is reported to have blown 
up last year over the release of several hundreds of 
Apollo 7 photographs—only thirteer pictures were 
cleared for publication in the first week after the 
flight—there is no hard evidence that the photo- 
graphers on Apollo 7 were able to bring back informa- 
tion about the surface of the Earth not otherwise 
available. To be sure, if it had not beea for Columbus, 
the astronauts would have discovered *he New World, 
but that is not what the present excitement is about. 

Much of the congressional report is a history of 
what amounts to a tug.of-war between NASA and 
several other agencies, chiefly the Bepartments of 
the Interior and Agriculture. According to the sub- 
committee, while NASA has consistently lacked en- 
thusiasm for earth resources satellites, the Interior and 
Agriculture Departments have been predding for more 
action. Much of the discussion has centred around 
whether the sort of spacecraft envisaged by the Interior 
Department is or is not beyond the sate of the art. 
"Just at or just beyond the current state of the art", 
according to NASA, but "currently within the state of 
the art" according to a committee set wp at the direo- 
tion of the Secretary of the Interior. For years—since 
1964—NASA has considered earth resources projects 
as part of the manned space flight programme, to 
the dismay of critics who want to see much cheaper 
unmanned systems. But even since | 967, when the 
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study of what is called an Earth Resources Technology 
Satellite (ERTS) was assigned to NASA's Goddard 
Space Flight Center, the criticism of NASA has con- 
tinued, chiefly on the count of foot-dragging. Lack of 
push in asking for money for ERTS, a symptom of 
NASA's disaffection with the project, last year resulted 
in the House Science and Astronautics Committee 
recommending an increase in funding. The indications 
are that NASA is sensible enough not to take the 
criticisms of the report too much to heart and rush 
into projects whose worth, to say the least of it, 1s 
far from proved. NASA’s line, which is to contmue 
aircraft experiments te see just what information 
satellites can pick up, and how valuable it is likely to 
be, is the right approach. After all, this bullish report 
itself says that a determination of cost effectiveness 
is not yet possible—without such an analysis it would 
be foolish to go on. 


GEOPHYSICS 


Foreign Aid 


from a Correspondent 


AFTER two years of deliberation, the US National 
Academy of Sciences has finally announced what it 
will do with the $1 million estate bequeathed to it in 
1966 by Arthur L. Day. Dr Day, a geochemist and 
former director of the Geophysical Laboratory of the 
Carnegie Institution of Washington (1907-36), stipu- 
lated that the income from the estate should be used 
"for the purpose of advancing the studies of the physics 
of the Earth". A large part of it will thus be used to 
establish a grant programme (to be known, somewhat 
ponderously, as the Arthur L. Day Projects in Foreign 
Cooperative Geophysies) to aid foreign collaborators 
of American geophysicists, though some will go to the 
founding of a bi-annual geophysics lecture series and 
the balance to partially support a new geophysies 
conference room at the academy's Washington head- 
quarters. 

In creating the grant programme, the academy has 
recognized the importance of global coordination in 
geophysies. Apparently, some American scientists have 
also been speaking up for research workers and their 
budgetary problems in areas where geophysical studies 
are less than successful. Although no country is 
specifically excluded, the academy clearly has in mind 
the so-called underdeveloped nations as recipients 
rather than the relatively well-off western European 
nations. The basic idea is not to give full support to 
the foreign scientists in question, but rather to add a 
little financial lubrication to critical projects which are 
failing to realize their full potential. 

American support for foreign geophysies is not, of 
course, a new departure. The International Geophysical 
Year of 1957-58 represented global cooperation par 
excellence, though since that time the United States 
has sponsored bilateral projects—notably the US- 
Japan Cooperative Program of the early 1960s. How- 
ever, the latter was financed largely by the National 
Science Foundation. With US governmental support 
for even the most innocuous of foreign scientific projects 
frequently being grossly misrepresented by student 
revolutionaries and others, it is perhaps as well that 
the latest attempt to foster cooperation is in the hands 
of an autonomous, non-governmental institution. 
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DESALINATION 


Water for the South-West 


Wuere desalination plants are concerned, there is 
plenty on paper, very little on the ground. Every so 
often a new plan emerges—bigger, better and more 
expensive than the last—and the faet that few plants 
have so far been built does not vet seem to have put a 
damper on optimism. 'Two major projects. for an agro- 
industrial complex in the Middle East, and for a power 
and water complex at Bolsa Island in California, are 
on ice; but last month another plan, which would 
provide water for Southern California, was published 
by the IAEA, the United States AEC and the Mexican 
Government, which were the three sponsors. The 
report, Nuclear Power and Water Desalting Plants for 
Southwest United States and Northwest Mexico, costs $3. 

The survey team seems to have satisfied itself that 
the plant is technically feasible, although a further 
study of the economies of the system is necessary. The 
plant would produce a thousand million gallons of fresh 
water a day, in addition to a gross power capacity of 
2.000 MWe. It would take 9 or 10 years to build, after 
the decision to go ahead had been made, and would cost 
somewhere between $850 and $1,000 million if it were 
built at the cheapest site. Other possible sites would 
increase the total cost by $250 million; annual running 
costs would be around $80 to $180 million a year, and 
the cost of the fresh water produced would be between 
15:5 and 40 cents per 1,000 gallons, depending on the 
interest rates and the site chosen. Power would sell at 
between 1-8 mills per KWh and 3-1 mills per KWh, 
although for more advanced plants, using breeder 
reactors, a reduction of 0-5 mills per KWh could be 
expected. 

The study assumed that the reactor used would be 
of the light water type, and that two would be used. 
The desalination plant, using the flash distillation 
prineiple, would consist of four trains, each capable of 
produeing 250 million gallons of water a day; the total 
plant would be 900 feet long and 1,900 feet wide. 
Evidently, with a plant this big, one of the problems is 
devising ways of marketing the power and the water 
produced, and the report deals with these problems too. 
It points out that the area concerned is a semi-tropical 
desert region, in which underground water reserves are 
being depleted and the water quality is declining at an 
accelerated rate. The water deficit for the region. the 
report estimates, will be 1.300 million gallons per day 
by 1980, and 2.590 million gallons a day by 1985. It 
also seems that the power from the plant could be 
absorbed, 600 MWe of it on the Mexican side of the 
border, and 1,100 MWe on the United States side. (The 
other 300 MWe is used up inside the plant.) 

Three sites were selected as the best available; they 
are at El Golfo de Santa Clara, Riito and San Luis Rio, 
Colorado. "The report collects together a large amount 
of relevant information about the sites, inchiding the 
possibility of eyclones or earthquakes; but it adds that 
more information about problems like these will be 
needed before a decision can be taken. 1t also recom- 
mends that further engineering and economie studies 
should be made, including an examination of the impaet 
on regional development of the building of the plant. 
Even if these are favourable, however, these seems to be 
a long way to go before the people of the area have 
enough water. 
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What comes after Fertilization ? 


Test tube babies may not be just round the corner, but 
the day when all the knowledge necessary to produce 
them will be available may have been brought a stage 
nearer by the work reported by Dr R. G. Edwards and 
his colleagues this week (page 632). They have 
fertilized human egg cells im vitro, overcoming the 
problem of sperm capacitation—how to obtain sperm 
that are in the right state for fertilization—by using a 
medium similar to that recently used successfully with 
hamster sperm. 

Oocytes were taken from the follicles of ovaries that 
had been removed for medical reasons—the chances are 
that they were in some way abnormal, but that is not 
a bar to experiments designed simply to demonstrate 
fertilization. Fluid from the follicles, supplemented 
when necessary by artificial media, was used to mature 
the oocytes, so that they were ready for fertilization, 
having undergone the first cell division of meiosis—a 
process which usually occurs during the passage down 
the oviduct. Oocytes and sperm, both ready for 
fertilization, were mixed together. Phase contrast 
microscopy showed that sperm often entered oocytes 
and stimulated the completion of the second division of 
meiosis. In other words, pronuclei were produced, con- 
taining the set. of chromosomes which is later extruded 
as the second polar body—the first polar body is 
extruded after the first division of meiosis. Evidence 
that sperm had entered oocytes was taken as evidence 
that fertilization had taken place. 

Now that human oocytes can be fertilized in vitro, 
the obvious next step is to culture them to the blasto- 
cyst stage, as has already been achieved with the 
mouse and is likely soon with the rabbit. These 
different species apparently have fairly similar require- 
ments when it comes to culturing their embryos in 
viro. The blastocyst is the product of cleavage 
division of the fertilized oocyte, or zygote, and in the 
human it is about 200 microns in diameter, and is the 
stage of development reached after three or four days 
of pregnancy. As Dr Edwards and his colleagues say, 
there are likely to be problems when this sort of 
embryonic development is attempted in vitro. At the 
moment there seems to be a strong likelihood that 
abnormal embryos would develop, and there can be no 
question of going on to the blastocyst stage until the 
techniques and the medium required for fertilization 
have been perfected. Some of the problems may be 
solved when the conditions necessary for the matura- 
tion of the oocytes are better understood. 

If healthy blastocysts are to be produced, oocytes 
will have to be taken from healthy ovaries, and Drs 
ius d and iiid are now SOME on ways of 


Sal. incision of uc wW all af the Rn They are 
now able to take oocytes straight out of the abdomen, 
and when these methods have been perfected, and all 


Proven the ane of ee em irse in vitro ap ) to 
the blastocyst stage, and maybe further with some more 
refinements of technique. The medium that has been 
developed for fertilization is likely tœ be suitable for 
culturing more advanced embryos. But Dr Edwards 
and his colleagues are interested in the blastocysts. 

The advantage of having these blastocysts in culture 
will be that it will then be possible to make a thorough 
study of the early stages of human ambrvology, for 
example to find out when different enzymes become 
active. There will be the opportunity to investigate 
the nature and time of onset of various biochemical 
abnormalities which are now attractmg considerable 
attention in the medical world. So little is known 
about the vital early stage of human embryology that 
any efforts that are likely to lead tc an increase in 
knowledge are surely praiseworthy. Any research that 
may help to show why embryonic development some. 
times goes wrong seems to be a laucable enterprise. 
The fact that the techniques might one day be 
developed to make it possible to produse a fully grown 
human embryo ertra utero should not be a restraint to 
progress. The day of the test tube babr is not here vet, 
and the advantages of this work are csear. These are 
not perverted men in white coats doing nasty experi- 
ments on human beings, but reasonable scientists 
carrying out perfectly justifiable research. One of the 
possible benefits of this research coukl be the treat- 
ment of some forms of infertility, prebably in older 
women, who are thought to produce a ugh proportion 
of abnormal embryos which fail to develop. 

But because the virtues of work like this seem self- 
evident to those most immediately involved, they 
should not fall into the trap of believing that everybody 
else feels the same. There is, for work like this, a real 
need to explain that the purposes of scientists are very 
different from thóse of Big Brother in George Orwell's 
1984. Unless this is done, there is à danger that the 
public may come to lose faith in science, 


MICROBIOLOGY 


Measles and Mental Ability 


from our Microbiology Correspondent 

MEASLES, that ubiquitous disease o` childhood, is 
usually considered to be quite harmless to subsequent 
welfare unless encephalitic development ensues. For- 

tunately the latter condition is rare. But there have 
been several reports that uncomplicatec measles can be 
detrimental to the central nervous &-stem. Unfor- 

tunately the two most important studies designed to 
test the correlation between measles and mental 
debilitation (Abruzzi, J. Pediat., 64, 250; 1964, and 
Douglas, Brit. Med. J.,2, 1301; 1964) reached ope sing 
conclusions. Recently a carefully planned and compre- 
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hensive reinvestigation of the hypothesis was con- 

ducted in the United States following the acceptance 

there of a live measles virus vaccination programme. 
F. L. Black, J. P. Fox and their colleagues have now 


reported their findings in the American Journal of 


Epidemiology (88, 333, 337, 345, 351 and 359; 1968). 
Test populations consisted of first grade elementary 
schoolchildren undergoing routine reading aptitude 
and learning readiness tests and, on the basis of his- 
torical and serological evidence, each population was 
grouped as having had (1) unmodified measles; (2) 
gamma globulin modified measles; (3) measles vaccina- 
tion or (4) not having had measles. Significant 
variables such as age, race, number of siblings and birth 
order, parental socio-economic status and level of 
edueation were analysed to assess differences in test 
results attributable to measles alone. 

Three school districts in the United States were 
selected for analvsis—New Haven; Wappingers, New 
York; and Seattle. In New Haven both aptitude test 
ratings and the incidence of measles varied considerably 
with the covariants cited but, when adjustments were 
made for these extraneous faetors, there was less than 
one percentile point difference between the groups that 
had been vaccinated, protected by gamma globulin or 
not had measles, whereas the average rating of these 
groups was 4-6 points higher than that of children who 
had suffered from unmodified measles. Similarly, in 
Wappingers a serologically confirmed history of 
unmodified measles was associated with a significantly 
lower learning readiness test rating. 

In the children in Seattle, however, there was no 
overall association between mental aptitude and 
measles, although a correlation between test perform- 
ance and the number of vears since measles suggested 
à transitory or age-dependent effect. Because the 
Seattle population was the most homogeneous with 
respect to social factors and was a uniracial community, 
Black and Fox feel that most weight might be placed 
on these results. This is supported by the significant 
but opposite correlations between mumps and aptitude 
ratings found in New Haven and Wappingers, but not 
in Seattle where salient environmental conditions were 
better evaluated. Nevertheless, it is possible that the 
divergent results reflect differences in the neuro- 
virulence of strains of measles virus, or that the 
postulated effect requires further factors not present 
in the Seattle community. Certainly the data from the 
two corroborating studies define an upper limit on the 
extent of the hypothetical effect and sustain the 
opinion that measles is an innocuous ehildhood experi- 
ence. But perhaps this study recommends itself most 
by its approach to the question of possible and subtle 
effects of disease and as an exacting model for future 
investigators. 


MOLECULAR BIOLOGY 


Membrane Proteins 


from our Molecular Biology Correspondent 


Tug structural proteins of membranes are disagreeable 
materials. "Their solubility properties are intractable, 
and because their native environment is essentially 
non-aqueous and because they exist in a complexed 
state with lipids, there is no reason to suppose that 
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their physical properties when extracted bear any very 
close relation to those in the native state. In conse- 
quence, several laboratories have attempted to perform 
optical measurements, such as optical rotatory dis- 
persion and circular dichroism, on essentially intact 
membranes. This work has been in progress for some 
time, and the protagonists bring to mind nothing so 
much as men wading across a water-logged field; as 
their boots fill with water and they sink deeper into the 


_mud with each step, one cannot but admire their 


determination to reach the other side. 

What is actually observed in membrane suspensions 
is a pattern of Cotton effects which is a shifted and 
distorted version of the usual partly a-helical pattern 
usually observed in proteins. A new paper by Urry and 
Ji (Arch. Biochem., 128, 802; 1968) offers a plausible 
explanation for these phenomena in terms of optical 
artefacts, which may have a general bearing on circular 
dichroism measurements in inhomogeneous systems. 
The first of these is the well known inhomogeneous-field 
effect, in which the absorbing material is present in 
highly concentrated particulate form. Little light is 
then transmitted by a particle at wavelengths of strong 
absorption, and the particles in the lme of the beam 
behind it do not contribute to the absorption. The 
result of this is a relative flattening of the absorption 
maxima; the magnitude of the effect for particles of 
given size may be calculated for both absorption and 
circular dichroism. A second and greater effect arises 
from scattering losses, which are inevitable in suspen- 
sions which somewhat resemble diluted porridge. This 
leads to an apparent diminution in the concentration of 
absorbing molecules in a strongly wavelength-depen- 
dent manner. With reasonable guesses at the scattering 
parameters it is possible to calculate perturbed circular 
dichroism curves. Applying these corrections to the 
standard curve of an a-helical polypeptide, a result is 
obtained closely resembling the circular dichroism of 
sonicated membrane suspensions, with red-shift and 
suppression of Cotton effect amplitudes, increasing 
towards shorter wavelengths. An explanation of the 
observations on membranes along these lines is certainly 
the most convincing yet offered. 

A report in the same issue of Arch. Biochem. 
(Wrigglesworth and Packer, ibid., 790) concerning 
changes in position and magnitude of Cotton effects in 
mitochondrial suspensions on swelling in suerose, and 
greater inereases on sonication, lends itself in large 
measure to interpretation in terms of changes in 
seattering; the significance of this in terms of the 
structural changes in the mitochondria may be of 
considerable interest. 

Work on the isolation of membrane proteins is in 
progress in many laboratories. Mazia and Ruby (Proc. 
US Nat. Acad. Sci., 61, 1005; 1968) have solubilized a 
good proportion of the stromal protein of red cells, and 
Lenaz et al. (Arch. Biochem., 198, 293; 1968) have also 
prepared a soluble structural protein from mitochondria 
of various origins. The molecular weight appears to 
be in the range 60 to 70,000, and the amino-acid com- 
position, which is very similar to that of Mazia and 
Ruby’s red cell protein, is unremarkable, and not 
especially rich in hydrophobic residues. Mazia and 
Ruby note that the composition is similar to that of 
actin; this is taken to support the contention that 
membranes contain aggregating systems, resembling 
actin filaments, which have a contractile function. 
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The most interesting protein to be isolated from a 
membrane is, however, that described by Neville 
(Biochem. Biophys. Res. Commun., 34, 60; 1969). It is 
extracted from liver cell plasma membranes from 
several animals. The protein from rat liver has been 
obtained in pure state, and its cireular dichroism has 
been determined in aqueous solution. The curve is 
precisely that of an a-helix. Hydrodynamic data are 
quoted which indicate that the structure is a rod of 
length 700-1100 A, and it is clearly strikingly reminis- 
cent of the a-helical muscle proteins, such as paramyo- 
sin. This is an intriguing result which leaves much 
obvious scope for diverting speculation. 


MEDICAL BIOCHEMISTRY 


The Adaptable Heart 


from our Medical Biochemistry Correspondent 

THERE is much to suggest that there is no significant 
difference in the uptake of oxygen and oxidizable 
substrates in normal and failing human hearts, although 
there was some evidence of increased glycolysis in 
failing hearts. Biochemical abnormalities were thought 
to lie in the energy-using rather than the energy- 
providing reactions. 

It is therefore rather surprising that Ballo and 
Messer (Biochem. Biophys. Res. Commun., 38, 487: 
1968) have now shown that there is a change in the 
lactate dehydrogenase (LDH) isoenzymes in human 
hearts which have a decreased blood supply. Earlier 
last year Mager et al. (Amer. J. Physiol., 915, 8; 1968) 
had shown that adult rats exposed to conditions of low 
oxygen pressure had a greater proportion of M chains 
in their heart LDH isozymes. In muscle, anaerobic 
glycolysis is an important source of energy and the M 
(muscle) chains of LDH are much less sensitive to 
inhibition by pyruvate than the H chains found in the 
heart (the heart normally derives most of its energy 
from the aerobic reactions of oxidative phosphoryla- 
tion). The change in the proportion of isozymes con- 
taining M chains was therefore probably an adaptative 
change enabling the heart to derive more energy from 
glycolysis in conditions of oxygen deficiency. This was 
further supported by their demonstration that newborn 
rats (whose hearts normally have isozymes containing 
a greater proportion of M chains than the adult rat) 
took much longer to produce the adult isozyme pattern 
when they were reared in conditions of oxygen defi- 
ciency. 

Ballo and Messer investigated the isozymes of 
autopsy samples of human hearts and found that 
newborn hearts contained a greater proportion of 
isozymes with several M chains than normal adult 
hearts. Muscle taken from enlarged hearts (which 
also had evidence of decreased blood supply resulting 
from infarction or coronary artery narrowing) con- 
tained a greater percentage of M chains (35 +10) than 
normal hearts (15 +5) or hearts which showed only one 
morphological change (15 £5); the percentage of M 
chains in newborn hearts was 45-10. Even more 
impressive was their demonstration of a significant 
difference in the behaviour of heart homogenates in the 
presence of low and high concentrations of pyruvate. 
The LDH activity at high concentrations of pyruvate 
in normal hearts was only 30+1-1 per cent of the 
activity at lower pyruvate concentrations: for the 
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hypertrophied hearts with decreased blood supply the 
percentage was 40:1 3-7, while for newborn hearts it 
was 42-8+43. This shows that there is a change in 
LDH isozymes towards the muscle pattern in two 
conditions in which the oxygen supply to the heart may 
at times be subnormal. The reduction in pyruvate 
inhibition suggests that the failing heart is more 
dependent on glycolytic energy than ‘he normal heart. 
The energy-supplying reactions of the scart are changed 
and may make the heart more susceptible to adverse 
conditions. 


NEUROPHYSIOLOGY 


Unanaesthetized Cerebel'um 


from our Neurophysiology Correspondent 


EccLEs and his collaborators have recently produced a 
fairly coherent picture of cerebellar finction (Ecoles, 
Ito and Szentágothai, The Cerebellum as a Neuronal 
Machine, Springer, New York; 1967) In their view 
the cerebellum makes continual short-term adjustments 
to the outflow from higher motor neurones, with the 
effect that commanded" movements can be attained 
with an interposed allowance for initial conditions of 
limb position and velocity. In their model the cere- 
bellum is essentially without memory, all traces of a 
stimulus having disappeared within about 100 ms. 
This immediately raises the question cf the effects of 
anaesthesia: Clark (J. Neurophysiol. 2, 10; 1938) 
showed that it was possible to produce prolonged, 
repeatable, sequences of movements by stimulating the 
cerebellar cortex of unrestrained cais, and many 
authors since then have questioned the propriety of 
using anaesthetized preparations in any investigations 
of central nervous function. 

Bloedel and Roberts (J. Neurophysiol. 88, 75; 1969) 
have now published recordings trom tke cerebella of 
unanaesthetized cats "decerebrated" by surgical section 
either at the mid-collicular or at the C-4 spinal level, 
Cerebellar Purkinje cells are invaded antidromically 
after electrical stimulation deep in the white matter: 
in Eccles's preparations this invasion is effectively 
inhibited by earlier stimulation of the cerebellar 
surface. The inhibition is attributed to basket cells— 
surrounded by a network of fibrils formed by the axis 
of another cell—excited by parallel fibre activation. In 
unanaesthetized cats Bloedel and Roberts found no 
such inhibition. They showed convincingly the 
development of inhibition after administration of 
pentobarbital, but no inhibition in the same preparation 
before anaesthesia. Furthermore, they have shown 
that in the unanaesthetized preparation gurface stimu- 
lation has a slight facilitatory effect om antidromie 
invasion. This is greatest about 35 ms after the 
surface stimulus. The facilitation spread: laterally, as 
does inhibition in the anaesthetized cet. Another 
profound difference between the two preparations is the 
much higher spontaneous activity of Purzinje cells in 
the unanaesthetized cerebellum. This is correlated 
with a greater responsiveness to local stimulation 
which may produce trains of impulses from Purkinje 
cells. The authors suggest that the higher rate of 
spontaneous firing provides a basis for the difference 
between the two states. Axon collaterais from the 
Purkinje cells are known to exert an inhibitory effect 
on neighbouring basket cells, so that a ton:c inhibition 
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would be produced by high spontaneous activity, 
making the basket cells inexcitable to surface stimu- 
lation and therefore unable to inhibit Purkinje cells. 
They give evidence for some sustained activity of the 
basket cells in unanaesthetized preparations: if this 
were reduced by Purkinje collaterals the facilitation 
of antidromic invasion following surface stimulation 
would also be explained. Bloedel and Roberts conclude 
that the lateral inhibition produced by activity in a 
group of parallel fibres does not in fact exist in unanaes- 
thetized preparations and that it is therefore difficult 
to incorporate it in any theory of cerebellar function. 


PUBLIC PERFORMANCE 


Gabor on Holography 


A SPARKLING lecture on the development of holography 
was given at the Royal Institution last Friday evening 
by Professor D. Gabor of Imperial College, London. 
With an endearing combination of panache and heavy 
footed humour, Professor Gabor managed to engage 
the wider tastes of an evening audience, pandering 
suecessfully to the conflicting lusts for knowledge and 
entertainment. Those eager to glean the finer details 
of the physics of holography were not left in the cold, 
and the speaker managed to weave in the technological 
and commercial aspects of the subject with disarming 
ease. 

Although many in the audienee must have been 
familiar with the general idea of holography, nobody 
could have failed to be impressed with the array of 
apparatus and slides that Professor Gabor brought 
along to turn the subjeet into a living phenomenon. 
A ripple tank, illuminated from behind, displayed more 
clearly than any textbook photograph the way in 
which waves from two slits will interfere, and a live 
showing of a laser-illuminated hologram gave a vivid 
illustration of the quality of pictures reproduced from 
holograms. 

The diagram which Professor Gabor used to indicate 
how the object ray and the direct light combine to 
form the hologram suffered somewhat from a surfeit 
of lines, but the following demonstration of a three- 
dimensional image of Abraham Lincoln, complete with 
shadow and projected from a mottled and shapeless 
hologram was captivating. A collection of slides show- 
ing the practical applications of holography, including 
the measurement of minute defects in car tyres and the 
possible uses for three-dimensional movie projection, 
wil have touched the hearts of those who see the 
fulfilment of any discovery as lymg in its practical 
benefits to mankind. 

Probably the most serious note that can be drawn 
from this lecture is educational. How much more 
enticing a subject becomes when it is portrayed in 
an imaginative and illustrative way. Freed from an 
unnecessary jumble of concepts and from unnecessary 
rigour, the talk will have ensured that those present 
will not readily forget the idea of holography. 


ORGANOMETALLICS 


Encouragement for Catalysts 


Ture Science Research Council has announced its inten- 
tion to give special support to r search in organometal. 
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lic chemistry. It will make grants of up to £300,000 
in 1969-70 if it receives proposals of sufficient merit. 
The decision arises from the report of the Organo- 
metallic Chemistry Panel, one of a number of panels 
set up last year to search chemistry for areas which 
deserve special attention in these days of shrinking 
government support for science. The panel concludes 
that organometallic chemistry, “the most rapidly 
potential. —— 0000000000000 

Organometallic molecules—defined as those con- 
taining metal directly bonded to carbon—are not new 
to chemistry. Grignard reagents and organolithium 
compounds have been used in organic synthesis for 
many decades, but it is only comparatively recently 
that the variety and scope of this direct merging of the 
organic and inorganic have been appreciated. A host 
of organometallies is now known and some of them have 
already carved sizable niches for themselves m industry. 
Perhaps most important are the Ziegler~Natta cata- 
lysts—mixed alkyls of titanium and aluminium—used 
in the polymerization of olefins. 

In its report, the panel speculates about the future 
growth of the field. It feels that industrial catalysis will 
continue to see the main applications of organometallic 
chemistry, and predicts that in twenty years, perhaps 
half the catalyst systems in use in the heavy organic 
chemical industry will be organometallic in nature. If 
British industry lags in the development of these cata- 
lyst systems, it will be faced with a bill for exported 
royalty payments in the region of £15 million a year 
by 1980, while, if even one or two of the important 
catalyst systems of the 1980s are British innovations, 
the panel estimates that the country may earn about 
the same amount in imported royalty payments. 

Organometallic catalyst systems now nearing appli- 
cation show activities and selectivities which are about 
an order better than the best known heterogeneous 
catalysts, but their performance still falls far short of 
that of enzyme catalysis. Many enzymes are in a 
sense organometallics, and the panel sets the duplica- 
tion of enzyme performance as a target for organo- 
metallic chemists. Other areas where organcmetallics 
can be expected to prosper include the stabilization of 
plastics and the manufacture of silicones. 

The panel recommends that the extra money should 
find its way into existing centres of research, and 
estimates that it should sustain about 150 additional 
workers in the field. It rejects the creation of a central 
specialist institute, making a gentle reference to the 
“well-known difficulty of disposing of such an institute 
when, as is inevitable, its work is done and interest in 
this particular field of chemistry wanes”. 

The report is consistently Baconian: academic 
curiosity vields second place throughout to the needs 
of industry. The panel seems particularly anxious 
that too much effort should not be spent on the routine 
synthesis of new organometallies. Every known organic 
compound will have its organometallic cousins, but in 
the words of the report “the generation of a second 
Beilstein of organice compounds would not be helpful 
at this stage". In fact, the panel preaches a sense of 
direction and a level of cooperation between industry 
and university which have so far been unknown in 
British chemical research. It will be interesting to see 
what happens to these golden intentions in the years 
to come, 
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Quantitative information on cell 
structures, fast, with the 
Barr & Stroud Integrating 
Microdensitometer GN2 
-in use all over the world 











Cells stained by the Feulgen method absorb light in The Barr & Stroud Integrating Micrcdensitometer 
direct proportion to their mass. By mechanically type GN2 has been designed to use this principle to 
scanning the image of a stained specimen, and elec- provide quick, accurate, quantitative information on cell 
tronically integrating the values for the whole image, structures. It has gained wide acceptance throughout 
an absolute measure of absorption in arbitrary units is the world, particularly for Cancer research, where 
obtained. Similar measurements , e - . large numbers of specimens must be 
can also be obtained on other 
cell properties. 





examined quickly. 
Write for pamphlet No. 1=78/N 


BARR AND 


STROUD 


BARR & STROUD LIMITED 
Anniesland, Glasgow W.3. 

Tel: 041-954 9601 Telex: 778 14 

Kinnaird House, 1 Pall Mall East, London SW1 
Tel: 01-930 1541 Telex: 261877 
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L5-HI3 L$-150. LIQUID SCINTILLATION COUNTERS 


* Highest guaranteed performance specifications-—tritium E/B 
better than 100-efficiency in excess of 57% for all systems, 


* Minimizes sample crosstalk in dual- isotope analysis--less than 
12% carbon-14 spillover in tritium channel fat 50% tritium effi ciency), 


* Simplified operation-one master gain control for all channels. 


* Built-in electronic computation and printout of CPM and 
statistical counting error, 


* Channeis-ratio external standardization with two separate and 
independent channels, 


* On-line ratemeter for continuous visual presentation of count 
fate and error, 


| New multilayer inter- 
connection techniques 
being developed at STL are 
destined to replace Printed 

Circuit Boards. 

The problems are the same — 
insulated cross over 
connections and feed through 
connections from one 
conductor level to another. 

The procedures involved 
however are very different — 

the secret lies in the thin 
| insulating films between the 
conductor layers. They must 
have high dielectric 
breakdown strength, good 
adhesion and suitable 
selective chemica! etching 
properties. The electrical 
properties must be stable for 
long periods even at elevated 
temperature, These 
requirements are met by a 
composite film containing 
silicon nitride deposited by a 
glow discharge method 





qom 33. High perdlormance counter with teletype printer in piace of i4 
rp printer, [ts standard ASC11 code data can be introduced into 
E ae computer which accepts input from punched tape, 


LS-150, AH the features of the LS-133 with the addition of 
Automatic Quench Calibration. The system delivers unprecedented 
accuracy and practicality for dual-isotape and low-level 

single -isatape analysis 
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onginally developed by the 
STL Materials group. The 
processing of these patterns 
calls for the ultimate in 
clean room facilities ~ a 
single speck of dust on the 
surface can ruin the whole 
substrate, Our picture snows 
a one inch square silicon 
test substrate with 10000 
crass over connections — the 
equivalent two layer PC B 
area would be at least a 
hundred times greater, 
Multilayer substrates like 
ihese are the basis of 

STL's large scale integration 
work on hybrid and 
monolithic integrated circuit 
systems and are 
complementary to work an 
microwave integrated 
circuits and solid state 
display panels. 

Standard Telecommunications 
Laboratories, London Read, 
Harlow, Essex, England. 
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GEOLOGY 


Phases of the Mantle 


from a Correspondent 


A SYMPOSIUM on phase transformations and the 
Earth's interior, sponsored by the International Upper 
Mantle Committee and the Australian Academy of 
Science, was held in Canberra from January 6 to 11. 
The sixty-five papers presented results from the wide 
range of disciplines and techniques which have been 
applied to the investigation of the Earth's mantle. 

In sessions devoted to crystallographic studies, 
Drs N. Morimoto and P. B. Moore presented parallel 
studies solving the modified spinel structures produced 
experimentally at high pressures in some M4GeO, and 
M,SiIO, compounds. The structures are orthorhombic 
but with oxygen atoms approximately in cubic close 
packing as in the spinel structure. Olivine (Mg,SiO,) 
transforms to this structure at high pressure and the 
structure is of great importance in understanding the 
erystal chemistry of the Earth's mantle. 

Syntheses of seismic data have led D. L. Anderson 
to propose very specific models with rapid changes in 
seismie velocity over small depth intervals between 
300 and 1,000 km deep in the transition zone of the 
upper mantle. These were interpreted in terms of 
solid-solid phase changes in the major silicates, changes 
in composition and, in the upper 200 km of the mantle, 
partial melting. F. Press described models of density 
distribution in the upper mantle based on Monte Carlo 
methods of data reduction which required higher 
densities in the uppermost 100 km than those inferred 
in most recent mantle models. G. Woollard's analysis 
of gravity data, however, favours the retention of the 
commonly accepted figure of P=3-3-3-4. 

The integration of seismic studies, defining regions 
of rapid increase in seismic velocity in the Transition 
Zone (region C), with experimental high pressure studies 
of phase changes in olivines, pyroxenes, garnets and 
other silieates, was an important feature of the con- 
ference, A. E. Ringwood, S. Akimoto and N. Kawai 
presented experimental data on the olivine—spinel and 
olivine— modified" spinel transformations, pyroxenes 
—garnet, ilmenite or spinel + stishovite transformations, 
and feldspar—hollandite structure. R. A. Binns 
reported the discovery of a natural spinel polymorph of 
olivine in a shocked meteorite. The transformations 
of olivine and pyroxenes to denser structures were 
considered to account for the velocity increases in the 
250-400 km depth interval, and Ringwood gave 
experimental evidence concerning silicate analogues 
which supports the interpretation that rapid velocity 
increases at a depth of 600-700 km are due to break- 
down of spinel and garnet structures to denser phases. 
It was suggested that Mg,SiO, transforms to a structure 
related to that of strontium plumbate or to a mixture 
of MgSiO, (ilmenite strueture)J-MgO. The Ca-rich 
garnets probably transform to a  perovskite-like 
structure, while Mg-rich garnets probably transform to 
the ilmenite structure. 

Knowledge of solid-liquid equilibria in upper mantle 
conditions is required for an adequate understanding of 
the origin of magmas within the upper mantle. Several 
papers dealt with melting relations in simple and natural 
rock systems in the presence of an aqueous vapour 
phase at high pressures. The potential role of very 
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small quantities of water in the upper mantle received 
much attention, and several speakers attributed the 
presence of the low velocity zone in she upper mantle 
to the presence of small quantities of water-bearing 
silicate liquids at temperatures weld below the dry 
solidus. 

Several sessions were devoted to examples of natural 
processes, sampling the lower crust and upper mantle. 
N. V. Sobolev summarized the extensive data on 





pipes and also on the deep crusta, eclogitie meta- 
morphic terrains of the USSR. 

M. J. O'Hara used the results of published experi- 
mental studies on basalts and peridotites to suggest 
that only garnet lherzolite xenoliths in kimberlite were 
possible primary mantle compositions capable of acting 
as source rocks for basaltic magma extraction. 


THIN FILMS 


Electrical Conductivity Measured 


from our Solid State Physics Correspondent 


WHEN thin metal films become so thin that they require 
a stretch of the imagination as well as of the material, 
the chief mechanism for passing an ciectrie current can, 
in certain conditions, be a quentum mechanical 
tunnelling of electrons between diferent areas of the 
film. This was the upshot of a lectere delivered at the 
Royal Society last week by Dr J. M. Hill of the Elec» 
trical Research Association at Leaiherhead, in which 
he attempted to explain some of his measurements of 
electrical conductivity in extremely thin metal films. 

The films were prepared by evaporating the metal 
on to the surface of a suitably smcoth dielectric, such 
as soda glass or alumina borosilicate glass. The 
resulting metal layer has a textuxe like very closely 
spaced drops of liquid, the size and separation of the 
globules being determined bv the rate of deposition of 
the metal. Dr Hill has earriec out conductivity 
measurements on specimens with zlobules of various 
sizes and separations, and has foundthat the conduction 
process always takes place through the glass substrate 
supporting the film. 

He analysed the measurements in terms of two 
possible conduction processes, quantum mechanical 
tunneling and thermal activation of the electrons, 
Four categories of film were found to occur, according 
to whether the diameter and separation of the globules 
exceeded. 200 dngstroms and 40 àángstróms respec- 
tively. For large globules and small separation the 
tunnelling process dominates anc for small globules 
and large separation the therma activation process 
dominates. 

After a half-hearted apology tor still thinking in 
angstroms rather than SI units— more subtle excuses 
for retaining the áàngstróm will ne doubt be found as 
time goes on—Dr Hill went on to compare theoretical 
estimates of the heights of the potential barriers 
between globules with those deduced from his experi- 
ments. Some measure of agreement was obtamed 
except for small globules, but refinements to the theory 
are needed before the conduction mechanism in ultra- 


thin films can be considered as cuantitatively under. 
stood. 
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THE oxygen affinity of haemoglobin within the red cell 1s 
lower than that of haemoglobin in free solution!-?. In 
commenting on this difference, Barcroft wondered as 
early as 1921, "Is there some third substance present . 
which forms an integral part of the oxygen -haemoglobin 
complex ?'"*. Itis therefore serpari that the discovery 
by Greenwald? in 1925 that D-2,3-diphosphoglycerate 
(DPG) is present in high concentrations in pig red cells, 
and the subsequent demonstration that this is true for 
many other species including man, did not lead to an 
investigation of its effect on oxygen binding by haemo- 
globin until very recently’, 

The realization that DPG is actually present in approxi- 
mately equimolar concentrations to that of haer noglobin 
in the human red cell? led us to examine its effect on the 
oxygen dissociation curve of haemoglobin’. It quickly 
became apparent that DPG and certain other organic 
polyphosphates present in the red cell, such as ATP and 
ADP, profoundly lower the oxygen affinity of haemo- 
globin. Furthermore, these compounds only change the 
overall oxygen affinity and have no influence on the other 
allosteric properties of haemoglobin such as the "heme- 
heme interaction" * and the Bohr effect (unpublished 
observations). 

As prepared by the commonly used Drabkin procedure", 
haemoglobin still contains about 0-5 mole of DPG/mole, 
but this can be completely removed as we have previously 
deseribed®. The oxygen binding properties of such 
"stripped" haemoglobin as compared with myoglobin, 
on the one hand, and haemoglobin in whole blood on the 
other, are illustrated in Fig. I (ref. 12). 
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Fig. 1. 


The most striking fact which emerges from this com- 
parison is that the oxygen affinity of haemoglobin can 
reach that of myoglobin. In spite of its high affinity, 
however, oxygen binding by "stripped" haemoglobin is 
still cooperative. so that the two curves only coincide 
over the upper portion, where on the average one haem 


2,3-Diphosphoglycerate is present in the red cells of many species 
at about equimolar concentration to haemoglobin. 
oxygen affinity and thus facilitates oxygen unloading because it is 
preferentially bound to deoxyhaemoglobin in the ratio of one mole 
per tetramer. 


it lowers the 


remains unoxygenated. ‘Thus, for the first time, it can 
be concluded that the intrinsic affinities for oxygen of the 
haems in haemoglobin and myoglobin are the same. ‘This 
is reasonable, because in both proteins the same haern is 
attached by the same linkage to a globin chain of very 
similar conformation!®* On the other hand, addition 
of DPG in concentrations equal to those of effective 
organic phosphates in the red cell shifts the oxyzen 
dissociation curve of stripped haemoglobin to that of 
whole blood (Fig. 1). 

It is instructive to examme oxygenation curves of 
haemoglobin in which less than 1 mole DPG/mole Hb is 
present. In this case the ony Benetin proceeds in two 
steps as shown in curve B, Fig. 2. In a solution containing 
0-5 mole DPG/mole Hb a break occurs at 50 per cent 
oxygenation—that is, the point where the oxygenation of 
the "stripped" haemoglobin with its high oxygen affinity 
is followed by that of the haemoglobin DPG complex 
with a much lower oxygen affinity. 


Biphasic Oxygenation Curves 

An even more striking example of biphasic oxygenation 
curves in the presence of less than 1 mole of cofactor/mole 
of Hb is shown in Fig. 3. Here mositol hexaphosphate 
(THP), which replaces DPG in the red cells of birds and 
turtles*, was used. These curves show that the stripped 
haemoglobin can actually be titrated with the phosphate 
ester using oxygen affinity as the end point because the 
affinities of the phosphate-free and phosphate-complexed 
haemoglobin differ so widely. The fraction of low affinity 
haemoglobin in each curve is numerically equal to the 
molar ratio of LHP to Hb tetramer, so the orgame phos- 
phate evidently combines with the protein in a ratio of 
1 mole/Hb tetramer. 

Direct measurement of the binding of DPG to Hb? 
confirmed that this phosphate ester is also bound in the 
same ratio (Fig. 4). Furthermore, under near physiologi- 
eal conditions, that is, pH 7-30 and 0:1 M NaCl, it is 
bound only to deoxy, but not to oxvhaemoglobin. The 
ae of ony ee and oe t to on is thus 


tion of a in ge presenco of DPG can be written 
HbDPG -+ Qz ia *HbO, d- L JPG 


The dissociation constant of the haemoglobin DPG 
complex was found to be 2x 10-5 M at 20" C from the 
binding measurements. The corresponding value cal- 
eulated from the magnitude of the shift in the oxygenation 
curve with increasing DPG concentrations (Fig. 5) is 
1-6 x 10-5 M. 

The preferential affinity of DPG for A duod 
therefore accounts in energetic terms for the decrease | 
oxygen affinity in the presence of DPG. The search fora £ 
binding site on the haemog globin molecule led us to 
examine the behaviour of the isolated « and B subunits 
of human haemoglobin towards DPG (ref. 12). Ás can 
be seen from Fig. 6, this compound has no effect on the 
oxygenation eurve of either kind of subunit. Binding 
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Fig. 2. Oxygenation curves of 0-3 per cent haemoglobin in 0-01 M Nati 
at 10° C and pH 7-0 (before deoxygenation). Curve A, "stripped" 
haemoglobin; curve B, "stripped" haemoglobin-- 0:5 mole DPG per 
mole; curve C, "stripped" haemoglobin -1-0 mole DPG per mole. 


measurements, on the other hand, revealed that, while 
a chains do not react with the organic phosphate at all, 
the B chains bind 1/4 mole of DPG/8 chain in both the 
oxy and deoxy forms (Fig. 7) The significance of this 
finding is based not only on the fact that the 8 chains, 
in contrast to the x chains, exist as tetramers (8,), but 
that this tetramer maintains a deoxy eonformation even 
in the oxygenated state". lt seems therefore that an 
essential requirement for binding DPG is a tetrameric 
molecule in the deoxy conformation. A choice of the 
site where DPG is bound to deoxyhaemoglobin must, of 
course, take into account the remarkable stoichiometry 
of the reaction—that is, 1-DPG/Hb tetramer. The most 
logical place would be along the dyad axis of symmetry 
and, more specifically, the central cavity, which is known 
to contain a number of basic amino-acid residues!*. 
While the entrance to this cavity in oxyhaemoglobin is 
only 5 À (which could not accommodate DPG), it is 
significantly wider in deoxyhaemoglobin!*-??, This locus 
would thus provide a structural basis for the finding that 
DPG is only bound on haemoglobin tetramers which are 
in the deoxy conformation. 
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Fig. 3. Effect of LHP on the oxygenation of haemoglobin Hb concen- 

tration: 0-3 per cent (4-6 x 10° M) in 0-01 M NaCl, pH 7-0 (before 

deoxygenation) temperature 10? C, x, No IHP; A, 1:2x10?^ M THP 

(0-26 mole/mole); C, 2-3 x10- M IHP (0-5 mole/mole); &,3:5x 10 * M 
IHP (0:76 mole/mole}; A, 4:6 107^ M IHP (1-0 mole/mole). 


The discovery that the oxygenation of haemoglobin is 
decisively influenced by certain organic phosphates in 
the red cell has opened up new vistas in understanding 
the mechanism of oxygen unloading in the tissues. As 
pointed out by Astrup et al.?' the position of the oxygen 
dissociation curve has always been regarded as a fixed 
parameter influenced only by temperature and pH. The 
physiological variation of these factors is obviously 
too limited to provide an efficient control mechanism. 
The level of effective organic polyphosphates. on the 
other hand, is a metabolically controlled environmental 
factor which should be capable of regulating oxygen 
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unloading in different physiological aad even patho- 
logical conditions. 

The total phosphorus of the human ved cell amounts 
to about 13 mequiv./1.?. There is very little inorganic 
phosphate?! and the two major organic phosphate esters 
present are DPG and ATP, both of wkich have sinular 
effects on oxygen release by haemoglokin. The sum of 
these two ester phosphates in the erythroeyte amounts to 
between 6 and 7x10- M. Because the haemoglobin 
concentration is about 5 x 10-? M, between land 2 x 103° M 
organic phosphate is left free and ths is sufficient to 
saturate the haemoglobin. DPG deserves special atten- 
tion not only because it is present in much higher con- 
centrations than ATP but also because significant con- 
centrations of this compound are found only in the red 
celi. Its formation there, via a branek of the Embden- 
Meyerhof pathway, that is, the convermon of 1,3-DPG to 
2,3-DPG catalysed by diphosphoglycerate mutase, can 
be regarded as an example of an orgaa adaptation. In 
fact, in the red cell, 2,3-DPG, rather taan pyruvate and 
lactate, is the chief end product of glicose metabolism. 
Thus Rapoport and Nieradt?^* estimate that as much as 
90 per cent of the glucose is converted .o 2,3-DPG. 


Moles DPG bound/mole Hb 
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Fig. 4. Binding of DPG by human haemoglobir in 0-1 M Natl at »H 
1:30, temperature 22^ 2° €. 
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In metabolic terms, it is difficult ¿o understand the 
reason for the accumulation of this “ow energy" stable 
compound. The recognition that it acts as a highly 
effective regulator of oxygen transpom now leaves little 
doubt as to its function. 

A number of mechanisms can partic pate in controlling 
the concentration of DPG., The demorstration by Dische, 
as early as 1941 (ref. 24), that 2,3-DE3, in physiological 
concentrations, markedly inhibits red cell hexokinase 
actually represents the first description and recognition 
of a feed-back mechanism. DPG syntnesis is also limited 
by the extreme sensitivity of diphospaoglycerate mutase 
to product inhibition?5-?7, 
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Fig.5. Effect of DPG on the oxygenation curveof human haemoglobin. 

Haemoglobin concentration: 0-3 per cent (4-6 1075 M) in 0-1 M. NaCl, 

pH 7-0 (before deoxygenation); temperature 20° C. x, No DPG; 

n 2x10* M DPG; A, 4x10* M DPG: (7 606x102 M DPG; V, 
8x107* M DPG; €, 10x10 EF DPG, 
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Fig. 6. Effect of DPG on the oxygen equilibrium curves of haemoglobin A and its dn 
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On the other hand, the specific and rather tight binding 
of 2,3-DPG to deoxyhaemoglobin will counteract the 
inhibitory effect of this compound on its own synthesis. 
Thus the degree of oxygenation of haemoglobin in the 
erythrocyte will automatically regulate the DPG level, 
which in turn controls the distribution between free and 
bound oxygen. It has actually been found by Asakura 
et al.?* that, while the rate of glycolysis and the rate of 
formation of 2,3-DPG is the same in human red eell 
suspensions in oxygen or carbon monoxide, it inereases 
significantly under nitrogen. Neither oxy nor carbon- 
monoxyhaemoglobin should bind DPG under physiological 
conditions, so this observation strongly supports the 
regulatory role of deoxyhaemoglobin on DPC synthesis. 

The realization that intracellular phosphate esters can 
regulate oxygen release by haemoglobin has already 
led to several investigations of some well known but 
hitherto unexplained phenomena. 

For example, Edwards and Rigas?* showed that in vivo 
the oxygen affinity inereases with the age of the erythro- 
eyte and they suggested that this might be explained by a 
decrease in DPG concentration with red cell age. Bunn 
et al.™ have now found that this is the case and that the 
magnitude of the deerease in DPG levels with age is 
sufficient to account for the increase in oxygen affinity. 

The same relationship holds true in vitro, where a 
disappearance of DPG on storage??? 1s accormpanied by 
a marked increase in oxygen affinity®*34 which persists 
even after transfusion. Controlled experiments confirming 
this inverse relationship directly have recently been 
reported by Akerblom et al.** and Bunn et al. The 
profound influence of DPG on the oxygen affinity of 
haemoglobin in the erythrocyte has also been demon- 
strated by Engel and Duc, Inhibition of glycolysis with 
iodoacetate was followed rapidly by parallel decreases in 
DPG concentration and increases m oxygen affinity. 
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Fig. 7. DPG binding by isolated 6 subunits (Bi) in 0-1 M NaCl at pH 
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Bunn et al.?* also suggest an explanation for the old 
observation that the slope of the oxygenation curve 
becomes steeper when red cells are haemolysed. A normal 
red cell population contains young cells with high coneen- 
trations of DPG and low oxygen affinity mixed with old 
cells with low eoncentrations of DPG and high oxygen 
affinity. Haemolysis causes redistribution of DPG among 
all the haemoglobin molecules present, giving them à more 
uniform oxygen affinity. 

The concentration of DPG in the red cell cannot be 
raised by adding it to the medium beeause the membrane is 
impermeable to this highly charged anion. The decrease 
in DPG and ATP on blood storage can, however, largely 
be prevented and even reversed by certain nucleosides, 
such as mosine and adenosine?'-3?, As expected, these 
compounds also counteract the increase in oxygen affinity 
on storage?9^?5, The nucleosides probably exert their 
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Fig. 8. Variation of erytarocy te THR content and oxygen affinity with 
age in the developing chick. ©, Pse plotted from the data of Hail": 
e. IH P (phytic acid) content plot ted from the data of Oshima ef aL“ 


effect by means of phosphorolytie cleavage to the purine 
base and ribose 1- phosphate which is then converted E 
2,3-DPG through pentose shunt reaetions??. It remains 
to be seen whether compounds such as inosine can sd 
the erythrocyte DPG concentrations above normal. If 
so, may the day never come when an Olympic gold medal 
or a victory in the Derby will merely be an index of how 
much inosine man or horse can put away. 

The distribution of DPG and ATP in the blood of 
different species was studied extensively by Rapoport 
and Guest*. Two interesting features deserve comment. 

Although DPG is widely distributed throughout the 
animal kingdom, it is notably absent in the blood of 
ungulates. It is therefore not surprising that procedures 
for the removal of small molecules were without effect 
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on the oxygenation curve of sheep haemoglobin*. The 
haemoglobin of these animals 1s evidently able to function 
without the participation of cofactors because the oxygen 
affinity of "stripped" sheep haemoglobin is in the range 
of that of human haemoglobin eomplexed with DPG. 
The haemoglobins of ungulates, however, are known to 
differ from those of other mammals in their amino-acid 
sequence; for example, their N-terminal residue is 
methionine instead of the usual valinet!, 

The erythroeytes of birds and turtles represent another 
special category in which DPG is entirely replaced by 
inositol hexaphosphate. It has been known for some 
time that the oxygen dissociation curve of avian blood is 
considerably to the right of that of human blood, pre- 
sumably to facilitate more efficient oxygen unloading in 
this very active species. We have demonstrated that this 
difference can be accounted for solely in terms of the 
different phosphate cofactors in the two species. Thus 
stripped chicken and human haemoglobin have almost 
identical oxygen affinities. Both haemoglobins, on the 
other hand, exhibit the oxygen affinity of avian blood 
in the presence of IHP, but that of human blood in the 
presence of DPG. 

The inverse relationship between oxygen affinity and 
the concentration of phosphate cofactor is particularly 
striking when these two variables are followed as a 
function of age in the chicken (Fig. 8). 


Foetal Blood 

The recognition that oxygen unloading to the tissues 
is decisively controlled by DPG and ATP has recently 
given rise to an explanation for the higher oxygen affinity 
of foetal as compared with maternal blood**-5. The data 
on concentrations of DPG in these two kinds of blood are 
conflicting and suggest that the difference cannot be 
accounted for in this way?*. Tyuma and Shimizu*® have 
now shown that, while the oxygen affinity of stripped 
haemoglobin F is actually lower than that of adult haemo- 
globin, the effect of DPG and ATP in lowering the oxygen 
affinity is much greater for the adult than for the foetal 
haemoglobin. The binding of the phosphates to deoxy- 
haemoglobin F must therefore be significantly weaker 
than to deoxyhaemoglobin A, provided these compounds 
are again only bound to the deoxy form. It will be 
fascinating to search for the origin of this situation in 
terms of the well known structural differences between 
haemoglobin F and haemoglobin A (ref. 50). 

A particularly interesting problem in respiratory 
physiology is the mechanism of high altitude adaptation 
in man. Recent investigations of Lenfant et al.*! strongly 
suggest that this phenomenon is also controlled by 
adjustments in the level of organic phosphates in the 
blood. A change in altitude from sea level to about 
15,000 feet was accompanied within 24—36 h by a shift of 
the oxygenation eurve to the right and a simultaneous 
elevation of the concentrations of DPG by about 50 per 
cent. Both changes were reversed with the return to sea 
level. The same increase in oxygen affinity and decrease 
in concentration of DPG even occurred in indigenous high- 
landers when they descended to areas of normal barometric 
pressure. This indicates that the adjustment of the con- 
centration of DPG takes place within existing red cells 
rather than by erythropoietic mechanisms. 

The oxygen deficit at high altitudes will lead to an 
increased concentration. of deoxyhaemoglobin in the 
venous circulation. Only this form of haemoglobin binds 
DPG and therefore the synthesis of this substanee will be 
stimulated by its removal, because, as we have pointed 
out, it acts as an inhibitor of several steps in its formation. 

A shift of the oxygenation curve to the right, presumably 
to facilitate unloading of oxvgcn, has now been reported 
in à number of clinical conditions associated with hypox- 
aemia such as congenital heart disease. chronic obstructive 
pulmonary disease and various types of anaemia??. It 
will be of great interest to ascertain how far these effects 
can be traced to changes in the level of effective organic 
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phosphates. In the case of certain anaemiias, the increased 
reticuloeytosis must certainly lead to a red cell population 
enriched in DPG. This will, for example, apply to 
anaemias caused by bleeding and it is :empting to specu- 
late whether this ancient therapeutic procedure was an 
unwitting attempt to brmg more oxygen to the tissues. 

Some of the congenital deficiencies o? enzymes involved 
in anaerobic glycolysis are of specal interest. For 
example, concentrations of DPG are depressed in cases of 


DPG mutase deficiency®*, but no data cn oxygen transport 
have as yet been reported. In patients with pyruvate 


kinase deficiency, on the other hand. the DPG content 
of the erythrocytes is markedly elevated*?, Mourdjinis 
et al.?* have recently reported on twe siblings with this 
disease in which the red cell DPG concentration was 
almost doubled. This was accompanied by a shift in the 
Ps from the normal value of 26 mra to 38 mun. The 
magnitude of this decrease in oxygen affinity would per- 
mut the release of as much oxygen from 9 g per cent of 
haemoglobin as from normal blood containing 15 g 
per cent of haemoglobin, 

There are some indications that ten transport across 
the red cell membrane may also deperd on the binding of 
DPG to deoxyhaemoglobin***, This suspicion is based 
on the observation that there is an increase in sodium 
transport only in conditions where hazsmoglobin is present 
in the deoxy form, but not under oxygen or carbon 
monoxide”, 

As pointed out before, DPG disappears from the red 
cell during storage in acid conditioas. Rapoport’ has 
shown that this also occurs in vivo when human subjects 
are made acidotie with ammonium enloride. It is there- 
fore possible that the persistent hyperventilation in patients 
recovering from diabetic corma—even after correction 
of the acid-base balance—-may be duc to a slow recovery of 
normal DPG levels in the erythrocytes of these patients. 


Influence of Drugs 

The dependence of normal oxyger release on optimum 
concentrations of organic phospha:e esters within the 
red cell also raises the question of naow this relationship 
may be influenced by variousdrugs. Varked shiftsin oxvgen 
affinity could result from the effect of such compounds 
on the various enzyme systems which control the synthesis 
and destruction of the unloading facnors for oxygen. 

There has been much discussion of ate about the wisdom 
of supporting basie science®®, The investigations described 
here provide a good example of how quickly a discovery 
in rather basic molecular biology caa lead to new insights 
in related fields, such as physiology and medicine. 

The work reported was supported in part by the US 
National Science Foundation, the National Heart Insti- 
tute of the US Publie Health Servme, and the American 
Heart Association. R. B. holds a esearch career award 
from the National Heart Institute. 
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Development of Scientific Research in Poland 


by 
IGNACY MALECKI 


Polish science has expanded rapidly since the recovery of indepen- 
dence in 1918. There are now more than 250 research centres 


connected with the universities, the Government and the Polish 


Polish Academy of Sciences, 
Warsaw 


HISTORICAL events have greatly influenced the develop- 
ment of scientific research in Poland. At the end of the 
seventeenth century, for example, progress in education 
and research came to a halt after the loss of independence; 
for 150 years, while Poland was governed by Russia, 
Prussia and Austria, scientific centres were denied all 
but very modest resources, and scholastic interest was 
confined chiefly to the humanities. 

After the recovery of independence in 1918, many 
Polish scholars returned home. In spite of economic 
difficulties and limited scientific understanding on the 
part of the Government, six universities and two technical 
high schools were founded in a relatively short time and, 
in certain fields, Poland began to be recognized i in the world 
of science. 

Scientific activity was suppressed by the Nazi forees 
who oceupied Poland for 5 years during the Second World 
War. Of 603 institutes and laboratories, 357 were com- 
pletely destroyed. and the scientific libraries in Warsaw 
lost approximately 80 per cent of their volumes. The 
most severe loss, however, was of university teaching 
staff, of whom about 40 per cent died during the war. 

After the war the universities and research institutes had 
to be completely reorganized, for the most part with young 
researeh and teaching personnel. Within three years 
(1945—48), eight universities, six higher technical schools 
and fifteen industrial institutes were either founded or 
reconstituted, 

The principal scientific institution in the country, 
the Polish Academy of Sciences, was founded in 1952. 
In 1955 the Office of the Commissioner for the Peaceful 
Use of Nuclear Energy was set up. and in 1957 the Funds 
for Technical and Economic Progress was formed. In 1958 
the system of higher education was modified, and 3 years 


Academy of Sciences. 


later the status of research workers in different institutes 
was standardized. The year 1963 saw the establishment of 
the Committee of Science and Technology to coordinate 
scientific research, principally that concerned with tech- 


nology, and to control the allocation of resources for 
research. Efforts to modernize the structure of the univer- 


sities and to coordinate research more productively are 
still being made, but these changes will not affect the 
essential structure of scientific research in Poland. 


Research Centres 


With respect to the organization, financing and nature 
of scientific research there are three principal groups of 
institutions: the universities, the institutes of the Polish 
Academy of Sciences, and the Government institutes, 
most of which are industrial. At present there are seventy- 
six establishments of university standard, in which, for 
greater efficiency, chairs of related subjects are grouped 
together as larger units—the university institutes. 

eas m IOS hon schools and Tugher 
of E ducati ion, „ the nc d ac: Gnd nib are under fe Mas 
try of Publie Health and the higher schools of art are 
under the Ministry of Culture. 

The higher school system has expanded rapidly; 
m the ac ademic ye Ar 2 dua -67 there e were 2 271,500 VEM 
of sine schiüdls- in Fou year 1966 - 67 Pd of 3.865 
professors and associate professors, 16,000 assistant pro- 
fessors and assistants and 2,100 lecturers. 

In the research centres of the Polish Academy of 
Sciences there are no teaching duties except for training 
for doctorates. The academy has eighty-one research 
centres, including twenty-three institutes—establishments 


NATURE. VOL. 221. FEBRUARY 15, 1969 


with more than two hundred employees. There are 
twenty-seven centres dealing with science, and twenty-five 
concerned with the social sciences. In 1967, the academy 
employed 6,850 workers, of whom 2,230 were engaged in 
research, 

In 1966, there were 122 Government 
corresponding central laboratories, with 42,100 employees, 
of which approximately 9,000 were research workers. 
From 1961 to 1966 the total number of research workers 
in the country increased by about 45 per cent. 

The training of young research workers ts encouraged 
by the provision of scholarships and other facilities for 
postgraduate and doctorate studies. In 1966, 1,986 
people obtained their doctorate (596 were women). 

Industrial laboratories and design units, very important 


institutes and 


for technical progress and the application of the results of 


research, employ approximately 100,000 people, and are 
spread all over the country, concentrated chiefly in indus- 
trial regions. 

Most scientific societies which stimulate and protect 


scientific interests are subsidized by the Academy of 


Sciences, but they are to a large extent autonomous. 
There are fifty-five specialized scientific societies with 
members from specifie disciplines such as mathematics 
and biochemistry, and fourteen of a more general nature. 
The committees of the academy serve as a forum for 


scientific discussions and influence the organization of 


research programmes; scientists serve on several of these 
committees together with representatives of economic 
and cultural life, and this has led to a fuller appreciation 
of the practical applications of research. The academy 
has at present 111 full members, 121 corresponding mem- 
bers and 80 foreign members. 


Expenditure on Scientific Research 


The system for financing research is designed to adapt 
to the kind of investigation planned, and therefore differs 
from group to group. The principal sources of money are: 
(1) the State Budget, in which the Ministry of Education. 
the Polish Academy of Sciences and the Commissioner for 
the Peaceful Use of Nuclear Energy are concerned, to- 
gether with other ministries, and (2) the Funds for Techni- 
cal and Economic Progress, made up of contributions from 
industry which represent a certain percentage of the over- 
all value of production of a given industry, which naturally 
varies from industry to industry. Part of the funds 
remains with the factories to finance local enterprises: 
another part is transferred to the industrial trusts or the 
ministry financing the subordinate research institutes 
and development programmes, for example. pilot plants. 
while a third part is deposited with the Committee of 
Science and Technology for use in certain national 
programmes. The ratio of budget expenditure to the 
Funds for Technical and Economie Progress varies 
annually, but can usually be expressed as 3 : 2. 


The universities and institutes of the Polish Academy of 


Sciences are financed from the State Budget. and the 
industrial institutes are financed from the Funds for 
Technical and Economic Progress. But both higher 
education centres and the academy institutes receive 
additional resources from the Committee of Science and 
Technology, the relevant ministries and directly from 
industrial establishments, for carrying out particular 
orders such as an unusual construction or special research 
apparatus. In schools of further education a considerable 
part of the budget is set aside for teaching. 

On average. the annual increase in expenditure on 
research varies between 7 and 9 per cent; compared with 
1961, research expenses in 1966 had increased by 45 per 
cent. This and the annual increase in personnel employed 
in research—on the whole about 6:1 per cent—provide 
evidence of a gradual. if still insufficient, increase in 
research resources. 

The general principle of Polish policy is to supply a 
"thin" overall layer of resources and personnel to the 
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scientific community. This helps to maintain a high level 
of teaching in the universities and creates the proper 
conditions for the assimilation. of the results of inter- 
national science. Within this general framework, resources 
and personnel are concentrated around eertain focal points; 
in some cases this has happened quite spontaneously, as 
in the schools with established traeitions and widely 
recognized status. Certain problems also have been 
recognized as particularly significant, and have been 
deliberately chosen for special consideration. These 
problems fit into five groups now described. 


Trends in Research 


(1) Problems concerned with raising the standards of 
health and the environment cover research in medicine, 
microbiology, biochemistry, human geneties, pharma- 
ecology and the ecology of human life, the control of water 
and air pollution and the problem of water economy. 

(2) Problems connected with food involve agriculture, 
the food industries and nutrition research. Plant and 
animal genetics, complex research ia microbiology and 
physics, the chemistry of soil and the effects on foodstuffs 
of chemical preparations used in agriculture also come 
under this heading. 





Nuclear reactor Anna at Swierk. 


(3) Increasing the use of naturel resources involves 
research aimed at improving the methods used for pros- 
pecting the deep Earth layers, and faller utilization of the 
geological resources of the southerr Baltic. During the 
past twenty years geological and geophysical prospecting 
has shown that Poland is comparatively meh im raw 
materials such as sulphur and copp.r ore. 

(4) Management of the national economy in a socialist 
country is the concern of all level- of management and 
involves economics, sociology and law. Particular 
attention has been paid to investm nts, the price system 
and regional planning. Great sgnificance has been 
attached to operational methods aad the application of 
computers in publie and industrial administration. 

(5) Research for technical progress is concerned chiefly 
with the improvement of materiels; investigations of 
the physies of solids, silicates and polymers; the trans- 
formation and transport of energy; nuclear electrical 
engineering; high voltages. technology control engineer- 
ing and automation; cybernetics. theory of systems; 
data processing and communicatioa; theory of informa 
tion; foundations of programming and the whole of the 
chemical and machine industries. 

For a complete view of the situateon, it is also necessary 
to mention developments in the humanities which are 
vitally connected with the formation of the national 
culture. History, linguisties and philosophy each have 
their own rich tradition, and are subsidized on a large 
scale; more recently greater emphasis has been laid on 
the development of sociology. 
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Rotating Neutron Stars 


by 
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SEVERAL authors have pointed out that the clock mechan- 
ism and the energy of pulsars must be connected with 
the macroscopic motion of large condensed bodies such as 
white dwarf or neutron stars. On the other hand, the 
radiation process and the more erratic details of the pulse 
strueture, amplitude, polarization and so on are likely to 
invoke the physical properties of the circumstellar plasma 
and geometrical considerations. The discovery of the 
pulsating sources PSR 0833-45 and NP 0532, both 
having periods shorter than 100 ms (refs. 1 and 2), is 
evidence against white dwarfs as the basic cause of the 
phenomenon. The association of these two sources with 
supernova remnants (Vela X and the Crab nebula) 
greatly strengthens the hypothesis that pulsars are 
connected with neutron stars. If each type II supernova 
gives rise to a neutron star, it is clear that the number of 
pulsars in our galaxy is smaller by several orders of magni- 
tude than the number of neutron stars. Very special 
geometrical or physical eireumstances must therefore be 
associated with neutron stars if they are to be detected as 
pulsars. <A first possibility is that the emission is very 
directional so that we can see only a small fraction of the 
existing pulsars. Another possibility is the decay of the 
magnetic field of the neutron star; although the con- 
ductivity of stellar matter 1s very high, the decay time 
ean be < 108 yr because of the small stellar radius’. 

The notion that pulsars are vibrating neutron stars 
can be criticized on the grounds either of binding energy 
considerations or the emission of gravitational waves 
Unless something basically new in the physics of super- 
dense matter comes into play , it seems more rewarding to 
investigate the possible connexion of pulsars with the 
rotation of neutron stars. 


If rotation is both the clock mechanism and the 
energy source, the following relation must be fulfilled 
da 1 oP | 
gm (1) 


di 2€ WR 


Here œ is the rotation frequency, P and Wp the observed 
source power and rotational energy of the star respee- 
tively, and g (< 1) represents the efficiency of converting 
rotational energy into pulsar radiation. An upper limit 
to the secular change in frequency ean be established by 
observation and in some eases the period is stable with 


do Ae. TO gs 
edt 


Several mechanisms involving the rotation of neutron 
stars have been proposed. In particular, Gold has 
suggested a rotation model in which the star, surrounded 
by a magnetosphere, has an inhomogeneity in its magnetic 
field’. 


t (ref. 5). 
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and Pulsar Emission 


The oblique rotator model of a neutron star can provide a mechanism 
to transfer rotational energy into the circumstellar plasma, produ- 
cing periodic shock waves. 
activity sometimes observed in supernovae remnants. 


This mechanism is also relevant to the 


and magnetic axes of which do not coincide. One of us 
(F. P.) has already considered this ease in connexion with 
pulsars and the energetie stoekpile in supernova rem- 
nants*: it ean be shown that in this case lar ge amounts 
of rotational energy are released by the star in the form 
of low frequency electromagnetie waves. A pulsar model 
based on the kinematies of the oblique rotator has also 
been considered by B. Eastlund (unpublished work), but 
the basic energy source is not discussed in this work. 
Although some of the considerations which follow are 
valid for all models based on rotation, we shall pursue in 
partieular the oblique rotator model. 

An oblique rotator radiates rotational energy at a rate 
given by*:$ 


d Wr 27 | 
"ra EE c oH? sinë i ae (3) 
C o6 


Here we have used c.g.s. units; « is the star radius, i 
the angle between magnetic and rotation axes, and He 
the surface magnetie field of the star. The energy require- 
ments for pulsars are in the range 10?* up to 10% ergs s~? 
depending on their distance, apparent intensity and radia- 
tion pattern. It is clear from equation (2) that this 
condition can be met by a rotating canonical neutron star 
(M 2 x 10g, a= 10* em and H,=10' gauss up to 10!? 
gauss) if pulsar periods are interpreted as rotation periods. 

The stellar rotation generates electromagnetic waves at 
a distance r>c/o. These waves cannot propagate as 
such very far outwards because their frequency is the 
basic rotation frequency and therefore very low. They 
exert instead a periodic and rapid compression on the 
circumstellar plasma. The radial component of this 
radiation pressure is found to be 


" H? sin? 4 ae í 
Por = meo E de 1+ simn? 8 eos | of LOL p 
D ad i Y 


1! 
dj 


In our formulae 0 and © are polar coordinates, the rota- 
tion pole corresponding to 0-0. We also notice the 
existence of a tangential component of the pressure 


H? ain? g gê 


- — gy? sin Ü sin? 
2c? d 


“Tr 
col D (4) 


z 


This component will tend to drag the electrons around 
and to generate azimuthal currents. The equilibrium of 
the plasma is then determined by the balance between 
radiation pressure, centrifugal forces, internal stresses 
(ineluding magnetie field) and gravitational forces. 

For simplicity’s sake, we limit ourselves to the con- 
sideration of what happens in the plane perpendicular to 
the rotation axis (0 — 7/2). In this plane there are always 
two simultaneous. diametrically opposite, maxima of 
pressure and their position rotates with the star. The 
same maximum repeats itself at a given point with a 


DU 
E. S. 
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period T,-z/o. The disturbance generated by this 
maximum of pressure propagates outwards with a velocity 
v. assumed here to be constant. At a certain time we 
have therefore a front of perturbations which have left 
the inner parts of the cireumstellar plasma at r-r, at 
different times and from different points (Fig. 1). 





wG r*«ugsconst 
ru 
Ü 





tga= »1 


Fig. 1. Wave fronts and radiation pattern in the equatorial plane. 


A generic perturbation which started at a distance r, 
from the star at time f, with azimuth 9, moves outwards 
radially as follows 

fTydv(É-— ty) (8) 

P = Po 
Different elements of the perturbation front from a 
helical pattern with equation 

e 

r + o— ọ = const. (6) 
o 
This pattern rotates with the same frequency co. We 
now assume that the disturbance produces, after a time 
tT), a radiation burst lasting a short time interval Act, 
Only that part of the helices contained between the cir- 
cumferences of radii rg+vt, and ratel tat Ac) will 
participate in the radiation process. 

One thus expects two opposite. simultaneously emitting 
regions separated by a distance 2 (ra +U 7), usually not 
symmetric relative to the line of sight. This can explain 
the double structure of the pulses often observed. If we 


assume that the radiation is emitted within a cone of 


aperture 8, both backwards and forwards, and if we call 
T, the pulsar period, +, the time width of a single sub- 
pulse and +, the time delay between two sub-pulses, 


simple geometrical considerations give us the following 
relations 
T= =- (Ta) 
(Q 
8. 8 
Ty m 00 A ~ 7, (76) 
d. 
2v 2 
Ta = = — vT, (7c) 
CC) T 
8 
We have assumed that Aty<~= t The relations are 
e 
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valid when the radiation is emitted in a direction tangen- 
tial to the perturbation front; an emission directed along 
the normal to the front would give 


A relation of the type (75) is supported by the observations: 
shorter pulses are indeed usually assomated with shorter 
pulsar periods. From the observations, typical values 
vz 108 em s“ and 32/107! rad can also be estimated. 

Much more work is needed to clarify the emission 
process and to determine the efficiency for transforming 
the rotational energy into the observed radiation. Some 
preliminary considerations are given here. In a situation 
where the radiation pressure of the primary, low frequency. 
electromagnetic waves acts periodically on the external 
plasma containing a magnetic field H,, we expect genera 
tion of hydromagnetic disturbances and eve ontually 
formation of collisionless shock waves. These gradually 
dissipate the incident energy into electrostatic turbulence; 
part of the turbulent energy and the energy still stored in 
the ordered drifts of particles can be transformed into 
radio emission. 

We consider of special interest the case when wy < tòs 
where the shock is formed, but also wi > c: (ap is the 


m 

— £pi; we aNd wer 
N m. 
are the local eyelotron frequencies of electrons and ions 
in the field H,). In this case the laminar hydromagnetic 
waves steadily propagating perpendicular to H, have 
speed v, between the Alfvén speed va and Bwa (ref. 10), 


local plasma frequency and tpi= 





ne 
where v4 > JE vc. The thickness of the 3ronts, determined 
Trig 


by a strong electrostatic structure, 


is rather small as 
UA * 


where Af=-~ The eleetron 


Qpi* va 
velocity along the front is high, and ia fact relativistic 
for M *2; even for M? — 1-21 the threshold for an electro- 
static instability can be easily reached! This instability 
is of the two-stream type, with maximum imaginary and 
real frequencies v a few times larger than «oi. A broad 
spectrum of electromagnetic radiation caa result from non- 
linear mode coupling, and especially from non-linear 


given by (M?—1yi 


scattering in the presence of many fast electrons!*. The 
emussion can then be principally tangental; the n 
extends from max (v.op?/o.) well beyord wy. If v > 10° 


em s-! is identified with va and the lower edge of the spec- 
trum is taken at 20 MHz, then n z 5x 14" em and H,z 
50 gauss. 

We note that when Op «€ 0, the extraosdinary mode can 
propagate away, perpendicular to the local magnetic 
field. for frequencies less than the plasma frequency. In 
this case there is no Faraday effect inside the source; a 
large Faraday effect is incompatible wth the observed 
polarization because the latter would be washed out by 
the spread in polarization over the frequency band of the 
receiver. Detailed work on this is in progress. 

Finally, we mention how Ae second, faster. periodicity 
T,~10 ms found? in CP 1919, AP 2015 28 and possibly 
other pulsars can be interpreted within che scheme. We 
have investigated in ES ELE eru. re Dod No. 2] 
(Dec. 1 








This, eda requires: iouis. rigidity 
Ae w vhich must be checked against further develop- 
ments of structure models of neutron st The poor 
stability of T, supports a simpler interpretation based 
on oscillations of the circumstellar plasmas around their 
equilibrium position. 

To conclude, it seems to us that the oblique rotator 
model for a neutron star can provide a basic mechanism 
to transfer rotational energy from the star into the eireum- 
stellar plasma and cause a periodic generation of shock 


ars git) 
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waves there. We also emphasize that the large energy 
release which corresponds to the higher values of « makes 
this mechanism relevant not only to the pulsar pheno- 
menon but also to the general activity observed in some 
supernova remnants*/?. If both the Crab nebula and the 
pulsar within it are drawing energy from neutron star 
rotation, the pulsar period will change according to 
equation (1), but P represents now the total power 
emitted by the Crab. Because P = 2-4 x 10* ergs s^! for a 
canonical neutron star spinning thirty times per second, 
this leads to a secular decrease of rotation frequency 


== &2 x 10 s7, The observations give a value close to 


tod 
2 x 10-1 which corresponds to an efficiency xc 10-1, and 
probably also to a neutron star slightly different from the 
eanonical one". The discovery of pulsars in supernova 
remnants is probably giving us the long awaited clue to 
the problem of their activity. 
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Detection of Water in Interstellar Regions by its 


Microwave Radiation 
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MICROWAVE emission from the 6,,—5,, rotational transi- 
tion of H,O has been observed from the directions of 
Sgr B2, the Orion Nebula and the W49 source. This 
radiation, at 1-35 em wavelength, was detected with the 
twenty foot radio telescope at the Hat Creek Observatory 
using techniques deseribed earlier for the detection of the 
NH, spectrum?. In the ease of Sgr B2, the H,O emission 
is from the same direction in which considerable NH, 
is observed (unpublished work of A. C. C. et al.), although 
there is reason to believe the two molecular species may not 
be closely associated. Strong H,O radiation producing an 
antenna temperature of 14° K is observed from the Orion 
Nebula (where no NH, was detected), and an antenna 
temperature at least as high as 55° was found for H,O 
"radiation from W49. 

Fig. 1 shows the spectral intensity near the H,O 
resonance in the approximate direction of Sgr B2, the 
antenna being pointed at the position a, 959= 17 h 44 m 23 s. 
8.9, —28? 25’. The observed antenna temperature is 
plotted as a function of Doppler velocity. The mean 
Doppler velocity of about 70 km s~ for the spectral line 
observed is not very different from the 68 km s^! mean 
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Fig. 1. Observed spectral intensity of 0,,—5,, HO rotational iransition 

in the direction of Ser B2 at a44,,717h44m ?38st65, Ösmo = 

28° 24-97 1. 
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A report of the detection of microwave 
radiation from water molecules in space, 
by the group which recently detected 
interstellar ammonia emission. 


velocity found for one of the OH emission and broad OH 
absorption features observed in this region?, the 62 kra s^! 
Doppler velocity of a small nearby HII region”, and the 
velocity of about 58 km s~ found for NH, (unpublished 
work of A. C. C. et al.) observed in this direction. The 
results shown in Fig. 1 were obtained with filters producing 
a speetral resolution of about 1:3 MHz. 

Fig. 2 shows the antenna temperature as a functien of 
Doppler velocities observed in the Orion Nebula at 
reso = 0 h 32 m 57 &-c 4 s and 8,,,,5:" — 5^ 25-5 t 07. In 
Orion, the radiation intensity was sufficiently high to 
make practical the use of filters producing a spectral 
resolution of about 350 kHz. In Fig. 2 the selid line 
represents the continuum temperature as it was measured 
with filters of width 2 MHz; the plotted points represent 
observations made with the filters having bandwidths of 
350 kHz. These points are, in some places, closer together 
than the filter widths of 350 kHz because measurements 
were made during different runs in which the central 
frequencies of the filters were displaced in order to examine 
the structure of the spectral line, which is composite, 
representing at least two distinet Doppler velocities. The 
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mean Doppler velocity of about +7 km s~! found for the 
water line is somewhat different from the HII Doppler 
shifts in the range of —2 to — 6 km s~! found in the same 
direetion?^, OH radiation from this direction shows 
Doppler velocities near 20 km s~ and 7 km s^! (ref. 2); the 
latter coincides more closely with the H,O velocity. 

Fig. 3 shows similar data for the still more mtense 
source W49, at x,,,,- 1Yh7m55s+ 4sand 8,,,,- 9° O44). 
Over most of the spectral line, the narrow filters of width 
350 kHz were used and several narrow and intense features 
were revealed. The measured antenna temperature was as 
high as 55° K, but allowance for atmospheric attenuation 
of this source, which was rather low in the sky during the 
observations, raises its effective antenna temperature to 
somewhat more than 70°. Presumably, narrower filters 
would give still higher antenna temperatures at some 
frequencies. The solid lines on either side of the diagram 
show the radiation intensity observed with filters about 
2 MHz wide. Radiation present on the extreme right of 
Fig. 3 seems to be above the continuum level, showing that 
H,O radiation also occurs within the band of this last 
wide filter. The Doppler shift of OH in W49 ranges from 
—2 km s^! to +23 km s^! (ref. 2) and that of the HII 
region is +6 km s^! (ref. 3). These are in the same general 
range. but by no means similar to the dominant values of 
Doppler shifts shown in Fig. 3. 

In all three figures, the continuum temperatures should 
be sealed down by a factor of two, because the heterodyne 
detection system received. continuum radiation in both 
side bands. 

The Orion and W49 sources were not large enough in 
angular size noticeably to broaden the beam width of 
8-8' in drift seans across the sources. Thus we conclude 
that these radiating sources are not larger in angular 
diameter than 3’. 

The radiation found is attributed to H,O because its 
frequency coincides very closely to that found for H,O in 
the laboratory, and no other known atomic or molecular 
species can explain the observations. The Doppler shifts 
plotted in the figures represent small departures from the 
laboratory frequency of 22,235-22 MHz for H,O, for which 
10 km s-! corresponds to a frequency shift of 0-75 MHz. 
No other simple molecular or atomic species which can be 
expected in interstellar space is known to produce a line 
within several tens of MHz of this frequency except NH,, 
the (3,1) inversion transition of which lies at 22,234.53 
MHz. This is a rather weak NH, transition, but it is still 
important to examine carefully the possibility that the 
observed radiation might be caused by NH,. A search 
was therefore made for other stronger transitions of NH. 
The (3,3) transition is somewhat more than an order of 
magnitude stronger than this (3,1) transition at excitation 
temperatures above 50° K, while the (1,1) transition is 
similarly more intense at temperatures below 50? K. 
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Even at excitation temperatures © considerably AN 
50° K, the (1,1) transition is always more than twice 
intense as the (3,1) transition, A search for these luo 
NH, transitions in the Orion Nebula was made. "They 
were not found, with the upper detection limit of antenna 
temperature being set at less than 097° K for both the 
(1,1) and the (3,3) inversion transitions. This limit is 
almost two orders of magnitude less taan the intensity of 
radiation found at about 22,235 MHz. and hence we con- 
clude that the radiation we have cbserved cannot be 
caused by the (3,1) transition of NH,, end can be explained 
only by H,O. 

In the case of Ser B2, the situation is more complex. 
Rather strong NH, radiation was, in tact, observed from 
the same (or nearly the same) direction as the H,0 
radiation. The (1,1), (2,2), (3,3) and (4,4) inversion transi- 
tions of NH, were all found with amenna temperatures 
between 0:5? K and 1-5° K (unpublissed work of A. C. C. 
et al.). The possibility that the line observed at 22,235 
MHz is caused by NH, may be ruled »ut by the following 
argument, however. The NH, rotstional states (1,1), 
(2,2), (3,3) and (4,4) can be excited by collision, but are 
metastable, with exceedingly long radiation lifetimes 
The (3,1) state can radiate in the in/rared, however, by 
making a transition to the (2,1) state. The mean radiation 
lifetime of the upper state is about 58 s; thus unless the 
state is excited in a comparable time, it should be very 
much less populated than any of the states which were 
observed. The (4,3) state also radiates with a lifetime 
comparable with that of the (3,1) state. Thus a search 
was made for (4,3) level inversion rsdiation to find out 
whether or not some excitation mechanism was producing 
a significant population in the (4,3) lewel and, by inference, 
also produeing an appreciable number of NH, mok »eules 
in the (3,1) state. The (4,3) inversion radiation was not 
observed, the limit of detection berag an antenna tem. 
perature of 0-07? K. The (4,3) transition searched for is 
about an order of magnitude more intense than the (3.1) 
transition. If the observed antenna temperature of I" K 
in Ser B2 at 22,235 MHz were causes. by the (3,1) transi- 
tion, the (4,3) transition would have an antenna tempera- 
ture of 10° K. No such temperatur» is observed, so we 
conclude that. the observed radiation at 22,235 MHz must 
be caused by H,O rather than this weak N H a transition. 

In the case of W 49, a search was made for the NH, (1,1) 
inversion transition. It was not feund, and an upper 
limit of 0-5? could be established for the antenna tempera- 
ture at its frequency. 

There is, of course, H,O in the Earth's atmosphere. 
One might wonder if it could produce the observed 
radiation. It ean be eliminated as a possible source for 
several reasons. One is that the antenna beam is switched 
from one part of the sky to a neighbouring part, so that 
only radiation which varies very rapidly with angle is 
detected. A second reason is that the microwave 
resonant line was detected in the turee particular fixed 
directions in space, and not nearby. Still a third is that 
an atmospheric water line would have oecurred at the 
laboratory frequency, which corresponds to a oe 
shift of +15 km s^! in Fig. 1 and — 36 km s in Fig. 2 

It has previously been suggested that the MER as 
transition of H,O could be of interest to radio astronomy" 
and rey a | substantial Bop for its oo ion has 





But it is surprising tha at the 
because it involves 


Dallas, Dcehiibor '1968. 
transition is as strong as observed. 
levels of rotational energy of 456 em-^ which can radiate to 
lower states in about 10 s. They recuire moderately high 
temperatures and frequent excitations, either by collisions 
or by radiation. Rotational states of NH, which can 
similarly radiate have not been found, indicating that 
the NH, and H,O have been detected in rather different 
regions. Presumably the H,O is present in rather special 
regions of higher than normal exe:tation The matrix 
element for this H,O line is appreciably less than that 
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for the NH, inversion levels. Thus if there is thermal 
equilibrium between the 6,4, and 5,, states, the population 
in these two levels, rather high above the ground state, 
must have a column density greater than that found 
for NH; (ref. 1), or about 10!? em? in the Ser B2 cloud. 
In Orion, the actual mierowave brightness temperature 
of the source would have to be at least as high as a few 
hundred degrees, and in W49 at least as great as about one 
thousand degrees. The actual temperatures may be much 
higher if these sources are smaller than the upper limit of 
3° of are given, or if they are optically thin. The high 
intensity, very narrow, lines suggest that perhaps thermal 
equilibrium does not occur and that there may even be 
maser action. Further study of the distribution and 
condition of H,O in interstellar space is clearly needed. 
If thermal equilibrium does in fact apply, this intense 
nucrowave radiation from H,O and the existence of strong 
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HDO transitions in the radio region should allow an inter- 
esting measurement of the hydrogen—deuterium abundance 
ratio. 
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THE Kisingiri volcano, at the mouth of the Kavirondo 
Gulf in western Kenya (Fig. 1), is the westernmost in a 
chain of Tertiary alkaline volcanoes and carbonatite 
intrusive complexes that extends along the downwarped 
and downfaulted axis of the Kavirondo Rift Valley, 
through the Ruri Hills, Homa Mountain, Buru Hill, 
Koru-Legetet and Tinderet nearly to the edge of the 
Eastern Rift Valley. On Rusinga and Mfangano Islands, 
the Kisingiri sequence includes the thickest and most 
fossiliferous sedimentary formations of the Kavirondo 
Tertiary, interlayered with nephelinitic lavas and agglom- 
erates. 

The remarkably diverse and abundant Miocene verte- 
brate fauna of Rusinga Island is one of the most important 
in Africa, most notably because of the early hominoids 
which have so far been described: two species of Limno- 
pitheeus, three of Proconsul, and Kenyapithecus. (It has 
been proposed that Proconsul is a subgenus of Dryopithecus, 
and that the genotype of Kenyapithecus, K. wickeri of 
Fort Ternan, is equivalent to Ramapithecus'.) The value 
of the Rusinga collection has been reduced, however, by 
problems of geology in the fossiliferous strata. These 
problems are currently under investigation, and are the 
subject of this preliminary report. 


The "Kiahera or Kathwanga’’ Question 

Since Wayland's observations of Rusinga in 1930 (ref. 2), 
and the discovery of mammalian fossils there by Leakey 
in 1931, Miocene fossils have been collected from nearly 
all distriets of the island, and all the major sedimentary 
formations (Fig. 2) appear to be fossiliferous. In most 
places the fossil bearing beds have been securely identified 
as to their stratigraphie position’. At the west side of 
Kiahera Hill, however, much vertebrate, invertebrate 
and plant material has been collected in a tract on the 
downthrown, western side of a large NNE-trending normal 


Potassium-argon dating of the lavas of Rusinga Island, and a re- 
investigation of the associated sediments, indicate that most of the 
vertebrate fossils and nearly all of the early hominoids have come 
from strata about 18 million years old. 


fault (Fig. 1), where Shackleton! identified two strati- 
graphic sequences separated by a marked unconformity. 
In the lower sequence, thick bodies of Rusinga melanite 
nephelinite agglomerate contain folded and faulted 
stratified rocks, or “grey hards’’, which he tentatively 
identified as detached blocks of the Kiahera or Hiwegi 
formations. This “slumped mélange" is unconformably 
overlain by a less disturbed sequence of volecaniclastic 
rocks which Shackleton called the Kathwanga Point 
Series and Kathwanga Series, in ascending order, and 
which he provisionally correlated with the Kulu beds. 
(The term "volcanielastie" is used to refer to sediments 


composed mainly of detritus from voleanie rocks*. For 
the distinetion between “tuffaceous’” and "voleanic" 


sandstones, and so on, see ref. 6.) Folding in these over- 
lying strata increases in severity towards the fault, in 
large part conformably with folding in the underlying 
"slumped mélange". Sharp facies changes and angular 
intraformational unconformities near the fault indicate 
that the Kathwanga Point and Kathwanga beds were 
locally influenced by deformation during their deposition 
as well as after it; they are, however, largely un- 
faulted, and cover many small faults in the underlying 
sequence. 

Because of the reported presence of more than one 
potentially fossiliferous formation in this complex area, 
twelve fossil localities here, including the important 
R105-106-107 group (Fig. 1) from which more than a 
third of the published Proconsul material has come?^, 
have been assigned in the literature to “Kiahera or 
Kathwange beds", that is, to an unresolved choice between 
the oldest and youngest part of the Miocene sequence by 
one interpretation. 

As part of the study in progress, a geological map of 
localities R105--106-107, on a 1: 6600 topographic base 
with 5 foot contour intervals, elearly shows the details 
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of the unconformable relationship between the two 
sequences, the structural relationships within and between 
them, and the stratigraphy. depieted more generally by 
Shackleton. The uppermost, grey and brown clayey 
silts of the Kathwanga Series. which at the localities on 
Kaswanga Point to the north are the most productive 
fossil beds on Rusinga, sharply overstep the older strata 
approaching the fault in the £105-106-107 area and inter- 
finger with red-brown clayey fossiliferous gravels below a 
buried cliff cut in the “slumped mélange”. In a field 
conference with Leakey it was established, on the basis 
of the detailed mapping, that the uppermost Kathwanga 
series beds have produced all of the vertebrate fossils 
collected in R105-106-107, and all of the “IKiahera or 
Kathwanga" Proconsul material in question. 


Kathwanga Series Correlation 


In the “slumped mélange" exposed in K105—106-107, 
the voleaniclastic strata, informally called “grey hards”, 
have a constant thickness of about 25 feet and the same 
general succession of interstratified pyroxene and mica- 
rich ealeareous grey nephelinite grits, and red-brown 
siltstones, wherever a complete section can be seen. 
Structure sections indicate that the "grey hards” are, in 
fact, a single originally continuous layer within the 
Rusinga Agglomerate which has been repeated by faulting. 
As voleaniclastic sediments are also interlayered with 
Rusinga melanite nephelinite agglomerate about 50 feet 
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Kathwanga Point Series*. 
lying non-micaceous calcareous volcanic grits and sits 
of the Kathwanga Series is locally uaconformable. where 
lower elements of the Kathwanga Serves pinch out against 
broad warps in the Kathwanga Point beds. 

On the eastern side of the fault. tae conical summit of 
Kiahera Hill is formed of strata very -imilar in appearance 
to the Kathwanga Point beds, resting on Rusinga Agglom- 
erate. At the base of the Kiahera Hall pisolitic beds, and 
likewise at the base of the Kathwanga Point strata im. 
R107, is a green siltstone carrying rsuimerous imp PORSIOTIS 
of broad, Convoleulus-like leaves. The pisolitic strata 
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Fig. 1. Rusinga Island. Locality numbers are those referred to in the text; asterisks indicate potassium-argon sample sites. 
Names in modern type are those applied to natural features by the Luo inhabitanta; names in shaded type refer to clan territories, 
Pronunciations have changed in some cases from early days, so that "Kathwanga" has become "Kaswanga" cand "Hiwegi" and 
"Kiwegi" are interchangeable. The cross-hatched pattern shows the general distribution of the capping Luners Lava; the stipnie 
indicates the approximate extent of Pleistocene and Holocene deposits; and the heavy dotted line shows the approximate cuicrop | 


of the base of the Hiwegi Formation. 


Bold lines represent major faults. 
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Formation 





Kulu Bec 


Dark grey-green melanephelinite, 


relatively fissile, 


Description 


Lacustrine, thin layered calcareous siltstones 
and mammal remains; interbedded with de 
Rusinga Agglomerate and Hiwegi Formation 

up to 200 feet above lake level, 


At Hiwegi Hill the lower flow rests on a channel-flling of calcareous, 
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Probable age 
(millions of years) 


and sandstones, with locally abundant fish 
bris-flows and conglomerates derived from : 7 
. Banked sharply against older formations 


lane Upper flow dense and massive, with prominent large 
phenocrysta of augite in a pyroxene-nepheline matrix, 


Lower flow is aphyric and 


pyroxene lapilli tuff. 


Lunene Lava 


fossil wood very abundant near the base, 


Riangata 
Agglomerate 


Calcareous, volcanogenie sediments. 






NS 


Hiwegi Formation 





Ros ge. Nee 
_ E 
"X A 5, ^a, 


T | Thick layers of grey nephelinite blocks in à matrix of comminuted lava, ioeally inter- 

| | i stratified with layered nephelinite grits. Blocks of basement rock relatively uncommon; 17 
l Basal contact appears to be conformable with 

Hiwegi Formation. 


( à, , Basal flaggy, pisolitic siltstones are overlain by 
interstratified voleanic conglomerates, sandstones, and siltstones, with thin red maris 
and vertebrate fossils in silty beds about 50 to 75 feet above the base. 


17-18-5 


teddish-brown, pebbly sandstones and siltstones in massive layers, and interstratified 
thin-bedded siltstones, Outsize blocks of melilite lava, weathered to a malachite green 19 
on the surface, are abundant at all observed levels in the single exposure at the foot of 


"ai Hiwegi Hil, 

Unnamed 

formation 
Blocks of grey melani fe-nephelinite, nephelinite, and fenite, carbona tite, ijolite and so on, 
in a yellow of grey matrix of comminuted lava containing locally abundant, euhedral 19:.6* 
melanite garnets. Grey volcanic grits and silts ("grey hards”) are loeally interstratified, 

Rusinga 

Agglomerate 

Calecareous, voleanogenie sediments, with abundant mica and large admixtures of l 
country rock, resting on a thick sequence of pre-voleanic sediments (brown breecia’’) in 20-22 
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Fig. 2. Generalized Miocene stratigraphy. 
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The structural and stratigraphic relationships of the formations exposed in the central part 


of Rusinga are shown in simplified and diagrammatic form. Shackleton’s (1951) nomenclature is adhered to, except that the term "series"! 
has been changed to “formation” as befits the hierarchical status of these units. 


capping Kiahera Hill have formerly been placed in the 
upper Hiwegi Formation', but flagey, mica-rich pisolitie 
beds, in many places with the leaf-bearing siltstone at the 
base, characterize the lowest 25 to 35 feet of the Hiwegi 
Formation in all exposures westwards from Hiwegi Hill 
itself (for example, at Nyamsingula, Kulu, Kaswanga, 
 Wanyama and Wakondu) on a plane which projects to 
the tip of Kiahera Hill (Fig. 1). The Kathwanga Point 
Series clearly represents the basal Hiwegi beyond the 
fault, in an area which was uplifted and eroded in pre- 
Hiwegi time, subsided and was covered (perhaps incom- 
pletely) by the basal part of the Hiwegi Formation as 
deformation continued —shifting in character from mainly 
faulting to mainly folding—and now lies downthrown by 
about 200 feet, measured by the displacement of the basal 
beds of the Hiwegi Formation. 

In the numerous exposures of the Hiwegi Formation 
in the central part of Rusinga, the basal flaggy beds are 
overlain by a succession of distinctly different character 
in which the predominant element is massive beds. up 
to 5 feet thick, of grits, breccias and conglomerates 
composed chiefly of reworked Rusinga melanite nephelinite 
agglomerate. These are interlayered with mudstones, 
voleanogenic (rarely micaceous) calcareous siltstones and 
eurrent-bedded sandstones, marls and silty limestones, 


all of which become more abundant towards the top of 
the sections. Comparisons of measured sections show 
that the formation, above the basal sequence, is so vari- 
able laterally that only the most general correlations can 
be made. Nevertheless, the sequence in the Kathwanga 
Series follows this pattern closely enough, with thick- 
bedded melanite nephelinite-derived grits giving way up- 
section to the finer grained sediments that characterize 
the upper, fossiliferous beds, to suggest that the Kath- 
wanga Series represents a part of the Hiwegi Formation 
roughly equivalent to the sequence directly above the 
basal beds. Where the lower gritty beds of the Kathwanga 
Series pinch out, the higher strata lie on the basal Hiwegi 
(Kathwanga Point) beds with no apparent unconformity, 
suggesting that the basal beds were exposed for only a 
brief period by penecontemporaneous folding. 

In this interpretation, the Kathwanga Point and 
Kathwanga Series of Shackleton are correlated with 
the lower part, between a third and a half, of the Hiwegi 
Formation as it is typically developed in the vicinity of 
Kiangata Hill The principal fossil bed at Kaswanga 
Point and west of Kiahera Hill lies at about the same 
stratigraphic level as the principal fossiliferous horizon 
at Hiwegi Hill, or slightly below it. This means that not 
only has nearly all the pubhshed hominoid material from 
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Rusinga come from the Hiwegi Formation (compare 
Bishop's summary*), but most of that, including the 
recently described mandibular fragment of Kenyapithecus 
africanus’, has come from levels approximately 50 to 
75 feet above the base of the Formation. A stratigraphic 
diagnosis of the entire known Miocene flora and fauna of 
Rusinga can be expected when the study in progress is 
complete; it is, however, clear from the literature that 
the Hiwegi Formation, as it is herein understood, has been 
the source of by far the greatest part of the overall collec- 
tion. It has already been noted, for example, by Simpson"? 
that in the supposedly mixed Rusinga fauna there is, 
in the published material, no good evidence of age differ- 
ences to be found. 


Potassium-Argon Dates 

The first K-A isotopic age determinations in this 
study deal with the extrusive and intrusive rocks of 
Rusinga which are associated with the principal sequence 
of voleaniclastic sediments (Fig. 2). Dates obtained from 
some of these rocks are shown in Table 1. They seem 
to give a satisfactory and internally consistent geo- 
chronologieal framework within whieh to evaluate other 
dates, both published and fortheoming. whieh deal with 
the presumed pyroclastie micas found in the sediments. 
The dates on the lavas also suggest age limits for 
some of the fossiliferous sequences of Rusinga which are 
in good accord with the palaeontological evidence. 


Table 1. POTASSIUM-ARGON ISOTOPIC AGES OF RUSINGA VOLCANIC ROCKS 


K0 59A (atm) Apparent age 
Sample Weight °% Volume °®, YiM* (million yr) 
RK-5 
Dyke cutting lower 1:45 80-7 6.54 x 10% 13:5 £ 0-4 
Hiwegi beds, Kiagasa +011 11:8 0-52 x 10^ 135-5 £04 
RK-8 
Lunene Lava, 1:94 70-6 10-82 x 10^ 16:8 + 0-6 
Wanyama Hill + 0:03 13:0 10-53 x 10-4 16-3405 
RK-9 
Lunene Lava, 1-05 Ti 5-78 x 10-4 106.5 20:7 
Lunene Peak + 0-05 72:2 5-81 «x 10^ 16-64+0-7 
RK-A1N l 
Nepheline from 5:22 76-8 3-42 x 10% 19.6 T 0-2 
Rusinga Aggiomerate +003 73-0 3-39 x 10-* 19-502 


Decay constants: A: 0:58 x 107? yr? and 254-72 x 1075 yrei 


* V/M « ratio of volume of radiogenic “A to mass of sample, mm*/g, at 
standard temperature and pressure. 


Potassium and argon measurements were made on the 
— 50 +70 mesh fraction of trimmed and pulverized whole 
rock and magnetically separated nepheline. Each reported 
potassium value is the average of at least three flame 
photometric determinations on 0:05-0-] g cuts. Argon 
measurements were made on two cuts weighing about 
0-2 g each, using the Omegatron mass spectrometer’’. 
The apparent age error is calculated at a 95 per cent level 
of confidence. 

RK-5 is a block of fresh looking grey melanephelinite 
quarried from the middle of a 4 foot wide dyke which crops 
out in the lower Hiwegi (Kathwanga Series) exposures on 
the south-west side of Kaswanga Point (Fig. 1). In thin 
section, euhedral unzoned prisms of colourless augite 
up to 2 mm long are seen to be scattered rather widely in 
a matrix of unoriented pyroxene needles and interstitial 
nepheline, in which the average grain diameter is about 
0-3 mm. In some places the nepheline grains are margin- 
ally altered to cancrinite, and patches of clear calcite, 
probably of deuteric origin, are dispersed in the matrix. 
The indications of alteration suggest that the apparent 
age of the rock is probably affected by argon loss!?, 
and that its true age is greater, possibly the same 
as that of the upper porphyritic flow of the Lunene Lava, 
to which the dyke is mineralogically similar. Numerous 
dykes of this type, and others with an aphanitie, fissile 
character like that of the lower flow, are generally oriented 
towards the Miocene volcanic centre at Rangwa on the 
ovp and are apparently feeders to the Lunene 

vat, 
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RK-8 and RK-9 are field-trimmec blocks of Lunene 
Lava selected from detached masses of rock covering the 
outcrops on Wanyama Hill and Lunene Peak, respectively 
(Fig. 1). Both are samples of the porphyritic upper 
flow; under the microscope they show the same mineralogy 
as RK-5 but with a much finer anc more even-grained 
matrix, averaging about 0-02 mm grein diameter, and no 
trace of discoloration or deuteric menerals. The colour- 
less augite phenocrysts in RA-8 are relatively smail and 
rare, whereas those in RA-9 are much more abundant and 
The 


of the Lunene porphyritic melanephelinite may be 
considered to be well established st about 16:5 milhon 
years, 


RK-11N is clear, unaltered nepheiine extracted from a 
pulverized sample of melanite nephelinite lava. The 
source specimen came from a 4 foot block lying on the 
outcrop of the Rusinga Agglomerete in the stream bed 
above Kaswanga School, north of Lunene Peak (Fig. 1), 


and is in all ways typical of the bloeks in the agglomerate 
with their unique mineralogy, except perhaps for the 





coarseness of the nepheline phenocrysts. In thin section 
the lava shows a strongly porphyrriic texture, with close- 
packed phenocrysts of euhedral, unaltered nephehne up 
to 3 mm in diameter; less abundant are phenocrysts of 
rounded and black rimmed aegerine-augite, and large, 
euhedral black melanite garnets. The matrix is very fine 
grained and dusty looking, and i riddled with pools of 
coarse grained caleite. The quality of the date obtained 
on the nepheline seems to be good, although con- 
firmatory dates are not vet available. A whole rock age 
on the source specimen (RA-11) was about half that of 
the nepheline, indicating serious argon loss from the 
matrix. 

In the early 1960s Evernden e/ a£,'^ published à K-A 
age of 15.3: 1.5 million years for mica collected from 
volcanic sediments in £107, whick they attributed to the 
Kiahera Formation. This date proved to be difficult to 
reconcile with the East African mammalian chronology 
as it subsequently was developed. The same authors 
reported an age of about 14-0 mallion years (late Middle 
Miocene!) for the Fort Ternan fauna, but this fauna 
gives increasing evidence of being considerably more 
advanced than that of Rusinga. Other East African 
faunas with many elements in cemmon with the Rusinga 
assemblage—Songhor, Koru and the older Napak sites— 
have been given ages ranging from about 19 to 20 million 
years’, Apart from this, however. the palaeontological 
argument offered with the age of 15:3 million years, sug- 
gesting a Vindobonian (= Middle Miocene) affinity for 
Rusinga and the related faunas. has been strongly crti- 
cized!?.1*, 

In view of the complex geolegyv in the A105-106-107 
area, it has been suggested that the dated mica might have 
come from beds younger than the Kiahera Formation, 
In the context of the whole-roc& ages presented here, the 
15:3 million year date cannot apply to the muca- bearing 
"grey hards" in the Rusinga Agglomerate, let alone to 
"Kiahera Beds” even if presert. The only other source 
of pyroclastic mica in locality #107 is the "Kathwanga 
Point Series", which is equivelent to the basal part of 
the Hiwegi Formation, and :s probably at least one 
milion years older than the maximum older limit of 
probable error given for the rica date. Evernden ei al 
noted, however, that "due to tae high standard deviation 
of the figure obtained, an age of 16 to 18 million years is 
possible" (page 174). They rejected a 22-2 millon year 
date on mica obtained from the basal Hiwegi beds capping 
Kiahera Hill, which it now seems must have come from 
the same stratigraphic level as the R107 sample; this date 
gained some favour among those who reasoned that the 
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15:3 million year age was too young, but it is likewise 
incompatible with the whole-rock ages given in this report. 

Until better K-A ages are obtained from the micas, 
estimates of the true age spans of the volcaniclastic 
formations of Rusinga must be based on subjective 
evaluations of the time represented by unconformities 
and formation thicknesses in the Rusinga Miocene. related 
to the dates now in hand for the igneous rocks. Age 
estimates of the Kulu beds. and the various formations 
on the Gumba peninsula!?, must even so be deferred until 
the eompletion of the present study. 

The Kiahera Formation spans the somewhat indetermin- 
ate time between the beginning of updoming and carbon- 
atite mtrusion at Rangwa'® (reflected in the thick, 
non-voleanogenic basal Kiahera conglomerate), and the 
beginning of pre-Rusinga Agglomerate erosion, which we 
estimate to have covered a period very roughly 22 to 
20 million years ago. This conflicts with K-A determina- 
tions at Rangwa which suggest the carbonatite was 
intruded about 19-0 million years ago, but the geology 
and age relationships of the rocks at Rangwa present 
several unsolved problems}, 

The Hiwegi Formation is bracketed by the dates 
obtained for Rusinga Agglomerate, about 19-6 million 
vears, and the upper flow of the Lunene Lava at 16-5 
milion years. The lower age limit of the Hiwegi beds, 
and to that extent the age of the main fossil beds, depends 
on the time value given to the basal Hiwegi unconformity; 
the presence of an intervening, thick formation above the 
Rusinga Agglomerate at Waregi (Fig. 2) and the extent 
of pre-Hiwegi erosion west of the Kiahera fault suggests 
that it may not be short. The Hiwegi Formation appears 
to grade upward with the Kiangata Agglomerate, which 
is in turn separated from the Lunene Lava by a local, 
sharply incised “‘young’ unconformity; a thin sedi- 
mentary horizon, with a red soil, divides the lower Lunene 
flow from the upper. Accepting, for the time being, the 
Rusinga Agglomerate and Lunene Lava dates at face 
value, the time spanned by the Hiwegi Formation may be 
estimated at about 18-5 to 17-0 million years ago, with an 
uncertainty probably not more than 0-5 million years 
for the older limit and rather less than that for the 
younger. The age of the fossiliferous horizons in the lower 
Hiwegi Formation, at Waregi, Kaswanga Point and west 


NATURE, VOL. 221. FEBRUARY 15, 1969 


of Kiahera Hill, may thus be tentatively plaeed at about 
18 million years. This is approximately the age of the 
later Hemingfordian in North America, very close to 
the boundary between Early and Middle Miocene and 
probably either late Burdigalian or earliest Vindobonian 
according to the most recently published correlation. 
K-A dates for Tertiary vertebrate faunas in Eurasia are 
still very scarce, however, and comparisons with East 
African and American sequences should be regarded as 
not vet firmly established. 

This study of Rusinga is part of a gencral investigation 
of the fossiliferous Miocene strata of western Kenya 
sponsored by the Centre for Prehistory and Palaeontology, 
National Museum, Nairobi, under the directorship of 
Dr L. S5. B. Leakey. Support from the Donner Fund, 
has made J. A. V. Cus field and laboratory work possible. 
J. A. M?s argon determinations financed by the Natural 
Environment Researeh Couneil. J. A. V. C. thanks G. H. 
Curtis, W. W. Bishop and R. M. Shackleton for discussions 
and the Hon. Tom Mboya for help in obtaining permission 
to work on Rusinga. 
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THE technique of maturing human oocytes in vitro after 
their removal from follicles provides many eggs for studies 
on fertilization!. Their fertilization in vitro would yield a 
supply of embryos for research or clinical use, but in 
previous attempts the incidence of fertilization was too 
low to be useful’. l 

A possible solution to the problem of obtaining "'capaci- 
tated" spermatozoa has recently emerged from expert 


Human oocytes have been matured and fertilized by spermatozoa 
in vitro. There may be certain clinical and scientific uses for human 
eggs fertilized by this procedure. 


ments on hamster eggs, where the addition of epididymal! 
spermatozoa to eggs in tubal’ or follieular* secretions can 
lead to a high incidence of fertilization. Study of the con- 
ditions leading to capacitation of hamster spermatozoa and 
fertilization in vitro? has led to the use of a medium based 
on Tyrode’s solution, but with extra bicarbonate (final 
concentration 3 mg/ml.); also added were sodium pyru- 
vate (9-0 ug/mLl), bovine serum albumin (2:5 mg/ml.) 
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phenol red (20 ug/ml.) and penicillin (100 1U/ml.)*. After 
equilibration with 5 per cent CO, in air, the pH of this 
medium was 7:6. Bicarbonate has been shown to stimu- 
late the respiration and motility of rabbit spermatozoa in 
vivo and in vitro’, 

We have adapted the conditions found successful in the 
hamster for work on the human oocyte. The preliminary 
results reported in this article indicate that human eggs 
ean be fertilized in conditions similar to those found 
most suitable for the fertilization of hamster eggs in vitro. 


Maturation of Eggs and Insemination 


Oocytes were released from Graafian and smaller 
follicles into a medium composed of equal amounts of 
Hank's solution containing heparin, and medium 199 
(Microbiological Associates, Inc.) supplemented with 15 
per cent foetal calf serum (Microbiological Associates, Inc.) 
and buffered (pH 7-2) with phosphate buffer. Penicillin 
(100 1U/ml.) was added to these media. Some oocytes 
were transported from Oldham to Cambridge (a journey 
taking about 4 h), in medium 199 supplemented with 15 
per cent foetal calf serum. 

The oocytes were cultured soon after liberation from their 
follicles, or after transport to Cambridge, in follicular fluid 
obtained from the same or different ovaries. Where 
follicular fluid was in short supply it was supplemented by 
Hank's, Brinster's? or Bavister's* medium. Oocytes were 
cultured under a gas phase of 5 per cent CO, in air, in 
droplets of medium under liquid paraffin previously 
equilibrated with medium 199 containing 15 per cent foetal 
calf serum, and with the same gas mixture. After 38 h in 
culture many of the oocytes had extruded their first polar 
body and reached metaphase of the second meiotic 
division (metaphase-I1). 

Ejaculated spermatozoa were washed once with 
Bavister's medium to remove seminal plasma, and were 
then re-suspended at a concentration of 105/ml. in more of 
the same medium. Human follicular fluid was added to 
some samples of spermatozoa before they were added to 
the oocytes. Oocytes were washed through one or two 
droplets of Bavister's medium and then pipetted into the 
sperm suspension. At different intervals after insemina- 
tion, living eggs were examined by phase contrast micros- 
copy, and then fixed in acetic-saline (20 per cent acetic 
acid in normal saline solution) or acetic—alcohol (1 : 3), 
stained with aceto-orcein, and re-examined. In one- 
celled eggs, the occurrence of penetration was inferred 
from the presence of spermatozoa in the zona pellucida or 
in the perivitelline space; the presence in the vitellus of 
pronuclei, with mid-pieces or tails of spermatozoa, and 
the extrusion of the second polar body, were regarded as 
evidence of fertilization. 


Fertilization 

Fifty-six human eggs were inseminated. When 
examined for evidence of fertilization, twenty of them were 
found still to be in dietyotene, having failed to mature in 
vitro. In one of these eggs, a spermatozoon was seen in the 
perivitelline space. Two other eggs were degenerate. 

The remaining thirty-four eggs had matured in vitro, as 
judged by the presence of chromosomes or polar bodies. 
Many of these eggs were so heavily coated with sperma- 
tozoa attached to the zona pellucida that it was difficult 
to discern internal details. Sixteen of them were in 
metaphase-LI, and showed no evidence of penetration. 

In eleven eggs spermatozoa had begun to move through 
the zona pellucida. One or more spermatozoa were deeply 
embedded in the zona pellucida in six eggs (Fig. 1). 
When fixed and stained, each of these eggs was found to be 
at metaphase-II. Spermatozoa were seen in the peri- 
vitelline space of the other five eggs (Fig. 2), and in four 
of them the spermatozoa were motile. When fixed and 
stained, four of these eggs were seen to be in metaphase-IT, 
and one had a small nucleus. 


Seven eggs had well formed pronuclei. Two of them 
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Spermatozoa lying in the zona pellucida of living human eggs 


TOR 24 h after insemination, (a, x675; & x1,200.) 
possessed two pronuclei each (Fig. 3$, four had three 
pronuclei and one had five. Spermatozea were seen in the 
zona pellucida or perivitelline space of shree of these eggs. 
These observations are related to the ame after insemuin- 
ation in Table 1. Penetration of spermatozoa into the 
perivitelline space was first seen in eggs examined 7-7:25 h 
after insemination, and pronuclei at 115 h. Spermatozoa 
were found in the zona pellucida or perivitelline space of 
eggs in metaphase-II as late as 27 h after insemination. 
Many of these spermatozoa were immot le, and it i$ doubt- 
ful whether they would have penetrated further. 
Mid-pieces and tails of spermatozoa were not seen with 
certainty in any of the living eggs, but after fixation 
structures of a size similar to mid-pieces (as illustrated by 
other workers*) were recognizable in three eggs (Fig. 4). 
In two eggs, each with two pronuclei, the first and second 
polar bodies could be identified. In ome of these eggs, the 
two pronuclei were lying close to each other (Fig. 3); on 


Table 1. DETAILS OF HUMAN OOCYTES EXAMINE? AT VARIOUS INTERVALS 
AFTER INSEMINATION in vitro 
1. Failed to mature o. Measured ín citro 
Time in vitro 
after Vacuno- Sperma- — Sperma 
insemi- Germinal lated or Unpene- tozos n — tozoa in Pro- 
nation vesicle degen- trated zonn perivitel- nucleate 
(h) erate pellue ta Line space 
6-6-5 ] 3 
7-7-5 l 3 
&-u l I 2 l 1? 
9-5-10-7h 1 3 
11-5 B l l l 
12:5-13-5 n* 1 i 
22-31 j I 7 1 5 
20 2 16 n 5 7 


* In one of these eggs, a spermatozoon was presem in the perivitelline space, 
t This egg may have been in metaphase of the arst meiotic division 
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staining, a mass of eoarser chromatin was observed in one 
pronucleus in a region where the two pronuclei were 
apposed. 

As controls, seventeen eggs were eultured without the 
addition of spermatozoa. Eight of them failed to mature 
and displayed germinal vesicles. Of the remainder, one 
had a small mass of chromatin instead of metaphase 
chromosomes, seven had metaphase chromosomes, and 
in one the contents were obseured by overlying cumulus 
cells. Pronuclei were not seen in any of these eggs. 

Of the seventy-three inseminated and control eggs, 
thirty-one failed to mature or degenerated. Thirteen of 








In a, 
the sperm head is lying in the vitellus, the mid-piece is still embedded in 


Fig. 2. Spermatozoa in the perivitelline space of human eggs. 


the zona pellucida, and the main piece lies outside the zona. This egg 
was examined 13 h after insemination: the spermatozoon was still 
active. (x 1,650.) In 5, the whole of the spermatozoon was in the 
perivitelline space, although only the sperm head can be seen in the 
illustration. This spermatozoon was still active. ( * 750.) 


these failures occurred in one set of experiments involving 
a total of fifteen eggs. If this group of eggs is excluded, 
about 70 per cent of the oocytes matured in culture, After 
insemination, eighteen of the thirty-four ooeytes that had 
matured i» vitro had spermatozoa in the zona pellucida, 
spermatozoa in the perivitelline space, or pronuclet. 
Judged on the criteria of fertilization given, it is highly 
probable that most of these eighteen eggs were under- 
going fertilization. 


Capacitation and Embryonic Development 

The possible function of follicular fluid in the capacita- 
tion of spermatozoa and the fertilization of human eggs 
in vitro requires further examination. All eggs in the 
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Fig.3. Two pronuclei in a living human egg examined 22 h after insem- 
ination. Polar bodies were seen in this egg, but a sperm mid-piece could 
not be unequivocally identified. (xe. 675.) 


present series were matured in follicular fluid obtained 
from the same or a different ovary, and then washed in 
order to reduce any deleterious effect of follicular fluid on 
spermatozoa. We have found that spermatozoa of some 
animal species can be immobilized. or agglutinated by 
follicular fluid, and heat treatment of the fluid does not 
necessarily abolish these effects. In some of the present 
experiments, however, we pre-incubated spermatozoa in 
follicular fluid before adding them to the eggs. Our 
impression is that this pre-ineubation led to the attach- 
ment of more spermatozoa to the zona pellucida, and to a 
higher ineidenee of penetrated and pronucleate eggs. 
'The failure of spermatozoa to pass completely through 
the zona pellucida or into the vitellus may reflect the 
existence of different layers in the zona with different 
requirements for penetration, or it may signifv that the 
final movement of spermatozoa through the zona pellucida 
depends to a large extent on sperm/egg association. Com- 
plete penetration might be achieved by conferring greater 
activity on spermatozoa; mouse eggs can be fertilized in 
vitro by uterine spermatozoa? in à medium richer in 
pyruvate and albumin'" than our media. Delayed fer- 
tilization may well have occurred in the conditions of our 
culture, and led to anomalies in the eggs. Thus the egg 
with a spermatozoon in the perivitelline space, polar 
bodies and a single small nucleus might have been acti- 


^ 


1 


A 


a 





Fig. 4. Ina, a small body resembling a sperm mid-plece was found in a 

stained egg which contained three pronuclei and at least one polar 

body. (x 3,300.) In b, a spermatozoon present in the perivitelline 

space of another egg has been photographed in a position illustrating the 
size of the mid-piece, for comparison with a. (x 3,300.) 
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vated parthenogenetically. The presence of several 
pronuclei in some eggs may have arisen through poly- 
spermy, but 1$ more probably due to the abnormal move- 
ment of ehromosomes along the spindle or to fragmenta- 
tion of the female pronucleus; multipronucleate eggs are 
common after delayed fertilization in vivo of eggs of 
various mammalian species". 

Problems of embryonie development are likely to 
aecompany the use of human oocytes matured and fer- 
tilized in vitro. When oocytes of the rabbit and other 
species were matured im vitro and fertilized $n vivo, the 
pronuclear stages appeared normal but many of the 
resulting embryos had sub-nuclei in their blastomeres, and 
almost all of them died during the early cleavage stages 
(ref. 12 and unpublished work of R. G. E. ) Abnormal 
development might have been the result of incomplete 
RNA synthesis when oocytes are removed from follicles for 
roaturation in vitro; small amounts of RNA are synthe- 
sized by Xenopus oocytes in response to luteinizing 
hormone (LH) during the final period of maturation’. 
When maturation of rabbit oocytes was started in vivo by 
injecting ¢ gonadotrophins into the mother, and completed 
in the oviduct or in vitro, full term rabbit foetuses were 
obtained (ref. 12 and unpublished work of R. G. E.). 
Another developmental problem could be that some 
ooeytes blocked during maturation at anaphase of the first 
meiotie division! could yield polyploid or heteroploid 
embrvos at fertilization. Fortunately human oocytes in the 
present and earlier? work were rarely blocked at this stage. 


Clinical Use of Human Embryos 


These potential difficulties with human embryos may 
be solved when the conditions necessary for maturation ?n 
vitro are better understood, or, as in rabbits, by initiating 
maturation in vivo by administering gonadotrophins or 
clomiphene to the mother. When women were injected 
with gonadotrophins, maturing oocytes were recovered 
from excised pieces of ovary. The timing of the stages 
of oocyte maturation in this work!? was very similar to 
that exhibited by oocytes matured in vitro', and should 
indicate the appropriate moment to remove oocytes in 
preparation for fertilization in vitro. 

Fertilized human eggs could be useful in treating some 
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forms infertility, and many infertile patients wall 
probably be older women. If the “‘preduction hne" of 
eggs in the ovary, inferred from studies oe mouse oocytes!*, 
also occurs in humans, the eggs of older women will have 
more anomalies of bivalent association than those of 
younger women. <A higher incidence of trisomic and 
polysomie embryos, and hence of mongcls and abortions. 
would thus be expected in these patient. 

The clinical use of human embryos will require the 
development of operative techniques for the recovery of 
follicular oocytes and for the transfer of eggs into human 
oviducts and uteri. Preliminary work using laparoscopy 
has shown that oocytes can be recoverec from ovaries by 
pintoni nP sue in vivo, ar a that a few of 
an be recover d 
follow ing sal E mapa Bickel work of P. C. 8. and 
R. G. E... Improvements in equipmen: and tee she dne: 
may give better results and avoid resorting to laparotomy. 

We thank especially Professor C. R Austin for his 
encouragement and advice. and Drs €. Abberley, G. 
Garrett and L. Davies for their help. One of us (R. G. E.) 
is indebted to the Ford Foundation and another (B. D. B) 
to the Medical Research Council for financial assistance. 
We thank Professor N. Morris and Drs M. Rose, J. 
Bottomley and S. Markham for ovarian tessue. 
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for its Micelle Stabilizing Property 


by The N-terminal two-thirds of the milk micelle stabilizer «-casein are 
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APPROXIMATELY 80 per cent of the protein in milk is 
present as a stable suspension of relatively large, spherical 
caleium-proteinate-phosphate particles—mie 'elles-—which 
vary in diameter between 40 and 300 mu (ref. 1). The 
micellar protein, or casein, can be freed from calcium 
phosphate by precipitation with acid to give the classical 
Hammarsten casein®. Alternatively, whole casein can be 
prepared by centrifuging the mic elles out at high speed 
followed by dissolution of the pellet with calcium chelating 
agents?, The addition of ealeium-(II) to a solution of 
casein at pH 7 causes micelles to reform. 

In 1929 Linderstrom-Lang. having established that 
casein was not a single protein, suggested that it consisted 


hydrophobic and the C-terminal third is hydrophilie; the protein 
is an amphiphile. 
anchor the «-casein molecule to the hydrophobic calcium  a,-5- 
caseinate core and to provide a solvated coat whici stabilizes the 
micelles against aggregation. 


The two regions may function respectively to 


of at least two components. one insoluble and the other 
soluble. in the presence of ealeium-(ID. This latter 
component, or "proteetive colloid”, intesacted with the 

'alerum-insoluble component to prevent ies precipitation, 
He also proposed that the protective collcid is destroyed 
during the elotting of milk when casein 1s converted in the 
presence of caleium-(II) into insoluble parecasein. It was 
not until 1956 that Waugh and von Hippel identified à 
casein fraction amounting to about 15 per cent of the total, 
which fitted the description of the “protective colloid” 
and pc they : alled ds id 








È of methods i 
obse it in um iv o pure Paca D been the objee 
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of much study during the past decade. This article 
summarizes the data which make it possible to suggest 
à plausible basis for its micelle stabilizing property, in 
terms of the primary structure of the molecule, which 
makes it an amphiphile. (The term amphiphile was 
introduced in 1948 (ref. 5) to deseribe molecules which 
possess distinet, separate regions of hydrophilie and 
lipophilic (hydrophobic) character.) 


Casein Monomers and their Interactions 


Whole casein consists of several molecular species which 
in aqueous solution and in the absence of ealeium-(I1) at 
pH 7 interact strongly with themselves and with each 
other. For this reason methods of component analysis 
generally make use of dissociating solvents such as con- 
centrated urea*. Although more than twenty bands are 
made evident by starch-gel electrophoresis in such 
conditions, many of them are relatively minor and others 
represent genetic variants of a single species’. The major 
components, accounting for at least 90 per cent of the 
casein, are «s, 8 and x-casein which are present in a ratio 
of approximately 4:2:1. Both as and $-easein are 
precipitated by ealeium-(I1); x-easein is not. Actually, 
z,-casein includes several components the most important 
of which is designated «4-casein. The heterogeneity of 
x-casein is discussed later in this article. Micelle formation 
is largely determined by interactions between «4. 5 and 
4-casein in the presence of caleium-(11). 

Table 1. MOLECULAR WEIGHTS OF THE MAJOR CASEIN COMPONENTS 
Component Molecular weight 
ag|-Casein 27,000-30,000 (ref. 4) 
B-Casein 24,000-25,000 (refs, 8, 9) 
4-Casein (carbohydrate free) 17,000-20,000 (ref. 10) 


These three major casein components have been 
studied in some detail. The monomer of each consists of 
a single polypeptide chain the molecular weights of which 
are given in Table 1. The self-association of and inter- 
actions between these proteins have been summarized 
recently*:, Taken together, the temperature dependence 
of the processes, the nature of the solvents which can bring 
about dissociation and the fact that each of the caseins 
contains a relatively high proportion of non-polar amino- 
acids emphasize the very important role of hydrophobic 
interaetions in eausing these effects. 


Specific Interactions leading to Micelle Formation 


A micelle can have a mass ranging from | x 107 to 3 x 10? 
daltons of which at least 90 per cent is easein?. In other 
words, an individual micelle contains something between 
4x10? and 1x10* casein monomers. ‘The interactions 
between the casein monomers and ealcium-(Il) which 
lead to micelle formation have been studied in most detail 
by Waugh and his eollaborators?:-3, Although x- 
casein can stabilize B-casein against precipitation by 
caleium-(II)'*, “most of the interesting properties of the 
milk system, such as the size distribution of micelles, 
can be duplicated by mixtures of as, x-casein and 
ealeium-(IT)". Mixing experiments have shown that 
some type of specifie interaction is essential for the 
formation of such micelles and the subsequent incorpora- 
tion of B-easein. Interaction between gs and »-casein 
can occur in the absence of calcium-(1I) and it has been 
suggested that the produet of such an interaction and of a 
weight ratio near unity could be the precursor of the 
product which forms in the presence of calcium-(I1) and 
is essential for micelle formation.  «&-x-Interaction does 
not occur at 2°-6° C, ean be induced at 20° C and occurs 
spontaneously at 37? C. The presence of calcium-(IT) leads 
to complex stability at lower temperature, but even then 
the extent of interaction increases as the temperature is 
increased to 37? C. Thus as~x-interaction, both in the 
absence and presence of caleium-(II), would seem to be 
significantly, if not largely, hydrophobic in nature. 
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The importance of hydrophobic interactions in «s~ 
x-casein. complex formation was also pointed to by 
Noelken!*. The detergent polyoxyethylene lauryl ether 
was observed to stabilize calcium dodecylsulphate in 
solution. An analogy can be drawn between this system 
and mixtures of x-casein and as-casein in the presence of 
calcium-(II). The analogy is strengthened by the demon- 
stration of a degree of interchangeability of the stabilizing 
agents, polyoxyethylene lauryl ether and  x-casein, 
between the two systems. 


Surface Location of «-Casein in the Micelle 


On the basis of mixing experiments, Waugh and Noble 
concluded that ‘micelles consist, in simplest form, of cores 
of calcium o,-caseinate covered by a uniform coat. of low 
weight ratio calcium «a s~x-caseinate’, There is im- 
dependent evidence for a surface location of x-casein. 
First, the inverse relationship between the average size of 
micelles and their sialic acid (x-casein) content is most 
easily explained on such a basis". Second, during the 
clotting of milk by rennin x-casein appears to be readily 
and quantitatively avaiable to specific attack. Further- 
more, Payens noted!, the interaction between «-casein 
and §-lactoglobulin which takes place during the heating 
of milk would be facilitated by a surface location of the 
former. Extra weight is added to the overall argument by 
the fact that both Waugh and Noblet and Pavens'! 
independently eoncluded that x-casein is most probably 
fixed to the surface of micelles. 

It has been known for some time that during the 
rennin clotting of milk a large and very soluble glycopep- 
tide (molecular weight 6,000-8,000) is released from 
x-casein'5-?, As Waugh and Noble pointed out, 
micelles endowed with a surface hydrophilicity by virtue 
of the glycopeptide portion of x-easein would account for 
their stability against aggregation and their relatively 
high degree of solvation in comparison with the calcium 
xs-Caseinate core. 

The model proposed for the structure of the casein 
micelle which implies stabilization by virtue of a relatively 
hydrophilic coat of calcium as—x-caseinate is attractive. 
No attempt, however, has been made to account for the 
hydrophobic nature of as~x-interactions in terms of the 
structures of the monomers. Furthermore, until com- 
paratively recently the hydrophilicity of the coat has been 
attributed exclusively, if somewhat vaguely, to carbo- 
hydrate moieties attached to the polypeptide backbone of 
x-easein. Since 1965 workers in several laboratories. 
including our own, have demonstrated that this carbo- 
hydrate is not essential for the stabilizing preperties of 
x-casein. 


Unique Features of the Structure of «-Casein 

x.Casein, of a single genetic variant type, can be 
resolved into a number of discrete components after 
reduction of intermolecular disulphide links****. It is 
now well established that the various components all 
sensitive to rennin are intact x-casein molecules and that 
the heterogeneity largely results from the presence of 
varying amounts of carbohydrate in them**-*. 

The major component, which is free of carbohydrate, 
has been found to stabilize &,-casein against precipitation 
by ealeium-(IT). The amount stabilized by this component 
is essentially the same as that stabilized by carbohydrate- 
rich fractions. These results show that the naked poly- 
peptide is sufficient for micelle stabilization. It should be 
pointed out, however, that they do not imply that the 
earbohydrate is devoid of function. The experimentai 
approach used simply gives the amount of as-casein 
stabilized in solution (non- centrifugable), all or nothing, 
by a given amount of x-easein. This may be a function 
of the stoichiometry (albeit somewhat variable) of 
micelle formation. There is no indication of just how 
stable the resultant micelles are, for example, to heat or 
variations in pH. 
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Fig. 1. Present knowledge concerning the amino-acid sequence of x-casein. The exact nature (peptide or ester) of ihe rennin-sensitive bond 
has nof yet been firmly established, The data for this composite picture have been obtained from refs, 26-30. 


The significant conclusion from these investigations is 
that, fundamentally, the micelle stabilizing ability of 
x-casein must be a property of its polypeptide chain. 
Because of the absence of an organized folded structure in 
x-casein?, one might hope to explain its dichotomous 
function-—-to interact hydrophobically with as-casein and 
at the same time to provide a hydrophilic surface for the 
mucele—in terms of its primary structure. 

The carbohydrate-free polypeptide is attacked in the 
normal manner by rennin to give insoluble para-x-casein 
accompanied by the release of a macropeptide which is 
very soluble in spite of the absence of carbohydrate. 
The polypeptide chain of x-casein thus consists of two 
portions, para-x-casein and macropeptide, linked by a 
rennin-sensitive bond. This is shown in Fig. 1, which also 
summarizes available knowledge concerning the amino- 
acid sequence of x-casein. Para-x-casein constitutes 
the N-terminal portion and the macropeptide the C- 
terminus of the molecule. The rennin-sensitive bond is 
located at a distance equivalent to approximately one 
third of its length from the C-terminus. 

During the work designed to identify a difference 
peptide containing the amino-acid replacement(s) which 
give rise to the genetic variants of x-easein, the rather 
unusual composition of a large peptide purified from a 
tryptic digest of the macropeptide and containing fifty- 
eight to fifty-nine residues including the C-terminus of 
x-casein was noted (Table 2)*. The composition is 
unusual, chiefly because of the relatively high proportion 
of the hydroxylic amino-acids, serine and threonine, as 
well as aspartic and glutamic acids (and/or their amides). 
Together, these amino-acids constitute more than 50 per 
cent of the total. There is also a complete absence of 
aromatic residues in this sequence. These unusual features 
of the C-terminal region of x-casein are also apparent 
when one deduces its approximate composition by differ- 
ence using the data for the glycomacropeptide and its 
N-terminal oetadecapeptide as given by Jollés and his 
co-workers?^?3, It also then becomes apparent that there 








Table 2. AMINO-ACID COMPOSITION OF A TRYPTIC FRAGMENT COMPRISING 
THE C-TERMINUS (FIPTY-EIGHT TO FIFTY-NINE RESIDUES) OF CASHIN x 


Amino-aeid Residues 
*Asp 4-9 
Thr 12:5 
Ser 5.9 
*Glu 10-6 
Pro 6.3 
Gly 1 
Ala 4:0 
Val 6.0 
lle 4 
Leu 1-0 
Lys 1-8 


* It is not known how many of these are aminated. 


are no positively charged side chains in at least the last 
forty-one residues of the C-terminal sequence. 

The nature of the residues comprising the C-terminal 
region of x-casein would be expected to confer on this part 
of the molecule a relatively high degree of hydrophilicity, 
Bigelow?! has recently presented a quantitative treatment 
for comparing the average hydrophobicities of proteins 
based on the calculations of Tanford® for the values of 
AF accompanying the transfer of amino-acid side chains 
from aqueous to ethanolic solutions, Average hydro- 
phobicities are expressed by numbers which range, for a 
wide variety of proteins, from 440 to 2,020. More than 
85 per cent of all proteins lie in the range 900—1,200. In 
Table 3 we have listed the average hydrophobicities of 
%s1, 8, x and para-x-casein as well as the macropeptides 
from a number of species. On Bigelow's seale the hydro- 
phobicities of a, 6 and x-casein are all very high. As 
was expected, the x-casem molecule shows a significant 
difference with regard to the hydrophobicities of its 
rennin reaction fragments (see also Fig. 2)—para-x-easein 
is, like as; and $-casein, very high and in the range of the 
top 6 per cent on the scale; the macropeptide is com- 
paratively low. A further polarity within the macropep- 
tide itself also exists (Fig. 2). The average hydro- 
phobicity decreases to a value of 920 from the position 
indieated and then to 860 for the last forty to fifty residues 
at the C-terminus. This latter value is very low on the 








A nn tne nei a aye it" aor e a pene o AO e — DU RPM E E UE SRI pales a —————————— € 
Rennin 
« —————————————— Kin peer" €— 1t16- ——————————— ye 
PARA MACROPEPTIDE 

N Phe Met Lus Aste Asn, Thr, He nus a Duc LN Netus e 
A ^ 
CNN TEN EN n RE aces AP care od =" 
i 
EAEI NEN A EA EES TEE TEES ME yr. ORE De 


Fig.2. A diagrammatic representation of the differences in average hy 


drophobicity between various regions of the polypeptide chain of «casein. 


The values shown within the macropeptide region are the averages of those calculated from the amino-acid composition data presented by a 


number of workers (Tables 2 and 3 give further information). 


The C-terminal region with the average hydrophobicity of 920 represents the 


tryptic fragment the amino-acid composition of which is shown in Table 2. 
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Table 3. AVERAGE HY DROPHOBICITIES OF THE PRINCIPAL CASEIN COMPONENTS 
AND THE RENNIN REACTION PRODUCTS OF x-CASEIN CALCULATED FROM 
AMINO-ACID COMPOSITION DATA 


Average References for 
Protein hydrophobicity amino-acid composition 

agp- Casein B 1,240 33 
8-Casein A 1,320 40 
x-Casein A 1,200 24 
para-x-Casein A 1,300 34 
Macropeptide 

Bovine 1,010, 1,039, 1,000 20, 34, 26 

Sheep 910 20.77 

Goat 920 20 


seale—1in the range of the lowest 7 per cent of all proteins 
examined by Bigelow. It is, of course, a reflexion of its 
unique composition; on the average, one in three of the 
amino-acid residues in this region is a hydroxylie one and 
tryptophan, tyrosine and phenylalanine, three of the four 
side chains heading Bigelow’s hydrophobicity scale, are 
absent. We suggest that the polarity in average hydro- 
phobicity as one proceeds from the N to the C-terminus 
of x-casein reflects its dual function to interact both 
hydrophobically with «s casein by means of its very non- 
polar para-portion and with the aqueous environment by 
virtue of its non-hydrophobic, that is hydrophilic, C- 
terminus. 

An independent line of experimental evidence sup- 
porting such a division of funetion between the N and 
C-terminal regions of the x-casein molecule is illustrated 
in Fig. 3. The sedimentation patterns compare the 
behaviour of gsi-casein with that of mixtures of this 
protein and either x-casein, the macropeptide or para- 
z-easein. The behaviour of the asi-casein seems to be 
unaltered by the presence of macropeptide while it clearly 
forms a more rapidly sedimenting complex with both 
x and para-x-casein. In other words, at neutral pH and 
even in the absence of caleium-(I1) the para-region of the 
molecule exhibits an avidity for os-casein. The macro- 
peptide, on the other hand, shows no tendency to interact. 

The distribution of carbohydrate along the polypeptide 
in the more negatively charged %-Casein components?? is 
also consistent with this hypothesis. "This carbohydrate 
(including sialic acid) is virtually all attached to the C- 
terminal region of the molecule”? where it must further 
increase the frequency of hydroxyl groups and the net 
negative charge. This teleological argument will assume 
more weight if it can be demonstrated that the degree of 
stabilization. (that is, resistance to destabilization) of 
%s-casein in the presence of ealeium-(II) (as distinet from 
the amount of a s-casein stabilized) increases with in- 
creasing carbohydrate content of the »-casein. 

The major easeins— xs. @ and x—are very high on the 
hydrophobicity scale, thus explaining their avidity for 
association with one another and themselves. Opposing 
this tendency, at neutral pH, is the considerable negative 
charge on the monomers. Enhancing it, in milk, is 
calerum-(IT1), which by binding to monomers no doubt 
reduces their net charge and perhaps also introduces 
divalent eation bridges. Micelles therefore ean be regarded 
as hydrophobic particles with a stabilizing hydrophilic 
coat. Rennin removes this coat and the hydrophobic cores 
are no longer stable in solution. It is significant that milk 
clotting, after the primary enzyme attack by rennin, oeeurs 
more rapidly at higher temperatures'!. The location of 
4-casein on the surface of the micelle is now fairly well 
established, although most of the evidence for this is 
indirect. It seems likely that x, and -casein are largely 
located internally. 

There is thus ample justification for considering x- 
casein an amphiphile!. This overall structural plan, 
together with a surface location for the protein in the 

casein micelle and its "detergent" function, suggest an 
analogy with simpler surface active materials, such as 
mono-monovalent salts of long chain fatty acids. Perhaps 
some of the concepts of surface chemistry formulated to 
deseribe the properties of simpler surfactants are also 
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Fig. 3. Sedimentation velocity patterns for egpcasein-B, alone and 
mixed with SCM-x-cascin or one of its rennin reaction products, Samples 
were prepared in the presence of 0-07 M. phosphate-7 M urea, pH 7-0, 
at 87° C, and the urea removed by dialysis against 0-07 M phosphate, 
pH 7-0, at the same temperature. The final concentration of agi-cascin B 
in all cases was 7 mg/ml. In the case of mixtures, the other component 
was present at a concentration of approximately 3 mg/ur. The centrifuge 
was run at 52,000 r.p.m. and 25? €, Photographs were taken 54 min 
after reaching full speed with the phase-plate at 60° €. 


Sedimentation 
coefficients (x 105) shown above the relevant peaks are uncorrected, 


SCM, S-Carboxymethvi. 


applicable to x-easein. Thus the question, "Why don't 
the larger micelles grow at the expense of the ‘smaller 
ones ?". is answerable in these terms. A shift in the size 
distribution of a casein micelle system towards larger 
particles would lead to an overall reduction in surface 
area. Some of the lowering of the free energy of the svstem 
by the free energy of adsorption of x-casein at the 
interface would be lost. Tf this is not offset by the free 
energy release resulting from the additional hydro phobie 
bonding, the process would not be spontaneous. 

A well known characteristic of simpler surface active 
substances is their tendency, in the absence of a free 
surface for adsorption, to polymerize into pure micelles 
in which the hydrophobie tails of the molecules cluster 
together to produce their own microenvironment, leaving 
their hydrophilic heads pointing outwards to the solvent. 
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It is tempting to speculate that the relatively discrete 
aggregates formed by pure x-casein and S-carboxymethyl- 
x-casein at neutral pH are ordered structures of this 
type. In other words, they may be pure x-casein micelles 
in which the hydrophobic para-moieties cluster together 
and are shielded from the aqueous environment by their 
hydrophilic macropeptides. 

There may be an interesting parallel between the x- 
casein stabilized micelles of milk and another macro- 
molecular assembly requiring surface solvation—the 
coat of tobacco mosaic virus (TMV). The C-terminal 
region of the TMV coat subunit protein is very rich in 
serine and threonine (on the average one side chain in 
2-3 for the last twenty-three residues)*?. It is likely that 
this region of the polypeptide is in the vicinity of the 
surface of the assembled virus shell, for the C-terminus, 
itself threonine, is sterically available to carboxypeptidase 
in the intact virus?9235, Thus its role may well be to confer 
solvation on the virus surface. 

Another example, consistent with the idea that 
sequences rich in serine and threonine make for interaction 
with the aqueous environment, is the sequence in ribo- 
nuclease in the neighbourhood of the bond sensitive 
to subtilisin. This labile Ala-Ser linkage lies in the midst 
of a cluster of hydroxylic amino-acids: Ser.Ser. 
Thr.Ser.Ala.Ala.Ser.Ser.Ser. . . . 

It is clear from the tertiary structure of ribonuclease, 
adduced from X-ray diffraction data by Kartha, Bello and 
Harker??, that this cluster stands out from the bulk of 
the molecule and penetrates the surrounding solvent. 

In summary, we propose that, chiefly because of the 
unique distribution of average hydrophobicity along the 
x-casein polypeptide, molecules of this protein on the 
casein micelle surface tend to adopt a radial polarity; 
N-terminus inward, C.terminus outward. Thus the 
hydrophobie para-region of the moleeule anchors the 
outwardly direeted (perhaps as a “molecular brush 
border") hydrophilic maeropeptides to the micelle core. 
The micelles are thereby endowed with a negatively 
charged, solvated surface envelope. x-Casein seems to be 
the first recognized example of a protein that has evolved 
to function as a detergent. 

We thank Professor A. G. Ogston for valuable and 
stimulating discussions and Dr M. P. Thompson for 
%i-casein B. This work was supported by the Australian 
Dairy Produce Board and the Australian Research Grants 
Commission. 
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been found to be trimodal, 
modes responded differently to dietary treatment. 


and children who fell into the three 
This could 


account for conflicting reports of the success or failure of dietary 
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PHENYLKETONURIA, a genetic recessive disorder frequently 
but not always associated with mental retardation, has 
become interesting because it is the scientific model for 
ertain enzyme deficiency disorders. The treatment of 
phenylketonuria, with its attempt to bypass the enzyme 
deficiency, represents the model treatment for all such 
diseases. 

In phenylketonuria (PKU) an enzyme deficiency inter- 


treatment; and question the simplistic disease anc treatment model 
of enzyme deficiency disorders. 


acid phenylalanine, 
cing to the model, 


feres with the metabolism of the amino 
resulting in its accumulation. Aceo 
the excess phenylalanine directly or indirectly. damages 
the developing brain, starting shortly after birth, Treat- 
ment entails a diet of reduced phenylalanine, thereby 
preventing its accumulation. Bickel? in Germany first 
tried such a diet, reporting considerab-s success. Similar 
successes have been reported both in the United States 
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and abroad, with presumably greater success in children 
started on the diet earlier in life before extensive brain 
damage from excess phenylalanine occurred. 


Simplistic Models 


lt has been suggested that the models for disease and 
treatment are both sumplistic?. In spite of some econtra- 
dietory evidence, the simplistie theory is slow to die. 
What follows are data which indicate the inadequacy 
of the simplistic model and hints at an alternative 
explanation. 

It was shown that as a group those placed on the diet 
before they were 6 months old performed better than 
those started later??. This, however, was a statistical 
and not necessarily an individual phenomenon. Some 
children placed on the diet after they reached 3 years of 
age improved and performed beyond those placed on the 
diet just after birth. Early diet may not have been as 
suecessful as supposed, because those started shortly 
after birth sample a different population from those 
treated later. Cases treated later were diagnosed on the 
basis of retardation; cases treated early were diagnosed 
on the basis of screening. The early cases may include 
phenylketonuries who would test normally even without 
dietary treatment. This evidence had already raised 
some questions about the simplistic treatment model. 


Testing Subjects 

In the study described here the subjects were 113 
outpatients, who came to the clinic for psychological 
testing at various intervals, depending on the age of the 
child: before 1 year of age, every 6 weeks; from 1 to 2 
years of age, every 2 months; from 2 to 3 years of age, 
every 3 months; from 3 to 4 years of age, every 4 months; 
from 4 to 5 years of age, every 5 months; from 5 to 6 
years of age, every 6 months. After the age of 6, the 
testing was once a year. Attempts were made to monitor 
the phenylalanine in the blood every 6 weeks; first by 
the LaDu method and more recently by the MeCaman- 
Robins method. For ninety-nine of the children this 
schedule was elosely approximated. 

Dietary control was arbitrarily divided into five cate- 
gories, depending on blood serum phenylalanine concen- 
trations. 

In the first category concentrations of phenyl- 
alanine were less than 2 mg/100 ml. Fasting concentra- 
tions of phenylalanixe in normal adults range from 1 
to 2 mg/100 ml.*. There is some evidence that phenyl- 
alanine levels of infants are higher than those of adults*. 

In the second category concentrations of phenylalanine 
were from 2 to 5 mg/100 ml. This represents what had 
been expeeted to be good dietary control. 

In the third category concentrations of phenylalanine 
were from 5 to 9 mg/100 ml. This was expected to be 
somewhat questionable dietary control. 

In the fourth eategory eoncentrations of phenylalanine 
were greater than 9 mg/100 ml. This was expected to be 
poor dietary eontrol. 

In the fifth category the diet was discontinued. 

Two types of tests were given: the Gesell and the 
Stanford-Binet, form L. In Gesell testing, separate 
scores were maintained for the four Gesell categories. 
As reported previously, motor and personal-social 
behaviour in phenylketonurie children is invariably 
superior to language and adaptive development. When 
only language and adaptive scores were used, leaving 
out the motor and personal-social eategories, the resultant 
quotients were similar to Binet IQs. At a mental age of 
2 or 3, when both tests can be given, the two quotients 
were usually within a few points of one another. Gesell 
language-adaptive quotients are therefore used before a 
mental age of 2; after that, Binet quotients are given. 
Developmental quotients (DQs) are not used because 
they include all four Gesell categories, and would therefore 
overestimate later Binet quotients. 
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Three Modes 


If a frequency distribution is made of the most recent 
Binet IQ or Gesell language-adaptive quotient for all the 
phenylketonuries given the diet, the resultant distribu- 
tion is not normal—it has three peaks. Fig. 1 shows 
both the trimodal distribution and the appropriate 
hypothesized? normal curve. According to y? goodness 
of fit, the trimodal distribution differs significantly from 
the normal curve (y?=28-2, df=9, P<0-001). Three 
cases are not included in Fig. 1 because they were younger 
than 10 months and therefore too young for meaningful 
analysis of test results. 

As reported previously?, the three modes have different 
slopes of development. The standard deviations of the 
slopes cease to overlap at a chronological age of 30 months, 
the ranges at 54 months. This means that the older the 
child, the less likely he is to switch modes. The data 
suggest that when all children are at least 30 months 
old the three peaks on Fig. 1 will be even bigger and the 
troughs even shallower. 

The differenee between the modes is apparently not 
attributable to degree of dietary control, for mean blood 
phenylalanine eoncentrations of the three modal groups 
were almost identieaP. It is also not attributable to age 
of dietary initiation, whieh is equally represented m the 
three modes. The exception is those started on the diet 
before they were 6 months old, who are represented only 
in the upper two modes. Probably even this young group 
will eventually be represented in the low mode*. As has 
been pointed out before, the upper mode may contain more 
children started on the diet before they were 6 months 
old beeause the screening programme has probably 
tapped some children who would be normal even without 
dietary treatment. The real difference of the modes is 
in their response to dietary treatment. This raises the 
question: are the different findings of suecess or failure 
of dietary treatment? a function of different biologieal 
populations ? Pictorially, this seems to be the case. 


Modal Groups Analysed 


An analysis was made between the three modal groups 
Raw 


in terms of quotient change scores. numerical 


20 
18 


16 


Frequency 
m" 
c 


to 





b- 25- 45- 65- 85- 105- 
l4 34 54 74 94 114 
Quotients 


Fig.1. The heavy dark line shows the frequency distribution of the most 

recent Binet 1Q or Gesell language-adaptive quotient of phenylketonurics 

on diet. The thin dotted line is the hypothetical normal curve that would 
be statistically appropriate for the observed sample. CY = 110.) 
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change scores were computed as well as percentage change 
scores. The numerical increase or decrease in quotients 
differs in meaning depending on the initial quotient. 
For example. a loss of 10 points from an IQ of 100 means 
behaviourally less than a loss of 10 points from an initial 
quotient of 20. Such is the case for the lowest mode when 
taken off the diet. The numerical drop was only minus 
3:4, but the percentage drop was minus 17:2. The latter 
is more deseriptive of the actual deterioration seen in 
some children. This is the logic behind the transformation 
from numerical to percentage change. As Table 1 shows, 
however, raw numerical scores and percentage scores 
gave similar ¢ tests. 


Table 1. COMPARISON OF MODAL GROUPS UNDER VARIOUS DIETARY REGIMENS 
Comparison of Comparison of — Comparison of 


Concentration of modal groups modal groups modal groups 
phenylalanine 70-117 1Q to 70-117 IQ to 49-69 IQ to 
(mg/100 ml.) 40-60 IQ 1-89 IQ 1-39 TQ 

Below 2 N= 27 
Numerical change t= 1-009 N too small J too small 


Percentage change t 0-90€ 


2-5 N=37 N = 35 N= 32 
Numerical change i= 0-60 {= 2-368 t= 2-268 
Percentage change f=0-10 9 RRE t= 2-328 

5-9 N =51 N=84 N=47 
Numerical change t=O-54 f= 2-008 f= 2-238 
Percentage change 0:13 (= 1-87] (22-011 

"ES N=41 N= 35 N = 46 
Numerical change t= 1-00" t= 2-248 f = 1289 
Percentage change 0:25 CRI! f= 1-489 

Diet discontinued N = 30 N x21 Ara ah 
Numerical change [4 56* t= 2-19 8 f=1°649 
Percentage change {= 3-52T t=1 334 (2:581 
*P<0-0005. t P«0-005. tP<0-01. § P «0-025. | P «0-05, € P «0:10. 


The two upper modes responded positively to dietary 
treatment, as long as concentrations of phenylalanine 
were greater than 2 mg/100 ml. In other words, both 
groups showed improvement in performance while on 
the diet. For the low mode, however, the response to 
every form of dietary treatment was poor, showing either 
no change or a decrement in performance. As Fig. 2 
shows, the optimal eoneentration of phenylalanine for 
the lowest mode while on the diet was 9+ mg/100 ml., 
which is presumably the poorest control concentration 
while on the diet and the most removed from the normal. 
The difference between the upper two modes and the 


wmm 0-117 1Q Modol group N= 29 
mmm 40-69 iQ Modal group N=43 
12 s»... 1-39 IQ Modal group N= 26 


Percentage of change in quotients 
I 
t2 


16 





PUN 2-5 5-9 9+ Off 


Phenylalanine level (mg/100 ml.) 


Fig. 2. Mean percentage change in Binet or language-adaptive quotient 


for the three modal groups under different dietary control 


G4] 


lowest mode while on diet varies from P<0-1 to 
P «0-0005,. The divergent responses of the three modes 
may well explain the disagreement in tk» literature on the 
efficacy of the diet. If a particular .reatment sample 
contains children mostly from the upper modes, response 
to treatment would be favourable. If, «n the other hand, 
many are drawn from the lower mode, findings would be 
mixed or unfavourable. 

It is interesting that all phenylketon* ries, regardless of 
whether they were on the diet or not, showed a distribu- 


As others 
have pointed out, there are reasons why a protein im- 
balance disorder may mimic a protein de-icieney disorder, 
When, in addition, concentrations of ohenylalanine de- 
crease to less than 2 mg/100 ml, the symptoms may 
become obvious; there is failure to gain aveight and slower 
general development™. It is relevant shat infants seem 
to have higher concentrations of ph-nylalanine levels 
than adults*, and therefore greater demands for phenyl. 
alanine. It is not surprising, then, that the upper two 
modes showed a decrease in performaace when phenyl. 
alanine averages were below 2 mg/100 al. 

The greater sensitivity of the middle mode to concen- 
trations of phenylalanine below 2 mg/190 ml. is probably 
more than a statistical phenomenon, Neither age of 
dietary initiation. nor chronological sze while on less 
than 2 mg/100 ml. of phenylalanine see-ns to be a factor. 
Both initiation age and chronologica age are equally 
distributed between the upper and midde modes. Reasons 
why some children are more sensitive than others to 
excessively low concentrations of phenylalanine may well 
be related to genetic and biochemica factors, an idea 
which is supported by the greater ensitivity of the 
middle mode to below 2 mg/100 ml. of phenylalanine. 
The lowest mode cannot be consider=d statistically in 
the category of less than 2 mg/100 ml of phenylalanine 
because the number (N) was only 5. 

It is discontinuation of diet which snows the greatest 
difference between the groups. The response of the 
lowest mode is particularly striking. ontrary to what 
had been expected, those children who raake least progress 
on dietary treatment (the lowest mode) fare even worse 
when the diet is discontinued. The results of this study 
cannot tell us whether the greater sensitivity of the 
lowest mode to being taken off the dt reflects further 
biochemical disorganization or psy-hological factors 
such as rejection. Psychological fae ors are probably 
involved in the lack of deterioration, when taken off the 
diet, shown by the middle group. Ths group happened 
to contain many lower-middle-class ckildren, who, after 
entry in school, demonstrate striking increases in per- 
formance. If diet was discontinued zt the same time, 
which was often the case, the two effests may well have 
counterbalanced each other. Eventua re-testing should 
show whether this is the case. At re-zosting, the middle 
mode should show deterioration simikar to that of the 
other groups. The different responses «f the three groups 
off the diet could explain conflicting -eports concerning 
safety of diet discontinuation". 

The degree of placebo effects in this ethically permissible 
design is difficult to evaluate. But even with a scientific- 
ally inadequate design such as this, te simplistic model 
cannot be maintained for either paenylketonuria or 
dietary treatment. Other phenylketenurie populations 
will have to be examined to see whet.er their quotients 
also fall into three modes. It is also £nportant to know 
whether in other phenylketonurie populations the N of the 
middle mode approaches double that of she extreme modes 
—produeing the genetically interesting : : 2 : 1 relationship. 

This work was carried out at Letchworth Village, 
Thiells, New York. The patients were-under the medical 
direction of Dr George Jervis, whose sonstant guidance 
of the study is much appreciated. 
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GERMAN! has proposed that decreasing frequency of 
coitus with advancing age which predisposes to delayed 
fertilization could aceount for the correlation of inereased 
incidence of Down's syndrome with advancing maternal 
age. Cannings and Cannings’ have criticized the hypothe- 
sis by showing that, based on the figures of Kinsey et al? 
concerning the mean frequency of marital coitus for 
females of different age groups, the expected pattern of 
increasing incidence of Down’s syndrome does not seem 
to agree well with the empirical data. The models used 
by those authors, however, were rather simple and no 
account was taken of the quantitative aspects of the 
logical consequences of the hypothesis. We should like 
to report that individual variation in frequency of marital 
coitus for a given age group follows the Poisson distribu- 
tion, and this enabled us to analyse more closely whether 
or not German’s hypothesis 1s tenable. 


Variation in Frequency of Marital Coitus 

Kinsey et al. noted that although individual couples 
showed a remarkable regularity in the occurrence of 
marital coitus, there was considerable variation in the 
frequencies for couples of the same age group, Although 
they did not provide any relevant figures, such variations 
were illustrated by means of histograms for females of 
four different age groups. For this they divided the 
subjects into sixteen classes such as 0-0-0:5, 0-35-10, .. ., 
7-5-8-0 according to the number of coitions experienced 
in a week, and showed the respective incidence in percen- 
tage corresponding to the height of each column in 
millimetres. We have measured the height of each column 
reconstructed the data in order to test whether the pattern 
of individual variation agrees with the Poisson distri- 
bution or not. The procedure needed for each stage of the 
calculation is shown in Table 1 for females of the age 
group of 21-25 yr. To the original classes experiencing 
coition 0-0-0-5 and 7-5-8-0 times a week 0 and 8 were 
assigned respectively, while for the rest two adjacent 
classes were combined and treated as one; that is, 0-5—-1-0 


The idea that delayed fertilization is correlated with the incidence of 
Down's syndrome has been examined closely in the light of the 
demonstration that frequency of marital coitus follows a Poisson 
distribution. 


and 1-0--1-5 were class 1 and so on. The sum of frequencies 
in percentages measured for nine new classes yielded less 
than 100 per cent, so that each frequency had to be 
corrected by dividing it by the sum, and the mean and 
variance have been estimated from the corrected figures. 
Then the expected frequency of the class for k experiences 
of coitus a week was calculated, introducing the estimated 


" * uc 
mean value into u of the formula of e~u ia’ 


e 


Table 1. RECONSTRUCTION OF KINSEY'S DATA FOR MAREIED WOMEN AGED 
21-25, TO TEST FOR FITNESS OF THE POISSON DISTRIBUTION 


Original data by Frequency 
Kinsey et al.’ Reconstructed expected 


Frequency l (per cent) 
Class (per cent) Class Frequeney (per cent) based on 
(coitus measured (coitus Measured Correeted the Poisson 
per week) (+05 per per week) distribution 
cent) 

Oda à:-0 ü 6-0 6:25 Tid 
0:5-1:0 10-2 Pr od eis 

rey g.5 1 13-7 18:37 13:84 
1020 Is 2 26-8 27-04 24-76 
25-340) 14-5 24, osi 21.5 
3.0.5 1f 10-3 8 9i 8 au) 3 21 A 
3:5—4:0 6-5 ; 2 E ee 
1-0-4-5 3 4 10-8 10-930 14:44 
{5-50 Kiis 5 à {ean T. 
5:0-5:5 2.0 + 4 8 4 UP íf 63 
55-60 2-5 Lr NES AO 2.0 
6-0-8-5 L0 6 3 at 3 wey 3 a3 
8:5-7:0 25% Lond x OG. E 
7.07.5 0-8 f 3 1 3533 1:27 
RRs) 0-6 8 0.6 0-81 9-42 
Total 20-1 99-4 100-00 93.71 


As Fig. | shows, agreement between the observation 
and the Poisson distribution is generailv good for all four 
age groups, although there are slight discrepancies in a 
few classes. In particular, the estimates of mean and 
variance are surprisingly close to each other for each of the 
four samples, indicating the goodness of fit between obser- 
vation and expectation. Thus, given the mean frequency 
of marital coitus for a particular age group. the variation 
among individual couples can be approxinated by the 
Poisson distribution. 
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No. of coitions per week 
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Fig. 1. The frequencies of number of marital eoitions per week reported by Kinsey et al? (shown by the columns) and sxpected on the 

basis of the Poisson distribution (shown by the points, which are connected by lines for the sake of clarity). a, Age group 21-25; mean, 

2-64; variance, 2-711. 6, Age group 31-35; mean, 2-17; variance, 2-514. e, Age group 41-45; mean, 1-66: variance, 4-000. d, Age group 
51-55; mean, 180: variance, 1-783. 


Models for Delayed Fertilization 

This finding does not necessarily imply that eoitions 
themselves follow & Poisson process within individual 
couples, for each couple practises them with some regu- 
larity, depending on its own interest and capacity, 
although there are admittedly several factors which 
interrupt the regular sequence of marital coitus (see 
page 350 of ref. 3). For the purpose of describing the 
sexual behaviour of a given age group in statistical 
terms, however, we can hypothesize an "average" couple 
for whom coitions follow a Poisson process with the mean 
frequeney of that group, the resulting variability within 
this eouple in the interval between coitions representing 
the corresponding variability from couple to couple 
belonging to the group. It is further assumed that ovu- 
lation occurs independently of the occurrence of coitus, 
so that the interval between an ovulation and the following 
or the preceding coitus, f, also follows a Poisson process, 
its probability density being expressed by 

p(t) = eH 
where A is the inverse of the mean interval between 
eoitions for the group concerned. 

At this point, it can be argued that eoitions tend to 
occur at certain hours of the day, suggesting that they 
cannot follow a Poisson process even for the "average" 
couple, and that the intervals should be classified by 1 day, 
2 days and so on, and not by fractional days. The observed 
variation in the intervals for the four age groups shown 
in Fig. 1 may be arranged to match this suggestion; 
for example, a couple who reported having coitions 
twice a week may be regarded as having them with fixed 
intervals of 3 and 4 days, eaeh with equal probability, 
and a couple practising coitions three times a week may 
be regarded as having them with intervals of 2 and 3 
days, with probabilities of 2/3 and 1/3 respectively. 
In testing for the possible effect of longer intervals between 
eoitions with advancing age, however, this modification 
does not make any appreciable difference to the results 
presented later. We will therefore apply the Poisson 
hypothesis for the following models. 

Let the maximum waiting time of the sperm and the 
secondary oocytes in the female reproductive tube be 


x and f$ respectively (the time required for male and 
female gametes to reach the meeting point, the distal 
part of the Fallopian tube, is not involved in x and 8). 
There is no doubt that both sperm and oocytes suffer 
a decrease in capacity for fertilization with time, so that 
the probability that the gametes remain fertilizable is a 
function of time, f,(¢) for sperm and (4 for oocytes. 
In addition, it is assumed that, based on the experimental 
evidence’, the deterioration of the ooertes predisposed 
to chromosome non-disjunction proceeds with time; 
the frequency of non-disjunction ean be called gih 

If an oocyte has reached the meeting point at a fixed 
time T' it will be fertilized either by sperm that had arrived 
there between T'— x and T. or by sperm coming there 
between T and T --8; the latter is possibleonly if no sperm 
from the preceding coition are available at time T. 
Thus the probability that the ooeyte is fertilized is 





T . | T : EM c ee 

P, = f heAf indt + {1 — f etf (dt. f re-*#f lade 
T-a T-a T 

The probability that the oocyte undergoesmon-disjunction 

is 


T T 
P, = f 2e7tf (tdt: g(0) + 11 — f 2e7tf (tdi) 
2 P-a 
Tegn . 
f eMfDgityd 
T 


where g(0) is the frequency of non-disjunction for f= 0. 
Consequently, the proportion of non-disjenctions among 
all fertilizations is P,/P,. which is a function of », say 
F(X) The mean frequency of marital coitus decreases 
with wife's age?, and so does the value cf x. FO is a 
decreasing function, and so the rate of Increase with 
advancing age becomes less intensified if g(0)7 0. For 
the sake of simplicity. g(0) can be 0 ane the expected 


frequency of non-disjunction for a given age group can be 
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Test for German's Hypothesis 

In the following analysis, we have to define the functions 
fi. f; and g. Because their nature is not precisely known, 
except that the first two are decreasing and the last one 
increasing, we may first assume a linear function for each 
of them, namely 


fi) = 1l- oh) = l-— 5 and g(t) = - 


t 
Second, we will examine the ease when f(t) and f.(t) are 
the same functions as before but g(t) increases exponen- 
tually with a function of (et — (ef — 1), a model of non- 
disjunction taking place at the end of tbe life span of the 
ooeyte, Note that g(t) here considered does not concern 
any absolute value, but a relative one; this does not 
invalidate the generalitv because our principal interest 
here is the ratio of the frequencies between different age 
groups. 
Applying the first model to formula (1) and integrating, 
we obtain 
(1— 6-24) (e-8* (24-62) + 83 —2) 


AME I SURE; STA n (2) 


Ji d aes NUUS ai CUR uL 
PSOE GESPN (L= epi 


As 4 approaches to zero, the equation will be reduced. to 


F0) = LL (3) 
For the second model, the corresponding equation is 


* x 
oe 04 E e(a d B) 


A N 
Pv us d. See ed 2i pede ee VERMES 4 
EOS Gi ne apA* — (l-—e-94) (1— e-84) m 





and its limiting value as X approaches to zero may be 
obtained by 


F( A—0) d TP nicum (5) 


Given the values of « and f, it is possible to calculate, 
based on the mean frequencies of marital coitus per week 
of females reported by Kinsey et al.*, the frequencies of 
non-disjunction for different age groups expected from 
delayed fertilization. Assuming, as German has, that 
«= 48 h and B 24 h (ref. 1), the results are summarized 
in Table 2. It is seen that. for both models. the increase 
in the expeeted frequeney of non-disjunetion with ad- 
vancing age is rather slow; the frequency in the oldest 
group is less than twice as high as that in the youngest 
group. It has been found that longer or shorter values of 
g and B, or both, within reasonable ranges do not affect 
the result to an appreciable extent, provided they are 
invariant with respect to age. 

Although the value of « does not seem to vary much 
with husband's or wife's age, 8 may decrease appreciably 
with wife's age. The possible effect of this factor on the 
relative increase of F(A) can be seen from equations (3) 
and (5). While the ratio of the highest value of F(A) to 


Table 2. FREQUENCY OF NON-DISJUNCTION FOR DIFFERENT AGE GROUPS, AS 
EXPECTED FROM DELAYED FERTILIZATION 


Kinsey's data on Expected frequencies 


marital coitus 


of non-disjunction 


of females? Mean Frequency of non- 

Mean interval A disjunction increases 

Age frequency (h) Exponen- 

group per week Linearly tially 

x 10-8 
16-20 847 45-4 0-022 (0-081 0-067 
21-25 3-0 56-0 0-018 0-086 0-074 
26-30 2-8 64-6 0:016 0-088 0-078 
31-35 2:8 73-0 0-014 0-000 0-082 
36-40 2-0 84-0 0-012 0-083 0-086 
41-45 iri 98-8 0-010 0-086 0-090 
46-50 l:4 120-0 0-008 0-090 0-095 
51-55 r2 140-0 0-007 0:100 0-007 
56-00 0-8 210-0 0-005 0-163 0-102 
0-000 Oil 0-116 


Maximum life spans of sperm and oocytes are assumed to be 48h andi24 h 


respectively, their capacity for fertilization decreasing linearly. 
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the lowest one, that is, F(4—0)/F(4-0-022), becomes 
smaller for the first model as f decreases with age, the 
reverse is true for the second model. For example, if 8 
is 24 h for younger wives but is reduced to 12 h and 6 h 
for older wives, the ratio would be inereased to 4 and 
9:2, respectively. There are, however, some reasons? to 
believe that the value of 8 is probably less than 24 h 
even for younger wives; then the relative increase of the 
ratio as § decreases with age would be smaller. Further- 
more, the assumptions that g(0)=0 and X approaches to 
zero are obviously artificial, so that these calculations 
should be taken as giving only an upper limit to which 
the rate of increase in F(A) might be possible. 


Risk to ; 
children mr 


zj- 


1500 
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Fig. 2. Maternal age and Down’s syndrome. 

On the other hand, many have established that the 
relationship between the ineidence of Down's syndrome 
and maternal age remains fairly steady up to a maternal 
age of 29, while the incidence increases in à nearly expo- 
nential fashion after the maternal age of 30 (ref. 6). 
Fig. 2 illustrates our results based on 834 Japanese 
mothers, but the overall pattern of the increase in the 
ineidence of this anomaly with maternal age seems to be 
almost the same irrespective of raeial, geographical and 
socio-economic variations’. At any rate the relative 
incidence in the oldest group has been found to be about 
twenty times as high, or even higher than this, compared 
with that in the youngest group. Considering the argu- 
ments with respect to the extent to which delayed fertiliza- 
tion may play a part with advancing age, it is therefore 
clear that German’s hypothesis cannot account for the 
empirical data unless some factors are related to age, other 
than prolongation of interval between coitions. 1t should 
be emphasized, however, that the results presented here 
do not exelude a possible teratological significance of 
delayed fertilization per se in man. 

This work was supported by & grant in aid from the 
Japanese Ministry of Education. 
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LETTERS TO THE EDITOR 


PHYSICAL SCIENCES 


Implications of Observations 
of Very High Energy Gamma 
Rays from Pulsars 


OBSERVATIONS of gamma rays of energy greater than 
3x 10!? eV with a flux of 5 x 10-!! photons em~? s^! from 
the pulsar CP 1133 have been reported by O'Mongain 
et al. In addition, Charman ef al.* reported a pulsed 
flux of 2 x 10? photons em-? s~! above an energy 7 x 10!? 
eV. Fazio et al.? do not observe gamma rays above 
3x 10!? eV from CP 1133 (or from some other pulsars), 
but their upper limits are consistent with the results of 
O'Mongain et ol. Here I examine the ways in which these 
high energy photons can be produced and derive some 
implications from the observations. 

There seems to be no optical object above a magnitude 
of 21:5 in the position of CP 1133 (ref. 4). This implies 
that the upper limit on optical photon flux from CP 1133 
is about 0-2 photons cm~? s-!. 

High energy gamma rays are produced by the following 
processes: (1) production of zx? mesons by proton-proton 
reaction and subsequent decay of the mesons into gamma 
rays; (2) Compton scattering of universal microwave 
photons or other photons near the pulsar from ambient 
high energy electrons; (3) bremsstrahlung of high energy 
electrons. 

(1) The production of high energy gamma radiation 
through x? decay implies the production of high energy 
eleetrons, and the production rate of electrons is the same 
as that of gamma rays. The production rate of electrons 
of energy 3x 1)" eV is then .N,— (5 x 10-1! x 4rd?) per 
second, where d is the distance of CP 1133. These electrons 
can either escape from the pulsar region or be trapped and 
lose their energy by the synchrotron process near the 
pulsar. If the magnetic field near the pulsar is H, their 
synchrotron lifetime is tœ 10?/H? s. The time of escape 
(T) from the pulsar region is approximately 1 s. "The 
electron content near the pulsar at a given time is then 
between N.T and Ner. 

I shall use the case in which no trapping occurs. The 
electrons will emit photons by the synchrotron process; 
the energy (in eV) of the synchrotron photons «e, is 
2 x 105 H, corresponding to an electron energy 3 x 10!? eV, 
The flux of these photons at the Earth is F(s;) ~ N,P/ 
es4nd*, where P is the power emitted per electron by the 
synchrotron process. This gives 7P(e,)— 10-5 H, the flux 
being photons cm~? gt, 

If electrons of energy 3 x 10? eV are produced near the 
pulsar, it is likely that electrons of lower energy, which 
will emit photons of energy less than 2 x 10° H, are also 
produced. To derive the flux of optical photons (esp ~ 1 eV), 
we have to extrapolate F(s). The number spectrum of 
photons (unpublished work of F. D. Drake) in the radio 
range has a form v-^, with the spectral index &— 2. It is 
likely that the spectral index in the optical region is 
higher. Using the same index (which will lead to a lower 
limit of the optical flux), the optical flux near the Earth is 
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Fí(z,)894x10* H^. Comparison of tae flux with the 
optical limits implies that H < 8x 10-? gauss. It is easy to 
see that, if the electrons are trapped, these results unply a 
magnetic field « 10-? gauss, which is absurdly low. 

(2) The density of universal microwaves photons (assum- 
ing a blackbody radiation of 27° K) s næ 660 photons 
em-?, and the mean energy is 7x 10-" eV. To convert 
these photons into gamma rays of energy 3x 10?* eV, the 
Compton electrons must have an energy E 3x 10" eV. 
The number of electrons needed at the source is JN, 
5x 10-11 x 4xd?/nco, where c is the velocity of light and c 
the Thomson cross-section. These eleetrsns will radiate in 
a magnetic field H, giving photons of energy 2; 2x 107 H 
eV. The number of such photons received at the Earth is 
calculated to be Fles)=N,P/4nd*e,= 10* H emt s. The 
flux of optical photons, calculated as discussed in the first 
section, is N,,— 4 x 10° H?, Comparison with the optical 
limit implies a magnetic field < 10-? gauss, suggesting that 
this process as the origin of high energy gamma raya is 
unlikely. 

I have also considered Compton scattering of ambient 
photons. The electromagnetic spectrum veyond the radio 
region near the pulsar is not known. Calculations similar to 
those for universal microwave photons but using the radio 
spectrum only imply a magnetic fielc less than 10-* 
gauss. Assuming that the radio spectrum extends to the 
infrared region with the same slope, the magnetic field 
implied is H < 10-4 gauss. 

(3) The number of electrons needed to produce the 
observed high energy garnma rays depencs on the density 
of the hydrogen atoms near the pulsar. The optical flux 
near the Earth from these electrons is ealculated to be 
(2 x 10° H3)/n cem s-*.. The density of hydrogen atoms 
near the pulsar is not known. The dispersion of radio 
waves implies a density less than 10* cm- near the 
pulsar’. Using this density, the magnetis field near the 
pulsar has to be H < 10-5 gauss. 

Whatever known process is assumed, the observed high 
energy gamma radiation, together with she null optical 
observations, implies a magnetic field less shan 10-* gauss 
near the gamma ray emitting region of the pulsar. 
Theoretical suggestions of the magnetic field near the 
pulsars, if they are neutron stars, run ss high as 10% 
gauss’. 

Considering the limits on the magnetic field set by each 
of the processes discussed, we find that the most likely 
mode of production of gamma rays is proton-proton 
interaction by means of x" decay. Jf this is so, the 
electrons produced with the gamma rays «annot become 
trapped near the pulsar. 

The energy flux in the observed high energy gamma rays 
is 2 x 10-1* erg em-?s-!. Assuming a distance of 60 po for the 
pulsar CP 1133, the energy output in high energy gamma 
rays is ~8 x 10?! ergs s-?. This result implies the produc- 
tion of particles with energy content several orders of 
magnitude larger. It is possible that pulsars can signifi- 
cantly contribute to cosmic rays (my unpublished obser- 
vations). 

This work was performed while I held s US National 
Research Council senior postdoctoral visiting research 
associateship supported by the Smithsonian Institution. 
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Spectral Line Intensity Variations 
in Planetary Nebulae 


Evans, Catchpole and Jones! recently suggested that the 
small southern planetary nebula, ZO 4642, shows striking 
spectral changes. They compared eye estimates of 
intensity on low dispersion spectrograms with low-resolu- 
tion scanner measurements published by Aller and 
Faulkner?, 


Table 1. 


A ident. PG PE À Ident. 
3132-9 OQI 57-5 : B734°3 H13 
3203-1 Hell 7 3750-1 H12 
3812-3 OUT ii 3754-6 OII 
3840-8 OTI 13 l 3759-8 OI 
3345-9 [Nev] 7 55 l 770-6 HH 
3426-0 [Nev] 143 170 3797-8 H10 
3428-6 OIH 45 3835.3 Ho 
3444-0 OUT 16-3 3868-8 [Nelly] 
3703.8 H16 2-8 3889-9 HS, He 
3712°0 H15 3-0 3967 °5 [Neli] 
3721:9 Hi4 4:0 : 3970-0 He 
3720-0 TOH] 4-4 46 | 4026-0 Hell 
3728-7 [OIT 4:5 4068-6 [SI 


Aller and Faulkner emphasized the necessity of combin- 
ing spectral scans with ordinary spectrograms of adequate 
resolution (see their Fig. 2). We have therefore undertaken 
photographie spectrophotometrie measurements of a num- 
ber of southern planetaries with the 60 inch reflector at 
Cerro Tololo in Chile. We calibrated the plates with a 
spot sensitometer and filters, and spectra of 0 Crateris 
secured with a very wide slit. We used the speetral energy 
distribution as measured by Hayes’, who used Vega as 
his fundamental comparison star. These results are in 
good agreement with those of Oke! and of Aller, Faulkner 
and Norton* when allowance is made for the revised 
energy distribution for Vega. The dispersion was about 
76 A mma. 

The columns headed PG in Table 1 give the intensities 
derived from three separate exposures and the columns 
headed PE quote the photoelectrie results from Aller 
and Faulkner. Except for 13727 [OII], the results are 
comparable. 'Phe differences can be attributed to noise 
difficulties in photographie photometry and to uncer- 
tainties in locating the continuum, Fig. 1 is à reproduc- 
tion of part of a tracing in the region of 33727. The num- 
bers on the right give the relative intensity scale and the 
dotted line the estimated position of the eontinuum. The 
3727 [OII] pair seems to be present from Mav 17, 1968. 
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Spectrum of £C 4642 in the region 23727. 


Fig. 1. 


MEASURED LINE INTENSITIES IN THE SPECTRUM OF JC 4642 





NATURE, VOL. 221, FEBRUARY 15, 1969 


These lines fall in a crowded region, which, if observed 
with a resolution of 24-40 A, would produce a blurred 
line that easily could be misinterpreted as "23727". 
Summing the line intensities from 233703 to 23759 we 
obtain *'36" on the scale /(H8) — 100 which is to be com- 
pared with the 46 quoted by Aller and Faulkner. ~ 

We are not convinced that spectral changes have 
actually occurred in IC 4642 on the basis of available 
observations. Further careful studies are needed for this 


PG PE A Ident, PG PE 
ud ; 4101-7 Ha 36 41 
38 4199-8 Hell 36 

4-9 4207.1 CII Iu 

4:8 4340-6 Hy 55 47 
6.5 4363-2 [OILI 16 .93 
TR 4541-4 Hell aed 
13:5 l 4685-7 Heli LIS x 142 
28 67 : 4711-4 LATIV] 18 
AU i T24- : Y Yt c 
edis | ee [NeIVI 3:8 
11 20 4740-0 [ArIV] 12 
18 , 4861-3 HE 100 100 
2:0 4950-0 LOTTE} 155 200 
2:8 5006-9 [OTI] 450 600 

* 


object, which is one of the highest excitation planetaries 
known. 

The programme was supported in part by a grant from 
the US Air Force Office of Scientific Research to the 
University of California, Los Angeles, We thank Director 
Blanco, and William Kunkel of Cerro Tololo, and Ned Li 
for help with the reduetions. 
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Model Atmosphere Calculation of 
the Solar Oblateness 


Dicke and Goldenberg! measured the difference between 
the polar and the equatorial flux eoming from the limb 
of the Sun (AF), and inferred that the surface of equal 
potential at the limb is oblate by 35 km. The Sun thus 
has a quadrupole moment due to a rapidly rotating 
interior, producing a perihelion shift of Mercury of 3-4 s 
of are century. Agreement between the value predicted 
by general relativity and the observed perihelion shift of 
Mercury is thus destroyed. One of us? has criticized the 
Dicke and Goldenberg interpretation and has suggested 
that the flux difference is due to a stronger stabilization 
of convection, by rotation, at the pole. 

The two basic assumptions made by Dicke and Golden- 
berg are that the surfaces of equal density and potential 
coincide, and that, if AF is due to a temperature dif- 
ference, the difference in flux divided by the flux remains 
constant when the sht size used to measure the flux 
difference is increased, Here we shall examine the latter 
assumption more closely. 

Assuming that convection is preferentially stabilized 
at the pole, temperature differences between pole and 
equator will drive currents which eonvect more flux at 
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NEW AND 
FORTHCOMING TITLES 


Tunneling Phenomena in Solids 
EDITED BY ELIAS BURSTEIN Department of Physics, University of Pennsylvania 
AND S. LUNDQUIST /nstitute of Theoretical Physics, Goteborg, Sweden 


Proceedings of the NATO Advanced Study Institute on Tunneling Phenamene in Solids 

held 1967 in Riso, Denmark 
Provides a detailed study in concepts of tunneling phenomena, along with experimental 
techniques for their investigation. Describes electron tunneling in semiconductors, metals 
and superconductors, and atomic tunneling in solids. Valuable both as a sraduate text in 
physics and as a special reference source for materials scientists, electrical engineers, and 
metallurgists. 
570 pages Plenum February 1969 $35,00/£16 7s 













Acoustical Holography, Volume 1 


Proceedings of the First International Symposium on Acoustical Holograpcy, held 1967, 
at Douglas Advanced Research Laboratories, Huntington Beach, California 


EDITED BY A. F. METHERELL Douglas Advanced Research Labs., Mc Dennell Douglas 
Corporation, Huntington Beach, California, H. M. S. EL-SUM El-Sur C onsultants, 
Atherton, California AND LEWIS LARMORE Douglas Advanced Research Labs., 
McDonnell Douglas Corporation, Huntington Beach, California 

The first book in the field to discuss the whole area of visualization, detection, recording 
and sound fields at sonic and ultrasonic frequencies. 


294 pages Plenum February 1969 $315,00/£7 Os 


Growing Crystals from Solution 

EDITED BY T. G. PETROV, E. B. TREIVUS AND A. P. KASATKIN 

Scientific Research Institute for the Earth's Crust and Crystallography Section, Leningrad 
University, USSR 

Translated from Russian by Albin Tybulewicz Editor, "Soviet Physics-—Sensiconductors" 


Describes in detail all major methods of growing crystals from solutions with temperatures 
up to 100°C at atmospheric pressure. Following a brief review of the theory of crystal 
growth, authors describe the technical equipment of a crystallization laboratory, opera- 
tional procedures, measures for avoiding anomalies in growing crystals, and.selection of 
optimal conditions. 

Approx. 106 pages C B Special Research Report March 1969 347.50/£8 Ss 


Turbulent Jets of Air, Plasma and Real Gas 

EDITED BY GENRIKH N. ABRAMOVICH Moscow Aviation Institute 

Translated from Russian 

Presents results of theoretical and experimental research into jets with temperatures in the 
range 80°K to 20,000°K. Deals with problems of propagation at supercritics! pressures, 
calculations of jets in closed channels and in an infinite medium, and the calculation of 
gas-dynamic and main regions under non-similarity conditions, 

Approx. 144 pages C B Special Research Report January 1969 $22.50/£10 105 


Folia Morphologica 

EDITOR-IN-CHIEF: J. WOLF | 
Laboratory for Electron Microscopy of the Czechoslovak Academy of Sciences, Prague 
ASSISTANT EDITOR: Z. VACEK | 

Institute of Embryology, Faculty of Medicine, Charles University, Prague 

EDITORIAL BOARD: Prof. L. Borovansky, M.D., D.Sc., Prof. E. Klika, M. D., D.Sc., 
Prof. J. Kos, Prof. VI. Munka, M.D., D.Sc., Prof. O. Slaby, M. D., D.Sc., Prof. : , Stanek, 
M.D., D.Sc., Prof. VI. Vrtis, V.D., Prof. K. Zlabek, M.D. 


FOLIA MORPHOLOGICA, the important quarterly publication of the Czechoslovak 
Academy of Sciences, will be available beginning 1969. Edited by Dr. J. Wolf and a re- 
nowned board of editors numbering specialists in the fields of anatomy, embryology, 
histology, electron microscopy, and histochemistry, the JOURNAL covers significant 
international research in all areas of morphology, including the developmerz of new 
techniques. Of additional value are the numerous illustrations, photographs, micro- 
photographs, and electron micrographs— many in colour-—included in each issue. 

The initial issue of 1969 will include articles on tissue shifts in the tail of the chick embryo, 
secretory manifestations of the glomus gland, electron miscroscopy of dental pul» and the 
islets of Langerhans, the angioarchitecture of cardiac muscle, the cytology of tubal 
epithelium, and the positive one-stage carbon replica of the surface of biological sussensions. 
Annual subscription, Volume 17 (4 issues) 1969 $16.00/£7 0s 
(Add $2.00/17s. for postage outside the United States.) 
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Meromorphic Functions 
W. K. Hayman 


This book is concerned with the study of functions 
meromorphic in the plane and in the unit circle. It 
should be accessible to any student who has had a 
first course in the theory of functions of a complex 
variable, and introduces the reader to modern 
research. The basic tool is the fundamental theory 
of Nevanlinna which relates the frequency of the 
roots of the equation fízj--a for different values 

of a with the growth of the characteristic function 
T (r. f). This is a corrected reprint of a book first 
published in 1964. 

75[— net paper covers 63/- net 


Oxford Mathematical Monographs 


Classical Harmonic 
Analysis and 

Locally Compact Groups 
Hans Reiter 


The book deals with various current developments 
in analysis centring around the fundamental work 

of Wiener, Carleman, and especially A. Weil. The 
purpose of the work is to establish clearly the 
relations between classical analysis and group 
theory, and to study basic proportions of functions 
on abelian and non-abelian groups. As well as 
providing a systematic introduction to these topics, 
this book also encourages further research. 

Paper covers 75/- 


Oxford Mathematical Monographs 


Total Positivity 
Volume I 


Samuel Karlin 


In this volume, the first of two, Professor Karlin 
develops the idea of total positivity as a theoretical 
concept of considerable power that plays an 
important part in the domains of mathematics, 
statistics, and mechanics. More than half the 
material is published here for the first time, and 
an extensive Bibliography is included. 

£8/6/6 net 

Stanford University Press 


Oxford University Press 


Just Published: February 1969 Volume 20 


ANNUAL REVIEW OF 
PSYCHOLOGY 


... prepared by highly qualified specialists in each 
special field for those engaged in teaching and research. 
Each review endeavors to offer a critical evaluation 
of current research on the subject. 


Editors 
P. MussEN, M. ROSENZWEIG 





Editorial Committee 
G. W. ALBEE, M. D. DUNNETTE, F. A. GELDARD, 
L. V. Jones, G. LINDZEY, P. MUSSEN, 
M. ROSENZWEIG 
Contents: 516 pages 


Developmental Psychology 
John H. Flavell and John P. Hill 
Basic Drives 
Byron A. Campbell and James R. Misanin 


The Physiological Basis of Memory... 7. A. Deutsch 
Audiuon ...David M. Green and G. Bruce Henning 


The Chemical Senses 
Don Tucker and James C. Smith 


Perception 

Kai von Fieandt and Michael Wertheimer 
Color Vision ............. H. Ripps and R. A. Weale 
Personality deviren enro aia Joseph Adelson 


Attitudes and Opinions 
David O. Sears and Ronald P. Abeles 
Electrical Stimulation of the Brain in Behavioral 
CODERE, auesteusetociua eR OS .... Robert W. Doty 
Neuropsychological Bases of Schizophrenia 
Allan F. Mirsky 
Human Abilities | 
Edwin A. Fleishman and C. F. Bartlett 
Instructional Psychology 
Robert M. Gagné and William D. Rohwer Fr. 


Personnel Selection 
William A. Owens and Donald O. Fewell 


Sealne - SascGemneioenwanesuricedt oseph L. Zinnes 


All volumes are clothbound with subject, author and 
cumulative indexes. All back volumes available, 
Price postpaid: $8.50(U.S.A.) and $9.00 (else- 
where—U.S. Funds). Student rates available on 
current volumes. Information sent on request. 


REPRINTS of all articles published in the 
ANNUAL REVIEW of PSYCHOLOGY from 
Vol. 12 (1961) on may now be purchased at a 
uniform price of $0.95 each, postpaid. A descriptive 


BROCHURE, in which the reprints are listed 
both by author and subject, is available free of 
charge. 





Publisher: 


ANNUAL REVIEWS, INC. 


4139 El Camino Way, Palo Alto, 
Calif. 94306 U.S.A. 
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Fig. 1. Temperature versus optical depth for the Bilderberg model. 


the equator (Fe) than at the pole (Fp). When radiative 
equilibrium is reached, the temperature will be given by 


T+ = 055 x Tor (7+ g( 3) 


and the flux is equal to o T,g/z. Because Fe> Fp, 
Tog > TPg and thus the temperature at the limb will be 
higher at the equator than at the pole. If a value of 
AT og = Tg TPe is prescribed, however, calculation of 
AF/F for the limb, with a model atmosphere, shows that 
the second assumption is well verified. The ‘“‘oblateness’’, 
Ag=(AF/F) (LIES), where L is the vertical size of the slit 
and Ks the radius of the Sun, is proportional to L, while 
Dicke and Goldenberg have shown that Aa is independent 
of L. 

A pole-equator flux difference can be due to AT ay or, 
if AT = 0, to a pole-equator temperature difference at 
the limb produced, for example, by large scale motions. 
In order to calculate the flux difference produced by 
several temperature distributions, the grey model atmo- 
sphere of Faulkner, Griffiths and Hoyle? (FGH) was used. 
The basie dependence of temperature on optical depth 
was assumed to be that of the Bilderberg’ model (see 
Fig. 1). For small values of + the discrepancies between 
the FGH model and the Bilderberg model are of the order 
of 5 per cent, increasing to 20 per cent for t=1. The 
equations of the FGH grey model atmosphere were inte- 
grated inwards from 7—10- to *~3. The coupling with 
the interior was determined as follows. At the pole 
760-6 was assumed to be at a distance ,— 7 x 10!? em 
from the centre of the Sun. At the equator, te, determined 
by cel te) = ep(O-6) (ge and op are the densities at the 
equator and pole respectively) was taken to be at a dist- 
ance #s+ AH from the centre of the Sun: here AR is 
such that yp(fs)=Ye(Rs+ AR), q being the total potential. 
The flux coming from the limb of the Sun was then caleu- 
lated by integrating the source function (evaluated in the 
fourth order approximation by Chandrasekhar‘) along 
the line of sight. 

The influence of large motions on the temperature 
distribution can be estimated as follows. The energy 
equation can be written 


pu y TCy + pdivu + div F = 0 


where the radiative flux, in the diffusion approximation, 
is given by 


4ac 
F = — PF T 
3ko »N 


647 


For u we take the simplest type of metion 
u = u(z) cos ka, 0, 0 


where the z axis is vertically upward, tse a axis is bori- 
zontal and k is assumed to be small. The temperature will 
be T — Tr + AT, where AT is the departure from radiative 
equilibrium. From the energy equation, the equation for 
AT is found to be 


(RT do dTCy^ _ dac d y Pa d AMT 
"kird: dee dort ^ aec 


where a = pu = constant. The usual Schwerzschild stability 
criterion is obtained if the left-hand side is positive. For 
downward motions AT should be posit:ve if the atmo- 
sphere is in radiative equilibrium, and negative if it is 
conveetively unstable. The boundary eenditions on AT 
are thus A7’=0 at t= te, where «c, is the optical depth at 
which the atmosphere becomes convectively unstable, and 
dAT/dt=0 for small values of + (ne change in the 
emerging flux). In Fig. 2 we give the values of AT for 
a=-O5x 104. For simplicity, averaged values of the 
ratio of the specific heats and the molecular weight were 
taken. The motion corresponding to the value of « is 
small and can be neglected in the equations for the model 
atmosphere. The equator-pole flux difference was caleu- 
lated for three different cases. 

(1) No temperature differences 
equator, and 


between und 


pole 


AR -5x10-* RB, 

(2) The Bilderberg model has a minimam temperature 
of 4,6007 K at 7~ 10-9. For values of + larger than 10-5, 
the temperature at the equator and pole was assumed to 
be equal to the Bilderberg temperature, Fe. For values of 
z smaller than 10-?, Tp and Te were taken as 


Ty = Tg — 05 (13 — 4,6068 
Te = Tz + 65(Tà — 4,600 


(3) The temperature at the pole was the Bilderberg 
temperature. At the equator the tempereture was taken 
as Te=7T3+ AT where AT is given by Fog. 2, and it is 
due to downward motions. T$ corresponds to a tempera- 
ture distribution with an effective temperature smaller 
by 15° K than the Bilderberg temperature. Thus T4-— 
Tg-- (T cUTeg— 15° K, 5) — To(Teg, t)), where Tol Tee, T) 
is the temperature for a grey atmosphere i 





re in radiative 
equilibrium. At the limb, the temperature is higher by 
13° K at the equator than at the pole. This temperature 
difference decreases with optical depth aml changes sign 
at an optical depth of 0-2. Direct measurements of 
pole-equator temperature differenees*? by Fraunhofer 
hne strength difference or eolour tempereture difference 


are inconclusive and do not contradiet this value. 
Strictly speaking, together with downward motions 


tive zone), but the results would have been «unaltered, The 
values of the "oblateness", Ag=(AF/F) wi/Bs), for the 
three cases mentioned and for the three different slits 


used by Dicke and Goldenberg are given ia Table 1. 


Table 1. VALUES OF THE ORLATEN ES: 


SHEL Slit 2 slit 3 
Case 1 D x10 oo xj SU xi 
Case 2 0:63 x 1073 0:73 x 107* O76 x 105 
Case 3 3:1 x10 DB x 10-5 0-44 x Hr 


In cases 2 and 3 the difference in flux due to the oblate- 
ness produced by rotation has not been included. It is 
seen that, for obvious reasons, case 2 also behaves as an 
oblateness, but the value of Aq is too small oy an order of 
magnitude. In case 3, Aq increases somewhat with slit 
size; however, if AF were due to a siraple effective 
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Fig. 2. Temperature deviations from radistive equilibrium due to 


large seale motions. 


temperature difference such that X4 4 x 10-5 for the first 
slit, then Aq would be about 12 x 10-5 for the third slit. 

In case 3 it has been assumed that Teg at the equator 
is smaller than at the pole. If this is due to the stabilizing 
effect of rotation on convection, then convection would 
be preferentially stabilized at the equator: ® 1, 

With the simple model of large scale motions adopted 
here it is difficult to obtain a AF due only to motions and 
behaving as an oblateness because the temperature in- 
version would occur at values of + which are too large. 

We thank Dr R. Kopp and Dr A. Bussian for valuable 
discussions, and Nancy Werner for help in the program- 
ming of the numerical work. 


B. R. DunNEY 
High Altitude Observatory, 
Boulder, Colorado. 

I. W. RoxBURGH 
Department of Mathematics, 
Queen Mary College, 
University of London. 
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l0 MHz Absorption in the 
Local Spiral Arm 


Bridle and Purton! have recently presented flux densities 
at 10-03 MHz for 126 radio sources. The ratio of their 
observed flux density (Sops) to that expected (Sexp) from 
extrapolation of the high-frequency spectrum of each 
source is correlated with the galactie latitude of the 
source. For example, the geometric mean value of 
E = Sops/Sexp among all sources in their list is 0-99 + 0-04, 
but fer sources within 15° of the galactic equator it is 
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0-70 0-10. This attenuation of the 10 MHz flux densi- 
ties near the galactic equator suggests that free—free 
absorption in the interstellar medium of the galaxy is 
significant at 10 MHz. Interstellar absorption of galactic 
background radiation has been reported at lower fre- 
quencies by several authors*~*. 

We consider here the 10 MHz observations of galactic 
sources with known distances, and of sources identified 
with extragalactic objects at |bU| < 20°. For these sources 
the length of the line of sight through the interstellar 
medium can be estimated, and the observed absorption 
provides data on physical conditions in the medium. 


sight at 10 MHz has been estimated by putting R= 
e190), «(10) is uncertain if the high-frequency spectrum 
is poorly determined, or if the source is thought to contain 
a low-frequency component the spectrum of which differs 
from the high-frequency spectrum, as in 3C 84 and 3C 144, 
for example. Such sources, and others for which the 10 MHz 
data may be affected by confusion with features of the 
galactic background radiation, have been discarded from 
this analysis. Experimental uncertainties at 10 MHz 
make optical depths «(10) « 0-25 unreliable. 

A preliminary analysis of the relation between (10) 
and the length of the line of sight through the interstellar 
medium showed that the optical depth per parsee is 
greater for lines of sight lying parallel to the local spiral 
arm than for lines of sight lying perpendicular to it, by a 
factor between two and three depending on the assumed 
thickness of the galactie disk. ‘This relation to the spiral 
strueture of the galaxy confirms that the 10 MHz data 
show the effect of interstellar absorption, and further 
suggests that this absorption is dominated by the local 
spiral arm (the range of galactic longitudes represented 
in the data is 74^x111«205?). Further analysis has 
therefore been made using galactic models which take 
account of the orientation of the local arm. The galaxy 
was assumed to be a disk of radius 15 kpe, with the Sun 
10 kpe from its centre in the mid-plane and on the inner 
edge of a spiral arm of thickness 1 kpe in this plane. 
The arm was assumed to have the same half-thickness h 
perpendieular to the plane of the disk as the disk itself; 
in different models h was varied from 150 to 350 pe, and 
the arm was assumed to be locally perpendicular to 
galactic longitudes between 150° and 170^. The length 
of the line of sight in the disk is <3 kpe for most. sources, 
so that only the local geometry of the arm is significant; 
curvature of the arm in the galactic plane has therefore 
been neglected. For each model, the length L, of the 
line of sight through the arm, and the remaining length 
L, through the disk, were calculated for the galactic 
longitude and latitude of each souree. For the galactic 
sources, the location of the source on the line of sight is 
determined by the distance; for the extragalactic sources 
the total length of the line of sight was taken to be 
(Li+ La). Within both the arm and the disk, the optical 
depth was assumed to be proportional to the length of the 
line of sight, and for each model the relation «(10) — a, L, + 
aLa was fitted to the data by adjusting the values of the 
constants a, and itz. 

a, was found to be insensitive to the adopted perpendicu- 
lar longitude for the local arm, but sensitive to the adopted 
value of k. For h=200 pe, a,— (5-0-- 1-2) x 10-4 po^, 
while for 4-300 pe, 2,— (40:07) x 10-* pe. Table 1 
shows the observed values of -(10) and also the values 
Of tarm(10)=a,L, derived for models with h=200 and 
300 pe and Ui! = 155^. 

Table 1 shows that only 3C 10 and Cas A have the 
observed 7+(10) significantly greater than the fitted 
^arm(10). These are therefore the only sources in Table 1 
for which appreciable absorption occurs beyond the local 
spiral arm. They are also the only sources for which an 
appreciable part of the line of sight in the interstellar 
medium lies beyond the arm. Both sources are in the 
Perseus spiral arm, and part of the non-local absorption 


vae 


NATURE, VOL. 221, FEBRUARY 15, 1969 


of their radiation may occur there; the value of a for the 
inter-arm medium is therefore uncertain from these data. 
a= (2. 1) x 10- pe for either = 200 or 300 pe, and the 
value of a for the inter-arm material is probably somewhat 
less than this. 

Only in the case of 3C 172 is the predieted absorption 
appreciably greater than that observed. This source is 
one of the weakest studied and the discrepancy is not 
significant. 

The optical depth -(v) along a line of sight through 
ionized material is given® by t(v) = {Oni Te y y(yv, Tedi, 
where C is a constant, ne the number density of electrons 
at temperature Te, v the frequency and y(v,7’e)= 17-7 + 
In(T,?/2/vy). Determination of a, at 10 MHz therefore gives 
an estimate of (nPTQ 7 .4(10,7.)» along a typical line 
of sight through the local spiral arm. Using the model 
with A-« 300 pe as an example, if we take Te = 6,000 K, 
corresponding to the typical temperature of an HII 
region, @,=4%x 10-4 pe implies (ni5- 0-042 cm-* in 
the local arm. For a uniform medium, this corresponds 
to (ney 0-2 em. If we take Te= 100° K, correspond- 
ing to the typical temperature in an HI region, (n25- 
0-00015 cm, which for a uniform medium corresponds 
to <ne = 0-012 em. The recent observation’ of 21 em 
absorption in the direetion of the pulsar CP 0328, together 
with its frequeney dispersion, shows that in this direction 
<ne 0-006 cm. The 10 MHz absorption data are 
therefore more readily compatible with the data on 
CP 0328 if the absorption in the local spiral arm occurs 
chiefly in electron gas with Te~ 100° K. The same con- 
clusion would be reached if we adopted A= 200 pc. 

It is important to consider the effect of aggregation of 
the electrons into clouds, for the frequency dispersion 
in pulsars is proportional to <ne) on the line of sight 
but the optical depth to <(n?>; aggregation therefore 
affects the two phenomena differently. The "hot" 
electron estimate of <n?>=0-042 em- would be com- 
patible with <ne>=0-006 cm if the electrons were 
entirely aggregated into clouds having nez 7 cm with 
^ 1 cloud centre per kpe for an assumed cloud diameter of 
] pe. This is not inconsistent, with observations of HII 
regions, but such a distribution would produce a patchy 
distribution of absorption, for the number of clouds on 
most lines of sight through the local arm would be 0, 1 
or 2. The number of sources in Table 1 is too small to 
provide adequate statistics for discarding this interpreta- 
tion, but the small scatter of the 10 MHz data about the 
fitted values of a, does not support it. Further, the 
Faraday rotation of extragalactic radio sources shows 
large scale regularities? at intermediate galactic latitudes, 
which also implies large scale regularity in <e> among 
different lines of sight through the local spiral arm. It 
is possible that CP 0328 happens to lie in the direction of a 
"hole" in a highly aggregated distribution of electrons; 
further direct measurements of distances to other pulsars 
will indicate whether or not this is true. 

It 1s more satisfactory to suppose that the 10 MHz 
absorption occurs in "cool" electron gas. For example, 
if T.=100° K, the 10 MHz absorption and pulsar 


Table 1. COMPARISON OF 10 MHz DATA WITH FITTED MODELS OF LOCAL ARM 


Observed Optical depth in local arm (E. — 155?) 
Source 1(10) h = 200 pe h = 300 pe 
3C 10 0:8 0-6 0:5 
(Tycho's a/nova) 
3C 123 0:45 0:5 0-4 
3C 138 0:3 0:5 0:4 
157 0-65 0-6 0:5 
(IC 443) 
166 05 0-65 0-55 
3C 172 « 0-25 0-45 0-5 
30 175 0-6 0-6 0-6 
3C 405 1-2 0-05 1:2 
(Cyg A) 
Cygnus loop s0-95 0-4 0-3 
C 430 0-6 0-7 0-6 
3C 452 0-45 0-35 0-4 
3C 461 1:25 0-7 0-55 
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frequency-dispersion data will be reconciied by a continu- 
ous distribution of electrons with ne- 0-604 em contain 
ing clouds having nez 0-035 em-? with one cloud centre 
every 60 pe for an assumed cloud diameter of 5 pe. 
Distributions with lower electron densites in the clouds 
would be acceptable if Te within the cloucs were < 100° K. 
This distribution is consistent with the absorption of the 
background radiation found at lower crequencies (see, 


for example, the discussion by Pottas-h*). lt is also 
consistent with the regularity in the Faraday rotation, 
as there would be 20 or more clouds on neost lines of sight 
through the local spiral arm. I[t is corsistent with the 
magnitude of this effect if the magnetic feld strength in 
the local arm is 1 to 2x 10-? gauss. Thi field strength is 
similar to that estimated from the observed synchrotron 
emissivity of the galactic disk'?:!*. The electron densities 
required at low temperatures are consistent with observed 
densities of atomic hydrogen in the interstellar medium if 
ionization by low-energy cosmic rays maintains neag ~ 
2 to 4x 10-? in clouds and ~2x 10-? ir the inter-cloud 
medium. Recent discussions’ -?* of this effect suggest 
that these conditions may be satisfied ir: the local arm. 
If this interpretation of the absorption is correct, my 
values for h=200 pe should be adopted. to correspond 
with the observed thickness of the HI layer near the Sun, 
although k=300 pe provides a better overall fit to the 
present data. 

This work was supported by an operating grant from 
the National Research Council of Canada. I thank the 
Dominion Radio Astrophysieal Observatory for use of its 
facilities, and Dr M. J. Kesteven for stimulating discus- 
sions. 

Note added in proof. The value of Q4.» on the ime 
of sight to CP 0328 is now uncertain, for the data of Guélin 
et al.!5 give (nep 0-03. em., Observetions'® of the 
Crab nebula pulsar NP 0532 have now shown that 
Cne $ 0-028 em in its direction; part of this density 
may be contributed by the nebula. A uriform distribu- 
tion of interstellar electrons with ne= 0:0: to 0-015 cem- 
and Te~ 100° K in the local arm is theretore compatible 
with all the data within present obserwational uncer- 
tainties. A magnetic field of strength 4 to 10 x 10-* gauss 
could produce the observed Faraday rotation of extra- 
galactic radio sources in such a medium. The lower 
value of the field strength would be compatible with 
observations of the Faraday rotation of CP 0328 (ref. 17) 
and of the Zeeman effect in the 21 em hydrogen line in 
the local arm!*. 
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Measurable Effect of General 
Relativity in Satellite Orbits 


THERE are some close Earth satellites carrying radio 
frequency transmitters. By means of the Doppler effect, 
the radiation from the transmitters received at ground 
stations is used to infer the line-of-sight velocity com- 
d The satellite navigation system known as 

RANET, and the series of TRANET satellites, use the 
D system. The Doppler data have been success- 
fully used for almost a decade in orbit analysis, geodetic 
research and navigation, 

The transmitting oscillators in the satellites seem to 
have a stability of better than 1 part in 1015, established 
by laboratory experiments! and by position analyses 
by Newton? and E. M. G. (unpublished results). 
Because the oscillators (which are elocks) will run at 
different rates*-* in different potential fields, the caleulated 
Doppler veloeity attributed to the satellite will be dif- 
ferent depending on whether one uses Newtonian or 
relativistic (Einsteinian) theory to reduce the data of the 
one-way Doppler satellites, such as TRANET observa- 
tions. But this effect will not be present for two-way 
Doppler satellites such as the Goddard Range and Range 
Rate Doppler satellites (see NASA report X- 507-65-385 
(1965) by B. Kruger). In fact, simultaneous one-way and 


two-way Doppler data should differ bv the relativistie 
effect. 


In the framework of Einstein s theory, the ratio of the 
observed frequency (vobs) to the standard frequeney on 
the Earth (vg) would be (for a symmetrical Earth) 


iAP. AM ay Fi 2 1 7,1 2s 
vobs ~ ( Wem GM a OMe _ 1 | Vs)? Ee I | VEI 
YE E C? fs c? TE 2. €^ 9 gt / 
d ] dp^ 
S eg dt? 


where Mg is the mass of the Earth, 
the Earth's rotation at the observer, rs and V's are the 
geocentric distance and total velocity of the satellite, 
respectively, o is the distance from the observer to the 
satellite, G 1s the gravitational constant and c 1s the speed 
of light. This expression includes the special relativistic 
transverse Doppler effect, In practice, the non-sphericity 
of the Earth's potential is ineluded in the reduction, and 
the rate of the Earth clock will depend on the potential 
at the station. We can rewrite the expression 1n terms of 
the orbital parameters 

2G M ke | 


eos f + const. terms | = 


Vous 7 VE T JE | 
ge n 
Vobs Lall TS e?) et d 





I ds 5 
e dt 


where the quantities a, e and f are the semi-major axis, 
eccentricity and true anomaly of the orbit, respectively. 
In computing effects of this type, these parameters must 
be calculated in the framework of a relativistic theory or 
Newtonian theory although a, e and f will be nearly the 
same numerically. The resulting expression is separated 
into two parts. One is a constant term that is indistin- 
guishable from a zero set error in the oseillator frequency. 
The second term is multiplied by the eecentricity and has 
a period of one revolution. 

The amplitude of the periodic term for a typical geo- 
detic satellite (Geos 1), with a= 8:07 x 10° m and e = [o dE 
js 2 25 em s-! in velocity or à total variation of 5 em s! 
for one orbit. There will be post-Newtonian corrections to 
the orbital parameters in the reduction of the orbit but, 
as these are essentially constant terms, we can caleulate 
the periodic effect using the Newtonian values of G, My, 
a, eand e. It is much more difficult to detect a constant 
effect than a periodie effect. A stability of l part in. 10° 
in the oscillator is equivalent to 3 em s~, and there is 
abundant evidence that the Doppler data can be aequired 


Vg is the velocity of 
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to an accuracy of 1-2 em s-! with a two-frequency system, 
which removes the ionospherie effects (refs. 5, 6, NASA 
report X-514-67-315 (1967) by J. Berbert, and Johns 
Hopkins Univ. Document TG 967 (1968)) It is quite 
clear, then, that this periodic term should be included 
in the reduction of the data. 

With improved orbit caleulations it would be possible 
to use this effect to establish the validity of relativity. To 
achieve this the gravity field and atmospheri ic reductions, 
and the ionospheric and tropospheric effects, will have to 
be improved, as well as other effects that have the same 
spectral characteristics as the pe riodie term. 

It seems therefore that we can make a positive state- 
ment on the validity of the terms in the formulation of 
Zinstein's theory that predict the gravitational red-shift. 
Preliminary calculations show that the residuals are 
reduced consistently if the general relativistic effect is 
included and, unless there is an effect that gives errors in 
the Doppler velocity of the same magnitude and direc- 
tion, the aleulations show that the relativistie effeet is 
real. A diseussion of gravitational theories and observa- 

tions can be found in ref. 7. 
This work was supported in part by a NASA grant. 
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Possible Relation of a Null Solar 
Neutrino Flux to the I| Year 
Solar Cycle 


AN experimental measurement of the flux of neutrinos 
from the Sun has recently been reported'. The method 
uses 39x 10° i of C,Cl, to absorb neutrinos in the 
UCl(ve-)Ar reaction, which has a threshold at 0:81 MeV 
and is energy-sensitive. Because of the enhanced eroso- 
section for energetic neutrinos, the chief contribution to 
the counting rate was expected from *B decay in the solar 
eore?^. But the number of neutrinos detected did not 
exceed the measured background for the instrument, and 
sa served only to provide an upper limit on the flux of 
energetic solar neutrinos. ner senor concluded that 
less than 9 per cent of the Sun’s 
carbon-mitrogen cycle. 

This result has been discussed bv several workers?! and, 
although the reported upper limit is about one order of 
magnitude less than had been anticipated*.’, it is possible, 
by the systematic adjustment of several nuclear para- 
meters, to caleulate an energy production rate which 
agrees with this neutrino flux without any drastic modi- 
fications of nuclear theory. An atheros Ie EAM 


e 


that He piodened in the solar ¢ eore is not “concent rat ed i in 
the core but is mixed in the Sun by meridional circula- 
tion. Iben* discusses the solar He abundance and points 
out a number of difficulties that are met in an attempt 
to accommodate the reported upper limit of the solar 
neutrino flux. Faulty experimental technique does not 
seem to be a source of the difficult y; on the contrary the 
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careful experimental procedures followed by Davis, 
Harmer and Hoffman! easily allow for the possibility 
that the solar neutrino flux may in fact be zero—a result 
which can be aecommodated by the present interpretation. 

Our suggestion is that no solar neutrinos were observed 
during the experimental runs simply because the solar 
neutrino flux was zero at the time. Calculations of 
expected neutrino fluxes are based on a solar energy 
source which does not vary in time. Neutrinos reach the 
Earth immediately following the nuclear reactions in 
whieh they were ereated, while the photons which are 
observed were created by reactions in the Sun's interior 
105 yr ago, but, as Salpeter* points out, 10° yr is a short 
time compared with the estimated age of the Sun, 4:5 x 10? 
yr. No change in the "solar constant” is expected in 
107 yr, or in the nuclear reaction rate responsible for the 
observed flux of solar photons. Neither would the "solar 
constant" be expeeted to show any noticeable change 
even though the nuclear reactions whieh are the source 
of the Sun's energy undergo à considerable amount of 
variation in time, provided that the characteristie times 
for intensity changes are small compared with 107 vr. 
Should this situation be the case, the solar neutrino flux 
would fluetuate as the reaction rate changed. perhaps 
yielding the anticipated flux when integrated over a suffi- 
ciently long time. The flux at times could be much higher 
than predieted on the basis of à constant energy source, 
and at times could be zero as in the reported observation. 
A solar energy source which fluctuates in intensity seems 
to be a reasonable choice beeause laboratory attempts to 
duplieate the Sun's nuclear reactions on a steady state 
basis have revealed plasma instabilities which inhibit 
the reaetions. Additional observations, possibly using 
detectors with increased sensitivity, are obviously needed 
to determine the time-dependent properties of the solar 
neutrino flux. 

A solar energy source which fluctuates in time does not 
seem to be exeluded by other observations, and would 
provide a reasonable explanation of the observed null 
neutrino flux, so it is of interest to examine the most 
likely cyclic period. A wide class of energetic solar 
phenomena (flares, radio noise bursts, solar cosmic ray 
events, and so on) are associated with the 11 yr sunspot 
evele. If the energy-generation cycle in the Sun also has 
an ll yr period, then a quadrupole magnetic field sur- 
rounding the active solar core would provide the basis 
for an explanation of the cyclic pattern in the appearance 
of sunspots at the photosphere: hydromagnetic turbulent 
energy would tend to break out of the “magnetic bottle" 
where the gradients in the field cause the bottle to be 
weakest. Thus the energetic disturbances would be in- 
jected into a region of low solar latitude outside the 
core itself. The disturbances would then propagate to 
the solar surface along spiral paths due to the Sun’s 
rotation, diffusing to sornewhat higher and somewhat 
lower latitudes. Two observations regarding sunspots 
would be explained with this model: (1) Sunspots in a 
new solar eyele would appear first at higher latitudes, 
where the distances they have to travel along Archimedean 
spiral paths leading to the photosphere are shorter. 
(2) Sunspots would be predominantly at low latitudes 
and would be excluded from polar regions. In addition, 
the asymmetries in solar activity in the northern and 
southern hemispheres which have been observed to persist 
on oecasions for an entire 11 yr period do not seem quite 
as inappropriately arbitrary when viewed in this way. 

Energetie disturbances originating from a pulsating 
source at the Sun's core are thus suggested as responsible 
for sunspots and the wide variety of high-energy pheno- 
mena associated with the 11 vr solar cycle. The outbursts 
of turbulent energy. being coupled "directly" with the 

g source in the Sun's eore, would consequently 
E the same periodicity present in the source itself, 
although the transit time may introduce a time lag of 
several years. 
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Should this speculation regarding pulsation of the solar 
energy source prove to have a basis in fact, a most exciting 
possibility of probing the Sun's interior would develop. 
Several parameters could be determined by experimental 
observations of the neut rino flux: the ti me during which 
the solar energy source was "switched on™. the production 
rate of solar energy, and perhaps the characteristics of the 

“switeh on" and "switeh off transients. Subsequent 
activity at the photosphere——its intensity, time duration, 
transit time from solar centre to photosp here, latitude of 
appearance and so on—could then be investigated for 
evidence on the medium through which the disturbance 
has propagated, 

There is also the possibility that neutr:no flux observa- 
tions could serve as accurate long range predietors of 
solar cosmic-ray activity. This possibility would be 
enhaneed by the discovery of time-dependent structure in 
the neutrino flux during the time that the energy source 
is “switched on" w E subsequently could be associated 
with solar cosmic ray activity. Such neutrino flux 
measurements could be made using the present experi- 
mental apparatus if the *B neutrino flux is the predicted 
fraction of the Sun's energy: the coun ting rate would 
exceed 100 counts per day if the solar energy source is 
“switched on" for only 1 month per 11 vr solar eyele. 

Considering the interesting possibilities which exist for 
solar neutrino flux data. the experimental observations 
ought to be continued over at least a complete 11 yr 
solar eyele without significant time gaps in the measure- 
ments, 

I thank Professors Melvin Eisner, Clark Goodman and 
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sponsored by the US Air Force Office of Scientific Research. 
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Minimum Sonic Boom Shock Strengths 
and Overpressures 


pressure rise is, in a sense, a closed one. Tor anv given 
aircraft weight, flight Mach number and altitude, if the 
aireraft is sufficiently long, then shock waves may be 
avoided altogether. This is à eonsequence of two 
phenomena: the slow evolution of the aignature toward 
its asymptotic shape in a homogeneous atmosphere! ; the 

“freezing” of the signature shape that eccurs because of 
the nearly exponential increase E atmospheric density 
with distance below the aireraft?. Typical length require- 
ments for total elimination of the shock waves in the 
aircraft signature are beyond our present structural 

capability®. Ferri! has pointed out, however, that within 
ee lengths at present under consideration for the Boeing 
2707 (318 feet), it is possible to design realistic aircraft 
with overpressures below those given by the far-field 
tore T pounds 
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conditions. Some of these results have also been obtained 
by Á. R. George (private eommunication). In the first 
instance the overpressure level is always larger than the 
shock pressure rise; in the second, it is always the same. 
We give results for an isothermal atmosphere; it is a 
straightforward matter to generalize them to an arbitrary 
steady atmosphere. The pressure signature that gives 
these results, F(x; 0), is depicted in Fig. I. 

The minimum achievable front shock pressure rise, 
Ps, is given by 


— Ps 
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The minimum achievable overpressure, P, is 
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Here P, and P, are the atmospheric pressures at the 
flight altitude > and at the ground, M is the flight Mach 
number, B = (M? — 1)3, 1 is the aircraft length, W its weight, 


pa QEDuM 


and «/a* is the ratio of the advance? that occurs in an 
isothermal atmosphere to that which would occur in a 
homogeneous atmosphere. The advance is a result of 
non-linear phenomena and provides the steepening 
mechanism that leads to shock waves. 

If we examine the formula in the limit 3—0, then we 
recover the far-field lower bound of Jones for lift alone. 
We have not included the volume contribution for two 
reasons: first, as Busemann pointed out, in principle it 
can be eliminated and need not contribute to the pressure 
signature; second, for the aircraft and altitudes of interest 
for commercial supersonic transport, the lift contribution 
is the dominant one. Because the volume contribution 
ean be eliminated, the above formulas represent the mini- 
mum attainable front shock pressure rise and overpressure. 
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Fig. 1. Pressure signature for the azimuthal plane directly under the 
aircraft. The caleulations were carried out for the limit e-+0. ; 





Original shape; - - - , asymptotic shape. 


As an example, we consider a 600,000 pound aircraft 
flying at a Mach number of 2-7 at 60,000 feet. Fig. 2 
shows the minimum front shock wave pressure rise and 
overpressure as a function of aircraft length for these 
conditions. Also indicated on the figure is the far-field 
lower bound of Jones*. Substantial gains accrue because 
of mid-field effects. If the aireraft is 300 feet long, then 
the first result gives a front shock pressure rise of 0-62 


pounds per square foot and the second an overpressure of 


1:04 pounds per square foot. Unfortunately, the rear- 
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Fig. 2. Minimum front shock pressure rise ps and overpressure p; 

as a function of aircraft length for the following conditions, Y, 600,000 

pounds; M, 2.7; height, 60,000 feet.  Atmospherie scale height, 
20,000 feet. 


shock wave in both cases would have a significantly 
larger pressure rise, 

It seems that to complete the signature of Fig. 1 in such 
& way so as to minimize the front and rear shock pressure 
rises simultaneously, we need to rotate the front lobe of 
the signature clockwise through 180°. Actually the body 
may be truncated short of this full length. The residual 
tail wave that exists naturally behind the signature would 
allow such a truncation without inereasing the rear shock 

ressure rise above that of the front shock wave*®. Just 
how much advantage we can take of this fact is not vet 
clear. For this reason no attempt has been made to take 
any advantage of it here. As a consequence, the lengths 
obtained will not be true optima. 

The proof that this is the optimum signature, tail 
wave effects aside, is straightforward. We simply 
give the results here, noting that the true optimum shock 
pressure rise, including the tail wave effects, must be 
between these values and those given above for the front 


shock wave alone. For the full anti-symmetrical 
signature we find 
lee 
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where o=1—2-) and «-—1-—(5/44/2). Note that as 
Ajh—9 these results again reduce to the far-field lower 
bounds given by Jones. Below the aircraft the rear 
shock wave of the far-field signature is always weaker 
than the front shock wave. Consequently, no additional 
length is required. 

Fig. 3 depicts the maximum shock pressure rise as a 
funetion of aireraft length for the conditions of Fig. 2. 
Also indieated (by the dashed line) is the length for a 
given front shock pressure rise, p/. The absolute optimum 
for equal front and rear shock pressure rise must lie 
between the two results. At this stage we can only con- 
jecture that it hes nearer the upper curve and hope that 
we are wrong. 

Fig. 4 depicts these same results for two weights that 
are more appropriate to domestic supersonic transport. 
With the reduced range requirement of domestic operation 
there is a considerable saving in aircraft weight. Note 
that a 300 foot 300,000 pound domestic SST should be 
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Fig. 3. An upper bound for the minimum shock pressure rise and over- 

pressure for the conditions of Fig. 2. No advantage has been taken of 

the ''tail wave’’ that oceurs naturally. Also indicated are the results for 
the positive phase of the pressure signature alone, 
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Fig. 4. An upper bound for the minimum shock pressure rise and over- 
pressure as a function of aircraft length for weights that are appropriate 


to an eventual domestic SST. Altitude, 60,000 feet; AY, 2:7. Atmo- 
apheric seale height, 20,000 feet. 


able to operate with overpressures below 1-0 pounds per 
square foot. Indeed, it seems likely that such levels are 
achievable even for a 450,000 pound aircraft of the same 
length. Whether such configurations are practical remains 
to be determined. 

These overpressure values are substantially less than 
those currently obtained in SST designs satisfying similar 
conditions. For simplicity, we have assumed that the 
atmosphere is isothermal and that the density scale height 
is 20,000 feet. These conditions are appropriate for the 
stratosphere; the very small error introduced by using 
stratospheric conditions in the troposphere has been 
neglected. To adjust these results (and formulae) to take 
into account the effects of a real (steady) atmosphere, 
the overpressures must be multiplied by  (Ai/A) 
(Ta/7Tq)t, where Ai/A is the ratio of the isothermal ray 
tube area to the real rav tube area, evaluated at the 
ground, and Ta/Tg is the ratio of the temperature at 
flight altitude to the temperature at the ground. Also, 
«/x* must be interpreted as the ratio of the advance that 
would oceur in a real atmosphere to that which occurs in 
a homogeneous atmosphere. 

There seems no reason why aircraft cannot be designed 
to approach these lower bounds without incurring exces- 
sive performance penalties, but a word of caution is 
certainly in order here. Our understanding of which 
features of the overpressure signature are the most 
undesirable ones is far from complete. The most annoying 
feature of the sonic boom, as experienced outdoors, lies 
in the shock waves themselves. The rest of the signature 
is essentially inaudible. On the other hand, the low 
frequencies, which are inaudible outdoors, contain most 
of the acoustical energy and cause structures to vibrate 
and windows to rattle’. The far-field lower bound signa- 
ture is the signature with the minimum impulse. At this 
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stage, it is not at all clear that the munimum shock 
pressure rise or the minimum overpressure signatures, 
with their attendant high impulses, are mdeed the most 
desirable ones. 

Ki, SEEBASS 
Center for Applied Mathematics, 
Cornell University, 
Ithaca, New York. 
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High Pressure Modification of Mg2SiO,: 
Crystal Structure and Crystallochemical 
and Geophysical Implications 


THe polymorphic transformation of (Mz.Fe),810, from 
the olivine structure type (denoted I) te the spinel type 
(denoted III) plays a key part in the Earth’s mantle at 
depths between 350 and 1,000 km. “he situation is 
complicated, for Ringwood and Major! srnthesized yet a 
third phase for compositions more raagnesian than 
Mgp-gsl@g.15, Which overlap the range Mga, to Mg,, 
thought to represent mantle materia. This phase 
(denoted IT) possesses an X-ray powder ditraction pattern 
the strong lines of which are similar to those of spinel, 
but which contains many extra weak lines. It is optically 
birefringent. Ringwood and Major suggested that the 
phase may be a distorted spinel. and thet the distortion 
oceurred during quenching of an origina. true spinel. 

We have determined the crystal sieucture for I. 
Dr A. E. Ringwood supplied (Mgo.,,;Nig.a5},8:0, powder 
which yielded sharper diffraction cones than the iso- 
structural (Mg,.,,Le,.,,)»,5810,. Numerous powder photo- 
graphs using CuK, and FeK, radiation: were obtained 
from a sphere mount, shaped by rolling finely ground 
powder in rubber cement. The grain size of the original 
samples was too small for single erystal X-ray diffraction 
studies. Accordingly, we attempted to Gerive a suitable 
set of cell parameters solely from unambiguous indexing 
of the powder lines, but the uncertainty :n cell shape did 
not permit a certain choice. There the matter rested until 
a recent report by Akimoto and Sato? qaoted cell para- 
meters for the Co,SiO,-II isotype. obtained by Dr N, 
Morimoto on synthetic single crystals. 

Starting with these parameters and msing successive 
least-squares refinement, we indexed ab 102 observed 
independent powder lines for the entirs range of 358 
independent diffraction planes possible for Cul&a radiation 
after accounting for space-group extinction criteria. 
Least-squares refinements based first oa the fifty-two 
strongest lines, then on five high-angle lives, yielded cell 
parameters a 8-248(1), b 11-444(2), c 5-#960(5) A, with 
estimated standard deviations included in parentheses. 
Results based on the five high angle reflexions quoted as 
hkl (dons, deale) are: 145 (1.04994, 1-04975), 084 (1-00923, 
1.00922), 415 (0.99340, 0.99339), 752 (0-398326, 0-908323) 
and 554 (0.97518, 0-97521). A slight systematic error 
may remain, for the data were not corrested for absorp- 
tion. No observed lines violated spase-group Tbmm 
proposed by Morimoto. 

The cell criteria of II can be easily derwed from spinel 
(III). The transformations are [100]: —[ 00m, [0101 = 
(110]m, [001]r—[l10]m; and the dimersions are an~ 
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am, bu y 2am, cu ain/4/2.. The arrangement of oxygen 
atoms for II was obtained direetly from the spinel 
model, and is the familiar cubie close-packed pattern. 


The space-group Jbmm is the orthorhombic sub-group of 


Fd3m, the cubic space-group for spinel. Fig. la shows 
the spinel structure type oriented according to the ortho- 
rhombic cell, which is approximately 82x57x57 Å in 
dimensions. 

Two erystallochemically plausible structure models 
were found compatible with /bmm. Based on least- 


ions, one of these models (Fig. 15) proved to be eorrect. 
Its reliability index for diffraction amplitudes converged 
to 0-27 for all reflexions and 0-23 for observed reflexions 
oniy. These values are reasonable, for many observed 
reflexions are close to background level. — The octahedral 
and tetrahedral site population scheme and the partly 
refined atomic coordinates are given in Table 1]. Para- 
meter refinement applied to the second model converged 
to an index of 0-27 for observed reflexions, with severe 
discrepancies occurring at low angles. This second model 
(Fig. lc) is assumed to be incorrect. That two models, 
one of which must be crystallochemically incorrect, 
converge to reasonable reliability indices is not unusual 
in crystal structure analyses of close-packed systems. 
The close-packing yields a substructure and imposes 
such severe geometrical restrictions on the atomic arrange- 
ments that different sets of cation arrangements may 
approximately fit a given set of observations. 


Table 1. (Mg@o.asNioas)s0[T,0,]: PARTLY REFINED ATOMIC COORDINATES 
(estimated standard errors in parentheses) 


Cell 

Atom multiplicity E: V z 

T 8 0-1315(13) 0-1261(0) 1/4 
M(1) 4 0-2292(14) 0 3/4 
M(2) 4 1/4 1/4 3/4 
M(3) 8 0 0-3666(8) 0 
O(1) 4 0-0486(42) 0 1/4 
(2) 4 0-5304(41) 0 1/4 
O(3) 8 0-0751(28) 0-2392(21) 1/4 
O(4) 16 0-2556(21) (-3747(13) 0-0278(29) 


If emphasis is placed on the silicate groups, the favoured 
model possesses the cell formula Mj4,0,(T,0,], where 
M and T are oetahedral and tetrahedral site populations 
respectively. We interpret the formula of H as 
(Mgo-asNig-15),O[Si,0,]. Twenty-four oxygen atoms are 
electrically neutral (2 charge units) with respect to their 
nearest cation neighbours, four are oversaturated (7/3 
charge units) and four are undersaturated (5 /3 charge 
units). Though these latter deviations are not severe. 
the oxygen atoms in olivine and spinel forms of Mg,SiO, 
are all exactly neutral. At this level of refinement, 
M-O and T-O distances are significant to only OL A. 
Although the present distortions of polyhedra are crystallo- 
chemically sensible, it is not profitable to discuss them in 
detail, The extent of Mg,Ni site preference was uncertain 
because of the limitations of the powder data. The 
characteristic feature of the model is that all the silicon 
atoms occur in tetrahedral coordination as borosilicate 
doublets. The second model (Fig. 1c) has the cell formula 
M34,0,,UTO,], and requires silicon in both octahedral and 
tetrahedral coordination to oxygen anions. This alone is 
not sufficient to exclude such a model, for mixed Sii 


spinel leads to the model whieh we excluded, although 
it could conceivably exist for some other compound. 
Completion of the substitution leads to an M,O, type 
formula, Pemm, a 82, b 2-85, e 51 A, Z «9. Filling 
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Fig. 1. a, Polyhedral diagram of the spine! structure projeeted down 
à eubie (110] axis, which transforms to an orthorhombic z-axis (see 
text) — Stippled octahedra, centred at z=0 and 1/2, overlap completely 


and share edges to form chains. Octahedra with rules running NW-SE 
lie at 2:3/4, and with rules running NE-SW at 1/4. The tetrahedra 


diagram of the crystal structure of TI projected down the orthorhombic 

zaxis. See a for interpretation of the symbols. Note that the tetrahedra 

occur in pairs by sharing corners. Pairs adjacent in projection do not 

share corners because they differ in height by e/2. e, Polyhedral diagram 

of the M,,0,,[TO,], arrangement projected down the orthorhombic z 

axis. See a for interpretation of the symbols, Note that adjacent chains 
share vertical edges. 
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in the remaining octahedral voids yields rock-salt, the 
orthorhombic sub-group of which is MO, Immm, a~ 4-1, 
b~2-85,e~5-7 A, Z=4. Another sub-family has general 
composition M,4O; ,[T,O;,,,], yielding for n=1, 2, 3, 
respectively, spinel, Mg,SiO,- II and manganostibite. 

Systematie topological analysis of such families of atomic 
arrangements, both real and hypothetical, should afford 
eloser insight into the erystal chemistry of high pressure 
phases for which the dense packing of equal spherical 
anions plays a major part. Combination of such topological 
analysis with geophysical data should prove valuable 
in elucidating the erystal structures of minerals from the 
Earth's mantle. Perhaps very subtle differences resulting 
from the interaction of outer orbital electrons determine 
preference between the various possible models. 

This work was supported by NASA. 
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Lowering of the Melting Point of 
Molecular Layers observed by 
Nuclear Magnetic Resonance 


SOME years ago we showed! that the melting points of 
molecular layers spread over solid surfaces are lower than 
the melting points of the bulk substances. The melting 
point may be lower by as much as 30° C and depends on 
the nature of the substance, the number of molecular 
layers spread over the solid surface and the nature of 
the solid support. Monolayers show maximum lowering, 
while after à coverage of four to ten layers the melting 
points reach their bulk values. This phenomenon i8 a 
general property of all substances. 

We determined the melting points of the molecular 
lavers by finding the temperature at which layers lost 
their ability to cause erystallization of a supercooled melt 
of the same substance. At this temperature the layers 
can no longer be considered to be in a solid state. The 
monolayer is the critical coverage at which the nucleation 
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Fig. 1. The melting points of molecular layers of 9-ethylanthracene 


apread over Ag powder, 
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Fig. 2. The line width of a monolayer of hexaethsibenzene on Bi. 


as a function of temperature. The intereepting pomt at Lia” © Hes 
16° C lower than the melting point of the bulk a5xaethylbenzene. 


activity first appears. At lower coverages the samples 
are inactive at all temperatures. Fig. 1 shows, as a typical 
example, the lowering of the melting pomt of molecular 
layers of 9-ethylanthracene spread over the surface of 
finely divided silver powder. B is the cowerage expressed 
in grams substance per gram solid and Bg the critical 
coverage. 

Among the regularities observed and described earlier! 
was the correlation of melting point lowering with 
density of z-eleetrons. In the case of dlver-tin alloys 
the amount by which melting point is reduced is governed 
chiefly by the availability of non-oceupied energy states 
of electron gas in the metal. This indicases that the im- 
pinging of the x-eleetrons into the empty energy states is 
responsible for the loosening of the binding between the 
molecules in the crystal lattice spread over the metal 
surface. 

We have now tried to follow these pheromena by using 
nuclear magnetic resonance (NMR). It is known that the 
line width is connected to the mobility «f the molecules 
by the relation* 





5 
T 
where y is the viscosity of the medium anc T the tempera- 
ture. It would be expected on measuring the line widths 
as a function of the temperature that at the melting 
point, where an inerease of the mobility of the molecules 
occurs, a corresponding sudden change cf the line width 
would be observed. We have prepared samples of mono- 
layers of hexaethylbenzene and «-naphtaylamine spread 
over the surface of SiO, (Syloid’, speeific surface 651 
m?/g), using the technique described previously’. The 
NMR spectra consisted of very broad peaks contaming 
the transitions of the CH, and CH, protons of hexa- 
ethylbenzene and the transitions of the amino and ring 
protons of a-naphthylamine, allowing ro distinction of 
fine structure. The narrowing of the peaks on raising the 
temperature ranges from 500 to 270 Hz for hexaethyl. 
benzene and from 450 to 250 Hz for ce-naphthylamine. 
The intensity of the peaks observed with the .1-604 
Varian instrument at these low coverages is very weak, 
so the use of a time averaging computer, model Varian 
C.1024, was necessary. By averaging ‘he spectra over 
20 and 30 sweeps, very well pronounced anaxima could be 
observed. 

Figs. 2 and 3 show the line widths at half maximum as 
a funetion of the temperature. The curves consist of two 
straight lines of different slopes intercepting at distinct 
temperatures. The mean accuracy of the ine width points 
is +20 Hz. The curves intercept 16° lower than the bulk 
melting points for hexaethylbenzene and 11° for g- 
naphthylamine. We consider these intercepting points 
to be the melting points of the monolayers. In the case 
of a-naphthylamine a comparison of thes» results with the 
lowering observed by the nucleation method is possible. 
The latter method shows a lowering of 9° while the former 
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Pig. 3. The line width of a monolayer of a-naphthylamine on SiO, as a 
function of temperature. The intercepting point at 39? C Hes 11? C 
lower than the melting point of the bulk a-naphthylamine. 


Ker Pee hoy P. 
Fig. 4. Time averaged NMR. spectrum of hexaethylbenzene on SiO, 


at 120° C. Number of sweeps=10, 4-B-92,000 Hz. 
shows a lowering of 11°, the difference lying within the 
error limits of the two methods. For hexaethylbenzene 
the comparison of the melting points by the two methods 
was not possible because of the difficulties of preserving 
a supercooled melt of hexaethylbenzene. 
We thank the Max Buchner Foundation for financial 
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Hydrogen-bond Association of 
N(4)-Hydroxycytosine 
with Purines 


RECENT spectroscopic work has shown that in aqueous 
solution pyrimidines and purines form vertical stacks with 
no evidenee of in-plane hydrogen-bonding between pairs 
Of bases'?. The conformations of polynucleotides in 
aqueous solution are probably largely determined by the 
interactions responsible for the vertical stacking of mono- 
meric species?*. In non-aqueous solution, vertical stacking 
is much less important'*, and studies of mixtures of the 
nucleic acid bases indicate specifie hydrogen-bonding 
between those pairs of bases that are complementary in 
DNÀ*-1*, In solvents which are not hydrogen-bond donors, 
regardless of polaritv, the association constant for the 
guanine-cytosine pair is several times greater than that for 
the adenime-thymine (uracil) pair, but in both cases the 
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mixed complex is preferred to a mixture of self-dimers; 
mixtures of non-eomplementary bases show no associa- 
tion, although mixed hydrogen-bonded pairs ean in prin- 
ciple be drawn. 

While complementarity is a universal feature of double 
stranded nucleic acids, it is by no means certain that the 
specific base interactions are directly involved in replica- 
tion. On the assumption that they are involved", elab- 
orate replication mechanisms have been proposed}? to 
account for the faet that spontaneous mutations occur 
with a much lower frequency than can be accounted for 
by the presently accepted tautomeric constants. The 
strength of bonding involving rare tautomeric forms, 
however, has not been considered. For example, although 
the imino form of cytosine could m principle bond with 
adenine, the interaction may be so weak that the lifetime 
of the complex is very short or the bond lengths very 
long; incorporation of cytosine would then occur only 
very rarely. In any discussion of mechanisms of spon- 
taneous or induced transition mutation it is essential that 
the strength of feasible interactions be considered. 

The mutagen hydroxylamine! converts cytosine into 
N(4)-hydroxycytosine residues (I; R=H), inter alia, and 
it has been suggested that this may account, at least in 
part, for its GC—-A'T type mutagenic activity, particu- 
larly in T4 phage, We have studied the interaction of 
AN (4)-hydroxy-1-cyclohexyleytosine (I; R=H, R’=C,H,,) 
with 5’-acetyl-2’,3’-isopropylideneadenosine by infrared 
spectroscopy, following the method of Kyogoku et al.7)5, 
Spectra of mixtures of the two compounds in carbon 
tetrachloride at 20? C using various molar ratios (total 
concentration 0-0001 M) were not additive. The absorp- 
tion around 3,480 em~ was greater than could be 
accounted for by adenine self-association and was maximal 
for a 1: 1 solution. The interaction was weak, however, 
and the insolubilitv of the N(4)-hydroxy compound pre- 
vented study in more concentrated solution. Because the 
AN (4)-hydroxy group should play no part in the association 
and in addition it is known that mothoxyamine is muta- 
genic, a similar study was made with the more soluble 
N(4)-methoxy-1-methyleytosine (I; R=R’=Me) and 
the adenine derivative (total concentration 0:001 M). 
This again clearly showed a 1 : 1 association. In contrast, 
spectra of mixtures of N(4)-methoxy-1l-methyleytosine 
and 9-ethylguanine showed no difference from additivity 
at a coneentration of 0-005 M in a mixture of carbon tetra- 
chloride and deuteriochloroform. 
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Analysis of the data by the method of Kyogoku et al. 
led to values of 120 1. mole-! for the association constant of 
AN (4)-methoxy-1-methyleytosine and the adenine deriva- 
tive, and 40 1. mole-! for the adenine self-interaction. The 
latter figure is lower than the value (83 L. mole-!) obtained 
by Küchler and Derkosch® for the adenine-adenine asso- 
ciation in carbon tetrachloride, but the evidence shows the 
preference for pairing of the N(4)-methoxyevtosine with 
adenine over self-association, and the lack of association 
with guanine. 

These results correlate with the fact that N(4)-hydroxy- 
(and methoxy-) cytosine derivatives exist predominantly 
in the oximino tautomeric form (f) (Ap about 10) and 
emphasize their uracil-like character. From the stand- 
point of base-pairing, the conversion of a cytosine to an 
N(4)-hydroxycytosine residue in DNA should be con- 
ducive to a C—T transition on replication. 
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1-Cyclohexyl-5,6-dihydrocytosine exists in the imino 
form (IT) in ehloroform!*. Spectra of mixtures of II with 
the adenine derivative showed only very slight differences 
from additivity. A small but definite increase in the 
association band at 3,480 em-! was detected, but detailed 
measurements were prevented by insolubility and the 
weakness of the interaction. Reduction of the 5,6 double 
bond of uracil causes a significant, though not large, 
weakening of the association with adenine. (We have 
obtained 250 1. mole! for the association constant in 
carbon tetrachloride of 1-cyclohexyl-5,6-dihydrouracil 
with the adenine derivative; Küchler and Derkosch? gave 
590 1. mole-* for the adenine—uracil pair in the same sol- 
vent. Kyogoku et al.* found that in chloroform the 
adenine-dihydrouracil association constant was about 
one-third of the value for adenine-uracil) A similar 
effect would be expected for the 3H-imino forms of cyto- 
sine and dihydrocytosine. Thus it is probable that the 
association between adenine and the imino form of cyto- 
sine would be weak compared with the adenine—uracil 
association, and certainly weaker than the association 
between guanine and the amino form of cytosine. 
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Influence of Metal Support and 
Ultraviolet Irradiation on the 
Catalytic Activity of 

Nickel Oxide 


THREE conditions should be fulfilled in any investigation 
of the relation between catalytic activity and eleetron 
distribution in a catalyst. There must be no isolation of 
the eleetrons at the surface from those in the bulk; any 
alteration of the electron distribution must be introduced 
either at the surface where the reaction occurs or very 
close to it, but not in the bulk; and all other parameters 
of the eatalyst should remain constant. 

An alteration of electron distribution is normally 
introduced by doping the catalyst. Doping is done in 
the bulk, however, whereas catalytic activity is produced 
by the surface, so many doping experiments do not provide 
a basis for the electronic interpretation of catalysis. The 
use of thin layers of semiconducting oxide catalysts sup- 
ported on evaporated transparent metal films provides a 
convenient and successful method of altering the electron 
concentration at or near the surface of the catalyst! ?, 
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When 1000 À thick oxide grains are £nely distributed 
on & metal film, the points of contact between the oxide 
grains and the supporting metal film bu:id up an electric 
space charge layer (Schottky layer) into the semiconduct- 
ing grains. Because the diameter of the oxide grains is 
smaller than the thickness of a space charge layer, the 
layer penetrates throughout the grains and produces an 
alteration of electron concentration even at the surface 
of the oxide grains. Illumination of the metal-semi- 
conductor junction with ultraviolet irrediation provides 
a further way of influencing the electron concentration at 
the oxide surface. Contact potential sm the dark and 
photovoltaic effect in the light provide two estimates 
for the electron distribution in the oxide. Together with 
the two estimates (light and dark) fcr oxide without 
support, there is a set of four estimates of electron 
concentration in the surfaee of the oxids. "The catalytie 
activity of the surface is characterized by the activation 
energy and the pre-exponential factor of the test reaction 
2CO + O,—2CO.,. 

We have done experiments based om these principles 
with NiO, ZnO and Co,0, on Ag supports'*?*, and we have 
shown the dependence of the activatioa energy on the 
position of the Fermi level in the oxide surface, We have 
also studied depletion and accumulation layers of both 
electrons and defect electrons, using p-type and n-type 
semiconducting oxides with electron work fanetions 
smaller and higher than that of Ag. In all cases the 
activation energy of CO oxidation was proportional to 
the electron distribution (characterizes by the Fermi 
level) in the surface of the oxide catalyst. 





$ 
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Table 1. ACTIVATION ENERGY, PRE-EXPONENTIAL FACTOR AND EINETIC 
EQUATION 
Temp. NiO NiOlAge MOfAu Nio/  XiOj 
(°C) Pd Pt 
Activation energy in 150-200 40-0 86-0 — 40-0 40-0 
the dark 200-250 0 0 bo å 0 s 
( kecalories/mole)? 950-400 21-0 Lid 39-0 32:0 20-2 
Activation energy in " 
the light 150-400 10-6 15:5 22.6 20-7 in8 
Log A (dark) 150-200 15-0 81-0 — i140 13-5 
250-4060 06-0 0 10-0 9^8 TS 
Log A (light) 3*0 6-0 Go} 544 4-0 
LOU. oO * E k 
7 Ag idl kPoo * Poo, k Poo. Pec Pao 
"x 


* In the light, and at temperatures above 480? C inmthe dark EPen 


The kinetic equation was’ proved by systematic variation of all initial 
partial pressures, The activation energy waa evaluated by plotting log & 
of runs with stoichiometric mixture against 1/7 (Arrhenius plot). Log 4 
was extrapolated from the Arrhenius plot for 1/T—-0, Dimensions of 4: 
[8-1] for first order, [torr/s] for first order with inhibstion. 


We have also made a more refined irvestigation using 
the same experimental apparatus". One oxide only 
(NiO) has been combined with four different metals, 
Ag, Au, Pd and Pt. Because the sequence of electron work 

E 3-8), a 
depletion layer of defect electrons wil be produced in 
NiO by each metal support. The difference between the 
work functions decreases from the pam NiO/Ag to the 
pair NiO/Pt, however, so the curving of the bands in the 
NiO grains will decrease in the same direetion. Because 
the eurving of the bands in the depletion ‘ayer is equivalent 
to a shift of the Fermi level away from the upper edge of 
the valence band, and because the activation energy 
of the catalysed reaction is proportions] to the distance 
of the Fermi level from the upper edge of the valence 
band*^, the activation energy of the reaecion on the surface 
of the NiO grains is expected to decrease with increasing 
work function of the supporting metal. Activation 
energies, pre-exponential factors and xinetie equations 
are given in Table 1. Fig. 1 compares the measured 
activation energies and the work functions of the support- 
ing metals. The expected dependence of activation 
energies on NiO from the work functionsof the supporting 
metals is clearly demonstrated. 
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Fig.1. Top: comparison of activation energy on NiO and work function 


of supporting metal, Left scale: 
WE. Low temperature; e, 
Hght. Right scale: 
Bottom: 


activation energy in kealories/mole, 

high temperature values in the dark: ©, 

work function of supporting metals in eV (GA. 

pre-exponential factor. The values on. NiO without support 
are given on the left for comparison. 


By illumination of the MiO through the metal film 
electron hole pairs are generated in the semiconductor. 
The charge carriers are separated by the electrostatic 
field of the contact potential of the metal--semiconduetor 
junction, causing a net flow of electrons back into the 
metal, thereby decreasing the difference in electrostatic 
potential at the phase boundary and increasing the 
number of defect electrons in NiO. The eurving of the 
bands in the space charge layer 1s decreased, furthermore, 
and the position of the quasi Fermi level of defect. electrons 
in the light is closer to the band edge than the position 
of the Fermi level in the dark. Accordingly, all photo- 
activation energies are smaller than the corresponding 
activation energies in the dark (Table 1, Fig. 1). By 
controlling the spectral transmission of the supporting 
metal films constant light intensity at the metal-semi- 
conductor junction has been prov ided in all experiments. 
The net flow of electrons back into the supporting metal 
is therefore proportional to the contact potential built up 
in the dark. The photo-activation energies then show the 
dependence from the work function of the supporting 
metals (Fig. 1). The reason for the two irregular values 
on NiO/Ag has been given earlier’, 

In a more detailed discussion? it will be shown that the 
reaction may also be understood by analogy to a three 
core process: oxygen from the potential valley of an Ni--- 
oxygen bond m the NiO surface passes over the saddle 
point of a transition state into the new potential valley 
of an oxygen—-CO bond. In this interpretation the activa- 
tion energy of CO oxidation is a function of the bond 
strength of the Nr —O bond in the NiO surface. 

I thank the Deutsche Forschungsgemeinschaft for 
sponsoring this investigation. 
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BIOLOGICAL SCIENCES 


Mycobacteria and Lysosomes: a Paradox 


lr is now clear from many experiments that phagocytic 
cells can usually degrade dead bacteria, and can some- 
times kill live ones, in the absence of any specific immune 
mechanism. The mechanism of degradation involves the 
enzymes of lysosomes, which are transferred to the 
phagoeytie vacuoles containing bacteria’. The phago- 
cytes ean be activated in various ways, so that their 
capacity for destruction is increased. ‘Activated phago- 
eytes contain more observable lysosomes and measurable 
lysosomal enzymes*. 

Mvycobacteria are notably resistant to degradation in 
cells, even when they are dead. For example, the bacterial 
cell walls of Mycobacterium leprae sometimes persist for 
many years in the tissues of leprosy patients?; this 
resistance to degradation helps to aecount for the suecess 

of several mycobacteria as chronie intracellular parasites. 
We have investigated lysosomal reactions to mycobacteria 
in two tissue culture svstems, each of which supports or 
inhibits bacterial multiplication depending on a specitied 
alteration m the external environment. 

A somewhat attenuated variant of the H87Rv strain 
of Mycobacterium tuberculosis will multiply in eultured 
mouse peritoneal macrophages. Certain non-ionic 
surface-active agents (polyoxyethylene derivatives of 
tertiary octyl phenols) will either inhibit. or promote 
experimental tuberculosis in mice, depending on the 
number of ethylene oxide units per phenolic nucleus in 
the agent used’. These substances simularlv inhibit or 
promote the growth of M. tuberculosis inside macrophages 
when they are added to the tissue culture mediums. 
Using the histochemical method of Gomori on unfixed 
cells?-5, less activity of the lysosomal enzyme acid phos- 
phatase was observed in uninfected mac rophages treated 
with an antituberculous agent than in cells treated with 
a tuberculosis-promoting agent. A few davs after a heavy 
infection in vitro, macrophages pretreated with either 
agent showed increased acid phosphatase reactions and 
this increase was disproportionately greater in the cells 
treated with the "protubereulous" substance. Further- 
more, in infected cells pretreated with the protubereulous 
agent some of the enzyme reaction product was found in 
large masses closely associated with groups of bacilh, 
whereas such association was uncommon in cells pre- 
treated with the antituberculous agent (Fig. 1). High 
lysosomal activity seems to be associated with the ability 
to support vigorous bacterial multiplication, but ells 
that deter multiplication have little lysosomal activity. 

The second svstem studied consisted of rat fibr oblasts 
(line 14pf) infected with the rat pathogen Mycobacterium 
lepraemurtum. After infection, between 40 and 90 per 
cent (several experiments) of the cells contained more 
than ten bacteria. This organism multiplies well inside 
fibroblasts growing in 50 per cent human cord serum in 
Hanks balanced salt solution, but the same hne of cells 
growing in Eagle's medium with added peptone and 10 
per cent calf serum, though equally able to phagocytose 
bacteria, will not support their multipheation?*. The 
fibroblasts themselves grow well in either medium, but 
electron micrographs of uninfected cells show striking 
ultrastructural differences. Cells grown in the medium 
containing 50 per cent human cord serum have abundant 
large dense bodies resembling lysosomes, some of which 
contain Deer Tern Diode structures; _ cells grown in 
Acid: arias s, REA peo e Bcc 
daset!——all lysosomal enzymes—are detected histochemie- 
ally by the formation of coloured reaction products which 
occur in masses around the bacteria in cells in which they 
ean multiply (Fig. 2). The reaction products are less 
abundant, and not associated with the bacteria, in cells 
growing in 10 per cent calf serum, in which the bacteria 
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a, Pretreated with antituberculous agent; b, «retreated with 


Cultured mouse macrophages infected with M. tuberculosis H37R v. É 
Acid phosphatase reaction product, black-brown ip original colour 


Fig. 1. 
protuberculous agent. Stained for acid phosphatase and acid-fast bacteria. 
photograph, is arrowed. ( x 1,280, scale bar is 10 um.) 
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Fig. 2. Rat fibroblasts (line 14 pf) infected with M. lepraemurium. a, Growing in 10 per cent calf serum in Eagle's medium: 5, growing in 50 per 
cent human cord serum in Hanks balanced salt solution. Stained for acid phosphatase and acid-fast bacteria, (x 1,600, scaly bar is 10 um.) 
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Fig. 3. 

human cord serum, containing a solitary M. lepraemurium. 

terium; D, dense lysosomal material; M, mitochondrion; 
peribacillary zone. (x 59,200. ) 


Large secondary lysosome in rat fibroblast grown in 50 per cent 


B, Bac- 
Z, clear 


scarcely multiply and eventually die out. Bacteria can 
be seen by electron microscopy to be enveloped in lyso- 
somal material inside cells grown in 50 per cent human 
cord serum (Fig. 3), but this is rarely found in cells grown 
in 10 per cent calf serum, even when they contain many 
bacteria. 

Mycobacterium lepraemurium is surrounded in fibro- 
blasts, as in cells of the infected animal'?, by an electron 
transparent zone which separates the bacteria from other 
cellular constituents. A similar zone has been demon. 
strated around M. tuberculosis. With both species the 
zone possibly protects the bacilli from death and degrada- 
tion; its chemical nature and origin are unknown, but it 
apparently does not prevent nutrients from reaching the 
bacteria. It may be postulated that the lysosomal 
enzymes, which apparently fail to inhibit mycobacterial 
growth, actually provide low molecular weight nutrients 
beneficial for the growth of these two chronic intracellular 
pathogens. It is not clear whether these nutrients are 
breakdown products of cell constituents or of materials 
taken up from the medium. A lack of lysosome-produced 
nutrients, or some inhibitory mechanism other than direct 
action by lysosomal enzymes, must be invoked to explain 
the observed restriction of mycobacterial growth. 

We thank Dr G. O. Gey for providing the line of rat 
fibroblasts. 
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Laser-induced Acoustic Breakage of 
Tobacco Mosaic Virus 


Hamrick and Cleary recently reported alterations in 
biological systems produced by the intense acoustic 
transients that are generated when a Q-spoiled laser im- 
pulse is used to irradiate an optically absorbing material’. 
The statement that their samples of tobacco mosaic virus 
(TMV) were exposed to “positive acoustic pressure trans- 
ients”, coupled with the conclusion that the breakage of 
particles was found to depend on the surface boundary 


conditions of the irradiated medium, may, however, 
lead to some confusion. 
Hamrick and Cleary deseribed three experimental 


situations in which a laser-induced positive pressure pulse 
was allowed to propagate from the layer of prussian blue 
dye in which it was generated into a liquid sample con- 
taining the TMV. After passing through the liquid sample, 
the acoustic pulse was: (1) reflected back through the 
liquid sample at a liquid-to-air interface; or (2) totally 
transmitted without reflexion into an effectively infinite 
column; or (3) transmitted into a finite water lay er and 
then reflected at a water-to-air interface so that after 
some delay it passed back through the TMV sample. 

It should be pointed out that only in case (2) would the 
sample be subjected solely to positive pressure transients. 
In ease (1), for example. there would be a reversal of 
phase on reflexion from the liquid-to-air interface, so that 
a negative pressure pulse would be reflected back through 
the sample. Thus a given layer of the sample would be 
subjected first to a compression and then to a rarefaction, 
with the time delay between the two being dependent on 
the depth of the particular layer. Though Hamrick and 
Cleary did not mention the boundary conditions at the 
source side of their system, it can be assumed that the 
laser beam was incident on a glass-to-prussian blue 
interface to give a positive pressure pulse?. In this 
condition the negative pressure pulse, having propagated 
baek through the system, would be re flected at the liquid- 
to-glass interface as a second negative pulse. Neglecting 
other possible complications, the test sample would there- 
fore be subjected to a series of positive and negative 
pressure pulses. The same conclusion could be reac ‘hed in 
case (3) and in fact the only obvious difference between 
the two would be that in case (1) the sample layers in 
the immediate vicinity of the liquid-to-air interface would 
be subjected, with little or no delay. to rapid pressure 
reversals. 

This latter conclusion raises a question regarding 
another point emphasized by Hamrick and Cleary: that 
is, that cavitation was not a contributing factor in their 
studies. They ada that they were able to generate 
peak pressures in excess of 100 atmosphere s with defocused 
laser beams, and that they also used focused beams. where 
higher peak pressures could easily occur. Such high 
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negative pressure transients. even though short-lived, 
might be expected to produce cavitation?. The authors 
indicated that they did make some effort to detect the 
presence of cavitation but with negative results. It is 
not clear, however, whether they examined each of the 
different experimental configurations; this might be 
necessary because the different boundary conditions 
change substantially the form of the acoustic transient. 

Thus, as Hamrick and Cleary point out, laser-induced 
acoustic transients may produce a wide spectrum of 
possible effects. Unfortunately, the phenomenon is 
complicated and it may be difficult to identify the specific 
cause of some observed effects. 
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Correction concerning Electron 
Paramagnetic Resonance in Human 
Bone Mineral 


A COMPLEX resonance has appeared in bone mineral, 
prepared by refluxing in ethylenediamine and washed 
free of the solvent with distilled water'?. In a further 
attempt to characterize this resonance. non-aqueous 
solvents were used as washing agents and no resonances 
were consistently obtained in the prepared mineral. 
Subsequently, spectroscopic examination of the distilled 
water has shown it to contain 0-02--0-2 mg of copper/l. This 
and the virtual identity of the resonance shape with that 
of the absorbed cupric 10n*-9? leave little doubt that the 
previously reported resonance from bone mineral was a 
powder spectrum of the adsorbed cupric ion. The same 
is also true of the similar resonance found in extracted 
bone collagen. We have now found no consistent reson- 
ances from bone mineral when it is rinsed free of the 
solvent in distilled-deionized water. This agrees with 
the results of a spectrographic analysis of the bone mineral 
similarly prepared (‘Table 1). 


Table 1. IRON GROUP ELEMENTS FOUND IN THE BONE MINERAL USED IN THIS 
STUDY AS DETERMINED BY EMISSION SPECTROSCOPY 
Element Concentration 

Titanium N.D. (50) 

Vanadium 3-0 
Chromium N.D. (0-5) 
Manganese N.D. (0-5) 
Iron 2.0 
Cobalt N.D. (0-5) 
Nickel N.D. (0:5) 
Copper «0:5 


Resulis are given in parts per million of air dried bone mineral to an 
estimated accuracy of 25 percent. For those elements not detected the limits 
of detection are given. The results indicate that the iron group elements are 
not present in sufficient amounts to be detected by electron paramagnetic 
resonance, Spectrographic analysis performed by Mr J. A. Spadaro. 


When samples of bone mineral are heated to aoo C 
for 1 h, they exhibit a narrow resonance at g = de 
having à width of about 8 gauss. At first, the line wa 
thought to be a result of the creation of a point recat 
in the bone mineral by heating’. Subsequent work, 
however, tends to indicate that the line is a result of 
charring the organic residue, Lines corresponding to 
about 10!* spins are readily formed by 500 ug samples 
of collagen when heated to 400° C in air. This is approxi- 
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mately the amount of organie material present in each 
100 mg sample of bone material. 

We conclude that bone mineral extracted with 
ethylenediamine has no consistent electroa spin resonance 
when prepared in a way that precludes adsorption of 
foreign paramagnetic ions. 

This work was supported in part by zrants from the 
National Institutes of Health, US Public Hei alth Service 
and the Veterans Administration Researcn Service. 
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Deposition of Inhaled Particles 
in Lungs 


Davies and Muir! and Dennis? have reviewed the differ- 
ences existing in experimental results relating particle 
size and deposition in the human lung. Data from six 
independent studies spanning 25 yr fell into two ranges, 
three groups of workers obtaining much higher values for 
deposition than the other three for particles greater than 
0-5 microns in diameter. Interpretation of these results 
still seems to be a matter of opinion. Davies and Muir 
suggested that a sampling error of the exhaled air could 
give rise to the difference. Dennis, in reple, shows that the 
sampling error was not involved but that tae difference may 
be the result of differences in nasal and coral breathing. 
The title of both communications stated "lung deposi- 
tion", and Davies and Muir repeatedly zeferred to "lung 
od but pour Arus ione in fae: deal with data 


A source of fuels cOHFston. in thie licisst ure on eer 
inhalation has been the use of the words "deposition" 
and "retention". Our use of these words will follow 
definitions suggested by the US National Academy of 
Sciences?— "deposition" refers to the quantity of the 
material i in the inspired air remaining bekind after expira- 
tion; "retention" refers to the fraction of deposited 
material remaining at a particular site at any given time. 
Thus the phrases ' per c cent total deposition” and "per 
cent lung deposition" which occur in varous publications 
refer to how much of the material in the inspired air 
remains behind after expiration in the entire respiratory 
tract, and in the lung, respectively. Another source of 
confusion arises when the experimented terms “lung”, 

"pulmonary" and "alveolar" deposition are used without 
careful definition of the anatomical regions. The term 

"lung" as used here will refer to the "pulmonary compart- 
ment” as defined by the Task Group on Lung Dynamics; 
this is the region including respiratory bronchioles, alveo- 
lar duets, atria and alveolar sacs. 

Data from six independent studies were used in con- 
sidering human lung deposition v alues: Fig. 1 shows 
that for average particle sizes between 0-2 and 1-5 microns 
aerodvnamie diameter the data fell inte two groups, as 
they did with total deposition values. Deposition values 
determired by Wilson and La Mer? are for the lung. 
Brown, Cook, Ney and Hatch® give alweolar deposition 
values; lung deposition values are therefore at least this 
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high. Data from refs. 7, 8 and 10 give total deposition, 
because insufficient information was available for calcula- 
tion of lung deposition as we have defined it. In each case, 
the latter data provide a good approximation of lung 
deposition, because the pr ocedite used (breathing by 
mouth) precluded nasal deposition, and because tracheo- 
bronchial deposition is low over the size range from 0-5 to 
2-0 microns in diameter. Obviously, when comparing 
the two groups of experiments carried out in similar 
conditions, lung deposition should be less than total 
deposition. Yet, as Fig. 1 shows, the data from refs. 
7-10, which give values for total deposition, are far 
below the values for lung deposition as actually determ- 
ined by Wilson and by Brown. Dennis attributed the 
difference between the sets of data to the method of 
breathing, indicating that mouth breathing gave a lower 
per cent (total) deposition than did nasal breathing. 
ee m this Sue range, p E aoe is uena 


nasal Ful rd oad give. a dicho. total deposition 
value. If we suppose that nasal and tracheal deposition 
is a small fraction of the total at these sizes, then the 
question remaining 18: does mouth breathing as compared 
with nasal breathing lead to lower per eent lung deposition? 
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Fig. 1. Lung deposition in anaesthetized rats as a function of aero- 
dynamic diameter; shown in comparison with other deposition studies. 
i l Breathing Tidal 
Deposition Breathing frequency volume Aerosol V Density 
mode (min) imi.) 
High values 
Lung? Mouth 5-5 to 20 ? 3lyeerol water 1:06 
Lung? Nose 15 620 to 790 C lay 1-6 
Low values 
Total’ Mouth 15 450 Tripheny! 
phosphate 1:15 
Total’ Mouth 15 450 EN Xi Lis 
Total® Nose 32 414 Coal 1:22 
Total® Mouth 15 500 Di-2-ethyl hexyl 
sebacate 0:96 
Lung! Tracheal 75 13 Glycerol 1:12 
(The data from ref. 5 were averaged at sizes as indicated; maximum 


deposition was taken at 55 per cent.) 


The answer would seem to be "no". Experiments by 
Wilson and by Dautrebande, as shown in Fig. 1, show 
that lung deposition obtained with mouth breathing was 
high in Wilson's ease, and that total deposition obtained 
by nose breathing was low. Our own experiments! 
establish deposition. of labelled monodisperse glycerol 
particles within the lungs of anaesthetized rats. The 
rats had been fitted with tracheal tubes, and necessary 
surgery did not alter measured tidal volume and frequency. 
In addition to minimizing variable lung air-flow patterns, 
dependent on oral or nasal anatomy, the volume of dead 
space was minimized. Dead space was 15 per cent of the 
tidal volume. These procedures maximized lung deposi- 
tion, and deposition values for particles 0-6 and 1-2 
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microns in diameter were indistinguishable from the lower 
deposition values for humans. 
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Alpha-ray Activity in the Large 
Human Arteries 


HisTOCHEMICAL studies of the ageing process in human 
aortas and coronary arteries have shown that after the 
age of twenty incipient deposits of ealeium are present 
in the media of these vessels, and these steadily increase 
with age. The calcium deposits in the arterial wall are 
not only a manifestation of ageing but in some cases also 
precede the formation of atheromatous plaquesi-?. The 
effect of the ageing process on tissue calcium metabolism is 
different in the skeletal system. — Arnold? studied the 
weight of ash per unit volume of bon? removed at autopsy 
from the lumbar vertebral cortex and found a steady 
decrease from the age of thirty. Other authors** reported 
that the density of bone decreases steadily and at an 
increasing speed after the age of twenty in both sexes. 
Thus senile osteoporosis is not an ageing process with a 
sudden onset in middle or old age, but is a condition 
towards whieh all people gradually progress, beginning 
after the age of about twenty, alchough the rate of progress 
varies individually and between the sexes. 

The observation that the female predominanee of senile 
osteoporosis is associated with a female predominance of 
severe calcified abdominal aortas suggested a relationship 
between the two conditions’, It was assumed that the 
calcium no longer utilized in bones is deposited in extra- 
skeletal tissues such as the larger arteries and cartilages 
which develop an increased affinity to calcium with age. 
Radioactivity tends to follow the calcium in bones, so 
it seemed likely that both would be deposited in extra- 
skeletal tissues. When the ash content and the total 
alpha activity were measured in abdominal aortas, 
coronary and pulmonary arteries and in costal cartilages, 
it was found that the ash eontent and the alpha activity 
rise with age only in abdominal aortas and in coronary 
arteries?. 

l have now examined the correlation between the ash 
content and the alpha-ray activity in 133 abdominal 
aortas, 147 coronary and 109 pulmonary arteries and, for 
comparison, in 61 ventral costal cartilages. The specimens 
were obtained from coroner’s necropsies of subjects 
between the ages of twenty and more than eighty. I 
have also measured the ash content and total alpha 
activity in sixteen femoral bones from subjects between 
the ages of fifty and eighty-seven. 

The abdominal aortas, the coronary and pulmonary 
arteries and the costal cartilages were bulked as necessary 
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Fig. 3. Coronary arteries. 
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Fig. 4 shows the eorrelation between the ash content 
and the total alpha activity in coronary arteries of twenty- 
five subjects between the ages of forty and eighty-two who 
died of coronary heart disease. Seventeen of these sub- 
jects were below the age of sixty-four. 

The correlation coefficients calculates. for the five 
aggregate samples are: (1) percentage of ash : ash alpha 
activity 0-576, P>01; (2) percentage of ash : tissue 
alpha activity 0-047, P<0-01, The statistically significant 
correlation between the ash contents and the total alpha 
activities in the coronary arteries of subjects who died of 
coronary heart disease is higher than that in any of the 
other tissues examined. 

Fig. 5 shows the correlation between tie ash contente 
and the total alpha activities in 109 pulraonary arteries. 
The correlation coefficients calculated for the ten aggregate 
samples are: (1) percentage of ash: ash alpha actrity 
— 0-280, P201; (2) percentage of ash : tissue alpha 
activity 0-090, P» 0-1. Thus in pulmonary arteries, which 
even in the higher age groups rarely develop atheromatous 
plaques, no correlation was found between the ash cone 
tent and the alpha activity. 

Fig. 6 shows the correlation between the ash concentra- 
tions and the total alpha activities in sixty-one ventral 
costal cartilages. The correlation coefficients calculated 
for the six aggregate samples are: (1) percentage of ash.: 
ash alpha activity — 0-559, P>0-1; (2 percentage of 
ash: tissue alpha activity — 0-103, P221, Although 
these tissues have a great affinity for calcium in advancing 
years, there is no correlation between the ash contents 
and the alpha activities. This seems te result from a 
tendency of the specific activities to decrease with age in 
these tissues. 

Only in abdominal aortas and in corenary arteries is 
there an increase of the calcium deposits with age and a 
statistically significant correlation between the ash 
contents and the total alpha activities. This correlation 
ig more distinct in the coronary arteries than in abdorninal 















and ashed for 16 h at 450° C in covered ‘Vitreosil’ crucibles: 
The femoral bones were ashed singly. The alpha activity 
was determined by the method of Turner et al’. 

Turner e£ al. have shown that there is no correlation 
between radioactivity and age in bones. Mayneord' 
assumed that the decalcification of bones which follows 
immobility and is frequently associated with malignant 
disease leads to low amounts of radium in the skeleton. 

Fig. 1 shows the total alpha activities in sixteen 
femoral bones from subjects between the ages of fifty and 
eighty-seven. It is interesting that the lowest values 
(47x 10-5 Ci/g and 10 per cent ash) were found in a 
subject aged fifty who died of bronchial carcinoma with 
skeletal secondaries, thus confirming Mayneord's assump- 
tion. It is also of interest to note that the total alpha 
activities tend to decline in the highest age groups in 
which senile osteoporosis is common. 

Fig. 2 shows the correlation between the ash content 
and the total alpha activity in 133 abdominal aortas. 
The correlation coefficients calculated for the eighteen 
aggregate samples are: (1) percentage of ash: ash alpha 
activity — 0:292, P>0-1; (2) percentage of ash : tissue 
alpha activity 0-479, P<0-05. The correlation between 
the ash content and the total alpha activity in abdominal 
aortas is statistically significant. 

Fig. 3 shows the correlation between the ash content 
and the total alpha activity in 138 coronary arteries. The 
correlation coefficients calculated for the eighteen aggre- 
gate samples are: (1) percentage of ash:ash alpha 
activity 0-29, P>0O1; (2) percentage of ash: tissue 
alpha activity 0-77, P<0-01. There is a statistically 
significant correlation between the ash contents and the 
total alpha activities in the coronary arteries which is 
greater than that in abdominal aortas. 
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aortas and is highest in the coronary arteries of subjects 
who died of coronary heart disease. 

I thank Dr C. R. Hill for his help in measuring ash 
concentrations and alpha activities and for valuable 
discussions, Dr R. C. Turner for measuring alpha activities 
in femoral bones and Dr W. J. Martin for his help in 
the statistical analysis. This work was supported by a 
grant from the North-East Metropolitan Regional Hospital 
Board, London. 
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Computer Classification of Streptococci, 
mostly of Oral Origin 


Streptococcus is a well established bacterial genus, but its 
sub-division into species has always been controversial. 
Wilson and Miles! expressed their dissatisfaction with 
existing classification schemes for streptococci, revision 
of which was long overdue. 

An objective method of classification was introduced 
by Sneath?, who pioneered the use of computers in the 
taxonomy of microorganisms. His approach has been 
used by Colman?, who examined Lancefield groupable 
streptococci, and by Raj} and Colwell' who found 
that the existing classification of enterococci left much to 
be desired. Carlsson? has recently examined the taxonomy 
of oral streptococci, which have never been satisfactorily 
classified. 

The discovery and isolation of caries-inducing strepto- 
coeci have emphasized the need for a suitable classification, 
and have led Guggenheim® to appeal for such a scheme, 
which would embrace organisms of oral origin and award 

a taxonomic status to the cariogenie streptococci. 

To meet this need, we began the work described here. 
We noted 178 characteristics for each of 252 streptococeal 
isolates. Our collection of streptococci included sixty- 
three type culture strains and forty-seven rat faecal 
isolates, the remainder being human oral isolates collected 
at Liverpool. Characteristics observed included cellular 
and colomal morphology; inhibition by antibiotics, dyes, 
inorganic substances, and synthetic derivatives; sugar 
fermentation; polysaccharide synthesis; cell wall analy- 
sis; amino-acid metabolism; possession of various en- 
zymes. The 50,000 results we obtained had to be handled 
by a computer, for which we used a program devised 
by Harrison’. ‘This program differed from most pro- 
grams previously used by other workers. for objects 
were clustered not in accordance with their overall 
similarity based on characteristics of equal weight, but 
according to the probability of combinations of charac- 
teristics occurring together. 

The IBM computer used was programmed to examine 
the experimental data and print out clusters of like- 
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organisms which formed at various levels of significance 
and the shared characteristics of which could not be 
explained by random distribution. 

By examining (1) the overlap of strains found m any 
two clusters, (2) the overall similarity of the central strains 
in each cluster, and (3) the more highly significant charac- 
teristics displayed by clusters, it was possible to merge 
similar clusters, so creating twelve phenons. Two phenons 
displayed combinations of characteristics, not aseribable 
to any species of Streptococcus deseribed in Bergey's 
manual’, These phenons will be fully discussed in a future 
publieation. Five phenons were found to contain repre- 
sentatives of the enterococeus group; in keeping with the 
findings of Raj and Colwell!, we found that members of 
any particular designated species of faecal streptococci 
did not cluster together. A typical phenon contained two 
strains of Strep. “faecalis, one each of faecium, durans, 
faecalis var. zymogenes, and faecalis var. liquefaciens. To 
resolve this impasse, the five phenons can be provisionally 
termed Strep. bovis, and Strep. faecalis varieties E, H, TII 
and LV. 

Phenons corresponding to the well established species 
Strep. mitis, Strep. salivarius anc. Strep. sanguis were 
found. Representatives of Lancefield groups F, G, M, O 
and P were found in à single phenon and resembled the 
species Strep. anginosus described in Bergey's manual*. 
Only one member of each of these Lance field groups had 
been included in this study, and if more representatives 
had been examined, sub-division of this phenon might 
have occurred. 

Finally, a very highly significant phenon was formed, 
consisting of only five strains, all of whieh were known 
caries-inducing microorganisms. These strains were AHT, 
BHT, E49, F A. 1 and OMZ61, to which the name Strep. 
mutans may be provisionally assigned as suggested by 
Carlsson*. Our results lead us to suppose that Strep. 
mutans is a clearly defined, distinct species and not 
synonymous with Strep. bovis or Strep. sanguis as de 
Stoppelaar? and others have suggested. 

The characteristics of Strep. mutans are now being 
examined in detail, and ultimately it may be possible to 
detect caries-inducing or cariogenie streptococe: by simple 
means, with obvious consequences for caries prevention. 

D. B. DRUCKER 
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Metabolism of Coumarin in Man 


COUMARIN is à naturally occurring eonstituent of many 
plants, and has been used extensively as a flavouring 
material, although its use for this purpose is now banned 
in many countries. Its toxic effects on many species of 
animal have been reported?-* and its metabolism in 
rats and rabbits has been investigated'-*. No study has 
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been made of the metabolism of coumarin in man, and 
the work deseribed here was undertaken to determune 
the similarity in this respect between man and rat or 
rabbit. 

Eight volunteers, four men and four women, were each 
given 200 mg of coumarin in capsule form. AH were in 
normal health, with no previous history of kidney or 
liver ailments. Twenty-four hour samples of urine were 
collected for the day preceding and the 2 days following 
the administration of the dose. Each sample was re- 
fluxed with an equal volume of concentrated hydro. 
chiorie acid for 3 h, and then extracted with ether. 
After removal of ether, the extraets were examined by 
paper chromatography to establish the approximate 
concentration of o-hydroxyphenylacetic acid, and by gas 
chromatography to determine the 7-hydroxyecoumarin. 

The control urines and the day 2 urines contained no 
significant quantities of either o-hydroxyphenylacetic 
acid or 7.hydroxyeoumarin, but the day 1 urines eon- 
tained about 2-13 mg o-hydroxyphenylacetie acid and 
152-204 mg 7-hydroxycoumarin, equivalent to 1-6 and 
68-92 per cent respectively of the coumarin administered. 
Details of the results are given in Table 1. 


Table 1. URINARY EXCRETION OF 7-HYDROXYCOUMARIN AND 0-HYDROXY- 
PHENYLACETIC ACID FOR 24 H AFTER 200 MG (1:37 MMOLES) COUMARIN 
GIVEN ORALLY 

o-Hydroxyphenyt- 


Age T -Hydroxy- Coumarin acetic acid Coumarin 
Sample — (yr) eoumarin equivalent — (estimated) equivalent 
(mg) (mmole) (55 dose) (mg) (mmole) | (?5 dose) 
Male 
A 28 204 1-26 92 2 0-013 1 
B 30 196 1-21 8S E 0-020 1 
C 27 154 0-45 69 13 0-085 } 
b 37 186 1-15 84 6 0-040 3 
Female 
E 28 162 1:00 p T3 0-085 6 
F 38 178 1:10 RO 7 0-046 3 
G 26 166 1-03 75 12 0-079 8 
H 22 152 0-94 8 5 0-033 2 
Mean 175 1-08 79 8 0-050 4 


It may be inferred from the fact that a very large 
proportion of the dose is excreted in the urine within 24 
h of administration that coumarin is quickly absorbed by 
the gut in man and that any enterohepatic circulation of 
coumarin or its metabolites is unhkely. 

Kaighen and Wiliams? have demonstrated, using 
coumarin labelled with carbon-14, that rabbits convert 
about 12 per cent of the dose to 7-hydroxycoumarin 
and about 20 per cent to o-hydroxyphenylacetic acid. 
Rats produce less than 1 per cent 7-hydroxycoumarin 
and about 20 per cent o-hydroxyphenylacetie acid. 
Nearly 40 per cent of the radioactivity is excreted as 
unidentified compounds in the faeces of rats, but this 
metabolic route is not used to any significant extent by 
rabbits. Here we show that in man the metabolism 
of coumarin differs from these other species in that 
about 80 per cent of the dose is excreted in the urine 
as 7-hydroxyeoumarin, and that the amount of 
o-hydroxyphenylacetic acid is probably not more than 
6 per cent. 

The hepatotoxic effect of coumarin to several species of 
animal has been reported, although there seems to be 
a difference in sensitivity between the species. Feuer 
et al. have examined the biochemical action of a number 
of hepatotoxie compounds, and suggested that a reduction 
in ghicose-6-phosphatase activity in the liver may be 
one indication of toxic liver damage. Feuer et al.!! have 
shown that the activity of this enzyme in the livers of 
rats given coumarin is reduced. They also found by 
in vitro experiments with human, rabbit or rat liver 
microsomes that inhibition of glucose-6-phosphatase was 
produced by o-hydroxyphenylacetic acid but not by 
coumarin or 7-hydroxycoumarin. The reduction in 
enzyme activity observed when rats are given coumarin 
may be due to o- nyarozyphenylacetic acid producen 
m the excretion of o hydro hens lacaiit acid is a major 
one for rat and rabbit, but a very minor one for man, 
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so it is doubtful whether any attempt a: the evaluation 
of the toxicity of coumarin to man based on toxicity 
data for rats or rabbits 1s justifiable. 
The differences in metabolic behaviour of man and rat 
which have been described emphasize the importance of 
human studies and the weakness of animal toxicity data 
alone as a basis for human assessment. This view is 
reinforced by the recent work of Danel et gl, who 
found that the metabolism of butylated nydroxytoluene 
(BHT) was entirely different in man and rat, 
W. 2t SHILLING 
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Direction of Chain Extension during 
the Biosynthesis of Teichoic Acids in 
Bacterial Cell Walls 


REcENT developments in our knowledge of the biosyn- 
thesis of bacterial wall polymers include the recognition 
of the participation of lipid phosphates in she transfer of 
glycosyl residues from nucleoside diphospaate sugars to 
polysaccharide chains!'-*, the transfer of sugar 1-phosphate 
residues from nucleotides into polymers? and mforrnation 
on the direction of chain extension during siosynthesis*-", 
An interesting feature of studies on chain extension is the 
demonstration*? that the polysaccharide chains of a 
bacterial lipopolysaccharide are built up on the poly- 
isoprenoid pyrophosphate intermediates be the transfer 
of trisaccharide residues to the “reducing end” of the 
growing polymer, in a manner analogous to amuno-acid 
transfer in protein synthesis on ribosomes. This contrasts 
with glycogen biosynthesis where sugar r residues are trans- 
ferred to the “non-reducing ends” of chains. and with the 
biosynthesis of a teichoie acid of the polyizlvcerol phos- 
phate) type where glycerol phosphate units «re transferred 
from CDP-glveerol to the glycerol-terminal end of the 
chain’. 

The occurrence of sugar l-phosphate residues in bac- 
terial wall polymers? raises the question whether these 
are formed in a manner analogous to the biosynthesis of 
lipopolysaccharide chains, or whether they ollow a route 
similar to that for the poly(glveerol phosphate). We have 
studied the direction of chain extension in the wall teichoic 
acid (1) from Staphylococcus lactis 13 in whick the repeating 
unit contains p-glycerol 1-phosphate atteched to the 
3-position of N-acetylglucosamine ]-phosphate!'*, and the 
polymer (IV) of N-acetylglucosamine 1l-phosphate* in 
walls of Staphylococcus lactis 2102. In beth cases the 
repeating units are joined together through phosphodi. 
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ester linkages and so extension of their chains might be 
analogous to that of the poly(glycerol phosphate). On 
the other hand, the occurrence of sugar residues in the 
polymer chain and the participation of lipid pyrophos- 
phate intermediates in their biosynthesis (ref. 4 and 
unpublished work) suggest a similarity to the lipopoly- 
saccharide case. 

Hydrolysis of the teichoic acid (1) (alanine ester residues 
have been omitted) in carefully controlled conditions 
(01 N-HCI at 100° C for 8 min) causes fission at points 
A of sugar 1-phosphate linkages but does not markedly 
affect other phosphodiester groups in the molecule; “thus 
the main chain gives the diphosphate (II) whereas the 
glycerol-terminal end of the chain gives the monophos- 
phate (III). These two products are readily separated on 
paper chromatography in propan-l-ol-aq.NH, (specific 
gravity 0:88)—water (7:1:2 by volume), and so the 


| 


Glycerol-P-GleN Ac-——P-[Glycerol-P-GleN Ac-—P ] ~~ ~ 
i | 
(1) A | A 
| Ht 
Glycerol-P-GleNAc + P-Glycerol-P-GleNAc 


(ILI) (IT) 


A particulate enzyme preparation (0-6 ml), CDP-™C- 
glycerol (0-4 umole) and UDP-N-acetylglucosamine (2-0 
umoles) were incubated at 37° C for 10 min, sedimented 
and the teichoic acid, all of which was present in the 
sediment, was extracted and purified by the phenol treat- 
ment and paper chromatography previously described’. 
This experiment produced the control at zero time given 
in Table 1. In the other experiments the initial incubation, 
collection of sediment and washing were followed by re- 
suspension in the presence of unlabelled nucleotide sub- 
strates in similar conditions for 15 and 30 min, then 
material was isolated as before. After hydrolysis and 
ehromatography, radioactivity was measured; in addition 
to the products (IT) and (IH), 12-13 per cent of the isotope 
in all the experiments was detected in a hydrolysis produet 
with low Rr value, tentatively characterized as glycerol 
diphosphate, the origin of whieh was not established. 

It is clear from Table 1 that “C-glycercl, present initially 
at the glycerol-terminal end of the chain, appears later at 
points deeper in the chain; it follows that extension occurs 
by the addition of residues from the nucleotide substrates 
to the glycerol-terminal end of the polymer. 

Similar experiments were earried out on the polymer 
(IV) present in walls of S. lactis 2102. In this polymer, 
repeating units of N.acetylglueosamine 1-phosphate are 
attached to each other through phosphodiester linkage at 
the 6-position on the N-acetylglucosamine. Thus con- 
trolled acid hydrolysis gives N-acetylglucosamine 6-phos- 
phate from the main chain and N-acetylglicosamine from 
the sugar end of the polymer. 


GleNAc-P-[GleNAc-P hn — — 


I H+ 
GleN Ac + P-GleNAe 


(IV) 


Particulate enzyme was prepared from S. lactis 2102 
m a manner similar to that previously deseribed® for 
strain I3. This preparation (0-3 ml.) was incubated at 
37° C for 2 min with UDP-[acetyl *C]- N-acetylglucosamine 
(02 umole) and MgCl, (20 umoles) in 0-1 M-tris HCl 
buffer, pH 8:5. The mixture was diluted with eold buffer. 
and particulate material containing the polymer was 
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Table 1. INCORPORATION OF ISOTOPE FROM |'DP-UC-GLYCEROL INTO MAIN. 
CHAIN AND TERMINAL GROUP OF TEICHOIO ACID IN Staphylococcus lactis 13 


Time of 
incubation with BC in (1D BC in (TID HC in (H) 
unlabelled (as percentage of (as percentage of (as percentage of 
nucleotide total in total in initial value) 
(min) teichoic acid) teichoie acid) 
Q 8SE2 36. 100 
15 86-5 1:3 43 
30 86-6 v5 18:5 


collected (184,000g for 15 min). After washing with 
buffer, the sediment. was resuspended in buffer to give the 
original volume, a sample (0-15 ml.) was removed and 
boiled for 2 min, and the remainder was incubated with 
UDP-N-acetylglucosamine (0-1. umole) and MgCl, (10 
umoles). After 30 min the reaction was stopped by 
boiling, polymer was isolated by treatment with phenol, 
the aqueous solution was washed with chloroform and 
the material was purified by paper chromatography in 
1 M ammonium acetate-ethanol (pH 3-6, 3:75, v/v). 
Polymer remaining at the origin was hydrolysed as we 
have described and the produets were separated by paper 
chromatography in the ammonium acetate-ethanol sol- 
vent. 

At zero time, 93 per cent of the radioactivity of the 
purified teichoie acid was found in N-acetylglucosamine 
6-phosphate, which represents the polymer chain, and 
6:9 per cent was found in N-acetylglucosamine, which 
represents the sugar-terminal end of the polymer. After 
30 min of ineubation with the unlabelled nucleotide these 
values were 97 per cent and 3-1 per cent respectively. 
This represents a decrease of a little more than 50 per 
cent in the labelling of the end of chains during the 
incubation, indicating that in this case the polymer is 
formed by successive addition of units to the sugar- 
terminal end of the chain. 

These experiments show that the biosynthesis of bac- 
terial wall polymers comprising sugar !-phosphate units 
proceeds by the successive addition of units to the opposite 
end of the chain from that which is found to be attached 
to peptidoglyean in isolated walls; the mechanism thus 
resembles that for poly(glycerol phosphates) and differs 
from that for the polysaecharide chains in bacterial lipo- 
polysaccharides. 

Heres Hussey 
D. BROOKS 
J. BADDILEY 
Microbiological Chemistry Research Laboratory, 
Department of Organic Chemistry, 
University of Neweastle upon Tyne. 
Received December 30, 1968, 
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Suppression of Conception with 
D-6-Methyl-8-cyanomethylergoline(l) 

in Rats 

ERGOCORNINE and ergoeristine prevent pregnancy in rats 
when injected once during the first 7 days after copulation}, 


In a broad study of the pharmacological properties of 
ergolene and ergoline derivatives, we found that a similar 
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effect is exerted by D-6-methyl.8-eyanomethylergoline(l), 
also known as ‘‘6605-VUFB”, which has been synthesized? 
in our institute. 


H4CN 






2 


x 
H 


b-8-Methyl-8-cvanomothvlergolinecT) 


The experiments were carried out on female albino rats 
weighing about 200 g, which were examined daily by 
vaginal lavage before the beginning of the experiment. 
On the afternoon of the day when pro-oestrus occurred, 
each female was presented to a male. Next morning, the 
presence of spermatozoa in the vagina was tested and 
only the animals with a positive finding were used. They 
were divided into an experimental and an approximately 
equal control group. 

The drug was administered as an aqueous solution of its 
tartrate through a metal cannula into the stomach. The 
timetable and doses are given in Table 1, day 1 being the 
day on which spermatozoa were detected in the vagina. 


Table 1. EFFECT OF THE DRUG ™ 6605-VERB” ON PREGNANCY IN RATS 


Day of Preg- Pregnant Average Re- Resorbed 
adminis- nant animals/ No. of sorbed foetuses/all 
Dose tration animals allanimals nidations foetuses nidations 
(per rat) (after cop- (per in the per preg- (per in the 
ulation) — cent) group  nantfemale cent) group 
— 90 92/102 8.0 $4 — 2RÍRPl 
Controls 
2 mg Before cop- 
ulation 14* 1/7 10-0 ü 0/10 
2 mg ist 0* H — — — 
2 mg 2nd oF 0/7 == — — 
2 mg 8rd 1i* 1/8 10-0 ü 0/10 
2 mg 5th ü» 0/7 — — — 
2 mg 7th 0* 0/7 — — — 
2 mg 9th 100 5/5 8S 0 0/44 
0-2 mg Ist 57 4/7 R3 6 2:38 
0-2 mg 8rd 29* 5/17 9-0 27% 12/45 
0:2 mg 5th 38* 3/9 11-0 3 1/33 
0-2 mg 9th 86 6/7 10-0 5 3/60 
§x 1 mg 1st-7th 0* 0/9 = — — 
5x(-2mg  1st-—7th 0* 0/10 — — a 
6x 0-02 mg 1st-7th 90 9/10 9-4 6 5/85 


* Significantly different from the control group at the P < 6-05 level. 


The rats were killed on the twentieth day. Pregnancy 
was ascertained by autopsy, and the number of normal 
and undeveloped (resorbed) foetuses was counted. 

As shown in Table 1, 90 per cent of the control group 
rats were pregnant. There were no significant differences 
between the control groups of different experiments. 

The single administration of 2 mg of Dp.6-methyl-8- 
cyanomethylergoline per animal (about 10 mg/kg) pre- 
vented pregnancy in all cases when it was given on the 
first, second, fifth or seventh day after the copulation. 
One exceptional case of pregnancy occurred after admini- 
stration on the third day. The drug was partly effective 
at this dose when administered before mating; in these 
circumstances there was only one pregnancy among 
seven females. The drug was ineffective when given on 
the ninth or subsequent days after copulation. 

After a single administration of (2 mg per animal 
(about ] mg/kg), we observed a reduction in the number 
of pregnancies, but not a full suppression. The reduction 
was significant for administrations made on the third 
and fifth day, but not significant for those on the first 
day; there was no reduction for ninth day administra- 
tions. 
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When the drug was given five times during the first 
7 days after copulation at the daily dose of 1 mg or 0-2 mg 
per animal (about 5 or 1 mg/kg), no pregnancy developed. 
But five daily doses of 0-02 mg (about 0-1 mg/kg) were not 
sufficient to prevent pregnancy. 

Our findings show that the beginning oi pregnancy m 
rats can be fully suppressed by an oral administration 
of p-6-methyl-8-eyanomethylergoline. The effect of a 
lower dose (0-2 mg) repeated five times seems more 
reliable than that of a single higher dose (2 mg) which 
exceeds the sum of the five small doses. 

The effective dose is not toxic. The LD of the studied 
drug in rats after intragastric administrateon was found 
to be 110 mg/kg. This amount is elever times higher 
than the pregnancy preventing single dose (10 mg/kg or 
2 mg per animal) and 110 times higher than she dose which 
inhibits pregnancy in all cases when five times repeated 
(1 mg/kg, 0-2 mg per animal). 

As regards the effect of the drug on the development 
of the foetuses, we found in all cases but one that either 
pregnancy did not oecur or the foetal development was 
normal, the percentage of the resorbed foetuses not 
significantly exceeding that in the control group. After 
the administration of 0-2 mg on the third day, we found 
four rats with normal foetuses and one rat which had all 
twelve foetuses undeveloped (resorbed). We are unable 
to tell whether this was a random accident or a result of 
our treatment. 

We thank Mrs Helena Malcova for technecal assistance 
and Dr J. Hondlík for advice on statistical methods. 
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Induction of Sexual Excitement by the 
Action of Adrenocorticotrophic 
Hormone in Brain 


EARLIER experiments in this laboratory shewed that the 
injection of adrenocorticotrophic and melanocyte-stimu- 
lating peptides into cerebrospinal fluid or brain causes a 
behavioural change in dogs, cats, monkeys and various 
laboratory animals characterized by repeated stretching 
and yawning!~. Preliminary experiments indicate that 
these substances also cause sexual excitasion in dogs, 
monkeys, rabbits? and eats’, The work described here 
was undertaken to study the mechanism ef the sexual 
stimulation produced by ACTH-like polypeptides and the 
possible role of testosterone in this effect. 

The experiments were carried out in white New Zealand 
male rabbits weighing about 3 kg. Cannulae consisting 
of a needle with an outer diameter of 0-2 mm and a 
0.3 mm tamping needle were implanted siereotaxicaliv 
under pentobarbital anaesthesia into the lateral ventricle 
2-3 days before the experiments. Castratioa was carried 
out under light pentobarbital anaesthesia and the animals 
were used 4—15 days later, Drugs were dissolved in 0-1 ml. 
of distilled water and were slowly injeeted in:o the lateral 
ventricle of unanaesthetized animals after vithdrawal of 
0:1 ml. of cerebrospinal fluid. The rabbis were then 
placed in a glass cage and the episodes of sexual excite- 
ment, stretching and vawning movements vere recorded 
for a period of 5 to 6 h. 
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Table 1. AMINO-ACID SEQUENCES OF BOVINE ACTH (a b AOTH), BU-**9 ACTH, DW-75 AND a-MSH 
1 2 3 4 5 6 7 8 O9 10 11 12 13 14 15 16 17 18 10 20 21 922 23 22$ 25 26-38 
Huser Tyr Ser Met Glu His Phe Arg Try Gly Lys Pro Val Gly Lys Lys Arg Arg Pro Val Lys Val Tyr Pro Asp --- At 
. CH4CO.Ser Tyr Ser Met Gilu His Phe Arg Try Gly Lys Pro Va-NH,. B En mE l 
B5 ACTH H.Ser Tyr Ser Met Glu His Phe Arg Try Giy Lys Pro Val Gly Lys Lys Arg Arg Pro Val Lys Val Tyr Pro-OH 
DW-.75* d H.Ser Fyr Ser Nie Giu His Phe Arg Try Gly Lys Pro Val Gly Lys Lys Arg Arg Pro Val Lys Val Tyr Pro Val- NH, 


If not otherwise indicated, amino-acids are of the laevo form. , . T B . 

* DW-75 is a synthetic ACTH-like pentacosapeptide, which contains: (a) an amino peptidase resistant D-serine residue at its amino-end group, (b) a 
carboxypeptidase resistant L-valinamide residue at its carboxyl-end group, and (e) an isologous norleucine residue in position 4 replacing the readilv oxidizable 
methionine. 


39 
eb ACTH -- - Phe-OH 


a MSH 


TA «Gly-Glu-Ala-Glu-Asp-Ser-Aln-Glu-Ala-Phe-Pro-Leu-Glu-, 


Synthetic corticotrophin (£?-*9 ACTH), supplied by Ciba, 
Basle, was injected into the lateral ventricle of male 
rabbits. About 30 min later penile erection oceurred, 
followed frequently by copulatory movements and ejacula- 
tion. Cycles of sexual excitement oceurred at intervals 
of 10 to 15 min for a period of several hours. At first, 
each episode of erection was associated with ejaculation; 
later ejaculation did not always occur, and the animals 
appeared exhausted. Peptides similar in structure to 
ACTH, sueh as a-melanocyte-stimulating hormone (a- 
MSH). supplied by Professor C. H. Li, and DW-75 (Sandoz, 
Basle), another synthetic ACTH-like peptide*, also induced 
episodes of sexual excitement. Table 1 compares the 
amino-acid sequence of these peptides with that of bovine 
ACTH. It is known that the amino-acid sequence of 
x-MSH is identical to that of the first amino-acids of 
natural ACTH. 

Table 2 compares the potency of g1-*9 ACTH, DW-75 
and «-M53H in producing sexual excitement. 802 ACTH 
was effective in doses of 2-5 ug or more in all the animals 
tested, and as little as 1 ug stimulated two out of seven 
animals. DW-75 was more potent than 890 ACTH, 
perhaps because it is more resistant to amino and carboxy- 
peptidases and to oxidation*. It is of interest in this 
regard that the adrenocorticotrophic activity of DW-75 
is six times greater than that of 9!-?9 ACTH®. 

The rabbits frequently yawned and stretched during an 
episode of sexual excitement. but yawning and sexual 
excitement also occurred separately. Moreover, as 
described here, the ACTH produced no sexual excitement 
in the castrated animal but still produced yawning and 
stretching, though to a lesser extent. 

In the castrated male rabbit, the sexual excitement 
elicited by 67°"” ACTH was greatly reduced or was 
completely absent (Table 3). Thus testosterone played 
an important part in permitting the action of ACTH in 
castrated rabbits. In fact, the sexual response to ACTH 
returned after treatment of the castrated rabbits with 
testosterone (Table 3). The essential part played by 
testosterone in the sexual aetion of ACTH was also sug- 


Table 2. SEXUAL EXCITEMENT INDUCED IN MALE RABBITS BY ACTH AND 


MSH PEPTIDES 
No. of 


Peptide dose injected into No. of animals 


the lateral ventricle of animals displaving sexual 
each animal treated excitement* 
BO) ACTH 10-0 pe 17 17 
oO ug 6 6 
3-5 ug 2 ni 
1-5 ug 2 1 
1-0 ug 7 2 
DW-75 10-0 ug 11 11 
BO ug 2 2 
2:5 Hg 2 2 
1:5 ug 2 2 
1-0 ug 4 4 
a-MSH 5-0 ug 3 3 


t Three or more penile erections in 3 h, 


Table 3. 


gested by the finding that the sexual response to ACTH 
in non-castrated rabbits was markedly or totally pre- 
vented by cyproterone, a substance which antagonizes 
the effects of testosterone'*. In these experiments the 
'abbits were injected with cyproterone acetate (Berlin 
Laboratories, New York) for 3 days (20 mg/kg intraperi- 
toneally per day) and 4 mg intraventricularly 1 h before 
the injection of ACTH (Table 3). Cyproterone by itself 
had no obvious effects. 

Deeause the actions of ACTH on the adrenal gland and 
on other tissues are mediated through adenosine 3⁄5- 
monophosphate (cyclic-AMP) (ref. 11), the possibility 
was considered that the sexual excitement produced by 
ACTH in the brain was also mediated by cyclic-AMP., 
Accordingly, we investigated the effeets of theophylline, 
a compound which protects eyelie-AMP by inhibiting 
eyele 2,5'-nucleotide phosphodiesterase!. 

Table 4 shows that the effects of ACTH were poten- 
tiated by theophylline. In contrast, theophylline by 
itself was inactive. These resuits suggest that theo- 
phylline potentiated the effect of ACTH by protecting the 
endogenously produced evelic-AMP from destruction. 

The possibility that the sexual stimulation produced by 
ACTH might be mediated by cyche-AMP was further 
investigated by injecting into the lateral ventricles 
N*5-2'-O-dibutyryl-adenosine-3',5'-phosphate (dibutyryl 
cyelie-AMP), the dibutyryl derivative of eyelic-AMP (see 
ref. 11). Amounts of this compound (supplied by Maggioni 
S.p.A., Milan) up to 1,000 ug injected intraventricularly 
produced no signs of stretching, yawning or sexual excite- 
ment. Failure of dibutyryl cyelie-AMP to produce sexual 
stimulation might be caused by its poor penetrability 
into cells or its metabolic inactivation". In this regard, 
it was of particular interest that dibutyryl eyclic-AMP 
and theophylline (50 ug of each drug) injected intraven- 
tricularly into rabbits in rapid suceession elicited one or 
more episodes of sexual excitement in four out of five 
animals. 

Our observations suggest that there are certain areas 
in the brain which regulate sexual activity in the male and 
are stimulated by ACTH and MSH-like peptides. Testo- 
sterone is needed for the action of these peptides. 

In our original observations of the behavioural changes 
produced by the intracisternal injection of ACTH and 
MSH in mammals, we postulated that these peptides 
might regulate some normal funetions by an aetion on the 
braint, Recently, several reports have deseribed the 
influence of ACTH-peptides on CNS function!*-?, We 
find, however, that sexual excitement. stretching and 
yawning are the most remarkable direct effects of ACTH 
on the central nervous system. Several considerations 


normal physiological funetion; tne doses are quite small; 
among many peptides tested the effect is specific for 


IMPORTANCE OP TESTOSTERONE FOR THE SEXUAL EXCITEMENT INDUCED BY INTRAVENTRICULAR ACTH IN RABBITS 


Drug introduced No. of No. of animals showing 


Animals Pretreatment inte lateral animals Sexual Stretching 
ventricle treated excitement” or yawning T 
Castrated None po ACTH 
(10 ugianimal 5 a 4 
Castrated Testosterone propionate: 10 mg/animal/day subeutaneously for 3 days BO) ACTH 
(10 wa/animal) 2 5 5 
Normal Cyproterone acetate: 20 mg/kg/day intraperitoneally for 3 days and 
then 4 mg into lateral ventricle aee o 0 0 
Normal Cyproterone acetate: 20 mg/kgiday intraperitoneally for 3 days and 4 PUG ACTH 
mg into lateral ventricle 1 h before fii: ACTH (10 ugianimal) 5 2 6 


* Three or more penile erections in 3 h. 
t Three or more stretching or yawning movements, 
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Table 4. INFLUENCE OF THEOPHYLLINE* ON THE SEXUAL EXCITEMENT 


INDUCED BY ACTH IN RABBITS 
] agianima! No, of Na. of animals 
Treatments intraven- animals showing sexual 
tricularly treated excitement f 
Bo ACTH 1 8 3 
Aminophylline 50 5 0 
Aminophylline 100 5 0 
Aminophylline — 90: 9 9 
and 907) ACTH 1: 


* Given in form of aminophylline, 
+ Three or more penile erections in 3 b. 


ACTH and MSH; ACTH and MSH peptides are normally 
present in the P nies outside the puo e 


occur together by the action of AC. l'H-like peptides 
suggests that the receptors responsible for these effects 
are interrelated. The possible physiological meaning of 
the yawning and stretching produced by ACTH has been 
discussed elsewhere*’. 

A working hypothesis could be formulated in which the 
physiological excitement which precedes coitus acts as a 
stimulus to the release of ACTH. Some of the ACTH 
may reach the hypothalamus by an inverted hypophyseal 
portal flow (or by other routes) eliciting, in turn, penile 
erection, In fact, although there is general agreement 
about the direction of the blood flow in the pituitary 
portal vessels (from hypothalamus to pituitary), an 
inversion of the flow from pituitary to hypothalamus may 
occur according to Torok?*. We do not yet know how 
testosterone sensitizes the nervous areas to the action of 
ACTH, but we have obtained clear evidence that ACTH 
produces sexual excitement only in the presence of testo- 
sterone. Many questions remain to be solved; among 
them are the way active peptides reach the sensitive 
neurones and the localization of the sensitive centres. 
In this connexion, by using the stereotaxic technique in 
eats, the ACTH-sensitive zones for the production of the 
stretching syndrome have been localized in the region 
of the third ventricle??? 

We thank Dr B. B. Brodie for his interest in this work 
and his excellent advice. This work was supported by 
grants from NATO and CNR. 
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Responses of Rat Testes and Accessory 
Glands to Testosterone, Pilocarpine 
and Copulation 


ATROPHY of the interstitial cells and a decrease in testis 
size occur in the rat after treatment with testosterone 
propionate’, the response being : attributed so the inhibitory 
action of the androgen on gonadotrophin secretion. T he 
ability of testes to respond to gonadotrephic hormones 
is dependent in some way. however, on the sympathetic 
nervous system*™, Inereased concentratiens of androgens 
in spermatic vein blood‘ and peripheral pasma’ immedi- 
ately after copulation imply a neuroendocrine process for 
Leydig cell secretion. Some of the accessory glands. 
which are target organs of androgens, ax rophy in non- 
eopulating male rats*, but they may be stimulated with 
pilocarpine nitrate, a drug that produces cholinergic and 
concomitant triggering of certain adrenergic secretions* 
This experiment was designed to study both the effects 
and possible relationships of alterations in male reproduc- 
tive glands produced by testosterone propionate, pilo- 
carpine nitrate and copulation. 

Ninety-six Charles River CD strain made rats, aged 10 
weeks and with an average body weight of 353 g, were 
assigned randomly to eight groups for a 2? factorial 
experiment.  Testosterone propionate (2-) mg/kg body 
weight), pilocarpine nitrate (06 mg/rat) «nd copulation 
were the three variables (see Table 1). Drug injections, 
beginning on the first day. were administered subeutane- 
ously three times a week for the study, which lasted 28 
days. Testosterone propionate and pilosarpine nitrate 
were administered in 0-1 ml. corn oil and 3-3 ml. physio- 
logical saline, respectively. Control doses of corn oil 
and saline were given to rats not receiving drugs. Non- 
copulating male rats were caged alone without visual 
access to female rats. Complete isolation from olfactory 
influences was assumed not to be requirec’, Copulating 
males were caged individually with a single spayed female 
rat, maintained in oestrus by a single injection of 20 ug 
of 178-cyclopentylpropionate ester of oestradiol. Vaginal 
smears were examined several times weekl* for spermato- 
zoa. It was assumed that spontaneous «jaculations in 
male rats caged alone® would not obscure fhe comparison 
with copulatory effects. Male rats were autopsied on 
day 29. Testes, ventral prostates ane dorso-lateral 
prostates were dissected free from extruncous tissues 
and weighed. Contents of the seminal vesicles and coagula- 
ting glands were expressed before these glands were 
weighed. Testes were fixed in Bouin's and stained with 
haematoxylin and eosin for histological examination. 
Data were evaluated with an analysis of variance and the 
levels of the effects were estimated by usimz the variance 
estimate and confidence ate 

Evidence of copulation was recorded fom the large 
numbers of vaginal smears which container spermatozoa. 
Table 1 shows the mean weights + S.E. «f the various 
glands. The weight of the testes was decreased by the 
testosterone propionate (/< 0-001), increased by the 
pilocarpine nitrate (P<0-02) and unchanged by copula- 
tion. A significant interaction (P « 0-01) was revealed, 
however, between the effects of testoster: ene proponere 
and copulation on the testes. 1 
showed a change in direction as i well as amapnitude of 
response and showed that the depressive efect of testo- 
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Table 1. 
Treatment No. of Mean body weight Testes 
group rata* Begin (2) End (g) wt.(g) SE. 
TPC il 352 431 3°13 + 0-08 
TP- 12 361 449 2-83 x 0-12 
T- ¢ 10 354 438 2:08 + 0-09 
T-- 12 36041 446 2-75 + 0-08 
~ PE 11 355 450 3:42 x 0-07 
-P- 11 360 456 3 5040-06 
--Q n 353 449 3-13 £ 0-14 
re e 12 353 463 3°33 + 0:07 


* Omits six rats which died during experiment. 
sterone propionate on testis weight was alleviated to a con- 


prostates, the dorso-lateral prostates, the seminal vesicles 
and the coagulating glands were increased by treatment 
with testosterone propionate (P<0-01). An additional 
important effect was the increased weights of seminal 
vesicles and coagulating glands as a result of copulation 
(P<0-05). Mean weights of the dorso-lateral prostates 
in copulating rats were greater, but not significantly, 
than in non-copulating males. 

In the histological examination of the testes, Leydig 
cells were counted at a magnification of x 1,000 under oil 
immersion in three widely separated cross-sections of 
testis, 4 microns thick, taken from four rats of each 
group. For each rat, thirty interstitial areas were selected 
along a random pathway in each testis. Cells were 
counted only in interstitial areas between the basement 
membranes of three round seminiferous tubules which 
lay tangential to one another, thus forming the geo- 
metrical shape—a hypocycloid of three cusps. Mature 
granulated Leydig cells which appeared to have been 
secreting were counted separately from other cells judged 
as immature, which included undifferentiated or differen- 
tiating cells. Small fusiform cells judged as fibroblasts 
were excluded. The total Leydig cell count per area is 
represented for each group by the height of the bar in 
Fig. 1, this total being divided into the proportions of 
mature and immature celis + their respective SE. 
Treatment effects were analysed on the total, the mature 
and the immature cell counts, respectively. Testosterone 
propionate reduced the number of total cells (P < 0-05) 
and mature cells (P<0-001), but had no effect on the 
immature cells. Pilocarpine nitrate had no important 
effects. Copulation reduced the number of total cells 
(P « 0:05) and immature cells (P « 0-05), but had no effect 
on the mature cells. Significant interaction between 
testosterone propionate and copulation was revealed 
among the mature cell counts (P «0:05), which implied 
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Fig. 1. Leydig cell counts in rats injected with testosterone propionate 
(T), pilocarpine nitrate (P), and allowed to copulate (C) in a Z* factorial 
experiment. Height of the bars represents the total number of cells in an 
interstitial area as described in the text. Each total is divided into two 
portions, the mean X S.E. of mature granulated Leydig cells (hatehed 
columns) and the mean S.E. of immature Leydig cells which were 
undifferentiated or differentiating (white columns). 
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MEAN WEIGHTS OF GLANDS FROM RATS INJECTED WITH TESTOSTERONE PROPIONATE (D), PILOCARPINE NITRATE (P) AND ALLOWED TO COPULATE (€) 


Dorso-lateral 
Ventral prostate prostate Seminal vesicles — Coagulating gland 
wt. (mag) S.E. wt. (mg) 5.E. wt. (mg) SE. wt. (mg) SLE. 
634-6 + 39.2 582:3 + 50-0 635-1 + 29-5 237-4 t 18-0 
707-0 + 48-1 586-5 + 47-8 BTR + 44-5 207-9 + 22-3 
714-3 447-3 5990-74414 651-5 + 33-5 233-7 + 22-2 
GOLA + 39-4 538-0 + 30-0 588-6 + 32:1 192-5+17-6 
623-8 + 27-9 518-0417-4 586-0 + 39-3 189-1 + 11-9 
575-9 + 23:3 447-9 + 34-5 495-4 + 23-1 52-14 95 
644-4 + 29:3 527:2 + 36-4 041-8 = 25:0 169-64 9-2 
9BQ-R + 24-6 45594193 §55°5 = 14:3 162-6 + 10-2 


that eopulation brought about the replacement of mature 
cells affected by exogenous androgen. I suggest that the 
secretory rate of all reproductive glands was increased by 
copulation, which also raised markedly the level of andro- 
gen utilization and elimination. Some evidence for 
increased utilization of androgen is suggested by the 
heavy accessory glands of copulating rats which received 
testosterone propionate (Table 1). Elimination of testo- 
sterone may be postulated, because it is present in human 
semen’ and urine!!, and the increased blood flow resulting 
from copulation might have caused additional hormone 
to be metabolized in the liver. The lower titre of circulat- 
ing androgen and diminished feedback over the long 
term would have caused increased concentrations of 
interstitial cell stimulating hormone. This interpretation 
is in agreement with the recent report!* of inereased 
interstitial cell stimulating hormone and decreased 
testosterone plasma levels in male rabbits which ejaculated 
daily for 125 days. 

This investigation eraphasized interaction among treat- 
ments and showed that testis atrophy and Leydig cell 
degeneration as a result of the administration of testo- 
sterone propionate to the rat are significantly alleviated by 
copulation. Additional studies ars planned to determine 
the significance of copulation whenever androgenic and 
anabolic agents are tested for inhibiting effects on the 
hypophysis. 

I thank Dr V. A. Drill and Dr F. J. Saunders for reading 
this manuseript, and Mr P. Hsing for advice on statistics. 
I also thank Miss Joan Schroeder and Mrs Evelyn Kuznicki 
for technical assistance. 
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Cortical Potentials and 
Parkinsonian Tremor 


ATTEMPTS to discover cortical potentials at the tremor 
frequency in Parkinson patients have in the past failed to 
diselose such potentials'-*. As the power to detect such 
potentials increased through the use of computerized time 
series analysis techniques, so did the power to detect 
artefaetual correlations produced by electrode motion 
and lead sway’. By using recording electrodes on the 
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Fig. 2 A, Autocorrelation functions of cortical electrodes and arm and leg accelerometers subject different from that Fig Corti 
electrodes were aligned linearly with 1 em spacing between contacts except for pre-frontal electrode which was 10 em anterior to lead 7 (1 IU m 
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Fig. 3. Autocorrelation functions during presence and absence of rest 
tremor. Motor cortical lead 5 cm anterior to cortical lead 6, Cortical 
electrode autecorrelationgs normalized to same value at zero time lag. 
Pes elerometer gain cr game for both runs. Subject different from that 
shown in Figs. land 2. €r= 10 ms, run length=3 min.) 


dropped sharply apparently due to lack of peripheral 
inflow*, Taken together, these findings could mean that 
synchronization of the activities of units in motor cortex 
is necessary for the appearance of the tremor frequency in 
cortical autocorrelograms of man and for the appearance 
of tremor itself. These results provide a further basis for 
consideration of the hypothesis that the motor cortex 
plays a central part in the origin of Parkinsonian tremor. 
We thank Dr Elizabeth Seott for help and encourage- 
ment in the applieation of time series analysis to this 
problem. This work was supported by the US Publie 
Health Service. 
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Effect of Abscisic Acid on Activity 
of Chromatin 


Tar pretreatment of dark-grown radish hypocotyls with 
abscisic acid (ABA) reduces their capacity for extension 
growth, Accompanying the growth response there is a 
small reduction in incorporation of nucleic acid precursors 
into RNA (Table 1) so it is possible that one of the primary 
effects of the hormone is to decrease the transcription of 
RNA at the nuclear level (refs. 1 and 2 and our unpublished 
work with L. Beevers). To inv estigate this possibil- 
ity an 4n vitro ehromatin-dependent RNA polymerase 
system was isolated from radish hypocoty! tissue and we 
have investigated the effect of ABA on this svstem. 
Radish seeds (Raphanus sativa, variety ‘Searlet T urnip 
White Tip!) were washed in dilu ted 'Chloros', then in sterile 
water and germinated in vermiculite. After 4 days 
growth in the dark at 25° C the hypocotyls (3 em long) 
were collected and washed in 10 x diluted ‘Chloros’ followed 
by deionized water. Chromatin was isolated using a 
slight modification of the method of Huang and Bonner?. 


The tissue was homogenized in tris/sucrose/Mg*'/5- 
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Table 1. EFFECT GF ABA ON INCORPORATION Op "H-URIDINE AND °P INTO 
RADISH HYPOCOTYLS AFTER Z4 H PRETREATMENT WITH HORMONE 


Per cent incorporation 


Experiment Control "Treated 
H- Uridine SE, S.E. 
i 4h-0422-62 — 32.0 1-00 
2 )BOG0 36 — 204 40-97 
ssp 
3 19-3 + 0-60 12-2 OCI 


seedlings were collected after 4d days’ growth and stood in vials with 1-5 ml. 
Of wateror 10 p.p.m. ABA, 50 aC H-urkdine or 100 Ci *P added to each vial. 
After 24 h the hypocotyls were removed and extracted using the method of 
Sacher'. Hach reading in an experiment is the mean of three replicate 
determinations, 


mercaptoethanol buffer and erude chromatin pelleted 
at 5,000 rpm. for 30 min. Three washes followed — 
once with extracting buffer, once with medium minus 
Mg* and once with medium minus sucrose. The washed 
erude pellet was taken up uin tris/B-mercaptoethanol 
medium and purified by pelleting through 15 ml. of 2 M 
sucrose in an MSE 20 ml. sw ing-out head at 20,000 r.p.m. 
for 3 h at 0" C, 

The chromatin assay system was essentially that of 
O’Brien et alt, consisting of tris] HCI, B-mercaptoethanol 
MgCl, MnCl,, UTP-5-T, ATP, CTP and GTP. Incubation 
was carried out at 37° C for varying times and the reaction 
was terminated with 10 volumes of 10 per cent TCA 
containing l per cent sodium pyrophosphate; after 
standing for at least 30 min the suspension was filtered 
through a 3 em ‘Oxoid’ cellulose acetate membrane and 
washed with 30 ml. of 5 per cent TCA. After drying, the 
filters were placed in scintillation vials along with 20 ml. 
of a toluene/PPO mixture and counted in a Beekman 
scintillation counter at 25 per cent efficiency. 

Purified chromatin prepared by this method consisted 
of a ratio of protein : DNA : RNA of 12:2:1. Fi ig. 1 
shows the time course of the reaction and Table 2 the 
effect of various depletions and additions on the RNA 
polymerase activity of the chrornatin. There is an ab- 
solute requirement for the presence of both Mg?* and 
Mn** ions and also NTP. Actinomyecin-D (0:2), RNase 
(2 ug) and DNase (2 ug) all stop the reaction. 

The effect of ABA on the chromatin svstem was tested 
by adding the hormone to the initial homogenizing medium 
to give a final concentration of 10-5 M. The assay for both 
control and treated systems consisted of the same com- 
ponents. After treatment with ABA a decrease in UMP 
iecorporation into cold TCA insoluble material was seen 
(Table 3). RS-(ABA) added directly to the in vitro assay at 
? x 10-5 M had no effect on incorporation of UMP, showi ing 
that the response was not caused by physical factors. 
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Fig. l. Time course of UMP-?H incorperation into cold TCA insoluble 
material by chromatin. The assay consisted of Z0 umoles of tris HCI 
pH S84): 2 umoles of Mge! L; 0-25 umoles of MnCl,; 0-2 umoles of ATP: 
0-2 gmoles of GTP; (2  umoles of CTP; A 019 2 nmoles (10. np of 
U'TP-5-*H and 10 ag of chromatin. Samples (01 ml.) were removed ata 
given time and added to 1 mi. of IO per cent TCA + 1 per cent sodium 
pyrophosphate and after 30 min the suspension was filtered through an 
‘Oxoid’ membrane and washed with 20 ml. of 5 per cent TCA + 1 per cent 
sodium pyrophosphate. 
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Table 2, EFFECT OF DEPLETIONS AND ADDITIONS ON CHROMATIN in vitro 
ASSAY 
upgmoles UMP/ Per cent 
Treatment 106 ug DNA/30 min of control 
Expt 1. Control 82 100 
— Mgt 29 35 
~ Mn** Ü 0 
MED and Mn?* 8 10 
NTP 0 0 
Expt 2. Control 55 100 
+ Actinomycin D (0-2 ug) 10-7 19 
+ RNase (2 ug) 9-0 16. 
+ DNase (2 Bg) 0-9 16 
+6 Methyipurine (0.25 ug) 52:4 93 


Table 3. EFFECT OF ABA (10-* M) ON CHROMATIN-DEPENDENT RNA POLY- 
MERASE WHEN INCLUDED IN THE INITIAL GRINDING MEDIUM 


: Incorporation* 
Expt. Control Treated Per cent change 
i1 108-8 635-5 — 38 
=? 5-1 38:5 ~ 90-5 
3: 104-258 SÓ-8 - 92-0 
4 80.3 62.1 -.22:0 
ABA added to assay — 92:1 03-6 4159 


* Expressed as pumoles UMP incorporated/100 ug DNA/20 min. 


Pretreatment of intact radish hypocotyls for 12 h with 
ABA in a concentration of 10 mg/l. had no consistent 
effect on the subsequent activity of chromatin prepared 
from them. O’Brien et al.* have shown that pretreatment 
of soybean hypocotyls with 2,4-D results in enhanced 
incorporation of UMP into RNA in a chromatin system 
and similar results have been shown for GA and hazel 
seeds. 

Gibberellic acid (GA) has also been reported to increase 
RNA synthesis by isolated pea nuclei®, when added 
during the isolation of the nuclei. Addition of GA to 
purified chromatin? or isolated nuclei, however, produced 
no response, suggesting that the hormone must first bind 
or react with some cytoplasmic factor before it can affect 
RNA synthesis. The difference in the effects of ABA on 
RNA synthesis by chromatin from radish hypocotyls, 
depending on whether the hormone is added during pre- 
paration of the chromatin or the in vitro system, may 
similarly indicate that ABA may react or bind with a 
cytoplasmic factor. 

Increased soybean chromatin activity has been cor- 
related with an increased template availability and 
polymerase activity’. The stage of activity of radish 
hypocotyl chromatin with ABA has not yet been ascer- 
tained. Polyacrylamide gel electrophoresis of the chroma- 
tin products has shown the presence of a major species of 
RNA which migrates slightly faster than soluble RNA. 
No major ribosomal fractions have been detected, but it is 
possible that the low molecular weight material represents 
incomplete RNA molecule synthesis. Srivastava’ has 
recently reported an increased nuclease activity associated 
with barley leaf chromatin following pre-treatment with 
ABA. We have investigated this effect and have detected 
no differences in RNase activity between control and 
treated radish hypocotyl chromatin. 

We thank Dr J. H. Cherry and Drs B. C. Jarvis, T. J. 
O'Brien and C. Duda (Purdue University, Indiana) for 
invaluable assistance with chromatin isolation and assay 
techniques. J. A. P. also thanks the University of Wales 
for a postgraduate research studentship. 
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Lipid Composition of Heterocysts 


We have reported the isolation and partial characteriza- 
tion of a novel lipophilic glycoside which is apparently 
specific to nitrogen-fixing blue-green algae. During these 
studies we noticed that a culture of Mastrgocladus lameno- 
sus which had been grown in a medium containing am- 
monium salts synthesized no detectable euantities of the 
glycoside. More recently we bave observed that the 
glycoside is nevertheless present when “his organism i8 
cultured on à medium containing no corabined nitrogen, 
and similar observations have been made with Anabaena 
cylindrica cultured in the two sets of conditions (Fig. 1). 
The formation of heterocysts by these anc other nitrogen- 
fixing blue-green algae is inhibited by the presence of 
ammonium nitrogen in the culture mecium? and so it 
seemed possible that the glycoside mighe be specifically 
located in the heterocyst. To test this hypothesis, an 
investigation was made into the lipid content of hetero- 
cysts prepared from cultures of A. cylindrica. 

The alga was grown in nitrogen-free medium, with 
shaking, using special culture flasks’.  LEieterocysts were 
isolated and purified using the differential cell disruption 
technique described previously? except. that the algal 
material collected after passage through ‘he French press 
was homogenized in distilled water adjusted to pH 8-5 
with NaOH, to prevent precipitation of proteins and con- 
sequent aggregation of heteroeysts and cell debris’. The 
heteroeyst pellet obtamed at the end of the purification 
procedure (Fig. 2) was stirred with chloroform—methanol 
(2:1 v/v) and the extracted lipids were analysed by 
thin-layer chromatography'. The resultant chromatogram 
(Fig. 1) clearly showed that the glycoside 18 present in the 
heterocysts, where it is the principal lipophilic component. 
Also present in the heterocyst preparation was a smaller 
quantity of an unknown acyl lipid (AE, Fig. 1) which, 
like the glucoside, 1s present only in the giga grown in the 
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Fig. i. Thin-layer chromatogram of lipid extracts from cell prepara lions 
of pu cylindrica. (H) Heterocyst preparation; :NF) alga grown in 
nitrogen fixing conditions; (NA) alga grown in the presence of ammonium 
nitrogen. Stationary phase: silica gel containing 10 per. cent gypsum. 
Mobile phase: chloroform-methanol-acetic acid~water (& 5:159 : 10:37 
viv). Visualization: 25 per cent sulphuric acid a£ £20? C (5 min). biem 
tification of components : monogalactosy! diglycerice (MG); unidentifled 
acyl lipid (AL); unidentified giycoside (GL); digalactosyl diglyceride 
and phosphatidyl glycerol (DG, PG); sulpholipi (SL): origin (O) 





culindrica. | Phase 


Heterocysts isolated from filaments of A. 
contrast light micrograph. 


absence of combined nitrogen. On the basis of this 
observation, and from correlating cell and heterocyst 
counts of the material extracted with eye estimates of 
the amounts of the two lipids obtained, we conclude that 
they probably occur only in the heteroeysts. The propor- 
tions of these lipids were found to vary in the different 
heteroeyst preparations which have been analysed: the 
heterocyst extract (H) and the extract of whole fil inents 
(NF) shown in Fig. 1 were not prepared from the same 
algal sample. 

The unknown acyl lipid has been extraeted from whole 
filaments grown in nitrogen-fixing conditions, and is 
found to contain fatty acid residues removable by mild 
alkali. Acid hydrolysis of heterocyst lipid extracts 
liberated only very small proportions of fatty acid, 
Qualitatively these fatty acids differed trom those of 
unfractionated cultures of A. cylindrica in containing no 
linolenie acid, and they were similar to the constituent 
acids of the unknown acyl lipid, from which they must 
have been largely, if not wholly, derived. 


The other striking feature of the lipid composition of 


heteroeysts is that no trace of the four aevl lipids which 
were present in the vegetative cells could he detected. 
These lipids, which all contain the polyunsaturated fatty 
acid x-linolenie acid, are those normally present in the 
photosynthetic lamellae of higher plant chloroplasts’. 
They are, however, present in reduced quantities in dark 
grown plants’? and are absent altogether from one group 
of photosynthetic organisms, the photosynthetic bacteria”, 
These observations have given rise to two fields of specula- 
tion which are relevant to heteroeysts. The first is that 
these lipids may be necessary to the lamellar structure 
of the photosynthetic membrane" which is replaced by 
vesicular or tubular structures, or the crystalline pro- 
lamellar body in the chloroplasts of dark grown plants. 
The photosynthetic lamellae of heterocysts differ from 
those of the vegetative cells in blue-green algae in becom- 
ing branched and swollen to form vesicles, and Lang 
has shown that they take on a honeycombed appearance’! 
which is in fact very similar to the prolamellar structures 
of higher plants"*. Second, it has been suggested that the 
polyunsaturated fatty acid containing lipids may be 


associated in some way with the oxygen evolving process of 


photosynthesis*, The absence of these lipids from hetero- 


cysts may be correlated with the absence from them of 


phyeoeyanin'?, the pigment concerned with the photo- 
synthetic evolution of oxygen in blue-green algae''. 
The significance of heterocysts lacking this system has 
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recently been discussed in relation to the possibility of 
their being the site of nitrogen fixation in these organisms!*, 

The unknown glycoside and acyl lipid may replace those 
lipids usually found on the cell membranes. Another 
possibility is that one, or both. may be a component of 
one of the specific structures found only in heteroeysts. 
Perhaps the most likely candidate is the plug of homo- 
geneous material located at the polar region of the hetero- 
cyst the osmiophilie staining properties of which indicate 
a lipoid composition. 
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Respiratory Activity of Mitochondria 
from Legume Root Nodules 


THERE are no published Investigations of the properties 
of mitochondria in legume root nodules, although the 
symbiotic bacterial components, which form the bulk of 


the structural elements of these nodules, have been 
investigated’. The presence of mitochondria in tissue 
with an extremely low redox potential’, however, 


demands investigation. These mitochondria appear to 
be the same size, shape and structure as normal plant cell 
mitochondria’, and may be involved in the maintenance 
of a low redox potential or the maintenance of the highly 
complex tissue of the infected root nodule itself, or both. 
But before speculating on the role of the mitochondria, 
their functional integrity must be established. We 
describe here the preparation and examination of mito- 
chondria from legume root nodules exhibiting respiratory 
control, 

Soybean plants (Glycine max, variety ‘Shelby’) were 
grown in ‘Perlite’ using a nutrient solution by MeKnight* 
and inoculated with Rhizobium japonicum (CSIRO Divi- 
sion of Soils RJG-868). Nodules were collected at 3 
weeks, when plants were 5 weeks old, and crushed in a 
mortar at 2° C. The isolating medium was composed of 
(0-4 M sucrose, 12:8 mM EDTA, 0-05 per cent cysteine, 
| per cent poly vinyl pyrrolidone (molecular weight 30,000) 
and ] per cent bovine serum albumin (fraction V powder). 
The pH of the mixture was maintained at 7:2-7:4 by the 
addition of molar tris-(hydroxy-methyl) amino methane, 
and filtered through muslin. "The filtrate was further 
homogenized in a Potter—Elvehjern homogenizer and 
centrifuged at 4,600g for 10 min to remove bacterial 
components and then at 10,000g for 15 min to collect 
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Fig. 1. Oxygen electrode trace of malate oxidation by mitochondria 
isolated from soybean root nodules. The medium contained 0-25 M 
sucrose, 10 mM potassium phosphate buffer, pH 7-2, 10 mM tris-hydro- 
chloric acid buffer, pH 7:2, 5 mM magnesium chloride, 1-82 uM cyto- 
chrome e and 33 uM nicotinamide adenine dinucleotide. Mw, Mito- 
chondria (250 ug nitrogen) added. Other additions were as shown, 
figures in parentheses being final concentrations. Respiration rates, 
indicated along the slope of the trace, are expressed as mumoles of 
oxygen eonsumed/min. 


mitochondria. The mitochondria were washed twice in 
0-4 M sucrose containing 1 per cent bovine serum albumin 
and finally centrifuged through a layer of molar sucrose. 

Respiration was measured polarographically using a 
Clark oxygen electrode in a sealed ‘Lucite’ vessel of 4:5 ml 
volume, maimtained at 25° ©. Mitochondrial nitrogen was 
determined by titration after acid digestion. 

Fig. 1 shows a typical oxvgen electrode trace. Substrate 
oxidation was stimulated by the addition of adenosine 
diphosphate (ADP). When the rate of oxidation decreased 
a further addition of ADP stimulated substrate oxidation 
indicating that ADP was limiting, and demonstrating 
respiratory eontrol in the mitochondrial preparation. 
The lower rate of malate oxidation at the time of the second 
addition of ADP is probably a result of the accumulation 
of oxaloacetate. Respiratory control ratios® ranged from 
1:15 to 1:56 with succinate as substrate, and from 1:40 
to 1-60 with malate as substrate. Phosphorylation ratios, 
as shown by the ratios of ADP to O, were between 0-9 
and 1-15 for succinate and 1:55 to 1-95 for malate. It is 
not known whether these low phosphorylation ratios are 
real or an artefact of the isolation procedure. 

These ratios could be reduced by the presence of adeno- 
sine triphosphatase activity which continually re-cycles 
some ADP. This could be tested? by using oligomycin 
which inhibits both oxidative phosphorylation and 
adenosine triphosphatase of mitochondria". Oligomycin 
was found to inhibit ADP-stimulated oxidation of suc- 
cinate, giving apparent respiratory control ratios between 
1-13 and 1:27, These ratios are essentially the same as 
those we have given for substrate alone, and so we con- 
clude that there was no adenosine triphosphatase activity 
in the preparation, a further criterion of integrity in 
isolated mitochondria. 

Antimycin A inhibited substrate oxidation by the 
isolated mitochondria but high concentrations were 
required to cause strong inhibitions (4:12 uM antimycin A 
yielded 97 per cent inhibition; that is, 77-5 mumoles 
antimycin A/mg mitochondrial N). Ikuma and Bonner? 
found that 1-4 mymoles of antimycin 4 /mg mitochondrial 
N yielded maximum inhibition (up to 80 per cent) of 
mung bean mitochondria. Similarly, studies with cyanide 
as an inhibitor showed that half-maximal inhibition was 
obtained with about 100 uM KCN, whereas Ikuma and 
Bonner reported values in the range 5-15 uM. Again 
maximum inhibition by cyanide exceeded 90 per cent with 
nodule mitochondria, but did not exceed 80 per cent with 
mung bean mitochondria. 
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These results may suggest inherent differences between 
the mitochondrial species, reflecting the low redox en- 
vironment of the nodule mitochondria. Bat the possibility 
that the differences are artefacts of isolation has not been 
eliminated. 

Thus mitochondria capable of phosphorylation and of 
showing respiratory control can be isolated from soybean 
root nodules. In a 3 week old nodule the tissue would be 
actively fixing atmospheric nitrogen and be in a period of 
uniform respiratory aetivity?. "The deraonstration that 
the isolated mitochondria are active suggests a functional 
role in the nodule, but the nature of tais role requires 
further investigation. 
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Studies on the Protease and Other 
Enzymes from the Venom of 
Lethocerus cordofanus 


Lethocerus cordofanus Mayr is a giant water bug of the 
Hemipteran family Belostomatidae. I: is an aquatic » 
predator existing principally, though no: exclusively, on 
fish. Its mode of feeding is to hold the prey with its 
forelimbs and inject it with a salivary gland secretion 
through its proboscis. After 10-15 min tae interior of the 
prey is liquefied, and the water bug fseds by sucking 
the liquid from the husk, again through its proboscis. 
The behaviour of animals of this genus, which are found 
in tropical and subtropical regions of the world, has 
been described in some detail!. 

This rapid liquefaction of tissue strongly suggested 
the presence in the venom of a potent mixture of h ydro- 
lytic enzymes. It is the purpose of this communication 
to report the identification and prelimimary characteriz- 
ation of several enzymatic activities in extracts of the 
salivary glands of this animal. Work on the toxic as 
opposed to the purely hydrolytie components of the 
venom is in Drogross elsewhere Ga 1 oean to p DRE. 


grorediy tie In addition, Pola SENE loss 
phatase and esterase activities have been identified. 
The activities mentioned are among those found in 
venoms of other creatures (for example, ref. 2). 

To obtain the protease, salivary glancs were dissected 
from the insects and frozen at once. A üttle alumina Cy 
(Sigma) was added together with 0-1 ml. @-1 per cent 
saline per gland. After grinding with a glass rod, the 
solution was clarified by rapid centrifugation, immedi- 
ately lyophilized and stored at —20° C. The unfraction- 
ated extracts do not keep well in solution. 

Solutions of this extract were found so digest a 100- 
fold excess of casein (w/w of solid) with the rapid lib- 
eration of soluble peptides. The rate of proteolysis was 
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Fig. 1. Fragments of lysozyme produced in high and moderate yield 
by whole venom as described in the text. The sequence is that of 
Canfield', The peptide Asp.Gly has been placed at position 101-102 
for convenience; it could equally well have come from 48-49 or 66-67. 


comparable with that brought about by an equal weight 
of trypsin. To investigate the specifieity of this protease, 
2 mg dry weight of extract was allowed to reaet over- 
night with 200 mg of reduced carboxymethylated hen 
egg lysozyme in 0-5 per cent ammonium bicarbonate 
(pH 8) at 37? C overnight. Fractionation of this digest 
by high voltage electrophoresis and chromatography on 
paper indieated that there were approximately thirty-two 
fragments present in any visible quantity. A separate 
experiment showed that there are a few small peptides 
in the venom, but in quantities too small to be detected 
in the main digest. A selection of the lysozyme fragments 
were separated by paper electrophoresis and chromato- 
graphy. They were identified by amino-acid analysis 
(using automatic ion exchange chromatography) and, 
in most cases, by determination of the NH, terminal 
group. Fig. 1 shows the positions of these peptides in 
the sequence of lysozyme. 

The venom is clearly not so specific in its sequence 
requirements as, say, trypsin? or even thermolysin', 
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but even in the unfractionated state it cleaved fewer 
bonds than would be expected of, say, subtilisin*. Taking 
those residues found in the fragments shown in Fig. 1, 
most (but not all) of the specificity sites for trypsin 
(bonds involving the carboxyl groups of lys and arg 
residues) show cleavage, as do many of the possible sites 
for chymotryptie activity. The other sites are in the 
main similar to those found in less specific enzymes’, 
although in the present case they appear to be used less 
frequently. Unlike some other proteases, a side chain 
carboxyl group does not of itself suppress cleavage at 
an adjacent bond. On the contrary, most of the nega- 
tively eharged residues in the areas of sequence sampled 
are involved in cleavage, which is encouraging from the 
point of view of using this protease in amino-acid sequence 
studies. Fig. 2 shows the pattern of protein staining 
bands obtained on starch gel electrophoresis of the 
unfractionated venom. Proteolytic activity is asso- 
ciated with most of these to within the resolving 
power of the system used. The active materials have 
been eluted from the gel by freezing and thawing and 
digests have been carried out using them at pH 8-0. 
Bands +1, +2, +3 give identical patterns of fragments, 
while band +4 gave a pattern distinctly different. There 
are thus at least two proteolytic activities. In addition, 
kinetic data obtained by observing the action of unfrac- 
tionated venom on acetyl tyrosine ethyl ester (Fig. 3) 
indicate strong substrate inhibition. 

The presence of hyaluronidase is demonstrated by the 
fact that the venom has considerable activity against 
Streptococcus faecalis hyaluronic acid. This was shown 
by viscometry at pH 7:0 (phosphate-citrate buffer) at 
37° C (see Fig. 4). A commercial sample of hyaluronidase 
was used as a control. We found that a single salivary 
gland contained approximately 1,500 international units 
of this enzyme. 

The venom also has other activities; it brings about 
the breakdown of E. colt ribosomal RNA to small frag- 
ments when incubated for a few minutes. Incubation 
with ealf thymus DNA or circular single stranded DNA 
from bacteriophage ZJ2 (ref. 5) did not lead to appreciable 
degradation, but pyrimidine tracts of this DNA, obtained 


front 





Fig. 2. Starch gel electrophoresis at pH 8-6 of whole venom according to 
the discontinuous buffer system of Poulik*. Bands shown are those which 
stained positively with nigrosine and naphthalene black 108. They are 
numbered on the left and the relative strength of the proteolytic activity 
(located by the gelatine film method?) is indicated on the right. 
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A New Tool for the Study of Narcotic A 
p-CHLOROPHENYLALANINE 
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It has been demonstrated that p-chlorophenylalanine markedly decreases in mice tolerance and physical 
dependence development to morphine by inhibiting serotonin synthesis (1). Previously it had beer: shown that 
p-chlorophenylalanine selectively reduces the concentration of brain serotonin in animals (2). 


This is a most significant finding which suggests a new application for this product, especially if sonfirmed in 


humans. 
E, Leong Way, H. H. Loh, and F. Shen, Science 762, 1290 (1968) 
K, Engelman, W. Lovenberg, and A, Sioerdsma, New England J. Med. 277, 1103 (1967) 


1) 


2) 


p-Chlorophenylalanine (13,071-0) is available from stock 
at 5 g. $7.00; 25 g. $21.00; KILOGRAM LOTS $420 per KG. 


For our latest Catalog write to— 


Aldrich Chemical Company, Inc. 


CRAFTSMEN IN CHEMISTRY 
2371 NORTH 30TH STREET MILWAUKEE, WISCONSIN 5321% 
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Fig. 3. Velocity (in units of 200 nmoles/min) of hydrolysis of acetyl 

tyrosine ethyl ester by 10 ug dry weight of venom at pH 9-1 (@--@) 

and pH 8:0(0 -—— — ©) The reaction, which took place in tris HCl 
buffer, was followed at 233 nm. 
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Fig. 4. Viscometric determination of hyaluronidase activity in phos- 

phate-citrate buffer at pH 7-0 at 37° C. A, Venom alone; @, 75 units 

hyalase plus 2 per cent HA; x, 50 ug venom plus 2 per cent HA; 
B. hyaluronic acid alone; the incubation time is in minutes. 


by acid-diphenylamine treatment*, were degraded, yield- 
ing smailer nucleotides and considerable quantities of in- 
organic phosphate. This suggests a combination of 
nuclease activity and phosphatase activity. The venom 
brings about the hydrolysis of methyl propionate, as 
observed in the autotitrator at pH 8-2 and 37° C. The 
enzyme in question may not, of course, have aliphatic 
esters as its principal substrate in vivo. 

This work was supported by the Medical Research 
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Department of Biochemistry, University of Oxford. We 
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gifts of material and useful discussions. Figures were 
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Stimulation of Graft versus Fost 
Splenomegaly by Thymectomy 
of the Donor 


THERE is little doubt that the thymus plays some part in 
potentiating and maintaining some kinds of specific 
immunological competence. Although tae nature of this 
role is obscure, thymectomy clearly affects different 
immunological capabilities differentially. AH the well 
known effects of thymectomy are expressed as inhibitions 
of immunological capability”. We wish to describe the 
inverse situation. Thymectomy removes an inhibition 
present in half the chickens tested for graft versus host 
reactions (GVHR) to non-B antigen (8 is the major 
histoineompatibility locus of chickens). The inhibition of 
the GVHR is proportional to the life span of the donor; 
long lived birds are weak GVHR donors and short lived 
birds are strong GVHR donors*. Thymeetomy of the 
donor eliminates the inhibition of the GVIIR and shortens 
the life span. After testing several explanations we 
attribute the normal inhibition to competition by en- 
vironmental antigen, a competition which may be 
nullified by thymectomy. 

Sixty-five donors were tested with 1,434 embryos. 
Fig. 1 shows the mean spleen weight (MSW) of embryos 
which received cells from — bursectomized (BT), un- 
operated (BT), doubly operated (BT) or thymectormized 
(BT) donors. Bursectomy restrained and thymectomy 
enhanced splenomegaly, and the doubly operated donors 
behaved like thymectomized donors. Thus the en. 
hancement conferred by thymectomy nullifies the restraint 
exerted by burseetomy. The data represent the largest of 
three experiments, all of which demonstrate enhanced 
splenomegaly associated with thymectomy. 

These results may seem to conflict wich a report that 
thymectomy plus irradiation restrains GVHR spleno- 
megaly*. The data for thymeetomy olus irradiation 





represent a depressed interaction of donors and embryos 
which are unrelated and certainly unlike at the B locus. 
Our thymectomy data represent an enhanced interaction 
of donors and embryos which are closely 
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which is much greater than the slight leucopenia sroduced by the 
operations, has no effect on splenomegaly. 
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Fig. 2. Each point represents the mean spleen weight (MSW) for all 

embryos injected with 0-09 ml. of blood from an unoperated (BT) or 

thymectomized (BT) donor, on the abscissa, and the life span of the 

individual donor, on the ordinate. The regression is the regression of the 
life span in log,, days on the MSW in log,, mg. 
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Fig. 8. BY and BT represent the means of the embryo spleen weights 
produced by unoperated (BT) and thymectomized (BT) donors, on the 
abscissa, and the mean life span of BT and BT donors, on the ordinate. 
Each mean spleen weight is the mean of the individual means shown in 
Fig.2. Each mean life span is the mean of the individual life spans shown 
in Fig. 2. The means of the two groups of donors are different (P « 0-01) 
and this might suggest that the regression shown in Figs. 2 and 3 is 
derived from an invalid pooling of unlike populations. The regressions 
calculated separately for BT and BT donors, however, are almost 
identical to the overall regression, 


alike at B. Thymectomy plus irradiation reduced 
splenomegaly resulting from major histoincompatibilities 
from 74 to 43 mg*. Our thymectomized donors had an 
MSW of 35 mg (Fig. 1, BT log;,- 1:55), significantly 
greater than that of unoperated donors, 27 mg (Fig. 1l, 
BT, log, 1:41) In short, thymectomy increases 
mild splenomegaly and thymectomy plus irradiation 
depresses gross splenomegaly. Our data do not contradict 
the concept that the thymus may be important in the 
intense GVHR to strong avian isoantigens, but it should 
be noted that thymectomy of gnotobiotie mice does not 
directly impair some reactions to strong isoantigens**, 
The basis of our experiment was the likelihood that the 
GVHR and other immune capabilities compete with 
each other for physiological "space". Skin graft rejections 
occur in patients suffering thymus-related dyscrasias’, 
suggesting that the thymus is not directly involved in 
graft rejection®, and so removal of the thymus might 
enhance a GVHR. Our data show that this is so, but the 
explanation may be quite different. Fig. 2 illustrates the 
inverse relationship between effectiveness as a GVHR 
donor and survival; ineffective donors outlive effective 
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donors. That is, some early immunological or physio- 
logical event has contrasting effects on the MSW and the 
life span of a donor. Thymectomy increased GVHR 
splenomegaly and decreased the life span (Fig. 3, BT and 
BT). Thymectomy has similar effects on bursectomized 
donors (Figs. 4 and 5, BT and BT). This inverse relation- 
ship has been reproduced in a large replicate experiment 
done in another year. 

These eontrasting effects suggest several possibilities. 
An infectious agent might account for both effects by 
attacking the donor and the embryo. If so, a mixture of 
cells from an effective donor with cells from an ineffective 
donor should give splenomegaly characteristic of the 
effective donor. These mixtures usually produce spleno- 
megalies intermediate to those evoked by effective and 
ineffective donors and the intermediate result is not due 
to simple dilution of the effective inocula. This reduces 


the likelihood that thymectomized donors and other 
short lived donors are effective because they transmit 
an infectious agent not transmitted by long lived donors. 
There are, however, two viral leucoses which may alter 
GVHR splenomegaly—Marek's disease and lymphoid 
disease can enhance 
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Fig. 4, Each point represents the mean spleen weight (MSW) for all 
embryos injected with 0-06 ml. of blood from a bursectomized (BT) or 
bursectomized and thymectomized (BT) donor, on the abscissa, and the 
life span of the individual donor, on the ordinate. The regression ia the 
regression of the life span in lof days on the MSW in logi mg. The dif- 
ference between the slopes of Fig. 2 and Fig. 4 is non-significant, but the 
regressions are significantly different, because of the adverse effect of 
bursectomy on survival. 
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Fig. 5, BT and BT represent the means of the embryo spleen weights 
produced by bursectomized (BT) and doubly operated (BT) donors and 
the mean life span of BT and of BT donors as in Fig. 3. 
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Fig. 6. The curves represent the natural decrease in the population of 
anoperated (BT) birds, and the alteration of the natural decrease by 
bursectomy (BT), thymectomy (BT) and bursectomy plus thymectomy 
ABT). The GVHR test period extended from 48 to 211 days. Bursec- 
tomy and thymectomy had no significant effect on survival during this 
period. The double operation had a definite effect. The abrupt increase 
in deaths at 8 months is partly a result of the large numbers of males 
which have & shorter life span than females, 


splenomegaly resulting from major histoincompatibilities. 
The enhancement is less than 0°10 log,, mg and was 
obtained from two donors at the begmning of the period 
of lethality®. The distinctive symptoms of these diseases 
have not been seen in our donors and, unlike those suffer- 
ing from Marek's disease!®, our female donors outlive the 
males. Moreover, our donors were used during the period 
of life when death is least frequent and health is optimal. 
This is shown in Fig. 6, which represents the survival of 
the 141 birds from which the sixty-five donors were taken. 
The test period extended from 7 weeks to 7 months (48 
to 211 days). There was only one death among donors 
befere the seventh month and all, except four BT donors, 
were used at least 3 months before death. Early and late 
GVHR tests of a donor give similar results, which further 
substantiates the idea that the GVHR capability of a 
bird is determined long before it shows symptoms leading 
to death. 

It is conceivable that thymectomized and some other 
donors are effective because they do not restrain a host 
versus graft reaction (HVGR) by the embryos or, con- 
versely, that they do not stimulate an HVGR. The first 
possibility has been eliminated!'!? and the second is 
unlikely, for ten-fold dilution of the inocula does not alter 
splenomegaly evoked by unoperated and operated 
donors (our unpublished data). 

We suggest that the consistent. GVHR splenomegaly 
obtained with thymectomized donors may depend on 
competition by natural environmental antigen. That is, a 
thymectomized bird might respond less well to environ- 
mental antigen and its capability as a GVHR donor would 
‘not suffer competition, but it would die at an early age. 
‘Conversely, some unoperated birds might respond strongly 
to environmental antigen and this would lessen their 
.GVHR capability, but they would outlive thymectomized 
birds. The birds are housed together, irrespective of 
treatment, and so their survival and GVHR capability 
should reflect different immune competencies, not different 
environments. This interpretation suggests some new 
tests of the variable responsiveness which has been 
reported for the mouse. 

Bliss!* and Lengerova and Matousek!? have attributed 
a variable rejection of congenic skin grafts to variation in 
the immunological responsiveness of isogenic recipients. 
We suggest that the variation is a result of random, 
variable responsiveness to environmental antigen. If 
. correct, this means that some minor histoincompatibilities 
are best detected in gnotobiotie animals and with cells 
from gnotobiotie animals. In the case of the chicken, 
thymectomy produces a result suggestive of what we 
would expect from gnotobiosis, an enhanced reaction to 
minor histomcompatibilities. A similar result might be 
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obtained by carrying out early or late thymectomy of 
mammals, for thymectomy of the one month old chicken is 
partly effective. If interpreted correctly, the situation is & 
practical extension, to the detection of mild incompati-— 
bilities in nearly natural populations, of the “competition 
of antigens" which has been demonstrated in short term 
experiments with mierobial antigens and strong histoin- 
compatibilities!!*, If interpreted incorrectly we are still 
confronted with the fact that thymectomy of the donor 
enhances a standard histocompatibility assay while 
shortening the life span of the donor, an unusual com. 
bination of effects which may be associated with the 
inereased phagocytic activity of thymectomized animals™ 
and the greater GVHR capability associated with in- 
creased phagocytic aetivity!*:?9, It should, however, be 
remembered that the inverse relationship of GVHR 
capability and life span is not peculiar to thymeetomized 
chickens. Birds which are effective GVHE donors are 
relatively short lived irrespective of their treatment of 
the donor. 
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Secretory YA Antibodies induced by 
Local Immunization 


THe yA class of immunoglobulins is à minor component 
of the serum immunoglobulins. It is a major, and some- 
times the only, immunoglobulin in certain external secre- 
tions of mant, rabbits? and dogs’, The yA of human . 


external secretions has a characteristic antigenic determ- = 





inant called “secretory piece", "transport piece" or T- 
chain. The T-chain of rabbit colostral yA was partially 
purified and was found to have a molecular weight of 
about 50,000 (ref. 3). 
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Although secretory yA is a major immunoglobulin in 
rabbit colostrum, attempts to induce specific antibody 
in this immunoglobulin have been unsuccessful. For 
example, anti-ferritin antibody was not detectable in 
the colostral YA immunoglobulin of a rabbit the serum of 
which contained 1-5 mg of anti-ferritin antibody/ml. of 
serum at the time of milking’. In humans, however, 
several authors** have shown that antibody activity in 
nasal secretions is most closely associated with the 
secretory yA of these fluids. 

We have tested the effect of the route of immunization 
on the appearance of induced antibody activity in the 
rabbit colostral yA immunoglobulin. Two groups of 
adult female rabbits were immunized with 2,4-dinitro- 
phenylated bovine y-globulin (DNP-ByG, 554 moles 
DNP/mole BvG) in complete Freund's adjuvant. Rabbits 
in one group were each immunized with 2 mg of the 
antigen evenly distributed among the four foot pads, 
and those in the other groups were immunized with the 
same amount of antigen by multiple injeetions into the 
mammary tissue. All the rabbits were impregnated 
within a few days after this primary injection and re- 
immunized in the third week of gestation, using the same 
routes of administration as for primary immunization. 
Colostrum was collected, centrifuged and filtered through 
columns of ‘Sephadex G-200'. 

Antibody directed to the 2.4-dinitrophenyl group (DNP) 
was assayed by neutralization of DNP-substituted 
oX-174 baeteriophage*. Specificity of the neutralization 
of DNP-oX-174 by the colostral antibodies was demon- 
strated by: (a) the failure of colostrum from non-immune 
rabbits to neutralize the substituted bacteriophage; 
(b) inhibition of neutralization when 3x 10-7 M e-DNFP- 
lysine was added to the neutralization mixture; (c) failure 
of the colostral antibodies to neutralize unsubstituted 
oX-174; and (d) removal of the neutralizing activity of 
the colostrum with a solid immunoadsorbent possessing 
DNP groups. 

Fig. 1 shows that when gel filtration was carried out 
two major peaks of anti-DNP antibody were detected in 
the colostrum obtained from rabbits immunized in the 
mammary glands. Only one major antibody peak was 
obtained, however, in the colostrum from rabbits immun- 
ized in the foot pads. The immunoglobulin classes con- 
tained in the first and second colostral anti-DNP peaks 


ing to published methods*. 

Fig. 2 shows that the first peak of anti-DNP antibody 
from colostrum of rabbits uumunized in the mammary 
gland contains anti-DNP antibody of the yA immuno- 
globulin class. Further radioimmunvelectrophoretic 
analyses showed the second peak of antibody from these 
rabbits. and the single major peak obtained from the 
colostrum of rabbits immunized in the foot pads was yG 
elass. In similar experiments the anti-DNP antibody of 
the yM class of immunoglobulins was present in the 
‘Sephadex G-200' fractions eluting at or near the column 
void volume. This yM antibody was found in the colos- 
trum of rabbits from both groups. 

Gel filtration, on ‘Sepharose 48°, of the colostral yA 
antibody obtained from R-19 removed the yM anti-DNP 
detected by radioimmunoeleetrophoresis. F 
cation of this fraction by DEAE-cellulose chromatography 


* In their procedure, ¢X-174 (supplied by Dr R. Sinsheimer) was substitu- 
ted with 0-5 per cent 2,4-dinitrobenzenesulphonate, pH 11-0. The dinitro- 
phenylated-pX-174 was incubated with antibody containing solutions and 
plated with E. colt (C408). Conditions were such that at least 30 per cent 
of the plaques were neutralized when 4-3 x 10-!! M purified rabbit 7G anti- 
dinitrophenyl antibody was used as the antibody source’, 
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Fig. 1. Fractionation of clarified rabbit colostrum on columns of 

‘Sephadex G-200'. Rabbits 18, 19 and 21 were immunized in the 

niammary tissue and rabbits 14 and 16 in the foot pads with dinitro- 

phenylated bovine y-globulin. Anti-dinitropheny! antibody was assayed 

by neutralization of the dinitrophenylated @X-174 bacteriophage, The 

volume of the fraction used for the antibody assay was selected so that 
no fraction gave more than 95 per cent neutralization. 
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Fig. 2. Radioimmunoelectrophoresis of the yA-containing first peak 
eluted by filtration of rabbit colostrum through ‘Sephadex G-200'. Well 1 
contains colostral yA from a non-immunized rabbit, well 2 contains 
colostral yA from a rabbit (R-19), which was immunized in the mammary 
tissue, and well 3, colostral yA from a rabbit (R-14), immunized in the 
foot pads, Rabbits 14 and 19 were injected with dinitrophenylated 
bovine y-globulin. A, Photograph of the stained slides; B, the auto- 
radiograph. The negative pole is at the left. DNP-insulin-'*I and goat 
antisera to colostral yA were added to the troughs after electrophoresis. 
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These results show that anti-DNP antibody of the 
colostral secretory yA immunoglobulin class can be elicited 
by local injection of antigen into rabbit mammary tissue. 
On the other hand, foot pad immunization has failed to 
induce antibody of the secretory yA class in rabbit 
colostrum. Anti-DNP antibody of the yG and yM class 
was found in the serum of both groups of animals. 

Local induction of secretory yA antibodies is further 
substantiated by our experiments with antibodies 
extracted from rabbit intestines. In these experiments 
secretory yA antibodies (“11S anti-DNP) could be 
extracted regularly from rabbit intestines after intra- 
peritoneal immunization. Foot pad immunization, 
however, failed to elicit intestinal antibodies of the 
secretory yA class. These findings and the others described 
here strongly suggest that (a) local immunization is 
effective in inducing antibodies of the secretory yA class, 
and (b) local stimulation of secretory yA antibodies may 
be possible in other areas of the body populated with 
yA-produeing cells and cells synthesizing T-chain. These 
characteristics are consistent with the hypothesis that 
the immune system providing antibodies in external 
secretions is separate from that providing antibodies in 
serum!. 

The evidence that local immunization regularly induces 
secretory yA antibodies provides a basis for understanding 
the many observations** that local immunization 1s 
superior to parenteral immunization in providing pro- 
tection from respiratory virus infection. It is reasonable 
to expect that local immunization at an opening into the 
body induces secretory yA antibody with protective 
effects at this opening. Parenteral immunization, which 
ordinarily does not induce secretory yA antibodies, would 
not be expected to provide comparable levels of local 
protection. 

This research was supported by grants from the US 
Public Health Service. We thank Drs F. Karush and 
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Lymphocyte Transformation by H-Chain 
Specific Anti-immunoglobulin Sera 


THERE is currently a great deal of interest in binding sites 
(receptors) on lymphocytes with respect to their role: 
(a) for recognition of antigens, (b) as "trigger sites" for 
lymphocyte differentiation and proliferation, (c) as markers 
of the type and specificity of antibodies that the progeny 
of the cell will produce if stimulated, and (d) in regulating 
whether immunity or tolerance is induced by exposure 
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antisera: 


chicken serum; 
1, Mutispecific; 2, anti-y; 


Fig. 1. Immunoelectrophoresis. Antigens: 
rabbit sera anti-chicken immunoglobulins. 
3, anti-4u. 


to the antigen'-*. The well defined antizenie structuri of 
immunoglobulins makes it possible to loek for the presence 
of immunoglobulin-type receptors usmg anti-ummmuno- 
globulin sera. The interaction of anm-immunoglobulin 
antibodies with small lymphocytes in cell culture 
stimulates nucleic acid synthesis and toe transformation 
of lymphocytes to blast cells’. We have used this approach 
to investigate the phenotypic expression of H-chain 
controlling genes in lymphocytes. Stimulation of nucleic 
acid synthesis in vitro by specific anti H-chain sera was 
used as a criterion for the presence of receptors with 
u or y-chain specificity on lymphocytes 

Antisera were prepared by immunieing rabbits with 
chicken IgM or IgG in complete F-eund's adjuvant. 
Anti-y sera were absorbed with IgM and r-chains, and 
anti-u sera were absorbed with IgG and L-chains (our 
unpublished results). The immunoelectrophoretic pattern 
of the sera is shown in Fig. 1. Chicken spleen lympho- 
evtes (107/2 ml. of Eagle's medium) were cultivated in 
the presence of 10 per cent of either |)0rmal or immune 
heat inactivated rabbit serum. Pulses of ?H-uridine 
(5 uCiJeulture) for 2 h and “C-thymidine (0:5 p Ci/eulture) 
for 20 h were given on the second cay of cultivation. 
Acid precipitable radioactivity of the cells was measured 
by liquid scintillation speetrophotomesry. (The methods 
used for cultivation and the radioisotope assay have been 
described in detail elsewhere (our unpublished results with 
Kurisu).) 

Sequential stimulation as used with phytohaemagglu- 
tinin (PHA) (ref. 6) was applied for sera with different 
H-chain specificity. Spleen lymphocytes were cultivated 
for 24 h in the first medium, then the cells were carefully 
washed twice and cultivated for up to 72 h in the second 
medium. Results are presented in Fiz. 2. Anti- serum 
had a stimulatory activity comparable with that of multi- 
specific antiserum. If anti-y serum were present in the first 
or the second medium, or in both (afer the first contact 
with normal serum), there was no simulation, Anti-y 
serum stimulated only when added to ‘he lymphocyte cul- 
ture prestimulated with anti-u serum, Normal serum 
added to the culture prestimulated with antri serum 
eaused no restimulation. In another experiment with 
lymphocytes prestimulated with anti-4 serum, the second 
medium with anti-y serum resulted in s higher rate of DNA 
synthesis than that with anti-u serum (Fig. 3). 

Our results suggest that chicken spleen lymphocytes 
have receptors with u-chain specificity, but only at a 
certain state of differentiation do they become committed 
to Y-chain expression as well. These results are at variance 
with findings for rabbit lymphoerte cultures, when 
anti- serum had the same blastogeme activity as anti-Y 
serum’. Human lymphocytes were transformed only by 
anti-y serum and not by anti-u seram’. Although the 
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Fig. 2. RNA synthesis (d.p.m. of *H-uridine) and DNA synthesis 

(d.p.m. of 4C-thymidine) in chicken spleen lymphocytes cultivated in 

medium with normal serum (BD, anti-y serum CA) or anti-« serum (@) 

after precultivation in either normal (T) or antiy (A) or anti-u (0) 
serum. 


i 


d.p.m. x 104 


Fig. 38. DNA synthesis (d.p.m. of *C-thymidine) in chicken spleen lym- 

phocytes cultivated in medium with normal serum (W), anti-» serum 

(A) and anti-u serum (@) after precultivation in medium with either 
anti-y (A) or anti-u (©) serum. 


discrepancies may also be caused by other factors, there 
are some obvious differences between the experimental 
aystem used here and previously**. (1) Only radio- 
isotope Incorporation was measured, and supplementary 
autoradiographie experiments (our unpublished results 
with Kurisu) indicated that no more than 10 per cent 
of the cell population was active in our assay. In rabbits, 
however, 80-90 per cent of blast cells was found in stimu- 
lated eultures*5. (2) It is significant that stimulation 
increased with the length of contact between antiserum 
and lymphocytes. Incubation for less than 5 h did not 
stimulate and a plateau was reached between 24 and 48 h 
of cultivation (our unpublished results) Alternatively, 
in rabbits and human lymphocyte cultures? 30 min of 
eontact was sufficient for optimal stimulation. 
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The presence of u-chain receptors on lymphocytes with 
a potential for transformation im vitro is in agreement. 
with immunofluoreseent evidence that human small 
lymphocytes produce only IgM (refs. 9 and 10). Also in 
chicken spleens, small lymphocytes produce yM anti- 
bodies", Stimulation of lymphocytes by anti-y-chain. 
antibodies after exposure to anti-& sera rather resembles 
the common sequence of yM antibodies followed by yG 
antibodies in the primary immune response. We have no 
direct information about the mechanisms involved in 
restimulation. There are two possibie explanations: that 
(a) pre-stimulation uncovers the y-chain receptors of 
lymphocytes by non-specific mechanisms, and (b) pre- 
stimulation by anti-y sera activates the part of the genome 
that controls the y-chain. Both explanations are also 
pertinent to experiments in which the phenotypic expres- 
sion of the Gm allotype in human lymphocytes was 
changed after transformation induced by PHA (ref. 12). 
A multipotent lymphocyte may have an active locus 
controlling a single immunoglobulin elass, which remains 
partly associated with the cell as a receptor and so is 
accessible to external reactants such as antigen or anti- 
immunoglobulin antibody. This interaction would lead 
to cell transformation, during which another H-chain 
locus would be derepressed, thus committing the cell to 
the production of a different class of immunoglobulin!*. 
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Increased Activity of Antithymus Serum 
after Absorption with Splenic 
Lymphocytes 

INTEREST in organ transplantation has encouraged investi- 
gators to study the mechanism of allograft rejection and 
to search for ways in which it might be controlled. Until 
satisfactory means are found for producing specific 
immunological tolerance in the adult recipient to donor 
tissue antigens, however, immunosuppressive agents will 
continue to be widely used and investigated. 

Antilymphocyte serum (ALS) has recently come into 
prominence as a tool for suppressing the immune mechan- 
ism. Its effectiveness in enhancing cenine renal trans- 
plants has been clearly demonstrated'* and it has been 
used in human renal transplants?. The literature con- 
cerning the development of ALS has been extensively 
reviewed by James’. 

ALS has been produced with cells from the spleen, 
lymph nodes, thymus, thoracic duct or any combination 
of these. Thus the activity, and perhaps even the mode 
of action, may differ from one ALS preparation to another. 
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It has also been prepared with and without adjuvant, 
whieh may alone account for striking differences in the 
activities of such sera‘. 

Russe and Crowle? were the first to use antithymus 
serum as an immunosuppressant and suggested that the 
antiserum might be neutralizing a thymic humoral 
factor, Nagaya and Sieker* demonstrated the striking 
superiority of antithymus serum (ATS) to ALS in the 
suppression of skin allografts in rats, and demonstrated a 
depletion of lymphocytes in the thymic cortex of these 
ATS treated animals. No such thymic lymphocyte 
reduction occurred in rats treated with ALS, however. 

Turk and Willoughby’? were able to demonstrate a 
reduction of 90 per cent in the number of circulating small 
lymphocytes in guinea-pigs treated with ATS, and like 
Nagaya and Sieker they discovered a pronounced deple- 
tion of lymphocytes in the thymic cortex of animals 
receiving such serum. Tribble and Lueker?, using ATS 
in C57B1/6 mice, demonstrated architectural changes 
in the thymus of such magnitude that it became impos- 
sible to distinguish cortex from medulla. Evidence was 
recently presented that the action of ALS (actually an 
antithymus serum) is mediated through the thymus’. 
Antithymus serum contains antibodies directed against 
thymic lymphocytes as well as the reticular epithelial 
cell complex of the thymus. We were therefore interested 
in determining whether or not such an antiserum absorbed 
with splenic lymphocytes would still retain its activity. 

Viable thymus cell preparations were used for the pro- 
duction of antithymus serum in White New Zealand 
rabbits. Thymuses were excised from ether killed 5 
week old C57B1/6 male mice. The intact thymus glands 
were washed in cold Earle's solution and homogenized ina 
Ten Broeck tissue grinder with fresh, cold solution. ‘The 
suspension was allowed to stand for 10 min and the 
supernatant was removed. The resulting cell suspension 
was washed three times with fresh Earle’s solution at 4? C. 
The final single cell suspension consisted of approximately 
80 per cent cells which were shown to be viable by 
the exclusion of trypan blue (0-2 per cent in Earle's 
solution). 

Each rabbit received two thymuses every fifth day for a 
total of four intraperitoneal injections. Each injection 
contained approximately 4x 105 cells. The animals were 
rested for 3 months and the series of immunizations was 
repeated. Seven days after the final antigen injection 
the rabbits were bled by cardiac puncture. 

The activity of the antithymus serum was tested in 
vivo. An antiserum was capable of producing architectural 
changes in the thymus if the following sequelae were 
evident in the injected mice: within 10 to 15 min after a 
single injection of 0.2 ml. of antiserum the mice had 
ruffled fur, hunched posture and an almost complete 
lack of movement. "These symptoms would last for 3 to 
4 h and the mice would return to normal. More impor- 
tant, these mice developed a lymphopenia and the total 
number of lymphocytes dropped by 30 per cent within 
4 h of injection. The injection of normal rabbit serum 
produced only a very mild reaction. 

The antithymus serum was absorbed with triple washed 
C57Bl/6 mouse red blood cells (1 ml. of packed red blood 
cells/5 ml. of serum at 37? C for 30 min). One half of this 
antiserum was further absorbed with triple washed 
C57B1/6 spleen cells (approximately 3x 10* viable cells/ 
] ml. of antiserum) at 37? C for 30 min. Normal rabbit 
serum for injection into control mice was prepared in the 
same way. 

All animals used in the experimental groups were neo- 
natal C57Bl/6 mice. Mice were administered rabbit 
anti-mouse thymus serum, absorbed and unabsorbed as 
illustrated in Table 1. Normal rabbit serum (NRS), 
absorbed and unabsorbed, was used in control mice. 
Experimental and control mice were injected intraperi- 
toneally within 24 h of birth according to the schedule 
shown in Table 2. 
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Fig. 1. Weight gain assay: mice were injected at birth and every fourth 
day thereafter through day 29. 2 days later they were killed. Each point 
on the graph represents the average weight of ten mice per group. 
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A weight gain assay was used to determine quantita- 
tively the wasting syndrome in antithymus serum treated 
mice. The mice were weighed every fourth day from 
birth until weaning and at the time of death (2 days after 
final injection; see Table 2). Wasting in animals treated 
with antithymus serum could be detected by lack of gain 
in weight (Fig. 1). This indicates that neonatal C57B1/6 
mice treated from birth with unabsorbed antithymus 
serum (UATS) failed to gain weight at a normal rate, 
and after the fifteenth day of life ceased to gain any 
weight throughout the remainder of the experiment when 
the mice were 31 days old. Animals which received 
absorbed or unabsorbed normal serum showed the same 
average gain in weight at the end of the experiment as 
did normal untreated controls. At the time of death mice 
which were treated with absorbed antithymus serum 
(AATS) weighed about 10 per cent less than mice treated 
with UATS. In addition to the difference in gross wasting 
between the groups treated with absorbed and unabsorbed 
antithymus serum, marked differences in the weight of the 
lymphoid organs of these groups were evident (Table 3). 
Indeed, the average weight of the thymus of the group 
treated with AATS was about half that of the group in 
which UATS was used (P 0-01). 

At the time of death the spleen, thymus and superficial 
inguinal lymph nodes were removed and weighed. These 
organs were fixed in buffered 10 per cent formalin, dehy- 


Table 1. TRBATMENT GROUPS OF MICE IN A TYPICAL EXPERIMENT 


Treatment group Number of mice 
Absorbed antithymus serum (AATS) 10 
Unabsorbed antithymus serum (UATS) 10 
Absorbed normal rabbit serum (ANRS) 5 
Unabsorbed normal rabbit serum (UNRS) 8 
Normal untreated controls (UC) i0 


Table 2, INJECTION SCHEDULE FOR NORMAL SERUM CONTROL AND ANTI 


THYMUS SERUM TREATED MICE 
Amount (ml) of normal or 


Day of injection antithymus serum injected 


1 O02 
5 0-05 
9 0-05 
13 0-05 
17 0-10 
21 0-10 
25 010 
29 6-10 


The initial injection was on day 1 which was within 24 h of birth. All mice 
were injected intraperitoneally. 


Table 3. AVERAGE WRIGHT OF ANIMALS AND LYMPHOID ORGANS AT TIME OF 
DEATH 
Animal Inguinal iymph 
Group weight (g) Thymus (mg) Spleen (mg) node (mg) 
AATS 76 8.8 23-3 Less than 1 
UATS B4 15:1 209.8 Less than 1 
ANRS 15:1 78-0 72-0 oe 
UNRS 16-8 70-2 TR b 
UC 14:2 70-1 a3 T 


Absorbed antithymus serum (AATS), unabsorbed antithymus serum 
(UATS). Controls: absorbed normal rabbit serum (ANRA, unebsorbed 
normal rabbit serum (CNRS) and untreated control (UC). 


684 


NATURE. VOL. 221. FEBRUARY 15. 1969 





Fig. 2. 
a, Normal thymus ( x 


treated (6x 00), 


drated, embedded in paraffin and sectioned at 5 microns. 
All sections were stained with haematoxylin and eosin. 

Histologically there was a conspicuous difference 
between mice which received antithymus serum, unab- 
sorbed and absorbed. The cortical medullary junction 
was not evident in the latter group (Fig. 2). The area of 
the thymus usually designated as medulla contained a 
larger number of small thymocytes (lymphocytes), 
whereas there was a depletion of these cells within the 
cortex. The outer zone of the cortex, however, contained 
a larger number of large thymocytes. In the spleens 
of this group there were very few follicles and no germinal 
centres. The lymph nodes contained no follicles and no 
germinal centres, and the entire tissue section appeared 
extremely alymphocytie. 

In some mice which received UATS the thymuses were 
histologically identical to those in the group receiving 
AATS in that differentiation between cortex and medulla 
Was not possible. Some thymuses, however. contained 
areas where the medulla and cortex eould be delineated. 
The lymph nodes had few follicles, but no germinal 
centres and the number of lymphocytes within the nodes 
was greatly reduced. 

Histological examination of thymuses from control 
mice which received normal rabbit serum, absorbed or 
unabsorbed, showed normal spleens. thymuses and lymph 
nodes with no reduction of lymphocytes in these organs. 

Also at the time of death differential white blood cell 
counts were performed on blood obtained from the tail 
vein. The smears were stained with modified Wright's 
stain* and 100 mononuclear cells were counted. ‘Total 
leucocyte counts were performed on blood obtained from 
the cervical artery. The blood was diluted with 0:1 N 


Histological section of thymus of experimental and control mice. 
30); b, absorbed antithymus serum treated ( x 80): e 


Tissues were taken when the animals were 31 days old, 
, normal thymus ( x 60); d, absorbed antithvmus serum 


Note that no cortical medullary boundary is distinguishable in 6 and d. 


HCl and the cells were counted in a Neubaur haemocyto- 
meter. 

Mice which received antithymus serum every fourth 
day from birth to weaning developed a marked leuco- 
penia which was again more pronounced in the mice which 
received the absorbed antiserum (Table 4) (P=0-01). 


Table 4. MEAN TOTAL WHITE CELL AND DIFFERENTIAL COUNTS LN BLOOD OF 


EXPERIMENTAL ANIMALS (CELLS/MM?) 


Total Neutro- Mono- Eosino- Lympho- 

Group Whe phils eytes pliils cytes 
AATS 013 581 520 ü SAS 
UATS 1,005 580 11 11 438 
ANRS 9,413 1,224 471 NS 7,530 
UNKS 8007 1,425 534 175 6,769 

UC 06,081 1,117 489 140 5,236 
Absorbed antithymus serum (AATS), unabsorbed antithymus serum 


(UATS). Controls: absorbed normal rabbit serum (ANRS), unabsorbed 
normal rabbit serum (UN RS) and untreated control (UC), 


The results presented here indicate that inbred C57 BI/6 
mice receiving antithymus serum develop wasting symp- 
toms characterized by inability to gain weight, lethargy, 
ruffled fur, hunched posture and sometimes death. 
In addition to these easily observable signs the animals 
showed low lymphoid organ weights and leucopenia. 
But the most interesting aspect of this study is that mice 
which received antithymus serum absorbed with spleen 
cells showed even greater wasting, less ability to gain 
weight, significantly lower lymphoid organ weights, lower 
total white count and more profound lymphopenia than 
their counterparts which received unabsorbed antithymus 
serum. The most striking difference in the groups treated 
with antiserum could be seen in the thymus. In mice 
treated with absorbed antithvmus serum the average 
weight of the thymus was one-half that of the group 
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treated with unabsorbed antithymus serum, and there was 
a reduction of small thymocytes in the thymus cortex; 
at the same time there was an infiltration of small and 
medium thymocytes into the medulla. This architectural 
echange was so pronounced that the cortical medullary 
boundary was obliterated. On the other hand, the 
thymuses of mice treated with unabsorbed antithymus 
serum underwent varied architeetural changes in that the 
cortical medullary junction was not completely indis- 
tinguishable in every case. 

But the point to which we continually return is, Why 
should antithymus serum absorbed with spleen cells have 
more activity than unabsorbed antithymus serum ? 
Several possibilities must be considered. First, it has 
been pointed out that thymic lymphocytes possess some 
antigens distinct from the lymphocyte’? ". Thus it 
might be argued that we were absorbing antibody to 
lymphocytes and leaving an antiserum with greater 
specificity to the lymphocytes of the thymus. If we 
were absorbing out antibody directed to the lymphocyte, 
however, why should the remaining antiserum to the 
lymphocytes of the thymus work so much more effectively 
because its concentration in the serum remains the same ? 

Asakuma and Reif!! have shown that heterologous 
antithymus serum is more cytotoxic to thymie lympho- 
eytes than to non-thymic lymphocytes. The antithymus 
serum used in this study may contain both cytotoxic 
and non-cytotoxic antibodies to thymocytes. Absorbing 
the antiserum with splenic lymphocytes possibly might 
remove competing but non-eytotoxie antibodies, thus 
leaving cytotoxic antibodies freer to exert their effect. 

Another possibility is that when absorbing antithymus 
serum with splenic lymphocytes. some lymphocyte 
inhibitory factor from the spleen cells might be released 
which would enhance the activity of the antithymus 
serum. 

Finally, it has been demonstrated that the proliferative 
stimulus to thymic lymphoid cells is dependent on the 
reticular epithelial cell complex!*}. The activity of the 
antithymus serum may be dual, directed against the 
reticular epithelial cell complex as well as against thymic 
lymphoid components. The antiserum might block thy- 
mic lymphopoiesis by inhibiting regulatory factor(s) of 
the reticular epithelial cell complex, while antibodies to 
the lymphoid components might retard metabolic activity 
of the thymie lymphocytes. Thus antithymus serum 
absorbed by spleen lymphocytes might block the regula- 
tory factor(s) without directly suppressing thymic 
lymphocytes. The possibility exists that the non-sup- 
pressed (more rapidly proliferating) lymphocytes might 
suffer even more damage if regulatory factors were not 
available. It seems clear that the action of antithymus 
serum is different from other antilymphoid sera and 
should be termed antithymus serum. 
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Dr F. H. Brunstetter for reading the manuscript. This 
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Cancer Society. 
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Partial Characterization by Molecular 
Hybridization of RNAs from 
Immunocompetent Cells 

exposed to Antigen 


MorECULAR hybridizations between DNA from normal 
mice and RNAs from immunocompeten: cells exposed to 
antigen showed that (a) new species of RNA appeared in 
cells stimulated by antigen!, and (b) different species of 
RNA appeared in immunocompetent celis exposed to 
different antigens? Similar results were obtained by 
Church e£ al2. In the work reported here, RNAs from 
immunocompetent cells exposed to sheep red blood cells 
(RBC) were hybridized with DNA immobilized in a nitro- 
cellulose column. The RNAs which failed to form hybrids 
and passed through the column were analysed. 

DNA was isolated from the spleens aad thymus glands 
of CD-1 mice (Charles River, Wilmington, Massachusetts). 
RNA was isolated from either the spleens or peritoneal 
cell suspensions of CD-1 mice by the warm phenol methods, 

Single cells were prepared from the sp eens of CD-1 mice 
2 days after the intraperitoneal injection of 0-1 ml. of 
25 per cent sheep RBC by forcing the spleens through a 
number 40 stainless steel screen in cold Eagle's basal 
medium without added serum. Control cells were obtained 
from the spleens of mice which were no: so injected. 

Peritoneal exudate cells were obtained from the peri- 
toneal cavities of CD-1 mice 3 days after the injection of 
3 ml. of thioglycollate broth (Difco), The cells were 
recovered by rinsing each peritoneal eavity with 5 ml. 
of cold medium. 

Cellular RNA was labelled in vitro during meubation at 
37° C in medium plus 100 uCi/ml. ef tritium-labelled 
uridine (Schwarz, specific activity approximately 20 
Ci/mmole) for 120 min in experiments involving spleen 
cells and for 60 min in experiments involving peritoneal 
exudate cells. For specific in vitro antigenic stimulation 
of peritoneal exudate cells, suspensions of approximately 
105 cells were incubated with one drop cf 10 per cent sheep 
RBC in a total volume of 20 mi. Uniabelled RNA was | 
prepared in the same way except that labelled uridine was 
omitted from the incubation medium. 

Fifteen grams of nitrocellulose ("Eitroeel.S", Serva, 
Entwiekiungslabor, Heidelberg) was soaked in 2x 88C 
(SSC is 0-15 M sodium chloride, 015 M sodium citrate) 
overnight and then poured in a 10 x 10) em column. The 
gently packed nitrocellulose was then washed according 
to the procedure described by S. Weiss (personal com- 
munication). (The washed. packed column was treated 
with 0:15 M iodoacetate buffer at pH 5:3 followed by 0-1 M 
mercaptoethanol. DNA was added afer extensive wash- 
ing at 55? C.) Five mg of DNA, denatured in 1 : 200 SSC 
by heating to 98^ C for 5 min, was added to the column 
in 2 x SSC at 55° C, and fresh 2 x SSC was passed through 
the column until the wash had an optical density of less 
than 0.030. Approximately 1:0 mg of DNA washed 
through the column. 

RNA was added and allowed to seak into the nitro- 
cellulose DNA. Enough 2 x SSC was ased to fill the rest 
of the column and 2 ml. fractions were pulsed through 





the column at hourly intervals as described by Bautz 
and Reilly*. Hybridization took place at 55° C through- 
out. 
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Fig.1. Hybridization of RNA from mouse spleen cells 2 days after stimu- 
lation by antigen. Mice were injected intraperitoneally with sheep RBC, 
Two days later, a suspension of their spleen cells was incubated for 2 h 
in Eagle's medium containing 100 uCi/ml. of tritium-labelled uridine. 
Control RNA was prepared from spleen cells in the same way except that 
the mice were not immunized. Two hundred micrograms of labelled 
RNA from either injected or non-injected mice was added to a nitrocellu- 
lose column containing approximately 4-0 mg of denatured mouse DNA. 
After hybridization at 55° C, the specific activities of the RNAs which 
failed to hybridize were determined. @—@®, RNA from immunized 
mice. Specife activity, 16,300 c.p.m.JOD. O --- O, RNA from 
non-immunized mice. Specific activity, 5,115 c.p. m./0 D. 


The OD of each fraction was determined and 1-0 
ml. was removed volumetrically. To each 1-0 ml., 100 ug 
of cold carrier yeast RNA in 0-1 ml. water was added 
along with enough 50 per cent TCA to give a final 5 per 
cent TCA concentration. The fractions were incubated 
overnight at 4° C and the precipitates were collected on 
nitrocellulose filters (Schleicher and Scheull, 0-45 micron 
porosity). After drying, scintillation solvent (PPO: 
POPOP : toluene) was added and the number of counts 
was determined in a liquid scintillation counter. 

Those species of RNA which passed through the column 
did so because they outnumbered the sites in DNA. to 
which they could be bound and/or were in a form which 
did not allow hybridization to oceur. 

Mice were injected intraperitoneally with sheep RBC. 
Two days later, RNA was extracted from spleen cell 
. suspension that had been incubated for 2 h in a medium 
containing 100 uCi/ml. of tritium-labelled uridine. Control 
RNA was obtained from mouse spleen cells not injected 
with antigen after incubation in & similar medium for 
the same length of time. The specific activities of the 
RNAs which passed through the column were determined. 

The specifie activity of RNA from the spleens of control 
animals which passed through the column was higher 
than the specific activity of RNA from the spleens ob- 
tained from immunized animals (Fig. 1). The total number 
of counts which hybridized was higher when RNA from 
the experimental groups was added to the column. 

Peritoneal exudate cells were obtained from mice 3 
days after injection with 3 ml. of thioglycollate broth. 
Aliquots from a pool of cells were incubated either with 
or without added sheep RBC. RNA was extracted from 
both cells and incubation media. Nitrocellulose columns 
containing denatured mouse DNA were prepared and RNA 
from either experimental or control groups was added for 
hybridization. The specific activity of RNA from antigen- 
exposed cells which passed through the column was 
higher than the specifie activity of RNA from control 
cells (Table 1). RNA from cells which were incubated in 
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Table 1 
RNA from peritoneal cells exposed to: 

Sheep RBC Rabbit RBC No added antigen 
17,500 op.m./OD 3,219 c.p.m,/OD 1,010 e.p.m./OD 
20,730 22,305 1,815 
33,000 22,275 4,950 
32,060 18,690 4,535 
31,600 19,100 3,585 
21,890 21,530 2,540 
14,210 17,385 1,750 


Peritoneal cella were obtained from twenty CD-1 mice 3 days after the 
intraperitoneal injection of 3-0 mi. of thioglycollate broth. The cells were 
incubated for 60 min in Eagle’s medium containing 100 eCi/mil. of tritium- 
labelled uridine with or without heterologous RBC as indicated. Two 
hundred micrograms of RNA was added to a nitrocellulose column containing 
approximately 4,000 ug of denatured mouse DNA. Specific activity of RNA 
from peritoneal cella plus RBC was approximately 22,000 c.p.m./OD. Specific 
ELLA "d RNA from contro! peritoneal cells was approximately 7,000 
c.p.m./0 D, 


Table 2 
Peritoneal celis exposed to; 


Fraction Rabbit RBC No added antigen 

1 3,584 18,580 
2 197,425 21,535 
3 40,400 14,107 
4 156,200 17,087 
5 20,800 15,070 
6 12,200 4,785 
T 8,685 7,75 


RNA was extracted from peritoneal cells of mice as described in Table 1, 
except that the concentration of tritium-labelled uridine was 250 uCi/ml 
Fifteen grams of nitrocellulose was mixed with 250 ml. of denatured mouse 
DNA containing approximately 140 ug DNA/mlL, The columns were poured 
and washed with 2 x SSC, Hither 353 ug of RNA from cells exposed to rabbit 
RBC or 190 ug of control RNA was added to each column, 


media containing two and a half times the concentration 
of tritium-labelled uridine gave similar results (Table 2). 

Three fractions of the RNA from peritoneal exudate 
cells exposed to sheep RBC with the highest specifie activ- 
ity were pooled and placed on a 20-5 per cent sucrose 
density gradient. Unlabelled mouse liver RNA was added as 
a marker. After high speed centrifugation, fractions 
were collected and the number of counts in each determ- 
ined. The results (Fig. 2) indicate that the bulk of the 
counts sedimented in the portion of the gradient correspond- 
ing to approximately 8S to 18S RNA. 

Previously we found? that extracts of RNA from 
peritoneal exudate cells of normal mice exposed in vitra 
for 1 h with sheep RBC specifically induced a small 
proportion of peritoneal exudate cells from normal mice 





0540 120 
0-450 100 
0-420 80 
s " 
2 0-360 60 cC 
0-300 40 
0-240 29 
4 8 12 16 20 24 
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Fig. 2. Sedimentation of the peak fractions in a sucrose density gradient. 


Two hundred micrograms of labelled RNA from peritoneal exudate cells 
exposed to sheep RBC in vitro was added to a nitrocellulose column 
containing approximately 4:0 mg of denatured mouse DNA. RNA from 
the three fractions with highest specific activities was precipitated and 
after re-solubilization was added to the top of a 20-5 per cent sucrose 
density gradient, along with unlabelled mouse liver RNA. Centrifugation 
was for 4 h at 39,000 rpm. O--- OQ, epn, peak RNA; @-—®@, 
optical density at 260 mg. 
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to form antibody. RNA extracts from peritoneal exudate 
cells were incubated with sheep RBC and were then 
added to a nitrocellulose column containing denatured 
mouse DNA. RNA from peak OD fractions which failed 
to form hybrids was added to peritoneal exudate cells 
from normal mice. After incubation for 5 min at 37° C, the 
proportion of cells forming sheep cell haemolysins was 
determined by the plaque assay method. The results 
(Table 3) indicate that the extracts induced a small 
proportion of non-immune cells to form antibody. The 
residual antigen content. of the active material was not 
determined, however; the active material was sensitive 
to ribonuclease, 


Table 3. CONVERSION OF NON-IMMUNE PERITONEAL EXUDATE (P.E.) CELLS 
TO ANTIBODY FORMING CELLS BY PEAK RNA FROM PERITONEAL CELLS 


Number antibody forming cells: 


Experiment p.e. cells p.e. cells plus p.e. cells 
plus RNA* RNA plus RNase + alone 
1 359 206 174 
2 568 {=} 175 


Cells were obtained from the peritoneal cavities of CD-1 mice 3 days after 
the intraperitoneal injection of 3 ml. of thioglycollate broth (Difco). Approx- 
imately 10° cells were suspended in 20 ml. of medium 199 with or without 0-2 
ml. of 10 per cent sheep RBC, and were incubated at 37? C for 60 min in a 
water bath equipped with a shaking device. After incubation, RNA was 
extracted from the pelleted cells by the warm phenol method. The peak 
fraction of RNA obtained after it was passed through a nitrocellulose column 
containing approximately 4 mg of denatured DNA was pooled and added to 
10* peritoneal cells from CD-1 mice, which had not been exposed to sheep 
RBC, for 5 min at 37° C with shaking. After incubation, plates were prepared 
for a determination of the proportion of cells producing sheep cell haemolysins 
(Jerne). In each experiment, aliquots were taken from a single pool of cells. 


* Approximately 25 ug peak RNA. 
t Enzyme : substrate ratio 1: 100, Incubation for 30 min at 37° C. 


Simple incubation of labelled RNA from peritoneal 
exudate cells at 60? C for 24 h did not diminish the number 
of counts precipitated by TCA. 

RNAs which failed to hybridize with DNA immobilized 
in the columns did so because they either found no sites 
available for hybridization or were in a form which pre- 
vented hybridization. Earlier hybridization of sites in 
DNA with RNAs of identical sequence may explain the 
failure of some species of RNA to remain in the column. 
Thus it may be that those species of RNA which passed 
through the column represented RNAs synthesized in 
relative excess from a few genes. 

The net specific activities of the RNAs which failed to 
find sites for hybridization were higher with RNA from 
the normal mouse spleen than with RNA from the spleens 
of mice injected 2 days previously with sheep RBC. This 
suggests that RNAs from the spleens of immunized 
animals found more sites in the DNA for hybridization 
than did RNA from controls. The data obtained with 
peritoneal exudate cells exposed in vitro to antigen were 
contrary to the results found with RNA from spleen cells. 
Such labelled RNAs which failed to hybridize were of 
significantly higher activity than RNAs from control 
cells incubated without added antigen. This suggests 
that large amounts of labelled RNAs were formed which 
could not form hybrids because of the shortage of available 
sites. Such RNAs were found to be biologically active. 
The sedimentation profile was similar to those reported 
by Cohen et al.5 and Thor! for extracts of RNA from 
immunized animals which had biological activity. An 
idealized model which summarizes these concepts is 
presented in Fig. 3. 

These findings may be significant to the mechanism of 
the immune response. DNA used in these experiments 
was obtained from non-immunized mice. Thus the sites 
for hybridization of RNA were present in normal DNA. 
There was no evidence that any of the RNAs which formed 
hybrids were directly involved in the formation of anti- 
body—that is, messenger RNAs. The known heterogen- 
eity of the immune response to even simple determinants 
suggests that part of the RNAs may, however, be directly 
involved in the response. If significant proportions of 
these RNAs are messengers, then these data would sup- 
port the concept that at least part of the potential to 
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Fig. 3. An idealized diagram representing the number of diferent 

species of RNA from the spleens of immunized animals and peritoneal 

exudate (p.e.) celis exposed to antigen and the peoportion of sites 

available for their hybridization. The small triamgles indicate the 
presence of radioactive label. 


produce antibodies of varying specificities: arose through 
"eonventional" mechanisms of inheritanee rather than 
entirely by mechanisms involving somatic mutation. 
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Parapsychology 


Despite the unusual nature of ESP reports, we feel that 
they should be treated in the same way, and, in particular, 
subjected to similar refereeing standards, as the more 
pedestrian majority of papers publishec. We would 
therefore like to take issue with the oublieation, in 
Nature, of the report "Identification of Concealed Random- 
ized Objects through Acquired Response Habits of Stimu- 
lus and Word Association’. A reader should be able to 
make an independent, reasonably informed, judgment of 
the possibility that the results presented save been pro- 
duced by mechanisms other than those mivoked by the 
experimenters. This criterion should be satisfied in any 
research report. but especially when the report is in a field 
notorious for unrepeatable experiments. 1t seems a pity 
that the authors have not benefited from ths experiences of 
other parapsychologists who have already been exposed to 
the kinds of criticism to which they are now open. If they 
have results which they consider to be suznifieant, then 
they are not being fair to themselves if ther do not report 
the methods used to obtain them in a rigerous way. 

The experiment we wish to analyse was really performed 
in two parts. In the first part, the subject, Stepanck, was 
considered to be attempting to say whether the green or 
white side of a concealed card was uppermost. When 
“his response of ‘green’ or ‘white’ was no longer correlated 
with the randomized sequence of concealed targets” the 
research was stopped. "Later it was discovered that he 
was associating his response with the opaque covers in 
which the cards were hidden." We are not told the exact 
way in which, nor the exact time at which, the experi- 
menters decided that it was necessary to test the hypo- 
thesis that Stepanek was “using ESP in diseriminating 
among the covers". The authors are carevul to say that 
their results are not due to post hoc analysis of their 
experiment (a well known way of obtaining “significance” 
in any field), but the organization of their-series of trials 
shows that this is not entirely true. Indeed, they base 
this statement on the fact that “when the sesults from all 
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the work earried out during this period are combined the 
total data are overwhelmingly significant". This suggests 
that the decision may have been reached later than the 
start of the second part of the experiment and then 
justified by the immense curnulative significance of the 
results. In any event, it is crucial to an understanding of 
the experiment to know when and how the decision was 
taken. 

The seeond part of the experiment, carried out 2 years 
later, consisted of eighteen series of trials in which 
Stepanek was tested to confirm (as the events are reported) 
whether he was recognizing the covers by ESP. The 
criterion for recognition of a cover was that Stepanek 
said “white” significantly often when it was presented, 
no matter which side of the card it contained was upper- 
most. We are given data for one cover only; a report of 
this sort should include full data for all the covers. The 
authors, Pratt et al., durmg the experiment reduced the 
number of covers, initially ten, to eight in the sixth series 
and four in the eighth and subsequent series. At each 
reduction they chose “those covers that had shown the 
most striking response tendencies". We interpret this 
statement to mean that, for example, after the fifth series 
of trials, the two covers for which the ratios of the number 
of "green" responses to the number of “white” responses 
were closest to unity were rejected. In addition, the cover, 
for which the data are presented, seems to have been 
chosen by a post hoc analysis of the experiment. This is 
a very dangerous procedure, and is reminiscent of tech- 
niques used to select high-scoring ESP subjects who 
subsequently fail to score at a significantly high level. To 
select the extreme members of a sample is justifiable only 
if this subsample continues to behave coherently and does 
not thereafter assume characteristics which might be 
attributable to any other possible subsample. Thus 
successive reductions to those covers which showed the 
most extreme responses must necessarily produce cumula- 
tive data which show that responses to these covers are 
strikingly different. Significance 1s only assignable if the 
covers continue to elicit. striking response tendencies. On 
this basis 1t would seem reasonable to examine the data 
from series eight onward. 

The results for one cover, however, make it clear that 
in some fashion Stepanek did respond to the cover, 
significantly often, by say ing "white" when it was pre- 
sented. In the first three series of trials he could see and 
handle the cover, so it would have been quite possible for 
him to have recognized it using a conventional sensory 
eriterion. We can therefore discount the highly significant 
results obtained in these three series, at least as far as they 
are considered evidence for ESP. At this point we must 
ask why the experimenters, some of whom were already 
expert parapsychologists, did not at the outset introduce 
opaque jackets for the covers. It is well known that sub- 
jects, both human and otherwise, can detect, sometimes 
unconsciously, minute sensory cues which may not be at 
all evident to the experimenter, but which nonetheless 
afford a basis for normal sensory discrimination. Clever 
Hans, the mathematical horse, possessed this ability to a 
marked degree, yet even he was not considered to be using 
ESP, merely a good head for figures?. There seems to be 
little profit in performing experiments in conditions which 

are already considered quite inadequate for the investiga- 
tion of ESP. The sequence of events again arouses sus- 
picion that the decision as to the task Stepanek was really 
performing was made late in the series of eighteen trials 
and not before they started. 

Given an a priori hypothesis, however, most of the 
results quoted are highly signifieant, but those for five 
series of trials are not. In the first of these, series seven, 
out d e observers were present for the first time. The other 
oceurred after opaque cards containing the 
covers had been stapled closed so that the subject could 
not see inside them; during the least significant of these, 
photographers were present. In our view, these facts 


NATURE, VOL. 221, FEBRUARY 15. 1969 


alone are sufficient to warrant a strong suspicion of 
sensory detection of the particular cover if not of deliberate 
fraud on the part of the subject. 

We would also like to comment on the appropriateness 
of the statistical techniques used in analysing the data. 
Each series consisted of several runs, and in each run all 
the covers to be used were presented to the subject 
together. The responses within runs are dependent and 
so Cochran’s Q test should be applied to the data instead 
of the y? test?, Furthermore, the test should not be applied 
to a collapsed table of data. Finally, data from run to run 
may also be dependent because of some feedback from 
experimenters to subject. Thus the significance levels 
quoted for the eighteen series may be highly maccurate 
and misleading. 

There have already been numerous attacks on para- 
psychological research in general and on various individual 
ESP experiments. We do not wish this communication 
to be considered an addition to this literature of criticism. 
We merely wish to point out that Pratt et al. should not 
have expected the publication of their results in their 
present form whatever their field of research. It is worth 
remembering that many experimental arrangements, from 
which positive results would be more convincing, have 
been suggested. For example, Price suggested a form of 
experiment which could easily have been adapted to test 
Stepanek, or indeed any other subjeet for whom ESP 
abilities are claimed’. It seems extraordinary that, as far 
as we ean ascertain, no parapsychologist has adopted an 
experimental design immune to the criticisms of para- 
psychological methodology that have already been made. 
We are surprised that a journal which does not specialize 
in reporting the supernatural should accept a paper about 
ESP which does not, in our view, satisfy the eriteria 
normally demanded of any conventional report. 

Finally, two quotations may be illununating. The first 
is from J. V. MeConnell, who is well known for demonstrat- 
ing the ability of cannibalistic planarians to acquire the 
habits of their victims: "We have, over the years, re- 
ceived many letters from individuals who have attempted 
to train planarians and who have encountered difficulties. 
Sadly enough, we don't have much magic to offer anyone, 
save for an admonition to keep at it, keep changing the 
experimental situation until the right conditions are hit 
upon’, The second is from P. L. Napitza’s recollections 
of Lord Rutherford®; '"... Rutherford was well aware 
what danger hes concealed in the mterpretation of data 
of statistical origin, especially when the scientist anti- 
cipates definite results. Therefore Rutherford was very 
careful to exclude the personal element and took the 
following precautions during the course of these experi- 
ments: the counting of seintillations was usually done by 
undergraduates w ho did not know the purpose of the 
experiment; the curves were drawn by persons who did 
not know what results were expected. As far as I can 
remember, Rutherford and his pupils never made a single 
such mistake, while in the same line of investigations a 
number of mistakes were made in other laboratories." 


ANTHONY ROBERTSON 
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Book Reviews 


NERVE HISTORY 


The Human Brain and Spinal Cord 

A Historical Study illustrated by Writings from Antiquity 
to the Twentieth Century. Edited by Edwin Clarke and 
C. D. O'Malley. Pp. xiii-- 926. (University of California 
Press: Berkeley and Los Angeles; Cambridge University 
Press: London, August 1968.) $25; 237s 6d. 


(Tur authors of this weighty contribution to the history 
of neuroanatomy and neurophysiology have taken as 
their model the kind of scientific anthology of which the 
late John Fulton's Selected Readings in the History of 
Physiology is one of the best known examples. Covering 
a more restricted field, it is about three times as long 
as the enlarged second edition of Fulton, à comparison 
which will enable the reader to judge its specialist 
character. The excerpts have been arranged under broad 
headings representing the main anatomical structures 
such as the spinal cord and the cerebellum, and basic 
physiological principles such as those of cerebral local- 
ization and the reflex. Each of the selected texts is 
preceded by a brief account of the author, with an assess- 
ment of his work and its relation to that of his prede- 
cessors. The passages quoted are all in English, many of 
them being translated for the first time, and the authors, 
some of whom are quoted more than once, total 176. 
Of these no fewer than 133 published after 1800 and 47 
after 1900, a fact which emphasizes how long it was 
before attempts to understand the central nervous 
system and its intricacies began to be rewarded. The 
latest passage included dates from only a decade ago, 
in 1958. The authors allude to this in setting out the 
purpose of their book, as they see 1t: 

"In some instances we have brought our material 
nearer to the present day than is perhaps wise, but only 
to illustrate general principles that we judge will eon- 
tinue to be influential into the future. We have pre- 
ferred to run the risk of being proved incorrect in our 
choices among current materials in order to connect 
the more distant past with the present and with the 
future. After all, the main role of a book of this sort 
is not only to indicate the birth of modern concepts, 
but also to trace forward the lines of progress from their 
more distant roots." 

Despite the inevitable preponderance of modern work, 
an introductory chapter deals with antiquity and the 
mediaeval period and particularly with the age-old 
controversy about which organ--the heart or the brain- 
was the seat of the soul. An appendix on neuroanatomical 
techniques and a substantial bibliography of 53 pages 
are also included. 

No collection of this kind could possibly be complete— 
and the authors are aware of the pitfalls likely to be 
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encountered in making a choice. Although there may be 
general agreement about the majority of the individuals 
who are regarded as important contributers to our know- 
ledge of the human brain and spmal cord, the lesser 
figures who are included may depend very much on 
personal opinion. Even so, it is rather a surprise to find no 
mention whatever in this very large work of Jean Fernel. 
Fulton, for example, gives three pages in his chapter 
on the central nervous system to an extract from his 
discussion of the nerves of sensation and raotion, accepting 
Sherrington’s conclusion that Fernel had ‘an appreciation 
of the concept of reflex action a century before Descartes”. 
Other kinds of omission are regretfully acknowledged, 
for it was found impossible to include material on the 
basal ganglia, thalamus, hypothalamus, pituitary, cranial 
nerves, meninges, the embryology of the nervous system, 
the autonomie nervous system, the physiology of the 
special senses and sensory modalities. 

The combination of great industry, neurological 
experience and historical erudition whish has gone into 
this work must be applauded, for it :s an important 
contribution to the history of neurclogy which should 
be in every library which serves the needs of workers 
in this field. Dr Clarke is a former clmical neurologist 
and he is now head of the recently foundes sub-department 
of the history of medicine in University College, London; 
Professor O'Malley is well known for bis many learned 
studies of medicine in the 16th and 17h centuries, and 
particularly as the author of the best biography of 
Vesalius yet published. The publishers have produced 
a handsome and easily consulted volume, although the 
price may well put it beyond the means cf the neurological 
registrars for whom this should be a bedside book. 
Although the authors set out to avcod a “condensed 
history , a later reprint of their own ccanments, brought 
together as a continuous narrative without the texts, 
and published in a handy form at a modest price, would 
be an invaluable guide for the many :sndividuals whose 
interests lie in the more general field o? medical history. 

F. N. L. Poynter 


GENETICS FOR DOCTORS 


Selected Topics in Medical Genetics 

A Review from the Nuffield Unit of Medical Genetics, 
Liverpool University. Edited by Cyril A. Clarke. Pp. 
282. (Oxford University Press: Londen and New York, 
January 1969.) 80s. 


So many disciplines are involved ium medical genetics 
today that it is hard for any doctor to keep abreast with 
developments even if he works in the field. Professor 
C. A. Clarke was asked to assist by writing a review for 
the Quarterly Review of Medicine. He chose to share the 
task with the staff of the Nuffield Uait, and when the 
material was collected there was too mach for the review. 
So this monograph was born. It is largely a book by doe- 
tors for doctors. The term medical gerstics is interpreted 
in a broad sense, with greater cover of the cellular and 
biochemical aspects than of the more mathematical side, 

In the first three chapters, Clarke deals with pitfalls 
and problems in genetic studies (with. R. B. MeConnell), 
polymorphism, and linkage and assomation (with A. L. 
Jones) These chapters are comparable with a “Recent 
Advances” series, using his own Genetics for the CRNIN, 
or An Introduction to Medical (Genetics by J. A. Fraser 
Roberts (which incidentally is recommended as an miro- 
duction to the series of monographs of which this is one), 
as a basie text. Then comes a long and comprehensive 
chapter on pharmacogeneties by D. A. Price Evans, 
D. J. Weatherall and J. B. Clegg contribute a section on 
disorders of protein synthesis (almost all concerned with 
haemoglobin, as a model systern). There follow two most 
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valuable and complementary chapters by R. Harris and 
J. C. Woodrow on the geneties of human organ trans- 
plantation and some aspects of immunogeneties, which 
give a most readable and practical introduction to this 
new but rapidly expanding field. The last chapter 
comprises a miscellany of topical subjects which were 
clearly difficult to relate to the rest of the book. It covers 
amyloidosis, homocystinuria and the porphyrias; genetics 
and schizophrenia; the X YY syndrome; chromosomes 
and abortion; chromosomes and leukaemia; and the 
genetics of diabetes mellitus and of diseases of the gastro- 
intestinal tract. Some of these brief reviews seem too 
condensed and make one wish that certam of them (such 
as the chromosome sections) which are well dealt with in 
other works could have been excluded in order to expand 
the others. The references, however, provide a useful 
entry into the fields concerned. 

'This monograph, which is produced with the publishers' 
usual style and accuracy, will be a valuable source for all 
concerned with keeping their medical genetics up to date, 
especially those working in subjects affected by advances 
in immunology and by the molecular biology "explosion". 
It is not an easy book to read—the multiple authorship 
and the nature of the content (involving the interpretation 
of so many experimental results) ensure that—but there 
is no section that will not repay study. The book's prime 
virtue is that it brings so many topical subjects together 
under one cover. E. H. R. FORD 


STATISTICAL GENETICS 


Evolution and the Genetics of Populations 
By Sewall Wright. Vol. 1: Genetic and Biometrie Foun- 
dations. Pp. vii+ 469. (University of Chicago Press: 
London and Chicago, October 1968.) 135s. 


Sewall Wright, Haldane and Fisher are effectively the 
three founders of statistical geneties. Of these, only Wright 
is still living. and still able to bring forward new ideas. It 
is very weleome that he has decided to present his work 
on evolution and population genetics in a single connected 
form, making it more readily appreciated and more easily 
available. 

This will be a three volume work. The book reviewed 
here is the first part. It is concerned only with laying the 
foundations of the subject. 

The first five chapters are essentially a concise summary 
of genetic theory: chromosomal replication and crossing 
over, the fine structure of the gene, mutations, nongenic 
inheritance, and the nature of the developmental process 
leading from genes to observed characters. The discussion is 
stimulating but very condensed. It will be suitable for 
an experienced geneticist who wishes to see the subject 
as a unified whole, with perhaps new viewpoints and new 
perspectives. It is also useful as a book of reference, but 
it would be difficult for a beginner. 

Chapters six to twelve deal with biological frequency 
distributions, their form, description (by moments, multi- 
modality and the like) and interpretation. The content 
is largely standard but illustrated by a large number of 
varied examples. Chapters thirteen and fourteen are an 
account of Wright/s special contribution, the method of 
path analysis and its applications to disentangling a 
complex system of relationships. 

Chapter fifteen deals with the geneties of quantitative 
variability, where in general we have to deal with the 
combined effect of several gene loci. It shows how, by 
making successive crosses and backcrosses, one can get 
estimates of the degrees of dominance, interaction and 
the number of loci involved. Sometimes one or more major 
factors ean be isolated. 

AM these themes are lucidly recapitulated in the final 
chapter. But their applieations to population geneties and 
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evolutionary theory are only barely touched on in the 
present book; for an adequate discussion we must wait 
for the later volumes. CEDRIC A. B. §MITH 


GERMFREE ANIMALS 


The Germfree Animal in Research 

Edited by M. E. Coates, in association with H. A. Gordon 
and B. S. Wostmann. Pp. xvii+ 289. (Academie Press : 
London and New York, August 1968.) 70s. 


MANY investigators stil seem to consider germfree 
animals either as something incredibly new or something 
of a scientific curiosity. This reputation is probably 
because previous textbooks in the field of gnotobiotics 
have dealt almost exclusively with the techniques involved 
in the production and maintenance of germfree animals, 
while their value as research tools has been virtually 
ignored. The Germfree Animal in Research has gone a 
long way towards putting this deficiency right, and 
although about one-third of it is concerned with techniques 
and the latest developments m equipment, the remainder 
is devoted, almost exclusively, towards the special charac- 
teristics of germfree animals and therein their value. 

Pleasants shows, for example, that the germfree animal 
is capable of meeting the demands of homeostasis, growth, 
reproduction, survival and the usual non-microbial 
stresses and strains. The Lobund germfree rats and mice 
are now in their twenty-second and twenty-eighth genera- 
tion respectively, and still reproducing satisfactorily. 
On the other hand, third generation rabbits were found 
to be totally infertile, probably as a result of mbreeding 
and not of germfree status. A section on survival outlines 
the hazards of caecal distension and a variety of kidney 
lesions in rodents and guinea-pigs; whereas in lambs and 
kids there is evidence in the lungs of an allergic response, 
probably to cows’ milk. 

The anomalies of germfree rats and mice are deseribed, 
and the differences that can exist between the germfree 
animal and its conventional counterpart are illustrated 
by, first, a reduction in the number of physiological 
standards, and, second, an aceumulation in the intestinal 
contents of certain metabolites. 

Csaky confines his discussion to the regulation of water 
permeability in the intestine involving the microbial 
flora in water uptake, and emphasizes the possible role of 
intestinal bacteria in water metabolism. 

The chapter on lipid metabolism of germfree mam- 
malian and avian species contains a review of published 
data up to June 1967. The authors found that the 
presence of an intestinal microflora resulted in an increase 
in type and amounts of excreted lipids as compared with 
the pattern found in germfree animals, and they conclude 
by giving a valuable appendix containing a list of bile 
acids and sterols mentioned in the chapter. 

The defence mechanisms of germfree animals are 
covered by two authors. Wostmann shows that the 
absence of stimulation by a viable microflora reduces 
exogenous stimuli to a level which appears to prolong 
the effects of stimulation by a specific pathogen. Bauer 
describes the lymphatic tissue in germfree animals 
and clarifies some of the aspects of the synergistic relation- 
ship between animals and their microbial environment. 

Carcinogenesis in axenic animals is summarized by 
Salomon, who deals with the development of spontaneous 
neoplasms and known carcinogenic agents, ionizing 
radiation and viruses that may produce tumours in 
axenie and holoxenie animals. Von Bekkum introduces 
the reader to the somewhat neglected field of radiation 
biology. This account should stimulate further investiga- 
tion into the effects of specific microorganisms on the 
development and manifestations of the various forms of 
radiation injury. 
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The book is based on papers presented at a Nato 
Advanced Study Institute, organized by the editor during 
1965, and she and her associate editors are to be con- 
gratulated on making a valuable addition to laboratory 
animal literature. JOHN BLEBY 


GRASSLAND PRODUCTION 


Methods for the Measurement of the Primary Produc- 
tion of Grassland 

By C. Milner and R. Elfyn Hughes. (International 
Biological Programme Handbook, No. 6.) Pp. xu- 70. 
(Blackwell (Scientific): Oxford and Edinburgh, 1968.) 
7s 6d. 

Tus is the second publication describing techniques to be 
used in experiments within the International Biological 
Programme. This programme is planned to continue 
only until 1972, and one must question the delay of nearly 
four years, since its inception, in producing this 
text. The acknowledgments perhaps make the reason 
clear. Submission of the text to some twenty authorities 
may have obviated occasional error; it has also ensured 
that many parts of the programme have already been 
planned without the advice it contains. 

Grassland is here defined as including grassland, dwarf 
shrub heaths and arid zone plant communities. The 
handbook is designed "for those individuals and institu- 
tions which require guidance on methods appropriate to 
these three community types", rather than to standardize 
"methods used at institutions already pursuing primary 
production studies”. 

The first two-thirds of the book describe methods for 
measuring the primary production of grassland communi- 
ties. Many of these methods are also appropriate to 
studies with the dwarf shrub and arid zone communities, 
of which distinctive features are considered in two shorter 
sections by C. H. Gimingham and G. R. Miller and by 
R. O. Slatyer. The terminology is first defined—this is 
common to all IBP programmes and publications— the 
main parameter used in these studies, net primary produc- 
tion, being defined as the increase in the biomass of a 
plant community, but including losses from shedding, 
decomposition and removal by secondary producers. This 
is followed by discussion of principles to be considered 
in selection of the study site, techniques of measurement by 
harvest and by non-harvest methods, methods of chemical 
analysis, reporting of results, a summary of advised 
procedures and a fairly extensive bibliography. Some 
specific recommendations are made, but in too many 
instances several references are cited, without a recom- 
mendation that one method should be adopted. Thus 
eight methods of determining root weights are noted; 
this may present little problem to the trained biologist, 
experienced in methodology, but the needs of tbe develop- 
ing biologist—and of standardization within the overall 
programme—might have been better met had a preferred 
method been stated. The discussion of principles should, 
however, assist biologists in deciding the relative impor- 
tance of measurements on different parts of the ecosystem. 
The accuracy of measurement of secondary production 
will generally be less than of primary production, so that 
it may be more useful to obtain extensive information 
on primary production at a reasonable level of precision 
than a small amount of very precise data. 

This handbook is too short to include detailed descrip- 
tions of techniques. This makes it of much less practical 
use than Bulletins 45 and 47 of the Commonwealth 
Bureau of Pastures and Field Crops; these bulletins also 
include the specific reecmmendations of techniques which 
are lacking -here. Paradoxically the recommendation 
that all results should be published in metric units is not 
adhered to in the figures in part three. 

W. F. RAYMOND 
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SYNTHESIS OF NUCLEIC ACIDS 


Synthetic Procedures in Nucleic Acid Chemistry 
Edited by W. Werner Zorbach and E. Stuart Tipson. 
Vol. 1: Preparation of Purines, Pyrknidines, Nucleo- 
sides, and Nucleotides. Pp. v4 57C. (Interscience 
(Wiley): New York and London. January 1968.) 1585. 
IN recent years, interest in the chemistry and bio- 
chemistry of nucleic acids has increased enormously. 
Many substituted or modified nucleosides have been 
shown to occur naturally in nucleic acics and the mech- 
anisms of synthesis of nucleic acids sre under active 
investigation. Much remains to be eiscovered about 
the biological functions of substituted nucleotides, the 
nature of the processes leading to the introduction of 
these substituents in nucleic acids and tae effects of such 
substitutions on the structure of nucleic acids. Analogues 
of purines and pyrimidines and of their nucleomdes and 
nucleotides are also of considerable value as model 
compounds which may be used to throw light on the 
structures of polynucleotides, on the nature of the inter- 
actions between one polynucleotide stranc.and another, and 
on the interactions between polynucleotkles and proteins. 
It is therefore particularly appropriate that a volume, 
eompiled with the object of gathermg together methods 
for the chemical synthesis of purines and pyrimidines 
and their analogues and derivatives, shouid have appeared 
at this time. Much of this information :s scattered very 
widely throughout the chemical and biochemical lit- 
erature and is not easily accessible. 

The volume is divided into sectious dealing with 
purines and analogues, pyrimidines and analogues, 
nucleosides, nucleotides and ohgonucleotides, and re- 
agents, intermediates and miuscellanesus compounds. 
A wide range of compounds is coverec and many dif. 
ferent types of synthetic procedure are included. The 
descriptions of the preparations are clear and concise, 
and references are given in nearly every instance to the 
sources of intermediates employed. 

The section on nucleotides contains deseriptions of 
the synthesis of a number of nucleotides and some oligo- 
nucleotides. The nucleotides selected tend to be of the 
more esoteric variety and it is unfortenate that there 
is not a sub-section dealing systemacically with the 
synthesis of the various isomerie ribonucleoside and 
deoxyribonucleoside monophosphates anc polyphosphates. 
It would also have been useful to incluce a rather fuller 
section on the synthesis of specifie oligonucleotides, 
because such compounds are of great interest at present 
and are likely to be of greater interest :n future, partic- 
ularly to biochemists. 

This will be a most useful book to many chemists and 
biochemists and it is to be hoped that. the editors will 
take steps to remedy, in subsequent volumes in this 
series, the omissions that have been menzioned. 

R. M. S, SMELLIE 





REVISION CHEMISTRY 


Principles of Chemistry 
By Sonia Dunstan. Pp. xi--493. Van Nostrand: 
London and Princeton, NJ, November 1968.) 758. 


'Tuis book represents the fruits of experience gained from 
lecturing, in the University of Manchester, to a group of 
undergraduates studying chemistry for one year as an 
ancillary requirement of honours courses iz general science, 
geology, zoology, botany, geography, psychology, medi- 
cine and liberal studies—-the students kaving had little 
or no previous experience of chemistry. The book does, 
however, differ from the course in that the latter spent 
about one-fifth of the available time on organic chemistry, 
whereas the book contains none explicrly and little or 
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none imphleitly-—thus making it unable, by itself, to 
satisfy the needs of biological and medical students. 

The subject matter is divided into sections on the 
structure of matter (176 pages) and the interactions of 
matter, the latter seetion being further subdivided into 


considerations of reactions and some princi pal types of 


reaction systems (128 pages), the properties and reactivity 
of the elements and their compounds (152 pages) and 
nuclear chemistry (19 pages)  'The material on the 
structure of matter is reasonably comprehensive at the 
elementary level, but a good deal of it is presented in 
rather too didaetie a manner: we are offered statements, 
sometimes of experimentally determined fact and some- 
times of hypothesis, rather than explanations. This 
is particularly apparent in the chapters dealng with 
electronic configuration and bonding; here a certain 
amount of didactic statement is admittedly inescapable, 
but students are left, for example, without a clear picture 
of what atomic orbitals actually are, and hybridization 
is introduced without any adequate explanation of why 
it is necessary. 

By contrast, the chapter on free energy and spontaneous 
change, rate and reversible equilibrium in chemical reac- 
tions is written so as to give the student a more imagina- 
tive insight into what determines the answers to those 
vital questions about a chemical reaction—how far, 
aud how fast? The systematie coverage of the elements 
and their compounds does not follow the usual organiza- 
tion by groups but divides the material up into electro- 
positive elements (metals), electronegative elements 
(non-metals), and metalloids, which works out reasonably 
well in practice, given that there is no intention of making 
the treatment exhaustive. Nevertheless the impression 
remains of too many statements and too few explanations; 
thereby making this a book more useful to the student 
for revision than for his first aequaintance with the subject. 

PETER SYKES 


RIPPLES IN THE SAND 


Current Ripples 

Their Relation to Patterns of Water and Sediment Motion. 
By John R. L. Allen. Pp. xiii--433. (North-Holland: 
Amsterdam, 1968.) 108 fl.; 252s; $30. 


THERE are nineteen chapters in this book. One of them 
deals with fluid flow for a variety of boundary shapes, 
and with the related grain transport. Another introduces 
ripple marks and gives a rather uneven treatment of some 
other migratory and depositional bodies of incoherent 
material, arranging them in size rather than in a more 
natural environmental sequence. The next indicates the 
various types of asymmetrical ripple marks, making use 
of a series of new descriptive terms. Tt usefully draws 
attention to the reality of two size populations of bedform, 
the ripple marks and sand waves of many authors. Cross 
stratification models are provided for idealized types of 
asymmetrieal forms and for some natural examples, and 
there is a short discussion on preservation. The sixth 
chapter gives a brief mention of their environmental 
distribution together with an extensive review of their 
possible origin and hydraulic limits. The remaining 
thirteen chapters, representing almost two-thirds of the 
book, are devoted to theoretical models of flow for various 
simple bed shapes and to numerous pretty demonstrations 
of the actual flow over plaster of paris models, showing 
that downstream of these models similar bed forms 
become moulded in loose granular materials. This work 
is followed by an extensive flume study of grain move- 
ment in the lee of crests. 

The book consists of two rather disparate parts, is 
needlessly long and is too expensive. It would have been 
more successful if the flow diagrams had been limited 
to those required to illustrate the main ripple types, 
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rather than demonstrating a continuum of variation. 
Similarly, there are far too many photographs of the 
plaster models —a few would serve to demonstrate the 
power of the method. The rest of the models, because of 
the diffieulty of photographing them adequately, tend to 
cast doubt on the author's interpretation. Many of the 
'ompound figures would be clearer if onl y one set of flow 
axes was shown. There are some minor misunderstand- 
ings in the text, particularly on the marine side. 

The geologist will find the first few chapters a valuable 
summary of much of the available information and there 
is a long list of up to date references with only a few 
notable gaps. He will find the book disappointing, 
however, as it does not really hel p him in interpreting 
the depositional environment of roeks of the geological 
past. A. H. Stripe 


OCEAN CURRENTS 


Ocean Currents 

By G. Neumann. (Elsevier Oceanography Series.) Pp. 
X14-352. (Elsevier: Amsterdam, London and New York, 
1968.) 150s. 


To the physical oceanographer, ocean currents are at the 
core of his subjeet. Besides representing one of the main 
responses of the oceans to the forces acting on them, water 
movements interact closely with the processes of heat and 
salt exchange and the distribution of nutrient substances 
and sedimentary material. They therefore extend into 
the fields of interest of the marine biologist and geologist, 
while their importance to marine technology, including 
navigation, fisheries and the exploitation of sea-bed 
resources, needs hardly be emphasized. By producing a 
textbook of ocean currents which is, at the same time, 
simple to understand, authoritative and up to date, 
Professor Neumann has performed a most valuable 
service, 

The author starts with a comprehensive but concise 
survey of methods of current measurement, ranging from 
pioneer achievements, such as those of Pillsbury in 
"Blake" in 1885-90, to recently developed teehniques 
including moored buoy systems. A major practical 
problem is presented by the essential variability in time 
and space of ocean currents and the need to choose appro- 
priate techniques for the purpose in hand. The most 
sophistieated instrument is not necessarily the most useful 
in à partieular investigation. Although the techniques 
of direct. measurement, have advanced greatly in recent 
years, it is still necessary to supplement them by indirect 
methods. These are also discussed briefly and put in 
their right perspective. The presentation of ocean cur- 
rents, which must vary with the purpose for which the 
information is required, is treated next. Examples are 
given of current charts designed for the n avigator and 
for the scientist, and this section ends with a condensed 
description of the major current systems of the world. 

Having described the broad scene, the author turns to 
the basic hydrodynamical background. The equations 
of motion are developed, including the Coriolis and 
frictional terms and the concepts of circulation and 
vorticity. There is little seope for originality here, but the 
material is well presented, with the ideas being carefully 
explained and the mathematics kept as simple as possible. 
The author then deals systematically with the major 
types of ocean currents—geostrophie, inertia, circular, 
currents affected by friction and wind-driven currents in a 
homogeneous and in a non-homogeneous ocean. In each 
case the basic theory is given first, then its application 
to actual currents is described, and finally there is a brief 
indication of recent developments. The study of individ- 
ual types of currents leads on to that of the circulation of 
the oceans. The pioneer work in this field was that of V. W. 
Ekman from 1902 onwards, and Neumann shows clearly 
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the remarkable insight of his work, which contained the 
seeds of most of the more recent developments. To say 
this is not to deery the achievements of later researchers 
who have used techniques of mathematical analysis or 
numerical solution which were not formerly avaiable. 
Further progress must depend largely on a better under- 
standing of the processes acting at the air-sea interface 
and of turbulence within the ocean. The last section 
deals with the special features of particular current 
systems. The discussion of the equatorial system includes 
a good account of our present knowledge of the equatorial 
undercurrents in all three oceans. A similar treatment 18 
given of western and eastern boundary currents and of the 
Antarctice cireumpolar current. The book ends with a 
comprehensive list of references and a good index. It is 
to be thoroughly recommended as a textbook for the 
student of physical oceanography, as an introduction 
to more advanced dynamical treatments or as a reference 
book for other marine scientists. K. F. BOWDEN 


MASERS AND LASERS 


Solid-State Masers 

By E. B. Tucker. (Sohd-State Physics.) 
(Routledge and Kegan Paul: London; 
York, January 1969.) 8s. 


Masers and lasers have become such well known objects 
that the physical basis for their operation will be of 
interest to a far wider range of people than the specialist 
alone. Most physicists, either at undergraduate or re- 
search level, and many engineers and chemists, will be 
glad of the opportunity to read a brief survey of the 
subject, and this book satisfies just this requirement. 

Whilst being careful not to weigh the reader down with 
unnecessary mathematics, the author has presented the 
physies of the maser in à way that brings out the logie 
of the system and the physical principles on which it is 
based. Such concepts as Planck’s distribution law for 
the mean energy of an oscillator and the transition rates 
between states in a three level system are treated in just 
sufficient detail to allow someone with a modicum of 
university physics to understand the reasons for their 
being meluded. 

About half the book is concerned with the background 
physics required for understanding maser action, including 
the properties of radiation, amplifiers and noise. The 
starting points are Maxwell’s equations and a few elements 
of quantum theory. A clear description of the methods 
of inversion used in lasers is followed by a discussion of a 
few practical examples of solid state masers, and the book 
is rounded off with some general properties of masers. 

Although the book fails to reach one hundred pages, 
and may contain rather too much introductory physics 
for the more advanced physicist, there cannot be many 
scientists who would regret spending eight shillings for 
this monograph. The style of the writing will appeal to 
those who prefer a direct approach rather than a colourful 
one, although there are one or two places where the 
directness does appear a little jerky. A. MILLINGTON 


XH + 96. 
New 


Pp. 
Dover: 


GROUNDING IN NUCLEAR PHYSICS 


Nuclear Physics 
An Introduction. By Haro Von Buttlar. Translated 
from the German by Fernando B. Morinigo. Pp. xii 4- 547. 
(Academie Press: New York and London, November 
1968.) 135s 4d. 


THE intention of the author is to "present the funda. 
mentals of nuclear physies by means which are not beyond 
the grasp of undergraduate students . . .". In this 
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particular ease, this statement must be taxen to mplv a 
more limited scope than might be found 13 less thorough 
texts. The author aims to give a fairly complete, detailed, 
theoretical treatment of each topic at a moderately 
elementary level. Quite clearly, it 1s not possible to do 
justice in this way to some topies, but it remains arguable 
just how far this concern for detail shoulé be allowed to 
dietate the choice of subject matter. For example, an 
excellent account of 8-decay is given, bet the non.-eon- 
servation of parity in weak interactions i« relegated to a 
brief, albeit lucid, discussion. It would sem preferable, 
in an introductory text, to give, in addition to the 
detailed treatments, extended qualitative discussions of 
the more important but difficult topics so : hat the student 
reader does not lose the correct balance in the overall 
broader picture of the subject. A related point, but of 
minor concern, is that no experimental details are in- 
cluded. Perhaps some indication of the theoretical bias 
could have been given in the title. 

The arrangement of the book is straightforward 
and logical, The first part does not assume any know- 
ledge of quantum mechanics, and starts with a review 
of the classical mechanics of collision aad central force 
problems. It then goes on to deal with various topics, 
for example, mass defects, Q-equations. which can be 
given an adequate discussion at an eementary level 
without resort to quantum mechanics. The second part 
deals with the basic wave mechanics, and the final section 
applies ro nuclear reactions and the properties of nuclei 

The suecess of the book must surely rest with the 
excellent manner in which the student :s taken step by 
step through the derivations of many important formulae 
and the careful way in which the implications of the 
various theoretical models are discussed. It is done with 
as few breaks in the logie as possible, and where difficult 
steps, which cannot be covered in full, arise, adequate 
references to the relevant literature ere given. The 
result is a self-contained textbook whics covers meticu- 
lously and clearly much of the groundwork of nuclear 
physics. Joen M. TITMAN 





Correspondence 


Mr Benn's Parish 


SIR,—We must challenge a sweeping stacement in Nature 
concerning the Concorde project. The leading editorial 
"Mr. Benn's Parish" (221, 297; 1969) states: “Even if, 
as every body hopes, the outcome is a successful commercial 
aircraft, there is very little hope that the full cost of 
dev elopment will be recovered in sales". With the latter 
half of the sentence we are happy to agree; but it is our 
own hope that the Concorde will not be “a successful 
commercial aircraft" 

We are not Anglophobes or Francophobes; we, and 
similar European groups’, oppose impartially all commer- 
cial supersonic transport projects, including especially the 
projected American Boeing SST. We oppose therm 
because, if successful, they will contamanate the human 
environment with a new form of noise pollution whieh will 
be exceedingly unpleasant to most pecole and virtually 
intolerable to many. Recently an expert in the field, Dr 
Karl D. Kryter, has analysed the extens:ve available data 
on human response to sonic booms from supersonic 
transport (Science, 163, 359; 1969). He asks (p. 362), “Will 
the population of the United States ‘par’ the price ‘of the 
annoyance and discomfort of being exposed to the booms 
from the regular operation of planned SSTs?” and he 
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concludes from extensive evidence that the answer 
appears to be a definite "no"; indeed that "no data can 
be found to suggest that any other conclusion is possible". 
You are aware of the passionate protests, which led some- 
times to legal action, by people living in the immediate 
vicinity of London Airport, who suffered from the noise of 
jet planes. Imagine such protests, spread throughout most 
of the entire population of Great Britain, and you can 
picture the consequences of a regular programme of 
supersonie flights over populated areas. For the detailed 
evidence one must refer to Kryter's article, and to the 
reports he cites. He emphasizes that his conclusions are 
based on objeetive data concerning human response to 
sonic booms, and do not lean in any way on "humanitarian 
conjectures” regarding the effeets of sonic booms on human 
health and wellbeing. 

A full fledged programme of commercial supersonic 
fights across the United States, as formerly envisaged, 
would also lead to extensive property damage, estimated 
by Kryter from the available data, on damage claims due 
to sonic booms from military planes, as amounting to 40 
to 80 million dollars per year. Our own estimates* from 
the same data would run several times as high as this. In 
any case the anticipated damage would be substantial, for 
both the Concorde and the American SST will produce 
booms with substantially higher overpressures than the 
military planes used in the tests. 

Concerning the Concorde, your editorial states “it 
would, of course, be foolish to cancel the programme of 
development-—the objective should be to get back as much 
as possible of the money which has been spent". We 
suggest that it might be wiser to write off the money spent 
as the eost of a useful lesson from bitter experience. 

Many of the developments of technology in our time 
yield short term benefits while they degrade the total 
human environment, polluting water and air, and threaten- 
ing the quality of life for future generations. In November 
1968 a special study group of experts reported to the US 
Secretary of the Interior on “Noise and the Sonic Boom in 
Relation to Man". They pointed out that "every new 
technology carries its own adverse effeets and these must 
receive attention equal to the technology itself. . . . Usually 
the publie which reaps the benefits from a decision is 
different from the public which suffers the adversities. 
The decision-making should recognize both publics by 
providing for continuing work on both sides of the 
question, not at some distant time in the future but right 
from the moment of decision." 

We hope that in future Nature may consider new 
technological proposals in this broader spirit, and not talk 
merely in terms of "getting back as much as possible of 
the money which has been spent". In the particular case 
of the Concorde, or of the American SST, a really critical 
appraisal of its commercial prospects alone might well 
have been enough to kill the project. In other possible 
technological developments, however, the immediate 
financial returns to the developers may well be very 
attractive, while the long term effects on the total human 
environment might be most deleterious. We trust that 
Nature, with its 1mmense influence in the scientifie world, 
will in future consider such projects in their broad im- 
plications for the human community in general. 


Yours faithfully, 


WILLIAM A. SHURCLIFFE 
Joux T. EpbsaALL 


Citizens League Against the Sonie Boom, 

19, Appleton Street, 

Cambridge, 

Massachusetts, 02138. 

1CDhe Anti-Concorde Project, 70 Lytton Ave., Letchworth, Herts, England. 


2 Shureliff, W. A., “SST and Sonic Boom Handbook” (Citizens League Against 
the Sonie Boom, 1968). 
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New Constitution for British Physicists 


SIR, — The recent article in Nature (220, 952; 1968) on the 
Institute of Physies and the Physical Society has drawn 
attention to the fact that many of the members are dis- 
content with the proposed changes in the structure of the 
institute and society which are associated with the applica- 
tion for a Royal Charter. Professor Blackman’s letter in 
Nature (221, 105; 1969) has given details of the reasons 
for the disquiet felt by fellows of the Physical Society, and 
I would like to draw attention to à matter which is of no 
less concern to licentiates of the Institute of Physies. 

The proposed membership changes which accompany 
the application for a Royal Charter will have the effect of 
depriving licentiates of their existing right to the use of an 
abbreviated designation of their grade. For licentiates, 
who have the right to use "L.Inst.P." are to become 
associates who will have no right to the use of an 
abbreviated designation. I consider that this is an 
unjustified reduction of status, and British physicists 
should clearly understand that the "intangible" advant- 
ages of a Royal Charter are being sought at the expense of 
a real deprivation to licentiates. 


Yours faithfully, 
G. WEST 


25, Valley Crescent, 
Wokingham, 
Berkshire. 


€———————— PHÁP 


Appointments 


Professor Dan Lewis, University College London, has 
been appointed a member of the University Grants 
Committee. 


Announcements 


The David Anderson-Berry Silver-Gilt Medal, to- 
gether with an award of not less than £100, is to be 
presented by the Council of the Royal Society of Edin- 
burgh during 1969 in recognition of recent work on the 
effects of X-rays and other forms of radiation on living 
tissues. Further information can be obtained from the 
General Secretary, Royal Society of Edinburgh, 22-24 


George Street, Edinburgh 2, Scotland. 


CORRIGENDUM. In the book review by G. H. Williams 
entitled “Radical Ion Chemistry” (Nature, 221, 494; 
1969) the first sentence of the third paragraph should 
read “The topics reviewed are : electron spin densities and 
their determination (James R. Bolton); metal ketyls 
and related radical ions including a discussion of the ion 
pair equilibria in which these species are involved (Noboru 
Hirota); semidione radical ions (Glen A. Russell); the 
e.s.r. spectra of radical cations, with a short section on the 
preparation of these species (Gershon Vincow); .. .° 


Erratum. In the article “Sex Determination Hecon- 
sidered” (Nature, 221, 410; 1969) "grandes hypotheses" 
should be “groundless hypotheses". 


Erratum. In the article “Origins of Natural Gas and 
Petroleum" by W. G. Meinschein, Yaron M. Sternberg 
and Ronald W. Klusman (Nature, 220, 1185; 1968), the 
following corrections are necessary: (1) page 1185, 
column 2, last line should read: *'. .. elements to form gas 
accumulations, and some gases, ... °; (2) page 1186, 
column 2, line 7 should read: “ .. . lines, y, equals the 
concentrations of methane normalized to methane equal 
to 100 per cent and y and . . . "; (3) page 1187, Fig. 3, 
eurves A(a) and A(b) each should be shifted vertically 
until the upper end of each curve intersects the left 
Y-axis at 100, thereby normalizing methane to 100 
per cent. 
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International Meetings 


March 18-20, Science Abstracting and Indexing 
Services, North Carolina (National Federation of Science 
Abstracting and Indexing Services, 2102 Arch Street, 
Philadelphia, Pennsylvania 19103, USA). 


March 27-29, Education in the Health-Related Pro- 
fessions, New York (Jean Fitzpatrick, The New York 
Academy of Sciences, 2 East 63 Street, New York, NY 
10021). 


April 21-25, Switching Techniques for Telecom- 


munications Networks, London (The Institution of 


Electrical Engineers, Conference Department, Savoy 


Place, London WC2). 

May 2-3, The Laser, New York (Jean Fitzpatriek, The 
New York Academy of Sciences, 2 East 63 Street, New 
York, NY 10021). 

May 16-17, The Nature and Function of Peroxisomes, 
New York (Jean Fitzpatrick, The New York Academy of 
Sciences, 2 East 63 Street, New York, NY 10021). 

July 7-18, Environmental Effects on Antenna Per- 
formance, Colorado (Professor S. A. Maley, Electrical 
Engineering Department, University of Colorado, Boulder, 
Colorado 80302, USA). 

September 9-12, Non-linear Optics, Belfast (The Meet- 
ings Officer, The Institute of Physics and The Physical 
Society, 47 Belgrave Square, London SW1). 

September 17-19, High Magnetic Fields and their 
Applications, Nottingham (The Meetings Officer, The 
Institute of Physics and The Physical Society, 47 Belgrave 
Square, London SW1). 

September 21-25, Comparative Leukemia Research, 
New Jersey (Dr Ray M. Dutcher, General Chairman, 
School of Veterinary Medicine, University of Pennsyl- 
vania, New Bolton Center, Kennett Square, Penna., 
19348, USA, or Dr Hans J. Bendixen, Secretary of the 
World Committee for Comparative Leukemia Research, 
Statens Vet. Serumlab., Howitzvej 11, Copenhagen F.. 
Denmark). 

September 21-28, Neurology, New York (Pearce Bailey, 
Secretary—Treasurer, World Federation of Neurology. c/o 
NINDB, Bercham-Antwerp, Belgium). 


September 22-26, Tribology in Iron and Steel Works, 
London (Iron and Steel Institute, 4 Grosvenor Gardens, 
London SW1). 


September 22-27, Electrochemical Thermodynamics 
and Kinetics, Strasbourg (Dr H. Tannenberger, c/o 
Institut Battelle, Centre de Recherche de Geneva, 7, 
Route de Drize, 1227 Carouge-Geneve, Switzerland). 


September 23-25, World Airports, UK (The Institution 
of Civil Engineers, Great George Street, London SW). 
September 23-25, Filtration Society, London (W. G. 
Norris, Hon. Secretary, The Filtration Society, 1 Katherine 
Street, Croydon, UK). 

September 23-26, Filtration and Separation, London 
(Miss Maureen Duck, Pressaids, Ltd, 5 New Bridge Street, 
London EC4). 

September 23-26, Dust Control and Air Cleaning, 
London (Miss Betty Skewes, Pressaids, Ltd, 5 New Bridge 
Street, London EC4). 

September 24-26, Micrographic Congress Meeting, 
Frankfurt am Main (Carl E. Nelson, Executive Secretary, 
13388 Hammons Av., Saratoga, California 95070, USA). 
September 24-26, Nuclear Structure and Elementary 
Particle Physics, Brighton (The Meetings Officer, The 
Institute of Physics and The Physical Society, 47 Belgrave 
Square, London SW. 


BRITISH DIARY 


Monday, February 17 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Plate, London, WC2), 

at 5.30 p.m.—Mr G, C. Eltenton: "Brain Efficiency versus Educational 
inefficiency”. 
UNIVERSITY OF LONDON (in the Anatomy Lecture Theatre, University 
College London, Gower Street, London, WC1), at 2.30 p.m.--Professor 
R. Ceppellini (Turin): "Genetic Control Over Antibody Structure" (further 
lectures on February 15 and 19). 


_ ROYALSOCIETY OF ARTS (at John Adam Street, Loncon, WC2), at 6 p.m. 
Sir Eric Richardson: "Education in a Technologically Based Society" (first 
of three Cantor Lectures on "Technology in Education”). 


, SCIENCE OF SCIENCE FOUNDATION, MEDICAL COMMITTEE (at the Hospital 
Centre, Nutford Place, London, Wi), at 6.150 p.mr— Dr Peter Draper: 
"Possible Changes in the Organization of Medical Care". 


Tuesday, February 18 


SOCIETY OF CHEMICAL INDUSTRY, AGRICULTURE €ROUP AND PHYSICO- 
CHEMICAL AND BIOPHYSICAL PANEL (Pesticides Greup) (at 14 Belgrave 
m London, SW1), at 10 a.m.--3ymposium on ‘Diffusion from Sail to 
Plant", 

_ UNIVERSITY OF LONDON (at the London School of Esonomics and Political 
Science, London, WEZ), at 5 p.m.— Professor Peter Baggett: "Alternative 
Models of Geographic Space”. 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WEBI, 
at 5.30 p.m.—Mr W. N. Sproson: “The Specification and Testing of Lenses 
for Television Applications"; Mr W. A. Woodley: “CeT Resolution Mensur- 
ing Techniques”. 

UNIVERSITY OF LONDON (at the Institute of Child Esolth, Guilford Street, 
London, WEI, at 2.30 p.m.—-Professor J. Hardwicke: ‘Proteinuria’ 
{twelfth of sixteen lectures on “The Scientific Basis co Medicine” organized 
by the British Postgraduate Medical Federation). 


_ University OF LONDON (in the Anatomy Lecture Theatre, University 
College London, Gower Street, London, WC1), at 5,50. p.m. Professor R. 
Ceppellini: "Genetics of Tissue Transplantation in Man”. 


INSTITUTION OF ELECTRONIC AND RADIO ENGINEERS, INSTRUMENTATION 
AND CONTROL GROUP (at 9 Bedford Square, Londom, WCI) at 6 p.i- 
Mr G. P, Rigby and Mr M. Hilton: "Instrumentatiow and Control in Fioat 
Glass Manufacture", 

UNIVERSITY OF LONDON (at University College bondon, Gower Street, 
London, WC1), at 6.36 p.m.— Dr A. Oppenheim: “Behavioural Approaches 
to the Study of Conflict" (sixth of nine University <xtension Lechures on 
“Conflict Research and International Studies--a Scientific Approach’) 





Wednesday, February 19 


ROYAL INSTITUTION, HISTORY OP SCIENCE Discussion GROUP (ai 2] 
Albemarle Street, London, WI), at 1 p.m.—Dr F. A, 3. Ward: “Bird Flight 
and Radar—a Service of Physics to Zoology". 


East MALLING RESEARCH STATION (at Wye Collegz, near Ashford, Kent), 
at 2.30 p.m.— Professor R. L. Wain, FRS: "Chesiicals, Fruit and the 
Future" (22nd Amos Memorial Lecture). 


SOCIETY FOR ANALYTICAL CHEMISTRY, EAST ANGLiA SECTION (at Bakelite 
Xylonite, Ltd., Lawford Place, Manningtree, Essex). at 2.30 p.m.-—Meeting 
on “The Analysis of Plastics Formulations’, 


GEOLOGICAL Socrety OF LONDON (at Burlingfon House, Piecadilly, 
London, Wi), at 5b p.m.—Dr P. A. Sabine: "The Seven Stones Granite 
between Land's End and the Scilly Isles” (demonstration); Dr P. Wallace: 
“The Sedimentology and Palaeoecology of the Deronlan of the Ferques 
Taler, Northern France"; Dr R. G, Park: "The Structural Evolution of 
the Tollie Antiform—a Geometrically Complex Fold on the Lewisian North- 
East of Gairloch, Ross-shire’. 


ROYAL METEOROLOGICAL SOCIETY (at 49 Cromwel! Road, London, SW), 
at 5 p.m.—Mr D. G. Vincent: "Mean Meridional Cireulation in the Northern 
Hemisphere Lower Atmosphere During 1964 and 19€; Mr A. J. Dyer and 
Mr B. B. Hicks: "Global Spread of Volcanic Dust from the Bali Eruption of 
1863": Mr R. J. Murgatroyd: “A Note on the Coriributions of Mean and 
Eddy Terms of the Momentum and Heat Balances f the Troposphere and 
Lower Stratosphere”. 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
at 5.30 p.m.— Brigadier R. A. Lindsell and Dr W. R. & Davidson: "Electrical 
Power for the Army in the Field". 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
at 5.30 p.m. — Dr A, C. Constantides: "Digital Filters”, 


MENTAL HEALTH RESEARCH FUND (at the Mideélesex Hospital Medical 
School, Cleveland Street, London, Wi» at 5.30 pem. Professor Paul E. 
Polani: "Chromosome Abnormalities in. Mental Estardation and Mental 
Disorder”, 


UNIVERSIty OF LONDON (at the Institute of Psychiatry, Denmark Hil, 
London, 8E5), at 5.30 p.m.—Dr P. H. Connell: “The Management of Heroin 
Addiction". 

UNIVERSITY OF LONDON (in the Anatomy Leetore Theatre, University 
College London, Gower Street, London, WC1), at 30 p.m.--Professor R. 
Ceppellini: ‘‘The Genetica of Mental Trait”. 


INSTITUTION OF ELECTRONIC AND RADIO ENGINEERS, COMMUNICATIONS 
GROUP (at 9 Bedford Square, London, WC1), at 6 *.m.-—Mr E. T. Wilson: 
“New Approach to HF Receiver Design". 


SOCIETY OF ENVIRONMENTAL ENGINEERS, PaCZzaGING GROUP (in ihe 
Mechanical Engineering Department, Imperial Co^ege, London, SWT), at 
6 p.m.—Mr F. B. Blader and Mr K., D. Ridler: “Errors in the Use of the 
Simple Shock Spectrum in Packaging". 

PHARMACEUTICAL SOCIETY OF GREAT BRITAIN (a£17 Bloomsbury Square, 
London, WC1), at 7 p.m.—Mr A. D. Thornton-Jones: “The Changeover to 
the Metric System'', 

SOCIETY FOR ANALYTICAL CHEMISTRY, MIDLANDS SECTION; and ROYAL 
INSTITUTE OF CHEMISTRY, MIDLANDS SECTION (at the North Staffordshire 
College of Technology, Stoke-on-Trent), at. 7.30 p.z,— Dr G. F. Eeynolda: 
“Techniques in Electrophoresis". 
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Wednesday, February |9— Thursday, February 20 


INSTITUTION OF MECHANICAL ENGINEERS, TRIBOLOGY GROUP AND RAIL- 
WAY ENGINEERING GROUP (at 1 Birdcage Walk, London, SW1)—Symposium 
on “Tribology in Railways". 


Wednesday, February 19—Friday, February 21 


.SOCIETY OF CHEMICAL INDUSTRY, MICROBIOLOGY GROUP (at the Micro- 
biological Research Establishment, Porton, Salisbury, Wilts.)— Symposium 
on “The Development of Viral Vaecines''. 


Thursday, February 20 


UNIVERSITY OF LONDON (in the Anatomy Lecture Theatre, University 
College London, Gower Street, London, WE€1), at 1.20 p.m.—Mr D. J. 
Foskett: “Libraries, Information, and Scientific Creativity: I, The General 
Problem”. 


INSTITUTION OF MECHANICAL ENGINEERS, [INTERNAL COMBUSTION ENGINES 
GROUP: and the DIESEL ENGINEERS AND UsERS ASSOCIATION (at the Insti- 
tute of Marine Engineers, 76 Mark Lane, London, EC3) at 2.30 p.m.-- Meeting 
on "Air Cooled Diesel Engines", 


ROYAL SOCIETY (at 6 Carlton House Terrace, London, SW 1), at 4.30 p.n -—- 
Sir Peter Medawar, FRS: "Immunosuppressive Agents, especially Anti- 


Iv mphocytie Serum" (Review Lecture). 


INSTITUTION OF MINING AND METALLURGY (at the Geological Society, 
Burlington House, Piccadilly, London, W1), at 8 p.m.--Mr K. J. Scott: 
“Theory of Thickening-—Factors Affecting Settling Rate of Solids in Floceu- 
lated Pulps"; Mr D. F. Kelsall, Dr P. S. B. Stewart and Dr R. J. Reid: 
“Conformation of a Dynamic Model of Closed-Cirenit Grinding with a Wet 
Ball-Mill"; Professor M. M. Cole, Dr D. M. J. Provan and Dr J. 8. Tooma: 
"Geobotany, Biogeochemistry and Geochemistry in Mineral Exploration in 
the Bulman-Waimuna Springs Area, Northern Territory, Australia". 


LINNEAN SOCIETY OF LONDON (at Burlington House, Piccadilly, London, 
Wi), at 5 p.m.—Dr W. D. Clayton: "Some Aspects of the Classification of the 
Genus Hyparrhenia”; Mr E. G. H. Oliver: “The Genus Erica (the Heaths) 
in South Africa’, 

UNIVERSITY OF LONDON (at the Institute of Child Health, Guilford Street, 
London, WC1), at 5.30 p.m.—Professor D. A. K. Black: "Immunosu ppressive 
Agents in Protein-Losing Nephritis" (thirteenth of sixteen lectures on “The 
Scientific Basis of Medicine" organized by the British Postgraduate Medical 
Federation). 


SOCIETY OF CHEMICAL INDUSTRY, ROAD AND BUILDING MATERIALS GROUP 
(at 14 Belgrave Square, London, SWIi), at 6 p.m.—Mr D. H. Mathews and 
Mr G. D. Goodaall: "Sampling of Road Surfacing Materials", 


ROYAL SOCIETY OF TROPICAL MEDICINE AND HYGIENE (at Manson House, 
26 Portland Place, London, W1), at 7.30 p.m.-—Professor G. A. Martini, 
Dr D. I. H. Simpson and Dr I. Zlotnik: “Vervet Monkey Disease", followed 
by a discussion. 

UNIVERSITY OF LONDON (at Wye College, Wye, near Ashford, Kent), at 
8.15 p.m.--Professor Sir Vincent Wigglesworth, FRS: "Insect. Hormones 
and Pest Control", 


Thursday, February 20—Friday, February 21 


BIOCHEMICAL SOCIETY; and the ASSOCIATION OF CLINICAL BIOCHEMISTS 
(at the Institute of Child Health, Guilford Street, London. WU1)--Scien- 
tific Papers; Symposium on ‘Paediatric Clinical Chemistry"; Meeting on 
“The Developing Brain" (at the Institute of Neurology); Colloquium on 
"Steroid Metabolism in the Foetus, Neonate and Immature Animals". 


Friday, February 21 


UNIVERSITY OF LONDON (at the Royal Postgraduate Medical School, Du 
Cane Road, London, W12), at 10.15 a.m.—Symposium on "Immunology in 
Surgery". 

ROYAL INSTITUTION, PHOTOCHEMISTRY Discussion GROUP (at 21 Albe- 
marle Street, London, W1), at 1 p.m.— Dr E. Pitts: “Collision Parameters in 
the Theory of Diffusion Controlled Reactions’, 

INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), at 
5.80 p.m.—Mr B. J. Cory and Dr J. P. Norton: "Control Systems Stability 
in Multi-Terminal hvdc Systems". 

INSTITUTION OF ELECTRICAL ENGINEERS (joint meeting with the Medical 
Working Party of the I. Mech. E., at Savoy Place, London, WC2), at 5.30 p.m. 
— Meeting on “An Interpretation of Recent Findings in the Feedback 
Control of Musceles"'. 

SOCIETY FOR ANALYTICAL CHEMISTRY, WESTERN SECTION (at the George 
Hotel, Chepstow), at 6.30 p.m.-—Mr D. €. M. Squirrell: "Automatic Methods 
in Analysis". 

SOCIETY OF CHEMICAL INDUSTRY, FINE CHEMICALS GROUP (at 14 Belgrave 
Square, London, SW1), at 6.30 p.mi— Professor C. W. Rees: “Recent 
Advances in Heterocyclic Chemistry”. 


HOW TO BUY NATURE 
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The direct postal price per subscription for one copy of NATURE 
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ROYAL INSTITUTION (at 21 Albemarle Street, London, WI), at 9 p.m.— 
Mr Cecil King: "Extra-Sensory Perception", 


Saturday, February 22 


SOCIETY FOR ANALYTICAL CHEMISTRY, NORTH OF ENGLAND SECTION (ab 
the City Laboratories, Mount Pleasant, Liverpool), at 2.30 p.m.— Dr David 
Weyl: “The Application of Newer Techniques in the Analysis of Food 
Flavours”, 


INNER LONDON EDUCATION Atrsoriry (at the Horniman Museum, 
London Road, Forest Hill, London, SE23) at 3.30 p.m.—Mrs Frances 
Perry: "Wild Life of the Galapagos Islands" (with slides). 


Monday, February 24 


, UNIVERSITY COLLEGE LONDON (in the Physiology Theatre, Gower Street, 
London, WC1), at 5 p.m.-— Professor Eraldo Antonini (University of Rome): 
“The Reactions of Myoglobin and Haemoglobin with Ligands" (further 
lecture on February 27), 


UNIVERSITY OF LONDON (at the School of Oriental and African Studies, 
London, WC1), at 5.30 p.m.— Professor Peter Schóler (Ruhr): “Urban 
Change in Japan: I. The Modern Japanese City”. 


UNIVERSITY OF LONDON (in the Anatomy Lecture Theatre, University 
College London, Gower Street, London, WC1), at 5.30 p.m.—~-Professor RB, 
Weill (University of Bordeaux): "Some New Investigations on Coelenterate 
Nematocysts” (further lecture on February 25). 


INSTITUTION. OF MECHANICAL ENGINEERS. EDUCATION AND TRAINING 
GROUP (at 1 Birdcage Walk, London, SWI) af 6 p.m.— Discussion meeting 
on "Modern Practice in the Teaching of Properties of Materials”, 


. ROYAL SOCIETY OF Arts (at John Adam Street, London, WC2), at 6 p.m.— 
Professor W, H. G. Armytage: "New Objectives in Scientific Education” 
(second of three Cantor Lectures on "Technology in Education’). 


INSTITUTION OF THE RUBBER INDUSTRY, MANCHESTER SECTION (at the 
University of Manchester Institute of Science and Technology, Sackville 
Street, Manchester), at 6.45 p.m.—Mr K. J. Turk and Mr R. G. Sheppard: 
"Injection and Transfer Moulding Machinery", 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and ireland 


Imperial College of Science and Technology. Sixty-first Annual Report of 
the Governing Body 1987-68, Pp. vi- 166, (London: Imperial College, 
University of London, 1968.) [131 

Bulletin of the British Museum (Natural History). Entomology, Supple- 
ment 18: Morphology and Taxonomy of the Adult Males of the Families 
Pseudococcidae and Eriocoecidae (Homoptera:  Coecoidea) By S. A. 
e Pp. 210. (London: British Museum (Natural History), SL 

GOs, 131 

Ambassade de France, Service de Presse et d'Information. The French 
Aerospace Industry. Pp.31. (London: Ambassade de France, 1968.) [131 

Ministry of Technology, Department of Education and Science. Statistics 
of oe and Technology. Pp. vil+113. (London: H.M. Stationery Office.) 
228. net. 

The Collection of Residue Data. (A Report by the Advisory Committee 
on Pesticides and Other Toxic Chemicals covering a Report by its Working 
Party on the Collection of Residue Data.) Pp. v 42. (London: R.M. Sta- 
tionery Office.) 4s. 6d. net. [131 

BBC Engineering Monograph No, 75: Pulse-Code Modulation for High- 
Quality Sound-Signal Distribution. By D. E. L. Shorter, J. R. Chew, D. 
Howorth and J. R, Sanders. Pp. 18. (London: BBC, 1968.3 5s, [131 


Other Countries 


Australia: Commonwealth Scientific and Industrial Research Organization. 
Soil Mechanics—Researeh Report 1968. Pp. 24.. (Mount Waverley, Victoria: 
Division of Soil Mechanics, CSIRO, 1969.) [161 

National Institute of Genetics, Japan. Annual Report, No. 18, 1967. 
Pp. vi--148. (Misima, Sizuoka-ken: National Institute of Genetics, 
1968.) [171 

United States Armed Forces Information Service, Drug Abuse-—Game 


Without Winners: a Basic Handbook for Commanders. Pp. iii-- 72. (Wash- 
ington, D.C.: Government Printing Office, 1968.) 80.50, [171 


World Health Organization. Technical Report Series, No. 406: Research 
into Environmental Pollution-—Report of Five WHO Scientific Groups. 
Pp.83. (Geneva: World Health Organization; London: H.M. Stationery 
Office, 1968.) 4Sw. francs; 8s.: $1.25. [1 

Organization for Economie Cooperation and Development, Tenth 
Activity Report of the European Nuclear Energy Ageney. Pp. 91, (Paris: 
OECD, European Nuclear Energy Agency, 1060.) [171 
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No more difficult manipulations 
in color photomicrography 
with Olympus Photomax 

































Color photography isn't easy, even for a 
professional cameraman. in the case of 
photomicrography it's even more difficult. 
However, the Olympus Photomax has now 
eliminated all the difficult manipulations in 
photomicrography. The setting of shutter 
speeds, compensation according to the fiim 
characteristics and minute adjustment of 
exposure are all automatically controlled. 
There is no fear of getting a red-tinted or 
Dlue.tinted color photograph. The color 
temperatures for the various films are ad- 
justed with the filter and meter. And so all you 
have to do is just press the shutter release button. 
The Photomax, a biological 
microscope, also has the fob 
lowing features: a built-in sub- 
stage Koehler illuminator. coax 
ial controls for smooth focusing 
and stage movements. wide-field, 
high-eyepoint 10x eyepieces with diopter 
adjustment, and a built-in magnification 
changer: lx, 1.2, L4x and 1.8x that gives 
the five standard objectives a magnification range 
from 28x to 1260« for photography, 40x to 
2700x for visual observation. You can 
now fully devote yourself to research 
instead of having to first become a 
professional cameraman. Photomax guar- 
antees you perfect color photographs... with 
almost no trouble. Olympus is Japan's leading 
integrated optics manufacturer that produces cam- 
eras, microscopes, optical measuring apparatus, 
medical instruments and lasers. 


Olympus Photomax 


Auto-exposure recording photo-microscope 





Phone: 01.247 3211 | 





Phone: 243358 METALLURGICAL SERVICES LABORATORIES LTD. (Agent for Metallugical Micrascege in 
England) Reliant Works, Betchworth, Surrey Phone: Betchworth 2364 A, GALLENKAME & CO., LTD. (Agent 


i 

| 

Olympus Europe Office) 2, Hamburg 1, Steindamm 105, West Germany | 

i 

for Biological Microscope in England) P. 0. Box 290. Technico House, ChristophegStreet, London, E.C. 2| 
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Classified Advertisements 


All copy is subject to the approval of the Pub- 
lishers, who retain the right to refuse or 
withdraw advertisements at their discretion, 
The Publishers will not be liable for any loss 
occasioned by the failure of any advertisement 
to appear from any cause whatever, nor do 
they accept liability for printers’ errors, 
although every care is taken to avoid mistakes. 
Semi-displayed £6 per single column inch, 
Minimum £3, each additional l/I2th of an inch 
lOs. Full page £158, Half page across £80. 
Colour (orange) £20 extra. 2/6 is charged 
for the re-direction of replies to advertise- 
ments with a box number, 

ADVERTISEMENTS SHOULD BE ADDRESSED 
TO: T. G., Scott and Son, Limited, | Clement's 
inn, Strand, London, W.C.2. Telephone: 
co 4743, Telegrams: Textualist, London, 





APPOINTMENTS VACANT 





POSTDOCTORATE POSITIONS IN 
PHYSICS 
QUEEN'S UNIVERSITY 
KINGSTON, ONTARIO, CANADA 


Research. and Teaching Assistantships are avail- 
able to postgraduate students, both theoretical 
and experimental, in the fields of solid state 
physics, nuclear physics, and radio astronomy. 
Special experimental facilities include: — equip- 
ment for ultra high vacuum, magnetic resonance, 
microwave spectroscopy, luminescence studies, 
and for electron structure studies of metals by 
positron annihilation: a 3-MV Van de Graaff 
positive-jon accelerator, and use of the MP 
Tandem at Chalk River ; a 60-ft. radio-telescope, 
and use of the  150-ft. radio telescope at 
Algonquin Park. Financial assistance in a com- 
bination of Scholarships and Teaching and Re- 
Search  Assistantships is provided in the range 
$3,700 to 34,800 per annum. 

Several Postdoctorate Fellowships are available 
in the above fields, with a stipend of $6,000 or 
$7,200 depending on marital status ; these Fellow- 
A are tax free, and a travel allowance will be 
paid, 

Letters of application and requests for 
brochures and further information should be 
addressed to the Head, Department of Physics, 
Queen's University. (268) 


AUSTRALIAN NATIONAL 
UNIVERSITY 
THE RESEARCH SCHOOL OF PACIFIC 
STUDIES 


FELLOWSHIP OR SENIOR FELLOWSHIP 
IN PALYNOLOGY 


There is à vacaney for a palynologist in the 
Department of Biogeography and Geomorphology 
(Professor D. Walker, Head of Department. 
The person appointed will be expected to work 
mainly on the Quaternary vegetation history of 
Australia, the South-west Pacific or South-east 
Asia but an interest in some aspect of funda- 
mental palynology, plant ecology or other associ- 
ated field is desirable. Laboratory facilities are 
established and support for field work is Hberal. 

Appointment will be to a Senior Fellowship 
{$A8,750 to $A10,274) or a Fellowship ($A6,400 
to $A8,740). Fellows and Senior Fellows are 
appointed for an initial period of five years, after 
which they are normally reappointed until re- 
tiring age. A superannuation scheme of F.S.S.U. 
type is available and assistance is provided with 
joining expenses and housing. Fellows are en- 
titled ta one year’s study leave on ful pay in 
every seven years’ service, with a maximum grant 
of $A2,160 towards expenses, and Senior Fellows 
to one year's study leave in every six years with 
à maximum grant of $42,600. Applicants should 
be prepared to join the University im Canberra 
during 1969. 

Further information may be obtained from the 
Head of Department in Canberra or from the 
Association of | Commonwealth Universities 
(Branch Office), Mariborough House, Pall Mall, 
London, S.W.l. Applications close on March 
28, 1969. : (504) 


ASSISTANT PROFESSOR — PH.D. WITH 
specialization in ruminant nutrition. Teaching. 
rescarch and extension responsibilities in beef 


cattle nutrition. Starting salary $11,000: open 
July 1, 1969.—Forward applications, including 


curriculum vitae, transcripts and names of three 
referees, by April 15 to Chairman. Department 
of Animal Science, Faculty of Agriculture, The 
University of Alberta. Edmonton, id e 


biologist for 
research into allergy 


FISONS PHARMACEUTICALS LIMITED have a vacancy for a Biologist 
with post graduate experience and preferably with some training in Pharma- 


cology. 


The person appointed would be responsible to a senior research graduate 
for the organisation and performance of experiments designed to study 


immediate hypersensitivity reactions. 


He would have adequate ancillary staff and every facility provided in new 
laboratories which have recently been built in Loughborough. 


The Company is a member of the Fisons Group of Companies and Group 
Welfare benefits apply, including first class pension scheme, generous 
holidays, cafeteria and sports and social club facilities. 


Please write for an application form, giving brief details to: 





The Research Personne! Assistant 
Ref.10, 

Fisons Pharmaceuticals Limited, 

Bakewell Road, 

Loughborough, Leicestershire. 





NORTHERN POLYTECHNIC 
Holloway, London, N.7 


DEPARTMENT OF PHYSICS 


Applications are invited for appointment as a 


POST-DOCTORAL RESEARCH FELLOW 


to study either extremely low levels of radio-activity or the cosmic radiation 


underground, 


A candidate should preferably have experience of particle 


counting work and of modern digital electronic techniques. 


The salary scale is £950 by £75 to £1,175 with initial placing dependent 


on previous research experience, age and marital status. 


A Research 


Fellow is permitted to undertake a limited amount of part-time teaching 
and receive payment at the usual rate. 


Apply in writing to the Head of the Department of Physics. 


WHAT'S YOUR LINE? 


are you a Veterinary Surgeon, Geologist, Chern- 
ist, Pharmacologist, Physicist, Metalturgist, Micro- 
biologist. Pharmacist, Information Scientist or 
Technical Editar ? 
Whatever it is Elease Note ! 
G.K. Bureau employ six scientifically qualified 
interviewers to select the best positions for you. 
--Write or telephone 
Miss J. R. Hortis, G.K. Bureau, 
17 Shaftesbury Avenue, London W.1. 
01-437-6886 or 01-437-6779. 


NO FEES TO PAY. (441) 


“UNIVERSITY OF OXFORD 


UNIVERSITY LECTURESHIP IN THE 
DEPARTMENT OF ASTROPHYSICS 
(UNIVERSITY OBSERVATORY} 
Applications are invited for the post of Uni- 
versity Lecturer in experimental spectroscopy in 
the field of atomic phvsics or astrophysics, The 
süpend will be in the range £1.470 to £2,900 
per annum (scale subject to revision) depending 
upon age, with superannuation uuder tne 
ESSU. The date of commencement in the 

post is October 1, 1969. : 
Apphcations (four copies), inchuding a state- 
ment of qualifications, and career, and the names 
of three referees, should reach the Secretary of 
Faculties, University Registry, Broad Street, 
Oxford, by April 1, 1969. (549) 


(58D 


ULSTER : 

THE NEW UNIVERSITY 
LECTURERS IN CHEMISTRY 

the above posi 


Applicants should 
Spectroscopy ofr 


Applications are invited. for 
tenable from October E, 1969. 
preferably have interests in 
organometallic chemistry. 


Salary scale: £1,240 to £2,735 with ESSU. 

giving the names of three. referees 
should be sent by March 21, 1969, to The 
Registrar, The New University of Ulster. 
Coleraine. Northern ireland, from whom further 


particulars may be obtained. (385) 


Applications 


UNIVERSITY COLLEGE LONDON 


RESEARCH ASSISTANT reauired in Dept of 
ANATOMY for experimental work with Professor 
3. Z. Young. Graduates in any biological science 
may be suitable. Opportunity to work for Ph.D. 
Salary range (under review) £1,105 to £1,340, plus 
£60 London allowance, pas F.S.S.U. Possibility 
of more senior appointment, according to age 
and qualifications. 

Applications by March ! to the Secretary, 
University College London, Gower St, WGL 
from whom further particulars may be cnm 
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PHARMACOLOGIST 
OR PHYSIOLOGIST 


TO LEAD A SUBSTANTIAL TEAM 
STUDYING MYOCARDIAL ISCHAEMIA 





THE MAN OR WOMAN with academic or industrial post-doctoral research experience ir 
pharmacology or physiology, preferably but not necessarily engaged in cardiovascular research. 
He or she would be expected to contribute to this subject by basic research. 


THE JOB is basically to supervise and direct a team of 3 graduates and 5 technicians engagec 
on a project the principal objective of which is the discovery of novel drugs for the treatment o? 
coronary insufficiency in man. This constitutes an extension of our already substantial cardio- 
vascular research interest in the U.K. and is a consequence of a recent world-wide corporate 
research decision that the circulation research undertaken by Pfizer will be primarily centred 
at Sandwich. 


The work envisaged would include the development of new animal experimental designs which 
closely resemble the clinical condition of an embarrassed coronary bed in order to study the 
aetiology of myocardial ischaemia (e.g. alterations in either the distribution of coronary blood 
flow, coronary autoregulation or metabolic efficiency of oxygen utilization) to permit the intro- 
duction of new approaches with respect to the treatment of angina pectoris. 


OUR PHILOSOPHY is that to be successful in the development of new drugs with novel modes 
of action there must be a considerable investment in basic research (current research expenditure 
at Sandwich is over £1:5 million of which more than 2596 is devoted to exploratory and basic 
research). Furthermore, research should be multi-disciplinary in character. To this end close 
liaison is maintained with, and support obtained from, the departments of biochemistry, chemistry, 
clinical medicine, drug metabolism, pathology (histochemistry and electronmicroscopy) and 
statistics. 


THE DEPARTMENT of Pharmacology is exceptionally well equipped for cardiovasculer 
research in terms of acute and recovery experiments; possesses its own well staffed mechanical 
and electronic workshops and has excellent cat and dog breeding facilities, 


THE SALARY is negotiable in the range £3,000—£4,000 p.a. 


OUR LABORATORIES are at Sandwich on the Kent Coast and employ 430 people of whom 
150 are graduates. This research centre is one of only two major research centres in Pfizer worlc - 
wide. The Pfizer Group of Companies in the U.K. employs about 3,500 people. Pfizer has recent'y 
concluded a record year with a world-wide turnover of nearly $726 million. 


APPLICATIONS, which will be treated in the strictest confidence, should be addressed to: 


D. W. Sells, 

Personnel Manager, 

Research Division, 

Pfizer Limited, Sandwich, Kent 





Wellcome 


Head of 


PR 


UK chemical development laboratories 


The present Head of these important laboratories 
will retire shortly. As his successor we will be 
appointing a chemist with authoritative knowledge 
and experience which could have been gained in 
any major sector of the chemical industry. He must 
be a sound administrator with a facility for both 
written and verbal communication. He must also 
be able to collaborate effectively with the research, 
central analytical, medical and veterinary/ 
agricultural formulation development and cost 
accounting functions. 

The UK Chemical Development Laboratories, in 
co-ordination with corresponding laboratories in 
the USA, undertake development and process 
investigations for our world-wide operations, to 
evolve and improve manufacturing processes for 
new and existing chemicals used in our wide range 
of medical, veterinary and agricultural products. 
The Manager of the UK Chemical Development 


Laboratories will control an annual budget running 
into some six figures and a large staff ranging from 
Ph.D. chemists to support technicians, backed by 
up to date facilities. The post provides a splendid 
opportunity for the right man to play an important 
role in the further expansion of activities of a 
vigorously growing world-wide Group of 
companies. 

There is a liberal policy in relation to participation 
of professional staff in the activities of appropriate 
professional bodies and publication of scientific 
work. 

We have an open mind on Salary ~ we seek a 

first class man and will pay accordingly. 


Please write, quoting reference 1,10, to Group 
Personnel Manager, 


The Wellcome Foundation Limited, 
183 Euston Road, London, N.W.1. 


ANALYTICAL 
CHEMIST 


We are manufacturers of toiletries and pharmaceuticals (ethical and 
proprietary) and wish to appoint a Chemist who would report to and 
deputise for the Quality Control Manager. 


Applicants should be of Graduate status, should have approximately 
five years’ laboratory experience preferably in a consumer product 
industry and should be experienced in the use of modern instrumental 
techniques including spectroscopy and chromotography. 


The Company is currently undergoing a period of expansion and pros- 
pects are therefore good. 


There is a Pension and free Life Assurance Scheme and assistance 
will be given with relocation expenses if applicable. 


Please apply in writing giving brief details of training, experience 
and current salary to: 


The Personnel Manager, 
BRISTOL-MYERS COMPANY LIMITED 
Stonefield Way, Victoria Road, 

South Ruislip, Middlesex. 





(612) 





(622) 


THE 


UNIVERSITY OF 
LEEDS 


Applications are invited for the fetlow- 
Hig new pests institured frant October 
i. 1969. in the undermentioned Depart- 
menis. 


ANATOMY 


LECTURER OR ASSISTANT 
LECTURER 

Candidaies can be ekber medically 
qualified or non-medicay qualified and 
wil be expected so take part in some 
aspects of the teaching of either. gross 
cr microscopic anatomy, cyiology and 
emoryology, and to carry out original 
research work. Reference Mo, 69/42; 
6; n. 


PHYSIOLOGY 


LECTURER OR ASSISTANT 
LECTURER 
A Medical qualification will be an ad- 
vantage. Reference No. 69/43/27 D. 
SALARY SCALES (under review) - 
Assistant Lecturer £1,104 to £1,240, 
Lecturer £1,470 to £2,630 (efficiency bar 
£2.270). 
For medically qualified. candidates : 
Assistant Lecturer £1.470 to £1,530. 
Lecturer £1,900 to £2,750 (efficiency bar 
£2,540). 
Applications three copies), stating age, 
qualifications and experience, amd 
naming three referees, should be sutr 
mitted to the Registrar and Secretary, 
The Universicy. Leeds LS2 OFT. not 
later than March 3, 1960, Please quote 
Reference Numbers. (624) 
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UNIVERSITY OF 
MANCHESTER 


BACTERIOLOGY AND 
VIROLOGY 


Applications are invited from medically 
or non-medically quatified candidates for 
the post of ASSISTANT LECTURER in 


the above Deparunent. The person appoin- 
ted may be required to work part-time at 
Manchester Royal Infirmary. Salary ranges 
per annum (medical) £1,430 to £2,015; 
(non-medical under review) £1,105 to £1,340. 
Duties commence April 1 or as soon as 
possible thereafter, | F.S.S.U, 

Particulars and application forms (return- 
abie by February 21) from the Registrar, 
The University, Manchester Mis SPL, 
Quote Ref. 12/69/Na. (369) 


LAURENTIAN UNIVERSITY 


SUDBURY. ONTARIO, 
CANADA 


DEPARTMENT OF GEOLOGY AND 
GEOGRAPHY 


STAFF APPOINTMENTS 


Applicauons are invited for two staff positions 
for the Fall of 1969 in a young and developing 
department, The unique geological setting of 
Sudbury fends itself parucularly to studies in 
perrogenesis, ore deposits, mineral exploration 
geophysics and geochemistry, Precambrian strati- 
gtaphy, structure and sedimentation. A Master's 
programme in geology is planned for September, 
1969, 10 coincide with a move to greatly expanded 
facilities in a new building. 


(i) Stratigraphy-Sedimentation—10 teach under- 
graduate courses in stratigraphy and sedimenta- 
ion and to develop research in these and allied 
ficlds, Preference wil! be given to those with 
interests and experience in Precambrian strati- 
graphy and associated sedimentological studies, 


(i) Geophysics—to teach undergraduate courses 
in exploration geophysics, physics and chemástry 
of the earth, and to develop research in these 
fields. Preference will be given to those with 
interests and experience in methods of exploring 
mineral deposks. 


Applicants must have Ph.D. and experience 
with research programmes as well as teaching 
ability at the undergraduate level. Salary and 
rank are dependent on qualifications: appoint- 
ments effective on Semember 1, 1969. Applica- 
tions, giving personal resume, research interests 
and experience, and the names of at deast three 
references who are in a position to assess the 
applicants character, scholarly ability and apti- 
tude for teaching. should be sent to D. H. 
Williamson, Chairman, Department of Geology 
and Geography, Laurentian University, Sudbury, 
Ontario. (609) 


CHELSEA COLLEGE OF SCIENCE 
AND TECHNOLOGY 
(UNIVERSITY OF LONDON) 
BIOPHYSICS 

A Research Assistantship is available, under a 
grant from the Medical Research Council for a 
research worker to study —physical-chemical 
properties of lipid membranes, Applicants should 
have a higher degree (e.g. MSc, or Ph.D.) in 
biophysics or a related field. The grant wid be 
available for up to three years and the salary 
wii be in the range £750 to £1,250 per annum, 
depending on qualifications and experience, The 
post is subject to. FSS. U. superannuation. 

Applicants should apply with a curriculum 
vitae vo Dr. D. Rosen, Biophysics Laboratory, 
Chelsea College of Science and Technology, Man- 
resa Road, London, S.W.3, (5993 


UNIVERSITY OF EAST AFRICA 
MAKCRERE UNIVERSITY COLLEGE 
UGANDA 
Applications are invited for LECTURESHIP 
IN DEPARTMENT OF MATHEMATICS. 
Salary scale: £EA1,350 to £EA2.230 per annum 
(EEA s£} 38. 4d. sterling). Salary supplemented 
in range £345 tio £410 per annum (sterling) in. 
appropriate case under Br&kish Expawiates Supple- 
mentation Scheme, FSS. Family passages ; 

biennial overseas deave, 

Detailed applications {6 copies), naming 3 
referees, by March 31, 1969, to Inter-University 
Council, 90/91 Tottenham Court Road, London, 
Wi, from whom particulars are avaiable. 

(664.43 





rir tyr ana 


Pharmacologist 


A graduate in Pharmacology, Physiology or an appropriate Biological 
Science, with several years’ experience in pharmacology, is required 
to fill a vacancy in the Department of Pharmacology. 


The Company's Conditions of Service are good, and the salary will 
be commensurate with the successful applicant's qualifications and 
experience. 


Please write or telephone for an application form to: 


Administration Manager, 
Riker Laboratories, 

44, Tewin Road, 

Welwyn Garden City, Herts. 
Tel. Welwyn Garden 25001. 





SENIOR 
PARASITOLOGIST 


fr BEECHAM RESEARCH 
LABORATORIES 


Vitamins Research Station, Walton Oaks, Tadworth, Surrey. 


An experienced Parasitologist is required to take charge of a team 
engaged on the laboratory investigation of new chemotherapeutic agents 
for human and veterinary use. The person appointed will be expected to 
contribute his ideas for the planned expansion of a newlv formed and 
rapidly growing department which is organized on a project group basis 
and to have a real interest in the commercial application of his work. 


Applicants should be at least of Honours Degree or Ph.D. standard 
and previous experience of experimental chemotherapy of protozoal 
infections is essential; Experience in the evaluation of anti-malarial 
drugs would be especially advantageous. Encouragement is given to 
scientists to keep abreast of developments in their chosen field of 
research through publication of papers where possible, and to attend 
appropriate scientific meetings, 


Applications are invited from people who are currently earning no 
less than £2,500 p.a. There are generous fringe benefits including profit 
sharing which is equivalent to another 10-11% of salary and a non- 
contributory pension scheme. Consideration is given to payment of 
posl expenses for married men who have to move from their own 
iouse, 


Please apply in confidence stating briefly age, qualifications and experience 
and current salary to : 


Head of the Personnel Department, 
Beecham Research Laboratories. 
Brockham Park, Betchworth, Surrey. 





$946 
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UNIVERSITY OF SASKATCHEWAN 
RESEARCH IN CHEMISTRY 

Scholarships and Assistantships with values 
ranging between 52,650 and $4.000 per annum 
are available to Graduates of the Royal Institute 
of Chemistry and students holding the B.Sc. 
Degree (with Ist or 2nd class honours) who wish 
to proceed to the M.Sc. or Ph.D. depress. 
(Tuition, board and lodging, and miscellaneous 
expenses total approximately $2,400 per annum) 
Excellent facilities are provided for rescarch 
l in many areas of agricultural, inorganic, organic, 
physical and theoretical chemistry. Equipment 
e come | includes: linear electron accelerator for pulse 
l i radiolysis studies, MS 12 mass spectrometer, 
ESR., and NMR. spectrometers, LBM, 360; 

SO computer. 
Enquiries should be addressed to Professor 
K. J. McCallum, Head, Deparimin: of Chemistry 


and Chemical Engineering, University of Sas- 
C katchewan, Saskatoon, Saskatchewan, Canada. 
SOUTH-EAST ASIA TREATY 
ORGANISATION 


PHILIPPINES 


THE COLLEGE OF ENGINEERING, 
UNIVERSITY OF SAN CARLOS, CEBU 





A Laboratory Technician is required as a research 


assistant working with a senior scientist on the CITY, requires a S.E.A.T.O. PROFESSOR 
; ; ; : OF ELECTRICAL ENGINEERING by 
biochemistry of the immune response to grafting. on 1960. Candidates should. have. d 
Experience of protein isolation procedures or of degree in Electrical Engineering from a 
i i ; i university in Britain and relevant teaching 
tissue culture techniques is desirable. and industrial experience. Additional 
f : qualifications in Electronics would be an 
Candidates preferably should have an appropriate advantage, The Professors duties will in- 
: i i ifi ; chide teaching: assisting in the develop- 
Ordinary degree or a five year technical qualification P und tan SL ines eo 
or be nearing completion of such a course of study. moting research; and planning Master's 


degree programme. 


The Laboratories are located in parkland surroundings, bipes: pe 000. er. afin, daelude 


within easy reach of London, and the appointment ing accommodation allowance, normally 
carries attractive conditions of employment and paid in local currency, although payment 
in other currencies may be arranged. 
career prospects. Fares provided for Professor, wife and two 
children ; an excess iuggage allowance and 
Further details of the post and salary scales will limited removal costs. One-year appoint- 


] ; A 3 ment in the first instance, 
be sent on application to the Senior Personnel Officer, 


Write, quoting Reference PUGS — to 


THE WELLCOME RESEARCH LABORATORIES, Appointments Division, The British Coun- 


cil. 65 Davies Street, London WIY 2AA, 


for brief particulars and S.E.A.F.O. appk- 

Langley Court, Beckenham, Kent. cation form, to be returned completed by 
Please quote reference U107. March. 21. (361) 
(633) UNIVERSITY OF LONDON 





















DEPARTMENT OF BIOCHEMISTRY 


INSTITUTE OF PSYCHIATRY 


Applications are invited for a LECTURE- 
SHIP in BIOCHEMISTRY tenable from 
April 1969, Specialized lecturing, research 
and research supervision involved. Normal 
salary scales funder review nationally) and 
FSSA benefits. 

Piease apmty to the Secretary, Depari- 
ment of Biochemistry, institute of Psychi- 
auy, De Crespigny Park, Denmark Hil. 
London, S.E.5. (566) 


CROP STORAGE SPECIALIST 


is required by 


THE FOOD AND AGRICULTURE 


ORGANIZATION OF THE UNITED NATIONS 
ROME/ITALY 


IF YOU HAVE: 


— A, University degree in Entomology or Agricultural Sciences, prefer- 
ably with post-graduate training: 

— At least seven years’ progressively responsible experience in the field 
of crop storage. Preferably part of this experience should be in 
developing countries: 

— Ability to draft reports and other documents clearly and precisely: 

— Very good knowledge of one of the official languages of the Organi- 
sia (English, French or Spanish) and working knowledge in 

another. 


WE CAN OFFER YOU: 


— Interesting work initiating, developing and carrying out projects con- 
cerning the storage of crops, with special reference to the control of 
infestations by rodents, insects, micro-organisms, etc. 

— Net base salary ranging from U.S. $11,682 to $15,119 plus post 
adjustment and allowances. 


Interested candidates should send full résumé to the Chief Recruitment 
Section, FAO, Via delle Terme di Caracalla, 00100 Rome, Italy quoting 
Ref. VA 1745/ NAT. (595) 


aag at en err ne ANNA ARAL rir ri vr m n Mss mne Ave ven: 


UNIVERSITY OF BELFAST 
LECTURESHIP IN BIOCHEMISTRY 

The Senate of the Queen's University of Belfast 
invites applications for a Lectureship in Bio- 
chemistry, tenable from October 1, 1969.  Pre- 
vious ixperience in the teaching of biochemistry 
in medical and honours science instruction pro- 
grammes is essential for this post. A degree of 
preference will be given to candidates who have 
interests and experience in the field of molecular 
enzymology or biochemical microbiology. The 
Department. which is housed in the recently com- 
pleted Medical Biology Centre, also has the capa- 
city ao cater for other research interests where 
appropriate. Salary range is £1,470 to £2,630. 
(presentty under review) plus contributory pen- 
sion rights under the F.S.S4J, Initial placing on 
the salary scale will depend on qualifications and 
experience. 

Applications should be received by March 3, 
1969, Further particulars may be obtained from 
the Secretary, The Queen's University of Belfast, 
Bekası BT? INN, Northern Ireland. (601) 
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UNIVERSITY OF 
NEWCASTLE UPON TYNE 
DEPARTMENT OF PSYCHOLOGY 

The University invites applications for the post 
of Lecturer in Psychology. The commencing 
salary will be determined at a suitable point on 
the Lecturers scale £1,470 to £2,630 (at present 
under review) acording to age, qualifications and 
experience of the successful applicant. Member- 
ship of F.S.S.U. 

Further particulars may be obtained from the 
Registrar, The University, Newcastle upon Tyne, 
NEI 7RU, with whom applications (three copies), 
together with the names and addresses of three 
persons to whom reference may be made, should 
be kwiged not later than February 21, 1969. 
Please quote reference N, (376) 


UNIVERSITY OF 
THE WEST INDIES 
JAMAICA 

Applications are invited for 2 posts of ta} 
SENIOR LECTURER/SENIOR RESEARCH 
FELLOW or (5) LECTURER/RESEARCH 
FELLOW IN SCIENCE EDUCATION to put 
into operation a project on the development of 
science in Jamaican Junior Secondary Schools. 
The Project is geared especially towards the 
physical sciences, Mathematics, Chemistry and 
Physics. Experience with modern teaching tech- 
miques in one of these subiects with a thorough 
background of general science is required. (Close 
co-operation with school teachers is essential. 
Salary scales : (22 £2,250 to £3,090 pa.. Coy £1,550 
to £2030 pa, Chid allowance. FSS U. 
Family passages; triennial study leave, 

Detailed applications (6 copies) naming three 
referees by March 14, 1969 by persons diving in 
the Americas and Caribbean Area to Registrar, 
University of the West Indies, Kingston 7, 
Jamaica. and by aH others to Inter-University 
Council, 90/91 Tottenham Court Road, London, 
W.L Further particulars obtainable similarly. 

(370) 


UNIVERSITY OF LAGOS 
NIGERIA 

Applications are invited for the following ap- 
pointments in the SCHOOL OF BIOLOGICAL 
SCIENCES, tenable from September, 1969, or 
soonest thereafter: 

fa} 2 SENIOR LECTURERS/LECTURERS 

IN BOTANY 
iby SENIOR LECTURER IN ZOOLOGY. 
fc} SENIOR LECTURER/LECTURER IN 
BIOLOGY 

Salary Scales: Senior Lecturer, £N2,275 to 
£N2,575 per annum; Lecturer,  £NÍI.200 to 
£N2,175 per annum (£N =£} 3s. 4d, sterling). 
Salary supplemented in range £240 to £515 per 
annum (sterling) in appropriate cases under 
British Expatriates Supplementation Scheme, 
Superannuation Scheme. Various allowances ; 
family passages : regular overseas leave. 

Detaded applications (six copies), naming three 
referees by March 24, 1969, to Inter-University 
Council, 90/91 Tottenham Court Road, Londen 
W., from whom particulars are available. 
(71) 


UNIVERSITY OF WALES 
UNIVERSITY COLLEGE OF SWANSEA 
DEPARTMENT OF GEOGRAPHY 


Applications are invited for the post of TEM- 
PORARY LECTURER in GEOGRAPHY for 
which preference will be given to candidates with 
a specialist interest in Economic Geography and/ 
or Quantitative Geography and/or a regional 
interest in. Africa. The appointment will be ten- 
able for one year either from September } or 
October 1, 1969. The salary wil be within the 
range £1,240 to £2,735 per annum. 

Further particulars quoting reference number 
Bő may be obtamed from the Registrar, 
University College of Swansea, Singleton Park, 


Swansea, SA2 8PP, to whom applications should 
be sent by SATURDAY, MARCH 1, 1969. 


(565) 
INSTITUTE OF CANCER RESEARCH: 
ROYAL CANCER HOSPITAL. LITERARY 
ASSISTANT, preferably with qualifications in 
Librarianship, required from approx. June, 1969, 
to provide Whrary and reference service in the 
field of cancer research and related biology for 
Professor Sir Alexander Haddow, F.R.S. Candi- 
dates should be familiar with medical/scientific 
publications and terminology, possess good 
knowledge of French and German, and be avail- 
able to work daily at Chalfont St. Giles, Bucks. 
Salary, according to qualifications and experi- 
ence, negotiable within approx, range of £1,509 
to £2,000 per ansum.—-Further particulars from 
the Secretary, 34 Sumner Place, S.W.7, quoting 

ref. 304/B/21. (578) 
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Chemistry of Animal Nutrition 


and Soil Science 
NATIONAL AGRICULTURAL ADVISORY SERVICE 


At least eight posts for Advisers in the chemistry of animal nutrition 
and soil science. Appointment to (i) Grade IH or (ii) Grade IV 
according to age, qualifications, and experience. 


AGE : at least 26 for (i) or at least 20 for (41). 


QUALIFICATIONS : degree (or equivalent or higher qualification) 
in agricultural or natural science with specialisation in (1) animal 
nutrition or biochemistry, or (ii) soil science. In addition, for Grade 
III posts, normally at least three years’ relevant experience, Car 
driving essential, 


FINAL YEAR STUDENTS MAY APPLY. 


SALARY (national): Grade III £1,540 to £2,413: Grade IV £990 to 
£1,415, Starting salary may be above minimum in both cases. Non- 
contributory pension. Promotion prospects. 


WRITE to Civil Service Commission, Savile Row, London, WI X ZAA, 
or TELEPHONE 01-734 6010 Ext. 229 (after 5.30 p.m. 01-734 6464 
" Ansafone " service) for application form, quoting 7093/69/2. 
Closing date February 26, 1969. 


C69) 


A vacancy exists 


Applications are invited Candidates should possess a B.Sc. or 
preferably a postgraduate qualification. . . . 

This is the way most job hunting starts but it's a little bit more difficult 
if you are abroad and trying to find a job back in the United Kingdom- 
that's where we come in. 

Scientists appointments Service exists to put top flight British scientists 
abroad in contact with potential employers in the U.K. A scientist 
abroad who registers with S.A.S. is automatically introduced to employers 
in this country who share his interests and who have vacancies for about 
the time he proposes to return. It costs nothing to either party to register 
With S.A.S. but we do make a modest charge to employers when a 
vacancy is filled. 

Why not find out more about us bv writing to : 


The Manager 
Scientists Appointment Service 
Royal Institute of Chemistry 

30 Russell Square, London W.C.1 


S.A.S. is run by the five U.K. Science Institutes 


CANADA -&overnment of Saskatchewan 


DEPARTMENT OF MINERAL RESOURCES 
GEOLOGICAL SCIENCES BRANCH 
has vacancies for 


SEDIMENTARY RESEARCH GEOLOGISTS 


Duties: Conducting research into and preparing reports on the stratigraphy of 
Saskatchewan, particularly as it relates to zhe occurrence of of] and gas,  Emwmwoyee 
is allowed considerable freedom in seleoUng problems for study and almost: compieie 
freedom in selecting method of atiack. Reports are published in regular Denan- 
mental series, Preparation of papers for conventions and scientilio journals i$ encour 
aged. 

Qualifications: A Doctor of Philosophy degree in Geology. Some experience desir 
able but not essenaial, 

Salary : $9,804.00 to $12,492.00 (Canadian Dollars). 

Applications : Please write to: Mr. W. C. A. Knighis, Government of Saskatchewan, 
28 Chester Street, London, S.W.1. (642) 
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A senior medicinal chemist is required in the Chemistry Department 
of the Company's institute of Medical Research at Taplow, near 


Maidenhead. 


The work consists of directing the efforts of a team of chemists 
towards the synthesis of novel organic compounds possessed of 


biological activity. 


Emphasis is placed on chemists and pharma- 


cologists working as a team and the successful candidate will be 
expected to take an interest in and acquire a knowledge of 
pharmacological techniques and structure-activity relationships. 


Previous experience in this work is desirable but not essential. 
Candidates should have an honours degree in Chemistry or 
Pharmacy preferably a Ph.D. in Organic Chemistry. 


Working conditions in modern fully equipped laboratories are 


excellent. 
tions and experience. 
Life Assurance is operated. 


The salary offered will be commensurate with qualifica- 
A non-contributory Pension Scheme and 


Applications should be directed to : 


Personnel Manager, 

John Wyeth and Brother Limited, 
Huntercombe Lane South, 
Taplow, Maidenhead, Berks. 


(637) 





Bacteriologists, Entomologists 
and Plant Pathologists 


NATIONAL AGRICULTURAL ADVISORY SERVICE 


At least five posts for Advisers in bacteriology, entomology, and 


plant pathology. 


Appointment to (i) Grade IH or (ii) Grade IV 


according to age, qualifications, and experience. 


AGE: at least 26 for (i) or at least 20 for (ii). 


QUALIFICATIONS: degree (or equivalent or higher qualification) 
in agricultural or natural science or applied biology with specialisa- 
tion in (i) bacteriology or microbiology, or (ii) entomology or nema- 


tology, or (iii) plant pathology or mycology. 
HI posts, normally at least three years’ relevant experience. 


driving essential. 


In addition, for Grade 
Car 


FINAL YEAR STUDENTS MAY APPLY. 
SALARY (national): Grade HI £1,540 to £2,413; Grade IV £990 to 


£1,415, Starting salary may be above minimum in both cases. 
Promotion prospects. 


contributory pension. 


Non- 


WRITE to Civil Service Commission, Savile Row, London WIX 2AA. 
or TELEPHONE 01-734 6010 Ext. 229 (after 5.30 p.m. 01-734 6464 


* Ansafone " service), 
Closing date March 5, 1969. 


UNIVERSITY COLLEGE, CARDIFF 
LECTURESHIPS IN PURE MATHEMATICS 
Applications are invited from suitably quak- 

fied candidates for Lectureshins in the Depari- 

ment of Pure Mathematics. 

Applicants should send two copies of their 
applications (including the names and addresses 
of three referees) by February 28, 1969, to the 


Registrar, University College, Cathays Park. 
Cardiff. CFL INR. from whom further particulars 
may be obtained, (560) 


for application 


~ 


form, quoting 7092/69/1. 


CAMBRIDGE UNIVERSITY 
DEPARTMENT OF ORGANIC CHEMISTRY 


Posdoctoral or senior postgraduate assistant 
required for work on chemical aspects of nucheic 


acids. Appointment for one year in the first 
instance. Salary up to £1,400 a year depending 


on age. qualification. and experience. 

For further particulars, apply in writing to: 
Dr. B. E. Griffin, University Chemical Labora- 
tory, Cambridge, (598) 


IMPERIAL COLLEGE 
LONDON, S.W.7 


ASSISTANT LECTURER for research and 
development on problems at high pressures of 


wide technological interest. Some teaching of 
thermodynamics, — Good honours degree — in 
chemical — engineering, physical chemistry or 


physics essential. Salary £1,165 by £75 to £1,240 
by £80 to £1,400 plus F.S.5.U. benefits. 
Applications in — wriüng, together with the 
names and addresses of two referees, to the 
Head of the Department of Chemical Engineer- 
ing and Chemical Technology. 


UNIVERSITY OF LONDON 
INSTITUTE OF PSYCHIATRY 
Research biochemis; required, preferably with 
higher qualification, and with an interest in 
steroids and their metabolism, to work in a unit 
in Beckenham concerned with the investigation of 
neuroendocrine mechanisms. Three-year appoint- 

men. 
Enquiries to Dr. Richard P. Michael, Primaic 
Behaviour Research Laboratories, Bethiem Royal 


Hospital, Monks Orchard Road, Beckenham, 
Kent. Telephone 01-777 7887. (567) 


UNIVERSITY OF MALAWI 
CHANCELLOR COLLEGE 


Applications are inivted for the following ap- 
pointments tenable from September, 1969 ; 


LECTURESHIP IN |GEOMORPHOLOGY | 
GEOLOGY. Candidates should be prepared to 


teach courses to general degree level which will 
cover Geological Processes, Elementary Hydrology 
and Soils, with practicals in Surveying, Photo- 
interpretation and Soi Analysis. An interest in 
Natural Resources Assessment would be desirable. 


SENIOR LECTURESHIP OR LECTURESHIP 
IN BIOLOGY. Applicants should have qualifica- 
tion and experience in Botany preferably in Plant 
Physiology and Biochemistry. 

Salary scale Gnchiding expatriate addition) (a) 
Senior Lecturer £2,500 to £2,800 per annum. 
(b) Lecturer £1,340 to £2.230 per annum. (e 
Assistant Lecturer £1,120 to £1,280 per annum. 
Plus University addition as follows: (a) (b) £360 
per annum, (c) £300 per annum, or all scales 
supplemented by £275 per annum (normally tax- 
free) in appropriate cases under British Expatriates 
Supplementation Scheme. Gratuity.  Superannua- 
tion transferable with ESSU., Family passages; 
various allowances; bienmal overseas leave. 

Detailed applications Gix copies), naming three 
referees, by March 27, 1969, to Inter-University 
Council, 90/91 Tosenham Court Road, London, 
W.i, from whom particulars are available, 

(658) 


UNIVERSITY OF SHEFFIELD 
DEPARTMENT OF BOTANY 
UNIT OF GRASSLAND RESEARCH 
EXPERIMENTAL OFFICER 


An Experimental Officer is required to take 
part in a study of the mineral nutrition of vege- 
tation of the Sheffield region, to begin duties on 
April 1. 1969, or as soon as possible thereafter. 
The work ranges from extensive field sampling to 
laboratory studies of mutrient uptake and Hm- 
corporation by plants. Candidates should have a 
degree in Chemistry, Agricultural Chemistry or 
Botany and, preferably, experience in a range of 


chemical analytical techniques appked 1o plant 
material, Salary scale £915 to £1,415 (under 
review). 


Applications, giving details of past experience, 
should be sent to The Registrar, The University, 


Sheffield. S10 ITN by March 8, 1969, Quote 
Ref.: R.41/€G. (615) 


MEDICAL RESEARCH COUNCIL 
NEUROPHARMACOLOGY RESEARCH UNIT 
MEDICAL SCHOOL 
BIRMINGHAM, 15 
Graduate in bíochemüstry or related subiect re- 
quired to work on the biochemical pharmacology 
of the nervous system. The research will include 
studies of the metabolism of amines in the brain 
in relation to physiological states. No previous 
experience in this field is necessary and there will 


be the opportunity for studying for a higher 
degree. Grade and salary will depend upon age 


and qualifications held. 

Apply in writing to Professor P. B. Bradky. 
Neuropharmacology Research Unit, The Medi- 
eal School, Birmungham 15. (640) 


MEIMCAL RESEARCH | COUNCIL UNIT 
requires Statisvicilan/ Mathematician to work on 
a variety of problems mostly connected with 
radiobiological research. Interest in olinical 
problems would be an advantage, Salary accord- 
ing to qualifications ami experience.—-Aipply to 
the Director, Experimental Radiopathology Unit, 
Hammersmith Hospka’, Ducane Road, London. 
W 12. (58K) 
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ULSTER : 
THE NEW UNIVERSITY 


ASSISTANT LECTURER OR 
LECTURER IN PHYSICS 
Applications arc invited for the above post, tene 
able from October 1, 1969. Some preference 


may be given to candidates with research in- 
terest in a branch of Solid State Physics. 


Salary Scale: £1,240 to £2,735 with FSA. 


Applications, giving the names of three referees. 


should be sent by February 28, 1969. to the 
Registrar, The New University of Laster, 


Coleraine. Northern Ireland, from whom further 
particulars may be obtained. (582) 


ULSTER : 

THE NEW UNIVERSITY 
ASSISTANT LECTURERS OR 
LECTURERS IN BIOLOGY 


Applications are invited for two posis, tenabie 
fram October 1, 1969. For one post, applicants 


should primarily be interested in fish. and for 
the other in plant physiology or developmental 


morpholoky. 


Salary Scale | £1,240 to £2.735 with P. S,S.U. 
Applications, giving ihe names and addresses of 
three referees, should be sent by February 28, 
1969. to the Registrar, The New Universky of 
Ulster, Coleraine, Northern Ireland, from whom 
further particulars may be obtained. (383) 


UNIVERSITY OF GHANA 

DEPARTMENT OF ANIMAL SCIENCE 

Applications are invited for 

(à) SENIOR LECTURESHIEP/LECTURESHIP 
in Grassland Management and Forage Produc- 
tion. Applicants should have considerable ex- 
perience in Agriculture with evidence of particu- 
lar specialisation in Grassland Management and 


Forage Production. 

(b) SENIOR LECTURESHIP/LECTURESHIP 
in Physiology and Animal Breeding. Candidates 
must have considerable experience in Agricul 


ture with evidence of specialisation in Physiology 
and Animal Breeding. 

fc} SENIOR LECTURESHIP/LECTURESHIP 
in Animal Production—Cattle amd Pigs. Candi- 
dates must have considerable experience in Agn- 
eaiture with evidence of particular specialisation 
in Animal Production and a sound general Know- 
ledge of Cattle and Pig problems. 


(d) LECTURESHIP in Animal Production 
Sheep and Goats. Applicants must have pon- 
siderable experience ín Agriculture with special 
reference to Animal Production, and a sound 
general knowledge of Sheep and Goat produc- 
uon. 


fe} SENIOR LECTURESHIP/ LECTURESHIP 
in Veterinary Medicine. Candidates for this post 
must possess registrable veterinary qualifications 
and should have had experience in teaching and 
research, preferably in a tropical environment. 

Postgraduate qualifications and experience are 
essential for all the posts, 

Salary Seales: Senior Lecturer: NC4,500. by 
NIS to  N€3,580 per annum. — Lecturer: 
NC2.720 by NC€I20 to NUC3,560 by NEBO to 
NQ4,640 : NQA,800 per annum. €Non-taxable in- 
ducement aHowance of N@720 por annum for 
expatriates). Official rate of exchange for the 
Cedi: One pound sterlng=N@2.44. one US. 
dollars: N€I.02.) 

Appointments normally four or six years im the 
first instance but shorter period of secondment 
wil be considered. 

Further particulars and forms of application 
should be obtained from the Assistant Registrar. 
University of Ghana Office, 15 Gordon Square, 
London, W.C.1, or the Registrar, University of 
Ghana, P.O. Box 25, Legon, Accra, Ghana. with 
whom applications (eight copies), should be 
lodged not later than March 15, 1969, (6253 


ORGANIC CHEMISTS WITH EXPERIENCE 
in synthetic preparations and a desire to obtain 


a substantial part-time income should contact 
Maybridge Chemical Company, Tintagel, N. 
Cornwall, (479 


n————— 


TECHNICAL ADVISERS-PESTIC DE 


BASF United Kingdom Limited require experienced Technica 
University degree in Agriculture or 


for their Agricultural Department. 
Horticulture essential. 


Candidates should be capable of arrar 


XXXIX 





Advisers 





xing field 


TE 


tests of BASF pesticides in the U.K.. developing them to marke: readiness 


and able to produce recommendations for new applications. 


They will 


be expected to maintain good connections with relevant institutions and 
official bodies as well as keeping agricultural and horticultural mterests in 


general fully informed and up to da 


in BASF plant protection products by means of personal 


contact. 


Please apply for application 


AA/116/N), 


form 


te on current and future developmenis 


am written 


to Personne! Department (ref : 


BASF United Kingdom Limited, 
P.O.Box 72, York House, 
199 Westminster Bridge Road, 
London, S.E.1. 
Telephone (01) 928 1931. 








climate. 








sent to: 








RADIOLOGICAL PROTECTION 
SERVICE 
MANCHESTER REGIONAL CENTRE 

The Uni. which is responsible for providing 
sciencific and advisory services relating to the 
comta of radiation hazards within T. Wales 
and NOW. England, is seeking a 

TECHNICAL OFFICER 

to assist in this work and. in particular, in the 
development and operation of a service for the 
calibration of radiation monitoring instrumentis 
for X- gamma-, and betu-radiauians. The ap- 
painument is to a Medical Research Council 
grade for which the salary range is £1,378 to 
£1,998. Qualifications : HN C.o University de- 
gree or equivalent. Minimum age 28 years. 

Applications, naming two professional referees, 
to Honorary Director, Radiological Protection 
Service, Christie Hospital and Holt Radium In- 
stitute, Withington, Manchester M20 9BX, 

{893} 


W. L. Black, 

Director & Group Executive, 
J. H. Fenner & Co. Ltd., 
Marfleet, Hull, 

E. Yorkshire. 


i51) 





SALES MANAGER- 
HIGH VACUUM EQUIPMENT 


The Fenner Group of Companies has a 
vacancy for a Sales Manager for the 
Company in the Group which specialises 
in the manufacture of High Vacuum 
Equipment. 


The vacancy has arisen because the 
present incumbent has been medically 
advised to take his family to a "warmer 


Applications are invited from candidates 
who have a good knowledge of the 
industry and its market and have a 
successful sales record. 


For the dynamic young man who is 
appointed the rewards will be attractive 
and he can look forward to a progressive 
career in the Fenner Group. 


Applications giving details of education, 
qualifications and experience should be 


UNIVERSITY COLLEGE OF WALES 
ABER YSTA TH 
LECTURER IM SSW ATISTICS 


Applications are invited sor the above post, 
tenable from October. 1. 1969, or as soon here- 
after as can be arranged, feom Stauistichina with 


research interests in any one or more of Proba- 
bility Theory, Mathematicat Statistics, Applied 


Statistics, Operational Reseach. The person ap 
pointed wil be expected to assist in teaching and 


supervising al undergmadua s and postgraduate 
jevels. There are ample epportunitües for re 
search and contacts with imgustry. The College 





is equipped with an Elliott (130 Computer. The 
starting salary depending upen qualificetiosis and 
experience, will be at a poc omn the scale £7240 
by £115 to £2,735. 

Application forms and further particulars are 
obtainable from the — Remstrar. — Apphicauons 
should be submitted before March 1, 1969. 

(6361 
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N. V. ORGANON-OSS-HOLLAND 


Appointment for 


scientific editor (drug research) 


Applications are invited for the above post from candidates with university-level 


training in Medicine, Biology or Pharmacy and who have a perfect command of the 


English language ; 


English should preferably be their mother tongue. 


Scientific 


editors, of whom there are currently four, are responsible for compiling full reports on 


experimental drugs, based on work in our research laboratories and intended primarily 


for the use of clinical investigators and Health Authorities. 


Besides editors may be requested to help in preparing scientific publications (symposium 


proceedings, scientific reviews, etc.). 


For this work the ability to read original reports 


critically and to present scientific material clearly and concisely is essential. 


Applications with a full curriculum vitae should be sent to 


Organon 


JNIVERSITY OF ALBERTA 
EDMONTON, CANADA 
DEPARTMENT OF BOTANY 


Appications are invited for a position as 
ASSISTANT or ASSOCIATE PROFESSOR IN 
PLANT ANATOMY effective September 1, 1969. 
Preference will be given to candidates with an 
interest in fine structure and with some previous 
experience, although other applicants will be 
considered. Some experience in Electron. micro- 
scopy is also desired. Salary from $9.500 accord- 
ing to qualifications. 

Interesced. applicants should send curriculum 
viae, publications list, and names of three 
referees, to Dr. Wilson N. Stewart. Chairman. 
Department of Botany, University of Alberta. 
Edmonton, Canada, (608) 


UNIVERSITY OF MANCHESTER 
INSTITUTE OF SCIENCE AND 
TECHNOLOGY 


RESEARCH IN DIELECTRIC BREAKDOWN 
OF FILMS 


Funds have been made available by the Science 
Research Council to expand work in the above 
field in the multi-discipline Corrosion Science 
Division of the Department of Chemical Engin- 
eering. Physicists, metallurgists, chemists and 
electrical engineers are invited to apply for a 

POST-DOCTORAL RESEARCH AWARD 

The appointment wil carry a salary up to 
£1,800 per annum, depending on qualifications 
and experience, together with superannuation 
under F.S.8.U. and is available immediately. if 
necessary. 

The successful applicant will study the pheno- 
menon of breakdown of anodic oxide fims 
during and after formation, using special forming 
techniques and a.c. impedance measurements, 
electron and X-ray diffraction, electron probe 
microanalysis and scanning and conventional 
electron. microscopy as required. Previous èx- 
perience with the subject of the research or the 
techniques could be an advantage but it is not 
absolutely essential. 

Applicants should wrHe directly as soon pos- 
sible to Dr. G. C. Wood, The University of 
Manchester Institute of Science and Technology. 
Department of Chemical Engineering, P.O. Box 
88. Sackville Street, Manchester M60 ids 





UNIVERSITY OF LONDON 
ROYAL FREE HOSPITAL SCHOOL OF 
MEDICINE 


DEPARTMENT OF BIOCHEMISTRY 


Applications are invited for an M.R.C. 
POSTDOCTORAL RESEARCH ASSIST- 
ANTSHIP for the investigation of the bin- 
chemical function of vitamin E and iis 
interaction in vivo with selenium. The 
work wil involve isolation of functional 
particles from rat liver mitochondria and 
microsomes by zonal centrifugation, and 
their study by isotopic and enzymic tech- 
niques. Initial salary up to £1,414 per 
annum, plus £60 London Allowance and 
F.S.S.U. benefits. The grant is tenable for 
three years, with salary increment allow- 
ance. 

Apply to Dr, A. T. Diplock. Department 
of Biochemistry, | Royal Free Hospital 
School of Medicine, S Hunter Street, Lon- 
den, W.C.I. (312) 


METROPOLITAN POLICE 
FORENSIC SCIENCE LABORATORY 


ASSISTANT EXPERIMENTAL OFFI- 
CERS are required for the Biology amd 
Chemistry Sections, The work covers a 
wide range of inquiry and research in the 
field of forensic science, 

Age 18-27, 

Qualifications: Degree, HNC or 
equivalent in appropriate subject. Under 
22, minimum qualification is G.C.E. in five 
subjects, including two Scientifici Mathe- 
matical subjects at © A" level or equiva- 
ient. level, 

Salaries : £775 (age 18) to £1,020 (age 222 
to £1,275 (age 26 or over) to £1.510. Pros- 
pegs of promotion wHh salaries up to 
£2.845, 

Write to Secretary, Room 733 (AEQ), 
New Scotland Yard, Broadway, S.W.1. for 
application form and full ae s 

61) 
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AUSTRALIAN NATIONAL 
UNIVERSITY 
RESEARCH SCHOOL OF PHYSICAL 
SCIENCES 
TECHNICAL OFFICER 

DEPARTMENT OF NUCLEAR PHYSICS 

Applications are invited fram suitably qualified 

persons for the above-mentioned position. The 
successful applicant will be required to assist in 
the operation and maintenance of the 12 MeV 
Tandem accelerator and associated equipment. 
He will also be responsible for fault finding. 
maintenance design and development of the elec- 
tronics control equipment used with the Tandem 
accelerator. and to assist in the construction and 
maintenance of digital and analog data process- 
ing equipment used for data collection. from the 
Department's research. projects, 
. Applicants should have a sound basic training 
in electrical or electronic engineering with several 
years’ experience in electronics. A diploma in 
Electronic Engineering or equivalent preferred. 
Salary will be within one of the following 
ümits depending upon qualifications and experi 
ence. Senior Technical Officer. SA4.684 ts 
$A6,032 per annum limits) : Technical Officer 
Grade I $A4,238 to $A4.553 per annum. In 
addition a salary loading at the rate of SA200 
per annum is payable to Technical Officers for an 
approved University degree or SATOO per annum 
for certain recognized Technical College diplomas 
or membership of a professional body recognized 
by the University. Assistance with passages and 
accommodation will be provided. 

The successful applicant will be required to 
undergo à medical examination. Written appli 
cations, quoting reference number 69034. should 
be forwarded to the Registrar. Australian 
National University, Box 4. PO. Canberra. 
A.C.T. 2600, Australia. with whem applications 


close on March |, 1969. (5021 
RESEARCH ASSISTANTSHIPS IN 
PHYSIOLOGY 


Applications are invited for Research Assistant- 
ships from qualified siudenis wishing to work 
towards the M Sc, ar PhD. degrees. Stipend 
range $2,500 to $4.200 per annum. 

Wruüe for further information to Dr. D. H 
Copp, Head. Denarimen: of Physiology, Univer- 
sity Of British Columbia. Vancouver 8, B.C. 
Canada. (610) 
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COFFEE RESEARCH FOUNDATION — KENYA 


Applications are invited for the following posts at the Coffee Research 
Station, Ruiru (21 miles from Nairobi): 


(a) Senior Plant Pathologist (Consul 
(b) 2 Plant Pathologists 





The availability of these posts is 
(a) Ist October, 1969 
(b) Oneat end November 1969 and one in March 1970. 


Work is directed almost exclusively towards finding an effective and 
economic control of coffee berry disease, Current investigations cover 
a wide field of approach and research facilities have been built up substan- 
tially over the past two years. 

A highly qualified, experienced plant pathologist weil able to supervise 
the work of others, is required jor the senior post. Minimum qualiications 
for the other posts are an Honours degree with specialisation om planc 
pathology or mycology (or post-graduate specialisation) plus some sesearch 
experience. 

For al! posts previous experience in pathology in the tropics is cesirable 
but not essential. 

Overseas Contract terms are offered for a period of 30-16 months 
followed by leave, Salaries depending on qualifications and experience 
(subject to Kenya taxes). 

(a) £K3250-£K 3750 p.a. plus 25°) gratuity 
(b) £K1850-£K2750 p.a. plus 25° gratuity 
(i £K -£BI 3s, 4d.) 

Passages, education allowances and medical (including dental) expenses 
provided, housing subsidised. Overseas leave at the rate of 4 cays for 
every month served and local leave in addition (9 days a year). 





Further particulars may be obtained from the 
DIRECTOR OF RESEARCH P.O. BOX 4 RUIRU KE NY A, 


to whom applications, together with the names of three referees, should be sent as soon as possible. 
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og URWICK, ORR & PARTNERS LIMITED, International! Management Consultants, invite s: 


HH applications for the post of Technical Intelligence Officer in the Company's Management mn 
DD Intelligence Services, located at the URWICK MANAGEMENT CENTRE, SLOUGH. The "s 


ln Intelligence Services support the operating consultants of the Urwick Group, both ir the aE 
O0 U.K. and abroad, and also those engaged in research, development and training activities. T. 
oo D 
s The TECHNICAL INTELLIGENCE OFFICER will be responsible for the collection, classifi- xs 


BH cation, editing and presentation of information on all aspects of production management and rmn 
BB relevant branches of technology. Applicants should be aged 25-30, have a degree or BEC 


: LOT : : MESS 
ag comparable professional qualification in science or technology and at least two years gg 
HH experience in a modern information system. Membership of the Institute of Information ap 
HH Scientists would be an advantage. Hp 
CIC D 


HH Initial remuneration will be determined by the qualifications, experience and personal quakties mr 
HH of the successful candidate. Subsequent remuneration is high for the good performer. Lr 
oOo Benefits include a flexible pension scheme, free life insurance, membership of B.U.?.A. gg 


DB and opportunities for shareholding. DD 
oo GA 
DE | | DEM . ,. Bn 
BE Applicants, who may be men or women, should apply in confidence giving brief particulars DR 


ag to Urwick, Orr & Partners Limited, Personnel Selection Division, 40 Broadway, London OO 


DB S.W.1, quoting reference TI [1111/N on both the envelope and letter. u BR 
pu (65 A 


UNIVERSITY OF BELFAST 


LECTURESHIP OR ASSISTANT 
LECTURESHIP IN STATISTICS 

The Senate of the Queen's University of Belfast 
invites applications for a Lectureship or an Assist- 
ant Lectureship in Statistics from October 1, 
1969, Salary range for the Lectureship is £1.470 
to £2,630 and for the Assistant Lectureship £1,105 
to £1,340. The scales are, at present, under 
review, Both scales carry contributory pension 
rights under the FS.S.U, Initial placing on 
the salary scales will depend on qualifications 
and experience, 

Applications should be received by March 3, 
1969. Further particulars may be obtained from 
the Secretary, The Queen's University of Belfast, 
Belfast BT? INN. Norther Ireland, (600) 


ELECTRON MICROSCOPIST 
FOR 
BEECHAM RESEARCH 
LABORATORIES 


This is a new Unit which is being estab- 
lished and a new microscope is being pur- 
chased. 


The successful applicant will be required 
io. help set up and be responsible for the 
Unit, The work will include electron 
microscopy of viruses, whilst further re- 
search projects wil be drawn up in rela- 
tion to the interests of the electron micro- 
scopist. 

A Graduate or a Senior Technician with 
some years’ experience in electron micro- 
scopy is required, preferably with some 
experience with negative staining. 


An attractive salary is offered in line with 
qualifications amd experience, with generous 
fringe benefits including a profit-sharing 
scheme worth an additional 10-11 per cent 
of salary and a non-contributory pension 
scheme with life assurance coverage. Con- 
sideration may be given to removal assist- 
ance for a married man who has to sell 
his house. 


Please apply, stating briefly age, experi- 
ence, qualifications and preser salary, to: 
Head of the Personne! Department, 
Beecham Research Laboratories, Brockham 
Park, Betchworth, Surrey. (579) 


COMMONWEALTH 
AGRICULTURAL BUREAUX 
COMMONWEALTH INSTITUTE OF 

ENTOMOLOGY 
56 QUEEN'S GATE, SOUTH KENSINGTON, 
LONDON, S.W.7 
VACANCIES FOR SCIENTIFIC 
INFORMATION OFFICERS 


Vacancies exist for two Scientific Information 
Officers, one for the abstracting of papers in 
applied entomology, mostly in the English 
language, the other for editing and compiling 
the Insecta part of the Zoological Record. Can- 
didates for the former post should be graduates 
in a biological science, preferably including 
entomology, with a good reading knowledge of 
at least two other European languages ; those for 
the latter post should be graduates with a good 
reading knowledge of at least three European 
languages in addition to English and preferably 
with some editorial experience. Necessary re- 
quiremernts are accuracy, critical sense and ability 
to write good, concise English. Starting salary 
according to qualifications and experience in a 
scale rising by annual increments from £1,145 to 
£2,800. Superannuation. 

Further information from the Secretary, Com- 
monwealth Agricultural Bureaux, Farnham House 
Farnham Royal, Slough, Bucks, on each specific 
vacancy. Closing date for applications, March 7, 
1969. (628) 
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UNIVERSITY OF ABERDEEN 

DEPARTMENT OF CHEMICAL PATHOLOGY 

GRADUATE with good honours degree in 
biochemistry or related subject required to assist 
Dr. Jeffery with research on steroid-metabolizing 
enzymes.  Possibility of Ph.D. for suitable can- 
didate ; students expecting to graduate this year 
wil be considered, Salary om scale: £735 to 
£945 or £945 to £1415 (scales meantime under 
review). Initial placing according to qualifica- 
tions and experience, Superannuation (F.S.S.U.», 

Inquiries to Dr. J. Jeffery, Medical Buildings, 
Foresterhil, Aberdeen. Applications (2 copies), 
giving the names of two referees, to the Secre- 
tary, University of Aberdeen, by February 28, 
1969, (597) 
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cal research projects. 


WESTFIELD COLLEGE 
(UNIVERSITY OF LONDON) 
DEPARTMENT OF PHYSICS 

Applications are invited for the post of 
LECTURER or ASSISTANT LECTURER 
in PHYSICS tenabie from October !, 1969. 
The vacancy is in an experimental group 
working in Elementary Particle Physics and 
preference will be given to a candidate ex- 
perienced in developing data and analysis 
programmes. 

Further particulars should be obtained 
from the Deputy College Secretary, West- 
field College, Kidderpore Avenue, Hamp- 
Mead, N.W.3, to whom applications (6 
copies), with the names of 2 referees, 
should be submitted. by March 7, 1969, 

(647) 





UNIVERSITY OF 
MANCHESTER 
TURNER DENTAL SCHOOL 


ASSISTANT LECTURER IN 
DENTAL MATERIALS 
SCIENCE 


Applications are invited for the above 
post from science graduates, Postgraduate 
experience and qualification im physics, 
engineering, metallurgy or materials science. 
desirable. Duties would include research 
into mew materials, for which excellent 
facilities are available, and teaching, Salary 
range per annum £1,105 to £1,340 (under 
review), FSS. U 

Particulars and application forms (return- 
able by March 12) from the Registrar, The 
University, Manchester MI3 9PL, Quote 
Ref, 25/69/NA, (630) 


QUEEN ELIZABETH COLLEGE 
(UNIVERSITY OF LONDON) 
CAMPDEN HILL ROAD, W.8 


Applications are invited for the post of 
ASSISTANT LECTURER in PHYSICAL 
CHEMISTRY, which will be vacant on 
October 1, 1969. Salary in accordance 
with university scales. 


Further particulars may be obtained from 
the College Secretary, to whom four copies 
of appiications should be sent by February 
28. (580) 


UNIVERSITY OF 
SI. ANDREWS 


DEPARTMENT OF CHEMISTRY 


Applications are invited from candidates 
with an ordinary degree, H.N.C. or equiva- 
ian qualification in Electronics for the posi- 
ton of TECHNICAL OFFICER in the 
Department of Chemistry, The successful 
applicant will be expected to assist in the 
servicing of spectrometers and in the 
development of electronic equipment. The 
new chemistry building is equipped with 
Mass Spectrometeers (MS-902 and MS-10), 
NUM.R. Spectrometers (HA-100 and R-10), 
and a Decca E.S.R. Spectrometer in addi- 
tion to DR, and U.V. Spectrometers. 

Salary in the range: £1,050 to £1,400; 
grant towards removal; pension scheme. 

Applications, with the name of a referee, 
should be sent before February 28, 1969, 
to the Deputy Secretary, University of 
St. Andrews, College Gate, St. Andrews, 
from whom further paniculars may be 
obtained, (589) 





JUNIOR TECHNICIAN REQUIRED FOR 
University Research Department of Biochemistry. 
Work will include maintaining and constructing 
electronic equipment and assisting with biochemi- 
Whitley Council salary 
scales and cenditions of service. Salary accord- 
ing to experience and quaHfications —Amnply to 
the Secretary, Institute of Psychiatry, De Cres- 
pigny Park, Denmark Hill, London, S.E.5 (Ref, 
B;M). (666) 
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UNIVERSITY OF MANCHESTER 
INSTITUTE OF SCIENCE AND 
TECHNOLOGY 
DEPARTMENT OF BIOCHEMISTRY 


Applications are invited for the following 
posts : 

ASSISTANT LECTURER (Reference BIO/AL/ 
63). Applicants showd have a degree in an ap- 
propriate subject, and preference will be given 
to those with an interest in either (1) biological 
problems involving electron. microscopy or (2) 
metabolic control systems. Salary scale: £1,240 
to £1,470 with F.S.S.U. 

EXPERIMENTAL OFFICER (Reference BIO/ 
EO/64) to assist in preparative work on enzymes 
and subcellular particles. Applicants should have 
a degree or equivalent qualification. in Chemistry 
or a Biological subject. Salary scale: £920 to 
£1,525 with F.S.S.U. 

RESEARCH ASSISTANTS (Reference BIO 
RA/65) to fill two vacancies from October, 1969. 
Applicants should have a good honours degree 
in Chemistry or Biochemistry. Salary: £1,005 
rising to £l ex for the second and subsequent 
years, with F.S 

Requests for puc form, quoting appro- 
priate reference, should be forwarded to the 
Registrar,  U.M.LS.T. Sackville Street, Mar- 
chester, M60 10D. Closing date for applica- 
tions: March 7, 1969. (629) 





Inner London Education Authority 


NORWOOD 
TECHNICAL COLLEGE 


Knights Hill, West Norwood, S.E.27 


BIOLOGY AND GEOLOGYX 
DEPARTMENT 


RESEARCH ASSISTANT 


required as soon as possible for work on 
aspects of Silurian-Devonian stratigraphy, 
palacontology, structural geology or sedi- 
mentary petrology, which is expected to 
lead to a higher degree. 


Applicants should possess a good Honours 
degree in Geology. The post includes six 
hours teaching per week and is tenable for 
a period of two years in the first instance, 


Salary : £750 by £25 (2) to £800. 


Application forms from the College Secre- 
tary, returnable within two weeks of the 
appearance of this advertisement. 


Enciose self-addressed foolscap envelope. 
(620) 


DERBY AND DISTRICT COLLEGE 
OF TECHNOLOGY 


LECTURER IN BOTANY 


Applications are invited for the post of Lec- 
turer | in BOTANY in the Department of Bio- 
logical Sciences, duties to commence on April i, 
1969, or as soon as possible thereafter. Appli- 
cants should have an Honours Degree in Botany 
or Microbiology and experience or a special 
interest in some field of Bacteriology, Mycology 
or Algology. Opportunities will be provided for 
approved research. Salary in accordance with 
the 1967 Scales for Teachers in Establishments 
for Further Education, viz., £1,035 by £30 (2) by 
£50 by £60 (D by £50 (D by £60 to £1,735 per 
annum, with additional allowances for a degree 
or equivalent and approved training. Up to 12 
increments on the scale may be allowed for 
approved industrial or professional experience. 

Application forms, returnable by February 28, 
1969, and further particulars may be obtained 
from the Registrar, Derby and District College of 
Technology, Kedieston Road, Derby, PD 


———————— ———————————————————H 


UNIVERSITY OF SOUTHAMPTON 
CHAIR OF ZOOLOGY 


Applications are invited for the Chair of Zoo- 
logy. Candidates may have interests in any 
branch of zoology including appropriate aspects 
of genetics and cytology. Salary within the pro- 
fessorial range £3,570 to £4,990 (under review). 
F.S.S8.U. 

Further particulars (quoting ref. ND, may be 
obtained from the Secretary and Registrar, the 
University, Southampton, SO9 SNH, to whom 
applications (fourteen copies from applicants in 
the United Kingdom), should be sent before 
March 24, 196%. (655) 
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UNIVERSITY OF WALES 
UNIVERSITY COLLEGE OF SWANSEA 
LECTURER IN MECHANICAL 
ENGINEERING 


Applications are invíted for the post of LEC- 
TURER in the Mechanical Engineering Division 
of the School of Engineering. The successful 
applicant will have responsibility for lecturing at 
undergraduate and postgraduate levels within the 
general field of Mechanical Engineering but with 
special reference to Theory of Machines and 
Tribology. The salary will be on the scale £1,240 
by £115 to £2,735, together with F.S.S.U. benefits. 

Further particulars, quoting reference no. B6 
may be obtained from the Registrar, University 
College of Swansea, Singleton Park, Swansea, 
SA2 8PP by whom applications should be re- 
ceived not later than March 1, 1969. (564) 


UNIVERSITY COLLEGE, DAR ES SALAAM 
FACULTY OF AGRICULTURE 


Applications are invited for the following ap- 
pointmenis in this new Faculty sited at Moro- 
goro: 

Professor; Reader / Senior Agri- 
cultural Zoology ; 

Professor in Crop Production ; 

Senior Lecturers in each of the following: 
Crop Production: Animal Husbindry ; Rural 
Sociology / Extension ; Agricultural Botany. 

Lecturers in each of the following: Horticul- 
ture; Plant Pathology; Animal Nutrition; Ani- 
mal Physiology ; Agricultural Chemistry ; Agri- 
cultural Botany ; Agricultural Zoology. 

Salary scale: Professor £EA3,150 per annum, 
Reader £EA2,540 to £EA2.825 per annum. Senior 
Lecturer £EA1,950 to £EA2,613 per annum. Lec- 
turer £EA1,350 to £EA2,230 per annum | (£EAT-— 
£1 3s. dd. sterling). Salary supplemented in range 
£345 to £505 per annum (sterling) in appropriate 
cases under British Expatriates Supplementation 
Scheme.  F.S.S.U. Family passages. Biennial 
overseas leave. 

Detailed applications (six copies) naming three 
referees, by March 24, 1969, to Inter-University 
Council, 90/91 Tottenham Court Road, London, 
W.1, from whom particulars are available. 

(662) 
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AGRICULTURAL RESEARCH 
COUNCIL 


FOOD RESEARCH INSTITUTE 
NORWICH 

(0 ASSISTANT EXPERIMENTAL OFFICER/ 
EXPERIMENTAL OFFICER required to assist 
with a programme concerned with biochemical 
aspect of plant respiration and with aspects of 
the physiology of seed development. 

QUALIFICATIONS : This post requires some 
knowledge of both chemistry and botany and for 
an applicant over 22 a pass degree or H.N.C. in 
appropriate subjects. 

(D ASSISTANT EXPERIMENTAL OFFICER / 
EXPERIMENTAL OFFICER required for chemi- 
cal analysis in connection with plant products. 

QUALIFICATIONS : For candidates over 22 
years of age, H.N.C. or pass degree in Chemistry. 

SALARY: A.E.O. according to age: £895 at 
age 22; maximum 


Lecturer in 


; £1,150 at age 26 or over; 
£1,385; or E.O. £1,514 to £1,910. 
SUPERANNUATION-—Optional — contributory 
scheme. Application forms and further particu- 
lars from the Secretary, Food Research Institute, 
Colney Lane, Norwich. NOR 70F, quoting ref. 
(0 67/28, or (iD 68/52. (660) 











TECHNICIAN REQUIRED TO ASSIST IN 
existing grant-aided virus research programme. 


This concerns antigenic relationship of viruses, 
tissue culture and other virological techniques. 
This new appointment in a fully equipped 


laboratory offers experience with current experi- 
mental apparatus.--Write, giving full details to 
Dr. R. F. Willams, St. Thomas's Hospital 
(618) 





ate or a young man with some scientific training 
who can take the responsibilities of a Technical 
Field Officer in our Technical Services Depart- 
ment. This department undertakes all trial work, 
both on the current. Elanco animal health range 
and on new products under development. His 
assignments will relate to our field trials pro- 
gramme and will include some laboratory work. 
This is an excellent chance to gain experience in 
commercial research, development and technical 
support activities and offers a career within an 
expanding international organisation. A com- 
pany car goes with the job and all legitimate 
expenses are met.—Apply in writing to Mr. D. R. 
Brown, B.V.M.S.. M.R.C.V.S., Elanco Products 
Limited, Broadway House, The Broadway, Lon- 
don, S.W.19, Tel.: Liberty 6600. (587) 


UNIVERSITY OF LEEDS 

Applications are invited from graduates, or 
those graduating this summer, in Botany or Agri- 
cultural Botany for a studentship to assist with 
an investigation of fungi occurring in stored 
cereal grains. The award will be for a period of 
up to three years and the successful candidate 
will be able to work for a higher degree. Tax- 
free maintenance allowance of £530 per annum 
plus higher degree fees. 

Applications, stating age, qualifications and ex- 
perience, together with the names of two referees, 
should reach Professor J. H. Western, pee of 
Leeds, 


AND TECHNOLOGY 
DEPARTMENT OF CHEMISTRY 


The Wolfson Foundation has made available 
several Post-doctoral and Postgraduate Research 
Assistantships in the Chemistry of molecular sieve 
and layer silicates, tenable under Professor R. M. 
Barrer, F.R.S. They will be awarded within the 


field of Synthesis, Reactions,  lon-exchange, 
Sorption, Complex Formation, Structure and 
Catalysis. Salary scale for post-doctoral awards: 


£1,240 by £115 plus F.S.S.U. For Postgraduate 
awards: £695, £755, £810 plus FS.S.U. 
Applications giving full academic background 
and the names of two referees should be made 
to Professor R. M. Barrer. Chemistry Depart- 
ment, Imperial College, London, S.W.7. (653) 


UNIVERSITY OF MANCHESTER 


LECTURERS AND ASSISTANT 
LECTURERS IN PHYSIOLOGY 


Applications invited from candidates with a 
good honours degree in Physiology or related 
subjects, or with medical qualifications registrable 
in this country, for these posts. Ht is hoped 
that one Lecturer will help to supervise work on 
circadian rhythms. The other appointments may 
be made in any field relevant to the work of 
the Department. Salary scales at present under 
review, F.S.S.U. where appropriate. 

Particulars and application forms (returnable by 
March 3), from the Registrar, The University of 
Manchester, M13 9PL. Quote ref. SR 

(654 





QUEEN MARY COLLEGE 
(UNIVERSITY OF LONDON) 
DEPARTMENT OF PHYSICS 


Applications are invited for the post of LEC- 
TURER IN THEORETICAL PHYSICS. Salary 
scale (under revision): £1,470 by £90 to £2,010 
by £85 to £2,180 by £90 to £2,270 (bar); £2,360 
by £90 to £2,630, plus £60 London Allowance 
and F.S.S.U. participation. Initial salary ac- 
cording to qualifications and experience. The 
research interest of the Department covers a 
broad field in Theoretical Physics. Preference will 
be given to candidates with a good post-doctorate 
experience. 

Application forms, obtainable from the Regis- 
trar, Queen Mary College, Mile End Road, Lon- 
don E.l.. to be returned by March 15, 1969, 

(611) 


UNIVERSITY OF KEELE 


Applications are invited from graduates in Pure 
or Applied Science or Engineering for a Lecture- 
ship in Education. Candidates should have ex- 
perience of new developments in the teaching of 
Science, Applied Science and Technology and 
have taught in schools, establishments of Further 
Education or in industry. Salary in scale £1,240 
to £2,735. 

Application forms from the Registrar, The Uni- 
versity, Keele, Staffs, ST5 5BG. Closing date for 
applications February 24, 1969. (574) 





CHEMIST, BACTERIOLOGIST 


Applicants must have degree in chemistry or be 
corporate members of the Royal Institute of 
Chemistry and be capable of taking charge of a 
small laboratory in a modern Water Undertaking. 


Salary between £1,840 and £2,335 per annum, 
depending on assessment. 
Applications to Chief Officer, Mid-Cheshire 


Water Board, Hartford, Northwich, Cheshire, by 
February 27, 1969. Further information. by tele- 
phone, from D. Tyson, Northwich 74263, morn- 
ings only. (604) 


mu I ———O ee 


required to assist the Director with research on 
the biochemistry of the brain.—Please apply in 
writing, giving full details of past experience, to 
The Director, Courtauld Institute of Biochemis- 
try, Middlesex Hospital Medical School, London, 
WIP SPR. (594) 








UNIVERSITY OF NOTTINGHAM 
DEPARTMENT OF PHYSICS 
Applications are invited for a Lecturer in 
Physics from October 1, 1969. 4 pplcants should 
have research experience in either low tempera- 
infra-red physics. Salary 
li is envi 


tte 


the Registrar. 


COUNCIL 

FOOD RESEARCH IMSTITUTE 
ASSISTANT EXPERIMENTSL OFFICER re- 
quired for the Chemistry Division of this new 
Institute to join a team investigating lipid and 
favouring constituents of foous, modern tect- 
niques of thin layer and gas Hauid chromato- 
graphy and mass spectroscopy. Qualifications: A 
pass degree or H.N.C. in Chemistry. Salary: On 
a scale rising to £1,385. Starting salary according 
to age, £895 at 22; £1,150 at Z9 or over. Super- 

annuation | Optional Contribuisry Scheme. 
Further details and application forms from 
Secretary, Food Research Insthute, Colony Lane, 
Norwich, NOR 7OF, quoting ref. : S 
SY 


YORK UNIVERSITY 
GRADUATE PROGRAMME IN CHEMISTRY 


Applications are invited from students who 
have, or expect to have, an Honours B.Sc, (or 
equivalent) for admission to programmes lead- 
ing to an M.Sc. or Ph.D. dege in Chemistry. 

Modern facilities are available in this rapidly 
growing University for researen in Biochemistry, 
Inorganic, Organic and Physkal Chemistry, and 
Chemical Physics. 

Financial assistance in the range $3,000 ta 
$4,250 is available for successful applicants. 

For further details contact A. B. Lever, 
Director, Graduate Programme in Chemistry, 
York University, Downsview (Toronto), Ontario, 
Canada. (663) 


PRINCE OF WALES COLLEGE - 


CHARLOTTETOWN, PRINCE EDWARD 
ISLAND, CANADA 

Applications are invited for the position of 
ASSISTANT PROFESSOR IN BIOLOGY. 
Applicants should have completed (or be come 
meting) their Ph.D. degree and have qualifica- 
tions in one or more of toe following ficids: 
Genetics, Cytology, Micrebiology, — Ecology, 
Vertebrate Anatomy, Taxonemic Botany, Start- 
ing salary $10,500, with dicies commencing in 
mid-summer 1969. 

For further details write ¿o the Chairman of 
the Biology Depariument, (667) 





QUEEN'S UNI/ERSITY 
KINGSTON, ONTAR/O, CANADA 
DEPARTMENT OF CHEMISTRY 


Applications are invited from graduate students 
pianning to proceed to the M.Sc, and PRD. 





degrees in Theoretical, Physical, Inorganic, 
Analytical and Organic Chemistry, Teaching 


assistantships of $3,700 involving a maximum of 
three periods per week laboratory supervision are 


available. 

Applications should be rade to: Head. De- 

partment of Chemistry, "Queen's Mt 
527 


Kingston, Ontario, Canada. 


GUY'S HOSPITAL MEDICAL 
SCHOOL 
POST-DOCTORAL RESEARCH 
Applications are invited for a suitably qualified 
person to join a biophysice group and to apply 
magnetic resonance technigees to biological and 
medical problems. A backsround of chemistry is 
required, and experience with N.M.R. is desir- 
able. Salary according to Qualifications and €x- 

perience, with superannuation. R 
Apply in writing quoting Ref. P. to the Seere- 

tary, Guy's. Hospital Medical School, London 

Bridge, S.E.!. i657) 


UNIVERSITY OF HULL 
DEPARTMENT EF BOTANY 
Applications are invited for the post of Lec- 
turer or Assistant Lecturer in the Department of 
Botany. Salary on one o the following scales, 
which are being revised Assistant Lecturer. 
£1,105 to £1,340; Lecturer. £1,470 to £2,630. 
Applications (six copies), giving details of age, 
qualifications and experierce, together wh the 
names of three referees, sheuld be sent by March 
3, to the Registrar, from wsom further particulars 
may be obtained. (6435 
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UNIVERSITY OF LIVERPOOL 
DEPARTMENT OF BIOCHEMISTRY 


Applications are invited for the post of 
ASSISTANT LECTURER or LECTURER 
n: d DEPARTMENT OF BIOCHEMIS- 


Initial salary will be within the range 
£1.105 to £2,630 per annum (under review) 
according to age, qualifications and experi- 
ence, 

Applications, stating age, academic quali- 
fications and experience, together with the 
names of three referees, should be received 
not later than March 31, 1969, by the 
Registrar, The University, P.O. Box 147, 
Liverpool L69 3BX, from whom further 
particulars may be obtained. Please quote 
Ref, RV/958/N (668) 





UNIVERSITY COLLEGE OF 


NORTH WALES 
BANGOR 
DEPARTMENT OF MARINE BIOLOGY 


Applications are invited for a Lecturer in 
Marine Biology. The salary scale for a Lecturer 
is £1,240 by £115 to £2,735. Applicants should 
have Ph.D. or equivalent research experience. 

Two copies of the application with the names 
of three referees, should be sent not later than 
February 24, 1969, to the Registrar, University 
College of North Wales, Bangor. from whom 
further particulars may be obtained. (573) 





UNIVERSITY OF BELFAST 
LECTURESHIPS IN PSYCHOLOGY 


The Secretary of The Queen's University of 
Belfast invites appácations for three new Lecture- 
ships in Psychology from October 1, 1969, Salary 
range (subject to review) is £1,470 to £2,630 
pius contributory pension rights under the 
FSS.U. Initial placing on the salary scale will 
depend on qual fications and experience, 

Applications should be received by March 3, 
1969, Further particulars may be obtained from 
the Secretary, The Queen's Unitversity of Belfast, 
Belfast BT7 INN, Northern Ireand, (602) 


BROMPTON HOSPITAL 
LONDON, S.W.3 
Research Bacteriologist (non-medica!) required 
for research on mycobacteria. Salary up to 
£2,500 depending on qualifications and micro- 
biological experience —Apply in writing to House 
Governor, (665) 


~~ UNIVERSITY OF ABERDEEN 


LECTURER / ASSISTANT LECTURER IN 
BIOCHEMISTR Y 

Applications are invited for this post in the 
Deparment of Biological Chemistry. Preference 
may be given to applicants with special interests 
in nucleic acid biochemistry, protein biosynthesis, 
or growth of mammalian cells in tissue culture. 
Salary on scale £1,240 by £115 to £2,735, with 
initial placing according to qualifications and 
experience. Superannuation (F,S.S.U) and gre- 
movad allowance, 

Further particulars from the Secretary, The 
University, Aberdeen, with whom applications 
(Lecturer 8 copies, Assistant Lecturer 2 copies) 











should be dodged by March 1, 1969, (596) 
UNIVERSITY COLLEGE OF WALES 
ABERYSTWYTH 

Applications are invited for the following 
posts : 


DEPARTMENT OF AGRICULTURE 
(D Lecturer in Animal Husbandry 
(2 Lecturer in Crop Husbandry 
DEPARTMENT OF ZOOLOGY 
Lecturer in Zoology 
Excellent teaching and research facilities are 
available. Although candidates with a special 
interest in problems of animal communities and/ 
or behaviour would be welcome, this need not 
deter applications from candidates with interests 
in other fields. 
Salary on a scale £1,240 by £115 to £2,735. 
Application forms and further particulars are 
obtainable from the Registrar, to whom applica- 
tions must be sent by March 31, 1969. (617) 


——————————————————— Qa RR 


BIOCHEMIST OR BIOLOGIST (FIRST- OR 
second-class Honours degree) required to join a 
team studying replication of myxoviruses. Oppor- 
tunky to study for a higher degree.—Apply as 
Soon as possible, with names of two referees, to 
Dr. R. D. Barry, Virus Laboratory, Department 
of Pathology, University of Cambridge, Tennis 
Court Road, Cambridge, (671) 





UNIVERSITY OF EAST AFRICA 
MAKERERE UNIVERSITY COLLEGE— 
UGANDA 


Applications are invited for the following 
appointments in the DEPARTMENT OF 
PHYSIOLOGY: 

(a3 READERSHIP--available July 1969 

(D LECTURESHIP—available now. 

(OQ LECTURESHIP-—available July 1969 

Salary Scales: Reader £EA2.615 to £EA2,900 
p.a. Lecturer £EA1400 to £642,280 p.a. (LEA! 
-£l 3s. 4d. in sterling) Salary supplemented in 
appropriate cases in range £345 to £495 paa. 
(sterling) under British Expatriate Supplementa- 
tion Scheme.  F.S.S.U. Family passages ; biennial 
overseas leave. 

Detaled applications (6 copies) naming three 
referees by March 28, 1969 to Inter-University 
Council, 90/91 Tottenham Court Road, London, 
W.1 from whom particulars are available. ; 

(568 


UNIVERSITY COLLEGE, GALWAY 


JUNIOR LECTURESHIP IN HISTOLOGY IN 
THE DEPARTMENT OF ANATOMY 


Applications are invited for the above Post. 
The latest date for receiving applications wil be: 
March 7, 1969, 

Prior to application, further information should 
be obtained from the Secretary of the “eA 

(641 


ANIMAL TECHNICIAN _ 10 BE IN 
charge of small animal house required by Re- 
scarch Laboratory, Salary within the scale £490 
to £890 plus L.W., £90 plus generous allowances 
for weekend and Bank Holiday attendance — 





Apply: Administrative Officer, Medical Research 
Council, Biophysics Research Unit, 26-29 Drury 
Lane, London, W.C.2. (585) 


GRADUATE PHYSICIST OR ENGINEER 
required for design and development of auto- 
mated methods in immunohaematology. Experi- 
ence, or specialized training, in bioengineering 
desirable but not essential. Opportunity to read 
for a higher degree. Excellent instrument labora- 
tory accommodation and workshops facilities. 
Salary dependent on qualifications and experi- 
ence.—Further details from the Secretary, Mecdi- 
cal Research Council Haematology Unit, St. 
Mary's Hospital Medical School, Londen, W.2. 

(586) 


FELLOWSHIPS AND 
STUDENTSHIPS 


UNIVERSITY OF QUEENSLAND 
UNIVERSITY COLLEGE OF TOWNSVILLE 
SCHOOL OF BIOLOGICAL SCIENCES 
RESEARCH FELLOW IN MARINE BIOLOGY 


Applications are invited for the position of 
Research Felow in the Department of Marin: 
Biology, School of Biological Sciences. 

The FeHowship is sponsored by the Cape York 
Pearling Company for a project aimed at devel- 
oping and expanding the pearl oyster fishery in 
Northern Australia. Applicants should have a 
Ph.D. degree and experience in some aspect of 
bivalve biology particularly well suited for re- 
search in an applied field. The appointment is 
tenable fer one year in the first instance but 
subject to review will be extended on an annual 
basis for a further two years. Extension of the 
tenure of the Fellowship to five years may be 
possible. 

The salary range attached to the Fellowship is 
$45,400 to $A5,900 per annum. A Northern 
AHowance of $A60 per annum will also be paid. 

The appointee will work under the direction of 
Dr. C, Burdon-Jones, Professor of Marine Bio- 
logv and Head of the School of Biological 
Sciences. The appointee will be granted F.S.S.U. 
type superannuation and reasonable appointment 
travel and removal expenses. 

Application forms and further information may 
be obtained from the Association of Common- 








wealth Universities (Branch Office), Marlborough 
House, Pali Mall, London, S.W.1. Applications 
close on March 14, 1969, {650) 


UNIVERSITY OF BELFAST 
STUDENTSHIPS AND FELLOWSHIPS 
DEPARTMENT OF APPLIED MATHEMATICS 
AND THEORETICAL PHYSICS 
Applications are invited for Studentships and 
Fellowships for theoretical research ir atomic 
and molecular processes. They should state age, 
academic qualifications, and the names of two 
referees, and should be submitted as soon as 
possible to Professor D. R. Bates, FRS. De- 
partment of Applied Mathematics and Theoreti- 
cal Physics, The Queen's University of Belfast, 
Belfast BI7 INN. (C03) 
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UNIVERSITY OF LIVERPOOL 
DEPARTMENT OF MEDICINE 
NUFFIELD UNIT OF 
MEDICAL GENETICS 


Applications are invited for a POST- 
DOCTORAL FELLOWSHIP, initially for 


2 years, to join a small group working in 
the field of haemoglobin biosynthesis, par- 


ticularly as related to the thalassaemias and 
other genetic disorders, Applicants should 
be graduates, preferably with, or about to 
acquire, a Ph.D. degree and with experi- 
ence in biochemistry or related fields. 
Initial salary up to £1,500 per annum 
with appropriate FSS U. benefits. 
Applications, stating age, qualifications 
and experience, together with the names of 
two referees, should be sent as soon as 
possible to the Registrar. The University, 
PO. Box 147, Liverpool 169 3BX. Please 
quote Ref. RV/957!N. 669) 





CASE WESTERN RESERVE 
UNIVERSITY 
POST-DOCTORAL FELLOWSHIPS 
BIOCHEMISTRY AND MOLECULAR 

BIOLOGY 

Two positions are open: (1) 
studies of fibrous macromolecules using chro- 
matographic and physical techniques. Experi- 
ence with protein chromatography and electro- 
phoresis is desirable. (2) Studies on the mechan- 
‘sm of polypeptide hormone action using radio- 
isotope | techníques. Biochemisry | background 
desirable, The University is located in Univer- 
sity Circle, home of the Cleveland Symphony, 
the Cleveland Museum of Art. and other cuj- 
tural and educational institutions. Successful 
candidates will have assisted passage to the 
United States. Salaries start at $7,000 per vear 
and the starting date is negotiable. 

Send vitae, and names and addresses for two 
references, to Dr. J. E. Zui or Dr. L. Klein, 
Biological Materials Laboratories, Olin Building, 
Case Western Reserve University, Cleveland, 
Ohio, 44106. (607) 


UNIVERSITY OF ABERDEEN 
BIOCHEMICAL RESEARCH 


a Studem for PhD. degree required 
October) to work with Dr. J. Jeffery on the pro- 
Se of steroid metabolising enzymes. Grant 
normaMy obtainable for candidate with 1st or 
Upper 2nd Class Honours and British nationality. 
Inquiries to Dr. J. Jeffery, Deparument of 
Obstetrics and Gynaecology, University of Aber- 
deen, Foresterhill, Aberdeen AB9 2ZD. 70) 


temaren vewnt 


Biochemical 


UNIVERSITY OF ABERDEEN 
LECTURESHIP IN BACTERIOLOGY 


Applications are invited for above post vacant 
from April I. 1969, or as soon as may be 
arranged. Candidates who should be interested 
in, and preferably have some experience of, elec- 
tron-microscopy may elect to work either in 
virology or bacteriology. Salary on scale: £1,240 
to £2,735: (f medically qualified) £1,470 to 
£2,995. Initial placing according to qualifications 
and experience. Superannuation (F.S.S.U.) and 
removal allowance. 

Further particulars from the Secretary, the Uni- 


versity, Aberdeen, with whom applications (ten 
copies), should be lodged by March 1, 1969. 
(626) 


UNIVERSITY OF 
ST. ANDREWS 


FELLOWSHIP IN CHEMISTRY 


Applications are invited for a Post. 
doctoral Fellowship supported by the 
Science Research Council, tenable for two 
years. The Fellow wil work in collabora- 
tion with Dr, D. H. Reid on Thiothio- 


phihenes and Related Heteroclyclic Struc- 
tures, 


Salary £1,250 by £75 to £1,325 per annum, 
Starting date may be any time before, 


but not later than, October 1, 1969. Appi- 
cations, with the names of iwo referees, 
should be sent to Dr. D. H. Reid, Depart- 
ment of Chemistry, The Purdie Building, 
The University, St. Andrews, as soon as 
possible, but not later than March 15. 


(638) 
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CHELSEA COLLEGE OF 
SCIENCE AND TECHNOLOGY 
UNIVERSITY OF LONDON 


There is a vacancy for à RESEARCH 
STUDENT in the Deparunent of Pharmacy 
to undertake research in the field of Sur- 
face and Colloid Science whilst registered 
for a higher degree of the University of 


London. Et is possible thar an SRC. 
studentship will be made available for the 
successful applicant. Appicants should 
hold at deast an upper second class 
Honours degree from a British university, 
or equivalent, Previous research experi- 
ence would be an advantage. 


Further particulars may be obtaind from 
Dr. N. Pilpel, Department of Pharmacy. 
Chelsea College of Science and Techno- 
logy, Manresa Road, London, SW. 
Tel.: 01-352 6421, ext. 241, (636) 





THE MICHAEL SOBELL CANCER 
RESEARCH FELLOWSHIP OF THE 
BRITISH EMPIRE CANCER 
CAMPAIGN FOR RESEARCH IN 
ASSOCIATION WITH THE 
COLLEGE OF PATHOLOGISTS 


Applications are invited for the above Feliow- 
ship, whích has recently been endowed through 
the generosity of Mr. Michael Sobell and is 
intended. for young graduate research workers to 
undertake laboratory research into some aspect 
of cancer. The Fellowship would normally be 
held for a period of from three to five years. 
and could include a period of work abroad. The 
salarv would be appropriate to the age, qualifi- 
cations and experience of the successful candi- 
date, and funds would be made available for the 
running expenses of the work undertaken, and 
also, if applicable, for a limited amount of travel, 

Applicants should submit their curriculum 
vitae and full details of their proposed project, 
and name both the institute at which the work 
wil be carried out and the Director who would 
supervise it, These details, with the names of 
three referees, should be sent to The Secretary 
General, British Empire Cancer Campaign for 
Research, 11 Grosvenor Crescent, Hyde Park 
Corner, London, S.W.1, and must reach him not 
later than April 30, 1969. (39D 


WELLCOME TRUST/ANIMAL 
HEALTH TRUST 
VETERINARY RESEARCH FELLOWSHIPS 


The Welcome Trust and the Animal Health 
Trust are inviting applications for up to six 
Research Fellowships in Veterinary Medicine. 
These are open to graduates in veterinary or 
allied sciences who have had at least two years 
research experience. The Fellowships are tenable 
for up to three years and carry a stipend of 
£1,100 per annum, at age 24, rising to £2,500 per 
annum at age 36 and over. Plus London allow- 
ance of £60 per annum. 

Applications, in duplicate, should reach the 
ander-mentioned by March 1, 1969, and should 
include a formal curriculum vitae, details of the 
research. programme proposed and a supporting 
letter from the Head of Department in which 
the candidate plans to work. 

THE ANIMAL HEALTH TRUST, 
14. ASHLEY PLACE, 
LONDON, S.W. 


(406) 


UNIVERSITY OF 
STRATHCLYDE 


DEPARTMENT OF PURE AND 
APPLIED CHEMISTRY 


RESEARCH FELLOWSHIP 


Post- 
doctoral Research Fellowship in the Or- 
ganic Chemistry section of the Department 
of Pure and Applied Chemistry to study 
the synthesis of bridged-ring nitrogenous 


Applications are invited for à 


[ p EERE 


Research Fellowship is available to work on 


———————— Haa 
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Gillette International Research 
Fellowship 


ORGANIC CHEMISTRY 
UNIVERSITY OF KARLSRUHE, GERMANY 


Applications are invited, from suitably qualified persons, for one of the 
international Post-Doctoral Research Fellowships which have been set up 
by the Gillette Company to promote the international exchange of scientific 


and technical personnel. 


The present Fellowship is tenable in the Institut für Organische Chemie 


* 


of the University of Karlsruhe, 
Musso. 


Applicants should be 


relevant post graduate research experience. 


under the direction of Professer Hans 


holders of a higher degree, or possess 3-4 years 


This Fellowship, being tenable 


in Germany, is open only to nationals of other European countries«includ- 
ing the United Kingdom and the Republic of Ireland) or of the United 


States or Canada. 


The Fellow will be required to undertake work on the oxidation of phenols 


and the degradation of hydroxyquinones. 


These studies, in which Professor 


Musso and his co-workers have been engaged for some years. inciade the 
isolation and structural analysis of products, and mechanistic studies. 

It is expected that the results of the work will be published. 

The Fellowship will be for one year, in the first instance, with the possibility 
of renewal for a further year and will carry a remuneration œ about 
£2,000 per annum. Applicants should be able to take up the Febowship 


in October 1969, 


Applications, stating age, nationality and research interests, and including 
a detailed curriculum vitae and the names and addresses of two aeademic 
or technical referees, should be addressed to: 


The Secretary, 


Internationa! Research Fellowship Committee, 
Gillette Research Laboratory, 


Reading, Berks. 


UNIVERSITY OF WARWICK 
SCHOOL OF ENGINEERING SCIENCE 


POST-DOCTORAL FELLOWSHIP 
for experimental work on 


Stahility, transition and turbulence in pipe 
flow under non-uniform body forces 


The Fellowship is funded by S.R.C. for 
two years for work on electrolyte flow under 
streamwise magnetic forces due to imposed 
current and magnetic fields. The feasi- 
bility of the technique has been established 
and some apparatus built. Ho:-film 
anemometry and other techniques are to 
be used to study the resulting laminar and 
turbulent flows. The technique introduces 
an extra degree of freedom which will per- 
mit new tests of theories of instability and 
shear-flow turbulence. 

Appointment, to take effect from the 
earliest possible date, will be in a salary 
scale of £1.240 by £115 to £1,470, excep- 
tionally £1,585 per annum. FS.S.U. bene- 
fits payabie. 

For application forms and further par- 
ticulars write to the Registrar, The Uni- 
versity of Warwick, Coventry CV4 FAL, to 
whom applications should be returned by 
March 15, 1969. (877) 


UNIVERSITY OF SOUTHAMPTON 


DEPARTMENT OF CHEMISTRY 


454, Basingstoke Road, 


The closing date for applications will be April 25, 1969. 
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UNIVERSITY OF KEELE 


POSTGRADUATE 
STUDENTSHIP's 


Applications are invited for Research 
Studentships and Advance: Qourse 
Studemships for the session 1965.70. These 
Studentships, of sche value of £530 per 
annum, plus tuition fees and dopendanis" 
and travel allowances, are tenawle for anc 
year in the first instance in the following 
subjects : 


Research Studentships-—Baolog: ; Chemis 
ity : Communication ; Cornpater 
Science; Geology: Mathematics: 
Physics. 


Advanced Course Studentships-- Applied 


Mathematics: Pure Mexhematics : 
Quantum Electronics; Tae Ponda- 
mentals of Coramác Techrology. 


Candidates (men or women) shouid have 
a good Honours degree, but  aoplications 
from those who expect to graduz:e in 1969 
wil also be considered. — Accommodation 
may be available in a Universite Halt of 
Residence. 


Application forms may be obtesned from 
the Registrar, The University, Kecie, Staffs, 
to whom completed forms shouid be res 
turned by mot later than March 31, 1969, 
Those inquiring should state the type of 
studemship and the subject or course in 
which they are interested. (5875) 
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compounds, 

Salary scale : £1,150 to £1,230 per annum, 
plus F.S.S.U. 

Applications, in writing (quoting R4/69), 
should be sent to Dr. G. R. Proctor, De- 
partment of Pure and Applied Chemistry, 
University of Strathclyde, Glasgow, C a 

{639 





the Mechanism and Stereochemistry of Acid and 
Base catalysed reactions of carbonyl compounds. 
The appointment is for one year in the first 
instance and the salary range is £1,100 to £1,340 
according to age and experience. 

The applications with names of two referees 
should be sent to the Deputy Secretary, The 
University, Highfield, Southampton, SO9 SNH, 
quoting reference N. (554) 


POSTDOCTORAL FELLOWSHIES IN IM. 
ORGANIC CHEMISTRY, commenceig Sesptem- 
ber, 1969. $6,000 per annum.-—Appiücations and 
further information. from Dr. M. E. Peach tirme 
organic) and Dr. B. P. Robinsor (organic), 
Chemistry Department, Acadia University, Wolk 
vile, N.S., Canada. (664) 
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UNIVERSITY OF MANCHESTER 
DEPARTMENT OF ZOOLOGY 
RESEARCH FELLOWSHIP IN 

|. PROTOZOOLOGY 


Applications are invited for the LS. Dunkerly 
Research Fellowship in Protozoology. This de- 
partment at present has facilities for work in the 
fields of genetics and/or fine structure of proto- 
zoa.: Applicants should hold a good Honours 
degree in zoology or expect to obtain this quali- 
fication in the summer of 1969. The Fellowship 
is normally of the value of a Science Research 
Council Studentship, and the recipient will be 
eligible to register for work for a higher degree, 
The closing date for applications is June 1, 


Further information and application forms 
from: The Registrar, The University, Man- 


chester M13 9PL. Please quote Ref. 18/69/Na. 
(663A) 





LECTURES AND COURSES 





IMPERIAL COLLEGE OF SCIENCE 
AND TECHNOLOGY 
APPLIED OPTICS SECTION 


SUMMER SCHOOL ON 
APPLIED OPTICS 
for non-specialists in Optics 
June 9 to 20, 1969 


(The course will be given by the following 
members of the staff of the Applied Optics Sec- 
tion : Dr. R. F. Edgar, Mr. M. J. Kidger, Dr. 
K. H. Ruddock, Dr. R. W. Smith, Dr. W. T. 
Welford, Professor W. D. Wright and Dr. C. G. 
Wynne. 

This is an introductory course of about 36 
lectures, intended for scientists and engineers who 
have had tittle or no specialized training in 
Applied Optics. ts emphasis wil be on basic 
ideas rather than the detailed development of 
formulae. The lectures have been revised as a 
result of experience gained from previous summer 
schools. Lecture notes will be circulated in 
advance. Topics to be covered will include ; 
paraxial optics, aberrations, coherent and in- 
coherent image formation, design and testing of 
optical systems, visual perception, photometry, 
visible and infrared sources and detectors. The 
course fee is £35. 

Further details and application forms may be 
obtained from The Registrar, Imperial College, 
London, S.W.7. (652) 


emit 


UNIVERSITY OF GLASGOW 
ZOOLOGY DEPARTMENT 
DIPLOMA IN ENTOMOLOGY 


A full-time postgraduate course of one year's 
duration will commence in the Autumn Term 
1969. This will comprise the study of insect 
morphology and systematics, insect physiology. 
insect development, ecology, fundamental aspects 
of appiied entomology such as agricultural and 
stored products entomology. medical and veterin- 
ary entomology, insects and piant diseases, bio- 
logical and chemical control of insects. Instruc- 
sion wil be by means of lectures, tutorials and 
seminars supplemented by practical studies in the 
laboratory and museum and at the University 
Field Station. Inclusive fee £79 for UK. su- 
dents, £250 for overseas students. 

The final date for applications is July 1. 1969. 
Further information from the Secretary, Zoology 
Department, The University, Glasgow, Eu 

(563) 


UNIVERSITY OF LONDON: A COUR: E 
of two lectures entitled (D '' Some new investiga- 
tions on coelenterate nematocysts " ; (2 '" New 
aspects and problems of the determination of 
sex in Man” wil be delivered by Professor R. 
Weill (Bordeaux) at 5.30 p.m. on February 2A 
and 25 at University College, Anatomy Lecture 
Theatre), Gower Street, W.C.1. Admission free, 
without ticket.—M. A. Baatz, Academic RS 
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UNIVERSITY OF LONDON: A COURS 
of three lectures entitled * Urban Change in 
Japan " will be delivered by Professor Peter 
Schiller (Ruhr) at 5.30 p.m. on February 24, 26 
and 28 at the School of Oriental and African 
Studies, University of London, W.C.]. Admis- 
sion free, without ticket.—M. A, Baatz, Aca- 
demic Registrar. (649) 

UNIVERSITY QF LONDON: A LECTURE 
entitled “ Insect. Hormones and Pest Control '' 
will be delivered by Professor Sir Vincent 
Wigglesworth (Cambridge) at 8.15 p.m. on Febru- 
ary 20 at Wye College. Ashford, Kent. Admis- 
sion free, without ticket--M. A. Baatz, Aca- 
demic Registrar. (645) 





UNIVERSITY COLLEGE LONDON 


POSTGRADUATE COURSES IN 
CHEMICAL AND BIOCHEMICAL 
ENGINEERING 


Applications are invited from men and women 
with an honours degree in chemistry, physics, or 
mechanical engineering to join a one-year course 
in Chemical Engineering, commencing Septem- 
ber 29, leading to a College Diploma. 

Simüar courses are available in Biochemical 
Engineering suitable for students who already 
have a degree in chemical engineering, chemis- 
try, biochemistry, botany, microbiology, or 
pharmacy. The syllabus is balanced to suppie- 
ment the student's previous experience and is 
mainly directed towards the understanding of 
large-scale applications in the biological indus- 
tries, especially food, beverages, and pharma- 
ceutical manufacture, This leads to a University 
M.Sc. for most honours degree studenis and to 
the College Diploma for others, 

The Science Research Council has accepted 
these courses as suitable for the tenure of its 
Advanced Course Studentships and Industria] 
Studentships, and they also carry exemptions 
from the graduate membership examimnuiions of 
the Institution of Chemical Engineers. Students 
with industrial experience are especially welcome, 

Facilities are also available in various fields of 
chemical and biochemical engineering, leading to 
degrees of M.Phil. or Ph.D, 

For further information please write to Pro- 
fessor P. N. Rowe, Department of Chemical 
Engineering, University College London, Tor- 
(558) 





riagion. Place, London, WCL 


THE 
UNIVERSITY OF 


LEEDS 


DEPARTMENT OF 
COMPUTATIONAL SCIENCE 





A course in computing science lasting 
one calendar year and leading to the 4 
degree of M.Sc, will be offered from 
October 1969. Graduates and students 
expecting to graduate in 1969 can ob- 
tain further particulars from Dr, C. M. 


Reeves, Department of Computational 
Science, The University, Leeds LS2 
9JT. (616) 


MIDDLESEX HOSPITAL MEDICAL SCHOOL, 
CLEVELAND STREET, WIP 6DB, 
and 
ST. BARTHOLOMEW'S HOSPITAL MEDICAL 
COLLEGE, CHARTERHOUSE SQUARE, E.C.1 


M.SC. COURSE IN 
RADIATION PHYSICS 


An intercollegiate course for this degree will 
commence in October, 1969, in the above schools 
of the University. 

The course extends over one calendar year for 
suitably qualified full-time students, or two aca- 
demic wears for part-time students, and com- 
prises lectures and practical work in nuclear 
physics and the properties, interactions, applica- 
tions and hazards of ionizing radiation, The 
course is open to persons who hold an honours 
degree with physics as a principal subject. Physi- 
cists working with radiations in medicine or in- 
dusiry may be accepted as part-time students. 

The course is recognized by the Science Re- 
geearch Council for the award of Advanced 
Course Studentships. 

Further information and application forms are 
available from the Secretary, Physics Department, 
at either of the above schools. (644) 


PSYCHO-ANALYSIS 


Six * Winter Lectures 1969" weekly (excep 
for February 11) by Members of the British 
Psycho-Analytical Society. 

Fifth Lecture '" THREATS TO IDENTITY 
IN THE LARGE GROUP," by P. M. Turquet, 
MA, MRCS. L.R.C.P., D.P.M., on Tuesday, 
February 25, 6.30 pman at the Porchester Hall, 
Porchester Road, London, W.2. 

Tickets (£2 for course or 85. a lecture; stu- 
dents 10s. for course or 2s. single lecture) and 
programme from E. H. Wedeles, M.D., 63 New 
Cavendish Street, W.1, or at the lectures. 


10 the Secretary of the 











GRANTS & SCHOLARSHIPS - 


NATIONAL VEGETABLE 
RESEARCH STATION 


RESEARCH SCHOLARSHIP 


invited from Honours 


Applications are 
to graduate) 


graduates (or those sheriy 


wishing tO pursue further studies and obtain 
training in one of the folowing lines of 
research in progress at the Station: Plant 


Breeding, Chemistry, Biochemistry, Piant 
Physiology, irrigation, Entomology, Eco- 
logy and Control of Weeds, Biometry. The 
Scholarship, value £600 per annum plus 
University fees for higher degree, is ten- 
able for two vears, with possible extension 
to three years. The award will date from 
October 1, 1969, Closing date for appli- 
cations March i4. 


Secretary, 


Farther particulars from 
(646) 


NYRS. Wellesbourne, Warwick. 





MCMASTER UNIVERSITY 
CANADA 
GRADUATE SCHOLARSHIPS IN GEOLOGY 


The Department of Geology offers opportuni- 
ties for research in several aspects of geology 
leading to the degrees M.Sc, Ph.D. in Geology, 
and Ph.D..in Geochemistry. Laboratories are 
available for research in geochemistry, petrology. 
mineralogy, sedimentology, palaeontology, and 
structural geology. The majority of students 
accepted for graduate study receive financial sup- 
port in the form of scholarships and teaching 
assistantships. These awards range from $3,200 
to $3,600 over a 12-month period. Fees do not 
normally exceed $403 and travel grants are avail- 
able to students outside North America. 

All inquiries relating to admission and scholar- 


ships should be directed to: Chairman, Depart- 


ment of Geology, McMaster University, Hamilton, 
Ontario, Canada. (606) 
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UNIVERSITY OF CAMBRIDGE 
SHELL SCHOLARSHIP IN GEOPHYSICS 


THE ROYAL DUTCH SHELL GROUP OF 
OIL COMPANIES invite applications for a 
Scholarship in Geophysics. This scholarship is 
valued at £700 a year plus fees, for men of 
women of any nationality who are under the 
age of twenty-seven on 1 October, 1969, and who 
hold, or expect to hold, a University degree. 

The Scholarship will be for a period of two 
years from 1 October, 1969, and, subject to satis- 
factory progress, may be renewed for a third 
year. An elected Scholar will be required to 
pursue a course of training in research in geo- 


physics at the University of Cambridge and he 


must be, or must become, registered as a 
Research Student at the University. 

Applications for the Scholarship should be sent 
Department of Geo- 
physics, Madingley Rise, Madingley Road, 
Cambridge. to arrive not later than 1 Apri, 1969. 
Each application must be accompanied by a state- 


ment of the candidate’s career (including his date 


of birth) and by the names of at least two 
referees, (590) 








FOR SALE AND WANTED 


WM. DAWSON & SONS LTD. 
Back Issues Department 
Cannon House, Park Farm Rd, 
Folkestone, Kent, England. 
Tel.: Folkestone 57421. 
Offer top prices for: 
BACK RUNS OF JOURNALS 
IN SCIENCE AND THE HUMANIS 





Wanted and for Sale 
Scientific and Technical Reviews 


SANTO VANASIA, 58 Via M. Macchi, 


20124 MILANO (X259) 
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MISCELLANEOUS 
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SCIENTIFIC AND TECHNICAL TYPE- 
writing Service, Confidential —Julia Pratt, B.Sc., 
30 Craven Sweet, Strand. London, W.C.2. Tele- 
phone 01-839 2861. (X2) 
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due to new and improved moulding techniques the 
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following plastic items can be offered at these very 
low prices: 
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Aldrich Chemical Co. Ing» exoessetxua EL dee SX | Macmillan & Co. Lid. ceste ro PP EE eee vi xii 
Angus X Robertson Ltd. cus erroi teens xxi ; Miles Laboratories Inc. ....000-0-.-20-0........0.. XWH 
Annual Reviews Inc. zoeuweacnrev(:eegex6e dee we xxviii ' ' 

Oxford University Press Xx vili 

Baird & Tatlock (London) Ltd. ................ i xvii LOO Vmplis Optical CO. auth nt x er eR dp nro mus xxxi 

Barr Stond 14d. virus ea EEN EN eeu eae es XIX M S 

Beckman Instruments Lid. ..0000.0.0.0... 00002 cease x ee ys wea TEM A aa i 

i me Perkim Eimer tide coss save uta dom P tetro ve Ras o0 XXIX 

Cutrock Engineering Co. Ltd. o..0..00.0.0. 00.0000. xvii | Philips Gloeilampenfabrieken ......... sss ai ORI 

Pienum Publishing Corp. .................ssn Xx viii 
| Desenhotdt A- Cor Lid. «octo ye btt Pep XA ES iX | Pye Unicam Ltd. .......0..000000 000. xi 
| Edwards Vacuum Components Ltd. o csse vm ESTE TESORO XXX 
i Lon. A IET xxi . 

x oh ae gts yg ttg 2 Ei ^ er rs in 2 
Emanuel, Ralph M. Ltd. oeste cope Ur ee s Ph iy | Research & Industrial Instruments 
| Esco (Rubber) Teas: ty ines ieee ie E E viii is CP" RAH 
| : x Ben L. W. D, nullae aaa 
i Gorn Edward erse acid eax cds ERRICSESCP X IB. Xo Dis eod air pM gu erate dioit: Biren 2 
| Singer Instruments Ed. oleracea oes KEK 
| Pn Gere Wate c oce ierann e e Tibe pee den As von 3H PODHDbOr Veran 1ooaskcv LEA RO QUA IRR xxii 
: Standard Telecommunication Laboratones ..... XX 
Jeoleu TEE RAG « ies dade ESO dur da MEET xiv 
| Johnson, Walter dic Ines vetoratiéierteihRriS Ae i xxi | Vickers Lid. (eese den eee ees xlviii 
| LKB Instruments Lid. «ccevanasRess vx front cover a Wiley: John & Sons Lid, corn tee pe tras XA 
: Luekham Ltd. eue Du Eb eed NUR : xlvii Worthington Biochemical Corporation ..00..... vii 
| Advertisement Managers : T. G., Scott & Son, Ltd, 1 Clements Inn, Strand, London W.C.2. 

i EH $i s z : «^ M " 
| Tel : 01-242 6264, 01-405 4743, Grams : Textualist, London W.C.2. 
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» CUCKHAM 


Polystyrene Test Tubes : 
i"xi"LP/3 23/6 1,000 Boxed in 2,000 | 
11^ xi ia LP/2 13/9 1,000 Boxed in 5.000 | 
Polystyrene Pots with White Polythene Lids | 
1.16 fl. oz. LP/116 98/6 1,000 
Mouth diameter 41 mm*31 mm 


Polysytrene Containers to hold 2-3" x1" 
Microscope Slides with attached lid LP/CT2 | 
48/— 100; 
Polystyrene Pots with Blue Polystyrene lids | 
36 mi. capacity LP/360 93/9 1,000 | 
Mouth diameter 29.5 mm x56 mm high. | 


LUCKHAM LIMITED 
Manufacturers of Laboratory | 
Equipment 

Labro Works, Victoria Gardens, 
Burgess Hill, Sussex. i 
tel.: Burgess Hill 5348/8 


AVAILABLE ' 
FOR __ 

IMMEDIATE 

DELIVERY 


IPA TU 


The first fruit of the broad Miles viral production program, 
this E. coli bacteriophage is an excellent source oBohage D 

or coat protein, or for biochemical and biophyweal studies 
on the T2 virus, itself, 


Ref: Cooper and Fonder, Virology 20, 605(1963) 
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SAAD 
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$60 


*SiU: Standard Infectivity Unit based on plaque formation. 


24-790 T2 Virus (Miles) 


Further information in new product biletin, 


NIS 

| e 

RESEARCH PRODUCTS DIVISION 
MILES LABORATORIES, INC. 
Fikhart, indiana 46514 U.S.A, 


INDEX TO ADVERTISERS 


FEBRUARY 15, 1969 
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The M15c microscope is shown with the tungsten 
halogen projection base, auto-wind 35 mm. camera 
and J35 exposure unit. 

The projection base provides a very high light intensity 
—100 watts at 12 volts—sufficient for projection of high 
power phase and polarizing images—with full facilities 
for sensitive and convenient control of the illuminating 
beam. The colour temperature is 3,100°K in normal 
operation, up to 3,300 K at full voltage. 

A continuously variable transformer and voltmeter 
are built into the base, together with a bulb centring 
control, and a Kohler type condenser system focusable by 
rack and pinion and gear-actuated control of the field 
iris aperture. 

A joy-stick controlled mirror is mounted in the micro- 
scope base making beam alignment precise and con- 
venient, 

A range of cameras, which are instantly interchange- 
able, is an exclusive feature of the Vickers camera 
equipment. Fast and uniform exposures can be easily 
obtained in your choice of photographic format—35 mm., 
Polaroid®, 31" x 41" plate camera or reflex camera. 

35 mm. filmi is especially favoured where alarge number 
of photomicrographs are required and because of the 
wide variety of black-and-white and colour film types 
and speeds available. Two types of 35 mm. backs are 
offered—the auto-wind which automatically advances the 
film after each exposure and the semi-automatic with 
manual film wind-on. 

The Polaroid? Land colour and black-and-white film 
processes fulfil the need for instant photomicrographs 
of good quality. 


RS INSTRUMENTS 


let us send you further information. 


Polaroid is the registered trade mark of ihe Polaroid Corporation 
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N-O-Nitrophenyl Sulfenyl, a 


new acid labile amino protecting |] ua | 
group, is already making signifi- . À 


JR 


cant contributions to peptide | 
chemistry. 07 7 MEM 
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Chloride reacts with Amino Acids” 
to yield N-O-Nitrophenyl (NPS) 
Amino Acids. The NPS group is 
easily removable with acids in 
aqueous solutions or preferably 
with Hydrogen Chloride in non- 
polar solvents. 

NPS Amino Acids have been coupled 
with amino acid esters via mixed carboxylic- 
earbonie anhydride and DCC. No racemiza- 
tion has been observed, and the yields have 
been good. : 

The NPS method appears to possess the 
advantages of the Carbobenzoxy method (no 
racemization, easily removable N protecting 
group) and offer definite improvements over 


- 


the elassie CBZ group. The im- 
provements are: 

1. NPS groups are more easily 
cleaved than CBZ. The removal 
of NPS from a long peptide chain 
is accomplished rapidly under very 
mild eonditions without any dan- 
ger to sensitive parts of the peptide 
("\ chain. On the other hand, the re- 
moval of CBZ from a long peptide 
chain is still a difficult task. 

MY 2. NPS groups are advanta- 

geous for lengthening a peptide 
chain, especially in the case of incorporation 
into a peptide chain of Amino Acids bearing 
functional groups. 

NBCo. offers 21 O-NPS Amino Acids as 
the Dicyclohexylammonium Salts (DCHA) to 
insure greater shelf stability. Please write us for 
a list complete with specifications and prices. 

Write for our free catalog containing over 
3500 items. 


CAUTION: Those of our products which are or may be drugs or 
food additives, as defined in the Federal Food, Drugs, and Cos- 
metie Act, will be shipped, and may be used or sold, for investiga- 
tional use only in laboratory research animals, or for tests in 
vitro, and are not for use in or for humans. Investigational animals 
and their edible produets may not be used for food. 


Nutritional 
Biochemicals 
Corporation 


26201 Miles Road * Cleveland, Ohio 44128 
Phone 216 662-0212 





NATURE, FEBRUARY 22. 


1969 


ix Qo TER sp ASET E AE EEEE NC S T RULES NC NECI E E ROSE EEE E A NE 
B e a a A te a a A a pn gii Mee quet eene ren enata eH 


CHEMTRIX 
polarographic systems 





FEATURING P 
WINDOWLESS GASFLOW HIGH RESOLUTION - 
DETECTOR 4 c.p.m. BACKGROUND. 


featuring i image 
storage, for the EXACT SYNCHRONISM OF 20 x30 cm. PLATE 
added dimension AND CHART TRACE. s 


in organic and 
inorganic chemical 
analysis 


Precise chemical analysis to 
parts-per-billion made in fess 
than a minute, with storage 
display for detailed waveform 
studies. Several models are 
available, with such features 





Other Chemtrix Instruments 


as digital readout of peak cur- Type 800 
rent (la) and three-electrode Waveform Source for 
operation for dynamically con- Electrochemistry ........ $795 


trolled IR compensation, 


Polarographic Systems 
Model SSP-2 


(Triangle and rectangular 
waveforms, variable slope with 
wide-range control} 


oe ee itt E t a anae S i ae oea e e : 








AUTOMATIC MULTIPLE LANE SCANNING. 
TWO DIMENSIONAL SCANNING FACILITIES. 


POTENTIOMETRIC RECORDER FOR FAST 
RESPONSE AND ACCURACY IN LOW ACTIVITY 
REGIONS. 










No. A-174 
Polarographic System ..$2790 Electrodes. seso JOM cuu oc 
Model SSP-3 (For voltammetry in anodic re- a ^ DT 
Digital-Readout gion where DME operation is " : 
Polarographic System ..$3190 prohibited) 


For information on these and other polarographic instruments and 
systems, contact your local representative, or write directly to: 
Prices F.O.B. Factory 


CHEMTRIX, INC. 


Gustinentation fer o cience 
P.O. Box 725 Beaverton, Oregon 97005 U.S.A. (503) 648-1434 
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DYES FOR USE IN ALL INDUSTRIES 


| — tw CONSTANT 304! | 
4 oa ae CHART BPEED 3em? : T 
RESEARCH & PRODUCTION CHEMISTS: if you 
are looking for dyes with specific chemical and physical 
properties suitable for particular manufacturing and/or 
testing processes you are invited to contact 


EDWARD GURR LIMITED 


for supplies. 
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We hold stocks of an enormous variety of dyes, ready for immediate 
despatch, including : 

Cyanine, Dicyanine, Fast Bordeaux O, Aurantia, Crystal violet, BPC- 
Scarlet R, BPC, Diazonium salts, Neutral violet, Lacmoid, Nile blue, 
Janus green, Brilliant green BPC, Rosolic acid, Methyl green, p- Ethoxy- 
chrysoidin, Methyl red, Nitrazine yellow, Pinacryptol green, etc, 







The scanner accommodates a single 20: 20 cm. 
radiochromatogram plate or several plates up 
to the same area, and uses a standard recorder 
providing perfect synchronism oi the radioactive 
spot and chart trace, The very lew gas consump- 
tion detector can be programme: to completely 
scan in sequence as many different sections of 
the plate as required. At the end of each scan 
the detector automatically moves to the next 
pre-determined position on the T.L.C. plate, 








Industrial Research Establishments 


are invited to make use of our professional services as 
consultants on the selection and use of dyes as research 
and production tools, 


BIOLOGISTS are invited to send for our catalogue of: 


*MIIKCIBIIRQOMITE? 


STAINS & REAGENTS FOR BIOLOGY 


Acridine orange, Aquamount, Fluormount, Lipid crimson Matamount, 
May-Grünwald, Leishman, Giemsa, Toluidine blue, Cresyl fast violet, 
Papanicolaou stains, Thioflavine S, Brilliant cresyl blue, Nile blue, 
Pyronin Y, Trifalgic acid, Rhodanile blue, Haplo, etc. 


EDWARD GURR LTD 


42 Upper Richmond Road West, London, S.W.14 
Cables: Micromlabs London SW1 4, Telephone: 01-876 82289 







APPLICATIONS FOR OVERSEAS 


A AGENCIES INVITED 


FURTHER DETAILS: 


PANAX EQUIPMENT LIMITED 







Holmethorpe Industrial Estate, Redhill, Surrey. 
| Tel: Redhill 63511 
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Seen the latest compacts? 


This one is our Desk Model PHYSIOGRAPH , and it's 
the life science recorder you've been looking for. 

Simple and compact, the Desk Model is a substantial 
piece of equipment that is rugged and precision engi- 
neered to accurately measure and record up to five 
physiological parameters simultaneously. In addition 
to four rectilinear or curvilinear recording channels, 
it features an optional servo channel for full chart 
width recording of a fifth parameter. 

It would be easy for us to say that the PHYSIO- 
GRAPH is rugged, student proof, reliable, flexible, etc. 
All these things are true. But leaving out cost (which 
is surprisingly low), the most impressive thing about 
our recorders is their over-all simplicity. They're amaz- 
ingly easy to learn and easy to use. This simplicity of 
operation wasn't achieved at the expense of accura- 
cy; this is demonstrated by the fact that PHYSIO- 
GRAPHS are used in teaching and research applica- 
tions in 49 states and in more than 36 overseas 
countries. 

In addition to the complete selection of recorders, 
transducers, preamplifiers, and accessories, teleme- 
try systems are available for studies of unrestrained 
subjects. 

We're sold on the PHYSIOGRAPH system, just as 
thousands of our customers are. But then we're a 
little biased. May we demonstrate the Desk Model 
in your lab at your convenience? We think you'll be 
sold too. For a new PHYSIOGRAPH Catalog No. 107, 
write or call: 


E & M INSTRUMENT CO., INC. 


7651 Airport Blvd. P.O. Box 12511I 
Houston, Texas 77017 U.S.A. Telephone (713) 644-7521 
Cable: FISIO 
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No more difficult manipulations 
in color photomicrography 
with Olympus Photomax 

































Color photography isn't easy, even for a 

professional cameraman. In the case of 

photomicrography it's even more difficult. 
However, the Olympus Photomax has now 
eliminated all the difficult manipulations in 
photomicrography. The setting of shutter 
speeds, compensation according to the film 
characteristics and minute adjustment of 
exposure are all automatically controlled. 
There is no fear of getting a red tinted or 


blue-tinted color photograph. The color E | 
temperatures for the various films are ad- E 
justed with the filter and meter. And so all you " 








The Photomax, a biological 
microscope, also has the fol: 
lowing features: a built-in sub- 
stage Koehler illuminator, coax: 
ial controls for smooth focusing 
and stage movements, wide-field, 
high-eyepoint 10 « eyepieces with diopter 
adjustment, and a built-in magnification 
changer (1x, 1.2, 1.4« and 1.8x«' that gives 
the five standard objectives a magnification range 
from 28x to 1260 for photography. 40x to 
2700x for visual observation. You can 
now fully devote yourself to research 
instead of having to first become a 
professional cameraman. Photomax guar- 
antees you perfect color photographs ... with 
almost no trouble. Olympus is Japan's leading 
integrated optics manufacturer that produces cam- 
eras, microscopes, optical measuring apparatus, 
medical instruments and lasers. 





E ™ 


by d 


+ 


have to do is just press the shutter release button. f M 


Olympus Photomax 


Auto-exposure recording photo-microscope 





— TOKYO OLYMPUS OPTICAL CO., (EUROPA) GmbH., (Olympus Europe Office) 2, Hamburg 1, Steindamm 105, West Germany 
am di Phone: 243358 METALLURGICAL SERVICES LABORATORIES LTD. (Agent for Metallurgical Microscope in 
i mpus England) Reliant Works, Betchworth, Surrey Phone: Betchworth 2364 A. GALLENKAMP & CO., LTD. (Agent 
for Biological Microscope in England) P. 0. Box 290, Technico House, Christopher Street, London, E.C. 2 
Phone: 01-247 3211 
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use EMI photomultipliers. GULTELECTHUNICS 


These are just two of the many applications including : i 
industrial, scientific and medical research. | ET | 
Our engineers will be pleased to discuss your application. HAYES. MIDDLE 


Send for full details and the P.M. Tube Selection Chart. TEL: 01-573 3888 EXT: 2542 
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worth noting 





These three instruments from Thorn Bendix 
are worthy of a closer appraisal. 


Laboratory and field tested, they represent another 
notable achievement in purpose built equipment 
from Thorn Bendix. 
World leaders in research and instrumentation. 


The Automatic Saccharimeter| Type 143. 

The Bendix Automatic Saccharimeter is an all-electronic Saccharimeter which 
enables sugar concentrations to be measured quickly, easily and accurately 

in normal room light. The precision of the instrument is such that 

repeatable readings of +-0,02°s are easily obtained. 


The Automatic Polarimeter Saccharimeter| Type 700. 

The Bendix Automatic Polarimeter, Type 700, is an all-electronic 
Saccharimeter designed specifically to meet the requirements 

for Cane Juice Analysis bom to the Australian Standard K157. 





The Spectropolarimeter| Polarmatic 62. 

Polarmatic 62 is an Automatic Spectropolarimeter for io rotary dispersion studies and 
circular dichroism. It is based on an original design by the National Physical Laboratory and 
developed to meet the exacting requirements of the research chemists and physicists. 





Send for literature 


Thorn Bendix be 


Industrial Electronics Division, High Churcl h Street, New Basford, I, Nottingham, England. 





Telephone: 35116. Telex: 37142 


Free labor-saving 





device. _- 
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Install this new device in your labora- 
tory now. It contains one of the world’s 
argest collections of radiochemicals. It's 

our new radiochemical catalog and you're 









Report 


most welcome to it. 
Inside you'll find, for example: 46 VC-amino 


guity as te what's II 


There 












50 this new labor-saving device is now 
acids. And 49 3H-amino acids. And 45 “C-ribonu- . | 
| ! ' 4 available to you. Free. Please complete the 
cleotides. And 17 *C-deoxyribonucleotides. And 13 is) 
: : coupon Delow-—or i! Someone nas aiready de 
3H-ribonucleotides. And 10 ?H-deoxyribonucleotides. ! dis | "rais 
| sad i couponed this ad—drop us a line. Schwarz BioResearch 
And tritiated thymidine. (And literally hundreds of P Rips 
Mountain View Avenue, Orangeburg, N. Y. 10962. Please f 
other radiochemicals.) hand N 
; xs ae ward to Vept. 
These compounds are characterized by high specific activity, Fc hace —]Ó— T RNERR 
Schwarz BioResearch, Mountain View Ave. „Orangeburg, N.Y 62 N 


e.g. 4C-amino acids are now at 52 mc/matom; ?*H-amino acids 
up to 25-26 c/mmole; thymidine at 20 c/mmole. Prices are 


lease send your new radiochemical catalog 


V 


equal to or lower than those of other suppliers. Compounds are 
available—in stock almost always. And as with all Schwarz 
radiochemicals, they are constantly reassayed while "in stock." 





Here are the details on this reassay program: every batch of 





every radiochemical in the house is reassayed every ten weeks. 

Or oftener. Any batch showing a breakdown in excess of 3% MOSEN x 
from specification is immediately withdrawn from inventory 

and repurified. Then this reassay information is also recorded city — 


on the Product Analysis Report which contains all the prior > 
Schwarz BioReseerch 


analytical information on the specific batch you receive. Every v dio | 
Division of Becton, Dickinson and Company BED 


pc 


Schwarz radiochemical arrives with its own Product Analysis 


X 








new 
enzymes 


e L-Asparaginase e B galactosidase e B galactose dehydrogenase 
e Glucose-6-phosphate dehydrogenase - new high activity 3bO U/mg 
e Galactose-1-phosphate uridyl transferase e Glyceraldehyde-3-phos- 
phate dehydrogenase from yeast @ Phosphodiesterase from calf spleen 
e Phosphomannose isomerase e L-Xylulose reductase e Carnitine 
acety| transferase. 


For full analytical details write to Boehringer Corporation(London)Ltd., 
Bilton House, Uxbridge Road, 

| London, W.5. 

"aa / If you live in Britain or the Common- 
wealth 


boehringer v | 
Boehringer Mannheim G.m.b.H., 
68, Mannheim 31, 
P.O.B. 51, West Germany | 
if you live outside the Commonwealth 


m 
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GILFORD UV & VIS 
SPECTROPHOTOMETERS 


OVER 300 READINGS PER HOUR... . 
with the model 2443 RAPID SAMPLER 


The Gilford vacuum operated rapid sampling system 
requires samples of only 0.5 mi and can process over 300 
per hour. The cuvette remains in the measuring beam for 
both filling and cleaning, minimizing sample handling and 
cuvette breakage. Construction of chemically inert Kel-F 
permits the use of a wide variety of reagents. 

With this increased productivity avaiable, transcription 
time becomes a limiting factor. A permanent record of 
absorbance or concentration can be printed out automati- 
cally by adding the Gilford Model 410 Absorbance/Concen- 
tration Meter and Model 4006 Data Lister. 


UV or VIS .. . STAINED OR UNSTAINED 
with the model 2410 LINEAR TRANSPORT 


Separation of ribosomal RNA by gel electrophoresis has 
made a powerful technique available. The development of 
the Gilford Model 2410 Linear Transport permits you to 
scan such gels in the ultraviolet directly. You get increased 
accuracy with high resolution, The time consuming staining 
process is eliminated. 

Unstained and stained materials may now be analyzed, as 
both ultraviolet and visible energy can be used. With the 
Model 2410 Linear Transport you will be able to handle 
materials such as polyacrylamide gel cyclinders and slabs, 
celiutose acetate membranes, and photographic emulsions. 


RECORD 4 INDIVIDUAL REACTIONS WITH 12 
POINTS PER REACTION EVERY 3MINUTES... 
with the model 2441 AUTOMATIC POSITIONER 


Your spectrophotometer equipped with the Gilford auto- 
matic sample handiing system will produce more data than 
before, while maintaining the precise alignment demanded 
when using micro cuvettes. In the automatic mode up to 16 
plot points, four per individual! cuvette, can be recorded in 
one minute. The exclusive offset feature permits individual 
baseline adjustment for each cuvette position. 





E | | All Gilford UV/VIS Spectrophotometers and. 
. most quality monochromators are readily — 
adapted to use these accessories. Find out 
how easily and inexpensively these devices. 
| X can be adapted to your present system, C 
| 216/774-1041 now, or write for Be 
(00 NID, 









instrument Laboratories Inc, 
Oberlin, Ohio 44074 


DISTRIBUTED IN GREAT BRITAIN EXCLUSIVELY BY: 
WRIGHT SCIENTIFIC LTD., 3 LOWER ROAD, KENLEY, SURREY C-r2 5NH, ENGLAND. Telephone: 01-868 4611 






EMI solid-state radiation detectors types SB2 and SB3 can give you 
the information you are seeking. 

The silicon SB2 is a surface barrier detector which will detect 
charged particles and is avatiable in two sizes, 1[(O cm^ and 2:5 cm", 
each size having three nominal depletion depths. Each of the 6 
variants is available in A and B grades giving a comprehensive 
price/performance range which is highly competitive. Good energy 
resolution is obtainable at room temp- 
eratures down to 25 keV full width at 
half maximum using an-4"241 source. 
The SB3 silicon probe is suitable for 
Alpha or Alpha plus Beta monitoring. NES 
it is intended for use with charge sensi- 1 
tive input ratemeters, with a counting threshold of approximately 
1MeV equivalent for Alpha counting, and approximately 100keV 
equivalent for Beta counting. 


[EMI] /Z//ZLECTHDNICS 


Further details of these devices may be obtained from: 


EMI ELECTRONICS LTD. VALVE DIVISION - HAYES - MIDDLESEX 
TELEPHONE: 01-573 3888 EXT. 2542 





Specialist Journals from Macmillan 


BRAIN 


Publishes learned papers on all aspects of neurology. As 
the leading journal of neurological sciences BRAIN is 
read internationally by specialists in this branch of 
medicine. Published quarterly. 


£4 4s. Od. per annum including postage U.K. and Over- 
seas except U.S.A. $12 and Canada $13. 


PHILOSOPHY 


The journal of the Royal Institute of Philosophy in 
which philosophical problems are discussed and new 
books are reviewed. Published quarterly. 


£2 6s. Od. per annum. Post free U.K. and Overseas 
except U.S.A. $6 and Canada $6.40. 


BRITISH JOURNAL OF 
PHARMACOLOGY 


The chief vehicle for publication in pharmacology in 
Britain, which also includes regular accounts of proceed- 
ings of the British Pharmacological Society. This 
journal also publishes original research in pharmacology 
from countries in the British Commonwealth and else- 
where. 

3 vols. (9 numbers) £15 15s. Od. per annum, £16 10s. Od. 
overseas. £1 18s. Od single numbers. | $46.60 U.S.A, 
$50.60 Canada. 





ECONOMIC JOURNAL 


The quarterly journal of the Royal Economic Society. 
A survey incorporating articles by well-known authorities 
on general economics, economic history, commerical 
agriculture and industry. 


£3 2s. 6d. per annum including postage U.K. and Over- 
seas except U.S.A. $9 and Canada $9.75. 


RUSSIAN MATHEMATICAL SURVEYS 
A translation. of the survey articles and of collected 
biographical articles in Uspekhi Matematicheskikh Nauk: 
Published by the London Mathematical Society with the 
support of the Department of Science and Education. 
It appears six times a year. 

£12 per annum including postage U.K. and Eire. Else- 
where Overseas £15 except U.S.A. $42,50 and Canada 
$46. 

RUSSIAN MATHEMATICAL SURVEY as from vol. 
23. U.K. and Eire £19. Elsewhere £28 10s. U.S.A. $69 
Canada $74.50, 


Subscription orders and enquiries should be addressed to: 
Maemillan (Journals) Ltd., 
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What's new in Radioisotopes? 
The Radiochemical Centre announces a new edition of its catalogue for medical, industrial and 
research users of radioisotopes. 


The 1969/70 catalogue is a completely updated reference for all the latest radiochemicaB, radia- 


tion sources and standards supplied by The Radiochemical Centre. In all, the catalogue ncludes 
information on more than 140 new products and services. 


The new catalogue is presented in a larger page size with an improved layout for greater ease of 
use. Write for your copy to:- 








The Radiochemical Centre Amersham England 


RC.178 


Kil 










In fact it is the spindle bearing of an MSE Super 
Speed Centrifuge. The chances of its having to be 
replaced before its rated "life" (or even long after- 
wards) are very remote indeed—even though your 
model may have to operate for long periods at 
its full 40,000, 50,000 or 65,000 r.p.m. But if you do 
reach the point where you need a new spindle, be 
glad you have an MSE centrifuge. The dismantling 
and replacement cost of this vital component 
will be a mere fraction of what you could be 
faced with on centrifuges in which the spindle 


NATURE, FEBRUARY 22. 1969 


rtr tard a ere a na rr d Mee erre Prise PP a ei C rrr fH ee arya la hy yard P A ANNA IAAL LALA AAA Nr LR LAR TIT Pi T 


Recognise it? 


This is the 
heart of an 
MSE Super Speed 
Centrifuge 


bearing is integral with the motor and gear box. 


This is an essentially practical matter, well worth 
considering when you choose your next prepara- 
tive ultracentrifuge. 


Other advantages of MSE Super Speed Centri- 
fuges are more immediately obvious:—Fully auto- 
matic operation, accurate control of speed and 
temperature, exceptional rotor stability, automatic 
oil recirculation, wide choice of angle and swing- 
out rotors—plus zonal centrifuging capability. 


MSE SUPER SPEED PREPARATIVE ULTRACENTRIFUGES 


SUPER SPEED 40 (40,000 rpm 175,000 x g) 
SUPER SPEED 50 (50,000 rpm 260,000 x g) 
SUPER SPEED 65 (65,000 rpm 407,000 x g) 


Telephone: 01-834 5426 
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If you're looking 


into a long-term investment— 


= 7s 


look closely into the Philips EM300 
Electron Microscope—it will still be 
repaying your investment in fifteen 
vears' time. The EM300 has been 
designed as a universal instrument, 
versatile enough to meet the needs of a 
wide variety of applications which are 
themselves constantly developing. For 
example, techniques once the 


prerogative of the physical scientist are 


now becoming essential for the 


e 





determination of organic ultra-structure. 
Philips have thought carefuliy about 
ergonomics and reliability—the EM300 
incorporates a high degree of automation 
for ease and speed of operation 

and the latest production techniques 
have resulted in a robust solid-state 
instrument of single unit construction. 
Invest in a letter or telephone call to 
Pve Unicam today for full details of the 


EM300anditswiderangeof accessories. 
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An Exhibition of 
Laboratory Instruments 


Apparatus Equipment 
and Supplies 


Full details and free admission tickets from the organisers:— 


UTP EXHIBITIONS LTD. Racquet Court, Fleet Street, London, E.C.4. Tel :01- 3536444. 


cabernet 


= 


a 
Sree 


March 25th-29th. 


10,000 square metres of actual 
stands, 


A full programme of LABEX 
lectures, 


A series of discussion meetings 
on topical scientific subjects. 
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Announcing— 
A New Spectro-polarimeter 


This is completely new and, believe it or not, it is free of electronics. This for a start halves 
its cost but, better still, it is capable of a much wider range of 180-800 nm. Density 3.0 can be 
taken in its stride. Data is obtained in a few seconds rather than in many minutes. O.R.D. 


AND C.D. 


ARE YOU INTERESTED?— SEE ITS FIRST APPEARANCE AT S.1.M.A. EXHIBITION ALEXANDRA 
PALACE MARCH 10-13 STAND NO. 42, AND AT LABEX INTERNATIONAL 69 EARLS COURT 


MARCH 25-29 STAND B.16. 


We now have the capacity for aluminising certain 


types of mirrors, at short notice. 
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IT is hard, in present circumstances, to write an account 
of European collaboration in science and technology 
which does not read a little like an obituary. The 
recent problems of Eldo, Euratom, the joint aviation 
projects and even of Cern must have shaken the 
confidence even of the most convinced Europeans. 
This is why it is something of a tribute to Mr Chris- 
topher Layton that his book, published this week 
(European Advanced Technology—A Programme for 
Integration, Allen and Unwin, 40s), should manage to 
relate the gloomy history of the past few vears and at 
the same time provide an earnest proof that cooperation 
is still worth trying. Mr. Layton is one of those irre- 
pressible fellows who seem to relish obstacles as proofs 
that they need to be overcome. 

The historical survey which sets the scene for Mr 
Layton’s conclusions is in itself a valuable document. 
The catalogue of attempts at European collaboration 
in science and technology is long, even if the failures 
and the suecesses more or Jess keep pace with each 
other. 
of the common recognition, commonly denied, that 
European collaboration is a natural pattern at which 
European nations should now aim. “There is a tide 
in the affairs of men" and all that. And already 
there are signs that the successes have done more good 
than the failures have done harm. Cern is the jewel 
in the erown (and rates a chapter to itself in Mr Layton's 
book), and even the bother about the 300 GeV machine, 
still unresolved, has not been a disaster. But it is also 
easy to forget that some of the European aircraft 
projeets have been successful, that Esro is still with 
us and that even Embo is now being financed from 
publie money, not charity. One way and another, 
things are on the move. 

But what does he want ? Why does a British subject 
go banging this old drum when everybody acknow- 
ledges that Britain will not belong to the European 
Economie Community for a long time to come? Like 
many of his countrymen, the Prime Minister included, 
Mr Layton is persuaded that technology can be made 
such a powerful force for integration within Europe 
that political obstacles will be swept away. Like 
M. Jean-Jacques Servain-Schreiber, he believes that the 
threat of the dominance of United States industry in 
advanced technology in Europe must be countered by 
a more effective integration within European industry. 
Like General de Gaulle, he is alarmed by the dominance 
of American computer manufacturers in Europe, and 
urges some kind of working collaboration between 
the European computer manufacturers now at work. 
But Mr Layton is not an undiseriminating coopera- 
tionist. Quite properlv, he is sceptical of the economic 
and industrial value of the Concorde project, and 
although he demonstrates convincingly the advantages 


FEBRUARY 22, 1969 


There could hardly be a more striking proof 


Europe is an interesting Place 


of the huge scale on which American ecinpanies operate, 
a are diae a E manv eae orga Linde 


Ww mue can pude es uo M w th the M c 
giants—Philips, Siemens, Olivetti and ICT are just a 
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E much 
stronger and M em idis more er A hold 
off the American colossus, if Europeen industry were 
integrated on a basis which did mere to transcend 
national frontiers. 


But what is to be done about it * Some of Mr 
Layton’s ideas are good ideas. Ha view of what 


might happen in the aircraft indusiry could be an 
interesting basis for collaboration, at least if it can be 
assumed that Britain and France are now and always 
will be the only nations seriously interested in aircraft 
manufacture. Mr Layton argues that a stable basis of 
continued collaboration would be the dev elopment of a 
pattern of specialization coupled with publie policies 
of reciprocal purchase. In other werds, it would be 
better that there should grow up in France a strong 
airframe industry and in Britain a strong aero-engine 
industry than that the two nations should try to 
maintain two sets of parallel industriva by sharing out 
the work on joint projects. This is a splendid goal. 
The trouble is that governments have always been 
markedly unwilling to let simple economic considera. 
tions stifle their sense of what is patriosically important. 
When last did a government let its national airline. 
however unprofitable, go out of business ? In spite of 
the logie of the case for closer collaboration, there is 
very little doubt that talk in the pas few years of the 
threat of American dominance in European industry 
has if anything increased the tendency of governments 
to bolster up the nationally represertative industries. 

Even if governments were not inherently chauvinistic, 
however, few of them would be wel placed to create 
the kinds of industrial patterns which circumstances 
require. One of the important parts of Mr Layton's 
book is that which destroys the recent myth that the 
rationalization of European industry must wait on 
the creation of European company law, but it is sur- 
prising that he spends comparatively little of his 
considerable energy in talking about the importance 
to the pattern of industry of the creation of a common 
market for industrial products. Certainly these are 
e n c m w 2 ue e nn o buda di 
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advanced technology is concerned, while the ebb and 
How of foreign exchange inevitably evoke restrainta 
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on the import of materials. 1t is true that things will 
be a little easier now that people are free to work 
where they choose (and where they happen to be 
qualified) within the EEC, for they will be able to gravi- 
tate to where there is money to be spent, but in the 
long run the EEC will only be entirely favourable to 
the creation of the most effective industrial pattern 
when there is à large measure of political integration— 
on matters such as taxation and social benefits—as well. 
That wil take a long time, even when the wind is 
blowing strongly again. 

Against this background, many of Mr Layton's 
specifie proposals are potentially dangerous. He is, 
for example, strong on the need that Eldo and Esro 
should somehow be combined into the kind of organiza- 
tion which could develop communications satellites in 
the near future, chiefly because he is convinced that 
this is the most effective way of exerting a European 
influence within the Intelsat agreement. But is this 
really so? Would it not be much more effective if the 
nations of Europe could somehow coordinate their 
local policies so as to present a stronger commercial 
front to the outside world ? If Europe is bested at the 
conferenee on the new Intelsat agreement due to be 
opened this week in Washington, it will not be for lack 
of a large booster rocket but because of the failure of 
the teleeommunications authorities in Europe to decide 
in advance what they would like to see come out of 
Intelsat. In circumstances like these, a collaborative 
space programme intended to create in Europe an 
independent capability for launching communications 
satellites could turn out simply to be an expensive way 
of whistling to keep the spirits up. And much the 
same is true of the now common plea which Mr Layton 
echoes that there should be a substantial collaborative 
programme in what is now quaintly called oceanology 
(see page 701). What sense is there in asking that a 
country like Britain should spend large sums on the 
development of ways of "farming the pelagie seas" 
when it has not yet found a way of exploiting the well- 
known commercial fisheries without driving trawler- 
men to bankruptey ? 

Two important lessons emerge from talk like this, 
and the most important of them is that there are 
bound to be serious limitations of industrial integration 
in a world in which economic and political integration 
is also restrained. "This, after all, is the kind of argu- 
ment which persuaded people to create the EEC in the 
early fifties, and there is nothing in Mr Layton's book 


life in the Negative 

DeEsprre recurrent warnings that world population can- 
not continue to increase at its present rate, there is 
little sign that the problem is bemg tackled on a 
sufficiently serious scale. Dr Bernard Berelson, presi- 
dent of the Population Council, has recently observed 
that demographers and economists do not seem to have 
presented an adequate case to world governments or, 
if they have, the case has been ignored (Science, 168, 
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to show that other devices for winning the benefits of 
economie scale will be as easily successful. To be sure, 
it does not follow that small nations cannot be pros- 
perous—the examples of Sweden and Switzerland show 
that that is not the case. But small nations cannot 
behave as if they were large nations and yet keep out 
of queer street. There are plenty of contemporary 
examples—Britain and France, to mention only two— 
to illustrate the truth of that. Specialization is one 
obvious way in which small nations can keep up with 
the giants. Many of the devices which Mr Layton 
canvasses, and some of those which have been tried in 
Europe in the recent past, are ways of winning some 
of the benefits of scale. But in the long run, none of 
these devices can be as effective as fully fledged 
economic and eventually political integration. It is 
wishful thinking to pretend otherwise. 

The second lesson to be learned from the European 
dilemma is that it is by no means too soon to work 
towards a much tighter intellectual relationship between 
the European nations. Mr Layton recognizes the 
importance of this, and has a forceful passage about 
the need to encourage the movement of people, under- 
graduates in particular, between European universities. 
Even here, however, there are formidable political 
obstacles, at least so long as most European universi- 
ties remain publicly supported. The most realistic 
hope of progress on this front is an interlocking system 
of bilateral agreements on the exchange of students. 
There is less in Mr Layton’s advocacy of a European 
Science Foundation, if only because he clearly expects 
too much of it. Slow beginnings are likely to be more 
profitable in the long run. It would be better to start 
with a loose exchange of people between the advisory 
councils of the national foundations which already 
function within Europe, to institutionalize the scheme 
now operated by the national academies for exchanging 
post-doctoral people between research laboratories, 
and then to branch out into international grant-giving. 
Sooner or later, there will have to be arrangements 
like these if Europe is ever to make the fullest use of 
its resources—and also keep its people this side of the 
Atlantic—but it is also known that schemes for the 
distribution of public money are among the most 
effective stimulants of xenophobia. In this sense, it 
would, of course, be a great disaster if the early history 
of the science foundation were marked by the kind of 
squabbling over fair shares which has soured relation- 
ships within Esro, for example. 


541; 1969). It is true that the World Bank and the 
United Nations are now stressing the economie as 
well as the medical dividends of birth control pro- 
grammes, yet, in the entirely respectable belief that 
population poliey is a matter for each country to decide, 
neither institution is prepared to make family planning 
programmes an overt condition of economie aid. Nor 
does it befit industrialized nations, many of whose 
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citizens do not have genuine access to modern methods 
of birth control, to enforce such programmes on other 
countries. 

If the stick is to be spared, however, development 
economists have been busy refining their estimates of 
how juicy the carrot should be. It is almost impossible 
to assess the economic benefits of birth control pro- 
grammes retrospectively, but almost any method of 
economic forecasting predicts an extraordinarily high 
rate of return on money invested in such programmes. 
Two of the most frequently quoted estimates are 
President Johnson’s remark to the United Nations in 
1965 that "less than $5 invested in population control 
is worth $100 invested in economie growth" and Dr 
Stephen Enke's calculation, now revised to a lower 
figure, that the return on resources used to reduce 
births could be 100 times greater than the return on 
resources to increase industrial output. 

Predictions of this nature depend on economic 
models that are necessarily crude; they fall short, it 
seems, of the incontrovertible evidence that most 
governments would need to embark on an active 
population poliey. Nonetheless, in the absence of any 
evidence to the contrary, such predictions demand 
careful attention. Calculations of the monetary value 
to an economy of preventing a child’s birth may carry 
the same air of unreality as the megadeath units 
employed by military planners, but in both situations 
the quantitative approach, however incomplete, has a 
valuable perspective to offer. Aid-offering countries 
who advocate population control are sometimes accused 
of wishing to make this a substitute for economic aid, 
but most estimates show that costs of the most wide- 
spread birth control programme that is feasible amount 
to only a fraction of the budgets typical of schemes for 
economie development. 

A recent study by Stephen Enke and Richard G. Zind 
of the General Electric Company of the United States 
suggests that a birth control programme costing 30 
cents a year per head of population can nearly double 
the percentage rise in average income over a period of 
15 years (Journal of Biosocial Science, 1, 41; 1969). 


Faith Psychiatry 


Tue British Broadcasting Corporation has an enviable 
reputation for probity. Recently, it has also won 
acclaim for the skill with which those who prepare 
religious broadcasts have wandered outside the straight 
and narrow path of publie piety to discuss all kinds of 
contemporary problems, from legalized abortion to the 
use of cannabis. Even so, it will have come as a sur- 
prise to many professional psychiatrists that the BBC 
last Sunday should have spent half an hour of the time 
which it is required to set aside for religious broad. 
casting to a presentation of the claims of an Australian 
doctor to have at her disposal means of curing what 
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The undiscounted return on such a programme, the 
calculation goes, would be about six:vy-five-fold over 
25 years compared with a typical four-fold return on 
investment in capital projects. 

Enke and Zind assume a 30 year programme, pro- 
ceeding at a steadv rate, at the end «f which half of 
the country's ertile women are practismg birth control. 
Using an economic model that relates innovations and 
increases in capital and labour to ipcreased output, 
they have compared the use of the programme with 
the case where no birth control is practised. With 
initial values assumed to be typical of a developing 
economy, they find that, after 30 vears, the GNP— 
starting at $150—has increased to $255 per head with 
the birth control programme compared with $206 a 
head without it. The extra income represents the 
value of the programme to the exisiting population. 
The undiscounted cumulative benefit works out at a 
thirteen-fold return on the costs of the programme 
after 5 years and to an eighty-fold retum after 30 years, 
The value of preventing each birth, calculated from 
the extra income per head enjoyed as a result of the 
programme, 1s $150 after the first 5 years and $1,366 
after 30 years. Discounting at 15 per cent, the future 
consumption of an infant born in the first vear of the 
programme exceeds its future produstion by nearly 
$300. This represents the value of preventing the birth. 

By and large, these calculations are cf the same order 
of magnitude as those recently reviewed by Dr Goran 
Ohlin (Population Control and Economie Development, 
pp. 107-120, OECD, 1967). Precise estimates in the 
economies of the unborn, Ohlin conelides, are out of 
the question. The argument that a birth in an un- 
developed country represents an econemic loss is hard 
to reconcile with the indigenous belief chat children are 
economie assets, although in this case the private good 
may be the publie loss. Even so, the value of preventing 
a birth in a developing economy seems according to 
several estimates to be about two per capita incomes, 
while the cost of doing so lies between $5 and $10. By 
any method of prediction, the rate of return on invest. 
ment in birth control is extraordinarily high. 


she and the BBC called "anxiety states” by a device 
which seems to be no more substantial m ‘self-h elp”. 

The circumstances are these. Dr Claire Weekes, 
now retired from her post as a consaltant physician 
at the Rachel Forster Hospital at Sydney, appeared 
on a programme called "Living with One's Fears”, 
The proceedings began with a declaration by Dr 
Weekes, issuing from a gramophone record now to be 
had in the shops in Britain, that "hewever long you 
may have suffered from nervous illness”, the will to 
be cured is a sufficient condition for the eure to be 
possible. Dr Weekes went on, in she programme, 
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to explain her theory of the causation of anxiety 
states, For one thing, she argued that there is a 
difference between a simple “state of fear" and an 
“anxiety state" in which anxiety is “constant and 
intense", This, she continued, is a condition in which 
the normal balance between the sympathetic and 
parasympathetic nervous systems is upset. In her 
view, the genesis of anxiety states requires a process 
which she called “sensitization” and which she com- 
pared with the kind of feeling which people have at 
the end of a long, tiring day. The object of treatment 
is to get rid of the sensitization. But what is the bio- 
chemical mechanism of anxiety * Dr Weekes said 
quite openly last Sunday that "there is no mystery 
about it". Hormones are secreted, among them 
adrenaline, and the previously sensitized people react 
in an exaggerated way to adrenaline. The result can 
be a vicious circle of "fear—adrenaline—fear" which 
results in panic "like the crack of a stockman’s 
whip” 

What does Dr Weekes do about these conditions ? 
There is no point, she said, in telling people that “Your 
mother didn’t love you enough”. Dr Weekes’s treat- 


ment is first of all to explain about the interaction of 


the fear and the adrenaline. Many people, she said, 
“are immediately relieved to find there is a simple 
explanation”. So fear ceases to accumulate. Some- 
times Dr Weekes uses anti-depressant drugs, especially 
at the beginning of treatment, but she is shy of electric 
shock therapy. In her experience, she said, all those 
with the “wish to be cured" could be treated success- 
fully, though everybody connected with the programme, 
including an anonymous general practitioner, was at 
pains to emphasize that this method of treatment was 
not applicable to conditions of “deep-seated mental 
disturbance", Nobody, unfortunately, explained how 
to distinguish between the lack of will to be cured and 
a deep seatedfdisturbanee. (Those who try to rid 
themselves of depression by reading Dr Weekes’s 
book called Self Help for Your Nerves will no doubt 
be even less well placed to make the distinction.) Dr 
Weekes took the view that religion is a great help in 
the application of her treatment, although the irreligi- 
ous are not beyond reclaim. 


One way and another, this is no doubt the kind of 


thing that a great many people wish to see and listen 
to on Sunday evenings. There is no reason to think 
that Dr}Weekes is anything but anxious to do good 
works, although her methods are uncomfortably 
reminiscent of Dale Carnegie and his exhortations. 
Those who work in psychiatry and psychoanalysis 
would no doubt have liked an opportunity to ask Dr 
Weekes about the evidence for her assertion about the 
central role of adrenaline in anxiety states. Unfor- 
tunately there was nothing to suggest that she has 
unpublished results up her sleeve. It would also have 
been good to know more about the criteria by which 
she estimates when her own treatment has been success- 
ful. But these, of course, are not points which would 
have occurred to most of those who watch BBC 
television, and it will be surprising if the occasion has 
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not stimulated a great search for self-help among 
those who are depressed or otherwise disturbed. 
The danger is that it may keep some people away 
from really constructive treatment longer than would 
be necessary. 


FORATOM 


Enrichment for Europe 


Tue building of an enrichment plant in Europe for the 
supply of fuel for nuclear reactors is fully justified, 
according to a report now published by Foratom, the 
European nuclear industrial forum. But the costs of 
operating such a plant would inevitably be uncom- 
petitive with American enrichment facilities unless 
fairly large subsidies were provided. The report 
suggests that Europe's actual need ct enrichment 
facilities would be somewhere between 2-5 million and 9 
million kilogram separative unitsofwork a year, theactual 
demand depending on how far Britain and France meet 
their own needs and how far they make use of European 
facilities. The estimate also assumes that a good part 
of the European demand will be met by ‘American 
plants, which have a present capacity of 17 kg suw 
a year. By 1980, the report says, the total world 
demand will be around 40 million kilogram units a year, 
23 million in the United States and between 9 and 15:8 
million in Europe. If part of the need is to be met 
by a European plant, a decision will be needed by 
1972. 

The Foratom study already seems slightly out of 
date. It supposes, for example, that gas diffusion is 
the method which would be chosen it the decision were 
to be taken now, though it admits that it would be 
"inconceivable" for Europe to go through the agonies 
of re-inventing gas diffusion yet again. Negotiations 
would have to be carried out with France and Britain 
about whether either Capenhurst or Pierrelatte could 
be converted into a European plant or, alternatively, 
whether either Britain or France would be willing to 
supply know-how for the building of such a plant. The 
report also says that development of ultracentrifuge 
and separation nozzle methods should go ahead "on the 
broadest possible" base of collaboration. Although it 
says that the ultracentrifuge might make it possible for 
individual countries to build their own plants, it would 
clearly disapprove of this development. 

The investment needed to build the plant would be 
enormous. The report suggests that a diffusion plant 
with a capacity of 2:5 million kg suw would cost $575 
million— $375 million of it for the diffusion complex, 
$25 million for eascade improvement and another $175 
million for the electricity generating plant. Separative 
costs for a plant like this would be somewhere between 
$28-90 and $36-72 per kg suw, significantly more than 
the American cost of $ $26 per kg suw. The plant, if 
built, would be ran by à semi- public organization on 
the lines of the ENEA Eurochemic establishment. 
Meanwhile, the Foratom group recommends that the 
Comité de Direction of Foratom should suggest that 
European governments should diseuss the matter 
DB on à multilateral n or in Mie framework of 
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OCEANOGRAPHY 


Dull Dogs at Brighton 


from a Special Correspondent 


sensus among the oceanologically active nations on 
what lines of work to pursue. These are the im portance 
of fisheries, the exploitation of undersea mineral re- 
sources, the rational use of coast and continental shelf, 
pollution studies and prevention, the ocean atmosphere 
interchange and physical oceanography in the deep sea. 

Within this framework the emphasis varies. The 
Japanese, for example, are putting special effort into 
increasing fishery resources and yields. J apan could 
double its food resources by exploiting a bare 5 per 
cent of its continental shelf and is working flat out to 
create and master the pastoral management of fish 
and algae in the extensive shallow seas around the 
coast. The German paper at the conference stressed 
a deliberate policy of more cooperative programmes 
with other countries. The Soviet Union is initiating a 
major effort on air-sea exchange which will occupy 
seven years. The French seem to put their trust in 
tools and plan a range of manned "platforms", both 
mobile and fixed, from bathyscaphes and “diving 
saucers" of oceanic capability to new surface ships 
and underwater houses. 

Each of these countries seems to have come to its 
present policies through a similar process—the setting 
up of a wide-ranging committee to review possibilities 
and make recommendations. The Japanese set up in 
1961 the Council for Ocean Science and Technology, re- 
sponsible direct to the Prime Minister, and it reported 
in 1966. The Australian equivalent is a few vears old 
and is mainly concerned to make the best use of naval 
ships as ocean research platforms. The United States 
set up its Marine Resources and Engineering Com- 
mission on January 1, 1967, and it has not yet reported. 
Franee's Centre National pour l'Exploitation des 
Oceans (CNEXO) is two days younger and it is still 
developing its full programme. West Germany ap- 
pointed its committee for oceanography last summer. 

Britain, faithful to the two cultures as ever, has 
effectively a bipartite structure. The Natural Environ- 
ment Research Council (NERC) officially established 
its right to determine government sponsored marine 
science policy in 1967. An official Committee on 
Marine Technology to develop the tools in support 
and for commercial exploitation was established last 
year, though not acknowledged until a parliamentary 
answer on February 5 this year. It sits regularly and 
is currently considering the vexed question of whether 
or not any marine science should “go submersible”, 
It is not expected to report much before the end of 
this vear. 


IMMUNOLOGY 


Australian Enterprise 


THE director of the Walter and Eliza Hall Institute of 
Medical Research, Professor G. J. V. Nossal, has 
produced a cheerfully optimistic annual report. Three 


* 
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new laboratories were set up last yeer to develop a 
“creeping involvement" in key areas cf medicine and 
these are expected to develop into full anits, matching 
the five existing units of the institute, i? enongh money 
is available. Dr Noel L. Warner is to direct an immuno- 
genetics laboratory, Dr T. Mandel will head a labora- 
tory of electron microscopy and chase the Australian 
research grants committee for a new electron micro- 
scope, and Mr V. X. Gledhill is to set up a laboratory for 
biomedical computation with the long-term aim of 
using computers as an aid to decison making in 
diagnosis and therapy. 

The institute seems assured of a reasonably stable 
income from diverse sources, although the support for 
visiting scientists, particularly Americans, is becoming 
a problem. Under a new scheme, the Xational Health 
and Medical Research Council contributes a block 
grant, currently $270,000 a year, which covers the 
salaries of most of the senior staff, the Victoria State 
Government pays for administration and maintenance. 
the Anti-Cancer Council provides most of the costs of 
the Cancer Research Unit and the Australian Research 
Grants Committee pays a big proportion of the costs of 
new seientific equipment. 

The list of institute successes givea in the report 
emphasizes the obvious importance of immunological 
research to medical fields such as cancer research, organ 
transplantation and autoimmunity, and also the 
extreme precision and sensitivity of immunological 
techniques which make them applicable in other fields 
such as embryology and brain research. Professor 
Nossal and Dr J. Marchalonis have, for instance, 
developed an elegant new technique for identifying the 
type of protein made by an individual sell. Using this 
technique, they were able tentatively to establish the 
similarity of antibody proteins made by a healthy cell 
and those made by a particular type of cancer cell 
which are much easier to obtain in a purified form for 
detailed chemical analysis. 

Other scientists at the institute succeeded in making 
isolated white blood cells “dance te our tune" by 
inducing them either to react against vaccine molecules 
or to become tolerant, depending on the amount of 
vaccine added to the culture. The first type of reaction, 
is one of the body’s weapons against infection, while 
the second is desirable if the body is nct to reject organ 
transplants, and the scientists hope that a detailed 
analvsis of the chemical reactions may lead to new 
approaches to problems of transplantation and auto- 
immunity, 


LAND RECLAMATION 


Making More Thames 


AN ambitious scheme to reclaim some forty-six square 
miles of the Thames Estuary was proclaimed last 
week in London by a newly formed organization called 
Thames Estuary Development Company. To begin 
with, the company will be concerned simply with the 
feasibility of converting into dry land the Maplin 
Sands which lie off the south-east corner of Essex, on 


the north of the Thames Estuary. The sands them- 
selves lie to the seaward of Foulness Island, a soggy 


tract which is used, among other things, by the Ministry 
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sites for a third London airport, and it would be dis- 
respectful of the Thames Estuary Development Com- 
pany to suggest that the announcement last week Is 
quite unconnected with the fact that Mr Justice Roskill 
is at present sitting with a commission to select a 
number of sites for an airport which could then be 
subjected, each in turn, to the formal processes of a 
public inquiry. For what rumour is worth, the original 
controversial site at Stansted seems to be low on the 
Roskill list—some say that it is not there at all—but 
the outstation in mid-Bedfordshire of the Roval Air- 
craft Establishment, already provided with a long if 
somewhat undulant 
near the top 

The new consortium on the Thames has its eyes as 
much on the sea as the air, however. The company 
has been formed from five organizations, two public 
and three private. No doubt the Port of London 
Authority is essential, if only because the Maplin Sands 
are within its territory. The Southend Council repre- 
sents the local authority most likely to benefit. Then 
there are two civil engineering companies—John 
Howard and Company and John Mowlem and Com- 
pany—and one oil shipping company London and 
Thames Haven Oil Wharves. 

The chief difficulty is to find some way of reclaiming 
a bloek of land which will nevertheless remain accessible 
by a 90 foot channel for which the cost of maintenance 
will not turn out If that should be 
possible, the consortium looks forward to the rapid 
development of the area into a port able to rub shoulders 
with Europort at Rotterdam. From this point of view, 
the optimists say, the siting of a third London airport 
on Maplin Sands would be an uncovenanted benefit. 
The immediate task, however, is to see whether the 
scheme is practicable, and for this reason the group is 
planning to spend the next six or eight weeks on the 
design of the kinds of experimental studies which will 
he needed to test the viability of the project. It seems 
not vet to have been decided whether computer analysis 
will be sufficient or whether a large scale hydraulic 


runway, has been advanced to 


to be excessive. 
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model will be necessary. Certainly the study will have 
to be elaborate enough to include the effects of Coriolis 
forces, which is a measure of the scale of the enterprise. 
It may then take eighteen months before it is known 
whether a stable channel in the mouth of the river can 
be found. which means that the Maplin Sands are 
unlikely to dry out for at least another decade, 


INTERNATIONAL MEETINGS 


FEBS in Spain 


THERE will be something of a cloud over the sixth 
meeting of the Federation of European Biochemical 
Societies (FEBS), arranged many months ago and due 
to be held in Madrid in April this year Recently 
Spain entered a phase of some political turbulence, 
called by the authorities a “State of Exception”, and 
the University of Madrid is closed. Several 
have been raised in FEBS circles questioning the 
advisability of meeting in Madrid in these circum- 
stances. The most open sign of discontent so far 1s a 
letter from forty-eight faculty members at the Univer- 
sity of Konstanz which calls on FEBS to cancel the 
April meeting, or to convene it elsewhere, “in view of 
the latest dictatorial acts in Spain”. 

Professor S. P. Datta and Professor H. R. V. Arn- 
stein, respectively treasurer and secretary-general of 
FEBS, have just returned to London from a visit to 
Madrid, and their feeling is that, unless the Spanish 
political situation suddenly and seriously deteriorates, 
the meeting should go on as planned. Apparently the 
closure at the university is only partial—undergraduat: 
teaching is stopped, but graduate training and research 
continue. The trouble—shades of LSE started in 
the Law and Economies faculties. The faculties of 
science are said to have been untroubled. 

Whatever this implies, there I8 nO obvious obstacle 
to the FEBS meeting. The Spanish authorities have 
guaranteed that all biochemists, whatever their political 
complexion, will be granted access to the meeting 
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The group at Konstanz indicates clearly enough, how- 
ever, that the practicalities of the meeting are for them 
of secondary interest. It will be interesting to see how 
far their case is met by the statement of policy on which 
the Executive Committee is now working, and which 
will refer not just to the Madrid meeting but to general 
issues of politics in scientific meetings. 


PLANNING 


Art Galleries under Pressure 


A REAPPRAISAL of publie policy towards art galleries in 
Britain may spring from the controversy which has 
been raging for the past month over the proposed 
extensions to the Tate Gallery in London. The Govern- 
ment has now announced that it is considering holding 
an inquiry into the whole business—the fourth there 
has been into the gallery’s affairs. 
would be a good thing—it should divert public discus- 
sion from the architectural merit of the present portico 
to the more important problems of future organization 
and economics of the Tate Gallery in particular and the 
national collection of paintings and sculpture in general. 
The most serious danger is that if the inquiry is not 
handled carefully, the issue could become a wrangle. 
A decision is required urgently by the Tate's trustees 
thev have been kept waiting quite long enough for the 
extension they would now like to build and must 
naturally be worried that the Government may change 
its mind about the £1 million promised for the exten- 
sions. (The ups and downs in the building of a National 
Theatre are not encouraging.) 

The present controversy came to a head with the 
publication of plans for the extensions at the beginning 
of February. What the architects suggest is that the 
gallery should be extended to twice its present size by 
means of additions at the back and that the late Vietorian 
portico should be replaced. The cost would be about 
£2 million and the result would provide space for show- 
ing about 700 more works of art as well as improved 
facilities for the staff, research and conservation, and a 
publie restaurant overlooking the River Thames. The 
trustees admit that the scheme is a compromise. 

They have ruled out alternative schemes such as a 
multistorey extension at the back of the present site 
and a new building on one of the adjacent sites occupied 
by the British Army. They admit that the extensions 
would provide room only for 15 years. 

The plans had the blessing of the Royal Fine Art 
Commission and the Westminster City Council. 
Trouble eame when the Historic Buildings Board of the 
Greater London Council rejected the scheme at its 
meeting last October, chiefly on the grounds that the 
loss of the portico would ruin not only the gallery, built 
in the 1890s to the design of Sydney Smith, but also the 
appearance of the riverside frontage along Millbank. It 
was argued that although the gallery is architecturally 
not very exciting, it is a weleome contrast to the tightly 
packed drab commercial buildings around it and on the 
other side of the river. The GLC has in fact no powers 
of veto, and decision rests with the Minister of Publie 
Buildings. The stand to save the portico has, however, 
been supported by impassioned pleas from the public, 
and the Historie Buildings Council has also added its 
weight to the campaign. Lately, the controversy has 
developed with more reasoned discussion about the 
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whole future of the gallery. The most supported lobby 
is for keeping the Tate’s present building intact 
(possibly with an extension at the back) and for build- 
ing a new national gallery of modern art somewhere else. 





The trustees have answers to these suggestions on 
administrative and economie grounds. Even if one of 
the army sites were free, they say that the cost of a new 
gallery (reckoned to be £12 million) weuld be prohibi- 
tivelv high. But it is unlikely that a new gallery would 
cost as much as this. The real question to be answered 
is what strategy should be worked out for the con- 
tinuing development and support of the national art 
collections. 


EDUCATION 


Bright Future for Awards 


MISGIVINGS about the future of the Council for National 
Academic Awards are disappearing fast. During the 
four years since the council was establis aed as an auton- 
omous body, the number of students on CNAA degree 
courses has gone up and up. As indicated in the 
council's report for 1967-68, 6,343 new s-udents enrolled 
in September 1968—an increase of 37 per cent over the 
figure for the previous year. This brings the total 
number of students attending CNAA irst and higher 
degree courses to 15,656 compared with 10,687 in 1966- 
67. Morethan 1,011 degrees were awarded during the 
year, of which 104 went to students at the four poly- 
technics— Borough, Northern, Regent and Woolwich. 
No information is available on the number of failures, 
but this will no doubt be remedied later by the Depart- 
ment of Education and Science. 
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The council now offers just over 200 courses in a wide 
range of subjects, operating in fifty colleges in England, 
W ales and pcotland E aA e courses lead 


(x 


^ Fifty SIX new courses D z colle eges in 
1967-68 were approved and, as usual, many of these 
are in fields which are not traditionally covered by the 
universities. For example, four degree courses in 
librarianship and information science have been intro- 
duced, and so have a part-time course in the sociology 
of education designed for teachers and other w orkers 
in the educational service; a course m textile market- 
ing; and a sandwich course in publie administration, 
in which the cooperation of local government is being 
sought. Keeping pace with the development of the 
polyteehnies, the council has also approved a degree 
course in environmental engineering, which will involve 

:ollaboration between scientists, engineers, architects, 
publie health officers and industrial | managers. simil. 

arly, à course has been approved in engineering geology 
and geotechnies which will bridge the areas of interest 
of civil engineers and geologists. Traditional subjects 
are also being given a face-lift: thus students of French 
are being given an opportunity to acquire a wide 
understanding of the country through a study of the 
language, politics, economies, geography and eulture 
of France. Following on its move away from traditional 
mathematies, the council has also approved an honours 
degree in statisties and computing, the course showing 
“a significant orientation of mathematical studies 
toward areas of increasing industrial importance". New 
MSc courses deal with such subjects as diesel engine 
design, molecular science of materials and operational 
research. The council has also approved the first 
four-year course leading to an honours degree in educa- 
tion. 

Although the council is usually associated with first 
degree courses, it is interesting that 109 students were 
enrolled for higher degrees in 1967—-68— more than 
double the number in 1966-67. In the vears ahead, 
this statistic will be closely watched by those anxious 
to see whether the twenty-six new polytechnics will 
really become free-living organizations. 


INFORMATION 


Finding Out about Metals 


IN spite of duplication of effort in the production of 
abstraeting and indexing journals in metallurgy and 
related fields, many would-be users cannot easily get 
at the information contained in them. This is one of 
the implied conclusions of a detailed survey prepared 
for the Office for Scientific and Technical Information 
by the Aslib Research Department (Metals Information 
in Britain, Aslib; January 1969). The need for more 
centralization of information services was expressed 
at a meeting eonvened by OSTI in 1967, but at the 
time there was no basis for an assessment of the scope 
of a centralized service. 

The authors of the survey, which this deficiency has 
inspired, Brian Vickery, Margaret Slater, Alexandra 
Presanis and Pamela Fisher, defined the metals field 
widely so as to include both producers and users of 
metals—not only iron and steel manufacture, for 
example, but metal used in the building industry as 
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well. To make the survey manageable, it was limited 
to individual members of seven "British metallurgical 
institutes. The members (home and overseas) number 
some 38,000, but the total population surveyed was 
less because of overlapping membership. The response 
to the questionnaires sent out was poor and the 
authors of the survey had to be satisfied with 1,570 
British respondents. 

Nothing in the results of the survev will overturn 
common preconceptions, The most frequently sought 
information was in the categories described as meta] 
constitution, properties, behaviour or specification and 
in metal production, method and process. Personal 
contacts were found to be of more than average im- 
portance in the categories described as metal use or 
application, commercial availability, metal production 
economics and equipme nt— possibly an indication of 
the laek of accessible documentary sources in these 

categories. Among the users’ comments which re- 
ceive ed considerable support were that it would be good 
to have one central information source in Britain, that 
there is a lack of a good metals handbook, that the 
abstracting journals need combining or unifying, that 
the time lag in abstracting is too great and that there 
is a need for more information on standar ds. Abstract- 
ing journals most frequently mentioned by the British 
respondents were the Journal of Iron and Steel Institute 
Abstracts, Metals Abstracts (or its predecessors), and 


the Nickel Bulletin. 


SCIENTIFIC INSTRUMENTS 


Cataloguing the Hourds 


AN illustrated guide to the British collections of 
scientific instruments is being prepared by Dr Mary 

Holbrook with a grant from the Leverhulme Trustees 
to the British National Committee for the History of 
Science, Technology and Medicine. Although books 
have been written on the makers of British scientific 
instruments, there is at present no handbook concerned 
with the instruments themselves. Subjects such as 
astronomy, navigation, time measurement, optics, 
alchemy, photography and so on will be considered, 
provided the instruments were made before 1800. It 
would be impossible because of size to include the 
collections of the large national science museums; for 
example, the collection of instruments made for the 
children. of George III, which is now at the Science 
Museum in London, needs a catalogue to itself. Dr 
Holbrook intends to concentrate on the museums at 
universities, observatories, schools and in Government 
departme nts. Museums which belong to private com- 
panies and antiquarian societies and private collec- 
tions will be included. The scope of the collections will 
be described and cross-indexing will permit the loca- 
tion of instruments by tvpe and maker. The det ails 

of the individual pieces will not be given unless they 
are of special interest; the aim is to provide only the 
main characteristics of specifie instruments, their 
makers and their present whereabouts. 

Part of the challenge in compiling a handbook of 
this kind is the difficulty of tracking down the private 
collections. Obviously much persuasive and persistent 
letter writing will be required if the contents of all the 
collections are to be revealed. How many private 
colleetions exist and where exactly they are to be 
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found it is impossible to say. According to Sotheby's, 
the auetioneers, attendance at their instrument sales 
has doubled in the past few vears: the items sold 


include microscopes and clocks ranging from those of 


the fifteenth century to Victorian precision instru- 
ments. The number of collectors is obv iously growing 
and many interesting pieces may therefore be going 
into potential obscurity. 
catalogue is not easy. Dr Holbrook, who is curator of 
the Holbourne of Menstrie Museum in Bath and who 
has previously catalogued a collection of instruments 
in Frankfurt-Mainz, expects that it will take three 
years to collect information and illustrations for what 
promises to be a list of 3,000-4,000 scientific and 
historie instruments, 


SEISMOLOGY 


New Zealand Rumble 


THE earthquake which hit Inangahua, in the South 
Island of New Zealand, on May 24, 1968, was the most 
closely studied of New Zealand’s major earthquakes. 
In a preliminary report now published, the Department 
of Scientific and Industrial Research outlines the prin- 
cipal seismological, geological and engineering features, 
The earthquake, of magnitude 7 (one of these occurs 
on average every 8 years in New Zealand), was felt 
over most of the country and caused landslides and 


serious damage to houses, bridges and railway lines 
within a 10 kilometre radius of Inangahua. 





From the recordings of the times of arrival of the 
seismic waves, at sixty stations in New Zealand and 
overseas, the exact origin of the earthquake was located 
to within 8 kilometres—the greatest precision achieved 
for any similar New Zealand earthquake. Numerous 
aftershocks were reported over an area about 40 by 
5 kilometres, and the sequence and location of these 
helped to define how the shock travelled along local 
geological faults. Observations of ground deformation 
and landslides caused by the earthquake also give 
useful information about the geology of the area. 

Property damage in the region around Inangahua 
was extensive, although the report notes proudly that 
the recently designed wood-frame buildings with con- 
tinuous foundations externally and light reinforced 
chimneys suffered no structural damage. Some par- 
ticular features of the damage, such as the small church 
in the area which was moved 30 centimetres to me 
west without displacement of the piles on which i 
originally rested, are not merely curiosities but etg 
logically valuable pieces of information as well. 





The task of preparing a 
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Parliament in Britain 


by our Parliamentary Correspondent 


Dungeness B 

Mn REGINALD FREESON, for the Ministry. of Power, 
answered questions about Dungeness F power station. 
The upper part of the pressure vessel Lners which had 
been distorted during welding were being replaced, 
and the first reactor would be delayed by about 18 
months, the second by a year. The faults carried no 
implications for the AGR programme as a whole, he 
said, and the problem of who was to pay for the delay 
would in due course be sorted out by the CEGB and 
the companies concerned. (Oral answers, February 11.) 


Concorde 


Mr J. P. W. MALLALIEU produced an explanation of 
why the Ferranti/Sagem navigation system developed 
for the Concorde is to be replaced in the pre-produetion 
and production aircraft by American equipment. The 
American equipment was lighter and smaller, he said, 
and had the advantage of meeting the specifications 
of Aeronautical Radio Incorporated, a United States 
association of airlines and equipment manufacturers 
in which BOAC and BEA participate. BAC and Sud 
Aviation had decided that the Ferranta-Sagem system 
was unlikely to prove attractive to cvstomer airlines, 


and had recommended the fitting o the American 
systems. (Written answer, February 12.) 

Animals in Research 

Mr Mertyn Rees, for the Home Office, said that 


4,755,680 experiments had been performed in 1967 
under the Cruelty to Animals Act of 1876. Ten inspec- 
tors were responsible for seeing that the regulations 
were obeyed. In 1958, he said, there hac been 3,245,990 
such experiments, and five inspectors. (Written 
answers, February 13.) 


Defence Establishments 


Mr Jouw Morris gave a complete list of British 
Defence Research Establishments, together with their 
dates of foundation. There are twenty nine such estab- 
lishments under the direct control of the Ministry of 
Defence—which does not include establishments like 
RRE at Malvern or RAE at Farnboroagh, which come 
under the Ministry of Technology, The total staff is 
16.128, of whom 3,121 are scientists cr engineers, and 
in 1968-69 the total cost of the establishments was 
£33:8 million. (Written answer, February 11.) 





Government Computers 


Tue Government computers do not seem to be being 
used at peak efficiency. Mrs Judith Hart confirmed 
that three ICL 1905 E computers belonging to the 
Metropolitan Police, the Ministry of Defence and the 
Building Research Station were usec for 50, 40 and 
48 hours respectively each week. Target operating 
hours of 100, 80 and 80 hours had been set, to be met 
by November and December 1969 end March 1970. 
Mr David Howell pointed out that many commercial 
firms operated their computers on three shift working: 
was the ministers aim, which amoanted to double 
shift working, not a grave waste of the computers ? 
Mrs Hart said that the hours would be extended as it 
became possible, and as demand iacreased. (Oral 
answer, February 10.) 
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from our Astronomy Correspondent 


NASA has something for everyone in the weeks ahead. 
For the critics who want to see more scientific missions, 
there will be two Mariner spacecraft aimed at a Mars 
fly-by. For the incorrigible admirers of space spectacu- 
lars, there is the last-but-one Apollo test before the 
Moon landing. But NASA must be hoping that the 
Russians will not steal their thunder by celebrating 
the opening of the launch window by attempting a 
soft landing on Mars. There is still anxiety about 
contamination of the Martian environment (Nature, 
221, 398; 1969). 

The plan for Mars is to double the chances of success 
by launching two spacecraft, the first on February 24 
and the second a month later, on March 24. By the 
time they reach Mars the separation should have 
narrowed to five days, with nearest encounters on 
July 31 and August 5 respectively. The two Mariners 
are identical, and contain neat packages of Instruments 
to examine Mars in several ranges of the electromag- 
netic spectrum. The chief items of equipment, however, 
are the two television cameras which each Mariner will 
carry. With a resolution of 900 feet—compared with 
two miles for the previous martian Mariner and 100 
miles for Earth based equipment--NASA expects the 
photographs to reveal in what form Schiaparelli’s 
eanals exist, if at all. Colour filters should make it 
possible to build up colour pictures, so that the space- 
craft could yet compete with the Apollo 8 views of the 
Moon. 

The lower martian atmosphere will be probed by an 
infrared spectrometer which will look for the presence 
of molecules suggestive of biochemieal processes— 
water, earbon dioxide, methane, ethylene and acety- 
lene. An ultraviolet speetrometer will determine the 
presenee and amounts of various gases in the upper 
atmosphere. As each Mariner goes behind Mars, the 
way the martian atmosphere affects S-band signals 
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from the spacecraft will yield measurements of pres- 
sure, density and electron density. An infrared radio- 
meter will map surface temperature so as to correlate 
this with the television pictures. As always, careful 
tracking of the spacecraft should also say something 
more about the parameters of the solar system. 

If, by good luck or management, both spacecraft are 
successful, they will be complementary, not repetitive, 
for the two spacecraft will fly over quite different 
regions of the planet. The first will travel over the 
equator and the second over the south pole. The plan 
is for each Mariner to take at least eight and possibly 
several tens of wide-angle pictures as it approaches the 
planet. Rotation of the planet should ensure that most 
of the disk will be covered, with a resolution of up to 
15 miles. This is to be followed by a sequence of 24 
close-ups taken between 6,000 and 2,000 miles. 

The next step in the American exploration of Mars 
will be in 1971, when it is intended that two spacecraft 
orbit Mars for three months. Then, in 1973, there will 
be Project Viking—a soft landing of capsules detached 
from orbiting spacecraft. 

The Apollo 9 firing scheduled for February 28 at 
Cape Kennedy is a different kettle of fish, aimed chiefly 
at evaluating the lunar module which will take men 
from a lunar orbit to the surface and back again. But 
the testing of the module will this time take place 
entirely in Earth orbit. The three astronauts, James 
M. MoDivitt, David R. Scott and Russell L. Schweick- 
art, will go through the motions of a lunar landing 
involving the transfer of Schweickart and MeDivitt 
to the lunar module, its separation from the command 
and service modules and the firing of the lunar module's 
engines. 

What does all this imply for the future of the space 
programme in the United States ? Inthe past few days, 
Dr L. DuBridge, the new science adviser at the White 
House, has let it be known that he intends to spend 
most of the coming year working out a balanced 
programme of research and development, no doubt in 
close consultation not merely with NASA but with the 
other closely interested parties—- the Department of 
Defense, the various parts of the Department of the 
Interior which are concerned with Earth resources 
satellites as they are called, and with external agencies 
such as Comsat. The outcome is now, however, rela- 
tively easy to predict. By the end of the year, the first 
landing on the Moon will have taken place, and it is 
extremely unlikely either that the Apollo programme 
will be entirely shut down or that it will be followed 
by an enterprise on à similarly ambitious scale. Most 
probably there will be a trickle of Apollo flights. 
Collaboration between the DOD and NASA on orbiting 
laboratories would be a great economy, and would give 
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the US Air Force something interesting to do with all 
the equipment it has manufactured. But for the rest, 
there is a great need for a sober and balanced pro- 
gramme of research. The chances are that this is what 


Dr DuBridge will be pushing for. There will be lots of 


people on his side. 


SCIENCE POLICY 


Growth Ahead in Canada 


THe Science Council of Canada clearly believes in getting 
its opinions off its chest before it publishes the figures 
which back them up. The document published some 
months ago which gave guidelines for Canadian science 
policy has now been followed by a valuable collection 
of statistics, prepared by R. W. Jackson, D. W. 
Henderson and B. Leung of the Science Secretariat. 
The study falls into three parts: the supply of qualified 
manpower, the inflation-sophistieation factor, and 
estimates of the gross expenditure on research and 
development in Canada until the year 1978. 
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The figures suggest that this year a total of 10,760 
Canadian students will graduate with a degree in 
science, mathematics, or engineering, out of a total 
graduation of 58,300. By 197 7-78, the numbers will 
be swollen to 20,000, from a total of 115,000 graduates. 
To this will have to be added the substantial net immi- 
gration of scientists and engineers w hich has been a 
feature of the past few years: in 1966, for example, 
Canada gained just over 3,000 scientists and engineers 
by immigrati ion, over a third of the number gr aduating. 
The report suggests that from 1970, net immigration 
will represent about 20 per cent of the numbers graduat- 
ing, but this figure is clearly subject to a great deal of 


uncertainty—the course of the Vietnam War, for 
example, could be a very significant factor. Another 


uncertainty is whether Canada will experience the 
swing away from sclence which has been observed 
elsewhere; the report concludes that so far there is no 
evidence for a pronounced shift in the total numbers 
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reading for science and engineering. Within the total, 
however, there are shifts out of engineering and into 
pure science. 

The section of the report devoted to calculating the — 

"sophistication-inflation factor" for Canadian research — 
relies heavily on reports published elsewhere. Canadian 
science statistics have not been sufficiently reliable to 
enable a characteristically Canadian figure to be 
extracted, but it is probably fair to assume that 
Canada will follow the United Staves pattern. The 
authors conclude that the costs of research and 
development will grow at the rate of 6 per cent a year 
over the next few years, a figure which takes into 
account both inflation and the growth of sophistica- 
tion; roughly one third of this annual increase is 
attributed to inflation and the rest tosophistication, If 
anything, the authors say, this figure is likely to prove 
conservative. 

The manpower predictions and the rate at which 
researeh becomes more expensive come together in the 
third section of the report, which atzempts to predict 
gross expenditures on research anc. development in 
Canada projected to 1978. It is first-assumed that the 
GNP will continue to grow at arounc 5 per cent a year 
until 1970, and 4-75 per cent a year after that, giving a 
GNP of $127-7 thousand million in 1978. By taking 
an arbitrary proportion of this aml devoting it to 
dus and eda EM à se ries of very heel 
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D is to represent 5 per cent of the G: 
have to grow at a rate of 19-2 per sent per year. A 
more likely predietion—that R and D costs will 
represent 3 per cent of the GNP—implies a growth 
rate of 14-2 per cent (compared with an average since 
1957 of 11-0 per cent). An alternative approach is to 
make estimates of the proportion of «he qualified man- 
power which will be engaged on research and develop- 
ment, and then to caleulate what will be needed to 
support these numbers at any point in the future. As 
things are, 14-3 per cent of Canadian scientists are 
engaged on research and developmert; if this propor- 
tion is maintained, it will imply a rate of growth of 
expenditure of 14-6 per cent a year, to a total of about 
$4 thousand million by 1978. If the number of 
scientists in research and development is expected 
to increase to, say, 17 per cent of all scientists, this 
would call for a growth rate in financial terms of 16:2 
per eent à year, and would have Canada spending 
nearer $5 thousand million by 197& If as many as 
30 per cent of all scientists were in research and 
development, the budget by 1978 would be $8 thousand 
million, no less than 6-2 per cent of the GNP, a level 
which most people (though not the authors of the 
study) consider improbable. But some growth is 
clearly vital; the report publishes curves w hich show 
that Canadian expenditure on R and D as a propor- 
tion of total federal expenditure has actually declined 
since 1957, an experience shared by few other advanced 
countries. 


EARTH SATELLITES 


Satellites Applied 


Fears that a two year study of applications satellites 
carried out by the US National Research Council would 
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of Earth-Oriented Satellites, Report of the Central Review 


Committee, National Academy, $2). Compared with 
the report on Earth resources satellites prepared for a 
subeommittee of the science and astronauties commit- 
tee of the House of Representatives (Nature, 221, 611; 
1969), which strongly criticizes NASA's stewardship 
of the Earth resources programme, the NRC report is 
gentleness itself. Even so, it cannot help digging at the 
“leisurely” pace of the project. 

The report deals not only with Earth resources 
satellites but with other Earth-oriented applications 
such as communications and meteorology satellites, 
where the economie benefit can be readily recognized. 
Its recommendations in this field include the setting 
up of multi-channel distribution systems for public 
and private television networks and for educational 
broadcasts, and satellite navigation and traffic control 
for ships and aircraft crossing the North Atlantic. 
But the report is more cagey about Earth resources 
systems. It is clear enough that discussions of what 
Earth resources satellites could achieve are hampered 
by lack of knowledge of what the capabilities of remote 
sensors are likely to be. The report does no better 
with its economic assessment. Once again, uncertainty 
about what type of satellites and sensors are going to be 
available in the future and what use they will all be 
confounds conventional cost-benefit analysis. The 
economists called in by the study conclude that basic 
exploratory research will involve substantial risks with 
highly conjectural benefits but that there is a case for 
carrying some programmes to the development stage. 
Basic researeh is also the least expensive stage, and 
the NASA approach—to try out possible Earth re- 
sources instrumentation in aircraft flights—is probably 
correct. Indeed, NASA receives a pat on the back for 
generating “a variety of exploratory studies in Earth 
resources, oceanography, and  eom- 


national programme. 

The chief recommendation of the review committee 
is to double or treble the present programme of applica- 
tions satellites to an annual support of $200-$300 
million. The budget for 1970 asks for $135-8 million 
for NASA's applications programmes, chiefly Nimbus 
meteorology satellites, applications technology satel- 
lites and the first Earth resources satellite planned for 
1971. But despite occasional eulogies of the hypo- 
thetical benefits of earth resources satellites, the report 
seems to support the more cautious approach. 


PLOWSHARE 


Outlook for Plowshare 


Tue United States Atomic Energy Commission is to 
eooperate with its Australian counterpart in à study 
of the feasibility of ereating a harbour in North-west 


Australia by the use of nuclear explosives. Project 
Plowshare, under whose auspices the survey would be 


carried out, is enjoying unaccustomed popularity 
since the arrival of the new administration in Washing- 
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ton, but until the survey is complete it would be 
premature to conclude that the years of talk about 
using nuclear weapons peacefully are going to end 
with a bang rather than a whimper. Australia offers 
many advantages for an experiment of this sort; in 
recent years the Australians have come to regard the 
Americans as their natural allies, and have given loyal 
and apparently unquestioning support in Vietnam. 
Political difficulties would be unlikely to intrude 
(partly because the explosion would take place in an 
area singularly short of people) and the kind of opposi- 
tion which would arise in similar circumstances in 
Latin America, for example, is unlikely to be significant 
in Australia. 

The site chosen for the survey is at Cape Keraudran, 
on the north-west coast, at the southern end of the 
attractively named Eighty Mile Beach. The nearest 
large town is Port Hedland, and the new port would 
be well situated close to routes across Western Australia 
to Perth and Fremantle. So far, this is an area of 
limited development, but the past vear or so has seen 
a great growth in mineral exploration, for which a new 
port might well be necessary. Otherwise, the area is 
notable only for its isolation, which simplifies the 
issues technically, but means that the return on the 
investment is unlikely to be very high. 

According to Mr David Fairbairn, the Minister for 
National Development, the blasting of a harbour at 
Cape Keraudran would call for five simultaneous 
nuclear explosions, each as powerful as 200 thousand 
tons of TNT. This should produce a harbour 6,000 
feet long, 1,300 to 1,600 feet wide and 300 to 400 feet 
deep, big enough for ships of up to 150,000 tons 
dead-weight. An Australian Plowshare committee 
has been set up to wateh over the study, and the 
working body for the study will be the Cape Keraudran 
Project Committee, under the chairmanship of Dr 
A. R. W. Wilson, deputy director of the AA EC research 
establishment at Lucas Heights near Svdney. He has 
concentrated on the peaceful uses of atomic explosions 
for some years, and acted as an adviser to the Govern- 
ment of Panama on the safety aspects of the proposal 
to build another canal across the Panama Isthmus. 

Whatever the results of the feasibility study, 1t seems 
already to have opened the door to the Austrahan 
market for American nuclear power companies. Mr 
John Gorton, the Australian Prime Minister, has 
announced that Mr Fairbairn is to visit the United 
States to “have discussions with appropriate State 
Ministers and Authorities regarding introduction of 
nuclear power into Australia in the future”. Australia's 
nuclear power poliey so far has been concentrated 
almost exclusively on natural fuelled heavy water 
reactors, like the Candu or modified SGHWR designs, 
which make no call on enrichment facilities. Like 
France, Australia has been determined to pursue a 
nuclear poliev which does not rely on the supply 
of fuel from abroad, and, without any immediate 
prospect of cheap enrichment facilities, this means 
reactors which run on natural uranium. Unless the 
Australian Government plans completely to reverse its 
policy and buy American light water reactors, it is 


States. 
observing the 
natural fuel reactors are 
their mission is in vain. 


programmes aimed at developing 
bound to wonder whether 
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EMPLOYMENT 


What Professionals Do 


ALMOST 300,000 scientists are listed in the Register of 


Scientific and Technical Personnel prepared by the 
National Science Foundation. This does not represent 
the total scientific manpower of the United States, 
because a number of those to whom questionnaires 
were sent did not reply. It is believed that the distri- 
bution by disciplines (see Table) is not affected by 
those who failed to reply. The median salary of the 
scientists was $13,200, with self-employed scientists 
the best paid (median $18,000). The same median was 
reported by the best-paid industrial scientists, who 
were economists. 

More than one third of the sample (37 per cent) had 
doctorates, and 29 per cent had masters degrees. 
Although the Federal Government employed only 10 
per cent of the scientists directly, 43 per cent of them 
were engaged in work supported by Federal Govern- 
ment funds. One third were working in research, with 
15 per cent in basic research and 13 per cent in applied 
research. Geographically, the states of California and 
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Number Por cent 


207,942 
270,108 
27,833 
03,788 
23.146 
B74 
323,491 
234,477 
6,972 
12,740 
46,183 
23,077 
2.639 
11,510 
56.6358 
5,176 
1,319 
1,541 


Registered scientists 


Men 
Women 


Chemistry 

Earth and Marine Science 
Atmosphere and Space 
Physics 

Mathematics 
Computer Sciences 
Agricultural Science 
Biological Science 
Psychology 

Statistics 

Economies 

Sociology 

Political Science 
Anthropology 
Linguistics 
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New York had the greatest numbers of scientists, 
31,000 each, and six other states had more than 
12,000— Pennsylvania, Illinois, Texas, New Jersey, 
Ohio and Massachusetts. 


NOTICE TO CONTRIBUTORS 


Nature is intended to be a journal which can be read with pleasure by scientists in all kinds of 


work, not always academic. 


For this reason, it is necessary that the editorial staff should 


continually pay particular attention to the way in which contributions are presented. In 
practice, this means that attempts are made to modify the language in which manuseripts are 
prepared (which means that authors are consulted if substantial changes are in prospect). 

The following table is intended simply as a guide to the ways in which language can be 
simplified not merely without loss but usually with great profit. The examples are taken from 
Nature, which shows that the practice frequently falls short of intention. 


As submitted 


Taking a range of evidence into account we 
incline to the view that 


Little information is available 
Effect their solubilization 


We are presently developing techniques to 
carry out a more precise and comprehensive 
study of these systems with the aim of 
solving these problems 


Placed adjacent to 


Reactions having different characteristics 
were observed 

An attempt was made to obtain some 
information as to how 

The present author 

Presumably attributable to the fact that 


The heart of the problem of constructing 
models lies in the problem of constructing 
good theories, as models are simply formal 
representations of such theories 


The starting point for this investigation was 
the fact 


Edited version 


On balance we believe that 


Little is known 
Dissolve them 


We are looking into this further 


Put next to 


Different reactions occurred 
We tried to find out how 


I 
Presumably because 


The basis of a model is the theory it represents 


It is known 
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NEWS AND VIEWS 


Happy Birthday, Pulsar 


Ir is now twelve months since the discovery of four 
pulsating radio sources was announced in Nature (917, 
709; 1968). It has been a memorable year. Pulsars 
burst on the scene not gently like the quasars whose 
baffling qualities only gradually became apparent, but 
in a single paper which picked out a sprinkling of 
properties in a study of CP 1919 and also hinted darkly 
at the presence of three more. So theoreticians had a 
head start at the problem, and it would not be too rash 
to hope that in the rotating neutron star hypothesis 
there are the bones of a solution. Even so, everyone 
admits that there is still plenty of scope for the sort of 
idle conjectures which are now familiar not only at 
the Royal Astronomical Society but also in all kinds 
of situations, domestic as well as professional, 

It is probably good, however, that the flood of 
papers which marked the first twelve months is showing 
signs of slowing down, Granted that spinning neutron 
stars are the works of the clock mechanism, what 1s 
needed now is a convincing description of how the 
spinning star produces the sorts of signals which are 
picked up by radio and now optical telescopes. There 
is still room for upsets, and many people would be 
glad if there were. The thrill of the chase is, after all, 
as exciting as the capture. The optical flashes, for 
example, which are only now being measured, are 
likely to be as fascinating as the radio pulses. An 
optical spectrum of the flashing pulsar has yet to be 
published, for instance. 

To those case-hardened to the quirks of scientific 
investigation, it is no surprise that pulsars should have 
been discovered in the course of a study of the inter- 
planetary medium in which the solar system is en- 
meshed. Of course, the point is that the “hop-field” 
aerial at Cambridge was unconsciously built to look 
at just the sort of fluctuating signals which pulsars 
generate. Built up of a rectangular array of 2,048 
dipoles in sixteen rows of 128 elements, the metal- 
work of the aerial is difficult to discern among a forest 
of supporting sticks. To pick up scintillation caused 
by the interplanetary medium, the recording instru- 
ments had to have a short time constant, and this as 
much as anything made possible the detection of 
pulsating signals which conventionally would have been 
blurred out. 

Although anniversaries are times for looking forward 
as well as back, it is impossible to predict what the 
pulsar situation will be in a year or so, One thing that 
does seem likely, however, is that the problem will be 
as much the domain of the physicist as the astronomer. 
The attraction is in learning something about degen- 
erate matter—matter in the highly compressed state 
already known in white dwarf stars, carried to the 
extreme in neutron stars and which cannot be studied 
in terrestrial laboratories. Astronomers, on the other 
hand, will be fitting pulsars into the jigsaw of stellar 
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evolution and—more pragmatically—looking for an 
explanation of the energeties of the Crab nebula in 
terms of the pulsar within it. But the excitement 
which the pulsars have engendered has also helped 
to answer some awkward questions about the function 
of those enormous aerials. It looks as if radio astro- 
nomers are now successfully justifving their equipment 
to the taxpaving publie on its merits. 


METALLURGY 


Mathematical Smelting 


from a Correspondent 


A GROUP of metallurgists, physicists and engineers 
from the major steel producing countries of western 
Europe has been meeting informally since 1963 to 
discuss the mathematical simulation of large scale 
metallurgical processes. These meetings culminated 
in a conference on “Mathematical Models in Metal- 
lurgical Process Development" held in London last 
week to demonstrate progress in the use of basie 
scientific and engineering principles to represent mathe- 
matically complicated high temperature processes. The 
models presented were designed to simulate the metal- 
lurgical processes involved and to provide data that 
can be used in the design of new processes. Most of the 
papers were concerned with the unsteady state of heat 
transfer, both in solidification and in heat treatment or 
hot working. 

The conference began well with an introductory 
paper on differential equations and the formulation of 
mathematical process models by J. D. Tocher of the 
British Steel Corporation. Due regard was also paid 
to the fact that the physical processes must be under- 
stood before a mathematical model can be formulated. 
Details that would seem trivial to a plant operator are 
thus important to the "process modeller", and this 
was reflected in the fascinating detail w ith which 
several of the papers dealt with this subject. The 
concern of the process modeller for accurate numerical 

data was shown in two papers on continuous east ing; 
one on steel by J. J. Gautier et al. from IRSID in 
France and the other on aluminium by D. A. Peel 
and A. E. Pengelley of the British Aluminium Com- 
pany. 

A paper by A. Kappelmayer and E. E. Hofmann of 
the Technieal University of Berlin was concerned with 
a mathematical model of hot blast stoves. "This shows 
how the cross-flow in the checkers should be taken into 
account in such a model. Nearly all the papers con- 
tained accurately measured plant data for carefully 
defined conditions. 

It is less easy to enthuse over the mathematical 
techniques used. Most of the papers presented explicit 
finite difference solutions to non-linear forms of 
Fourier's unsteady state heat conduction equation, 
which arise in casting or heat treatment through the 
evolution of latent heat during solidifieation and solid 
state transformations. It was somewhat disappointing 
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that so little attention was paid to the possible effects 
of non-linearities which could arise from the compli- 
cated convective and radiative mechanisms by which 
heat is transferred to the furnace stock. Although 
unsteady state heat transfer plays an important part 
in the production of metals, the emphasis placed on 
heat transfer processes by the conference reflects 
simplieity as much as importance. A paper on the 
blast furnace showed how much work must be done 
before that process is thoroughly understood, and it 
is no doubt significant that there was no formal paper 
on the more complicated liquid metal refining processes 
such as steel-making. 


NUCLEAR EXPLOSIONS 


Detecting Nuclear Explosions 


from our Geomagnetism Correspondent 


IT is not only of scientific interest but also of consider- 
able political importance that seismic events be dis- 
tinguished from underground nuclear explosions. 
Unfortunately, as pointed out two weeks ago (Nature, 
221, 511; 1969), the precise situation is uncertain 
because in the United States a classified seismological 
network operates in parallel with basic seismological 
research and unclassified projects for monitoring 
explosions. All the outsider can do is to scrutinize the 
published literature and make an intelligent guess on 
what is, or is not, possible. 

An ingenious method for differentiating between 
earthquakes and explosions is made possible by the 
differing relative magnitudes of surface and body 
waves produced by each type of event. As far as one 
ean tell from unclassified literature, Press et al. (J. 
Geophys. Res., 68, 2909: 1963) and Brune et al. (J. 
Geophys. Res., 68, 3501; 1963) were the first to show 
that underground nuclear explosions generate smaller 
surface waves than earthquakes of comparable Richter 
magnitude, although, curiously, this phenomenon had 
been predicted on theoretical grounds by the Russian 
Keylis-Borék (Tr. Inst. Fiz. Zemli, No. 15 (182), 71; 
1961) some years before. Continuing work along these 
lines, Basham (Geophys. J., 17, 1; 1969) has analysed 
the vertical component P and Rayleigh waves from 
twenty-eight United States and Mexico earthquakes 
and twenty-eight United States nuclear explosions, 
each of which was recorded by nineteen stations 
within the Canadian seismographie network.  Unfor- 
tunately for the present network, the minimum detec- 
tion level for explosion Rayleigh waves corresponds to 
magnitude 3:5, and the lower limit of detection for 
earthquake P waves is magnitude 4-0. But within these 
limitations it is possible to discriminate between 
explosions and seismic events with a remarkable 
degree of accuracy. 

Thus graphical comparisons of the magnitudes of the 
surface waves and the body waves produce distinct 
groupings for explosions ‘and earthquakes. The 
regression curve for each group is linear and parallel to 
the other, the two lines having a surface wave magni- 
tude separation of 1-1 and a body wave magnitude 
separation of 0-8. For each type of event, the individual 
points are scattered almost normally about their 
respective curves with only slight overlap in the 
distributions. In practical terms, this means that as 
long as observations are made on the same continent, 
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underground nuclear explosions may be distinguished 
from seismic events in North America in 98 per cent of 
cases. 

Analysis of previously published daza also shows that 
discrimination between explosions and earthquakes is 
better for events observed on the same continent. In 
intereontinental systems, the situaton is less satis- 
factory because continental margins produce surface 
wave attenuation to an unknown anc variable degree. 
One effect of this is to increase the threshold level of 
wave observation by one degree of magnitude. But 
even on the intracontinental scale, the minimum detec- 
tion level for each tvpe of wave is iafluenced by the 
mieroseismie background. The threshold level may be 
higher during a period of strong microseism than during 
a quiet period by a degree of magnitude. Reduction 
of the threshold is almost entirely a technical problem: 
and with more sophisticated equipment it should be 
possible to achieve high degrees of explosion- 
earthquake discrimination down to lower magnitudes 
in intracontinental regions. The important point is 
that the principle behind the method has been 
adequately demonstrated. 


CONSERVATION 


Homes for Animals 


Last year the Board of Trade issued €26,850 licences 
for the importation of rare animals into Britain. 
Eighty-six were species for which licences are granted 
only after individual consideration br the advisory 
Committee on the Animals (Restriction af Importation) 
Act, 1964, which has just produced its third summary of 
statistics (HMSO, 4s). Nine apes were refused licences, 
but contraventions of the act—-desigred to protect 
rare wild animals by rigidly controlling importation — 
were rare and no animals were confiscated. 


Solen- 
Exhi- tific 
Family bition* re- Pets Resalet Total 
search? 
Marsupials 
Macropodidae (kanga- 
roos and wallabies} 6 6 0 E 12 
Phalangeridae — (koa- 
las, possums) 8 0 0 0 8 
Primates 
Tardiidae (tarsiers) 4 Ó Q Ü 4 
Lemuridae (lemurs) i ó ü 0 i 
Cebidae (new world 
monkeys) 5d S100 7 3,125 3,697 
Callithricidae — (mar- 
mosets, tamarins) 12 284 10 973 1,278 
Cercopithecidae (old 
world monkeys) 137 18,510 49 2,502 21,198 
Pongidae (anthropoid 
apes) 51 1 5 a 57 
Ungulates 
Rhinocerotidae  (rhi- 
noceros) 3 0 ü G 3 
Reptiles 
Testudinidae (tor- 
toises) 129 3 87 59,605 590,824 
Igunidae (iguana) 18 0 2 747 767 
Sphenodontidae (tau. 
tara) I ó 0 0 1 
Total 425 19,314 160 605,951 626,850 


* Includes zoos and breeding. 

t Ineludes the production and testing of vaccines. 

1 Includes resale and exhibition, resale and re-export, resale 
and research. 
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SUPERCONDUCTIVITY 


Powerful Magnets at Last 


ANYONE not yet convinced that physics and engineering 
must face the future hand in hand would have found 
last week’s lecture at the Institution of Electrical 
Engineers on “Superconducting Materials in Magnets” 
a very sobering experience. Dr W. T. Norris, of the 
Central Electricity Research Laboratories at. Leather- 
head, described his subject as one of the unfinished 
success stories of science, sparked off by the discovery 
of supereonductivity in 1911 by the Dutch physicist 
Kamerlingh Onnes and advancing through different 
levels of understanding to the present day achievement 
of a vast superconducting magnet for use in the bubble 
chamber experiments of high energy physics. 

For many years the construction of a magnet with 
superconducting windings was limited by the apparent 
lack of a metal which could sustain large currents and 
high magnetic fields without losing its superconducting 
property. In 1959, however, it was discovered that 
the compound niobium-stannide and the alloy niobium— 
titanium remain non-resistive in fields above LOO kG, 
having critical fields of 140-200 kG at absolute zero, 
and this started a flurry of activity to produce a large 
magnet of either material. But all was not well It 
was found that whereas small coils would operate 
satisfaetorily, larger ones were again bedevilled by 
some breakdown process and became resistive. 

This breakdown phenomenon, whieh became known 
as eleetrothermal instability, has still not been properly 
understood, but the problem of how to overcome it in 
practice was solved in ignorance by the insertion of 
strips of copper around the windings. This ensured 
that when for some reason a section of the super- 
eonductor heated up and became normal, the eurrent 
would flow through the copper—which has a much 
lower resistance than the Nb-Ti alloy in the normal 
state—and thus allow the superconductor to cool back 
to its non-resistive state. Dr Norris pointed out that 
the technieal problems of designing copper cased 
Nb-Ti windings with adequate channelling for the 
liquid helium coolant are far from trivial, but that 
they have now been successfully overcome. 

Although practical applications in industry are 
envisaged, the most glamorous use for a magnet which 
generates a high field over a large volume is in bubble 
chamber experiments, in which powerful magnetic 
forces are required to deflect the very fast moving 
elementary partieles that are produced. The costs 
compare very favourably with the conventional water- 
cooled copper magnets, and Dr Norris gave some 
figures for the bubble chamber magnet recently 
eompleted at the Argonne Laboratories in the United 
States, The construction cost of the magnet, 12 feet 
in diameter and producing a field of 20 kG, was 
$2.3 million, about the same as for the equivalent 
copper magnet. The running cost of a copper magnet 
over a lifetime of ten years would be $4 million, how- 
ever, whereas that for a superconducting magnet is 
estimated at $0-4 million, or one tenth the amount. 
This sort of saving is particularly welcome at a time 
when nuclear physics budgets are feeling the pinch of 
Government cuts. The huge expenditure on electric 
power for high energy experiments can be gauged from 
the fact that the CERN research centre consumes about 
one fifth the power of the whole of Geneva. 
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Dr Norris drew attention to two industrial applica- 
tions for large superconducting magnets, one already 
in prospect and the other as yet untried. An 
experimental magnet with a field of 30-40 kG is under 
construction for use in a generating station, and he 
surmised that the technique could also be used for the 
windings of a homopolar motor. A further application, 
which has already been developed, is for the "tennis- 
ball seam" winding used for containing plasmas for 
thermonuclear reactions. m 

Looking to the future, Dr Norris speculated that it 
may be possible to manufacture the ring magnets in 
synchrotrons with superconducting windings. These 
would require alternating currents of a frequency of 
about one  eyele per second and, although no 
application has yet been tried, Dr Norris pointed out 
that the d.c. magnets can be switched on and off about 
once a second without any untoward effects. It looks, 
then, as if superconducting ring magnets may be a 
real possibility in the not too distant future. 


WILDLIFE 


Kangaroos Recover 


POPULATIONS of red kangaroos that suffered badly 
in the Australian droughts of 1965-67 now seem to be 
inereasing again. By 1967 there were so few in north- 
western New South Wales that the Division of Wildlife 
Research of the Commonwealth Scientific and Indus- 
trial Research Organization had to stop regular samp- 
ling of the population. When in March that vear heavy 
rain produced the best growth of pasture for many 
years, an aerial survey showed that, despite the 
abundance of food, numbers of kangaroos had not been 
increased, as on previous occasions, by immigrants 
from surrounding areas. The density of kangaroos 
in this part of New South Wales was then the smallest 
since surveying began in 1964. But happily, after 
more rain in 1967, red kangaroos began breeding again 
and the population had begun to recover by March 
1968. In central Australia, where there had been 
seven vears of severe drought, less than half the red 
kangaroos present in 1961-62 survived to 1966. Now 
that the drought has broken, periodic air surveys will 
be made to measure the recovery of the population. 

The plight of the red kangaroo highlights one of the 
problems of the Division of Wildlife Research, which 
has just reported on the past three years' progress 
(CSIRO Wildlife Research 1966-68). Some of Aus- 
tralia’s wildlife—rabbits, for example—are clearly 
pests, and others, such as the lyrebird, obviously need 
protection as unique members of the Australian 
fauna. But some, such as the kangaroo, are not easily 
categorized. Some species now being studied are 
economic pests in some places, at the same time repre- 
senting a potentially valuable protein resource. Other 
species are in urgent need of conservation, often because 
of uncontrolled shooting for meat and skins. 

One of Australia’s pests is the wedge-tailed eagle 
(Aquila audax) which is a source of many complaints 
from farmers in Western Australia, who often lose sheep 
to predators as well as to weather and starvation. The 
complaints stimulated a study of the habits of the 
wedge-tailed eagle, and since 1967 work has been in 
progress in two areas where eagles were common and 
causing a nuisance. A surprising discovery has been 
that although these birds usually breed between July 
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and October in Australia, they can breed at other times 
if conditions are favourable. 

Although pairs of eagles are believed to hold terri- 
tories during the breeding season, flocks of five and 
more—sometimes many more—may occur. The extent 
and nature of these movements may well have some 
relationship to the damage they cause. Collections of 
remains from nests have shown that these birds eat 
various foods, including some lambs. In areas where 
rabbits are abundant they seem to form the largest 
part of the diet, but where rabbits are scarce the diet is 
more varied. The next step is to measure the numbers 
of prey, especially rabbits, available to the eagles, to 
find out something about the relationship between 
populations of predator and prey. 


MEDICINE 


Another Hazard of the Pill 


from our Social Medicine Correspondent 


RHEUMATIC symptoms have now been added to the 
increasing list of adverse biological effects of oral 
contraceptives. In the current issue of Lancet, G. G. 
Bole, jun., M. H. Friedlander and C. K. Smith of the 
Rackam Arthritis Research Unit, University of Michi- 
gan, report rheumatie complaints and serological 
abnormalities in six women aged 21—29 who were taking, 
or had taken, one or more of six contraceptive prepara- 
tions. This is not the first time that an association 
between oestrogens/progestogens and rheumatie disease 
has been pointed out; nevertheless, compared with 
other possible side effects of the pill, rheumatic com- 
plications have received little attention, and the present 
finding is particularly interesting in view of the fact 
that oral contraceptives have previously been used to 
treat rheumatoid arthritis. 

Six of the eight women in the investigation showed 
evidence of thrombophlebitis (inflammation of veins 
with secondary clot formation) before or after admini- 
stration of the agents. Antinuclear antibodies were 
detected in the serum of each during drug use—these 
disappeared from the serum of five patients who per- 
manently discontinued oral contraceptives. Lupus 
erythematosus cells (white blood cells containing 
phagoeytosed nuclei from other white cells that have 
been damaged and exposed to serum antinuclear 
globulin) were detected in six patients while on therapy, 
but again these disappeared in all but one case when 
the drug was withdrawn. Of the immunoglobulins, 
serum IgM concentrations were increased in five 
patients while they were receiving the drug, but IgG 
and IgA concentrations were less consistently affected ; 
similarly, rheumatoid factor activity and acute-phase 
proteins were less consistently affected. 

Underlying rheumatie disease is suspected in four 
of the cases; two others have Raynaud’s disease— 
characterized by irritated bluish coloration of the skin 
on the fingers; and two have no evidence of disease. 
The authors say that in such a small series it is not 
possible to distinguish between incipient rheumatic 
disease and the induction of illness by oral contracep- 
tives in a healthy person. But their preliminary work 
does indicate that in the evaluation of women suspected 
of having rheumatic disease, information on the use of 
oral contraceptives is required before clinical and 
laboratory findings can be interpreted. 
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NUTRITION 


Eat and Feel Well 


NUTRITIONISTS and doctors may know their places now 
and not presume to do each other's jobs, but had they 
been at work in the sixteenth century things would have 
Bn oe me poner betw een food ane Orage 
inm of foods peer dro Aine and. s Don. 
Some of the intricate story of changing attitudes to 
foods as materia medica was told to members of the 
Society for the History of Pharmacy at their Blooms- 
bury Square headquarters last w ek by Miss A. J. 
O'Hara-May, a nutritionist with a wide knowledge of 
past and present methods. 

For Galen (AD 129-199) everything was composed of 
the elements fire, air, earth and aw ater, which were 
linked to the qualities hot, dry, wet and moist. Ele. 
ments and qualities were associated with the human 
body through the body fluids (humors), and people were 
sanguine (hot and moist), melanchelic (cold and dry), 
eholerie or phlegmatic. In the sixteenth century the 
value of food was considered to depend on its two 
dominant qualities—for example, pepper was hot and 
dry in the third degree. In sickness the balance of 
qualities of the body changed and so foods with different 
qualities were needed. There was alw ays a fear that 
food would putrefy before it could b« digested by means 
of the innate heat supplied to the stomach from the 
liver. In 1599 H. Buttes recommended tobacco—then 
a novelty—for airing the body and counteracting 
putrefaction. 

During the sixteenth century there was a clear dis- 
tinction "between what was nourishing and what was 
not, for only material that had been imbued with life 
could be nourishing. But it is hard to find any dis- 
tinction between aliments and medicaments at this 
time. Things became a little clearer in the eighteenth 
century. William Cullen (1710-1799), Professor of the 
Practice of Physic at Edinburgh, sep: 
substances which supply the mataer i the eae 
from medicaments—substances which cannot do this, 
but can change the state of the bodv, particularly from 
disease to health. But there was still no clear distine- 
tion between food and drugs. 

In an age that produced Hogarth’s famous pictorial 
social comments, Beer Street and Gin Lane, Cullen must 
have been popular for s saying that simple water with no 
addition was the proper dr ink for mankind. Another 
of his recommendations was that the acid qualities of 
vegetables help to prevent putrefaction: scurvy was 
then thought to be a form of putrefaction. His advice 
was evidently not taken up by hospital managements, 
for, as Miss O'Hara-May said, eighteenth century 
hospital diets consisted largely of ‘bread, meat and 
beer. She suspected that either Galenic ideas were 
still very strong—Galen advised against fruit and 
vegetables—or hospital funds would not extend to 
vegetables. 

Duri ing the nineteenth century, as knowledge about 
them inereased, foods were Sod excluded from 
lists of drugs, and foods are not nov found in pharma- 
copoeias. The discussion, however, produced the 
suggestion that food and drugs may 5e coming together 
again now that there is the poss: bility of treating 
certain biochemical diseases by giving very strict 
diets. 
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MOLECULAR BIOLOGY 


Complicated Enrymes 


from our Molecular Biology Correspondent 


A FEW enzymes have been described recently which 
seem to possess two quite distinct catalytic activities. 
This phenomenon occurs in situations which demand 
parallel control of two synthetic processes by a single 
end-product, for example. Among the most interesting 
and best documented cases of such enzymes, by virtue 
of the work of G. N. Cohen and his group, is the homo- 
serine dehydrogenase-aspartokinase, isolated from a 
strain of E. coli. The two activities are both subject to 
regulation by a single ligand species, namely L-threo- 
nine. The most recent report (Truffa-Bachi et al., 
Europ. J. Biochem., ?, 40; 1969) is a study of the sub- 
unit structure of the protein. The molecular weight of 
the intact enzyme, from sedimentation equilibrium, is 
360,000. Careful sedimentation equilibrium studies in 
6 M guanidine hydrochloride give a subunit molecular 
weight of 60,000, and a similar value i8 obtained from 
the sedimentation coefficient in the same solvent, using 
the molecular weight-sedimentation coefficient cali- 
bration for this solvent derived by Tanford. End-group 
determination produced six N-terminal methionines, so 
that the structure has six polypeptide chains. 

Truffa-Bachi ef al. have gone further, and. obtained 
fingerprint patterns of the protein: they are able to 
count fifty-two spots in the fingerprint; now it follows 
from the amino-acid analysis that there should be about 
319 trypsin-labile bonds per molecule of 360,000, or— 
if the chains are identical—fifty-four per chain. 
Further, the protein contains twelve tryptophan 
residues, and staining with a tryptophan-specifie 
reagent reveals just two tryptophan-containing frag- 
ments. Another good experiment involves tryptic 
digestion after acylation of the lysine residues, which 
renders the adjacent peptide bond resistant to trypsin. 
This leaves thirty-two labile bonds (at the arginines) 
per chain, if again the chains are identical, and twenty- 
eight spots are detected in the fingerprint. This work 
therefore shows as closely as is possible with these 
techniques that the chains really are identical. 
It may be noted that this is one of the relatively 
few proteins that contain both cysteine and cystine 
residues: the latter are shown to be intrachain. 
The numbers of binding sites on the mtact enzyme 
have not yet been determined, but a structure 
involving two active sites and a regulator site on each 
subunit is likely. It should be said that the same 
workers have two mutant forms of the enzyme, both of 
molecular weight 180,000, one of which is devoid of 
homoserine dehydrogenase activity. 

An enzyme which has received much attention as an 
archetypal allosteric system is muscle phosphorylase b. 
Its behaviour in relation to substrate and activator 
binding is complex (two sets of homotropic interactions 
being present), and it is in the best traditions of enzym- 
ology to combat the complexity by introducing as 
manv independent parameters as may be needed to 
reconcile data and theory. The latest analysis, by 
Kastenschmidt et al. (Biochemistry, 7, 4543: 1969), 
despite a good number of assumptions, however, 
carries considerable conviction. It is supposed from 
the outset that the transition between the conforma- 
tional states of the enzyme is a fully “concerted” or 
all-or-none process. To account for independent co- 
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operative binding of the activator, 5-AMP, and the 
substrate, glucose-l-phosphate (though this Jatter 
depends on the buffer salts present), not one, but two 
high-affinity (A) states are postulated, as well as the 
low-affinity T state. The R’ form binds AMP more 
strongly than does Z, and glucose-l.phosphate less 
strongly. The T' state does not bind AMP at all, and the 
substrate only weakly. The concentration of AMP then 
determines the equilibrium between R and R’, and the 
formation of W at low AMP levels formally explains 
the anomalously low activity observed in these con- 
ditions. The situation is further complicated by a 
dimer-tetramer equilibrium involving differences in 
binding constants, and the whole story with all its 
ramifications is highly involved. 

Simultaneously with this work, Black and Wang 
(J. Biol. Chem., 248, 5892; 1968) have suggested from 
quite different evidence that phosphorylase 6 can exist 
in a third conformational state, which again has low 
affinity for glucose-l-phosphate, They have observed 
that IMP, which differs by only an amino group from 
AMP, is an activator; howev ^r, its primary effect is on 
the value of Vmax, rather than on the substrate binding 
constant. It is suggested that there are two allosteric 
transitions from the T state, ccrresponding to a change 
in catalytic efficiency on the one hand, and binding 
strength on the other; IMP, unlike AMP, can effect 
only one of these changes. 


MICROBIOLOGY 


Rennin Substitute 


from our Microbiology Correspondent 


THE availability of the milk-clotting enzyme rennin 
is an important limitation of increased world cheese 
production. The enzyme is produced only in the 
stomachs of milk-fed calves, a source that clearly 
restricts increased yields. Consequently, a great deal 
of effort has been put into the search for an acceptable 
rennin substitute, and bacteria, fungi and even higher 
plants have been screened for such activity. These 
investigations had few results of practical value, 
although the rennin-like enzymes were found to be 
quite widely distributed—a finding that has encouraged 
further research. It is not surprising, therefore, to 
learn that at least two groups have now produced 
very promising microbial rennin substitutes, both 
products of phycomycetous fungi. After screening 
several hundred micro-organisms, Arima’s group at the 
University of Tokyo finally isolated from soil a strain 
of Mucor pusillus that possessed a milk-clotting enzyme 
with the required properties. A preview of the Mucor 
enzyme was given at the International Fermentation 
Symposium held at Rutgers last September and now a 
fuller description has been printed (Yu, Tamura and 
Arima, Biochim. Biophys. Acta, 171, 138; 1969). The 
Japanese team grew their mould on wheat bran and 
produced a good yield of crystalline enzyme prepara- 
tion. The Mucor rennin has been used to produce 
various types of cheese using conventional cheese 
manufaeturing steps and has passed these trials 
satisfactorily. It appears to have a molecular weight 
of about 30,000, a value similar to that of animal 
rennin, and other physical properties of the two 
enzymes are not greatly different. 
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Meanwhile, C. W. Hesseltine and his colleagues at 
Peoria found that Rhizopus oligosporus—a mould 
used in oriental food fermentation—also has a high 
milk clotting activity (Wang, Ruttle and Hesseltine, 
Canad, J. Microbiol., 15, 99; 1969). Two acid proteases 
are produced by this Rhizopus and the ratio of proteo- 
lytic to clotting activities is a critical factor in good 
curd formation. The type of substrate used to culture 
the fungus not only affects total enzyme yield but also 
this ratio of activities; thus, the selection of culture 
conditions is very important for the production of a 
reliable commercial product. The Mucor and Rhizopus 
enzymes are alike in their pH stabilities, although the 
former seem to be the more thermostable of the two 
preparations. The Rhizopus enzyme and animal 
rennin showed very similar responses to pH, calcium 
ions (accelerated clotting) and sodium chloride, an 
effect studied because of the practice of adding common 
salt to milk during the manufacture of certain cheeses. 
Soon inadequate supplies of rennin should no longer 
hold up cheese making and there may be milk enough to 
raise an extra 30 million male calves a year as well. 


MOLECULAR BIOLOGY 


Not RNA Polymerase 








"Seven-knobbed rosettes’ in a preparation of E. coli RNA 


polymerase. The electron micrograph, x 480,000, was 
taken by Martin Lubin of the MRC Laboratory of Molecular 
Biology, Cambridge (J. Mol. Biol., 39, 219; 1969). Dr Lubin 
found other symmetrical structures in his preparations; 
hexagons, striped rectangles, rings and tetrads—but reports 
that these structures do not have RNA polymerase activity. 
Active RNA polymerase molecules appear to be irregular 
particles about 120 A in diameter. The various symmetrical 
structures are presumably contaminants, and their function 
in E. coli is unknown. 
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NEUROPHYSIOLOGY 


Collicular Receptive Fields 


from our Neurophysiology Correspondent 


THE superior colliculus—part of the 5rain—in the cat 
(and other mammals) receives large nputs from both 
the retina and the visual cortex. The colliculus is 
usually assumed to be concerned in the control of the 
direction of gaze, for electrical stimulation of a point on 
the collicular surface causes fixation in a specific direc- 
tion in visual space. The properties cf neurones in the 
superior colliculus, however, are not well known. 
Sterling and Wickelgren (J. Newrophyiol., 32, 1 and 16; 
1969) have shown that some of the receptive field proper- 
ties depend on interactions between both inputs. 

In their first series of experiments they recorded 
from 200 units in anaesthetized cats. All were binocu- 
larly driven so that the control could not be retinal. 
Their receptive fields did not have the centre-surround 
organization characteristic of retinal and lateral 
geniculate units, but were much mere like those of 
cortical neurones. Most had an activating region 
flanked by antagonistic areas. All responded to a 
moving stimulus but rarely to a sta'ionary stimulus, 
75 per cent having a strongly preferred direction of 
movement, and 25 per cent having no obvious pre- 
ferred direction. An interesting diference between 
collicular units and those in the visual cortex responsive 
to movements was that for the colliculis there was also 
a genuine null direction 180° to the preferred, while in 
the cortex the null direction is 90° *o the preferred. 
Ninety per cent of the preferred directions were within 
30° of the horizontal meridian, while more than 75 per 
cent were from the centre of the field to its periphery. 
Thus as an example, most units in the right colliculus 
responded best to stimulus movements from right to 
left in the contralateral (opposite) ha f-field of vision. 
The directional preference was independent of stimulus 
contrast and of movement of the s+imulus through 
antagonistic regions of the receptive field, so it seems 
likely that it was based on detection cf temporal order 
of stimulation rather than on the spatial properties of 
the stimulus. 

The most effective stimulus for mos collicular units 
crosses the midline of the visual field and moves to 
the periphery. This is also the kmd of stimulus 
most likely to elicit “following movements . 

In their second paper, Sterling and "Vickelgren show 
that many of the properties of collicular receptive 
fields disappear when cortical input to the colliculus is 
removed. Lesions in the visual cortex were followed by 
dense ipsilateral degeneration in the cc:lieulus. Thirty- 
one of forty-one units studied after ipsilateral cortica! 
removal (most of areas 17, 18 and 19) gave strong res- 
ponses to stationary stimuli: their receptive fields could 
be mapped with light spots. None showed clear direc- 
tional sensitivity and 70 per cent were exclusively 
driven by the contralateral eye. The receptive field 
sizes did not change, but there was increased spatial 
summation within their activating regions. In the 
normal colliculus, therefore, the neurones seem to share 
many of the receptive field properties sharacteristic of 
those in the visual cortex without bemg particularly 
sensitive to details of stimulus contour and size, re- 
inforcing the view that they are concerned in particular 
with the detection of gross movements in the visual field. 
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Inbred Mice in Research 


by 
MICHAEL F. W. FESTING 


MRC Laboratory Animals Centre, 
Carshalton, Surrey 


THERE are now more than 200 inbred strains of mice 
maintained in the world!. Most of them are only mam- 
tained in one or two laboratories, usually where they were 
first developed, but a few strains have a wider distribu- 
tion. Thus there are now thirty strains which are held at 
more than five centres throughout the world. 

Inbred strains of mice are widely used in both cancer 
research and immunology, and it is therefore worth 
asking: is full use being made of available genetie 
material, or are research workers tending to concentrate 
on only a narrow speetrum of inbred strains and ignore 
new genetie materials as they become available ? 

With a view to answering this question, 1 have surveyed 
published work to determine the use of inbred strains in 
cancer and immunological research during two periods. 
The data came from the Subject-Strain Bibliography of 
Inbred Strains of Mice, which is produced by Miss J. 
Staats of Jackson Laboratory, Bar Harbor, Maine’. 
The number of papers surveyed in the early (1953-55) and 
recent periods (1965-66) was as follows: 


No. papers surveyed 


Cancer Immunology 
Early period (1953-55) 418 47 
Recent period (1965-66) 513 339 


giving a total of 1,307 papers. 

Seventy-two different inbred strains were used in the 
418 early cancer papers, and sixty-nine different strains 
in the recent cancer papers, but only thirty-one strains 
were common to both the early and recent work. In 
immunology thirty-two different strains were used 1n the 
early work, and fifty-seven in the recent work, with 
twenty-one strains common to both periods. 

I then made a more detailed examination of the twelve 


most commonly used strains in each discipline. The 
percentage use of these strains is listed in Table 1. In all 


cases, the top twelve strains aecounted for more than 78 
per cent of the total use of inbred strains in each discipline. 

In cancer research strain C3H was easily the most 
popular strain, accounting for approximately 20 per cent 
of all occasions when inbred strains were used. A remark- 
able feature of the results is the relative stability of the 
strains used during this 12 years. Thus eleven of the 
twelve most popular strains in 1953-55 were still among 


with mice. | 
inheritance of cancer has proved to be complex, but there 
is at least one report of à major gene effect influeneing 
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Very few inbred strains of mice are used in cancer and immuno- 
logical research. Should there be more? 


congenic cancer strains, as suggested by Murphy’. 
of the more recently developed inbred strains are also 
showing great promise. Thus strain SJL/J has revealed 
some close replicas of Hodgkin's disease, and a wide range 
of tumours has been revealed by crosses®. 

In addition to the new material which is being developed 
as a result of inbreeding, selection within non-inbred 
strains eould possibly produce new strains which develop 
their tumours at a much earlier age than present stocks. 
Faleoner and Bloom? have shown the feasibility of this 
approach. Such strains would have many practical 
advantages, for the long latency required for the develop- 
ment of most tumours slows down the rate of research. 
These developments are, however, useless if most cancer 
research workers feel that they have so much investinent 
in the “top twelve" strains that they are unable to look 
at new material as it becomes available. 

In immunological research, strain C3H was again the 
most popular single strain although in recent work, erosses 
and congenic resistant lines have been increasingly used. 

There was considerably less stability in the strains used 
in immunological research, although nine of the twelve 
most popular strains in 1953-55 were still among the 
twelve most popular in 1965-67, The most important 
changes were an increased use of crosses and of the 
recently developed “congenie resistant/ strains. These 
latter strains have been developed as specialist lines for 
immunological research, and are important. 


Table 1, PERCENTAGE USE* OF THE “TOP 12" INBRED STRAINS OF MICE 


l Cancer Immunology 
Strain 1953-55 1965-66 Strain 1953-55 1965-66 
C3H 19.3 21-3 C3H 11-0 10-7 
C57 Bl 11-6 10:2 BALB/c 11-0 5*4 
Crosses 10-6 15:89 A 10:4 10-0 
A 9.6 6.7 C5THl HIPS TD 
DBA/1 63 Ted CAT BR 6:7 on 
BALB/c ard 10-7 CBA Bd 6-8 
AKR +5 47 CHT BUS 4-0 Od 
DBA/2 3:1 4:8 AKR 4-3 2-2 
“57 Bl/6 3-0 3:9 CSTE 3-7 — 
RHI 2.6 1-4 DBA/1 9.7 1:0 
CBA 2*4 8-1 DBA/2 3:7 4:3 
C57 Br 9-0 — CEW a — 
C58 — 15 Crosses -— o0: 
CR strains T = 10:2 
CST BI/10 — Her 
Total SO-4 85-6 784 SA] 


* Number of times that the strain was used per 100 times that an inbred 
gtrain was used. 

+Congenic resistant strains. One group of CR strains differs from 
another by only a single histocompatibility gene. 


In conclusion, the extreme concentration of cancer 
research on a very few inbred strains of mice, all of which 
were developed more than forty years ago, may not be 
completely justifiable. A careful and systematic look at 
other material already available, and the further use of 
genetic tools to provide new and possibly more useful 
strains could give added stimulus to cancer research. 


2 Staats, J., Cancer Res., 28. 391 (1968). 

? Staats, J., Subject-Strain Bibliography of T nbred Strains of Mice, Pubiished 
as supplements to Mouse News Letter (1953-600), 

3 Feston, W. E., in Methodology in Mammalian Genelies (edit. by Burdette, 
Ww. J.) (Holden-Day, San Francisco, 1963). 

1 Bloom, J. L., and Falconer, D. S., J. Nat. Cancer Inst., 88, 607 (10641. 

5 Murphy, E. D. in Biology of the Laboratory Mouse, second ed, (edit, by 
Grea, E. L.) (MeGraw-Hill, New York and London, 1966), 

8 Dickie, M. M., J. Nat. Cancer IEnst., 15. 791 (1854). 

? Falconer, D. S., and Bloom, J. L., Brit. d. Cancer, 16, 605 (1982). 
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NEW FROM PERGAMON 


ORIGIN AND DISTRIBUTION OF THE ELEMENTS 


Edited by L. H. Ahrens, University of Cape Town, South Africa. 





Contained in this volume are the papers presented at an international symposium co-sponsored Dy 
U.N.E.S.C.O. and L.U.G.S. and held at the headquarters of U.N.E.S.C.O. in Paris in May, 1257. The sympo- 
sium was in a sense unique for it had a tendency towards counter-specialization; a mevement, that is, 
in the direction of breaking-down the sometimes too-rigid boundaries between disciplipes such as bio- 
physics, biochemistry, geophysics, geochemistry and cosmo-chemistry. 

Whilst the Symposium had a common theme it was attended by some two hundred scienusts representing 
a wide range of interests and their contributions totalled eighty-five papers. The proceedings published 
in this volume constitute a wealth of varied knowledge and experience gained and develeped over a truly 
international field of endeavour. 

Contents: Theories cf Origin; Solar, Stellar and Interstellar Abundances; Meteorites; P'anets, Asteroids 
Comets, Tektites, Terrestrial Abundances. 

1202 pages £18 $48.00 


PROGRESS IN NUCLEAR PHYSICS 
Volume 10 
Edited by D. M. Brink and J. Mulvey, Department of Nuclear Physics, University of Oxford 


Contents: Parity violation in electromagnetic and strong interaction processes—\W. D. Hamilton; 
Excitation of simple particle hole configurations in the residual nucleus—C. Bloch, N. Cirgro and S. Harar; 
Sources of polarized negative hydrogen or deuterium ions based on 25, state properties—A. Cesati, 
F. Cristofori, L. Milazzo Colli and P. G. Sona; Theory of photon scattering by nuclei and the dynamic 
collective model —H. Arenhovel and N. Greiner; Structure of the ground and excited ssates of deformed 
nuclei—V. G. Soloviev; Evidence for nucleon clusters in the lightest nuclei of the Ip-snell from data on 
reactions at high energies—V. G. Neudatchin and Yu. F. Smirnov: On the quasispin formaligm-—M., Ichimura: 
Physical information needed to solve the three-nucleon problem—H. Pierre Noyes; imdex, Contents of 
previous volumes. 

392 pages £7.70 $73.00 


ANALYTICAL APPLICATIONS OF 1,10-PHENANTHROL!NE AND 
RELATED COMPOUNDS 
A. A. Schilt, Northern lilinois University, De Kalb. 


A concise, authoritative and critical source of information regarding the use of 1,10- Fhenanthroline and 
related compounds in numerous analytical applications as well as the one with which most chemists are 
familiar—i.e. the use of 1,10-Phenanthroline as a colorimetric reagent for the determination of iron. Suffi- 
cient background and fundamentals are also presented to facilitate and encourage further developments 
in the use of such compounds. 

196 pages 70s $9.00 


INTERNATIONAL COMMISSION ON RADIOLOGICAL 
PROTECTION 


Publication No. 12. 
General Principles of Monitoring for Radiation Protection of Workers 





This report of Committee 4 was prepared for the committee by a task group and is intended as a companion 
to LC.R.P. Publication 7, "Principles of Environment Monitoring related to the Handing of Radioactive 
Materials". It emphasises that the purpose of monitoring is to ensure that radiological orotection is being 
properly carried out. General principles are given for monitoring programmes so that this purpose can be 
achieved without being wasteful of manpower and resources. 


30 pages 75s | $2.00 
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Bacterial Physiology and Metabolism 


John R. Sokatch 
March 1969, xii+ 444 pp., 100s. 


This textbook is intended for use in a course in Bacterial Physiology, such as is taught in universities, 
where the students have received a firm foundation in biochemistry. It is also intended as a general 
reference source of basic information for workers in allied fields who use bacteria in their research, 
such as those in the fields of biochemistry, medicine, agriculture and aerospace microbiology. For 
these reasons the text is amply supplied with references to the original literature as well as to review 
articles, and contains a bibliography of approximately 1,200 literature citations, 

CONTENTS. PART |. BACTERIAL PHYSIOLOGY 

Nutrition. Growth of Bacterial Cultures. Chemical Composition of Bacteria. 

PART 2. ENERGY METABOLISM 

Oligosaccharide Catabolism. Transport of Sugars. Fermentation of Sugars. Aerobic Metabolism of Carbohydrates. Oxi- 
dation of Organic Acids. Electron Transport. Oxidation of Hydrocarbons, Protein and Amino Acid Catabolism. Metabolism 
of Inorganic Compounds. Photosynthetic Energy Metabolism. 

PART 3. BIOSYNTHETIC METABOLISM 

Autotrophic Carbon Dioxide Fixation. Carbohydrate Biosynthesis. Biosynthesis of Amino Avids. Biosynthesis of Lipids. 
Biosynthesis of Nucleic Acids. Biosynthesis of Proteins. 

Author Index, Subject Index. 


Nuclear Quadrupole Coupling Constants 


E. A. C. Lucken 
March 1969, x-- 360 pp., 100s. 


This monograph begins by defining and describing the derivation of the quadrupole coupling con- 
stant and continues by surveying the methods available for its measurement. The author then 
discusses the attempts which have been made to relate it to the electronic structure of the molecule, 
the nucleus of which is under examination. This authoritative and thorough account of this impor- 
tant field of chemistry will be of interest and value to all those concerned with the relationship 
between chemical properties and electronic structure. It is intended for the practising chemist 
but it is written at a level which should be accessible to the graduate student. 

CONTENTS. PART 1, THE MEASUREMENT OF NUCLEAR QUADRUPOLE COUPLING CONSTANTS AND 
THEIR RELATIONSHIPS TO MOLECULAR WAVE-FUNCTIONS, 

Introduction. The Theory of Nuclear. Quadrupole Interaction. The Experimental Determination of Quadrupole Coupling 
Constants. Nuclear Quadrupole Coupling Constants in Atoms, Sternheimer Shielding, Exact Calculations. of Field- 
gradients. Approximate Methods. Environmental Effects on Nuclear Quadrupole Coupling Constants. The Stark Efect in Pure 
Quadrupole Resonance, 

PART 2. 4 SURVEY OF THE EXPERIMENTAL DATA. 

The Halogen Coupling Constants of Organo-halogen Compounds. n** Quadrupole Coupling Constant, Quadrupole Coupling 


Constants of Compounds of Typical Elements of the Periodic Table. Compounds of the Transition and Rare-earth Elements. 
Charge Transfer Complexes, Author Index. Subject Index. 


The Chemistry of Germanium 


Frank Glockling 
March 1969, viii-- 234 pp., 75s. 


This is the first monograph to cover all aspects of the chemistry of germanium, and includes all 
significant advances in the literature reported in recent years. 

The introductory chapter on "Bond Properties" will prove of particular interest to the non-specialist 
chemical reader, since it concentrates on the spectroscopic properties of germanium compounds 
in relation to those of the other group IVb elements. The final chapter is devoted to the rapidly 
expanding field of germanium-metal complexes. 

The book is intended for undergraduate students as well as specialists in the field, and each chapter 
is supported by extensive references. 


CONTENTS. Bond Properties Electronegativity. Bonding in Germanium Compounds. Thermodynamic Data and Bond 
Lengths. Vibrational Spectra. Nuclear Magnetic Resonance Spectra. Mass Spectra. Inorganic Chemistry The Metal, 
Binary Metallics, Analytical Methods. Germanium (11) Compounds. Germanium (1 V) Compounds. Tetraorganogermanes 
Symmetrical Compounds, Unsymmetrical Compounds. Alkenylzermanes, A lkynylgermanes. Heterocyclic Organogermanes. 
Other Types. Reactions. Polymeric Organogermanes Organogermanium Hydrides Preparative Methods. Organogermanium 
Deuterides. Reactions. Organogermanium- Nitrogen and -Phosphorus Compounds — Germanium-Nitrogen Compounds 
Germanium- Phosphorus Compounds. Organogermanium-Group VI Compounds Germanium-Oxygen € onpounds, Germaniunt 
-Sulphur, -Selenium and -Tellurium Compounds. Organogermanium Halides and Pseudohalides Preparative Methods. 
Reactions. Pseudohalides. Organogermanium-Metal Bonded Compounds Catenated Organogermanes. Silicon, Tin and Lead 
Compounds, — Alkali-metal Compounds. Group H Metal Compounds. Group Hl Metal Compounds. Group V Metal 
Compounds. Transition-metal Complexes. References. Author Index. Subject Index. 
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Mitochondrial Research Today 
RY Present knowledge of oxidative phosphorylatien, the principal 


D. O. HALL 
J. M. PALMER 


Department of Botany, 
King's College, London 


ALMOST all the energy used to maintain living organisins 
originates as radiant energy from the Sun and is trapped 
and stored in the form of reduced carbon compounds 
by green plants during the process of photosynthesis. 
Energy liberated from the oxidation of these carbohydrates 
during cellular respiration is the principal source of energy 
necessary to maintain animal life; mitochondria have 
been recognized as the chief centres of cellular respiration 
in planta and animals since the early part of this century. 
During the past thirty years research has led to an overall 
understanding of the pathways by whieh carbohydrates 
are oxidized and how the energy subsequently liberated is 
used to synthesize adenosine triphosphate (A'TP)-—the 
energy currency of the cell. In essence mitochondria are 
a series of multienzyme pathways elosely associated with 
sophisticated membrane systems which together organize 
and control the process of energy conversion. 

Early workers studying cellular respiration looked on 
the association of enzymes with a particle as a nuisance; 
it stood in the way of the purification of the respiratory 
enzymes and much of the work on mitochondria, even to 
the present day. has centred on attempts to solubilize 
and purify the individual enzymes. This approach 
proved successful with the enzymes of the Krebs cycle; 
it has, however, become apparent during the past few 
years that the enzymes involved in electron transport 
and oxidative phosphorylation are closely associated with 
the mitochondrial membranes!. 

lt now seems probable that membranes have an impor- 
tant role in organizing and controlling the rate of activity 
of several multienzyine systems, and that the study of the 


relationship between the structures and the function of 


these membrane-bound enzyme systems is important in 
advancing our understanding of living processes: in 
partieular how the supply of energy and other essential 
compounds is regulated within the cell. 


Mitochondria in Cellular Respiration 


Mitochondria are found in all aerobic cells of animals and 
plants. The number per cell varies from 20 up to 5 x 10 
depending on the organism concerned; their size and shape 
also vary, but they are usually about 3 microns long and 
l micron in diameter. Fig. 1 shows the principal elements 
of the mitochondrial structure. A smooth outer membrane 
surrounds an involuted inner membrane. The folds on the 
inner membrane give rise to struetures known as the 
eristae, whieh appear to be composed of smooth membrane 
if observed under the electron microscope after positive 
staining. If, however, they are negatively stained with 
phosphotungstate they appear to be covered with spherical 
subunits (inner membrane subunits) as shown in Fig. 1d. 
The inner membrane encloses an apparently structureless 
mateix which is thought to contain many soluble enzymes?. 

Isolated mitochondria or submitochondrial particles, 
obtained by exposing intact mitochondria to either deter- 
gents or sonie oscillations, have been the chief source of 


problem of mitochondrial research, is likely to be extended not 
only by available techniques but also by more soph 
which will answer questions of kinetics. 





isticated methods 


information concerning the actual meehanisme of cellular 
respiration, The process can be ccnveniently divided 
into three sections: (a) the re-arrangement and oxidation 
of carbohydrates to produce reduced coenzymes; (b) the 
oxidation of these coenzymes by moleeular oxygen via the 
components of the respiratory chain, &nd (c) the synthesis 
of ATP during the oxidation of the coenzymes. The 
oxidation of carbon compounds is fazly well understood 
and has been the subject of several reviews, The 
remaining two aspects are still incompletely understood. 


The Respiratory Chain 


In the early 1930s the work of Kein aud Warburg led 
to the general concept that certean oxidations were 
mediated by eleetron carriers arrauged in a chain of 
increasing redox potentials and it wes soon realized that 
such chains were composed of three different types of 
components, the pyridine linked dehydrogenases, the 
flavoproteins and the cytochromes. Most detailed know- 
ledge of the nature of the separate components and the 
sequence in which they are arranged (summarized in 
Fig. 2) has been obtained by delicate spectrophotometric 
techniques developed by Chance in Philadelphiast. Fig. 3 
shows the absorption peaks of the components of the 
respiratory chain using this technique. The fact that ali 
these components, with the exceptien of ubiquinone (Qi 
and cytochrome c, are very firmly bound to the inner 
mitochondrial membrane has made it very difficult to 
isolate each component and then reconstitute the com- 
plete system from the purified compenents in the classical 
biochemical manner. It is, however, now possible to 
isolate and purify each component cf the chaint and as a 
result it has been possible to show :he existence of other 
components, for example. non-haem iron between the 
flavoproteins and cytochrome b, and that copper is closely 
associated with the cytochrome oxicase system. Because 
it is not yet possible completely to reconstruct the electron 
transport system from the purifed components and 
because certain of the components save different proper- 
ties after isolation—for example, isol.ted pyridine dehydro. 
genase is not sensitive to amytal ane isolated flavoprotein 
does not interact with cytochrome 6—it ig obvious that the 
respiratory chain is still far from completely understood. 
It could be either that not all the electron carriers have 
been identified or that during their removal from the 
membrane and purification the physical state of the carrier 
is changed. “The game has changed from one of isolating 
pure proteins to one of attempting to isolate an enzyme 
and its locational site in a form as irtact as possible... ."*. 

The recognition of such a possibility has promoted 
efforts to isolate the components of the electron transport. 
chain in the form of complexes eoutaining several of the 
components representing a section of the chain. Experi- 
ments in Green's laboratory in Wisconsint*? have shown 
that it is possible to isolate fou: complexes shown in 
Fig. 4. These individual complexes consist of two or more 
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components of the electron transport chain and a consider- 
able amount of lipid material, which has been shown to be 
essential for the activity of the complex*:*, This associa- 
tion, with the structural elements of the mitochondrial 
membrane, maintains the components in a configuration 
which allows a reconstruction of the complete and active 
chain if the four complexes are mixed in the correct 
stoichiometric ratios", More recently, Yamashita and 
Racker have almost reconstituted the electron transport 
chain between succinate and molecular oxygen from the 
soluble components". But they had to add a particulate 
preparation of cytochrome b and it seems that this 
particulate fraction provides the structural material on 
Which the individual components are organized. Further- 
more. the non-haem iron known to exist in complex IH 
(Table 1) seems to be unnecessary in the reconstructed 
chain and so the non-haem iron component may only be 
involved when the electron transport cham is coupled to 
the synthesis of ATP. The limited components of the 
chain in each complex have been analysed spectrophoto- 
metrically and this work has led to the problem concerning 
the number of flavoprotein components that are involved 
in transporting eleetrons between NADH and eytochrome 
h (ref. 12) and the possible role of the non-haem iron 
found in complex I (ref. 7). Table 1 shows the present 
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The structure of the mitochondrion, ris | ; i 
b, in viro mitochondrion from eoeyte (courtesy of R. Bellairs):: e, isolated rat liver mitochondrion in 0- H M strerose ceourtesy of W. H. Butler); 
d membranes showing inner membrane subunits of negatively stained isolated mitochondria; inset shows structure at higher magsnitleation 
] courtesy of W. Steeckenius). 


Fig. 1. 


a, Sehematic representation of a liver mitochondrion (from ref. 1, original from t 
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Table 1, COMPONENTS OF THE RESPIRATORY CHAIN 


Molecular 
Component weight Prosthetic groups 
DPNH-Q reductase (complex D 900,000 | mole FMN 


26 atoms non-haem Ke 
26 ntoms sulphur 
Succinate-Q reductase (complex 200,000 I mole Havin 
D 8 atoms nonshaem Fe 


S atoms sulphur 

Fe-S protein from Q-evt. e re- 26,000 2 atoms non-haem Fe 
ductase (complex 1110) 2 atoms sulphur 

Ubiquinone (Q) NO 8-10 moles per mole eyt, b 
Cytochrome b monomer 25,000 ] mole protobhaen 
Cytochrome e, monomer 10,000 | mole haem e 
Cytochrome ¢ monomer 2,000 ! mole harm s 
Cytochrome a+ qd. - 400,000 65 moles hiem a 

S atoms Cu 


(This table is based on Table 4-1 from Lehninger") 


state of Knowledge concerning the detailed: composition 
of the electron transport chain. 

The energy released during the oxidation of the electrons 
as they move along the chain is coupled to the synthesis 
of ATP. The nature of this coupling process has been 
studied in isolated mitochondria where it is possible to 
study the effeer of ATP and ADP concentrations on 
electron transport. Data in Fig. 5a show that if mito- 
¢Chondria are supplied with ADP (the energy acceptor) 
the rate of oxygen uptake markedly mereases; however, 
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Fig. 2. Diagrammatic representation of the respiratory chain and the phosphorylation reaction. 
(1) Amytal and rotenone; (2) malonate; (3) antimycin A; (4) CN, N- CO; (5) dinitrophenol; 
and Pfaff for the action of this inhibitor on the transport of ATP across the mitochondrial membrane). 
chain (measurements by Chance, Philadelphia) makes it possible toxiivide the chain into 


redueed to oxidized states of the components of the 


kinetie units. Fp.D denotes NADH dehydrogenase; Fp.S, succinie dehydrogenase; 


when the ADP supply is depleted (state IV) the rate is 
slowed down, thus conserving unrequired energy in the 
form of substrates. Much of our knowledge concerning 
the actual mechanism of ATP formation has come from 
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Fig. 8. Difference spectra (reduced-oxidized) of components of the 

respiratory chain in rat liver mitochondria. "The solid line representa 

the absorption changes found in anaerobic conditions and shows the 

absorption peaks of cytochromes a and e. In order to observe 

the absorption peaks of cytochrome b it is necessary to carry out the 

experiment in the presence of antimycin A (dashed line). Courtesy of 
B. Chance (see ref. 4). 
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The sites of action of aibibitera are shown. 
(6) oligomyein:; (7) actractwiate (see KTingenberg 
The half-time for the change from 


NH. Fe, non-haem iron; Q, abiquinone, 


the use of uncoupling agents (dinitrophenol) and inhibitors 
of oxidative phosphorylation (oligoraycin). Fig. 5b shows 
that if dinitrophenol is added to misochondria in state IV 
the rate of electron flow increases, indicating that the 
control of electron flow exerted by the phosphorylating 


the rate of oxygen uptake is reduced and that subsequent 
addition of dinitrophenol partialy restores the rate. 
The interpretation of this sequence of events is that the 
oligomyein prevents the use of the aigh energy intermedi- 
ate (dissipated by DNP) to synthesize ATP. 

These observations, together with observations made 
using arsenate? and phosphate labelled with “O 
(ref. 14), lead to the hypothetical model of oxidative 
phosphorylation shown in Fig. 2. This model has become 
known as the “chemical hypothesis" and intensive searches 
have been made to discover the chemical nature of the 
intermediates X«I and X~P (see Table 2 in ref. 15); 
Table 2. 


THERMODYNAMIC RELATIONSHIPS IN THE RESPIRATORY CHAIN 


ko isto AG? for Ze- 


Carrier (mV) (mm V3 transfer (cal) 

NAD — 320 
xD 11,850 

Flavoprotein ~ 88 
223 -~ 1,060 

Cytochrome b — 40 
+290 ~ 13,870 

Cytochrome e 4. 290 


~ 1,840 


(Cytochrome a 


Oxygen 
(Table from Palmer*.) 
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NATURE, VOL. 221. FEBRUARY 22, 1969 


cyt a 
cyt.a3 


Cu 


—— cyte  —— —» 0z 


Schematic representation of the arrangement of the complexes in the mitochondrial electron transport 


system. Fp.D denotes NADH dehydrogenase; Fp.S, succinic dehydrogenase; N.H.Fe, non-haem iron. After 


Green* and Hatef, I, NADH-Q reductase; 


li, succinate-Q reductase; 


III, Q-cytochrome e reductase; 


IV, cytochrome ec oxidase, 


no real progress, however, has been made in this field. 
One of the reasons for this apparent failure is that the 
classical biochemical approach to solubilize, isolate and 
purify the component enzymes, and then to reconstitute 
the system to see if it will work as a whole, has met with 
only limited success. The most notable attempt to achieve 
this is that of Racker and his co-workers". They have 
been suecessful in removing protein components which, 
if added back to non-phosphorylating sub-mitochondrial 
particles, have the effect of re-coupling phosphorylation 
to electron transport (Fig. 6). A total of four coupling 
factors have been isolated. The F, coupling factor has 
been best characterized; it is a protein of molecular weight 
about 250,000 which has a high ATPase activity and 
under the electron microscope appears as spheres approxi- 
mately 85 A in diameter. The F, coupling factor probably 
constitutes the largest component of the inner membrane 
subunit shown in Fig. 1. An elegant series of experiments 
relating the structure of the mitochondrion to its function 
showed that when the F, coupling factor was removed 
the inner membrane subunits were stripped off the cristae 
and that when the phosphorylating system was recon- 
stituted they once again appeared to be attached to the 
membrane". These observations ended the discussion 
concerning the function of the inner membrane subunits 
which had previously centred around their role in electron 
transport rather than oxidative phosphorylation. This 
isolation of the coupling faetors has led to the realiza- 
tion that when membrane-bound enzymes are removed 
from the membrane the characteristics of their activity 
may be radically altered. In the ease of the F, coupling 
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factor its activity is no longer sensitive to oligomycin as it is 
in vivo and the activity of the F, factor is lost rapidly at 
low temperatures although cold lability is not a property 
of the in vivo phosphorylating system. Racker was also 
able to isolate an F, eoupling factor which restored 
ohgomyein sensitivity and reversed the phenomenon of 
cold lability'5. It is becoming increasingly apparent that 
it is necessary to study the processes of oxidative phos- 
phorylation using complex membrane bound enzymes 
systems, 

The difficulty of elucidating the nature of the hypotheti- 
cal intermediates of (XN~1 and X~P; see Fig. 2) has 
led to the development of an alternative theory, the chemi- 
osmotic theory, which has been extensively discussed by 
Mitehell'?-*? and in its original form does not require the 
existence of high energy mtermediates in the conventional 
sense. It is an absolute requirement of this theory that 
there are enzyme complexes forming functional units 
which are an integral part of the membrane structure. 
The theory is based on the suggestion that ATP is synthe- 
sized by reversing the activity of the enzyme “ATPase” 
and in its simplest form requires that the active site of this 
enzyme 18 situated in a membrane as shown in Fig. 7 (c). 
It is also necessary that this membrane should have highly 
specific permeability characteristics towards H+ and OH~, 
as shown in Fig. 7d, thus allowing the protons resulting 
from ATP synthesis to eseape into the right hand phase 


and the hydroxyl ions into the left hand phase. The 
reaction catalysed by the ATPase is 
ATP + H,O-ADP 4- H,PO, (a) 






oligomycin 
* 





— 


Fig. 5. Rates of O, uptake by Jerusalem artichoke mitochondria”? showing control of electron transport by ADP, dinitrophenol and oligomvcin. 
See text for explanation, 
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and from the law of mass action 1t follows that 


(ATP) | (H,PO,) 


(ADP)  K(H,O) active site (b) 


where the curved brackets represent the activities rather 
than the concentration of the individual components. 
The ATPase enzyme is thought to be in a hydrophobic 
environment in the coupling membrane, and thus the 
activity of water represented in this equation is that at the 
active site of the enzyme rather than in an aqueous phase. 
The activity of the water at the active site will depend on 
the relative tendency of that water to move into the 
aqueous phase; one factor whieh will have à significant 
influence on this tendency will be the concentration of 
protons on either side of the membrane and it is possible to 
express the concentration of water at the active site of the 
enzyme as 
(H+) right 


(H) left (e) 


(H,O) active site = (H,O) aqueous x 
If this value is now substituted in equation (b) it is possible 
to see that the concentrations of ATP and ADP in 
equilibrium with the enzyme depend on the concentrations 
of protons on either side of the membrane. There 1s now 
experimental evidence?! that the mitochondrial membrane 
is very impermeable to protons and that eleetron transport 
is capable of generating a proton gradient across this 
membrane; the ratio of protons translocated per atom 
of oxygen reduced (—H/O) is 6 for 8-hydroxy-butyrate 
and 4 for succinate. It has also been possible to show that 


SONICATION 





CRISTA 


INNER. MEMBRANE 


OUTER MEMBRANE 


Fig. 6. Schematic representation 
of the inner membrane subunita on 
the cristae; the production of sub- 
mitochondrial particles (phospho- 
rylating) by sonication: the re- 
moval of the coupling factors by 
treatment with urea and the sub- 
sequent reconstitution of the sub- 
mitochondrial particles. After 
Racker’, 
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there is an anisotropic “ATPase” which will pump protons 
the same way as electron transport when hydrolysing 
ATP (—H/ATP-2-0) and presumably this would be 
reversed during ATP synthesis; this would then com- 
plete the system of proton pumps necessary. Reed, 
Moyle and Mitchell*? have also been &ble to show that if 
a pH gradient is experimentally generated across the 
coupling membrane by first exposing the mitochondria 
to alkaline and then acid pH they wil synthesize ATP as 
predicted by the chemiosmotic theory. It may be signifi- 
cant that this type of experiment only produces low 
amounts of ATP; this may be becaase only one of the 
proton pumps (ATPase) is operating in these conditions 
and more ATP may result if the protons pumped in by 
the ATPase could be allowed to escape. It is also clear 
from these experiments that a large pH gradient across 
the membrane is necessary (in the range of 4-5 pH units) 
to synthesize ATP, and it has been shown that these large 
pH gradients are not always present m mitochondria 
actively making ATP (ref. 15). The activity of the 
protons across the membrane can, however, be expressed 
as a function of both the pH gradiens; and the membrane 
potential 

(H*)R ERTF 

(H*)L 2303 
where E is membrane potential in mV; R is the gas 
constant; T is absolute temperature; F is Faraday's 
constant. Thus it is possible to influence the activity of 
protons on either side of the membrane by generating a 
membrane potential in the absence of a pH gradient. 


pHi — pHer x (d) 
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Fig. 7. The coupling of electron E to phosphorylation as 

envisaged by the chemiosmatic theory. Production of à proton 

gradient by the electron transport system: ile production and removal 

of H,0 occurring during the synthesis of ATP are show ninéande; ind 

the necessary permeability characteristies of the “coupling membrane" 
are defined. 


lt is still not known whether the pH gradients resulting 


from electron transport are formed as a consequence of 


the hydrolysis of an intermediate of the chemical theory 
(X ^ I) or as a primary step in oxidative phosphorylation. 
Kinetic data have been obtained to suggest that the oxida- 
tion of various components in the eleetron transport 


occurs much more rapidly than does the appearance of 


a pH gradient!^ supporting the suggestion that proton 
movement is a secondary process, while other data using 
either TM PDH, or Fe(CN,)'- as either a hydrogen donor or 
an electron donor suggest that itis of primary importance??, 
When it was first proposed, it was claimed that the 
chemiosmotic theory removed the necessity for proposing 
the existence of the hypothetical intermediates X ~ I and 
XP necessary n tue chemical ee theory ; : this i 
stall true, 


in its more noc i ihe VM ND nis. is à 
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model by which electron transport can be coupled to 
dehydration reactions and it is possible that the initial 
dehydration is from NOH and IOH (uncombined forms 
of X and I) to form X ~I which then is a partial reaction 
characteristic of the “ATPase” complex. Thus it becomes 
apparent that the so-called chemical theory and the chemi- 
osmotie theory are not so very different, the chemiosmotie 
theory resulting in a proposed mechanism of X~I 
formation that was very vaguely deseribed in the chemical 
theory. 





MATRIX 





SUCCINATE 


Na. K' NHe 


Fig. & Scheme depicting the movements of ions in isolated rat liver 
mitochondria and the influence of antibiotics on these jon movements, 
After Chappell and Haarhof**, 


One of the most umnportant achievements of the chemi- 
osmotic theory has been to cause research workers to look 
at oxidative phosphory lation in a different light and to 
strengthen further the suggestion that the association of 
enzvmes with structural components of the membrane 
in the mitochondria is important for their funetion. 
Artificial model membrane systems have developed directly 
from this (see review by Bangham?). In 1965, Bangham 
deseribed the spontaneous formation of liquid crystals 
(micelles) of phospholipids in salt solutions; the phospho- 
lipids were equilibrated with excess water or aqueous salt 
to form micelles which consisted of bimolecular lamellae 
separated from each other by a water or salt layer. The 
aqueous eompartment within the micelles is completely 
enclosed by the bimolecular phospholipid membrane. 
These micelles have proved ideal for investigations of 
the rates of diffusion of ions and other compounds 
through phospholipid membranes of defined chemical 
structure. They neve also mnde i pee to stud y bx 
of ions through en eee anes, so prov m a dod to 
correlate permeability characteristics of membranes to 
their structural properties. 

Early experiments showed that these artificial mem- 
branes could distinguish between anions which entered 
much more rapidly than cations. Other experiments 
showed that proteins, steroids, organic solvents and 
Ca?* had profound effects on the rate of diffusion of ions. 
An interesting development was the discovery in Chappell's 
laboratorv?* that certain antibioties, known to affect 
the metabolism of mitochondria, had very great influences 
on the rate of cation diffusion through artificial mem- 
branes. Gramicidin A was shown to stimulate the move- 
ment of Nat, Ke and Ht while valnomyein showed 
greater selectivity only causing the movement of K+. 
In the presence of valinomycin ET was necessary to pae e 
an e GROS such as ee to Bk ide ; 


To 


moving in the opposite diac tion. Tee obser e 
have been used in support of the chemiosmotie theory. 
Recently. Cockrell e£ al.?? have shown that if mitochondria 
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are prepared containing K* and then suspended in a buffer 
containing valinomycin but no K* there is a movement of 
K* out of the mitochondria generating a membrane poten- 
tial and this is aecompanied by a synthesis of ATP 
resulting in the movement of protons into the mitochon- 
dria. 

Valinomyein and gramicidin are eyclie. polypeptides. 
Mueller and Rudin?! in Philadelphia have been working 
with phospholipid membranes of bimolecular thickness 
(“black film") separating two aqueous compartments 
and have shown that cyclic polypeptides can increase 
membrane conductance up to 105 times and can develop a 
seleetivity between, for example, Na* and K* of some 
300.fold. These moleeules, whieh are antibioties, are 
believed to be ring shaped, their perimeters are hydro- 
phobie and the holes in the middle are hydrophilie, un- 
charged and of varying size. Mueller and Rudin suggest 
that eyelie peptides sequester ions and are "capable of 
cycling between conducting and non-conducting states 
of polarized configuration", so supplying the necessary 
coupling machinery between electron transport, oxidative 
phosphorylation and ion movements. "Conformational 
states of cyclopeptide oligomers may therefore satisfy 
the requirements for the unknown metabohe intermediates 
often designated as ~ X or ~ Y '7*. 


Future Developments in Mitochondrial Research 

The elucidation of the mechanism of oxidative phos- 
phorylation will still be the principal problem in the future 
as it has been in the recent past. It seems likely that 
techniques involving the spectrophotometer, inhibitors 
and radioactive compounds will still be important in these 
investigations. But with increasingly sophisticated 
apparatus, for example, the introduction of rapid scanning 
spectrophotometers and very sensitive analytical tech- 
niques, the greatest advances may be made by more 
thorough investigations of the kinetie aspects of the 
reactions in question. Thus information could be 
obtained about the rate of turnover of the various com- 
ponents involved in the transport of electrons and the 
nature of the initial products formed during phosphoryla- 
tion. As far as the use of inhibitors is eoncerned it seems 
they are not going to lead to any great advance in the 
understanding of the processes directly leading to the 
synthesis of ATP. But the discovery of very highly 
specific inhibitors, like the alkyl guanidinium salts, which 
are able to inhibit or uncouple oxidative phosphorylation 
at different sites could be one of the most interesting 
developments in resolving the question of how ATP 
formation is coupled to electron transport. 

Experiments with inhibitors are, however, more likely 
to throw light on closely associated reactions such as ion 
uptake or the exchange of energy-rieh compounds across 
the membrane which may indirectly lead to further under- 
standing of the phosphorylative process. 

The stoichiometric interaction of very low concentra- 
tions of labelled inhibitors with specific components of the 
mitochondrial membrane may aid in the identification of 
phosphorylation reactions. Immunological techniques 
are also being used in this approach. 

Work on artificial membranes is only in its infancy. The 
manufacture of different. types of phospholipid membranes 
and the addition of proteins to these membranes 
offer the possibility that one day we shall be able to recon- 
stitute a mitochondrial membrane system that has all the 
characteristics of the natural membrane. In this case 
the influence of the protein on the behaviour of the 
membrane and vice versa seems to be developing into à 
major problem in this field that will need to be understood. 

Future work on mitochondria is almost certain to 
involve the use of different types of mitochondria. Until 


liver; however, it would seem to be an advantage to study 
mitochondria isolated from micro-organisms where addi- 
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tionally it is possible to induce mutations and also to 
follow changes in the sequence of everts m mitochondrial 
metabolism and development?" This has already been 
studied in Neurospora and yeast. It has been shown that 
a single mutation in Neurospora is capable of changing & 
single amino-acid in the structural protein in the mito- 
chondria. Work with different strains of yeast has shown 
that it is possible to isolate mitochondria which lack the 


phosphorylation site between NAD and flavoprotein. 
Other work with yeast, in which they are kept anaerobic 


and contain no active mitochondria, then develop mito- 
chondria when exposed to air, has made it possible to 
study mitochondria whieh are developing the capability 
of oxidative phosphorylation, the partial functions of the 
mitochondria, and the mechanism ey which the com- 


eytoplasm. It would seem reasonab o to assume that the 
properties of the cytoplasm would alser the activity of the 
mitochondria. Further understanding of this interaetion 
will be necessary to make an accurate assessment of 
whether the function of isolated mitochondria realiv 
differs from that of mitochondria in their natural environ- 
ment. 
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Polarization of Radio Pulses from Pulsar CP 0328 


by 


R. R. CLARK* 
F. G. SMITH 


University of Manchester, 
Nuffield Radio Astronomy Laboratories, 
Jodrell Bank, Cheshire 


THE polarization of radio emission from pulsars was 
discovered by techniques involving the averaging of a 
number of individual pulses over a period typically about 
2 min (ref. 1). This "average" polarization was often 
large and usually quite consistent from one average to 
the next. From these measurements, however, it was not 
elear whether individual pulses were all partially polarized 
in the same way or whether the degree of polarization of 
single pulses might be considerably greater, with pulse to 
pulse variations reducing the average results. 

The pulsar CP 0328 is sufficiently intense for the in- 
dividual pulses to be detected separately, and pulse by 
pulse observations of this pulsar have now been made 
using à polarimeter that can record simultaneously all 
four Stokes parameters with a time resolution of about 
| ms. Very high degrees of polarization have been found, 
including a component of cireular polarization. 

The polarimeter used crossed dipoles at the focus of the 
Mark I 250 foot radio telescope which were connected via 
a hybrid to two amplifier channels, which accept com- 
ponents corresponding to the two hands of circular 
polarization. The left-hand polarization power and the 
difference power between these two channels are both 
recorded, the latter being the Stokes parameter V. A 
correlation receiver was arranged to yield the parameters 
Q and U, corresponding to the linearly polarized com- 
ponent. The polarimeter was used at 610 MHz with a 
bandwidth of 1:5 MHz; the polarimeter outputs were 
correct within 5 per cent of the total input power as 
demonstrated by the injection of artificial noise sources 
and by tests on unpolarized continuum sources. The 
dispersion in arrival time over the full receiver bandwidth 
amounts to ] ms for CP 0328; however, the narrow 
bandwidth imposed on the signals by interstellar scintilla- 
tion? probably reduces the effective dispersion to less 
than 0-5 ms. The bandwidth of the video amplifiers was 
2 kHz. 

Similar observations were also made at 240 MHz with 
a bandwidth of 350 kHz, but the calibrations were not 
done in such detail. The results at 240 MHz indicate that 
the polarization is the same at these two widely different 
frequencies. 

Continuous recordings were made on filrn with a camera 
mounted on a four channel oscilloscope, the time base of 
which was triggered at a fixed phase of the periodie pulsar 
signal. Fig. 1 shows a section of the film, in which the four 
traces are related to the Stokes parameters as follows: 
(1—V)/2 (left-hand polarization), V (right minus left-hand 
polarization), Q and U (linear components). The zero of 
the position angle determined by the Q and U components 
was not calibrated. Fig. 2 shows a different succession of 
pulses where 7, V, (Q*-- U*)'/? and tan-! Q/U have been 
measured from the film and plotted to indicate more 
clearly the degree of polarization and the linear position 
angle. The six plots shown represent eight consecutive 
periods. Large variations of polarization are evident 
inside each pulse and from pulse to pulse. No pulse was 
detectable during the fourth and fifth period in this 
sequence. These sequences of pulses, and others recorded 
on films taken on separate occasions during December 


* On leave from Antenna Systems Laboratory, University of New Hamp- 
shire 


Pulse by pulse observations of CP 0328 have revealed very high 
degrees of polarization. 


1965, show the following outstanding characteristics 

(i) The pulses seem to be made up of separate com- 
ponents, typically of 4 ms duration between half intensits 
points, each component being normally about 50 per cent 
polarized, with variations in polarization running from 
0 to 100 per cent. These components occur in a time inter- 
val of 15 ms around the position where the largest pulses 
oceur. A single component also occurs at a position 20 ms 
after the main pulse. 

(u) The position angle of linear polarization is constant 
or slowly varying across each component, but normally 
changes discontinuously by approximately 90° between 
the two closely spaced components seen most frequently. 

(11) Components occurring at a particular phase during 
the pulse tend to have the same linear polarization from 
pulse to pulse. 

(iv) Although the individual circular polarization of 
each component is quite varied, the large single com- 
ponents usually exhibit circular polarization that changes 
hand during the pulse. 

(v) The pattern of components making up a pulse is 
variable, but shows some correlation between successive 
pulses, 





Polarimeter recordings of successive pulses from CP 0325, 
The four traces 


Fig. 1. : 
Each trace lasts 45 ms, out of the total of 715 ms. 
record Stokes parameters in the order (7-)/2, V. Q. LCU. 
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Fig. 2. Analysis of six out of eight successive pulses, showing the 

intensity 7, the circularly polarized component V, the linearly polarized 

component ZL-(Q?-- U*Y* and the position angle tan^' (Q/U) Pulses 
4 and 5 were missing in this sequence. 
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Although some of these properties are no doubt unique 
to this pulsar, this behaviour is consistent with the 
integrated polarization previously observed at Jodrell 
Bank on several pulsars at several observing frequencies, 
and we suggest that the general pattern may be typical of 
most pulsars. The observations of plane polarization in 
PSR 0833-45 by Radhakrishnan et al.” also show a similar 
pattern for the linearly polarized component: there could 
also be a circularly polarized component in individual 
pulses from this pulsar, as the averaging process which 
was used tends to reduce the amplitude of any alternating 
component of V. 

Radhakrishnan et al. have pointed out that the 
existence of linear polarization, with a position angle that 
changes within the pulse but which repeats closely in 
pulses observed over long periods, provides very strong 


rer 


support for the identifieation of pulsars with rotating 
neutron stars, as suggested by Gold*. The pulse is formed 
by a beam of radiation sweeping past the observer as 
the source rotates. The time variations may then be 
interpreted as an angular spread of the beam, extending 
over an angle of about 1/30 rad in a typical component, 
with several components directed over a total angular 
range of about 1/10 rad. (These anglesscould, of course, be 
smaller if the variations represent s cut across a fan 
beam of radiation at an oblique angle; this seems unlikely 
in view of the number of separate coraponents which are 
observed to have about the same width.) 

An angular spread of radiation of this type, together 
with the associated variation of Stckes parameters, is 
typical of synchrotron radiation frora a well-collimated 
beam of electrons, as shown in Fig. 3. These curves are 
derived from Ginzburg and Syrovatskai®. A small depar- 
ture from perfect collimation, spreading the beam of 
electrons over an angular width of the same order as this 
beam-width, reduces the relative magaitude of V without 
much affecting the other parameters, and the theoretical 
curves can in this way be matched evea more closely to the 
observations. It is remarkable that only a very small 
spread is allowable before the cireular component is 
entirely lost. | 

The acceleration of the electrons tzansverse to the hne 
of sight in synchrotron radiation is due to a magnetic 
field, but an acceleration due to an electric field would 
have a similar effect. Whatever the means of acceleration, 
the direction of acceleration must be quite different for 
adjacent sources of radiation, suggesting that the radia- 
tion may originate near a magnetic pole. Again for either 
means of acceleration, the angular width of the polarized 
radiation from a collimated stream of electrons is de- 
termined solely by the value of y, where the electron 
energy is ym e?. The observations show that this value is 
about 100, and that there is no large range of values 
involved in the radiation received at one time. 

If the acceleration is in a magnetic field B, the value of 
this field need only be 0-1 gauss *o account for radio 
frequency emission up to a frequency of 1 GHz. As has 
already been pointed out, however, the very high inten. 
sities which are observed imply ‘hat there must be 
spatial coherence in the radiating electrons. This might 
represent bunching in the electron stream so as to provide 
coherence over lengths of a few ceniimetres as observed, 
or of a few metres as measured insidethe stream. The field 
B could, of course, be very much larger than 0-1 oersted. 
in which case the lack of observed optical radiation would 
presumably be due to the loss of coherence in the radiation 
with such short wavelength. | 

The close correspondence between the observed radia- 
tion pattern and the theoretical pattern for a collimated 





Fig. 3. Stokes parameters for the svnckrotron radiation from a 
collimated beam of electrons, as a function of the angle o between the 
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electron stream accelerated transversely suggests that any 
model of a pulsar should atternpt to account for the 
existence of discrete electron streams diverging by less 
than 1/30 rad (as seen by an outside observer). These 
streams must then be seen to be accelerated with a 
changing aspect as the pulsar rotates. Adjacent streams 
must be accelerated in different directions, so as to account 
for the different position angles of the polarization. The 
velocity of the streams must correspond to y of about 100. 


rnal ly, 
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Plutonium-244 in the Early Solar System 


by 
P. K. KURCDA 


Department of Chemistry, 
University of Arkansas, Fayetteville 


REYNOLDS! recently claimed that one of our most recent 
papers? on ? Pu in the early solar system contained many 
computational errors and went on to argue that there is 
no concordancy of the sort displayed in our? Fig. 2 between 
the Pu/Xe and I/Xe methods of dating meteorites, Ac- 
cording to Rey nolds?, this important question is still open. 
We report here that the diserepaney between Reynolds's 
and our conelusions ean be easily eliminated. We feel that 
in view of the fundamental importance of the problem 
involved in this dispute, a brief historieal review is in 
order here. 

Assuming the elements were svnthesized in the Sun, 
Rutherford? was able to calculate the age of the e lements, 
first. predicting the half-life of the "near extinct nuelide 
30 with good accuracy. The existence of ** Pu, the alpha 
half-life of which is 8:2 x 10° vr, in the early solar system 
was predicted’ in 1960 and experimentally verified by 
several investigators?*-*. The stage was then set at the end 
of 1965 to start a detailed study on the age and origin of the 
chemical elements and the solar system. The existence of 
another extinct nuchde, !*I, the half-life (1-7 x 107 vr) of 
which is somewhat shorter than ?' Pu, in the early solar 
system is of great importance’. By early 1966, isotopie 
compositions of xenon and abundances of uranium and 
iodine in a dozen achond: ites and several additional ehond- 
rites had been measured at Arkansas!??!, '??[ decays to 
stable !?*Me, and ?"Pu to stable 535*Xe via spontaneous 
fission, so it is possible to caleulate the relative abundances 
of Pu and 1I by measuring the ratios of excess !* Xe/I 
aud. OXCORS ibn i CDL ande Po data then 

cle: Par NE * in CREE 2L ahe S0- DD Puj Xe 
and I/Xe decay intervals were concordant at about 
250 +50 Myr, if the initial abundances of ?*Pu and 1I 
were ealeulated using the continuous galaetie synthesis 
model of element formation in stars. 

There were notable exceptions to this rule but by 
early per mant of these puzzles seemed to have been 
solved. , Sabu, Ganapathy and P. K. K.'7 
studied His “Nakhla puzzle"? and developed a new 
method for the calculation of > Xe im Nakhla-type 
meteorites. They showed that !"fXe was definitely 
present, although the amount was somewhat less than 
expected. 

The excess of “Xe in chondrites. especially in Bruder- 
heim!5, was also solved by a careful re-determination of 
the Roloc compos sition of Bruderheim xenon’, The 
Pu/Xe and I/Xe decay intervals of Bruderhein, as well 
as several othe r chondrites and achondrites, were con- 


eordant!?, 


12-18 


* The excesses of !5'9Xe and Xe will be written as U* Xe and !$9INe 
from now on. 


Recent studies on the abundances of ?**Pu and !?9| in the early solar 
system support the continuous galactic nucleosynthesis theory. The 
agreement between the two "nuclear clocks" is excellent. 


Our article? was written after the work by Sabu, Gana- 
pathy and P. K. K.V was completed, and contains a new 
improved method for the caleulation of Xe in Nakhla- 
tvpe meteorites. It is important to note that Reynolds! 
used the method of Sabu, Ganapathy and P. K. K.Y in his 
calculations, rather than the method of Sabu and P. K. K.* 
This explains why he was unable to reproduce many of the 
values in the article by Sabu and myself. 

We now test how the best existing data fit the theory. 
The following: relationships hold between the >° EX o7T, 
SEN G7CU and = 


ERNE 
Y? sS07x10"*6xpi-A154,2]cem" IP rv (1) 


and 
1297 N o m 
m a = SX TOT exp (—Ageg =) crn? STP go! (2) 
where = is the decay interval and the constants 3:2 x 10 ! 
and 5:3 10°! correspond to the initial "Pu and 
JASI ratios of 00235 and 00030. respectively. A 
simple relationship should thus hold between the SEN OU 
ratios and the !'?rXe/l ratios in meteorites (the so- called 
“Sabu-Kuroda coneordaney im Fig. 2 of Reynolds's 
article! ). 

Four quantities have to be measured to test this theory 
——MSrN as BéfNe, I and U eontents.. These have been 
measured for fourteen achondrites, but in many cases it is 
extremely difficult to measure all four quantities. with 
equal accuracy. Thus, if all the data are plotted as in 
Fig. 3 of Reynolds's article, it creates an impression that 
the correlation is poor. 

It can be easily shown that two out of fourteen meteor- 
ites (Shalka and Cumberland Falls} in Fig. 3 of Reynolds's 
article! should not have been plotted there. Moreover, 
there is an uncertainty about the U content of three out 
of the remaining twelve meteorites. These three samples 
are all euemtes (Pasamonte, Moore County and Peters- 
burg), and if the average uranium content for euerites 
(130 p.p.b.) is used for these eucrites, their decay mtervals 
can be shown to be concordant? The reasons why Stalin 
and Cumberland Falls have to be exeluded can be ex- 
plained using Fig. l. | Aecording to Sabu and P. K. K.!*, 
Renazzo 600° C fraction approxirnates the isotope com- 
position of the primordial xenon. The isotopie com- 
position of fission xenon lies far outside the triangular 
plot of Fig. l. It is at once obvious that the heavy 
xenon OLIO in [Ond and Cumberland Falls are of 

4 The xenon contents 
of pum wüeteonion are extr emely low. Perhaps the 
vacuum in the instrument was not good enough. ‘Thus we 
must exclude these two samples from our discussion for 
the time being. 
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Fig. 1. Isaotopie compositions of xenon in achondrites Shalka, Cumberland Falls, Pea Blanca Springs 


and Shallowáater, @ and | 


eorrected for the cosmic ray produced "Ne and "*Xe, 


5 for Peña Bianca Springs correspond to the observed data and the data 


respectively, Renazzo 600° C fraction 


approximates the isotopie composition of the primordial xenon". 


From Fig. 1, the “Ne content of Shallowater is 
roughly 2-4 x 10- em? STP g7. If one accepts the value 
of 20 p.p.b. which can be deduced from Hohenberg's 
data?*, rather than the values of 62 and 47 p.p.b. for the 
uranium content of this meteorite reported by Clark et 
a, it ean be shown that the Pu/Xe and I/Xe decay 
intervals are concordant. 

The position of Peña Blanca Springs in Fig. 1 corre- 
sponds to a value of 99 Ne 1-5 x 10? em? STP g1, much 
lower than the value of 2-0 x 10-2? em? STP g~ obtained by 
Reynolds'. If our value is used, the Pu/Xe and I/Xe decay 
intervals of Pena Blanca Springs are concordant. 

In 1966, we were aware that the '5fXe/U ratios of 
Moore County and Petersburg were higher than other 
eucrites by a factor of 2 or 3. This was disturbing because 
the amounts of “Xe found in these meteorites were 
about the same as in other eucrite samples and it was 
obvious that the abnormally high !*sf Xe/U ratios in these 
meteorites were due to abnormally low uranium contents. 
This strongly suggested that the uranium data obtained 
for these samples by Clark, Rowe, Ganapathy and 
P. K. K." may have been low. This possibility clearly 
emerges from Table 1. containing all the uranium data for 
euerites. The uranium content of Nuevo Laredo has been 
measured by four groups: if one excludes the value of 
200 p.p.b. reported by Patterson?', the remaining data??? 
do not deviate much from 130 p.p.b. König and Wánke?* 
reported the uranium content of Pasamonte to be 54-2 
ppb. Nix and Kuroda’! measured the uranium content 
of Pasamonte by counting ?*Np produced by the "U 
(n,y) reaction and obtained a value of 13247 p.p.b. 
According to Rowe, Van Dilla and Anderson?, Pasamonte 
contains 520 p.p.b. of Th. The value of 132 p.p.b. thus 
seems reasonable, for it gives a value of 3-9 for the Th/U 
ratio in this meteorite. Uranium contents of many 
achondrites, including Pasamonte, were measured by 
Clark, Rowe, Ganapathy and P. K. K.', who determined 
U, I and Te contents by counting a number of iodine 
isotopes produced by the fission of uranium, and neutron 
capture reactions on Te and I (ref. 30). This method is 
rapid and reliable, but ean be troublesome if the Te 
content of the sample is high. The scatter in the uranium 


values of Clark ef al.) appears rather conspicuously in 
Table 1. Although the average uranium content (130 
p.p.b.) was in good agreement with the uranium contents 
of 130 p.p.b. for Nuevo Laredo. ana 138247 ppb. for 
Pasamonte, Clark et al. obtained lower values for 
Pasamonte, Petersburg and Moore Ccunty. Although we 
have argued that this indicates the non-homogeneous 
distribution of uranium in the achendrite samples, the 
Nuevo Laredo data seemed to coatradict this inter- 
pretation. Aecording to Clark e£ al.!*, she uranium content 
of Petersburg seemed to be about the same as that of 
Pasamonte, while that of Moore County perhaps somewhat 
lower than this. In these circumstances, we? chose to 
adopt in our article the value of 130 p:p.b. for Pasamonte, 
Moore County and Petersburg. Furtier measurements of 
the uranium contents of these metecrites are now being 
planned here. 


Table i. URANIUM CONTENTS IN VAHBEGUS EUCERITES 
Name E ipp p) References 
Nuevo Laredo 200 21-894 


Pasamonte 912 — 11, 23, 26 





Moore County 


Petersburg 


Sioux County 


i 
i 
Stannern 100 + 28 ii 
160 + 28 


Caleulated average value for eucrite 130 1i 


I mentioned earlier that Reynolds’ used the method of 
Sabu, Ganapat hy and P. K. K.Y, mstead of Sabu and 
P. K. K.?, m his ealeulations of iX and “Xe, He also 
used the method of Rowe, which is essentially the same as 
that of P. K. K., Rowe, Clark and ` Sanapathy Áo These 
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Fig. 2. Coneordancy in the Pu/Xe and I/Xe decay intervals of meteorites. 
The arrows attached to Moore County (MC), Petersburg (Pe) and Pasamonte I 


x , group 2 meteorites, 


@®. Group 1 meteorites: 


(Pal) show the extents to which the concordancy will be improved if the average uranium content for 
euerite (130 p.p.b.) is used instead of the data from ref. 11. 


different methods yield somewhat different values, but 
we shall accept here the results obtained by Reynolds’. 
We shall also use the uranium and iodine data reported by 
Clark, Rowe, Ganapathy and P. K. K“. These values 
are shown in Table 2. In Table 2, the meteorite data are 
divided in three groups. Group l: all four quantities, 
af Xo, 2°rXe, U and I, were measured with a reasonable 
accuracy; group 2: measurements of one of the four 
quantities is very difficult or doubtful; and group 3: 
measurement of one of the four quantities was impossible. 
Data on Bruderheim!?:!? are included in Table 2 as a 
representative of chondrites. 

The data on group 1 and group 2 meteorites are plotted 
in Fig. 2, and fit the correlation corresponding to the 


Table 9, tiye, rxe, U AND I IN METEORITES* 


MANO tre U I 
Meteorite (10-9 em? STP g-) (p.p.b.) (p.p.b) Remarks 
Group 1 
Sioux County, Ca-richeucrite — 6:7 15 136 1d (a) 
Juvinaa, Ca-rich eucrite 12- 5:2 200 39 (a) 
Stannern (average), Ca-rich 
euerite 0-9 2:4 180 880 (a) 
Pasamonte I, Ca-rich eucrite 3-8 15 83 110 (a) 
Peña Blanca Springs, Ca-poor 
aubrite 15 (g) 16 15 0 (a) 
Bruderheim, olivine-hyper- 
sthene chondrite 1:06 41 Li 19 (a) 
Lafayette, Ca-rich nakhlite 1:8 TR 45 100 (a) 
Group 2 
Moore County, Ca-rich euc- 
rite RT 32 44 140 (h) 
Petersburg, Ca-rich eucrite 11:3 6-8 100 50 (b) 
Nakhla, Ca-rich nakhlite 1:1 12 40 180 (e) 
Mt Padbury, Ca-rich meso- 
siderite 6.0 0 145 100 (d) 
Estherville (average), Ca-rich 
mesosiderite 2.5 0 32 30 (d) 
Group 3 
Cumberland Falls, Ca-poor l 
aubrite — 8-6 15 460 te) c 
Shallowater, Ca-poor aubrite — 0-4 (gy) 484 54 180 (b) Cf) 
Shalka, Ca-poor diogenite — 0-2 25 120 (e) Cf) 


* All the U and I data are taken from ref. 11, and Xe and !'?rXe values 
are taken from ref, 1, re-calculated values based on the data reported In refs. 
10 and 34, except Stannern (ref. 32), Estherville (ref. 33), Bruderheim (refs. 
18 and 19). 


(a) Good set of data. 

(hb) U value questionable. 

(c) 9*1 Xe value difficult to calculate. 

(d) !**rXe value difficult to calculate. 

ie) Atmoapheric xenon contamination. 

Cf) These samples should be excluded (see text). 
fg) New values calculated in this work (see text). 


continuous galactic nucleosynthesis model, where the 
initial *5Pu/?*U ratio a is 00235 and the initial I/77] 
ratio 8 is 00030. Two parallel lines corresponding to an 
error limit of +30 per cent in the measurement of **fXe/U 
ratio are drawn. Eight out of twelve meteorites, and 
seven out of seven group 1 meteorites, fall between these 
lines. Only four of the group 2 meteorites (Moore County, 
Petersburg. Nakhla and Estherville) lie outside the +30 
per cent error limits. The arrows attached to Moore 
County and Petersburg show the extent to which these 
meteorites would approach the coneordancy line, if the 
average eucrite value of 130 p.p.b. U is used for them. 
The experimental data clearly do not agree with the calcu- 
lated values based on the single event model of nucleo- 
synthesis. Astronomical theories??-** are quite consistent 
with the continuous galactic nucleosynthesis model used 
here. The results thus show that it is unlikely that the 
chemical elements were synthesized in a single event. 

I thank Professor J. H. Reynolds for his eritical 
examination of our work and his great interest. This 
work was supported by the US National Science Founda- 
tion and the US Atomie Energy Commission. 
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PROFESSOR REYNOLDS writes: 

Professor Kuroda here comes much closer to my view 
of the situation. He asserts that in selected meteorites 
these ratios, caleulated systematically, display a correla- 
tion which is compatible with the continuous galactic 
synthesis model for the production of extinet radionuclides. 
E agree with that assertion and find in it promising (but 
not conclusive) evidence for the validity of that model. 
But I do not agree that the only basis of selection between 
group 1 and group 2 meteorites is ease of measure- 
ment. The concentration of }°*Xegssiogenic in. Lafayette is 
exceedingly difficult to measure with any certainty (see 
this communication), yet it is included in group 1. And 
the class of meteorites (group 2) which are difficult to 
measure exhibits a one to one eorrespondenee with those 
which differ from the correlation plot by about 30 per cent 
or more. 

In other words, my treatment of the data would still 
differ from Professor Kuroda's and I continue to be critical 
of certain details of his analysis, as follows. Professor 
Kuroda now rejects the meteorites Shalka and Cumber- 
land Falls and revises the calculation of the fission com- 
ponent in Peña Blanca Springs because of presumed 
contamination by atmospheric xenon. Such contamina- 
tion is a distinct possibility (which I have mentioned’), 
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but if it is to be taken into account ir the ealeulations it 
must be considered a possibility in all the meteorites and 
not just some. Specifically, subtraction of atmospheric 
xenon, instead of the meteoritie xenon found im xenon- 
rich chondrites, would have the effect of eliminating the 
fission component in Lafayette and Estherville A (and in 
Nakhla by one of the methods of caleviation). The most 
objective procedure would be to recalculate all the 
136X efissiogenic components, considering the whole range 
of possibilities for the isotopic composition of the trapped 
xenon component and thereby placmg limits on the 
fission component instead of single values. Because of its 
importance, the problem really deserves à complete error 
analysis in the calculation of the quantities '* Xergdiogenic, 
135 X efissiogenie: 127] and 238U, uu 

Professor Kuroda has not been faithfal to his Table 2 in 
preparing Fig. 2. In Table 2 the values of °X eradiogenie for 
Mt Padbury and for Estherville are zero, whereas non- 
zero values have been plotted in the figure. 

I must also disagree with the statement that there is 
a real difference between the methods of caleulating 
*Xeradogenie Which Professor Kurode refers to as the 
"method of Sabu and Kuroda” and the "method of Sabu, 
Ganapathy, and Kuroda". The latter method* I have 
described both graphically and analytically’. If the 
former method is given similar treatraent, the formula 
for ?*Xeradiogenie becomes 





r H e 126 X. e { fies 


NN eres BAO Ncc ket tuu iu E 
Ne} adiogenie Xe 180X e 136% e (neg / p 
1354'wW', ZÁáJISAMW o "136 Ww 
Ae (UU = 3 Xe 
Xes i 130X e 186M p f 10x o./ weer 





It is a simple matter to show that the two expressions are 
identical. Thus any differences obtained by the two 
formulae would have to be attributed to arithmetical 
effects of rounding-off the isotope ratios. I preferred the 
earlier formula because it involved fewer terms. 
Received September 26, 1968, 
* There is an error in the formula in my paper’. “he second term in the 
1M a 188 «qns 
curly bracket should read ( — and not ( 


M nir: *ogstlenenepie (Pus gqipiwv 
aga,’ otherwise the curis 
bracket is always zero. 


! Reynolds, J. H., Nature, 218, 1084 (1968) 


Galactic HII and the Dispersion Measures of the Pulsars 
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A PULSE of radiation, travelling through the interstellar 
medium, is slowed by the presence of free electrons. This 
effect depends on the ratio of the radiation frequency to 
the plasma frequency. Thus if a pulse can be observed at 
various frequencies, the relation between arrival time 
and frequency can be used to calculate the projected 
electron density, or "dispersion measure" fneds (electrons/ 
em?) along the path between source and observer. 

The discovery of the pulsars has made such observations 
possible. Tt is convenient to express dispersion measures 
in units of pe em^?, rather than em-?; in these units, the 


For pulsars at distances of several kpc, [neds may cepend primarily 
on the HII regions in the line of sight. The importance of hydrogen 
ionized by early type stars can be estimated. 


known pulsars have dispersion measures of 3-150 pe em. 
Until recently, these values have usually been presumed 
to result from the electrons in the genera, slightly ionized 
interstellar medium. Pulsar distances of 100-1,000 pc 
have been assumed. But De Jager et al) have found 
2] em absorption in the spectrum of CP" 0328, indicating 
a distance of at least 5 kpe. Over sucu a line of sight 
distance in the galactic plane, an intervening cloud of 
ionized hydrogen may be a significant possibility. Such a 
cloud, excited by a single early type star, could add a 
contribution of the order of 5-100 pe em-? to the dispersion 
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measure freds. Thus it is interesting to estimate the 
distance which one may expect to travel along a straight 
E in the galactic plane before encountering an HII 

Her e we shall estimate this critical distance, which we 
refer to as the "mean free path" X. Our procedure is 
similar. ae ue of Gould, Ou and n pu but we 
of ionization em to stars of EO NE types. To avoid 
confusion, we note immediately that the ionized regions 
whieh are most important to our estimate are not the 
prominent, dense HII regions which are usually considered, 
for these cover only a small portion of the skv. Rather, 
we eonsider individual early tvpe stars which have moved 
into the general interstellar medium and which must 
ionize large low density regions. Such stars outnumber 
the conspicuous HII regions. 

Suppose that an early type star possesses a cistinet 
ionized sphere, of uniform internal electron density He 
and radius ri. Then the “excitation parameter Ry is 


Res rine? {pt en?) (1) 


Hs 18 à funetion of the luminosity and the effective surface 
temperature T, of the exciting star. Considering. only 
main sequence stars, Rs is a function of absolute visual 
magnitude Me Some values of A. have been hsted by 
Rubin’, who calculated them from the ionizing radiation 
fluxes of the model atmospheres by Mihalast. These 
model atmospheres refer to particular effective tempera- 
tures; they can be normalized to almost arbitrary luinin- 
osities. Rubin assumed a relationship between luminosity 
and temperature which corresponds to a theoretical 


main-sequence, consistent with evolutionary stellar 
models*- and also with the older theoretical main 


sequence of Haselgrove and  Hoylet. Using Mihalas’s 
bolometric corrections, it is easy to obtain the visual main 
sequence (Mp To) and thus Ry= RM ,). 

Unfortunately, this main sequcnce does not agree with 
the observational main sequence (My, spectral type), if 
one adopts the spectral types assigned by Rubin to various 
values of T,- For example, consider the model for Te = 
31,000? K, listed by Rubin as spectral type BO; on his 
assumed main sequence this has bolometme magnitude 
My —58, visual magnitude M,= —29. Several 
observational calibrations of the spectral types are listed 
by Underhill’; that of Johnson and Iriarte’ gives My = 
— 4-4 for t type BO V. The diserepancy, 1:5 magnitudes, 
is roughly constant over the early type temperature scale. 
Other calibrations give somew hat smaller disagreements 
in the same direction. This general discrepancy may 
be related to the uncertain temperature-spectral type 
relation or to uncertain bolometric corrections. 

Because of this uncertainty, we have considered two 
extreme cases with different calibrations &s= Fí(M v). 
Case A refers to the main sequence assumed by Rubin, 
with Mihalas’s bolometric corrections. Case B is a version 
in which M ,(T,) is decreased by L magnitudes and so 
FS, is increased by a factor of 1-58. This is equivalent 
to using the Johnson-lriarte calibration with the spectral 
types listed by Rubin. Later we give evidence that the 
true situation resembles ease 4. 

Some values, derived from Rubins list, are given m 
Table 1. In the first column the stellar effective tempera- 
tures are listed and in the second column are the spectral 
types assigned by Rubin. (The ealibration discrepancies 
we have noted indicate that these spectral types are quite 
uneertain—they seem to be inconsistent with case A.) 
The third, fourth, fifth, seventh and eighth columns show 
absolute magnitudes and excitation parameters for cases . 4 
and B. (T he excitation parameter R, is weakly dependent 
on the temper ature of the ionized gas; Rubin assumed 
this ta be 7,0007 K.) 

We have assumed that each ionized region is excited 
by a single star, and so the number density of such regions 
is related to the main sequence stellar luminosity function. 
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Table 1, EXCITATION PARAMETERS AND THE LUMINOSITY FUNCTION 
Case A Case B 
1 2 3 4 5 6 7 8 9 


T, ^p M boi Me Re 10*D Me Rs 10*p 
CK) (pe emo") (pec (pe eni?) (pes) 
29,000 BOS —55 -DT 65 1-0 -42 10 0:1 
31,000 BO -FR 29 10 0-71 —44 16 0:07 
33,000 0075 ~§2 ~—3-2 16 UED EE 25 0-05: 
35,000 09 ~G + Bed 23 0-32 - 4-9 36 0-03; 
36,000 OX ~R 36 28 0-26 — 51 44 0-03: 
38,000 Q7 -T2 -PR 35 0-19 —-i3 55 0-03: 
410,000 — 08 -FS 40 11 0-14 - d 65 0-01: 
45,000 05 ES. 4d 50 0-07 -59 93 0-007 : 
50,000. 04 ~? =g 79 0-033: ~ 6: 4 125 v 
60,600 —105: —$35: 120: 0-014: —~FO: 180: — 


Excitation parameters assume an electron temperature of 7,000? K in the 
ionized gas; they are taken from Rubin? except for the values for 7, = 
60,000? K, which are extrapolations. The spectral types are uncertain. The 
main sequence luminosity function is adapted from MeCuskey''. 


Let (M ,)d.M , (pe^?) be the density of main sequence stars 
in absolute magnitude interval dMs. @(17,) can be 
obtained by properly smoothing the conventional luminos- 
ity. function 9a250M ,), which is a step function. We have 
used the version adopted bv MeCuskey™. It should be 
noted, however, that a particular main sequence luminos- 
ity calibration was used in MeCuskey’s derivation of 
Ome( My); thus it might be necessary to modify the values 
for different assumed main sequences (for example, our 

cases A and B). Fortuitously, MeCuskey’s luminosity 
function for M , « 0 has a slope such that the correction is 
small; an adjustment of I DEI in the calibration 
of M, would alter oms by ahout 15 per cent. We have 
therefore adopted a single luminosity funetion for eases 


A and B. 
‘This is consistent with MeCuskey’s values, to within about 
20 per cent. The value of @ is highly uncertain for the 
most luminous stars. The function must drop steeply 
beyond some eritical magnitude, whieh may be about 
M,-—6. Funetion (2) is therefore likely to be too high 
for the bright stars. Values of for cases A and 5 are 
listed in the sixth and ninth columns of Table I 
From the functions P,CM,) and B(M ,) we can asinine 
the mean squared electron density in the galactic plane: 
^ DE T » i 3 A A É 
Hn 7 gal = i M ORM ,)aA M, (3) 
According to studies of galac tic thermal radio emission, 
in the solar neighbourhood Cn? > oq) O1 em! (refs. 12 and 
13). This quantity is higher toward the galactic centre. 


Joe 
div 


The function F(Me) = OM RM e) is shown in 


Fig. 1. According to equation (3), the area under this 
curve should be about 0-1 em-*. In fact (remembering 
that the luminosity function cut-off must lower the curve 
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Fig, 1, The main sequence function 


FOL) = S BUR Me) 


for ease’ A and B. The integral of this function is approximately equal 

to Cni»ga Because the luminosity function must have a cut-olf the 

two. eurves must also have cut-offs at about We = ~6. Here and in Fig. 

2. the points labelled a, 5, e and d represent stellar effective temperatures 
of 30,000, 40.000. 50,000 and 60,0007 K. 
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toward the left side of the diagram), case A seems to be 
nearly correct. Case B gives a definite underestimate. 
We shall therefore assume that case A is correct. This 
may indicate that the spectral types listed in Table 1 
should be displaced toward higher values of T,. 
The line-of-sight mean free path, A, depends on the 
y Obviously, if 
all HII regions are dense and compact, then à must be 
very large. 

The observed HII regions are relatively dense. We 
shall assume that the stars are formed within such regions. 
Suppose that a particular early type star remains near 
the main sequence for at least 10° yr. In that time the 
star moves relative to the surrounding gas, and also the 
gas expands. A velocity of 10 km/s is characteristic for 
either type of motion. In 10° yr this velocity gives a 
distance of 10 pe—comparable with the size of the stellar 
birthplace region. Consequently we may expect that a 
star much older than 10° yr is no longer likely to be 


important for our purpose. 
typically older; if older than 10° yr, then n, may be a 
typical interstellar density. 

The expression for the mean free path is 


=m [noi *@(M,)R2(M,)d My (4) 


In accordance with this discussion, suppose that stars 
of some critical magnitude. Me= Me have an average 
age of 10° vr; and for M, > Me, n, n,, where nj 1 em, 
For M,« M, (brighter, younger stars) n, is much larger. 
Now we have approximately 

] T Vu isa | i: 
X m TH C | Me DCM RM naM p (5) 
The function G(M ,) = z (M ,) RM ,) is depicted in Fig. 2. 
The cut-off magnitude Me is uncertain but probably lies 
between — 4-0 and — 45. As an example, assume M, = 
— 40 for ease A; then integrating GCM,) equation (5) 
RIVES 

Az (1,600 pe cmtu ? (6) 

If case A is incorrect, and we should have chosen a case 
intermediate between A and Æ, then equation (6) is an 
underestimate. As a conservative, fairly arbitrary but 
plausible guess, we might expect 4^3 kpe. 
galactic plane, at a distance such as that indicated for 
CP 0328 by De Jager et al., should be behind one or two 
HII regions. These regions, due to individual late-O or 
BO stars, would be much less conspicuous than the 
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commonly observed, denser HII clouds. As the number 
of known pulsars grows, 4 may become an observable 
quantity, and this would give some indication of the 
relationship of early type stars to surrounding gas densi- 
ties. 

If the line of sight to a pulsar docs pass through an 
HII region, the region contributes an amount A to the 
dispersion measure, where as an average 


Aw -> Reni’ (7) 
à ; L6 
The distribution of different values of X is another poten- 
tially observable relation. 

Clearly, these considerations apply only to distant 
pulsars in the galactic plane. There neay be other restric- 
tions, for example, CP 0328 is located m a direction 
(lui = 145°) where early type stars are searce, and therefore 
probably there is no intervening HII region. PSA 1749 
is located nearly in the direction of the galactic centre, 
and indeed it has a relatively high eispersion measure, 
51 pe em-?—-enough to include a mederate intervening 
HII region. If this high value is dus to such a region, 
it may even be possible to search for a particular early 
type star which lies nearly in the direction of the pulsar. 
A possible candidate is No. 675 in the bist of Hiltner™, This 
star is an angular distance of about W from PSR 1749; 
according to Hiltner's list, it is of type BI Ib-IE (note that 
such giant or supergiant stars have mot been taken into 
consideration in our discussion).  Obsiously one cannot 
definitely state that this star is involved —it may be more 
distant than PSR 1749; but it is mentioned here as an 
example. 

Finally, Fig. 3 is a plot of [n,ds agamst galactic latitude 
bH; for the thirteen pulsars known at present. The three 
pulsars with unusually high dispersien measures are all 
in the galaetie plane. The narrowness of the peak on the 
left side of this diagram indicates that typical distances 
are probably much greater than tbe thiekness of the 
galaetie disk —this conclusion is independent of the precise 
cause of the higher dispersion measures. 

To explain the electron depth measure of the high 
latitude pulsars, electrons outside the galactic disk may 
be required. These need not be halo electrons; it is 
possible that pulsars may have intrimsic values of freda, 
due to surrounding clouds of ionized material. 
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Fig. 3. 
| pulsars. 


Dispersion measures against galaeth intitude, for the known 
Note that the peak for small |5"| resembles the distribution of 
galactic HIL 
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Nature of the Lunar Mascons 


by 
J. J. GILVARRY* 


Space Science Laboratory, 
General Dynamics/Astronautics, 
San Diego, California 


FROM measured perturbations of Orbiter satellites, Muller 
and Sjogren! have demonstrated recently the existence of 
mass concentrations (mascons) centred in the circular 
maria of the Moon. The purpose of this article is to show 
that an almost immediate explanation of the origin of 
the mascons follows from my theory of a primordial lunar 
atmosphere and hydrosphere lasting some milliards of 
years?. 

This theory was eriticized by Goles et al. on the basis 
that no evidence whatsoever exists for erosion by streams 
on the lunar surface and that the maria cannot be sedi- 
ment plains in any usual sense. The work described here, 
however, points to the dark material of these desiccated 
sediments as the mass concentrations in the circular 
maria discovered by Muller and Sjogren. 

In a recent article, I discussed evidence provided by 
Surveyors I and V and by Orbiter IV which strongly 
suggests the existence of sedimentary rocks in the maria‘. 
In addition, traces of river systems of terrestrial type 
seem to exist on the Moon‘, and I have adduced strong 
theoretical reasons for the relative paucity of vestiges of 
mature river systems as observed at present’. Finally, 
a corpus of observational evidence points to the pristine 
presence of water on the Moon*-5. 


Theoretical Considerations 

The positive mascons oceur only in eireular maria 
which exceed about 200 km in diameter, and in the floors 
of which there is dark material’. These conditions are 
necessary but not sufficient for the appearance of a positive 
maseon. Thus Sinus lridum contains the dark material 
and may be identified as a circular mare in view of the 
existence of a fragmentary rim in the floor of Mare 
Imbrium forming the continuation of the rim represented 
by the Jura Mountains. But Sinus lridum contains a 
negative mascon corresponding to a mass deficiency. 

The locations of the most prominent positive and 
negative mascons on the visible face of the Moon are 
indicated in Fig. 1 by the numbers specifying the strengths 
of the anomalies in mgal (as normalized by Muller and 
Sjogren to the acceleration experienced by a spacecraft 
at an altitude of 100 km, on the assumption of a spherical 
mascon under the surface at a depth of 50 km). The 
contour lines of zero gravitational anomaly established by 
Muller and Sjogren usually closely follow the rims of the 
circular maria. Further, their results show that gravity 
is eonstant over the highlands of the Moon within a 
fluctuation of about +50 mgal. This modest limit implies 
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The hypothesis that there was once water on the Moon can account 
for the lunar mass concentrations—mascons—recently deduced 
to be present beneath the circular maria. 


that the lunar highlands are essentially in à condition of 
isostatic equilibrium at the present time, as are the rims 
of the circular maria. The only reasonable hypothesis 
is that the true floors of the circular maria (not necessarily 
identical with the visible surfaces) formed originally by 
meteoritie impacts are also in isostatic equilibrium at the 
present time, corresponding to the isostatically com- 
pensated rims. 

In view of the evidence for isostatie equilibrium, no 
purely local redistribution of mass can cause an anomaly 
as large as that which corresponds to the mascon in Mare 
Imbrium. One estimates that the added mass above the 
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Fig. i. Locations of the most prominent positive and negative mascons 


on the visible faee of the Moon, indicated by numbers specifying the 
strength of the anomaly in milligals. Contour lines corresponding to 
one-thousandth of the lunar radius (roughly 2 km) below and above the 
mean sphere are shown (solid and dot-dashed, respectively); the line 
for the greatest depth (6 km) below the mean sphere appears dashed, with 
the interior hatched. The outlines of the rims are shown by heavy 
irregular fines for four circular maria, for comparison with the extent 
(shown stippled) of the dark material in the floor. 


A 


NATURE. VOL. 221. FEBRUARY 22. 1969 


floor proper of this mare must have come from a distance 
of at least 500 km. In the theory of Kuiper*, the floors 
of the maria represent lava flows that welled up from a 
molten interior of the Moon. If one accepts that the lava 
may have risen from a depth of the extent cited, this 
theory would seem to face the contradiction that the 
flooded mare floors should have been compensated iso- 
statically by the fluid interior. In Baldwin's theory”, all 
the lava on the visible face of the Moon poured out of 
Mare Imbrium to flood the lunar lowlands and the other 
maria. The distance of travel is such that the theory 
could explain the positive mascons in the circular maria 
with the exception of Imbrium, where & negative mascon 
presumably would be implied by the corresponding mass 
deficieney. 

Muller and Sjogren considered as one possibility that 
the positive mascons in the circular maria might represent 
buried remnants of the planetesimals which created these 
lunar features by explosive impact. The masses of the 
impinging bodies which ereated the maria ean be estimated 
from results given bv Hill and myself!, based on 
cube-root sealing with respect to the energy. For the 
lowest possible velocity of impact, however (2-4 km s>, 
corresponding to the escape speed from the Moon), the 
maximum mass of the colliding body is less by an order of 
magnitude than that creating the mascon in Mare Im. 
brium. This source of the excess mass can thus be ruled 
out if the circular maria were created by explosive impact 
processes. 

Conel and Holstrom!? have shown that the profile of 
the gravity anomaly across a circular mare can be re- 
produced by a thin tabular body at the surface in the 
rnare floor, as well as by a deep sphere. In their model, the 
anomaly is produced not by added mass but by a density 
differential of 1-1 g em-?, relative to the material in which 
it is embedded, existing in a lens-like body. 


Models of the Mascons 


In my theory of a former lunar atmosphere and hydro- 
sphere’, it is postulated that any primordial atmosphere 
and hydrosphere remaining from the time of formation 
of the Moon was lost as in the ease of the Earth (and 
presumably by the same mechanism). The atmosphere 
and hydrosphere possessed by the Moon were secondary 
ones created by exudation of volatiles from the solid 
interior, precisely as hypothesized by Suess?, Brown" and 
Rubey!? for the Earth. In view of current thought that 
the Moon was formed cold through accretion, a relatively 
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short phase of moderate internal heatiag by the energy of 
gravitational accretion or of radioactive decay (possibly 
involving extinct nuclides of short life-sime) was necessary 
to volatilize the condensates and de-gas the lunar in- 
terior?:5, 

It will be assumed that this thermal event was suf- 
ciently intense for the Moon at depth to react by plastic 
flow to applied stress differences for a time v; reckoned 
from the time of its formation (about 4:5 Gyr ago). Thus 
any mass imbalance of sufficiently large scale on the lunar 
surface would be compensated isos:atically if it were 
produced within a time 7 from this epoch.  Isostatic 
compensation will be considered impossibie even for 
features of very large size if formec subsequent to the 
time corresponding to ti The point c. in time corresponds 
to rigidification of outer layers of the Moon through 
depletion of radioactive nuclides or exhaustion of acere- 
tional energy. 

In view of the heavily eroded appearance of the moun- 
tains forming the crater rims’, the circular lunar maria 
can be identified as among the oldest "eatures on the lunar 
surface. It will be hypothesized that chey were all formed 
within a time ¢ of the Moon’s formation, satisfying £«C ci. 
A cross-section through a typical cireular mare at the 
time of creation by meteoritic impact is shown schematie- 
ally in panel A of the tetraptyeh o° Fig. 2. At a time 
tæ 7 later, the crater would have assumed the isostatically 
compensated form corresponding tc panel B. The mm 
would have sunk and the floor risen ba virtue of horizontal 
flow of rock in a layer at depth (the unar asthenosphere) 
of low strength. As a consequence, ar: originally horizontal 
stratum below the crater in the lunar crust would have 
undergone the deformation shown fo: the fiducial stratum 
in panel B. This upward displacement is precisely what 
is observed by seismie methods oz the Earth for the 
Mohorovičić discontinuity under the floors of the oceans'$ 
(independently of any theory on the origin of oceans and 
continents). 

The time ^; is determined by the theoretical evaluation 
qi= 40n/ og D of Haskell for the period required for com. 
plete isostatic adjustment of a large feature of lateral 
extent D, where and p are the viscosity and density, 
respectively, of the underlying rock and g is the accelera- 
tion of gravitv". From the measered rate of uplift of 
Fennoseandia after melting of the Pleistocene ice, he 
inferred 7,2: 10?! poise for the terressrial asthenosphere at 
the present time. If this value of the viseosity held for 
the Moon at the time of formation, use of the diameter 
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Fig. 2. Schematic representation of the formation of a positive mascon. In panel A, an 
uncompensated crater as formed by meteoritic impact is shown. Panel B representa the 


same crater after isostatic adjustment, containing some water. 


Panel € shows the crater 


filled completely with water and containing some sediment. The final form after escape of 

the water is depicted in panel D, with the load of sediments on the isostatically compen- 

sated floor of the crater producing a positive mascon. The vertical dimensions correspond 
approximately to Mare Imbrium. 
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D = 10* km for Mare Imbrium in Haskell's equation yields 
t; 10° yr for this mare to reach isostatic equilibrium. 
At this time after formation of the Moon, therefore, the 
viseosity of its asthenosphere must have risen to a suffi- 
ciently large value that isostatic compensation essentially 
was no longer possible. Before this remote epoch in the 
Moon's past, however, the value of y for the lunar astheno- 
sphere could well have been ten or one hundred times less 
than the present terrestrial value. Thus a conceivable 
range for v; is 10° to 10° yr, insignificant times on a scale 
corresponding to the life-time bo t 5 Gyr) of the Moon. 


water) from the lunar ener was going on. The time ty 


after the formation of the Moon for significant release of 


water (the e-folding time) will be assumed to satisfy 
Trz T; however. At the epoch tr, local pools of water on 
the Moon would have coalesced to form a continuous sheet 
averaging about 2 km thiek, drowning all the lowlands 
and encroaching significantly on the highlands?. Drainage 
frorn the entire lunar surface into the pits of the circular 
maria would fill the craters to the level of the water over 
the surrounding terrain (to about 15 km for Mare Imbrium, 
as pane C of Fig. 2 indicates). At the time corresponding 
to tp however, the water present in à mare bottom must 
have been shallow (amounting in thickness to only a 
kilometre or so), derived from effusion through the mare 
floor itself, as indicated in panel B of Fig. 2. 

I have computed the time te for thermal esc ape of the 
secondary hydrosphere and atmosphere on the Moon by 
sealing the numbers of the eorr esponding molecules on the 
Earth according to the volumes of these two bodies to 
estimate the initial amounts?*. On this basis, one obtains 
Tel Gyr (with some uncertainty in the numerical co- 
efficient). For times satisfying >> te, the cross-section of 
a typical circular mare is ada schematically by panel 
D of Fig. 2. By this time, all the water would have 
escaped, and the bottom of the mare would be filled with 
sediments washed down from the highlands. 

According to this theory, the sediments in the floor of 
a cireular mare represent added mass transported a long 
distance from the highlands by water flowing on the 
surface or in rivers after rainfall. Further, in view of 
the times involved, the main deposition of sediments took 
place after isostatic equilibrium of the true floor of the 
mare was reached. Thus the sediments on the floor create 
a positive gravitational anomaly at the present time, 
precisely as is observed, The approximate isostatic equilib- 
rium of the highlands was not disturbed in the process 
of formation of the mascons, because of the thinness of 
the superficial layer eroded from the relatively large area 
represented by the lunar uplands. 

This interpretation of the origin of the positive maseons 


in the eireular maria is consistent with the variations of 


the height of the lunar surface below and above a mean 
sphere, as shown in Fig. L. Contour lines corresponding to 
one-thousandth of the lunar radius (roughly 2 km) below 
and above the mean sphere are shown (solid and dot- 
dashed, respectively), as constructed from the lunar 
contour map of Baldwin'*. The contour hne for the 
greatest depth (6 km) below the mean sphere appears 
dashed, and the interior eross-hatehed. One notes that 
the location of the largest positive mascon, corresponding 
to Mare Imbrium, coincides closely with the area of 
greatest mean depth on the Moon. Further, the strength 
of a positive mascon is in general correlated well with 
depth of the surface of a mare. 

The interpretation is consistent with the implication 
based on the variation of surface depths, and the distribu- 
tion of dark material (shown stippled within the heavy 
irregular outlines of the mare rims) in. Fig. 1 that the 
dwindling waters finally pocketed in Mare Imbrium:*. 
Mare Serenitatis is higher than Imbrium, in ac cordance 
with the suggestion in Fig. 1 that the former drained into 
the latter. "Further, a channel of the correct depth con- 
nects these two maria where they are contiguous!^, In 


NATURE, VOL. 221, FEBRUARY 22, iia 


area is E ae of ae p in quem Gan the 
appearance of the dark area within the ring of the Altai 
Mountains as a region eut off from drainage into the ad- 
jacent Mare Tranquillitatis. Moreover, the intensity of 
the dark coloration increases along an arcuate locus 
extending from Mare Nectaris through Mare Tranquil- 
litatis and Serenitatis to Mare Imbrium, in the general 
direction of the gradient of surface gravity along the arc. 
On this basis, the strength of a positive mascon should 
increase with the depth of the original meteoritic crater 
and the extent of the lunar surface which drained inte it. 

It can be noted that the floor of a eireular mare neces- 
sarily was downwarped at the time £a ti when isostatic 
adjustment ceased, to compensate for the weight of the 
water (in the situation to which panel B of Fig. 2 cor- 
responds), The negative gravitational anomaly that would 
be produced by removal of this water was overbalanced 
subsequently by the positive anomaly arising from the 
vast load of sediments. This fact suggests an immediate 
e xplanation of the negative mascons. Such maseons tend 
to appear in the central regions of irregular maria of 
sufficiently large size, as is apparent from Fig. l. These 
maria are shallow compared with the circular maria 
created by explosive mpaet!?. Further, their centres lie 
at long reaches over areas of low slope to the lunar high- 
lands locations conducive to low sedimentation. Thus, at 
regions in the irregular maria where the sediments repre- 
sent merely a thin veneer, negative mascons should appear 
by virtue of escape of the overlyi ing water, automatically 
on the premises of this theory. This explanation of the 
origin of the negative mascons arose im discussions with 
P. M. Muller and W. L. Sjogren. 


Quantitative Discussion 

From data obtained at landing sites of Surveyor 
vehieles, Seott has found that the surface material in 
the lunar maria corresponds essentially to ordinary ter- 
restrial soil, with a density in the range 1:5-2:0 g em, to 
a depth of a few centimetres!*. The data show indie ations 
of an increase of density with depth. On the basis of 
elemental composition’, I have identified this material 
as a sedimentary rock derived from mudstone or shale 
(and not basalt, as others report!*). From laboratory 
measurements, Dobrin gives 2-42 g em as the average 
bulk density of shale (based on 322 samples with a density 

range of 1-77 to 2-45 g em). Shale is relatively com- 
pressible?!, but neglect of compaction? under the low 
lunar gravity causes negligible error for the depths to be 
considered here. 

It will be assumed that the sediments in the floor of & 
mare can be represented geometrically by a cone (with 
apex downward) lying on the true floor of the erater, with 
the latter isostatically compensated. This g 
model of the sedimentary cover is sufficiently alae to cal 
of Conel and Holstrom!? to permit inference of the cor- 
responding thickness (at the apex) of the mascon by 
simply sealing their results computed for Mare Serenitatis 
to each eireular mare (directly às the gravity anomaly! 
and inversely as the ratio of the uncompensated density 
24 g em on this model and the density differential 
1-1 g em on theirs). In Table 1, the gravity anomaly 
Ag and the corresponding maseon thickness Amas com- 
puted in this way are shown for the prominent cireular 
maria. The penultimate column shows the area A covered 
bv the mascon, as determined by W. M. Kaula (private 
LUNAR FROM 


Table f. OF THE MASCONS IN THE 


GRAVUTY ANOMALIES 
Gravity Mascon 


MENSURATION MARIA, 


Mare anomaly thickness Mascon area Mascon mass 
Ag (meal) Ainas (km) A ckm?) M ig) 
Imbrium 230 x 50 x 164 35 x 1079 
Serenitatis 180 6 33 25 
Nectaris 100 3:5 2 a 
Crisium 160 3:3 TT ^ 
Hiüumorum 50 a 15 2 
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communication). The eorresponding mass M of the 
mascon appears in the last column, for a conical volume. 
Panel D of Fig. 2 corresponds to the maseon thickness 
(8 km) shown in Table 1 for Mare Imbrium. 

The mascon thickness Amas tabulated in Table 1 repre- 
sents, of course, a measure of the thickness of the sediments 
in the mare to which it corresponds. An independent 
method of estimating this thickness exists, Distributed 
over the floors of the “circular maria lie numerous "ghost" 
craters submerged in the sediments and marked only by 
the slight protrusion of their rims. On the assumption 
that these craters were formed in the mare floors before 
significant amounts of water and sediment appeared, their 
depths ean be inferred approximately from the diameter- 
depth relation for eraters on land, as given by myself? 
or by Baldwin'. My curves for hard and soft rock and 
that of Baldwin for the diameter D of such a crater as a 
funetion of its depth d are shown in Fig. 3. Use of the 
eurves by Baldwin is preferable, for his are based on later 
and more aecurate data than are mine. The particular 
curve shown for this purpose corresponds to the assump- 
tion that the impinging meteorite exploded at the surface; 
that this closely corresponds to the case for large 
meteorites has been shown theoretically by Gilvarry and 
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Fig. 3. Correlation of diameter D as a function of depth d for various 

classes of lunar craters. The solid curves correspond to fitted functions 

for craters on land and in water, applying to lunar craters of Class I 

(including IH. and IS) and of Class V, respectively, The eraters of 

Classes TH and 15 are those of Class I lying in the highlands (hard 

rock) and the maria (soft rock), respectively. The curve of Baldwin 

appears dot-dashed. In general, points for only every tenth lunar crater 
in Classes IH and IS appear. 


In Table 2, the observed diameter D (from Mare 
ANectaris- Mare Imbrium, Army Map Service, Washington, 
1962) and the eorresponding depth d inferred from the 
Baldwin curve in Fig. 3 are shown for two ghost eraters, 
Lambert R and Wallace, in the floor of Mare Imbrium. 
In the fourth column, the distance z of the ghost crater 
from the edge of the mare appears. The last column 
shows the sediment thickness Asea obtained by scaling the 
crater depth linearly to the centre of the mare according 
to the ratio of half the north-south diameter (1,000 km) 


Table 2. THICKNESS OF THE SEDIMENTS IN MARE IMBRIUM, FROM MEN- 
SURATION OF GHOST CRATERS AND USE OF THE DIAMETER-DEPTH RELATION 


A Crater Crater Distante Sediment 
Ghost crater diameter depth from edge thickness 
D (km) d (km) z (km) Asea (km) 
Lambert R 56 9:5 250 7 
Wallace 26 r8 100 9 
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of Imbrium to the distance z. One sees that the values of 
heea appearing closely bracket the «orresponding Amas 
(8 km) of Table 1 for Mare Imbrium. 

The final actual depth d of a mare (from rim crest to 
true floor) is given in terms of the mascon thickness Amas 
by d=hħmas+dsau +l, in which dsur is the depth to the 
surface of the sediments and J is the rim height, both 
referred to the mean sphere. Maximum values of deur 
read from the lunar contour map of F aldwin!* and values 
of l inferred from maximum heights of the mountains!*^* 
forming the rims have been used to plot representative 
points for the maria in Fig. 3, for comparison with 
diameter-depth relations. One sees that the depth d 
implied by the mascon thickness is less than the original 
uncompensated depth as predicted by the Baldwin curve, 
consistent with the hypothesis that «he floors proper of 
the maria are in isostatic equilibrium. 

As a check on the explanation suggested by myself, 
Muller and Sjogren for the origin of negative maseons in 
irregular maria, one can compare the uncompensated 
depth hinas corresponding to the negative gravity anomaly 
with the aetual depth deur of the central surface of the 
mare relative to its edges. If the negative anomaly arose 
by escape of water ponded in the mare, the uncompensated 
depth follows approximately from the results of Conel and 
Holstrom"? by scaling their inferrec mascon depth for 
Mare Serenitatis aecording to the absolute values of the 
corresponding gravity anomalies, or they assume a 
density differential (1-1 g cm) approximating the density 
of water. Values of du mas Obtained in thus way for two 
irregular maria are compared in Table 3 with the cor- 
responding values of dgur determined from Baldwin's 
contour map. The suggested explanation requires 
dimas<Usur for impounding of the water, as the figures 
bear out, correctly. 


Table 3. UNCOMPENSATED DEPTHS dmesg FOR NESATIVE MASCONS IN IRREGT- 
LAR MARIA COMPARED WITH DEPTHS dex OF MARE SURFACES 


Gravity . 
anomaly Uncompen- Surface 
Negative mascon (centre to sated depth 
mare edge) depth dua (ED 
dg (mgal) das (km) 
Mare Tranquillitatis - 80 2 2 
Mare Foecunditatis -80 2 3.5 


Sinus lridum poses a problem, for it meets all the 
necessary conditions for a positive mascon, yet displays a 
negative anomaly. This fact can be understood if the 
meteoritie impact which formed tse crater occurred at 
time ¿> 11, after isostatic adjustment ceased. Because the 
rim of Mare Imbrium had been compensated isostatically 
before this time, the resulting void 1a the rim would create 
a negative anomaly in Sinus Iridium, which subsequent 
inflow of sediments from Imbrium was insufficient to 
counterbalance. If the crater depth (7 km) corresponding 
to a diameter! of 230 km is estimated roughly from my 
curve in Fig. 3 for hard rock on laad and the rim height 
(4 km) is inferred from the altitude’ of the Jura Moun- 
tains, the maximum anomaly Ag possible on the basis of 
these figures is about --90 mgal, as compared with an 
observed anomaly of —60 mgal. Thus the proposed 
mechanism is possible, with inflow of sediments compen- 
sating a negative anomaly of — 30 mgal. 

On the lava hypothesis, positive mascons can be 
explained only as a consequence of a density differential 
between the lava and the surreuneing rock. For density 
differences of 1 to 0-1 g em~, the corresponding mascon 
thicknesses for Mare Imbrium weuld range from about 
20 to 200 km, respectively!?*; the latter value is highly 
unreasonable on the basis of the diumeter-depth relations 
for craters in Fig. 3. It would ke 80 km, again highly 
unreasonable, for a difference of 0-25 g em”, which is 
about the maximum observed terrestrially as a source of 
gravity anomalies over the large areal extents in question 
here??, 
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In any event, the lava mechanism cannot simul- 
taneously explain the positive mascon in Mare Imbrium 
and the negative one in Sinus Iridum. Further, it yields 
no explanation of the negative mascons in the irregular 
maria. On the other hand, the present theory offers a 
direet explanation of the various possibilities in the type 
of mascon. Furthermore, it is completely consistent with 
the constraints imposed by the diameter-depth relations 
for eraters of explosive origin, as Fig. 3 reveals. One notes 
that the explanations are quantitative in every instance, 
in contrast to the qualitative predictions of the lava 
theory. 

On the basis of earlier work by Sir George Darwin", 
Jeffreys”? has suggested that the excess length in the axis 
of the Moon toward the Earth, as inferred from observa- 
tions of the orbital and rotational motion of the satellite 
and planet, may have originated in a fossil tide when the 
Moon was nearer to the Earth and was plastic in the in- 
terior. It may be that the epoch at which this process 
occurred can be identified with the time +, defined in this 
article, when isostatic adjustment on the Moon ceased. 

In my initial work, I assumed for computational sim- 
plieity in the calculation of lifetimes that the lunar 
hydrosphere and atmosphere were formed suddenly (as 
a delta function) by volatilization from the interior?. The 
present assumption of slow evolution over a time tr 
brings the postulated history of the lunar hydrosphere 
and atmosphere into closer accord with that generally 
hypothesized in the terrestrial case??. Further, the flux of 
release necessarily exceeded the flux of escape, because 
one must assume ty < te for validity of the present theory, 
which answers a criticism frequently voiced in the past?*. 

Aceording to this theory, the dark colour of the mare 
floors arises not from the intrinsic colour of the surface 
rocks (as in the lava theory) but from carbon, derived from 
organie compounds formed primordially or à lunar biota 
existent ineipiently*.^*.?*, in conformity with results on 
carbon abundance in the maria from Surveyor missions!*:99, 

In a sense, and to a degree, the present considerations 
represent an extension of the geologieal doetrine of uni- 
formitarianism to include the Moon as well as the 
Earth’-*-3!, Thus it is tacit in the present discussion that, 
many eons from now, when the Earth's mantle and erust 
have rigidified under radioaetive depletion and its air 
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and water have vanished through thermal escape, the 
basins formed by the present oceans or the pits left in the 
wake of the spreading sea floor?? must yield terrestrial 
mascons. 

I thank P. M. Muller, W. L. Sjogren, B. W. Augenstein, 
Dr J. E. Conel, Dr G. B. Holstrom and Professor D. T. 
Griggs for helpful diseussions. 
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Possible Role in Contraction of Structurally Bound 


Phosphate of Muscle 


2f Experiments with paired skeletal muscles of the frog indicate that 
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Ir was shown some years ago! that the specific activity 
of structurally bound phosphate in frog skeletal muscle 
pre-ineubated with ?*P-orthophosphate was reduced by 
about 35 per cent when the muscle was subjected to 
contracture with potassium chloride or acetyleholine. The 
specifie activity was, however, restored to the resting 
value when the muscle was allowed to relax in normal 
Ringer's solution. Attempts to isolate the fraction under- 
going this change in a form other than inorganic ortho- 
phosphate were unsuccessful. Although it was con- 
ceivable that these results were unrelated to the contractile 
system proper, and merely represented changes in the 
amount of labelled inorganie phosphate fortuitously 


bound phosphate is immediately related to the contraction-relaxa- 
tion cycle of skeletal muscle, and may be in combination with one of 
the myofibrillar proteins. 


imprisoned in the muscle structure, the relatively small 
statistical variance rendered this unlikely. Furthermore, 
we obtained similar results by the contraction with ATP 
of #?P-labelled, glycerol-extracted, rabbit psoas fibres’. 
Our highly tentative conclusion, that protein-bound 
phosphate groups underwent exchange or removal during 
muscular activity, seemed adequately cautious. 

We have attempted to obtain further information about 
the nature of the effect and to test the validity of highly 
apposite criticism of our earlier findings. Recent experi- 
ments have been performed, as in the previous series. 
with paired skeletal muscles (rectus abdominis and sar- 
torius) of the frog Rana temporaria. Techniques for the 


NATURE, VOL. 221, FEBRUARY 22, 1969 


extraction of the muscle were similar to those previously 
used and, together with variations introduced for special 
purposes, are briefly deseribed in the legends to the tables. 


Contracture Effect 

Although the effect of contraction with and without 
load in reducing the radioactive count of the water- 
insoluble residues from ??P-labelled recti abdomini and 
sartorii had been amply demonstrated, it was desirable to 
establish whether an isometric contraction, or a depolariza- 
tion of the fibre membranes not followed by contraction, 
such as could be achieved by pre-incubation of the muscles 
in a Ca**-free. medium, might be attended by similar 
reductions in the specific activity of the structurally 
bound phosphate. 

Isometrie experiments could not be performed without 
modification of technique. We found that unloaded 
museles, contracted in isotonic KCl and immersed in 
ethanol at 0° C with the paired, resting control before 
mincing and extraction, gave residues showing a reduction 
in the specific activity of the bound phosphate virtually 
identical with that found in experiments without. aleohol 
fixation (Table l, series 4A and B). This method was 
consequently applied to recti contracted isometrically in 
KCI after extension to about 130 per cent of their resting 
length. "The outcome was similar to that for unloaded 
muscles (Table 1, series C). 


Table 1. POTASSIUM CONTRACTURE OF RECTUS ABDOMINIS 


Total P in acetone Ratio of 
No. powder (egi mg) specific 
Series of Description Contracted activities of 
expts or Control P, test/ 
depolarized control 
A 238 Unloaded or lightly loa- 
ded 184-0.37 1942032  Á 04627014 
B 8  Unloaded. Alcohol fixa- 
tion and extraction 1:03 20-17. 0:99 .- 0-19. 0-62 «011 
C 10  Isometric. Alcohol fixa- 
tion 1:62 +0-21 1:59 £50:26 — 0:57 - 0:17 
D 10 Loaded. Labelled and 
kept in  Ca**-free 
Hinger 1:602 20-13 1623+013 0-66+0-23 
E 9 Unloaded. Contraction 
at 0° C 1-84 £ 0-41 1744041 0-69+0°28 
F 10 Unloaded. Brief label- 
ling (30 8) 1:67 £027 17520-3206 0-69 - 0-17 
G 10 Unloaded. Test muscle 
contracted, relaxed 


and recontracted 1-69+0-32 178 +0839 
AH results given + 8.2.42. in this and other tables. 


Series 4. Muscles were incubated under a small load for 30 min with normal 
aerated frog Ringer, then for 1 h with aerated Ringer containing 0:2 uCi 
*"P.orthophosphate/ml. and 2x10-* M KH,PO, They were washed four 
times over a period of 15 min with Ringer, after which one of each pair was 
contracted with isotonic KCl (0-765 per cent). After 5 min test and control 
were minced finely in their media, extracted for 30 min with 0-05 M Na,CO,/ 
0-05 M NaHCO, and washed ten-twenty times over a period of 2 h with 
distilled water at 0° C. Residues were converted to acetone powders and 
dried in air. Phosphorus was determined by the method of Allen“. Radio- 
activity was measured in a liquid counter with a Panax scaler on the final 
colorimetric solution. 

Series B. Asin A, but control and test muscles were fixed in 99 per cent 
ethanol at 0? C for 5 min before mincing, and minced and left in this medium 
for 5 min before extraction with alkaline buffer. Lipid soluble P had been 
extracted. 

Series C. 
fixation. 

Series E. Labelling and contracture with organ bath in melting ice. 


0-61 +024 


As B, but muscles were not further extracted with alcohol after 


Reeti were pre-incubated, labelled and washed in Ca++- 
free Ringer's solution, and immersed in isotonie KCl, in 
which they showed no measurable contraction under small 
load. The extracted residues of these muscles showed à 
diminution in **P in relation to their paired controls similar 
to that found for muscles that shortened after treatment 
with KCl. We conclude that the reduction in bound ??P 
is associated neither with shortening nor with the develop- 
ment of tension, but seems to be a phenomenon attendant 
on the aetivation process. 


Relaxation Effect 


Relaxation of the ??P-labelled rectus abdominis restores 
the degree of labelling of the structural material to a value 
not significantly different from that of the resting control 
muscle (Table 2, series A). Tt was of importance to estab- 
lish whether this relaxation effect was a consequence of 
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the return of the excitatory system: to its resting state 
rather than of the elongation of the muscle under load. 
Two series of experiments were carried out to this end. 
In the first (Table 2, series B), paired reeti were contracted 
without load in isotonie KCl. After 5 min the recti were 
stretched with forceps to approxima»ely its resting length. 
Both museles were fixed in ethanol at 0" C for 10 mun, 
minced and extracted in the usual way. In the second 
series (Table 2, series C), sartoru were similarly treated. 
Because these muscles relax spontaneously under load 
soon after contracture, however, we cmitted the repolariza- 
tion with normal Ringer's solution. 





Table 2, RELAXATION APTER CONTRACTURES ELONGATION OF RESTING 
MUSCLES 
Ratio of 
Total E in acetone specitie 
No. powcer (ugimg) activities of 
Series of Description Contracted Relaxed P, contrac- 
expts (or (ot —- ted /relamed 
resting} — elongated) or resting 
elongated 
A* 12  Rectusabdominis. Both 
muscles contracted. 
One relaxed after re- 
polarization P78 t0 Ti b81£022. 0:0070-28 
B 8  Rectusabdominis, Both 
muscles contracted 
and repolarized. One 
relaxed. Alcohol fixa- 
tion 15340-3838 1464016 082208 
C 8 Sartorius. Both muscles 
contracted. One re- 
laxed without  re- 
polarization. Alcohol 
fixation POO+ O38 1904-041 — 0-502014 
D 17 Sartorius (5) and rectus 


abdominis (129). $e- 

vere extension of test 

musele 170.098. $06 - 0:18 
Series 4 and D treated for extraction as series 4 in Table 1. 
Series B and C treated as series C in Table t. 
* Series 4 is taken from ref. 1. 


1:01 + 0-38 


The results of the two series mey be compared with 
those for the effects of contracture and with those from 
earlier experiments (Table 2, series 4), where both muscles 
of the pair were contracted in KCl. after which one was 
repolarized in normal Ringer and elongated. 

The return of the bound “P-coutent of a shortened 
muscle to the resting level seems ta be dependent on the 
lengthening of the muscle after removal of the stimulus 
from the contractile system. In the still depolarized 
sartorius, the excitatory and contractile systems rapidly 
become uncoupled after contracturs. 

Essential control experiments (Table 2, series D) con- 
sisted in violent stretching with ferceps of *P-labelled 
muscles to the tearing point, followed by mincing and 
extraction of these and their paired controls by the usual 


procedure. The results showed no significant difference 
between stretched and control muscles. The inevitable 


scatter could be kept within reasenable limits by the 
addition of tubocurarine (1 in 10°: to the **P.Ringer's 
solution. 


Contraction of Glycerated Rabbit Psoas Fibrils 

We have confirmed our earlier finding that **P-labelled 
rabbit psoas fibrils, contracted with ATP in the presence 
of Mg**, show a reduction in bound #*P similar to that in 
the potassium contracture of frog museles? (Table 3). 
When Mg++ is replaced by Ca**^. AT? has no effect on the 
bound phosphate. Because Mg** is necessary for the 


performance of work by psoas fibres’ in the presence of 


A'TPase, it is reasonable to relate the phenomenon to 
that in the living muscle. 


Nature of the Effect 

There are no significant differenees between the total 
phosphate contents of the extracted residues from resting 
and contracted muscles. The standard errors are, however, 
so high that a change of +0-05 ug/rag of acetone powder 
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Table 8. CONTRACTION WITH ATP OF GLYCERATED RABBIT PSOAS FIBRILS 
Ratio of specific 


Series No. of Tonic Total P in acetone activities of P, 
expis, activator powder ug/mg contracted 
(10° M) Contracted Control control 
E 3 Mg** 0-96 + 0-06 0-97 + 0-098 0-63 + 0-08 
B i1 Catt 0-915 0-12 0-89 C: 0-11 1-02 20-16 


The psoas muscle was removed immediately after the death of the animal, 
teased and suspended for 2 h in an aerated Locke-Ringer medium containing 
0:1 Ci *?P-orthophosphate. The muscle was washed with saline and stored 
in 40 per cent (v/v) glycerol at — 15° C for 14 days, For experiments, the 
fibres were washed with 0-1 M KCl and homogenized in this medium. The 
fibrils were washed seven times with 0-1 M KCl and twice with water and 
suspended in 0-05 M tris- HCl buffer, pH 7:0, containing either CaCl, or MgCl; 
(10-5 M). Samples of suspension were treated with 5 x 10 M ATP in the same 
buffer for 15 min at room temperature, spun down, washed six times with 
01M KCl and twice with water and converted to acetone powders, Appro- 
priate controls were run without addition of ATP. 


would probably remain undetected. Thus it is not pn- 
mediately evident whether the contraction brings about 
an exchange of the bound phosphate with a pool of 
relatively low specific activity, or the breakdown or 
elimination of a substance containing phosphorus. We 
now favour the second alternative on the following 
grounds, 

(a) Our remarkably reproducible effects could be 
explained on a basis of exchange only if the bound phos- 
phate were subjected to different pools during contraction 
and relaxation and if these two pools had a highly 
consistent ratio of specific activities. This would seem 
unlikely in our frog muscles, which were taken indiserimin- 
ately from newly captured animals and from those stored 
for long periods at 4^ C, and would be expected to show 
considerable metabolic differences. Furthermore, the 
contracture effect is independent of the time and the 
temperature of labelling: the results for muscles incubated 
for 1 h at 0° C and for 30 s at room temperature are shown 
in Table I (series £ and F). 

(b) An extreme state of affairs, which would be consis- 
tent with our results and with an exchange mechanism, 
would be one in whieh the phosphate pool operative in 
contraeture was completely or nearly unlabelled, and 
only some 40 per cent of the bound **P was capable of 
exchange with this pool. The latter eould, however, 
scarcely eseape labelling during activity. We found that 
muscles contracted, relaxed and recontracted give effects 
indistinguishable from those for singly contraeted muscles 
(Table 1, series G). 

R. E. Davies (personal communication) has suggested 
that, as our contraction medium contains no Catt, our 
results may derive from a variation in occluded calcium 
phosphate. He has, indeed, reversed the contracture 
effect by adding CaCl, to the depolarizing medium, We 
have, in turn, reproduced Davies's effect with 0:003 M 
CaCl, in the isotonic KCl, though the presence of calcium 
phosphate in the acetone powder from the contracted 
musele is made evident by a highly significant increase 
in the phosphorus content. When the Ca** is kept to the 
level used in normal frog Ringer's solution (0-001 M), our 
original effect is, disconcertingly, somewhat increased 
(n six experiments, ratio of specific activities in test 
muscle and control = 0-48-F 0-19), a matter which merits 
further study. It has to be remembered, however, that 
in some of our experiments the test and control muscles 
were in the same media throughout the procedure (Table 2, 
series B and C). 


Nature of the Bound Phosphate 

In numerous attempts, we have failed to isolate a 
significant proportion of the *?P from the washed residues 
of our briefly labelled museles in à form other than 
inorganie orthophosphate, except for the capricious 
appearance in HCl extracts after neutralization, but never 
in trichloroacetic acid extracts, of a radioactive material, 
moving well behind orthophosphate in paper chromato- 
graphy by the method of Eggleston and Hems?. This 
substance, probably an artefact, may nevertheless indicate 
a high phosphate transfer potential on the part of the 


fraction of the bound phosphate which concerns us’. 
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Extraction of the acetone powders with boiling chloro- 
form-methanol (1:1 v/v) removes some 30 per cent of 
the phosphorus and a scarcely significant part of the 
count. Some 80 per cent of the ?*P is removed from the 
wet muscle residue by homogenization for 5 min at 0° C 
with 0-03 M trichloroacetic acid. This percentage is 
reduced to about 72 per cent for residues from contracted 
muscles. It seems that contraction reduces the readily 
extractable activity by about 50 per cent in most experi- 
ments. 

The extracted orthophosphate, determined by the 
method of Berenblum and Chain’, showed considerable 
variability. The values, caleulated with respect to 
acetone powder (1 g of muscle gives 90+ 15 mg of powder: 
twenty-four determinations with rectus abdominis). were 
0-24+0-08 and 0-244+0-:09 ug/mg powder for resting 
(eighteen determinations) and contracted (sixteen deterin- 
inations) recti, respectively. The specific activity of the 
orthophosphate was found, by the procedure of Flecken- 
stein ef al.5 applied to five muscles, to be greater by a 
factor of 2-0+ 0-9 than that of the terminal P of the total 
A'TP in the same museles, on the assumption that all the 
activity was in the terminal P. If, however, contraction 
does involve a decrease in bound phosphate smaller than 
the standard error of our determinations, the concomitant 
decrease of some 40 per cent in activity must represent a 
fraction with a specifie activity at least five times that 
of the ATP-y-P. 

Extraction of the wet muscle residue with 0-5 M NaCl 
releases P as orthophosphate and actomyosin—ATPase 
in roughly proportional quantities. There is at present 
every reason to believe that the active phosphate is 
associated with, though not necessarily covalently bound 
to, the structural protein of the muscle. 


Phosphate and Contraction 

Whatever may be the nature of the bound phosphate, 
our experiments indicate forcibly that it is immediately 
related to the contraetion-relaxation eycle of skeletal 
muscle, and, somewhat less forcibly, that it may be in 
combination with one of the myofibrillar proteins. It is 
tempting to consider the possible identity of the fraction 
with the phosphorylated myosin, for the occurrence of 
which as an intermediate in myosin-ATPase activity 
Tonomura? and his colleagues have provided so much 
evidence. Such an intermediate, however labile in aqueous 
solution, could be stabilized in the structural context of 
the myofibril. An interesting consequence of its occurrence 
might be that extraction procedures designed for the 
estimation of inorganic phosphate would almost certainly 
bring about the hydrolytic removal of the protein-bound 
phosphate, so that constancy of the inorganic phosphate 
content could be deduced erroneously. 

We can imagine, then, that the resting state of muscle 
is characterized by the phosphorylation of some or all of 
the active sites of the myosin-ATPase on the bridges 
projecting from the A-filaments. and that phosphorylation 
prevents interaction between these bridges and the actin 
in the I-filaments. Whatever ionic events follow excita- 
tion of the muscle would bring about the loss of some or 
all of these phosphate groups by transfer to water or else- 
where and thus initiate the sequence of formation and 
destruction of linkages between filaments which is com- 
monly supposed to constitute the process of contrac- 
tion’? 1, This would presumably involve successive 
phosphorylations and dephosphorylations of the ATPase 
sites. In our contracted muscles we consistently find a 
reduction of bound **P of about one-third with respect 
to the uneontracted controls, which corresponds to about 
one-half of the activity readily extracted with acid. This 
could mean that muscles in contracture have about 50 
per cent of their myosin bridges, or of the active sites 
on these bridges. engaged in linkages with actin. 

Because only mechanical elongation of contracted 
museles restores the bound ??P to the resting value. we 
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have to suppose that removal of excitation (as in the 
rectus experiments) or uncoupling of the excitatory and 
contractile mechanisms (as in the sartorius experiments) 
does not in itself result in the breakage of linkages set up 
in contraction. Buchthal and Kaiser", in their experi- 
ments on the viseoelastie properties of the semitendinosus 
muscle of the frog before and after stimulation, have 
very elegantly demonstrated that this is the case. 

A further interesting consequence of this hypothesis 1s 
that, on the assumption that the enthalpy change aecom- 
panying the hydrolysis of phosphorylated myosin is 
similar to that for ATP (say, 10 kealorie/mole), we may 
calculate, for a myosin eontent of 5 per cent in the muscle 
and a molecular weight of 500,000 for myosin, that the 
dephosphorylation of one site on each myosin molecule 
would give a heat output of about 1 mealorie/g of muscle. 
This corresponds to the activation heat found by Hill for 
single twitches of frog skeletal muscle?. No chemical 
change eoineident in time with this heat evolution has 
yet been found (Davies). 
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Stimulus and Response during Early Pregnancy 


in the Mouse 


In view of the necessity for synchrony between the development 
by of the embryo and that of the uterus, control of implantation should 
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THE pre-implantation embryo and its mother are genetic- 
ally distinct individuals, not yet united by cellular con- 
nexions. The causal relationship between them is therefore 
more analogous to the reaction chains in courtship be- 
haviour-—as analysed in the stickleback and other species! 
—than to the feedback relationships between organs of 
the same animal (for example, ovary and pituitary) whieh 
have been the traditional eoncern of physiologists. 

Detailed observation of the sequence of events in 
normal pregnancy? can never by itself elucidate the 
underlying mechanisms, but fortunately in the mouse 
there are two natural variations of normal pregnancy 
whieh are potentially very informative. 

(1) Lactational delay of implantation. When a fertile 
mating takes place at the post-partum oestrus, implanta- 
tion is postponed, embryonie and uterine development 
is halted and the gestation period thereby prolonged. 

(2) Pseudopregnancy. When a female mouse is mated 
with a sterile (for example, vaseetomized) male, the 
series of changes in the uterus parallel those during the 
first few days of pregnancy, but do not proceed to the 
formation of a decidua. Transfer of embryos to such a 
pseudopregnant uterus induces a normal decidual reaction, 
and various other experimental stimuli (for example, 
mechanical trauma, injection of oil or air into the uterus) 
provoke a very similar response, termed a deciduomal 
reaction. 

The relation of lactational delay of implantation and of 
pseudopregnancy to the situation in normal pregnancy is 
indicated in Table 1. Those changes common to all three 
situations may be termed presensitization changes; those 
during lactation until implantation is induced, are 
sensitization changes; and those which are absent in 
pseudopregnancy unless the uterus is stimulated are 


depend on a complex network of events leading to a high degree 
of functional integration. 
some of the changes that take place during ear'y pregnancy in the 
mouse and considers some of the underlying mechanisms. 


In this article, Dr McLaren describes 


decidual changes. Sensitization changes may begin before 
presensitization changes are completed, and may continue 
while decidual changes are under war. 


SCHEMATIC CLASSIFICATION OF THE UTERINE CHANGES OCCURRING 
CONCURRENT LACTATION 


Table 1. 
DURING NORMAL PREGNANOY, PREGNANCY WITE 
AND PREUDGPREGNANLE 


Uterme changes 
Presensitization Senzitization Deciduai 
Normal pregnancy AC RIACH NEST NS HMM REM teh na E 
Lactational delay of implan- 
Lactational delay, implanta- 

tion induced MG sie IR eR EP 
Pseudopregnancy, unstimu- 

lated 
Psendopregnancy, 

ted 


atimula- 


—————————————————— MERE 


During the first 3 days of pregnaney, striking changes 
take plaee in the uterus (Fig. 2a anc b). By the end of 
the presensitization period the lumer is unbranehed and 
sinuous (Fig. 26) and the stroma is glaadular. The border 
of the lumen is corrugated, and because, in vivo, the two 
sides of the lumen are pressed together, in histological 
preparations the corrugations on ope side complement 
those on the other. The luminal epthehum is bordered 
by a fringe of regular microvilli, aad a gap of up te 
1 micron separates the epithelium on ene side of the lumen 
from that on the other or from the blastoevst. This 
“‘pre-attachment”’ stage? persists throughout lactational 
or experimental delay of implantation’. By the end of 
presensitization, DNA replication? and cell division? in 
the luminal epithelium have virtually ceased, and a 
miero-eleetrode in the uterine hunem gives a relatively 
high pH-meter reading. 

During the attachment staget, the microvilli become 
more irregular and finally flatten out altogether, and the 
gap between opposing luminal surfaces. or between lumina! 
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epithelium and blastocyst, shrinks to 150-200 Å. A 
similar surface change has been reported for the luminal 
epithelium of the rat**, hamster', guinea-pig! and 
rabbit** during implantation. At the same time the apical 
vesicles—formerly prominent in the cells of the luminal 
epithelium— disappear and the lipid granules shift their 
position; the pH-meter reading from the uterine lumen 
declines and lysis of the zona pellucida oecurs!*, In normal 
pregnancy, the zonae may still surround the blastocysts 
at this stage, or may just have been shed. When im- 
plantation is induced at the end of lactational delay. the 
zonae will have been shed several days previously!*:!*, 

Decidual changes are localized around a blastocyst 
(Fig. 2c), or, in the case of experimentally induced deciduo- 
mata. around the inducing stimulus (Fig. 2d). There is a 
local inerease in the permeability of the uterine capillaries, 
as evidenced by the uptake of pontamine blue" or, at the 
ultrastructural level, thorotrast*. Oedema and a positive 
alkaline phosphatase reaction in the uterine stroma* then 
develop. DNA replication* and cell division* are active 
in the stroma, and the primary decidual zone!* is formed. 
As the cells of the lateral and abembryonic trophoblast 
invade the uterine epithelium, basophilic inclusions, 
termed W-bodies*, appear in their cytoplasm. These 
inclusions are now generally agreed" to represent ingested 
maternal cells, either lymphoeyte-like*' or condensed 
epithelial cells!?/25??, The uterine epithelium becomes 
irregular and finally degenerates around the implanting 
blastocyst. 

A tentative schema of stimulus and response which 
might underlie the observed sequence of changes is set out 
in Fig. 1. 

The transition from presensitization to sensitization 
depends on the presence of oestrogen, produced by the 
ovary under the influence of gonadotrophic hormones. 
In the rat**, oestrogen is probably released from the ovary 
as a 'surge" some hours before sensitization begins. 
The action of oestrogen on the uterine endometrium is 
being intensively studied at the molecular level**, As 
well as a general increase in RNA and protein synthesis, 
there may be a specific RNA produced in response to 
oestrogen. 


UTERUS 


RMA 04» 


Pre -sensitization 
change: 





BLASTOCYST 
OESTROGEN 
yE 
P 4 i 
e Sensitization 
„>77 changes 
2: fi 
mg Decidual 
change: 
Activated 


IMPLANTATION 


Schematic representation of the relations between embryo and 
uterus leading up to implantation in the mouse, 


Fig. 1, 


NATURE. VOL. 221, FEBRUARY 22, 1969 








Fig. 2. Transverse sections through the mouse uterus, orientated with 
the mesometrium towards the top of the page. (Uteri fixed in formol 
saline, 8 micron sections, stained haematoxylin and eosin, (a,b, x 20; e, 
d, x 54.) a, First day of pregnancy. The lumen is greatly distended, and 
contains a mass of sperm and uterine secretion. b, The result of presensi- 
tization changes: fifth day of pregnancy during lactation. The blastocyst 
is situated at the antimesometrial end of a simple, sinuous lumen, which 
is closed in vivo but has been widened by shrinkage during fixation. 
The stroma is extensive and glandular. c, The result of sensitization and 
decidual changes 30 h after implantation has been induced by removing 
the litter of a lactating pregnant female. The luminal epithelia are now 
closely attached to each other and to the blastocyst, so that the lumen 
no longer opens during fixation. Oedema and the beginning of the 
primary decidual zone can be seen in the stroma. d, A more advanced 
decidual reaction. Here the “implantation chamber" at the antimeso- 
metrial end of the lumen is formed not by a blastocyst but by a bubble 
of air, injected 24 h previously, on the fourth day of pseudopregnancy. 


In normal pregnancy, the transition from sensitization 
to decidual changes must somehow be provoked by the 
presence of the blastoeysts in the uterus. Experiments in 
which glass and plastic beads were used as model blasto- 
eysts** eliminated the possibility that mere physical dis- 
tension of the uterus is involved. The time sequence of 
normal pregnancy established as irrelevant the presence of 
W-bodies in the trophoblast cells*. The zona pellucida is 
not responsible, because blastocysts constitute an equally 
effective stimulus after removal of the zona*’. Again, the 
fact that the pontamine blue response, which marks the 
necessary first stage of the decidual reaction, is occasion- 
ally associated with a blastocyst which has not yet lost 
its zona*’, establishes that extensive contact of the tropho- 
blast with the luminal epithelium is not a necessary con- 
dition. Rat blastocysts placed in the sensitized mouse 
uterus evoke a decidual response**, but mouse morulae 
similarly transferred are ineffective’, whether or not the 
zona pellucida is removed before transfer. For several 
rodent species (rat, hamster, guinea-pig, rabbit) the blasto- 
cyst but not the morula is successful in evoking a decidual 
reaction in the mouse uterus**, 

It has been suggested?? that the stimulus might be anti- 
genie, but the evidence is not convincing. In particular, 
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the reported inhibition of implantation in the mouse by 
antilymphocytic serum?? is now thought to be a result of 
a non-specific anti-tissue effeet?*. 

More positive evidence comes from the experimental 
induction of deciduomata in the pseudopregnant uterus. 
Stimuli (for example, scratching, pricking or cutting the 
uterus) which elicit a reaction in the uteri of ovariectom- 
ized females maintained on progesterone alone, without 
the intervention of oestrogen, cannot exert their effect 
in the same way as the blastocyst}. By contrast, the 
injection of small amounts of oil*!:?? or air*? into the mouse 
uterus simulates the presence of blastocysts by evoking 
a decidual reaction which is (a) localized and (5) oestrogen 
dependent. After the injection of air into the uterus, 
histologieal examination showed that the decidua was 
centred around an empty chamber in the uterine lumen, 
presumably occupied in vivo by a very small bubble of 
air®?, 

Recently the decidualizing stimulus exerted by air has 
been shown to result largely if not entirely from its carbon 
dioxide content*4. Because the amount of CO, produced 
per embryo is known to increase dramatically between the 
morula and blastocyst stage in both the mouse?* and the 
rabbit®*, this could account for the effective stimulus 
offered by blastocysts, but not morulae. It would also 
explain why non-specific decidual reactions are often 
associated with localized bacterial infections of the 
uterus?*, The possible role of bicarbonate released from 
the blastocyst has been discussed by Bóving?'. 

We may postulate that the mouse blastocyst interacts 
with the uterus in two separate ways. First, it “puffs” 
carbon dioxide at the uterine epithelium, and this sets off 
the sequence of decidual responses which begins with 
increased capillary permeability and culminates in a 
decidua occupying virtually the entire stroma. Second, 
the trophoblastic cells, especially around the lateral and 
abembryonie areas of the blastocyst, invade the uterine 
epithelium and ingest condensed epithelial cells and 
perhaps also lymphocytic elements migrating from the 
stroma. 

These two pathways probably act independently, be- 
cause their relative timing can be experimentally altered. 
When implantation is induced after lactational delay, the 
phagocytic activity of the trophoblast cells and the dis- 
ruption of the surrounding epithelium occur relatively 
earlier than in nermal pregnancy, so that W-bodies may 
be observed in the epithelium before pontamine blue 
reactivity appears!é. Presumably this is because the 
trophoblast has matured for longer and been longer in 
close eontaet with the uterine epithelium without the 
intervention of the zona pellucida. In contrast, when 
blastocysts are transferred to a sensitized uterus, decidual- 
ization of the stroma proceeds much more briskly than 
does the trophoblast-epithelial reaction, and W-bodies 
do not appear until the decidual reaction is well under 
way (my unpublished results). This suggests that the 
shock of transfer inhibits the invasive activity of the 
trophoblast more than it does the respiratory activity of 
the blastocyst as a whole. 

As Fig. 1 indicates, we know less about the factors 
influencing the blastocyst than about those acting on the 
uterus. Once the embryo is activated, its rate of protein 
synthesis increases sharply , and the trophoblast begins its 
invasive and phagocytic activities. Are these changes 
brought about by oestrogen directly, by something 
induced in the uterus by oestrogen, or by something 
induced in the sensitized uterus by the blastocyst itself ? 

According to a recent claim, treatment of mouse 
blastocysts with oestrogen in vitro stimulates protein 

synthesis?*. The addition of certain amino-acids to the 
culture medium has also been shown to stimulate tropho- 
blastic outgrowth?*, and it is tempting to link this with 
the finding that a new protein fraction ("blastokinin"), 
capable of stimulating blastocyst development, appears 
in the rabbit uterus shortly before implantation. Pos. 
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sibly the luminal epithelium, under the influence of 
oestrogen, liberates an enzyme whieh either stimulates 
the protein synthetic apparatus of the embryo or removes 
it from the influence of some inhibitory factor. 

Finally, can the blastocyst induce decidual changes 
before it is activated, or only after activation? This is 
dd to test SHOE because t is effectiveness EE a 


iu d by puting it into a Sacha ed rde and this | is 
likely to be the very circumstance waich produces activa- 
tion. It is reported that mouse b/astoeysts treated in 
vitro with oestrogen are capable of eliciting a decidual 
response even in an unsensitized uterus?*; this claim must, 
however, be viewed with reserve unti we have more 
information on (a) the amount of oestrogen required to 
sensitize the uterus 1f applied locally, and (b) alternative 
sources of oestrogen in the ovariectomized animal. 

The necessity for synchrony between the development 
of the embryo and that of the uterus demands that control 
of implantation should depend, not on a series of inde- 
pendent causal chains, but on a complex network of events, 
leading to a high degree of functional integration. Only 
when the pattern of these events has been worked out in 
some detail for at least one species will it be meaningful 
to make comparisons between differeat species. 

This work was supported in part by the Ford Founda- 
tion. 
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THe quality of black tea has been related! particularly 
to the pigments which are extracted by hot water, but 
other factors, including aroma, are important. These 
pigments? are of two principal types, the theaflavins and 
the thearubigins. They do not occur in the green leaf, but 
are formed during the black tea manufacturing process by 
enzymatic oxidative transformation of catechins present 
in the fresh green leaf®. 

The constitution of theaflavin has already been estab- 
lished?-^, and the formulation of theaflavin as the benz- 
tropolone derivative (1) is compatible with its formation 
by an oxidative coupling? process involving ( — )-epicate- 
chin (3) and (— )-epigallocatechin (6) as precursors?/?-*. 


DH 


HO 


H 
o Oe 
"OH OH 
H 
OH 


Theaflavin (1) 






OH OH 
OH Ss. OH 

H | 

HO OF HO. NN LINZ 
"V EN | “sg 
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ou"! H 
OH OH 


( 4-)-Catechin (2) ( —)Epicatechin (3); R=: H 
( — )-Epieatechin gallate (4) ; 


R-—3.4,5-trihydroxybenzoyl 





OH 
OH 
H 
HO fe P OH 
^H 
OH 
OH OH 


(+) Gallocatechin (5) (—~}-Epigallocatechin (6); 


( — j-Epigallocatech in gallate 
(7); R= 3,4,5-tribvdroxy- 
benzoy! 


The thearubigins constitute about 10-20 per cent by 
weight of black tea*. In spite of the abundance of the 
thearubigins, however, little progress has been made 
towards an understanding of the chemical nature of these 


*'To whom enquiries should be addressed. 


The quality of black tea is often related to pigments called theaflavins 
and thearubigins. Chemical examination of the thearubigins shows 
that they are polymeric proanthocyanidins. 


polyphenolic oxidation products. The thearubigins have 
been examined in several laboratories, but there was little 
agreement about the class of natural products to which 
the thearubigins belong. Thus Roberts? examined 
materials (fractions Si, Sia, and Su) isolated by solvent 
extraction of aqueous tea liquor and he suggested that the 
aciditv of the thearubigins eould be associated with the 
presence of carboxyl groups and that thearubigin forma- 
tion probably involved bio-oxidative transformation of 
epigallocateehun. (6), epicatechin gallate (4), epigallocate- 
chin gallate (7), theaflavin (1) and theaflavin gallate as 
precursors.  Vuataz and Brandenberger’® have carried 
out a careful examination of the material extracted from 
black tea using cold 80 per cent ethanol-water and they 
have suggested a possible relation between the thearubigins 
and the humic acids. Vuataz and Brandenberger!? have 
also referred to the presence of nitrogen in the thea- 
rubigins and deseribed the identification of fourteen 
amino-acids obtained by acid hydrolysis. Using Roberts's 
isolation methods, we have subsequently examined 
materials corresponding to Srn Sia and Sin. The nitrogen 
associated with these fraetions has been shown to be 
present as caffeine, and the caffeine may be removed 
either by direct extraction with chloroform of each frac- 
tion, or by prior extraction of the tea liquor with chloro- 
form. Wiekremasinghe! has described investigations by 
the Tea Research Institute, Ceylon, of the chemical nature 
of the thearubigins and has reported an association of the 
thearubigins with chebulinic acid, corilagin and gluco- 
gallin, three substances previously isolated from various 
tannins!?, During our studies we have obtained no 
evidence in support of the opinion that chebulinic acid, 
corilagin and glucogallin are associated with the thea- 
rubigins. Millin and Rustidge!* in a review of methods of 
tea manufacture refer to the thearubigins as "a complex 
mixture of predominantly acidic substances ranging in 
molecular weight from about 700-40,000 or more". In 
this review, Millin and Rustidge!? express the view that 
the thearubigins “may be produced by the interaction of 
o-quinones with components of the leaf other than poly- 
phenols”, but no further evidence is presented by them 
regarding the chemical nature of the thearubigins. 
Recently Crispin, Payne and BSwaine'" have referred to 
their chromatogr aphie separation of the thearubigins on 
‘Sephadex LH. -20 gel. We now report that the thea- 
rubigins belong to the proanthocyanidin elass of natural 
produets, recently reviewed by Seshadri!*. 

The thearubigins examined were isolated by successive 
extraction of an aqueous extract of black tea with chloro- 
form, ethyl acetate and n-butanol, followed by acidifica 
tion and further extraction with n-butanol. The chloro- 
form extract vielded mainly caffeine. The residues from 
the other three extracts were purified by fractional pre- 
cipitation!é using mixtures of acetone- chloroform, acet- 
one-ether and methanol-ether. This process yielded five 
main fractions (TR-1, TR-2, TR-3, TR-4 and TR-5) and 
these fractions showed similar behaviour on gel-filtration 
(‘Sephadex G-25’ gel and elution with 50 per cent aqueous 
acetone or 60 per cent ethanol-water) The chemical 
and chromatographic behaviour of these five fractions 
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and Distributed Circular Currents. P. J. Hart 
Lockheed Palo Alto Research Laboratory, Palo Aito, California, U.S.A. 


CONTENTS: Preface: introduction; the basic equations; the computer solutions—methods and 
accuracy; variation of the fields; off-axis magnetic field of a distributed crcular current; on-axis 
magnetic field of a distributed circular current; off-axis magnetic field of a filamentary circular current; 
on-axis magnetic field of a filamentary circular current; field of magnetic dipale; interpolation within 
rectangular arrays; a computer program for the f functions. 190s, 


Plasma Spectroscopy. G. V. Marr 
The J. J. Thomson Physicel Laboratory, Reading, Great Britain 


CONTENTS: Introduction; plasma fundamentals; the absorption and emission of radiation: the 
spectra of atoms; the electronic spectra of diatomic molecules; bound-free transitions; spectral 
radiation in the presence of external fields; free-free transitions; oscillator strengths in spectroscopic 
analysis; the shape and width of spectral lines; plasma diagnostic index. 140s. 


The Physical Properties of Graphite. VV. N. Reynolds 
Atomic Energy Research Establishment, Harwell, Berkshire 


CONTENTS: Structure; mechanical properties; thermal properties; electrieal and optical properties; 
surface and physico-chemical effects; point defects; high flux neutron damage; index. 70s, 


Introduction to the Dynamics of Rarefied Gases. — V. P. Shidlovskiy 
Academy of the Sciences of the U.S.S.R. 
CONTENTS: Preface; introduction; elements of the kinetic theory of gases: flows of highly rarefied 


gases; flow of a slightly rarefied gas; some particular problems of rarefied gas dynamics; the gas 
dynamics of rarefied plasmas. index, | 30s. 


Space Charge Conduction in Solids. R. H. Tredgold 
Reader in Physics in the University of Wales, University College of North Wales, Bangor, Wales 


CONTENTS: Preface; some concepts in solid physics of special relevance to space charge conduction; 
relevant aspects of surface physics; the theory of time independent one carrer space charge conduc- 
tion, review of time independent experimental results; double injection: time dependent space 
charge conduction; applications and devices; index, 65s, 


Reactor Dynamics and Control. Lynn E. Weaver 


Nuclear Engineering Department, University of Arizona, Tucson, Arizona, U S.A. 
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stability in the state space; stability of nuclear systems; optimization in the state spac | 
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CONTENTS: Preface; System representation in the state space; equations of reactor dynamic 
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state-variable-feedback design of reactor control systems; appendices; index 


Ferroelectricity. Edited by E. F. Weller 
General Motors Research Laboratories, Warren, Michigan, U S.A. 


CONTENTS: Preface; theory of ferroelectricity and electronic structure; lattice dynamic 
electric and dielectric properties and materials; symposium summary; append! 
subject index, 






Kinetics of Laser Radiation. V. S. Mashkevich 
Institute of Physics, Academy of Sciences of the Ukr.S.S.R. 


CONTENTS: Physical principals of the laser; rate equations for the laser; 


luminescent centres; optimum conditions for the generation of laser radiat 
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North- Holland announces the publication of the first volume of a new series of Laboratory Manuals, 


especially designed for use at the bench: 


Laboratory Techniques in 
Biochemistry and Molecular Biology 


Edited by: 


T. S. WORK, National Institute for 
Medical Research, Mill Hill 


E. WORK, Imperial College, London 


Advisory 
Editorial Board: 


G, POPJAK, University of Los Ange- 
les, Calif. 


S. BERGSTROM, Stockholm. 


K. BLOCH, Harvard University, 
Cambridge, Mass. 


P. SIEKEVITZ, Rockefeller Univer- 
sity, New York, N.Y. 


E. SMITH, University of Los Angeles, 
Calif. 


E. C. SLATER, University of Am- 
sterdam. 


In preparation: 


VOLUME 1i 


PART 1: ROODYN, D. B., Depart- 
ment of Biochemistry, University 
College, London: 


Automated Enzyme Assays 


PART 2: PETERSON, E. A., Uppsala, 
Sweden: 


Cellulosic lon Exchangers 


Other volumes on nucleic acids 
and lipids are in active prepa- 
ration. 


s NORTH 
P.O.BOX 3489 


Volume I 


1969. 580 pages. Many illustrations and graphs. Hfl. 90.— (210 s.; 
$ 25.20) 


Contents of Volume Í: 


Part 1: Electrophoresis of Proteins in 
Polyacrylamide and Starch Gels 


by A. H. GORDON, National Institute for Medical Research, 
Mill Hill 


CONTENTS: Applicability of starch and acrylamide zone electro- 
phoresis. Acrylamide gel. Apparatus and techniques. Methods 
allowing recovery of separated materials (preparative methods). 
Starch gel. Appendix. References. Subject index. 


Part 2: An Introduction to Gel Chromatography 
by L. FISCHER, Pharmacia Fine Chemicals AB, Uppsala 


CONTENTS: What is gel chromatography? Basic concepts. Gels 
for chromatography. Equipment for gel chromatography in 
columns. Experimental technique in column gel chromatography. 
Some applications of gel chromatography. Thin-layer ge! chro- 
matography. Special techniques. Some notes on the mechanism 
of gel chromatography. Appendices. References. Subject index. 


Part 3: Immunochemical Techniques for the 
Identification and Estimation of Macromolecules 


by J. CLAUSEN, The Neurochemical Institute, Copenhagen 


CONTENTS: Introduction. Immunodiffusion in gels. Antisera. 
Techniques of immunodiffusion. Techniques of immunoelectro- 
phoresis. Visualization and interpretation of precipitates in gels. 
Radio-immunochemical techniques. Difficulties and artifacts 
arising in gel diffusion and in immunoelectrophoresis. Immuno- 
chemical reactions in free buffer systems. Appendices. References. 
Subject index. 
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SPRINGER-VERLAG 
BERLIN-HEIDELBERG: NEW YORK 





Zeitschrift für 





Morphologie 


der Tiere 





Edited by: The program of the new journal includes studies of 
W. E. Ankel, Giessen animal morphology at all levels of organization and develop- 


P. Ax, Gottingen ment. It is the immediate successor of the Zeitschrift 
| P. Buchner, Porto d'ischia für Morphologie und Okologie der Tiere, founded in 1924 
. W. Hennig, Ludwigsburg by P. Buchner and P. Schulze. The decisien to establish 
a separate journal, Oecologia, for the publication of work 
concerned with ecology was not solely determined by 
the swift advance made by this branch cf the subiect. 


| The provision of a journal devoted to animal morphology 
| alone is rather an acknowledgement of the revival of 
| interest in research into relationships and the construction 


of a phylogenetic system for animals. Essentially it is 
still based, as it always was, on morphological research. 
But new horizons have opened up for morphology in the 
| analysis of forms of life and the relations linking structure, 
function and environment, while advances in instrumen- 
tation have disclosed the ultrastructural dimension to the 
eager questionings of morphologists. 

The Zeitschrift für Morphologie der Tiere «an offer rapid 
publication of papers concerned with the many and varied 
aspects of morphology. A special pride s taken in the 
high quality of reproduction of the illustrat-ons. 








| 

| | "Zeitschrift für Morphologie der Tiere" appears in 6.06" x 

| 9.13" format; one or two volumes (four issues per 

| Wi Prospectus volume) will be published annually (1969 volume 64 and  - 
| on request! 65). The price per volume is DM 180,— plus postage. | 
| 
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Experimental 


Thermodynamics 


Volume 1: Calorimetry of Non-Reacting 
Systems 
Edited by John P. McCullough and Donald 
W, Scott 


A special volume sponsored by the IUPAC Commission on 
Thermodynamics and Thermochemistry. The book consists 
of 16 chapters providing descriptions of the best experi- 
mental methods and apparatus in this field of calorimetry 
and will be a useful reference work for the experimental 
calorimetrist as well as an authoritative guide for the graduate 
student beginning calorimetric research. 


1968 612 pages illustrated £11 
The Classifying of High 
Polymers 


by Ottmar Leuchs, edited by G. M. Kline 


This work, which has been prepared for the International 
Union of Pure and Applied Chemistry, and translated into 
English by the Rubber and Plastics Research Association, 
is a new appraisal of the problems concerned with the 
classification of high polymers. The principles that should 
be recognised and used in preparing an internationally 
useful classification system for polymers is examined, and the 
historical development of classifying polymers is reviewed. 
in view of the scientific and economic importance that high 
polymers have gained, such a survey will be seen to be vital 
Dy all those concerned with the subject. 

62s. 6d. 


1969 242 pages 


Liquids and Liquid Mixtures 


Second Edition 
by J. S. Rowlinson, MA, DPhil, FRIC 


The aim of this revised and updated edition is to integrate the 
theory and practice of the study of liquid mixtures and pure 
liquids; the theory of mixtures has been made as clearly 
dependent as possible on the theory of pure liquids, Written 
by a physical chemist, this book is primarily for chemists and 
physicists, and has considerable application to chemical 
engineering. In its entirety it has formed the basis for two 
advanced courses for graduates in industry while the experi- 
mental parts have been used in lectures for honours and 
graduate students. 


1969 376 pages 


Progress in Medicinal 


Chemistry—6 
Edited by G. P. Ellis, BSc, PhD, FRIC, and 
G. B. West, BPharm, DSc, PhD 


In this volume the wide range of topics covered reflects the 
increasing complexity of the subject of medicinal chemistry. 
By simplifying the picture of events, Progress in Medicinal 
Chemistry, through synopsis and reference, pinpoints develop- 
ments of particulai interest and directs the reader to more 
detailed sources of information. Medicinal chemists, pharma- 
cologists and clinicians will find this volume of great value 
to them in their work. 

£7 


1969 384 pages 


illustrated £6 10s. 


illustrated 


88 Kingsway 


BUTTE RWORTHS London, WC2 
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Books 9 on pure 
AND APPLIED SCIENCE 


LARGE STOCK ALWAYS AVAILABLE 










Many of the books reviewed or 
mentioned in this journal are available 
from stock. Foreign books not in 
stock obtained to order with the least 
possible delay. 


Catalogues on application. Please state interests 


Scientific Lending Library 


New books and latest editions available promptly 


ANNUAL SUBSCRIPTION, FROM £2-15-0 
Prospectus free on request 


Second-hand Books 


Large stock of recent editions 


H. K. LEWIS & Co. Ltd. 


LONDON: 136 GOWER STREET, W.C.I 
Telephone: 01-387 4282 (7 lines) 





LATEST 
LIVINGSTONE 


E & S LIVINGSTONE LTD. 
TEVIOT PLACE, EDINBURGH 


BOOKS 


he ^ Lo ^ E 
FLUORESCENT PROTEIN TRACING 
Edited by R, C. NAIRN 
Third Edition 504 pages — 117 idus. 60s. 
“This practical handbook will both guide the umid and encourage the 
curious. lr comtains an excelled? survey of technigues and principles, and 
a brief account of many strikingly diverse applicauons of the method, most 
of them very successful," Lancet, 
“All those using immunofluorescence methods should possess this book. 
Many others should read it." Journal of Clinical Pathology. 


TOBACCO: EXPERIMENTAL AND CLINICAL 
STUDIES SUPPLEMENT 1 

P. S. LARSON and H. SILVETTE 

£9, 

The material contained in this supplement to TOBACCO was compiled 
from more than 4,000 articles which appeared through 1964. Further infor- 


mation was gathered for the clinical chapters from articles appearing 1965 
through 1967, 


MH) pages 


TEXTBOOK OF PHYSIOLOGY AND BIOCHEMISTRY 
G. H. BELL, IJ. N, DAVIDSON and H. SCARBOROUGH 
Seventh Edivion 1,268 pages — 1,043 dius. — 80s. 


“This textbook, dike an cid friend, is often referred ta by initials rather 
than by name, and to many sukimas, even dental students, ‘RDS’ probably 
first suggests this book rather than a degree." Nature. 


THE GENERA OF HYPHOMYCETES FROM SOIL 
G. L. BARRON 
310 pages 226 ius, £7 


The purpose of Dr. Barron’s book is to aid plant pathologisis, soil micro- 
biologists as well as nomspecialias in the identification of the various 
Hyphomycetes, These fungi are involved in the deterioration of food, 
paper, textiles, wood and other organic products so essential to modem 
civilization. 
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Si vous désirez obtenir des 
renseignements complé- 
mentaires sur tout article 
figurant dans les pages 
d'annonces, veuillez in- 
scrire les details appropriés 
sur la formule ci-contre, 
la détacher et l'adresser à 
T. G. Scott & Son Ltd. 
Nul affranchisement n'est 
requis en Grande-Bretagne 
ni trlande du Nord, mais 
tous nos lecteurs a l'etran- 
ger devront affranchir leur 
carte au tarif habituel. 


Falls Sie an weiteren Einzel- 
heiten einesin den Anzeigen 
angeführten Artikels in- 
teressiert sein sollten, 
tragen Sie bitte das betref- 
fende Bezugszeichen in die 
nebenstehende Karte ein. 
Die Karte ist dann abzutren- 
nen und an T. G. Scott 
& Son Ltd. zu senden. 
Für Grossbritannien und 
Nordirland ist keine Brief- 
marke erforderlich, wohl- 
aber bei Aufgabe im Aus- 
land. 


Se desiderate ricevere ulter- 
iori informazioni riguardanti 
qualsiasi prodotto o articolo 
pubblicato, compilate la 
scheda qui a fianco 
riportata. Distaccatela e 
inviate a: T. G. Scott e Son 
Ltd. L'affrancatura é a 
carico del destinatario se la 
spedizione viene effettuata 
dalla Gran Bretagna o dall 
Irlanda del Nord, mentre 
tutti i lettori esteri dovranno 
affrancare regolarmente. 
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RECENT SCIENTIFIC and TECHNICAL BOOKS 


Volumes marked with an asterisk (*) have been received at “Nature” Office 


Mathematics 


CHARLES, B. Études sur les Groupes Abéliens (Studies on Abelian Groups). 
(Colloque sur la Théorie des Groupes Abéliens tenu a l'Université de Montpellier 
en Juin 1967.) 92 in. x 61 in. (25 cm x 16 cm). Pp. 356. (Paris: Dunod ; Berlin 
and New York : Springer-Verlag, 1968.) 48 francs. * 

FADELL, Albert G. Vector Calculus and Differential Equations. (The Univer- 
sity Series in Undergraduate Mathematics.) 93 in.» 64 in. (25 cm « 165 cm). 
Pp. xii+558. (Princeton, N.J., and London : D. Van Nostrand Company, 1968.) 


65s. 

JAISWAL, N. K. Priority Queues. (Mathematics in Science and Engineering, 
Vol.50.) Sin.» 61 in. (23:5 cm x l6 cm). Pp. xiii--240.. (New York and London : 
Academic Press, 1968.) 1125.* 

KHINCHIN, A. Ya. The Teaching of Mathematics. Edited by B. V. Gnedenko. 
Translated from the Russian by W. Cochrane and D. Vere-Jones, Bj in.x 5$ in. 
Q2 cm « 15 cm). Pp. xx-- 167. (London: The English Universities Press, Ltd., 
1968.) 55s. net.* 

KRIPKE, Bernard. Introduction to Analysis. (Series of Books in Mathematics.) 
9} in. x 61 in. (24 cm x 16 cm). Pp. 274. (San Francisco and London: W. H. 
Freeman and Company, 1968.) 70s.* 

LÉVY-BRUHL, J. introduction aux Structures Algébriques. (Monographies 
Universitaires de Mathématiques, Nr. 32.) 92 in. x 6} in. (25 cm x 16 cm). Pp. 
xiv+328. (Paris: Dunod, 1968.) 76 francs.* 

LYAPUNOV, A. A. (edited by). Systems Theory Research (Problemy Kiber- 
netiki). Translated from the Russian by Edwin S. Spiegelthal. l0? in. x 8} in. 
(27 cm «21 cm). Pp. vi--320. (New York : Consultants Bureau, 1968.) $27.50.* 

MALYSHEV, A. V. (edited by). Studies in Number Theory. Translated from 
the Russian. (Seminars in Mathematics, V. A. Steklov Mathematical Institute, 
Leningrad, Vol. I). 10% in. 84 in. (27 cm x 2l cm). Pp. 66. (New York: Con- 
sultants Bureau, 1968.) $12.50.* 

MATHEMATICAL THINKING IN BEHAVIOURAL SCIENCES, (Readings from 
Scientific American.) Introductions by David M. Messick. lH in. x 8} in. (28 cm x 
2| cm). Pp. 231. (San Francisco and London: W. H. Freeman and Company, 
1968.) 84s. cloth; 42s. paper.* 

PARADINE, C. G., and RIVETT, B. H. P. Statistical Methods for Technologists. 
Unibook edition. 84 in. 51 in. (21-5 em» 13 cm). Pp. viii --288. (London: 
The English Universities Press, Led., 1969.) 18s. net. * 

SHILOV, Georgi E. Generalized Functions and Partial Differential Equations. 
(Mathematics and its Applications, Vol. 7.) 9} in.x 6i in. (23:5 cmx 16 cm). 
ii S iid York and London : Gordon and Breach Science Publishers, 

s. 


Astronomy 


BRANDT, John C,, and MCELROY, Michael B. (edited by). The Atmosphere 
of Venus and Mars. 9i in.» 61 in. (23:5 cmx 16 cm). Pp. viii--2B5.. (New York 
and London : Gordon and Breach Science Publishers, Ine., 1968.) 150s.* 

HECKMANN, Orto. Theorien der Kosmologie.  Berichtigter Nachdruck. 
91 in. x 61 in. (23:5 cm x I6 cm). Pp. ix-- 13. (Berlin und New York: Springer 
Verlag, 1968.) 24 DM; $6.* 

KIENLE, Hans. Modern Astronomy : an Introduction. 82 in. x 52 in. (22 cm « 
15 cm). Pp. [41-414 plates. (London: Faber and Faber, Lti., 1968.) 45s. net.” 

MEADOWS, A. J. The High Firmament ; a Survey of Astronomy in English 
Literature. 82 in.x 52 in. (22 cmx 15 cm). Pp. x+207. (Leicester: Leicester 
University Press, 1969.) 425.* 

MIHALAS, Dimitri. With the collaboration of ROUTLLY, Paul McRae. Galac- 
tic Astronomy. 91 in. « 61 in. (24 cm x 16 cm). Pp. xiii--257. (Gan Francisco 
and London: W. H. Freeman and Company, 1968.) 94s.* 

WHIPPLE, Fred L. Earth, Moon, and Planets. Third edition. (Harvard Books 
on Astronomy.) 9} in. 63 in. (24 cm x I6 cm). Pp. víii--297. (Cambridge, 
ion Harvard University Press: London: Oxford University Press, 1968.) 

95. net, * 


Physics 

ARNETT, W. David, HANSEN, Cark J., TRURAN, J. W., and CAMERON, 
A. G. W. (edited by). Nucleosynthesis. (Proceedings of a conference held 
January 25-26, 1965, at the Institute for Space Studies, Goddard Space Flight 
Center, NASA, New York.) 9} in.» 61 in. (23-5 cmx I6 cm). Pp. viii - 273, 
(New York and London : Gordon and Breach Science Publishers, 1968.) 1605, 

BEMPORAD, Manuel, and FERREIRA, Erasmo (edited by). Selected Topics in 
Solid State and Theoretical Physics. (Proceedings of the Latin American School 
of Physics held in Caracas, 1966.) 91 in. x 61 in. (23-5 cm x 16 cm). Pp. vii 4- 474. 
es York and London: Gordon and Breach Science Publishers, 1968.) 275s. 
cloth. 

CHANG, Hsu, and MCGUIRE, Thomas R. (edited by). Magnetism and Mag- 
netic Materials [968 Digest: a Survey of the Technical Literature of the Preced- 
ing Year. 9} in. x 64 in. (23:5 em x 16 cm). Pp. xv--315. (New York and 
London: Academic Press, 1968.) i21s. 4d.* 

COCHRAN, J. F. and HAERING, R. R. (edited by). Solid State Physics. Vot. 1: 
Electrons in Metals. (The Simon Fraser University Lectures.) 91 in. x 6i in. 
(23-5 cm x 16 cm). Pp. xv--386. (New York and London: Gordon and Breach 
Science Publishers, 1968.) 255s.* 

DELCROIX, J. L. Plasma Physics. Vol. 2: Weakly lonized Gases. 8i in.» 
52 in. (22 cm x 15 cm). Pp. viilit+ 188. (London and New York: John Wiley and 
Sons, Led., 1968.) 70s.* 

DI BARTOLO, Baldassare. Optical interactions in Solids. 9 in.x 6 in. (23 cm x 
rA Pp. xv4-541. (New York and London: John Wiley and Sons, inc., 


KAULA, William M. An Introduction to Planetary Physics: The Terrestrial 
Planets. (Space Science Text Series.) 9} in.x 6 in. (23:5 cm 15-5 cm). Pp. 
xvii--490. (New York and London : John Wiley and Sons, inc., 1968.) 135s.* 

LA PHYSIQUE DES MILLIEUX IONISES, (Colloque de la Societé Francaise de 
Physique. Journal! de Physique, Tome 29, Colloque C 3, Supplément au no. 4.) 
10$ in.x 8} in. (27 cm x 21 cm). Pp. 248. (Paris: Presses Universitaires de 
France, 1968.) n.p.* 

LEVINE, Albert K. (edited by). Lasers: a Series of Advances, Vol. 2. 9i in. 
61 in, (23:5 cm x 16 cm). Pp. xi-- 440. (London: Edward Arnold (Publishers), 
Ltd.: New York: Marcel Dekker, Inc., 1968.) 1805s, net.* 

MCCARTHY, 1. E. Introduction to Nuclear Theory, 9i in. x 6} in. (23-5 cm x 


16 cm). Pp. xv +555. (New York and London : zohn Wiley and Sons, ine., E958. 
125s. 

ROUGEOT, Louis. Les Rayons X. ("Que Sais-je? " No. 70.) 7 in. x 4) in. (18 cm 
x 1,5 em). Pp. 125. (Paris: Presses Universitaires de France, 1968.) n.p.* 

SANFELD, A. Introduction to the Thermodysamics of Charged and Polarized 
Layers. (Monographs in Statistical Physics and Thermodynamics, Vot. iO.) 9i in. 
x6 in. (23-5 cem x 15-5 cm), Pp. xxiv-- 258. gondon and New York: Lohn 
Wiley and Sons, Led., 1968.) 90s.* 

SQUIRES, G. L. Practical Physics. 8f in. «53 n. (22cm «x IS cm). Pp. «+ 444. 
(Maidenhead : McGraw-Hill Publishing Company. Ltd., 1968.) 48s. 

SWINDELLS, J. F. (edited by). Precision Measurement and Calibration 
Selected NBS Papers on Temperature. (NBS Soecial Publication 300 —Vol. 2.) 
(US Department of Commerce—-National Bureau of Standards.) lOp in. x 8 in. 
(26-5 cm « 20 cm). Pp. 513. (Washington, D.C. : Government Printing Office, 
1968.) $4.75,* l 

THEORY OF CONDENSED MATTER, (Lectuses presented at an International 
Course organized by and held at the Internation’ Centre for Theoretical Physics, 
Trieste, from 3 October to 16 December 1967.) 94 in. « 6} in. (24 cm x 16 cm). 
Pp. 1015. (Vienna: International Atomic Energy Agency; London ; H.M, Station- 
ery Office, 1968.) 517 schillings: 168s, 8d.; $2C.* l 

TUCKER, E. B. Solid-State Masers. (SolidiState Physics.) 7$ in. « 41 in. 
(18-5 cmx 12 cm). Pp. xii+96. (London: Rutledge and Kegan Paul, Ltd. ; 
New York ; Dover Publications, inc., 1968.) B. net.* 

UNGER, H. G., und SCHULTZ, W. Elektronische Bauelemente und Metz- 
werke | : Physikalische Grundlagen der Bauelemente. (Lehrbuch für Studenten 
der Elektrotechnik ab. 6. Semester.) (Uni-text) 9 in.x étin, (23 cm x T em). 
Pp. xv+201, (Braunschweig: Friedr. Vieweg ued Sohn, 1968.) 16,80 DM, * 


Technology 


Lecture Notes on the Use of che Microscope. 
7i in. x 4$ in. (18:5 cmx I2 cm). 


Pp. viit BA (Oxford : 
Publications, 1968.) 

BRENNAN, Jas. (edited by). Applications of Gritical Path Techniques, (A core 
ference under the aegis of the NATO Scientific Affairs Committee, Brussels, 
31st July-4th August 1967.) Shin.» 61 in. (23:5 om x 16 cm). Pp. 447. (London : 
The English Universities Press, Ltd., 1968.) 103w. net. * 
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Glasshouse Tomatoes, 72 in.» 54 in. (F5 cm x 13 cm}. Pp. 48. (Wageningen : 
Centre for Agricultural Publishing and Documentation, 1968.) n.p.* 
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388 schillings ; 105s. 10d. ; $15." 
VAN DER PLANK, J. E. Disease Resistance in Plants. 9} in. x 6} in. (23-5 cm x 
l6 cm). Pp.x--206. (New York and London: Academic Press, 1968.) 88s, 8d.* 
WRONG, Oliver (edited by). Fourth Symposium on Advanced Medicine. 
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ceedings of the 2nd Imperial Cancer Research Fund Symposium held in London in 
. April, 1967.) 9} in. 6t in. (23:6cm x 16 cm). Pp. xviii 4-470. (London and New 
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Expedition (1838-1842). (Memoirs of the American Philosophical Saciety, Vol. 
73.) 9} in.« GE in. (24 cm « 16 cm). Pp. xvi 435. (Philadelphia : American 
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Kraus. 9i in. 64 in, (24 cm « 16:5 cm). Pp, xviti--335. (Cambridge, Mass. : 
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16 cm). Pp. xii 4 471, (New York and London: Academic Press, 1968.) 
163s. 4d.* 
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Endocrinclogy : a Series of Monographs.) 91i in.» 6} in. (23:5 cm « 16 cm). 
(Amsterdam: Norch-Holland Publishing Company, 1968. Distributed in the 
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Reactions of the Thearubigins 

The five thearubigin fractions were separately hydro- 
lysed by heating (100^ C; 15 min) with 0-035 N hydrogen 
chloride in anhydrous isopropanol and yielded cyanidin 
(8), delphmidin (9) and their isopropyl derivatives?’. 
These four anthocyanidins were identified chromato- 
graphically by comparison of their Rr values in various 
solvent systems and the total yields from each thearubi- 
gin fraction were determined spectrophotometrically??:1* 
(TR-1, 24 per cent; TR-2, 20 per cent; TR-3, 26 per 
cent; TR-4, 16 per cent; TR-5, 18 per cent). 


OH OH 
HO N EN 
on 
oH 





Delphinidin (9) 


Cyanidin (8) 


Treatment of each thearubigin fraction in aqueous 
ethanol (2:1) with sulphur dioxide?* (78°C; 2 h) in 
carefully controlled conditions yielded mixtures of pro- 
duets ineluding various eatechins whieh were identified 
ehromatographieally. The catechins produced included 
eatechin (2), epicatechin (3), epicatechin gallate (4), 
gallocatechin (5) and epigallocatechin gallate (7), but not 
all of these were isolated from each thearubigin fraction. 
Sulphur-containing produets? were also obtained and 
these yielded eyanidin (8) and delphinidin (9) on treatment 
with acid. 

The isolation of epicatechin gallate (4) and epigallo- 
eatechin gallate (7) from the reductive hydrolysis of the 
thearubigins suggested the presence of gallate ester 
residues and this was confirmed by acidic hydrolysis of 
the thearubigins. This vielded gallice acid. 

The thearubigins can be methylated and the infrared 
spectra of the derived methyl ethers indieate the presence 
of aleoholie hydroxyl groups. The methyl ethers can be 
acetylated. These results suggest the presence of phenolic 
and aleoholie hydroxyl groups in the thearubigins and, 
although this information is not definitive, it is compatible 
with the structural type now proposed for the thearubigins. 

The colour and spectroscopic properties of the thea- 
rubigins suggest the presence of o-quinonoid residues and 
this is supported by their reduction with aqueous sodium 
dithionite. This reaction is associated with a marked 
reduction of colour and the formation of products with 
chromatographie properties different from those of the 
thearubigins. The reaction between the thearubigins and 
o-phenylenediamine, a reaction characteristic of o-quin- 
ones**, is under investigation. 

Two types of o-quinonoid residue associated with ring 
B of the flavanoid units (10 and 12) ean be visualized and 
the acidity of the thearubigins could well be due to the 
presence of hydroxy-o-quinone residues (11 and 13; 
Et = OH). 


Constitutional Proposals for the Thearubigins 

These results show that the thearubigins, which are 
extracted from the tea liquor by organic solvents, are 
polymeric proanthocyanidins. The oxygenation pattern 
of the flavanoid (catechin) residues in the proantho- 
cyanidin structures is clearly indicated by the isolation of 
the catechins (2, 3, 4, 5 and 7) by reductive hydrolysis, 
and this result is complementary to the isolation of 


PAS 


cyanidin (8) and delphinidin (9) as degradation produets 
formed in acidic conditions. | 
Having identified the flavanoid residues svhich exist in 
the proanthocyanidin structure of the thearubigins, con- 
sideration may now be given to the nature of the inter- 





flavanoid linkages. The isolation of two types of product 
from the reductive hydrolysis, that is, the catechins (2. 








in the polymeric proanthocyanidin structure. 
anistic grounds the sulphur-containing compounds could 
well arise from bond cleavage reactions inwolving position 
4 of the flavanoid residues (10 and 11), whereas the cate- 
chins also formed in the reductive hydrolysis arise from 
flavanoid residues (12 and 13) not bonded via position 4. 

The detailed description of the constitution of the 
thearubigins is not yet possible and the problem is identical 
in form with that presented by all condensed tannins of 
the proanthocyanidin type!?:29.25.?:, The skeletal residues 
which are present in the thearubigins are indicated in 
Fig. 1 and these are linked together by C—C and/or 
C—O bonds, giving polymeric structures. It has been 
demonstrated that some of these resicues are linked 
through position 4. Other possibilities?*-??. for inter- 
flavanoid linking could involve positions 6 and 8 and 
possibly positions 2’ and 6’ (see 10), as well as the oxygen 
atoms of phenolic and alcoholie groups. Evidence for the 
presence of the residues (11 and 13) is, at present, cir- 
cumstantial. 

The variation in the properties of the thearubigins 
could well involve differences in residue-type, molecular 
weight and molecular shape?*. The detailed understand- 
ing of these variations will require the isolation of homo- 
geneous material, but it is clear that the molecular shape 
may be related to the two configurational? possibilities 
associated with position 4 and multipse interflavanoid 
bonding. The results so far obtained refer only to the 
thearubigins extracted from aqueous solation by organic 
solvents. Studies are in progress on the compounds of the 
thearubigin type which are not extracted. It is probable 
that these substances are of the pclyphenol-protein 
type? in which the polyphenol is a polymeric proantho- 
cyanidin. 

Roberts? has suggested that the thearubigins could be 
formed by oxidative coupling processes involving the 
theaflavins and other polyphenolic substances. Our 
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Fig. 1. The flavanoid (catechin} residues asseciated with ihe pro- 


anthocyanidin structures of the thearubigins. SeH or OH; PeH 
or 8,4,5-trihydroxy benzo:d. 


744 


degradative experiments, however, have provided no 
evidenee for the presence of theaflavin residues in the 
thearubigins. This leads us to suggest that the formation 
of the theaflavins, including theaflavin gallates, and the 
thearubigins could well involve competing oxidative trans- 
formations of the eatechins (2-7) whieh are present in 
green tea leaf. Now that the general features of the 
constitution of the thearubigins are clear, it may become 
possible to influence the relative proportions of theaflavins 
and thearubigins produced during the manufacture of 
black tea. 

We thank the Tea Research Association, India, for 
supporting this investigation. 
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Immunization against Marek’s Disease using 


a Live Attenuated Virus 


by 


A. E. CHURCHILL 
L. N. PAYNE 
R. C. CHUBB 


Houghton Poultry Research Station, 
Houghton, Huntingdon 


AcvTE Marek's disease (MD) is an infectious lympho- 
proliferative disease of the chicken in which lymphoid 
tumours of the viscera are common. Economically, this 
disease is probably the most important single infectious 
condition of the chicken in Great Britain today. Since 
the first reports'-? of an association between a herpes-type 
virus and this disease considerable evidence has been 
accumulated*-* which supports the thesis that the herpes- 
type virus causes Marek’s disease. Continuous passage of 
the virus in cell culture results in the loss of its oncogenic 
potential for the chicken’. To provide further evidence 
that the herpes-type virus is indeed the cause of the 
disease, and to test whether the use of attenuated virus 
might provide a means of controlling the disease in the 
field, it was considered important to determine whether 
the virus thus attenuated was capable of immunizing 
chickens against challenge with virulent virus. 

Virus derived from the HPRS-16 isolate of acute MD** 
was grown and passaged in cultured chicken kidney cells’, 
in which system it remained cell associated. Both at low 
and high passage levels, no infectious virus could be 
extracted from the cells or released into the super- 
natant medium of infeeted monolayers'®. All experi- 
mental chickens were of the Houghton Poultry Research 
Station Rhode Island Red strain (HPRS-RIR) which is 
highly susceptible to the disease®:"}, 

Suspensions of living cultured kidney cells infected 
with the herpes-type virus were stored in a liquid nitrogen 
refrigerator in tissue culture medium which contained 
7-5 per cent dimethylsulphoxide. The plaque assay to 


Attenuated Marek's disease virus protects chickens against challenge 
with virulent virus. 


estimate the number of virus carrying cells m such 
preparations has been previously described”. 

Diagnosis of Marek’s disease was based on the finding 
of specific gross lesions? at post-mortem examunation. 
Where appropriate, the total mortalities in each group 
were subjected to the y? statistical test of significance 
with the use of Yates's correction. The effective number 
of experimental chicks in each experiment was taken as 
the starting number less those that died from causes other 
than MD. 
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Vaccination Procedure 

In the first experiment, two groups of 1 day old chicks, 
A and B, consisting of sixteen and seventeen chicks, 
respeetively, were placed in an isolation room and each 
chick was inoculated intraperitoneally with 107-7 plaque 
forming units (PFU) of thirty-first passage virus. Two 
additional groups, C and D, consisting of nineteen and 
eighteen uninoculated chicks respectively, were placed in 
another room. When the chicks were 46 days old, groups 
B and D were mixed and transferred to a third isolation 
room, and challenged by intraperitoneal inoculation of 
10** PFU/chick of virulent fourteenth cell passage virus. 
The experiment was ended when the birds were 21-5 weeks 
old. The cumulative mortality curves from MD in the 
inoculated groups are given in Fig. 1. A number of birds 
died from causes other than MD, reducing the effective 
numbers of chicks in the three groups to thirteen, fifteen 
and seventeen respectively. Deaths from MD in the four 
groups were 


À Vaccinated and unchallenged 0/13 
B Vaccinated and challenged 1/15 
C Unvaccinated and unchallenged — 0/17 
D Unvaceinated and challenged 10/18 


Mortality from MD in groups B and D differed signi- 
fieantly (y,2) 6-7, P «0-01) indicating that inoculation 
of chicks with the thirty-first passage virus protected 
them against challenge with virulent virus. 

In a similar second experiment the inoculated challenge 
was made earlier, at 34 days old. The cumulative mortality 
curves from MD are shown in Fig. 2. The mortality in 
the vaccinated and unvaccinated groups differed signi- 
fieantly (y?,=12:5, P<0-001), confirming the results 
obtained in the first experiment. 

In the third experiment, three groups of eighteen 1 day 
old chicks were used. Two of these groups (A and B) were 
held together, and were inoculated intraperitoneally with 
10° PFU per chick of thirty-ninth passage virus at 2 weeks 
ofage; the third group (C) was held in a separate isolation 
room. At 4 weeks of age, group A was transferred to the 
room containing group C, and the chicks allowed to run 
together in the same pen. At the same time, these mixed 
groups were challenged by placing in contact with them 
ten 2 week old HPRS-HRIR chicks that had been 
inoculated at 1 day old with blood from the thirty-fourth 
chick-to-chick passage of virulent HPRS-16 virus, all of 
which subsequently died with gross lesions of MD. These 
chicks, which could be expected to be infectious, were to 
provide the challenge by contact for the vaccinated 
group A and unvaccinated group C. Group B remained 
in separate isolation accommodation as vaccinated un- 
challenged controls. During the course of the experiment, 
nine ehieks died from causes other than MD, including 
cannibalism, reducing the effective sizes of groups A, B 
and C to sixteen, fifteen and fourteen chicks respectively. 
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@, Unvaccinated group D, challenged by inoculation; ©-—- ©, 
vaccinated group B, challenged by inoculation; A-— A, vaccinated 
group A, not challenged, 


745 


100 EXPERIMENT 3 








choslenge 






vaccine 


Cumulative percentage of mortality 


Mw. e aee cm et wm aen Ro an oni ae iem men cor ou anao io HN cere alt 


16 20 24 


Weeks of age 
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not challenged, 





Cumulative mortality curves from MD are shown in Fig. 3, 
and the final incidence of deaths from MD. when the 
experiment was ended at 24 weeks old, was 


A Vaccinated, challenged 0/16 
B Vaccinated, unchallenged 0/15 
C Unvaccinated, challenged 8/14 


Although the numbers used in this experiment were small, 
significant protection was provided by ihe vaccination 
procedure against a contact challenge (y,2,:: 9 5, P< 0-01). 
Furthermore, the vaccinated birds thaf were kept in 
isolation without challenge (group B) showed no clinical 
effects from the inoculation of 10° PFU of attenuated virus 
during the subsequent observation period of 22 weeks. 

Experiment 4 was designed to determine the protection 
afforded by vaccination at 1 day of age with attenuated 
virus (thirty-ninth passage) against both contact and 
inoculated challenge (for details, see Tabe 1) Two sets 
of challenged unvaccinated birds were used—-one in 
contact with the vaccinates, and one m isolation--to 
show whether the possible spread of attenuated virus to 
unvaecinated chicks might modify the effeets of sub- 
sequent challenge. The contact challenge for groups B, 
D and F consisted of exposure to the greups challenged 
by inoculation as indicated in Table 1. Thus immediately 
after the challenge inoculation of groups. A end C, they 
were mixed with B and D; E, after isocuiation, was 
mixed with F. Chicks inoculated with virulent virus do 
not start to excrete virus for at least 15 dars’*; our contact 
challenge was thus assumed to have beceme effective at 
least 2 weeks after the inoeulated challenge. Fig. 4 gives 
the cumulative weekly mortality curves for each group 
and shows that the mortality in the unvaccinated group 
caused by contact challenge lagged about.3 weeks behind 
that caused by the inoculated challenge. 

There was little difference between the two unvaccinated 
groups (C and E) that were challenged by moculation, 
both showing a uniformly high mortahcy. The lower 
mortality in the case of the unvaccinated zroups D and F 
that were exposed to a challenge by contaet may be 
accounted for chiefly by the lesser severity of this type of 


Table 1. INCIDENCE OF MD MORTALITY IN ENPERDWENT 4 


Room Mop 
Group No. Vaccination t Challenge mortalitv 

A 1 By inoculation By inoculation 4/21* 
B 1 By inoculation Contact with à and © 2/92 
C 1 None By inoculation 19/18 
D 1 None Contact with £ and C i0j21 
E 2 None Inoculation 15/17 
F 2 None Contact with E 15/91 
G 3 By inoculation None 0/24 
H 4 None None 0723 


* Number of deaths caused by Marek's disease over ihe effective number 
in the group. 

t Intraperitoneal inoculation of 10% PFU of thirty-sinth passage aktern- 
uated virus. 

t Inoculated challenge = Intraperitoneal inoculation of blood from a chick 
experimentally infected with virulent HPRS-16. 
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Fig. 4. Cumulative pereentage of mortality curve for experiment 4. 
(a) € ——- e. Vaccinated group A, challenged by inoculation; Q--—-0O, 
vaecinated group B, challenged by contact. (b) 6——— €. Unvaccinated 
group C, challenged by inoculation; O-—— ©, unvaccinated group D, 
challenged by contact. (6) —-—- 9. Unvaccinated group E, challenged 
by inoculation; O--~-~ ©, unvaccinated group F, challenged by contact. 


challenge and the greater age of the birds at the time 
when the effective challenge occurred. The inoculation of 
attenuated virus had a significant protective effect against 
the inoculated challenge in group A (y,2,: 20:2, P< 0-001) 


i 


and against the challenge by contact m group B (Z= 
131, P<0001) within the experimental period of 20 
weeks. 


Precipitating Antibodies 

Serological investigations were carried out on all groups 
included in experiment 4. Three antigens (A, B and €) 
can be readily demonstrated in the virulent low passage 
virus, by reacting tissue culture cells heavily infected with 
the virus against hyperimmune sera in the gel diffusion 
precipitation test’. Cells heavily infected with attenuated 
virus lacked the A antigen, but retained the B and © 
antigens’. Using antigen prepared from cells infeeted 
with attenuated virus. the development of precipitating 
antibody in the vaccinated chicks against antigens B and 
C was detected. Furthermore, using the concentrated 
supernatant from cultures infected with low passage virus 
containing A antigen only, the development of pre- 
cipitating antibodies directed against this antigen was 
also detected. The differentiation between the precipitat- 


results of these tests are represented by the histograms 


in Fig. 5. Groups C and E were similarly treated and the 
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antibody results, which did not differ significantly, were 
pooled. For the same reasons groups D and F were 
pooled. 

The first point of interest m that the group receiving 
virus, developed precipitating antibody against the BC 
antigens only. This supports the belief that the A antigen 
Vaceination 
ever, in a higher incidence of both A and BC antibody 
than that found in birds that received the moculated 
challenge only (groups C and E). The occurrence of 
antibody against the A antigen in vaccinated birds after 
the inoculated challenge indicated that the vaccination 
procedure did not prevent infection with the virulent 
virus, although it did provide protection against the 
development of disease in the experimental period of 20 
weeks. That virulent virus can establish itself in vac- 
einated birds is supported by the isolation of virus from 
groups A, B, D and G, 14 weeks after vaccination. The 
relatively low incidence of antibody of either type shown 
in groups C and E may have been a result of the general 
impairment of humoral antibody production reported in 
birds with acute MD!*. 


Re-isolation of Virus 

At 14 weeks of age. citrated blood was collected from 
seven birds in each of groups A, B and D. and from all 
birds in group G. The buffy coat was separated from each, 
and a dose of between 107 and 3 x 10* white cells inoculated 
onto chicken kidney monolayers. Virus isolates were 
detected by the appearance of the typical cytopathic 
effects of the herpes-type virus? in either the original or 
the first blind passage in cell culture. Each isolate was 
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then passaged sufficiently (not more than four passages) 
to produce a precipitating antigen. The number of 
blood samples that yielded isolates and the antigenic 
typing of these isolates are given in Tabie 2. The antigenic 
typing used was only able to distinguish. between the 
presence of attenuated virus alone (absence of A ant igen) 
and the presence of virulent virus either alone or in 
mixture with attenuated virus (presence of A antigen). 
No eorrelation was noted between the ability to re-isolate 
virus and the presence or absence of antibody of either 


type. From these results it was concluded, first, that the 
existence of the attenuated vaecine virus in the eireulation 


of chieks for 14 weeks did not result in its reversion to the 
original type (that is, the A antigen remained absent), 
and, second, that its presence in the eireulation did not 
prevent the establishment of virulent virus in the circula- 
tion when inoculated. 


Table 2. RE-ISOLATION OF VIRUS IN EXPERIMENT 4, 14 WEEKS AFTER 
VACCINATION AND 10 WEEKS AFTER CHALLENGE 


Isolates with 


Group Virus isolations A antigen 
A 6/7* 5/01 
B 4/7 1/3 
D 5/7 5/5 
G 19/24 0/5 


* Number of chickens yielding virus isolates over the number tested. 
t Number of isolates with A antigen over the number tested. 


Type of Protection 


These results confirm our previously reported observa- 
tions on the lack of pathogenicity of the passaged virus, 
and demonstrate a particularly high level of resistance 
induced in chickens by the inoculation of an attenuated 
virus that persists in the cireulation of the chicken. The 
attenuated virus produced significant protection even 
when inoculated at 1 day of age. Whether the protection 
against virulent ehallenge was mediated by eireulating 
antibody, cellular immunity, interference or interferon 
was not determined. It was, however, clearly demon- 
strated that precipitating humoral antibody production 
was stimulated by the vaccination procedure. Neverthe- 
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less. the induction of such antibody did aot prevent the 
establishment of virulent virus in the circulation. This 
may be because the virus is cell associated and is thus 
protected from the direct effect of antibody. H humoral 
antibody played a part in immunity in these experiments, 
it was in a role other than that of preventing infection 
with virulent virus. It was considered ushkely that any 
interferon production that might be induced by attenuated 
virus was responsible for the protection, for it was not 
possible to demonstrate its production 2s vitro using the 
inhibition of virulent virus as a test of sts presence (our 
unpublished observations). 

Before the use of such an attenuated virus in the field 
can be advocated, it will be necessary to determine what 
the long term effects, if any, will be of the persistence of 
the virus in the vaecinated birds, and whether it wili 
provide protection in field conditions. 

We thank Dr P. M. Biggs for advice ané encouragement, 
and Mr Geoffrey Carrington, Mr Kenneth Howes, Mr 
Michael Rennie and Mr Stephen Edler for technical 
assistance. 
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THE cortical column is a relatively recent physiological 
eoncept, for which no anatomical basis has yet been found. 
The mammalian cerebral cortex, a sheet of cells some 
1-5 mm thick and many sq. em in surface ar ea, contains 
millions of nerve cells unevenly distributed in six to eight 
layers. These fairly conspicuous horizontal subdivisions 
have long been known to anatomists. Vertically, there 
are no comparable anatomically obvious subdivisions, 
except for separations between certain specific cortical 
regions such as visual areas 17 and 18. In 1957, however, 
Mounteastle! made the surprising discovery that the 
somatosensory cortex is subdivided by a system of vertical 
columns, extending from surface to white matter, having 
cross-sectional widths of the order of 0-5 mm. Since then 
single-cell recordings have revealed analogous systems in 


Anatomical investigation of the monkey striate cortex supports 
the physiological concept that the cortex is subdivided vertically 
into columnar aggregates of cells. 
independent and overlapping column systems are described. 


Here the shape and size of two 


both cat and monkey??: in the primary visual cortex of 
the macaque monkey, for example, we have deseribed two 
overlapping and independent systems of columns, one 
based on responses of groups of cells to specific line 
orientations, the other on eye preference. We deseribe 
here an independent anatomical demonstration of the 
eye-preference columns. 

In higher mammals, pun from the two eyes pass 
back to the lateral geniculate bodies and from there are 
rien to the striate cortex, Here for the ad time the 


on angle oells® a, ha ably making possible the Push at 
the two visual images. The convergence does not take 
place immediately, however. Fibres arriving from the 


lateral geniculate body terminate chiefly on cells of 
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Fig. 1. 

monkey showing the position of a lesion in layer six. e, Contralateral eye; i, ipsilateral 

eye, B, Parasagittal section through part of the occipital cortex, Tracing shows areas of 

terminal degeneration in the anterior part of the mushroom-shaped buried segments of 

the calearine fissure. Note the patchy nature of the projections, and the more superticial, 
thinner areas of degeneration, 


cortical layer four, which lies midway between surface and 
white matter. Microelectrode recordings show that some 
cells in this layer respond to stimulation of the left eye, 
others to the right, but few if any respond to both eyes*. 
Moreover, it is clear that the two types of cells are not 
scattered at random along the fourth layer, but are 
grouped together in small regions which extend through 
the layer's entire thickness. Viewed from the surface, the 
regions form a mosaic, like a patchwork quilt of two kinds 
of material. 

Conventional anatomical methods such as the Nissl or 
Golgi give no hint of any eye-dominance groupings. 
Besides confirming the physiological results, an anatomical 
demonstration of the regions would be useful in indicating 
their size and shape, especially as this information is not 
easy to obtain with microelectrode techniques. Up to 
now, for example, it has not been possible to tell whether 
the left-eye, right-eye regions form a checkerboard, a 
series of alternating stripes, or islands of one type lying in 
a matrix of the other. 

We have used the Nauta method® as modified by Fink 
and Heimer* to demonstrate the eye-preference regions. 
When an axon is severed from its cell body, degeneration 
occurs peripheral to the cut over a period of several days. 
The Nauta-Gygax method selectively stains these 
degenerating axons, making it possible to trace them 
to their destination. The Fink-Heimer modification im- 
proves greatly the chances of staining axon terminals? and 
is especially useful when there is a high density of degenera- 
ting terminals. 

A great difficulty with silver-degeneration techniques is 
in placing the lesion precisely, especially deep within the 
brain, and in making the area of destruction small and 
select. By passing current through metallic micro- 
eleetrodes* a lesion can be made as small as a few hundred 
microns in diameter, and can be accurately placed by 
recording from and identifying single cells beforehand. In 
the work described here we have made lesions in single 
layers of the lateral geniculate body, and have observed 
what are almost certainly degenerated terminals (boutons) 
in the striate cortex. 

The monkey lateral geniculate body, which receives its 
input direct from the two eyes, has six layers, each layer 
consisting of a plate of cells on which the contralateral 
field of vision is mapped in an orderly way. The six maps 
are in register, one above the other. All of the cells in a 
given layer receive their input from one eye only, so that 
if the layers are numbered from below upward, layers 
one, four and six receive input from the contralateral eye, 
and two, three and five from the ipsilateral. A lesion, 
confined, for example, to a small part of the sixth (most 
dorsal) layer, should produce terminal degeneration only 
in patches of cortical layer four that are connected with 
the contralateral eye. The mosaic ought then to be 


A, Tracing of a coronal section through the left lateral geniculate body of a rhesus 


obvious. A lesion in geniculate layer six that extends 
down to inelude the part of five just below ought to give 
confluent degeneration in the cortex, with no patches. 
Our procedure was to insert stereotaxically a tungsten 
microelectrode into the lateral geniculate body of an 
anaesthetized rhesus monkey (Macaca mulatta), advancing 
the electrode until we recorded from cells in the most 
dorsal layer of the lateral geniculate body. ‘The electrode 
path was in the coronal plane 45° to the vertical. Cells 
were identified by their responses to small-spot stimulation 
of the visual field of the contralateral eye, and by the 
position of the receptive fields with respect to the fovea. 
The electrode could then be advaneed from layer to 
layer, each transition (except four-five) being evident 
from the shift from one eye to the other. A lesion was 
made in one layer by passing 5-15 uA (electrode negative) 
for 5-15 s. For larger lesions in a single layer one could 
repeat the procedure several times, each time advancing 
the eleetrode until new cell activity was encountered, and 
stopping only when a shift in eyes indicated that the 
electrode tip had crossed to the next layer. That the path 
ef destruction so made was a continuous one was verified 
by recording continuously on withdrawal of the electrode 
and by later histological study. The animal was allowed 
to recover, and 5 days later the brain was perfused, 





Fig. 2. Photomicrograph of striate cortex stained by the Fink-Heimer 
method, Same monkey as in Fig. 1. From the densely staining white 
matter near the bottom of the figure degenerating fibres ascend obliquely. 
About halfway up, to the left and right of the micrograph, two broad 
strips of terminal degeneration can be seen as a mass of dark granules. 
These two patches are separated in the middle of the figure by a terminal- 
free portion containing horizontal and oblique degenerating fibres. Other 
fibres can be seen ascending to a second, more superficial, thinner layer 
of terminal degeneration near the top of the figure. Scale, 200 microns, 
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Fig. 3. Reconstructed map of regions of fourth layer degeneration as 

they would appear if seen from above. Same monkey as in Figs. 1 and 2. 

Each horizontal line represents areas of terminal degeneration from one 

parasagittal section; the degeneration illustrated in Fig. 1B, for example, 

is represented between the two arrows. Shaded areas thus represent those 

parts of layer four receiving input from the contralateral eye; unshaded 
areas, ipsilateral eye. 


frozen-seetioncd and silver-stained according to à slightly 
modified Fink-Heimer method. 

The site of a typical lesion is shown in Fig. 1A. The 
electrode entered the left lateral geniculate body at an 
oblique angle, so that it was possible to produce destruc- 
tion over a long narrow area confined to the most dorsal 
layer. The receptive fields of the first cells recorded were 
in the left eye, 9? below the horizontal meridian of the 
visual field, and 10° to the left of the vertical midline. 
The subsequent degeneration was in the eorresponding 
part of the striate cortex, deep in the calearine fissure, as 
illustrated in the parasagittal section of Fig. 15. A much 
lighter degeneration was seattered for about 1 em along the 
stem of the calcarine fissure. No degeneration was seen 
outside the striate cortex, confirming the findings of 
Wilson’. 

In the main area of degeneration there were dense 
patches of stained terminals, presumably boutons, deep in 
layer four. These patches alternated with areas of about 
equal horizontal extent that were virtually free of ter- 
minals. As shown in Fig. 2, degenerating fibres entered 
the cortex from the white matter in a relatively even, non- 
patehy fashion, but then coursed obliquely through the 
sixth and fifth layers, to arborize profusely in the patches 
of layer four while largelv avoiding areas free of terminal 


patch to the other. 

A small number of fibres ascended vertically or obliquely 
through the fourth layer to an upper tær deep in the 
third layer, where a second set of thinner patches of 
terminal degeneration lay directly over the lower set. 
A fibre rarely ascended to higher levels, but no obvious 
areas of terminal degeneration were seen there. This 
bipartite distribution of cortical termunals from the 
geniculate has not to our knowledge been described before; 
its physiological significanee is not yet clear. A simular 
distribution is seen after a lesion in layer ive. At present 
we are studying the projections from che middle and 
ventral pairs of layers, to see whether there are differences 
in the levels at which they terminate. 

To obtain a map of the patches of degeneration as 
viewed from the surface of the cortex, a reconstruction 
was made from serial sections through the focus of 
degeneration. A photographic enlargement was made of 
each slide, and the regions of terminal degeneration were 
marked on each photograph. By tracing the regions from 
successive photographs on to closely spaced parallel 
straight lines, it was possible to reconstruct the mosaic as 
it would appear if the cortex were flattened out. Fig. 3 
shows the resulting map, made from 128 30 micron thick 
serial sections. The mosaic consists not «f a checkerboard 
or set of islands but of a series of roughly parallel stripes. 
The shaded parts of the figure thus represent regions of 
cortex receiving input from the right ewe; the unshaded 
portions, the left eye. The diagram is for technical 
reasons distorted by the unequal scales ia the vertical and 
horizontal directions. In this experznent about ten 
columns of each type are represented. The periodicity 
(after correcting for the unequal scales is about 1 mm. 
The figure suggests that the stripes are not everywhere 
perfectly regular; a stripe is occasicnally interrupted 
when the two neighbouring stripes oa either side run 
together. Four monkeys, three with lesions in the sixth 
layer and one with a lesion confined to the fifth, have given 
almost identical results, with alternating stripes of about 
the same periodicity. Because the fiel& positions of cells 
in the geniculates of the four monkeys :anged from about 
3° to 16° from the area centralis, this suggests a surprising 
constancy in size over the striate cortex. If one assumes 
such a constancy, the order of magnituce of the number of 
eye-preference stripes in the entire striate cortex would be 
about seventy-five for each eye, or a total of 150. Wath 
further experience it may be possible to barn whether there 
is any systematic relationship between field position and 
direction of stripes. | 

In a control experiment a lesion simuar to that of Fig. 1 
was extended to invade both the sixthand fifth layers for 
roughly equal distances (Fig. 44). Tne results are illus- 
trated in Figs. 4, 5 and 6. Over mach of the area of 





Fig. 4. 


« 


involved layers 5 and 6. 4, Coronal section through left lateral geniculate body. B, Para- 
sagittal section through occipital cortex, Except at the ends, the area of terminal degenera- 
tion forms one continuous strip. 


Tracings analogous to those of Fig. 1 for a control monkey in which ihe lesion 
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projection to layer four there was a continuous band of 
degenerating terminals. In the reconstructed map there 
is, as expeeted, a large central area of solid degeneration. 
In addition there are hints of columns to the upper left and 
lower right, in width and direction very similar to the 
columns of Fig. 2. These presumably represent the initial 
and terminal portions of the elongated genieulate lesion, 
where one layer was involved but the corresponding region 
in the nel ighbouring layer spared. 

In all lesions there has been a fairly extensive region of 
thinly scattered degeneration to one side of the main 
focus. This is assumed to be caused by destruction of 
passing fibres originating in cells of the lower genicu- 
late layers, penetrating the upper layers on their way 
to the eortex. Fortunately, these fibres do not pro- 
ceed outwards in radial fashion, but project upwards 
and backwards along the shortest route. If they pro- 
jected radially, a lesion in one layer would interrupt axons 
from the cells of all the deeper lavers, and these experi- 
ments would have failed. 

Reeordings from striate cortex indicate that a higher- 
order cell, ‘ly ing in a layer superficial or deep to the 
fourth, receives its chief input from the fourth layer patch 
immediately below or above, and a subsidiary input from 
adjacent patches. Such a cell can thus be influenced from 
the two eyes, but responds more strongly to the eye that 
corresponds to the nearest fourth layer patch. Hence the 
cells of a fourth laver patch, together with all cells directly 
above and below, constitute a group dominated by one 
eye. The cortex can therefore be thought of as sub- 
divided into columns or slabs with walls perpendicular to 
the surface and long narrow cross-sections determined by 
the fourth layer mosaic. All, or nearly all, cells in a given 
column thus respond more actively to one eye than to the 
other, reflecting the patchiness of layer four plus the pre- 
ponderance of vertical over diagonal and horizontal 
connexions in the superficial and deep layers. 

Superimposed on the eye-preferenee columns there 
exists a second completely independent set of columns in 
which cells with common stimulus orientation preference 
are grouped together??. Several kinds of evidence, 
including surface mapping with microelectrodes'®, suggest 
that these orientation columns also have the shape of 
parallel sheets, the thickness of which is probably much less 
than that of the eye-preference columns. We still have 





Fig. 5. Photomicrograph showing non-patehy fourth layer degeneration 
in the monkey of Fig. 4. The more superficial strip of degeneration deep 
in layer three is seen near top of figure. Scale, 200 microns. 
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Fig. 9. Map of degenerated regions of laver four from monkey of Figs. 
4 and 5. Note regions of confluent degeneration, with suggestion of 
parallel stripes to the upper left and lower right. 


no means of demonstrating the orientation coluimus 
anatomically, and the relationship between the two 
systems-—whether, for example, the two sets of slabs are 
orthogonal or parallel-—remains to be determined. 

The eye-preference columns resemble in several ways 
the columns described by Mountcastle in eat somatic 
sensory cortex'. In that system the columns are also 
determined by the afferents to the cortex, and are also of 
just two types, concerned with superficial and deep 
somatic sensation. Poggio and Mountocastle!! have shown 
that the ventrobasal thalamus, where the somatosensory 
cortical afferents originate, is similarly subdivided into 
clusters of cells, analogous perhaps to the geniculate 
lavers, one type of cluster containing only cells responsive 
to skin stimulation; the other, cells responsive to stimula- 
tion of deep receptors, such as those around Joints. It may 
therefore be possible to demonstrate somatosensory 
cortical columns anatomically by these methods. 

The existence of the striate cortex of two independent 
and overlapping column systems at once suggests the 
oe of still others. "Indeed, in the striate cortex 
there is a strong suggestion of regional aggregations of 
colour eoded cells, and also of cells with directional 
seleetivity?. Evidence that these groupings are also 
columnar is still lacking, although that seems a likely 
possibility. We have suggested elsewhere? that columnar 
Systems may represent a solution to the problem of 
plotting more variables than two on a two-dimensional 
surface. For area seventeen, position in the visual field is 
translated into the two surface coordinates in the cortex, 
while the cortical layering is concerned with hierarchical 
levels of integration, such as receptive-field complexity 
and mixing of the two eye inputs. Analysis of other 
stimulus parameters, including eye-dominance, stimulus 
orientation and possibly also direction of movement and 
colour coding, requires a breaking up of the surface into 
a number of independent and overlapping svstems of 
mosaics. We have presented here a direct t anatomical 
demonstration of one of these systems. 

We thank Mrs Janet Wiitanen and Miss Juha Currie 
for their help. 
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LETTERS TO THE EDITOR 


PHYSICAL SCIENCES 


Distance Estimates for Pulsars 


THE distance estimates for pulsars based on an interstellar 
electron density «n.» =01 em have recently been 
questioned. Habing and Pottasch’ raise objections 
recalling the temperature dependence of «ne», Shuter 
et al? take an observational approach by discussing the 
2] em emission measurements, and de Jager et al.” report 
that CP 0328 has a distance of at least 4-2 kpe, for its 
signals show the 21 cm absorption of the Perseus arm. 
Here we discuss the problem of distance estimates in a 
more general way. 
From the delay in the arrival time of pulses at different 
I 
frequencies the integral DM — fred! is obtained. where 
0 
ne 18 the electron density and / is the distance to the pulsar. 
We can rewrite the integral in the form 


id i 
DM = fread! + frend (1) 
0 Bi 


The first integral extends from the observer to the edge 
of the galactic disk (Za), the second from there to the pulsar. 
This second term can be either positive or negative 
depending on whether the pulsar is inside or outside the 
disk. A second quantity is the total number of hydrogen 
atoms èm? column 


ła 
fn H ad ! 
0 


HM = (2) 


for an optically thin gas. It is explicitly assumed that 
only gas in the galactic disk contributes. Taking average 


Table 1 
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values for the densities we have 
DM = «nea > lat X nen > ( —34) GH 
HM = «nga > la 
We then obtain 
$ la jP M = Raa > 1| < Eg > (41 
i ORE prec ‘aside . i piti ee et ee a a 15. i a i 
la Me ^ HM «c fied m | < Fn > 
The question whether a source lies mede the galactic 







disk ([— la < 0) or outside ([— la > 0) is thus reduc bal to the 
question whether the observed quantity IM/HM is smaller 
or larger than <na>/<nua>. The rato of the electron 
density in the disk to that in the halo appears asa scaling 
faetor if the objeets are outside the disk. Otherwise, 
< Hed > = < Phe >. 

The ratio of hydrogen density to eleetren density within 
the disk is a function of the electron temperature. If we 
use Pikelner’s* theory of heating by superthermal par- 
ticles we get a funetional dependence be^ ween T, ng and 
ne. Electrons due to heavy elements ean be neglected 
because they contribute only I0 per cent even in the most 
favourable case of 7T'—60" K. Table 1 gives numerical 
values for [((DM/HM) ( < nia > / X niea > ) — 1] as a function 
of the assumed electron temperature Te taking DM from 











refs. 5-10. With one exception, both negate and posi- 
tive values occur for the same object. which means that 


the temperature has to be known rather eecurately in 
order to decide whether these objects are inside the 
galactie disk or not. 

Crude temperature estimates were obtainec from 21 em 
emission profiles by dividing them into zhree classes. A 
hot gas component (46x 10% °K) gives spectra with à 
wide and shallow line profile, cool clouds (~ 100° IKK} give 
narrow and peaked lines, and in in:ermediaie cases 
(~ 1.000" K) both features are present. “The existence 
in the 21 em line emission of a component dae to hot gas 
has been suggested by several authors, and recently the 
hypothesis was given direct observational support by 
Heiles'! and Grahl, Haehenberg and Mebol#*. We wish 
to emphasize that even if a large part of the observed bne 
width is due to turbulence we are still dotermining à lower 
limit to the pulsar distance by assuming a high tempera- 
ture component. This is directly illustcateó by columns 
6-11 of Table 1. 

Our temperature estimates for the lireetion of each 
pulsar have been included in Table E. It is interesting 
that with numerical values quoted the estimated mean 
temperature is in most cases close zo the "eritieal" 
temperature T, at which <ne > f< Hace = DM/HM, 
that is, [—/4- 0. From this we conclude tha: the majority 
of the objects can neither be confined to the vicinity of the 
Sun nor be at distances very much larver fhan the path 
length through the galactic disk. 

To convert the values of Table | mto 
sealing factor < ne>] € ren 2. must be known 


distances the 
From a 


LOCATION OF PULSARS WITH RESPECT TO GALACTIC DISK 


(DM/HM)-(«ngnamícnegq7)—1 


Object i b DM HM* 

(pe x cme") (pexem-*) 10,000° 

OP 0828 145 -1 18-0 2,500 ~- 00s 
NP 0527 184 —6 51-3 1,000 —0 85 
NP 0532 184.6 om Bet 51-8 1,000 - (O83 
CP 0808 140 34 10-0 SO ~ 0-62 
AP 0823 197 22 19-2 150 ~ 062 
PSR 0838 264 —8 50-0 3,000 -— 0-95 
CP — 0834 220 26 12-8 130 ~T 
CP 0950 230 44 2:04 Ba -0 80 
CP 1133 248 70 4-87 90 — 0S4 
HP 1506 980 23 20-0 50 + 0°20 
PSR 1749 1:6 -1 50-9 3,000 ~~ 095 
CP 1919 56 4 12:55 2,000 ~ 008 
JP 1933 52 -—2 143 2,100 -— 0-80 
PSR 2045 30-5  —33-1 114 250 ~ ORG 


for varions T, Tin T max 
5, 000° 1,000" 500? 100* 607 
—-(0906 — 0-93 — G4 — {44 EUER 50 i00 
—(60 — 0-48 ~ 033 i 9408 4 0-10 AM 1,006 
~~ OBS -0-42 -24 4352 41025 SD 1,000 
~~ O24 40-25 +064 + RS 28-8 1,900 10,9000 
~- {3-23 + O28 + 0-68 OE} 24: MAO 5, 081 
— 0-90 — C83 ~ FR 4 OPE ed i100 1,000 
—0:41 -0 002 40:29 4S AIR 200 8 600 
-0-70 — 0-64 ~ O54 d 473 45-9 S00 5,000 
-— (68 — 46 -—020 +32 40e n0 5,000 
+ 4-4 + 3-0 EE ^31 + TS “yg a, OE 
— (0-00 ~ 2-83 ~ OTR 4 08535 42d TOO 1,000 
~ 0:96 — GOS — 92 -- iil » O25 80 i080 
—0-59 ~O 32 ~O- 1i + 4:3 + 42-5 100 1,000 
— {72 — OSS — 0-40 + Bh +R Í O00 5,000 


* HM values have been taken from refs, 16-19 and a 1967 preprint by Tolbert and Fejes, 
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discussion of the Faraday rotation of polarized radio 
sources Gardner and Whiteoak!? conelude that the rota- 
tion is produced in the solar neighbourhood, that is, in the 
galactic disk. We must therefore have neq 2 reh In 
our ealeulations we have used nea=Nen throughout. 
For 1» la, therefore, we again obtain a lower limit to the 
true pulsar distance. This assumption simplifies equation 
4, which now reads 


(4a) 


In Table 2 we have listed the distance estimates for 
fourteen pulsars as derived from equation 4. For each 
pulsar we assumed two values for the electron tempera- 
ture which in our opinion bracket the true value. The 
resulting distance estimates (columns 5 and 6) should 
bracket the true distance. The values involve the path 
length in the galactic disk lg=l,cosee b (column 4). 
For the sealing factor we use 1, 100 pe. 


Table 2, DISTANCE ESTIMATES OF FOURTEEN PULSARS 


min Imax min imax i 
la {pt} (pe) (pc) (poc) (pe) 
Object i b (pe) from from equations — for 
equation 4 6 and 7 Hg 0-1 

CP O828 145 -1 5,710 2,900 8,165 5,700 8,300 180 
NP 0527 184 —f0 057 400 3,800 2,000 16,200 513 
NP 05832 1846 —54 1,064 620 4,800 3,250 18,300 578 
CP 080S 140 84 179 710 225 100 560 100 
AP 0823 197 32 189 145 320 320 1,820 192 
PSR 0833 — 264 - 1,911 325 2,540 2,800 15,800 500 
CP 0834 220 96 228 135 204 215 1,210 128 
CP 0950 230 44 144 aü 05 50 980 204 
CP 1133. 240 3€ 106 35 75 80 460 487 
HP 1506 900 53 125 300 650 340 1,000 200 
PSR 1749 16 -1 5,710 870 7,5900 2,860 16,100 500 
CP 19198 56 4 1,434 703 1,800 3,970 5,800 126 
JP 1933 52 -2 29.865 1,950 15,180 8,040 42,250 1,430 
PSR 2045 30-5 ~334 184 50 110 190 1,080 114 


An independent estimate of distance (columns 7 and 8) 
can be ealeulated from the low frequency absorption 
measurements of Ellis and Hamiltoni, who obtain a 
disk contribution (in the notation used here) of 


< nea? > lT47922 1 x 10-5 em-* pe °K” (5) 
From this we derive 
] x 10-3 e. | 
«Y ao sc ——f[9s5—1x103T75 (6) 
Is 


if we put /,— 100 pe. This distance to the pulsar is then 


12 DM/ «n&» (7) 
In column 9 of Table 2 we have also included the distance 
estimates derived with the assumption ne- 0-1 em^. 

From columns 5-8 of Table 2 it is seen that the two 
distance estimates are in general agreement. The second 
method, however, gives systematically larger distances 
than the first. This could be due to an incorrect choice of 
iy, a different value for the low frequency absorption in 
the galactic disk, to a slightiy lower level of the sub- 
cosmic rays in Pikelner's theory, or to the difference 
between y <en> and <m>. 

Columns 6—11 in Table 1 show that the inferred distance 
to the pulsars is strongly dependent on the temperature 
assumed for the interstellar medium in the direction of the 
object. For high latitude objects we have assumed high 
temperatures, which lead to large electron densities and 
eorrespondingly small distances. An electron density of 
0-1 cem” is a reasonable average, and thus the "classieal 
distances are good approximations. The situation is 
different, however. for low latitude objects. Here we 


NATURE, VOL. 221. FEBRUARY 22. 1969 


adopted the value 7'— 100? K which is usually accepted, 
with some minor modifications depending on the appear- 
ance of the 21 cm emission profiles. As a result the 
distances are 10-20 times larger than those derived from 
ne 0:1 em. 

Support for the temperature estimates given here can 
be obtained from a plot of the observed quantity HM/DM 
against temperature (Fig. 1). There is à clear correlation, 
low temperatures and large values of HM/DM belonging 
together. This can be explained by Pikel'ner's theory of 
ionization of the interstellar medium by subcosmie rays 
if we assume that the hydrogen gas and the pulsars have 
similar space distributions, that is, i£ lla in equation (4a) 


to right of curve iek 
DISK OBJECTS 


100 
= 
= 
in| 
10 
io left of curve; 7l, 
HALO OBJECTS 
100 1,000 10,000 
Te 
Fig. 1. Correlation between HM/DM and the temperature estimate, 


The horizontal bars give the uncertainty of the temperature estimates, 

and the eurve is the relation derived from Pikel'ner's theory of ionization 

by subcosmic rays if hydrogen and pulsars have the same space distribu- 
tion. 


is, on the average, independent of position. Then 
HM/DM« « ng» / € nea 7 , and this ratio can be obtained 
from Pikelner’s computations as a function of the tempera- 
ture. The curve in the figure is determined from these 
theoretical values of « nga» /«ne,7 under the assump- 
tion that //I,z 1. If the numerical data from Pikel'ner 
are accepted at face value, //L4 is the only free parameter. 
But because Pikel'ner is assuming a certain flux level of the 
subeosmie rays in his theory, this flux level is a second free 
parameter. Spitzer et al.'5 have shown that this flux 
level is rather elose to the upper lunit of what can be 
accepted in view of the other pertinent data, so that it 18 
quite possible that this flux will have to be revised to a 
smaller value. The theoretical curve of HM/DM will then 
be shifted towards smaller eleetron densities, that is, to 
larger values for HM/DM, thereby improving the agree- 
ment between the two methods of estimating pulsar 
distances. 

Even if the data are insufficient to decide whether theory 
and observation fit completely, we think that they show 
clearly that one value for the electron temperature of the 
interstellar medium is not enough. Large values of 
HM/DM and low temperatures belong together just as 
snall HM/DM and high temperatures. 

MicHAEL GREWING 
ULRICH MEBOLD 
KRISTEN ROHLFS 


Max Planck Institute for Radioastronomy, 
Bonn, 

and 

Astronomy Institute, 

University of Bonn. 
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Discrete Source Interpretation of Recent 
High Energy Cosmic Gamma Ray 
Measurements 


Recent data from the high energy gamma ray detector 
on the OSO-3 spacecraft are the first convineing measure- 
ment of cosmie gamma rays around 100 MeV. The 
angular distribution of the events indieates that a large 
fraetion of the flux originates in the galactie disk. One 
possible interpretation is in terms of secondary gamma 
rays produced by the interactions of cosmic rays with 
the ambient interstellar gas. Detailed calculations of the 
expected flux due to this process have been done by various 
authors using gas density data from 21 cm hydrogen line 
measurements, and assuming that cosmic rays pervade 
the entire galaxy at the intensity level measured locally?-*. 
The predicted fluxes fall short by more than an order of 
magnitude in explaming the observed line mtensity of 
5 x 10-* photons em-? s~? rad-! towards the galactic centre 
as well as the weaker anticentre mtensity!'. Modification 
of the predicted intensity by increasing the gas density 
or the cosmic ray flux cannot be clearly ruled out, but 
would imply a drastic modification of the accepted 
magnitudes and their galactic distribution. 

Here I shall explore the alternative explanation that 
most of this flux is caused by unresolved discrete sources, a 
possibility also suggested by Clark e£ alt. Starting with 
the low energy data around 1-12 keV where the all-sky 
coverage is most complete, definite predictions and 
ehecks can be made regarding this hypothesis. By 
unfolding the distribution of the X-ray data in the galac- 
tie plane with the angular response function of the OSO-3 
detector, the galactic plane profile can be predicted and 
checked against the results. From the total measured 
fluxes in the X-ray and gamma ray region the spectral 
index can be predicted and compared with the measure- 
ments of the power law index in the soft and hard X-ray 
region. The implied gamma ray fluxes can be compared 
with the balloon experiments in the 100 MeV region. 

In order to avoid instrumental differences I shall use 
the survey of Friedman et al.” in the 1-12 keV region. (In 
the calculations Sco X E-1 was omitted because of its 
soft spectrum and position offset from the galactic 
plane!^:::, The average intensity of X-rays along the 
galactic plane due to these sources is 4:3 photons em-? s-! 
rad-. The observed average gamma ray flux above 
100 MeV in the galactic plane is 7-0 x 10-* photons em-? 
s^! rad. If all these gamma rays are to be accounted 
for by the extrapolated X-ray power law spectrum, the 
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average differential exponent would be ~2-0, Because 
of the lack of complete spectral coverage of all X-ray 
sources and uncertainties in the position cf the sources, & 
detailed check of the source spectra is not feasible, but by 
noting that 70 per cent of the galactic X-ray flax is due to 
Tau XR-1, Cyg X R-1 and eight other sourees im the region. 
of the galactic centre, a quantitative comparmzon can be 
made for these more intense sources. Table 1 summarizes 
the differential spectral index measurements for the well 
resolved Tau XR-1, Cyg X R-1 and the Sagittarius region 
which contains a number of sources unresolved at the 
hard X-ray level. As Table 1 indicates, the predicted 
— 2-0 spectra fit quite well with the experunental meas- 
urements up to 0-5 MeV, about 2-5 decades short of the 
gamma rays in question. 


Table 1. SUMMARY OF THE DIFFERENTIAL POWER LAW NDEX MEASUREMENTS 
OF THE FAU XRH-1, cya YR-1 AND THE SAGIEPARIUS REGION 


Reference 
Hest ef ai? 


Source 
Tau YR-1 


Differential power law index 
— 1°93 40-05 (2-20 keV) 


~ 23 (5-40 keV) | Grader ef aL" 

-20403 (10-100 keV) Rigler dial” 

-181 (10-250 keV) Peterson et al" 

—9-198 0-08 (30-500 keV) — Hxymeset ai” 
Cvgnus X 2-1 -—262 05 (20-130 keV) Bingham and Clark?" 

-1-093402 (10-250 keV) Peterson ef al." 

~ p+ (30-500 keV) Hxymesget ght 
Sagittarius region. gig ade: (1-10 keV}* Rappapert ef ai 

—2.0 +02 (10-100 keV) Bsselli e? al 

~ 28 140 (10-100 keV) Riegler f af 

—9.1 +03 (80-500 keV) Haymes ef af." 


* ‘The data well resolve the Sagittarius region; thesynoted value is for the 


strongest source GA 3-1. 


The main evidence in favour of the anresolved source 
model is the galactic distribution of the events. Unfolding 
the galactic plane distribution of X-rays with the OSO-3 
gamma ray detector response (e-folding angie of 15°} and 
summing over +15° of galactic latitude 5H gives the 
predicted shape of the distribution. In Fig. 1 the OSO-3 
results of the galactic plane distribution are plotted 
with the curve of "de.resolved" X-ray sources extra- 
polated to 100 MeV using #-*° differential spectrum. Of 
the thirty-six points plotted, twenty-five fell within one 
standard deviation of the extrapolated X ray curve as 
expeeted for a good fit. 

The implied fluxes of gamma rays above 100 MeV for 
these sources would be about 5x 10-5 photons emo? s^, 
comparable with the experimental upper ümits of 107 
to 3x105 photons em-? s~! (refs. E2-125). The only 
positive flux measurement at this energv was reported by 
Duthie ef al.®, in a direction toward Cygnus AR-1, as 
1:5+0:8x 10- photons em s- compared with the value 
of 5 x 10-5 photons em-? s-! obtained br extrapolating the 
X-ray flux with a — 2-0 differential index. It should be 
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Fig, 1. The solid line is the predicted gamma ray intensitv distribution 


above 100 MeV with E-*'* extrapolation of the Xuray seurees, The points 
are the results of the OSO-3 gamma ray detector’. 
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pointed out, however, that the data of Frye and Wang" 
indicate no such flux. In view of the fact that the flux 
values and limits are quite sensitive to the energy response 
as well as the angular resolution of the apparatus used, 
discrepancies of factors of two between various experi- 
ments are quite reasonable. 

In conclusion, although it is naive to expect all the X-ray 
sources to behave identically, assuming that on the average 
they have a — 2-0 differential index up to 100 MeV region 
would enable us to explain the observed gamma ray flux 
and still retain the accepted values of galactic cosmic 
ray flux and ambient gas distribution. The flux levels of 
gamma rays predicted for these sources are close to the 
sensitivity threshold of present balloon detectors and 
should yield positive measurements in the near future. 


H. OGELMAN 
Goddard Space Flight Center, 
Greenbelt, Maryland. 
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Mechanical Properties of a New Carbon 
Fibre Material 


WE report here some preliminary measurements of the 
mechanical properties of a new ceramic material. The 
material —a pure silica matrix reinforced by carbon fibres 
has been made in our laboratory as part of a programme 
aimed at the manufacture of a ceramic material which, 
although composed of stiff and brittle components, 1s 
itself strong and relatively tough. Such a material forms 
a good test of current theories for improving the toughness 
of composite materials, and of reinforced ceramics in 
particular’. 

The fibre reinforced 
interesting properties from this point. of view. 


silica has many 


There Is 


earbon svstem 
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a large difference in the Young's moduli of fibre (E ~ 50 x 
10° pounds/inch?) and matrix (E 10 x 10* pounds/inch?), 
so that for continuously reinforced composites the greater 
part of the load will be earried in the fibres. The thermal 
expansion coefficients of fibre and matrix are similar (~ 1-0 
x 10- °C and ~ 0:7 x 1079 °C!) in the range 07 —1,0007 C, 
so that thermal stresses should be small, and should tend 
to keep the matrix in slight. compression if the material is 
manufactured at high temperature. At temperatures 
above about 1,100° C, the fibre and matrix may begin to 
react together. This may become a problem if the material 
is to be used at high temperatures, but for experimental 
studies it allows control over the degree of interfacial 
bonding between fibre and matrix. Control of the inter- 
facial bond strength is central to many theories of the 
tough composite material, 





à strongls tao.) 


bonded Ceomposit [x 


Fig. |. Fracture surtuce of 


The composites on which we have made our measure- 
ments had a matrix of amorphous silica, while the rein- 
forcing carbon fibres, supplied by L. N. Phillips of RAE, 
Farnborough, had the following properties: b= 51x 10° 
pounds/inch*, ¢= 230,000) pounds/inch*, g=19 g/em?. 
All the composites which were tested contained. aligned 
fibres running in one direction only, no attempt being 
made to fabricate cross-plied or randomly reinforced 
composites. Volume fractions of up to 50 per cent fibre 
were obtained, although the composites were not fully 
dense, Ty pically, values of 10-20 per cent porosity were 
obtained. Fig. | is a scanning electron micrograph of the 
fracture surface of a composite in which the fibre-matrix 
bond is relatively strong. Fibres and matrix can be easily 
distinguished as also can a number of small voids between 
fibres. Fig. 2 shows a fracture surface from a more weakly 
bonded composite; a very much rougher surface is 
evident. Such composites tend to have higher works of 
fracture, 

The mechanical properties have been measured in three- 
point bending at room temperature. This method of 
testing was chosen in preference to tensile testing parallel 
with the fibres, for the composite carries some shear load 
parallel with the fibres during bending. The bend test 
thus tends to expose faults and weaknesses in the matrix 
or at the fibre-matrix interface, and forms a more critical 
test of the quality of a composite. Specimens were 
usually 30x 8x 2:5 mm?, although these values were not 
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Fig. 2. Fracture surface of a weakly bonded composite. (x 180.) 


siriretlv kept in all specimens. 
rupture for all specimens tested was 43,000 pounds/inch?, 
with a maximum value of 57,000 pounds/inch*, while the 
mean Young's modulus was determined to be 22x 10° 
pounds/inch?, with a maximum value of 35 x 105 pounds; 
inch?, Several tests were carried out in argon at 800° C. 
The modulus of rupture of the composite was found to be 
no less than that determined at room temperature, 
within the limits of experimental error. The Young's 
modulus, however, tended to be rather less, an average 
value of 15 x 10* pounds/inch? being obtained. 

The effeets of thermal shock have also been briefly 
investigated by quenching a number of specimens into 
water from 1,200° C. None of the specimens was found 
to be cracked by this treatment and, when subsequently 
tested at room temperature in three-point bending, the 
mechanical properties (modulus of rupture and Young's 
modulus) were found to be the same as for unquenched 
material. 

The fracture toughness of the material has been estim- 
ated and was found to be qualitatively dependent on the 
degree of fibre-matrix bonding in the composite, speci- 
mens of the type shown in Fig. 1 being less tough than 
those shown in Fig. 2. Fig. 3 1s a tracing from the load 


Fig. 3. "racing of the load-deflexion curve of à composite with the 
properties : modulus of rupture, 41,000 pounds/ineh*; Young's modulus 
14 x 10* pounds/inch*: work of fracture, 1:1 x 10? ergs/em*. 


The mean modulus of 
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deflexion curve of a composite which hed the following 
properties: modulus of rupture; 41,000 pounds/inch*; 
Young's modulus: 14 x 10° pounds/inch*; work of fracture 
l-1 x 10? ergs/em?. 

In general, weakly bonded composites tended to have 
high strength and toughness and low velues of Young's 
modulus, whereas the converse was true of the more 
strongly bonded material. It might be expected that 
the strength of the composite should increase with 
the degree of fibre-matrix bonding. That it not 
indicates either that reaction between fbre and matrix 
results in a signifieant weakening of the fibres, or that, in 
the well bonded material, cracks in the matrix are able to 
propagate into the fibres and thus weaken the composite. 
The areas of nearly planar fracture in Fiz. 1 support the 
latter view. 
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Is Visual Memory Holograph:c ? 


| QUESTION the validity and conclusions of the experiment 
by Valentine! which purports to show that visual memory 
is not holographic. The experiment was designed on the 
false premise that the holographie storage of information ts 
necessarily storage of direct sensory stimuli or mput units 
Holographic memory may be equivalently applied. to 
processed inputs representing the inter] eted information 
content of the direct inputs. 

Valentine's experiment instead supports the hypothesis 
that direct sensory inputs are not stored, Experiments 
like Valentine's do, however, offer the possibility of identi- 
fving the processed units which are put into memory. 
Indeed, only for such units will the accuracy of recall vary 
linearly with the ratio of area of input to total information 
area. 

NORMAN 8, NEIDELL 
Seismic Computer Corporation, 
Houston, 
Texas 77042. 
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Optical Variations of 3C454:5 


A PHOTOGRAPHIC patrol of selected q iasi-stellar objects 


(QSOs) has been in progress with ‘he Yale 46 inch 
reflector since the autumn of 1966. On tlie average. about 
seven plates have been obtained of most QNUM, but 


additional plates have been taken cf certain objects. 
Sandage’ first reported optical variations in $C 454-3. 
Subsequently. Angione* published a Bght curve of this 
object. based on existing Harvard patrel plates taken over 
an interval of 60 vr. Over a period f 2 vr, seventeen 
Yale plates were obtained of 3C4354:3.. In addition, three 
plates were taken for us at the US Naval Observatory by 
W. Osborn. 

These plates were measured on an cris photometer at 
the Van Vleck Observatory. Magniturle standards were 
taken from Sandage! and the probable error of à single 
measurement was estimated to be <0 1m. A composite 


~ 
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light curve of 3454-3, including the earlier data, is shown 
in Fig. 1. Photographie magnitudes have been plotted 
from the Harvard plates, whereas B magnitudes have been 
recorded for the Yale plates as well as for Sandage's 
photometry. This observational evidence suggests that 
3C454-3 may be periodie with a period of about 340 days. 
The solid line drawn in Fig. 1 represents a light curve of 
this period. A plot of magnitude versus phase for this 
period is shown in Fig. 2. Although there is a good deal 
of seatter in the older data, these results are suggestive of 
periodic behaviour. If 30454:3 does have a fundamental 


period of ~ 340 days, we predict the occurrence of another 
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maximum in light on or about July 4, 1969. Moreover, 
the outburst should last about 20 days. 

In addition to 304543, B magnitude variations of 
z 0-5 m have been observed in recent Yale plates of the 
following QSOs: 30181, 3345, 4032.33, PKS 2251-- 11 
and PKS 2344+ 09. Light curves of these objects are not 
being published at the present time, however, because of 
the lack of suitable magnitude standards. 

We thank Professor T. Page of the Van Vleck Observa- 
tory for the use of the iris photometer, and Wayne Osborn 
for obtaining plates of 3C454:3 at the US Naval Observa- 
tory. This research was supported in part by a grant 
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Fig. 1. Light curve of 3454.3. 
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Fig. 2. Magnitude versus phase for 3C454-3. 
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Direct Current Pre-breakdown 
Phenomena in Liquid 

Nitrogen 

We have used divergent field (wire-cylinder and point- 
plane) electrode configurations to study the emission under 
high field of electrons from a metal into a liquid dielectric 
—in particular, liquid nitrogen. After outgassing the 
emitting electrode under high vacuum, high purity gas 1s 
condensed under slight overpressure, while taking proper 
steps to avoid the presence of dust or impurities. 

Such a system enables a very small fluid volume to 
withstand enormous electric fields with a moderate applied 
voltage. Furthermore, the stressed volume is so small 
that the probability that cosmic rays will induce ionization 
in this volume is negligible. 

Preliminary work with point-plane geometry! showed 
that emission does not start—even if the stress at the high 
field electrode is higher than the usually accepted break- 
down field strength (~1 MV em-!)—unless a spark is 
triggered, or contamination is introduced, in the cell. 

In the work deseribed here the measuring cell we used 
consists essentially of two electrodes (a point in front of a 
plane) in à demountable 'Pyrex' envelope. The tip, 
prepared as a field emitter, can be removed. It ean be 
heated in situ by Joule effeet and then observed by 
electron microscopy, a procedure incompatible with the 
usual technique of field emission microscopy. The counter- 
electrode consisted of a platinum foil or a platinum grid. 

After evacuation, the cell was dipped in liquid nitrogen 
to improve the vacuum—-the tip was heated, the I(V) 
characteristics in vacuo were measured, the liquid was 
introduced and the /(V) characteristics were measured 
with the filled cell. 

The emission into pure liquid nitrogen triggered itself 
rather abruptly, at a voltage 2-5 to 4 times higher than 
the threshold for emission in vacuo. Before this occurred 
no current was detectable in the liquid, even for applied 
voltages corresponding to a local field in front of the tip 
(E~ V/5r) of the order of 10° V em- 

Once triggered, the current in liquid nitrogen varied 
linearly with the square of the applied voltage, and roughly 
with the reciprocal point-plane distance. It depended 
relatively little on the metal used for the point. Substitu- 
ting a grid for the flat plane counter eleetrode increased 
the current by about 25 per cent. 

Sustained emission considerably eroded the tip, the 
radius of which could increase from less than 300 A to 
lum. Ifthe applied voltage was lowered during emission, 
the current cut off at a voltage Vp. Then, if the voltage 
was raised, the current reappeared at a voltage close to 
Vp. If the liquid was removed without disturbing the 
point, however, a voltage of about 2 Vp was required to 
resume the flow of current. 

When the current reached about 10-7 A, a faint greenish 
light could be seen in front of the tip with the naked eye. 
Furthermore, careful observation of small bubbles sug- 
gested that there was a liquid motion, which was detected 
in another cell by rotating a small propeller. These 
effects were probably present, though not detectable, 
as soon as the current is initiated. 
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Current emission into liquid nitrogen also oceurred in 
the opposite polarity making the tip positive, and it 
behaved similarly. Current initiation, however, occurred 
in rather different conditions. 

The part played by field emission in our experiments i8 
hard to assess. The potential barrier seemed unexpectedly 
opaque in the presence of liquid nitrogea, and one might 
speculate that initiation oecurs when posential barriers- 


at the cathode or in the molecules—are lowered by the 
field to electronic energy levels. Accurate experiments 


on the influence of the polarity are necessary to check the 


the mobility between 1 and 2x ]10- em? © 
distributed around 1 and 1-4 x 10-? em? V- a^, have been 
obtained. Similar treatment of the deta cf ref. 1 yields 
consistently similar values: (1.2::0:2) « 107? cm” Nhu 

The liquid is dragged along the direction of the point 
axis in the point-plane configuration, and radially in the 
wire-eylinder configuration, so the agreement between 
the results suggests that liquid drag plays & small part. 

Some of our results are in qualitative agreement with 
findings obtained with deliberately contaminated nitro- 
gen?. 

The important, unexpected result of this work is that 
the local field in front of the tip may reach 100 MV em~ 
(the hypothesis of field reduction by space charge is 
discarded by the low current level before any pre-break- 
down phenomenon becomes detectable) This figure 
seems less extravagant if it is remembered that the 
"breakdown field" varies inversely with the inter- 
electrode distanee*-, In our configuration, we actually 
work with “effective” gaps (distances in which the liquid 
is highly stressed) 100 times smaller than the smallest 
gaps used in parallel plane, uniform field: configurations. 

This supports and confirms an idea already discussed’ 
according to which the “breakdown field" has no intrinsic 
physical meaning. Only the field able to induce ionization 
of the molecules (135 MV em~ for otrogen“, a value 
probably reached in our experiments) has « physical mean- 
ing. All values of the order of 1 MV em obtained in 
uniform field result from artefaets such as the presence of 
ions produced by cosmic radiations, or of fibres, bubbles 
and so on. 

This work was supported in par: by the Délégation 
Générale à la Recherche Scientifique et Technique. 





RH. COELHO 
P. SrBILLOT 
Laboratoire de Génie Electrique, 
Associé an CNRS, 
Fontenay-aux-Roses, France. 


Received November 4, 1968. 


* Coelho, R., CR Acad. Sei., 262 B, 992 (1986). 

? Halpern, B., and Gomer, G., J. Chem. Phys., 23, 1000 (1965). 

? Bratt, 8, W., and Secker, P, E., Brit. J. Ape. Phys. I7, 1, 1011 (1968). 

i Sharbaugh, A. H., etal, J. App. Phys. 25, 1:80 (1954); 28, 434 (1955). 

5 Goldschvartz, J. M., and Blaisse, B. S., B rit. 2. App. Phys 17, 3083 (1960) 
* Kuchinskii, G. S., Sov. Phys. Techn. Phys., 11, 964 1907). 

? Gallagher, T. J., Coll. Intern. CN RS, 179 (Grenobie, 1968), 

* Brigneli, J. E., Proc. Inst. Elect. Eng.,118, 1683 (1065), 


? Muller, E., Field Ionization and Field Ion Microsropy Advances in, Elec. 
tronies and Electron Physics, 88 et seq. (Acsdemie Press, 1900). 
1? Henson, B. L., Phys. Rev., 185, A 1002 (1964). 


758 


BIOLOGICAL SCIENCES 


Colour Change in the Marsupial 
Tiger Cat 


THE marsupial tiger cat, Dasyurus maculatus (Kerr), 
is found over a wide range of continental Australia as 
well as in Tasmania. Several of these animals have been 
marked and released incidental to a study of the related 
Tasmanian devil. The study area is at Granville Harbour 
on the west coast of Tasmania (41° 15' S, 145° 05' E) and 
contains à wide variety of habitats from dunes through 
cleared land and serub to wet sclerophyll forest, 


The history of one individual marsupial tiger cat is of 


particular note. A male was captured as a juvenile 
(body weight 1-75 pounds) at Conical Point, 11 miles 
from Granville, on December 11, 1966. It was trapped 
again on November 19, 1967, about 55 miles from Gran- 
ville (body weight 5-5 pounds) and yet again on October 
27, 1968, at Granville (body weight 7-5 pounds). When 
first captured, the animal had been leading an independent 
life for about 12 months and was probably 18 months old; 
it was about 3-5years old at final capture. 

Detailed mov ements between 1966 and 1968 are not 
known, but the overall distance travelled between first and 
last capture (11 miles) is considerable for a small mammal 
and this furnished a base for programming a detailed 
study of its movements. 

The most remarkable feature was a colour change in 
the individual. The general body colour of the animal 
was dark brown when it was captured In 1966 and again 
in 1967, and this is the normal colour phase for the area. 
In 1968 the brown colour had been replaced by black with 
the exception of the head, neck, throat, chest and between 
the shoulders. The black phase has not previously been 
reported in this species and must be regarded as rare. 
Indeed, this is the first example of a colour change in the 
marsupials, 

The late development of the colour is puzzling. It is 
clearly not seasonal in nature, for the animal was caught 
at about the same time each year and this type of change 
s not known in the marsupials. 

The development. of the colour might be related to the 
sexual maturity of the individual, but this seems unlikely 
because marsupials are known to mature at an early age. 
Such a change would in any event have been observed 
previously in zoological collections. It would be most 
surprising if the colour change were developmental in 
nature, for the related native cat, Dasyurus quoll (Zimmoer- 
man), which has a more common black phase, shows this 
colour from the first appearance of the pelage and this is 
the normal pattern for those marsupials which exhibit 
not only black but also other colour phases. 

It is also possible that the colour change is related to 
the nutritional status of the individual, and various 
intriguing possibilities come to mund, such às copper 
deficiency acting as an inhibitor of melanin during the 
early life of this particular animal. We hope to recapture 
this animal again in the future. 

This project is supported by a University of Tasmania 
research grant. Mr K. Harmon, Tasmanian Animals and 
Birds Protection Board, and Mr T. Sward assisted in the 
field work, and Mr G. Smith allowed us to trap on his 
property. 


Eric R. GUILER 
Department of Zoology, 
University of Tasmania, 
Hobart, 
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Lactose Intolerance in Thailand 


MCGILLIVRAY! has suggested that lactose intolerance in 
Asians is limited to "selected groups of adult students in 
D esa surroundings" (studying abroad) and that it 
“a rare condition which must be seen against the back- 
od of malnutrition". 
We have recently eonducted lactose tolerance tests in 
114 healthy, well nourished individuals in northern 


Thailand. Nine Caucasians (controls) had rises in "blood 
sugar" (determined in duplicate by two separate 


methods? 7) of 23 to 62 mg per cent (mean 41:3 mg per 
cent) 30 min after a single oral dose of 1 g of lactose/kg 
body weight following an overnight fast. This is in accord 
with the results of others*. In seventy-five Sar Thai 
subjects the mean change of “blood sugar" in the same 
conditions was -- 2-2 mg per cent (range -- 9 Hm +19 mg 
per cent). Fourteen of these individuals were dairy w orkers 
who had consumed milk in amounts of 200—300 ml. at a 
time regularly for several years. In this group the mean 
change of "blood sugar" was 0 with a range from —5 to 
+8 mg per cent. Seventy-three of the seventy-five 
adults developed svmptoms after the administration so 
laetose: three reported only abdominal pain and gaseout 
distension; and in seventy, diarrhoea ranging from two 
to twelve watery movements also occurred. In a group 
of thirty-seven children aged from 2 to 12 years the 
mean change of "blood sugar" was + 10-0 mg per cent 
(range — 12 to +60 mg per cent). Values above 20 mg 
per cent (indicative of presumably normal lactase activ ity) 
were Observed in only six of thirteen children under the 
age of 4 years. In the twenty-four children more than 
4 years old the mean e hange of "blood sugar" was +48 mg 
per cent (range — 12 to +14 mg per cent). Two children, 
aged 9 and 11 years, who had taken cow's milk daily since 
weaning had rises of 12 and 10 mg per cent. Both de. 
veloped diarrhoea, although their dose of lactose corre- 
sponded to only 500 ml. of cow's milk. Nine of twelve 
unselected children also de veloped diarrhoea, with from 
one to four watery movements. 

We draw the following eonelusions from this study: 
(1) Lactose intolerance is widespread in the population 
of northern Thailand. A similarly high prevalence is to be 
expected in other south-east Asian populations. (2) The 
ability to metabolize lactose (implying normal intestinal 
lactase activity) which must be present during infancy 
disappears between the ages of 1 and 4 years in most. 
individuals in northern Thailand. (3) There is no evidence 
that laetose intolerance is ae to malnutrition. — It 
seems unlikely that malnutrition would affeet intestinal 
lactase selectively. Normal sucrose metabolism, found im 
sixteen subjects with lactose intolerance, is evidence 
against unspecifie damage to the intestinal mucosa. 
(4) It seems that. lactase. activity, once lost, eannot be 
induced by the intake of lactose in the form of cow’s milk, 
and it is unlikely that it can be maintained beyond early 
childhood by continuing a diet rich in milk. (5) Lactase 
deficiency les ading to lactose intolerance is probably 
genetically determined. The data on the distribution of 
lactose intolerance support the contention that most 
humans are laetase deficient. after infaney, and that the 
prevalence of lactose tolerance in Caucasians is a selective 
adaptation to a high intake of milk over many generations. 

The fact that a certain amount of lactose or food con- 
taining lactose is tolerated by subjects with presumptive 
lactase deficiency is easily explaine d by assunung that 
diarrhoea induced by lactose is dependent on the dose. 
The somewhat. greater tolerance in children, as compared 
with adults, may be attributable to a slightly higher 

residual lactase activity, but also to the larger capacity 
of the intestines relative to body weight. The absence of 
lactase induction is supported not only by the test results 
in dairy workers and children with regular intake of milk: 

small amounts of lactose in the form of condensed milk 
mixed with tea or coffee (3 to 4 g of lactose per cup) are 
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: S With 
ri to to the duse, our dat a ead experience in | Chiang 
Mai suggest that the maximal safe single dose of eow's 
milk for all age groups of lactase deficient individuals is 
300 ml., corresponding to about 14 g of lactose. 

The importance of milk in human. nutrition 1s obvious. 
It is important, however, to recognize that the admini- 
stration of milk to non-Caucasian populations has pharma- 
cological implications, a fact apparently known for a 
long time in Asian cultures with milk production: Hindus 
prefer ghee (butter fat essentially free of lactose) to 
butter, and on the island of Bali milk is taken as a laxative. 


G. FLATZ 
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Department of Pathology. 

CH. SAENGUDOM 
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Department of Pathology. 
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Evolution of the Neurohypophysial 
Hormones, with Reference to 
Amphibians 


THE neurohypophysial hormones of two European species 
of amphibians, the frog Rana esculenta? and the toad 
Bufo bufo?, have been chemically identified. One of these, 
vasotoem (Arg oxytocin), is identical to the hormone 
found in birds* or in bony fish?*^, The other, mesotocin 
(lle,-oxytocin) has a structure intermediate between 
that of isotoein (Ser;-HHe,-oxytocin) found in all the groups 
of bony fishes. and that of oxytocin found in mammals. 
Tt may be presumed that mesotocin represents a transition 
molecule in the evolution of the oxytocie principles (for a 
review of this subject see ref. 8). If this opinion is well 
founded, then mesotocin must be widely distributed 
among amphibians and could exist in eertain reptiles, 
Indeed, mesotocin has been recently isolated from a 
snake, the viper Vipera aspis?. Besides, on the basis of 
pharmacological data, mesotoein is believed to exist in an 
African anuran!^', in several species of the urodeles 
as well as in the lungfishes!*, Other biologieal evidence 
suggests, however, that the leopard frog Rana pipiens has 
oxytocin and not mesotocin?, Unlike the other amphi- 
bians chemically studied up to now, R. pipiens lives on 
the American continent and it might reflect a particular 
form of evolution. We have isolated the oxvtoein-like 
hormone of this species to make a comparison. 

The frogs used were obtained from the Dahl Co., 
Berkeley. California. The animals were decapitated and 
the pituitary gland immediately removed. The two lobes 
were separated and placed in pure acetone at — 15° C. 
The dry glands were pulverized in à mixer and the powder 
extracted. Two batches of posthypophyses corresponding 
to 250 and 500 glands produced 42 and 100 mg of acetone 
powder respectively. The first batch titrated at 0-54+ 
0-12 units of oxytocic activity 4 and 0-25 units of pressor 
aetivity'-!^ per mg. and the second 0-92-- 0-12 unita of 
oxytocic activity and 0-25 units of pressor activity per mg. 

To purify the hormones, 100 mg of powder was 
extraeted on a boiling water bath for 10 min with 50 ml. 
of 0-25 per cent acetic acid. The suspension was filtered 


and the clear solution concentrated to 12 nz. The protems 
were then precipitated using 5 per cent trichloroacetic acid. 
The Prec was eliminated by raae MOM. and IUE 
by passing Pune a coluras of ‘Avaborhis IR- 45° fe 

was then lyophilized. The active principles were separated 
and isolated by ehromatoeleetrophoresis cn 3 MM What- 
man paper?— chromatography i in an n-butenol-acetic acid - 
water mixture (4: 1:5 v/v/v); eleetropheresis at pH 3-7 
in pyridine acetate buffer for 105 min wath a current of 
60 Vien. The chromatogram was stained by means of 
ninhydrin at a coneentration of OOl per cent in aleohol. 
Two peptides occupied the respective positions of vasoto- 
cin (electrophoretic migration 21 em. chromatographic 
migration 9 em) and mesotocin (electrophoretic migration 
15 em, chromatographic migration 16 emi In the eondi- « 
tions used, mesotoein. isotocin and oxytocin were not 
separated, but the simultaneous presence o£ these hormones 
can easily be shown by the analysis of the amino-acids 
of the elution product. The corresponding spots were 
eluted using 0-25 per cent acetic acid, ard the biological 
activities were determined as well as the amino-acid 
content. The overall vield for the oxytecic activity was 
about 30 per cent. 

The analysis was carried out with an automatic amino- 
acid analyser ‘Spinco 1205' by the methed of Spackman, 
Stein and Moore". The samples lane 0-02 uM) aa 
hydrolysed by 6 N hydrochlerie acid as 115° for 72 h 
under vaeuum. 

The results obtained for the peptide 
position of mesotocin are given in Table 


taking up the 


AMINO-ACID COMPOSITION OF Rana pieiens MESOTOCIN 
Molar ratio, aspartic acid being taken sa reference 


Table ! 


Mesotocin of Mesotocin of Mesotocin of Xo. of 
Amino-acid Randa esculenta Rana esculenta Rena pipiens — residues 
(column chroma- (paper chroma- (parer ehroma- per 
tographv)* tography} tegraphy) mole 
Asp 1-00 1-00 00 i 
Giu 1-08 0-87 Lol i 
Pro 1-39 0-76 joue i 
Gly 1-358 0-04 1-05 i 
Cyst LRS O-8% BE 2 
Tle 1:02 p2 p.75 2 
Tyr 0-31 e GT { 
Leu 0-04 0-12 0:12 
Ner 0-16 0:11 0-04 
Thr ao — 0-06 
Val $n 0-11 0-48 
Als 0:18 i40 


* Values TA in a sample purified by colunm chromatography”. 

t Cystine was determined in a E sample aftemoxidation into e ;ystele 
acidi" When the peptide is purified by elution from paper, frequently there is 
partial destruction of cystine and tyrosine, the former pr odueing alanine 
among the destruction products, The addition of « trace of D-merenpto- 
e "hanol to the hydrolvsing agent decreases the destruetion of the tyrosine. 








An eleetrochromatogram that had wot been treated 
with ninhydrin was used to determime the biological 
properties of the peptides, their positions having been 
previously determined using a control eleetrochromato- 
gram. The oxytocie activities without magnesium and 
with magnesium!?!*, the pressor activity on the ratis 
and the depressor activity on the chicken’ were determ- 
ined in the eluates. The ratios of these activities to the 
oxvtocie activity without magnesium, taken as reference, 
are shown in Tables 2 and 3. 

The results show that the peptide of Rana pipiens, 
which takes up on the paper the position of the mesotocin 
of Rana esculenta, has the same amino-acid composition 


Table 2, COMPARISON OF THE PHARMACOLOGICAL PROCEETIES 
OF Rand pipiens WITH THOSE OF MESOTOCIT 


Ratio of 


OF THE PEPTIDE 
AND OXYTOCIN 


Comparison with 


biological — Oxvtocin? Mesotocin * Peptide of xy- Meso- 
aetivities* R. pipien- tocin tocin 
O Mg z ea n 
—a 932008 0982022 PHO  PcGOl P> 0-45 
D E tut "T 
5 1-03 + 0-16 1:83 + 0-20 1014085  PODD P080 


* O, Oxytorcic activity without magnesium; O Mg* ,oxytocie activity with 
magnesium": D, depressor activity in the chieken!s, Activity ration + 
interval for 95 per cent Saute limits. 

t Oxytocin : ox oxytocin: 
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Table 3. COMPARISON OF THE PHARMACOLOGICAL PROPERTIES OF THE 
VASOTOCIN OF A. pipiens WITH THOSE OF THE VASOTOCIN OF R. esculenta 


Ratio of biological Vasotocin of Peptide of Comparison with 





activities* R. esculenta R. pipiens vasotocin 
Q Mgt* 
> 1-79 + 0-28 2-02 +0-18 P>0-10 
¥ z z ! , 
5 1-08 + 0-45 1:55 + 0:25 P2010 
p 
5 2-54 t047 2-42 + 0-26 P > 0-50 


* O, Oxytocic activity without magnesium; O Mg**, oxytocic activity with 
magnesium! .*: V, vasopressor activity?’ ?*, D, depressor activity in the 
chicken, 

Activity ratios + interval for 95 per cent confidence limits. 


and very similar biological properties. Hence, one can 
conclude that this peptide is mesotocin. 

'The second hormone has not been isolated in sufficiently 
pure state to enable us to establish its correct amino-acid 
composition. Its particular position on the electro- 
chromatogram and its biological properties (Table 3) 
show, however, that it is probably arginine vasotocin as 
found for other amphibians. 

We thank Dr Geschwind and his collaborators (Depart- 
ment of Animal Science, University of California) for 
removing the glands. 
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Toxic Constituents of Neisseria 
gonorrhoeae 


Ix 1959, Tauber and Garson reported the extraction and 
isolation of a lipopolysaecharide endotoxin from whole 
cella of Neisseria gonorrhoeae’. Maeland has reported 
the extraction of endotoxin of N. gonorrhoeae by several 
methods and has shown that the endotoxin contains at 
least two antigenic determinants as revealed by haemag- 
glutination inhibition and absorption experiments. One 
determinant is a polysaccharide and the other a protein’. 

With the development of the Ribi pressure cell fraction- 
ator, it has been possible to separate the cell walls of 
bacteria from the protoplasm more completely and con- 
veniently than previously?*. Using this device, Anacker 
et al. have investigated endotoxins from other bacteria 
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Fig. 1. Fractionation of F62T, protoplasm on ‘Sephadex f7-200° using 

a 1-0 M NaCl, 0:1 M tris HCI buffer pH 8-0. The protein (— == ==} was 

determined by a modification of the Kjeldahl technique, and the 

carbohydrate content (————-) by the orcinol reaction using a dextrose 
standard”. 


and reported that this material exists primarily in the cell 
wall fractions with perhaps a precursor of the endotoxin 
in the protoplasm‘. Using the Ribi pressure cell fraction- 
ator, we have been able to separate relatively pure gono- 
coceal cell walls from protoplasm. With this preparatory 
method followed by ‘Sephadex’ gel filtration of the proto- 
plasm, we hoped to identify those fractions with toxic 
activity. We found that the toxic activity seems to reside 
in two fractions with different physicochemical properties. 

Colonial types 1 and 4 of N. gonorrhoeae strain F62 were 
cultured separately on GC Medium Base (Difco) with 
defined supplement**. The cells of each colony type were 
suspended in distilled water and fractionated into cell 
walls and protoplasm by the Ribi cell fractionator. A 
description of this method will be published elsewhere™. 

The protoplasm was further fractionated on ‘Sephadex 
G-200' in a 1-0 M NaCl, 0-1 M tris HCI buffer at pH 3-0 
(ref. 7). The elution pattern is shown in Fig. 1. On the 
basis of this pattern, the protoplasm was divided into four 
fractions (I-IV, as indieated). Each fraction was dialysed 
against distilled water and lyophilized. 

Phenol extractions of the cell wall and fraction I of 
‘Sephadex G-200' were carried out at 4° C overnight; the 
aqueous and phenol layers were separated, exhaustively 
dialysed against distilled water, and lyophilized. 

The toxic activity of the various fractions was tested by 
their intravenous injection into the allantoie vein of 10 to 
12 day old chick embryos’. Appropriate amounts of the 
lyophilized materials were dissolved in pyrogen-free 
0-15 M NaCl, and tested in five-fold dilutions; ten embryos 
were injected with each dilution. The pyrogen-free 
diluent had no detectable effect on the embryos as de- 


scribed by Milner and Finkelstein*. The chick embryos 
were examined 24 h after injection of the appropriate 


solutions, and the LD,, was determined by the method of 
Reed and Muench’. The results are given in Table 1. 

The aqueous phase of the phenol extract of isolated cell 
walls eontained the most toxie activity. By the phenol 
extraetion method, this fraction should contain lipopoly- 
saccharides and the toxicity is thought to be caused by the 
endotoxin as described by Tauber!. 

Fraction I of the protoplasm eluted from “Sephadex 
(1.200' was also relatively toxic, so we assumed that this 
toxicity resulted from the same endotoxin that was 
extracted from the cell wall. Phenol extraction of this 
fraction, however, resulted in a non-toxie aqueous phase 
and an insoluble phenol phase which could not be tested. 


NATURE, VOL. 221, FEBRUARY 22. 1969 


TOXIC ACTIVITY OF VARIOUS FRACTIONS OF N. gonorrhoeae AS 
DETERMINED IN CHICK EMBRYOS 


Table 1. 


Type 1 Type 4 
Intact cells 6-7 3-0 
Cell walls 
Crude 6-0 30 
Aqueous phase of phenol extract 0-2 0:2 
Protoplasm 
Crude 1-8 5:6 
‘Sephadex’ fractions 
1 3-7 — 
H 31-9 aia 
Ii 20-0 M 
IV 17:3 — 


Results are expressed as LD,,in jig. 


This finding implies that two “endotoxins” are present— 
the first loeated in the cell wall and the second in the 
protoplasm. The protoplasmic toxin should have a 
different, chemical composition from that in the cell wall, 
because it is insoluble in the aqueous phase of the phenol 
extract although the cell wall endotoxin is soluble in this 
fraction. Of course, the chemical difference may be more 
apparent than real. The solubilities of these two toxic 
materials may have been altered by the difference in 
treatment before phenol extraction. Whatever the reason, 
the protoplasm does contain a toxin, either different 
from that of the cell wall, or perhaps a precursor of the cell 
wall endotoxin as suggested by Ribi and others‘. 

It is interesting that the ‘Sephadex’ fraction I of proto- 
plasm which contains toxie activity is the same fraction 
from which we have isolated a heat labile antigen that 
reacts with many sera from human patients with a gono- 
coceal infection. The relationship between this antigen 
and the protoplasmic toxin is being investigated. The 
relationship of the two toxie fractions described here to 
the two “antigenic determinants" found in gonococcal 
endotoxin as described by Maeland at present is unclear. 

We thank John E. Martin, jun., and Douglas S. Kellogg, 
jun., for supplying the specimens. 
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Residues of Dieldrin (HEOD) in 
Complete Prepared Meals in 
Great Britain during 1967 


THE concentrations of organochlorine insecticides in 
various foodstuffs'-? and in whole prepared meals*:* have 
been closely studied in Great Britain; similar surveys 
are also in hand in the United States*?. A survey during 
the period March 1965 to March 1966 of food, repre. 
sentative of the average intake of the various dietary 
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items, prepared and cooked, from an ineustmal canteen 
in south-eastern England, indicated that the awerage daily 
intake of HEOD  (1,2,3,4,10,10-hexaehloro-6,7-epoxy- 
1,4,4a,5,6,7,8,8a-octahydro -exo - 1,4 -endo -5,8- dimethano- 
naphthalene; dieldrin contains not less taan 85 per cent 
HEOD), consequent on ingestion of residues im that food, 
was about 20 ug/day (ref. 5). A similar server was made 
of samples collected in 1967, and the ameuntsa of HEOD 
found in this second survey are presented. here. 

Samples of total diet representing the norraal average 
seven-day intake in Great Britain? were prepared, cooked 
and composited every 2 weeks during the period Mareh- 
October 1967. Average 7 day samples of milk were 
collected separately to reduce the total luid content of 
the sample and because milk is a chief cornponent of diet 
for some people. The samples were analysed br gas-liquid 
chromatography on at least two stationary phases of 
different polarity, using an electron-capture detection 
system. The presence of the residues was confirmed 
qualitatively using P values, thin layer chromatography 
and the microcoulometric detector system. A detailed 
deseription of the methods of analysis and of cenfirmatory 
identifications appears elsewhere’. 
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Fig. 1. Rates of ingestion of HEOD from solid C2) asd mik (ae 


samples of the diet survey 1907. 


The sensitivity of a typical gas-liquid chrorsatographic 
system to HEOD was as follows: amount producing 
one-half full scale deflexion (14 em) - 0-5x 1€-* g; noise 
level = 0-2 em, thus the instrumental sensitivity {= twice 
noise level) is 1-4 x 10-4 g HEOD. 

The columns used for the analyses of semples from this 
survey were usually 3 feet in length and the number of 
theoretical plates in each column was between 1,000 and 
2,500. 

Heptachlor, heptachlor epoxide, HHEN, endrin and 
lindane could not be detected in any of the sctid samples 
(lower deteetion limit « 0-001 p.p.m.). With the exception 
of lindane, neither could they be detected in any of the 
milk samples (lower detection limit <0-0005 p.p.m.). The 
DDT group of insecticides and HEOD were present in all 
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samples. The results for HEOD are shown in Fig. 1 and 


than that found in the earlier survey (f 3:5, P « 601). 
(Comparison has been made for diets collected in the 


Table 3. AMOUNTS OF HEROD PRESENT IN AVERAGE MEALS IN SOUTH-EASTERN 


ENGLAND 

Mean amount of H EOD in whole prepared 
meals (p.p.m.) 

Confidence 
Geo- Hinits 
metrit (P =095) 
19-9 
12:5 


Confidence 
limits 
(P=0-95) 
17-6- 24-2 
10-:1-17:2 


Date of sample 
Arith- 
metie 
20-9 


March 1985- March 1966 
March 1967-October 1967 


174-2247 


"e d 


VOLS 


The aeceptable daily intake of aldrin + dieldrin proposed 
by the FAO/WHO Experts’ Committee on Pesticide 
Residues is ©0001 mg/kg (ref. 9). In a person of 70 kg 
body weight this corresponds to an intake of 7 pe/day. 
The average intake of HEOD (derived from ingested 
aldrin and dieldrin} found in the second survey of pre- 
pared, cooked food from a canteen in south-eastern 
England—12-6 ug/day--was greater. The difference 1s 
of doubtful statistical significance, however, and is not 
such as to arouse concern. First, the intake has declined 
since 1965—66, a decline which seems to be part of a general 
decline of residues in man and his environment (ref. 10 
and unpublished results of M. Roberts and J. R.). Second, 
the value of the acceptable daily intake seems to be 
conservative as assessed by studies of human volunteers 
given known daily amounts of HEOD'!' and of workmen 
with an occupational exposure to aldrin and dieldrin’. 
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Transmission of Dieldrin from Insects 
to their Progeny 


ABSORPTION of small quantities of chlorinated hydro- 
carbon insecticides affects the reproductive capacity of 


formation is prevented?. When a sub-lethal dose of aldrin 
or dieldrin (1 ug) was applied to the desert locust, Schisto- 
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cerca gregaria, the average number of egg pods produced 
per female was not less than that produced by untreated 
females, and the eggs were viable*. When the effect of 
fight on the toxieity of dieldrin to adult 5. gregaria was 
being studied, it was noted that first instar hoppers 


effects on the progeny of those that survived. 

Pre-seleeted amounts of dieldrin in oil. solutions were 
applied topically by a miero-capillary a pplicator? or a 
micro-drop syringe to adults of S. gregaria and of a cotton- 
stainer bug Dysdercus cardinalis, and to sixth instar larvae 
and adults of the noctuid moth Spodoptera littoralis. The 
dose applied to each species was aimed at producing 
approximately 50 per cent mortality. A. gregaria was 
treated with a commercial formulation of 20 per cent 
w/v dieldrin in oil (Ensodil 20°), D. cardinalis and ^. 
littoralis with a 1 per cent w/v solution of dieldrin in oil 
(kerosene aromatic bottoms). 

Ninety adult S. gregaria were dosed with 9 yg dieldrin/ 
g of body weight, 12-14 days after fledging. The sexes 
were separated for the first 5 days after dosing, while the 
initial mortality occurred. At the end of this period the 
surviving insects were transferred to special breeding 
cages which were supplied with egg tubes for collecting 
the egg pods*. Where possible. the ratio of males to 
females in each of the breeding cages was 2 : 1. with a total 
of not more than forty insects per cage. Daily records of 
the numbers of mortalities and egg pods laid were obtained 
over a period of 8 weeks after the dose was giver. The 
egg pods were removed daily and ineubated until hatehing 
occurred; the hoppers were then transferred to cages and 
supplied with fresh grass and water. The numbers of 
hoppers which hatched from pods laid by treated insects 
were similar to those obtained from a control group. 

All the hoppers which emerged from pods laid after the 
day of dosing until 45 days later died within 24-48 h of 
hatching, showing symptoms typical of dieldrin polsoning. 
Samples were taken of dead hoppers from these pods for 
analysis of dieldrin in the body tissues; the hoppers were 
macerated in hexane and anhydrous sodium sulphate, t he 
mixture was filtered and the filtrates were examined by 
The quantity of dieldrin 


was followed as far as the third instar. No significant 
mortalities occurred during this period, 

In another experiment the female and male moths 
obtained from dosed sixth instar larvae were divided 
into two groups. One group consisted of females and 
males derived from the treated larvae, and the other of 
females treated as larvae and males from untreated 
larvae. The egg batches obtained from both groups 


hatched and the larvae developed normally. 


me 
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Table 1. RECOVERY OF DIELDRIN IN F, GENERATION 
Quantity Interval 


applied between Recovery of dieldrin 


Species (ug diel- treatment . 
and drin/g of and . Mor- 
stage body recovery Stage Quantity tality 
treated weight)  (davs) (2a) 
S, gregaria "gig hopper 
Adults body weight 
9 16-29 (5) F, first instar 0-36-0-50 100 
42-49 (3) F, first instar 0-19-0-20 16-100 
52 (1) F first instar 0-08 50 
55 (1) F, first instar Nil 0 
S, littoralis “gig larval 
6th instar body weight 
larvae 20 5 Pupae (of parent 
generation) Ba ary oe 0 - 
16 Adults (ditto) 1:3-4°5 Bee 
18 F, eggs 0-05* 100 
Female adult 6 4 F, egus 0-O8* 100 
D. cardinalis e/g egg weight 
Adults 3. 14-15 Fi nymphs Present but not 
measurable 0 
12-15 F, eggs 2-0 100 
14-16 F, nymphs Present but not 
measurable 0 
14-16 Fy nymphs Nil 0 


Figures in parentheses indicate number of pads sampled. 
* ug dieldrin recovered from egg masses. 


pupae were removed 3 days after pupation. and hexane 
extracts of the contents and of the pupal cases were 
prepared and analysed in the manner already deseribed. 
Two moths which emerged from the remaining pupae 
(seven females and four males) produced four batches 
of eggs before the moths died, and none of these hatched. 
Hexane extracts of each moth. the pupal cases and the 
four egg batches combined were prepared and analysed 
as before (Table 1). 

Finally, single female moths were dosed on the ventral 
surface of the abdomen with 2. 4. 6 and 10 pg of dieldrin 
respeetively, and placed in separate eages w ith untreated 
males. Only one female moth (6 ug dose) survived for 
more than 48 h, and this moth laid two small batches of 
eggs which did not hatch. Extracts of the egg masses 
were subjected to gas-liquid ehromatography for a determ- 
ination of the dieldrin content (Table 1). 

Two experiments were earried out with D. cardinalis. 
In the first, twenty adult females were dosed with dieldrin 
at 3 ug/g. and ten untreated males were then added to 
the female group. Of the females, 70 per cent died within 
the first 9 days after dosing; of twenty females kept as 
eontrols, only 10 per cent died. All the eggs laid by 
the dosed females hatehed and the nymphs developed 
normally. 

In the second experiment, twenty adults of each sex 
were dosed with dieldrin at the same dose as before. 
After 72 h only three females and six males were alive. 
These laid four egg batehes, only one of whieh failed to 
hateh. Extracts of the eggs that did not hateh and of the 
nymphs of the three hatched batches were analysed as 
before for their dieldrin content (Table 1). 

The results of these experiments show that in all three 
of the very different types of insect tested dieldrin is 
translocated to the eggs after penetration through the 
cuticle of the parent. In D. cardinalis, a large proportion 
of the treated adults died without laying, whereas in both 
SS. littoralis and S. gregaria the mortalities were fewer in 
the stages treated. It is also apparent that the poison 
was effective against the next generation of hoppers of 
S. gregaria for à considerable time. All the S. gregaria 
eggs hatched, but the hoppers eventually died, whereas in 
the other species the offspring of successful hatehings 
always survived. 

Dieldrin is a fully cumulative poison in locusts. with a 
low excretion rate’, and the effects on the hoppers produced 
may thus be prolonged. Other species of insects can 
metabolize dieldrin in varying degrees*!?, but it seems 
that no evidence of transmission to the eggs has been 
obtained until now. 
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In the ease of the desert locust the transmission of 
lethal doses of dieldrin from adults to hoppers of the 
next generation provides an unexpected additional lethal 
effect of the insecticide. Indeed. it is possible that the 
delayed effect of sub-lethal doses of dicddris may have 
been involved in the unexpected virtual absence of 
recorded. Dresding by swarms oe froma perles 

E 2 and 

1964. wen Edd oi solutos af del TE were 
used (R. C, Rainey. personal SUUS ER 

W. s, WATIS 
Anti-Locust Research Centre, 
College House. 
Wrights Lane, 
London. 
1968. 
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Chemical Linkage of Carcinogenic 
3,4-Benzpyrene to DNA in Acueeus 
Solution induced by Peroxide and 

lodine 

THE origin of the biological specific xv of polyeyclic 
hydrocarbons has long eonfronted invest: gate rs interested 
in carcinogenesis. The affinity and the extent of physical 
binding of caremogenic and non-carcinogeme polyeyelic 
hydroearbons (for example, 3,4- benzpyrene ag NE 1.2. 
benzpyrene or 1,2,5,6-dibenzanthracene ageinst 1,2,3,4- 
dibenzanthraeene) to DNA cannot be correlated with 





carcinogenicity!. — Chemieal complexes of  polyevelie 
carcinogens with DNA have been found in biologie al 
systems??, and the available data indicate that the extent 


of complex formation may be correlated with the carcino- 
genie potency of these compounds? Tso end Lut have 
reported the formation of a covalent linkage between 
3,4-benzpyrene (3,4-BP) and DNA in aqueous solution, 





induced by photoirradiation. Prelimmary experiments 
with caremogenie and non-eareinogerie lydrocarbons 


have shown no selective activation of carciaogenic come 
pounds by photoirradiation. Rapaport and Ts'o* have 
ac d dd ed e à cov valent mikao Der ween 3, a BP and DNA by 

g "lie ky rdrocarbons 
ma ay be ‘activ vated: dy p dios T Tac as Rochhtz* 
reported that a covalent linkage between 3,4.BP and 
pyridine had been induced by iodine vapour in a pyridine- 
solid phase system. Here we wish to report the formation 
of a 3,4-BP-DNA eovalent linkage m ar aqueous, neutral 
solution, at 07-50^ C, induced by perexide and iodine. 
Little or no L2-BP-DNA chemical complex formation 
was found in identical conditions. is the chemical 
reactivity of this pair of isomers with DNA m the present 
aqueous system can be correlated weh their careino- 
genieity. 

DNA-*H-benzpyrene physical complexes m 1x10-* M 
phosphate buffer, pH 6:8 (HMP), were prepared as 
previously described!. After reaction. of the physical 
complex with I, or H,O,, the DNA was precipitated with 
ethanol at 0° C and the precipitate was washed exhaust- 
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ively with ethanol and ether as described earlier’. This 
washing procedure removed more than 99 per cent of the 
3H.labelled hydrocarbon from the physical complex’. 
When ?H-3,4-BP was covalently linked to DNA, however, 
it could no longer be extracted by this washing procedure. 
The extent of chemical reaction is expressed as the 
percentage of benzpyrene physically bound, ccnverted to 
benzpyrene chemically linked to DNA. 

Table 1 shows the extent of conversion of a physical 
complex of *H-BP-DNA to a chemical complex after 
incubation with 1 x 10-4 M I, at room temperature for 2 h 
in HMP. The I,-induced reaction is specific; 3,4-BP 
becomes chemically linked to DNA while 1,2-BP reacts 
only to a very limited extent. The percentage of conver- 
sion was much higher for denatured DNA (31:5 per cent) 
than for native DNA (10-5 per cent). At 0° C for 2 h, 
the extent of chemical linkage of 3,4-BP with DNA 
induced by I, was essentially the same as that observed 
at room temperature. 


Table 1. PERCENTAGE OF PHYSICALLY BOUND BENZPYRENE THAT BECOMES 
CHEMICALLY LINKED TO DNA INDUCED BY 1x10 M IODINE IN AQUEOUS 


SOLUTION 
P ioom temperature 
3,4-Benzpyrene for 2h 
Native DNA 10:5 
Denatured DNA ar 
1,2-Denzpyrene 
Native DNA 0:5-1:0 
Denatured DNA 0:5-1:0 


In these experiments 0-05 ml. of 10-* M I, was added to 0-45 ml, of DNA- 
benzpyrene physical complex dissolved in HMP, pH 6:8. The reaction mix- 
tures were incubated for 2 h, after which the DNA was precipitated by adding 
0-05 ml. of 4 M NH,Ac and 1:5 ml. of 95 per cent ethanol followed by cooling 
for 1 h in ice. The precipitate was washed three times with 95 per cent 
ethanol and twice with ether. After vacuum drying the residue was dissolved 
in 1 me of HMP and radioactivity and absorbance at 259 my were 
measured, 


Table 2, PERCENTAGE OF PHYSICALLY BOUND BENZPYRENE THAT BECOMES 
CHEMICALLY LINKED TO DNA INDUCED BY L:5x10- M H0, IN AQUEOUS 
SOLUTION 


3,4-Benzpyrene tx 1073? M citrate 1x 10-3 M FeCl, 
Native DNA 4 15:5 
Denatured DNA 1540 40-0 
1,2-Benzpyrene 
Native DNA 20 3-0 
Denatured DNA ra 2-0 


To (-8 ml. of denatured DNA-benzpyrene physical complex dissolved in 
HMP, pH 6:8, was added 0-1 ml. of 10°? M FeCl, or 0-1 ml. of 0-1 M Na 
citrate. After mixing, 0-1 ml. of 1:5 x 19- M H.O, was added to the reaction 
mixtures which were incubated at 37? C for 24 h. Reaction mixture was 
added to 025 mi. of 5 M NaCIO, which contained catalase (0-01 ag/ml.). 


s 


The DNA was precipitated by adding 3 mi. of 95 per cent ethanol at 0° C 
for ih. After centrifugation the precipitate was resuspended in 5 ml. of 95 
per cent ethanol and allowed to stand at — 20° € overnight. The precipitate 
was then washed twice with 95 per cent ethanol and twice with ether. After 
vacuum drying, the residues which did not contain iron were dissolved in 
tml. of HMP and absorbance at 259 mj and radioactivity were measured. 
The DNA precipitates from the FeCl, reaction mixtures were dissolved in 
1x105*M EDTA and allowed to stand overnight at room temperature. The 
DNA was then reprecipitated as above, washed three times with 95 per cent 
des and twice with ether. After vaeuum drying the residue was dissolved 
in HMP. 


Table 2 shows the extent of conversion of a physical 
complex of *H-BP-DNA to a chemical complex after 
incubation with 1-5 x 10-? M H,O, at 37° C for 24 h in 
HMP. The presence of ferrous ion greatly enhances the 
extent of the reaction with the 3,4-BP-DNA physical 
complex. The H,O,induced reaction is also highly 
specific; carcinogenic 3,4-BP becomes chemically linked, 
while the non-eareinogenie 1,2-BP is chemically linked 
to only a very limited extent. The reaction was more 
extensive with denatured DNA (40 per cent) than with 
native DNA (15:5 per cent). 

The 3,4-BP-DNA chemical complexes induced by H,O, 
and I, were further characterized by gel-filtration 
chromatography and sucrose gradient electrophoresis. 
Gel-filtration through ‘Sephadex G-200' showed that the 
tritiated 3,4-BP and DNA were eluted together from the 
column at the void volume. The complex was then 
hydrolysed to mononucleotides with DNase I and snake 
venom phosphodiesterase. The hydrolysate was placed 
on the same ‘Sephadex’ column and the tritiated 3.4-BP 
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eluted with the same effluent volume as the hydrolytic 
produets, about 25 ml. after the elution of DNA. When 
the 3,4-BP-DNA chemical complex was subjected to 
sucrose gradient electrophoresis at pH. 7, the tritiated 
3,4-BP had the same electrophoretic mobility as the 
DNA, thus indicating an attachment of 3,4-BP to DNA. 
After enzymatic hydrolysis of the complex to mono- 
nucleotides and electrophoresis at pH 3:5, 95 per cent of 
the tritiated 3,4-BP left the origin and migrated in the 
same direetion as the nucleotides, producing definite and 
reproducible peaks. When this nucleotide hydrolysate 
was further hydrolysed to nucleosides with alkaline 
phosphatase and subjected to electrophoresis at pH 3-5, 
most of the tritiated 3,4-BP remained at the origin with 
the nucleosides. 

It can be concluded from the electrophoretic study that 
the tritiated 3,4-BP migrates from the origin because of 
attachment to DNA or to mononucleotides, and that the 
tritiated 3,4-BP must be chemically coupled to the base 
or sugar of the nucleotides. The possibility that the 
radioactivity associated with DNA represents an exchange 
of tritium between *H-3,4-BP and DNA was excluded, for 
the radioactivity and the ultraviolet absorbance did not 
exactly coincide in the electrophoretic pattern of the 
nucleotides. 

The extent of DNA degradation produced by these two 
chemical reactions has been examined. There was no 
diminution in the sedimentation coefficient of DNA after 
reaction with I,; there was, however, a reduction in 
sedimentation coefficient of DNA after reaction with 
H,0,-FeCl,. No detectable change in optical density was 
observed when denatured DNA was incubated with 
H,O,-FeCl, for 24 h at 37° C. The data indicate that 
there was degradation of DNA leading to chain scission 
in the H,O,-FeCl, reaction. 

The data reported here implicate benzpyrene free 
radicals (possibly cationic) as intermediates in the forma- 
tion of 3,4-BP-DNA chemical complexes. Rochlitz® also 
proposed that cationic radicals were involved in the 
formation of benzpyrene-pyridine salts. In fact, electron 
spin resonance spectra of a number of large polyeyelie 
hydrocarbon radicals, including 3,4-BP (ref. 8), have 
been reported. Fried and Schumm’ have reported the inor- 
ganic oxidation of the carcinogen 7,12-dimethylbenz(a)- 
anthracene, suggesting a radical cation as an intermediate. 
Marcoux et al. have reported on the one-electron oxida- 
tion of a whole class of polycyclic hydrocarbons. The 
inability of 1,2-BP to react in the present experimental 
conditions might be explained by the following alternative 
reasons: (1) the compound will not form a radical inter- 
mediate; (2) the radieal produced will not react with 
DNA. Experiments are now in progress to distinguish 
between these two possibilities. 

This work was supported in part by the US Atomic 
Energy Commission. 
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Carcinogenic Action of Elaiomycin 
in Rats 


SEVERAL natural products of plant or microbial origin 
have been discovered in the past 20 yr that have proved 
earcinogenie in experimental animals!. "These produets 
include certain pyrrolizidine alkaloids, luteoskyrin, afla- 
toxins, cycasin and streptozotocin?. The last two com- 
pounds are of particular interest in view of their structural 
relationship to the synthetic, highly carcinogenic alkyl- 
nitroso-compounds* 

Elaiomyein (I) is a metabolite of Streptomyces hepaticus, 
an organism isolated from the soil of a pasture near Soo, 
Ontario’. Elaiomycin has been isolated by Haskell et al." 
in the laboratories of Parke, Davis and Co., where its 
structure has been established*. It showed pronounced 
effects in vitro but not in vivo against Mycobacterium 
tuberculosis. Moreover, it was rather toxic to mice and 
guinea-pigs, and induced liver cirrhosis in the latter on 
twice daily subeutaneous administration of 20 mg/kg 
body weight for 3-4 weeks (ref. 4). The structural simi- 
larities of elaiomycin (I) with cyeasin (II) and with 
streptozotocin (III) indicated the need to test elaiomyecin 
for carcinogenic activity. 





O CH,OCH, O 
n-C.H,,—CH— CH—N—N—CH CH,—N=N—CH,OR 
| 
CHOH 
| 
CH, 
Elaiomyein Cycasin 
I II 
CH, 
| 
(C,H,,NO,)—CO—N—NO 
Streptozotocin? 
III 


Elaiomycin (Dr J. Ehrlich, Parke, Davis and Co.), which 
came as a yellow viscous material sealed in ampoules, was 
dissolved in ethanol. On dilution with water it formed an 
emulsion that was given in graded doses by stomach 
tube to weanling male and female white rats. The animals 
that received doses in excess of 50 mg/kg body w eight 
died in the course of a few days with centrilobular necrosis 
of the liver (Fig. 1) and congestion of the lung and kidney. 
Some of the rats that survived the smaller doses (10-35 
mg/kg) were given two-six additional doses of elaiomycin, 





Centrilobular necrosis in the liver of a rat that died in coma 


Fig. 1. 
1 day after elaiomycin (60 mg/kg body weight) was administered intra- 


gastrically. Haematoxylin and eosin x 48, 
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Renal tumour of a rat that died 27 monthe after the first of 


Fig. 2. 
Haematoxylin and essin x e. 6. 


four doses of elaiomycin. 





Higher magnification of the renal tumour frem Fig. 2. showing 
capsule, 


Fig. 3. 
its papillary structure at the site of its penetratien of the 
Haematoxylin and eosin » e. 38, 


not exceeding 30 mg/kg body weight, in*ragastrically or 
intraperitoneally within the next 10 months. "Thereafter, 
the animals were kept without further tr-atment on diet 
MRC 41B with free access to water untl they died or 
were killed when they appeared ill. 

Among thirty-four rats which survivec 11-28 months 
after a single or the first of several dose- of elaiomycin, 
only a few which received the highest dose developed 
tumours. Papillary adenocarcinoma of the kidney, similar 
to those described after streptozotocin? “igs. 2 and 3), 
sarcoma of the liver (Figs. 4 and 5), adenocarcinoma of 
the upper jejunum and oligodendroglioma of the brain 
found in individual rats, can, with confidence, be attri- 
buted to the treatment with elaiomyem. Squamous 
carcinoma of the jaw and lymphoid tursours were also 
present among these rats, but such tumours are occasion- 
ally encountered among our control rats. Only minimal 
lesions were present in the hepatic pareachyma, but in 
some of the rats killed several months after the last dose 
of elaiomycin stomach ulcers and hyperplastic lesions were 
present in the stomach. These are further evidence that 
elaiomycin causes chronic lesions of irreversible character. 

In experiments which are not vet completed, eighty 
newborn rats were given single graded doses of elaiomycin 
(10-500 mg/kg body weight) emulsified in aqueous ethanol 
or in arachis oil by subcutaneous or intraperitoneal 
injections. Twenty-three rats that received doses in 





Fig. 4. Anaplastic sarcoma in a liver from a male rat that was killed 
28 months after a single intragastric dose of elaiomycin (35 mg/kg body 
weight). Haematoxylin and eosin x 44. 


S -— D. M as e AP ett a 
d St i Ts if | i P, : TR " ; 
NEP t BUS ADV 
í a & e^ Paw M os mu. f e 
Higher magnification of the tumour in Fig. 4. 
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Fig. 5. Haematoxylin 


excess of 50 mg/kg body weight died within 48 h of 
receiving the dose. Rats that received doses of 10-40 mg/ 
kg body weight appeared little affected; ten of these 
were given two additional doses (about 10 mg/kg body 
weight) during the first week of life. Among eighteen rats 
that were killed at the age of 18-22 months one adeno- 
carcinoma of the stomach, one oligodendroglioma of the 
brain, one thymoma, two subeutaneous sarcomata and 
one adenocarcinoma of the uterus were present. 

The results which have been obtained so far indicate 
that elaiomyein can induce a variety of tumours. In its 
carcinogenic action it seems to resemble N-methyl-N- 
nitrosourethane, N-methyl-N-nitrosoguanidine (refs. 3 and 
7 and unpublished results of R. S. and J. P. M. Bensted) 
and their congeners, and like these compounds it is 
unstable to alkali. 

These preliminary results indicate that elaiomycin has 
carcinogenic potentialities, and add this metabolite of 
Streptomyces hepaticus to the ever-increasing list of natural 
produets in our environment, which present carcinogenic 
hazards to animals and probably man. Its discovery in 
Japan*-!? suggests that elaiomycin may be involved in the 
high incidence of stomach cancer among the Japanese*. 
It would be useful to determine its distribution throughout 
the world. 

I thank Dr J. M. Barnes for his interest, Dr J. P. M. 
Bensted for the microscopic evaluation of some of the 
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Persistence of Rosette-forming Cells 
in Long Term Spleen Cell Tissue 
Cultures 


THERE are reports on the morphological evolution of 
lymphoid cells from adult mouse spleen fragments! and 
suspensions*, and from newborn mouse thymus fragments 
maintained in vitro for up to 22 months*. Immunological 
activity has been studied in vitro for short. periods!-!*? up 
to 35 days™, The presence of antibodies in the mediun 
for as long as 108 days was detected in cultures of spleen 
and lymph node fragments from rabbits immunized with 
bovine serum albumin (BSA)'*, 

We deseribe here evidence for the persistence i vitro 
for as long as 6 months of spleen cells from mice immunized 
with sheep erythroeytes, in conditions allowing studies of 
morphology and immunological activity. 

Sixty to ninety day old BrVr mice of both sexes were 
used. Mice in group A received two intraperitoneal injec- 
tions of 4 x 10* sheep erythrocytes (SRBC) in 0:5 ml. of TC 
199 given 4 days apart and were killed 2 days after the 
second injection. Mice in group B were not treated before 
being killed. Two sets of tissue cultures were prepared: set 
A from group A mice and set B from group B animals. Cell 
suspensions were made by pressing the spleens through a 
No. 50 mesh stainless steel strainer into TC medium 199 
(ref. 16). The medium contained 20 v/ml. of mycostatin, 
200 ug/ml. of dihydrostreptomyecin, 100 ug/ml. of neo- 
mycin and 400 v/m. of penicillin, Cell clumps were 
dispersed by several pipettings. After the suspension 
had been allowed to settle for 10 min, the supernatant 
fluid was cemoved, centrifuged at 67g for 10 min and the 
pellet was resuspended in TC 199 containing 20 per cent 
calf serum. The nucleated cells were counted and adjusted 
to a suspension of 2x 10* cells/ml. Five ml. of this sus- 
pension was seeded in 25 em? Falcon plastic tissue culture 
flasks. ‘The cultures were kept at 37° C and the medium 
was changed weekly. Subcultures were made from floating 
cells and occasionally from cells removed from the plastic 
by trypsinization and scraping. The cultures were kept 
under observation for 26 weeks. Each week one flask 
from each set was fixed in methyl aleohol and stained with 
Giemsa. Cells floating in the medium were spun down, 
resuspended in calf serum, smeared, fixed and stained, 

During the first week, cells from the A set showed a 
tendency to conglomerate in isolated groups composed 
chiefly of small round lymphoid cells and large pale 
urdifferentiated cells. During the same period only a 
few cells were observed in the B set. After the first 
change of medium, a eonstant and typical pattern, which 
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Fig. 1. Ten week old (a) and 20 week old (X) living cultures from animals 
immunized with SRBC (set 4) showing cellular nests ( x 100). 








Smears of floating cells from animals immunized with SRBC, 


Mig. 2. 
maintained im culture for 10 weeks (Giemsa— x 400), 


persisted thereafter, appeared in the A set. It was 
characterized by scattered nests of undifferentiated cells 
overlaid with small round lanphoid cells (Fig. 1). "Phe 
latter increased rapidly m numbe rr, became detached and 
floated free in the medium. The overlying cells were 
similar to or identical with the lymphoid cells observed in 
smears from floating cells (Fig. 2). Mitoses were first seen 
in a 3 week old c uit ure. Later they were more numerous 
and were seen either in smeared floating cells or in attached 
cells (Fig. 3). When subcultured both the attached and 
the floating cells rapidly reproduced the pattern. men- 
tioned. In the B set there were fewe r aarne can and 
there was less conglomeration; larg 
but. a few ly mphoid cells were bier V a 

To b st. immunological Sob ne UE in flasks 


SRBC | in LO: 1 aal. ‘of 199 Was adele The eu ures were 
incubated for 24 h at 37^ C, the medium removed, and 
the cultures washed three times with 199, fixed and 


stained. The proportion of cells n adherent SRBC—- 
rosette-forming cells (REC) (Fig. 4) was determined by 
counting 1,000 cells at 500 ue UN in randomly 
chosen fields. Cells with five or more SRBC attae ‘hed 
were scored as RFC. The proportion of RFC after 
incubation with SRBC was consistently higher in cultures 
from immunized animals re than | in 1 those n the 
untreated controls (set B); 
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rosettes with horse ervthroeytes was essentially the same 
in sets A and B and was similar to the proportion of 
rosettes to sheep erythrocytes observed in the B cultures 
(Fig. 5). 

SRBC LN A CULTURES 


Table 1. EFFECTS OF ANTISERA ON ROSETTE FORMATION TC 





Weeks in. Percent Per cent RFC remaining after incubation with: 
TC RFC NES RAMG RAMTS HAMAS 
4 20.2  23'0(2I94) 5-4 (815%) 0 (140%) 
10 275 23-8 (134%) 3-2 (883%) 24 (09-296 
26 33-6 18-4(45-2%) 0-8(97.809,) 0-8 (08 6) 





Numbers in parentheses indicate per cent decrease, 


In order to test further the immunologieal nature of the 
reaction of rosette formation to SRBC ix the A cultures, 
the following antisera were used: normal rabbit serum 
(NRS), rabbit anti-mouse globulin (RANG), rabbit anti- 
mouse thymus serum (RAMTS) and rabbit anti-mouse 
spleen serum (RAMSS). Before the addition of SRBC, 
sets of cultures 4, 10 and 26 weeks old were treated for 
Lh at 37° C with 2 ml. of 1/125 dilutiom of serum whieh 
was heated at 56° C for 30 min and adsorbed with SRBC 
before use. Table 1 shows the extensme inhibition of 
rosette formation in all the A cultures pretreated with 
antisera. Normal rabbit serum also Bad a mid me 
hibitory effeet. The aetion of the antisera suggests that 
rosette formation to SRBC by spleen cells from immunized 














calls from animals 


Fig. 3. Mitosis in floating (ug) and attached (je 
weeks. 


immunized with SRBC maintained in culture for Sereeks (a) and 4 
(b) (éxiemsa x HX. 








Rosette forming cells to SRBC in a 20 week old culture from 


animals immunized with SR BC (Glenea x 4003. 


Fig. 4. 
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Percentage of REC 


TE 


Bid 6 x 20 


10 l5 
Weeks in culture 


Fig. 5. 
miee nnmunized with SRBC 
B+ SRBC: 


animals maintained mm cultures for as long as 26 weeks is 
mediated by immunoglobulins present at the ecll surface 

It is unlikely that the marked difference observed 
betaveen the number of rosettes to sheep erythrocytes in 
4 and BH cultures is caused only by the presence in. the 
ealf serum of antigens cross-reacting with SRBC as might 
be suggested from the work of others’. The possibility 
nevertheless exists that continuous antigenic stimulation 
by calf serum may be necessary for maintaming actively 
functioning differentiated lymphoid cells from immunized 
animals in long term cultures. Our work indicates, 
however, that such cells retain their capacity to recognize 
and to interact with the antigen to which they were 
exposed ¿z vivo, as shown by the difference between the 
numbers of REC to sheep erythroevtes in the A and B 
cultures. 

All the morphological and immunological differences 
noted between the 4 and B cultures have been observed 
in eight repeated trials. This degree of consistency 
indicates the importance of earlier in vivo immunization 
for the persistence of immunologically active lymphoid 
cells in cultures of spleen tissue, 

We thank Dr J. E. Salk for his advice. This work was 
supported by a grant from the US National Seience 
Foundation. One of us (C. D. B.) received a grant from 
NATO and the Italian National Research Counet, 


. D. BARONI 
Erse N. WARD 


Salk Institute for Biological Studies, 
san Diego, California. 


Received January 10, 1969. 


! Hannoun, C., and Bussard, A. E., J. Exp, Med. 128, 1035 (1968). 

? Ioachim, H. L., Arp. Cell Res., 88, 247 (1905). 

* Tomatis, L., and Wang, L., Proe, Soc, Exp. Biol. and Med, 180, 472 (1965). 

! Gillette, R. W., and Goulian, jun., Da Proe, Soe. Rap. Biol. aud Med., 193, 
64 (1966), 

t Bossard, A. E., and Hannoun, C., J. Exp. Med., 198, 1047 (1966). 

* Dutton, R, W., and Mishell, R. L, J. Hep. Med., 126, 443 (1967). 

? Mishell, R. L, and Dutton, R, W., J. Exp. Med., 126, 425 (1067). 

* Mosier, D. E., Seienee, 158, 1575 (1007). 

? Nilason, O., deta Path. Microbiol. Seand,, 70, 849 (1967). 

Á"À Harris, G., J. Eep. Med, 187, 661 (1968). 

" Holtermann, O., and Nordin. A., Proe. Soc, Exp. Biol. and Med., 127, 675 
(1988), 





26 


NATURE, VOL. 221, FEBRUARY 22, 1969 


30 


io 
A 


10 


Average of REC fron ist to 26th week 


[| 


a 


+ HEBC 


+ SRBC + SRBC + HR BC 


A eultures B cultores 
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Cooperative Effect of Certain 
Anaesthetics on the Lobster 
Giant Axon 


ANAESTHETICS which reversibly block electrical activity 
in nerves can be used as chemical probes to provide 
information about the dynamic processes which occur 
during the nerve impulse. Interpretation of this informa- 
tion requires an understanding of the relevant physical 
interactions responsible for the action of these substances 


on the cell membrane. It has frequently been suggested! 
that the classical, ionizable, loeal anaestheties, such as 


procaine, act on the excitable membrane by a different 
set of rules than do the non-ionizable anaesthetics such as 
the aleohols. This hypothesis resulted from arguments*-? 
that the eationie forms of the local anaesthetics are directly 


responsible for blockage of electrical activity. These 
arguments contrast with earlier conclusions? and have 
recently been questioned by Strobel and Bianchi’. 


Observations of interactions between phosphalipids, cal- 
cium ions and the classical local anaestheties*?, and the 
effect of raised calcium concentration on procaine block, 
have been used to support the hypothesis that competitive 
interaction of local anaesthetics for calcium bindi ing sites 
is responsible for block of exeitability5-'* —a hypothesis 
which also requires that non-ionizable alcohols play a 
different part. 

The results of other workers!t/7, however, show that 
both ionizable and non-ionizable anaestheties may interact 
with living and model systems in such a way as to suggest 
it is unnecessary to make any distinction between the 
mode of action of these two groups. We have investigated 
the effect on the lobster axon of two anaesthetics, one 
ionizable and one unionizable, when each is present in 


NATURE. FEBRUARY 22 1969 | g XXXv 

























ADAPTED MOLECULES 


A MOLECULAR APPROACH TO ECOLOGY 


By MARCEL FLORKIN and ERNEST 
SCHOFFENIELS, Department of Biochemistry, Univer- 
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Stresses the importance of the comparative 
biochemical approach to the interpretation 
of environmental adaptation in animals. The 
work is based upon the premise that adapta- 
tion at the molecular level may not be recog- 
nizable by study of single isolated molecules, 
but may result from changes at the level of 
several molecular species involved in complex 
polygenic mechanisms. In essence, it provides 
the results of studies centered around the 
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solution at half its minimal blocking concentration. In 
such a situation the action potential is also blocked, 
supporting the concept of a cooperative mode of action of 
these substances. This result does not support the exist- 
ence of different mechanisms of action for different 
chemical structures. 

Experiments were performed using single lobster giant 
axons doubly impaled with microelectrodes and im- 
mersed in seawater (10° C), buffered at pH 8-3 with tris. 
For each giant axon the minimal blocking concentration 
(MBC)— defined as the smallest concentration of anaesthe- 
tie causing blockage in 10 min or less—was determined 
for each anaesthetic. The criterion of blockage was failure 
to elicit an impulse by a current sufficient to produce a 
70 mV depolarization. When the MBC was determined, 
the axon was allowed to recover completely in normal 
seawater. After recovery the axon was exposed to a solu- 
tion containing one-half the MBC of each anaesthetic. 
Finally, following recovery in normal seawater, it was 
again verified that solutions containing only one-half the 
MBC of each anaesthetic failed to block. If the action 
potential failed to recover in seawater after application of 
a drug, the experiment was discarded. 

The anaesthetics used were procaine (pK,-9-1) the 
MBC of which was 8-- 1 mM (pH 8:3) and benzyl aleohol 
(MBC 35 +2 mM). The effect of procaine is well known!t-!*. 
Benzyl alcohol reversibly decreases the amplitude, rate 
of rise and rate of fall of the action potential and gives 
rise to a negative afterpotential. 

Experiments using different proportions of benzyl 
alcohol and procaine led to identical conclusions. For 
example, exposure for 10 min to 18 mM benzyl aleohol 
(50 per cent of the MBC) decreased the action potential 
by 5 per cent. Exposure for 10 min to 4 mM procaine 
(50 per cent of the MBC) produced a 40 per cent decrease. 
(In all cases 10 min was a sufficient time for the decrease 
in amplitude to reach a steady value.) When the axon 
was exposed to a solution containing 18 mM benzyl 
alcohol plus 4 mM procaine, however, bloek of activity 
oecurred in a few minutes. All these effects are completely 
reversible and reproducible. 

In another case 26 mM benzyl aleohol (75 per cent of the 
MBC) and 2 mM procaine (25 per cent of the MBC) were 
used. The former decreased the action potential by 
15 per cent and the latter by 25 per cent when applied 
separately. When present at the same time, blockage 
occurred in less than 2 min. These and similar experiments 
lead to the eonelusion that, when combined in solution, 
procaine and benzyl aleohol will produce blockage of 
excitability whenever the sum of the ratios of the concen- 
tration of each anaesthetic to its MBC exeeeds unity. 
The fewest assumptions are therefore required by those 
approaches which do not ascribe separate modes of action 
to procaine and benzyl alcohol. 

This work was supported by funds from the Shell 
Foundation and the William C. and Clara A. Abbott 
Memorial Fund of the University of Chicago. C. S. is a 
predoctoral fellow of the US National Institutes of 
Health. 
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Altered Coding in Single Stranded 
DNA Viruses ? 


SEVERAL Escherichia coli viruses contain single stranded 
circular DNA (for review see ref. 1). Twe types have been 
found: spherical viruses such as 9X174, and filamentous 
viruses such as fd. The base composition of the DNA 
from viruses of both types is similar with an unusually 
high content of thymine (Table 1). The single stranded 
DNA of minute virus of mice (MVM) also has about one- 
third thymine (L. V. Crawford, quoted ix ref. 1). 


Table 1. BASE COMPOSITION OF SINGLE STRANDED DYA BACTERIAL VIRUSES 


Virus Base 

Spherical T C A (s References 
2X174 32-8 18-5 24-6 24-1 i2 
XiTi 32-0 21:5 243-6 21-0 i5 
oR 33:0 19-5 23°4 24:1 14 

Filamentous 
fd 34-1 21:7 244 19:0 15 
M13 35-8 19-8 23-3 21-1 18 
fü 17 
Ee? 34-3 20:7 94.4 20-6 is 
AE2 32 2] 26 21 18 
À 33-1 20-0 95-7 21-2 20 
Iü 21 
Average 33:8 20-3 24:6 21:6 


The striking similarities in the base composition led us 
to look for possible genetic homology between the two 
types of virus, using the technique of DNA-DNA hybrid- 
ization?. Replicative form (RF) DNA was prepared? 
from cells infected with 9X174 or fd. denatured, and 
attached to membrane filters. The amount of labelled 
single stranded DNA from various viruses that attaches 
to each type of RF was determined. às a check on the 
specificity of hybridization, the ability of unlabelled viral 
DNA to compete with the labelled DNA for template was 
also examined (Table 2). 

The data show no detectable homolegy between DNA 
from the two types of virus. The point-of the experiment 
was primarily to eompare the two types of virus, but the 
data also suggest that within the spherical type and within 
the filamentous type there is a high degree of homology. 
Genetie complementation experiments supplement the 
annealing data: complementation has keen found between 
fd amber mutants and M13 ambers (unpublished. resulta of 
B. Hohn and D. A. M.), but not between fd ambers and 
oX174 ambers (R. Knippers, persona) communication). 
Further investigation will be required to determine 





Ifl reflects a difference in base sequence between this 
virus and the other filamentous viruses, or only the fact 


(unpublished results of R. L. Wiseman and D. A. M.) that 
its genome is 50 per cent larger. Crawford (personal 
communication) found no between MVM 
and oX RF or fd RF. 

We interpret the annealing experiments to mean that 
there are no long tracts of nucleotides which have the 
same sequence in the filamentous and incthe spherical types 
of virus. The most likely remaining explanation for the 
non-random selection of bases is that siagle stranded DNA 
viruses use a special subset of codoms to encode their 
genetic information. The messenger RNA of both 
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Table 2, HOMOLOGY AMONG VIRAL GENOMES 
Percentage input bound 1 to 


Input DNA* Competition t $X174 filter fd-KF filter 
eX174 — 93 0-1 
oX174 $X174 13 — 
oX174 fd 91 — 
ok — 100 6-5 
oR X174 9 — 
oR fd 95 ~n 
M13 — 0-2 73 
M18 oX17 — 74 
M13 fd — 44 
ifi — 0:5 9-5 
It oX174 oo 10 
1f fd — 245 
fd — 0-1 75 
fl — 0-3 15 


.. ihe hybridizations were performed as in ref. 2 with the following modifica- 
tions which improve the efficiency: the preincubation medium contained in 
addition 0-05 per cent SDS; the annealing was carried out in a gyrotory 
water bath (New Brunswick) at 65? C and 100 r.p. m. 

* Labelled single stranded DNA was isolated by phenol extraction from 
purified virus grown in the presence of a radioisotope @H-thymidine for 
7X174 and M13; PP for oR, fi, fd, and If). The input radioactivity was 
12,000 c.p.m. for 9X174, 520 ¢.p.m. for oR, 10,000 e.p.m. for M13, 440 c.p.m. 
for fl, 1,450 c.p.m. for fd, and 7,000 c.p.m. for If. Because the viruses were 
prepared in different laboratories in various conditions we do not know the 
specific activities in all cases, but for the conclusions we draw in this report, 
these figures are unnecessary. 

t 4 x 10" single stranded ọ X174 DNA molecules and 1 x 10" single stranded 
fd DNA molecules were added with the radioactive DNA when the competi- 
tion experiments were performed. The unlabelled DNA was prepared from 
purified phage by phenol extraction. 

t eX174-H.F was prepared from cells infected in the presence of chloram- 
phenicol, partially purified by alkaline denaturation? and furtber purified by 
sedimentation in alkaline sucrose; fd RF (inchiding some bacterial DNA) 
was prepared from cells collected 4 h after infection; separated from protein, 
RNA and the bulk of bacterial DNA by alkaline treatment’; and purified by 
phenol extraction and isopropanol precipitation. 


9 X174 (ref. 4) and fd (unpublished results of B. Hohn and 
D. A. M.) seems to have the same sequence as the viral 
DNA. Thus the special subset, of codons would have a 
high U content. We have considered several explanations: 
(1) E. coli uses a special subset with high U in vivo; the 
degeneracy observed in vitro is an artefact. This is 
possible, but ad hoc, and the existence of MVM makes this 
explanation incomplete. (2) A high content of thymine 
in the DNA is required for structural reasons at some point 
during replication of single stranded DNA, so there is a 
selection for codons with high U. Although such an effect 
is conceivable, we have thought of no specific model which 
could account for the observed uniformity in base com- 
position. (3) Virus infection alters the translational 
machinery of the host‘, 

We favour the last explanation. A possible change in 
the translational machinery would be a limitation on 
wobble*, perhaps by the introduction of à new minor 
ribosomal component’? which slightly alters the configura- 
tion of the transfer RNA (tRNA) when it is bound in the 
amino-acyl RNA site’. If two or three codons are 
normally read by only one ‘RN A*%?°, then a steric change 
which permitted only certain wobble positions would 
eliminate some code words from the dictionary. The 
permitted pairings need not be the standard pairings. 
For example, if one tRNA normally reads either U or C in 
the third position of the codon, then steric restraints can 
be imagined which eliminate the pairing with C, but 
permit the non-standard pairing with U (see Fig. 6 of 
ref. 6). Such a change would inerease U at the expense of 
C in total base composition. Striet adherence to this rule 
would eliminate stretehes of three or more C in the 
pyrimidine oligonucleotide pattern; a tendency in this 
direction is observed! for 9X174. 

Alteration of ribosomes would have a selective advant- 
age, because it would permit the virus to pre-empt 
ribosomes for its own use: such ribosomes could only 
translate messages written with the special subset of 
codons. For filamentous viruses, some regulatory 
mechanism would have to be postulated which would 
permit unmodified bacterial ribosomes to coexist with 
virus-specific ribosomes, because bacteria infected by 
filamentous viruses continue to grow and divide while 
synthesizing virus. The hypothesis of limited wobble 
also has implications with regard to the evolution of the 
code. 
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Lymphoblastoid Transformation and 
Presence of Herpes-type Viral 
Particles in a Chinese Nasopharyngeal 
Tumour cultured in vitro 


SINCE 1962, when Epstein et al. found a herpes-type 
virus associated with Burkitt's lymphoma cells cultured 
in vitro, herpes-type viral particles have been described 
in human leukaemia cells cultured in vitro, and also in 
lymphoid cells from normal individuals’, The same 
herpes-type virus that was found in Burkitt’s tumour 
has been shown to be associated with the development of 
infectious mononucleosis, 

We report here a tentative but, we hope, significant 
discovery of herpes-type viral particles in cell cultures 
derived from a biopsy of a nasopharyngeal tumour from 
Hong Kong? in which a lymphoblastoid transformation 
appeared. 

Thirty-two biopsy specimens of nasopharyngeal tumours 
sent from Hong Kong to Lyon were grown in culture on 
either Eagle's or RPMI 1640 medium containing 10 to 
20 per cent foetal ealf serum and antibioties. Fifteen 
biopsies gave rise to cultures. Epithelial growth developed 
in ten of the cultures, and five had only fibroblastie growth. 
The tumour fragments from one case (No. 68/866/7) grew 
especially well, first as an epithelial sheet, then with 
fibroblastie elements progressively supplanting the epithe- 
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Fig. 1. 


Electron micrograph of herpes-type virus particles in the 
nucleus of a dying lymphoblastoid cell from NPC RE 68/866/7 tissue 
culture. Empty capsids (thin arrows) and nucleocapsids (thick arrows) 


are visible. éx 60,000.) 


lial cells. On the forty-second day of culture, some 
fibroblastic cells, separated from the glass, became round 
and floated free in the medium. These cells divided very 
rapidly, especially in the neighbourhood of those fibro- 
blastic cells which were still attached. When the round, 
free floating cells were transferred into new bottles they 
died within 4-6 days, but transferring the cells on the 
top of fibroblastic cells from the same tumour made 
these grow rapidly. 

Ultrastructural examination showed that the round 
free floating cells consisted of a mixed population of plasma 
cells and lymphoblastoid cells. In some of the degenerating 
lymphoblastoid cells we found herpes-type viral particles 
(Fig. 1), similar to the particles observed in cultures from 
Burkitt’s lymphoma and cases of infectious mononucleosis. 
There were empty capsids and naked nucleocapsids in 
the nuclei, and enveloped nucleocapsids in the eytoplasms 
and the extracellular spaces. 

Further work is obviously necessary to confirm these 
findings, but their significance is strengthened by the work 
of Old ef al.*, who reported the presence, in the sera of the 
patients with nasopharyngeal tumour from Africa and 
the United States, of a precipitating antibody against 
an antigen prepared from cultured Burkitt's lymphoma 
cells. Furthermore, preliminary data from Professor G. 
Klein, in Stockholm, and Dr W. Henle, in Philadelphia, 
who have examined sera from the sarne patients as those 
who provided our cultures, show that these sera have a 
high titre of antibody(ies) against Burkitt’s cell surface 
antigen(s) and a moderate to high titre of antibody 
against the herpes-type virus associated with Burkitt's 
lymphoma. Our finding and immunological data may 
lead to a reconsideration of the role of the lymphoid tissue 
in the development of nasopharyngeal carcmoma. 
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Correspondence of Certain 
Fractions of Mouse DNA 


NucLEAR DNA of higher organisms is made up of different 
fractions with very different properties^?. In the mouse, 
this heterogeneity has been independestly established 
by several different techniques ?-5, giving rise to some 
terminologieal confusion. 

In particular, we coined the terms "stable" and "labile * 
to deseribe the two fractions which elete respectively 
in high and low salt (that is, in the native position and 
in the single stranded position) when denatured fragments 
of mouse DNA are eluted from a hydroxyapatite column 
at constant temperature and increasing sait concentration. 
When incubated with high molecular weight DNA 
immobilized in agar, the two fraction: show marked 
differences in their ability to bind with INA of the same 
species, as well as in their ability to discriminate own- 
species from other-species DNA. Here we describe 
experiments showing that 'stable" DN corresponds to 
the fast renaturing component of Britten and Waring?’ 
and also (with one minor proviso) to the A'T-rich minor 
component, or satellite, first demonstrated in CsCl density 
gradient centrifugation experiments by Kit’. 

The techniques used for DNA preparation’, hydroxy- 
apatite fractionation’, DNA-agar incubation? and CsCi 
density gradient centrifugation® were as described prev- 
iously. 

Because the reassociation of denaturec. DNA is concen- 
tration-dependent, the addition of « large amount 
of unlabelled DNA to a small amount of isotopically 
labelled DNA of similar sequence composition will 
increase the rate at which the labelled material reasso- 
ciates. If the two components have no sequences in 
common, no increase in the rate of reassociation of the 
labelled material will be expected. The proportion of 
labelled DNA, which after a certain time elutes in 
the native position from a hydroxyapatite column run 
at constant temperature, gives a measmre of the rate of 
reassociation*. 

This test was used to determine the sequence homology 
between fast renaturing DNA, and "steble" and “labile” 
fractions eluted from a hydroxyapatite column at constant 
temperature. The results are shown ic Table 1. On its 
own, about 20 per cent of the fast rematuring DNA. re- 
natured almost immediately, rising to 4€ per cent after 1 h. 
No inerease was seen when 100 times the concentration 
of “labile” fragments was added; om the other hand, 
"stable" fragments at either 10 or T80 times the con- 
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centration increased the rate of renaturation very strik- 
ingly. In the latter ease the rate of renaturation of the 
labelled material was similar to the rate of renaturation 
of the total DNA present, measured optically. 

This experiment demonstrates that the sequences 
in the fast renaturing fraction are the same as those 
present in the hydroxyapatite "stable" fraction. 

Because mouse satellite DNA elutes in the "stable" 
position on hydroxyapatite?, we compared its performance 
on mouse and rat DNA-agar with that of the “stable” 
fraction of total mouse DNA. An enriched satellite 
fraction, separated from the principal DNA band by 
CsCl equilibrium centrifugation, was further purified by 
a second centrifugation. Satellite and principal band 
material were then denatured and incubated overnight 
with mouse and rat DNA-agar. Unfractionated DNA 
fragments, and "stable" and “labile” hydroxyapatite 
fractions, were also incubated. The results are shown 
in Table 2. 


Table 1. EFFECT OF ADDING TEN OR ONE HUNDRED TIMES THE CONCENTRA- 

TION OF "STABLE" OR "LABILE'" FRAGMENTS FROM A HYDROXYAPATITE 70? Cc 

FRACTIONATION ON THER RATE OF RENATURATION OF *?p.LABELLED ''FAST 
RENATURING'" MOUSE DNA FRAGMENTS 


Unlabeled Time of incuba- Per cent fragments 
DNA tion at 76° C (min) eluting at 0-4 M 

None 0-5 21°8 

60 41:0 
"'TLabile" 5 18:8 
( x 1005 60 34:8 
“Stable” 0-5 50-0 
( x 100) 60 &7-0 
“Stable” 0-5 23:5 
(x 10) 60 75:4 


To isolate the "fast renaturing" fraction, **P-labeled mouse DNA was 
denatured in 0-12 M PO, at 10 ug/ml., incubated for 15 min at 70° C without 
previous cooling, run onto a hydroxyapatite column at 70° C and washed with 
nereasing concentrations of phosphate, The 0:4 M (“fast”) fraction (8-10 per 
gent of the total DNA) was then redenatured at 0-05 gg/ml. in 0-12 M phos- 
phate, and incubated at 70? C for 30 s or 1 h, alone or with added unlabelled 
DNA, before being again fractionated on hydroxyapatite at 70° C. 


Table 2. PERCENTAGE OF MOUSE DNA FRAGMENTS BOUND ON MOUSE OR RAT 
DNA-AGAR AFTER FRACTIONATION OF THE FRAGMENTS ON A HYDEOXYADPATITE 
COLUMN, OR ON A CAESIUM CHLORIDE GRADIENT 


DNA-agar 
Mouse Rat 


_ Discrimina- 
tion (per cent)* 


Hydroxyapatite fraction 


“Stable” 7,557 12-9, 14-8 76 

“Labiile” 31-1, 29°6 1-2, 22-4 28 
CsCl fraction 

Satellite 56.7, 50-0, 57-5. 11:5, 9-0, 9-1 82 

Principal band 27.9, 28-6, 28-8 23.7, 21-3, 23-5 19 
Unfractionated 34:5, 84:6, 36-3 25-0, 24-8, 24-9 20 


The percentage binding of unfraetionated fragments is included for com- 
parison. Agar incubations were carried ont overnight, at 60° C, in duplicate 
or triplicate, 


* Defined as the percentage by which between-species falls short of within- 
species binding. 


It is evident that the high binding on DNA-agar of the 
same species, as well as the high discriminating power 
characteristic of the “stable” fraction, is concentrated 
entirely in the satellite band. As might be expected, 
the separation between satellite and principal band 
material is even sharper than between "stable" and 
“labile” fraction. 

The identification of “stable” fraction with satellite 
DNA is further confirmed by consideration of the 
elution pattern seen on DNA-agar. When the tempera- 
ture of the incubation mixture is raised to 75^ C, bound 
DNA fragments are normally eluted in the first low salt, 
wash. “Stable” material and fragments of mouse satellite 
DNA, however, show a highly characteristic delayed 
elution from DNA-agar. This lag is specific, in that it 
is not shown after incubation with rat DNA- agar nor 
with plain agar. The same behaviour has been consis- 
tently shown by single strands of satellite DNA, either 
heavy or light strands or the two reassociated, isolated 
by the technique of Flamm et al.5 and incubated with 
mouse DNA-agar. The reason for this unusual elution 
pattern is nob known, but it may be associated with the 
formation of networ is, 
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In view of the correspondence which we now believe 
to hold between these various fractions of mouse DNA 
(Table 3), we would like to withdraw the terms "sta 
and “labile”. The designation "fast renaturing DNA" 
is more general than "satellite DNA", because in some 
species (for example, Rattus norvegicus, Peromyscus) the 
analogous fast renaturing fraction lacks the divergence 
in base composition which would locate it as a discrete 
satellite on a CsCl density gradient?. Because the fast 
rate of renaturation is thought to arise from the multiple 
repetition of a fairly short sequence of bases?, this fraction 
is sometimes referred to as “repetitive DNA", but this 
term does not distinguish it from the eomponents renatur- 
ing at intermediate rates (Table 3), which are also repeti- 
tive, though less so. 





Table 3. THE EQUIVALENCE RELATIONSHIPS OF FRACTIONS OF MOUSE DNA 
SEPARATED IN THREE DIFFERENT WAYS 
Rate of 


Elution behaviour on Approximate 


hydroxyapatite salt renaturation Density in percentage 
chromatogram in solution Us) of total DNA 
Stable Fast Satellite (1:601 g 
em) 10 
Labile Intermediate Principal band 20 
Slow (1-702 g em} 10 
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Fractionation of Mammalian DNA 
by Zonal Centrifugation 


COMMONLY used isolation procedures for mammalian 
DNA invariably give a product possessing a wide distribu- 
tion of sedimentation coefficients ^?. We are interested 
in reproducibly obtaining finely cut fractions of such 
heterogeneous samples of DNA in order to study the 
produetion of sueh distributions, with the problems of 
shear degradation reduced to a minimum. Schumaker, 
Richards and Freer? described the fractionation of calf 
thymus DNA. Their technique using rate zonal centri- 
fugation in tubes, however, has inherent disadvantages. 
Tubes are low in capacity, zones may be subject to convec- 
tion or anomalous sedimentation!-*, and problems of shear 
degradation may arise during fractionation’. 

A doen and co-workers have developed a series of 
hollow centrifuge rotors, called zonal rotors, capable of 
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Fig. 2. Profile of calf spleen DNA after zonal ultracentrifugation. Run 

conditions were 15 h at 20,000 r.p.m. A 500 ml. overlay was used and 

the temperature was 10? C. T ope open circles represent the density 
gradient, 


holding large volumes of liquid and which achieve high 
resolution (for review see ref. 8) and it was this system we 
chose. Brandes’, using a B-XV rotor, was able to resolve 
a mixture of calf spleen RNA, calf spleen DNA and T, 


.. DNA. Healsoshowed that the T, DNA (molecular weight, 


- 120 x 10°) was not shear degraded by this process. 

Calf spleen DNA was prepared by a detergent method1* 
and was highly heterogeneous when examined by analyti- 
cal ultracentrifugation (Fig. 1). A B-XV titanium rotor 
was loaded with a 5-30 per cent w/v sucrose gradient 
contaming 0-1 M sodium chloride while spinning at 
1,000 r.p.m. Calf spleen DNA solution (50 ml.; 100 ug/ml.) 
was layered on top of this, and a 500 ml. overlay of 0-1 M 
sodium chloride was finally pumped on to the DNA band. 
The system was spun for 15 h at 20,000 r.p.m. at 10° C 
in a Beckman model L centrifuge specially adapted for 
the zonal rotor. After 15 h the rotor was slowed to 
1,000 r.p.m. and unloaded by pumping dense sucrose to 
the edge of the rotor. Fractions (15 ml. and 30 ml.) were 
taken and the density gradient was determined by 
refractometry. The optical density profile and density 
gradient are shown in Fig. 2. 


Table 1. BUOYANT DENSITY (05) AND MELTING TEMPERATURE Fm) VALVES n 
FOR SELECTED FRACTIONS 


16-90%, 
Fraction Buoyant density g/cm*® Melting. 
number l temp. "C sion width . 
Main Satellite, Satellite, 
23 ELS PE 
46 1:699, 1-714, 82-7 Fä 
42 1:700, 1-715, 
44 1-699, L714, 
45 1-695, 1:714, R2.T 97 
46 1-699, 1:714; 
47 1-699, 1:714, 
48 1-699, 1714, 1-708, E 
51 1-699, 1:715, 1-708, E25 a5 
55 ELS 10-5 
Unfractionated 1:699, 1:715, ELR 9-5 


op values are calculated using a value of 1-710 g/em* Cor E. coli DNA as 
standard. 


All density values + 0-000, g/cm’. 
All melting temperature values x 0:5? C, 


Chosen fractions across the peak were dialysed to 
remove sucrose and analysed by each of several techniques. 
At concentrations between 3 and 6 ug DNA/ml.. we meas- 
ured the sedimentation coefficient of each fraction and 
also the distribution of sedimentation coefficients within 
each fraction in the Spinco model E analytieal uitracentri- 
fuge. Fig. 3 shows the distribution of sedimentation 
coefficients. As can be seen, they increase in a regular 
manner, and are considerably sharper than the values 
of these parameters for the whole unfractionated DNA 
shown by the dotted line. The widths of these fractions 
between the 10 per cent and 90 per cent heights average 
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Fig. 3. Sedimentation rate distributions of fractions denotediby fraction 
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Fig. 4. Comparison of the theoretical (@) and e Ties (O) sedi- 
menedons rates of the fractions in Fig. 3. 
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3-78, and for the unfractionated material this is about 
20S. A comparison of the theoretical sedimentation 
coefficients" of the fractions and those obtained experi- 
mentally is shown in Fig. 4, and the agreement indicates 
that no convection or anomalous sedimentation had taken 
plaee. We undertook further experiments to ascertain 
whether there had been any fractionation aecording to 
density. We determined melting temperatures (Tm) 
and buoyant densities (o5) in caesium chloride for the 
unfractionated spleen DNA and for the fractions analysed 
for meten distribution. The resulís are shown in 
Table 1. 
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Fig. 5. Microdensitometer tracings of the buoyant density profiles of 

selected fractions in caesium chloride. Unfractionated material is shown 

at the top, and the progressive appearance of a band at o p= 1-709 g/em? 
is apparent. 


It was noticeable that although there were no trends in 
pB or Tm, the bandwidths of fractions with a higher 
sedimentation coefficient, and hence molecular weight, 
were narrower, as expected!*, This increased the resolu- 
tion of the satellite band considerably (Fig. 5). Also 
visible is the progressive appearance of a second satellite 
band. We feel that this is a result of the greater resolu- 
tion made possible by the molecular weight fractionation, 
and is not a preferential fractionation according to 
density. Fractionations of the whole material with even 
greater resolution are relatively simple to perform, and 
it is possible that this may reveal other discrete density 
bands. A number of fraetionations and subsequent 
studies were performed, and we found that the appearance 
of the satellite band at 91-708 g/ml. always occurred 
reproducibly in the same region of the gradient in the 
zonal rotor. Different sets of data agree closely, so that 
that presented here is representative of all our data. 

These results show that we have succeeded in obtaining 
narrow sedimentation rate distributions of mammahan 
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DNA using the zonal ultracentrifuge and that the physical 
property distributions obtamed are the result of fractiona- 
tion by molecular weight rather than density. 

We thank Dr Norman Anderson for making available 
the zonal rotor. This work was supported in part by 
the US Public Health Service. 
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Aconitase, a Complex with Two 
Active Centres 
We have found that the reactions 

citratezscis-aconitate (1) 
(11) 
can be separated during a controlled agemg at 0° C of 
aconitase {aconitate hydratase, E.C. 4.2.1.3.), purified 
as far as the first ethanol stage in Morrison’s preparation 
from pig heart. At this stage, the enzyme still contains 
the Fe?+ combined with the enzyme, so that no activation 
is necessary’. In Fig. 1, curves (a) and (6) give the initial 
rates for (11) and (1) respectively, ratio (i)/({ii) 1:00. After 
6 days at 0° C, the rates observed in the same conditions 
were (c) and (d), making the ratio 0-18. 


igoecltratezscis aconitate 


o0 


isocitrate 
itrate 







eis-Aconitate (gg) 
te 


3. —Citrate(aged) 


Time (min) 


Fig. 1. Beekman spectrometer (DK). Ordinate: absorption at 240 my 
in terms of cis-aconitate; abscissa: time in min. Cuvettes contained in a 
total volume of 2-0 ml, tris buffer 0-05 M, pH 7-4; enzyme 0-01 mi. 
(110 ug protein)’. Either D. L. Na isocitrate 60 nM (0-05 mi.) or Na 
citrate 600 uM (0-05 ml.) was added to start the reaction. (a) and (b) 
Enzyme freshly taken from deep freeze. Formation of cis-aconitate from 
isocitrate and citrate respectively. (e) Enzyme aged 6 days at 0° C. 
Jsocitrate as substrate. (d) Enzyme as (e) with citrate as substrate. 
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Our interpretation of this fact is that our aconitase 
contains two active centres, probably on two proteins in 
juxtaposition, and that it is therefore a complex, with the 
two independent activities, citrate dehydratase and 
isocitrate dehydratase. A separate citrate dehydratase 
has been described from Aspergillus niger*. From 
Dickman’s summary? of research on aconitase, the debate 
has continued for many years as to whether aconitase is 
unitary or dual in nature. Until now, in the animal at 
least, there have been no grounds for believing that the 
enzyme had more than one active centre. On this basis 
much detailed work has been done on the behaviour of 
the eomplex*-5*, and it is still valid. Some re-interpreta- 
tions may, however, be necessary in view of our finding 
that the activities of the complex can be separated, which 
makes some phenomena easier to understand. We refer 
especially to important work on fluorocitrate in rat liver 
mitochondria and aconitase, to be published by Guarriera- 
Bobyleva and Buffa (personal communication). 

We thank the Wellcome Trust for a grant and Professor 
F. G. Young for facilities. 
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Turbidity Changes in a Myelin 
Fraction induced by ATP and ADP 


We report here conformational changes in a myelin 
fraction that has not been subjected to the “water shock" 
step in its preparation. 

"Water shock” is an essential step in the preparation of 
purified myelin!?. The low enzymatic activity of such 
fractions and, in particular, the absence of ATPase could 
be a consequence of the removal of contaminants with 
high enzymatic activity. On the other hand, many 
enzymatic reactions which are associated with membranes 
are directional or vectorial in character: osmotic shock 
may disrupt the conformational integrity necessary for 
such reactions. 

A myelin fraction was prepared by a simplified density 
gradient centrifugation. Rat brain was homogenized in 
ice cold sucrose (0-32 M) and then diluted with the same 
solution to 7 per cent (w/v). The homogenate was layered 
over 0-8 M sucrose and centrifuged at 23,000g for 2 h. 
The ivory band between the 0-32 M and 0:80 M sucrose 





layers was collected; all procedures were carried out at 
" NEM 2 
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Fig. 1. Effect of ATP and oligomycin on the turbidity of myelin 


suspended in KCR tris, MgCl, medium. 
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Effect of ADP and oligomycin on the turbidity of myelin suspen- 
ded in NaCl, tris, MgCl, medium. 


Fig. 2. 


2*.4* C. Electron microscopic examination showed that 
this band consisted almost entirely of large myelin frag- 
ments. The turbidity of the myelin ‘ragments was 
measured as absorbance at 600 mu in a recording spectro- 
photometer. For this purpose the myelin was suspended 
in a medium containing 130 mM KCl, 29 mM tris HCl 
(pH 7-4) and 3 mM MgCl, so that its fing: concentration 
was approximately 0-5 mg protein/ml. 

The addition of 3 mM ATP to the myelin suspension 
increased turbidity, which returned to iss initial value 
after about 45 s (Fig. 1). When a second aliquot of ATP 
was added, turbidity was increased for the same duration 
although its amplitude was much redueed: The addition 
of a third aliquot of ATP either produced an even smaller 
response or failed to cause any change. The wave of 
increased turbidity produced by ATP was completely 
inhibited by ouabain (10-* mg/ml). It was, however, 
significantly augmented by oligomycin (5 ug/ml). Fur- 
thermore, ATP failed to trigger the change if the 
ambient fluid contained NaCl in place of KCI. 

By adding 4 mM ADP to the myelin fraction suspended 
in NaCl solution, and measuring the turbicaty, an identical 
record to Fig. 1 was obtained (Fig. 2). This response 
was augmented by oligomycin, but thm time ouabain 
did not inhibit the reaction. The substitution of KCl 
for the NaCl of the suspension medaim completely 
abolished the action of ADP. 

The results suggest that myelin is metastable and the 
reactions may be represented by the folowing equation 
(where M is the membrane). 





(a) ATP + K* outside + M-+labile complex! 
(high turbxdity) 


stable complex 
(low turbidity) 


(b) ADP + Na* outside + .M—labile comp ex?— 
(high tursidity) 


stable eomplex 
(low turbidity) 


In eaeh equation the labile complex corresponds to 
the peak of the light scattering curve while the stable 
complex refers to the final product. The experimental 
findings indicate that the ion-pump mechanism is involved 
because the system is sensitive to ouabaia and oligomycin 
and also because substitution of environmental K* by Na* 
n reaction (a) and a versa in reaction (b) inhibits the 

Th | a uA e ucture such as myelin the mner 
component of the unit membrane is bured. The experi- 
mental data relate to the activity of the exposed outer 
layer of the unit membrane. 

If it is assumed that reaction (6) can occur in the reverse 
direction a complete model for the ion-sump mechanism 
is obtained whieh can be analysed in two half reactions. 


K+ outside + ATP + Mz*labile complex Nat inside 
s x 


atable 
complex 
we ^u 
AM-«-labile complex 


Na+ outside - ADP + K* inside 
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The accelerated turbidity change induced by ohgomycin 
— which is known to inhibit transport ATPase— suggests 
that this drug promotes formation of the stable complex 
(shown above) and, hence, stops net ion flow across the 

membrane. 

The model proposed for cation exchange in myelin 
can be compared with the erythrocyte cation pump’. 
Our results suggest that the outer surface of rne can 
react with external ATP and ADP. It is well known that 
ion pumping in the red cell membrane is not affected by 
external adenine nucleotides; ATP on the outside is not 
hydrolysed by the cell membrane. In our myelin model 
potassium binding is linked with ATP consumption, 
while in the erythrocyte, internal sodium binding is 
associated with ATP eonsumption?. 

The partieular significanee of this myelin funetion 
may best be explained by considering the paranodal 
region of the myelinated nerve fibre. At this point the 
terminal myelin loops dip in and impinge on the axon; 
this battery of tight junctions would permit rapid local 
changes in Na* and K* binding. The nucleotides required 
could be provided by the paranodal apparatus*. Such a 
mechanism could be important in regenerating the action 
potential at the node, in accord with the hypothesis of 
saltatory conduction. 

Y. H. A. is supported by a grant from the British Heart 
Foundation. 
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Binding of Tritiated Digoxin to 
Human Red Cell Ghosts 


Tue binding of cardiotonic glycosides to (Na*--EK*)- 
activated ATPase preparations from heart muscle, cat 
brain and Hlectrophorus electric organ requires certain 
specife conditions':?. The data are consistent with the 
same quantitative relationship between glycoside binding. 
Na*-dependent phosphorylation and (Nat + K*)- activated 
ATP hydrolysis in all these tissues, although they differ 
considerably in their specific activities. Erythrocytes 
are another tissue from which (Na*+ K*)j-activated 
ATPase preparations of low specific activity can easily 
be made, and which can also be used for studies of 
glycoside binding. Our experiments show that there is a 
similar binding of specifically labelled digoxin to a red 
cell ghost preparation. 

Red cell ghosts were prepared from fresh haernatologi- 
cally normal human blood by a modification of the Dodge 
method’. The cells were rapidly frozen and thawed twice 
to ensure fragmentation. "Phe preparation was assayed 
for ATPase by incubating at 37^ C for 30 min m the 
presence of 15 mM tris ATP, 16 mM MgCl, 0-1 mM 
EDTA, 0-2 mM cysteine, 10 mM tris pH 7-4, and either 
140 mM NaCl, 12:5 mM KCl or 152.5 mM NaCl. The 
reaction was stopped with ice cold trichloracetic acid, 
added to a final concentration of 5 per cent, and the 
inorganic phosphate released was assayed by a modifica- 
tion of Weil-Malherbe and Green's method’. The tri- 
chloracetie acid precipitate was redissolved in 3 per cent 
sodium hydroxide and assayed for protein by a modified 
biuret method. Binding of digoxin was measured by 
incubating the enzyme (~2 mg in 1 ml.) with labelled 
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glycoside (usually 10-* M) at 37° C for 30 min, diluting 
with fifty volumes of unlabelled suspending medium, and 
spinning and washing twice (20,0009; 20 min) The 
precipitate was dissolved in 1 ml. of Nuclear Chicago 
solubilizer, mixed with scintillator, and counted in a 
Packard "Priearb' spectrometer after being stored in the 
dark for 24 h. Six replicates were usually used for each 
set of conditions; control tubes were either preineubated 
with 10-? M ouabain, or ATP and Mg?* were omitted. 

Specifically labelled digoxin tritiated in the 12-a 
position was supplied by Dr J. Rutsehmann of Sandoz 
A.G., Basle. This preparation was purer than generally 
labelled preparations® although it had a lower specific 
aetivity. 

Digoxin binding was found to require the presence of 
ATP, Mg** and Nat. It was inhibited by addition of 

10- M ouabain or digoxin, and by 50 mM K> for digoxin 
concentrations of less than 10-7 M. Binding was rapid 
with digoxin concentrations greater than 10-7 M, all 
labelling having occurred within 5 min. The enzyme- 
digoxin complex was stable to washing in 150 mM KCI, 
10 M ouabain or digoxin, but the digoxin was removed 
by precipitation with triehloraeetie aeid or ethanol, or 
treatment with 6 M urea. Table 1 summarizes the digoxin 
binding data in conditions for maximum labelling. If 
it Is assumed that one digoxin molecule binds to one 
enzyme active site. that all the sites are labelled and that 
in the conditions of the experiment all the labelhng is 
specific, it is possible to calculate a catalytic centre 
activity for the ATPase which, from the present data, gives 
a value of 10,500 mint, Albers et al.! caleulated catalytic 
centre activities for three ATPase preparations. from both 
generally labelled ouabain binding and **P incorporation 
experiments, obtaining values in the range 5,000-15.000 
min-!, and a correlation of 0-5-1 between glycoside bind- 
ing and phosphorylation. Bader et al.6 have measured 
?* P-phosphorylation in a human erythrocyte preparation, 
giving a catalytic centre activity of 12,100 mint. This is 
in good agreement with the present figure from specifically 
labelled digoxin binding, giving a ratio close to unity. 


Table 1 
(Na’ + Kt)-activated ATPase Bound digoxin 
No. of activity -— eds protein 
experiments (uaoles/mg protein/h 4 S. E.) S. E.) 
10 0-25 x 0-06 0-39 i 0-08 


The red cell ghosts used in these experiments contained 
0-8 pg of protein per cell, which leads to an estimate 
of about 200 molecules of digoxin bound per cell. Because 
the ATPase is a membrane-bound complex, its behaviour 
ina fragmente 'd ghost, where the ionic asymmetry of the 
intact cell is destroyed, may not be exactly the same as 1t 
is in vivo, but the present estimate gives a somewhat 
smaller number of sites than some previous ones’, 
though it is m approximate agreement with recent work of 
Hoffman and Ingram? and of ourselves on intact human 
erythroeytes. 
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Apparent Reversal of Insulin Resistance 
in Cardiac Muscle in Alloxan—Diabetes 
by 2-Bromostearate 


IssULIN in vitro fails to restore normal rates of glucose 
uptake, glueolysis and glucose oxidation in the alloxan- 


diabetic rat heart. This insulin resistance is reversed 
by hypophysectomy or adrenalectomy, and it may be 


caused by the inhibition of hexokinase, phosphofructo- 
kinase and pyruvate dehydrogenase'?. Similar changes 
may be induced in hearts from non-diabetic rats by 
in vitro perfusion with fatty acids, so it has been suggested 
that these changes in the diabetie heart are à consequence 
of increased rates of hydrolysis of musele triglyceride 
and oxidation of fatty acid??. Attempts to substantiate 
this suggestion by the use of known antilipolytie drugs 
were frustrated by their low activity in muscle prep- 
arations. The effect of fatty acids may depend on their 
oxidation leading to elevated tissue concentrations of 
acety| CoA and citrate which may inhibit pyruvate 
dehydrogenase, phosphofructokinase and hexokinase’. 
This suggested an alternative approach using inhibitors 
of fatty acid oxidation and in particular inhibitors of 
carnitine acyl transferase because of the apparently 
specific role of this enzyme in fatty acid oxidation. 
Acyl p-earnitines, which are potent inhibitors of the 
transferase, were unsuitable because of their toxicity. 
Tubbs and Chase! have described inhibition of carnitine 
acyl transferase and of fatty acid oxidation in mito- 
chondria with coenzyme A derivatives of 2-bromostearate 
and 2-bromolaurate. Conditions have been defined in 
which 2-bromostearate can be used as an inhibitor of 
fatty acid oxidation in the perfused heart, and these 
results are described here. 

The analytical methods used and the technique for 
perfusion with long chain fatty acids have been described 
before??. Preliminary experiments showed that perfusion 
could be made with 2-bromostearate in combination 
with bovine plasma albumin; that maximum effects on 
fatty aeid and glueose metabolism required perfusion 
for 10 min with 1 mM 2-bromostearate and 2 per cent 
albumin; and that these effects persisted when perfusion 
was continued with medium free of bromostearate. By 
visual inspection the rate and force of contraction of 
diabetic hearts were maintained for 12-16 min with bromo- 
stearate. Contractions then slowed and became weaker 
and ceased after 18-20 min. In normal hearts the periods 
were shorter (9-11 and 11-14 min) The technique 
adopted was to perfuse by recycling for 10 min with 
medium containing 2 per cent albumin, 1 mM 2-bromo- 
stearate, 100 mg/100 ml. glucose, and 0-05 v/ml. insulin; 
and then to continue perfusion with glucose and insulin 
medium only. In these conditions reasonably normal 
beating was maintained for at least 30 min. 

The results are given in Table 1. The diabetic heart 
showed the expected diminutions in the rates of glucose 
uptake, glueolysis and glucose oxidation; and inhibition 
of phosphofruetokinase and hexokinase through citrate 
accumulation as shown by the changes in tissue concen- 
trations of citrate, hexose phosphates and intracellular 
glucose. These changes were apparently completely 
reversed by 2-bromostearate without any concomitant 
alteration in adenine nucleotide or glycogen concen- 
trations. With the possible exception of a further increase 
in the rate of conversion of U-'*C glucose to MC carbon 
dioxide, normal hearts showed no change in these para- 
meters with 2-bromostearate (not shown). Glueose 
oxidation aecounted for 23 per cent of the oxygen con- 
sumption in the diabetic heart and this inereased to 77 
per cent with bromostearate. It has been shown? that the 
balance is a consequence of fatty acid oxidation, so it 
can be calculated that bromostearate inhibited fatty 
acid oxidation by 70 per cent in the diabetic tissue. 
In a further experiment (not shown) in which perfusions 
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Table 1. EFFECT OF 2-BROMOSTEARATE ON GLUCOSE METABOLISM AND 
METABOLITE CONCENTRATIONS IN ALLOXAN-DIABET:O BAT HEART 


Mean tA ALIO 
Parameter Alloxan- Diabetic Nonas 
Control 2.Bromostencate costrol 
Rate: umoles/g/dry ventriele/h l 
Glucose uptake 140447 325 + 37 218 17 
Glucolvsis 10417 395 £37 31R 4 17 
Glucose oxidation* 54416 192 +37 2fpe i8 


Rate d.p.m.in CO,/g dry ventricle/Ó min —— 
Glucose oxidation 3,500 + 1,720 

Concentration (mM) a , 
Intracellular glucose POIc0D32 

Concentration: smoles/g/dry ventricle — 
Glucose 6-phosphate 3:05 + 0-09 


23,2002 4,880 17,200 + 2,880 


ORT EOS 


13150 ED 


1-68 + Osa 1-66 + 008 





Fructose 6-phosphate (03 0:11 OGL + Ode 
Fructose 1 : 6-diphosphafe 0:023 + 0-008 1S + O-013 
Citrate 2-85 x 0-16 0-98 0-13 
ATP 18-1 + 0-50 19-1 £ 0-48 
ADP 3-4+6-84 ins 
AMP 0-9 € 0-12 us 
Glvcogen 
10 min preperfusion 229 + 26 — 
10 min--20 min perfusion 252 514. 200238  — = 





Hearts were preperfused for 10 min with medium containing either 2 per 
cent bovine plasma albumin (controls) or 2 per cent al imin- mX Z-hromo- 
stearate, with glucose (100 mg/100 ml) and insulin (5-025 U iml and then 
perfused for a further 10 or 20 min with medium ccotaming ghucose &ud 
insulin alone. Glucose oxidation rates were calculated either as (glucose 
uptake-lactate output-glycogen synthesis rates)* or ae d. p.n. in CO, after 
perfusion with medium containing U-'"C glucose (19,000 d.p.m./gmoley, 
Glvcogen was estimated after 10 min of preperfusion aad alse after a further 
20 min of perfusion. The minimum number of hearts perfused in any one 
group was six. 





were made with 5 mM pyruvate, 2-bromostesrate in- 
creased the uptake of pyruvate by 74 per cent and its 
oxidation almost six-fold. Subject to the proviso that the 
mechanism of the bromostearate effect needs to be 
established in the tissue, these findings indicate that an 
inhibitor of fatty acid oxidation can reverse these abnor- 
malities of glucose and pyruvate metabolism in the 
diabetie tissue. 

Burges et al. have recently deseribed in a preliminary 
report increased rates of glucose uptake and glucose 
oxidation in the diabetic heart with Z-bromopalmitate. 
Complete restoration of normal rates may not have been 
achieved in their experiments and this quantitative 
difference could be explained by the preperfusion technique 
used in the present studies. 2-Brome fatty acids may 
thus be a useful tool for establishing the role of fatty 
acid oxidation in metabolic disturbances in experimental 
diabetes. 

I thank Mrs J. E. Eaborn and Mrs L. Hansford for 
technieal assistance, and British. Druz Houses Ltd for 
2.bromostearate. These studies forre part of the pro- 
gramme of the British Diabetic Assceiation's Research 
Group. 
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220 Mc Nuclear Magnetic Resonance 

Spectra of Gramicidin S in Solution" 

IN a previous communication! we reported the nuclear 

magnetic resonance (NMR) spectra at 100 Me of grami- 

cidin S in dimethylsulphoxide (DMS®) solution and made 
* Readers should know that Bradbury et al. (Zature, 220, 60; 1068) have 


shown that the attempt to interpret chemical shists in terms of conformation 
is almost certainly futile. 








778 


a preliminary tentative assignment of the resonance peaks. 
We have done further experiments using an H A/100 
spectrometer with double and triple resonance apparatus 
and a high resolution HR/220 spectrometer. The results 
show that: (a) the peak at 9-1 p.p.m., which had been 
attributed to an impurity, corresponds to the NH protons 
of phenylalanine residues (Fig. 1); (b) the peak at 8-05 
ppm. corresponds to the NH, protons of ornithine, 
which had been overlooked in the previous assignment; (c) 
a new peak at 7:13 p.p.m. can be seen in the spectrum car- 
ried out at 70? C with an HR/220 spectrometer (Fig. 1B); 
in the speetrum at lower resolution this peak was masked 
by the ring CH protons of phenylalanine; it can now be 
assigned to the NH protons of the valine residues; this 
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Fig. 1. HR/220 NME speetra of gramicidin S in DMSO at 15? C and 
70^ C. 
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H 4/100 NMB spectra of gramicidin 5 in DMSO with different. 
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HAJOO NMR spectra of gramicidin 5 in DMSO with different 
percentages of CIROD. 


Fig. 3. 


peak is also clearly observable in DMSO + CDCL (Fig. 2) 
and in DMSO--CD,OD (Fig. 3j; (d) the peak at 4-80 
p.p.m., previously assigned to the xCH protons of proline, 
corresponds to the «CH protons of ornithine, as shown by 
double resonance experiments; (e) the peak at 4-50 p.p.m. 
corresponds to the «CH protons of leucine (double reson- 
ance experimenta). 

As for the deuterium exchange experiments, the pre- 
vious interpretation should be revised in view of (a) and 
(b). In this connexion, it should be pointed out that: 
(a) In DMSO + D,O the peak at 8-05 p.p.m. corresponds to 
only two protons and the peak at 9:1 p.p.m. beeomes a 
singlet (Fig. 4). (b) In DMSO+D,0+ traces of DCI the 
areas of the peaks at 8-05, 8-60 and 9-1 p.p.m. become 
smaller. (c) In DMSO+CDCI,+ TFA two NH peaks are 
present—at 8:40 ppm. (two protons) and 7-40 p.p.m. 
(two protons)—whieh have now been assigned to the 
leucine and valine residues (Fig. 5). (d) In DMSO with 
variable percentages of CD,OD (Fig. 3) different exchange 
rates are observed according to the following order: 


NH, ornithine > NH phenylalanine > NH ornithine 


The correlation between NMR spectra and stereochemistry 
of gramicidin S therefore remains an open problem, 

I thank Dr Le Roy F. Johnson of Varian for the 
220 Me speetra, Dr Segré for making available the 
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HA/100 NMR spectra of gramicidin 5 in DMSO + CDCI, (50 
per cent) + D,O and in DMSO+ CDCI, (50 per cent) + TFA. 
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HA/100 spectrometer, and Professor A. M. Liquori for 
helpful discussion. 

F. CONTI 
Istituto Chimico, 
Università degli Studi di Roma, 
Laboratorio di Chimica-Fisica ed Elettrochimica, 
Rome, 


Received November 4, 1968, 
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Putative Bitter-taste Receptor from 
Porcine Tongues 


Dastroui and I reported earlier that we had found a sugar- 
complexing protein fraction in homogenates of bovine 
tongue epithehum!. Because the interaction of this 
fraction with sugars resembled in several respects the 
interactions of taste receptors in vivo, we suggested that 
it contained the chemoreceptor molecule for sweet- 
tasting compounds. The active component was subse- 
quently purified and was characterized as a cationic 
protein of high molecular weight?. 

Dastoli et al. have recently found a fraction in homo- 
genates of porcine tongue epithelium which forms corn- 


plexes with bitter-tasting compounds?. They refer to 
this as "the bitter-receptor protein", although their 
report contains no data justifying reference to the protein. 
in the singular. Moreover, their data show very poor 
agreement with the characteristics which might be 
expected of “the bitter-receptor protein" 

In Table 1, I have listed the bitter-tasiing compounds 
studied by Dastoli et al.* and the dissociation constants 
calculated from their data. The numbers are simply the 
reciprocals of the association constants which they 
reported, and represent the concentrations of the stimulus 
compounds which result in half-saturation of their “re- 
ceptor’. The approximate taste thresholds for these 
compounds as reported in the literature are given in the 
right-hand column of Table 1, except for naringen, for 
which I have been unable to find a reported value. 





Table 1. COMPARISONS OF TASTE THRESHOLDS WITH DISSOCLETION CONSTANTS. 


FOR BINDING BY THE ““BITTER-SENSITIVE PROTEIN’ 
Appreximate 
Compound i; K* threshold t 
Quinine HC! 3°9 x 10^ M 8x Hr*M 
Brucine-HCt 4:6x102M 7x10 M 
Naringen SL x 10-8 M = 
Caffeine 7-8x10°9 M 7x 30 * M 


* Calculated from data in ref, 3. 
t From refs. 4 and 6 


With regard to the ranking of the compounds in order 
of their dissociation constants, Dastoli et el. state “... this 
ranking is in excellent accord with the relative bitterness 
of these eompounds'?*. This is their cuief evidence for 
the identity of their material with the bitter chemo- 
receptor. But they cite no evidence for this being the 
order of relative bitterness, and the only published values 
which I have found (shown in Table lọ are at variance 
with their statement. Brucine, for example, is reportedly 
about ten times more bitter than quinine, yet their data 
seem to indicate that the “bitter-sensive protein" has 
a slightly greater affinity for quinine than for brucine. 
In fact, the association constants reported by Dastoh 
et al. are very nearly the same for three of she four com- 
pounds tested, leading one to questioa the significance 
of ranking them in any order at all. 

Finally, the numerical values of the dissociation con- 
stants are far removed from what one might expect on 
the basis of taste sensitivities in vivo. Beeause the dis- 
sociation constant represents the stimulus concentration 
which saturates one-half of the total receptor sites, one 
might anticipate that the threshold coacentration would 
be perhaps one hundred-fold lower than the dissociation 
constant. In other words, about (0-1 per cent to l per 

cent of the sites must be occupied for a. response to occur. 

Only caffeine comes near to meeting this predietion. 
For brucine, the dissociation constant m some 6,500 times 
the threshold concentration. Even when one considers 
the species difference (the thresholds are for humans) 
this is a remarkable disparity. 

In summary, I believe there is no evidence justifying 
the conclusions drawn by Dastoli et el.” eoncerning the 
identity of their “‘bitter-sensitive protein” with the in 
vivo receptor for bitter tastes, or ever for considering it 
to be a reasonable model of the recepéor. Perhaps they 
are aware of some in vivo data which are in accord with 
their conelusions. If so, their failure to eite them represents 
an unfortunate oversight which should be corrected. 


STEVEN Prick 


Department of Physiology, 
Medical College of Virginia, 
Richmond, Virginia. 


Received July 1; revised October 17, 1968, 


! Dastoli, F. R., and Price, S., Setence, 184, 905 (1008). 

* Dastoli, F. R., Lopiekes, D. V., and Price, 8., Biochemistey, 7, 313800 (10988), 

? Dastoli, F. R., Lopiekes, D, V., and Doig, A. R., Natum, 218, 885 (10081. 

* Scholl, F. M., and Munch, J. C., J. Amer. Pharmaeeut, axsoc,, 26, 197 (1937). 
? Pfaffman, C., in Handbook of Physiology, 1 (1050). 
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Variations in the Cholesterol Content 
of Egg Yolk 


CHOLESTEROL has been implicated as a possible cause of 
atheroselerosis. Egg yolk, which is a prolific source of 
cholesterol, is therefore viewed with suspicion in many 
parts of the world. The validity of these assumptions 
has yet to be proved; the aim of the work deseribed 
here was to characterize the "normal" cholesterol content 
of egg yolk and to attempt to reduce this content by 
feeding cholestyramine; the latter attempt failed. 

Fifteen Thornber 606 light hybrid pullets were obtained 
from an accredited Thornber’s agent at 4 months of age. 
They were immediately housed in individual cages in a 
battery unit. Lighting was artificial, and was programmed 
to help the birds to start laying after 5-5 months (that 1s, 
8 h of light at the beginning, increased by 30 min/week 
up to 17 h). The room in which the battery unit was 
kept was maintained at 65° F. Five birds were fed on 
each of three diets: (A) Spillers intensive layers mash; 
(B) Spillers intensive layers mash -- 1 per cent cholestyr- 
amine; (C) Spillers intensive layers mash+corn oil + 
l per cent cholestyramine. 

The first five eggs laid by each pullet were collected 
and the cholesterol content of the yolks was determined. 
After this, every fifth egg was analysed until the thirtieth 
egg. Five more eggs from each pullet were analysed 
during the middle of the laying season (at about the 
hundredth egg), and again when egg production began to 
fall off at the end of the laying season. Eggs were allowed 
to stand at roorn temperature for one week before aliquots 
of yolk were taken. The aliquots were freeze-dried and 
extracted in chloroform: methanol (2:1 v/v) The 
cholesterol eontent of portions of the extraet was deter- 
mined using a colorimetric method'? involving ferric 
chloride and sulphuric acid. 

Blood samples were taken by cardiac puncture when 
the birds were first obtained (before feeding commenced) 
and again midway during the laying season. Samples 
were taken by syringe and immediately nee :d in heparin- 
ized tubes. Plasma was separated by centrifuging, 
extracted in ehloroform : methanol, and portions of the 
extract were analysed for cholesterol as before. 


Table 1. VARIATIONS IN CHOLESTEROL CONTENT OF EGG YOLK PURING THE 
FIRST 9 MONTHS OF THE LAYING SEASON (CHOLESTEROL CONTENTS EXPRESSED 
AS MEAN +STANDARD DEVIATION, PERCENTAGE OF DRY MATTER) 


u Spillers Spillers intensive Spillers intensive 
Diet intensive layers mash layers mash + 10% LA 
" y layers 419 corn oil +1%, 
eet I «t y 
Egg No. mash cholestyr ramine cholestyramine 
1 5:46 + (10 d 73 0-05 4-39 + 0-53 
2 3:44 + 0-16 78+ 0-54 3:79 + 05D 


i 3-92 £c 0:18 4 53 3 0-40 3°58 + 0-70 
4 ORO + O24 3-129 40-31 3:37 + 0-25 
5 2.92 + 0-02 3-07 + 0-43 3°43 40°35 
10 2°77 + 0-52 2.790 +029 2°76 + 0-51 
15 2°39 + 0-01 2-57 + 0-23 = Ý 
20 2:20 r 0-02 2:62 + 0-18 -—T 
25 2.96 4 0-00 — T —t 
30 —$ 2°34 + 0-20 9:22 - 0-15 
No. of observations 8° 5 5 


* Some egga were lost from this group, and the final analysis was performed 
on only three eggs for each egg nuniber. 


+ These values were not analysed statistically, for the Titan program 
used required equal numbers of observations for each set. Because some 
eggs were lost through breakage in transit, some values are therefore missing. 


Significance of resulta: there is a progressive and significant decrease in 
yolk cholesterol content within each group. Full statistical data are available 
on request. 


The cholesterol content of egg yolk is given in Tables 1 
and 2. In Table 1, the birds are divided into groups 
according to their diet. There are no statistically signi- 
ficant differences between the groups, but there is a 
signifieant decrease in cholesterol content with increasing 
number of eggs laid within each group. In Table 2 , only 
five birds are shown; these have not been div ided into 
groups, for this table is meant to show the variation in 
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Table 2. COMPARISON OF THE YOLK CHOLESTEROL CONTENT OF MID-SEASON 
AND END OF SEASON EGGS FROM FIVE BISDS. MEAN + STANDARD DEVIATION, 
EXPRESSED AS PERCENTAGE OF DRY MATTER 

Mid-season eggs 


Significance in End of season eggs 


Bird* (five observations) Student's i test (five observations) 
G: 597 2-40 -- 0:17 At 595 level 276 4 0-19 

G: 593 2:45 + 0-09 At 5% level 2-08 + 0-60 

G: 595 2244 + 0°25 At 5%, level 2-84 + 0-43 

3: 596 2.32 t 0-18 At 592 level 3.19 4 0:27 

(i: 598 2:45 + 0-07 Not significant 2551+015 

* G6: 507 received a control diet; the other birds received a diet with added 


cholestyramine. There is no statistically significant difference between the 
cholesterol content of yolks of mid-season eggs from G: 507 and those of other 
birds, 


Table 8. EFFECT OF CHOLESTYRAMINE ON PLASMA CHOLESTEROL LEVELS IN 
LAYING FOWL 


Plasma cholesterol levels 
mg/100 ml, (mean 
+ standard deviation, 
five observations) 


Description 
(A) Thornber 606 puliets on Spillers intensive 
layers mash, Mid-lay 


(B) Thornber 608 pullts on Spillers intensive 
layers mash +1% cholestyramine. Mid-lay 

(€) Thornber 606 pullets on Spillers intensive 
layers mash+10% corn oif+ 1% cholestyr- 
amine. Mid-lay 


(D) Thornber 606 pullets, 4 months old 


205:0 + 28-1 


40:8 3 15:0 


52-0271 
98-84 14-0 


Significance of resulta: 


A versus B, € or D, significant at (-1 per cent in 
Student's t test. 


cholesterol eontent of eggs laid by the same birds at 
different stages during the laying season. 

The eholesterol eontent of plasma is shown in Table 3. 
Cholestyramine caused a highly significant decrease in the 
cholesterol eontent of plasma, but had no effect on the 
cholesterol content of yolk. This may indicate that the 
deposition of cholesterol in egg yolk as it forms is not a 
passive diffusion from plasma, but that either an active 
synthetic process is taking place in the ovaries or active 
transport must occur across the yolk membrane. 

The first few eggs laid by a pullet are small and contain 
small yolks. These yolks have a higher percentage 
content of cholesterol than yolks from later eggs, but the 
actual quantity of cholesterol in the egg is approximately 
the same (about 250 mg in Thornber 606). There must 
therefore be a mechanism which ensures that this quantity 
of cholesterol is deposited in all eggs. irrespective of their 
size or the eholesterol content of the plasma of the laying 
bird, and this amount of cholesterol must approximate to 
the amount required by the developing embryo. There is 
a slight difference in the cholesterol content of eggs 
between various strains of birds: Rhode Island Reds, 
mid-lay, 3°84+ 0-77 per cent (five observations); Thornber 
505, mid-lay, 2-87 - 0-68 per cent (twelve observations); 
Thornber 606. mid-lay, 2:78: 0-22 per cent (twelve 
observations), but the variation from egg to egg, even 
between birds of the same strain, Is sufficient to prevent 
there being any difference statistically. It does seem that 
large heavy bodied birds which produce large chicks tend 
to deposit more cholesterol in egg yolk, but a point of 
importance here is that some large birds produce smaller 
eggs than light hybrids which have been specifically bred 
for laying. T he percentage of cholesterol in the yolk 
would have to be higher in this case to ensure that the 
quantity of cholesterol necessary for development of the 
embryo was present. 

I thank the British Egg Marketing Board for financial 
assistance, Houghton Poultry Research Station for 
permitting me to run this experiment there, the University 
Mathematical Laboratory for use of the Titan computer 
and Dr D. E. Bowyer for his programming. 


Dennis JONES 
School of Agriculture, 
University of Cambridge. 
Received October 30, 1968; revised January 2, 1969, 


1 Crawford, N., Clin. Chim. Acta, 8, 357 (1958). 
2 Jones, D., thesis, Univ. Cambridge (1968). 
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Book Reviews 


GROWTH PAINS OF BRITISH RAIL 


British Railways in Transition 

The Eeonomie Problems of Britain's Railways since 1914. 
By Derek H. Alderoft. Pp. xvi+252. (Macmillan: 
London; St Martin's Press: New York, February 1969.) 
458. 


“WHAT is the matter with our bloody ships today ?" 
cried Admiral Beatty at Jutland when another battle- 
eruiser went up in smoke; and indeed there proved to be 
quite a lot wrong with the direction, management, design 
and operation. But it does not do for anyone outside the 
Navy to give the answers. If for ships we substitute 
trains, we are involved in a national pastime, in which the 
publie both ask the questions and give the answers, 
generally eovered by some umbrella solution for the 
immediate future, such as "heads must roll". 

Seldom do we get someone who asks the same question 
but turns back to history for the answers. Derek Alderoft 
has done this and done it very well. Although he is an 
eeonomist and because he is a leeturer, he writes in the 
active tense and without jargon. Add to that, that he is 
free from theory, prejudice and malice and we have in our 
hands a very readable book. It is one not only for the 
student of transport, for railwaymen and for railway 
enthusiasts, but for the far wider publie who are genuinely 
bothered why British Rail has not been able to come to 
terms with its job. 

The job, as defined by the nation in Acts of Parliament, 
is to provide safe, efficient and economical services, and to 
break even financially. In the past ten vears British Rail 
has gone a long way to fulfilling its duty toward services. 
The inter-city passenger timetable, awarding marks for 
safety, speed, frequency, punctuality, comfort and cost, 
is in the round the best in the world. The French may be 
a bit faster and more punctual. They are also less frequent 
and more costly. The Japanese have one magnificent 
railway, but the JNR as a whole is a mess. The Canadians 
are more punctual but slower and less frequent. The 
Germans ... and so on round the world. All the com- 
muter services in London have been modernized. British 
Rail has pioneered two great advances in freight since 
1960— Freightliner and Merry-go-Round. There is still 
much to do, but there is not a lot "the matter with our 
bloody trains today" which is not on the way to being 
put right. 

It is in its duty to break even financially that British 
Rail has fallen flat on its face. 


management. 

In the days of monopoly—now forty years past—it was 
fair enough to legislate that railways must carry all things 
for all men, must not give one man an undue preference 
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over another, and must run “Parliamentary Trams” at a 
fare of a penny a mile. And the watch-dogs in. Parliament 
were doing a good job in proteeting tix 
from the bully-boys on the railway. 

Now life is different. Railways need protection from 
the nation—unless we choose, as we kave a right to 
choose, that we prefer to continue with railway deficits 
and to pay the price. My own share of the radway deficit 
paid as PAYE is £8 a week, and many of Natere's readers 
will be paying the same; all will be paving something. I 
would choose to encourage British Rail to charge the full 
price of the ride and break even. Aldcreft teaces clearly 
enough the lapses of courage, particulary political 
courage by the railways, by the tribunals and by the 
Government. 








When he comes to investment Alderoft breaks new 
ground for me. He calculates that railways were short 
of even maintaining their undertaking by over £140 
million at 1930 prices between 1914 and 1987; and by 
over £650 million at 1960 prices between 1927 and 1953. 
To offset this they made a net investinert of £250 million 
between 1953 and 1960; and he finds that much of this 
last sum was spent on the wrong things. He draws very 
relevantly on the findings of the Weir Ccanmuttee in 1931 
that the electrification of the main lines wouid produce a 
paltry return of only two per cent. 

After a side-swipe at pricing where he thiaks, like the 
Prices and Incomes Board, that standard and 
charges should be replaced by selective pricing, or the 
historic railway principle of charging what the traffic will 
bear, Alderoft writes mildly enough abeut che directors 
and managers who have been charged with the duty of 
breaking even and have failed. In adwancing for them 
the alibi of legal and social interference he may have 
remembered too much lesser men and remembered too 
little Lord Beeching who met the ehallenze of that kind of 
interference to the tune of tens of millons a vear in extra 
revenue end economy. 

Nevertheless, Alderoft has faith in good management as 
an answer, if only it was there. He writes: “The rate of 
improvement in efficiency will depend very much on the 
calibre of management and it is far fron clear that the 
railways possess the right talent at the top!" And he 
deduces that British Rail will not "break ever”. 

On this score I part company from him. fT believe 
British Rail has been set an easy task for the ealibre of 
the management which it has. The test will come in the 
longer term. And here Alderoft's agreeable journey 
through economic history signposts the way to avoid the 
mistakes of the past. GERARD FIENNES 





TRATOR 


ISLAND LIFE 
The Theory of Island Biogeography 


By Robert H. MacArthur and Edward ©, Wilson. Pp. xi 
+203. (Princeton University Press: Princeton, NJ; 
Oxford University Press: London, April 1968) 76s 
boards; 358 paper. 


develop in quantitative terms a genera. theory of island 
biogeography. Their theory is based on the empirically 
determined relationship between number of species and 
island area and is developed from theoretical considera- 
tions of immigration, extinction and population dynamics, 
The result is a book which is very different from previous 
treatments of island biogeography. Some wil object that 
the mathematical analysis is unnecessarily complex when 
compared with the conclusions reached and usefully 
summarized at the end of each chapter’; others that the 
conclusions have either been recognized long ago or have 
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been unduly simplified; yet more that such a treatment is 
too far removed from the diversity and complexity of 
island life itself. And while homage is paid to Darwin and 
Wallace, it is rather startling to find that the names of 
Guppy and Ridley appear nowhere in the book. 

Criticisms of this sort, however, generally await attempts 
to bring order, through model-construction and quantita- 
tive analysis, into the "natural history" sciences, where 
the complexity and apparent uniqueness of natural 
situations tend to obscure underlying regularities. The 
great value of MacArthur and Wilson's models is that, in 
being predictive, they compel reassessment of familiar 
data. This in itself, however, has dangers, for the data 
satisfactory for one mode of analysis may be inadequate 
for another. I doubt, for example, that Lansing’s data 
on the flora of islets in the Dry Tortugas, collected during 
eleven days in 1904 and described by Millspaugh, and 
compared with Bowman’s later survey in 1916, will 
support the analysis of extinction rates (including a 
table and two diagrams) which is based on them. It would 
not be difficult to obtain similar data in which one could 
have greater confidence. 

MaeArthur and Wilson's emphasis on the development 
of an equilibrium between immigration and extinetion, 
with area as the major control of species numbers, in 
contrast to the simple effect of isolation limiting the 
number of species which manage to reach islands, has 
important implications, especially in. conservation. There 
is a tendency to regard any extinction (especially of birds) 
on remote islands as a biological disaster, in some cases 
with justification; but once it is realized that extinction 
is a normal and indeed predictable process, it should he 
possible to select islands and species for conservation on 
more objective grounds and with greater prospects of 
success. At the same time, MacArthur and Wilson's call 
for more experimentation on islands (with artificial 
extinetion either manually or by poison, and artificial 
immigration), to throw light on what happens in varying 
conditions of island size, altitude, isolation and ecological 
diversity, and the list of places where such experiments 


of the future of remote islands. 

This book wil permanently influence the nature of 
island studies, by its theoretical approach, and by stimulat- 
ing the reinterpretation of old data and suggesting the 
need for new. In a concluding discussion of island 
stepping stones, even wider issues are raised which have a 
direct bearing on the history of the ocean basins through 
the Tertiary and the funetion of now-lost islands in the 
development of present island biotas. It is a pity that 
many will be repelled from this book by the price as well 
as by the mathematics. D. R. STODDART 


MOLLUSCAN STUDIES 


Studies in the Structure, Physiology and Ecology of 
Molluscs 

Edited by V. Fretter. (Proceedings of a Symposium held 

at the Zoological Society of London, March 8 and 9, 1967. 

Symposia of the Zoological Society of London, No. 22.) 

Pp. xvii +377. (Academic Press: London and New York, 

October 1968.) 90s; $15. 


As the title indicates. this symposium covers an unusually 
wide field, a consequence of the range and significance of 
modern mollusean studies. Indeed, it deals with what. 
apart from the Arthropoda. is the most important of 
invertebrate phyla; one with a basic structure of great 
simplicity but at the same time highly plastic permitting 
a unique degree of adaptive radiation occurring primarily 
within the sea but permitting very significant spread into 
freshwaters and on to the land. 
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The twenty-nine contributions, of very varying length, 
range from electron microscopic, cytochemical and 
pharmacological studies of the brain and neurones of the 
common garden snail, Helix aspersa, to the presentation 
of evidence on changes in the population of land Mollusca 
in this country since the last Glacial Period and an 
account of the present distribution of such animals in 
relation to available habitats in the Solomon Islands. 

‘There is a comprehensive survey by Alison Kay of know- 
ledge about the minute bivalve gastropods, blending 
intimately in colour with the algae they consume, which 
were only discovered in 1959 by Kawaguti and Baba and 
which are an unexpected further instance of the remark- 
able capacity for adaptive radiation within the Opistho- 
branchia. Another fascinating example is the nudibranch, 
Melibe leonina, catching zooplankton with an enlarged, 
transparent oral veil and here described by Anne Hurst. 
Recent studies on the dynamics of burrowing, employ- 
ing ingenious techniques, are summarized by E. R. 
Trueman. Knowledge of minute species of Solenogastres 
(Aplaeophora), Prosobranchia and Opisthobranchia which 
form part of the interstitial fauna of marine sands is here 
reviewed in a well illustrated account by B. Swedmark of 
sweden. 

Other contributions include electron microscopie studies 
of muscle and of the neurosecretory cells and neurohaemal 
organs in the freshwater snail, Lymnaea stagnalis, gameto- 
genesis and oviposition in which form the subject matter 
of another article. J. Lever and R. Thijssen describe 
their very engaging studies on the effeets of transport of 
empty bivalve shells, some perforated by gastropod 
borers, on sandy beaches which results in a differential 
sorting dependent on size, symmetry and presence of one 
or two drill holes and on whether the valves be of the right 
or of the left side. 

In brief, this admirably produced and illustrated volume 
is à source of information to a wide range of readers with 
interests covering electron microscopy, ecology, compara- 
tive anatomy and physiology. reproduction and distribu- 
tion. Most certainly it should be in the library of every 
malacologist. C. M. YONGE 


ADRENAL FUNCTION 


Functions of the Adrenal Cortex 


+vil+2 plates. Vol. 2: 


plates. (Biochemical Endocrinology: a Series of Mono- 
graphs.) (Appleton-Century-Crofts: New York, May 
1968.) $21 each volume. 


THESE two volumes on the biochemical endocrine function 
of the adrenal cortex are to be part of a continuing series 
of monographs on various biochemical aspects of endo- 
crinology. ‘The comprehensive chapters each specially 
written by world experts formed the basis of a symposium. 
The discussions following the papers were edited and are 
included at the end of each chapter. 

The first volume is divided into three parts. The first 
part is the pathway of steroidogenesis from cholesterol to 
pregnenolone, followed by the second part which has four 
chapters on the regulation and mode of action of aldo- 
sterone and finally the last part which consists of nine 
chapters on the mechanism of action of ACTH on steroido- 
genesis and protein synthesis. The chief difficulty of a 
book of this sort would appear to be that quite a lot of 
material in one chapter is repeated in subsequent chapters. 
The repetition is inevitable when different experts on the 
same subject write different chapters, and whilst it may 
certainly help in being doubly instructive for the unin- 
formed reader it can be rather boring for specialists in the 
subject. This repetition, however, coupled with the very 
informative discussions at the end of each chapter, does 
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mean that in general the whole subject is well covered. 
The enzymatic processes involved in the cleavage of 
cholesterol side chains to yield pregnenolone and the 
regulation of these processes are certainly well covered in 
this book. The chapter on aldosterone and sodium trans- 
port is very interesting, because only a few years ago no 
information whatsoever was available on the molecular 
pathways in steroid action on active transport systems. 
As Edelman aptly points out, we now have the satisfying 
experience of analysing mineral corticoid action in terms of 
specific biochemical pathways. Nevertheless, the theory 
of mineral corticoid action via the induction of RNA 
synthesis will not be entirely proved until the specific 
mineral corticoid receptors are isolated. The whole series 
of chapters on the mechanism of action of ACTH on 
steroidogenesis and protein synthesis certainly cover (with 
unfortunately quite a bit of repetition) the present day 
knowledge of this important subject. 

Volume two commences with a chapter on adrenal 
regeneration and hypertension. The prominent feature 
of ACTH induced secretion of 18-hydroxydeoxycorticos- 
terone in quantities second only to corticosterone and the 
absence of 17-hydroxylation in the rat are interesting, 
especially because 18-hydroxydeoxycorticosterone has an 
anti-diuretie effect exceeding d-oxycorticosterone in 
adrenalectomized rats. 

The next chapter on the foetal adrenal cortex is very 
revealing, and the complexity of regulatory mechanisms 
of foetal steroid metabolism is well recognized. It is 
hoped that it will be possible in the near future to eluci- 
date the physiological need for the steroid hormones 
elaborated by the foetal adrenal cortex. The chapters on 
the biosynthesis at the molecular level describe electron 
transport mechanisms involved in steroid 118 and C2l 
hydroxylation and reveals the important role of 3’ 5° AMP 
in mitochondrial hydroxylation. 

These excellent volumes give the reasoning behind 
research in adrenocortical functions and an important 
insight as to the future direction of this important area of 
research. To the non-specialist some of the chapters may 
prove to be rather hard going, but, having persevered, the 
rewards are generously measured in terms of stimulated 
interest and a new appreciation of how the fascinating 
subject of the adrenal cortex is developing with the aid of 
the powerful tools of present day biochemical endocrine 
methodology. 

These volumes should be useful to medical researchers 
interested in the basic aspects of endocrinology and bio- 
chemistry, and useful especially for many years to 
graduates planning their own research. Although rather 
expensive, they are certainly a worthwhile purchase. 

D. EXLEY 


BRAIN RESEARCH 


The Neurosciences 

A Study Program. Planned and edited by Gardner C. 
Quarton, Theodore Melneehuk and Francis O. Schmitt. 
Pp.962. (Rockefeller University Press: New York, 1967.) 


BnarN research has suffered much in the past from lack 
of communication between those working in different 
disciplines. There were anatomists who studied only the 
distribution of different types of cells, biochemists who 
determined only the content of metabolites without 
reference to cells and physiologists who measured electrical 
potentials with little reference to either. In this stratified 
system of academic departments the multidisciplinary 
approach came in like a breath of fresh air and the new 
science of neurobiology was conceived. Among those who 
can take credit for the change is Francis Schmitt, whose 
activities at the MIT have latterly spread to the Neuro- 
sciences Research Program at Brookline. Here he not 
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only linked up the traditional branches o£ brain research, 
but he brought in high-powered mathematicians, physicists 
and leading scientists from other disciplmes, whieh gave 
the NRP a character of its own. If there were times at 
the work sessions when communication was practically 
zero, there were also moments of enligatenment which 
made the experiment as a whole worthwhile. 

This book is based on a series of lectures given under the 






of current interest such as the mechanisms of learning and 
memory. The contributors are for the most part leading 
authorities on the subjects about which they are writing, 
and the general standard, both of the waiting and of the 
production as a whole, is exceptionally high. The mdivi- 
dual chapters deal with many aspects of «he subject which 
have generally received little attention in the usual text- 
books of physiology and, indeed, in some respects it makes 
many existing textbooks look out of date, Yet this book 
makes no claim to be comprehensive. The choice of 
subjects is selective, and important appreaches, such as the 
study of maturation and the neurocheraistry and neuro- 
pathology of the brain, are omitted. This book should 
therefore be regarded as designed to supplement rather 
than to replace existing textbooks on the nervous system. 
It can be recommended strongly to all «ho are interested 
in reading an up to date account of recent work on the 
brain. DEREK RICHTER 


LATE EFFECTS OF RADIATION 


Late Somatic Effects of lonizing Radiation 

By Charles D. Van Cleave. (Prepared under the auspices 
of the Division of Technical Information, United States 
Atomic Energy Commission.) Pp. va+ 330. (Clearing- 
house for Federal Scientific and Technicad Information, 
National Bureau of Standards, US Department of Com- 
merce, Springfield, Virgima, 1968.) $3. 


EXPOSURE to ionizing radiation presents us with two major 
issues: one, the impact on the irradiated person, and two, 
the consequences for future generatiens, resulting from 
mutations induced in germ cells. This bock is principally 
concerned with the first issue; namelr, the early and the 
long-term effects of radiation on the soma of rodents and 
man. 

Acute radiation death, following within thirty days of a 
single large exposure, shows similar features in all the 
mammalian species that have been investigated. The 
acute dose of X- or y-rays to the wiole body that kills 
50 per cent of a population within a month ranges from 
about 300 to 800 rads, depending or species and strain. 
For man, the figure is believed to be about 500 rads. 
Here, quantitative relations (although not mechanisms) 
are fairly well understood. Van Cleave deals with these 
early effects, but rightly devotes mueh more space to the 
ill-understood late effects. 

The most important late effects of radiation are the 
induction of malignant change, iacluding leukaemia, 
and the morbidity and life-shortening arising from non- 
neoplastie disorders. From the practical angle, we need to 
know whether the small doses and low dose rates en- 
countered during occupational exposure produce any 
morbidity and life-shortening and, if se, of what kind 
and how much. Extrapolations canrot be avoided: from 
large doses to small; from rodents and dogs to man. 
Any extrapolation involves theoretical assumptions 
about the nature of the action of radiation on biological 
systems. In his final summary, Van Cleave recognizes 
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that, to predict confidently, we need first to reach an 
understanding of the biological mechanisms of "natural" 
ageing and disease. 

Evidenee collected from Hiroshima and Nagasaki, 
and from the therapeutie irradiation of patients, reveals a 
clear connexion between large acute doses of radiation 
and the subsequent onset of certain types of leukaemia. 
The only good evidenee for radiation-provoked non- 
malignant disease in man comes, however, from studies 
of mortality in US radiologists. 

Experiments with inbred strains of mice leave no doubt 
that single acute, fractionated acute and chronic irradia- 
tions inerease age-specific death rates from most fatal 
diseases, although the relative increase often differs from 
disease to disease and from strain to strain. Van Cleave 
gives us an exeellent review of this voluminous evidence. 
Unfortunately, universal dose-response relations for life- 
shortening have not emerged. Lindop and Rotblat found 
à linear connexion when inbred mice, thirty days old, 
were given a single acute dose of X-rays. Other workers, 
using different strains and conditions of irradiation, have 
found curvilinear dose-response relations. 

What quantitative connexions hold between dose and 
pathology in man? Van Cleave does not provide the 
answers, but he surveys, clearly and aecurately, most of 
the relevant observations obtained up to 1967. 

The eommendably low price of this publication seems 
to be incompatible with a convenient binding: the 
physical effort of keeping the book open is sufficient to 
impair concentration, P. R. J. BURCH 


FIGURING THE EARTH 


Gemma Frisius, Tycho Brahe and Snellius and Their 
Triangulations 

By N. D. Haasbroek. 

Geodetic Commission.) 

Geodesie: Delft, 1968.) 


(Publication of the Netherlands 
Pp. 119. (Rijkscommissie voor 


A PROMINENT individual among those trying to determine 
the figure of the Earth was the Dutchman, Snellius or Snell, 
who connected two stations of measured astronomical 
latitude with a series of triangles deriving scale from a 
measured base; he thus computed the distance corre- 
sponding to a latitude difference, to derive a value for the 
Earth's radius. "There is no doubt that Snellius was the 
first to apply the principles of triangulation to this prob- 
lem; in this book Haasbroek considers to what extent 
Snellius actually invented triangulation, and assesses his 
debt to the sixteenth century predecessors, Gemma Frisius 
and Tycho Brahe. 

The short chapter on Gemma Frisius leaves little scope 
for eontroversy. Before he died in 1555, Gemma pub- 
lished in his Libellus a clear deseription of the principles 
of triangulation: how angles should be measured, and the 
need of "a large field, whereupon you can go hither and 
thither”, a clear indication of a measured base line. 
Haasbroek doubts the evidence of field work by Gemma 
to apply these prineiples, but is satisfied that when 
Tycho Brahe started his triangulation over the Sound in 
Denmark in 1578, he was acquainted with Gernma’s 
writings. 

The examination of Tycho Brahe's triangulation is very 
detailed. Angular observations, fully recorded, had been 
made with cross-staff or quadrant, and the errors inherent 
in the use of these simple instruments required investiga- 
tion; in particular, the correction for the position of the 
observer's eye. "Though the need for this had been 
realized, it was not clear to what extent it had been 
actually applied. Tycho Brahe never fully computed his 
work, a major task in those days; it has been left to 
Haasbroek to earry out a full least squares adjustment, 
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result for the cross-staff. Because many prominent 
towers and spires still in existence were fixed, their 
adjusted coordinates could be compared with modern 
trigonometry and the diserepancies shown diagrammatie- 
ally; the only criticism made is of his derivation of scale. 

Snellius receives still closer attention, and more than 


the discrepancies from modern work. Many factors 
complicated the scrutiny; although Snellius published an 
account of his work in Eratosthenes Batavus, there was no 
publieation of subsequent work to correet detected errors. 
Snellius’s own copy includes corrections and extensions, 
but this copy suffered extensively from amendment at the 
hands of successors, which Haasbroek shows sometimes 
amounted to falsification. His verdict on Snellius as a 
“shoddy calculator” is in contrast to the memorial tablet 
which records that Snellius computed the first known 
three-point resection; but his field work was remarkable 
for the period. How many modern surveyors leave 
records that will not only survive such detailed analysis 
350 years on, but also provide a subject for such a pains- 
taking and interesting investigation ? 
C. A. BIDDLE 


TERRESTRIAL PLANETS 


An Introduction to Planetary Physics 

The Terrestrial Planets. By William Kaula. 
Science Text Series.) Pp. xvii+490. (Wiley : 
York and London, January 1969.) 1355. 


(Space 
New 


Proressor Kauna’s book, although wide in its embrace, 
is coneise, coherent and as complete a work as one would 
expect to find penned by a single author with a pene- 
trating scientific mind. Descriptive sections—notably on 
the Moon, planets and meteorites—relate the facts and 
arguments simply. Throughout, the slant is on a firm, 
mathematical and modern approach to a question; and 
this is the principal value of the book. For example, 
problems related to convection, surface waves, anelasti- 
city, hydromagnetism, planetary and satellite orbits and 
tides are introduced on à sound footing; and this is one 
reason why the book will be partieularly useful to students 
of astronomy, geophysics and astrogeology. A list of 
problems appears at the end of each chapter. References 
(although not always well chosen) are numerous and the 
indexes adequate. 

This book is original, and it is, in my opinion, one of 
the best monographs on the terrestrial planets that has 
appeared. The individual user will find it well worth 
paying the rather high price for this excellent treatise. 

G, FIELDER 


SOVIET SPACE RESEARCH 


Handbook of Soviet Space-Science Research 
Edited by George E. Wukelice. Pp. xx+505. (Gordon 
and Breach: New York and London, September 1968.) 


Tuis is really a collection of interpreted statistics of 
Soviet space seience and technology rather than a hand- 
book on the subject. It contains no information on the 
theory of flight and the design of rockets and spaceships— 
apparently this was not the purpose of the authors. But 
as a well-edited and systematized collection of facts and 
descriptions of spaceships, equipment and of the observa- 
tional data obtained, the book is full of valuable informa- 
tion. Aerospace science and technology has advanced so 
rapidly in the Soviet Union, Soviet space exploration is 
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so systematic, the manner of publication of its techniques 
and results is so unusual, and so few people in the West 
can read scientific Russian or have access to publications, 
that the need for a book of this type is very acute. 
Therefore, the appearance of this book is to be warmly 
welcomed. No doubt it will deservedly find its way to 
libraries and to the private homes of those interested in 
aerophysies, astrophysics, space biomedicine, energy- 
matter processes, aerospace science and engineering, 
and relevant fields. 

In spite of its shortcomings (incoherent statements in 
different parts, an almost complete absence of references 
to professional aerospace journals and magazines, errone- 
ous spelling, and the like) the authors have succeeded in 
condensing the vast but scattered information into a 
regular set of well illustrated and quite readable parts 
and chapters. It can, in any case, be said that this is the 
first reference book of its kind, although, understandably, 
it could not embrace the latest Soviet achievements in 
the field. I am sure the reader will be anxiously looking 
forward to its second edition. G. A. Toxatry 


HYLLERAAS'S PAPERS 


Selected Scientific Papers of Egil A. Hylleraas 

Edited by John Midtdal, Knut Thalberg and Harald 
Wergeland. Vol. 1: Pp. vin+445. Vol. 2: Pp. 526. 
(NTH Press: Trondheim, 1968.) n.p. 


Eci HyrLERAAS started research in the theory of crystal 
lattices and in 1926 went to work with the leader in that 
field, Max Born, only to find Born entirely full of the new 
quantum mechanics. After some persuasion, Hylleraas 
took to applying quantum mechanies to the helium atom 
and thereafter produced a brilliant stream of papers 
applying quantum mechanies to the problems of chemical 
physies. The important thing in those early days was 
not just that quantum mechanies produced more elegant 
solutions of problems the solutions of which had been 
obtained by the old quantum mechanies, but that really 
accurate new predictions could be made in really comphi- 
cated situations. Hylleraas seemed designed by nature 
to take on these problems and with Hartree gave us the 
basis of quantitative atomie strueture. His collected 
papers have been edited by three leading Norwegian 
physicists and provide a fascinating view of the develop- 
ment of this branch of physics and of the man himself. 
One might expect in such a volume a brief biography, but 
the editors have only provided a brief curriculum vitae 
because something far better lies among the papers—-a 
brief autobiography. This is a delightful account of his 
own scientific career and vivid recollections of the Göttin- 
gen of the mid twenties, given as a speech at the University 
of Wisconsin and published in the Remews of Modern 
Physics. The reader should turn here first to get a true 
perspective of the papers. I think everyone interested 
in the history of physies will find these papers and this 
commentary of great interest and will wish that all the 
scientists named in Hylleraas’s reminiscences would 
likewise record their experiences, and be so handsomely 
treated by their colleagues. 

I remember Hylleraas visiting Hartree in Cambridge 
a few years after the war. Needing to do some calculations, 
he inspected the various machines available (from digital 
downwards), but eventually chose the humblest Brunsviga 
over which he reckoned he had the greatest control. In the 
reminiscences he records the mental processes which went 
into transforming the good agreement for helium into the 

very good, by deteeting a subtle error of principle in the 
anal ysis which weakened the numerical analysis. I 
suppose nowadays one would have put it all on to a great 
machine, but would one have learned the things Hylleraas 
did that way ? s. F. EDWARDS 
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Correspondence 


* * t * 

Digging;but not Keeping 

Sin,— This institution echoes the views expressed in your 
article “Digging but not Keeping” (Nature, 221, 206; 1969), 
though we would not wholly agree with the sciution you 
propose to the problem. We think that whe Ministry of 
Public Building and Works has seriously neglected its 
responsibilities to provide an efficient laberatory for the 
Inspectorate of Ancient Monuments. 

This inspectorate is held in high regard :hroughout the 
world and it has done everything possible to establish a 
laboratory capable of meeting the requirerments of British 
archaeology. There is little doubt that is efforts have 
been impeded by bureaucracy. In October 1965 proposals 
were put by MPBW to this institution on new staffing 
arrangements for the laboratory to meet the ancreasing 
work load. There was to be a Chief Laboratery Officer 
supported by eleven staff in the Experunertal 6fficer and 
Conservation Officer Classes. Months laterp—im mid-1966 
—Mr J. W. G. Musty was appointed as head of the 
laboratory. 

Because of lack of progress in reorganizing aud staffing 
the laboratory, the institution persuaded AIPBAV joinüy 
to carry out an inspection. The institutioa’s representa- 
tive reported, "The laboratory had a baeklog of about 
eight years’ work and though young pee ple had been 
recruited and had received training they had lef for more 
remunerative work in provincial museums. We came 
away with the impression that although :he laboratory 
was well equipped, and the work waiting to be done, 
there was no one there to do it.” 

Still the situation did not improve. In December 1967 
we made further representations to the mimstry. We 
said, “We have now had some experienee cf the re- 
organized laboratory introduced by the Department and 
there are a number of points on which we are not at all 
happy. First, the Department's proposal te ‘plan a 
well coordinated laboratory’ seems to heve run come- 
pletely on the rocks. The two sections of the laboratory 
are housed in different buildings and I am informed that 
the extent to which there is coordination isnot very real. 
One would have thought that the first stage in producing 
coordination would have been to ensure tae creation of 
one laboratory under one roof so that the officer in charge 
would be wholly responsible for its day :o day work. 
Instead, we find two quite separate laboratorieg-—each of 
which seems to be quite separate and distinct from the 
other. 

"Of more immediate concern to the institution is the 
way in which the eomplement you proposed in 1965 has 
not yet come into being." 

These representations resulted in the zninistry con- 
ducting an O. & M. survey of the laboratory in September 
1968. The agreed terms of reference were: (1) to review 
the functions, organization and scope of work being 
undertaken by the Sections of the Ancient Monuments 
Laboratory under the Chief Laboratory Officer: particu- 
larly in the light of the Treasury Inspection Report of 
7th May, 1965; (2) to examine the relationship between 
the Ancient Monuments Laboratory and those agencies 
having facilities to assist 1t (e.g. the Bricish Museum, 
other museums, universities and learned bedies:: (3) to 
consider the scope and range of functions whieh should 
be undertaken by the laboratory, and to recommend an 
appropriate organization and complement for ihe work 
load falling upon it or likely to fall upon it. 

The wheels of Whitehall grind exceedingly slow and we 
still await the report of the survey. Though you suggest 
that the laboratory should be subjected to a Fulton 
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"hiving-off" operation, we think the ministry should first 
exercise some "accountable management” as proposed by 
Fulton. It is only too clear to us that they have ignored 
the needs of the inspectorate and British archaeology. 


Yours faithfully, 
T. H. PROFITT 
The Institution of Professional 
Civil Servants, 
Northumberland Street, 
London WC2. 


Synthetic Foodstuffs 


SiR.—l wish to clarify the reference to the work of the 
Tropical Products Institute in the summary of the 
Parliamentary Question which appeared in your issue of 
December 28 (220. 1271; 1965). 

This mstitute is not, in fact, currently carrying out 
any work on novel marine sources of proteins, However, 
one of our projects (Tropical Products Institute, Annual 
Report 1967) does concern East African freshwater fish 
and involves study of means of preservation and improve- 
ment of quality. 

Yours faithfully, 


P, C. SPENSLEY 


Tropical Products Institute, 
56-62 Gray's Inn Road, 
London WCIl. 


Probability and Prejudice 

Sin,—Professor Lindley (Nature, 221, 594; 1969) is, like 
Matthew, entitled to his opimion, but [ do not see that his 
comments in any way dispose of my criticisms. First of 
all, perhaps I could protest at the irrelevant remarks in 
his first paragraph, which includes an inaccurate reporting 
of what I quoted Professor Maynard Smith as saying, 
namely, that the problem “vields at once to common 
sense or to Bayes's theorem". By omitting the phrase 
"to common sense or" Professor Lindley distorts, quite 
unfairly, the implication in my own remarks. 

To come now to the problem, this is unsatisfactory 
partly because of the third-person reporting in it of 
Matthew’s opinions as data to be used in any numerical 
evaluations. These data included Matthew's assessments 
of his own probability of execution as changing from 
2/3 to 1/2, so that he had a right to feel happier, in 
particular if it could be shown that he was being con- 
sistent. Professors Maynard Smith and Lindley apparently 
think he had no such right, but my claim that this view 
“may legitimately be questioned” was illustrated by my 
demonstrating how Matthew could be consistent in his 
assessments. Lindley introduces the further assumption 
that r= 1/3 “as a reasonable value", and concludes that 
P, the probability of the jailer naming Mark if both Mark 
and Luke are to be executed, would then have to be I. 
Dismissing this possibility, Lindley rejects the consistency 
of Matthew's assessments. Even if I accept Lindley's 
value r=1/3 (which Matthew may not have done), 
Matthew has, however, still a "right to feel happier" on 
the weaker basis that his second assessment should be at 
any rate <2/3, which leads to the condition P>1/2. I 
see nothing extraordinary in such a belief by Matthew 
about P, especially if he recalls the order of ‘precedence 
of Mark and Luke in the New Testament. (The jailer may 
not be a Christian, but Matthew may be unaware of this.) 


Yours pu 


M. S. BARTLETT 
Department of Biomathematies, 

Pusey Street, 

Oxford. 


NATURE, VOL. 221, FEBRUARY 22. 1969 


Mr Short's Shibboleth 
SIR,— Your editorial "Mr Short's Shibboleth” (Nature, 
221, 298; 1969) criticizing arrangements to teach religion 
in schools is in part based on the relevance of the Old 
Testament to contemporary situations. The useful supple- 
ment to this document which was later issued has a more 
up-to-date approach. 

Yours 


PATRICK FALLON 


faithfully, 


4 Worcester Road, 
London SW 189. 


University News 


Dr F. P. Lisowaki, University of Birmingham, has been 
appointed professor of anatomy at the University of 
Hong Kong. 


Dr A. Donnachie, University of Glasgow, has been 
appointed to an additional chair of theoretical physies at 
the University of Manchester. 


Announcements 


Sir Alexander Haddow is to retire on March 31 from 
his directorship of the Chester Beatty Research Institute. 
He will continue his researches as professor of experi- 
mental pathology. 


The Scientific Medal, awarded by the Zoological 
Society of London, has been won by Dr G. A. Horridge, 
direetor of the Gatty Marine Laboratory, University of 
St Andrews, in recognition of his work in zoology; a 
second Scientific Medal has been awarded to Dr M. Wells 
of the University of Cambridge. The Clough Award 
of the Edinburgh Geological Society has been awarded 
to Dr M. J. O’Hara, Grant Institute of Geology, Uni- 
versity of Edinburgh, in recognition of his mineralogical 
and petrological studies in the rocks of the Seottish 
Highlands. 


The Macromolecular Research Centre has recently 
been established at the University of Michigan. Its objec- 
tives are to provide intensive graduate and postdoctoral 
research and education training in the field of macro- 
molecular science, with emphasis on chemical and 
physical studies of natural and synthetic macromolecules. 


Erratum. In the article “Stomatal Closure and Inhibi- 
tion of Transpiration induced by (RS)-Abscisic Acid” 
by Cathryn J. Mittelheuser and R. F. M. Van Steveninck 
(Nature, 221, 281; 1969) the contents title unfortunately 
contradicted the authors’ findings. It should have read 
“Abscisic acid induces stomatal closure and inhibits 
transpiration”. 
ERRATUM. In the introductory paragraph to the article 
“Structure—Activity Relationships of One-Ring Psycho- 
tomimeties" by Alexander T. Shulgin, Thornton Sargent 
and Claudio Naranjo (Nature, 221, 537; 1969) "triple 
methoxy substitution" should have read "trisubstitution". 
In Table 3 "Potential for ortho-quinone only; oxygen 
available" should have read “Potential for ortho- -quinone 
only; oxygen not available". On p. 540, twenty-three 
lines down (XXIV, MU-—1) should have read (XXIV, 
MU « 1). 
EngRaATUM. In the article "Bark Beetle Attractants: 
Identification, Synthesis and Field Bioassay of a New 
Compound isolated from Dendroctonus” by G. W. Kinzer 
et al. (Nature, 221, 477; 1969) the first sentence of the 
fifth paragraph should read “The activity of the synthes- 
ized compound was tested i in field eonditions in the Boyce 
Thompson Institute's experimental forest near Beaumont, 
Texas, using tree trunk simulating olfaetometers*" 
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International Meetings 


March 5, Proteins : Nutritional Potential and Nutri- 
tional Performance, Norwich (Dr J. J. Wren, Food 
Group, SCI, Lyons Central Laboratories, 149 Hammer- 
smith Road, London W14). 


March 19, Food Group, Twenty-Second Conver- 
sazione, London (Dr J. J. Wren, Food Group SCI, 
Lyons Central Laboratories, 149 Hammersmith Road, 
London W 14). 

March 26-28, Compatibility of Transport Systems, 
Loughborough (Mr J. M. Charles, Administrative Assist- 
ant, Department of Transport Technology, Loughborough 
University of Technology, UK). 


March 31-April 1, Mechanical Properties and Design, 
Guildford (R. W. Whorlow, Department of Physics, 
University of Surrey, Guildford, Surrey, or J. P. Berry, 
Rubber and Plastics Research Association, Shawbury, 
Shrewsbury, Shropshire, UK). 


April 14-18, Joint Meeting of the Chemical Society 
and the Royal Institute of Chemistry—7 Symposia, 
Nottingham (Dr John F. Gibson, The Chemical Society, 
Burlington House, London WIV OBN). 


April 15-16, Electronic Materials —Poorly Conducting 
Materials, Lancaster (Dr D. Dew-Hughes, Department 
of Physies, University of Lancaster, Bailrigg, Laneaster, 
UK). 

May 19-21, New Dimensions in Legal and Ethical 
Concepts for Human Research, New York (Jean 
Fitzpatrick, New York Academy of Sciences, 2 East 
Street, New York, NY 10021). 


May 26-27, Rheumatoid Factors, New York (Jean 
Fitzpatrick, New York Academy of Sciences, 2 East 
Street, New York, NY 10021). 


September 1-4, Geographical Pathology--Pulmonary 
Emphysema and the Cardiomyopathies, Jerusalem 
(Dr I. S. Levij Department of Pathology, Hebrew 
University, Hadassah Medical School, P.O.B. 1172, 
Jerusalem, Israel). 


September 1-5, Neurochemistry, Milan (Dr J. Folch-Pi, 
Department of Neurochemistry, MeLeans Hospital, Har- 
vard Medical School, Belmont, Massachusetts 02178, 
USA, or Dr Rodolfo Paoletti, Institute of Pharmacology, 
University of Milan, Via Andrea del Sarto 21, 20129 
Milan, Italy). 

September 2-4, Hyperbaric Medicine, Japan (Dr 
Takashi Iwa, Department of Thoracic and Cardiovascular 
Surgery, Sapporo Medical College and Hospital, South 1, 
West 16, Sapporo, 060 Japan). 



















Sabbatical itinerants 


in the hope of providing some practical assistance in the 
good cause of mobility between laboratories, Nature is 
proposing to advertise the needs for housing of families 
about to take up periods of abbatical leave. To begin 
with, no charge will be made for advertisements like this. 
It is hoped that a period of experiment will show what 
form these advertisements could most usefully take and 
whether they are effective. 


Wanted : Furnished house in London or suburbs 
for 1 year from August 1, 1969, for Canadian 
professor, wife and 3 children, Please write to 
Dr C. J. Willis, Chemistry Department, University 
of Western Ontario, London, Canada. 
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BRITISH DIARY 


Monday, February 24 


UNIVERSITY COLLEGE LONDON (in the Physiology Theatre, Gower Street, 
London, WEL), at 5 p.m.— Professor Eraldo Antonini (V niversity of Romey 
“The Reactions of Myoglobin and Haemoglobin wits Ligands” (further 
lecture on February 27). 


UNIVERSITY OF LONDON (at the School of Orienta! and African Studles, 
London, WC1), at 5.80 p.m.— Professor Peter Sehóler (Ruhri: "Urban 
Change in Japan: I, The Modern Japanese City". 

INSTITUTION OF MECHANICAL ENGINEERS, EDUCATION AND TRAINING 
GROUP (at 1 Birdcage Walk, London, SWI} at 6 p.m. —Discussion meeting 
on "Modern Practice in the Teaching of Properties of Materiais”. 
_ ROYAL SOCIETY OF ARTS (at John Adam Street, Londen, WEZ), at 6 p.m.— 
Professor W. H. G. Armytage: “New Objectives in selentifie Education" 
(second of three Cantor Lectures on ' Technology in Education"). 


INSTITUTION OF THE RUBBER INDUSTRY, MANCHESTER SECTION (at the 





University of Manchester Institute of Science and "eehnology, Sackville 
Street, Manchester), at 6.45 p.m.——Mr K. J. Turk and Mr R. G. Sheppard: 


"Injection and Transfer Moulding Machinery". 


Tuesday, February 25 


INSTITUTION OF MECHANICAL ENGINEERS, MANIPURATIVE AND MEGCHANI- 
CAL HANDLING MACHINERY GROUP (at 1 Birdcage Walk, London, SW1)— 
All-day meeting on "Practieal Bunker Design”. 


Universiry OF LONDON (mn the Anatomy Theatre, University College 
London, Gower Street, London, WC1), at 1.20 p.m.-—Miss Gertrude H. Heir: 
“Children of Tristan da Cunha—a Psychological Study”. 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Pace, London, WCQ), at 
5.30 p.m.——Discussion meeting on “Open Resonators” opened by Professor 
A. L. Cullen, Dr A. Kumar, Dr J. N. Birch, Dr D. Tyte and Dr P. De Vaz. 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WEZ}, 
at 5.30 p.m.—Mr J. E. Shippey: "Engineering Data: Processing--Tow the 
Computer can assist the Designer”. 


UNtvERsITY OF LONDON (at the Institute of Child Realth, Guilford Street, 
London, WC1), at 5.30 p.m.—-Profeasor Barrie H. Jones: “Approach to 
Therapy in Viral Diseases’’ (fourteenth of sixteen lectures on ‘The Sefentitie 
Basis of Medicine" organized by the British Postgraduate Medical Federe- 
tion). 

UNIVERSITY OF LONDON (at the Institute of Archaeology, 31-34 Gordon 
Square, London, WEOL, at 5.45 p.m,-—Professor A. €ambitogiou (Sydney): 
12 Geometric Settlement of Zagora on the Island o? Andros--Excavations 

í * 


INSTITUTION OF MECHANICAL ENGINEERS, MANUFACTURE AND MACHINERY 
GROUP (at 1 Birdcage Walk, London, 8W1), at 6 pau,--Diseussion meeting 
on "Graduate Foreman in Industry". 


SOCIETY OF CHEMICAL INDUSTRY, PLASTICS AND POLYMER GROUP (at 14 
Belgrave Square, London, SW1), at6 p.m.— Dr W.W. gert: "Gel Permeation 
Chromatography-—the Technique and Its Impact on tae Industrial Scene", 


SOCIETY FOR ANALYTICAL CHEMISTRY, NORTH EASTSECTION (joint meeting 
with the Newcastle upon Tyne and N.E. Coast Section of the Royal Institute 
of Chemistry, in the School of Chemistry, Newcastle University), at 6,30 p.m. 
—Mr S. Denton: "Forensic Science", 


UNIVERSITY OF LONDON (at University College. London, Gower Street, 
London, WC1), at 6.30 p.m.-—Mr R. Jenkins: “ThecStructure of Conflicts" 
(seventh of nine University Extension Lectures on “Conflict Research and 
International Studies—a Scientific Approach.) 


Wednesday, February 26: 


ROYAL AERONAUTICAL SOCIETY; and the PESTICIDES GROUP OF THE 
Society or CHEMICAL INDUSTRY (at 4 Hamilton Eiace, London, Wi) at 
9.45 a.m.—All-day meeting on ‘‘Future Trends in Agricultural Aviation”. 


ROYAL INSTITUTION, HISTORY OF SCIENCE Disetssion GROUP (ab 21 
Albemarle Street, London, W1), at 1 p.m.—Dr V. A. Eyles: “Meeting 
Points of Geology and Biology". 


INSTITUTION OF ELECTRONIC AND RADIO ENGINESRS, Joint IER. E/TEE 
COMPUTER GROUPS (at the Middlesex Hospital Medical School, Cleveland 
Street, London, W1), at 2.30 p.m.—Colloquium on '' 7ail-Safe Techniques for 
High Reliability Computer Equipment", 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savor Place, London, WER, 
at 5.30 p.m.—Discussion meeting on “The Need for, and Practical Problems 
of, Short Clearance Times" opened by Mr N. 8, Ellis, Mr J. B. Patrickson and 
Mr A. U. Dowell. 


UNIVERSITY OF LONDON (at Guy's Hospital Medical School, London, SED 
at 5.80 p.m.— Professor John Paul: “The Regulation of Differentiation by 
Gene Masking”. 


UwivERSITY OF LONDON (at the Institute of Psechiatry, Denmark Hill, 
London, SE5), at 5.30 p.m.—Dr F. Kráupl Tayler: “Prokaletic Psycho- 
therapy Treatment of Goal Directed Challenge". 


INSTITUTION OF MECHANICAL ENGINEERS fat 1 Sirdeage Walk, London, 
SW1), at 6 p.m.--Mr Wolf G. Rodenaker: “Designimg without Models”. 


SOCIETY OF CHEMICAL INDUSTRY, FOOD GROUP {joint meeting with the 
Management Group, at 14 Belgrave Square, Londen, 3W1), af 6.15 p.m 
Mr N. Goldenberg: "Technical Management in the Food Industry", 


_ PLASTICS INSTITUTE, LONDON SECTION ENGINEERING SUBGROUP (at the 
Coachmaker’s Arms, 88 Marylebone Lane, Londen, Wi), at 6.30 p.m.— 
Mr A. D. Downing: “Prototypes and Prototype Moulds". 


Thursday, February 27 


Roya. Society (at 6 Carlton House Terrace, London, 8W 1), at 9.80 a.n- 
Discussion Meeting on “Photoelectron Spectroscopy” organized by Professor 
W.C, Price, FRS, and Mr D. W. Turner. 


_ UNIVERSITY OF LONDON (in the Anatomy Theatre, University College 
London, Gower Street, London, WC1), at 1.20 pom.—Mr B. C. Brookes: 
"Libraries, Information, and Scientific Creativity: 31, The Local Problem-—- 
LUCIS”. 
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, FERTILISER SOCIETY (at the Geological Society, Burlington House, Picca- 
dilly, London, WD, at 2.30 p.m.—Mr A. E. Cascino: “Modern Methods for 
Promoting the Sale of Fertilisers’ followed by a discussion. 


SOCIETY FOR ANALYTICAL CHEMISTRY, RADIOCHEMICAL METHODS GROUP” 
and ELECTROPHORESES GROUP (at the Wellcome Building, Euston Road, 
London, NW1), at 3 p.m.—Scientific Papers. 


UNIVERSITY OF LONDON (at Bedford College, Regent's Park, London, 
NW), at 5.15 p.m.-—Professor M, Jefferys: “Sociology in Medical Educa- 
tion—Separation or Symbiosis ?’’. 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
at 5.30 p.m.-—Mr P. E, Trier: “Microelectronics” (Faraday Lecture). 


UNIVERSITY OF LONDON (at the Institute of Child Health, Guilford Street, 
London, WC1), at 5,30 p.m.-—Professor J. S. Gillespie: "Adrenergic Trans- 
mission” (fifteenth of sixteen lectures on “The Scientific Basis of Medicine" 
organized by the British Postgraduate Medical Federation). 


UNIVERSITY OF LONDON (at the School of Pharmacy, Brunswick Square, 
London, WC1), at 5.30 p.m.--Professor Bengt Samuelsson (Stockholm): 
“The Prostaglandins: I, Chemistry and Methods of Analysis". 


INSTITUTION OF MECHANICAL ENGINEERS, APPLIED MECHANICS GROUP 
(at 1 Birdeage Walk, London, SW1). at 6 p.m.—-Discussion meeting on 
“Biomechanics in Reference to Use of Linkages”. 


H. G. WELLS SoctkETY (in the Electrical Engineering Building, Imperial 
College, Exhibition Road, London, SW7}, at 7.30 p.m.—Professor Colin 
Cherry: “The Growth of World Communication and World Order”, followed 
by informal discussion. 


Friday, February 28 


ROYAL ASTRONOMICAL SOCIETY (at Burlington House, Piccadilly, London, 
W1)—-All-day Geophysical Discussion on “Turbulence and Mixing in Stably 
Stratified Environments". Morning session on “Oceanography”, 11-12.45. 
Chairman: Dr G. E. R. Deacon, CBE, FRS. Speakers: Professor K. F. 
Bowden, Dr J. Woods and Dr J. S, Turner. — Afternoon session on " Aatro- 
physics”, 2.15—4. Chairman: Professor Raymond Hide, Speaxers: Profes- 
sor KR. J. Tavier, Dr N. ©. Weiss and Dr EF. P. Bretherton. Evening 
session on "Meteorology", 4.30-6.15. Chairman: Professor G. R. Batehelor, 
FRS. Speakers: Dr A. A. Townsend and Professor R. S. Scorer. 


UNIVERSITY OF LONDON (at the School of Pharmacy, Brunswick Square, 
London, WC1), at 5.30 p.m.—Professor Bengt Samuelsson: “The Prosta- 
glandins: II, Biosynthesis and Metabolism’, 


, ROYAL INSTITUTION (at 21 Albemarle Street, London, W1), at 9 p.m.— 
Professor Charles A, Taylor: "Physics and Musie”. 


Saturday, March | 


INNER LONDON EDUCATION AUTRORITY (at the Horniman Museum, 
London Road, Forest Hill, London, S £23), at 3.30 p.m.—Mrs Sheila Kimber: 
"An Artist in the Eastern Himalayas—Trayels in Nepal and Sikkim” (with 
slides), 


Monday, March 3 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
at 2 p.m. and 5.30 p.m.—Diseussion meeting on "Apparatus for System 
Fault Recording and Location and Equipment Alarm Annunciation” opened 
by Mr A, E. Cruddace, Mr J. W. Gillies. Mr E. Jamieson and Mr D. J. 
Eastaugh. 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, W C2), 
at 5.30 p.m.---Professor M. Fleischmann: “Electrochemistry in the Future". 


SOCIETY OF ENGINEERS (at the Geological Society, Burlington House, 
Piceadilly, London, W1), at 5.30 p.ni.—Dr K. A. Mulholland: "Noise (or 
Unwanted Sound?', 


UNIVERSITY OF LONDON (in the Botany Lecture Theatre, University 
College London, Gower Street, London, WC1), at 5.30 p.m.— Professor K. 
Mühlethaler (Swiss Federal Institute of Technology): “The Ultrastructure of 
Cytoplasmic Membranes”, 


UNIVERSITY OF LONDON (in the Physica Lecture Theatre, University College, 
London, Gower Street, London, WC1), at 5.30 p.m.— Professor Berard K. 
O'Neill (Princeton University): “Particle Physics at Extreme Energies; the 
New CERN Storage Rings" (further lecture on March 5). 


INSTITUTION OF MECHANICAL ENGINEERS, MEDICAL ENGINEERING WORKING 
Party (at 1 Birdeage Walk, London, SW1), at 6 p.m.—Discussion meeting 
on “Reliability of Implants and other Medical Equipment". 


ROYAL SOCIETY OF ARTS (at John Adam Street, London, WESH, at 6 p.m.— 
Dr Robert C. G. Williams: ''Educational and Training Technology" (last 
of three Cantor Lectures on ‘Technology in Education.) 


SOCIETY OF CHEMICAL INDUSTRY, LONDON SECTION (joint meeting with the 
Heavy Organic Chemicals Group, at 14 Belgrave Square, London, SW1), at 


LS 


6.30 p.m.—Mr D. J. W. Anthony: “The Australian Chemical Industry”. 


HOW TO BUY NATURE 
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INSTITUTION OF THE RUBBER INDUSTRY (at BTR Industries Social Club 
Farington, Leyland), at 7.30 p.m.—Mr A. Thompson: "Some Aspects of 
Crime Detection”, 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 
Great Britain and Ireland 


Building Research Station. Current Papers 77/68: A Comparison of 
Times Required to Build Walls in Building Units of Various Sizes. By W. 
Kinniburgh. Pp. 4. (Reprinted from Building, 1968, Vol. 215, 6543) 
(Garston, Watford: Building Research Station, 1968.) gratis, (131 

Principles of Catalysis. By G. C. Bond. Second edition. (Monographs 
for Teachers, No. 7). Pp. 62. (London: The Royal Institute of Chemistry, 
19608.) 8s. [141 

Building Research Station. Current Papers 70/68: Structural Behaviour 
of the Moat Street Flyover, Coventry. By J. B. Menzies. (Reprinted from 
Civil Engineering and Public Works Review, Vol, 63 (746), September, 1908). 
(Garston, Watford; Building Research Station, 1968.) gratis, {141 
. Home Office. Coastal Pollution: Observations on the Report of the 


select Committee on Science and Technology. (Cmnd. 3880) Pp, 24. 
(London: H.M. Stationery Office, 1969.) 2s, 3d, net. [151 

Films for Universities. Pp. 292. (London: British Universities Film 
Council, 1968.) [151 


_ Bulletins of Marine Ecology, Vol. 6, Part 7: The Continuous Plankton 
Reeorder—a Method for Studying the Biomass of Calanoid Copepods. By 
Dr Andrew Robertson. Pp, 185-228. Continuous Plankton Records— 
Contribution Towards a Plankton Atlas of the North Atlantic and the North 
Sea. Part XI: The Seasonal and Annual Distributions of Thaliacea. By 
H. G. Hunt, Pp. 225-249 -+ plates 68-85. ( Edinburgh : Scottish Marine 
Biological Association, 1968.) 24s. [151 


Other Countries 


Central Mining Research Station, Dhanbad. Research Paper No. 86: A 
Remote Indicating Hydraulic Load Cell for Load Measurements on Packs 
and Props. By R., N. Gupta, B. Singh and K. N., Sinha. Pp. 28. (Dhanbad, 
Bidar: Central Mining Research Station, 1967.) Res. 2. [161 

Problems in Geophysics Relating to the Crust of the Garth, (Pr ceed Megs 
of the Symposium organized by the Geophysics Research Board, Indian 
National Committee for Geodesy and Geophysics. Jannary 30 and 31, 19604.) 
Pp.ii--223. (Hyderabad: National Geophysical Research Institute, Council 
of Scientific and Industrial Research, 1968.) [161 

Australia: Commonwealth Scientific and Industrial Research Organiza- 
tion. Annual Report of the Wheat Research Unit, 1967-68. Pp. 16. (Ryde, 
NSW: Commonwealth Scientific and Industrial Research Organization. 
1968.) [271 

Central Mining Research Station, Dhanbad. Research Paper No. 33: Roof 
Bolting—Instrumentation. By Shri N. M. Raju and Dr. B. Singh. Pp. Z0. 
(Dhanbad, Bihar: Central Mining Research Station, 1967.) Rs. 2. [271 

Information Sciences, Vol. 1, No. 1 (December 1968), Edited by John M. 


Richardson, Pp. viil-1-109, Subscription price for Volume 1: $24, plus $1 
postage, Single copy price, including postage: $7.50. (New York: Ameri- 
can Elsevier Publishing Company, Inc., 1968.) [271 
The Salk Institute— Descriptive Brochure. Pp. 24. (San Diego, Cali- 
fornia: The Salk Institute, 1969.) [271 
Australia: Commonwealth Scientific and Industrial Research Organiza- 


tion. Annual Report of the Division of Food Preservation, 1907-88. 
Pp. iii+72. (Sydney: Commonwealth Scientific and Industrial Research 
Organization, 1968.) [271 

Carnegie Institution of Washington. Report of the President 1967~ 
1968. Pp. 86. (Washington, D.C.: Carnegie Institution of Washington, 
1969.) [281 

World Health Organization. "Technical Report Series, No. 404: Water 
Pollution Control in Developing Countries-—Report of à WHO Expert Com- 


mittee. Pp. 38. (Geneva: World Health Organization; London: H.M. 
Stationery Office, 1068.) 3 Sw. francs: Bs.: $1. [281 


Australia: Commonwealth Scientific and Industrial Research Organiza- 
tion. Annual Report of the Division of Applied Physics, 1067-68, Pp. 38. 
( P TEE Commonwealth Scientific and Industrial Research aa itary 
i : 

Australia: Department of External Affairs. Australian National Antarctic 
Research Expeditions. ANARE Data Reports. Series C (IT) Cosmic Rays. 
Publication No. 105: Cosmic Ray Records, Mawson 1966. By D. Ellyard 
and A, Vrana. Pp.ix--108 tables. (Melbourne: Antaretic Division, Depart- 
ment of External Affairs, 1968.) (281 

Canada: Department of Energy, Mines and Resources. Geological Survey 
of Canada. Paper 68-2: Geological Survey of Canada—-Radiocarbon Dates 
VIL By J. A. Lowdon and W. Blake, Jr. Pp. 207-245. (Ottawa: Queen's 
Printer, 1968.) 80.75. 28 

Annals of the Cape Observatory. Vol. 22: Cape Photographie Catalogue 
for 1950.0, Zones — 80° to —90*. Pp. xxxii+141. (Cape Town: Royal 
Observatory, 1968.) [201 
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Back Volumes of 


Periodicals for sale 


Electrochimica Acta 
Vols. 1-12 (1959-1967). 1232 
Zeitschrift fur Krebsforschung 

Vols, 1-59 (Lacks vols. 15-19 & | 
Namen u. Sachreg. to vols. 1-10. 
1903-1953 4. Unbound. 


We are always interested in buying your 
collections of duplicates of Scientific, Technical 
and Medical Journals at the highest prevailing 
prices. Please send us your lists of surplus 
journals which will receive our immediate 
attention. 


We invite you to write in for our regularly issued 
Bulletins and Catalogues and should be pleased 
to be of assistance in your acquisitions, 


Bucks, England. 

Offices also at 

4/§ Fitzroy Square, London W.1. 

Headington Hill Hall, Oxford 

2/3 Teviot Place, Edinburgh I 

2/3 Richmond Street, Glasgow C.1. 

Maxwell House, Fairview Park, Elmsford, 
New York 10523 

24 rue des Ecoles, Paris Ve. 


University 
Life Assurance Society 


Established 1825 Incorporated by Royal Charter 
The Society invites enquiries for life assurance from 
past and present members of Universities, Public 
Schools, and similar educational institutions. within 
the United. Kingdom, for whose exclusive benefit the 
Society was established. 


The Society does not pay commission for the intro- 
duction of new business. 

Special plans for Students or Young Graduates 
The “Minimax” Policy Reduced Premium Policy 


Young Graduate’s Policy 


Other plans include 
Whole-life and Endowment assurance 


Children's Policies 
Family Protection 


Educational Policies 
Pension Policies 
Annuities 


4 Coleman Street, London, E.C.2 


Telephone : 01-606 6225 
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£760 00. 


Robert Maxwell & Go Ltd. 


Back Issues Department, 4, Midland Road, Olney, | 
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| | MEASURE . 
HBR ESSU 3 
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BV/AGIUU 
WITH 


TENSIONED | 


DIAPHRA 


A thin metal membrane is stretched mirror-flat under 
tension T" andclamped forming an extremely sensitive 
diaphragm. Differential pressure, P,;-P2, is measured by 
variation of capacitance to adjacent electrodes as dia- g 
phragm deflects. "m 


0.0000001 psi 

sensitivity (10-? cm displacement) is achieved by the __ 
new BARATRON"" pressure gauges using the tene ^. 
sioned diaphragm technique. 
® Range: 10-5 to 1000 mm Hg. 
€ Bakeable to 450°C. | 
@ Accuracy : 0.05%. .” 
@ Vacuum measurement is 

independent of gas composition. 
@ Absolute or differential measurements. 
9 DC voltage output provides fast responie, 
9 Remotely operable up to 1000". 
For Critical Applications, Calibration, Mass < 
Gas Analyses, Metering, Mixing, Backfill 0 
Dynamic Facilities, Space Chambers, Rocket 3t 
Tunnels, Nucteonics; Vacuum Metallurgy, Leak Detection. 


PRECISION PRESSURE ~~ a 


MEASUREMENT 
FUUM EINITSS 


MIS INSIR 


ectrometry, 


| Full Technical Information from tK. Agents d 


- FieldTech Ltd. 


Telephone: 01- 759 2811 
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Classified Advertisements 


Ail copy is subject to the approval of the Pub- 
lishers, who retain the right to refuse or 
withdraw advertisements at their discretion. 
The Publishers will not be Hable for any loss 
occasioned by the failure of any advertisement 
to appear from any cause whatever, nor do 
they accept liability for printers’ errors, 
although every care is taken to avoid mistakes. 
Semi-displayed £6 per single column inch. 
Minimum £3, each additional l/I2th of an inch 
10s. Full page £158, Half page across £80. 
Colour (orange) £20 extra. 2/6 is charged 
for the re-direction of replies to advertise- 
ments with a box number, 
ADVERTISEMENTS SHOULD BE ADDRESSED 
TO: T. G. Scott and Son, Limited, | Clement's 
inn, Strand, London, W.C.2, Telephone: 
01-405 4743. Telegrams: Textualist, London, 
w.C.2. 


APPOINTMENTS VACANT 


UNIVERSITY OF ABERDEEN 
NATURAL PHILOSOPHY DEPARTMENT 
LECTURESHIPS AND ASSISTANT 

LECTURESHIPS are vacant in: 
Experimental Physics, including Geophysics ; 
Theoretical Physics, including Classical 

Mechanics ; 

Instrument Design. 

These posts are concerned with research and 
with teaching at graduate and undergraduate 
level, Preference in each branch will be given 
to applicants with interests primary in funda- 
mentals, Salary on revised scale £1,240 by £115 
to £2.735, Initial placing according to quaii 
fications and experience. Superannuation 
(F.S.S.U.) and removal allowance. 

Further particulars from the Secretary, The 
University, Aberdeen, with whom applications 
(Lecturer 8 copies; Assistant Lecturer 2 copies) 
should be lodged by March 15, 1969. (Later 
applications from abroad will be mone 

(540; 


UNIVERSITY OF QUEENSLAND 
LECTURER IN CIVIL ENGINEERING 


The University invites applications for the 
above-mentioned position. Applicants are re- 
quired to have an Honours Degree in Civil 
Engineering and to have had at least five years’ 
professional experience. Experience in structural 
design and construction management is required. 
A knowledge of steel fabrication procedures 
would be an advantage. The successful applicant 
will assist in maintaining liaison between the 
University and current engineering practice. 
Applicants should have a good knowledge of 
Australian conditions. The successful applicant 
will be required to give lectures at undergraduate 
level and to assist in postgraduate structures 
courses. He will be required to assist in the 
structures testing and advisory service of the 
Department, particularly in the investigation of 
projected structural work and the testing of large 
structural components. Participation in instruc- 
tion in the practical aspects of civil engineering 
design will be an important part of his duties. 
The salary range for a Lecturer is $A5,400 to 
4 by 250 to 3 by 300 to $A7,300 per annum. 
The University provides Superannuation similar 
to F.S.8.U., Housing Assistance, Study Leave 
and Travel Grants. 

Additional information and application forms 
wil be supplied upon request to the Association 
of Commonwealth Universities (Appis.), Mari- 
borough House, Pall Mall, London, S.W.1. 
Applications will close in London and Brisbane 
on March 28, 1969, (682) 


COLLEGE OF TECHNOLOGY 
Principal: J. F. Gilies, O.B.E, Ph.D, 
FLEE., F.Inst.P. 


DEPARTMENT OF CHEMISTRY 
LECTURER 


Applicants shouid have a degree in chemical 
engineering or chemical technology, Salary : 
£1,725;£2,280. In determining the commencing 
point allowance may be made for industrial and 
teaching experience, Canvassing will disqualify. 

Further particulars and form of application 
may be obtained from the Principal, College of 
Technology, Belfast BTI 6DJ, with whom appli- 
cations must be lodged not later than Friday, 


March 7, 1969, 
W. C, H. EAKIN, 
Director of Education, 
(749) 
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WESTERN AUSTRALIAN INSTITUTE OF TECHNOLOGY 
—M———— — mension e ert 


This is an expanding major educational institution wih some 200 academic staff in 
thinteen teaching departments providing a wide variety of courses—4mainiy at the 


professional level, 


H3 is being developed on a 230-acre site to which the teaching departments are pro- 
gressively being transferred, To date $6 million have been spent on the new site in 
accommodating the Applied Sciences, Administrative centre, Cafeteria and student 


facilities, 


It is expected that a further $24 million will be spent on capital develop- 


ment in the next two years, and that expansion will continue for many years ahead. 


Applications are invited for the position of: 
LECTURER IN PSYCHOLOGY 


Applicants must have a degree or equivalent with Psychology as the major study, Ht 
will be an advantage to have progressed beyond the first degree level, to have tertiary 
teaching experience, and to have experience in a relevant applied feld. 


Salary Range 
$4,800 x $200— $6,800 
Initial salary in this range may vary according to qualifications and experience. 
Revision of salaries in the Institute, as in other similar institutions in Australia, is at 


present under consideration. 


A memorandum of information detailing conditions of service and methods of appli- 


cation is available from : 


The Agent General for Western Australia, 
Western Australia House, 


115 Strand, 
LONDON, W.C.2. 


with whom applications close on Wednesday, March 19, 1969. 


LAURENTIAN UNIVERSITY 
SUDBURY, ONTARIO, 
CANADA 


DEPARTMENT OF GEOLOGY AND 
GEOGRAPHY 


STAFF APPOINTMENTS 


Applications are invited for two staff positions 
for the Fall of 1969 in a young and developing 
department, The unique geological setting of 
Sudbury lends itself particularly to studies in 
pewogenesis, ore deposits, mineral exploration 
geophysics and geochemisiry, Precambrian strati- 
graphy, structure and sedimentation. A Master's 
programme in geology is planned for September, 
1969, to coincide with a move to greatly expanded 
facilities in a new building. 


Gi) Stratigraphy-Sedimentation—— to teach under- 
graduate courses in Stratigraphy and sedimenta- 
tion and :o develop research in these and allied 
fields. Preference will be given to those with 
interests and experience in Precambrian strazi- 
graphy and associated sedimentological studies. 


(i) Geophysies——to teach undergraduate courses 
in exploration geophysics, physics and chemásiry 
of the earth, and to develop research in these 
fields. Preference will be given to those with 
interests and experience in methods of exploring 


mineral deposits, 


Applicants must have Ph.D. and experience 
with research programmes as well as teaching 


ability at the undergraduate level, Salary and 
rank are dependent on qualifications: appoint- 
ments effective on September 1, 1969, Applica- 


tions, giving personal resume, research interesis 
and experience, and the names of at least three 
references who are in a position to assess the 
applicants character, scholarly ability and apti 
tude for teaching, should be sent to D. H. 
Williamson, Chairman, Department of Geology 
and Geography, Laurentian University, Sudbury, 
Ontario. (609) 


DEPARTMENT OF BIOCHEMISTR Y 


Applications are invited for two posts of 
ASSISTANT LECTURER/LECTURER in the 
Department of Biochemistry which was estab- 
shed in 1968 by merging three independent de- 
partuments—Biochemisuy, Medical Biochemistry 
and Physiological Chemistry, and is responsible 
for the provision of all biochemistry courses in 


the facultes of Science and Medicine. Salary 
scale £1.240 to £2,735 plus F.S.S.U, 
Applications (three copies), naming two 


referees, by March 15, 1969, to Assistant Regís- 


trar (B), from whom further particulars may be 


obtained. (696) 


(717) 


TWYFORD 
LABORATORIES 
LIMITED 


(A Subsidiary of Arthur Guinness Son and 
Company (Park Royal) Ltd.) 


require a 


LABORATORY 


TECHNICIAN 
(BOTANY) 


A young man is needed to join a 
team engaged on an interesting 
botanical research programme, which 
will involve plant tissue culture. His 
qualifications will be an “A” level 
in Botany, and at least an ^ O " level 
in Chemistry. 


Staff conditions are good: A pro- 


pressive salary scale; three weeks 
holiday: free lunches: sports and 
social club facilities; generous sick- 
ness benefits; pension scheme, etc. 


Please write for application. form 
to the 


Personnel Officer, 

309 Elveden Road, N.W.10, 

Quoting Ref. H6. - 
(719) 





MEDICAL RESEARCH COUNCIL 


NEUROPHARMACOLOGY RESEARCH UNIT 
MEDICAL SCHOOL 
BIRMINGHAM, 15 


Graduate in biochemistry or related subject re- 
quired to work on the biochemical pharmacology 
of the nervous system. The research will include 
studies of the metabolism of amines in the brain 
in relation to physiological states. No previous 
experience in this field is necessary and there will 
be the opportunity for studying for a higher 
degree. Grade and salary will depend upon age 
and qualifications held. 

Apply in writing to Professor P. B. Bradicy, 
NMeuropharmacologzy Research Unit, The Medi. 
cal School, Birmingham 15. (640) 


NATURE. FEBRUARY 22, 1969 


WOOLWICH POLYTECHNIC 
LONDON, S.E.I8 


CHEMISTRY DEPARTMENT 


Applications are invited for two posts of 


SENIOR LABORATORY 
TECHNICIAN 


The successful applicants will be respon- 
sible (with assistance) for the efficient 
running of the teaching laboratories, or the 
research laboratories within the department, 


Salary scale: £1,015 (unqualified) rising 
to maximum of £1,335 (qualified): com- 
mencing salary according to age and quali- 
fications. 


Particulars and application form, to be 
returned by March 10, 1959, from Clerk 
to the Governing Body, Woolwich Poly- 
technic, Wellington Street, London, S.E.18. 


(700) 





UNIVERSITY OF LANCASTER 


DEPARTMENT OF 
ENVIRONMENTAL SCIENCES 


Applications are invited from hydro- 
logists with appropriate postgraduate 
research and/or practical experience 
in surface water hydrology for the 
post of Lecturer in the Department 
af Environmental Sciences, The 
successful candidate will be required 
to teach in undergraduate hydrology 
courses and to undertake research. 
Candidates with exceptional quali- 
fications may be considered for 
appointment at Senior Lecturer 
level. 


Further particulars may be obtained 
(quoting reference L.408/ A). from 
the University Secretary, University 
House, Bailrigg, Lancaster, to 
whom applications (four copies) 
should be sent not later than 
March 29, 1969. (694) 


SOUTHAMPTON UNIVERSITY 
LIBRARY 


INFORMATION OFFICER 


Applications are invited for the post of 
Assistant Librarian (information Officer for 
science and engineering) Candidales should 
possess a good degree, preferably in Science 
or Applied Science, and a qualification in 
Librarianship or Information — Science. 
Salary scale rising to £2,270 (under revi- 
sion). Starting point according to quali- 
firations and experience. 

Further details may be obtained from 
Deputy Secretary, The University, 
Southampton, SOS 35NH to whom applica- 
tions should be sent not later than March 
8, 1969. Please quote references N. 

(698) 





UNIVERSITY OF LIVERPOOL 


Applications are invited for the post of 
research worker or senior research worker 
for a NEW UNIT OF REPRODUCTIVE 
BIOLOGY in the University. Candidates 
must be experienced in research on the 
physiology or biochemistry of reproduction 
and be capable of training graduates in 
this field of study. Salary range between 
£1,500 to £3,248 per annum according to 
age and qualifications, with a maximum 
starting salary of £2,780 per annum. 


Applications, stating age, qualifications 
and the names of three referees should be 
sent to the Registrar, The University, P.O. 
Box 147, Liverpool. L69 3BX from whom 
further particulars may be obtained. Please 
quote Ref: RV/962/N. (C07) 














LINICAL 
BIOCHEMIST 


Applications are invited for a post involving interesting and variec work in a 
department engaged in the development of methods and reagents tor clinical 
analysis. Initiative in the innovation of such methods is the essential quality 
of the successful applicant, who may, therefore, have a backgrourd of post- 
graduate experience in enzymology or a related field. Previous experience 
of practical clinical biochemistry and a familiarity with automated systems 
of analysis will be an advantage. 














The factory is situated near Poole harbour in the Purbeck district of Dorset 
within a short distance of Bournemouth. 


A realistic salary will be offered together with life assurance and pension 


provisions. 
Please reply giving age, qualifications and present salary to: 
EA 
The Personnel Manager, M 
BDH CHEMICALS LTD., j 
(BDH, POOLE, Dorset c» : 
1967 : 
(759) : 


MAS. 


Required by the manufacturers o£ world famous 
Whatman laboratory products, to: plan and head 


e a new laboratory section for critical evaluation 
and application research on filtrasion and paper 


Applicants should be between 2° and 32, hold 
a degree or equivalent in Chemistry, bave a 


e ; 2 : ; 

wide experience of laboratory sechniques and 

ervice paper chromatography, be capable of writing 
papers for scientific journals ane lecturing. 


Send written details of age, qualifications, 


: experience and present salary toc 
emis The Personnel Manager, 
W. & R. Babton Ltd. 
Springfield Mill, 
Maidstone, Kent. 





WHAT'S YOUR LINE? COMMONWEALTH 
are you A Veterinary Surgeon, Geologist, Chem- AGRICULTURA. BUREALUX 
ist, Pharmacologist, Physicist, Metallurgist, Miero- COMMONWEALTH (ONSTITUTE OF 
biologist, Pharmacist, Information Scientist or ENTOMOLOGY 
Technical Edítor ? | dispu nulo TRETEN 
Whatever i is Please Note ! $6 QUEEN'S GATE. SOUTH KENSINGTON, 
G.K. Bureau employ six scientifically aualified LONDON, S.W.7 
T to select the best positions for you. VACANCIES FOR. SCIENTIFIC 
— icd i ge "em INFORMATION OFFICERS 
17 Saa pie È +. ae Vacancies exist for twee Scientific Information 
01-437-6886 or 01-437-6779 ias Officers, one for the abstracting of papers in 
^ NO FEES TO PAY : (441) applied entomology, mestly in the — English 
ogee aie TE language, the other for editing and compiling 
eee eee the Insecta part of the Zcological. Record, Cane 
UNIVERSITY OF OXFORD didates for the former post should be graduates 
UNIVERSITY LECTURESHIP IN THE in a — biological science, preferably including 
DEE ARTMENT “OF ASTROPHYSICS entomology, with a good reading knowledge of 


pp irs ; ee NES at least two other European languages; those for 
(UNIVERSITY OBSERVATORY) the latter post should be graduates with a good 

Applications are invited for the post of Uni- reading knowledge of at least three European 
versity Lecturer in experimental spectroscopy in languages in addiuon to English and f 
the field of atomic physics or astrophysics. The with some editorial experience. Meng 
spend will be in the range £1.470 to £2900  quiremenis are accuracy, erlical sense and abiit 
per annum (scale subject to revision) depending to write good, concise English. Starting salary 
upon age, with  superannuation under tne according to qualifications and experience in à 
F.S.S.U. The date of commencement in the scale rising by annual increments from £1,145 to 
post is October 1, 1969. £2.800. Superannuation, 

Apphicauons (four copies), inclading a state- Further information from the Secretary, Com- 
ment of qualifications, and career, and the names monwealth Agricultural Boreaux, Farnham House 
of three referees, should reach the Secretary of Farnham Royal Slough, Sucks, on each specific 
Faculties, University Registry, Broad Street, vacancy. Closing date fos applications, Mareh 7, 
Oxford. by April I, 1969. (549) 1969. [5230 
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PHYSICAL 


CHEMIST 





(REACTION KINETICS) 


AUSTRALIA 


DIVISION OF MINERAL CHEMISTRY 


GENERAL: The Fuel Chemistry Section of the Division of Mineral Chemistry of the 
Commomwealth Scientific and Industrial Research Organization, located at North 
Ryde, N.S.W., includes a small group which conducts fundamental investigations on 
the kinetics of combustion and associated high speed reactions the programme including 
both homogeneous and heterogeneous systems. The group is equipped with modern 
instruments including an ESR Spectrometer. 


DUTIES: The appointea will become a member of the Fuel Chemistry Section in the 
combustion kinetics group and initially will be required to undertake a study of the 
reaction kinetics of gaseous hydroxy! radicals. 


QUALIFICATIONS: Applicants should have a Ph.D. degree in an appropriate field, 
or postgraduate research experience of an equivalent standard and duration, supported 
by satisfactory evidence of research ability. Experience in gas-kinetics preferably of 


fast reactions would be desirable. 


SALARY: Depending upon qualifications and experience the appointment will be 


made within the salary range of Research Scientist, $A5,321-- $46,692 p.a. 


Salary 


rates for women are $A428 p.a. less than the corresponding rates for men. Promotion 
within CSIRO to a higher classirication is determined by merit. 


CONDITIONS: The appointment which carries with it Commonwealth Super- 
annuation Fund or Provident Account privileges, will be conditioned upon passing 


a medical examination. 


An initial probationary period of twelve months may be 


specified. Fares paid for the appointee and his dependent family. Further particulars 


supplied on application. 


Applications (quoting Appointment No.: 601/82), and stating full name, place, date 
and year of birth, nationality. marital status, present employment, details of qualifications 
and experience, together with names of not more than four persons acquainted with 
the applicant's acad! mic and professional standing, should reach: 


Mr. R. F. Turnbull, 

Chief Scientific Liaison Officer, 
Australian Scientific Liaison Office, 
64—78, Kingsway, 

LONDON, W.C.2. 


IMPERIAL COLLEGE OF SCIENCE 
AND TECHNOLOGY 
DBPARTMENT OF CHEMISTRY 


The Wolfson Foundation has made available 
several Post-doctoral and Postgraduate Research 
Assistantships in the Cbemdstry of molecular steve 
and layer silicates, tenable under Professor R. M. 
Barrer, F.R.S. They wild be awarded within the 
field of Synthesis, Reactions, lon-exchange, 
Sorption, Complex Formation, Structure and 
Catalysis. Salary seale for post-doctoral awards: 
£1,240 by £115 plus FKSS U., For Postgraduate 
awards: £695, £745. £810 plus FS SU, 

Applications giving full academic background 
and the names of two referees shouki be made 
iG Professor R. M. Barrer, Chemistry Depart- 
ment, Imperial College, London, S.W.7, (653) 

WE WANT A RECENT SCIENCE GRADU- 
ate or a young man wih some scíentifio training 
who can take the responsibilities of a Technical 
Fieki Officer in our Technical Services Departe 
ment. This department undertakes all trial work, 
both on the curent Elanco animal health range 
and on mew products under development. His 
assignenems will relaie io our field trials pro- 
granxne and «iH ànciude some laboratory work. 
This B an excelier& chance to gain experience in 
commercial research, development and technical 
support activities and offers a career within an 
expanding international organisation. A come 
pany car goes wh the job and all legitimate 
expenses are met.—Apply in writing to Mr. DLR. 
Brown, BY MS, M.R.C.V.S., Elance Products 
Limited, Broadway House, The Broadway, Lon- 
don, S,W.19. Tel.: Liberty 6600. (587) 


by the 22nd March, 1969. 


(746) 


UNIVERSITY OF ALBERTA 
EDMONTON, CANADA 
DEPARTMENT OF BOTANY 


Applications are invited for a position as 
ASSISTANT er ASSOCIATE PROFESSOR IN 
PLANT ANATOMY effective September 1, 1969 
Preference will be given to candidates with an 
interest in fine structure and with some previous 
experience, although other applicants will be 
considered, Some experience in Electron miro- 
scopy is aiso desired. Salary fram $9,500 accord- 
ing to qualifications. 

Interested applicants should send curriculum 
vitae, publications list, and names of three 
referees, to Dr. Wilson N. Stewart, Chairman, 


Deparment of Botany, University of Alberta, 
Edmonton, Canada. (6083 


UNIVERSITY OF MANCHESTER 


LECTURERS AND ASSISTANT 
LECTURERS IN PHYSIOLOGY 


Applications invited from candidates with a 
good honours degree in Physiclogy or related 
subjects, or with medical qualifications registrable 
in this country, for these posts. It is hoped 
that one Lecturer will help to supervise work on 
circadian rhythms. The other appointments may 
be made in any field relevant to the work of 
the Department. Salary scales at present under 
review. F.S.8.0). where appropriate, 

Particulars and application forms (returnable by 
March 33, from the Registrar, The University of 
Manchester, M13 9PL. Quote ref. ed 
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UNIVERSITY OF 
STRATHCLYDE 


SENIOR TECHNICIAN or RESEARCH 
ASSISTANT required for the Department 
of Applied Microbiology, Duties will be 
concerned with industrial contract work. 
Applicants must have experience in micro- 
biological and/or biochemical techniques. 


Preference will be given to holders of a 


suitable degree, or H.N.C. qualifications or 
its equivalent. Salary scale £987 to £1,228. 
(Reference A.M.24). 


TECHNICIANS are also required. Salary 
scale £722 to £1,007. (Reference. AMSL 


Applications in writing, quoting reference 
numbers, giving details of age, experience 
and qualifications to Mr, G. M. Boyd, 
Finance Office, University of Strathelyde, 
George Street, Glasgow, CI. C04) 





UNIVERSITY OF 
STRATHCLYDE 


DEPARTMENT OF APPLIED PHYSICS 
RESEARCH ASSISTANT 


Applications are invited for the above 
post from candidates who have an Honours 
Degree or equivalent qualfication in 
Physics, Electrical Engineering or a related 
field. Some experience in electronics, elec- 
trical measurements or vacuum physics 
would be an advantage. 


The successful applicant will be required 
to work on problems of charge transfer 
and static electrification. There is an 
established research group working in this 
and a related field and excellent facilities 
are avaiable. The appointee would be able 
to work for a higher degree. 


renewable annually 


The appointment is 
but will normally be for a minimum period 
of three years. 


Commencing salary £800 per annum. 


Applications (quoting R6/69 to Dr. C. 
Weaver, Department of Applied Physics, 
University of Strathclyde, George Street, 
Glasgow, C.I. (706) 





BATH UNIVERSITY OF TECHNOLOGY 


WRINGTON VALE 
SFUDENTSHIP 


Applicauons are invited from biologists 
or bochermists for the above Postgraduate 
Research Srudeniship tenable for three 
years at che University. The recipient will 
be required to register for a higher degree 
10 work on the physiology of host parasite 
relauonships of the cultivated mushroom 


and the fangal pathogen M vcogone 
perniciosa. 
Further particulars may be obtained 


from Registrar (D, The Universiry, Claver- 
won Down, Bath. (7195 


HERIOT-WATT UNIVERSITY, 
EDINBURGH 


CHAIR OF PHYSICS 


Applications are invited for the Chair of 
Physics which becomes vacant on the retiral 
of Professor W. H. J. Childs on September 
30, 1969. 


Further particulars may be obtained from 
the Seeretarvy, Heriot-Watt University, 
Chambers Street, Edinburgh, 1, with whom 
applications stating the names of three 
referees, should be lodged not Inter than 
March 15, 1969. Please — quote Reb 
28/1/1001, (10 
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UNIVERSITY OF 
SIRATHCLYDE 
DEPARTMENT OF PHARMACOLOGY 


ASSISTANT LECTURER IN 
PHARMACOLOGY 


Applications are invited from graduates 
in Pharmacology, Pharmacy, Physiology. 
Biochemistry or Medicine for the post of 
Assistant Lecturer in Pharmacology. 

The appointee will be required to assist 
in the running of undergraduate courses in 


Physiology and Pharmacology and, depend- 
ing on experience, to train graduates for 
higher degrees of the University. Adequate 
facilities are avaldable for research and the 
Successful applicant will be required to par- 
ucipate im the research of the department 
or to conduct his own research. 

Salary scale: £1,240 to £1,470 per annum 
pius F.$.S,U., pacing according to qualifi- 
cations and experience. 

Application forms and further particulars 
(quoting 10/69) can be obtained from the 
Registrar, University of Strathclyde, George 
Street, Glasgow, C.i, with whom applica- 
tons should be lodged by March 8, 1969. 


C 34) 





SOUTH-EAST ASIA TREATY 
ORGANIZATION 


THAILAND 


THE FACULTY OF ENGINEERING, 
PRINCE OF SONGKLA UNIVERSITY 
at present at Bangkok, requires a S.E.A.T.O. 
PROFESSOR OF ELECTRICAL EN. 
GINEERING by August 1969. Candidates 
should have a degree in Electrical Engineer- 
ing from a university in Britain and rele. 
vant teaching and industrial experience. 
Additional qualifications would be an ad- 
vantage. Specialization may be either in 
Power Systems or Communications Systems 
preferably with à background in Electronic 
Digital Computers. The Professors duties 
will include lecturing to engineering under- 
graduates and assisting in planning and 
supervising laboratory courses. 


CSIRO | 
RESEARCH 


SCIENTIST 
AUSTRALIA 


DIVISION OF ENTOMOLOGY 


GENERAL: The Division of Entomology of the Commonwealth Seientific. and 
industrial Research Organization, is the main centre in Australia for basicwesearch on 
insects and is also actively engaged on many problems of economic impomance; the 
professional staff numbers about 100. The Division has a research greup et the 
recently constructed Long Pocket Laboratories, Brisbane, engaged on tëe ecology, 
physiology, biochemistry and chemical control on the cattle tick. H is proposed to 
extend the activities of this group to include studies on genetics and reproductive 
physiology. 





DUTIES: The appointee will be required to initiate research into the reproductive 
biology of the cattle tick and investigate the inheritance of acaricide resistance. 


QUALIFICATIONS: Applicants should have a Ph.D. degree or post-graduate 
research experience of equivalent standard and duration, supported by satisfactory 
evidence of research ability. 


SALARY: Depending upon qualifications and experience the appointment will be 
made within the salary range of Research Scientist, $45,321 $46,693 pe or Senior 
Research Scientist, $A6,963-- $AB,045 p.a. Salary rates for women are $478 p.a. less 
than the corresponding rates for men. Promotion within CSIRO to a higher classifi- 
cation is determined by merit. 


CONDITIONS: The duration of the appointment will be determined in censultation 
with the successful candidate; some applicants may prefer a fixed term acpointment 
for three years, Appointment will be conditional upon passing a medical examination 
and an initial probationary period of twelve months may be specified. Aw indefinite 
appointment carries with it Commonwealth Superannuation Fund or Provideat Account 
privileges. Fares patd for the appointee and his dependent family, Further particulars 
supplied on application, 


Applications (quoting Appointment No. 180/499), and stating full name, slace, date 
and year of birth, nationality, marital status, present employment, details of qualifications 
and experience, together with the names of not more than four persons. scquainted 


XL 





Salary: U.S. $12,000 per annum, includ- 
ing accommodation allowance, normally 
paid in local currency, although payment 
in other currencies may be arranged. Fares 
provided for Professor, wife and two 
chikiren ; an excess luggage allowance and 
Emited removal costs. One-year appoint- 
ment in the first instance. 


Write, quoting reference PU69, to 
Appointments Division, The British Council, 
65 Davies Street, London, WILY 2AA for 
brief particulars and S.E. A. T.O. application 
form to be returned completed by April 20. 


(712) 
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UNIVERSITY OF EAST AFRICA 

UNIVERSITY COLLEGE, DAR ES SALAAM 
EACULTY OF MEDICINE 

Applications are invited for the following 
Appointments ro be assumed as soon as possible : 

{a} SENIOR LECTURER IN ANATOMY, 
(b LECTURER OR SENIOR LECTURER IN 
PHYSIOLOGY OR CLINICAL PHYSIO- 


LOGY. 
(c} LECTURER OR SENIOR LECTURER IN 
MICROBIOLOGY. 


Salary Scales: Senior Lecturer £EA1,950 to 
£EA2,6185 per annum, plus a preclinical allow- 
ance of £EA75 per annum or a clinical allowance 
of £EA250 per annum if medically qualified. Lec- 
turer £EAI,350 to £EA2,230 per annum plus a 
precinical allowance of £EASÓ per annum or a 
clinical allowance of £EAZ50 per annum if medi- 
caliv qualified {LEAI =£] 3s. dd. sterling), Salary 
gupplememed in appropriate cases in range £345 
to £505 per annum (sterling) under British Ex- 
pairlates Supplementation Scheme. PS S. 
bPanuiv passages ; biennial overseas leave. 

Detailed applications (6 copies) naming 3 
referees, by March 26, 1969, to Inter-University 
Council, 90.91 Tottenham Court Road, London, 
Wi, from whom particulars are available. 

(727) 


with the applicant's academic and professional standing, should reach: 


Mr. R. F, Turnbull, 
Chief Scientific Liaison Officer, 


Australian Scientific Liaison Office, 


64—78 Kingsway, 
LONDON, W.C.2. 


GRADUATES FOR 
TOXICOLOGY UNIT 


Due to the continuing expansion of our 
research programme, new laboratories have 
been acquired at Harlow in Essex. 

Graduates are required to work at the 
Medicinal Research Centre in Toxicology. 
The work wil be primarily concerned with 
the safety evaluation of new drugs and 
offers wide opportunities in the fields of 
clinical haematology, histology and assess- 
ment of effects of drugs on reproduction. 

Applications are invited from graduates 
with good class honours degrees. Experience 
in toxicological work would be preferable 


but is not essential since specialised training 
can be arranged at our research laboratories 
in Surrey. 

Attractive starting salaries are offered and 


reviewed regularly. There are generous 
fringe benefits including profit sharing which 
is worth an additional 10-11% of salary, 
and a non-contributory Pension Scheme. 
There are good prospects for promotion in 
the organization and scientists are given 
the opportunity to publish where possible, 
and attend scientific meetings. 

Please apply. stating brieflv age, quali- 
fications, experience and current salary to: 
Head of Personnel Department, Beecham 
Research Laboratories, Brockham Park, 
Betchworth, Surrey. (674) 





by the 22nd March, 19693. 


(045) 


SENIOR AND FUNIOR 
TECHNICIANS FOR 
TOXICOLOGY UMT AND 
PHARMACOLOG" UNIT 


Laboratories have been acquired by 
Beecham Research Laboratores at Marlow, 
Essex due to the continuing expansion of 
the research programme. 

Experienced technicians ac required to 
work in both Pharmacology and Toxicology 
Units. The work in the Pharmacology Unit 
involves studies concerning tee investigation 
of new drugs, whist the Toxcology Unit ia 
concerned with them safety evafustion. 

Applicants should possess preferably 
ether ‘A’ level G.C.E. in Biology and 
Chemistry or ONC. Aprhed Biology or 
equivalent qualifications. Training in 
chemical biochemistry, haengsology or his 
tology where necessary mag be given af 
our Research Laboratories ic Surrey prior 
to taking up an appointment at Harlow. 

Good starting salaries are offered, along 
with profit sharing and  non-contributory 
pension schemes, day release facilities for 
further education zo cenae members of 
Staff, and three weeks holidzy. 

Apply stating briefiv age. qualifications 
and experience to: Head of Personnel 
Department, Beecham Research — Labora- 
tories, Brockham Park, Betchsvorth, Surrey. 

16733 
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PHYSICIANS AND SCIENTISTS 


required by the 
FOOD AND DRUG DIRECTORATE 


GOVERNMENT OF CANADA, OTTAWA 
Salary up to $18,600 


INTERVIEWS 
in the 


The Food and Drug Directorate has the statutory responsibility for the enforcement 
of the Food and Drugs Act and Regulations and related legislation. 
responsibility, physicians and scientists with an interest in pharmacology and thera- 
peutics are needed to participate in à program of evaluation and consultation 


To meet this 


relating to drugs and to act as advisers to government and industry 


UNITED 


Several posts are available and include the following duties : 


(a) to review pharmacological, toxicological and clinical research data on new 


KINGDOM 


drugs 


(b) to prepare and edit medical and scientific material for publication in a drug 


information bulletin. 


Physicians must be eligible for a licence to practise medicine in a province of 
Canada. 


Scientists must possess post graduate training and experience in a related field. 
It is anticipated that interviews will be held in various centres as required. 


Public 
Service 
of 
Canada 








QUEEN'S UNIVERSITY 
KINGSTON, ONTARIO, CANADA 
DEPARTMENT OF CHEMISTRY 

Applications are invited from graduate students 


planning to proceed to thé M.Sc. and Ph.D. 
degrees in Theoretical, — Physicai, Inorganic. 
Analytical and Organic Chemistry. Teaching 


assistantships of $3,700 involving a maximum of 
three periods per week laboratory supervision are 
available. 


Applications should be made to: Head, De- 


partment of Chemistry, Queen's University, 
Kingston, Ontario, Canada. 


(627) 
AUSTRALIAN NATIONAL 
UNIVERSITY 


THE RESEARCH SCHOOL OF PACIFIC 
STUDIES 


FELLOWSHIP OR SENIOR FELLOWSHIP 
IN PALYNOLOGY 


There is a vacancy for a palynologist in the 
Department of Biogeography and Geomorphology 
iProfeseor D. Walker, Head of Department). 
The person appointed wil be expected to work 
mainly on the Quaternary vegetation history of 
Australia, the South-west Pacific or South-case 
Asia but an interest in some aspect of funda- 
mental palynology, piant ecology or other associ- 
ated field is desirable. Laboratory facilities are 
established and support for field work is Hberal. 

Appointment will be to a Senior Fellowship 
(SA8,750 to $A10,274) or a Fellowship ($A6,400 
to $A8,740..— Fellows and Senior Fellows are 
appointed for an initial period of five years, after 
which they are normally reappointed umil re- 
tiring age. A superannuation scheme of FSS U. 
type is available and assistance is provided with 
joining expenses and housing. Fellows are en- 
titled te one year's study leave on full pav in 
every seven years' service, with a maximum grant 
of $A2,160 towards expenses, and Senior Fellows 
to one year’s study leave in every six years with 
à maximum grant of $42.600. Applicants should 
be prepared to join the University in. Canberra 
during 1969, 

Further information may be obtained from the 
Head of Department in Canberra or from the 
Association of Commonwealth Universities 
‘Branch Office}. Marlborough House, Pall Mall, 


London, S.W.l. Applications close on March 
28, i969. (504) 


POSTDOCTORATE POSITIONS IN 


PHYSICS 
QUEEN'S UNIVERSITY 
KINGSTON, ONTARIO, CANADA 


Research and Teaching Assistantships are avail- 
able to postgraduate students, both theoretical 
and experimental, in the fields of solid state 
physics, nuclear physics, and radio astronomy. 
Special experimental facilities include: — equip- 
ment for ultra high vacuum, magnetic resonance, 
microwave spectroscopy, luminescence — studies, 
and for electron structure. studies of metals by 


positron annihilation; a 3-MV Van de Graaff 
positive-ion accelerator, and use of the MP 


Tandem at Chalk River: a 60-ft. radin-telescope, 
and use of the 150-ft. radio telescope at 
Algonquin Park. Financial assistance in a com- 
bination of Scholarships and Teaching and Re- 
search  Assistantships is provided in the range 
$3,700 to $4,800 per annum. 

Several Postdoctorate Fellowships are available 
in the above fields, with a stipend of $6,000 or 
$7,200 depending on marital status ; these Fellow- 
ships are tax free, and a travel allowance will be 
paid. 

Letters of application and requests for 
brochures and further information should be 
addressed to the Head, Department of Physics, 
Queen's University. (268) 


UNIVERSITY OF SASKATCHEWAN 
RESEARCH IN CHEMISTRY 
Scholarships and  Assistantships with — valucs 
ranging berween $2,650 and $4,000 per annum 
are available to Graduates of the Royal Insiiute 
of Chemistry and students holding the BSc. 
Degree (with 1st or 2nd class honours} who wish 
to proceed to the M.Sc. or Ph.D. degrees, 
Cl'uition, board and lodging, and miscellaneous 
expenses total approximately $2,400 oer annum. 
ExceHent facities are provided for research 
in many areas of agricultural, inorganic, organic, 
physical and theoretical chemistry. Equiprnent 
includes: linear electron accelerator for pulse 
radiolysis studies, MS 12 mass spectrometer, 
ESR. and N.M.R. spectrometers, IBM. 3507 

SÜ computer. 
Engairies should be addressed to Professor 
K. L McCallum, Head. Departmtnt of Chemistry 


and Chemical Engineering, University of Sas- 
katchewan, Saskatoon. Saskatchewan, Canada. 


(603) 


Proficiency in both official language, while not essential, is a desirable qualification 
for these positions. 
Applicants are invited to forward immediately a complete résumé of education 
and experience to the Bio-Physical Sciences Program, Public Service Commission. 
Ottawa 4, Ontario, Canada. 


Please quote file reference 69-101C on all correspondence. 


(755) 


UNIVERSITY OF LAGOS 


Applications are invited for the following 
appointments in the School of Mathematical and 
Physical Sciences tenable from September 1969 or 
soonest thereafter : 

fa) ASSOCIATE PROFESSOR, SENIOR LEC- 
TURER/LECTURER IN INORGANIC, QR- 
GANIC OR PHYSICAL CHEMISTRY. 

(b) PROFESSOR, SENIOR LECTURER/LEC- 
TURER IN MATHEMATICS. Interest in de~ 
velopment of, and ability to teach in, Algebra, 
Topology, Numerical Analysis, Probability 
Theory, and Computor Programming will be an 
advantage, 

fc) SENIOR LECTURER/LECTURER IN 
(D THEORETICAL PHYSICS, GD SOLID 
STATE PHYSICS, UD X-RAY CRYSTALLO- 
GRAPHY, (v? APPLIED GEOPHYSICS. 

Salary scales: Professor ENG 000 p.a. Associate 
Professor $N2,730 p.a. Senior Lecturer $N2,275 
to £N2,378 pa. Lecturer £NT,200 to £EN2,175 
pa., GENI SEP) 3s, 4d. sterling). Salary supple- 
mented im appropriate cases in range £240 to 
£600 p.a. sterling} under British Expatriates Sup- 


plementation Scheme. Superannuation Scheme ; 
various allowances: family passages; regular 


overseas leave. 

Detailed applications (6 copies) naming three 
referees by April 16, 1969 to Inter-University 
Couned, 90/9) Tottenham Court Road, London, 
W.1, from whom particulars are available. 

(678) 


UNIVERSITY OF SUSSEX 
SCHOOL OF BIOLOGICAL SCIENCES 
LECIURER OR ASSISTANT LECTURER IN 
EXPERIMENTAL PSYCHOLOGY 

Applications are invited for the post of Lec- 
turer or Assistant Lecturer in Experimental Psv- 
chology. Candidates in any branch of the Beid 
will be considered, but preference will be given 
to those whose research interests are im human 
psychology or mathematical psychology. Salary 
within the range of £1,240 1o £2,735 per annum 
plus F.S.S.U. benefits. 

Further particulars may be obtained from Pro- 
fessor N. S. Sutherland. Applications (five copies) 
together with curriculum vitae and the names of 
three referees, should be sent to the Secretary. of 
Science, Science Office (Establishment), the Uni- 
versity of Sussex, Palmer, Brighton. BNI rr 

(TOS 


post from science graduates, 
experience and qualification 
engineering, metallurgy or materials science, 
desirable. 
inks new materials, 
facilities are available, and teaching. Salary 
range per annum £1,105 to £1,340 (under 


Ref, 25/69/NA, 
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Young people 
with HNC or equivalent 


Unilever Research invites applications for Research Assistant 
appointments at the Food Research Laboratories at Coiworth 
House, north of Bedford. 


Process development 


and process techniques 


Discipline: Physical or Chemical Sciences. 

Duties: To be members of project teams 
working on process research/unit operation 
studies. To work to agreed experimental pro- 
grammes involving the development and use 


of methods for measuring heat and mass 
transfer (temperature and flow), observations 
on interactions between food materia, pro- 
cessing plant (materials of constructioa) and 
collect relevant data for cost calculation. 


Research/technical assistants 


Discipline: Biology, Physics, Chemistry or 
Maths. 

Duties: Required to work on problems in 
muscle and meat structure which entails inter- 
pretation of electronmicrographs, etc. The 
current research programme includes struc- 
tural studies on the cooking of meat, commin- 
ution, etc. An interest in computer technology 
would be an advantage to the successful 
applicant as he may be required to learn some 
computer programming. 


Discipline: Chemistry. 

Duties: Assistant toa protein chemist engaged 
in research on seed proteins. The work is ap- 
plied to new product concepts and entails 
considerable mechanical manipulation. 


As well as an interest in biochemistry, tne 
successful candidate should have an interest 
in temporary mechanical arrangements and 
the effective use of tools. 


The company offers excellent prospects for advancement, 
salaries are progressive based on merit, the starting salary 
depending on experience. Assistance will be given. with 
removal expenses, house purchase loans and legal costs of 
house purchase. Please write for an application form te: 


The Assistant Staff Officer (A), 
Unilever Research Laboratory, 
Colworth House, Sharnbrook, Bedford. 





759) 





UNIVERSITY OF 
MANCHESTER 
TURNER DENTAL SCHOOL 
ASSISTANT LECTURER IN 
DENTAL MATERIALS 
SCIENCE 
Applications are invited for the above 


Postgraduate 
it physics, 


Laboratory, 
Norwich. 


Duties would include research 
for which excelient 


QUALIFICATIONS: 1 
appropriate subjeci and at least 3 years” post-graduate experience, 
least 26 and under 32 on December 31, 1969. 

SALARY : £1.925 to £2,372 


COYPU LABORATORY 


Ministry of Agriculture, Fisheries and Food 
Norwich 


ZOOLOGIST Graded S.S.00 to study the coypu, partüculariy its commetiwe and 
aggressive behaviour and its feeding habits; 
tion and develop methods of poisoning. 

The post is under the cormrol of the Rodent Research Department, Infestation Comreal 
"ÜTobworth, Surrey, 


to expiore methods of inducing augregi- 


but the successful candidate will be stanoned at 


ist or 2nd class honours degree, or equivalent qualifiea«on in 
Age sormmily ai 


Non-eontributory pension. Promotion prospects. 


review), FSS, APPLICATION FORMS are obtainable by writing to the Secretary, Civil Service 
Particulars and applicauion forms (return- Commission, 23 Savile Row. London, WIX ZAA, or by telephoning 01-734 6618, 

able by March 12) from the Registrar, The ext. 229 (after 5.30 p.m. 01-734 6464 “‘ Ansafone " Servicch Please quote $i 5837 9 

University, Manchester Mi3 9PL. Quote MAF/1. Closing date March 16, 1969, i680) 


(630) 
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SOUTH AFRICAN COUNCIL 
FOR SCIENTIFIC 
& INDUSTRIAL RESEARCH 


BIOCHEMIST 


A vacancy exists in the Pneumoconiosis Research Unit of the CSIR 
for a biochemist to study the influence of silica and other dusts on the 
biosynthesis of collagen. The work will be carried out in the National 
Chemical Research Laboratory, Pretoria, where excellent facilities 
and technical assistance are available. Applicants should have a PH.D. 
in biochemistry. Previous experience of research on protein biosyn- 
thesis or the biochemistry of cellular development will be a recommen- 
dation. 


Salary up to R6000 (R1 = 11/8d.) per annum according to qualifi- 
cations and experience. 


Apply to South African Scientific Counsellor, Chichester 
House, 278 High Holborn, London, W.C.1, as soon as possible. 


(736) 


HUNTINGDON RESEARCH CENTRE 
CLINICAL BIOCHEMIST 


The instalation of an ON-LINE data acquisition and processing system for the 
Clinica! Chemistry Department creates a post for a qualified. Clinica! Biochemis: tin 
ihe Senior Research Officer grade). 


. The position will appeal particularly to those wich an extensive knowledge of, and 
interest. in, modern instrumentation and electronics. 


The work of the Centre is concerned with the evaluation. of possible toxic hazards 
due ro new drugs, food additives, herbicides and pesticides, 


Opportunity is given for obtaining higher degrees where applicable. 
Please write in first instance, giving brief detalls of career to date, to the Personnel 
Officer, Huntingdon Research. Centre, Huntingdon, quoting Reference AES/SRO. 
(720) 


PHYSICIST 


or 
PHYSICAL CHEMIST 


required to handle the sale of spectrometers by Spex 
Industries Inc. in Great Britain, Switzerland and 
Scandinavia. Previous sales experience not essential. 
He will be based in Stanmore (35 minutes by tube from 
Central London), but will initially be required to travel 
extensively. 

Starting salary between £1800 to £2500 p.a. according 
to experience. Send a résumé of experience and 
qualifications to: 


GLEN CRESTON, 
37 The Broadway, Stanmore, Middx. 
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UNIVERSITY OF EDINBURGH 


DEPARTMENT OF 
MACHINE INTELLIGENCE 
AND PERCEPTION 


There sre vacancies for postgraduate 
students wishing to undertake research iead- 
ing to the M.Sc., and Ph.D. degrees, in the 
Bionics Research Laboratory, directed by 
Professor R., L. Gregory, from October, 
1969, The work of the Bionics Laboratory 
is concerned with ; (a) fundamental research 
in visual perception ; (D development of 
original instrumentation (especially optical 
devices) Excellent workshop and photo- 
graphic facilities are available, and there is 
easy aceess to. the Departments LC.L. 
4130 computing system. 


Applicants should possess, or expect to 
possess, a first or upper second class degree. 
M.R.C. or S.R.C. studeniships will be 
available for successful candidates. 


Further information can be obtained 
from: Mr. J. E. Doran, Department. of 
Machine Intelligence and Perception, Hope 
Park Square, Edinburgh, $.  Piease quote 
Reference 5003/35472, 

(695) 





UNIVERSITY OF LANCASTER 


DEPARTMENT OF 
ENVIRONMENTAL SCIENCES 


Applications are ivited from suit- 
ably qualfied persons (e.g, geo- 
chemists or petrologists) for the 
post of Lecturer in the Department 
of Environmental Sciences. The 
successful candidate will be required 
to develop undergraduate courses 
in geochemistry and/or sub-surface 
geological processes, and to under- 
take research in one of the existing 
research flekis of hydrogeology and 
upper mantle geology. 


Further particulars may be obtained 
(quoting reference L407/A) from 
the University Secretary, University 
House, | Baürigg, Lancaster, to 
whom applications (four copies) 
should be sent not later than 
March 15, 1959. (693) 


UNIVERSITY OF LIVERPOOL 
DEPARTMENT OF BIOCHEMISTRY 


Applications are invited for the post of 
ASSISTANT LECTURER or LECTURER 
in the DEPARTMENT OF BIOCHEMIS- 
TRY. 

Initial salary wil be within the range 
£1.103 to £2,630 per annum (under review) 
according to age, qualifications and experi- 
ence, 

Applications, stating age, academic quali- 
fications and experience, together wrh the 
names of three referees, should be received 
tot kaer than March 31, 1969, by the 
Registrar, The University, P.O. Box 147, 
Liverpool L69 3BX, from whom further 
particulars may be obtained, Please quote 
Ret, RV/958/N. (668) 


UNIVERSITY OF EDINBURGH 


SCIENCE STUDIES UNIT 


LECTURER or ASSISTANT LEC- 
TURER in Science Policy required in the 
above — Linit. Salary Scales £1,585 to 
£2,738 per annum or £1,240 to £1.470 per 
annum, 


Further details from the Secretary to the 
University, Old College, South Bridge, 
Edinburgh B. Please quete reference 
1015/53, (738) 
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|^ MARINE 
|! RESEARCH 


= The Marine Biology Group of Central Electricity Research Labora- 
= tories will shortly be moving to a new Laboratory at Fawley 
Ec near Southampton. Experimental studies on the influence of 
= elevated temperature on marine organisms will be carried out 
E with particular reference to heated industrial effluents. The 
ES laboratory will be well equipped and supported by the excellent 
= multi-disciplinary facilities of C.E.R.L. Publication of results 
is encouraged. 


pr 


BIOLOGICAL 
SECTION HEAD 


Impressive prospects with forward- 
looking pharmaceutical company 
available for young research worker 
with proven record of research 













VIERTE USE 





activity and, preferably, some experi- 
ence in running a biological section. 


Candidate may come from field of 
immunology / microbiology / pharma- 
cology since this is a multiple-disci- 
pline section, but some knowledge of 
immunology would be a distinct 
advantage. Good starting salary and 
pension scheme. 


Send résumé to: 
Research Director, 
Miles Laboratories Ltd., 
Stoke Court, 
Stoke Poges, Bucks. 


= Young graduates with a good Honours degree in the relevant 
E discipline and preferably post-graduate research are invited to 
= apply for the following vacancies: 


= MARINE ECOLOGIST to be responsible for ecological 


surveys of shore fauna and flora 
= at Fawley and other coastal sites. Applicants should have experi- 
= ence in benthic ecology and its methods, preferably cavering 
muddy, sandy and rocky environments. Experimental work 
relating to field observations will be encouraged. Diving experi- 





HISTOLOGY TECHNICIAN 


Required for Modern Research Labora- 
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ence, although not essential, might be advantageous. 


MARINE CHEMIST/HYDROGRAPHER 


to undertake a programme of chemical analysis of seawater and 
measurement of related hydrographical parameters. 
include major nutrients, temperatures, salinity, oxygen and sus- 
Experience of standard analytical techniques is 
essential, and previous work on measurement of pollutant sub- 
stances in seawater would be an advantage. 


BIOCHEMIST © marine experimental biologist with strong 


biochemical interests, to join a team working 
on the influence of elevated temperature and marine pollution 
Applicants should have experience of 
biochemical analysis applied to marine animals and/or plants. 


pended matter. 


on marine organisms. 


initial salary in ranges rising to maxima of £1800 and 
£2630 p.a. inc., according to qualifications and experience. 


Applications stating full relevant details, fields of research and 
present salary to N. Berryman, Personnel Officer (Headquarters) 
Central Electricity Generating Board, Sudbury House, 15 Newgate 
Street, London, E.C.7.. by 6th March 1969. 


TUE 


UNIVERSITY OF STIRLING 


LECTURERS IN COMPUTING 
SCIENCE 


Applications are invited for two posts of 
Lecturer in Computing Science in the Uni- 
versity of Sturing. The Department is 
responsible primarily for undergraduate 
teaching, but postgraduate courses may be 
introduced. The University’s Computing 
Service, based on an LELL. (Eliot) 4130 
computer, is under separate management. 


The salaries will be on the scale £1,240 
by £115 to £2,735, with placing according 
to age. qualifications and experience, and 
membership of F.S.S.U. 


Further particulars are available from 
the Secretary (NAT), University of Stirling, 
Stirling, to whom applications, with the 
names of two referees, should he sent not 
later than March 15, 1969. (692) 
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WOOLWICH POLYTECHNIC 
LONDON, S.E.18 | 


CHEMISTRY DEPARTMENT 


Applications are invited for the post of 


CHIEF LABORATORY 
TECHNICIAN IN NMR. 
SPECTROSCOPY 


Previous experience with N.M.R. would 
be desirable but is not essential. The suc- 
cessful applicant wil be required to take 
charge of the operation. and maintenance 
of a 60 MHz N.M.R. spectrometer, 


Salary scale: £1.355 to £1,535 per annum. 
Commencing salary according to age and 
qualifications. 

Particulars and application form, to be 
returned by March 10, 1969, from Clerk 
to the Governing Body, Woolwich Poly- 
technic, Wellington Street, London, S.E.18. 

(699) 

















tory with Experience in Ammal Tissue 
Histology. 

Apply in writing with all particulars of 
education, to the Research Dérector, Biorex 
Laboratories,  Biorex House. Canonbury 
Villas, London, N.L (715) 





BIOCHEMIST required for Research in 
Biochemical Pharmacology. Applicants 
should be Post-Doctoral Eelows. The 
Research will include  aspecs of Drug 
Metabolism, Toxicology and Enzymology, 


Publication of Scientific Papers encouraged. 

Write with full details to Director of 

Research, Biorex Laboratories: Lid., Biorex 
House, Canonbury Villas, Loedon, as 
(716) 





FOURAH BAY COLLEGE 
UNIVERSITY OF SIERRA LEONE 
Applications are invited for (a) SENIOR 
LECTURESHIP or (hb) LECHURESHIP IN 
BOTANY. Preference given to applicants with 
interests in cytogenetics, ecologe, orvptoganmic 
botany fbryophyte or mteridornhyee} or fhewering 
plant taxonomy. Salary scales: GO Le 4,530 to 
Le 5,400 pa. (t) Le 2,400 to Le 4,740 pa. 
(Let-—10s. sterling} plus suppiemestation of £278 
to £480 p.a. (sterling) for those designated under 
British Expatriates Supplementation Scheme. 
ESSU. various aHowances : family passages; 

regular overseas leave, 

Detaled applications (six copies naming three 
referees by March 31, 1969 to nter-University 
Council, 90/91 Tottenham Court Road, London, 


UNIVERSITY OF QUEENSLAND 
SENIOR LECTURER IN PETROLEUM 
ENGINEERING 


The University invites applications for the posi- 
tion of Senior Lecturer in Petroleum Engineering 
in the Department of Mining amd Metallurgical 
Engineering. Applicants shoul possess a 
University degree, preferably with a postgraduate 
qualification in the field of Petroteurn Engineer- 
ing. Experience in oilfield operations and reser- 
voir engineering is desirable. The successiul 
applicant wil be required ta develop courses and 
iniiate research in Petroleum Engineering. which 
i$ at present offered in coniuncion with the 
Mining Engineering degree course. The salary 
range for a Senior Lecturer is $9,500 to 8 by 
230 ta $A8,750 per annum. The Sniversity proe 
vides Superannuation similar to FAS. U.. Heys- 
ing Assistance. Study Leave and Tawel Grants, 

Additional information and appücation forms 
wil be supplied upon request to Association of 
Commonwealth Universities (Apois.) Marfboroudh 
House, Pall Mall, London, §S.W.1. Applications 
will close in London and Brisbane on March 28, 
1969, (683) 
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| senior Principal Re 
Organic Chemistry 


We have a vacancy for a scientist with training and experience in 
Organic Chemistry and the capacity to guide and organise the 
The successful candidate will 
be responsible to the Head of the Organic Chemistry Division of 
the Defence Standards Laboratories for the co-ordination and 
direction of the scientific content of a major segment of the work 
of that Division, covering a broad spectrum of research and develop- 


work of several research groups. 


ment activities related to defence. 


Location The Defence Standards Laboratories are located at 
The principal function of the Laboratories 
is to provide a scientific service to all branches of the Defence 
Services, Civil Defence and the Department of Supply. 
provides trained groups in specialist fields for which there is no 
counterpart elsewhere in Australia. This service covers problems 
arising from the provision and use of defence materials and is given 
generally within the Helds of chemistry, physics, metallurgy and 
The Laboratories are well equipped for research 


Meibourne, Australia. 


engineering. 
with modern high class equipment. 


AUSTRALIAN DEFENCE 
SCIENTIFIC SERVICE 
DEPARTMENT OF SUPPLY 


UNIVERSITY OF NEW SOUTH 
WALES 
ELECTRON MICROSCOPIST 
SCHOOL OF ANATOMY 

Applications are invited for the above-men- 
tioned post. Commencing salary will be accord- 
ing to qualifications and experience in one of 
the following ranges: $45,400 to $46,210 per 
annum, SA6,480 ty $7,300 per annum. Appi- 
gants must have high qualifications in biological 
or physical science, Previous experience on 
operating an electron. microscope Is desirable, 
The successful applicant will be responsible for 
the efficient functioning of the electron. micro- 
scope and duties wili include routine maine 
tenance of the equipment, arranging servicing and 
instructing and supervising operators. 

Applications, giving details of qualifications and 
experience and the names of referees, should be 
forwarded to the Appointments Office, P.O. Box 
i. Kensington, N.S.W. 2033, Australia by March 
17, 1969, 





Applications are invited. for 
LECTURER OR ASSISTANT 
LECTURER IN MATHEMATICS 
(REF: ML/L/9/X) 


with special interest in OPERATIONAL RE- 
SEARCH OR STATISTICS, Salary on scale: 
Leciurer £1,5888. by £115 to. £2,735 (maximum), 
Assistant Lecturer £1.240 by £115 to £1,470 (maxi- 
mum, with placing according to qualifications 
and — experience. Superannuation — (PSU. 
Grams towards ihe cost of removal expenses. 
are Payable in certain circumstances. 

Further particulars (please quote ref) and ap- 
plication forms (to be returned by March 7, 1969 
may be obtained from the Registrar, University 
of Bradford, Bradford 7. COS) 


Maneta I inmate 9 


UNIVERSITY OF LEICESTER 
SCHOOL. OF BIOLOGY 
Applications are invited from men and women 
graduates for a temporary Lectureship (or Assist- 
ant Lectureship) in Plant Physiology in the De- 
partment of Botany for two years from October, 
1969, Salary scales: Lecturer £1,585 to £2,735 
à year: Assistant Lecturer £1,240 to £1,470 a 
year, Salary according to qualifications and 
experience. 
Further particulars from the Registrar, to whom 
applications shouid be sent by February 22 
(697 








earch 
0 009-910 301 


Qualifications Candidates should have post-graduate quali- 
fications in Chemistry at the Doctorate level, or alternatively other 
qualifications and research experience of an equivalent standard. 
The successful candidate will have an outstanding record of 
personal research achievement over & 
erably in the study of the behaviour of compounds of biological 
significance and in associated disciplines. 
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considerable period, pref- 


The ability to co- 


ordinate and direct the work of groups of scientists in the above 


fields is essential. 


£A2,14) 
it also 


Further 


Information For 
Department's Representative in London at the address shown below. 


Salary Within the range £A9,989 te £A10,301 per year (£1 = 


Travel First class air or sea passage will be paid for the successful 
applicant and his family, 


further information contact the 


Applications should be forwarded to: 


London, W.C.2. 


Extension 505) 
as soon as possible 





UNIVERSITY OF WESTERN 
AUSTRALIA 
ORGANIC CHEMISTRY 


Applications are invited for appointment as 
LECTURER OR SENIOR LECTURER in the 
Department of Organic Chemistry. The salary 
range for a Lecturer is $A5.400 to 7,300 per 
annum and for a Senior Lecturer $47,500 to 
8,750 per annum pus superannuation. The 
appointee will be expected to share in teaching 
at both undergraduate and postgraduate levels 


and to supervise research students for the 
Honours and Ph.D. degrees. The Department is 


an integrai part of the School of Chemisuy. 
Comprehensive modern cauipment — including 
NM.M.R. and E.S.R. spectrometers is available 
and 2 mass spectrometer is expected in 1969. 
Intending applicants are requested to obtain 
details of the procedure to be followed in apiy- 
ing for the post and a copy of the conditions of 
appointment before submitting their applications. 
This information is available from the Association 


of Commonweakh Universities (CAppts3, Marl- 
borough House, Pall Mal, London, §&.W,.1. 
Applications chose on March 29, 1969. (684) 


GRAHAMSTOWN, SOUTH AFRICA 
PROFESSOR OF GEOLOGY 


Applications are invited for the above-men- 
tioned post from January 1, 1970. The salary 


300 to 
iis. Za. 


scale is: R5,400 by 
(Ri — approximately 
expected that the Government will supplement 
academic salaries by approximately 10%, from 
April 1, 1969). A vacation bonus is also payable. 
Previous experience and qualifications may be 
taken into account in determining the initial 
salary and the successful applicant will become a 
member of the University’s pension and medical 
aid schemes. 

Ful particulars and application forms may be 
obtained from the Secretary-General, Association 


7,200 per annum 
sterling). {H is 


of Commonwealth Universities (Appts), Marl- 
borough House, Pall Mall, London, PWLL 
Applhlcauons close on April 8. 1969. (G54) 
WYE COLLEGE 
(UNIVERSITY OF LONDON} 
DEMONSTRATOR IN BOTANY 
Applications are invited for the post af 


Demonstrator in Botany in the Department of 
Biological Sciences at a salary of £830 to £1,050 
per annum. 

Further particulars may be obtained from the 
Secretary, Wye College, near Ashford, Kent, to 
whom applications should be submitted by March 
12, 1969. (587) 


The Senior Representative (Ref N3129) 
Department of Supply, Australia House, Strand, 


(Telephone 01-836 2435, 


(730) 


UNIVERSITY COLLEGE 
GALWAY, IRELAND 
LECTURESHIP IN EXPERIMENTAL 
MEDICINE 
Apphcations are invited for the above whoie- 
time Statutory post—latest date May 1, 1969. 
Candidates should have a higher degree and 
experience of research in haematology, neoplasia, 
or cell biology, The department has responsibility 
for teaching laboratory medicine and for some 

clinical haematology, 

Further information may be obtained from the 
Secretary of the College. (709) 

GLASSHOUSE CROPS RESEARCH INSTI- 
TUTE requires Assistant Experimental Officer for 
Plant Breeding Department to investigate genetics 
of culivated mushroom in relation to breeding 
improved spawn. Candidates should have degree 
in Botany, Genetics or other relevant subject, or 
an equivalent. qualification. Students with basic 
training graduating this year or, exceptionally, 
candidates with two G.C.E. ‘A’ level passes, will 
be considered. Patience essential, and experience 
with micro-organisms desirable. Starting salary 
up to £1,150 according to age, in scale rising to 
£I1.388.——Faurther details available from Secretary 
to the Institute, Worthing Road, Rustington, 
Littlehampton, Sussex, to whom applications, with 
names of two referees, should be submiued 
(673) 


LECTURESHIP IN PHYSIOLOGY 


Applications are invited for the above-men- 
tioned post. Preference will be given to an 
applicant with experience in the field of neuro- 
physiology, if possible in the arca of smooth 
muscie and autonomie nervous function. Salary: 
Lecturer SAS 400. by *A270 to $A7.300 per 
annum. 

Information about superannuation, housing 
acheme, sabbatical leave, etc. and method of 
application from the Association of Common- 
wealth Universities (Appts), Marlborough House, 
Pall Mal, Londen, S.W.i. Applications close 
(688) 


STANT RE- 
auired for work in Metabolic Unit ef psychiatric 
hospital. An interest in steroid analysis and gas 
chromatography essential. Full training in the 
iechnigues used will be given and the successful 
candidate will be encouraged to register for a 
higher degree, Salary according to experience in 
range £910 to £1.400.— Application forms from 
The Secretary, Insitute of Psychiatry, De Cres- 
pen Park, Denmark Hil, London, SES, 
(Ref, RUF IGS). (677) 
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Swinburne College of Technology 


Applications are invited by Council for the position of Director of Swinburne 


College of Technology, Hawthorn, Victoria, Australia. 


One of the Colleges 


of Advanced Education in Victoria, Swinburne has a present enrolment of over 


6,000 students, full-time and part-time. 


It is affiliated with Victoria Institute 


of Colleges, which is concerned with its tertiary activities (diploma courses ): 
in its technician and trade activities it is associated with the Education Depart- 
ment of Victoria and the Victorian Apprenticeship Commission. 


Duties: The Director is responsible to the Council for administrative control 
of the College, and the development of technician, diploma and post diploma 


courses, It is expected that within a 


few years degree courses will be intro- 


duced. His responsibilities will include the supervision of an extensive rebuild- 


ing programme, 


. Qualifications: Applicants must hold a degree, preferably a higher degree, 
in Engineering, Science or other appropriate branch of learning. They must 
have outstanding administrative and organising ability. Their experience must 


include senior 
organisations, 


Salary: $411,500. (R 
are at present under review.) 


responsibility in 


industry or 


education or Governmental 


(Rates of salaries in Colleges of Advanced Education 


Conditions: A schedule of duties and conditions of appointment is available 


on request to the College. 


Applications presented in duplicate, addressed to the President of the College, 


will be received until March 31, 1969, 


(426) 





Bacteriologists, Entomologists 
and Plant Pathologists 


NATIONAL AGRICULTURAL ADVISORY SERVICE 


At least five posts for Advisers in bacteriology, entomology, and plant 


pathology. 


Appointment to (D) Grade HI or (ii) Grade IV according 


to age, qualifications, and experience. 


Age: 


at least 26 for (D or at least 20 for (11). 


QUALIFICATIONS : degree (or equivalent or higher qualification) 
in agricultural or natural science or applied biology with specialisation 
in (1) bacteriology or microbiology, or (ID entomology or nematology, 
or (Hi) plant pathology or mycology. In addition, for Grade IH posts, 


normally at least three years' relevant experience. 


essential. 


Car driving 


FINAL YEAR STUDENTS MAY APPLY 
SALARY (national): Grade HI £1,540 to £2,413 ; Grade IV £990 to 


£1,415. Starting salary may be above minimum in both cases. 
Promotion prospects. 


contributory pension, 


Non- 


WRITE to Civil Service Commission, Savile Row, London, WIX 2AA, 
or TELEPHONE 01-734 6010 Ext. 229 (after 5.30 p.m. 01-734 6464 


" Ansafone ” service), 
Closing date March 5, 1969. 


for application form, 


quoting 7092/69/2. 


(728) 


ST. JAMES’ HOSPITAL 
BALHAM, LONDON, S.W.12 


SENIOR BIOCHEMIST (non medical with 
hospital experience required for busy department 
with a new laboratory in an advanced stage of 
planning. Salary £2,051 to £2,525, 

Further information from and detailed applica- 
tions to Hospital Secretary (01-672 M i 

570) 


THERE IS A VACANCY ON THE STAFF 
of the Medical Research Council Human Bic- 


chemical Genetics Unit for a Post-Doctoral 
Biochemist. The research of the Unit is mainiv 


concerned with the biochemistry and genetics of 
enzyme variants in man -Applications to Prof. 
Harry Harris, F.R.S. Galton Laboratory, Uni- 
versity College London, Wolfson Housc, Stephen- 
son Way, N.W.1, (724) 


UNIVERSITY OF AX 


Appiicaudons are invited fer a CHAIR IN 
BIOCHEMISTRY, in the Facahiy of Science. 


ory 





laboratory is housed in two tuiüdings, the man. 
faboratory Ghe BCP. Janser Insthute) and a 
Department of Medical Enzymology in the jan 
Swammerdam Institute. The Director of qhe 
Laboratory of Biochemistry is "rof, E. C, Slater. 
who is appointed in the Facalties of Medicine 
and Science, The Head of che Deparument of 
Medical Enzymology holds a chair in the Faculty 
of Medicine. {In addition, three Readers (wa 
in the Faculty of Medicine and one im the 
Faculty of Science} are attached to the Labora- 
tory. Each Professor and Reader is leader af 
à research department cormtating senior staff. 
research students and undergesduates, 

The primary task of the mew Professor ids to 
teach biochemistry ic senior scudents in chemis- 





try and biochemistry, and m lead a research 
group. The main research activities of the 
laboratory are in the field of  bioenergeucs. 


molecular biology, enzymology and inborn errors 
of metaboiimm. 


The present salary of a Professor is about 
$16.500 per annum. A chüdren'5 allowance 


(about $200 for the first child? ds also paid. A 
contribution £o expenses of removal of fanviy 
and furniture to .Agmsterdam wii be made. 
Those who wish wo be considered for this 
position or wish to propose the names of others 
are invited to write to the Chi;srman of the Sub- 
Faculty of Chemistry of the Paculry of Science, 


Prod, Th. de Boer, Laboratory of Organic 
Chemistry, Nieuwe Achtereraent 129,  Amster- 
dam. (754) 


UNIVERSITY OF HONG KONG 
LECTURESHIP IN PATHOLOGY 
Applications are invited for the post of Lec- 
turer in Morbid Anatomy in tee Deparuments of 
Pathology. which will fall vacant in June 1969, 
Annual salary — (superannüustem) fliporeximete 


equivalents at current nue of exchange in 
brackets] is: HKS30,880 bh: HESI 440 tc 


HK549,500 [£2,122 to £3,809] tman) — or 
HK$26,20 by HES1.760 te HKS32,000 to 
HKS33.280 by  HK$2,000 to HKS45,280 by 


HK*1,440 to HKS$49,600 [26.835 to £3,406) 
iwoman Commencing salary wil depend upon 
qualifications and experience, acd a clinical award 
of HKS8.000 per annum is payable to persons 
appointed above the fifth noi in the Lecnurer 
Scale who are Members of the College of Patho- 
logists or hold an equivalent qualification ad 
have appropriate experience, 

Further particulars amd application forms may 
be obtained from the Secretas Generel, ARSO- 
clation of Commonwealth Unieersities CATS}, 
Martborough House, Pall Mal. London, S.W_1, 
or the Registrar, University of Hong Kong. 
Closing date for applications Barch 21, 1969. 
(726) 


PETERBOROUGH AND 
STAMFORD HOSPITAL 
MANAGEMENT COMMITTEE 

BIOCHEMIST (Principal Grado)  reoutred. 
This appointment is to serve te Laboratory at 
the Peterborough District Hosrmal of 340 beds 
frecenlly opened? and adjoining hospitais, There 
is a full technical establishment, and a considere 


able measure of automation gas been iniro- 
duced iy this new department Salary range: 


£2,486 to £3,196 per annum, 
Further details can be obtaimed from Pr. D. 
H. Fulton, Consultant Pathologist, Peterborough 
District Hospital. 
Applications, giving full deta 
the names of three referecs, to 
tary, Peterborough District P 







Sumo together with 
e Creep Secre- 
aspHtal, Thorpe 
1969, (788) 


UNIVERSITY OF GLASGOW 
DENTAL SCHOCI. 
RESEARCH ASSISTANT D4 DENTAL 
BIOCHEMISTRY 
Applications are invited from graduates with 
an Honours degree in Biochemisry or Chemistrv 
for the fullime post of Research Assistant in 
Dental Biochemisiry. The suceesstul candidale 
wil investigate aspects of enzyme activléy in the 
oral cavity and will work in a newiv egiupped 
department in the Dental 5choci or in the De- 












parunent of Biochemistry under the immediate 
supervision of the Lecturer in ental Biochenm- 


istry. Research experience is désirable but not 
essential Salary scale: £1,240 to £1,470 ver 
annum. 


Applications (three. copies), should be lodged 
with the undersigned, from whem further par- 
ticulars may be obtained. 

ROBT. T. HUTCHESON, 
Secretary of the Ekniversity Court. 
CHAT) 





XLVI 


5A PRA 


ROTHAMSTED EXPERIMENTAL 


STATION 
HARPENDEN, HERTS. 

BIOLOGIST for Plant Pathology Department 
tO assist i 
viruses. Further details available on application, 
Appointment in grade of Assistant Experimental 
‘Officer (£830 at age 21: £1,150 at age 26 (maxi- 
mum on entry, on scale po £1,385). Superannu- 
ation. 

Applications, naming two referees, and quoting 
reference 1052/125, to the Secretary by March 
20. (753) 


CITY OF SOUTHAMPTON 
EDUCATION COMMITTEE 
COLLEGE OF TECHNOLOGY 

RESEARCH ASSISTANT required from April, 
1969, The post is concerned with the production 
of noise pollutants during combustion. Applicants 
should have a degree in Science or Engineering, 
or equivalent professional qualification. Regis- 
tration for a higher dagree of the University of 
Southampton may be available to suitably quali- 
fied candidates. Salary £750 per annum.—Further 
particulars and application forms from the Princi- 
pal (Ref. N), College of Technology, East Park 
Terrace, Southampton S09 4WW (enclosing 
foolscap $.4.€.) to whom the completed forms 
should be returned within 14 days of the appear- 





ance of this advertisement, (702) 
BREWING RESEARCH 
A well-qualified Assistant, preferably aged 


between 21 and 24 years, is required in Whit- 
bread's Group Research Laboratory. The suc- 
cessful candidate will work on chemical and bio- 
chemical aspects of wort and beer, "The labora- 
tory is at present based in London but later this 
year will move to Whitbread’s new brewery in 
Luton. 

Please reply, with ful details of age, qualifi- 
cations and experience, to: Chemist-in-Chargc, 
Research meti O The Brewery, Chiswell 
Street, London, ECA nod 


UNIVERSITY OF EXETER 
DEPARTMENT OF CHEMISTRY 


Applications are invited for a  postdoctoral 
Fellowship for work with Dr. K. Schofield on the 
kinetics of nitration. The post is for two years 
and is supported by the Science Research Coun- 
ci. Salary £1,355 by £115 to £1,470, 

Applications (two copies), with the names of 
two referees, should be submitted to the Secre- 
tary of the University, Northcote House, Queen's 
Drive, Exeter, aS soon as possible, (764) 


NEW ZEALAND 
DEPARTMENT OF AGRICULTURE 


Applications are invited for the undermen- 
tioned vacancy: 


VACANCY: B 13/2/135/469 
TECHNICAL OFFICER OR TECHNICIAN 
RUAKURA ANIMAL RESEARCH STATION 
Salary: Up to $NZ3,680. 

Duties: Assist in a scientific programme of 
study of the assay of oxytocin and vasopressin, 
the relationship between management methods 
and physiological stress, and the physiology of 
milking. 

Qualifications desired: A.LS.T. or equivalent, 
Experience in biological assays, particularly of 
oxytocin and vasopressin: a knowledge of the 
Statistical aspects of bio-assay. A knowledge of 
the principles of radio-immune assay for peptide 
hormones and ability to undertake Hmited experi- 
mental surgery would be an advantage. 

Passages: Fares for appointee and his wife and 
family, if married, will be paid. 

Incidental expenses: Up to £35 for a single 
man and £100 for a married man can be claimed 
to cover the cost of taking personal effects to 
New Zealand. 


Application forms and general information are 
available from the High Commissioner for New 
Zealand, New Zealand House, Haymarket, Lon- 
don, S.W.1, with whom applications will close 
on March 28, 1969. Please quote reference B 13/ 
2/136/469 when inquiring. (770) 


UNIVERSITY OF MANCHESTER 
LECTURER IN METALLURGY 


Applications invked for this post. Candidates 
should have research experience in the mech- 
anical properties field at preferably both the 
atomistic and macroscopic levels, together with 
some experience of industrial problems. Salary 
range per annum: £1,585 to £2,735. FSSU. 

Particulars and application forms (returnable 
by March 24) from the Registrar, The University, 
Manchester M13 9PL. Quote ref.: MP 

( 


in work on insect transmission of piante 





NEW ZEALAND. ©- 
University of Canterbury” 
Christchurch ^". 


SENIOR LECTURER OR 
LECTURER IN 
CIVIL ENGINEERING 


Applications are invited for the above-men- 
toned post in the field of Public Health Engin- 
eering, Applicants should have a good Honours 
degre ee in Civil Engineering of a recognized uni- 
versity and should have had suitable experience: 
in teaching and/or research or have held a re- 
sponsbie position in a branch of Civil Engineer- 
ing. The salary scale for Lecturers is $NZ3,100 
by $NZ200 to $NZ4,700, $NZA,800 per annum, 
and for Senior Lecturers $NZA,700. by $NZ200 
to. $NZ5S,500 (bar) and thereafter a range to 
$NZ6,600 per annum. Approved fares to Christ- 
church will be allowed for an appointee and his 
dependent family, together with actual removal 
expenses within specified limits, 

Further particulars and information as to 
method of application. may be obtained from 
the Association of Commonwealth Universities 
(Appts). Martborough House, Pall Mall Lor- 
don, S.W.t. Applications close on June 30, 
1969, (747) 






MEDICAL RESEARCH COUNCIL 
METABOLIC REACTIONS UNIT 
DEPARTMENT OF BIOCHEMISTRY 
IMPERIAL COLLEGE, S.W.7 


ENZYMOLOGIST 


preferably with post-doctoral experience, required 
t0 participate in studies on enzymic aspects of 
intermediary metabolism and hormonal control. 


NEURO-ENDOCRINOLOGIST 


preferably with post-doctoral experience, required 
to participate in studies on the mode of action of 
ergot alkaloids and related topics 


Applications. with curriculum vitae, and names 
of two referees, to Professor E. B. Chain, F.R.S., 
at the above address. 792) 


UNIVERSITY OF OXFORD 


LECTURESHIP IN MINERALOGY AND 
CURATORSHIP OF THE MINERALOGICAL 
COLLECTIONS 


The University proposes to appoint a Lecturer 
in Mineralogy and Curator of the Mineralogical 
Collections at a stipend on the scale for Univer- 
sity Lecturers; £1,470 (under age 28) to £1,560 
(at age 28) to £2,900 (at age 43 and over), with 
F.S.S.U. The lecturer wil be responsible to the 
Professor of Geology, through the Reader in 
Mineralogy, for the care, maintenance and dis- 
play of the Mineralogical Collections in the Uni- 
versity Museum, and to co-operate in the teach- 
ing and administrative work of the Department 
of Geology and Mimeralogy in both term and 
vacation and to engage in advanced study and 
research. 

Applications (six copies), including a statement 
of age, qualifications and experience, and giving 
the names of two referees, should be sent to the 


Secretary of Faculties, University Registry, 
Broad Street, not later than March 8, 1969. 
(793) 


SOMERVILLE COLLEGE, OXFORD 
TUTOR OR LECTURER IN PHYSICS 


Applications are invited for the post of Tutor 
or Lecturer in Physics from October 1, 1969, 
Candidates for the post of Tutor must be women, 
but the post of Lecturer is open to men and 
women. Specialists in any branch of physics wil 
be considered. 

Particulars may be obtained from the Principal. 
Applications should reach her by Maroh 15. 1969, 

(736) 


~ CHARING CROSS HOSPITAL MEDICAL 
School. Research Assistant required to take part 
in investigations on muscle disease in Depart- 
ment of Experimental Pathology at West London 
Hospital. The appointment will be for one year 
in the first instance and the successful applicant, 
who may be a medical or non-medical graduate, 
will be eligible for the honorary status of Lec- 
turer. Salary £1,500.— Apply Professor J. C. 
Sioper, Charing Cross Hospital Medical Schow, 
62-65 Chandos Place, London, W.C.2 (Tel. Oi- 
836 7788, ext. 226). (721) 
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COMMONWEALTH 
, AGRICULTU RAL BUREAUX 


Vacaney for 
TFIC INFORMATION 
at the 
COMMONWEALTH TATAN 


- Ars 


| Central Veterinary Laboratory, 
Weybridge, Surrey 

Duties: Preparing English language abstracts 
and editorial work for the monthly journal The 
Veterinary Bulletin, which covers world scientific 
literature on veterinary science. 

Qualifications: A degree in a biological science. 
Ability to write good and concise English essen- 
tial. Reading knowledge of at least one more 
modern European language desirable. 

Salary: In scale £1,020 to £2,675, with provi- 
sion for superannuation. Starting salary accord- 
ing to qualifications, experience and age. 

Application forms and full particulars from 
the Secretary, Commonwealth Agricultural 
Bureaux, Farnham House, Farnham Royal, Nr. 
Slough, Bucks. 

Closing date for applications : 


SCIEN OFFICER 





OF ANIMAL 


New Haw, 


April 5, 1969. 
(7 78) — 


“ION SOURCE ENGI [NEERING 
PHYSICIST 


An Engineering Physicist or Physicist with ex- 
perience in the design and development of fon 
Sources and »eam transport systems is required 
to join the ion source group of TRIUMF. The 
successful applicant will work on the design, con- 
struction and installation. of the negative hydro- 
gen ion axial injection system for the 500 MeV 
isochronous cyclotron. The design aim is to 
achieve an average accelerated beam at 500 LA 
{unpolarized H-) and 1 pA (polarized H7). 


Appointment will be at the rank of Research 
Associate. with salary in the range $10,000 to 
$14,000 depending on experience. The appoint- 
ment will be at the University of Alberta, Ed- 
monton, Alberta, The appointee will be required 
to work at the cyclotron site in Vancouver, 
British. Columbia. 


Apply to: Dr. G. C. Neilson, Director. 
Nuclear Research Centre, The pu of 
Alberta, Edmonton, Alberta, Canada. (789) 


FIELD STUDIES COUNCIL 


FIELD ASSISTANT (male, marine biologist) 
at Dale Fort Field Centre, Haverfordwest, Pem- 
brokeshire, to take up appointment as soon as 
possible. Candidates should have a good honours 
degree with a special interest in intertidal fauna. 
Main duty: teaching, with good opportunities for 
field research. Salary scale, £650 by £30 to £710 
by £35 to £780, plus free board and lodging. 

Application. forms obtainable from the Scien- 
tific Director, Field Studies Council, 9 Devereux 
Court, London, W.,C.2, should be returned by 
March 22, 1969. (787) 





IMPERIAL COLLEGE - 


RESEARCH FELLOW required to participate 
in studies on heart metabolism. 

Applications, with curriculum vitae and names 
of two referees, to Professor E. B. Chain, F.R.S., 
Department of Biochemistry, Imperial College, 
London, S.W.7. Mis D 


UNIVERSITY OF GLASGOW 
DEPARTMENT OF MICROBIOLOGY 


Senior Technician for  Electron-Microscope 
work; experience desirable but not essential. 
Salary scale £987 to £1.225 per annum.  Qualifi- 
cations desired: H.N.C. or B.Sce.(ordO. This is 
a new post and the unit will be housed in the 
new Research Laboratory being constructed at 
Gartscube. 

Applications to be addressed to Assistant Sec- 
retary of University Court, The University of 
Glasgow, Ghasgow, W.2 (marked “Senior Tech- 
nician my 79D 








THE RUBBER AND PLASTICS RESEARCH 
ASSOCIATION OF GREAT BRITAIN have a 
vacancy for a Chemist/Rubber Technologist for 
investigations into the “ Borderland '' between 
chemistry and rubber technology. Candidates 
should have either A.LR.I. or a degree in chem- 
istry and should preferably have submitted a 
thesis on a topic in organic chemistry or an 
M.Sc. or Ph.D. degree. The Research Associa- 
tion operates a five-day week and has excellent 
canteen facilities and pension scheme. Tr is 
located in a pleasant rural area of the West 
Midlands, where housing is available at moderate 
prices. —-Apply in writing, giving a brief résumé 
of qualifications and experience to the Secretary, 
Rubber and Plastics Research Association of 
Great Britain, Shawbury, Shrewsbury, dpi 

C 





KINGSTON LANE, UXBRIDG 
MIDDLESEX i 


DEPARTMENT OF METALLURGY 


SENIOR TECHNICIAN required to be 
responsible for the operation of an EM6G 
electron microscope and associated equip- 
ment. He wil be expected to co-operate 
in research projects and wii be given every 
encouragement to develop new techniques 
of specimen preparation and examination, 
Suitably qualified applicants may have 
opportunities to work for a higher degree. 

Applicants should possess at least an 


H.N.C. in Metallurgy or Applied Physics 
and should be acquainted preferably with 
the operation of an EM6G6 electron micro- 
scope, but opportunities for tralning in the 
techniques of electron mécroscopy may be 


made available. A thorough grounding in 
the techniques of metallographic examina- 
tion and preparation is required. 

Salary within the range: £957 to £1,275 
per annum according to experience and 
qualifications, plus £75 per annum London 
Weighting. 

Application in writing, stating age, ex- 
perience, and giving names of two referees, 
to the Secretary General (ACB) within 10 
days of appearance of advertisement, quot- 
ing Reference MET.4. (781) 





UNIVERSITY OF HULL 


DEPARTMENT OF ELECTRONIC 
ENGINEERING 


Applications are invited for an Assistant Lec- 
tureship from Honours graduates in Electronics, 
Electrical Engineering or Physics. Candidates 
Should have interests in one of the following 
fields: Automatic control, Pulse techniques, 
Digital computers. 

The successful candidate will be expected to 
develop research in his field of interest. Salary 
will be at a suitable point on the scale £1,240 
to £1,470 per annum, with F.S.S.U. benefits. 

Applications {six copies), giving details of age, 
qualifications and experience, together with the 
names of three referees, should be sent by March 
10, to the Registrar from whom further particu- 
lars may be obtained. (07D 





UNIVERSITY OF NOTTINGHAM 
SCHOOL OF AGRICULTURE 
SUTTON BONINGTON, LOUGHBOROUGH 


SENIOR TECHNICIAN required in the Food 
Science Section of the Department of Applied 
Biochemistry and Nutrition to assist with the 
organization of teaching and research projects. 
Applicants should have experience in biochemis- 
try and a sound knowledge of the care and main- 
tenance of laboratory equipment. Preference wih 
be given to persons holding a formal qualifica- 
tion in biochemistry or chemistry. Salary on 
scale £957 to £1,275 per annum. 

Applications in writing to the Secretary. 


UNIVERSITY OF BRADFORD 
STRUCTURAL CHEMISTRY 


Applications are invited for a Lectureship in 
Structural Chemistry (Professor of Structural 
Chemistry: D. A. Long, M.A., D.Phil). Candi- 
dates should have research experience in Spectro- 
scopy. Salarv on the scale of: £1,585 to £2,735, 
Superannuation (F.S,S.UO. Removal allowance 
up to a maximum of £150, payable in certain 
circumstas ces. 

Application forms and further particulars may 
be obtained from the Rezistrar, University of 
Bradford, Bradford 7, with whom applications 
should be lodged not later than March 10. 1969, 
Please quote reference SC/L/5. (786) 


UNIVERSITY OF ABERDEEN 


SENIOR LECTURESHIP AND LECTURESHIP 
IN PHYSIOLOGY 


Applications are invited for above posts vacant 
from October 1, 1969, or date to be arranged. 
A medical qualification and experience in Human 
Physiology would be an advantage for one of 
these posts. Salary on scale: Senior Lecturer, 
£2,825 to £3,520 Gf medically qualified) (mean- 
time under review) £2,910 to £3,415. Lecturer, 
£1,585 to £2,735 Gf medically qualified) (mean- 
time under review) £1,470 to £2.730. All with 
initial placing according to qualifications and ex- 
perience. Superannuation (F.S.S.U.) and removal 
allowance. 

Further particulars from the Secretary, the Uni- 
versity, Aberdeen, with whom applications (eight 
copies), should be fodged by March 12, 1969. 

(784) 


| -> [BRITISH TECHNICAL 


-~"_. ASSISTANCE 


ADVISERS IN PRIMARY MODERN 
ND MATHEMATICS 


"GOVERNMENT OF BOTSWANA 


Applications are invited for two posts of 

. Adviser in Primary Modern Mathematics to 

the Education Department, Government of 

Botswana. One year appointment under 

the British Technical Assistance Programme, 
SCAAP. 


The selected candidate wil be required 
to assist in the introduction of Modern 
Mathematics in primary schools from stan- 
dards 1 to 7. 


Candidates should be citizens of and 
normally resident in the United Kingdom 
and should have experience in teaching 
primary school children. 


Salary in accordance with qualifications 
and experience plus a variable tax free 
overseas aHowance. 


Free passages and accommodation: 
children’s allowances: terminal leave: 
superannuation rights can be preserved. 


Further details and application form 
quoting reference RC 203/19/012 from: 


The Appointments Officer, 

MINISTRY OF OVERSEAS 
DEVELOPMENT, 

Room E.443, 

Eland House, 

Stag Place, 

Victoria, London, S.W.1. 


UNIVERSITY OF NEW 
BRUNSWICK 


FREDERICTON, N.B. 
CANADA 


DEAN OF SCIENCE 


To administer and direct the operation of 
the Faculty of Science consisting of the 
Department of Biology, Chemistry, Geo- 
logy and Physics. Applications close April 
15 and appointment effective July 1, 1969. 
Salary negotiable. Address applications to: 
J. ©. Dineen, Dean of Enginecring. 


ASSOCIATE DEAN OF 
GRADUATE STUDIES 


To co-ordinate graduate study and re- 
search in the pure and applied sciences, 
Candidates should be a scientist with a 
strong research record and an interest in 
administration. Applications close April 
15 and appointment effective July 1, 1969. 
Salary negotiable. Address applications to: 
W. C. D. Pacey, Dean of Graduate Studies, 


(741) 





UNIVERSITY OF EXETER 
LECTURER/ASSISTANT LECTURER IN 
BOTANY 


Applications are invited for the post of Lec- 
turer or Assistant Lecturer in the Department of 
Botany which, with effect from October, 1969, 
will become part of a new Department of Bio- 
logical Sciences. Candidates should have had 
postgraduate experience in some aspects of Plant 
Physiology. Salary scales: Assistant Lecturer, 
£1,240 to £1,355 to £1,470 per annum ; Lecturer, 
£1,585 by £115 to £2,735 per annum. The initial 
salary will depend upon qualifications and experi- 
ence. 

Further particulars may be obtained from the 
Secretary of the University, Northcote House, 
Closing date for ap- 


RENNES o e e 


APPLICATIONS INVITED BY 
ANIMAL VIRUS RESEARCH INSTITUTE, 
PIRBRIGHT, WOKING, SURREY, from quali- 
fied Librarians or persons with suitable scientific 
background for post of Librarian/Bibliographer. 
Duties will include expansion of information ser- 
vice for scientific staff. Salary scale for qualified 
Librarian £886 at age 20, rising to £1,610. 
Superannuation Scheme similar to  F.S,S.U.— 
Application forms and further pardculars from 
Secretary. (729) 


UNIVERSITY OF HULL 
DEPARTMENT OF CHEMISTRY 


Applications are invited for appointment 
to a post of Senior Experimental Officer. 
The person appointed will te responsible 
for the operation of an MS 902 ultra-high 
resolution mass spectrometer. 

Candidates should have a university 
honours degree or equivalent qualification 
or, exceptionally, particular knowledge and 
considerable experience of mass spero" 
metric techniques and of the interpretation 
of mass spectra. 

The salary will be on the scale £1,470 to 
£2,200 with F.S.S.U. benefits. Placing ac- 
cording to qualifications and experience. 

Applications (five copies), giving details 
of age, qualifications and experience, to- 
gether with the names of tree referees, 
should be sent by March 15 to the Regs- 
trar, from whom further particulars may be 
obtained. C67) 


THE BRITISH COUNCIL 


SOUTH-EAST ASIA TREATY 
ORGANISATION 


PHILIPPINES 


THE COLLEGE OF ENGINEERING, 
UNIVERSITY OF SAN CARLOS, CEBU 
CITY, requires a S.E.A.T.O. PROFESSOR 
OF ELECTRICAL ENGINEERING by 
June 1969, Candidates skoud have à 
degree in Electrical Enginesring from a 
university in Britain and relevant teaching 
and industrial experience. Additional 
qualifications in Electronics would be an 
advantage. The Professors duties will in- 
chide teaching: assisting in the develop- 
ment and supervision of lJaberatories ; pro- 
moting research; and planning Master's 
degrec programme. 


Salary: U.S.$12,000 pet znnum, includ- 
ing accommodation allowance, normally 
paid in local currency, although payment in 
other currencies may be arcangeed. Fares 
provided for Professor, wife and two chil- 
dren: an excess luggage allowance and 
limited removal costs. One-year appoint- 
ment in the first instance, 


Write, quoting Referenee  PUO9, to 
Appointments Division, The British Coun- 
cil, 65 Davies Sueet, London WILY ZAA, 
for brief particulars and S.E.A.T.O. appi- 
cation form to be returned completed by 
March 21. C 80) 


UNIVERSITY OF MANCHESTER 
TURNER DENTAL SCHOOL 
SENIOR RESEARCH TECHNICIAN 


A Senior Research Technician is required to 
assist in the administration of new laboratories 
involving a wide range of disciplines and to take 
part in research projects. Candidates should pre- 
ferably possess H.N.C. or equivalent qualification 
in biological or physical sciences and be willing 
to accept administrative responsibility. Salary in 
accordance with the University’s scales. 

Applications to be addressed to Professor E. 
Matthews, Turner Dental School, — Bridgeforó 
Street, Manchester MIS. 6FH. (776) 


FOOD SCIENTIS 


Applications are invited for Assistant or Asmo- 
ciate Professor of Foods in the Department of 
Foods and Nutrition, Univesity of Alberta, 
Edmonton. Position wil invelve teaching and 
research. Minimum salaries sor Assistant and 
Associate Professors are $9,506 and $13,000 rc- 
spectively. 

Address inquiries and professional résumés, in- 
cluding names of three referees, to Dr. R. Renner, 
University of Alberta, Edmonton, Alberta, 
Canada. 
BIOCHEMIST OR BIOLOGIST (FIRSI- OR 
second-class Honours degree) required to join a 
team studying replication of myxoviruses, Oppor- 
tunity to study for a higher degree -— Apply as 
soon as possible, with names cf two referees, £o 
Dr. R. D. Barry, Virus Laborstory. Department 
of Pathology, University of Cambridge, Tennis 
Court Road, Cambridge. (671) 














UNIVERSITY OF ADELAIDE 


Applicat tions are invited for the following ap- 
pointments, the closing date for applications being 
Stated in brackets after each post: 


LECTURER IN DEPARTMENT GF AGRI- 
CULTURAL BIOCHEMISTRY AND SOIL 
SCIENCE : A specialist in microbial metabolism 
is preferred and an interest in biochemical 
puru would be an advantage (February 28, 
H 


LECTURER IN HUMAN PHYSIOLOGY to 
teach human physiology mainly to medical stu- 
dents. A candidate should have a medical quali- 
fication (March 31, 1969), 

LECTURER /SENIOR LECTURER IN 
PHARMACOLOGY. <A registrable medical quali- 
fication or a senior science degree is required. 
Preference may be given to a candidate with 
research experience in cardiovascular or smooth 
muscle pharmacology (March 31, 1969). 


SALARY SCALES: Senior Lecturer. $A7,500 
by $A250 (5) to $A8,750, Lecturer $45,400 by 
$A280 (D by $A270 (6) to $A7,300, with super- 
annuaton om the F.S.S.U. basis, 

FURTHER PARTICULARS about each post 
and the conditions of appointment and other 
information sought will be supplied on request 
to the Registrar of the University, or to the 
Secretary-General, Association of Common- 
wealth Universities (Branch rh Marlborough 
House, Pall Mall, London, S.W 


APPLICATIONS should be sent in duplicate 
and giving the information Hsted in the state- 
ment that will be supplied to the Registrar, The 
University of Adelaide, North Terrace, Adelaide, 
South Australia 5001. (CAR) 


JOHN INNES INSTITUTE 


ASSISTANT EXPERIMENTAL OFFICER or 
SCIENTIFIC ASSISTANT (male or female) is 
required for the new Electron Microscopy 
Laboratory, to assist with preparation of speci- 
mens and operation of the instruments. Appli- 
cants should be interested in microscopy, photo- 
graphy and biology. Experience in general histo- 
logical methods will be an advantage. Et is 
essential that applicants should have good eye- 
sight and be prepared to undertake practical 
work on very small biological samples, The posi- 
tion offers exceHent working facilities, and good 
prospects and training in a specialized field of 
research. Salary in the grades: Assistant Experi- 
mental Officer, £650 per annum at age 18 : £1,150 
at age 26; £1,385 (maximum). Scientific Assist- 
ant, £515 per annum at age 18 ; £880 at age 25: 
£1,100 (maximum). Superannuation. 

Applications, with full details and the names 
of two referees, should be sent to the Secretary, 
COME Lane, Norwich, NOR 70F. C77) 


| UNIVERSITY OF ABERDEEN 
DEPARTMENT OF CHEMISTRY 


RESEARCH ASSISTANT IN X-RAY 
CRYSTALLOGRAPHY 


Applications are invited for above post from 
persons with ordinary or honours degrees in 
physics, chemistry or equivalent qualifications. 
Suitably experienced persons without a degree 
will also be considered. The successful applicant 
will be responsible for the day-to-day running of 
an automatic diffractometer and other X-ray 
crystallographic equipment. An interest in instru- 
ments is essential and knowledge of electronics 
and or computing an advantage. Appropriate 
training will be given and study for higher degree 
may be possible. Salary on scale: Probationary, 
£820 10 £1,060; Grade 2, £1,060 to £1,530; 
Grade 1, £1,535 to £2,060, with initial placing 
according to qualifications and experience. Super- 
annuation (F.S.S.U.). Appointment any time 
after Aprii 1, 1969, 

Further particulars from the Secretary, the Uni- 
versity, Aberdeen, with whom applications (two 
copies), should be lodged by March 8, Q5" 

(788 


UNIVERSITY OF 
ST. ANDREWS 
COMPUTING LABORATORY 


Applications are invited for the post of 
LECTURER in the Computing Laboratory, 
St. Andrews. Salary scale: £1,240 to 


£2,735; starting salary according to quali 


fications and experience. FIVE copies of 
applications, with the names of three 
referees, should be lodged by March 15, 
1969, with the Secretary of the University, 
College Gate, St. Andrews, from whom 
further particulars may be obtained, 

The University is shortly to take delivery 
of a comprehensive IBM 360/44 Computing 
System, including remote access s 





UNIVERSITY OF STIRLING 


Lecturer 
in Biology 


Applications are invited for the above 
post, Candidates should be plant biologists 
with research and teaching interests in 
aspects of physiological ecology or physio- 
logy of higher plants, 


Further particulars from the Secretary 
(NAT), University of Stirling, Stirling, to 
whom applications, with the names and 
addresses of two referees, should be seni 
by March 14, 1969, (785) 





UNIVERSITY OF NOTTINGHAM 


Applications are invited from Honours gradu- 
ates in Zoology, Entomology or Agricultural Zoo- 
logy QGncluding 1968 graduates) for DEMON. 
STRATORSHIP IN AGRICULTURAL ZOO- 
LOGY in Department of Physiology and En- 
vironmental Studies, School of Agriculture, 
Sutton Bonington. Candidates should preferably 
be interested in Soil Zoology, Acarology or 
Nematology. Salary scale £800 by £25 to £850 
(under review). 

Conditions of appointment and form of appli- 
cation, to be returned by March 3, 1969, from 
the Registrar, Nottingham University. (768) 


FELLOWSHIPS AND 
STUDENTSHIPS 





UNIVERSITY OF SURREY 
DEPARTMENT OF PHYSICS 


FELLOWSHIP IN 
SUPERCONDUCTIVITY 


Applications are invited from physicisis 
of postdoctoral standing or of equivalent 
industrial experience for the above post ín 
the Solid State Section. The person ap- 
poimed will undertake a two-year project 
concerned with the A.C. properties of strip 
superconductors, the duties to begin as 
soon as possible. 

The salary for the appointment will be in 
the range £1,300 to £1,400 less 5 per cent 
for superannuation (F.S.S.U ). 

Inquiries and applications to the Secre- 
tary, Solid State Section, Department of 
Physics, University of Surrey, Guildford. 

(766) 





UNIVERSITY OF 
STRATHCLYDE 


DEPARTMENT OF APPLIED 
MICROBIOLOGY 


RESEARCH FELLOWSHIP 


Applications are invited for the above 
post from applicants who hold a PhD. 
qualification. in Microbial Biochemistry or 
Biochemistry, or have suitable experience 
in a research laboratory. 


The successful applicant will become a 
member of a team engaged on an industrial 
contract concerned with — fundamental 
studies on the effect of particular environ- 
mental conditions on yeasts. Technical 
assistance will be provided. 


Salary £1,500 per annum with the possi- 
bility of increments according to experience. 


Morris, 
Applied Microbiology, 
George Street, 
(705) 


Applications to Professor E. O. 


Department — of 
University of Strathelyde, 
Glasgow, C.I (quoting R3/69), 
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UNIVERSITY OF SYDNEY 


R.T. HALL SENIOR RESEARCH 
FELLOWSHIP IN TRANSPLANT 
IMMUNOLOGY 
Applications are invited for the above-mentioned 
appointment. The field of investigation under- 
taken by the Senior Research Fellow can be in 
any area of immunology, but preferably wil re- 
late in some major respect to an active clinical 
and experimental transplant programme being 
conducted by the Department. The appointment 
wil be an annual one, renewable annually for a 
total of five years. Salary. depending on quali- 
fications and experience, will be within the range 

$A7,600 to $8,730 per annum. 

Further information from the Szsceretary-General, 
Association of Commonwealth Universities 
(Appts), Marlborough House, Pali Mall, London, 
S.W.1 and also from the Head of the Depart- 
ment of Surgery, University of Sydney, Sydney, 
New South Wales, 2006, Australia. Applications 
giving details of qualifications and experience and 
names of referees should 5e [forwarded the 
Registrar by March 14, 1969. (686) 


University of Salford 


Department of 
Mathematics 
RESEARCH STUDENTSHIPS 
Applications are invited, from ist or 2nd 
class Honours graduates or final year 
Honours students, for admission as Re- 
search Students in the Deparment of 
Mathematics. Selected students would re- 
search towards a higher degree in one of 
the following fields : 
Fiuid Mechanics 
Mathematical Physics 
Operational Research. Mathematics 
Numerical Analysis and Computing 
Stochastic Processes 
In the field of Fluid Mechanics a Compu- 
tation Centre has been established with 
the assistance of a substantial grant from 
the Science Research Council. In this field 
fundamental theoretical research as well 
as research closely related to industrial 
design techniques is carried out in co- 
operation with a number of industrial con- 
cerns, Government research establishments, 
and university engineering departments. 
Suitably qualified applicants may be nomi- 
nated for Science Research Council student- 
ships; some University research student- 
ships, which carry an annual grant in the 
range £400 to £900, are available, 
Further details and a form of application 
may be obtained by writing to: Professor 
L. S. Goddard, Department of Mathe- 
matics, Room $21/N, University of Sal- 
ford, Salford M5  4WT. Applications 
should be received by March 10, 1969, 
(782) 
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BRITISH DIABETIC ASSOCIAT ION 
LAWRENCE RESEARCH FELLOWSHIP 


Applications are invited for the Lawrence Re- 
search Fellowship of the British Diabetic Associ- 
ation. The FeHowship is awarded for a maxi- 
mum tenure of three years, and is intended for 
the remuneration of a whole-ime research worker 
undertaking original work in the United King- 
dom in the ficki of diabetes mellitus. The value 
of the Fellowship will not be less than £1,200 
per annum nor more than £2,500 per annum, 
depending upon age, qualifications and other 
relevant details. 

Applications must be submitted on the appro- 


priate form, available from: The Secretary- 
General, The British Diabetic Association, 3/6 


AkKred Place, London, W.C. 
ceived by ADH 38, Pon 


UNIVERSITY OF MANCHESTER. 
DEPARTMENT OF ZOOLOGY 
RESEARCH FELLOWSHIP IN 

PROTOZOOLOGY 


Applications are invited for the J.S. Dunkerly 
Research Fellowship in Protozoology. This de- 
partment at present has facilities for work in the 
fields of genetics and/or fine structure of proto- 
zoa. Applicants should hold a good Honours 
degree in zoology or expect io obtain this quali 
fication in the summer of 1959, "The Fellowship 
is normaly of the value of a Science Research 
Council Studentship, and the recipient will be 
eligible to register for work for a higher degree. 
The closing date for applications is June 1. 

Further information and application forms 
from: The Registrar, The University, Man- 
chester M13 GPL. Please quote Ref. 18/69/Na. 

(663A) 


1, and should be re- 
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NUFFIELD INSTITUTE OF 
COMPARATIVE MEDICINE 


THE ZOOLOGICAL SOCIETY OF 
LONDON 


RESEARCH FELLOWSHIP IN 
PATHOLOGY 


Applications are invited from young 

] graduates, preferably with some 

postgraduate experience of rescarch in bone 

pathology, for appointment as Research 
Fellow, 

The successful candidate will be required 
to investigate problems relating to bone 
disease in South American primates and 
other animals, with special reference to 
nutritional imbalance; he will work in 
collaboration with a biochemist. 

The Fellowship will be tenable for three 
years and could be a suitable project for 
registration for a higher degree as an Mm- 
ternal student at London University, The 
salary will be in the range for University 
Lecturers according to age and experience, 

Applications, together with a full curricu- 
lum vitae and the names of two referees, 
should be sent to the Establishments Off- 
cer, The Zoological Society of London, 
Regent's Park, London, N.W.1. Applica- 
tions should be submitted as soon as pos- 
sible, but not later than March 31, 1969, 


(723) 


THE CITY UNIVERSITY 
RESEARCH STUDENTSHIPS 


Applications are invited from 
Honours Graduates (or candidates 
with equivalent qualifications) for 
Research Studentships in the 


DEPARTMENT OF AERONAUTICS 


The successful candidates will be 
expected to register for the M.Phil 
or Ph.D. degrees of the University 
and to undertake research work in 


Aerodynamics 
Aerospace Structures, or 
Air Transport Engineering 


They will receive an award based 
on Science Research Council Scales, 
but they may be able to supple 
ment this by undertaking demon- 
strating duties. 


Research Students are eligible for 
residence in Northampton Hall. 


Further information may be ob- 
tained from Professor G. A. 
Tokaty, Head of the Department 
of Aeronautics, The City Univer- 
sity, e John Street, E.C.1. 19/ 
A} COD 








GRANTS & SCHOLARSHIPS 





IMPERIAL CANCER RESEARCH 
FUND 


BURSARIES FOR TRAINING IN RESEARCH 


The Council of the Fund wiH award a limited 
number of Bursaries at the Laboratories in 
lincoin's Inn Fields and Mii Hill for full-time 
studies leading to higher degrees in research 
fields relevant to cancer. These include Cellular 
and Molecular Biology, Endocrine Chemistry and 
Physiology, Experimental Pathology, Immuno- 
.logy, Pharmacology and Virology. The award 
will be tenable for three years from October I, 
1969, with a non-superannuable grant of £1,000 
a year (subject to tax). Applications are invited 
from British subjects, not over 25 years of age, 
normally resident in the U.K., who hope to have 
TA or upper second class degrees in science in 

Further details and forms arc obtainable from: 
The Director of Research, Imperial Cancer Re- 
search Fund. Lincoln's Inn Fields, London, 
W.C.2. Applications to reach the Secretary of 
the Fund at the above address not later than 
March 31, 1969. (744) 


THE ROYAL SOCIETY 


GOVERNMENT GRANT FOR 
SCIENTIFIC INVESTIGATIONS 


Applications for grants from the first 
allotment of the Government Grant for 
Scientific Investigations for the year 1969 
should be made as soon as possible on 
forms of application to be obtained from 
the Executive Secretary of the Royal 
Society, 6 Carlton. House Terrace, London, 
S.W.l. No application can be considered 
which is received later than March 31, 
1969, 


Applicants must be of British nationality, 


resident in Great Britain or Northern 
Ireland. Grants may be made for purposes 
in connexion with the promotion and sup- 
port of research in pure science other than 
for personal maintenance or payment of 
stipends; for the assistance of scientific 
expeditions and collections ; but not in aid 
of scientific publications. (689) 





MCMASTER UNIVERSITY 
CANADA 
GRADUATE SCHOLARSHIPS IN GEOLOGY 


The Department of Geology offers opportuni- 
ties for research in several aspects of geology 
leading to the degrees M.Sc., Ph.D. in Geology, 
and Ph.D. in Geochemistry. Laboratories are 
available for research in geochemistry, petrology, 
mineralogy, sedimentology, palaeontology, and 
structural geology. The majority of students 
accepted for graduate study receive financial sup- 
port in the form of scholarships and teaching 
assistantships. These awards range from $3,200 
to $3,600 over a 12-month period. Fees do not 
normally exceed $403 and travel grants are avail- 
able to students outside North America. 

AH inquiries relating to admission and scholar- 
ships should be directed to: Chairman, Depart- 
ment of Geology, McMaster University, Hamilton, 
Ontario, Canada. (606) 


M 


IMPERIAL COLLEGE OF SCIENCE 


AND TECHNOLOGY 
LONDON, S.W.7 


ROYAL DUTCH SHELL SCHOLARSHIP 
IN GEOPHYSICS 


CACADEMIC YEAR 1969/70) 


Open to Honours graduates in geology (with 
mathematics and/or physics at ancillary ievel) or 
in physics, for advanced study or research in 
geophysical prospecaing as applied to the search 
for oH. Value £700 per annum plus College 
fees; field-work expenses to be paid by the 
student. 

Further particulars from the Registrar, Imperial 
College, London, S.W.7. Closing date April 15, 
1969, (732) 





LECTURES AND COURSES 


UNIVERSITY OF KEELE 
ACADEMIC YEAR, 1969-70 
The University offers the following postgradu- 
ate courses which lead to the M.Sc, degree : 
Applied Mathematics. 
Ceramic Technology din conjunction with the 
North Staffordshire College of Technology). 
Pure Mathematics, 
Quantum Electronics, 


Application forms and further particulars may 
be obtained from the Registrar, The University, 
Keele, Staffs. (013) 

UNIVERSITY OF LONDON: A COURSE 
of two lectures entitled (D *" The Ultrastructure 
of Cytoplasmic Membranes " ;: (2) * The Mechan- 
ism of Plant Cell Wall Formation " will be de. 
livered by Professor K. Mühlethaler (Zurich) at 
5.30 p.m. on March 3 and 5 at University Col- 
lege (Botany Lecture Theatre), Gower Street, 
W.C.E Admission free, without ticket.—M. A. 
Baatz, Academic Registrar. (C74) 

UNIVERSITY OF LONDON: A COURSE 
of three lectures entitled “ Boerhaave and 
Britain " will be delivered by Professor G. A. 
Lindeboom (Amsterdam) at 5.30 p.m. on March 
4 at University College (Botany Lecture Theatre), 
and on March 5 and 6 at University College 





(Chemistry Lecture Theatre), Gower var 
W.C.i. Admission free, without ticket —M. 
Baatz, Academic Registrar. cu 
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CHELSEA COLLEGE OF 
SCIENCE AND TECHNOLOGY 
(UNIVERSITY OF LONDON) 


DEPARTMENT OF HISTORY AND 
PHILOSOPHY OF SCEENCE 


One year M.Sc. Course in Mathematical 
Logic 
This course is intended primarily for 
graduates in mathematics, or is philosophy 
with some mathematical background, 


Students will take 
(D an Introductory course in “Mathematical 
Logic, and two of tk: following 
options ; 
(2) Mathematical Logic (Advasced) 
(3) Theory of Probability and Statistics 
(4) Topics in Foundations of “flathematics. 


One year Postgraduate Course in 
Philosophy of Science 
The Course is intended primarily for fuli- 
time students who are graduates in a physi- 
eal or a biological science, cr in mate- 
matics. 
There are five constituent cogrses of iec- 
tures and tutorials running comcurrendy. 
1. Logic; Philosephy of Mathematics 
2. Scientific Method ; Philosopey of Physi- 
cal Science | 

3. History of Epistemology 

4, History of Science 

5. Theory of Probability and Seatistics fone 
term). 

Students who have successfully completed 
this course may prepare a thesi under 
supervision with a view to cóotaining the 
M.Phil. degree of London University. 


Postgraduate Research 

Graduates suitably qualifiec in certain 
fields may proceed directly to a degree of 
M.Phil. or Ph.D. by research. 


Requests for further informa:ion, or arm 
plications for admission (giving details of 
previous degrees | obtained) should be 
addressed to the Academic Registrar, 
Chelsea College of Science and Technology, 
Manresa Road, London S.W.3 (769 


IMPERIAL COLLEGE OF SCIENCE 


AND TECHNOLOGY 
APPLIED OPTICS SECTION 
SUMMER SCHOOL ON 

APPLIED OPTICS 
for non-specialists in Cootics 
June 9 to 20, 196€ 


The course will be given by the following 
members of the staff of the Applied Optics Sec- 
tion : Dr. R. E. Edgar, Mr. M, J. Kidger. Dr. 
K. H. Ruddock, Dr. R. W. Smeh, Dr. W. T. 
Welford, Professor W. D. Wrighteand Dr. C. G. 
Wynne. 

This is an introductory course of about 36 
lectures, intended for scientists and engineers who 
have had ittie or no specialized training in 
Applied Optics. Its emphasis wil be on basic 
ideas rather than the detailed éevelopment of 
formulae. The lectures have beca revised as a 
result of experience gained from peevious summer 


schools. Lecture notes will be circulated im 
advance. Topics to be covered will include : 
paraxial optics, aberrations, coberent and ire 


coherent image formation, design and testing of 
optical systems, visual perceptios, photometry, 
visible and infrared sources and detectors, The 
course fee is £35. 

Further details and application forms may be 
obtained from The Registrar, Imperial College, 
London, S.W.7, {632} 


UNIVERSITY. COLLEGE _ 
CARDIFF 
Department of Physis 
M.SC. COURSE IN MODERN 
METHODS IN CRYSTALLOGRAPHY 

A one-year course covering tht scattering of 
X-rays, neutrons and electrons by single crystals, 
fibres and polycrystalline materials, Industrial 
applications are included in the lectures and BRAC 
tical work. 

The course has been approved by S.R.C. as 
suitable for the tenure of its Aewanced Course 
Studentships. 

Further particulars © from Professor C. A. 
Taylor, Department of Physics, Universicy Coi- 
lege, Cardiff CFI INR. (733 

















CHELSEA COLLEGE OF 
SCIENCE AND TECHNOLOGY 


UNIVERSITY OF LONDON 


M.SC. IN BIOPHYSICS AND 
BIOENGINEERING 


The course is offered jointly by the 
departments of Physics, Physiology and 
Electronics and is designed to cover at a 
postgraduate level the area of study where 
physiology, physics, medicine and enginecr- 
ing overlap. Intending students should 
hold a first degree in one of the Biological, 
Physical, Medical or Engineering sciences, 
The course is suitable for specialists in 


any one of these overlapping areas who 
wish to acquire an appropriate understand- 


ig of the other areas and covers such 
topics as: biophysics at the cellular level: 
electrophysiology ; bioengineering. theory 
and application; biomedical instpumenta- 
tion: biomechanics: information and con- 
trol theory ; photohiology and radiobiology ; 
computer methods. The lectures and 
practical classes are so arranged that all 
students, whatever the subject of their first 
degree, will sit the same exarnination at the 
end of the course. The course wil com- 
mence in October 1969 extending over three 
years for part-time students, attending two 
evenings a week, and two years for full- 
time students, A few studentships are 
available for suitable full-time candidates. 

Application forms and further information 
may be obtained from: The Secretary, 
Department of Physics, Chelsea College of 
Science and Technology, Manresa Road, 
London, S.W.3. (Telephone 01-352 6421). 

(690) 





UNIVERSITY OF LEEDS 


DEPARTMENTS OF FUEL 
SCIENCE, MECHANICAL 
ENGINEERING AND 
PHYSICAL CHEMISTRY 
SESSION 1969-70 


ONE-YEAR COURSE 
on 
COMBUSTION AND EXPLOSLON 
leading to 
the Degree of M.Sc. by examination 


Applications are invited from persons holding, 
or expecting to be awarded during 1969, an 
Honours degree in Chemistry, Chemical Engineer- 
ing, Mechanical Engineering, Fuel Science or 
Technology, Physics or Applied Mathematics, or 
equivalént qualifications, 


The Science Research Council has accepted the 
course as suitable for tenure of its Advanced 
Course Studentships. 


The course has been designed for persons wish- 
ing to specialise in the science and applied science 
of combustion and explosion, and will comprise 
lectures, experimental work in  well-equipped 
laboratories and a research project. Tepics to 
be discussed include the chemistry of combustion 
processes, explosions and explosives, detonation 
and shock, the structure, mechanism and engine 
combustion, heat transfer, properties of high 
temperature gases and plasmas and experimental 
techniques. 


Consideration will be given to applicants who 
do not wish 10 read for the degree but who wish 
to acquire information and instruction on selec- 
ied parts of the course only, 

d Applications and inquires should be addressed 
ta Dr. J. E. Garside, Department of Fuel Scien- 
ces, The University, Leeds LS2 OFT. (734) 
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PSYCHO-ANALYSIS 


Six " Winter Lectures 19697 weekly (except 
for February 11) by Members of the British Psy- 
cho-Analytical Society. 

Sixth Lecture: “ Sexuality, Aggression and the 
Self.’ by J. D. Sutherland, PRD, FRCPE., 
on Tuesday, March 4, 6.30 pum., at the Porchester 
Hall, Porchester Road, London W.2. 

Tickets (£2 for course or Bs. a lecture ; students 
Os. for course or 2s. single lecture) and pro- 
gramme from E. H. Wedeles, M.D., 63 New 
Cavendish Street, W.1, or at the lectures. | sis 

H 
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16th June tb 11th July, 1969 


intended to give qualified biochemists sufficient background theory. 
and practice in radioactivity and radioisotope techniques to enable them 


to use radioisotope methods in their work. 
radioactivity, radiochemistry radiation protection, 


Lectures on basic physics of 
application of radio- 


isotopes in different fields of biochemistry. There will also be some practical 


work of a specialist nature. 
Fee: 


£160 exclusive of accommodation. 


Application forms fram the 


UNIVERSITY OF SURREY 
M.Sc. in MATHEMATICS 


The Department of Mathematics invites 
applications for entry to a course on the 
Mathematical Theory of Electromagnetic 
Phenomena leading to the degree of MSc. 
by examination and dissertation, Subiects 
covered include: Mathematical Techniques 
basic to Electromagnetism, Electromagnetic 
and Wave Propagation, and 


Theory 
Magnetohydrodynamics, 


"he course may be taken fulltime. for 
12 months starting in October, or part-time, 
extending over two years. kh has been 
aporoved by the Science Research Council 
as suitable for the tenure by full-time stu- 
dents of Advanced Course Studentships. 


Applicants should possess a First or 
Second Class Honours Degree in Matrhe- 
matics, Physics or Electrical Engineering. 
Inquiries should be addressed to the 
Depariment of Mathematics, University of 
Surrey, Guildford, Surrey. (751) 





CHELSEA COLLEGE OF SCIENCE 
AND TECHNOLOGY 
UNIVERSITY OF LONDON 


MSC, IN BIOPHYSICS AND 
BIOENGINEERING 


The course is offered joinuy by the Depart- 
ments of Physics, Physiology and Electronics and 
is designed to cover at a postgraduate level the 
area of study where physiology, physics, medi- 
cine and engineering overlap. Intending students 
should hold a first degree in one of the Biologi- 
cal, Physical, Medical or Engineering sciences. 
The course is suitable for specialists in any one 
of these overlapping areas who wish to acquire 
an appropriate understanding of the other areas 
and covers such topics as biophysics at the 
cellular level: electrophysiology ; biocneincering 
theory and applicaton ; biomedical instrumente- 
thon: biomechanics; information and control 
theory ; photoblology and radiobiology: com- 
puter methods, The lectures and practical classes 
ate so arranged that all students, whatever the 
subject of their first degree, will sit the same 
examination at the end of the course, The course 
will next commence in Ootober 1969, extending 
over three years for part-time students, attending 
two evenings a week, and two years for fullaime 
studeats. A few studentships are available for 
suitable fullaime candidates. 

Application forms and further information may 
be obtained from: The Secretary, Department 
of Physics, Chelsea College of Science and Tech- 
nology, Manresa Road, London S,W.3 (Telephone 
01-352 6421). (691) 


Post-Graduate Education Centre (RMB.1}, 
Building 455, Harwell, Didcot, Berks. 


(2331) 


POST - GRADUATE 


education centre 





UNIVERSITY COLLEGE OF 
NORTH WALES 
BANGOR 


MARINE SCIENCE LABORATORIES, 
MENAI BRIDGE, ANGLESEY 


POSTGRADUATE STUDIES IN 
PHYSICAL OCEANOGRAPHY 


The Department of Physical Oceanos 
graphy offers a 12-month course of study 
Heading to the degree of M.Sc, The course 
includes instruction in dynamical, chemi- 
cal and geological aspects of oceanography, 
It also offers the opportunity for specialist 
study in one of these fiekis. There are 
three terms of fectures and practical work 
followed by a three-month research  pro- 
ject. Students are expected to spend some 
time at sea on the College Research 
Vessel “ Prince Madog,” which is equipped 
with a wide range of oceanographic instru- 
mentation including a temperature-salinity 
profiler, shipborne wave recorder, towed 
magnetometer and a variety of acoustic 
SYSTEMS, 

This course is recognized by N.E.R.C. 
for the Award of Advanced Studentships. 

Opportunities are also available for suit- 
ably qualified applicants for study for the 
degree of Ph.D. in Physical Oceanography. 

More details about the M.Sc. course and 
rescarch programmes currently in progress 
may be obtained from the Registrar, Uni- 
versity College of North Wales, Bangor. 


An early application would be appreciated 
if a gram is required, (725) 
UNIVERSITY OF LONDON: A COURSE 


of two lectures entitled '' Particle Physics at Ex- 
treme Energies ; The New CERN Storage Rings "* 
will be delivered by Professor G. K. O'Neilt 
(Princeton) at 3.30 p.m. on March 3 and § at 
University College (Physics Lecture Theatre), 
Gower Street, W.C.1. Admission free, without 
ticket.—M. A. Baatz, Academic Registrar. 





FOR SALE AND WANTED 





WM. DAWSON & SONS LTD. 
Back Issues Department, 
Cannon House, Park Farm Rd., 
Folkestone, Kent, England. 


Tel: Folkestone $7421. 
Offer top prices for: 
BACK RUNS OF IOURNALS 


IN SCIENCE AND THE BOE 
I 
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Get the facts on the new JEM-100 
SERIES 






















a brand new design with 
outstanding performance 





The JEM-100 is the latest addition to the range of JEOL 
Electron Microscopes. 


With a guaranteed resolution of 2A (lattice), it 
achieves a consistently high standard of performance. 
Operation is simple, rapid and safe. 


Principal features include: 

Guaranteed resolution of 2A (lattice) 
Magnification from * 500 to x500,000 
Accelerating voltage stepped from 20 to 100kV 
Contamination rate less than 0.1 A/min 

High image quality at low magnification 

Very bright illumination at even the highest 
magnification 

m Drift-free specimen holder 

8 Simultaneous loading of six specimens 


Bg Automatic gun airlock system for rapid 
filament change 


g Automatic camera and vacuum systems 

g Automatic plate numbering 

m CRT display for accurate 
specimen positioning 

w Digital display of magnification 


Fully detailed specification 
and brochure sent on request 
to JEOLCO (U.K.) Ltd. 





JEOLCO (U.K.) Ltd., has been formed as a 
subsidiary of JEOL, Tokyo, to provide sales, 
installation and service facilities in the United 
Kingdom and Eire. 

The company incorporates the former Delviljem 
organisation. A new Applications Centre will be 
opened to display and operate a wide range of Computers, High Voltage, Metallurgical, Biological, 
equipment and to facilitate investigation of pros- and Compact Electron Microscopes Electron Probe 
pective users’ particular problemsand applications Microanalysers and Scanning MIcidscónen 


Nuclear Magnetic Resonance Spectrometers, 





The range of JEOL research equipment includes. 





Aic s Road, Electron Spin Resonance Spectrometers, Mass 
JEOLCO (U.K.) Ltd. London, NA. Spectrometers, Amino Acid Analysers. 





Tel: 01-346 7211 


a 


F - Liv 


- Bringing 
| automated 
lipid analysis 
to the laboratory 
: Will give you 
| some 
. -— Startling results. 


[ Not the least of which is the gratitude 

. of your technologist for eliminating 

the tedium usually associated with 
manual methods of lipid analysis. 

= . TheTechnicon* AutoAnalyzer* simul- 
taneously quantitates triglycerides and 
cholesterol from one plasma extract 
at the rate of 40 samples per hour 
(80 determinations). The system is 
fast, versatile and fully automatic. It 
provides the means for performing 
a great number of analyses rapidly and 










> accurately with a minimal amount of 
i effort. Of course, if you already have an 
l AutoAnalyzer, this capability is avail- 


able through a modest addition of 
equipment. For more information, 
write Department 56, 

Technicon Corporation, 

Ardsley, New York 10502. 


E 
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PROTON SCATTERING MICROSCOPY 


for the dynamic study of 
single crystals and thin films . . . 





stal close to 
orientation 


Copper, single crystal 
close to (100) 
rientation 


1000A epitaxial film 
of gold on rocksalt 


EDWARDS PROTON SCATTERING MICROSCOPE 
puts this new technique into your lab! 


The PSM1 Proton Scattering Microscope is a 
completely new instrument for studying the 
atomic structure of crystals and crystalline sur- 
face layers. Originally developed at the Metal- 
lurgy Division of A.E.R.E., Harwell, it is now 
available for the first time as a commercial 
instrument. 

The technique of proton scattering microscopy 
has many advantages over conventional X-ray 
and electron diffraction methods and has rapidly 
been established as a powerful new crystallo- 
graphic tool. The main applications of the new 
instrument are in the study of thin films, 
epitaxial growth, crystal orientation, crystal 
structure identification, study of grain bound- 
aries or phase changes etc. and for teaching 
purposes, but new applications are being added 
daily. 


Edwards 


(LL Ah 





Edwards Instruments Limited A member of the BOC group 


Manor Royal, Crawley. Sussex, England xix 
Telephone Crawley 28844 Telex 87123 Edhivac Crawley 


Special features of the technique, using Edwards 
PSM1 Proton Scattering Microscope, include: 


® Dynamic, visual display of magnified crystal structure 


8 Metallic, insulating or semi-conductor crystalline 
substances can be studied 


u No cameras, film development, dark-rooms, etc. 
required 


8 No radiation hazard 


® No diffraction patterns, i.e. simple interpretation of 
picture 


8 Thin films do not have to be removed from the 
substrate 


€ Simple to operate. Ideal for teaching purposes. 


For further details of the PSM1 Proton Scattering 
Microscope, please ask for Publication No. 13872. 


a 


ee 





NATURE. MARCH i 


1969 


Appt em AN aaah a rr 2 I Se it I m ey Pa Pe Pete feet 


NEN 
Fabri- Tek 1010 


The Fabri-Tek Model 1010 Signal Averager is 
not a stripped down version of a more versatile 

unit. This low cost computer utilizes the most 
up-to-date technology (it's made almost entire 
ly of integrated circuits) and sacrifices none of 
the essentials of a complete signal averaging 
system. It is a completely digital system with 
a 256 word magnetic core memory, 


The unique circuitry does not resort to un- 
equal weighting of individual inputs (weight. 
ing techniques whieh emphasize more recent 
data), but rather presents the user with a true 
average of the input signal regardless of the 
number of sweeps, 


of the key 


Automatic data normalization is one 


For more information, write 


FA BIR IX EK Instruments, Inc. 


Dept, N-39, 5225 Verona Rd., Madison, Wis. 53711 Phone: 608 238-8476 
in Europe: Bruker-Physik Ag, 7501 Karisruhe-Forchheim, 
Postfach 40 10, Karlsruhe, West Germany 
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features of this single ‘input sfenal averaging 
computer. A completely new approach guto- 
matically provides the user with normalized 
data regardless of the sweep speed or the rum- 
ber of sweeps selected. At the same time this 
computer is easier to use than most laboratory 
oscilloscopes. Pushbutton programming, for 
instance, greatly simplifies and speeds up the 
Operation. 


The input signal ean be viewed for set-up our- 
poses while adjusting the sensitivity and wig- 
ger threshold. External address advance is in- 
cluded. A pre-filter is provided for optimising 
the signal-to-noise ratio improvement as well 
as avoiding "aliasing" errors due to high fre- 
quency noise. Calibration of E plotter or 
OR s scope Outputs is simplified by means of 
pushbutton controls. A meter is provided ie in- 
die: 2 the number of pre-set sweeps com- 
pleted. “Real-time” readout is available for 
comparing averaged signal to raw signa! or 
for spectral analysis. 
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-an instrument 


combination of the PMQ 


photometer system 





Chromatogram Spectrophotometer 


This versatile instrument meets a 


number of dissimilar practical 
requirements: 


The fast and non-destructive 
identification of colourless zones of 
substances absorbing in the UV by 
direct, automatic scanning of the 
chromatogram with a radiation of 
preselected wa velengt h, and the 
recording of the light absorption. 


The characterisation and 
identification of very smal 
of substances present as 
chromatographic spots, by directly 
plotting their diffuse reflectance, or 


amounts 


transmission spectra. 





The direct plotting of fluorescence 
spectra, and the spectrophotometric 

evaluation of layers containing à 
ise scence indicator. 


The quantitative evaluation of 
particular chromatogram zones, 
without previous staining and 
directly on the chromatogram,by 
measuring the light absorption by the 
diffuse reflectance or the 
transmission method at a suitable 
wavelength or in the case of 
fluorescent substances - by 
fluorescence measurements 

A range of Zeiss microscopes and 
analytical instruments will be shown 
on Stand E7 at LABEX. 


West 
Germany 


Light source, in set-up M-Pr: 
hydrogen lamp, incandescent lamp, 
or high-pressure xenon lamp; in 
set-up Pr-M: Hg lamp, hydrogen 
lamp or incandescent lamp in special 
lamp unit. 


Monochromator: M4Q III of the 
Spectrophotometer PMQ II, 
wavelength range 185-2500 my (lower 
useful limit depends on the intrinsic 
absorption of the sorbing agent) 
Full details from Carl Zeiss at 
Degenhardt & Co. Ltd., Carl Zeiss 
House, 31/36 Foley Street, 

London W1P 8AP 

01-636 8050 (15 lines) 

Telex No. 24300 


Hegenhardt 
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Elsewhere overseas, U.K. and Eire........ 


United States........... cece eee eee 
SURFACE MAIL 


*12 MONTHS (52 issues, 4 indexes) 
AIRFREIGHT 


Subscription Rates 


* Cheque, international Money Order or Bankers Draft on London, 
The publisher would appreciate this additional information 


fle OR: POSTAL CODE  uetutafmino bed od bad whe Cattle £i ind Vet aae ko 


for which | enclose remittance* value. .......... ccc ee heh 
ZIP essential for U.S.A. 
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No one knew how a book written by a philosopher about a subject 
so concerned with biology, astronomy and astro-physics would 
be accepted 


This is how Persons by Roland 
Puccetti has been accepted 





‘He is a witty, incisive, almost insolent writer. Professor Puccetti 
dazzlingly draws upon a host of different disciplines to show that belief 
in extraterrestrial intelligence has now acquired a scientific basis 

and hence a logical status no longer on a par with metaphysical 

or religious beliefs. He handles his evidence and his arguments with 
astonishing dexterity. Biology, astronomy and astro-physics are raided, 
plucked of vital scraps and pressed down into a few slim chapters which 
contain more to excite the mind than the shelf-full of fat space books 
which | reviewed a fortnight ago.’ Dennis Potter, The Times. 


‘The last philosopher to write seriously about beings in outer space 
was Giordano Bruno. They burnt him. Don’t burn Puccetti; read him 
instead.’ Alistair Maclntyre, The Guardian. 


‘Without labouring the fact, Puccetti shows that analytical philosophy 
has a direct bearing on topics of general human interest—in particular, 
on the more speculative edge of scientific enquiry. Even if there is 
nobody there... the intellectual journey represented by this book is 
worth making for the fresh perspective it offers on ourselves.’ 
Anthony Quinton, The Listener. 


50s 


Macmillan 
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HERE'S SOMETHING ENTIRELY NEW. 





YOU CAN OPERATE IT MANUALLY OR AUTOMATICALLY 





ES 


YOU CAN CENTRIFUGE TO 4,950x G- TO 6,000 RPM 





YOU CAN USE HORIZONTAL OR ANGLE ROTORS IN IT 





IT'S THE NEW SORVALE GLC-1 


You need a truly automatic, versatile, table-top centrifuge. The new 
SORVALL GLC-1 Laboratory Centrifuge is it! This brand-new cen- 
trifuge obsoletes all other centrifuges in its range. Angle and hori- 
zontal rotors accept a huge variety of tubes and adapters. SORVALL 
Gyro-Action Direct Drive, of course, and in addition such features 
as removable guard bowl for easy cleaning, automatic run-comple- 
tion indicator and the most powerful and reliable motor of any 
medium speed centrifuge. Ask about the GLC-1 now. A request for 


Bulletin NA-3 GLC-1 will bring you all the exciting facts. IV n=O) RVALE nc. 


NORWALK + CONNEC TIC ^ 06885 





Distributor in U.K.: V. A. HOWE & CO. LTD., 46 Pembridge Road, London, W.!1 
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An Exhibition of 
| : ens id metres of actual Labor atory Instr uments 


| Rua ameota  : Apparatus Equipment 


5  Aseries of discussion meetings & , 
4 on topical scientific subjects. 2 and oupplies 
EUR 5 
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DYES FOR USE IN ALL INDUSTRIES 


RESEARCH & PRODUCTION CHEMISTS: if you 
are looking for dyes with specific chemical and physical 
properties suitable for particular manufacturing and/or 
testing processes you are invited to contact 


EDWARD GURR LIMITED 


for supplies. 


if you use a 


MICROSCOPE 


you need a 


SINGER 


FULLY PATENTED 


MICROMANIPULATOR 


Singer microman!ipulators are used in 
most laboratories all over the world. 
Three types available: 

Mk I Low power for magnifications 
xI to x200 

Mk Il For magnifications x 1 to 

x 500 

Mk HT High power for magnifications 
x100 to x 1,060 ples 

The most advanced instruments for 
micromanipulation. As described by 
Barer and Saunders-Singer with further 
improvements. 

Full details and demonstrations upon 
request to: 


SINGER INSTRUMENT CO. LTD., 
Fountain Court, 83 London St, 
Reading, Berkshire, England. 





We hold stocks of an enormous variety of dyes, ready for immediate 
despatch, including : 


Cyanine, Dicyanine, Fast Bordeaux O, Aurantia, Crystal violet, BPC- 
Scarlet R, BPC, Diazonium salts, Neutral violet, Lacmcid, Nile blue, 
Janus green, Brilliant green BPC, Rosolic acid, Methyl green, p- Ethoxy- 
chrysoidin, Methyl red, Nitrazine yellow, Pinacryptol green, etc. 
Industrial Research Establishments 


are invited to make use of our professional services as 
consultants on the selection and use of dyes as research 
and production tools. 


BIOLOGISTS are invited to send for our catalogue of: 


*MITIBURSKMIE 


STAINS & REAGENTS FOR BIOLOGY 


Acridine orange, Aquamount, Fiuormount, Lipid crimson Matamount, 
May-Griinwald, Leishman, Giemsa, Toluidine blue, Cresyl fast violet, 
Papénicolaou stains, Thiofiavine S, Brilliant cresyi blue, Nile blue, 
Pyronin Y, Trifalgic acid, Rhodanile blue, Haplo, etc, 


EDWARD GURR LTD 


42 Upper Richmond Road West, London, S.W.14 
Cables: Micromlabs London SW14. Telephone: 01-876 82289 





MICROMANIPULATORS 





the biologist’s electron microscope with the 
most advanced specimen handling facilities 


The ability to change specimen holders 
with ease and speed is a significant benefit 
built into the AEI EM801. 


You can choose from: 
(a) Aspecimen holderto carry six specimens 
atonce. 


(b) A specimen holder to tilt specimens + 20°. 
(c) A specimen holder to tilt specimens +30°. 


(d) A specimen holder to examine a string 
of up to 250 serial sections. 


All holders are of the plug-in type, directly 
interchangeable, and are electrically driven at 


d 


co 


uu 


Tel : 061-865 4466 And inthe U.S.A. contact: 


a controlled speed. The objective focal 


length and resolution of the microscope does 


not alter with change of specimen holders. 


These advanced and versatile specimen 
handling facilities, coupled with a genuine 


5A point-to-point resolution, are but some of 


the outstanding features of the AEI EM801. 
Leadership through choice 


AEI’s strength in electron microscopy lies in 
long term development, the results of which 
enable them to offer a range of six other 
electron microscopes to meet most budget 
requirements and research applications. 


SCIENTIFIC Forinformation contact GEC-AEI (Electronics) Ltd., 
Scientific Apparatus Division, Barton Dock Rd., Urmston, Manchester. 


EM7-—The European million volt electron 
microscope. 

EM8—3A resoluton tor ultimate resolution 
research. 

EM802—Full goniometer facilities for 
crystallography. 

EM6B—Long established and well tried 
high resolution instrument for biologists. 
EM6G—A general purpose instrument for 
all research. 

EM6M—A highauality medium-priced 
instrument for small budgets. 
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new instruments 
for 
tomorrow's world 


EEL 240 ATOMIC ABSORPTION SPECTROPHOTOMETER 

As up-to date in design and performance as the technique itself the feature- 
packed EEL 240 fully utilises all current advances and represenis a landmark 
in atomic absorption instrumentation. 


EEL 227 INTEGRATING FLAME PHOTOMETER 

Uses an internal standard and integrating system of measurement to confer 
the highest precision in the simultaneous determination of sodium and 
potassium in solution. 


EEL 226 HIGH-SENSITIVITY ABSORPTIOMETER 

Built-in scale expansion affords a limit of detectability of 0.001 p.p.m. for 
copper, iron, silica and ammonia in this high-sensitivity model for the 
industrial determination of trace elements. 


EEL 170 DIGITAL FLAME PHOTOMETER 


An internal standard flame photometer for the simultaneous determination 
of sodium and potassium, available in modular form from manual to fully 
automatic with printout to suit varying customer needs. 


EEL 194 AMINO ACID ANALYSER 
A compact high-speed analyser for protein hydrolysate studies, giving a 
complete analysis in well under 4 hours. 


EEL 198 INDUSTRIAL COLORIMETER 
An on-line monitor for colour, turbidity and suspended solids of various 
liquids in industrial processes. 


Come and see a wide selection from the EEL range of analytical instruments for science, 
medicine and industry. If you cannot come write for our LABEX brochure which gives a precis 


of this selection. 








BAYSWATER 


EVANS ELECTROSELENIUM LIMITED 
HALSTEAD : ESSEX - ENGLAND 


Telephone: Halstead 2461 Telex .98204 
EEL. INTERNATIONAL LIMITED 
VICTORIA AUSTRALIA 


ENGINEERS IN ALL PARTS OF THE WORLD 
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with the SP40 Automatic Sample Changer. 


With these two accessories the SP600 
Series 2 is a system in itself. It could more 
than double your work capacity. 


Success. And the Unicam SP600 visible 
spectrophotometer has been demonstrably 
successful. Many thousands are in use 
throughout the world. 

Now z gives way to its successor—the SP600 Write for details today and be part of a new 
Series 2. This instrument retains all the reliability, SUCCESS Story. — N 

all the ruggedness of its predecessor. It retains ARAB L MN 

the accuracy over an extended range | TT M NC 
(335mu—1000 mu). 

But there are two very important advantages. 
You can now continuously monitor the results z 
from the SP600 Series 2 with the Unicam SP22 N 
—a logarithmic recorder which gives a linear 
reading of absorbance units and is therefore ideal l 
for kinetic measurements. You can also v (p aja 
automatically measure up to 50 sample solutions al Sample Changer 
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PYE UNICAM ^4 


Pye Unicam Ltd 
York Street, Cambridge, CB1 2PX, England 


Precision Instruments Telephone (0223) 58866 Telex 81215 
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PHYSICAL SCIENCES 


Supernovae—Superdense objects in the Crab nebula 
—BURBIDGE (California) and HOYLE (Cambridge) 


Pacific Ocean—Preliminary measurements of deep 
currents— REID (Scripps Institution of Oceanography} 


Marine petrology—Dredged basalt from Giacomini 
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SURA, HARAMURA PROT and MATSUMOTO 
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Red Sea-—Origin of hot brines--K V ASOV (Leningrad 
Academy of Science) ; . ; l l 
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Pacific, Canada) F 
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homopolar generator — MARSHALL (Australian 
National) : : 


Fracture-—Fracture path of stress corrosion cracks 
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(Leeds) 


BIOLOGICAL SCIENCES 
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Service) ; ; i ; à 


Insects--Membrane feeding technique for tsetse flies 
—LANGLEY and MALY (IAEA) 
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Insects-—Fluctuating temperatures and life span of 
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—MacRAE (Queensland), RAGHU (Houston) and 
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York). : : 
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new 
enzymes 


e L-Asparaginase e B galactosidase e f galactose dehydrogenase 
e Glucose-6-phosphate dehydrogenase - new high activity 350 U/mg 
e Galactose-1-phosphate uridyl transferase e Glyceraldehyde-3-phos- 
phate dehydrogenase from yeast e Phosphodiesterase from calf spleen 
e Phosphomannose isomerase e L-Xylulose reductase @ Carnitine 
acetyl transferase. 





For full analytical details write to Boehringer Corporation (London)Ltd., 
( Bilton House, Uxbridge Road, 


= London, W.5. 

rr If you live in Britain or the Common- 
ith 

= wealt 


e boehringer ~ . | 
Boehringer Mannheim G.m.b.H., 

68, Mannheim 31, 

P.O.B. 51, West Germany 

if you live outside the Commonwealth 
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Research Councils for Another Year 


Tue first trickle of news (see next page) about the 
financial year ahead suggests that the research councils 
will not be as tightly squeezed by the people at the 
Treasury as many people have feared in the past 
few months. Their budgets will inerease bv between 
8 and 12 per cent in real terms, which is significantly 
better than inereases in some recent years. It will be 
easier to know just what the extra sums of money 
will be used for when detailed departmental budgets 
are available in the next few weeks, but there is every 
prospect that the universities will be able to stay a 
little ahead of the mounting cost of research. That is 
something to be grateful for, and it is only proper that 
the British Government should take some credit for 
the way things have turned out. This should help, 
in the universities, to remove some of the obloquy 
which will accrue to the Government from the com- 
plaints of short commons in the Annual Review of the 
University Grants Committee, published earlier this week 
(HMSO, 2s 3d). 

The prospect of a reasonably prosperous year 
should not, however, tempt the research councils to 
think that they can look forward to an increasingly 
comfortable existence. Although the formal relation- 
ship of the research councils with the Department of 
Education and Science is comparatively recent—the 
machinery which makes the Council on Scientific 
Policy into a kind of arbiter between the apparatus 
of the research councils goes back only to 1964— 
three of the research councils have been almost con- 
tinuously in coexistence since before the Second World 
War. There are, of course, good historical reasons why 
the Medieal Research Council and the Agricultural 
Research Council should operate somewhat differently, 
and that each of them should pursue policies which are 
in turn different from those of the Science Research 
Council—the direct successor of the old Department of 
Scientific and Industrial Research. Briefly, the MRC 
and the ARC prefer to spend money through units 
direetly under their control and whose members are 
often directly on their payrolls. Although these 
laboratories are often integrated with universities, 
there are many examples of units in university towns 
which are sadly separated from the academie communi- 
ties which surround them. By contrast, the Science 
Research Council has grown to use research grants as 
the chief means of supporting university research, 
although a good deal of its effort also goes into facilities 
such as the particle accelerators in high energy physics 
and the Atlas Computer Laboratory which serve a 
common purpose. 

Very soon, somebody will have to decide whether 
this fragmented pattern is sensible. On the face of 


things, there are several defects in the system. Al- 
though the Science Research Couneil has acquired an 
enviable reputation for judgment in making research 
grants, it still does less than justice to biological re- 
search in spite of many attempts to redress the im- 
balance which it inherited. The Nature! Environment 
Research Council seems, on the other hand, to regard 
itself more as an agent for carrying ous research than 
as an instrument for stimulating research elsewhere, 
with the result that there are bound t0 be anxieties 
about its relationship with the universities in the future. 
At the same time, the council has as ret shown little 
sign that it will be able to guide the development of 
natural resources in the constructive way which its 
sponsors originally foresaw. The Asricultural and 
Medical Research Councils are a different kind of 
problem. Their devotion to the primeiple of direct 
labour is probably a serious loss to the universities, 
and there is no evidence except the faivh of some weil. 
wishers to suggest that this loss is compensated for by 
the efficacy of what they do for the development of 
real agriculture and real medicine. The Medical 
Research Council, of course, deserves enormous credit 
for the wit and energy with which it pursued the 
development of molecular biology in the fifties. But 
it remains a reasonable question to esk whether this 
part of its activity should not in present circumstances 
be transferred to the Science Researeh Council. 

A curious incident earlier this week illustrates some 
of the anomalies which have accumalated. At the 
opening of an extension to the Medical Research 
Council Laboratory of Molecular Biology at Cambridge 
on Tuesday, Dr J. À. B. Gray, the new secretary of the 
council, went out id his way n amy” » 





mimours XC . 
mor A W hat seems to Te ma him up is à 
report (Nature, 221, 598; 1969) that “there is growing 
evidence of increasing political pressures on the MRC 
to devote more of its resources during tae next decade to 
clinical research and to opening up new fields such 
as mental health". Evidently this is a field in which 
feeling runs so strongly that misreading is likely. At 
the same time, it would be good te know why the 
Medical Research Council is anxious *o resist th 
that a greater part of its energy sheuld be pa on 
providing the scientific foundations for medical practice 
even if this means that long term scientific research is 
less obtrusive in its programme. Is. eae medicine 
so competent and are British hospitais 
the Medieal Research Council can pursue | iis Den 
somewhat esoteric course ? The new-Clinical Research 
Centre will help a little in this sense but there is still 
along way to go. 
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RESEARCH EXPENDITURE 


Government More Bountiful 


CHEERFUL if somewhat ambiguous prospects for 
research spending in the United Kingdom in the year 
ahead have been provided by the annual Vote on 
Account, presented to the House of Commons by the 
Chancellor of the Exchequer a week ago. The publica- 
tion of this document, intended to bridge government 
financing operations from one financial year to the next, 
also entails the publication of skeletal estimates of 
expenditure for the coming year. From the informa- 
tion available, it looks as if the research councils will be 
treated at least as generously as they had been hoping 
and probably a good deal better than they had feared. 
The expenditure of the research councils predictably 
continues to increase, and at comparatively generous 
rates. In the table, all the figures are given in 1969 prices. 


1968-69 1969-70 Increase 


(£ million) (£ million) per cent 

Science Research Coun- 

eil 42.127 45-844 S. 82 
Medical Research Coun- 

cil 15-311 17-141 11-92 
Agricultural Research 

Council 13-483 14-663 8-75 
Natural Environment 

Research Counc 9-493 11.725 2T 
Social Science Research 

Couneil 1-728 2-380 37:1 


The Ministry of Technology budget shows a slight 
decline in the amount to be spent under the aerospace 
heading; this will fall from £233:5 million this year to 
£930.7 million next; at the same time, the industrial 
services of the ministry will show a very small increase 
between the total net estimate for this financial year 
of £31-9 million, and that for the next financial year, 
which amounts to £32-1 million. The Ministry of Posts 
and Telecommunications (the new name for the GPO) 
will be spending £135 million, against £97-5 million last 
year. The amount spent on universities and colleges 
shows a very small increase indeed. This year it is 
running at £245-6 million; next year the estimate is 
£246-5 million. The Department of Education and 
Science aetually shows a decline in its budget, from 
£70-0 million to £69-5 million. 

The museums seem to have done rather well. The 
British Museum (Natural History) will have its grants 
increased by a comparatively modest £30,000 to £11 
million, but the British Museum proper, in spite of the 
row between the Government and the trustees last 
vear, will have expenditure increased by some 12 per 

cent to £2-86 million. Even the Science Museum will 
have an extra 5 per cent to spend. 

The British Government has managed to keep publie 
spending more or less within the targets it set itself. 
Total expenditure for 1969-70 shows onl y a modest 
increase in real terms, which came as something of a 
relief to the foreign exchange markets, which had 
feared a repetition of last year’s run on the pound 
after the publication of the Vote on Account. This 
vear's, presented by the Chancellor of the Exchequer 
last week, was prefaced by an elaborate explanation 
intended to prevent anvbody getting the wrong idea 
this time. 
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ELDO 


Going it Alone? 


THe four hard core countries in ELDO (European 
Launcher Development Organization) seem now to 
have decided to turn their backs on Britain’s pre- 
varications and may even complete the Europa 
launcher programme on their own. The countries 
involved are France, Germany, Belgium and Holland. 

This came out after a high level meeting of the four 
in Brussels last week from which Britain was excluded. 
At a press conference later, the Belgian Science 
Researeh Minister (and an ex-Prime Minister), Mon- 
sieur Lefévre, declared the intention of the four to 
complete the European rocket without Britain and 
Italy and announced the formation of “a club” to do 
so. The only doubt was the continuing availability of 
the booster stage, the British Blue Streak. This has 
already (mid-1968) been guaranteed "at cost" by 
Britain to the continentals on a basis of ELDO's 
continuation. A “club” may be another matter. 

Though not likely to improve Britain's continental 
image, this turn of events should be nectar to Mr Benn. 
His policy has succeeded in getting Britain out of the 
costly launcher business, directly saved £17 million 
(£10 million due this year and £7 million due for 1970) 
and wrecked the launcher organization which Britain 
instigated, 


NUCLEAR INDUSTRY 


Grand Design Falters 


THE unrest in the British nuclear power industry shows 
little sign of abating. Mr Wedgwood Benn's "grand 
design” called for the formation of two new nuclear 
companies, taking in expertise from the Atomic Energy 
Authority and cash from the Industrial Reorganization 
Corporation. These two companies were to have taken 
over reactor development from the authority. It has 
now emerged that neither of the two companies is 
willing to take on the commercial development of the 
steam generating heavy water reactor at Winfrith, on 
which the AEA has spent £16 million. It had been 
generally assumed that British Nuclear Design and 
Construction, having turned down the opportunity of 
taking over the fast reactor at Dounreay, would be 
willing to take on the SGHWR. This hope has now 
been “disappointed. At the same time, the other 
company, the Nuclear Power Group, is to offer em ploy- 
ment to only a minority of the staff at AEA Risley 
who have been working on the development of the fast 
reactor. Instead of transferring the full group of 330 
people to TNPG, the transfer is now only expected to 
involve 150 people who work in the Reactor Design 
Office. The other 180 people, who work either in 
Central Technical Services or in the Engineering Group, 
will remain in the AEA, and it is almost certain that 
the Engineering Group will be broken up. “The grand 
reorganization of the nuclear industry", one Risley 
man commented bitterly, "has now dwindled to a 
transfer of 2 per cent of the authority's staff.” 

This change of plan is elearly going to have i important 
implications for the development of the fast reactor. 
The most obvious is the difficulty of coordination which 
is bound to arise between the staff transferred to 
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TNPG and those who stay with the AEA. Members 
of the Engineering Group face a double uncertainty, 
both because their group is in danger of extinction and 
because it is by no means certain what will happen to 
them after the PFR is complete. The AEA intends to 
place two contracts with TNPG for the development 
of the system; one is a management contract for the 
completion of the PFR, under which the AEA will 
reimburse TNPG for the cost of the work and pay a 
fee for management services provided by TNPG, and 
the other will cover subsequent design and develop- 
ment work needed to bring the fast reactor to a state 
for commercial exploitation. 

Those members of staff who do transfer to TNPG 
have been told by the AEA that they cannot expect 
to be re-employed by the authority if anything goes 
wrong with the development of the commercial fast 
reactor. This is in contrast with the original terms of 
employment by the AEA, which provided for redundant 
staff to be re-employed somewhere in the Civil Service. 
Although the AEA maintains a publie attitude of 
confidence in the ability of TNPG to develop the fast 
reaetor, it is unwilling to back this up by offering 
"return tickets" into the AEA to staff who transfer. 

The Institution of Professional Civil Servants, which 
has never approved of Mr Wedgwood Benn's plan, has 
now come up with an alternative programme which it 
believes could rescue the situation. It has suggested 
that Mr Benn should accelerate the formation of the 
Atomic Energy Board, and make it a much stronger 
organization than was envisaged either by the Select 
Committee on Science and Technology or by Mr Benn's 
original statement. The board would have its own fast 
reactor experts, who would let appropriate contracts 
to the two nuclear companies and to the AEA, There 
would be only one design team, which would be part 
of the board, or part of the AEA under the control of 
the board. The IPCS emphasizes that the board would 
have to be strong and technically competent, or control 
of the project would tend to be taken over by a 
proliferation of design offices in the two companies, the 
AEA and the Central Electricity Generating Board. 
The present arrangement will in fact lead to four 
design offices, in the two companies the AEA and the 
CEGB, and the provision of a strong central body 
could help considerably to bring the work together and 
concentrate it. The proposal has at least this to 
commend it; it would be possible for Mr Benn to 
adopt it without loss of face, as the formation of the 
AEB formed part of this original proposal. At the 
same time, the single coordinating and controlling 
board would do something to satisfy those who believe 
that there should be only one nuclear organization in 
Britain. 

Meanwhile, the SGHWR is in limbo, with neither 
nuclear company eager to take it up. Its future rests, 
in fact, with the CEGB; if it shows interest in building 
a commercial SGHWR, one or both of the nuclear 
companies would doubtless tender. But the main hope 
of the SGHWR was in export markets, where it has 
been vigorously promoted by the AEA. If neither of 
the companies is willing to follow this up (and the early 
evidence of export promotion does not inspire con- 
fidence), then the expenditure on the SGHWR system 
is likely to have been wasted. In circumstances like 
these, it is inevitable that there will be a searching 
inquiry when next the nuclear power industry is dis- 
cussed in Parliament. 
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APOLLO PROGRAMME 


from our Astronomy Correspendent 

APOLLO 9, which was launched on February 28, will 
go through the motions of a landing oa the Moon but 
in the comparative safety of an Earth orbit. The 
enterprise involves the first testing m space of the 
lunar module which is to ferry men from the command 
module to the lunar surface and back again. The trials 
include a manned flight of the lunar module on à 
trajectory of the kind planned for the Moon landing. 
The pilot of the lunar module will go outside for two 
hours, and during their 150 orbits o! the Earth the 
three-man crew will have ample practice at shuttling 
between the two spacecraft. 

Most of the activity which makes Apollo 9 NASA's 
busiest manned mission yet is crammed in the first 
five days of the ten-day flight. This :s to ensure that 
as many as possible of the more important tests are 
carried out if the flight has to be cut short. The 
remainder of the mission is as much as anything an 
endurance test to verify that the spacecraft systems-— 
and the men within them-—can last the duration of a 
trip to the Moon and back. 

The first manoeuvre which the three-man crew have 
to carry out begins 2-5 hours after launch, when the 
command module attached to the service module-—a 
22 foot long cylinder containing a rocket motor and 
nuclear equipment—is detached from: the third stage 
of the Saturn launcher. When the separation is about 
50 feet, the command and service medules are turned 
through 180° so that the conical point of the command 
module can fit with the lunar module still attached to 
the third stage, from which the three components of 
Apollo 9 are then separated. The third stage will then 
be sent out of the way into a solar orbit. 

After two days of tests and optimization of the orbit, 
the spacecraft commander James MeDivitt and the 
lunar module pilot Russell Schweickart will visit the 
lunar module through a connecting tunnel, leaving 
behind the pilot of the command module David Scott. 
On the fourth day, MeDivitt and Sel weickart go back 
to the lunar module for more tests and for Schweickart 
to try to transfer to the command module and back via 
the exterior of the coupled spaceersft—a test of the 
procedure for rescuing the crew of «he lunar module. 
The following day, McDivitt and Sehweickart again 
transfer to the lunar module to simalate preparations 
for a descent to the surface of the Moon, followed by 
separation from the command ane service modules 






and a sequence of manoeuvres which will take the lunar 
module to a distance of up to 109 miles from Apollo 9. 
During this phase of the activity, lasting 5-5 hours, 
the intention is that the relative positions of Apollo 9 
and the lunar module should represent a lunar landing. 
Afterwards, MeDivitt and Schweickart will return to 
the command module, the lunar module will be jet- 
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BOTANY 


Plants Threatened 


from our Botany Correspondent 


Extixcr and vanishing animals probably arouse 
much more sympathy than plants in the same situ- 
ation: poaching the Nile crocodile for its skin seems a 
more dastardly crime than indiscriminately picking 
wild orchids. But in many places plants are more 
seriously threatened than the more widely publicized 
animals. Throughout the world many plants are in 
danger of extinction—some have probably never been 
described, so that there are not even any dried speci- 
mens in herbaria. The International Union for Con. 
servation of Nature has taken up the cause and is to 
produce a Hed Data Book of threatened plants, like 
that for animals which lists the species in danger of 
extinction. 

The book is being prepared at the Royal Botanic 
Gardens, Kew, by Dr Ronald Melville of IUCN’s 
Survival Service Commission. He is collecting informa- 
tion, from the literature and from correspondents in 
all parts of the world, about plants which are likely to 
become extinct. Dr Melville estimates that about a 
quarter of a million plants are in this precarious situa- 
tion: the list is clearly going to be very long. 

Apart from collectors and commercial exploiters, 
who have wrought particular havoe with orchids and 
succulents, sometimes reducing wild populations to 
almost nothing, the problem primarily i is the destruc- 
tion of habitats. The situation is particularly serious 
where there is a large proportion of endemic species; 
because they do not grow anywhere else their loss will 
be absolute. The islands of the Pacifie are a case in 
point. Ninety-five per cent of the native flora of the 
Hawaiian archipelago is endemic and many species are 
endangered. The genus Hibiscadelphus, for example, 
once consisted of four species, but now one is extinct, 
two others have been reduced to a single plant each 
and the fourth is only preserved in national parks. 

In the latest issue of Biological Conservation (1, 23 
1969), Dr Melville describes how Philip Island in the 
western Pacific, which was covered in vegetation when 
discovered by Captain Cook in 1774, is now completely 
eroded with only a few plants remaining in the valleys. 
There used to be three endemic plants, but of these 
the Philip Island glory pea, Streblorrhiza speciosa, is 
extinct —last recorded about 1805. In 1967 there were 
a few bushes of Hibiscus, H. insulans, and no plants 
of the grass Agropyron kingianum could be found. The 
situation of endemic species is similar in many parts 
of Africa; Madagascar, for example, has many threat- 
ened plants. 

In Britain the story is less spectacular because there 
are very few endemic species, but there are about three 
hundred rare species, some in grave danger. Cypriped- 
ium calceolus, lady's slipper orchid, is now virtually 
extinct, remaining only in one secret locality. The small 
aquatic plant Elatine h ydropiper. was thought to be 
extinct, but last year it was recorded in Scotland again 
when water levels fell during the fine weather. The 
attractive fern Trichomanes used to be widespread in 
Britain, but is now almost extinct, having been collected 
to excess by overzealous botanists. 

At the Biological Records Centre, Monks Wood, a 
list is in preparation of the sites of the rarest British 
plants, defining as a rarity a species which occurs in 
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Red Data Book | is ae some agaossment vil A Saks 
of the worldwide conservation effort needed. National 
parks and nature reserves will obviously be important, 
as exemplified by Mutomo Hill in Kenya, which has 
been set aside for the preservation of East African 
sueculent plants. Botanic gardens also have an impor- 

tant part to play in providing a a refuge for threatened 
species, and a source of supply and example for com- 
mercial cultivators. Some countries, such as Australia 
and Czechoslovakia, already have strict regulations 
which forbid the picking of certain plants, and British 
botanists are hopeful that the Wild Plants Protection 
Bill will be passed soon. 


FUEL CELLS 


Expensive Optimism 


THERE has been civilized rejoicing this week on both 
sides of the Atlantic about the inventor of the form of 
fuel cell which was carried in the Apollo 8 spacecraft 
just before Christmas. The National Research Develop- 
ment Corporation in London gave a dinner for Mr 
Francis Bacon, whose work it has supported since 
1957. In the United States, Dr T. O. Paine, acting 
administrator of NASA, sent a warm message for the 
occasion. 

The commercial outlook for the patent fuel cell is 
nevertheless still somewhat unclear. On "Tuesday, 
Mr J. C. Duckworth, managing director of the corpora- 
tion, said that commercial organizations would not 
at this stage be able to pursue Mr Bacon's idea for lack 
of the promise of speedy returns. The NRDC is spend- 
ing nearly £200,000 a year on fuel cell work at the 
laboratories of Energy Conversion Ltd at Basingstoke, 
but so far the only commercial applieation has been in 
Apollo. Mr Duckworth was nevertheless optimistie 
about the opening up of the market. He pointed out 
that there were a number of military applications, 
and there is even high hope that private vachts may 
come to value the quietness of fuel cells. 


SATELLITES 


More of the Same 


Wirs the help of NASA, Britain will launch its fourth 
scientific satellite some time in 1971. The Science 
Researeh Council announced this week that it was 
spending about £1 million to build the satellite, called 
UK 4. Once up in its 500 km circular orbit it will 
adopt the name Ariel 4, by analogy with its predeces- 
sors. Like them, UK 4 is an ionospherie satellite, and 
indeed carries three experiments identical with those 
in Ariel 3. The prime contractor for the UK 4 pro- 
gramme will again be British Aircraft Corporation, 
and the electronics will be the responsibilitv of 
GEC-AEI Electronics Ltd. The project will be man- 
aged by the Space Research Management Unit of the 
SRC, with the Royal Aircraft . ;stablishment, Farn- 
borough, as research and development authority. 

UK. d will carry five KA One of them, to 
a BL A not yet w j T he rest. will 
all be familiar to those who have followed the Ariel 
programmes. Professor J. Sayers and his team from 
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the University of Birmingham will again be measuring 
electron densities and electron temperatures. Professor 
T. R. Kaiser from the University of Sheffield will be 
sending up a combined experiment with Mr F. Horner 
from the Radio and Space Research Station, to investi- 
gate VLF radiation and lightning impulses. Professor 
F. G. Smith from Jodrell Bank will also be combining 
with the RSRS in an experiment to measure radio 
noise. All that is missing from Ariel 3 is the experi- 
ment from the Meteorological Office, which studied the 
vertical distribution of molecular oxygen in the 
atmosphere. 

Excluding launching costs, the satellite will cost £1 
million, which is remarkably cheap. This has presum- 
ably been possible because UK 4 will use large amounts 
of material left over from Ariel 3. 
Ariel 3 were built, two of which were used for mech- 
anical and electrical tests, and three of which were 
flight models. As the first launch was a success, two 
were left, over, providing a good opportunity to launch 
UK 4 cheaply. It is à pity, however, that room aboard 
was not found for an experiment from outside a narrow 
circle of British space scientists. Others must be 
beginning to feel left out. 


TELECOMMUNICATIONS 


Whose Monopoly ? 


Tug House of Commons Standing Committee on the 
Post Office Bill is now well into its examination of the 
proposal to establish the GPO as a publie corporation. 
Under the new bill, the postal, telecommunications, 
giro, money remittance and data processing functions 
of the present department are to be run by the new 
publie authority Post Office—while publie savings 
will be hived off into a Department for National Savings 
responsible to the Treasury. A new Ministry of Posts 
and Telecommunications is to be set up, which will 
replace the office of Postmaster-General and will oversee 
the Post Office. The standing committee has been 
meeting regularly since November and so far has 
eovered the abolition of the office of Postmaster- 
General and the transfer of his functions to the new 
ministry. 

Discussion has more recently centred on the extent 
of the monopoly of the Post Office in telecommunica- 
tions, and in particular the attachment to the tele. 
phone system of equipment not belonging to the Post 
Office. The growing practice of data transmission along 
telephone lines, which the GPO is belatedly encourag- 
ing and which depends on terminal units at present 
supplied by the GPO, is particularly affected. But the 
ban applies to all kinds of equipment which could 
conceivably be connected into the system. 

The fear is that badly designed attachments will 
wreak havoe in the telephone system. This question 
has been receiving attention in the United States, 
where the Federal Communications Commission re- 
cently ruled that restrictions imposed by American 
Telephone and Telegraph were unlawful. The doubts 
of telephone engineers have been overcome by attach- 
ing equipment to the system through what amounts 
to a fuse box, rented from the tele ‘phone company 
(Nature, 219, 1097; 1968). 

In Britain, the Postmaster-General, Mr John Stone- 
house, is by and large sticking to his guns. The GPO 
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is seeing to what extent a little more freedom in the 
supply of equipment can be allowed, be saad, but the 
Post Office must have power to control the charac- 
teristics of any equipment attached to the network. 
Nor could the Post Office give up ite responsibility for 
the maintenance, or deterioration woule follow. Never- 
theless, last week Mr Stonehouse did softea his words 
by agreeing that in the past the range of Post Office 
equipment may have been too small. Now there are 
to be discussions with other interested bodies to see 
whether the variety of devices which can be connected 
to the system can be broadened. 

The standing committee has been particularly 
searching in its examination of the monopoly w hich 
the new Post Office will have in the teleeommunications 
field. While the Government's line 's that the bill 
merely transfers the monopoly of the present depart- 
ment to the Post Office, others suspect.an extension of 
the monopoly is involved. Much of the discussion has 
centred over the claim that the new bill does away with 
a restriction in an earlier Act limiting the monopoly to 
frequencies below 3x 10!* Hz, but Mr Stonehouse 
argued that all the new bill does is tc spell out. more 
clearly restrictions which were inheren in earlier legis- 
lation. This is intended to prepare the way tor develo} 2 
ments still in the future. He went ox to make some 
reassuring noises in the direction of the relay services, 
which are anxious not only that the ?ost Office may 
become their principal competitor if present experi- 
ments are successful, but more serious that in future 
the Post Office will be responsible for g: 'anting licences. 
To appease the relay companies, the Government has 
promised that there will be no changes before 1976. 


COMPUTERS 


Competition for Small Users 


For the best part of a decade, people heve been wonder- 
ing when the Philips company would enter the com- 
puter business, and how. The answer came last week, 
when the company launched a series cf desk-size com- 
puters on the markets of nineteen countries. The 
computers, known as the P350 series. are said to be 
successors to the present generation of mechanical and 
electrical office equipment. They are designed for 
invoicing, payrolls, accounting and sanilar activities. 
There are three models in the series, costing £3,000, 
£3,850 and £5,750. Philips claims taat “the perfor- 
mance to cost ratio" of the new computers is several 
times greater than that for electro-mechenical mach- 
ines. The smallest has a store of 200 sixteen digit 
words and the other two have 400 word stores with a 
capacity for extension up to 1.000 words. Although 
one or two small companies have already moved into 
the minicomputer market, it appears that Philips has 
stolen a useful march over its rivale. International 
Computers Limited has no immediate plans for a rival 
machine, and is concentrat ing insteac on a new com- 
puter bureau which is to be opened later this vear 
by its subsidiary, International C omipuser Services, 
National Cash Register is naturally jealous of any 
serious inroad into one of its qu a narkets, and 
Philips is already claiming to have three hundred. 
potential customers on its books. S 
How wil these new machines meet the needs of 
smaller companies for computer time * [CL is hoping 
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that the larger accounting departments will be attrac- 
ted to a computer bureau because of the wide range of 
programs and facilities that such a system can offer, 
while Philips hopes to persuade larger companies to 
split up their departments into smaller and more self. 
contained units. The cost of a P350 computer will be 
much less than that of renting time at a bureau, and 
manv companies satisfied with a modest range of 
accounting facilities will eve the Philips series with 
keen interest. 

An impressive aspect of the new computers is the 
speed of printing. By making the printer move instead 
of the carriage, a print-out rate of 22-5 characters a 
second has been achieved—about three times the 
normal rate. For multiple small caleulations as are 
carried out in accounting, the time of operation is due 
almost entirely to the time taken to print out the 
results, giving this speed particular significance. 


ANALYTICAL CHEMISTRY 


Mail Order Anulysis 


Tue UK Atomie Energy Authority and the Science 
Research Council have set up a small Physico-Chemical 
Measurement Unit to provide industry and the univer- 
sities with a mail order service for the refined analysis 
of organie chemicals. 'Phe unit will operate from the 
Atomic Energy Research Establishment, Harwell, and 
the Atomic Weapons Research Establishment, Alder- 
maston, and will be primarily concerned with the 
spectral and structural analysis of such chemicals as 
pharmaceutieals, polymers, oils, pesticides, waxes and 
plastics. The unit wil be equipped for infrared 
absorption spectroscopy, nuclear magnetic resonance 
spectrometry and organic mass spectrometry. 

The formation of the unit was prompted by the 
recommendation of a committee under Professor G. 
Porter, Director of the Royal Institution, set up to 
determine the best way of making modern analytic 
instruments available to industrial, university and 
government laboratories. Although no more than 
twenty people will be involved, the unit represents a 
further diversification of activities at Harwell. It will 
operate on a normal commercial basis, charging between 
£10 and £20 an hour for obtaining spectral data and a 
further fee for interpretation. This scheme follows 
closely the pattern of the Analytical Research and 
Development Unit established at Harwell in June 1968 
to undertake research and development under contract 
to industry, and the two units are intended to keep in 
close touch. For the time being, the SRC intends to 
foot the running costs of the unit for work carried out 
on behalf of the universities and other SRC users. 
Industry will be charged for the service directly by 
the Atomie Energy Authority. 


INTERNATIONAL MEETINGS 


FEBS Undaunted 


Pouitics are outwardly somewhat quieter in Spain 
just now. The University of Madrid has reopened, 
and plans are going ahead for the sixth meeting of the 
Federation of European Biochemical Societies there in 
April. Some national societies had suggested cancelling 
the meeting and reconvening it in a more liberal 
climate. As reported last week, however, Professors 
H. R. V. Arnstein and S. P. Datta of FEBS visited 
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Madrid. some days ago to see the lie of the land, and 
their opinion is that the meeting should go ahead. 

They have now issued a report of their vi isit, for the 
benefit of their members and for the wider attention 
of scientific societies faced with the intrusion of politics 
into their affairs. As well as making specific comments 
on the current situation in the academic circles of 
Madrid, the report does two things. It stresses that 
FEBS is a non-political organization, with member 
societies in countries of very varied political complexion, 
from Portugal to Bulgaria to Israel. To allow purely 
politieal considerations to affeet the location of meetings 
would, in Professor Arnstein’s words, "set a very 
dangerous precedent" for the future health of the 
society. 

Only the most committed political activists will 
quarrel with this statement, though even for them the 
ethies of the situation are not crystal elear. [t is 
obviously an ambivalent tactic to protest against the 
politics of a country by excluding that country’s 
scientists from the international commerce of ideas. 
It is much the same as not eating South African 
oranges or not taking holidays in Greece— your actions 
tend to harm most those vou most want to help. 
A biochemist who is boycotting the FEBS meeting 
countered this piece of liberal revisionism earlier in the 
week by referring to the propaganda use the Hitler 
regime made of scientific meetings held in its territory. 

The report's second concern is to frame criteria for 
the practicability of a scientific meeting in delicate 
political eonditions. The report suggests the following 
principles as neeessary and sufficient guarantees: 
(1) Freedom for all foreign participants to enter and 
leave the country; (2) complet e freedom of speech on 
scientific matters at the meeting—political, religious or 
racial questions should not be discussed at official 
sessions; (3) freedom of movement in the city where 
the meeting i$ being held, both for foreigners and for 
participant citizens of the host country. 

The Spanish authorities have apparently guaranteed 
these three conditions for the FEBS meeting, though a 
politically active German biochemist said this week 
that he had qualms about the safety of scientific visitors 
in Madrid just now. Foreigners have been arrested 
for expressing with some forthrightness i in publie even 
the mildest liberal sentiments. 

On the surface, Spanish polities are calmer, and 
April is unlikely to see the elders of European bio- 
chemistry, convened in an island of calm in Madrid 
University, manfully running through the minutiae of 
their subjeet in the midst of a sereaming mob. But 
there are signs of intense underground activity. Several 
academics at the Universities of Madrid and. Barcelona 
have been imprisoned or exiled to remote parts of 
Spain. The case of one exiled Madrid intellectual is 
being taken up with the Spanish Embassy by Lord 
Robbins, Sir Karl Popper and Maurice € ‘ranston of 
LSE. 

It is difficult to assess the nature of the student 
activity that was the immediate cause of the closure 
of Madrid and Barcelona Universities. “Oh, trouble 
just like your LSE”, said a gently regretful voice at 
the Spanish Embassy this week, though observers here 
find this unlikely. The Spanish authorities have 
perhaps most reason to be worried by the rapid growth 
of underground workers’ committees in the industrial 
cities. Genuine trade unions have been illegal in 
Spain for thirty vears and, whether in consequence or 


NATURE, VOL. 221, MARCH 1. 1969 


not, the average per capita income in Spain is only 
about £270 in spite of a fairly fast economie growth 
for several years now. So far, the attempts to suppress 
these committees have served to unify their members, 
whose sympathies range from Christian socialism to 
Trotskyite communism and anarchism. 


CONTINENTAL SHELVES 


More Coust—More Sea Bed? 


Bv eleven votes to six, the International Court of 
Justice at the Hague has recognized that West Ger- 
nany's concave coastline puts her at a disadvantage 
compared with the Netherlands and Denmark when the 
North Sea continental shelf is divided up geometri- 
cally, according to principles defined at the 1958 
Geneva Convention, and has ruled that the boundaries 
should be redrawn by agreement between the countries, 
taking into account faetors such as the length of the 
coastlines. 

The dispute between Germany and her neighbours 
has been simmering since 1958 when the Geneva Con- 
vention made a ruling that lines drawn perpendicular to 
the coast should delimit the areas of continental shelf 
belonging to each eountry. As the map shows, this 
kind of division is unfavourable to Germany, and the 
International Court, delivering judgment on Germany's 
claim for a bigger area, held that such geometrical 
division is not a rule of customary international law 
and that the area must be partitioned according to 
"equitable" principles. Each country has "an original 
right to those areas of the continental shelves which 
constitute the natural prolongation of each nation's 
territory into and under the sea", but other factors such 
as usage of the ocean and the capability of a country to 
exploit the sea bed should be considered. 

As well as establishing an interesting legal prece- 
dent—this is the first case of its kind to be brought 
before the International Court—this decision may have 
industrial repereussions. International oil and gas 
exploration companies operating in the United King- 
dom sector and with concessions in the Dutch area may 
be affected by the pending boundary changes. British 
Petroleum Ltd has two blocks almost on the median 
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line dividing the German and Dutch sectors, and this 
may cause some argument, although cencessions that. 
have already been granted in transferred areas are 
usually automatically recognized. The verdict is also 
likely to initiate litigation in other offshore oil and gas 
exploration areas, such as the Persian Gulf where the 
boundaries are in dispute. 

Although the law of the continental shelf has to some 
extent been clarified by the Geneva Convention, which 
is intended to be a declaration of customary inter- 
national law on the subject, it is still, ‘ike the law of 
outer space, somewhat breathlessly trying to keep pace 
with technology. The continental shelf, for example, 
has been defined as the sea bed adjacent to the coast to 
a depth of 200 metres or “to where the depth of the 
superadjacent water admits the exploitation of the 
natural resources of such areas" so that lawyers are 
now trying to get international agreement on a law for 
the exploitation of the deep seas to avoid a situation 
where the world's oceans are divided up between coun- 
tries with the technological expertise to explore the 
sea bed at progressively deeper levels. 

Since the General Assembly in 1967, when the 
Maltese delegation first suggested that the sea bed 
beyond the limits of national jurisdiction should be 
reserved for peaceful purposes and its resources used in 
the interests of all mankind, the United Nations has 
been considering the problems involved. A committee 
was set up in 1967 to consider whether the ocean floor 
should be reserved for peaceful activities and what 
exactly the resources of the ocean floor may be, and this 
reported to the General Assembly last year. A perma- 
nent committee has now been set up to consider the 
report and to discuss, among other things, the possi- 
bility of setting up a permanent international body 
with complete jurisdiction over the sea floer. 


ENERGY 


Lust Hope for Coal 


Tue British coal industry has the very best of imeen- 
tives for technological change. Without it, it is doomed 
to play the part of a poor relation, supplanted by the 
glamour of nuclear power, oil and even gas. One of the 
more substantial straws at which the industry has been 
clutching is provided by a new method of burning coal 
which is under development in a number of centres in 
Britain and the United States. The new method offers 
better heat efficiency at a much lower cest than con- 
ventional coal boilers, and it is by no means hard to 
see it as coal’s last chance of retaining a part of the 
electricity generation market. 

Instead of burning coal in a solid grate, the new 
method makes use of a bed of ash, turned into a fluid 
by air flowing upwards through it. (The principle is 
exactly that demonstrated to generations of school. 
children at the Royal Institution by Sir Lawrence 
Bragg. A rubber duck is immersed in a barrel of sand, 
while a steel ball-bearing rests on the surface: air is 
blown through the sand, giving it the properties of a 
fluid, and the ball-bearing sinks while the duck floats 
to the surface.) Into the bed of ash is injected finely 
divided coal, which disperses rapidly through the 
bed as it burns in the stream of air. The heat generated 
is extracted by boiler tubes which pass through the bed 
itself, an arrangement which gives very high heat 
extraction rates and keeps the temperature down to 
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about 7007-800? C. At this temperature, the ash does 
not form solid lumps of clinker, but remains in the 
finely divided form which is essential for the formation 
of the fluidized bed. Because the bed is almost 95 per 
cent ash and only 5 per cent coal, very poor grades of 
coal with a high ash content can be used, and coal 
preparation eosts can be minimized. "The high heat 
extraetion rates mean great reductions in boiler size, 
and because the temperature is comparatively low, 
fouling and corrosion of the boiler tubes should be 
slight. 

Even greater economies are possible if the entire 
boiler is operated at high pressure, and work at the 
British Coal Utilization Research Association is directed 
at developing this concept. Even further reduction of 
the boiler size is possible (down to 1/20 the size of 
conventional boilers), and the exhaust gases, after 
cleaning, are used to drive a gas turbine. By the end 
of this year the staff at BCURA hopes to have precise 
caleulations of the costs of a 140 MW unit, in which 
20 MW would be generated by a gas turbine and the 
rest by a steam turbine. Much depends on how 
effieiently the exhaust gases can be cleaned before 
they enter the gas turbine, and the test programme at 
BCURA includes the construction of a pressurized 
boiler whose exhaust will impinge on Nimonic turbine 
blades to gain information about rates of erosion, 
corrosion and deposition. The hope is that the low 
combustion temperature will minimize the amount of 
corrosive alkali metal compounds in the exhaust gases. 

Another test rig at BCURA uses a second fluidized 
bed in series with the first, vertically above it in the 
boiler. The function of this bed is to act as a heat 
exchanger, because some further method of extracting 
heat is needed: the primary bed extracts only 50-60 
per cent of the heat available. The second bed, operat- 
mg at a lower temperature than the first—around 
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260" C—Twould also act as a trap to prevent carry-over 
of particles, and with suitable additions it could be 
used as a means of removing sulphur from the exhaust. 

The staff at BCURA is well aware that time is running 
out. “The time-scale must be short," says Mr A. G. 
Roberts, who is responsible for the test facility. If 
fluidized bed combustion is not realized commercially 
within five to ten years, it will be too late. But if all 
goes well, BCURA sees opportunities in industrial 
scale plant as well as in the export market. At the 
moment, nobody really believes that the Central 
Electricity Generating Board can be swayed from its 
devotion to nuclear plants; equally, nobody is admit- 
ting this publicly, least of all Lord Robens. 

Meanwhile, BCURA is to regularize its relationship 
with the National Coal Board by becoming a wholly 
owned subsidiary. It will still, however, undertake work 
for industry on a contract basis, and is now actively 
looking for work of this sort. Although the laboratory 
knows most about coal, it has gathered over the vears a 
great deal of experience in combustion, high tempera- 
ture technology, automatic control, and the character- 
ization and handling of solids. 


STEEL RESEARCH 


Change Round at BISRA 


SIR CHARLES GOODEVE, who retires this week as 
director of the British Iron and Steel Research Asso- 
ciation, can look back on an enviable record. BISRA 
is à thoroughly good organization and Sir Charles, 
who has been director since 1945, deserves a good 
deal of the eredit. Unlike other research associations, 
BISRA has never allowed “collaborative research" to 
be a synonym for mundane investigations of members’ 
problems. BISRA does its share of trouble-shooting, 
but at the same time it has managed to undertake 
ambitious and far-reaching research programmes, and 
this in an industry not noted for its willingness to 
innovate. 

Two of the important investigations in progress 
illustrate this well The Ironmaking Division, with 
support from the Physics Department, is working on 
the eontinuous production of iron direct from the ore, 
using a tube-shaped furnace rotating at high speed. 
In effect, the furnace is a cylinder tilted at about 5° 
from the horizontal, and rotating about its axis. Iron 
ore, coal and oxygen are fed in at the upper end of the 
evlinder, and react as they flow down the furnace to 
the lower end. Coal is used as a cheap reducing agent, 
and reacts (as carbon) with the ore to produce iron 
and carbon monoxide. The heat for the furnace is 
supplied by the reaction of the carbon monoxide with 
oxygen to produce carbon dioxide. A similar process, 
developed in Sweden, suffered from excessive refrac- 
tory wear because the inner surface of the furnace was 
constantly wetted by the flow of molten iron ore. 
BISRA is attempting to get round this difficulty by 
the bold expedient of rotating the furnace fast enough 
for it to behave as a centrifuge, with the heaviest 
constituent, iron, thrown to the outer layer. The hope 
is that the iron, by forming a laver over the refractory 
surface, will protect it from liquid iron ore. The chief 
doubt is whether the heat transfer from the hot gas 
core of the furnace to the solid reactants at the peri- 
meter will be sufficient to maintain the reaction. To 
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determine this, it was decided that a prototype plant 
was essential, and one is being built at the Tees- 
side laboratories of BISRA. 

Another investigation equally wide in its scope is 
being carried out at the Swansea laboratory and is 
aimed at the direct production of thin steel strip from 
powder. The cost of producing thin strip is very high, 
and the opportunities for reducing costs of conventional 
processes are not good. The thinner the strip, the more 
it costs to produce, which means that there are sub- 
stantial opportunities for new processes. The one 
BISRA is investigating uses a mixture of iron powder 
and binder, which is coated on to a temporary sub- 
strate before passing through rolls to form a compact. 
The binder is removed by a flash heat treatment, 
which also partly, sinters the strip. A second pass 
through rolls and another heat treatment follow, and 
the finishing touches may be applied either by planish- 
ing or temper rolling. So far, the experimental plant 
has produced strip which compares closely with con- 
ventional strip in properties, though to be economical 
the process needs to be operated at high speeds. If 
this can be done, the powder strip might be able to 
compete with conventional strip in the production of 
tinplate. A more immediate prospect seems likely to 
be the production of stainless steel strip, and the pilot 
produetion line is now producing rolls for evaluation 
by customers. 

Since nationalization of the steel industry, BISRA 
has also been known as the Inter-Group Laboratories 
of the British Steel Corporation, which should ensure 
that it continues to have an important part to play in 
the future. The new director, Dr R. S. Barnes, pre- 
viously head of the Metallurgy Department at AERE, 
Harwell, takes over today (March 1). 


SCOTTISH ASTRONOMY 


Astronomer Royal Reports 


from our Astronomy Correspondent 


Tue predicament which prompts British observational 
astronomers to seek sites overseas is neatly summed 
up by the Astronomer Royal for Scotland, Professor 
H. A. Briick, in his report for the year ending March 31, 
1968. “With 77 nights suitable for photometric work, 
observing conditions on Blackford Hill have been 
above average during the past year.” Blackford Hill, 
on the outskirts of Edinburgh, has been the site of the 
Royal Observatory of Scotland since 1895, when the 
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be one explanation of the emphasis on instrumentation 
at Edinburgh, which has recently seen the introduction 
of a computer at Blackford Hill and the development 
of an automatic measuring machine called Galaxy 
which will speed the analysis of plates exposed in the 
observatory's Schmidt telescopes. The Astronomer 
Royal for Scotland also reports work on the electronics 
of the twin 16 inch telescope at. Edinburgh to prepare 
it for full on-line control, together with completion of 
the control system and of a three channel photometer 
with a computer output. Much of the researeh effort 
has been devoted to a study of the part played by dust 
in the galaxy, ineluding observations of stars embedded 
in circumstellar clouds of dust and work on the grains 
of the interstellar medium. The report also records 
the completion of a new extension at Blackford Hill 
containing laboratories, workshops, offices and a new 
20 inch telescope. But in view of the observatory * 
location in the poor climate of Britam and only a 
few miles from the centre of a major city, it is worth 
asking whether more of the facilities at Edinburgh 
ought not to be moved to Italy. 


PLANNING 


Campus in Bloomsbury 


from our Planning Correspondent 


A LAST-MINUTE attempt to frustrate London Uni. 
versity’s plan to demolish the Georgian houses in 
Woburn Square in Bloomsbury eame to nothing last 
week when, at an extraordinary meeting of Convoca- 
tion, a motion calling on the university to “halt the 
imminent demolition" of the square, and to "prepare 
new plans that will preserve at least the faeades and 
the gardens", was defeated by 301 votes to 281. The 
university’s plan is to replace the square with a new 
building designed by Denys Lasdun, part of the com- 
prehensive outline scheme prepared is 1959 by Sir 
Leslie Martin for the development of the university 
precinct—a 35 acre site between the Eritish Museum 
and Euston Road. The new building involves the com- 
plete rebuilding of the eastern side of Woburn Square 
to rehouse the Institute of Education, which has long 
since outgrown its accommodation in Senate House. 
There will also be an extension to the School of Oriental 
and African Studies. 

The decision of Convocation, the university's grad- 
uate body, now means that the University Court can 
go ahead with the rebuilding. Money :s available for 
the start of the development—some £25 million over 
the next two financial years. Final planuing permission 
was obtained from the Greater London Council last 
year. There is only one snag, about which the university 
is not unduly worried—permission for the closure of 
Woburn Square to traffic has still to come from the 
Ministry of Transport. Ifthe objectors nave their way, 
there could be a public inquiry which could delay the 
start of the rebuilding, although prooably not the 
demolition. 
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Woburn Square, London. A photograph taken in August 1968, 


At the time of the release of the Martin plan in 1959, 
there was no formal protest either from the amenity 
bodies or from Convocation. The Lasdun plans them- 
selves have been detailed since 1960. Late in the day, 
a group of university teachers backed by more than 
1,000 students was organized to collect the signatures 
of fifty graduates needed for an extraordinary meeting 
of Convocation. They were supported by Sir John 
Summerson, the expert on Georgian architecture, and 


the joint committee of the Society for the Protection of 


Ancient Buildings, the Georgian Group and the Vic- 
torian Society. The arguments at the meeting last 
week were based on the architectural merit of the 
square. Although nobody criticized the intrinsie merit 
of the Lasdun design, it was argued that the square is 
one of the few remaining Georgian squares in Blooms- 
bury, and that it should be save 'ed by rebuilding behind 
the present facades. It was argued that the preserva- 
tion of architecturally significant areas has become 
easier in the ten years since the Martin plan was pub- 
lished, chiefly because of the Civie Amenities Act and 
the latest Town and Countrv Planning Act. 

It is questionable whether the university would 
really have had to alter its plans if Convocation had 
voted the other way. The protest in any case came too 
late, but it did at least succeed in bringing several 
hundred members of Convocation together for a dis- 
cussion of a subject that is becoming increasingly more 
important. Certainly the university will have to think 
more carefully about its future plans for expansion in 
Bloomsbury. It may even be persuaded that there is 
a case for moving the administration out of central 
London. Like many local authorities, it will certainly 
have to look very carefully at the re-usability of old 
buildings—a subject about which there is still much to 
learn. While the university pleaded last week that the 
refurbishing of the existing houses in Woburn Square 
would only have provided about a third of the room " 
the Lasdun buildings, there seems to be no clea 
reason why the houses should not have been sated 
for some of the accommodation so desperately needed 


by the two institutes. 
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Chemical and Biological Warfare 


THe Federal German Government supports research 
into protective measures against biological and chemical 
warfare. Mr Michael Stewart, Secretary of State for 
Foreign Affairs, confirming this, said he had no reason 


to believe that any manufacture of weapons was 
involved so that there was no breach of the 1954 
Brussels Treaty. Mr Stewart rejected a suggestion 


that the British Government should unilaterally adopt 
the proposals on che mem and biological disarmament 
put forward at the Geneva conference last vear—his 
aim was for multilateral action by internat ional agree- 
ment, he said. (Written answer, February 17.) 


Civil Service 


Mrs JvprrH Harr, the Paymaster General, produced 
a list of figures giving the number of qualified scientists 
and engineers e mployed i in government research labora- 

tories at the beginning of 1969. There are 182 in the 
toad Research Laboratory, 488 in the Ministry of 
Agriculture, Fisheries and Food, 1.425 in the Ministry 
of Defence and 1,900 in the Ministry of Technology 
laboratories. (Written answer, February 17.) | 


Gas Centrifuge 

THe Prime Minister declared himself unworried that 
the collaboration between the British, German and 
Duteh Governments on the use of the gas centrifuge 
process for uranium enrichment could lead to the 
proliferation of nuclear weapons. He added that the 
Ministers of Technology and Foreign Affairs have been 
working closely toge ‘ther on this deve ‘lopment and that 
he himself had been very much concerned with it 
since he had learned "two vears ago" of the British 
breakthrough in making the process che aper. (Oral 
answer, February 18.) 


Space Activities 

SCIENTIFIC research in space is the responsibility of 
the Department of Education and Science and, despite 
the existence of a new space division set up by the 
Ministry of Technology, the Prime Minister sees no 
reason to transfer the responsibility. He thought it 
right that "celestial activities are related to terrestrial 
responsibilities of Ministers" and that pure research 
in space should be controlled by the minister respon- 
sible for research councils. (Oral answer, February 20.) 


Concorde 

REPLYING to questions about the technical reasons 
for the delay in the Concorde project, the Minister of 
Technology, Mr A. Wedgwood Benn, said that the 
areas in which difficulties occurred included the air 
conditioning system, the droop-nose mechanism, the 
electrical generating system, the gas turbine starter, 
the inertial navigation system, the landing gear and 
braking system and the powered flying control system. 
The setback to the target date for airline service, 
which is now 1973, was caused partly by delays to the 
prototypes and partly by a reassessment of the time- 
scale allowing for the introduction of design changes. 
(Written answer, February 20.) 
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NORTH AMERICA 





Tue study of graduate education which the National 
Science Board has carried out (see following page) is 
bound to have a powerful influence on the development 
in the United States of publie policy on academic 
research. Even if the Administration takes no notice 
of what the board has said, things will never be quite 
the same again. Through the National Sciences Founda- 
tion, the National Science Board is the manager of 
roughly $500 million a vear, much of which is spent on 
research grants. Its procedures for allocating money 
by the decisions of interlocking committees of scientists 
command respect and have become models for grant- 
giving in other agencies of the Federal Government. 
If the National Science Board should itself complain 
of defects in the present system, people will have to 
listen. As luck will have it, the new Administration 
is probably in a mood to listen well. 

To begin with, it is only proper to acknowledge that 
the defects in the present system to which the board 
has drawn attention will not everywhere be recognized 
as such. The dissenting views which accompany the 
board’s report are a sufficient proof of that. It is, 
however, hard to see how there can be serious objec- 
tions to the proposal that some means should be found 
of financing separately the overhead component which 
is at present an essential part of the award of a research 
grant. This practice may have been sensible enough 
when research money was a much smaller proportion 
of the budget of typical universities than it has become, 
but now there is plenty of evidence that many univer- 
sities have become unwisely reliant on the research 
overheads for the general conduct of their affairs. 
(1t would be interesting to know how many institutions 


would be compelled to abandon plans for libraries of 


computing centres if overhead payments were scrapped 
tomorrow.) As the dependence of American universi- 
ties on the overhead component has grown up in the 
past few years, it has been something of a surprise 
that more of them were not more alarmed than they 
have been about the threat to university autonomy 
which the practice entails. To be sure, direct Federal 
support for institutions engaged in graduate education 
would also have its dace. but as things are, the 
potential advantages are much more powerful. 

Most controversy about the National Science Board's 
proposals will inevitably centre on the suggestion that 
there should be Federal grants to selected university 
departments on a scale sufficient not merel v to cover 
the cost of continuing expenses such as those of long- 
term research programmes but also generous enough 
to pay the stipends of the graduate students. Many 
of the advantages of the scheme are clear. It would, 
for example, then be much easier to encourage the 
development of new graduate schools, and there is 
plenty of evidence in the statisties which the board has 


How fo Spend Money and Win Influence 


assembled that growth in the next few yesrs vill have 
to take place mainl y at the institutions which are now 
among the most excellent and thus most able to com- 
pete for funds under the present system. There 
would also be great benefits in continuing support 
for some of the university departments in Helds where 
the competition for grants is necessarily somewhat 
artificial—mathematics is a good example. By the 
same test, there is a strong case for Federal support 
for items of equipment—radio telescopes, for example— 
without a detailed specification in advance ef how they 
will be used. To be sure, a great many departments 
will be uneasy at the prospect of competing—and per- 
haps losing—in some national competition fer funds like 
these, but the National Science Board's cass is strong. 

It is less certain that it would be wise to mcelude 
stipends for graduate students in the departmental 
grants. This proposal would probably endow the 
departments with too much patronage. It would 
probably be preferable that grants should be made 
individually to students, possibly by another agency 
than that responsible for departmental grants. If 
anything, that solution should help to encourage the 
kind of diversity the National Science Bogrd would 
like to see. 

What does all this mean for 
tion? The first thing to be said is that the National 
Science Board has made an overwhelming case that 
graduate education should be regarded as æ national 
responsibility which the Federal Governmert cannot 
shirk. The problem is to decide which agencies should 
be responsible for administering these funds and what 
mechanisms there should be for making wise decisions 
about their allocation. The National Science Board 
is less than convincing in its proposals for administra 
tive change, in part at least because it has shrunk ‘rom 
recognizing that its proposals amount to a demand that 
the Federal Government should accept continuing 
Papon Ley i eanceuon as 8 ee : Bod d be 
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dépás iantel pianta. were divided - among dod 
agencies. The best solution would be to make the 
Office of Higher Education responsible for insticutienal 
support and to channel funds for the depastments, 
for students and for research grants through the 
National Science Foundation and such aralogous 
organization as may be needed in other fields. The 
board has also taken less seriously than it should 
have done the problems which at present arise secaase 
several different agencies share responsibility for grant- 
giving. Even if graduate schools could rely on s direct 
subvention of their overhead costs, so that the com- 
petition for research grants would be less frenetic. it 
would still be anomalous that agencies such as NASA 
and AEC should have such a decisive influence. 
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Boom Ahead for Graduate Education 


THe draft, the Students for a Democratic Society and 
cannabis permitting, the graduate schools are likely 
to be the most rapidly growing parts of the educational 
system in the United States during the vears ahead. 
The scale of the expansion which is in prospect and the 
problems whieh it will ereate have now been well 
deseribed in two reports published by the National 
Science Board—the board of trustees of the National 
Science Foundation, which has only now joined. the 
throng of organizations in W ashington giving publie 
advice on matters of public poliey. The board’s recom- 
mendations are based on a study carried out by Dr 
Lawton M. Hartman (Graduate Education — Parameters 
for Public Policy, US Government Printing Office, 
$1.25). The views of the board, together with some 
dissenting opinions, are published as Toward a Public 
Policy for Graduate Education in the Sciences (US 
Government Printing Office, 40 cents). 

The most striking part of the National Science 
Board's first essay into publie policy is the series of 
far-reaching recommendations about the involvement 
of the Federal Government in university development 
and the support of scientific research. If these are 
accepted by the new administration, and if they do 
not raise too many hackles in Congress, the result 
could be a radieal reshaping of the government's 
relationship with academic science. 

The National Science Board is eloquent to the point 
of being flowery about the importance of graduate 
teaching. “American civilization is increasingly de- 
pendent on the institutions and the products of graduate 
education”, for example. It does, however, effectively 
marshal the evidence of rapid growth and increasing 
cost which Dr Hartman’s survey has assembled. It 
does not shrink from the difficulties which rapid growth 
will create, but says that graduate education is not 
just a nuisance but a virtue, The report says that 
only by this means can an increasing proportion of the 
United States population be provided with full educa- 
tional opportunity, that graduate education is the only 
means of making full use of scientific and engineering 
resources and that it will also determine “the contribu- 
tion of American science and engineering to human 
welfare throughout the world". 

Although the National Science Board has some 
homilies for the universities and for state and local 
governments, most of what it has to say is addressed 
to the Federal Government. The board asks that 
Washington should recognize that “it is in the national 
interest that there shall be colleges and universities in 
all regions of the nation that maintain programmes 
of high quality in graduate education . . ." 

The board is critical of some features of the means 
by which the Federal Government has so far endowed 
university research, Although recognizing the successes 
of the past few decades, the report | SAYS that the finan- 
cial support of research has been “largely unrelated 
in concept to graduate education”, with the result that 
the universities have been forced to compete for funds 
with verv different kinds of institutions—industrial 
laboratories, non- profit-making institutions and even 
government organizations. 

The board is also worried by the danger that increased 
support of research by mission- oriented agencies could 


distort the pattern of graduate education—and also 
create unwarrantable stresses at times when agencies 
cut back on spending. The board also regrets the w ay 
in which the present system necessarily bolsters up 
the institutions which are already strong, and it 
considers that the dependence of university salaries on 
research grants “has had the effect of eroding faculty 
loyalties to the institution”. By the same token, the 
making of research grants by bodies external to the 
universities may make it hard for students to follow 
their inelinations in research even though the board 
acknowledges that the practice also makes sure that 
they have practical experience of useful fields of 
work. 

The board asks that there should be six separate 
programmes of Federal support for graduate education. 

First, it asks that there should be "Institutional 
Sustaining Grants" designed to provide a financial 
platform for institutions engaged on graduate educa- 
tion. The board's objective is to make direct payments 
for the sums of money which are at present collected 
as overhead components in research grants from 
Federal agencies. It singles out for separate mention 
the summer salaries of academie staffs, although it 
says that senior research workers engaged almost 
exclusively on research projects should continue to be 
paid through grants or contracts. The idea is that the 
amount of this payment to an institution should be 
calculated by a formula linking not merely the size and 
specialty of graduate schools but their quality as well. 

Second, the board would like to see a system of 
“Departmental Sustaining Grants” designed to provide 
a measure of long-term support for those departments 
which, by some form of competition with their rivals, 
were able to demonstrate their competence and even 
excellence. The board considers that this method of 
financing would be especially important for such de- 
partments as those in mathematics, where salaries 
necessarily play an important part in total costs. This 
grant would cover the Federal contribution to students’ 
stipends, costs of special equipment, the needs of m 
investigators newly appointed to the faculties and the 
costs of continuing programmes of research which 
promise to enhance the standing of the departments. 

To help with the development of selected graduate 
schools, the board would like to see a “substantial” 
programme of development grants intended to help 

"emerging" institutions and to win some of the 
economies of scale revealed by the statisties which have 
been assembled. Although these grants would be 
awarded, in the board's view, by national competition, 
it suggests that they would be a convenient instrument 
for influencing the geographical distribution of graduate 
schools. In much the same vein, the fourth recom- 
mendation is for a system of ' ‘Graduate Facilities 
Grants" to help build such things as specialized 
libraries or computer centres. 

On the assumption that the Federal contribution 
towards the stipends of graduate students would be 
absorbed in departmental grants, the board looks to 
a system in which € Graduate Fellow ships would be 
awarded to between one and two per cent of the total 
graduate carole chiefly so as s to single out odes tally 
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like to see the several Federal agencies continue to 
award research grants (overheads not included), and 
there is nothing in the report to suggest that the 
National Science Board wishes to see the number of 
grant-giving agencies reduced. 

To judge from the dissenting opinions of five mem- 
bers of the board, the most controversial of these 
proposals—at least for scientists—will be the recom- 
mendations on Departmental Sustaining Grants. All 
the dissenters argue that there are inherent virtues in 
the system of project grants by which the proposals 
of investigators are sc rutinized by colleagues, usually 
competitors as well, while some of the dissenters fear 
that a centralized system would also be slow to respond 
to the need for change. 

Dr Hartman’s study : suggests that graduate education 
in the United States is still on the steeply rising part 
ofa growth curve. The population of graduate students 
is expected to double between now ‘and 1980, which 
implies the need to provide accommodation and 
equipment for an extra 700,000 graduate students. The 
report points out that this increase is actually greater 
than the total enrolment in American universities 
and colleges in the mid-twenties. The report refrains 
from comparisons with countries elsewhere, but it is a 
salutary fact that the number of postgraduate students 
at British universities at the end of 1966 amounted 
to 13,000, of whom 47 per cent were working in the 
sciences. Although this figure does not include the 
large numbers of people working at colleges of educa- 
tion, it is a vivid reminder of the difference of scale 
between the two countries. Another indicator of the 
speed of growth of graduate studies in the United 
States is the ratio of under graduates and graduates in 
the younger population in the United States. The rate 
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of graduation from high schools has reached 77 
per cent, and there are now 43 undergraduates at 
colleges and universities for every 100 of the population 
between 18 and 21. The graduate population is at 
present 12 per cent of the undergr aduate population. 
and is expected to inerease by 1976 to 14 per cent 
of what will be by then a proportionately still larger 
undergraduate population, no less than half the size 
of the. age groups at risk. 

Although the surveys which have been carried out 
provide plenty of evidence that growth will continuc 
well into the seventies, the forward prejections are 
based on the assumption that rates of growth in the 
educational system as a whole were faster in the early 
sixties than they will be in the next few years. In 
the period 1961-65, the graduate population was 
increasing at more than 10 per cent a year, compared 
with just under 9 per cent a year for the undergraduate 
population and 4 per cent a vear for the age groups 
18-21. By the late seventies, Dr Hartman estimates 
that the rate of growth of the graduate population 
will have declined to less than 4 per cent a vear, but 
that it will still be greater than the rate of growth 
of the undergraduate population of universities anc 
colleges. 

Dr Hartman has no doubt of the availabilty of bright 
people to fill the growing graduate schools in the next 
few years, and he points out that the average PhD 
graduate scores 130 on the Army General Classification 
T est, from which it can be calculated that the number 
of people at present receiving doctorates is only 1-2 
per cent of the section of the population whie hh. by 
army standards at least, seems suitably endowed, 


Table 1. MEDIAN TIME BETWEEN BACHELOR'S DEGREE 


AND PHD, 1964-66 


6-3 years 
73 years 
8.0 years 
90-5 years 
10-8 vears 
15-8 years 
8.98 years 


Physical sciences 
Biological sciences 
Social sciences 

Arts and humanities 
Professional 
Education 

AU fields 


In the first few years of this decade, the median 
length of time spent on winning a PhD degres seems to 
have fluctuated between 8-2 and 8-8 years. The physi- 

cal sciences seemed to be producing PhD de grees most 
quickly, with a median interval between bachelor’s 
degree and PhD of 6-6 years. The corresponding inter- 
vals of time for other fields of study are shown in 
Table 1. One striking feature of Dr Hartman's analysis 
is that the median length of time spent on a PhD 
course amounts onlv to 5-4 vears when both degrees 
are obtained at the same institution but to no less han 
11-8 years for those students who obtain their first 
degree at one institution, a master's degre ee at à second 
and a PhD at vet a third. 

The survey which the National Science Board e 
commissioned also ventures on the tric ‘ky task 
ranking institutions awarding graduate degrees p 
quality. Dr Hartman's method of doing this is based 
on a study of graduate institutions carried out in 1966 
by Dr A. M. Cartter. No doubt for the sake of peace 
and quiet, few details have been given of the method 
of determining quality, so that there will be no 
means by which institutions or their enenxes can 
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discover from the report who has obtained what grades. 

Nobody will be surprised that there is a marked 
correlation between the quality of an institution and 
the amount which it receives from the Federal Govern- 
ment by way of grants for academic research and 
development. In the early sixties, the median grant to 
the best institutions amounted to close on $23 million 
a year, falling away to rather less than $1 million a 
year at the other end of the quality scale. It is also 
unsurprising that fellowship awards from the National 
Science Foundation and other bodies should have 
tended to be made preferentially to students from the 
better institutions. In the fifteen years from 1952 to 
1964, the median proportion of successes in applica- 
tions for fellowships was 0-360 at grade À institutions 
and 0-197 at grade G institutions, with a regular 
deerease in between. Continumg this 
how largesse tends to improve the condition of those 
who are alr eady reasonably well off, the survey shows 
that, in science and engineering, members of the 
graduate faculties at grade A institutions were able to 
obtain for their students & median of 0-429 doctoral 
awards—-a ratio which falls steadily down the grades 
to 0-133 in grade G. 

The institutions awarding graduate degrees seem to 
be readily distinguishable from each other bv their 
internal structure, One striking variable is the per- 
centage of full professors in the ‘faculty, which ranges 
monotonically from 42 per cent at grade A institutions 
to 28 per cent at grade G institutions. In the same way, 
there seems to be a steadv decline of median salary 
with grade, at least for the higher ranking academics. 
In 1967-68, the median salary of full professors was 
greater than $19,000 at grade A institutions and just 
under $14,000 at grade G institutions. In the lower 

ranks, however, institutions in all seven grades used 

in the surv ey seem to have paid median. salaries of 
$8,000. to instructors and $10,000 to assistant pro- 
fessors. 

A part of the objective of this painstaking analysis 
is to ealeulate the cost of improving the quality of 
graduate institutions. The nub of the conclusion is that 
promotion of a grade B institution to a grade A 
institution works out at $550,000, spread out over 10 
vears, for each unit of annual PhD production. Judged 
by this criterion, it seems to be more economic al to 
promote the quality of institutions of intermediate 
quality than to improve those at the bottom. Dr 
Hartman estimates that the vears ahcad will, however. 
see a considerable growth in the inte rmediate institu- 
tions, with the result that the grade A institutions will 
be producing 19-8 per cent “of all PhD graduates 
compared with 32-4 per cent in 1964-65. 

The report is splendidly explicit about the cost of 
graduate education and about the likelihood. that it 
will ae even more b eua than it is at DICH 
mba oir seems p h ave bon $2. 840, divided. Pouchiv 
three to two for instruction and research. By 1965, 
the total eost had grown to $7,280 à vear per student, 
with research and instruction almost equally costly. 
By 1981, the projection goos, research will account for 

$9,700 in a total cost of $16,900. By that time, the 
cost of graduate education will amount to 1-39 per cent 
GNP (compared with 0-74 per cent at prese nt) 





of the GN 
even if the GNP itself keeps on increasing at 5-4 per 
cent à vear. 


deseription of 


NATURE, VOL. 221, MARCH 1. 1969 


UNIVERSITIES 


Harvard goes to Town 


A UNIVERSITY and the town that grows up around it 
form a chimerical community w hose head and body 
have no natural wish to travel in precisely the same 
directions. Relations between town and gown may 
rarely become as bad as in Cambridge, England, when 
Henry III was obliged to send in troops to quell the 
riots. But, equally, they grow no better w hen the 
university, as in Cambridge. Massachusetts, practises 
a poliey of studious ne: itrality towards the city that 
encompasses it. A committee appointed by Pr esident 
Pusey has now concluded that Harvard University 
should develop a positive interest in the affairs of the 
City of Cambridge, taking steps not only to influence 
planning and housing prices with its real estate trans- 
actions, but also to "act as an enlightened employer, 
landlord and neighbour (Preliminary Report of the 
Committee on the University and the City, Harvard 
University). 

The reasons for this change of face are not far to 
seek. The differences in the quality of life between the 
Harvard campus and the several slum areas that sur- 
round it are all too visible. This and such irritants as 
the price of housing. inflated by the university's 
presence, have kindled a new animosity to replace the 
historical antipathy between the Boston Irish and 
what they saw as the Brahminical community in their 
midst. The alarming incidence of burglaries and crimes 
of violence is not a suitable part of a university 
atmosphere, and the Harvard faculty may already be 
apprehensive lest hostile hinterlands of the type that 
helped to engender the recent disturbances in Columbia 
and Chicago should grow up around the campus. 
Perhaps the most important impetus to change is the 
growing awareness of community problems among the 
student body. Graduate students in particular, who 
have to live off the campus, have been pressing for 
courses in urban studies and a greater concern with the 
city's affairs. 

In its proposals the committee has been sympathetic 
to much of this feeling. The university. it points out, 
employs 13. 000 pe ople, spends $176 million a vear and 
occupies 350 acres of land; no institution of this size 
can be neutral about its environment, The committee 
recommends that a Vice-President for External Affairs, 
together with an advisory committee, should be 
appointed to direct the universitv's affairs as they 
affect the city. A fund, to be m n as the Harvard 
Community Foundation, should be set up to finance 
social programmes in the area that might now other- 
wise attraet support. In its staffing policies, the uni- 
versity should not be content with the proportion of its 
employees, currently three per cent, who are negro. 

The SPORE Ro me inte rest take "n n 
‘ustify a any EA cun ges vin the unive ie uncus 
or organizat ion, although existing programmes should 
be made more flexible and “better adapted. to the 
proven interests of students and faculty alike”. "Urban 
studies", the committee believes, does not have the 
makings of an academic discipline. Instead, a doctoral 
course in planning and policy analysis should be set 
up by the Kennedy School of Gove ernment, with central 
disciplines in economies, sociology and statistics. 
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NEWS AND VIEWS 


How Sinister is Biology 


THE announcement two weeks ago of what seems to 
be a fairly reliable way of fertilizing human oocytes 
in vitro by Dr R. G. Edwards and his colleagues from 
the University of Cambridge seems to have conjured 
up once more the popular vision of malevolent science. 
A good many people seem to be ready to take sides 
even though the issues have not vet been defined with 
enough clarity for them to know what sides there are to 
choose. Energy has already been expended on a great 
many hypothetical questions, such as the likelv impaet 
on society of large numbers of identical individuals 
produced by the technique, so far demonstrated only 
with amphibians, of replacing the nuclear material 
of an egg cell with that taken from an intact cell of a 
grown individual. If speculation like this continues, 
it should not be long before the manuals on child care 
include separate chapters on the upbringing of the 
offspring of cloning. The trouble, of course, is that the 
speculation has so far outstripped reality as to be 
fantasy. It is therefore inevitable that reproductive 
physiologists, and even biologists in general, should 
find themselves the centre of popular suspicions. 

In circumstances like these, it is important that there 
should be a much more clear appreciation of the practi- 
cal difficulties of perfecting with human beings any 
of the techniques which seem to evoke visions of 1984. 
The fertilization of human eggs outside the body is a 
good illustration, To begin with, it has vet to be 
demonstrated that the fertilized eggs can be grown 
successfully through the first few days of life until 
they would normally implant themselves in the wall 
of the uterus, although animal experiments would 
suggest that there can be no serious impedime nt here. 
But if the technique is ever to be used in attempts to 
avoid gross genetic malformations such as those associ- 
ated with visible defects of chromosome pattern, it 
will be necessary to make some kind of examination 
of material taken from the blastocyst. But may this 
not entail a risk of genetic damage ? And“may not 
this risk be greater than that of letting nature take its 
course ? At this stage, nobody can tell. What these 
uncertainties imply, however, is that the theoretical 
possibilities about which popular discussion centres 
may not be practical possibilities at all. But if there 
are these problems with artificial fertilization. far 
greater uncertainties beset the technique of vegetative 
reproduction. The relatively tractable amphibian 
systems to which it has so far been applied demon- 
strate that with sufficient clarity. Genetic abnormali- 
ties seem to be much more frequent than successful 
development. Even if the technique is found to be 
unexpectedly successful with mammalian systems, 
there is likely to be an accompanying risk of malforma- 
tion. At this stage, the chances are quite high that 





BOS 


In other words, 
but practically 


this risk would be unacceptable. 
cloning may be experimentally possible 
inapplicable. 

There should be no surprise at the width of the gulf 
between possibility and practice. [Experience of the 
application of science is full of illustratiens of how hopes 
and fears are frustrated by practical diffieulties, The 
attempts to produce workable thermonuclear power 
sources are an example. So, should speculation wait on 
practical demonstration ? This would be unfortunate, 
if only because speculation is à neeessary part not 
merely of the attempt to estimate what will happen 
next but also of the processes by whieh people decide 
to commit their energies to particular projects. In the 
circumstances, there can be no substitate for a general 
appreciation of the difficulties which a ways attend the 
translation of an idea into practice. The most ironical 
feature of the current wave of public soeculation about 
the potentialities of reproductive physiology is that it 
casts in a fearsome role a group of men and women 
who are if anything more devoted te humane objec- 
tives than their colleagues in other b$elds, Although 
the experiments of Dr Edwards and his colleagues are 
only the first successful step in what could become a 
sequence of investigations, a great desl of information 
on how abnormalities arise is likely te be forthcoming, 
for example. The publie interest waich the experi- 
ments have aroused is quite proper-—even if flights of 
faney have raised some frightening spectres—- because 
there are undoubtedly serious questions whieh will 
sooner or later have to be answered. It is, however, 
essential that people should be armed with a true 
knowledge of what is and what is aot 
possible in the foreseeable future. 
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VERTEBRATE PALAEONTOLOGY 


Lobe Finned Fishes 


from our Vertebrate Palaeontology Correspondent 


THERE are three quite distinct a of lobe finned 
fish in the sub-class Sarcopterygii: g 
fish, the almost extinct a and the Ww hole 
extinet rhipidistians. The sub-class is of special 
interest for several reasons, not leas: because it 
from the rhipidistians that the land vertebrates e valved. 
There have been few studies of the Sarcopterygii as a 
whole, and the recent * view of their biology by Thom- 
son (Biol. Rev., 44, 91: 1969) is there fore part icularly 
welcome. 

In both the Rhipidistia and the coelacanths, there is 
an intra-cranial joint and the respisatorv current is 
produced by dorso-ventral movemeut of this joint, 
by lateral expansion of the cheek region and by dorso- 
ventral pumping action of the bvoid apparatus. 
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Thomson points out that many groups of vertebrates 
have developed a mechanism which allows prey to 
be enclosed from above and below simultaneously, 
and suggests that this is the primary function of the 
intra-cranial joint. 

In the Dipnoi, the respiratory pumping movements 
cannot be aided by movements of the cheek, palate 
and cranium such as occur in the other two groups, 
for the upper jaw and palate are fused to the braincase 
and there is no joint in either the dermal roof or the 
endocranium. To compensate for this, the pumping 
ability of the opercular apparatus seems to have been 
greatly increased: Thomson points out that the oper- 
culum of the Devonian dipnoan Dipterus is as long as 
the rest of the head. Though the early lungfish seem 
to have relied primarily on aquatic respiration, the 
progressive reduction in the size of the operculum im 
later dipnoans seems to represent an increased. depen- 
dence on aerial respiration— Thomson notes that the 
operculum is relatively much smaller in those living 
lungfish whieh rely predominantly on the lungs, and 
larger in Neoceratodus which normally uses the gills 
alone. | 

The sarcoptervgian fin, which has a single main 
axis of skeletal units and a muscular base, is highly 
mobile and can be used for walking along the bottom. 
As long as most of the weight of the body is supported 
by water, the pectoral fin can also be used for raising 
the anterior part of the body off the ground. This 
function would also aid aerial ventilation of the lungs, 
which would otherwise be compressed by the weight 
ofthe body. These locomotor and respiratory functions 
were obviously important in the evolution of the land 
vertebrates, but Thomson points out that they would 
only have been possible in forms in which the pectoral 
fins were inserted ventro-laterally, rather than high 
on the flank as in Latimeria, 

Both fossil and living sarcoptervgians seem to have 
been essentially tropical fishes. Thomson notes that 
many pre-Cenozoie freshwater sarcoptervgian genera 
are found in both North America and Eurasia, and that 
the living South American and African lungfish are 
closely related. He suggests that this provides further 
evidence that the «distribution of these freshwater 
genera was not restricted by the presence of an Atlantic 
Ocean prior to the Late Mesozoic at the earliest. 

Thomson finally discusses the biology and relation- 
ships of the sarcoptervgian groups. All three groups 
are already specialized when they are first known, in 
the Devonian. All three normally lived in shallow 
waters, the Rhipidistia in freshwater and the coela- 
canths almost always in the sea. The coelacanths and 
rhipidistians were both predatory groups, but, while all 
the coelacanths seem to have been relatively slow swim- 
mers, some of the rhipidistians became quite fast and 
active. The dipnoans were usually slow swimmers, 
living near the bottom and feeding on detritus; they 
seem always to have lived in conditions where oxygen 
was (at least seasonally) in short supply. 


OCEANOLOGY 


Marine Science on Show 


from a Correspondent 
Tue chief impression of the exhibition and conference, 
Oceanology International '69 at Brighton last week. is 
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that marine technology has "arrived". The exhibition 
was opened on February 17 by the Minister of Tech- 
nology, Mr Wedgwood Benn. A necessarily cursory 
survey indicated that 100 per cent of both exhibitors 
and visitors thought that it was an outstanding success. 
There were 200 exhibitors of whom 140 came from over- 
seas, and more than 10,000 visitors, most of whom were 
working in oceanology. Exhibitors who had had grave 
doubts about. the return they would get from the con- 
siderable expense of hiring, equipping and manning a 
stand seem to have been agreeably surprised by the 
number of serious enquiries received. The exhibition 
was in fact the first genuinely international exhibition 
specializing in equipment for marine technology. 

Perhaps a brief explanation is required of the word 
"oceanology -—a slightly confusing term. In the 
early days it was often used synonymously with 
“oceanography” to mean marine science, and is still 
the official word for this in the Soviet Union. It is 
now often used to mean marine technology, and 
although it has no precise definition, is usually taken to 
exclude conventional naval architecture. Its scope is 
perhaps best indicated by the titles of technical sessions 
in the conference; oceanographic instruments and 
data handling; offshore minerals technology; engineer- 
ing in the ocean: underwater observation and com- 
munication; man in the sea: diving technology and 
pollution. 

There was so much of interest in the exhibition that 
it is invidious to pick out particular items but some 
general impressions could be gained. The Russian 
equipment, although well made, was less sophisticated 
than its western equivalents. The Japanese are produ- 
cing some equipment of advanced design for fishery 
research and operation, but tend to be concentrating 
in other fields on fairly conventional equipment. 
German equipment, as might be expected, tends to 
be beautifully made. The US equipment is highly 
sophisticated and covers an enormous field of appliea- 
tions, while French exhibits showed a strong bias 
towards the offshore petroleum industry. 

Britain was naturally well represented, with perhaps 
a third of the space. It was obvious that Britain is 
at last waking up to the importance of this field, and 
there is already enough money being spent to maintain 
a considerable commercial activity. The British 
Jovernment alone is now spending £13 million a year 
on marine science and technology, and large sums are 
being spent on work at sea by the petroleum, gravel, 
civil engineering and other industries. The British 
stands showed equipment as advanced as anything in 
the world, and it was particularly heartening to see 
the excellent display of marine instrumentation by 
such firms as Plessey (UK) Ltd and Underwater and 
Marine Equipment Ltd. It was also clear that Britain 
is at last making an effort to catch up with the Ameri- 
cans and to a lesser extent the French in offshore 
mineral surveying and engineering. 


MARINE BIOLOGY 


Corals and Coral Reefs 


from a Correspondent 
A symposium on corals and coral reefs, organized by 
the Marine Biological Association of India, was held 
at the Central Marine Fisheries Research Institute, 
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Mandapam Camp, Tamilnadu, South India, from 
January 12 to 16. Twenty-five scientists from ten 


foreign countries, as well as forty Indian members, 


attended; the United States sent ten delegates, France 
five, Germany four and other countries, including 


Brazil, Indonesia, Singapore and Britain, one each. 

As well as exeursions to raised reefs on Rameswaram 
Island and to modern reefs and sand cays in the Gulf of 
Mannar, the programme included sessions on produc- 
tivity and trophie structure of reefs; the distribution 
of organisms on reefs and the problems of field survey: 
reefs of the Indian Ocean; reef invertebrates; fish in 
the reef ecosystem, and reef g geomorphology. Much 
of the work report ted was carried out in the Indian 
Ocean, by the Germans in the Red Sea and Maldive 
Islands, and by the Freneh at Tuléar in Madagascar. 
There were several papers on the Royal Soci ety's 
research programme at Aldabra Atoll, and there was 
also great interest in data presented by Indian workers 
on reefs in South India, the Laecadives and Andamans. 
A second group of papers reported work carried out 
in the Tuamotu Islands by the French in connexion 
with the recent nuclear test programme at Mururoa 
Atoll. 

Two papers were especially significant in the context 
of the introduetory address sent by Sir Maurice Yonge 
on the productivity of coral reefs. L. Muscatine 
(California) produced further evidence for the im vivo 
translocation of photosynthetic products of zooxan- 
thellae—unicellular algae—in the reef coral, where they 
live symbiotically, to the coral tissue and skeleton. 
R. E. Johannes and S. L. Coles (University of Georgia) 
found that, on Bermuda reefs. in spite of the well 
known specialization of corals as carnivores, zoo- 
plankton is insufficiently abundant to constitute a 
significant energy source for the corals. "They suggested 
that zooplankton act as an important nutrient source, 
but that energy requirements must be met from other 
Sources. 

The Mandapam meeting revealed that current work 
on coral reefs is diverse and expanding. The delegates 
called for further studies on several Indian Ocean 
island groups, including the Maldives, Laccadives, 
Andamans, Nicobars and Chagos, about which little is 
now known. The need for comparative studies of reefs 
was stressed, and the problems arising from the state of 
taxonomic work were outlined again. It was agreed 
that similar international symposia should be held at 
intervals of three years at centres of reef studies, and 
an ad hoc committee under the chairmanship of Dr 
D. R. Stoddart (Cambridge) was set up to make prepara- 
tions for the next sv mposium. The proceedings of 
the Mandapam symposium will be published by the 
Marine Biological Association of India. 


MARINE MAMMALS 


Success in the Sea 


from a Correspondent 


AT a time when the conquest of “inner space"—the 
marine environment—is beginning to receive closer 
serutiny, it is interesting to look again at the mammals 
that have long overcome the problems now facing man 
of life in the sea. R. J. Harrison, professor of anatomy 
at the University of Cambridge, has worked on these 
animals for the past twenty vears, and the fruits of his 
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labour were demonstrated on February 20 at a publie 
lecture at the University of Newcastle entitled ' ‘Diving 
Seals and Dolphins" 

Seals can remain submerged for longer than half an 
hour, a period of time several orders of magnitude 
greater than that possible for other more terrestrial 
mammals. Professor Harrison has found that when 
these animals dive, their heart rate slows considerably. 
The respiratory centres of the brain hawe a decreased 
sensitivitv to carbon dioxide, but towards the end of 
the dive the heart rate increases and tethercd animals 
begin to struggle to reach the surface, On surfacing, 
the rate increases above the normal surface level 
(about 90 beats/min) until normal blood concentrations 
of oxygen are attained. The blood volume is relatively 
greater than in other mammals and most of this is 
accommodated in the enlarged posterior venae cavae 
and in a large sub-diaphragmal sinus. The connexion 
between this sinus and the heart is surrounded by : 
large sphineter associated with the di aphragm and 
supplied by the right phrenic nerve. “The closure of 
this sphincter on divi ing restricts the venous return of 
blood to the heart when the heart beat is slowed. 
Seals are also able to maintain a venous partial 
pressure of oxygen almost equal to that in the arterial 
system. 

Both seals and « dolphins are often social animals 
and have vocal "languages". More 1! impa rtantlv, seals 
probablv use sonar “echo-location, and dolphins are 
past masters at the art. Dolphins do not possess vocal 
cords but the larynx is extended into the posterior 
nares and abuts against the epiglottis. The passage of 
air through the slit so formed into intlatable nasal 
sinuses is responsible for sound production, while the 
oesophagus bifureates around the larynx, enabling 
the animal to eat and vocalize at the same time. The 
forehead is actually a greatly enlarged upper lip forming 
a complex organ of musele and fat known to whalers 
asthe melon. This seems to be a lens capable of focus- 
ing the sound waves. Professor Harrison thinks that 
the asymmetry of the head with the right side skewed 
anteriorly enables the animal to triangulate the origin 
of echoes more aecurately. 

Recordings of the sounds produced by these animals 
were remarkable to hear, but the most memorable were 
eerie wailing calls, sounding like badly pitched bosuns 
pipes, produced by Weddel seals swimm ing beneath 
the polar pack ice. These calls are social and arc 
thought to assist in the location of blowholes which 
may ‘be as much as four miles apart. 

Dolphins, in spite of their predatory natare, show no 
aggression towards man. They are, on tne contrary. 
positively friendly and their int elligence ard Pe 
to caisson siekness— brought on by a too rapid decrease 
in air pressure—make t them ve ry suitable as messen- 
gers: an ability w hich may in the future make them 
useful allies in man's efforts to live beneath the seas. 





IMMUNOLOGY 


More Immunosuppressives Needed 


from our Social Medicine Correspondent 
ANTILYMPHOCYTIC serum, which has caused so much 
excitement in organ transplantation and which ¢ appears 
to have something in common with Ehrlich's "magic 
bullet", is not the end of the road as far as prevention 
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of graft rejection is concerned. This was pointed out 
by Sir Peter Medawar in his review lecture on immuno- 
suppressive agents at the Royal Society last week. 

"What ALS can do, other agents can do better", he 
said. Unfortunately —and this is where the difficulty 
lies—these agents have not vet been discovered and 
probably will not be discovered until people "stop 
borrowing from the armoury of cancer chemotherapy" 
and concentr ate more on finding truly immunosup- 
pressive agents. 

Sir Peter Medawar said that most of the immuno- 
suppressives now in use, for example, ionizing radia- 
tions and biological alkylating agents including cvelo- 
phosphamide, are essentially antiproliferative agents 
—‘‘fall-outs from cancer chemotherapy”. They are 
immunosuppressives by second intention only and 
inhibit humoral antibody formation—the body's chief 
defensive mechanism—much more strongly than they 
do the lymphocyte- mediated immune response w hich 
is primarily responsible for graft rejection. The most 
direct proof of this lies in their failure to affect the 
normal lymphocyte transfer reaction which is possibly 
the simplest of all immunological responses and which 
is in fact a graft rejection reaction in reverse. 

In spite of their shortcomings, however, immuno- 
suppressives do help to abet the induction of immune 
tolerance, characterized by the striking of one particu- 
lar immune capability from the animals repertoire, 
and they do buy time for the graft to survive. An 
: astonishing degree of suecess has been achieved with 
‘Imuran’ supplemented by  steroids-—Professor R. 
Calne has achieved 75-80 per cent prolonged survival 
of well-matched kidney grafts. 

Adrenal cortical steroids of the cortisol tvpe, another 
class of immunosuppressives described by Sir Peter, 
weaken both graft rejection and humoral antibody 
formation. Most important, they ean partly wipe out 
immunological memory; that is, they can wipe out 
an animal’: s “recollection” of ever having been exposed 
to a particular antigenic agent (graft). This suggests 
that the steroid drugs may affect the maturation or 
release into the circulation of those long-lived Ivmpho- 
eytes that transact rejection processes. | 

Antilymphoeytie serum, the only true primary 
immunosuppressive, has several features to its credit: 
it has no systemic effect other than to weaken the 
cell-mediated immune response: it erases immuno- 
logical memory; it is specific in its action: and it is 
effective even when the donor and recipient's tissue 
antigens are very different——thus facilitating trans- 
plantation of xenografts. Last, but not least, it can 
assist the induction of immunological tolerance. as 
Dr E. M. Lance and Sir Peter have shown in experi- 
ments involving the grafting of rat skin onto mice. 

But antilymphocytie serum also has its darker side. 
Thus serum of the purity required for clinical use is 
diffieult to prepare and there are still hazards in its 
use. Perhaps the most serious threat to the continued 
use of ALS, however, is the suspicion that it can 
uncover the potential for malignant change. Indeed. 
the fact ie tell: miegatee immunity can be abr i 
questic ion aa very ; function of Hu Dum immune 
E. m. SEND goal of pae ri dd treatment 
tolen ance thet persiste after immunosuppressivi e . treat- 
ment has stopped. 
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BIOCHEMISTRY 


Metabolic Control and Membranes 


from a Correspondent 
Two consecutive symposia held at the University of 
Miami from January 20 to 24 concerned "Control 
Mechanisms in Intermediary Metabolism" and " Mem- 
brane Function and Electron Transfer to Oxygen”. 

The first symposium began with a session on flux 
rates through metabolic paths. Sir Hans Krebs 
(Oxford) presented data to support the view that fast- 
acting enzymes of intermediary metabolism that estab- 
lish near-equilibrium between their substrates may 
effectively control flux rates by modulating the levels 
of substrates for other enzymes. The significance of 
steady-state concentrations “of metabolic intermediates 
was further evaluated by A. L. Greenbaum and Patricia 
McLean (London) in their respective investigations of 
control mechanisms of lipolysis and the pentose phos- 
phate pathway. Greenbaum also evaluated the levels 
of glycolytic enzymes in adipose tissue and suggested 
that there is a constant proportion group of invariant 
enzyme components, superimposed on which are inde- 
pendently variable isoenzymes. 

On another topic, B. L. Horecker (New York) 
discussed the tetrameric substructure of rabbit-muscle 
aldolase and presented evidence that the metabolic 
modification of amino-acids within assembled peptide 
chains is involved in subunit differentiation. L. 5. 
Dietrich (Miami) reinstated nicotinamide as a pre- 
eursor of NAD in rat liver and showed that the enzyme 
involved, nicotinamide pyrophosphorylase. is allo- 
sterically controlled by ATP. H. E. Umbarger (Lafay- 
ette) de alt with an entirely novel type of allosterism 
in which the substrate induces transition of the enzyme 
from the isoleucine-inhibited form into the active form. 
The enzyme is the threonine deaminase of B. subtilis. 
The discovery in the same organism of a second and 
minor threonine deaminase activity, not feedback in- 
hibited by isoleucine, was reported by S. Greer (Miami) 
in the context of evolutionary aspects of enzyme 
integration at the genetie level. Finallv, the svm- 
posium considered the role of hormones in controlling 
metabolie pathways. In examining the effect of insulin 
on cardiac muscle pr de ations (both Langendorff and 
working heart), E. B. Chain (London) concluded that 
the stimulation of g glycogen synthesis. and not glucose 
transport, was the primary effect of the hormone. His 
evidence was obtained with systems in which increased 
glucose phosphorylation and glycogen turnover were 
the only demonstrable consequences of insulin admin- 
istration. 

In the second symposium, on membrane function, 
B. Chance (Philadelphia) reported two new probes to 
read out the dynamic state of the mitochondrial mem- 
br Mi d fluoresc ence as a union gi butacaine 
T here i is 
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distinct ealeium-transport systems within mitochond- 
ria, and the question whether calcium uptake is passive 
in response to active phosphate uptake. These three 
papers showed well the growing evidence that energy 
conservation is linked to conformational changes occur- 
ring within the mitochondrial membrane 

A concerted picture also emerged in two contribu- 
tions concerning mixed. function oxidases. R. W. 
Estabrook (Dallas) studied the 
NADH and NADPH on the two electron-donor systems 
of liyer mierosomes, while I. ©. Gunsalus (Urbana) 
demonstrated that the system is limited by the binding 
of substrate to cytochrome Ps- L. P. Hager (Urbana) 
discussed kinetic and mechanistic models of chloro- 
peroxidase-mediated halogenation reactions, proposing 
an ordered ionie mechanism. 

The symposium ended with an account of the role 
of lysosomes and myeloperoxidase in the phagocytic 
process. 5. J. Alebanoff (Seattle) showed how leuco- 
cyte myeloperoxidase, with hydrogen peroxide and 
iodine, exerts a microbicidal action, and M. J. Cline 
(San Francisco) described a patient in whom the lack 
of myeloperoxidase could account for his inability to 
combat fungal infection. 


TEETH 


Preventing Dental Decay 


from our Social Medicine Correspondent 


FrrrivG all adults with dentures at an early age 
regardless of the state of their dental health is one way 
of preventing dental decay. A more moderate approach 
to the problem, however, is being made by Dr W. H. 
Bowen and his colleagues in the department of dental 
science, Royal College of Surgeons. They have devel- 
oped a vaccine containing live eariogenie streptococci 
which, when injected into monkeys, substantially 
reduces the number of carious lesions caused by 
bacteria of the same strain (British Dental Journal, 
February 18, 1969). 

The preliminary nature of their work is indicated by 
the small number of experimental animals wsed—six ; 
two were aged 17 months and were about to erupt their 
first permanent molars, and four were aged 11 months 
with complete deciduous dentitions. A strain of 
dextran-producing Streptococcus known to be cariogenic 
in hamsters and monkeys was isolated from human 
carious lesions, suspended i in saline and injected intra- 
venously into three monkeys in 1 ml. amounts on eight 
oceasions in 3 weeks. This was followed by a a single 
booster dose of vaccine 12 weeks later. All animals had 
been infected by mouth with the same streptococcal 
strain and were fed on a diet rich in fermentable carbo- 
hvdrate. 

At the latest count (18 months post vaccination in 
the two older animals and 13 months post vaccination 
in the other four), unvaccinated controls had a total of 
thirty-eight established carious lesions and thirteen 
early lesions, compared with a total of six established 
lesions and four early ones in vaccinated animals. 
According to Professor B. Cohen, the appearance as 
well as the number of carious lesions was modified by 
vaccination. Thus controls had lesions similar to those 
in children with active dental lesions—the dentine 
within the lesions was soft and the lesions extended 
laterally as well as in depth so that the enamel margins 
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were undermined. In vaccinated animals, on the other 
hand, there was less conspicuous softening of the 
dentine and less DONE undering d D e enamel. 
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e xperimental period. gm thal thes vaccine QE body 
has little direct effect on the organisms, but may act 
on a soluble antigen or enzyme pr: sduecd by the 
bacteria—dextran suerase, for example. This is interest- 
ing in the light of earlier w ork carried out inthe depart- 
ment using dextranases to dissipate t thedextran film on 
teeth produced by the action of bacterial dextran 
sucrase on sucrose. The vaccine seems to act at a 
stage earlier than the dextranases, possibly by inactiv- 
ating or preventing the formation of dextran sucrase, 

The vaceine is unsuitable for human ase because 
bacteria similar to the strain used have been implicated 
in sub-acute bacterial endocarditis, This hazard apart, 
it would be inconceivable to use a live unattenuated 
vaccine clinically. But, as Professor Cohen pointed out, 
if the vaccine acts as an antienzyme, tue need for 
inoculating with bacterial cells, attenuated or other- 
wise, would obviously not arise. One would simply 
have to isolate the active component end ase this in a 
purified form. 


MOLECULAR BIOLOGY 


Ball and Chain 


from our Molecular Biology Correspondent 


Many of the most interesting features of self-aggreva- 
tion processes in proteins are still unexplained. Many 
complex structures, for example, grew only up to a 
limiting size, rather than polymerize indefinitely. In 
other cases relatively trivial changes in the environ- 
ment engender striking alterations - in the geometry of 
the a ggregate, presumably by distorsing the relative 
disposition of the binding sites, or im some cases by 
liberating new sites. 

An original example of such a phenomenon is de- 
scribed by Spragg et al, (Biochem. J.. IUL 345: 1969), 
who have studied the behaviour of the serum a- globulin, 
orosomucoid. This glycoprotein, which has a molecular 
weight of 40,000 and contains 10-14 per ce nt N-acetyl. 
neuraminic acid. prevents agglutination of red cells by 
influenza and related viruses, but functions effe ctively 
onlv in an aggregated form, which can be achieved in 
vitro by brief heating of the solution. What Spragy el 
al. have now discovered is that two quite distinct forms 
of the polymer can be generated, depending on the salt 
concentration of the solution. With a relatively high 
concentration of salt, a spherical stmucture is for med 
(ball polymer), which in the electron ‘nicroscope shows 
a remarkably narrow size distribution, with an average 
diameter of some 150 Å. A sphere of this size could 
accommodate eight monomer units. At low salt 
concentrations, on the other hand, the protein forms 
long fibres (chain polymer), 50 À in width, which ix of 
the order of size of the monomer. 

These ball and chain forms are bosh stable, but can 
be depolymerized by treatment wih 3 M guanidine 
hydrochloride. n monomer recov ered m this way 
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merized by heating to give ball or chain forms. The 
depolymerized chain polymer, however, has a remark- 
able "memory", in that it will rep: olymerize onlv to 
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chains, even at high concentrations of salt, when the 
native protein gives rise to the ball structure. There is 
no obvious explanation of this behaviour. The poly- 
merization is performed at pH 4, and in these conditions 
the carbohydrate remains attached. At pH 1-8 it is 
detached by hydrolysis, and the product will then still 
aggregate, but only to the chain form. If there is, as 
the authors have done their best to prove, no covalent 
change when chains are formed, this behaviour would 
seem to involve a hysteresis of unprecedented promi- 
nence. 

In the accompanying paper (Barclay et al., Biochem. 

J., 111, 353), the same workers examine the biological 
activity of the two polymeric forms. The protein can 
function in three ways-—it may inhibit agglutination of 
red cells by sensitive (though not by certain resistant) 
strains of virus; it will inhibit the propagation of the 
virus; and it will itself, in appropriate conditions, 
agglutinate the virus particles. The chain polymer was 
active in all three respects, the ball form in none. 
Polymers, from which the carbohydrate had been 
removed, were also inactive, although they appeared 
only in the chain form. At this stage it is not obvious 
whether the ball has any biological significance. 


NEUROCHEMISTRY 


The Developing Brain 


from a Correspondent 
BRITISH scientists are making considerable advances in 
developmental neurochemistry and some of their work 
was discussed on February 20 at a meeting organized 
by the Neurochemical Group of the Biochemical 
Society. 

Professor A. N. Davison reviewed the biochemistry 
of myelinogenesis. He presented new evidence to 
suggest that there may be an intermediate stage in 
myelin synthesis. T hus, crude myelin isolated from 
homogenates of the developing brain ean be separated 
into two fractions—one comparable to mature myelin 
and another with a lipid composition similar to that of 
plasma and other cell membranes. Apart from its lipid 
complement, this fraction resembles myelin in its 
protein and enzyme composition. It was suggested 
that the myelin-like membrane fraction was in part 
glial plasma membranes, for myelin is thought to be 
derive ad from the oligode ndroglial cell wall. The 
process of myelination seems to "he “once and for all" 
event and once deposited around the axon most of the 
myelin seems to be metabolically rather stable. Myelin- 
ation may therefore be regarded as a vulnerable period 
of development, for even mild undernutrition or amino- 

acid or hormonal imbalance ean permanently reduce 
myelin deposition in the brain. For example, hypo- 
thyroidism during early life onlv can result in eretinism. 
In the brain of thyroidectomized rats (as Professor 
J. T. Eayrs reported) neuronal perikarya are smaller 
but packing density of neurones is increased. There are 
also reductions in the dendritie fields and their inter- 
connexions and in the amount of myelin found in the 
hypothyroid brain. Apart from these anatomical 
dene it was concluded that additional factors may 
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that current biochemical studies on the brain were of 


special value. 
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R. Balazs reported that measurement of DNA and 
labelling of nucleic acids in the brains of thyroidectom- 
ized rats supported anatomical work. Two important bio- 
chemieal systems were also studied in the hvpothyroid 
brain of deve loping rats—the conversion of glucose to 
amino-acids and the compartmentalization of gluta- 
mate. Both these age dependent processes were found 
to be retarded. In addition, deficieneies were observed 
in the development of synaptie endings at least as 
judged by reduced glutamic acid decarboxylase and 
sy naptosomal succinic dehydrogenase activities. Much 
work is currently aimed at relating different protein 
species to the function of identifiable brain structures. 
M. K. Gaitonde drew attention to the complex and 
changing protein composition of the developing brain. 
With the introduction of quantitation of proteins 
separated by gel electrophoresis, it should become 
possible to extend considerably our knowledge of the 
role of proteins in the brain. 

The demonstration of permanent effects on the 
developing brain as a result of conditions such as under- 
nutrition, hypothyroidism or hyperphenylalanaemia is 
of considerable clinical significance. The vulner ability 
of the brain during postnatal life indicates that the 
proper nutrition of the newborn child should have 
prioritv in underprivileged countries. There is also 
the exciting possibility that further neurochemical 
work will provide a link between the biochemistry 
of the brain and the process of intellectual develop- 
ment. 


NEUROPHYSIOLOGY 


Mechanoreceptor Function 


from our Neurophysiology Correspondent 


ALL sensory receptors eventually code their input into 
a neural pulse frequency, so it is important to know the 
extent to which their transducer properties are inherent 
in the form of their accessory structures and not in the 
neural membrane itself. In some cases much of the 
answer i8 obvious, but the correct assignment of 
the apparently simple properties of many mechano- 
receptors is still in doubt. Nakajima and Onodera (J. 
Physiol., 200, 161 and 187; 1969) have now published 
the full results of their experiments with crayfish 
stretch receptors. These are neurones with their 
dendrites attached to muscle fibres so that they are 
stretched in parallel with the muscle. There are two 
morphologically and physiologically distinct types: 
the fast and slowly adapting receptors. 

The experiments were in two principal categories: 
stimulation by intracellular or extracellular micro- 
electrodes, and physiological stimulation in conditions 
of constant stretch or constant tension. In both types 
of receptor the current-voltage relation (the displace- 
ments in membrane potential produced by intracellu- 
larly injected currents) was similar. Both showed 
delayed rectification due to an increased permeability 
to K* on depolarization, although with large (> 50 mV) 
depolarization of slow receptors, potassium | inactivation 
set in. This meant that a sudden repolarization of the 
membrane produced no measurable under-shoot of the 
membrane potential, although the membrane resistance 
was still lower than when at rest. In slow ly adapting 
neurones, sustained pais of action potentials were 
produced as long as a supra-threshold depolarizing 
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current was maintained, but the fast neurones adapted 
rapidly and did not, unlike the slow, return to firing 
after an excessive depolarization was reduced. This 
disparity is probably a result of greater sodium in- 
activation in the "fast" membrane. 

When extracellular eurrent-passing electrodes were 
used, only stimulation near the soma gave rise to 
repetitive discharges. The axonal diameter is smallest 
near the soma, w vith a membrane s space constant (A) 
of about 0-6 mm, so threshold is lowest at this point. 
For highest dischar ge frequencies it was necessary to 
depolarize the soma as well (either by stretching the 
receptor or with an intracellular electrode). W hatever 
the mixture of stimulation used, however, the s shape of 
the action potential was constant, suggesting that it 
was indeed initiated at the soma-axonal junction. A 
small pre-potential was always visible; it could be 
dissociated from the main spike under “sustained de- 
polarization, remaining repetitive, but not leading to 
further spikes. 

Under constant stretch, the slow receptors fired 
continuously, but the fast adapted rapidly, never 
firing for more than about 8 s. In both, however, the 
generator potentials, which could be seen independently 
of action potentials when these were abolished by the 
administration of tetrodotoxin, were identical. This, 
of course, implies that the adaptation in fast receptors 
occurs after the nt of the Denarau potential, 
a is m 


response " properties. None ilie E the two ACCEDOIR 
seem to respond in ess sentially the same way until the 
spike generating mechanism is reached. 

In contrast, Nishi and Sato (J. Physiol., 199, 383; 
1968) confirm Hubbard's view that the connective 
tissue lamellae surrounding the unmyelinated axon 
terminal within a Pacinian corpuscle serve as a high- 
pass filter, making rapid compression relatively effective 
in stimulating the terminal. Sustained compression of 
the bare terminal does indeed produce a sustained 
receptor (generator) potential, with a very slow decay, 
although this never occurs naturally, as the d.c. com- 
ponent of any compression is filtered out by the 
lamellae. However, the sign of the response depends 
on the direction of stimulation because the terminal is 
elliptical in cross-section. Compression along the short 
axis of the ellipse increases the terminal surface area 
and gives a depolarizing response, with a hyper- 
polarizing off-effect, while compression along the long 
axis does the opposite. 


THIN FILMS 


Useful Sputtering 


from a Correspondent 


TurxN films can be made by causing individual atoms to 
be ejected from a material by ionic bombardment. This 
UC known as sputtering, is used extensively 
bv the eleetronies industry for the deposition and 
etching of a wide range of materials. It now seems 
to have a new application in medical science, in the 
B of cytologice | me lorini: This emerged at a 
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Society in London on February 13. P. R. Stuart used 
a series of slides to compare the internal strueture of 
normal and diseased blood cells after the ectoplasm bs 
been removed bv radio frequency ion etching. Using 
this technique, it is possible to examine the inte mal 
structure by scanning electron microscopy without 
recourse to the microtome for sectioning. 

Many of the 150 people attending the conference 
showed great interest in another unusual Doo of 
'adio frequency sputtering which was outlined by P. J 
Harrop in a paper entitled “Sputtered PTFE”. The 
properties of bulk PTFE, a material which has found 
many applications because of its inertness and low 
coefficient of frietion, were compared with the proper- 
ties of thin films (0-01-10 microns) of tke polymer 
produced by diode radio frequeney sputtering. The 
films adhered well to a wide range of materials and, 
although modified structurally by the deposition 
process, had very similar properties to the bulk material, 
in particular retaining their low coefficient of friction. 
Dieleetrie losses were found to be higher, partly per- 
haps because of a lack of cleanliness during &eposition. 
Two differences which enhance the versatility of PTFE 
are the increased hardness of the sputteree. material 
and its ability to withstand higher temperatures. 
These might make it more suitable for load be 'aring 
applications and extend its working range upto 400° C. 
This latest development can be expected to bring a 

host of new electrical applications. 

More conventional materials were reported by P. R. 
Stuart in another paper, this time on stress measure- 
ments in sputtered deposits. These measurements are 
important for understanding thin film properties, which 
are known to depend on the internal stress in the 
material. Some very high stress values were recorded 
and the importance of the effect of the resicual gases 
on stress in the films was demonstrated. 

P. E. Bovey showed that the energy of the condens- 
ing atoms is another parameter which atfects the 
properties of deposited films. Nucleation censity of 
gold films was found to inerease with an inerease im the 
arrival energy of the atoms, resulting in a alm com- 
posed of smaller crystallites, and with a higher resistiv- 
ity and a lower temperature coefficient of res stance. 

Substrate conditions during deposition in radio 
frequency sputtering systems were also diseussed by 
G. N. Jackson, who has observed electron and ion 
bombardment of the substrate and preferential 
etching of the substrate adjacent to the edges of out-of- 
contact masks. 

Unlike the other contributors, C. Priestiand was 
concerned with the performance of the non-zrounded 
disk and annulus radio frequency sputtering systems. 
His investigations included total and partial pressure 
measurements, deposition rates and unifermity of 
deposit of different materials. The lively discussions 
revealed that disk and annulus systems were probably 
more eiecti: ay efficient. ano stable in the absence of 
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are cheaper—pr eferences still vary. 

There is now some doubt about the extent to which 
sputtered deposits adhere better than evaporated 
deposits. Mr Stuart reported evidence that metal 
films thicker than a few hundred angstréms adhere 
relatively poorly whether sputtered “or ey vaporated 
unless the substrate is first cleaned by glow discharge. 
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English-speaking Medical Students at Leyden 


by During the first three hundred years since its foundation in 1575 the 


E. ASHWORTH UNDERWOOD 


University College, 
London 


IN 1574, Leyden withstood a famous siege by the Spanish. 
In the following year William the Silent, to show his 
gratitude for their stamina and determination, offered 
the citizens either a university or relief from taxation for 
ten years. The citizens chose the university~-a wise 
choice, beeause at that time the University of Louvain, 
founded m 1426, was the only university in the Low 
Countries. But Louvain was a purely Catholie univ ersity, 
whereas most of the inhabitants of Holland were Protes- 
tants and could therefore not matneulate at Louvain. 
The citizens of Leyden took immediate action to elineh 
the bargain, and its university was founded m 1575. From 
the start it was suecessful, and soon foreign students 
began to arrive at Leyden. There were no language 
difficulties for foreigners, for all teaching was in Latin. 

It is well known that English- speaking students later 
formed a considerable proportion of the student popula- 
tion of Leyden. Although there were many such students 
in the late sixteenth and early ses venteenth centuries, 
it was in the period of religious factions preceding the 
Civil War in Britain that the number of British students 
inereased, and the increase was accelerated and then 
maintained until about the middle of the eighteenth 
century, after which the numbers decreased rapidly. 

In 1875 the University of Leyden, as part of its ter- 
centenary celebrations, published the Album Studiosorum 
Academiae Lugduno Batawae, 1475-1879. This large 
work was an exact transcript of its matriculation rolls 
covering the first three centuries of its existence. Each 
entry gives the student's name and country of origin, 
the date of his inscription in the roll, his stated age, and 
the faculty in which he matriculated. From this published 
work Edward Peacock extracted the names of all students, 
in all faculties, whom he was able to identify as English- 
speaking. In his alphabetical list he omitted the stated 
ages and the faculties in which the students were inseribed. 
He published his list in 1883, and incidentally damned 
his work from the start by publishing it under the title 
Index of English-.Speaking Students who have graduated at 
Leyden University. The names of a considerable number 
of these students were ultimately included in the Dictionary 
of National Biography, and practically ail the writers of 
their notices in that work fell into the trap unwittingly 
laid for them by Peacock. Consequently many of these 
notices state that their subjects "graduated" at Leyden 
on the dates when they actually matriculated, whereas 
many either graduated at some other university or did 
not graduate at all. Peacock’s book led to similar errors 
in the works by Venn and Foster. 

The general impression given by writings on the history 


University of Leyden had a great many English-speaking students 
of medicine. They came from diverse backgrounds, and very many 
held important positions after returning to their own countries. 


of medicine and science is that, especially in the first half 
of the eighteenth century, raw vouths from Great Britain 
and Ireland crossed the sea to Leyden to be edueated, 
and trained in the medical sciences and the practice of 
medieine, by the famous teachers of the Leyden School, 
after which they graduated m medieme and returned to 
the British Isles to practise their art with distinetion. I 
had long been very sceptical of the accureey of this 
statement. I wanted to know where these students eame 
from, what their education had been before they went to 
Leyden, how long they had spent at Leyden, what propor- 
tion of them graduated i in medicine, not at that university 
but at some other, or indeed what proportion did not 
graduate at all; and further, what was the intellectual 
quality of these young men as judged by their success in 
later life. From my know ledge of the careers of some 
individual students I had certain general impressions of 
these questions, but these impressions were quite hkelv 
to be wrong. To the best of my knowledge no one had 
made a det sailed study, and it was ironic that for nearly 
forty years material for such a study had existed in print. 


Sources for this Investigation 


In 1932, Dr Robert William Innes Smith published his 
iáonumental work, English-Speaking Students of Medicine 
at the University of Leyden. Innes Smith graduated 
MB, CM, at the Pet of Edinburgh m 1894. After 
further study at King's College, London, he took his Con- 
joint Diploma in 1900, and in 1902 graduated MD at 
Edinburgh; and after a period of hospital work he settled 
in practice at Sheffield. He took the Album Studiosorum 
as the basis of his important book and pieked out all 
students who were identified by their mscriptions as 
English-speaking, or were shown by his subsequent 
reset arches to have been such. Having established his 

"population", Innes Smith embarked on an elaborate 
programme of research to ascertain any additional 
students and to elucidate biographical data on all the 
students included in his alphabetical list. This research 
embraced not only standard biographical works, but also 
Molhuysen's Bronnen of the proceedings of the Curators 
and of the Senate of Leyden University, together with all 
the available printed proceedings and records of British 
and European universities. Innes Smith’s search of the 
manuscript graduation reeords of the other Dutch univer- 
sities and of six universities of other European countries 
is perhaps his most significant contribution to knowledge. 


Some of them were suppressed at least a century and a 
half ago, and it is surprising that he was able to unearth 
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the manuscript records. After searches in many Euro- 
pean hbraries, Innes Smith was also able to examine the 
graduation theses of a very large proportion of Leyden 
students who graduated at Leyden or at some other 
university. The title pages of these theses often gave some 
hitherto unknown biographical information about the 
writer of the thesis. Lastly, his researches in genealogical 
and other manuseript sources often provided new and 
valuable information. 

I frequently consulted Innes Smith's work during more 
than thirty years, and incidentally discovered very few 
mistakes-—chiefly traceable to errors in printed works 
that he had sometimes used. I therefore felt completely 
justified in adopting his book as the basis for the das dd 
tion. I shall deseribe here. To obtain the necesshry 
statistical data, the Dictionary of National Biography, 
Munk's Roll of the Royal College of Physicians, and other 
works were consulted wherever they were applicable. 
This article is a preliminary summary of the most inter- 
esting results, which will be amplified later. The results 
can be divided into three parts: the first part deals with 
the early careers of "genuine" Leyden students-—those who 
matriculated at Leyden (or whose subsequent graduation 
there showed that they had overlooked matriculation) 
up to the time of their first qualification in medicine after 
matrieulation—and covers the whole period of the first 
three centuries (1575-1875) of the universitw’s existence. 
The second part deals with the subsequent eareers of 
medical graduates—and in some special cases of non- 
graduates—during the very interesting and prolific 
middle century (1675-1774). The third part deals with 
that limited portion (1701—1737) of this same period during 
which Boerhaave was active as a teacher at Leyden. 


Previous Careers of Matriculated Students (1575-1875) 


The manuscript matriculation albums of the University 
of Leyden are excellent, but not perfect. The names of 
some students who never inscribed themselves in the rolls 
appear in the Acta of the University as having graduated 
in medicine, and technically they must be regarded as 
having matriculated. "Innes Smith" (as I shall now refer 
to the book) ineludes these students. Excluding eross- 
references, alternative surnames and multiple inscriptions 
of the same student at different dates, "Innes Smith” 
contains the names of 2,063 students, eighty-four of whom 
never matriculated at Leyden, but whose inclusion in 
the book is important for reasons to be explained later. 
Thus the total number of students actually inseribed at 
Leyden is 1,979. A very large proportion of these students 
was inscribed in the faculty of medicine, but sixty-four of 
them were inscribed in other faculties, such as theology 
or law. In each of these cases, however, Innes Smith 
was satisfied that the student had either graduated in 
medieine or had studied medicine at Leyden at some 
period of his career there. Besides, it is known that at that 
time students often changed faeulties without re-inseribing 
themselves in the matriculation album. 

The distribution by centuries of these 1,979 Leyden 
students is 428 in 1575—1674; 1.376 in 1675-1774; and 
175 in 1775-1875. 


Birth-places and Ages of Students 


To my knowledge no detailed examination of the place 
of origin of English-speaking Leyden students during 
these three centuries has ever been made, although brief 
and vague guesses have occasionally appeared in print. 
The problem has inherent diffieulties because it is only 
infrequently that the matriculand himself gives precise 
information. Considering the three countries that were 
most frequently represented, the usual modes of inserip- 


tion were "Anglus", "Scotus", and "Hibernus" respec- 
tively. But in the case of the English & frequent form was 
" Anglo- Britannus", or to "Anglus" the phrase ‘ex 
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comitate . . . might be appended. Quite often an 
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apparently more precise word was added, such as “Anglo- 
Londinensis", or "Anglus (Eboracensis) . But from my 
investigations I feel certain that ‘““Londinenss” 
embraced parts of the Home Counties; while ' ‘bora icen- 
sis" just as often implied "born in Yorkshire” as it did 
"born in York". In the case of the Scots the usual form 
was “Seotus”, but sometimes "Scoto-Brkannus". A 
phrase descriptive of a county or town was infrequently 
added. In the ease of the Irish the usual ferm was 
"Hibernus" or "Anglo-Hibernus". But tha form might 
be qualified, as, for example, "Coreagia-BEübeznus or 
“Coreagiensis Hibernus” (from Cork) Whi these 
phrases relating to Cork seem to refer to Co. Cork, there 
is no doubt that many such individuals came trom the 
City of Cork. Further, it must be emphasmed that the 
phrase "Hibernus" or "Anglo-Hibernus" usualy refers 
to what is now Eire, but I believe that in some mistances 
it included students from Northern Ireland. On the other 
hand, the phrase "Seoto-Hibernus" seems to be used 
exclusively by students from Northern Ireland. In the 
case of Wales an even greater diversity of deseriptions is 
found. Of the 1,979 students, in only eleven iastances 
am I tolerably certain from other sources that these 
students were actually Welsh, It is interesting to note 
how these eleven students deseribed themselves. In four 
eases their description was “Anglus”, in two “Britannus”, 
in three ‘Cambro-Britannus’’, in one “Gallo Britannus . 
and in one ease the eountry of origin was oraitted in the 
inscription. It seems probable that a smal number of 
"Angli" whom I have not been able to idertify further 
were really Welshmen. 

Faced with inconsistencies of this nature I decided that 
information regarding the birth-place should be obtained 
wherever possible, and this I have done. In the case of 
students who did not graduate, the only knownanformat ion 
on their birth-places was often merely the words "Anglus" 
“Scotus” and so on, given in their entries. 











But wherev er 
their subsequent career provided any biographical m- 
formation, an attempt was made to ascertain the county, 
and also if possible the town, in which they were born. 
Quite a number of these students were the sone of country 
gentlemen whose estates had been in the possession of 
their families for many years. If such a student was by 
chance born in another eounty--as did oceur in a few 
instances—]I have usually regarded his ancestra, estate 
as his birth-place. Further, there are in the data twenty- 
six cases of men who were born in European countries- 
who were in effect "foreigners —but who later established 
themselves in Great Britain, particularly in Londen, and 
practised medicine or some other profession there. These 
men are, of course, included as inglish-speaking™ 
Table 1 gives the origins of the student "popuitatiton ” 
by countries. 


Table 1. COUNTRIES OF ORIGIN OF THE STUDENT ‘PORT LATION” 


Mo. OF 
Country matrenlands 

England 1.412 
Wales I} 
Scotland 313 
Southern ireland (or Ireland as a whole? na 
Northern freland 19 
"Britannus" (not further identifiable) z 
American colonies (exeluding the West Indies) 23 
West Indies 49 
Other known European countries 26 
Country of origin unknown x 

RETO 


England. In 647 cases—just over half-—tne eounty 
of origin of the English matriculands has been established. 
I have arranged the frequencies of the matricucands from 
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the various counties in three groups. (1) Eastern and 
southern coastal counties, arranged from north to south 
and from east to west: Northumberland, 16; Durham, 
7; Yorkshire, 67; Lincolnshire, 18; Norfolk, 40; Suffolk, 
22; Essex, 18; Kent, 16 ; Sussex, 12; Hampshire, 13; 
Isle of Wight, 3; Dorset, 3; Devon, 41; Cornwall, 10. 
“London”, 140, is most convenient! y incinded in. this 
group because of its situation as a port and the impossi- 
bility of establishing from which of the Home Counties a 
"Londinensis" really came. The total for the group is 
426. (ii) Western coastal counties, arranged from north 
to south: Cumberland, 13: Lancashire, 27; Cheshire, 12; 
Gloucester, 9; Somerset, 17. The total for the group 1s 78. 
üu) Inland counties , arranged from north to south and 
from west to cast; Westmorland, 6; Derby, 9; Notting- 
hamshire, 10; Shropshire, 11; Staffor dshire, 6; Leicester, 
3; Rutland, 1; Peterborough, 0; Worcester, 6; Warwick- 
shire, 14; Northamptonshire, 8; Huntingdonshire, 0; 
Isle of Ely, 0; Herefordshire, 3; Bedfordshire, 2; Cam- 
bridgeshire, 4; Oxfordshire, 5; Buckinghamshire, 1; 
Hertfordshire, 6; Wiltshire, 10; Berkshire, 11; Middlesex, 
12; Surrey, 9. The total for the group is 143. 

No definite conclusions can be drawn from the data, 
but the figures perhaps suggest that the tradition which 
encouraged aspiring physicians to study at Leyden was 
strongest in. those parts of the country with easy access 
to sea routes to Holland, and especially the ports on the 
east coast. Asa matter of interest the number of matricu- 
lands known to have been born in certain large cities 
and educational centres (excluding London, see above) 
are as follows: Newcastle upon Tyne, 7; York, 24; Man- 
chester, 4; Leeds, 2; Sheffield, 5; Birmingham, " 
Norwich, 8; Yarmouth, 3; Cambridge, 2; Oxford, 
Bristol, 4; Exeter, 9. 

Scotland. In this case the data are set out on the same 
principle as for the English matriculands: 

(i) Eastern coastal counties: Orkney, 1; Caithness, 2; 


Inverness, 6; Nairn, 1; Moray, 1; Banff, 4; Aberdeen, 
21; Angus, 24; Fife, 19; the Lothians, 50; Linlithgow, 


1; Berwick, 4. Total for the group, 133. 

Gi) Western coastal counties: Argyll, 1; Renfrew, 1; 
Ayrshire, 8; Kirkeudbright, 1; Dumfries, 12. In this 
group the City of Glasgow, with 11 mat riculands, is best 
ineluded as their distribution by counties could not be 
ascertained. The total for the group is 34. 

Gii) Inland counties: Perth, 1; Starling, 3; Lanark, 
4: Selkirk. 1; Roxburgh, 3. The total for the group 
is 12. 

Though in Seotland the geographical distribution of 
culture at that period has to be taken into consideration 
more than in the case of England, these figures seem to 
reinforce the general conclusions from the English data. 
The figures for Seottish cities (all meluded in thei ir respec- 
tive counties above) are Aberdeen, 14; Edinburgh, 43. 

Ireland. Of the 236 matriculands from Norther n and 
Southern Ireland, the county of origin, if not the actual 
birth-place, is known in ninety-seven instances. Of these. 
twenty-three eame from Du! slin; thirty-two from Co. 
Cork (many of whom were from Cork erty); and two from 
Belfast. The remaining forty were distributed over 
nineteen Irish counties. 

The ages are give (n in most of the entries, but are very 
unreliable, as is often demonstrated when the actual 
date of birth is known from other sources. In cases of a 
subse quent matri eulation at Leyden the matriculand 

sometimes becomes younger on the second matriculation. 
My general impression is that most of the students first 
matrieulated at Leyden between the ages of 20 and 24. 
There are very few, if any, younger than 19, and I recall 
one man who was 60 w hen he matriculated. 


Education before Matriculation at Leyden 


It is little understood that many of the students arrived 
at Leyden after spending many years at other universities 
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and that a considerable number already had one or more 
degrees. In the following brief summary a distinction is 
made between non-medical education on the one hand, 
and medical education on the other. 

Non-medical study and qualifications. (1) Students who, 
before their firs st matriculation at Leyden, though no, 
graduates in arts, philosophy, divinity, or law, had studied 
any of eee at the following universities: Oxford, 
55; Cambridge, 134; St Andrews, 12; Glasgow, 40; 
Aberdeen (Kings), 6; Aberdeen {Marischal}, 15; 
Edinburgh, 14; Dublin, 29. The total for the group is 
308. 

Qi) Students who, before their first matriculation at 
Leyden, had already graduated im arts, philosophy, 
divinity or law at one of the following universities: 
Oxford, BA (later often MA), 149; Oxford, BCL. 2; 
Cambridge, BA (later often MA), 119; Cambridge, LLB, 
1; St Andrews, MA, 21; Glasgow, MA, 16; Aberdeen 
(Kings) MA, 14; Aberdeen (Marischal), MA, 10; Edin- 
burgh, MÀ, 94; Dublin, BA, 63; Harvard, BA. 2; 
Princeton, MA, 3; New York (King's College), MA, 1. 
The total for the group is 395. 

In addition, before their first matriculation at. Leyden, 
twenty-nine matriculands were already Fellows of Oxford 
colleges, eighteen were Fellows of Cambridge colleges 
and one was a Fellow of Trinity College, Dublin. 

Medical study and qualifications. (0) Students who, 
before their first matriculation at Leyden, though not 
graduates in medicine, had studied that discipline at the 
following universities: Oxford, 9; Cambridge, 30; 
Glasgow, 10; Aberdeen (King's), 1; Aberdeen (Marischal), 
e Edinburgh, 113; Dublin, 5; London hospitals and 
private medical schools, 6; Padua (exact number not yet 
determined, but large); Utrecht, 3; Franeker, 2; Louvain, 
1: Basle, 1: Paris (exact number cannot be determined 
as many of the Paris records are lost, but. probably con- 
siderable) ; Harvard, 1; Princeton, 1. The total for the 
group is 185. The very large figure for Edinburgh is 

explained by the fact that in the early vears of the Edin- 
Pun Medical School it was eustomary for many students 
to take the whole of their medical education at E dinburgh 
and then to spend a few days at Leyden in order to 
graduate. 

Gi) Students who, before them first matriculation at 
Leyden, had already qualified m medicine at one of the 
following universities. (The qualifications, Extra-Licen- 
tiate of the Royal College of Physicians of London (Extra- 
LRCP) and Licentiate of the Royal College of Physicians 
of London (LRCP), are both included because they were 
at that time high medieal qualifieations, especially the 
Lieentiateship. Over much of the period under review 
the examination for the Extra-LRCP was by the Elects 
of the College, and the examination for the LRCP was 
by the Censors. During most of the period the Licentiates, 
from the purely professional aspeet, ranked as equal to 
the Fellows, but eleetion to the Fellowship was open onlv 
to Doctors of Medieine of Oxford or Cambridge): Oxfor d, 
MB, 9; Oxford, MD, 1: Cambridge, M B, 29; Cambridge, 
Licence to Practise, 1: St Andrews, MD, 4; Glasgow, 


MD, 2; Aberdeen (King si, MD, 4: Aberdeen (Marischal), 
MD, 3: Edinburgh, MD, 24; Dublin, MB or MD. 4; 


Extra-LRCP (Lond), 3; LRCP (Lond), 1; MRCS (Eng). 


3; Padua, MD, 6; Utrecht, MD, 2; Rheims, MD, 39; 
Montpellier, MD, 1; Caen, MD, 1; Aix, MD, 1; Heidel- 


berg, MD, 1; Göttingen, MD, 1: Uppsala, LML. l; 
MD. university unknown, 2. The total for the group is 


1 43. 


Multiple Matriculation at Leyden 


Of the 1,979 students who matrieulated, I found that 
157 had done so on more than one occasion. Of these, 
107 matriculated twice and graduated MD at some univer- 
sity; the remaining thirty-five never graduated in medi- 
eine. Fourteen students marea on three oecasions 
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and obtamed a degree after one of these matriculations. 
The remaining student who matriculated on three ocea- 
sions never graduated in medicine. Many of the students 
in the first group graduated after their first matriculation, 


and their second visit to Leyden was presumably for post- 
graduate study. 


Degrees obtained after Education at Leyden 


It is well known that during the sixteenth, seventeenth 


and eighteenth centuries students were in the habit of 


studying at several universities. When they ultimately 
graduated they quite often did so at some university 
that they had not previously attended, and even after a 
residence of only a few days. Hence the multiplicity of 
degrees obtained by the Leyden students. It is also 
well known that the universities of Oxford, Cambridge 
and Dublin were in the habit of "incorporating" each 
other's degrees. For example, a man who had studied 
for a time at Cambridge might then proceed to Oxford 
or Dublin to study medicine. His resulting degree in 
medicine could thereafter easily be incorporated at 
Cambridge, so that he could then also deseribe himself as 
"MD Cantab". In the ease of men who had studied both 
arts and medicine at Oxford and Cambridge the resulting 
combinations of degrees often become bewildering. In 
the present seetion of this study only the student's first 
degree obtained after his first (or subsequent) matricula- 
tion at Leyden is recorded, and all later incorporated or 
ad eundem degrees are discounted since they are irrelevant 
to the questions at issue. In the case of students who 
were already graduates in medicine when they first 
matriculated at Leyden, the first degree which they 
obtained after their Levden matriculation is included in 
He list. For example, a man who matrieulated at Leyden 
s "MB Cantab" would usuallv graduate MD either at 
Ley den or Cambridge at the end of his period of study. 
Students who, after their first matriculation at Leyden, 
obtaimed degrees or other qual ifications in medicine were as 
follows: Oxford, MB, 25; Oxford, MD, 17; Cambridge, 


MB, 38; Cambridge, MD, 40; St Andrews, MD, 22: 
G lasgow, MD, 8; Aberdeen (King's), MD, 14; Aherdaon 
(Marischal), MD, 10; Edinburgh, M D, 19; Dublin, MB, 


10; Dublin, MD, 13; Extra-LRCP (Lond), 7; LRCP 
(Lond), 4; LRCP (Edin), 1; Royal Faculty at Glasgow, 
FREFP&SG, 2; London, Bishop’s Licence, 1; Leyden, 
MB (a degree very rarely granted by this university, and 


only during its earlier period), 3; Leyden, MD, 615; 


Leyden, DPhil, 1; Leyden, Doct Juris, 3; Groninge n, 
MD, 2; Utrecht, MD, 79; Harderwyek, MD, 33; Padua, 
MD, 51; Montpellier, MD, 2; Rheims, MD, 170; Caen, 


MD, 9; Caen, "Licentiatus Medicus", 1; Orange, MD, 2; 
Angers, MD, 4; Cahors, MB and MD, 2; Bourges, MD, 
1; Basle, MD, 2; Halle, MD, 1; Göttingen, MD, 1; 
MD, university unknown, 111. The total for the group 
is 1,324. 

From this list the enormous popularity of the Leyden 
doctorate will be apparent. Nothing exemplifies this 
better than the faet that, of the 113 students who had 
studied medicine (in most cases a full course) at Edinburgh 
(see before), only nineteen of them chose to take the 
Edinburgh MD. Most. of the others chose to graduate at 
Leyden, The Rheims MD was also very popular, particu- 
larly so with the Scots. Padua was really popular only 
in the early period. 


Significance of the Leyden Degree 


I have stated that many students spent only a few 
days at the Sed at whieh oy finally graduated, 


Koe on pA Edi 8 NUS career. T o e 
a tentative answer to this question I have in each case 


e 
ia 


paid very careful attention to the dates ef matriculation 
and of pranuara at me ben ane have eee an i ue ary 


to give the ae some adea. of the br nd E 
may, of eourse, be argued that this period is much too 
short. But before anyone does so he migat bear in mind 
the case, tnter alia, of Sir John Pringle, larer President of 
the Royal Society, who went to Ley den tos tudy commerce, 
chanced to hear Boerhaave deliver one lect: ire, and at ance 
changed the whole direetion of his career 

I found that 176 students who graduated 
did so within four weeks from the date of their first 
matriculation. It seems to me that, taiing into account 
the customs of the time, this number is reasonably small, 
and gives another good indication of the value set on a 
medical training at Leyden. 








MD at Leyden 





There were some casualties by the wayside. Five 
hundred and seven students are not recorded in "Innes 


SÜmith" as ever having obtamed a medical qualification of 
any kind. (If any of these men had ever graduated, I feel 
confident that Innes Smith would have feund the record.) 
This figure is about a quarter of all the matriculated 
students. In obtamung it I excluded about thirty men 
who were either surgeons on matriculation or who intended 
to become surgeons and did so later. Men who were 
already graduates when they matricwlated, and who 
did not again graduate after matriculation at Leyden, 
were also, of course, excluded. Jt should not be assumed 


that these 507 men were all failures. Many were dilet- 
tantes, such as those making the Grard Tour. Others 


were members of aristocratic families who had to return 
home for personal reasons. A considerabée number studied 
other subjects as well as medicine at. Leyden, and after- 
wards distinguished themselves in these subjecta. 


Later Careers of Leyden Graduates (16751774) 


It is very interesting to know how these Leyden students 
fared in later life. A few instances readily spring to 
mind of some who achieved great distenetion, but these 
are mere grains of sand in the near-1,500 who graduated 
before or after study at Leyden. In am attempt to gain 
some insight into this question D investigated the later 
careers of all the graduates who had matriculated between 
1675 and 1774—the second, and, from the British point 
of view, the most interesting, century of the university's 
existence. During 37 years of this period, 1701-37, 
Boerhaave was very active as a teacher. (Boerhaave was 
on the active list as a professor until his death on Septem- 
ber 23, 1738, but during most of 1738 ne was a very siek 
man.) 

The results of this small investigatoon are very inter- 
esting. In the following paragraphs they are dealt with 
in summary form, since I hope that a more amplified 
version will be published later. The results are classified 
here according to the distinctions that en active and highly 
intelligent physician might have wished to possess during 
that period. 

In his book Innes Smith ineluded mghty-four students 
w ho never matr elate at Ley pen DIR who did s 80 at nu 








betw een thes univer sities 1 were not t gre eat, a cs off ten 
visited universities other than their own without actually 
matriculating at them. [ entirely agree with his decision 
to include these students. In the firs: part of this article 
I dehberately excluded them, becaese that part deals 
lu this second part I 









primarily w ith Leyden students. 
have included them, because it deals primarily with the 
later careers of men who had in ary way experienced 
the Levden influence. During this century 1,060 Leyden 
matriculands graduated in medicine at some university, 





or ob:aimed one of the other qualifications prev iously 
To these must hod Send a small number of 


defined. 
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subjects but did not graduate in medicine, and who later 
became distinguished in some medical subjects. In this 
part of the article all these men are referred to as “gradu- 
ates" (in quotes). 

Of the approximately 1,100 "graduates", eighty-five 
became Fellows of the Royal Society. One (Sir John 
Pringle, Bart.) became President of that Society; one 
(Richard Mead) became a Vice-President; and three 
served as Secretaries of the Society (William Musgrave, 
Cromwell Mortimer and Charles Morton). Three of the 
“graduates” (Alexander Stuart, John Huxham and 
Wiliam Brownrigg) were awarded the Society’s most 
coveted distinction, the Copley Medal. 

Sixty-three of the "graduates" were elected to the high- 
est order, that of the Fellows, of the Royal College of 
Physicians of London. Two became Candidates, 57 
Licentiates and 24 Extra-Licentiates. In later life 12 
of the 63 Fellows became Elects of the College and 6 were 
elected to its Presidency. It should be emphasized that, 
in the case of the Royal Colleges, no man is included 
more than once in respect of the orders of Fellows, Candi- 
dates, Licentiates and Extra-Licentiates. For example, 
any Candidate or Licentiate who was subsequently elected 
a Fellow is included only in Fellows. 

Seventy-seven “graduates” were elected Fellows of the 
Royal College of Physicians of Edinburgh, its highest 
order, and a further ten attained the lower order of Licen- 
tiates. Nine of the seventy-seven Fellows were elected 
to the Presidency. Eight of the "graduates" were elected 
to the Membership of the Edinburgh Corporation of 
Surgeons, and three of them served as President. 

Thirty-one "graduates" were elected Fellows of the 
Royal College of Physicians in Ireland. (It should be 
mentioned that during this period this college was known 
as the King’s and Queen’s College of Physicians in Ireland, 
but the older—and present—-title 1s retained here to avoid 
eonfusion.) Although only eight "graduates" became 
Candidates, and eight Licentiates, twenty-three of the 
Fellows served as Presidents of the College. 

Twelve "graduates" were elected to the Fellowship of 
the Royal Faculty of Physicians and Surgeons of Glasgow 
and seven of these served as President. 

Twenty-four of the "graduates" became royal physi- 
cians, mostly in this country, but sometimes abroad— 
for example, to the Czar of Russia. Thirty-nine of the 
"graduates" were elected to chairs in various universities 
— mostly in this country, but in a few instances abroad. 

The following "graduates" of this period later became 
physicians to the London hospitals: Guy's Hospital, 
Matthew Clark, James Jurin, Nicolas Munckley, John 
Oldfield, Robert Thomlinson; the London Hospital, 
Benjamin Alexander, John Coningham, Thomas Dickson, 
James Hibbins, Sir John B. Silvester; the Middlesex 
Hospital, William Douglas, Herman Heineken, Charles 
Morton; St Bartholomew's Hospital, Anthony Askew, 
William Pitcairn; St George's Hospital, John Baillie, 
John Clephane, David Loss, Alexander Stuart, George L. 
Tessier, William Wasey; St Thomas’s Hospital, Mark 
Akenside, George Fordyce, Joseph Letherland, Richard 
Mead, Thomas Reeve, Thomas Wadsworth; the West- 
minster Hospital, Thomas Brooke, Alexander Stuart, 
George L. Tessier, William Wasey ; the Foundling Hospital, 
Riehard Conyers, Charles Morton; Christ's Hospital, 
Anthony Askew, William Bedford, William Fullerton, 
William Piteairn; Bethlehem Hospital, John Monro. 
I have traced forty-six of the "graduates" who became 
physicians to provincial, Scottish and Irish hospitals, 
some of which later became famous teaching institu- 
tions. 

The practice of medicine by ministers of religion, some 
of whom had, and some had not, also qualified in medicine, 
was not uncommon in the seventeenth and early eighteenth 
centuries. This matter is complex and cannot be discussed 
here. It must suffice to say that I have notes on many 
men who had studied medicine at Leyden and who 
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attained distinction in the Church. The most outstanding 
are Timothy Goodwyn, a Leyden student and a Utrecht 
graduate in medicine, who became Bishop of Kilmore and 
Ardath, and later Archbishop of Castel; and Thomas 
Secker, a student of medicine in London, Paris and Leyden, 
and a Leyden MD. Secker actually practised medicine 
while he was a parish priest. He later became Bishop of 
Bristol and of Oxford, Dean of St Paul's and finally 
Archbishop of Canterbury. 


The Boerhaave Period (1701-1737) 


Although this article does not deal with Boerhaave, in 
view of the recent tereentenary celebration of his birth 
and the publieation of Professor Lindeboom's definitive 
biography! it is interesting to compare the results obtained 
in respect of men who matriculated during Boerhaave's 
thirty-seven years of active teaching with those obtained 
for the whole century. Boerhaave was appointed a 
"leetor"—that is, a reader—in the medical faculty at 
Leyden in 1701. During the following eight years he 
taught the Institutes of Medicine, a subject which was 
really the theory of medicine. It embraced not only what 
we now call physiology, but also general pathology, the 
general principles of diagnosis and treatment, and materia 
medica in general. This was a fundamental course, and 
in Boerhaave's hands it was materially altered to the 
form which it maintained in most universities for about 
a century. While Boerhaave was stil a "lector . he 
published two textbooks which were immediately very 
successful. These were the Institutiones medicae (The 
Institutes of Medicine), first published in 1707; and the 
Aphorisms de cognoscendis et curandis morbis (Aphorisms 
Concerning the Knowledge and Cure of Diseases). first 
published in 1708. These books had many editions in 
Latin and translations into several modern languages, 
and for nearly a century they were used in many European 
universities. It seems therefore to be justifiable to date 
the beginning of the period of Boerhaave’s influence at 
Leyden as 1701, and not 1709, the vear in which he was 
appointed to his first chair. Although, as already stated, 
Boerhaave was still professor of clinical medicine at the 
time of his death in September 1738. during the whole 
of that year he was a very sick man, and by his actual 
presence and teaching he could have exerted little direet 
influence on Leyden students. The most important of 
these results are summarized here; the figures for the whole 
century (previously given) are repeated in brackets for 
comparison. 


The Royal Society: Fellows, 47 (85). Pringle, Mortimer 
and the three Copley Medallists were all students of 
Boerhaave. 


The Royal College of Physicians of London: Fellows, 30 
(63); Licentiates, 19 (57); Extra-Licentiates, 10 (24). 
Of the six Presidents previously mentioned, four were 
pupils of Boerhaave. 

The Royal College of Physicians of Edinburgh: Fellows, 
34 (77); Licentiates, 9 (10). None of the Presidents 
mentioned was a pupil of Boerhaave. 


The Royal College of Physicians in Ireland: Fellows, 
17 (80); Candidates, 4 (8); Licentiates, 6 (9); Presidents, 
15 (23). 


The Glasgow Faculty: Fellows, 0 (12); 
0 (1). 


This investigation seems to demonstrate the important 
impact of the Leyden School, and of Boerhaave in particu- 
lar, on the medical and scientific life of this country in the 
eighteenth century. 


Presidents, 


! Lindeboom, G. A., Herman Boerhaave, the Man and his Work (Methuen, 
London, 1968). 


NATURE, VOL. 221, MARCH 1, 1969 


815 


"Haldane's Dilemma" and the Rate of Natural Selection 


by 
PETER O'DONALD 


Division of Biological and Medical Sciences, 
Brown University, 
Providence, Rhode Island 02912 


MAYNARD SMITH! has put forward a model of selection 
acting on a character determined by genes at many loci. 
He was able to show that in this model very many more 
genes can be selected for than in Haldane's model in 
which selection is assumed to act on each locus independ- 
ently. By looking for differences in the proteins of 
particular enzymes, Lewontin and Hubby? calculated that 
Drosophila is probably polymorphic at about 30 per cent 
of all its loci. In Haldane’s model only a handful of these 
polymorphisms can be maintained by natural selection. 
But Sved, Reed and Bodmer’, King? and Milkman’? have 
pointed out that the assumptions made by Haldane in his 
model will very often be false to nature: very often 
selection will not be acting on the loci independently; it 
will be acting on a character determined by many loci. 

Sved? calculated the number of possible gene replace- 
ments that could occur in a generation if selection only 
acts up to a particular value or threshold of a character. 
In this model the different alleles at the n segregating 
loci determine the values of the character and all those 
individuals with values less than the value at the threshold 
die by selection. 

Ihe value at the threshold is chosen to give a particular 
fraction of selective deaths—a fraction Van Valen? called 
I, the intensity of selection. Maynard Smith! used the 
same model as Sved to calculate the number of loci that 
selection could act on simultaneously. He assumed, like 
Sved, that the genes at all loci have an equal effect on the 
value of the character and also that the gene frequencies 
are the same at all loci. If the character is normally 
distributed and the mean is the threshold so that all 
individuals with values less than the mean die selectively. 
then the intensity of selection is 0-5 and the number of 
loci is easily found. The distribution will only be normal, 
however, if the frequency of the unfavourable gene at 
each locus is 0-5; for if the gene frequencies are p and q, 
the third moment is npq(q — p), which is only zero as in a 
normal distribution when p=q=0-5. If so, then Maynard 
Smith shows that in Haldane's model with s=0-01, 
n= 138; and in the threshold model n = 25,500. 

It is clear from these calculations that the threshold 
model ean support very many more segregating loci than 
Haldane’s model during the evolutionary process when 
directional selection is causing a change in the mean of the 
population. But the validity of the threshold model can 
be questioned for the same reason that Maynard Smith 
questions the validity of Haldane’s model—that it does 
not realistically describe how natural selection works. In 
natural selection all individuals have a chance of survival. 
but some have a better chance than others. For any 
character or combination of characters, there must 
always be an optimum at which the chance of survival is 
the greatest. Suppose z is the value of the character or 
combination of characters, with an optimum value 8. 
Then the simplest general model of natural selection is 
one in which the fitness w decreases as the square of the 
deviation of x from the optimum. Thus we have w= 1 — 
& — K(0—2x)*, where K is à constant. The change of mean 
is (O'D.*) 

At = l-a-K-8j—KV 
and it can be shown that J ={K(0—Z)*+KV}/(1— a), so 
that in terms of a given intensity of selection 


The conclusion that most new genes must be more or less without 
selective effect can be supported in the face of recent criticism. 


21V(0—3)— Iu, 


(1—2J)((0—2)* + Vi 


Putting Z=np, V=npq, us npg(q—p) aad 0-nz, gives 
the equation for the change in p after natural selection 
has acted on the population 


Anus SUPR i) 
(1— I) in? (z— p) + npg} 


Following Maynard Smith, this change in gene 
frequency is now equated to the change as given by the 
selective coefficient s: Ap- pqs in haploids if s is small. 
Thus we get an equation for n 


n's(1—1) (z-p)+n{pgs— 21(z — p) -1 (q—p)=0 
and if ¢ is small compared with J, then approxunately 
n= 2l1](s(1—1) (s—p) 


Because the favourable genes are inereasing by directional 
selection to fixation, the maximum fitness is reached as 
in Maynard Smith's and Haldane's models when all loci 
are homozygous for the favourable genes. Thus z:-1 at 
the optimum and n-2l/sq(1—1) Tabe 1 shows the 
numbers of loci on which selection can act in haploids 
if the selective coefficient is 0-01. Thus when 4 — 0-5 and 
I=0-5, then n=approximately 400. The corresponding 
numbers are 138 in Haldane’s model and 25,500 in 
Maynard Smith's model. When g=0-9 and J/=0-5, the 
optimum model gives n=222, Haldane's model gives 
»-—71and Maynard Smith's n = 71,000. 

If selection is acting on a population of diploid indivi- 
duals, the effects of the genes, which are additive on the 
scale of x, are no longer additive on the scale of w. If 
AA has a selective coefficient 0 and aa a selective co- 
efficient 2s, then Aa must have a selective coefficient is 
for the gene A to have an additive effees on the x scale. 
This gives approximately Ap-ispg (1+ 2g). So for 
diploids we put V=2npq and y,-£npg(g—p) and 
equating the values for Ap gives the aporoximate value 
for n of n=21f{sqi1+2qg) (1—1). Tabe 2 shows the 
number of loci that can be selected for different values of 
I and q. In all these models it appears possible that 
individuals with negative fitnesses eculd occur, for 
w-l—-«—K(0—2z). In practice in aB the examples 
given, the mean is many standard deviations away from 
the point of zero fitness and such individuals can never 
arise. The distribution of « must always be such that 
individuals with negative fitnesses do not occur, the 
equations for AZ being general for any distribution. 

From these calculations it can be seen that selection 
cannot aet on many loci simultaneously so long as the 
intensity of selection is not very great: this is Haldane's 
dilemma. But Tables 1 and 2 show an interesting pheno- 
menon. If the frequeney of the unfavourable allele is 
low and the population is therefore near its optimum, then 





Table 1, HAPLOIDS: NUMBER OF LOCI AT WHICH SELECTION CAN ACT SIMUL- 
TANEOUSLY WITH A SELECTIVE ADVANTAGE OF 1 PEE CENT FOR DIPPERENT 
INTENSITIES OF SELECTION AND GENE FREQUENCIES 


Frequency of une Eanes of selection 
:25 x 


favourable allele 041 ü FE 
0-9 25 74 paced 667 
0*5 44 133 400 1,200 
0-25 89 207 SO 2 400 
0-1 222 607 2,000 8,000 
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Table 2, piPLOIDS: NUMBER OF LOOI AT WHICH SELECTION CAN ACT SIMUL- 
TANEOUSLY WITH A SELECTIVE ADVANTAGE OF l PER CENT FOR DIFFERENT 
INTENSITIES OF SELECTION AND GENE FREQUENCIES 

Frequency of un- Intensity of seleetion 


favourable allele +] 0-25 0-5 0:75 

0-9 9 26 79 238 

0-5 22 67 200 600 

0-25 59 175 533 1,600 

Od 185 555 1,670 §,000 
very many more loci can be acted on by selection. This 
is when the advantageous gene is near fixation. But 


Lewontin and Hubby? showed that a high proportion of all 
loei were polymorphie with different alleles common in the 
population. These polymorphisms cannot therefore all be 
transient ones occurring while many genes are spreading 
through the population replacing deleterious ones. Many 
of the polymorphisms must be at stable equilibria, 
perhaps being maintained by heterozygous advantages. 

If the heterozygotes are contributing to the value of a 
quantitative character, the mean will increase after 
selection has acted on the newly formed zygotes, but 
segregation will restore it to its original value in the next 
generation. If the two homozygotes are equally disad- 
vantageous, with a selective coefficient s, then the gene 
frequencies are p=q= at equilibrium. In the simplest 
model of a quantitative character determined by genes 
maintained by heterozygous advantages, the heterozygote 
Aa increases the character by one unit while the homo- 
zygotes add nothing to the character. Thus the geno- 
typie values and their frequencies will be as follows 


Genotypes AA Aa ait 
Genotypie values 0 1 Q 
Equilibrium frequencies before seleetion 0-25 Od 0-25 
Frequencies after selection PIRE M UE LE o 
2(2-8) (2~8) 2(9-s) 


Before selection therefore there is a binomial distribution 
of genotypes {4(da)+ $(AA and aa). with mean, 
variance and third moment given by #=4n, V=4n and 
432-0. The change of mean, 

2IV (0—8) — Iu. 


^ (1-I) {0-3 + V] 


(Ded) 4 (0 — 
becomes Af-In/((l—lI) (n1). But in terms of the 


^ 
oye 


selective coefficients, A®=ns/2(2~—s8). This gives 
4] 1-1 
Mou e 
s(1 — I) bs 


Thus if / — 0:5 and s=0-01, then n = 397. 
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In all these calculations it has been assumed that s = 0-01. 
This value was used in Maynard Smith’s and Sved, Reed 
and Bodmer’s calculations. But there seems to be no 
reason for its choice apart from the historical one that 
Fisher’ used it in his original caleulations. Smaller values 
of s will obviously allow more loci to be subject to selection. 
For example, if s=0-00016, then n= 25,000 loci. A 
similar value of s was obtained by a completely indepen- 
dent method". A model of the evolution of dominance of 
the mimies of Papilio dardanus showed that certain of the 
rare mimies studied by Clarke and Sheppard!* !* could 
only have evolved dominance as they have done if 
the genes modifying the dominance were subject. to very 
small selective forees. In the model, the modifiers of 
dominance were maintained by small heterozygous 
advantages and it was found that dominance did not 
evolve if the seleetive coefficients were greater than about 
0-0002 to 0-0004. These values are obviously similar to 
the value of s that would allow selection at 25.000 loci. 

If such very small selective values are the rule. we 
should therefore have eseaped the horns of Haldane's 
dilemma by accepting Kimura's conclusion!$ that most 
mutations are more or less selectively neutral. They must 
also have little or no phenotypic effect. Maynard Smith 
escapes from Haldane's dilemma by using à model that 
allows seleetion to aet on very many more loei than in the 
model of selection for an optimum. But I believe his 
model is as unrealistic as Haldane's which he criticizes 
Kimura for using. 
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Two New Pulsating Radio Sources 


by 
J. H. TAYLOR 


Harvard College Observatory, 
Cambridge, Massachusetts 


G. R. HUGUENIN 


University of Massachusetts, 
Amherst, Massachusetts 


Two new 
measured. 


Two new pulsars have been discovered during à search 
for such objects carried out with the 300 foot transit 
telescope at the US National Radio Astronomy Observa- 
tory during October and November 1968. The new 
sources have been designated PSR 0904+77 and PSR 
2218 -+ 47, in accordance with the system of nomenclature 
suggested by Turtle and Vaughan’, but these designations 
should be considered tentative until more accurate post- 
tion measurements become available. The positions and 
other measured parameters of the two sources are listed 
in Table 1. 

The searching technique used was similar to that used 
by Huguenin et al.* in the discovery of HP 1506. The 
antenna was us pace and forth. in secre) UR a 
rate of 2-5 


pulsars have been discovered and their parameters 


across the sky. In this way. a declination strip of width 
approximately 10/cos 8 are degrees was covered each 
day, and each location within any such strip was inside 
the 2 degree main beam of the antenna for about. | min. 
The survey ineluded the entire declination range + 44^ < à 
« 4-857, in addition to the range —19°<8< —8° for 
right ascensions between 5h and l4h. Each strip was 
scanned at least three times, and many of the regions were 
covered as many as ten times. 

Two receivers were operated simultaneously, tuned 
respectively to frequencies of about 110 MHz and 112 MHz. 
Each had a bandwidth of 0-3 MHz, and the output of 
each was sampled and reeorded on magnetie tape once 
every 20 ms. An off-line computer searched the recorded 
data for pulsating signals with periods in the range 0-16 
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Table 1, MEASURED PARAMETERS OF THE PULSARS 

PSR 0904477 PSR 2218 +47 
09h 04m + Öm 22h 18-3m + 1-0m 
Declination (1950-0) +77" 40° + 50 +47° 30° + 30’ 
xalaetie longitude 135° 98* 
Galactie latitude + 34° LR 
He'iocentrie period (8) 157908 + 0-060006 0-538461 + 0-000008 


Right ascension (1950-0) 


Integrated electron density = 43802 
(em? pe) 

Mean pulse energy at 110 MHz 025 ~F 
(dome? Hz 'x 10:35) 

Mean flux density at 110 MHz ~l ~ 1:3 
(W m^? Hz'x10-*5) 

Pulse width (ms) < SO « 30 


to 50 s. The computer analysis involved (a) separating 
the data from each receiver into groups of 2,048 consecu- 
tive samples; 
eaeh sueh group: (c) searching the transform for Fourier 
components which, averaged together with their har- 
monieally related counterparts, significantly exceeded the 
mean level of the Fourier transform. When this test 
produced a significant result, thus indicating a probable 
pulsar period, the computer then (d) eross-correlated the 
original sets of 2.048 data points with a train of uniform 
pulses spaced p, the indicated period. Finally. (e) the 
resulting ero oss-correlation. functions were tested for the 
presence of a significant "average pulse”, 

In seanning the sky no attempt was made to avoid the 
positions of the already known pulsars. Thus these sources 
were frequently detected as possible “new” pulsars by 
the computer analysis and they provided a built-in 
empirical test of the sensitivity and reliability of the 
searching technique and therefore of the complet eness of 
the survey. We believe it unlikely that any undiscovered 
pulsars remain within the region covered by the present 
survey, unless (@) their periods fall outside the range 
0-16 to 50 s; (b) their dispersion measures are greater 
than about 50 em ^? pe; or (c) their mean flux densities 
at 110 MHz are smaller than about 03x 108 W m? 
Hz, or about one-half the average flux density of HP 
1506. These parameters define a three- dimensional 
“window” in period-dispersion-intensity space, through 
which the survey was capable of observing pulsars. 

PSR 0904+ 77 has some peculiar characteristics that 
make it of special interest. On most occasions when 
reasonably strong pulses were received from this source, 
there was evidence of a secondary pulse, approximately 
20 per cent the amplitude of the main pulse, spaced mid- 


PSR 0904 +77 


Relative intensity 


DEC. 30,1968 tle MHz 


NOV. 22,1968 il} MHz 





0 2 Ge (^6 Os po 1:3 HER! 
Time (8! 


Fig.1. Mean pulse profiles for PSR 0904477, observed on November 

22 and December 30, 1968. Each curve is the average of about 25 min 

of data; it is assumed that the correct heliocentric period is 1-57905 8. 

Effective time resolution is 50 ms, not including possible effects of 
dispersion. 


(b) eomputing the Fourier transform of 
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PSR 2218-47 


113.0 MHz 


Relative intensity 





0:3 0-3 i4 5 

Time ts) 
Fig. 2. Mean pulse profiles for PSR 2218+ 47, observed on January 1, 
1969, simultaneously at 111-9 MHz and 113-0 MHz. A total of 20 min 
of data were averaged together, with an assumed hebocentric period of 


(538401 s. Effective time resolution is about 40 mg, including the 
effect of dispersion. 


way between the main pulses. The age ry pulses are 
evident in the two curves shown in Fig. L each of which 
represents the mean pulse profile d. ved from PSR 
0904477 over a period of about 25 min on à particular 
day. An alternative interpretation of these curves is 
that the true period of this pulsar is one-half of the value 
quoted in Table 1. or 0-789525 s, and that «here is à strong 
modulating mechanism present which enhances every 
alternate pulse. We believe that either of these interpreta- 
tions is more easily accounted for by à retating models-+ 
than by a pulsating model’, 

The pulses from PSR 0904+77 show intensity varia- 
tions of at least an order of ined hide over frequencies as 
close together as, say. 111 and 112 MHz. In fact, dual- 
frequency observations of this source have been attempted 
on several days, and in no case has the souree been de- 
tected simultaneously on two different frequencies. Por 
this reason, we have been unable to measure the dispersion 
of PSR 0904477. It is not yet clear whether spectral 
structure of this type, w hich has been observed for other 
sources as well, is an emission phenomeson inherent in 
the pulsars themselves or a semtilation phenomenon 
occurring in the medium between the observer and the 
souree$-5, 

PSR 2218+47 shows no significant eraission between 
the main pulses. Mean pulse profiles for this souree are 
shown in Fig. 2, from data obtained on January 2. 1969, 
averaged over a period of about 20 min. The displacement 
in time of the pulses in the two receiver channels indicates 
an integrated electron density along the line of sight of 

43-8+ 0-2 em pe. 
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Spontaneous Regeneration of Rhodopsin in the Isolated Rat 


Retina 


by 
RICHARD A. CONE 
PAUL K. BROWN 


Biological Laboratories, 
Harvard University, 
Cambridge, Massachusetts 


In 1878, Kuhne found that an excised frog retina, after 
being bleached by exposure to light, would only partially 
recover its original "purple" colour. When the retina 
was replaced in the fundus, however, a substantial amount 
of "visual purple" (rhodopsin) would regenerate.  Pre- 
sumably the visual receptors had to be in eontact with the 
pigment epithelium!. Wald and his co-workers found 
that after a solution of rhodopsin has been bleached, 
rhodopsin ean be regenerated by adding 11-cés retinal’, 
but until now it has not been possible to study the com- 
plete rhodopsin cycle in an isolated retina preparation. 
For example, Weinstein, Hobson and Dowling have 
reported that rhodopsin does not regenerate in the isolated 
retina of the rat even if the retina is perfused with an 
enriched medium that maintains neuronal aetivity?. 
We have now discovered, however, quite unexpectedly, 
that if the retina is sealed and incubated in a small cham- 
ber, without perfusing, as much as 80 per cent of the 
bleached rhodopsin spontaneously regenerates. In addi- 
tion, we have found that in this isolated preparation, 
rhodopsin proceeds through the same sequence of inter- 
mediates as in the living eye; the only notable difference 
is that the final transitions in the cycle are somewhat 
slower. 

In most of the experiments reported here, albino rat 
eyes were excised from fully dark adapted animals 
anaesthetized with ‘Nembutal’. Each retina was dissected 
out, under dim red light, in a small volume of standard 
Ringer solution, with a pH of 6-8. (The solution was made 
up of 9 g of NaCl, 0-25 g of CaCl,, 0-42 g of KCl and 0-2 g of 
NaHCO;/. of distilled water. The retina was then 
placed in a small chamber with a drop of Ringer solution, 
and maintained at 37? C for the duration of the experi- 
ment. The chamber consists of two quartz coverslips 
separated 0-4 mm by a 'Lucite' ring with an inside diameter 
of 7 mm. The volume in this chamber is only slightly 
greater than that of the retina. The pH of the retina 
remained near 6:8 throughout the experiment. Absorption 
spectra were measured in a small selected area 100-300 
microns in diameter with a recording microspectrophoto- 
meter similar to that previously described?. The light 
beam of the spectrophotometer passed axially through 
well aligned visual receptors, as in the living eye. To 
"bleach" rhodopsin, the measured area was exposed to a 
30 ms flash (type M3 flashbulb) which was delivered 
through the spectrophotometer optics. The area irradi- 
ated by this flash was centred on the measured area and 
had a diameter of 1-3 mm. Filters were used to remove 
from the flash all wavelengths shorter than 510 nm and 
longer than 1,000 nm. Every rhodopsin molecule in the 
measured area absorbed at least one photon during the 
flash. 

Results of a typical experiment are shown in Fig. 1. 
The first recording shows the absorption spectrum of the 
dark adapted retina with a peak at 500 nm, the absorption 
maximum of rat rhodopsin. After obtaining this record- 
ing, the retina was flashed, and the ensuing transforma- 
tions of rhodospin were observed by recording the absorp- 
tion spectrum of the retina ten times during the next 3 h. 
Four of these absorption spectra are shown in Fig. 1, and 
the difference spectra obtained from these recordings are 
shown in Fig. ?. The difference spectra reveal each of 


Regeneration of rhodopsin, which completes the rhodopsin cycle 
described in the following article, occurs spontaneously if the retina 
of the rat is isolated and sealed in a small chamber. 


the major speetral transitions which oceurred between 2 
and 200 min after the flash. The last of these, 4 minus 5, 
shows spontaneous regeneration of rhodopsin. Regenera- 
tion can be detected within minutes after the bleaching 
flash, and is nearly complete within 3 h. In this experi- 
ment more than 80 per cent of the rhodopsin activated 
by the flash regenerated. Twenty hours after the original 
flash, the same area of the retina was flashed a second time, 
and the same spectral transitions were observed, except 
little or no retinol (vitamin A) appeared and less rhodopsin 
regenerated. We have performed similar experiments 
with retinas from frog (Rana pipiens) and monkey 
(Rhesus macaque) and find that rhodopsin regenerates 
spontaneously in both, but to a lesser extent than in the 
isolated retina of the rat. 

A crucial question is whether the rhodopsin cycle in this 
isolated retina preparation is the same as in the living 
eve. Fig. 3 shows a diagram of the cycle in the isolated 
retina. In the past, the rhodopsin cycle has been difficult 
to study in the living eye. Consequently, the intermediate 
states in the bleaching process have been best character- 
ized in solution. Five successive interrnediate states in 
the bleaching process have been identified in neutral 
solutions at normal temperatures: meta I (ref. 5), meta II 
(ref. 6), para®7, retinal® and retinol*. The investigation 
of the early receptor potential (ERP) described in the 
following article and ref. 10 indicates that the same five 
intermediates occur in the living eye of the rat. In 
addition, the rates of formation and decay of the first 
three of these intermediates, as well as the rate of regenera- 
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Fig, 1. Absorption spectra of the isolated rat retina at 27? C. The first 
spectrum, 1, was recorded 15 min after placing the fully dark adapted 
retina in the microcell. The retina was then flashed, and successive 
spectra, 2 to 5, were recorded at the times shown (minutes after the 
flash). About 2 min were required to record each spectrum. 
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tion of rhodopsin, were determined in the living eye with 
the ERP. We have compared our observations on the 
isolated rat retina with these ERP observations in the 
living eye. The rhodopsin cycle seems essentially the 
same in both, differing only m rates of certain transitions. 

In the isolated retina, we have observed meta I, the 
first of the five intermediates, by cooling to 0° C before 
flashing. At this temperature, meta I equilibrates with 
meta IT within a few seconds. The difference spectra for 
meta I and meta II are maximal at about 485 nm and 380 
nm respectively. At warmer temperatures, meta I 
decays very rapidly and meta II is the first intermediate 
we can observe with our recording spectrophotometer. 
The rhodopsin to meta II transition at 37° C is indicated 
by the 2 min spectrum in Fig. 1, and in Fig. 2 by the 1-2 
difference spectrum. By the time such a 2 min recording 
is completed at this temperature, in addition to meta IT 
some retinal (380 nm) and retinol (825 nm) have formed. 
During the next few minutes, the dominant spectral 
transition is the decay of meta II to para (470 nm), as 
shown by the 14 min spectrum in Fig. I and the 2-3 
difference spectrum in Fig. 2. During the next hour, 
para decays to retinol and opsin, as indicated by the 
68 min spectrum and the 3—4 difference spectrum. Regen- 
eration of rhodopsin begins within minutes after the flash 
and continues after para has decayed. In the second 
and third hours after the flash, as rhodopsin regeneration 
nears completion, both retinol and retinal decay, as shown 
by the 200 min spectrum and the 4—5 difference spectrum. 
In this experiment, about 60--70 per cent of the rhodopsin 
regenerated by 200 min. 

Dowling has shown that in the dark adapted rat, little 
free retinol (or retinal) is present in either the retina or 
pigment epithelium!!. In the isolated retina most of the 
retinol released by bleaching must therefore recombine 
with opsin. In the living eye, the all-trans retinol released 
by bleaching migrates to the pigment epithelium, and then 
returns to the retina still in the all-trans configuration!!. At 
no time during the rhodopsin eycle did Dowling observe 
free ll-cis retinol. This suggests that retinol is not 
re-isomerized to 11-cis until it has re-entered the receptors. 
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Fig. 2. Difference spectra from Fig. 1. Each spectrum in Fig. 1 was 
subtracted from its preceding spectrum to yield the difference spectra 
as numbered on the right. The dominant spectral transition which 
occurs in each spectrum is labelled on the left. In some spectra, smal! 
subsidiary transitions are also present. For example, retinol formed 
continuously for about the first 70 min, and some regeneration of 
rhodopsin can be seen in 2-3 and 3-4. The pathway by which retinal 
is formed is not known, but meta IT is the most likely precursor. 


rhodopsin 


retinol + opsin 





~~~ para 
; 4 
retinal + opsin 


Fig. 3. The rhodopsin cycle in the isolated retina of the rat. The wavy 

arrow indicates a photic transition; the dashed arrows indiesze transi 

tions for which there is the least evidence. Para and refinal are shown 

on parallel pathways because both are present during most of “he exele, 

and we have observed para decay to retinol (Fig. 2, spectrum 3-4) but 
not to retinal, 


In dissection, the retina of the rat separates cleanly from 
the pigment epithelium and brings with it a£ most only 
small fragments of epithelial cells. Thus in our isolated 
retina preparation, the migration of all-feans retinol 
to the pigment epithelium is disrupted. Apparently, 
however, an isomerizing mechanism remains intaet. 

In the past, several problems have arisen in distinguish- 
ing certain intermediates in the bleaching process. In 
particular, meta I and para are readily confused because 
they have similar absorption speetra. Meta I, howewer, can 
be clearly distinguished from para because meta i forms 
from rhodopsin within a fraction of a mullssecond (at 
37° C) and completely decays to meta ll within a few 
milliseconds, whereas para forms from meta II over a 
period of several minutes!®, The presence of even è small 
quantity of para can severely distort difference spectra 
of rhodopsin (see Fig. 2, spectrum 1—2), and because para 
is photolabile*, in a selective bleaching experiment if 
ean be mistaken for a visual pigment. 

Both meta II and retinal absorb maximally at about 
380 nm. Our basis for distinguishing these intermediates 
is that meta II decays to para, produces an ERP 
response’, and is efficiently photoconverted to a mixture 
of para plus rhodopsin and isorhodopsin*. Retinal, on the 
other hand, does not produce an ERP response", is photo- 
converted only to a mixture of retinal isomers with similar 
spectra*, and in the freshly isolated retina it is reduced to 
retinol. 

The most surprising result of this investigation has been 
the virtually complete regeneration of rhodopsm in the 
isolated retina of the rat. We find, in contrast to the 
isolated retina, that little or no regeneration occurs in 
exeised eyes incubated at 37° C in Ringer solution, and, 
as already mentioned, no rhodopsin regenerates in the 
perfused isolated retina?. At least three factors raust 
combine to enhance spontaneous regeneration of rhodopsin 
in this preparation. First, the small volume of the cham- 
ber is crucial; in a 200 ml. chamber filled with Ringer 
solution we have observed no more than 10-15 per cent 
regeneration. Second, temperatures in the physiological 
range are important because at room temperaturesregener- 
ation is too slow to be easily observed. The thirc. factor 
is the size of the bleached area; if the entire retina is 
bleached instead of a 1-3 mm patch, there is only 40-50 
per cent regeneration. 

This research was supported in part by grants from the 
US Public Health Service (to R. A.C.) andthe US National 
Science Foundation, to G. Wald, who we thank Yor his 
assistance in preparing the manuscript. 
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Rhodopsin Cycle in the Living Eye of the Rat 
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THe discovery of the early receptor potential (HRP) has 
made possible a new method for inv estigating the rhodop- 
sin cycle in the living eve. So far, photometric techniques 
have been the only available means of studying visual 
pigments n evo. Using such techniques, Rushton! and 
Weale? have determined many properties of the bleaching 
and regeneration processes in the human eye, and Hagins?. 
in an extensive study of the living eye of the rabbit, has 
observed three of the intermediate states in the cycle. 
The properties of rhodopsin in the living mammalian 
eye, however, have yet to be fully related to the ehemistry 
of rhodopsin which has been extensively studied in 
solution. We report here measurements made on the 
excised eye of the albino rat which firmly identify the 
intermediates of rhodopsin that produce each of three 
distinet ERP responses. These responses, in turn, were 
observed in the anaesthetized rat to determine the 
characteristics of the rhodospin cycle in the living eye. 
The ERP is eheited by intense flash illumination of the 
retina’, and is probably generated by displacements of 
charge in or near the rhodospin molecule when it responds 
to the absorption of a photon*-. The amplitude of the 
ERP is linearly proportional to the number of molecules 
activated by the flash®’, and as the molecules proceed 
from one intermediate state to another in the rhodopsin 
eyele the waveform of the ERP changes dramatically’. 
Fig. 1 shows ERP responses recorded from excised eyes 
of the rat at different times during the cvele. The ERP 
was recorded with electrodes contacting the cornea and 
posterior sclera. In the dark-adapted eye. with only 
rhodopsin present, a flash elicits a biphasic response 
which we call Renodopsin. The two phases of this response 
are termed R, and R, (ref. 6). If the eye is exposed to 
sufficiently intense light. (a “bleaching” light). the wave- 
form of the ERP passes successively through three charac- 
teristic stages as shown by the lower three traces in Fig. L 
Previous work?!’ has indicated that these responses are 
poe by ne action ie d on the ca D oec 
E 4 in E mas eye e of the rabbit. Hagins ter iod 
these intermediates A, B and C in the order of their 
appearance after an intense bleaching flash, and the ERP 
responses observed in the eye of the rat were initially 
called Ra, Rp and Re to emphasize this correspondence’. 
The oo were AU on Po basis of observations 
in bad T ti o relia iy 


eem eet wee ré spor mse, We have done this by making 
photometric and ERP din qs in entice Reena cane 


The rhodospin cycle can now be observed in the living eye by means 
of the early receptor potential. 
eye seems to be the same as the bleaching process extensively 
studied in solutions of rhodopsin. 


The entire bleaching process in the 


on the excised eye of the rat. In this way we could directly 
compare the difference spectrum and transition rates of 
each intermediate with the action spectrum and transition 
rates of the corresponding ERP response. 

Difference speetra were obtained on a Cary model 11 
recording spectrophotemeter from excised retinas im- 
mersed in a temperature-controlled bath of physiological 
saline solution. Both spectral and ERP transition rates 
were measured on excised eyes in a specially constructed 
flash photometer. The eve was enclosed in a temperature- 
controlled box and held between transparent electrodes 
for recording the ERP. Spectral transitions produced 
by a bleaching flash were observed by monitoring the 
absorbance of the retina at selected wavelengths. To 
monitor the absorbance, the retina was steadily illuminated 


R rhodopsin Fhodopsin soo 


(Ri, Re) 











R meta I meta I 485 
R meta II meta zgo 
EN l 
R para paraa4;5 retinal sao 
"^. (no response) 
e 
3 
pene i | Of mv . , 
US retinol + opsin 
(no response) 
Fig. l. The ERP as it appears in the dark-adapted eye, and at three 


sneerssive intervals of time following a bleaching exposure, The diagram 
depiets the order in which spectral intermediates appear during the 
rhodopsin eyele. The wavelength of maximum absorption of each 
spectral intermediate is de ignated by the subscripts, ERP responses 
were recorded from the exe ised eye ofthe rat at 37° C, except Rime +; 
which was recorded at 5" C. Roaeag was obtained by presenting a 
white stimulus flash (0-1 s after a flash bleach; Hsets qj; with a violet 
stimulus flash 15 s after the start of a 10 s bleaching exposure; Aa ra 
with a bluc-green stimulus flash 3 min after the bleaching exposure. The 
time course of the stimulus flash is shown by the photodiode trace. 
Amplifier bandwidth: 1-30,000 Hz, The decay phase of Hue pie 
distorted by an ae response from rhodopsin which remained after the 
flash bleach, and the decay phase of Hy... is slightly distorted by an 
Rey vdcpsin from a small amount of regenerated rhodopsin. Corneal 
positive responses are displayed upward. 
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with a monochromatie measuring beam from a tungsten 
lamp run on direet current. "This measuring beam did 
not significantly bleach rhodopsin. Most of the light, 
having traversed the retina, continued through the nearly 
transparent sclera of the excised albino eve, where it was 
collected and imaged on a photomultiplier tube. The 
absorbance changes we observed varied between 0-001 
and 0-1 absorbance units. Thus the variations in the 
output of the photomultiplier were very nearly linearly 
proportional to the change in absorbance of the retina. 
The photomultiplier was completely shielded from the 
intense stimulus and bleaching flashes by placing cut-off 
filters over the flash tubes and a matched pzir of interfer- 
cnce filters over the photomultiplier. (Only by using a pair 
of interference filters could adequate side-band blocking 
be effected.) Nearly uniform illumination of the entire 
retina was achieved by passing all light through a miero- 
scope condenser lens (n.a. 1:3) optically coupled to the 
cornea with saline solution. which also served as the 
corneal electrode. Rhodopsin was “bleached” by a 
60 us flash from a xenon flash tube, or. if a more thorough 
bleach was required, by a 10 s exposure to tungsten light. 
In both cases, cut-off filters e liminated wavelengths shorter 
than 520 nm, and every rhodopsin molecule absorbed at 
least one photon during the exposure. 

The diagram in Fig. 1 shows the sequence of intermedi- 
ates we observed photometrically in both the excised 
eye and excised retina of the rat. This sequence was 
determined by recording complete absorption spectra 
several times during bleaching and then obtaining from 
these recordings the difference spectrum for each transi- 
tion. Starting with rhodopsin, absorption maxima oecur 
successively at 500. 485. 380 and 470 nm (to within 
+5 nm). When the ERP is recorded in the same condi- 
tions, the peak sensitivities of the suecessive ERP 
responses are, starting with Renodops'n. 500. 490. 380 and 
475 nm (to within +10nm). "Thus the peak sensitivity of 
each response matches the absorption maximum of its 
corresponding intermediate to within experimental 
accuracy. 

Fig. 2 compares, as functions of temperature. the half- 
time of each ERP transition with the half-time of the 
corresponding spectral transition. All half-times in this 
figure were measured from the start of the bleaching 
exposure, and indicate the time at which the amplitude 
of an ERP response, or the absorption of an intermediate, 
rises or falls to half its maximum value during bleaching. 
For the spectral transitions (vertical bars). each half-time 
was determined by continuously recording the absorbance 
of the retina at two different wavelengths. one approxim- 
ately at the absorption maximum of the intermediate, 
the other elose to the absorption maximum of the suc- 
ceeding intermediate. Each half-time of an ERP response 
(circles) was determined by presenting the stimulus flash 
at increasing intervals of time after the bleaching exposure 
to each in ten or more eyes. The amplitude of the response 
recorded from each eye was then plotted as a funetion of 
time after the bleach. to determine the time at which the 
amplitude rose or fell to half its maximum value. The 
response amplitudes were normalized from eye to eye by 
comparing them with a small R, response (2€ 30 u V) which 
was recorded with a standard flash presented to each 
eye shortly before it received the bleaching exposure. 
By presenting only a single stimulus flash to each eve all 
svstematic errors caused by the bleaching effeet of this 
flash were eliminated. 

As can be seen in Fig. 2. the half-time and temperature 
dependence of each E RP response closely match the half- 
time and temperature dependence of the corresponding 
spectral intermediate. Taken together with the close 
match in spectral characteristics, this evidence provides 
strong confirmation of the original identification of the 
intermediate which gives rise to cach response. In addition, 
the difference spectra of these three intermediates, which 
we recorded in the excised retina, appropriately match 
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the difference spectra of three intermedmtes that have 
been well characterized in solutions of esttle rhodopsin, 
namely, meta I, meta IT and para". (Pararhodopsin is 
the name Wald has recently proposed!’ tor the 465 nm 
intermediate eharaeterized by Matthews cf al. ©.) Conse- 
quently, we will revise the terms for the ERP responses 
from Ry. Eg and Re, to R metat: Rmetat arel para, respec- 
tively. These new terms would not be justified if the 
intermediates of rhodopsin in solution differed significantly 
from the intermediates that occur in the living eye. We 
will discuss this question later. 

The amplitudes of the ERP responses merease linearly 
with flash energy over at least a twenty-fold range above 
threshold. We have verified with flash photometry, 
performed simultaneously with ERP recordings. that 
in this range the fraction of rhodopsin conserted to meta 1T 
is also linearly proportional to the flash energy. ff 
rhodopsin has been “bleached” and parsrhodopsin is the 
primary intermediate present, a long-wave stimulus flash 
(A > 480 nm) converts para to a meta IH -IHike substance that 
absorbs maximally near 380 nm and deeays at about the 
same rate as meta IT (see ref. 11). Again. the amplitude 
of Roara and the quantity of para converted to this sub- 
stance are both linearly proportional to. che flash energy 
In suitable conditions therefore not onbe does the wave- 
form and time of appearance of an ER P response reliably 
‘identify an intermediate, but the arnplituee of the response 
can provide a sensitive measure of the quantity of the 
intermediate present at the time of the stimulus flash, 

On this basis we investigated the characteristies of 
the rhodopsin cycle in the living eye by observing these 
ERP responses in albino rats anaesthetized with ‘Nembu- 
tal’ (50 mg/kg) and maintained at a body temperature of 











37^ C. The pupil was dilated with homatropine, and the 
eyelids were sutured open to improve electrical contact 
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Fig. 2. The half-time for each ERP and spectral transition in the 
rhodopsin cycle as a function of temperature. S@ectral half-times were 
obtained by monitoring the absorbance of the retina at the following 
w avelengths: decay of meta T, 480 nm: formatioa and decay of meta TT, 
380 nm; formation and decay of para, 480 nim. formation of retinol, 
400 and 330 nm. ERP half-times were determined for the decay of 
Fia; (at 5? C only), the formation and decay of Heg, ip the forma- 
tion and decay of Rpara, and the formation of Fy. adopam. Lhe observed 
formation times for para and Roara have been intreased by about 10 per 
cent to account for the fraction of para which decays before it reaches its 
maximum value. The size of each sy mbol indicates the variation ob- 
^, In many cases, each 
symbol E measurements of both the des y and the formation 
half-times associated with a given spectral or ERP transition. 
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with the cornea. The same opties and the same bleaching 
and stimulus flash procedures were used as in the measure- 
ments on the excised eye. We found that all character- 
isties of ERP responses in the living eye, including their 
sequence, waveforms, amplitudes and transition rates, 
are almost identical to those obtained in the freshly 
excised eye. There is only one notable difference; because 
rhodopsin regenerates in the living eye, Renodopsin fully 
recovers its dark-adapted amplitude, but in the excised 
eye very little rhodopsin regenerates, and consequently 
Finodopsin rarely recovers to more than 10 per cent of its 
dark-adapted value. 

In Fig. 2, the half-time for each ERP transition in the 
living eye is shown by a triangle. 
the intermediates in the rhodopsin cycle have not been 
previously determined in the living eye of the rat, and so 
we list here the time course of the ERP transitions. At 
37° C, the half-time of the Rmetar to metau transition 
is 0-25 t 0-05 ms, and the half-time of the R meta n to Rara 
transition is 63+6s. para attains a maximum at about 
4 min and declines to half-maximal 10-14 min after the 
bleaching exposure. ypodopsin begins to recover almost 
immediately after the bleach and attains half its dark- 
adapted value in 20-25 min. 

The half-times we observe in the living eye of the rat 
are nearly the same as those obtained photometrically by 
Hagins in the living eye of the rabbit®. In addition, our 
measurements for the formation and decay of para agree 


to within experimental accuracy with the time course of 


this intermediate observed photometrically by Frank 
and Dowling in their isolated perfused retina preparation 
of the rat}*. The rate of rhodopsin regeneration in the 
normal, unanaesthetized rat has been measured with 
extraction procedures by both Tansley and Dowling". 


Thev report that after à 30 min bleach the half-time of 


regeneration is about 30-35 min. Our half-time of 20-25 
nun is somewhat shorter, probably because our bleaching 
exposure lasted onlv 10 s (see ref. 15). We were able to 
verifv this rate of regeneration by observing, in the same 
experiment, both the recovery of the amplitude of Rynodopsin 
and the reeovery of the eleetroretinogram threshold. 
The slow recovery of the eleetroretinogram after a bleach- 
ing exposure is not significantly perturbed by the stimulus 
flashes for the ERP if they are held to near threshold 
energies. In these conditions, we find that log sensitivity 
of the electroretinogram is linearly proportional to the 
amplitude of Rhodopsin This result is equivalent to the 
linear relationship between log sensitivity and rhodopsin 
concentration demonstrated by Dowling using extraction 
techniques!*. 

Investigating the ERP in the excised eye of the rat, 
Ebrey reported half-times for the decay of Rmetar and 
for the formation and decay of Epara (ref. 17). Our 
results with the excised eye are in good agreement with 
his, except that our half-time for the formation of Hpara 
is significantly shorter, probably because he observed 
Roars with repeated flashes presented to the same eye. 
Ebrey compiled the results of several flash photometric 
investigations of cattle rhodopsin in solution, and noted 
the close correspondence between ERP responses in the 
excised eye of the rat and the spectral intermediates of 
eattle rhodopsin in solution". We find, similarly. that 
every characteristic of Rmetar meta u and Epara in the 
living eye of the rat corresponds very closely to the 
properties of meta I, meta IT and para in solutions of 
cattle rhodopsin; they have nearly the same spectra, 
and their half-lives and temperature dependence are very 
similar! 57:13, We take this to be strong evidence that 
meta I, meta Il and pararhodopsin are essentially the 
same In the eye as in solution. 

In neutral solutions, retinal, à fourth intermediate which 
is sometimes called "free retinal", is also present once 
para has formed!*:.*. The absorption spectrum of retinal 
is very similar to that of meta II, which makes it difficult 
to distinguish spectr ophotometrically. Tt now seems, 


The time course of 
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however, that retinal can be clearly distinguished from 
meta II by means of the ERP. In the excised eye and 
retina, after a flash bleach, there is a sudden inerease in 
absorbance in the violet region of the spectrum which 
decays rapidly for the first few minutes but then decays 
more slowly. The difference spectra for the two fading 
processes are similar, with the maximum absorbance 
change occurring near 380 nm in both cases. The rapidly 
decaying substance (meta II), however, produces an 
ERP response, R meta 115, Whereas the slowly decaying sub- 
stance does not produce a detectable ERP response. 
We interpret the slowly decaying substance to be free 
or loosely bound retinal on the basis of its difference 
spectrum, its time course in the bleaching process and its 
inability to produce an ERP response. 

In a fresh solution of rhodopsin, the end products of 
bleaching are retinol (vitamin A) and opsin®’.”. We have 
been unable to observe an ERP response from retinol, 
which places this interrnediate in a class with retinal with 
respect to the ERP. Similarly, in solution, retinal and 
retinol are distinct from all earlier intermediates because 
neither can be rapidly and efficiently photoconverted to 
rhodopsin or other intermediate states!!?. Phe formation 
and decay of retinol have been investigated in the living 
eye of the rat by fluorescence and extraction techniques*?*. 
We conclude therefore that all five intermediates so far 
observed in neutral solutions at normal temperatures, 
namely, meta I, meta ll, para, retinal and retinol, also 
occur in the living eye of the rat. in the same sequence 
and in essentially the same form. 

We would like to emphasize that although the sequence 
in which the intermediate states appear during the rhodop- 
sin cycle is easily observed, several of the transition 
pathways are difficult to establish. "Transition pathways 
which are consistent with our observations are shown in 
Fig. 1; the least certain pathways are shown by dashed 
arrows. Our measurements on R meia Rmetarr and Epara 
indicate that the transitions from meta I to meta II, and 
from meta II to para, are sequential first-order reactions. 

This work was supported by a grant from the US 
Public Health Service. We thank Paul K. Brown for 
assistance with the spectrophotometric observations and 
their interpretation. and Ruth Hubbard and  Derie 
Downds for advice on the manuscript. 
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All the cistrons within the inner right quarter of the A phage 
genome are transcribed leftward from genes N to int. A promoter 
is located to the left of N. The product of N is requirec for trans- 
cription initiated at this newly identified promoter but has no effect 
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THE units of transcription (operons) in the A genome are 
oriented in both directions!-*?*. In other words, some oper- 
ons are transcribed from one strand of the DNA duplex, 
others from the complementary antiparallel strand. The 
template DNA strand for leftward oriented operons is / and 
that for rightward oriented operons 1s r (refs. 2, 14 and 15). 
The results of hybridization of labelled } RNA to the 
separated | and r strands of DNA suggest that cistrons 
determining late funetions, such as head formation, tai 
formation, DNA maturation and host lvsis, and some 
early functions, such as } DNA replication, are oriented 
rightward, and that cistrons determining other early 
functions, such as early transeriptional controls, prophage 
integration and recombination, are oriented leftward? ?:!!. 
There is specific genetic or molecular evidence for orienting 
four units of late transcription, clustered on the left arm 
and consisting of cistrons W, B and C; V and G; H and 
M; L, I and J, rightward*^, one unit of early transerip- 
tion, consisting of cistrons cy, O and P rightward?-*, and 
another unit of early transcription, containing cistron N, 
leftward!?. There is also evidence from genetie and 
transcription experiments for orienting cistrons e; and 
rex leftward? %1, 

This article deseribes experiments designed (i) to 
determine conclusively the orientation of all the cistrons 
between err; and int; (ii) to measure the rate of transerip- 
tion from the 7 strand along the region between cr and 
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on the transcription of cistron N. 


int; and (iii) to test the quantitative effeczs of the protein 
coded by cistron N on the rate of transerption of all the 
eistrons between N and int from the I strand. 


The Experimental System 

There is, in addition to At, a spectrum: of * strains in 
which portions of X DNA between e; anc int, the region 
under investigation in these experiments, have been 
deleted and replaced by E. coli DN A1** or by correspond- 
ing portions of heterologous A related phage DNA. 
Using five of these strains, the template DNA strand for 
the RNA synthesized in the five intervals between c; and 
int can be determined. The locations, the physical lengths 
and the genetic contents of the five test imtervals are 
depicted in Fig. 1. In brief, the criterion for coneluding 
that strand Z is the template strand for transeription of 
the cistrons between e; and inf is the dermonsiration that 
RNA specific for each of the five intervais im this region 
anneals in hybridization experiments to the / strand of 


» DNA. 


Cistrons from c, to int are oriented Leftward 
SH-labelled 3. RNA was made by derepressing prophage 
through destruction of a temperature sensitive repressor 
and exposing the derepressed lysogens engaged in trans- 
eription to ?H-uridine for short periods of time, early and 
late in lytie development. The total RNA extracts were 
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Fig. 1. Genetic and physical maps of Escherichia coli phage 4 and an enlargement of the inner right quarter containing early genes cy to int 


transcribed from the 1 strand!-?.9 itto, 


The portions of DNA present in 4* but deleted and replaced by E. coli DNA in Abip7-90, Abioi, abiglO, 


or by heterologous phage DNA in Aimm*! and Aimm™, are indicated by dotted lines. The portions of 4 DN X i per 
Ede Qu i ( 3, sof 4 DNA , inciudi he redd peux 
20d those which are not represented by dotted lines on any of the enlarged maps are ciuanion to allsix 4 phage DNAa used. The iine Shepp 
est intervals I to V, corresponding to the non-overlaps between pairs of deletions, are indicated at the bottom of the figure. The physical lengths 
(percentage of the total length of 4+ DN AJ and the locations of intervals I to V and b2 are based on electron microscopic measurements et hetero. 


duplex DNA molecules!*59, The A strand designated as J has a left 5’ 
orientations of transcription for the three clusters of 4 cistrons are sym 


-terminus and that designated as r has a right S^terminustieH, Whe 
bolized by three shaded arrows placed next to the corresponding / ami? 


strands of DNA'*^, Symbols p designate the promoters on the transeribed DNA strands. 
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annealed to the separated l or r strands of 4+ and AbiolO 
DNAs, and the results are shown in Table 1. The deletion 
of test intervals III, IV and V in strain Abiol 6 reduces by 
more than a factor of two the amounts of early and late 
*H-RNA. annealing to the 7 strand but does not affect 
the amount annealing to the r strand. This result indicates 
that cistrons cir, B. exo and int spanning the test intervals 
HI, IV and V are transcribed from the / strand. 


Controls of the Leftward Oriented Transcription 

Table 2 presents the distribution of the 7H in » RNA 
transcribed from the l strand within and outside the 
five test intervals. Early and late RNA samples are 
compared. All the test intervals are transcribed from the 
l strand. The rates of transeription of intervals T, IIT, 
IV and V do not change, but that of interval H, which 
contains the N cistron, decreases significantly at late 
times. This change in the rate of transcription of RNA 
from linked genetie intervals on the same DNA strand 
suggests the existence of (i) a promoter elemen: (s), p/, to 
the left of N in addition to the known promoter, p,, to 
the right of the N eistron?:*:* (Fig. 1) and (11) a late control 
depressing the transcription of N even in the absence of 
the repressor product of c 
The system used does not permit unambiguous alloca- 
tions of ?H-RNNA. to a region which contains no known 
markers and lies between test intervals II and III (Fig. 1). 
“H-RNA that anneals to the l strand of A* but is not 
distributed among intervals I to V (see legend to Table 2) 
may be partly or wholly allocated to this interval and/or 
to the b2 region, which are the only regions likely to be 
transeribed from the J strand':?. There is now quantitative 
evidence that only a negligible amount of RNA is tran- 
scribed from the b2 region after induction?, and so it is 
likely that most of the unallocated RNA comes from the 
interval between test intervals Il and III. The relatively 
high rate of transeription of this interval (Table 2, column 
7) may indicate that the site of the proposed second pro- 
moter, py, on the left side of N, is in this region (Fig. 1). 

1t should be noted here (Table 1; ref. 1) that the total 
rate of transcription from the 7 strand does not change 
substantially during lytic development, whereas the rate 
of transcription from the r strand is more than thirty 
times higher late in 4 development than at early times. 


Amber Mutation in Cistron N and Chloramphenicol 
Because both nonsense mutations in cistron N and 
arrest of protein synthesis are known to abort phage 
development by depressing early transcription ?:?1-?? the 
effects of these two defects on transcription of the five 
test intervals were examined. The strains and the condi- 
tions used for preparing labelled à RNA are described in 
the legend to 'Table 3. Comparison of resulta in Tables 2 
and 3 shows that an amber mutation in cistron N severely 
reduces the rate of transeription of intervals IIl, TV and 
Table 1, RNA CODED BY THE 2 REGION DEFINED BY THE CISTRONS Cpp P, 
erÓ AND inl I8 COMPLEMENTARY ONLY TO THE | STRAND OF À DNA” 


Period of RNA — Percentage of total *H-RNA complementary to 4 DNA 
labelling after thermal | Strands r Strands 


induction of åt (min) At Abio10 at Abin lO 
8-5 (early) 1-91 70 1:31 1:30 
20-22 (late) 1-83 0-50 44-5 44-3 


* E. colt strain 594, lysogenie for Aert, was grown with aeration at 
32" € in MOb buffer? supplemented with 1 per cent glucose, 1:25 per cent 
easamino-acids (Difeo) and 2 ug/ml. of thiamine to 2 x 105 cells/ml. "The 
eulture was divided into two 20 ml portions and transferred to 43°C. The 
increase in temperature inactivates the highly thermosensitive repressor and 
initiates 4 development. One of the cultures was pulse labelled 3-5 min and 
the other 20-22 min after transfer to 43° C by adding 25 íuCi/ml. of ?* H-uridine 
(24-7 Ci/mmole), Termination of the pulse and RNA extraction was achieved 
according to a published procedure!?, In each hybridization experiment 
3 ug of self-annealed DNA strands / and r, isolated from 4* or its deletion- 
substitution derivatives by the poly(U,G)-CsCl. procedure! was annealed 
for 5 h at 66? C in 0-5 mh of 2x SSC with *H-RNA equivalent to 4 x 164 to 
105 acid-precipitable e.p.m., collected on nitrocellulose filters (B6, Schleicher 
and Schuell, 25 mm), treated with pancreatic and T; RNase, washed, and the 
*H radioactivity was counted®*, The background of 6 to 23 cpm., obtained 
without DNA, has been subtracted, and the amount of the 7H-RNA comple- 
mentary to 4 DNA is expressed as a percentage of total (E. colt and 4) 
SH-RNA used in each hybridization. Less than 0-02 per cent of the E. coli 
CA-free) SH-RNA hybridizes with either of the two strands of the 4 phages 
used in these experiments (including 2bio phages that carry some F. colt 
DNA). 
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Table 2. TRANSCRIPTION OF THE FIVE TEST INTERVALS BETWEEN e1 AND int 


FROM THE 7 STRAND OF At DNA* 


Percentage of total *H-RNA complementary to 
istrand of 4 DNA 
Outside of 
testintervals Total 
(unallocated) 


Period of RNA 

labelling after 

thermal induc- 
tion of å? Test intervals 

(min) NV IV Lil i I 

3-5 (early) 


3-5 0.20 0-64 032 048 (14 0-12 1.81 
20-22 (late) 0.20 O76 O28 0:05 — 0-15 0-30 ps3 
* The two *H-RNA preparations described in Table 1 were used. Each 


RNA was annealed to 3 ug of 1 strands of A*, Zimm**, Aimne!, Abio7-20, 
Abiol and AbiolO DNA, as described in Table 1. The genetic and physical 
maps of these phages are shown in Fig. 1. The distribution of the comple- 
mentary *H-RNA within and outside the five test intervals was derived as 
follows: interval V = percentage complementary to 4* minus that to Abio7-20- 
interval IV = percentage complementary to Abio7-20 minus that ta ablet: 
interval IHE = percentage complementary to Abiol minus that to Abial@: 
interval HE = percentage complementary to Aimm?* minas that to Jimme: 
interval T= percentage complementary to 4° minus that to 4imm':; outside 
of test intervals = percentage complementary to 27 minus that to intervals 
IAH AEETI eV. 


Table 3, EFFECTS OF A NONSENSE MUTATION IN CISTRON N AND OF CHLOR- 
AMPHENICOL ON TRANSCRIPTION OF THE FIVE TEST INTERVALS BETWEEN cy 
AND taf FROM THE ¢ STRAND? 

Pereentage of total *H-RNA complementary to 


Period of A DNA strands 


Cause of RNA Qutskle 
defect labelling of test 
in A after Test intervals on [| strand intervals Total Total 
develop- — thermal on 4 oni ony 
ment? induction strand strand strand 
(min) V IV lil H I (unallo- 
cated) 
Ac 18-30 Q 0-03 0:13. 039 O11 0 O66 Mil 
N+ OM 8-10 0 (0-13 0:00 0:32. 0-38 O92 0:16 
+OM 3-5 Q 0:04 0-04 0:12. 013 HIS ES 0°52 (27 
RCM 20-22 0.14 0-64 6:55 072 025 0-90 3-20 1-60 


* All the procedures, except the modifications specified, are described in 
Tables Land 2, To label 2 RNA during inhibition of protein synthesis, chlor- 
amphenicol was added to 20 mi. aliquots of cultures (2 x 10* cells/ml.) 10 min 
before thermal induetion. Æ. colt strain 594, lysogenic for Arita or Aeg t N ius, 
served as source of *H-RNA?*, 

* N^, sus? mutation in cistron V; CM, 100 ug/ml. of chloramphenicol, 


V, but does not alter significantly the rate of transcription 
of intervals I and IT. A similar reduction or a virtual 
extinction of transcription in intervals JH, IV and V is 
produced early in phage deveiopment by massive doses 
of chloramphenicol. It is unlikely that the observed severe 
depression in transcription past interval II, caused by 
amber mutations in cistron X lying in interval IT, is due to 
genetic polarity, because, as just stated, this depression is 
also produced when synthesis of »-coded proteins is pre- 
vented (Table 3, line 3), and beeause the temperature 
sensitive mutations of gene V, like nonsense mutations, are 
known to reduce severely, at non-permissive temperatures, 
the synthesis of 2 exonuclease?!, the product of eistron ero 
lying in interval IV (ref. 16). The results deseribed 
strongly suggest that the polymerase system coded by the 
host. Æ. coli is sufficient for the initiation and transeription 
of a urit containing cistron NV, but that a protein coded by 
cistron N is required for the efficient progression of the 
early transcription of the rest of the genome. 

The effects of continuous inhibition of protein synthesis 
on transeription m developing X have been observed to 
differ at late times and at early tunes. Table 3 shows 
that in the presence of chloramphenicol, intervals IH, 
IV and V, not significantly transcribed at early times, 
are transcribed at late times at a rate comparable with that 
of transcription in the absence of chloramphenico! (Table 
2); interval If, which includes all or the left part of 
cistron N and the region containing pó is hypertrans- 
eribed. Even catalytie amounts of the N product permit 
full expression of some N-dependent early functions", 
and so the observed transcription of intervals HI, IV 
and V at late times may result from accumulation of 
those N protein molecules which eseape the inhibition 
of protein synthesis by chloramphenicol, The causes 
of the observed hypertranscription, from the l strand 
at late times of development in the presence of inhibitors 
of protein synthesis, both inside intervals I to III and 
outside the test intervals, are not known. It should be 
noted, however, that a similar effect on transeription 
from the / strand is observed during abortive development 
of a mutant strain Atll, in which a polar mutation 
abolishes the synthesis of all proteins coded by the r 
strand!-?:!*, 


NATURE, VOL. 221. MARCH 1, 1969 


In conclusion, we have established that the X cistrons 
between ei and int are transcribed from the / strand and 
are oriented leftward. Evidence has been produced for 
(i) the lceation of a promoter element, p/ to the left of 
cistron N, in addition to the two known leftward promo- 
ters, one of which (pi) is to the right of N and the other 
(pe) is to the right of er (Fig. 1), (ii) a late control regulating 
the transeription of N in the absence of the e; repressor 
produet. 1t has also been ascertained that the product of 
eistron N is required for transcription to progress to the 
left of cistron N on the / strand, but that it has no positive 
effect on that part of the leftward transcription which 
originates at promoter pr and includes cistron V. 

We thank Drs W. F. Dove, G. Kayajanian, M. Lieb, 
K. Manly and E. R. Signer for A phage and prophage 
strains. 
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220 MHz Proton Nuclear Magnetic Resonance 


Spectra of Retinals 


by A complete analysis of the proton NMR spectra of the six stable 
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THE visual response in vertebrates is initiated. by a 
structural change in the visual pigment associated with 
the interactions between the. apo protein and the polyene 
prosthetic group!-*. Specifically, photochemical cis-trans 
isomerization of 1l-czs-retinal, the prosthetic group of 
rhodopsin, triggers a series of conformational changes in 
the protem opsin!-?. 

Ultraviolet-visible absorption speetroscopy has been 
the chief technique used to follow changes in retinal 
and rhodopsin after treatment with hght or chemical 
agents. The dependence on a single broad, structure- 
less absorption band limits its applicability to the study 
of the structure of the rod pigments rhodopsin and its 
photoproduets. 

Protons in different magnetic environments are readily 
identifiable by nuclear magnetic resonance (NMR) 
spectroscopy! }. It has been beyond the capabilities of 
60 MHz NMR spectrometers to separate and identify 
unambiguously the proton resonances of the stable retinal 
isomers (Fig. 1) (refs. 6 to 8). More recentlv. the high 
resolving power of the 220 MHz NMR spectrometer has 
been applied to the study of nucleic acids? and proteins!?:?!, 

It is our intention to clarify the sequence of events in 
rhodopsin photochenustry using high resolution NMR 
spectroscopy. As a prelude to this work we have under- 
taken the analysis of the 220 MHz NMR spectra of stable 


retinal isomers. These spectra of f-retinvl acetate, f- 
retinal, 13.e2s-retinal and = G-ezs-retinal are shown in 


Fig. 2. 


Spectral Assignments 


The six 1 CH, protons are readily identifiable at highest 
field by their intensity. Among the olefinic methyl 
resonances, 13 CH, is the most de-shielded as a result of 


steroisomers of retinals has been undertaken. 
prosthetic group of the visual pigment rhodopsin, relieves steric 
strain between 10 H and 13 CH, groups by a skew gecmetry around 
diene unit C,,—C,,— 


li-cs-Retinal, the 


C=C; 


its proximity to the carbonyl group while 5 CH, is most 
shielded as a consequence of skew geometry at C,—C, 
(refs. 6 to 8). The aldehyde proton 15 H at lowest field 
is coupled through J,,1,78 Hz to 14 H, the olefinie 
proton at highest field. Proton 11 H, a double doublet, 
J= 15 Hz, 11-5 Hz, is the only hydrogen strongly Uie 
to two other protons— 10 H and 12 H. Proton 12 H. 
split by the larger coupling J,,,,, 15 Hz. for this is Mee 
magnitude of trans couplings across double bonds. Proton 
10 H is split by the smaller coupling Jopi = 11-5 Hz gon- 
sistent with vicinal coupling across single bond in buta- 
diene-1,8 (ref. 12). Similar chemical shifts result in an 
AB pattern, J,,= 16 Hz, for protons 7H and 8 H. It haa 
been shown that 7 H has a greater linewidth than 8 H, 
probably due to long range coupling of &he former w ith 
5 CH, group”. 

In Ll-ege and 11,13-c/s-retinals, J,,,,-:J,,,4427 12 Hx 
as a consequence of cis geometry around C,,-—C,, bond. 
Assignment of 10 H and 12 H in these paal was based 
on gre ater linewidth of 10 H due to long range coupling 





The ndi shifts in ppan from tetramethyl silane 
and coupling constants in Hz for the SE stable retinal 
isomers in ehloroform.d, are given in "able 1 and in 
aromatic solv ents in Table 2 ] E he "se b a wv M he eta 
Gom E e moments E magnetic pi eds 
of neighbouring C—C, C=C and C0 bendsi® t, 


Spectra in CDCI, 

The effect of the conjugated aldehyde 
NMR spectra of retinals can be aal on a puo 
of the spectral parameters for t-retinyl acetate. The dis- 
cussion of the methyl group assignments for vitamin A 
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CH; H CH H CH. y 
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"generate neve e dm , TVIS 
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H C H H M H 
MA |" CH3 
Hs | 
2 
RETINAL ISOMERS 
CH, H CH, H CH3 H CH3 H CH3 H CH3 
| ; ! E 8 10 I2 Cadis H 
i i2 i4 Can 2C LC Cu NE 
Hack Exe- $ati Seac SO Heck E E SI d 
i i | i | l 3 ' | 
HAC 2 C C HH HH Hed 26S cns" HOO 20s 
d, n i T Ha n 
2 
ALL - trans 13 - cis 
M CH, H CH 
it d aol eis dT" 
8 H = 
Hcg s S079 SCG S071 SC~ Heca 5 gC” FSC 9 C7 
| MET $51 H 
| 14H HC? 2 !C H Cal? H 
HESR Enen” "Hs muU NET cHy H^ C^ 
- V i5 
IV p^ Sg 
li- cis 9~cis 
| | 
"cz $c Te S CT. nec Sge G^ SNC" H OTT y 
t i | TL ł t { i 13! t 
H,C32 !c H Cai? H HC? 2 Ic H H Cl ICs. 
ZNC (cH, H^ "e^ H s >er cls ch, c^ i50 
Hac” “C715 ^0 
VI " VII 
9,15 - cis HW, 13-cis 
Fig. 1. Structural formulae for vitamin A and retinal isomers, 


(^-retinol)! applies equally well to t-retinyl acetate. Model 
systems (VIITI)-(X) indicate that substitution of a methyl 
group for a proton on a earbon-carbon double bond results 
in de-shielding of the geminal proton and shielding of the 
vicinal cis and trans protons. For t-retinyl acetate 
C,—CH, bond shields 10 H and 8 H, C,,—CH , bond shields 
12 H and 14 H while 11 H is in the de-shielding region of 
both C,—CH, and C,4—CH,, accounting for ita low field 
resonance. The high field resonance of terminal poly- 
ene proton 14 H is understood from data for butadiene- 1,3 
(XI). where terminal protons are ~1 p.p.m. to higher 
field from internal protons!*. 


Table 1, 


Resonance structures (XII) of ¢-retinal would have 
positive charge distributed at positions 15, 13, 11, 
9, 7 and 5, resulting in de-shielding of groups at these 
positions compared with ft-retinyl acetate. Because 
of skew arrangement around C,—C, (ref. 17) the positive 
charge distribution should be minimum at carbon 95. 
The downfield shifts for proton and methyl resonances 
from t-retinyl acetate to ¢-retinal are explained on the 
basis of these resonance structures which have decreasing 
importance with increasing charge separation and de- 
shielding effeet of the aldehyde group on protons in its 
vicinity. The olefinic methyl resonances show ~ 1 Hz 


220 MHZ NMR SPECTRA OF RETINALS IN Ly 


Temp. i Chemical shift (p,p.m.) ; . Coupling constant (H2) 
Compound "C 18 CH, 9 CH, 5CH, 1CH, 15H MH 12H 11H 10H SH TH uns Jia Jiem Jas 
t-Retinyl acetate +44 189 L95 1:70 1:03 470 561 627 665 609 612 618 TO 158-2 Il ~16 
~ 20 1-90 1-97 1:72 1-02 411 5.64 632 668 6312 618 6-18 TO 16-0 UO ~ 16 
f-Retinal +44 2°33 2-63 1.72 1-04 10-12 S98 6°37 1:15 6:20 GIs 6-36 Sf} 154 12-0 16-5 
~ 25 2-36 2-05 1-74 1.03. 10-00 — 6.00 642 719 622 GIR (0635 8:6 149 11-5 16-9 
13-cis- Retinal di 2-14 2-02 1.72 104 1020 585 728 F705 023 618 635 $0 10 3111 160 
— 25 2:19 2:05 1:74 104 10:25 HRS 7-33 7.00 6:26 6:20 6-36 8:6 156 — 1157 — 1640 
9-eis- Retinal +41 2:30 2-00 1:75 1-05 10-07 004 — 027 1:20 6.06 6-64 6-31 BH 15-4 11-8 iad 
~ 25 2-33 2:02 i:76 1:08 1008 596 632 723 6.09 — 6:65 — 6.30 83 14-0 119 15-9 
1i-cis-Retinai +18 2-36 1-99 1471 102 1030 6.07 5092 669 654 614 6-32 8&0 15 13-0 160 
~~ 20 2-39 2.00 1:73 1:03 10-11 6330 595 673 658 616 033 8d 15 126 1640 
9.13-ci2-Retinal +12 2-15 2.05 1477 1-05 10-27 D:87 F725 7:16 616 668 6-36 8:0 160 105 16-0 
-25 2-19 2-07 E7 105 10:24 586 725 715 615 666 6-38 $5 150 105 15-5 
i1.13-cis-Retinal +23 2-07 1:06 1-48 1-01 971 5-98 631 677 620 608 628 8:1 18 125 160 
- 20 2-08 1:96 1:68 0-99 9-68 600 608 680 619 605 — 625 B82 6 e12 16-0 






o Table 2, 


cima shift (p. p. m.) 
WH 13H 


D 
RS 
E 


290 MHZ NMR SPECTRA OF RETINALS IN AROMATIC SOLVENTE 


. Coupling constant CH) 
Jin II. MF garii BREE 4 S98 


pee 


10H SH 


Tio DRT 175 100 402 559 (019 66r 611 624 6-24 Fi Ut HJ 18 

65  L85 LJB Lil 408 659 618 G81 010 625 6-25 Ó — 190  1b58 18 
BÓ — 182 74 110 1004 5905 610 6-90 6-07 6:26 6-38 80 192 Is id 
7h pDTO 177 142 1004 590 6.06 687 604 627 6-38 SO 148 ibt 164 
80 182 175 111 10-14 675 714 680 610 627 6-88 75 146 145 Ha 
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splittings as a result of long range coupling verified by 
their field independent. nature. The magnitudes of the 
observed coupling constants are in agreement with those 
determined for acrolem (VIII). 


dmg = 74 Hz 
Jg n 10.0 Hz 


| 
Hy Ju jHe= 17-5 Hz 
VIH 








t-RETINYL ACETATE 
COCA, + 44*C 


CH 9€ i 








+ 
» 
b 
$ 
f ^BH 
/ 

HH iu. TH [AH 

"4 E D ou 
| 
i 
i 


metui E o ——— ÁREA E genoa FENN Het an SR RS 
p 
^ $$ 
ay "Qi RET INAL Uii ‘ £i > E H E i i i 
i Fa PU oum H 


CDCAA, * ieee 


Vn Ne ARNE ARCO Y AN AM Pese HA rrr ment raa 


É ERA 
Berri 
7 a Vah atm te es 
= Seen ete RENAME 
nai 
Ms 
m 
ae ea, E 
ay i nn 
z — 
orta 
Baere 
cn ad ME - 
A 
*- 
veges 
N NEA 
" s 
S 
TOÀ 
f 
e 
s 
We 
C 
LN 


ae 
r 
í 





Fig. 2. High resolution proton NMR spectra of ~ 0-1 M solutions of (retinal acetate, t-retinsl, 18-edis-retinal and 9-ele-retinal in CDCL, 


E 

La 

" CDC44, -5°C 
| 

| 

| 

| 

a 








The upfield shift of the 
isomer as compared with the e trans isomer de esi t 
with the assignment for the sr ystem ( "TIT. 
The 12 H in 13.e£s-retinal show £e dos wnfield 
shift (0-9 p.p.m.) as compares: vii he trans isomer as a 
consequence of its position inthe de-shielding region of the 
aldehyde group. The de-shielding of 15 H in 13-cis- 
isomer is due to the C,,— C, bond. 

A marked downfield shift. #045 p.p.m.) for 8 H in 8-cis 
retinal as compared with ¢-retinal is attributed to location 
of 8 H in de-shielding region of C,,—C,, bond. 

Model buiklng and X. ray studies of aii diet deriva. 
tivesi*2? indicate that the g lvene chain « 3 ding from 
C 7 to C 15 is planar or close to it in trans, 1 3-cis and 9-eia- 

retinal. Model building of ll-cts-retinal suggests severe 
steric crowding between 10 H and 13 CH, which demands 
a skew geometry around C,,—O,, and/or C,,—0,, single 























bonds. Diagrams of 11 "Cs eledi in the literature show 
a skew geometry around CC, bond". Jaa in buta- 


dienes is found to be a sensitive funetion of the dihedral 
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2-11 p.p.m, 
l a x Pa 
1-91 ppm. CH, 


XII 


Butadiene-1,3 Cyclohexadiene 
XI XIV 


If good overlap of z-orbitals in l l-cis-retinal extends 
only from C, to Cy, because of a twist around C,;— Cis 
bond, 12 H would be a terminal polvene proton and should 
appear at higher field than if it were in the middle of a 
polyene chain as in f-retinal. An upfield shift of 045 
ppan. for 12 H in H-ccs-ret inal as compared with ¢-retinal 
was observed. A skew geometry at the Cier Cy, bond m 
1}-cis-retinal should prevent the formation of a resonance 
structure with positive charge at C, giving rise to an 
upfield shift of (45 p.p.m. for 11 H in this isomer as 
compared with (retinal where such a resonance structure 18 
allowed. Thus steric crowding is released in 11 -cis-retanal, 
chiefly by askew geometry for diene unit C,, — Ciz Cum Cie 

Steric erowding between 10 H and 13 CH, exists also 
for 11.13-cis-retinal. The | coupling dicate 9 He 
indicates that the diene unit Cy= C, CC... remains 
s-trans planar or close to it as in Lretinal. The skew 
geometry around C, C3 results in an upficld shift for 
11 H and 12 H in 11,1 3-e¢s-retinal as was observed in 
ll-eig-retinal. Proton 12 H in LL13-cis-isomer is no 


longer strongly de-shielded by the carbonyl group as was 
observed in 13-cts-retinal, 
in the di-eis-isomer of 0:55 ppm 
calue in 13 cis-isomer is due to shielding 


The large upfield shift of 15 H 
as compared with its 
of this proton 
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by C, TISSU bond as a result of the skew ge om ff 
the C,4—C,4 bond. 


Spectra in Aromatic Solvents 
In benzene-d, and toluene-d,, the proton NMR spectra 
of retinal isomers show distinct differences in chemical 
shifts from data in chloroform-d, as solvent. Comparison 
of data for t-retinal in Tables 1 and 2 clearly indicates 
large shifts in resonances 13 CH, 12 H, 11 H, 10 H and 
9 CH, between the two solvents. The concentration 
dependence of proton resonances of t-retinal in toluene 
showed a small upfield shift at low concentration (< 005 
M) (ref. 9). The proton chemical shifts of ¢-retinal in 
toluene-d, were found to be temperature dependent 
as shown in Fig. 3. The resonances due to 13 CHa 12 H, 
11 H, 10 H and 9 CH, move upfield at low temperatures, 
indicating specific solvation between retinal and aromatic 
rings of solvent, there being a greater degree of solvent 
orientation at lower temperature. At higher temperatures, 
the resonances move into the direction of those observed 
in CDCl, where there is no specific solvation. Hatton 
and Richards have studied the NMR spectrum of mesit yl 
oxide in aromatie solvents and suggested a 1: ! complex 

(XV) formation between mesityl oxide and benzene’. 
Me H 


"d Mo 


^. A 
Ne A 


xv 
2 


The chemical shifts and eoupling constants m Table 2 


ean be understood using the same presentation outlined 
for material in Table 1. 

I thank A. A. Lamola and R. G. Shulman for reading the 
manuseript and making valuable suggestions. This work 
was presented at the Third International Conference on 
Magnetic Resonance in Biological Systems, Airhe House, 
Warrenton, Virginia, in October 1968. 


t-HRetinal, 198-cis-retinal and .eis-retinal were 
purchased from Eastman Laboratories. Li-efs-Retinal was isolated. by 
eoiumn chromatography on Woelm Alumina grade HHI of a f-retinal in 
ethanol photolysate**-?!, 0,13-cis-Retinal was isolated from a mixture of 
Geis and 9,19-cis retinal (obtained on protonation of O-cis-retinal) and 
ti-e- retinal was obtained by chromatography fron à mixture of 11-eis 
and 11.13-eis-retinal (obtained by protonation of 11 -eis-retinal, The proper- 
tics of all the retinal isomers are given by Planta ef al’. l 

XMR spectra were run on à 290 MHz Varian XMK spectrometer equipped 
with a Varian variable temperature unit. Ethylene glycol was used bo 
monitor temperatures above 0^ C (accura te to #1° Cyand methanol was used 
to calibrate temperatures below O° C (accurate to + X7 Cy. NMR studies 
were made on ~ 0-1 M smuples of tefinal isomers. 


Erperünental procedure. 
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Self-isolation of the Foetal Trophoblast 
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BRYN M. JONES 
R. B. KEMP 


Department of Zoology, 
University College, 
Aberystwyth 


EARLY in the development of the mammalian foetus. the 
trophoblast becomes intimately associated with the 
uterine epithelium!, and although it is evident that 
trophoblast antigens evoke the production of destructive 
maternal lymphocytes’, the trophoblast is not rejected. 
There has been much speeulation about how the foetal 
trophoblast, which is virtually a homograft, manages to 
survive. 

Although the time sequence of events in the early 
development of the mammalian embryo has been well 
documented, the following brief deseription of the events 
as they occur.in the mouse will help to clarity the intel- 
ligibility of the arguments put forward here. The egg 
is initially proteeted by the zona pellucida, a relatively 
thick outer coat of maternal origin, containing sialo- 
mucin?:. At the blastocyst stage the prospective embryo 
is surrounded by the trophoblast^* (Fig. 1). During the 
114-130 h period after fertilization intercellular bridges 
are established between the apposed cells of the tropho- 
blast and uterine epithelium!. At the end of the fifth day, 
the bridges no longer exist. On the sixth day, sialomueim 
(fibrinoid) material, which contains mucoproteins, sialic 
acids and hvaluronie acid’, is deposited at the outer 
surface of the trophoblast. 

The “eoated” surface of the trophoblast was first 
brought into prominence by the suggestion that it might 
be immunologically significant. One plausible hypo- 
thesis is that the "cont" acts as a mechanical barrier 
preventing the efflux of trophoblast antigens?^. The 





Fig. l. Early mouse embryo about 4 days after fertilization. The extra- 

embryonic trophoblast cells are in close contact with the maternal 

uterine cells, a, Cone region which proliferates cells to give rise to the 

trophoblast and later the placenta; b, prospective embryo; e, tropho- 
blast; d. maternal uterine epithelium. 


The trophoblast virtually isolates itself by coazing its outer surface 
with sialomucin which seems to bring into being different but 
complementary devices designed to maintain 


pregnancy. 








available experimental evidence seems to fit this pre- 
dietion, which is further supported bs the ability of a 
similar sialomucin coat in the bamster cheek pouch to 
block the passage of antigens?. The second hypothesis is 
that the high content of sialic acics in the coat material 
confers on the outer surface of the teophoblast a high 
electronegative charge which repels patrolling lympho- 
evtes*. Attention was drawn? to tae I ative ingolubility 
of histoeompatibility antigens*" inierring that the 
trophoblast. coat might not be all that effective as a 
mechanical barrier to trophoblast antigens. 

Transplant experiments? and in «ro experiments 
have shown that immunological reactioas can be directed 
against trophoblast antigens). lt ie significant that 
lymphocytes originating from the mether cau sed the 
cytolysis in vitro of trypsin-dissociated trophoblast 
cells denuded of coat material, whereas trophoblast 
cells enclosed within the coat were nci affected by the 
same destructive lymphocytes’. These results also point 
to the presence of lymphocytes in the mother which are 
potentially capable of destroying the toetus, so that in 
nature the coat must protect the foetas from unmuno- 
logical attack. The trophoblast antigens which induce 
the immune cellular response could be readily released 
when the trophoblast is closely adhered to the uterine 
epithelium. that is before the coat material is deposited. 

Whereas it is possible that the coated outer surface 
of the trophoblast prevents the further release of histo- 
compatibility antigens present in she foetus*", there is 
good evidence that maternal lymphocytes directed 
against the trophoblast cells cannot destroy these cells 
when they are protected by the siaiomucin coat^. 


Role of Cell Adhesion 


While it is likely that there is a direct correlation 
between cell surface sialic acids and surface charge, as 
long as masking does not occur", the assumption? that 
tumour cells or any other types of cell repel one another 
because their surfaces are highly negatively charged. 
thus rendering them non-adhesive. is now admitted to 
be too simplet, Indeed, a correlation between surface 
charge and a lack of tumour cell adhesiveness has not. 
as far as the literature shows, been aeequately demon- 
strated. On the contrary, there have been serious pio- 
chemical and biophysical objections? to the possi- 
bility’ that the adhesion of tissue sella takes place solely 
on the interplay of physical forces. ín amy case jt. hag now 
been shown that types of tumour eells possessing a high 
surface charge exhibit a cohesive competency equal to 
that of normal cella!*, while many types of tumour cells 
which display a low degree of cohes:veness do not possess 
an above average surface negative charge?". Bangham 
and Pethiea? caleulated that on theoretical Verwey~ 
Overbeekian?? grounds, lymphocytes should be non. 
adhesive, yet, of course, it is commonly known that they 
are not. being capable of adhering tc all : ypes of "foreign" 
cells, even if the surfaces of these are highly negatively 
charged. In view of these consicerations it is hardly 
likely that the deposit of sialomuein at the surface of 
the trophoblast prevents the attachraent of lympho- 
cytes because the sialic acids present an electronegative 
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barrier, as suggested by Currie and Bagshawe?. They are 
now, it seems, in doubt about their own hypothesis, 
judging from their statement that ‘The role of sialic 
acid in inhibiting such contaet remains unclear", but 
“it is not yet possible. however, to discount the electro- 
statie effects of the highly ionogenie carboxyl group of 
sialic acid”. There is strong evidence against the “electro- 
negative barrier’ ` hypothesis*, so how does the peri- 
placental sialomucin prevent the attachment of maternal 
lymphocytes to the trophoblast ? Because cell to cell 
attaehment does not depend on the association of anti- 
body with antigen?* ^, the inaecessibility of antigenic 
groups does not explain why lymphoid cells fail to adhere 
to the trophoblast cells. The problem must therefore 
hie in the bonds that are involved in cell to cell adhesion. 
There is strong evidence that cells are held together 
by chemical bonds, and because various cells readily 
adhere to one another, the indication is that the adhesive 
sites at the surface of cells are equivalent?'?5, Cells of 
saniar type but of different genetical constitution also 
adhere to one another indiseriminatelv?*. and so it is 
not surprising that the epithelial trophoblast cells adhere 
firmly to the genetically different epithelial uterine 
cells of the mother. when these two kinds of cells are in 
contact during the early stages of development. Cells 
in contact with other cells are invariably exposed to an 
array of signals tow hich they respond, andthe“ ‘recognition’ 
by cells in contact of differences and similarities between 
them must inevitably lead to various kinds of re sponses. 
It is conceivable that the trophoblast in recognizing its 
genetical disaffinity with the uterine epithelium, through 
an exchange of information (RNA transfer” ?) facilitated 
in the case of the mouse by the intercellular bridges!, 
responds by secreting an intervening layer of sialomucin 
material. The trophoblast thus self-isolates. At the 
same time it becomes regionally differentiated and in 


this respect resembles amphibian gastrula ectoderm. 
This structure possesses an outer "eoat2d" suface which 


is non-adhesive, and an inner “uncoated” surface 
which is adhesive?*.. It is noteworthy that the material 
which coats the outer surface of the gastrula ectoderm is 
a sialomueopolysaccharide-protein eomplex?*, 

If cell to cell attachment depends on apposed adhesive 
sites on the surface of adjacent cells forming reversible 
bonds", the sites must not only be available, but they 
must be brought close enough together to form bonds. 
li the ease of amphibian gastrula eetoderm, its outer 
surface is rendered non-adhesive by the deposition of 
the mueoprotein material. It is likely then that the 
adhesive sites at the surface of the ectoderm are masked. 
It is suggested that the sialomucin material seereted by 
the trophoblast similarly renders its outer surface non- 
adhesive by masking the adhesive sites which had pre- 
viously been engaged in closely hnking the trophoblast 
te the uterine epithelial cells. The maternal lymphocytes, 
which are cirected against the trophoblast cells. cannot 
therefore perform their destructive role because they are 
unable to gain the required attachment’? to the non- 
adhesive surface of the trophoblast. So whereas the 
lymphocytes possess the requisite adhesive sites for 
forming bonds with "foreign" cells, the adhesive sites at 
the surface of the trophoblast cells are made inacces- 
sible by the deposited sialomucin material. 

To make its surface non-adhesive, the trophoblast 
need only secrete a relatively thin layer of sialomucin 
material to mask the adhesive components, provided 
the sialomuein components are suitably orientated. 
This invites speculation as to why the deposit of sialo- 
mucin is so thick. One possible answer is that the thicker 
the eoat the more effective it is as a mechanical barrier? 
for preventing the efflux of trophoblast antigens. 


Antigens and the Coat 


There remains, how ever, a further question-—are the 
components of the “eoat” antigenic ? If they are, it may 


NATURE, VOL. 221. MARCH 1, 1969 
well be that they are not released into the surrounding 
maternal tissue because they are part of a highly viscous 
structure. Even so, it is unlikely that the foetus could 
afford to deposit large amounts of histocompatibility 
antigens between the trophoblast and the maternal 
tissue. The immunological inertness of the mother?! 
implies. that trophoblast antigens are not continually 
released. which, in turn, suggests that even if sialo- 
mucoprot»in components were released they would not 
stimulate antibody reaction. As far as can be judged 
from the literature there is no evidence that the sialo- 
mucoproteins of the trophoblast coat are capable of 
arousing the rejection response. Is there an explanation 
for this. because there is no reason why they should not 
be antigenic ? 

One of us (B. M. J.) has previously suggested?? that the 
"coat" material is of maternal type. To illustrate how such 
material eould be deposited at the surface of the tropho- 
blast, it was suggested that a factor transferred from the 
maternal cells might “switch-on” maternal type genes 
in the trophoblast cells. It was pointed out, however, 
that a conceptus could develop in a foster mother. which 
differs genetically from both the paternal and maternal 
components of the egg^. But this finding does not alter 
the basic concept embodied in the original suggestion. 
For if information as RNA” were transferred from the 
uterine epithelial cells of the mother to the trophoblast 
: the developing foetus, then it is possible for this 

ansferred. RNA to direct the synthesis of maternal 
ed sialomuein in the trophoblast cells. Maternal type 
sialomucin deposited at the surface of the trophoblast 
would not be "foreign" to the mother and as a consequence 
would endow upon the outer surfaee of the trophoblast 
an immunological disguise. 

This proposed disguise could conceivably be acquired 
by the trophoblast of blastocysts transplanted to a 
foster mother. provided the blastoeysts were transferred 
at a suitably early age. When 3-5 day old blastocysts 
of one mouse strain were transferred to the uterus of 
another strain, they developed normally*. In natural 
circumstances the trophoblast becomes intimately connec- 
ted with the uterine epithelium on the fifth dav. as 
mentioned earher, and on the following day it coats its 
own surface with sialomucin. So according to the tuning 
of events, the trophoblast of the transferred 3-5 day old 
blastoevsts. after being closely associated with the 
hosts uterine epithelium and acquiring the necessary 
information (RNA). could produce sialomucin of the 
host-type to provide the disguise. But even if the sialo- 
muem which coated the outer surface of the trophoblast 
of the transplanted blastocysts was not of host tvpe. it 
would still effeetively render the trophoblast, non-adhesive, 
thus assuring protection. as already described. against 
lymphoeyte attack. When 3:5 dav old blastocysts were 
transplanted to the kidney of the hosts. they failed to 
develop*. Evidently the uterus is a more favourable 
site for the induction of events which lead to the self- 
isolation of the trophoblast. 


Key Role of Trophoblast 


The foregoing considerations of studies involving the 
immunological interrelationships of the mother and 
foetus show that it poses special problems with the tropho- 
blast playing a key part. The self-isolation of the tropho- 
blast brings into existence a number of different but. 
complementary devices designed to protect the embryo 
against immunologieal destruction. 

To summarize, it is suggested on good evidence that. 
the trophoblast provides an assurance against lymphocyte 
attack by coating its outer surface with sialomucin 
material to render it non-adhesive. "This would prevent 
"aetivated" lymphoeytes gaining attachment. which is 
necessary for the induction of processes leading to the 
destruction of "target" cells??. It is further suggested, 
on cireumstantial evidenee, that a double assurance 
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— against lymphocyte attack is provided in nature by the 
trophoblast acquiring an immunological disguise. In 
nature, both the proposed protective mechanisms could 
well be brought into play; in experiments, the non- 
adhesiveness of the trophoblast "coat". if established. 
could alone account for the survival and growth of tropho- 
blast tissue transplanted to a host of another strain or 
species. An embryo would develop normally in these 
circumstances provided it was protected by a "coated" 
trophoblast. 
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External Radiation Doses from Occupational Exposure 


by 


M. J. DUGGAN 
E. GREENSLADE 
B. E. JONES 


Records accumulated between 
received by a wide range of radiation workers in the United Kingdom 


1960 and 1965 of radiation doses 


have been summarized. Doses were generally. small. 


Radiological Protection Service, 
Belmont, Sutton, 
Surrey 


in 1956 the Radiological Protection Service (RPS) began 
operating the personal film dosimeter service which had 
previously been provided by the National Physical Labora- 
tory. The service is a national one, available to all users 
of ionizing radiations, but it is not the only one in opera- 
tion; the UK Atomie Energy Authority, for example, 
provides its own service and, similarly, so do many of the 
larger hospitals. 

By about 1956, the significance of the total dose re- 
ceived by a radiation worker was becoming appreciated, 
and the decision was made to keep dose records for all 
users of the RPS film service. It was intended to use 
these records, in conjunction with those of other UK dose 
monitoring services, to estimate the contribution to the 
population genetic dose from occupational exposure, and 
it was hoped that it would eventually be possible to 
obtain information about dose-effect relationships by 
combining the dose data with details of morbidity and 
mortality for selected groups of workers. A system of 
record keeping using punched cards was therefore estab- 
lished}. 

It became increasingly evident that the keeping of 
records for all users of the service was impracticable 
beeause of the considerable number of workers having 
only one or two tests, or having tests at very infrequent 


1962, with the object of distinguishing between regularly 
monitored workers and others, so that records could be 
kept only for the former. A further reduction in the 
fraction of users for whom records were kept came about 
in 1964—65 when the RPS decentralized part of the film 


service to its regional centres. At chat time it was decided 
that the keeping of punched card records by these centres 
was not justified in view of increasing doubts as to the 
validity of the initial reasons for keeping long term dose 
records, and consequently no puncaed card records have 
ever been kept by the regional centres. These doubts 
subsequently hardened into certainty, and the keeping bv 
the RPS of punched card records was abandoned com. 
pletely in 1966. 

It is the purpose of this article to give a summary of 
the dose records accumulated in the 6 vears from 1960 
to 1965 and to draw some conclusions from them. 

Various features of the dose data accumulated in these 
6 years are presented in Tables | to 4. The unit of dose 
used throughout is the rad in air. A general picture of 
the dose distribution among the workers who used the 
film service can be seen in Table E. The information in 
this and subsequent tables relates tc persons wearing body 
(that is, trunk) films and takes no aecount of wrist film 
measurements. The doses recorded in the tables are those 
received by the film dosimeters, that is. no attempt has 
been made to translate surface dose into organ or whole 
body dose. For the period January 1960 to June 1962, 
the doses were those caused by X, £. y and electron radia- 
tion. After June 1962, only X and y-ray doses were 
considered. This change is not of much importance 
because experience has shown that the proportion of 
RPS films which record 8-ray or electron doses is small. 
It is sometimes claimed that the dese recorded by a film 
was not received by the wearer. It is usually impossible, 
however, to confirm such a claim ard the dose entered in 
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Table 1 


1901 
Percent- 
No.of age of 
workers workers 


1980 
Percent- 
No.of  ageof 


Annual dose (rads) 
workers workers 


<68 17,740 89-1 19,060 93-9 
» 06 2,178 10-9 1,227 6.1 
215 496 2:5 857 1-8 
>h 68 (34 37 0-18 
>10 28 0-14 Ti 0-05 
AO. of workers for whom records 
were kept 19,818 20,296 
Total No. of films* issued by the 
RPS (including regional centres) 200,000 245,000 


* Excluding fast neutron films, 


the records has almost always been the dose which the 
film recorded. 

Table 1 shows how small are the doses received by most 
of the workers. The actual doses received are even smaller, 
because the smallest dose reported by the film service is 
20 mrads and doses smaller than this have been assumed 
to be equal to 20 mrads in preparing all the data reported 
here. 

Table 1 also shows that the dose distribution changed 
very little in the period examined, although there is some 
indication of a small but general reduction in the doses 
received during the past.3 years. "This overall stability 
may indieate the control of radiation hazards had reached 
a reasonably satisfactory state before statutory legislation 
concerned with radiation protection was introduced in the 
United Kingdom during the early 1960s. 

The variation of annual dose with type of work has also 
been examined. The workers were grouped according to 
their type of work—see Table 2—and a dose distribution 
table similar to Table 1 was prepared for each group for 
the 3 years 1963, 1964 and 1965. Table 2 was obtained 
from these dose distribution tables and shows the per- 
centages of workers in each group, averaged over the 
3 year period, with annual doses which exceed 1-5 rads 
and 5 rads respectively. 


Table 2 


Percentage of workers in each group 
(averaged over 3 yr with an 
annual dose 


Type of work 
> 1-4 rads > S rads 


Medical diagnosis 0.7 0-1 
Medical therapy 4-6 0-1 
Industrial radiography 5:0 OS 
Crystallography 0-1 0-05 
Luminizing Ret Nil 
Development and research 0-5 0-1 
Manufacture, testing or maintenance p 0-1 
Dental 0-4 0-2 
Veterinary Nil Nil 
Other Te Q-1 


Luminizing, industrial radiography and medical therapy, 
in this order, stand out as the three types of work in which 
the highest percentages of workers receive large doses. 
The y-ray sources used in industrial radiography and 
medical therapy are often handled by simple means (for 
example, handling rods or tweezers) which give rise to most 
of the doses received by workers in these occupations. The 
doses received by luminizers were largely because of the 
use of radium activated luminous compound in rather 
primitive working conditions. 

The dose records have been used to estimate the total 
annual dose for each year and the results of this estimation 
are given in Table 3. 

The contribution to the population genetic dose from 
occupational exposure cannot be calculated solely from 
the information given in Table 3, because the “number 
of workers” referred to is only the number for whom 
punched card records were kept. Additionally, no break- 


Table 3 


No. of workersfor whom — Total annual Average annual dose 


Year records were Kept dose (man-rad) — per worker (rad) 
1960 19,918 5,991 0-30 
1961 20,296 5,350 0.26 
1962 19,341 5,747 0-30 
1963 17,536 6,443 0-37 
1964 17,024 6,313 0-37 
1965 Brod 2,398 0:27 


No. of 
workers workers 


1962 1963 18064 i965 
Percent- Percent- Percent- Percent- 


age of No.of age of 


No.of age of 
workers workers 


No.of age of 
workers workers 


workers workers 


17,966 92.9 15,666 59:3 15,613 91.7 &,088 02.4 
1,875 1:1 1,870 10-7 1,411 8G 664 T6 
880 2:0 480 2.1 847 2.0 jis 1 
51 0-26 42 0-24. 30 0-18 6 0-07 
10 0:05 a 0-04 5 0-03 1 0-01 
19,341 17,536 17,024 8,752 
309,000 349, 000 393,000 493,000 
down of the number of workers into male and female has 


been made; attenuation in body tissue has been dis- 
regarded and no attempt has been made to distinguish 
between whole and partial body irradiation. In order to 
carry out such a calculation it would be necessary to have 
similar information in respect of all the other radiation 
workers in the United Kingdom and to go through a 
sunilar procedure to that detailed in Appendix G of the 
second report on The Hazards to Man from Nuclear and 
Allied. Radiations?. The most obvious and perhaps the 
most interesting point to emerge from Table 3 is that the 
average annual dose per worker is fairly constant through- 
out the 6 years examined. It should be remembered, 
however, that the inclusion of a worker in one of the yearly 
totals in Table 3 does not imply that he was a radiation 
worker for the whole year. For example, a man might 
leave radiation work for other employment in J anuary 
or February after having had only one or two tests; the 
record of such a man will reduce the average annual dose 
per worker for that particular vear. Further, a reduction 
in the average annual dose is caused not only by the worker 
who leaves radiation work, but also by the worker who 
transfers to radiation work with another employer, because 
the reeord of such a worker would not have been continued 
through the transfer. An indication of the rate of turnover 
of workers using the RPS film service is given later. It 
follows that, if those workers having less than a given 
number of tests in each year were to be excluded from 
Table 3, the caleulated average annual dose per worker 
would inerease. The extent of such an increase will 
obviously be dependent. on the number of tests chosen to 
justifv inclusion in Table 3. 

For one year, 1964, the total annual dose was broken 
down into the eontributions from each type of work and 
the results of this analysis are given in Table 4. 

It can be seen that industrial radiography and medical 
diagnosis make the largest contributions to the total 
annual dose. For some types of work, dental and veterin- 
ary radiography in partieular, the average annual dose 
per worker has been considerably overestimated as a 
result of assuming that less than 20 mrads is equal to 
20 mrads. 

Table 4 


Annual Average annual 
Type of work No. of dose dose per worker 
workers anan-rad) (rad) 

Medical diagnosis 3,960 1,305 0-35 
Medical therapy 710 345 0-49 
Industrial radiography 3.201 1,775 0-54 
Crystallography 1.131 338 0-30 
Luminizing 183 108 0-598 
Development and research 3, RON 1.131 {peg 
Manufacture, test or maintenance 2,144 601 0-32 
Dental 183 50 OF 
Veterinary 129 31 0-241 
Other 1,395 449 0-32 
Total 17,024 86,313 0-37 


The rate at which workers change their employment 
affects any comprehensive system of record keeping and 
an attempt was made to gauge the magnitude of this rate 
from a random sample of about 5,000 workers followed 
It was found that 


in the same employment after 3 vears. The changes 
observed were the result of both a genuine departure from 
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radiation work and a transfer to radiation work with 
another employer. 

The two principal conclusions from this study of radia- 
tion dose reeords for à 6 year period are that the doses 
received were generally small (very few workers receiving 
more than 5 rads/year), and that the average annual dose 
per worker did not show much change with time. No 
attempt has been made to estimate the contribution to 
the population genetic dose from occupational exposure, 
but it is evident that there has been no great change, 
during the period examined, in the contribution from 
radiation workers monitored by the RPS. Furthermore, 
it is unlikely that the contribution from all occupational 
exposure has changed appreciably since 1960---the last 
time such an estimation was made?. Although this 
contribution was less than 1 per cent of the genetically 
effective dose from natural radiation, it would seem 
prudent to re-assess it from time to time, perhaps every 
5 or 10 years. Such an assessment is difficult to make in 
the United Kingdom in view of the number of personnel 
monitoring organizations involved— for example, the RPS, 
the UK Atomic Energy Authority, the Central Electricity 
Generating Board, numerous hospitals and the Armed 
Serviees—and could not be undertaken unless all these 
organizations made available summaries of their dose 
records in a form which would enable an assessment to be 
made. 

It was mentioned in the introduction that it was origin- 
ally hoped to obtain information about dose-effect rela- 
tionships by combining data from the dose records with 
details of morbidity and mortality of selected groups of 
workers. It is now quite clear?? that the doses being 
received by those workers using the RPS service are 
much too small for this possibility to be realized. 

A final observation that may be made is that for most 
of the workers the doses being received are so small that 
individual monitoring is not strictly necessary. The latest 
view of the International Commission on Radiological 
Protection on this point? is as follows. 

"For workers who have been identified as being in 
conditions of work such that their exposure is most 
unlikely to result in doses exceeding 3/10 of the annual 
Maximum Permissible Doses, individual monitoring and 
special health supervision are not required. For these 
workers, monitoring of the working environment will 
usually be sufficient, even though in some cases individual 
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monitoring may be desirable, for example, to obtain 
statistical information on the exposures." | 

The difficulty here is the interpretation of "most un- 
likely" in any particular case. For example, a worker 
engaged in industrial radiography of che type where the 
radiography is carried out in a <hielded room with the 
exposure controls outside the room may never wear a 
personal dosimeter that records a measurable dose. There 
is, however, & very small but finite chance of his receiving 
a substantial dose as a result of some equipment failure. 
or a breach of the rules governing working methods. In 
such cases the personal dosimeter is invaluable in de- 
termining what dose the worker received and in helping 
to reconstruct the aceident. Again, m the many small 
establishments without local heal:h paysies services it is 
far better to use personal dosimeters, rather than site- 
monitoring equipment, as a means of monitoring the work- 
ing environments. Furthermore, the results of routine 
personnel monitoring may prov ide the first w arning that 
working methods or eonditions have ehanged for the 
worse so that the exposure of the workers concerned can 
no longer be regarded as being "most unlikely to result in 
doses exceeding 3/10 of the annua: Maximum Permissible 
Doses”. For reasons of this kind, t is diffieult to advocate 
any radical pruning of the - numbers of workers subjeeted 
to film or other forms of personal monitoring 

In the light of the results giver here and of the views 
of the International Commission on Eo adiological Protec- 
tion, there is little justification ‘or continuing routine 
medical supervision and for mamtaming radiation records 
for the majority of radiation werkers who are "most 
unlikely" to receive an external radiation dose m excess 
of 3/10 of the annual Maximum Permissible Dose. Never- 
theless, because it cannot be guararteec that such workers 
will never receive an excessive dose, same form of radja- 
tion surveillance is desirable to cater for these circum- 
stances and personnel monitoring probably remains the 
best technique. 
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Role of Host RNA Polymerase in Phage Development 


These two communications present results wk 





ich suggest that the 


transcription of the entire genome of phages 14 and SPO! requires 
host RNA polymerase, or at least those components of it which 
are sensitive to rifamycin. 


Continual Requirement for a Host 
RNA Polymerase Component in a 
Bacteriophage Development 


THe development of the large bacterial and animal 
Viruses involves complex programmes of gene expression 
which are controlled, at least in part. by the products 
of viral regulatory genes. Among these viral regulators 
of gene expression, there might be new transcription 
enzymes with different recognition properties. Recently 
the rifamycin-streptovaricin antibiotics (refs. 1-5, and 
personal communication from Tocchini-Valentini) have 


been shown to inhibit RNA synthesis by acting directly 
on RNA polymerase rather than on DNAt. Rif amycin- 
resistant bacteria can therefore be ased to resolve some 
aspects of this question. 

Accordingly, we have isolated such mutants of Jj. 
subtilis 168 and examined the sensitivity of baeterio- 
phage SPOL development and of viral RNA synthesis 
to the action of this antibiotic in sensit;ve and resistant 
host bacteria. We conclude that the protein{fs) which 
determine rifamyein sensitivity or resistance in the host 
cell are essential to all viral transcription. 

The rifamycin-resistant B. subis:s mutants which 
have been isolated for these experunents grow in the 
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Fig. Il. Rifamycin sensitivity of uridine incorporation into uninfected 


HB. subtilis. Rifamycin was added to about 10* bacteria/ml., 3 min before 
53H-uridine (0-5-1 «Ci and 5 ugiml.). 


presence of 1-5 ug/ml. of rifamycin on plates and in 
liquid culture. Fig. 1 shows the incorporation of *H- 


urkdine into RNA in two such mutants-—-RfR 42 and 
45—ecompared with the sensitive strain 168 M. Ineor- 


poration is essentially abolished by 1 ug/ml. of rifamyein 
added to 10* sensitive baeteria/ml., but RfR 42 and 45 
are unaffected by 1 and 5 ug/ml. of rifamycin, respec- 
tively. Mutants RFR 41 and 44 behave similarly. 

Extracts of rifamyein-resistant and sensitive bacteria 
exhibit, a vitro, the strikingly different rifamycin sen- 
sitivity of the whole cells from which they are isolated 
(Fig. 2). These extracts are completely dependent on 
added DNA for their meorporation of CTP into aeid 
precipitable produet (Table 1). Furthermore, the sensi- 
tivity of the extracts in vitro and of the parent cells 
in vivo is quantitatively comparable (compare Figs. 1 
and 2). Thus the rifamycin resistance of mutants 42 and 
45 is not due to permeability changes. 

The B. subtilis bacteriophage SPOL has a sufficiently 
large genome to code for several hundred genes*-!*, 
The bacterial viruses do not, as far as is known. package 
any RNA polymerase for transmission with the infecting 
genome, so they must a priori rely on host transcription 
enzyme for at least the first stage of viral gene expression. 


6 L— | [ | | p= 
| 





nuanoles UT Piml. Incorporaled 





Rifamycin concentration (agimi) 


Fig. 2. DNA-dependent RNA synthesis in extracts of rifamycin- 
sensitive and resistant B. subtilis. Assay was carried out as described in 
Table 1. Incubation was for 15 min at 30° C in the presence of 410-620 
naim, of extracted protein (the RNA polymerase specific activities of 
the 3 extracts range over a factor of 1-3). €, B. subtilis 168 M extract; 
Ui mutant RIR 42 extract; ©, mutant RER 45 extract. 
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Tablel. DEPENDENCE OF B. subtilis EXTRACT RNA SYNTHESIS ON EXOGENOUS 


D N A TE MPLATE 


mimoles/ml, of UTP incorporated 


Extracted from in 15 min at 30° € 


— DNA +100 ug/mt, DNA 
B, subtilis 168 M 0-05 BD 
B. subtilis RER 42 0-13 T5 
B. subtilis RIR 45 0-08 9.1 


Bacterial extracts for RN A polymerase assay were prepared from lysozyme 
frozen-thawed and sonicated cells; the supernatant of centrifugation at 10° d, 
2-5 h, 3^ C was precipitated at 60 per cent saturation with (NH ).80,, the 
precipitate redissolved in 0-01 M tris Cl pH 7-9, 0-01 M MgCl,, 0-02 M 
(NH,).80,. 0-01 M S-mercaptoethanol, and stored at — 26° € with 50 per cent 
glycerol (D. Wilson, to be published). 

The standard assay contained (per ml.) 100 moles tris Cl, pH 7-5, 10 
umoles MgCl,, 0-1 umoles nucleoside triphosphate labelled with H or SP 
and 1 «mole of the three other unlabelled nucleoside triphosphates, 1 umole 
spermidine chloride and 100 ug salmon DNA. 


Production of bacteriophage SPOL in the sensitive host 
168 M is completely inhibited by 1 ug/ml. of rifamycin 
(Table 2, line 1), but this rifamyein sensitivity is not 
permanent. As rifamycin is added suecessively later 
after infection, its quantitative effeet on phage yield 
becomes less and less severe. This is the anticipated 
behaviour of an inhibitor of transeription. The capacity 
to make phage in spite of rifamycin appears 7-9 min 
ahead of the intracellular appearance of mature phage 
(data not shown). 


Table 2, RIFAMYCIN SENSITIVITY OF PHAGE SPO] 


Yield ratio* + 


FRODUCTION 


Host 1 pg/ml, Rf Lysis ? 

No RF + Rf ~ RE 
168 M « 9 x 10-5 Nane + 
RIR 41 0-95 + + 
RER 42 1 + + 
RfR 43 0-7 + + 
RR 45 1:6 I: -+ 


* Bacteria in CHT 50 supplemented with 5x 10-* M CaCl, were grown to 
about 105/mL, divided into aeration tubes with and without rifamycin and 
infected 8 min later with five phage SPO1 per bacterium. The fraction of 
unadsorbed phage measured 7 min later was 0-005-0-03 but phage adsorption 
evidently continues so that ultimately almost no unadsorbed input phage 
remains (line 1, column 2). 

765 min after infection, KCN and lysozyme were added to 0-005 M 
and 300 ug/ml. respectively: phage were assayed 30 min later. 

t Visible lysis was essentially synchronous in tubes with and without 
rifamycin for mutants Rfr 41, 42 and 43. 


In contrast, the rifamycin-resistant hosts RfR 41, 42, 
43 and 45 show production of phage; that is, they are in- 
sensitive to the continuous presence of | ug/ml. of rifamy- 
cin (Table 2). This result established that all viral transerip- 
tion (or, at least, all transcription essential to progeny 
formation in these hosts) must aecord with one of the 
following alternatives: (a) a phage coded RNA poly- 
merase is made after infection: the bacteriophage SPOI 
wild type enzyme is rifamycin-resistant; (b) phage 
genome transeription utilizes the host. RNA polymerase 
or, àt least. the subunit(s) of host polymerase responsible 
for rifamycin phenotype; (c) a combination of (a) and (b). 

These alternatives are distinguished by measurements 
of the incorporation of *H-uridine into RNA early and 
late in the viral eelipse period, in the presenee and absence 
of rifamyem, in rifamycin-sensitive and resistant host 
cells. 

Fig. 3a shows the expected result (in view of Table 2) 
that uridine incorporation is insensitive to rifamycin in 
the resistant host 45. (Mutant 42 shows the same result.) 
Times of addition of rifamyein have been chosen to test 
pre-repheative and post-replicative transcription. The 
rifamycin sensitivity of uridine incorporation in infected 
168 M is evident early and late in the viral eclipse period 
(Fig. 36 and c). This result establishes proposition (b). 
but eliminates alternative (c) only to the extent provided 
by the following detailed quantitative analysis: consider 
the uridine incorporation of cells to which rifamycin 
has been added at the thirteenth minute-—that is, when 


into alkali-stable linkages. presumably DNA. rather 
than into RNA. Ten minutes after adding label (24 
min after infection) the control, without mfarnycin, has 
accumulated 3:2 x 105 d.p.m. of *H-uridine/ml. in RNA 
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(Fig. 3d, curve D); at the same time, incorporation into 
RNA in the presence of rifamycin corresponds to less than 
1,000 d.p.m./ml., an inhibition of 99-7 per cent (Fig. 3d, 
curve C^. This inhibition is not the consequence of the 
failure of exogenously added label to enter the nucleotide 
pool. In the presence of 1 or 2 ug/ml. of rifamycin, uridine 
enters DNA at two-thirds the rate of the control without 
rifamycin (Fig. 3c, curves B and C). We conclude from this 
that the specific activities of the labelled ribonucleotide 
precursors of RNA cannot differ by more than a factor 
of 1:5 in the presence and absence of rifamyein. The 
> 99-7 per cent inhibition of uridine incorporation into 
RNA in the presence of 1 and 2 ug/ml. of rifamycin must 
therefore correspond to > 99:5 per cent inhibition of RNA 
synthesis. 

The period of the viral development covered by this 
experiment—from the fourteenth minute after infec- 
tion—1is that of late viral messenger synthesis. We know 
that no new viral transcription events start after the 
fourteenth minute of infection at 37° C (L. P. Gage, to be 
published). The rifamyein sensitivity of this late viral 
RNA synthesis, which depends on viral replication and 
on protein synthesis in the infected cell, is absolutely 
determined by the rifamycin sensitivity of the host 
RNA polymerase. 
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The experiment of Fig. 3 also shows that viral repli- 
cation can still be blocked by adding rifamycin 2 min after 


infection, but no longer at 12-5 min after infection (Fig. 


36 and c). In fact, the rifamyein sensitivity of viral repli- 
cation has already been lost 6 mun after infection (data 


not shown). Evidently the colleezion of messages for the 
essential proteins of viral replicetion has not yet been 
completed at the second minute after infection but at 
least some copies of all these messages have been initiated 
by 6 min after infection. This aspect of the action of the 
B. subtilis RNA polymerase anc of viral development 
is the subjeet of continuing study. 

The chief object of these expersnents was to answer à 
specific question about the devesopment of a baeterio- 


phage, which has several distinct. stages of transcription — 


and which shares many features of the development of 
other large bacterial viruses! *, The experiments 
summarized here establish: (1) that the transeription of 
all parts of the SPOI viral genome requires the host RNA 
polymerase or, more specifically, the subunit(s) of host 
polymerase that determine interaction with the anti- 
biotie rifamycin; (2) that if any viral transeription units 
utilize any other transcription enzyme, their aggregate 
yield of RNA must be below cur sensitive limite of 
detection. 























: 3 
V Sapete 
SP 
aod E P | 
DO? aa - 4 ; e " 
d QU á © i a“ 
x mi 
: Q x 
= 
E g 
Es m | 
z & |a ^s 
m i ee vw ——5 X J - — 3X | o - 1 au P4 A 
n ~ 
co 
| 5/4» ; 
| E | | 
1 t RS i; i EC 
] à 
E 10 20 30 40 € 10 20 30 40 
REISY ms rt ce " "ES SY "iege after Pniecciy $ 
hiak Time after infection (min) Time after infection (min) 
a b 
pu MC a DM a i Y t rus 
t i vwd 
E £ D : i M 
fj Á Pa 3 Lt T 
c ; / Ud 80 4 
- # : - 
e Ei Fd $ x 
-= — K Fa 
Ei é i 
2 z A | | 4 
m x / 2 | ya Z 
x 6. an gs a: i 20 un 
E = 7: E i a 
= bs ; x; i BH 
= e E 
-— E E 
m zy E $ "o A 
i women UTE & 
E S E 3 
= = "a d i AM 
- pes a » | S 
E t ^ = x i E 
= 3 z "d | 
E Fa z A | 5 
= a s log 
z 0 $ Er i A EORNM. EEE OAAR A Viera HIS Fej Pet v. PAED ENEE PINTOR RN IS RET DET d m 
2 Ü 5 10 15 20 
Time after labeling (min) Time after labelling (min) 
e d 
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Other details are as in the first footnote to Table 2, a, Rifamycin-resistant host RER 45. (7, O, e. Wi, Total TCA precipitable radioactivity; 


P, (I, alkali-stable radioactivity (DNA synthesis). b, Rifamycin-sensitive host 168 M. Rifamycin and uridine were added before the start of 
viral replication. Only total TCA precipitable incorporation is shown. c and d, Rifamycin-sensitive host 168 M. — Rifaueycin waa added 1235 
(1 ug/ml.) or 13 (2 ug/ml.) min after infection. Uridine was added 14, 14-5 and 15 min after infection for the control and when 1 and 2 gg/ml. of 
rifamycin were present, respectively. For this experiment only, TCA precipitated samples were redissolved and countee with external stan- 
dardization to determine counting efficiency. Curve A, total incorporation, no rifamycin (©); curve B, alkali stable incorporation, no rifamycin 
GÀ); curve C, C", alkali stable (@. BD and total (x, D incorporation, 1 «g/ml. of rifamycin (x, @) and 2 gg/ml. of rifareycin (£7, Me: carve 
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In the following paper, Maiko Vogel and Brown 
reach an essentially identical conclusion regarding bacterio- 
phage T4 dev elopment. 
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Conservation of the Rifamycin 
Sensitivity of Transcription during 
T4 Development 


A STRIKING feature of the intracellular de ‘velopment of 
baet teriophage T4 is the positive control of "late" gene 
expression. Viral DNA replication and a functional gene 
99 product are absolutely required for the synthesis 
of those messenger RNA species first detected by hybrid- 
ization-competition experiments about 12 min after 
infection at 30° Cl? Attention has recently centred 
on the possibility that the turning on of "late" transcrip- 
tion is mediated by a new species of RNA polymerase, 
at least one of whose components is synthesized de nove 
after infection (ref. 3, and B. D. Hall and G, Hager, per- 
sonal communication). A fresh approach to this question 
beeame possible when the mode of aetion of the drug 
rifamycin was elucidated".  Rifamycin binds to RNA 
polymerase, preventing the enzyme from initiating RNA 
polymerization; it p no direet effeet on DNA or protein 
svnthesis. Mutants of E. coli resistant to rifamyein have 
been isolated; among them are strains of which the RNA 
polymerase is more resistant to rifamycin zn vitro than the 
RNA polymerase from sensitive Æ. col? (refs. 7 and 8 
and R. Schleif, personal communication). 

We therefore posed the following question: does the 
RNA polymerase in T4-infected E. col? retain the pheno- 
type of the enzyme from uninfected cells. with respect to 
rifamycin sensitivity. throughout infection ? The answer, 
which we document below, is yes. Moreover. the statement 
is true for transcription of both major "late" regions of 
the T4 chromosome, as well as the lysozyme gene. 
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At least that portion of the host RNA polymerase respons- 
ible for the rifamyein phenotype is therefore used 
for all T4 mRNA synthesis. An identical result for the 
case of bacteriophage SPO] infection of B. RUIN is 
ad do. Preliminary ev deus for a similar situation in 
A infection of E. coli has been obtained by R.Sehleif (personal 
communication) 

We first determined that the expression of representa- 
tive late genes of T4 was prevented by rifamycin in sensi- 
tiv e SOCIETE E. coli B, non- pU M e for a mber uade 


with i à complicity ot? 5 T4 phage fell: The "oc xe 
for this experiment bear amber mutations in the path- 
ways for head and base-plate assembly; consequently 
the infected cells aecumulate tail proteins and tail fibres 
in a soluble form which can be assayed quantitatively 
(refs. 9, 10 and R. H. and W. Mason, unpublished 
results). (In all other experiments, wild type T4D were 
used.) Ten minutes after infection, rifampicin? (a deriva- 
tive of rifamycin aetive against E. coli, used throughout 
this work) was added to a portion of the infected culture 
at 100 ug/ml. At appropriate times samples were removed, 
quiek-frozen in dry ice-ethanol, and subsequently thawed 
and sonicated. The samples were then assayed for 
lysozyme and the products of genes 12 (a component of 
the tail) and 34 (the A antigen, which is the proximal 
half of the tail fibre). All three proteins are first detected 
between 12 and 15 min after infection; in the absence 
of inhibitors they inerease linearly for the next 30 min. 
The data in Table 1 show that rifampicin inhibits the 
synthesis of all three more than 95 per cent. 


LATE GENE EXPRESSION IN 'P4-INFECTED RBIFAMPICIN-SENSITIVE 
E. coli B 


Table 1 


Increase in gene product between 
. 30 and 40 min 
— Rifampicin + Rifampicin 


e 12 35 <2 
Gene 34 500 « 20 
Lysozymnie 310 D 


Conditions of growth and infection are given in the text. Gene 12 produet 
is assayed by complementing serial dilutions of each sonicate with a fixed 
amount of extract containing 12- particles for 2 hat 2 E then plating to 
determine the number of active phage (ref. 10, and R. and W, Mason, 
unpublished results). The numbers are the extent of TR required to 
produce an arbitrarily chosen phage titre. Gene 34 product is assayed by 
measuring the ability of each sonitate to block the phage neutralizing 
activity of antiserum against purified gene 34 product (A antigen) (Ward, 
Wilson and Wood, personal communication). The numbers represent phage 
equivalents/ml. x 10. We thank Dr D. MeMahon for these assays and 
S. Ward for à gift of antiserum. Lysozyme is measured by the rate of 
decrease of po of a cell wall preparation (procedure of Siminoviteh 
described in ref. 2), expressed in arbitrary units. 


We then isolated a strain of E. colt B resistant to rif- 
ampiem. In order to avoid permeability mutants. we 
followed a suggestion of R. Schleif and treated the cells 
with EDTA according to Leive!?, just before plating on 
tryptone agar containing 400 ug/ml. rifampicin in an 
overlay. Without mutagenesis we found about 1 cell 
in 10* formed a colony in these conditions. One such 
colony was grown up and the selection procedure. in- 
e Juding EDTA treatment. repeated. A colony was then 
picked to provide the rifampicin-resistant. cells used. 

Preliminary experiments on RNA synthesis in extracts 
from these cells indicated that the level of rifampicin 
needed to block RNA synthesis completely in sensitive 
cells an vivo would inhibit the resistant extract n vitro. 
This situation could lead to an ambiguity in interpreta- 
tion of n vivo resistance, so we looked for a way to increase 
the sensitivity of the parent strain, E. coli B, $n vivo. 
Brief treatment. of the cells with ED'TA proved suitable 
Within 2 min of addition of 1 yg/ml. of rifampicin to 
EDT A-treated, sensitive cells, the rate of ?H.uridine 
incorporation was less than 5 per cent of an EDTA- 
treated control to which no nfampicin was added; EDTA- 
treated, resistant cells were indistinguishable from 0-10 
ug/ml. rifampicin, with respect to growth rate and °H- 
uridine incorporation. The effect of 1 ug/ml. of rifam- 
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picin on ?H-uridine incorporation in EDTA-treated, T4 
infeeted cells is shown in Fig. 1. With sensitive cells, 
rifampicin added 1 or 12 min after infection produces 
immediate and complete inhibition of uridine incorpora- 
tion. With resistant cells, rifampicin added 1 or 12 min 
after infection has no effect on uridine incorporation. The 
burst sizes in the latter experiment were 140, 140 and 
160 T4/infected cell for no rifampicin, and rifampicin 
added at 1 or 12 min, respectively. (The fact that rifam- 
picin does not alter the burst size of T4 in resistant cells 
had been communicated to us previously by G. Toechini- 
Valentini.) 
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Fig. 1. Rate of incorporation of *H-uridine after T4 infection of rifam- 
picin-sensitive and resistant E. coli B. Cells were grown in medium 
MOS to 5x 10*/mL, centrifuged, washed with 0-12 M trix, pH 5, and 
resuspended in 1/10 volume 0-12 M tris, pH 8. EDTA was added to a 
final concentration of 10-* M and the cells were incubated for 2 min at 
237° (1, The treated cells were then diluted ten-fold into M98 at 30° C, 
containing 25 ug/ml. L-tryptophan, and infected with five T4 phage/ceil. 
At 1 and at 12 min after infection portions of the infected culture were 
removed to flasks containing rifampicin in M88 to give a final concentra- 
tion of 1 ug/ml. At various times 1 ml. samples of each culture were 
pipetted into 1 ml. M98 containing 2 «Ci 5-*H-uridine and 2 pg uridine. 
308 later 1 mi. 14 per cent TCA was added. The acid precipitates were 
collected on ‘Millipore’ filters, washed, dried and counted in a liquid 
scintillation counter using a toluene base scintillator. In both experi- 
ments about 20 per cent of the bacteria were uninfected 2 min after 
addition of phage; the remainder yielded a normal burst (140-160) of 
phage. ©, Samples from control cultures; @, samples from rifampicin- 
containing cultures. 


Because these experiments are subject to a variety of 
interpretations, extraets were prepared from sensitive and 
resistant cells, before and 20 min after T4 infection, and 
assayed for RNA polymerase activity. The assays were 
performed on crude extracts to prevent the possible 
preferential loss of one kind of activity during fractiona- 
tion. The extracts are only slightly, if at all, stimulated 
by exogenous DNA; results similar to those presented are 
obtained with partially purified, DNA dependent prep- 
arations. Fig. 2 shows the kinetics of «-°?P-GTP incor- 
poration in the four kinds of extracts. It is clear that the 
rifampicin sensitivity of the extract is similar before and 
after T4 infection. We then compared the sensitivity of 
the four extracts to different levels of rifampicin, with the 
results shown in Fig. 3. Again it is clear that T4 infection 
is without effect on the rifampicin sensitivity of RNA 
polymerase activity. Also shown in Fig. 3 are several 
points representing the growth rate of uninfected E. coli 
immediately following EDTA treatment. The correlation 
between in vitro and in vivo sensitivity is good. 

Finally, to rule out the possibility that the rifampicin- 
resistant cells inactivate rifampicin, we performed a two- 
stage experiment, summarized in Table 2. In the first 
stage, extracts were incubated with or without rifampicin, 
without triphosphates. In the second stage, the extraet, 
triphosphates and DNA were added. Comparison of the 
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Fig.2. Effeet of rifampicin on the kincticeof nucleotide Incorporation in 
extracts. E. coli B, rifampicin-sensitive and resistant, were grown mm 


MOS to 9 x 10^/ml., collected by centrifugation and frozen at = 20^ C to 
provide uninfected extracts. The same bactorial strains, grown to 
5x10*9/mL, were infected with five T4j/ces, Be the Bith minute after 
infection 98 per cent of the celis in each eulture were infected, Twenty 
minutes after infection the cultures were poused on frozen medium, 
collected by centrifugation, and frozen at. — 20°C. The frozen cella, in 
each case, were anapended in 5 ml. buffer (9-01 X frie CL pH 7-9, 0-01 M. 
MgCl, 102 M EDTA, 0-01 M mercaptoethanol, 0-02 M NIH,CL and 600 
ugiml. lysozyme) per g of celis, frozen in quid aitrogen and held there 
fori h, Each extract was then thawed and senicated six times for a 
total of 3 min at peak power on a Bransos soniter, (We thank David 
Wilson for this procedure.) The reaetios mixiures contsined, in the 
order added (per ml), 100 umoles tris Cl, pH 1-5; I ample apoermidine: 
10 «moles MgCl: extract containing abet 8 mg protein (exeept (a) 
above, which had 1:5 mg protein); Q or 1 ae rifampicin: I amole each of 
CTP, ATP and UTP; 0-1 «mole a-*P-GTE (2 uCi/umole); 50 ug salmon 
sperm DNA; and water in a final volume of SomL  Incubation was at 
30° C, At the time of addition of label and DN &, a 0-5. ml sample was 
removed, precipitated with 10 per cent trichlorseetic acid (TCA) using 
100 ug denatured DNA as carrier, washed, deed and counted in a 
Lowbeta gas-flow counter. These zero thre blan&s, ranging from 50-76 
cpm. in the eight experiments shown, were subtracted from the c.p.m. 
obtained at later times. ©, Controls whout rifumpiein; @, with 
i ugiml. rifampicin. 





second and fourth entries shows that cifampicin survives 
incubation in the resistant extrae: in the first stage sufi- 
ciently to inhibit the sensitive extract in the second. The 
first entry shows that no general inhibitor of RNA syn- 
thesis is generated during the initial incubation. 
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Fig. 3. Dependence of nucleotide incorpora: 
concentration. The same extracts deserit 
used, assayed as described there, except 
tion was varied and the time in each case was 16 
volume of G45 mi. GTP incorporation in t 
ranged between 700 and 1,000 e pan. for the fou 
ted sensitive cells; @, infected sensitive ¢ 
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Table 2. STABILITY OF RIFAMPICIN IN RESISTANT EXTRACTS 


. C.p.m. 
stage 1 (30 min) Stage 2 (10 min) api TEP 
incorporated 
11) Rilumpicin-resistant extract. 
" +1 agimi. rifampicin Rifampicin-resistant extract 020 
(2) " T x s Rifampicin-sensitive extract 500 
13) No extract 500 
(4) R: fampicin-resistant extract 
alone Rifampicin-sensitive extract 1,150 


Assay systems identical to those described in the legend to fig. 2, except 
that DNA and nucleoside triphosphates were omitted during stage 1 (30 min 
at 30^ C) Then the additions under Stage 2 were made, followed by DNA 
and four nucleoside triphosphates. The sec ond incubation was for 10 min. 


We conclude that at least that part of the host RNA 
polymerase molecule responsible for rifamycin sensitivity 
is retained and used for RNA synthesis throughout the 
intracellular development of bacteriophage T4. 

This work was supported by a researeh grant from the 
National Institute of General Medical Sciences. R. H. 
holds à research career development award from the US 
Public Health Service; M. V. is a predoctoral trainee of the 
US Public Health Service; R. D. B. is a predoctoral trainee 
of the US National Science Foundation. We thank Dr 
Ganco Tocchini-Valentini for telling us about rifampicin- 
resistant mutants in advance of publication, and for one 
of his resistant strains with which some preliminary 


Two Compounds implicated 
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IN bacterial cells a regulatory mechanism termed 
"stringent control" rc duces the rate of aeeumulation of 
RNA whenever protein synthesis is limited by the absence 
of any required amino- acidi? or the failure to activate an 
amuno-acid?. At least one gene involved in stringent 
control, the RO gene of E. coli, has been identified as the 
site of mutations to the "relaxed" phenotype m which 
RNA aceumulation is nearly independent of amino-acid 

availability^*. Although the function of the RC gene 
preduct is not known, the existence of isogenic pairs of 
strains carrying wild type (stringent) and mutant (relaxed) 
alleles of the RC gene makes 1t possible to isolate the RC 
function experimentally. 

Results of early studies suggested that stringent control 
operated directly on the transcription reaction itself? 75. 
But subsequent ‘studies of tr anseription in vitro (Nierlich 
and Gros, personal communication and refs. 9 and 10) 
or in deeryptified whole cells" disclose little if any effect 
of amino-acid starvation, uncharged transfer RNA or 
mutation in the RO gene on RNA polymerase activity. 

An alternative approach was suggested by the dis- 
covery that RC function results in inhibition of the bio- 
synthesis of a number of phosphorylated metabolites, 
ineluding ribonucleoside triphosphates and glycolytic 
intermediates'-4, The significance of these observations 
lies in the fact that direct inhibition of RNA polymerase 
activity does not provoke any such effects!® 4, This 
finding indicates that the role of the RC function in con- 
trolling the synthesis of phosphorylated metabolites 
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the Function of the RC Gene 


Autoradiography has revealed in a stringent strain of E. coli two 
compounds that seem to be involved in the inhibition of the 
synthesis of RNA. 


cannot be explamed as a secondary consequence of 
control at the RNA polymerase level. We therefore 
proposed that stringent control operated directly on some 
step in energy metabolism, and coutrolled the rate of 
RNA synthesis indirectly through substrate limitation, 
We postulated that a reaction normally involved in pro- 
tein synthesis “idles” when any species of transfer RNA 
is not charged with its cognate amino-acid, and that this 
idling reaction, carried out by the RC gene product, 

generates an mbhibitor of phosphorylation?. We report 
here the discovery of two compounds which may be 
products of the postulated idling reaction, 

Amino-acid starvation affects "the biosynthesis of many 
phosphorylated metabolites, Fig. 1 shows the results 
of an early experiment in our exploration of the meta- 
bolie consequences of stringent control. A stringent 
strain of E. colt, growing exponentially in medium fortified 
with an amino-acid mixture (0-2 per cent casein hydroly- 
sate), was filtered and aliquots were cultivated in fresh 
medium in the presence and absence of the amino-acid 
mixture. Both aliquots were labelled for 20 min with 
HPO, and the acid-soluble metabolites were submitted 
to a ayer e peu cide aes as described in e I PENE; 

iin Hie prese nee ot amino- Du at Tn unn rell 
resolved spots corresponding to various phosphate com- 
pounds ean be discerned. Four of these are the ribo- 
nucleoside triphosphates, while many of the rest have not 
been identified, Comparison of the two autoradiograms 
reveals that each compound is much more heavily labelled 
in the culture supplemented with amino- acids, Our 
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by Ernest J. Henley, University of Huston and Edward 
M. Rosen, Monsanto Company. 


A pioneering effort covering both manual and computer 
methods for calculating material and energy balances. 
An appendix of useful computer programs is provided, 
and many modern concepts are developed and illustrated. 


due March 1969 577 pages 132s. 


ENCYCLOPEDIA OF CHEMICAL 
TECHNOLOGY Second Edition, 
Volume 17 


- Editorial Board: Herman F. Mark, Chairman, John R. 


McKetta, Jr., Donald F. Othmer, Anthony M. Standen, 
Executive Editor. 


In the latest volume of the encyclopedia the treatment 

of subjects in chemical technology is extended to 

topics that range from Radioactive Drugs to Semi- 
conductors, 

due February 1969 898 pages 470s. 

350s. subscription price. 


ADVANCES IN PEST CONTROL 
RESEARCH, Volume 8 


edited by R. L. Metcalf, University of California, Riverside, 


The latest volume in a series that treats pest control 
as a distinct discipline, utilizing principles from chemistry 
physics, biology and ecology for the contro! of all 
organisms that compete with man for his food supply, 
damage his possessions or attack his person. 


due March 1969 255 pages 140s, 


ANALYSIS AND SYNTHESIS OF 
LINEAR ACTIVE NETWORKS 


by Sanjit Kumar Mitra, University of California, Davis. 


A unified and systematic presentation of analysis and 
synthesis methods of networks comprised of linear 
active and passive elements, with the emphasis upon the 
design of inductorless active filters. One entire chapter 
ís devoted to the use of monolithic integrated opera- 
tional amplif ers. 


due March 1969 567 pages  150s. 


COMPUTATIONAL SOLUTION OF 
NONLINEAR OPERATOR 
EQUATIONS 


by Louis B. Rall, Mathematics Research Center, United 
States Army, University of Wisconsin. 


This book presents a basic introduction to the appli- 
cations of functional analysis to the solution of many 
types of equations: integral, differential and systems 
of equations. The overall theory permits direct trans- 
lation into computer programs and allows for error 
estimation. 
due March 1969 225 pages 140s, 


d semana ete 


PHASE SPACE DYNAMICS OF 
PARTICLES 


by Allen J. Lichtenberg, University of California, Berkeley. 
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Reviews phase space concepts for beams, accelerators 
and confined particles and describes the underlying 
unity of these fields. 

due March 1969 33l pages 


DIFFUSE MATTER IN SPACE 


by Lyman Spitzer, Princeton University. 


I SCs. 


This book, Volume 28 in the series Interscience Tracts 
on Physics and Astronomy, summarizes the observed 
properties of interstellar matter and analyses the major 
physical processes which affect the equilibrium, the 
motion and the evolution of this enormously rarified 
medium. 


due March 1969 262 pages 108s. 


FORTRAN PROGRAMMING 


by Frederic Stuart, Hofstra University. 


A complete FORTRAN textbook with tables comparing 
78 FORTRAN compilers, 120 programming exercises 
and trial data and output for all exercise programs. 
Teaches FORTRAN as a universal computer program- 
ming language. 


due March 1969 353 pages 7(s. 


ELEMENTARY PARTICLE THEORY: 
RELATIVISTIC GROUPS AND 
ANALYTICITY 


edited by Nils Svartholm, Professor of Mathematical 
Physics, Chambers University of Technology, Goteborg. 


This book contains the Proceedings of the Eighth Nobel 
symposium, held May [9th to 25th, 1968 at Aspenis- 
garden, Lerum, in the county of Alvsborg, Sweden. 
due February 1969 approx 416 pages approx 288s. 
(Almqvist and Wiksell, Stockholm) 
Distributed in the United Kingdom by John Wiley & Sons Ltd. 


PRINCIPLES OF GEOMORPHOLOGY, 
Second Edition 
by William D. Thornbury, Indiana University. 


An interpretative discussion of the origin of land 
forms; stresses major concepts; how and why landscape 
characteristics are what they are, rather than pure 
description. l 

due February 1969 594 pages 130s. 


GENERALIZED INTEGRAL 
TRANSFORMATIONS 


by Armen H. Zemanian, State University of New York at 
Stony Brook. 


This book modernizes the subject of integral trans- 
formations by basing it on the theory of generalized 
functions, |t gives detailed descriptions, a variety of 
applications to boundary-value problems and system 
theory, examples and problems. The book is Volume 
[8 in the series Pure and Applied Mathematics. 


due February 1969 300 pages 140s. 
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| Volume 2 
just completed 





Founded in Spring 1967, this international quarterly journal publishes research ' 
into the structure and function of bone and other mineralised systems in living - 
organisms. it includes reports and reviews of connective ‘issues and cells, - 
ion metabolism and transport, hormones, nutrition, ultrastructere and molecular | 
biology. Scientists in every discipline are invited to submit manuseripts. | 


| Calcified Tissue 

_ Research is issued 

| four times a year, 

| the four numbers 
constituting one 

| volume. The price is 

| £8.6.8: DM80,—plus It contains Editorial-Review-Original Papers-Short Communications-Letters. 
The main language is English, but there are summaries in French and German. 


| postage per volume. 


. Editorial 
. Committee: 


| A selection of 
| papers already 
| published: 





| g Specimen copy 
, on request 


Springer-Verlag Berlin Heidelberg Ne 
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European Members: 

B. Engfeldt, Uppsala, Sweden 
H. Fleisch, Bern, Switzerland 

R. M. Frank, Strasbourg, France 


B. E. C. Nordin and F. G. E. Pautard 
(Secretaries) Leeds, Great Britain 


American Members: 
G. C. H. Bauer, New York, N.Y. 
R. P. Heaney, Omaha, Nebraska 


K. M. Wilbur, Durham, North Carolina 


D. B. Scott and B. À. Friedman 
(Secretaries) Cleveland, Chio 


(in collaboration with an international Advisory Board) 


Termine, J. D. and A. S. Posner: 
Amorphous / Crystalline Interrelation- 
ships in Bone Mineral 


Lester, K. S. and A. Boyde: Electron 
Microscopy of Predentinal Surfaces 


Neumann, W.F. and B. J. Mulryan: 
Synthetic Hydroxyapatite Crystals. HI. 
The Carbonate System 

Watabe, N.: Crystallographic Analysis 
of the Coccolith of Coccolithus 
huxleyi 

Hammarström, L.: Different Local- 
ization of Tetracycline and Simul- 
taneously Injected Radiocalcium in 
Developing Ename! 
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Towe, K. M. and C. H. Hamilton: : 


Ultrastructure and inferred Calci- 


fication of the Mature anc Developing | 


Nacre in Bivalve Mollusks 
Ramp, W. K. and F. A. Thornton: 


The Effect of Ascorbic Acid on the 


Glycolytic and Respratory Metabol- 


ism of Embryonic Chick Tibias | 
W. Soble, | 
R. Eisenstein, and J. A. Yaeger: 
The Influence of Lysozyme on the — 
Appearance of Epipayseal Cartilage | 





Kuettner, K. E. . 


in Organ Culture 
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4H-100S 

Soon to be available in the U.K. Tr 
S/N for protons using 5mm. probe > 50:1 hc 
Resolution O.3Hz ini 
S/N for protons using 10mm. probe, = 150:1 an 
Resolution 0.8 Hz. Gti 
S/N for '*C in natural CS, using 10 mm. probe = 30:1 Re 


. Resolution 0.5Hz. 
Full information sent on request 


Shakespeare Road,London N.3 


JEOLCO (U.K. Ltd. Telephone: 01-346 7211 
| a subsidiary of JAPAN i 
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Application of heteronuclear 
double resonance 
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y low cost 60MHz. spectrometer to include, 
clear double resonance, 

and external lock, 

able temperature facilities. 

eed sensitivity 12:1. 

on 0.5Hz. or better. 


‘TRON OPTICS LABORATORY CO.,LTD. 





'H-(“N) Ha Hg 


irrad. freq. 
4:33470MHz 
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C-60HL 


A general purpose instrument. 

High sensitivity for protons > 25:1. 

Resolution 0.3Hz or better. 

Built-in N.S.S. for nuclei other than protons. 
Variable temperature range —150° C to + 200 €. 
Field and frequency sweep spin decoupling. 


The range of JEOL research equipment i^cluaes: 


Computers; Nuclear Magnetic Resonance Specrometers; Electron Spin 


Resonance Spectrometers; Mass Spectrometers; Amino Acid Analysers; 


High Voltage, Metallurgical, Biological and Compact Electron Microscopes; 


Electron Probe Microanalysers and Scanning Microscopes. 
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This stupendous work .. . is a magnificent synoptic 
view of the rise of science and its impact on society 
which leaves the reader awe-struck by Professor 
Bernal's encyclopedic knowledge and historical 
sweep.' The Times Literary Supplement 


Science in 
History 


J. D. Bernal 


A Superbly Illustrated Edition in Four Volumes 





anle AN P — 


To find how to overcome the Both editions are sold as boxed 
difficulties that face us and to — sets and published 27 February 
release the new forces of 
science for welfare rather than 
destruction, it is necessary to 
examine anew how the present 
situation came about. These 
words, from Professor Bernal. 
give us the motivation of this 
briliiantly outstanding book. For a list of all titles 
Penguin Books and C. A. Watts, currently available in 

the original hardback publishers, Penguins ask your 

have cooperated to produce a — bookseller for a copy of 
iavishly illustrated version of Penguins in Print and the 
the third edition. Nearly 400 monthly Penguin Book 
illustrations are integrated with News or writeto Dept CP5 
the text and each volume has — Penguin Books Ltd, 
specially prepared indices and Harmondsworth, 
bibliographies. Middlesex. 


Paperback edition 80s 
Penguin Books Ltd 


Cloth edition £10 
C. A. Watts Ltd 
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WANTED TO PURCHASE 
BOOKS AND PERIODICALS 


In the fields of Science and Humanities 


Entire libraries and smaller collections; 


| 

| 

| 

| 

| 

ABSORPTION | WALTER J. JOHNSON INC. 

SPECT RO PHOTOMET RY 111 Fifth Avenue, New York, 3, N.Y.. U.S.A. 
| 


Cable Address BOOKJOHNS, NEW YORK 
British Office: WALTER J. JOHNSON LTD. 

Third edition 
Fully revised. Better than ever 


Pootscray High Street, Footscray, — Sideup, Kent 
FOOTSCRAY 0155 
Cable Address REPRINTS, DARTFORD 





Now ready 
PE R 

For its third edition, Lothian has been SS 
very largely rewritten and now includes e E 
more theory at the expense of much of ROD, ic FUEL a oy S ETE, WIRE 
the quickly dating detailed description of No Quantity foo smali 9 List on gppiicarion 
available instruments that appeared in H.ROLLET & CO, LTD, 
earlier editions. HOWIE STREET, LONDO,;« S.W.1I. — 01-228 7872 

Also at: LIVERPOOL, LEEDS. MANCHESTER, BIRMINGHAM, GLASGOW 





SBN 85274 105 7 Price 60s. net 


TUBING for 


ADAM HILGERLTD PERISTALTIC PUMPS 


98 ST PANCRAS WAY, LONDON NWI made by 
ESCO (RUBBER) LTD. 


Walsingham House, Seething Lane, London, £.€.3 
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If you use 


TRIS 
Ask yourself: 
How pure is "ULTRA PURE”? 


No doubt you have seen the intensive publicity from another 
dealer warning you to avoid Tris, Ammonium Sulfate, etc., 
from competitive suppliers whose products are loaded with 
trace metals. Naturally, we saw it, too, and immediately got 
concerned lest users of Sigma's TRIS would think that Sigma 
TRIS was the "Competitive Product" that was "loaded" with 
those awful trace metals! While we have not gone around 
the world ballyhooing our purity, with those terribly impres- 
sive spectrophotometer curves, we have always known that 
Sigma TRIZMA® was a pretty nice, clean product, and we 
would hate to think that any other dealers—-(particularly 
those that are not exactly the paragons of analytic perfection) 
-ehad scooped us with a significantly better reagent. Un- 
fortunately, we were so busy running routine analyses on all 
of our products, we could not check out the "Ultra Pure" 
stuff immediately, We trust our delay has enabled our 
esteemed competitors to “cash in" on the gullibility of 
scientists. However, we have finally gotten around to the 
comparison between one of those “Ultra Pure” preps and 
the Sigma “Trizma® Base", As we expected, our 
TRIZMA® can still claim to be the best darned Tris you 
can buy! For those who like pretty figures, here is our 
analysis of a random lot of our Trizma®, These values were 
obtained on our own Perkin Elmer Atomic Absorption 


Instrument. 
TRIZMA ^" BASE 
Lot No. 288-5390 


Element 


Calcium 0.2 ppm 

Cobalt not detected (<1 ppm) 
Chromium not detected («0.2 ppm) 
Copper not detected £(—0.02 ppm) 
Iron 0.6 ppm* 

Mercury not detected (<10 ppm) 
Potassium 0.8 ppm 

Lithium not detected («0.1 ppm) 
Magnesium 0.6 ppm 

Manganese not detected («0.005 ppm) 
Sodium l.l ppm 

Nickel not detected («2 ppm) 
Lead 5.6 ppm 

Zinc 0.7 ppm 


Now compare this actual a:say to the promises of other 
dealers! 

*Although the competitive “Ultra Pure” Tris is advertised 
as containing only 0.2 ppm Fe, an actual shipment contained 
0.5 ppm. 

Frankly we get slightly nauseated every time we read the 
pious claims many dealers make for their * ‘Scrupulous adher- 
ence to the highest standards of purity, " when it 1s an open 
secret that they do very little (if any), analytical work on the 
products they sell. Someday, perhaps, the professional 
societies will organize inspection teams which will visit all 
dealers and observe first-hand just how honest their claims 
for analytic control really are. 

They would be welcomed at Sigma. 

You are welcome, too. 


TELEGRAM: SIGMACHEM, St. Louis, Missouri. 


The Research Laboratories of 


ESXIESNAA Cu cuics. COMPANY 


3500 DE KALB ST. e ST. LOUIS, MO. 63118 « USA. 
MANUFACTURERS OF THE FINEST BIOCHEMICALS AVAILABLE 









Distributed in the United Kingdom through 


NIGMS LONDON Chem. Co. Ltd., 12, Lettice St., 
. London, S.W.6, E. ngland 


. Phone : RENown 5823 (Reverse Charges) 


1——————— E RR RR 
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Important new 
scienÉfic books... 


COMPARATIVE BIOCHEMISTRY 
AND BIOPHYSICS OF 
PHOTOSYNTHESIS 


Edited by R. C. Fuller, A. T. Jagendorf, K Shibata and 
A. Takamiya. 460 pp, 1968. £9 2s. Od. 


STRUCTURE AND FUNCTION 
OF CYTOCHROMES 


Edited by K, Okunuki and M, D, Kamere 760 pp, 1969, 
£14 Os. Od. 


PROBLEMS IN SYSTEMATICS 
OF PARASITES 


American Association for the Advarmement of Science 
Symposium, Edited by G, D, Schmidt. 
Approx. 225 pp. Forthcoming. ES 10s. 6d. 


FLAVINS AND FLAVOPROTEINS 


Edited by K. Yagi. 305 pp, 1969. £8 Ss. 6d. 


CANCER CELLS IN CULTURE 


Edited by H. Katsuta. 424 pp. 1988. £7 14s. Od. 


ACETIC ACID BACTERIA 


By T. Asai. 351 pp, 1968. £8 3s. 6d. 


FLUORESCENT PROTEIN 
TRACING 


By K. Akiyoshi, 


THERMOGRAPHY AHD ITS 
APPLICATIONS 


By K. Atsumi. Approx. 350 pp, 7868. £8 6s. Gd. 


INDEX OF ANTIBIOTICS 
FROM ACTINOMYCETES 


Editor-in-Chief, H, Umezawa, S40 pgp, 1967. £23 10s. Od. 


THE TRANSFERABLE DRUG 
RESISTANCE FACTOR F 


By S, Mitsuhashi. Approx. 300 pp., Fosthcoming. £6 18s. Od. 


PATHOLOGICAL ATLAS OF 
THE HUMAN BRAIN 


By H. Shiraki. Forthcoming. 


STEREOTAXIC ATLAS OF THE 
BRAIN OF MACACA -USCATA 


By K. Toshio. Approx. 100 pp. (15 X 11 inches). 
Forthcoming. £8 6s. 6d. 


CLASSIFICATION AND 
PRESERVATION OF FUNGI 


Edited by H. lizuka. Forthcoming. 


Approx. 250 pp., Forthcoming, ES 19s. Od. 


Order through your bookseller or em: 


UNIVERSITY PARI 


220 WILMSLOW RAD 


MANCHESTER 14 


i115 CHAMBER OF COMMERCE BUILDING 
BALTIMORE, MARYLAND 21202 





IN USA: 
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The Determination of 


Molecular Structure 
P. J. Wheatley 


The second edition of this book, like the 
first, is designed to give an introduction to 
the main physicochemical methods that can 
be used for the determination of molecular 
symmetry or molecular geometry. Each 
technique is discussed from the point of view 
of a non-specialist who wishes to know which 
method is most suitable for a given molecule. 
The main additions and alterations are in 
the chapters on neutron diffraction, x-ray 
diffraction, and nuclear magnetic resonance, 
and reflect the advances made in recent 

years. 


Second edition numerous text-figures 
50/-- net 


Classical Harmonic 
Analysis and 
Locally Compact Groups 


Hans Reiter 


The book deals with various current 
developments in analysis centring on 

the fundamental work of Wiener, Carleman, 
and especially A. Weil The purpose of the 
work is to establish clearly the relations 
between classical analysis and group theory, 
and to study basic properties of functions on 
abelian and non-abelian groups. As well 
as providing a systematic introduction to 
these topics, this book also encourages 
further research. 

Paper covers 75/-- net 

Oxford Mathematical Monographs 


Total Positivity 


Volume I 
Samuel Karlin 


In this volume, the first of two, Professor 
Karlin develops the idea of total positivity 
as a theoretical concept of considerable 
power that plays an important part in the 
domains of mathematics, statistics, and 
mechanics. More than half the material is 
published here for the first time, and an 
extensive bibliography is included. 
£8/6/6 net 

Stanford University Press 


Oxford University Press 
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published abstracts on instrumentation for i 
dustry over a period of more than tw renty years 
but the journal has now been be an up-to- 
date design and the nature of it: | contents has 
been changed. The changes being introduced 
are of two kinds: the or qaniza tion of the subject 
material has been altered; and the journal will 
E EE incre: asingly on review articles 
tead of abstracts in the future. 


$y 
bs 


Briefly readers will find three kinds of informa- 
tion in the review articles and abstracts in 
METRON. 

First, there is information relating to 
developments and product ion of c val 
instruments, This will primarily be of value to 
instrument manufacturers, 

secondly, there is information on the use of 
these instruments in research, in | Industry, and 
in special applications, such gy, 
eon ysics and medicine. This is mo for 
users of instruments, but instrument manu- 
facturers will probably fr a that it throws 
interesting sidelights on the market situation. 


TRO fox» m4 € ; J'asg opos s 
Thirdly, there is information on instruments 
] 


AVTI Terg 


as me foc rc Gi 


developed as a by. product of research projects 
—the one-off type of instrument. This informa- 
Hon is Pu for two reasons: it wil aid 


iic 

research workers encountering similar meas- 
rement problems; and it may help instrun m EE 
manufacturers idenufy possible new product 


lines, 


The aim of M 
technologists ar 
techniques and 
measurement 


“TRON is to assist scientists, 
d managers searching for new 

developments in the field of 
and control by providing an 
awareness and search tool for the I en ucal 
come Reviews provide à ea rand 
comment on recent literature ; abstracts alert to 


selected current articles of significance. A 


te 
H 
^ 
Á 


7 1 
subject index in each issue qu tides to individual 
techniques and applications. An annua! 

$| * Tuus ang T 3 "Qon E Dc T^ v ao ed. Ta ral 
cumuiated subject and author index assists 





retrospective searching. > 


Please write for M details and free 
inspection copy. 
*Metron was formerly known as Sira- Abstracts & Reviews. 


Sira measurement and control abstracts and reviews 
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growing exponentially at 37^ C in the presence of 20 ug/ml, of thymine and 0-2 per cent casein hydrolysate (Difco casamino' acids) was filtered, 

washed, and resuspended in fresh medium containing 10+ M phosphate and 10 ;Ci/ml of 3PO One aliquot was labelled in the absence af amino- 

acids, the other was again supplemented with 0-2 per cent casein hydrolysate. After aeration at 37^ C for 20 min, losmic seid exacts were 

prepared as described previously? and chromatographed by stepwise elution in lithium chloride in the first dimension, and stepwise eiution in 

sodium formate in the second dimension as described in Fig. 88 by Randerath?*, Autoradiography was carried out as earlier deseribed ^, Attar 

20 min there were 25 gmoles/al. of TCA-precipitable phosphate in the culture supplemented with amino-acids (a), amd 2 nuonoles/ml, in the 
culture of starved amino-acids (hb), 


Fig. 1. Amino-acid dependence of YPO, incorporation into diverse acid soluble metabolites. A culture of strain B334 (the pro^ jeu^ mish’), 





Fig. 2. **PO, (22 uCi/ml.) was added to a culture of CP78 (leu- his- art threoc Bl- RCst) growing exponentially 
in tris glucose medium containing 2 x 10-* M phosphate, 40 ug/ml. of leucine, 20 ug/ml. of histidine, 100 «xmi. 
of arginine, 200 ug/ml. of threonine and 1 ug/ml. of BI. After 91 min valine was added to a final concentzation 
of 400 ng/ml. At various times before and after the addition of valine, formic acid extracts were prepared and 
chromatographed by the method, as modified by ust., 4, Autoradiogram of a sample taken 2 min befoze the 
addition of valine; B, autoradiogram of à sample taken 3 min afterward. The dark lines show the positiens of 
unlabelled marker nucleotides, chromatographed with the sample and located by ultraviolet absorption. The 
lighter lines (which were made on the film in pencil of a different colour) show the regions of the ehromstegram 
cut out and counted (Fig. 4), The positions of the nucleotides on the chromatogram are: 
UTP 








es 





eas GDP 
ATP —— 
GTP 


Origin 
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A 
Fig. 3. 


before the addition of valine; 


'oncern here, however, is with a nineteenth spot which is 
detectably labelled only in the culture starved of amino- 
acids. This material, which we call the magic spot, has 
a low mobility in both dimensions and is to be found 
between GTP, the most sluggish of the triphosphates, and 
the origin. What interests us about this compound 1s 
its unique pattern of synthesis: it is formed only im 
conditions where the synthesis of other phosphorylated 
metabolites is markedly inhibited by the operation of 
stringent control. This is precisely what we would expect 
of the postulated phosphorylation inhibitor. 

Starvation for only a single amino-acid also elicits the 
production of magie spot, which is resolved into two com- 
ponents in a solvent system deve da Sey for the separation 
of nucleoside triphosphates", Fig. 2 shows two such auto- 

radiograms. A stringent strain of E. coli was cultivated 
for a generation and a half in the presence of **PO,, to 
pre-label all nucleotide pools, and then valine, which 
produces endogenous isoleucine deficiency, was added. 
Samples were removed for chromatography 2 min before 
the addition of valine (Fig. 24) and 3 min later (Fig. 25). 
The autoradiogram of the latter sample reveals the appear- 
ance of two compounds, MS I and MS II, in the magic 
spot region between GTP and the origin. 

To determine the relationship between the synthesis 
of the MS compounds and the function of the RC gene 
produet, we performed the same experiment with CP79, 
à derivative of CP78 which differs from the parent strain 
only in the presence of a mutation in the RC gene. The 
autoradiograms of Fig. 3 show that valine inhibition mae 
not elicit MS synthesis in the relaxed mutant. Fig. 
compares the effect of valine inhibition on the svnthe 2 
of RNA and of the MS compounds in CP78 and CPT! 
Formation of the MS compounds and a cessation of RNA 
synthesis occur promptly in the stringent stram, while the 
relaxed mutant shows neither response. A more detailed 
survey, involving starvation for several different amino- 
acids and comparison of three different stringent- 
relaxed pairs of strains, has confirmed that MS synthesis 
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HPO (13:3 Cimi} was added to a culture of CP79 (isogenic with CP78 except RU!) growing exponen- 
tially in medium of the same composition as that of Fig. 2. 
Formic acid extracts were prepared and chromatographed as in Fi ig. 2. 


After 97 min, 400 ug/ml. of valine was added. 
A. Autoradiogram of a sample taken 2 min 


B, autoradiogram of à sample taken 3 min later. 


CP 79 +VAL 
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Fig. 4. Synthesis of RNA and MS production, CP78 and CP79. The 


regions of the chromatograms corresponding to MS I and M&S II in all 
samples taken during the experiments of Figs. 2 and 3 were cut out and 
eounted in ‘Liquifluor’ in a Packard 'Tri-Carb' liquid scintillation 
counter. The data are reported ag mymoles of phosphate per unit 
optical density at 720 mu (1 optical density units=10* cells). In 
&amples taken before the addition of valine in CP78, or at any time in 
CP79, no darkening of the film was visible in the positions of MS I and 
MS IH. The appropriate regions of the chromatograms were nonetheless 
cut out (only MS Ein the ease of CP79) and counted, but these low levels 
of radioactivity were probably due to trailing of other metabolites rather 

than basal levels of the MS compounds. For measurement of phosphate 
in RNA, duplicate 204 samples were taken from the lahelled cultures and 
added to 1-0 ml. of 10 per cent TCA, and 0:5 N NaOH, respectively. Total 
TCA-precipitable, aleohol-insoluble **P (RNA + DNA) was determined in 
the former sample by filtering and washing with 10 per cent TCA and 
95 per cent ethanol. The quantity of DNA YP, determined in the 
second sample by the method of Roodyn and Mandel?!, was then sub- 

tracted from this value, 
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is invariably associated with the stringent response 
(M. C.’s unpublished results). 

Two explanations can be suggested for this correlation 
between MS production and stringency. On the one 
hand, the synthesis of the MS compounds may be a direct 
consequence of RC function; for example, they may be 
products of the enzyme activity of the RC gene product. 
Alternatively, because the RC system blocks RNA 
synthesis in response to amino- aeid starvation, the pro- 
duction of the MS compounds might be a consequence of 
inhibition of RNA synthesis, and thus only an indirect 
reflexion of RC function. If this were the case, we would 
expect direct inhibition of RNA synthesis to elicit the 
production of the MS compounds. But direct inhibition 
of RNA synthesis, by uracil starvation, has no such effect 
(Table 1). The failure of MS I to appear during uracil 
starvation is therefore evidence that its formation 1s not 
simply a response to blocked RNA synthesis, but rather a 
specific consequence of the funetion of the RC gene 
product. (We have detected no labelling of MS I by 
radioactive uridine, which indicates that it is not made 
from pyrimidine precursors.) The chemical composition 
and role in metabolism of the MS compounds should 
therefore be an important clue to the mechanism of 
stringent control. 


Table 1. PRODUCTION OF MS I DURING URACIL STARVATION AND HISTIDINE 


STARVATION 
mumoles **PO,/0OD in 


Culture TCA precipitate UTP MSI 
Starved of uracil 0-23 «i01 «0-1 
Uracil added back 24-0 5-8 0-2 
Starved of histidine i1 — DR 


A culture of Escherichia coli BDI, which is stringent and requires thymine 
uracil and histidine, was cultivated in ris-glucose medium containing 2 x 10-4 
M phosphate, 20 gg/ml. of thymine, : 
uracil, Exhaustion of this limiting supply of uracil stopped growth at an 
optical density of 720 ma of 0-85, and the optical density then remained 
constant. After 30 min of uracil starvation, **PO, was added to two aliquots 
of the culture, one of which received in addition 20 ugiml of uracil, After 
20 min, 20 ul. samples were added to 1-0 ml. of 10 per cent TCA to measure 
TCA-precipitable, aleohol-insoluble phosphate (principaliv RNA), and 100 ul. 
samples were acidified with formate and chromatographed as in Figs. 2, é 
and 4. Autoradiograms showed barely visible labelling of MS E, which was 
cut out and counted, and no labelling at all of MS IT, which was not counted, 

For comparison, the effect of histidine starvation on MS I production in 
the same strain was determined. A culture growing exponentially in medium 
containing sufficient histidine (20 ug/ml) was filtered and resuspended in 
fresh medium lacking histidine. After 20 min of labeling with **PO,, 
samples were removed for measurement of TCA-precipitable material and 
MS I, as deseribed. Data are expressed as mumoles of phosphorus per unit 
optical density at 720 mau at the moment of addition of PO. 


Our original hypothesis, which led us to find the MS 
compounds, would identifv them as produets of the 
idling reaction. Which step in protein. synthesis could 
fulfil this role ? The work of Neidhardt and his eollabora- 
tors’ revealed that the RC gene product does not respond 
to the absence of free amino-acids, but rather to the 
absence of activated amino-acids. Thus the idling 
reaction must be a stage in protein synthesis which utilizes 


20 ugiíml, of histidine, and 4 agimi. of 
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the product of amino-acid activation, that ts, amimoacyl- 
transfer RNA. This step is the transir of the aminoaeyl 
residue from transfer RNA to growing peptide chain, with 
the concomitant hydrolysis of €/PP^s-*. The transfer 
factors which carry out this ste» interact directly with 
aminoacy! tr ansfer RNA molecuies, and could therefore 
be affected by the absence of one or more charged species 
for the presence of uncharged Ones}. 

The transfer step is therefore a likely candidate for the 
role of idling reaction Furthermore, careful pool studies 
have shown that the GTP pool shrinks abruptiv at the 
onset of the stringent response (unoublished work of 
J. G. and Harada). This suggests that the idling reaction 
consumes GTP, just as the transfer step does. 

Accordingly, we anticipated that the products of the 
idling reaction would prove to be derivatives of GTP. 
Purification and preliminary charac azalan of ya i 
(to be deseribed later by M. €. and & D 
that it 1s guanosine-5 ‘-tetraphosphate. T i8 reas ud 
therefore to suppose that MS I is made by the HC gene 
product in an idling reaction of the sort. postulated, 

This work was supported by a grant from the National 
Institutes of Health, Us Pul jie Health Service, M. C. 
is a US Public Health Service trainee on leave from the 
Laboratory of Molecular Biology. National Institute of 
Neurological Diseases and Stroke, US National Institutes 
of Health. We thank Mrs Barre Harada for technica! 
assistance. 

Note added in proof. More recent evsdence reveals that 
MS Lis a periodate insensitive, alkali labile tetraphosphate 
of guanosine rather than guanosiae-3°-tetraphosphate. 
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Segregation of Lymphocyte Populations through 


Differential Migration 


by 
EUGENE M. LANCE* 
ROBERT N. TAUB 


National Institute for Medical Research, 
Mill Hill, London 


MonPHOLOGICALLY similar lymphocytes may be hetero- 
geneous with respect to function and life eyelet, One 
population rapidly recireulates from blood to lymph 


* Present address: The Hospital for Special Surgery, 535 East 70th Street, 
New York. 


The functionally distinct subgroups of a population of lymphoid cells 
have different migratory capabilities, and this property may be 
used to distinguish them and to enrich their proportions in a mixed 
population. 


through lymph nodes??, while another is relatively sessile 
within lymphoid tissue. The funetienal potential of these 
populations may well be different** and the relationship 
between life eycle and funetion therefore deserves m- 
vestigation. 
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During studrs in which the relative proportions of 


these two cell systems were altered by the administration 
of antilymphocyte serum (ALS), we observed that the 
migration of lymph node cells exhibited a consistent 
deviation$, suggesting that it might be possible to segregate 
lymphocyte populations by their distributional tendencies. 

Single cell suspensions were prepared from the lymphoid 
tissue of adult CBA female mice and were labelled in vitro 
with ehromium-51 (ref. 7) (supplied as sodium chromate, 
Radiochemical Centre, Amersham). Twenty-four hours 
after intravenous injection into syngeneic hosts the 
pereentage distribution of radioaetivity in the various 
recipient organs was determined by comparing the counts 
of the sample with those in an aliquot of the injeeted dose. 
Radioactivity was measured in a well-type scintillation 
detector (Packard ‘Auto-Gamma’). The radioactive uptake 
in lymph nodes was determined by eounting the pooled 
inguinal, brachial, axillary and mesenterie lymph nodes. 

In some cases prospective recipients received 900 r. of 
whole body irradiation (25 r./min, 90 kV source, target 
to tube distanee 32 em). 

The thoracie duct cells (supplied by Drs N. A. Mitehison 
and J. Boak) were obtained from the combined effluent. of 
two CBA mice over a 3 h period following cannulation. 
Lymph node cells were obtained from the combined 
peripheral (axillary, brachial and inguinal) and mesenterie 
nodes of adult CBA female mice and thymocytes from the 
thymuses of CBA female weanlings. In each case recipient 
groups consisted of three or four individual CBA female 
mice, 


Distribution of Cells after Transfer 

The pattern of localization was different for and 
characteristic of each population (Table 1). Thoracic 
duet cells loealized in the lymph nodes and spleens 
of recipients in about equal numbers (20 per cent) and 
92 per cent of the label was recovered in the liver. 


to lymph nodes. A minute fraction of the radioactive 
label of these three populations was recovered in the 
thymus of recipients, 
Table |. DISTRIBUTION GF "CR-LABELLED LYMPHOID CELLS IN SYNGENEIC 
HOSTS AFTER 24 H 

; Average percentage localization in 
Source of cells Lymph nodes Spleen Thymus Liver 
Thoracic duct 

15 x 10° recipient 

Exp. 1 

Lymph nodes 

žo x JO5/recipient 


19-0 1-9 202421] 


0: +007 


Exp. 2 ISO E3 TsO x34 (F07 0°02 15:145: 3:60 
Exp. 3 10-0 + 0-0 10:8 4+ 5-0 (HOS +002 — 181 £2] 
Exp. 4* 74 O68 is3-11 O-07 € 0-07. I8 £017 
Thinnus 
Z5 x 10% recipient l 
Exp. 6 13+0-6 20 3 9-9 C02 60-006 18:5 44-7 
Exp. 6 1:5 5 0-3 Sup MY Q.02 20-008 — 23-0 - 2-8 
Exp 7* Lot i510 — — 


"ingle cell suspensions of the pooled lymphoid cells of CBA female adult 
mice were labelled £i vitro with Cr and injected in the numbers indicated 
into panels of three to four syvngeneie adult recipients through the tail vein. 
The distribution was ascertained after 24 h by comparing the radioactivity of 
recipient organs with a sample of the original cell suspension, 

* In experiments 4 and 7 the recipients had received 900 r. of whole body 
irradiation 48 h before cell transfer. 

fin experiment 7 the percentage localization was determined not by 
counting the whole organs as in preceding cases, but by measuring the 
activity in the pooled washed cell suspensions from these organs. 


The experimental scheme for serial transfer is indicated 
in Fig. 1 and the results are summarized in Table 2. Cell 
suspensions were prepared from the pooled lymph nodes or 
apleens of groups of animals which had received an 
injection of labelled syngeneic lymph node cells 24 h 


24 h later. Cells which had localized in the lymph nodes 
of the first host showed a markedly increased tendeney to 
localize in the lymph nodes of the second host (20 per cent) 
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Table 2. REDISTRIBUTION OF "'CR-LABRLLED LYMPHOID CELLS WHEN TRANS- 
FERRED FROM FIRST TO SECOND SYNGENEIC HOSTS AFTER 24 4 
Original inoculum 


Ivmph node cells Average percentage localization in 


Source of cells (first Lymph 
host) nodes Spleen Thymus Liver 
Lymph nodes Exp. 3 207 € 14 2,7430 0-05 $403. — 10166 
Exp.4* 23-5442 20-0 + 3-4 0-35 = 0-25 53:08 
Spleen Exp.3 10/7212 2j)2*9»4 ^ — - 14:02 13 


Original inoculum 
thymocytes 
Lymph nodes Exp. 6 l 
Exp.7* 2p5Ł 
Exp. 6 32+ 
Exp. 7* 5 


0-1 + 0-03 S256 
A 10-8 € 4-3 


Spleen Exp. 600 32203 — 902203 O-:01+0-004 45-0 


0 
1 
d 0-01 + 0-004 


Single cell suspensions were made from the lymph nodes or spleens of 
animals which had received 24 h previously an injection of “Cr labelled 
lymph node cells or thymocytes. These suspensions were subsequently 
inject^d into panels of three to four syngeneic adult recipients and the distri- 
bution of radioactivity determined 24 h later. 

. * The first host had received 900 r. of whole body irradiation 48 h before 
initial cell transfer, 

and a decreased distribution to the liver (7:5 per cent). The 
pattern of migration was now indistinguishable from that 
of thoracic duet cells. On the other hand the redistribution 
of those cells which had localized in the spleens of the 
first host resembled much more closely that found after 
initial transfer. The proportional migration to the lymph 
nodes and hver is little changed, but the uptake in the 
spleen has inereased (25 per eent). 





ORGAN 
COUNTS 


Vig. 1. lIliustrating the experimental model used for the serial transfer 
experiments, A single cell suspension of lymph node cells was labelled 
in citro with YEr and an aliquot injected intravenously into syngeneic 
host (4). Twenty-four hours later the spleens and lymph nodes of A 
were collected and injected respectively into second hosts (2 or €) The 
distribution of radioactivity in the organs of B and Č animals was 
measured 24 h later. Modifications of this programme include irradia- 
tion of the first host before cell TET (see experiments 4 and 7, Tables 
i and 2). 


The distribution. of thymocytes after serial transfer 
(Table 2) was investigated in the same way. The re- 
transfer of thymocytes from the lymph nodes of the first 
host has a remarkably different distribution pattern. 
These cells localize in the lymph nodes of the second host 
In amounts seven to fourteen times greater than that 
characteristic of the original population. In sharp eon- 
trast cells which originally migrated to the spleen had a 
much lesser tendency to localize in lymph nodes and the 
bulk of radioactive label was recovered in the liver (more 
than 40 per cent). 


Irradiation of the First Recipient and Other Variables 


TRO 


ably altered in these conditions, nor was the subsequent 
performance of cells collected from irradiated hosts 
changed with retransfer. 

Because the number of cells transferred varied from 
experiment to experiment and within experiments, that 
is between first and second transfer, it was important to 
establish that differences in. distribution were not a con- 
sequence of this factor. Accordingly for these controls 
pooled labelled lymph node cells were injected into panels 
of recipients using a four log dose range (105—109* cells to 
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each recipient). The proportional distribution remained 
i chan ced for this ten-thousand-fold range which is far 
larger than that occurring in any experimental group. 

The viability of all cell suspensions used in these experi- 
ments was checked by trypan blue dye exclusion and no 
suspension eontaining less than 80 per cent viable cells 
was used. Cells whieh had been intentionally devitalized 
by heating for 20 min at 45" C were found to incorporate 
less than 10 per cent of the “Cr label of untreated 
suspensions. Furthermore, the removal of non-viable cells 
from labelled suspensions by exposure to trypsin (final 
concentration 0:1 mg/ml., at room temperature for 30 min) 
did not alter the percentage distribution found for an 
identical but non-trypsinized suspension. 

Artificial mixtures of labelled but otherwise untreated 
lymph node cells and labelled heat killed lymph node cells 
were prepared so that panels of recipients received P 
following pronor ion: (untreated/heat killed) 100: 

75:25, 50:50, 25:75, 0: 100. In these Nene 
migration of cells to lymph nodes was solely a property of 
viable cells. A graph of the percentage uptake of label in 
lymph nodes against percentage of untreated cells gave a 
linear relationship passing close to the origin. 

Cell populations gathered from different sources have 
characteristic patterns of migration. Parrott et. al.*? have 
reported the differences in the localization of thymocytes, 
splenic and marrow cells labelled with tritiated adenosine 
—a technique which permits only semiquantitative 
estimates. The mechanism governing the specificity of 
“homing” is not known, but Gowans and Knight” have 
postulated a special affinity of recirculating lymphocytes 
for the endothelium of the post-capillary venules of 
Ivmph nodes. 

Thoracic duct cells constitute a relatively homogeneous 
population of lymphocytes. In the rat at least 80 per 
cent of these cells belong to the recirculating or mobilizable 
lymphocyte pool. The distribution of these cells can 
therefore be assumed to be representative of this popula- 
tion. Gowans and Knight!* found that thoracic duet cells 
home largely to lymph nodes, spleen and Peyer's patehes 
in the rat. Our findings i in the mouse conform well to this 
pattern. The sample of lymph nodes used to assess 
localization probably represents less than half of the total 
lymph node mass of the animal, and so the largest com- 
partment available to cells of the mobilizable pool must 
exist within lymph nodes. 

Cells obtained from lymph nodes are a heterogeneous 
population and it has been estimated that 60 per cent of 
these cells belong to the mobilizable pool*. When trans- 
ferred to a new host the cells redistribute into their respec- 
tive compartments. But those cells which sought out 
lymph nodes in the first recipient are much more likely to 
relocate in the lymph nodes of the second host. The 
pattern of "homing" when transferred a second time is 
virtually identical to that of thoracic duct cells. Those 
cells which were originally “‘spleen-seeking’ did not 
display this tendency when retransferred. 

These findings suggest that migration to lymph nodes is 
a property possessed in different ratios by different 
populations of lymph node cells and that by serial selection 
for this property a more homogeneous population is 
obtained. We speeulate that cells migrating repeatedly 
to lv mph nodes re present. an increasingly pure population 
of “mobilzable pool" lymphocytes. This assumption 
rests on the identical migration of these cells and thoracic 
duet cells and the prior demonstration that the lymph 
nodes constitute the principal route of recirculation of 
lymphocytes from the blood to the lymph!*. Confirmatory 
evidenee comes from the study of the migration of lymph 
node cells from donors treated with antilymphoevte 
serum®, Animals so treated have a preferential depletion 
of recirculating small lymphocytes" 2, When the lymph 
node cells of these animals are labelled and transferred to 
syngeneic normal hosts they home to the spleen in the 
proportions expected of cells from untreated animals but 
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Fuithoraórs, ET fee same ‘is true »" at aoe ele 
from animals which have been th yenectormmized as neonates, 
thymectomized as adults and irzadisted, or have been 
drained chronically via à thoracic duet fistula (un- 
published observations). These procedures are all believed 
to P LL deplete the reeireulating lymphocyte 


and io a co potente to M ache ode gi s Of special 
interest is the observation that at least some of these cells 
localize in the "thymus dependent” areas of these organs. 
These findings confirm and quantitate the magnitude of 
thymocyte migrations. Most thymoevtes localize within 
recipient spleen and liver but à small percentage "homes" 
to lymph nodes. A striking demonstration of the non- 
random nature of this partitioning is found in retransfer 
experiments. Cells originally localizing m lymph nodes 
were distributed when retransferrec in much greater 
numbers to lymph nodes. In ore case the pattern was 
identical to that of thoracic duct cells. If this characteris- 
tic can be used to identify cells belengiag to the mobilizable 
lymphocyte pool, then it is likel that 5-10 per cent of 
cells belonging to that pool are within the thymus. 

This might be explained if : ecireulating cells were 
constantly passing through the t nymeas. But the failure 
to find more than a rare labelled shoracie duct cell in the 
thymus’ and the very small amoun: of label recovered 
in that organ in our experiments suggest that this factor 
cannot make much of a contribution. Another possibility 
is that within the thymus cells destined to belong to the 
mobilizable pool are constantly matarmg. At any one 
time a small proportion are sufficiently advanced to be 
ready for release. Presumably that proportion is defined 
by those cells which migrate to 'ymph nodes. There is 
evidence that within the thymus a small percentage 
of cells is immunologically conmgpetent!**, Results of 
studies of the functional potertial of thymocytes re- 
covered after migration from the lymph nodes of lethally 
irradiated hosts suggest that the capacity to cause graft 
versus host disease is very mueh greater, cell for cell, 
than that of the original thymocyte suspension (un- 
published observations of E. M. L.). 

The studies described here have two possible applica- 
tions to the study of lymphocytes. First, they provide a 
means whereby the distributional : sharacteristies of various 
lymphoid populations can be defined m both a qualitative 
a a eria way; and sex cond, ipid ARROI that 


R of ly Bd a ui. Bom: hobérosetioos A18 
populations for subsequent functionakanalysis. 
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Energy of an lon crossing a Low Dielectric Membrane: 
Solutions to Four Relevant Electrostatic Problems 


by 
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THE cell membrane has been pictured as a region of low 
polarizability acting as a barrier to the passage of solute 
material between two aqueous solutions*^?. Models of 
real membranes? and of artificial bilayer membranes*~¢ 
deseribe a thin (40-100 A) hydrocarbon layer dividing 
media containing proteins and water soluble material. 
The energy required to put ionic particles into an oil 
phase suggests that such membranes will show great 
resistance to ion flow?. Indeed the specific resistance of 
artificial membranes can be as high as 10* Q cem- (ref. 
85). In cases of lower resistances the energy barrier 
presented by the membrane to the ion is reduced. Addi- 
tion of tiny amounts of certain small neutral eyelic 
peptides ean lower this ionic resistance by a factor of 
one millhon*-", Reason for this lowering must be found in 
terms of alteration of the membrane model structure or 
of the ion membrane interaction. 

The leading term in the energy of a charge in a given 
medium is the "self energy" or "energy of eharging". It 
depends on charge magnitude, e, and particle size as well 
as the structure and polarizability of the surrounding 
medium. For a spherical conducting charge of radius a 
in an infinite medium of dielectric constant e the self 
energy will formally be e?/2za, the Born charging energy. 
For e=electronic charge the difference in this quantity 
between aqueous medium (2,480) and hydrocarbon 
(£1; 872) will be in tens of kealories/mole for ion-size 
particles, 

Several factors have been suggested that might lower 
the energy estimated from e?/2za for an ion crossing a low 
chelectric membrane. They are considered here. (a) The 
membrane is actually a region of finite thickness, not an 
infinite medium. (5) The ion may be next to another small 
ion. of opposite sign and the charges in the "ion-pair" will 
cancel. (e) The membrane may have high dielectric 
"pores" through which the ion can pass. (d) The ion may 
be wrapped in a neutral molecule or ‘‘earrier” of high 
polarizability which tends to solvate it (increase effective 
radius a) in the low dielectric medium. 

What is being caleulated here is the decrease in the 
electrostatic self energy of a single ion when it is not in a 
uniform infinite medium. Neither of the first two schemes 
appreciably lowers the energy required to enter the mem- 
brane. The "pore" and "carrier" pictures give à sub- 
stantially lower energy. The "pore" energy is less than 
that of the "carrier", however, by an energy which is 
large compared with the energies stabilizing lipid aggre- 
gates. It is possible that the membrane deforms under 
the mfluence of eleetrostrictive forces at the point of ion 
crossing (in association with a small protein molecule) and 
the "earrier" material may also be a "pore" through the 
thinned point. This kind of shape transition when an 
ion is associated with membrane is easily visualized in 
terms of electrostrictive forees and helps to blur the 
artificial distinction between "pores" and "carriers" that 
plague empirical explanations of ion transport. 


formation, 


The influences on ion energy of membrane thickness, ion-pair 
"pores" and "carriers" 
"pores" and "carriers" lower the energy barrier significantly. 


have been estimated. Only 


The Model 

For simplicity and clarity I have used a continuum 
dielectric model. A more detailed molecular picture is 
desirable but unnecessary for the limited conclusions 
drawn here; further, it would depend on unavailable 
knowledge of moleeular organization in the membrane. 
The membrane pictured in Fig. 1 is a planar slab of thiek- 
ness / and dielectrie constant sre bounded on two sides by 
semi-infinite regions of dielectric constant ew. 

Results of calculations are as follows. 

(a) The finite thickness 1 of the membrane material of 
dielectric sre will cause a lowering of the self energy 
because of the presence of high dielectric material sew 
outside. For an ion at the centre of such a dielectric slab 
the energy is less by 


e? / 2tw N 
sadi ^ in 1 CHEERS } 
En cl NEw t Eper 


from that in bulk hydrocarbon. 


: 

y E « Y e 2 To 

Because cy >> eye this change is = = -— 7 In2. Using 
Ehe 


e*/2enct as an estimate for the energy in an infinite medium, 
the effect of finite / is 
QU = Z Charge radius ^ 
Ig udi teen ee 
l «membrane thiekness/ 
and is negligible for a membrane 40-100 Å across. 
(b) “Charge-pairing” between contiguous spheres also 
will not make a great difference as long as the interaction 


between positive and negative charges is ionic. The 
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Fig. 1. Ionin centre of dielectric slab. 
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Fig. 2, 


a, fon in centre of cylindrical "pore"; b, plot of PC Ene, } 
against ( £ae/£p). 


electrostatic energy of two particles of radii a, and a. 
separated by a distance d is 


e? " e e 
Deda Pea. ed 


where d z (a. +a_). For minimum energy take d=a.+a.. 
Then 
e? y] l 2 


P f ` 


2e Xa. a. 


For equal size charges a. =a- =a, E,.-—  -—— and is still 


equal to the energy of a single charge. 


a 


E, B whieh is the greater of the original self 
Ea : 


energies at infinite separation. 

Only if there is a covalent association between charged 
particles will the electric fields around them be reduced 
sufficiently to be energetically unimportant. This would 


For apa., 
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be tantamount to discharging the two associated particles. 
The requirements for such an association are rather 
stringent and unlikely to be met by strong electrolytes 
which form ionie crystals in vacuum. 

(c) “Pores” of high polarizability, GHed with protem or 
water, through the low dielectric membrane can signi- 
fieantly lower the energy of a charge and possibly permit 
its passage through the membrane. fn addition to direct 
interaction of the ion with the “pore” material, there is 
charge induced on the boundary between "pore" and 
membrane material which gives an additional, positive 
term to the self energy. 

Consider à cylindrical "pore" of polarizability ep and 


radius b«l thickness of the membrane (Fig. 2a). With 


a membrane dielectric constant ere the self energy of a 
charge will be the bulk term plus the induced energy 





Ey = y + = oa 
"En 


where a is the ion radius (derived from ref. 13). The 
function P(enc/e,) is calculated numerically and plotted 
in Fig. 2b. The induced charge term is inversely propor- 
tional to “pore” radius 6 and that P(e: Jep) has a maximum 
value less than 1/4. 

If, for example, the value of cp is cemparable with that 
of water outside the membrane (2: 80), then the barrier 
posed to an ion will be due simply te the second term in 
Ep. For sze= 2 this will be 

G% o Aan 28.36 Ecalortes 
— Fi 1 / 40 ) Mut «et ios t 
2b i b mole 


€ 


when b is measured in A. 

A charge lined water filled "pore" which forms an 
internal double layer will further lower the energy for 
the mobile counterions'*. These interactions will be in 
addition to the diclectric aspects considered here. 

(d) A "carrier" in the present model is simply a neutral 
molecule of high polarizability that can form a spherical 
complex (possibly including water) wath the ion inside. 
This local “solvation” of the charge is expected to lower 
its energy in the hydrocarbon region. For an outer radius 
b of the entire complex (see Fig. 3) its energy in the medium 
£j, Will be | 
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Fig. 3. Ion in centre of spherical "esrrier", 
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term is a macroscopic but convenient form for the contri- 
bution to the energy of the ion by an effective carrier 
polarizability e> 1. If the jacket material is infinitely 
polarizable then eeso and the self energy of the complex 
is at a minimum, e7/2e,,b. In this best of all cases the 
energy E. is stil appreciable compared with thermal 
energy but much less than that for a bare ion. For 
example, in that ease with eae= 2, 5 — 5-10 A, E, will be 
16°5-8-2 kealories/mole or 9-8-4-9 kT/ion at 25? C. 

Fig. 4 summarizes these calculations for à charged 
particle of radius a 2 Å. Values used for sre and sp are 
2 and 80 respectively, membrane thickness is 70 À, and 
radi: of eylindrical and spherical structures are both 5 Å. 
These are credible values for these hypothetical models*:5:15; 
eonsequenees of other assumed numbers can be easily 
calculated from the formulae given here. Note again that 
cases (c) "pore" and (d) “carrier” give energies much 
lower than (a) thin membrane and (5) eharge-pair. One 
can thus probably rule out models (a) and (b) for ion 
transport across low dielectric membranes on electrostatic 
grounds. 
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Pore 


Finite slab 
uS 70 Å thick radius 5 A 


Spherical 
jacket 
5 A outer 
radius 
Fig. 4, lIllustrative values of energies calculated here. 


To consider models (c) and (d) further, examine the 
difference in energy (Ecarrier — É pore) 


e? rl FERN | 
E. — Ep œ ee | = prc 
£n b L2 M Ep / i 


in the case where sphere and cylinder have the same 
radius b and hypothetical polarizability (ep — £2 £4.). 
This difference then measures the importance of shape 
of the hydrocarbon-high dieleetric boundary, Because 
Piere/Ep) < 1/4 (Fig. 26), 
e? 83. kealories 

"m 4e, cb Èh ob 
With exne=2, b=5 A, for example, this is > 8 kealories/ 
mole (actually equal to 10 kealories/mole (Fig. 4)). 

The mequality E,» E, is not an argument for the 


(Ec — Ep) uh 
mole 


ver Rai 


here. Nevertheless this difference is comparable with the 
electrostatic and interfacial energies that suffice to explain 
phase transitions in liquid erystal phases of mixtures of 
lipid and watert’, 

Given an electrostatic self energy gain of more than 
8 kealories/mole by forming a pore, a membrane may well 
thin out at the point. where an ion is forced across it by 
an applied electric field. Should the ion also be m asso- 
cation with a "carrier" the thinning out is such as to let 
the "carrier" be indistinguishable from a "pore" or bridge 
across the membrane. Fig. 5 is drawn simply as an 
illustration of the eleetrostrietive forces due to the field 
about a charged particle, at the centre of a low dielectric 
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Fig. 5. The electrostrictive pressure due to a charge e at the centre of 

a slab of thickness 7, The force is to pinch the slab about a line per- 

pendieular to the slab and through the charge. The pressure curve 

is drawn for £1c 2 and Ema 80; fores 4-8 x 107? stateoulombs (mono- 

valent ion) and 1 70 A, e®/[* 9-58 x 10* dynesjem? = 0-05 atmospheres. 

The force increases rapidly with decrease in / and with proximity of e 
to either surfaee of the slab. 


slab (as in Fig. 1). Note that this pressure is focused over 
a small area of interface and for thin membranes can have 
a value of the order of atmospheres. If the charge is near 
a dielectrie interface, forces will be much larger than those 
given in the illustration. 

There have recently been some models proposed for 
changes in membrane structure when associated with 
ionst?-18) These have been based formally on the principles 
of ligand formation and counterion association. The 
present calculations have examined the mteraction of ion 
with membrane as a problem in dielectrics. It would be 
surprising if the simple thin film models used here repre- 
sented the actual cell in membrane structure. Still, these 


electric interaction. It is now clear that these electrostatic 
forces are strong on the scale of molecular interactions 
stabilizing a membrane. — Elceetrostrietive. foreos may 
deform the membrane to effect transient changes m 
membrane permeability during flow of ions across it. 


Reeeived November 11, 1968. 
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LETTERS TO THE EDITOR 


PHYSICAL SCIENCES 
Condensed Objects in the Crab Nebula 


MANY studies of the Crab have shown that it is exceedingly 
difficult to understand its evolution and its high-energy 
particle content on the assumption that all the energy 
was injected at the time of the outburst of the supernova 
about 10° yr ago. Evidence of continuous activity is 
provided directly by the moving wisps (private communi- 
cation from W. Baade, a preprint by J. Seargle and ref. 1) 
and the suggestion that some parts of the flux of high- 
energy electrons responsible for the radio and optical 
synchrotron radiation have lifetimes which are short 
compared with the time which has elapsed since the 
explosion. If all the energy released in a supernova 
explosion is emitted during the outburst and if the high- 
energy particles were generated in this way’, the con- 
tinuous activity would not be explained. But there are 
now a number of lines of evidence each of which suggests 
that condensed supernova remnants are present, and it is 
these which probably maintain the overall activity in 
the Crab. We outline the arguments which lead to this 
conclusion, 

(1) The exceedingly small radio source first discovered 
by Hewish and Okoye? cannot be explained by the 
incoherent electron synchrotron process, and it is not easy 
to explain even if coherent precesses are invoked. The 
source has a dimension 0° 1 or 3x 10) em. Reest has 
given the most plausible explanation—a proton synchro- 
tron source. He has shown that this requires an energy 
reservoir of ~ 10!* ergs of protons with energies ~ 30 GeV, 
radiating in à magnetic field with a strength ~ 50 gauss. 


In order to confine such a particle reservoir, a region of 


high magnetie field is necessary, and this must be anchored 
to a large mass. Such confinement cannot be achieved by 
a self-gravitatmg gas cloud alone because in these 
conditions the proton flux would be very rapidly depleted 
by collisions with the gas atoms and pow erful secondary 
sources would be generated’. Instead, it is more plausible 
to suppose that the source consists of a dense object 
containing à very strong magnetic field and the proton 
synchrotron source arises in the magnetosphere and 
particle belts surrounding the object. If the energetic 
parameters have the ra given by Rees, the dense 
objeet must have a mass > Me 

(2) Two pulsars have recently been reported in the 
vicinity of the Crab". One. NP 0532, is known to lie 
within a few minutes of are of the centre of the Crab, and 
has a period of 33 ms which seems to be lengthening. It 
is clear that a period as short as this indicates that, if the 
object is of stellar mass. it probably has a neutron con- 
figuration with the pulsing radiation generated in a 
surrounding magnetosphere, the pulsing character being 
generated by rotation (ref. 7 and a paper by T. Gold at 
the Texas Conference on Relativistic Astrophysics. 
December 1968). The period of the pulsar is mer maing 
at a rate such that the lifetime is of the order of 2,000 vr, 
so this object was probably formed at the time of the 
supernova outburst. 

(3) The Crab nebula was first discovered to be an X-ray 
source by Bowyer et aL*.. It is now known that the X-ray 
speetrum extends up to several hundred kilovolts (ref. 9 
and private communication from Peterson et al.) and 
shows a smooth inverse power law distribution M(E) 
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dEc E-??dE in the range 2-500 keV. The X-rays do not 
arise from a point source, but the angular size of the 
source of low-energy X-rays is comparable with, but less 
than, that of the optica! ri adiation ils dl C ul oin 
x aye paye] a Bv nchsotzou origin. - 
to generate X-rays with ors 2.290 keV 


E? B, = 3x10? — 3x 104 


where E is the electron energy ine V and B, is the magnetic 
field measured in gauss. Becaase ihe mean magnetic 
field in the Crab required to explam the optical synchrotron 
source is ^ 35 x 10-4 gauss, it follows that, if the X-rays are 
generated in this field, electron energies ^ MORS. PGA d 
are required, and their lifetimes are of the order ~ 4 yr- 
months. To generate an A-ray source by this means 
requires that the injection rate of sueh electrons be Very 
high", and no plausible mechani ism for acceleration to 
these energies is known. Moreover, there are strong objec- 
tions to the view that the high-energy electrons are all 
generated in à point source. If thes were the case it would 
be very difficult to generate an «xtended source of low- 
energy X-rays with a dimension of the order of a light 
year, for the total path length traversed by the electrons 
emitting these X-rays would only be of this order. Thus 
any tangling of the magnetic fie ld lines would mean that 
these electrons would travel much shorter lincar distances 
in their lifetimes of X-ray emisor. For the higher 
energy electrons the situation would be even worse. An 
alternative and more reasonable approach is to argue that 
the X-rays are generated whea electrons which are 
normally radiating optical synchrotron radiation move 
into regions of very much higher field. Because the 
energies of the optical electrons are ~ EO GeV, this requires 
that the magnetic fields go up tc ~ $0*- 40 gauss. The 
X-ray luminosity of the Crab is about : eet. 1097 erg s71, and 
it is easy to show that to obtain this flax from the known 
density of optical synchrotron electrons only about 10-19 
of the volume of the Crab or about 10* em? contains these 
high fields. The Crab is not a point source of X-rays, so it 
follows that in this model a number of very small regions 
of high magnetie field are required, foe example, perhaps 
10-100 hot spots each with a dimensien c E0!* em could 
make up the X-ray source. Such «mal regions of intense 
field are not likely to be genera&ed by compression im 
shoeks passing through the low-density gas and weak 
magnetic field. but they are mere probably associated 
with eondensed objects of very high density. It is tempt- 
ing to suppose that these are also magnetospheres about 
small massive objects. At present we only know that the 
low-energy X-ray source has an angular size comparable 
with that of the optical Crab. No :nfomnation is available 
on the angular size of the highe energy A orav source, If 
the type of model proposed here is correct. high resolution 
studies of the Crab should show hot spota*. 
Thus it seems that the very small seeady radio source, 
the pulsar(s) and the X-ray source mag all arise in. mag- 
netospheres with very strong magaetic fields surrounding 
very dense objects. Some of these sources may coincide. 
It is possible, for example. that che small radio source 
and the pulsar may be the same object. Also. à proton 
synehrotron souree in whieh the protons ermit radio 
photons could give rise to X-rays Shrough secondary 
generation of electrons in proton- proten collisions in the 
magnetosphere and the rotation o£ the object could give 
rise to a pulsed radio source. Thus puisars might also be 
Act ay sources in va the Sean X-rdy emission is far 
iu emission. But. 
oe not all 



























p in a | supernova 
M a fotating obese Nu a mass Afi than the 


* On the other hand, if it turns out that the «ourcesize is a strong funetion 
of X-ray energy, in the sense that the higher the energy the smaller is the 
source, this would indicate that the particles ace generated in s volume small 
compared with the size of the Crab. 
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eritical mass for a neutron configuration breaks up into 
many smaller objects, a point of view proposed several 
vears ago!?*. Some fragments may be thrown out of the 
nebula, at high speeds, and thus there might be quite an 
extensive population of such objects in and around our 
galaxy. The recent discovery that the pulsar NP 0527 
lies only about a degree from the Crab and may have been 
thrown out of it at relativistic speed (preprint by E. C. 
Reifenstein, W. D. Brundage and D. H. Staelin) supports 
this view. Only those objects with velocities Z 500 km s^! 
SO. still, after. 1,000 yr, no mu the Crab nebula. 
Psp. in these Geel dud. peu AT in "tlie 
form of high energy particles which maintains the activity 
in the Crab. It should also be pointed out that there is 
considerable evidence from the extragalactic radio sources 
that they are generated by coherent objects which are 
thrown out in a large seale explosion from the nucleus of a 
galaxy or a quasi-stellar object™. 
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Preliminary Results of Measurements 
of Deep Currents in the Pacific Ocean 


From June 18 to August 5, 1968. the STY X expedition 
of the Seripps Institution of tees Osa phy made measure- 
ments of deep flow in the South Pacific Ocean. As early 
as 1871 (ref. 1) it had been suggested that the deep and 
bottom waters of the North Pacifie Ocean are not formed 
by modification of North Pacific surface waters, but have 
flowed in through the South Pacifie from other areas, 
Wust? has traced the flow of cold bottom water (deeper 
than 4,000 m) from the Antarctic Circumpolar Current to 
the western North Pacifie; the observed temperature 
variation beyond was too small to indicate a clear path. 
Other investigators?* have confirmed his results by the 
distributions of dissolved oxygen and salinity, and some 
further indirect ‘evidence of a deep strong northward 
flow across 29° S has recently been submitted? *. 

A flow that is strong enough and continuous enough to 
be deteeted from temperat ure variations might be strong 
enough to be measured directly by a simple current meter, 
especially in an area where the bottom topography limits 
all the deep flow to a narrow channel. The recent charts 
by Udintsev ef al.” and Menard? suggested that such a 
channel might exist in the area between the Samoan and 
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Tuamotu islands, though the soundings were not sufficient 
to be sure. The S'TY X expedition located a deep channel 
passing through at about 9° $8 169° W; this seems to be 
the only passage connecting the South and North Pacific 
at depths greater than 5,000 m. Sill depth is about 
5,200 m and the passage seems to be about 50 km wide 
at the 5,000 m level and 200 km wide at the 4,000 m level. 

The current meters were similar to those used at depths 
of about 4,000 m off California’. They consist of a rotor. 
à vane, a recorder and a float and anchor, <A release-link 
that ean be set for various intervals up to about 5 days 
was used. The instruments fall freely to the bottom and 
operate for a pre-set period and then release the anchor 
and return to the surface where they transmit à radio 
signal to aid in their recovery. Work in the deep water ort 

California? had shown à proecomunants semidiurnal varia- 
tion of amplitude of about 2 em s^! about a mean of the 
same order: records at least as long as 24 h were required 
before a useful average could be taken. 

The STY X expedition surveyed the channel and made 
measurements of water characteristics as well as the 
current measurements. The current meters were placed 
at various depths from ae to 1,000 m above the bottom 
in depths as great as 5,900 m (in the Tonga Trench), 
but most of the forty- fous series were made close to the 
bottom in depths between 4,500 and 5,500 m. In the 
earlier part of the expedition short period drops were made 
to locate areas of higher speed. Onee the channel was 
located. records from 24 to 72 h (with one as long as 95 h) 
were obtained. 

Measurements in depths less than 4,400 m in the 
E area usually showed low average speeds (less 
than 5 em s^!) with no eonsisteney in the directions. Those 
within the narrow part of the channel, at depths greater 
than 4.800 m, and operating for periods from 11 to 46 h. 

showed average flows of from 5 to 15 em s^! with directions 
between 013° T and 065° T; the largest tidal amphtude 
BPm from the records in the “channe l was about 
3 em s! 

The highest average speed wasin the channel at 4.806 m, 
and was 15 em s-! toward 0237, averaged over 43 h. The 
maximum speed during this series was 19:5 em s^! toward 
005° T and the lowest was 11 em s^ toward 030°. The 
tidal amplitude estimated from the record was 04 em s^ 
for the diurnal and 1:5 em s for the semidiurnal. Thus 
not all of the variation was tidal. In the further analysis 
we shall compare the records with the nearest tide stations. 

The longest individual record was 95 h. taken in the 
wide basin to the south that feeds the channel. The basin 
was estimated to be about 330 km wide at the 5 km level 
and 470 km wide at the 4 km level. Average flow at 3 m 
above the bottom in 5,275 m depth was 4-4 em s ! toward 
343^ T (leading directly toward the channel). The tidal 
Bmplitdide was ealeulated from the record to be about 

‘Sem s! for the semidiurnal and 1-3 em s! for the diurnal 
components. 
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Dredged Basalt from Giacomini 
Seamount 


DvniNG the cruise in July 1965 of the RV Acona of the 
University of Alaska Institute of Marine Science, two 
angular blocks of basalt (15x 12x 5 em? and 20x 15x 9 
em?) were dredged from the summit area of Giacomini 
Seamount (56° 24' N, 146° 34’ W), at a depth of 790 m 
(Fig. 1). Several hundred igneous, metamorphic and 
sedimentary pebbles, cobbles and boulders were also 
recovered in the dredge haul; they showed a wide range 
of rounding and a very thin coating of manganese oxide, 
and were very similar to those recovered from the summit 
areas of Gilbert, Miller, Pratt and Ga-3 Seamounts in the 
Gulf of Alaska Seamount Province, as previously reported 
by Menard! and others. Menard concluded that these 
gravels were ice-rafted glacial drift, an interpretation 
which is strongly supportcd by the presence of faceted 


comini dredge hauls, but the frequency distribution of 
diagnostic igneous and metamorphic rock types suggests 
that the exotics were rafted during Wisconsin time by 
bergs calved from the coastal lobes of glaciers descending 
the south-west flank of the St Elias Range, in south- 
eastern Alaska. 

Externally the basalt blocks are coated by a thin layer 
of hydrous manganese and iron oxides; internally they 
are light brown coloured, displaying flow structure defined 
by the subparallel orientation of plagioclase feldspar 
phenocrysts and rare elongate vesicles (0-2 to 1 mm). 
The basalt is composed of phenocrystal plagioclase (calcic 
andesine), iddingsite (olivine pseudomorphs) and rare 
augite in a plagioclase rich groundmass which also includes 
interstitial augite, iddingsite, K feldspar. opaques and 
hydrous iron oxides. 

Samples from the interiors of the two basalt bloeks were 
chemically analysed. These analyses are compared with 
those of dredged basalts recovered from Hodgkins Bank? 
and Clipperton Island? as reported by Engel and Engel 
(Table 1). The bulk chemical composition of the Gia- 
comini and Clipperton Island basalts is very similar, 
including a high content of TiO, PO, and total alkali, 
the chemical signature of alkali basalts, and an anomal- 
ously low MgO content. The MgO deficiency of the 
Giacomini basalt is caused by the modal dominance of 
plagioclase feldspar (60-65 volumes per cent), subordinate 
pyroxene (6-10 volumes per cent) and the complete 
alteration of olivine to iddingsite with an accompanying 
loss of MgO. 

Basalts, palagonite tuffs and breccias have been previ- 
ously dredged from several seamounts in the north- 
eastern Pacific, as discussed by Menard!, Nayudu* and 
others. To our knowledge, however, only one chemically 
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Fig. 1. 
Alaska Seamount Province, showing the location of Giacomini Seamount 


Generalized physiographic map of the north-western Gulf of 


and adjacent seamounts and guyots, Depth contours and peak eleva- 

tions are in metres (as taken from Marine Geology of the Pacific bv 

H. W. Menard: by permission of the author and MéGraw-Hill Book 
Company). 
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NaO- K4,0 to SiO, diagram with plats of chemically analysed 
basalts dredged from seamounts and banks of the north-eastern Pachic 
Ocean. Data, other than those shown for the Giacomini basalts. are 
taken from Engel and Engel? and Engel, Engel and Havens’. The 
dotted line subdivides the diagram into alkali against tholelitie basalt 

fields, as proposed by Maedonalé and Katsura". 


Fig. 2. 


analysed dredged basalt has been previously reported 
from the Gulf of Alaska Seamount Proxance. This basalt 
was dredged from Hodgkins Bank Finnecles (depth 85 m) 
in the south-east part of the Province”. As shown in 
Table 1 (analysis 4), the Hodgkins Bank basalt also has a 
high content of TiO, POs RO and total alkali. As 
described by Engel and Engel’, this basalt is relatively 
unaltered, and it is mineralogieal^v aad chemically an 
alkali-olivine basalt. Fig. 2 compares tae NaO -+ K,O to 
SiO, ratio of basalts from other siortn-eastern Pacitic 
submarine edifices with the basalt dredged from Giacormin: 
Seamount. With the exception of the basalt recovered 
from Cobb Seamount, all of the plots, tachiding those of 
the Giacomini basalt, are in the alkal basalt field as 
defined by Macdonald and Katsura’. 


Table 1.  BULK CHEMICAL ANALYSES GF DRZDGED BASALTS 


(1) (2) E. zr 

SiO, 17:62 47-95 49-71 An 
TiO, 243 2 24 SIDES 353 
ALO, 16:42 186-56 14-40 
FeO, 94 10:39 iR 
Feü 347 3-02 i44 
MnO 0-14 014 0-23 
Mao 1:65 1-62 8-77 
CaO x35 TOB RAO 
Nat} 4-79 ERS 360 
K.0 181 1:82 go 
H,O” {held 25 (i61 
H.O* EE 1-48 (26 
PO, p4 1-43 iP 73 

Total ORO irre! 90-04 





Location of j Le 
summit area of Giacomini Seamount, depth 7 
alkali basalt, 56° 94' N, 146° 34° W., summit i i i : 
depth 790 m. (3) PV305, andesine alkali basalt, eaat slope of Clipperton 
Island, depth 400 m: as taken from Engd et a^. (4) PV50, alkati 
hasalt, 52^ 15/ N. 136^ 46’ W, Hodgkins Bank Pinnacles, depth B5 m; as 
taken from Engel and Engel. 












Engel and Engel? and Engel, Engel and Havens? were 
the first to suggest that the summits and higher elevations 
of seamounts consist chiefly of alkali basalts, and that 
the abyssal plains and hills of the ocvan basins are floored 
bv low K tholeiites. These authors have also accepted 
the low K tholeiite as the parent oceanie magma type, 
and believe that alkali basalts are differentiated from 
oceanic tholeiites in the higher vorcanses of the open 
oceans. According to this view, the sdtramafie inclusions 
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which are so widely found in alkali basalts are derived 
from the gravity settling of olivine, pyroxene and opaques 
in the parent tholeiitie melt; the differentiates are further 
enriched in Na and K in the higher elevations of sub- 
marme voleanoes by the upward transport of alkalis in 
aqueous solution under relatively high oxygen pressures. 

Arguments are continuing as to whether the abyssal 
floors of the oceans and lower flanks of the oceanic rises 
are dominantly composed of low K tholeiites, but the 
recovery of alkali basalt from the summit of area of Giaco- 
mini Seamount seems to extend the alkali basalt~seamount 
association to the north-eastern Gulf of Alaska Seamount 
Province. 

Although we do not believe that all ultramafic inclusions 
in alkal basalts are gravity differentiated from oceanie 
tholeiites, our data support the view of Engel, Engel and 
Havens? that seamounts consist chiefly of alkali basalts 
or related variants. 

The Gulf of Alaska Seamount investigations were 
supported by the US National Science Foundation 
under the provisions of the US-Japan cooperative 
research program, and a ship support grant. 
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Limnological Hypothesis of the Origin 
of Hot Brines in the Red Sea 


THE hot salty water discovered in the Red Sea during the 
Discovery expedition', and which has also been studied 
during other expeditions*?, is widely thought to have 
come from the highly mineralized ground waters emerging 
at the sea bottom. It is not clear, however, why the 
rather common phenomenon of emerging ground waters 
brings about the formation of abnormal water masses 
only in the Red Sea. Brine supplied from underwater 
sources is usually immediately mixed with circulating 
oceanic water. Miller et al. refer to a hypothesis by 
K. O. Emery which, unfortunately, had not been developed 
in detail. Emery supposed the hot brine to have been 
concentrated by evaporation of the water masses of the 
Red Sea when it was cut off from the oceans during 
glaciation. "This possibility has also been mentioned by 
Degens and Ross’. Miller put forward a number of 
objections to Emervy’s hypothesis, but it is my view that 
these can be overcome by assuming the basins discovered 
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at the bottom of the Red Sea to have been lakes developed 
according to limnological laws. 

The threshold separating the Red Sea from the Gulf of 
Aden is three miles west of the Haycock islets (roughly 
eight miles south-west of Gt Hanish Island), and is no 
more than 126 m deep. Tectonic movements? and denuda- 
tion might lower the threshold height. The drying up of 
the threshold, however, would have occurred during the 
last glaciation even if teetonies and denudation had 
exerted no influence whatever. According to the latest 
radio-carbon dates of the littoral deposits? from great 
depths (13,420 +210 yr ago at 122 m and 14,450 + 250 vr 
ago at 130 m), the threshold may have been above the 
ocean level within the time interval 20-14 thousand vr 
ago and, perhaps, even for much longer. Evidence for 
direct communication by land between Ethiopia and 
southern Arabia in the recent geological past comes from 
the similarity of the fauna of fresh-water gastropoda*:*. 

The Red Sea is in an extremely arid area and evapora- 
tion from its surface is several times the amount of pre- 
cipitation. Not one permanent stream drains into it. 
Considering all possible climatic changes, its general 
character does not seem to have changed throughout the 
quaternary period. Objective palaeographie data prove 
that the glaciation was not accompanied by increased 
precipitation in Eurasia" and Afriea!!. In eastern Europe 
and northern Asia the flora during the glacial age had an 
arid charaeter. "The Caspian transgression during glacia- 
tion was not caused by climatic changes but rather resulted 
from the influx of glacial waters?. In arid conditions 
the separation of the Red Sea from the ocean would 
inevitably bring about a sharp decrease in its level-—in 
about 1,500 yr it might have dropped by 2,000 m. The 
Red Sea might have dried up completely if it had not been 
for occasional streams and subterranean waters. Basins 
the water supply of which was negligible have completely 
dried up. 

The lakes remaining in place of the sea were originally 
filled with seawater, the salinity of which was greatly 
increased by evaporation. Some scores of years later, 
however, the water masses of the lakes were totally 
renewed. This makes it possible to account for the iso- 
topie composition of the hot brines. The isotopic analysis 
by Craig? showed the ratio of D and !*O in the hot brines 
to be the same as in ordinary atmospherie and seawater, 
the Red Sea water among them. Craig draws the conclu- 
sion that the hot brines reached the basins at the bottom 
of the Red Sea from underground sources. The results of 
his analyses, however, do not contradiet the hypothesis 
of the himnologieal genesis of the brines. 

Throughout the entire existence of the lakes, which was 
several thousand years at least, the chemical composition 
of their waters was gradually changing. Eventually it 
differed greatly from that of ordinary seawater. The 
5O,-/Cl- ion ratio, which is 0-14 in the ocean, is here 
0:005 (ref. 14). This was the principal argument in favour 
of the connate origin of the hot salty watert, It should 
be noted, however, that a very low SO,-/Cl- ratio is also 
observed in lake waters, for example, the Dead Sea and 
some lakes of Kazakhstan. The chemical composition of 
hot brines from the Red Sea is close to that of the Kivakty 
and Ekibastuz lakes (Table 1). 

Some very specifie bottom deposits have been observed 
in the basins filled with hot salty water’. There are no 
faets available at present which would prove the marine 
rather than the limnologieal origin of these deposits with 
certainty. 

The limnologieal hypothesis of the hot brine does not 
exclude participation of subsurface waters m their forma- 
tion. With the level falling by almost 2 km, there might 
have been intensive filtration from deep aquiferous 
horizons and influx of deep underground waters to the 
depressions oecupied by lakes. With a new rise of the 
level, the circulation of subterranean water at such 
great depths almost ceased. 
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Table 1. CHEMICAL COMPOSITIONS OF SOME LAKE AND SEAWATERS 


Salinity parts 


per thousand čl- SO,-7 
Hot brines of the Red Sea 254-9* 152.2 0-75 
Dead Sea!* ` 315-0 208-0 0-54 
Kiyakty Lake (ref. 17. p. 59) 258-4 161.8 1:4 
Ushtogan Lake (ref. 17, p. 66) 274-2 173:8 0-80 
Ekibastuz Lake (ref. 17, p. 68) 208-5 125-8 1-25 


* Asinref. 14. The ion sum is 256-4 parts per thousand. 


The three lenses of hot brines known at present may be 

remnants of a single lake having a length of the order of 
20 km, the surface being approximately at the — 1,900 m 
mark. 'lhis is evideneed by the practically equal salinity 
of the brines in the Discovery and Atlantis II deeps 
(255 parts per thousand). The three basins are located 
within one hollow. 
. When the seawaters filled the hollow of the Red Sea 
in the late glacial period, they did not mix with the lake 
brines beeause of a eonsiderable difference in density. 
Fhere is practically no turbulent mixing at the water table 
separating the two water masses. The lowering of the 
dividing water table can be caused only by molecular 
diffusion. The rate is very small—in 14,000 yr the water 
table could only be lowered by the order of 100 m. "This 
brought about the separation of the whole body of hot 
salty water into three lenses. An influx of heat from the 
bottom in the rift zone of the central part of the Red Sea 
was responsible for the high temperature of the brines 
(up to 56:5? C). 

So far, abnormal sea and ocean water masses have been 
discovered only in the Red Sea. But a sharp difference 
between surface and bottom water masses has been noted 
for some lakes. The latest such discovery is a small 
lagoon (40 m by 80 m and 5 m deep) on the coast of the 
Sinai Peninsula, in which the Cl content at the surface 
and at the bottom is 42-6 and 90:7 parts per thousand, 
respeetively, the temperatures being 16? and 48? (ref. 18). 

Considerations mentioned suggest that for the first 
time the water mass of an ancient lake has been discovered, 
and this is of great importance for palaeolimnology. 

I thank 8. V. Bruyevitch, M. M. Yermolayev, Y. I. 
Starobogatov, V. V. Menner, Y. A. Stefanovsky, N. P. 
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Diurnal Variations in Uncerwater 
Noise beneath Springtime Sea-ice 


UNDERWATER ambient noise in ice-eovered seas can show 
a dependence on air temperature. This temperature 
dependence is particularly striking in spring in the lati- 
tudes of the Canadian Arctic Archepelago where the air 
temperatures are, in turn, dependent on the altitude of the 
Sun. The upper curve of Fig. 1 shows the air temperature 
plotted against time of day during the period April 16 to 
April 27. The lower bar-graph of Fig. 1 is an underwater 
noise pressure record in the 150-300-Hz band on the same 
time scale. The envelope of the ba:-graph shows diurnal 
variations similar to the expected diurnal temperature 
variations of air temperature, but shifted in phase by 
approxunately 180°. 

The map of Fig. 2 shows the location, at the west end 
of Viscount Melville Sound, where the underwater noise 
measurements were recorded. ‘The air temperatures 
were plotted from weather station ground temperatures 
at nearby Mould Bay. In the springtime, the sea-ice 
cover is complete and fast to the shore in this location and 
for several hundred miles around. This ice is usually 
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Fig. 1, Air temperatures and underwater noise pressures versus time of day. The envelope of the noise pressure 
bar-graph is from recordings in the 150-300 Hz frequency band. The pressure scale refers to spectral densities in 
dB relative to (1 ubar) s. 
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Fig. 2. Map showing the location of Mould Bay and where the under- 


water noise measurements were recorded, 


composed of broken polar pack ice cemented together 
with frozen leads! and having a minimum thickness of 
approximately 180 em. Previous short term experi- 
ments*-4 have shown that daily air temperature fluctua- 
tions result in small changes in the mean temperature 
gradient of the sea-ice at its surface. The sea-ice contracts 
with falling air temperatures and, being a brittle solid 
with numerous surface flaws, will crack as it undergoes 
tensile stresses. On the frozen leads these eracks are 
usually a few metres long but seem to be no more than 
10 to 15 em deep. On the other hand, as the air tempera- 
ture rises and the surface temperature of the ice rises, the 
ice surface expands and the cracking activity ceases 
because of the transition from tensile to compressive 
stresses. It may be imagined that daily cycles of tensile 
and compressive stresses at the surface of the ice would 
eventually produce a chaos of surface cracks with no 
resultant cracking noise. Apparently most of the cracks 
generated under tension re-seal when compressed, and 
it has been observed that fine snow crystals often fill open 
eracks, with the excess sometimes extruded as a fine 
bead of ice. The cracks which form on the flat surfaces of 
frozen leads are the only ones which ean readily be mathe- 
matically modelled or observed. These eraeks probably 
are those which produce most of the underwater noise, 
because the leads are usually more clear of snow insulation 
than the surrounding broken pack-ice. 

The noise in the water under the ice, in conditions of 
air cooling, is the summation of many pressure waveforms 
from ice eracking impulses, the statistics of which are 
described in ref, 5. Short term measurements of this 
type of noise, and the spectrum analysis of single isolated 
pressure-pulses, have shown that the expected peak of the 
noise pressure spectral density lies in the 100-500 Hz 
frequeney band. 


configuration of the surface crack. As an illustration, 
the motion of the edges of an established ice-eraek is 
sunilar to that of a string embedded in an elastic medium, 
described by the Klem-Gordon equation*. The resonant 


where K is a constant depending on the elastic properties 
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of the vibrating system and m is the effective mass per 
unit length. Considering the vibration of an ice-erack, 
the resonant frequency can be shown to be 


f= (2rd) (Ef g)! e(l + job’ 


where E is Young's modulus, d is the crack depth, p is 
the density and u is Poisson's ratio. By using the values 
for sea-ice of H= 10-0 « 1019 dynes em-?, p= 1-10 g em, 
u= 0:30 and an assumed crack depth of 15 em, the resonant 
frequeney of the ice-crack vibration is 400 Hz. This 


An important consequence of these observations is that, 
despite the advantages inherent in 24 h of daylight in the 
Aretie springtime, seismie reflexion and refraetion work 
over ice-covered waters should be confined within the 
local times 0900 to 1800 h. As ean be seen in Fig. 1, 
noise pressures ean inerease by as much as a factor of 
100 (+40 dB) during the evening hours. 

The lower bar-graph of Fig. 1 is part of a strip chart 
record (150-300 Hz band) from a Recording Instrument 
Package (RIP) which was installed on the sea-bottom 
at a depth of 348 m off Melville Island during September 
1967 and recovered in September 19687. Each bar of the 
graph represents a measure of the r.m.s. noise pressure 
spectral density in the 150-300 Hz band averaged for a 
period of 4 min each hour, so that there are twenty-four 
bars for each day. 
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Sliding Brushes in the Canberra 
Homopolar Generator 


THe Canberra homopolar generator, which is in use in 
the Engineering Physics Department of the Australian 
National Oniversity, is a large storage machine in which 
the 580 MJ of kinetie energy of rotation of its two 40-ton 
rotors can be delivered electrically to experimental areas 
in times as short as l s. Its maximum output voltage is 
1,000 V and the maximum current is 1,600,000 A. 

From an electrical point of view the homopolar generator 
is a large capacitor. When it is connected across a fixed 
resistance the output current rises rapidly to a peak and 
then decays exponentially. This is a disadvantage when 
the generator is used to power devices such as high field 
magnets which require many different accurately repeat- 
able pulse shapes!. This disadvantage can be eliminated, 
however, and the desired control achieved by connecting 
the rotor faces with radially sliding brush units as shown 
in Fig. 1. Such a system has been built and used to control 
the current m a 150 kgauss Bitter magnet. 

Two brush units were supported between the rotors on 
a lead serew with left and right hand threads to ensure 
that the units remained at the same radius as each other 
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at all times. The lead screw was driven by a manually 
controlled variable speed hydraulic motor. As with the 
other brushes in the generator?, these were brought into 
contaet with the rotor only for the duration of the pulse. 
Current was carried by rotor disks B and C with disks A 
and D acing as flywheels. 

About twenty-five pulses lasting 15 s have been taken 
with eurrents up to 26,000 A, this being the maximum 
that the 150 kgauss magnet can take. With a little 
practice, operators controlling the position of the brushes 
were able to maintain current steady to better than 0-5 
per cent. The brush units themselves and the control 
system behaved as they were designed to do. 

There are two things which make these sliding brushes 
significantly different from the other brushes in the 
generator. The first is that they must run on surfaces 
which have a high voltage gradient in the radial direction. 
Because à brush short circuits the collector surface with 
which it is in contact at any instant, it is necessary for the 
brushes to be thin in the direction of the gradient. Each 
brush is as shown in Fig. 2. Each brush unit has two 
mats consisting of eighty-four of these brushes bolted 
together and insulated from each other. To enable all the 
brushes to bear on the rotors, some springiness is provided 
in each brush by the two saw cuts shown. Another 
consequence of the rotors’ voltage gradient is that the 
leads connecting brushes of upper and lower mats in the 
one unit must be “crossed over” as shown schematically in 
Fig. 3. This solution is possible because of the fact that 
the generator's rotors are contrar-otated. 

The second significant difference is that because the 
brushes sweep radially, the brush track area is very large, 
consisting of virtually all of one face of each of the 140 
inch diameter rotors. To make these sufficiently flat and 
ripple free, the grinding method used in making large 
astronomical telescope mirrors was used. 


Rotor disks 


Top pole 


/ | 


fi 





7 


Bottom pole 


Fig, 1. The rotor faces connected by radially sliding brushes. 
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Diagram of one of the brushes, 
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Schematic diagram of the ‘‘crossig 
brushes of upper and lower mats. 


The next step in the sliding bsush programme is the 
production of a system using six brush units of essentially 
the same design as those tested, t» carry and control the 
200,000 A required for the JUO kgauss magnet at 
present under construction at t Australian National 
University’. Both the 300 kg magnet and this 


brush system are expected to be eempleted and in opera- 
tion this year. 
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Fracture Path of Stress Corrosion 
Cracks in Austenitic Stainless Steels 


THe phenomenon of transgranular stress corrosion crack- 
ing of austenitie stainless steels in aqueous chloride 
environments has been recognized fer almost 230 yr’. 
One fact that has had to be inclueed in establishing the 
mechanism is that the fracture has appeared not to pro- 
gress along any particular crystal plane® Only one study? 
of single erystals has been reported. Back reflexion Laue 
photographs revealed that fracture followed no particular 
plane in specimens of 18Cr-10Nr or 20Cr-12Ni alloys 
but that it followed {100} planes m specimens of 20Cr- 
20Ni alloy. In this article we show, by scanning electron 
microscopy, that the crack follows a crystallographic 
path even in 18Cr-10Ni steels—an observation not made 
before. It has been widely suggessed that cracks propa- 
gate perpendicularly to the operat:ve tensile stress com- 
ponent on both a maero* and a miero* seale. 

Austenitic stainless steels were studied, having a 
nominal composition of either 18/19 or 18/18; some with 
additions of Cu and Co-—-both ausienite stabilizers. 
Specimens 14x 0-25 x 0-02 inches- in size were stressed 
as a simple U-bend, the side arms held parallel by a jig 
of the same material. All specimens failed by stress 
corrosion eraeking on exposure to a concentrated MgCl, 
The jew mekel alloys failed 


In the 18Cr-10Ni alloys the crystallographic nature of 
the fracture path indicated by scanning electron miero- 
scopy was clear on some parts of the surface; a typical 
picture is shown in Fig. l. Such regions were always 
well below the original surface of specimens which will 
account for their never having been observed by optical 
mieroscopy. Most of the fracture surface showed a loss 









in Fig. 2. 
aspect of stress corroded surfaces wes much more common. 
and little of the fan-lke structure was seen. 





measuring the angle between the positions of maximum 


step width of two faces when speesnens were tilted. A 
different angles of tilt 






series of photographs was taken at 
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Fig. 1. Scanning electron micri raph of the fracture surface of an 

18Cr-10Ni steel which fractured in MgCl, solution boiling at 154° C after 

sh. The crystallographic nature of the fracture mechanism is apparent, 
x R275) 


in order to determine this angle, which was complementary 
to the angle between the faces. Such measurements have 
been made on both alloys, and the angle between faces 
has been determined as 120°, Assuming that only one 
plane is developed, then the occurrence of such angles 
suggests that fracture has occurred along {110} planes. 


Additions of Ni raise the stacking fault energy* of 


the austenite lattice. They also reduce the susceptibility 
of austenite to stress corrosion cracking’. While the 
effect of such additions may be entirely associated with 
the process of crack initiation, it may also make crack 
propagation a more diffieult process. Accurate measure- 
ments of crack velocity would be welcome in this respect. 

[t is clear that a considerable arnount of work must be 
done before the simple observations reported here can be 
fully explained. Our evidence suggests that a common 





Fig. 2. Scanning electron micrograph of the fracture surface of a stress 
corroded 18Cr-LONi-2Cu steel which broke after 10 h. The surface has a 
fan-like appearance and is not apparently crystallographic. ( x 420.) 
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crystallographic crack propagation occurs in both these 
materials but that it is modified considerably by some 
unknown factor (probably a structural feature) in 
ION: alloys. 

We thank the Admiralty Materials Laboratory for 
financial support. | 
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BIOLOGICAL SCIENCES 


Hydrocarbon Synthesis in the 
American Cockroach 


CUTICULAR lipids of insects are unportant because they 
conserve the water content of the insects! and protect 
them from fungicidal activity? and some agricultural 
chemicals. Hydrocarbons are important. components 
of these cuticular lipids*. Jn vivo studies with radioactive 
acetate have shown that hydrocarbons are synthesized 
by Dermestes maculatus’, Musca domestica’. Pi riplaneta 
americana*, Nezara viridula’, Apis mellifera! and Oulema 
melanopus*. No studies have been reported on the use 
of in vitro techniques to determine the sites of hydrocarbon 
synthesis in insects, although some work has been done to 
determine the conditions in which fatty acid synthesis 
takes place in the fat body!9-15, 

We therefore studied the incorporation of radioactive 
acetate and palmitate into the hydrocarbon of the integu- 
ment and fat body of P. americana in vivo and in vitro 
using the system of incubation described by Zebe and 
MeShan!'*, The acetate-1-"C (444,000 d.p.m.) 
injected into the abdomens of adult cockroaches, and 
35 h later the fat body and integument were excised 
and weighed, and the lipids were extracted?! and chromato- 
graphed on silica gel 6 thin-layer plates with hexane 
as the developing solvent. The organic spots on the plates 
were located with iodine vapours and by comparison 
with known compounds. The radioactivity was determ- 
ined. by seraping the silica gel containing the spot of 
interest into a scintillation vial containing 4 per cent 
'Cab-O-Sil' in the scintillation fluid. The d.p.m. were 
obtained as previously described", 

In the in vitro experiments, the fat body and integu- 
ment were dissected in a sterile hood onto weighing paper 
on ice, and blotted and weighed. Then the tissues were 
rinsed in sterile buffer and incubated for 15 h at 30° C 
in the basic medium described by Zebe and MeShan?’. 
(The basic medium had been freed of possible bacterial 
contamination by passage through a 0-45 micron 'Milli- 
pore' filter, and all glassware was sterile.) The lipids were 
extraeted as deseribed earlier. 

The data in Table 1 show that, in vivo, the labelled 
acetate was incorporated into hydrocarbons of the fat 
body and integument, although most of the radioactivity 
was incorporated into lipids other than the hydrocarbons 


Was 
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Table 1. 
FAT BODY AND INTEGUMENT 


Lipids at origin Hydrocarbons 
Tissue (d.p.m./g) (d.p.m./g) 

In vivo 
Fat body 2,793 144 
Integument 160 539 

In vitro 
Fat body 419,000 0 
integument 43,320 16,955 
Integument (homogenized) 88,000 191 


(lipids at origin)—chiefly the triglycerides, for they make 
up more than 90 per cent of the fat body lipidsP. Tri- 
glycerides, however, are a relatively small portion of the 
euticular lipids. 

Similar results were obtained using palmitate-1-4C. 
Compared with the almost equal distribution of label 
between the lipids and hydrocarbons of the integument, 
the fat body showed a large incorporation of radioaetivity 
into the lipids at the origin, and little into the hydrocar- 
bons. 

When the fat body and integument were incubated 
in vitro with the labelled acetate, no radioactivity was 
found in the hydrocarbons of the fat body, although lipid 
synthesis had occurred. The integument, however, had 
incorporated radioactivity into both the hydrocarbon and 
lipid fraetions. Also, homogenization of the integument 
decreased the synthesis of hydrocarbons, even though 
lipid synthesis took place. The addition of glutathione, 
eysteine, glutathione plus cysteine, or cysteine plus 
DPN/TPN, as described by Zebe and MeShan'", had no 
stimulating effect on hydrocarbon synthesis in the non- 
homogenized integument. 

In studies with A. mellifera*, hydrocarbon synthesis was 
concluded to have occurred in the oenoeytes, and the 
hydrocarbons were then transferred to the epidermis for 
use in cuticular lipid and wax secretions. The tissues 
used in the work described here were therefore paraffin 
embedded, stained with haematoxylin and eosin and exam- 
ined for the presence of oenocytes. 

Oenocyte-like cells were present in the fat body and 
around the spiracles of the integument. Thus, because 
hydrocarbon synthesis occurred in the integument but not 
in the fat body, the epidermal cells of the integument 
must be capable of synthesizing hydrocarbons. Cock- 
roach haemolymph showed no incorporation of the labelled 
acetate into the hydrocarbon fraction. 

Studies now in progress on hydrocarbon synthesis in 
the tobaeco hornworm, Manduca sexta, show that in 
this insect, too, hydrocarbon synthesis occurs in the 
integument of the larva but not in the larval fat body. 
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Membrane Feeding Technique for 
Tsetse Flies (Glossina spp.) 





requirements with a view to deve oping artificial nutrient 
media, but it also permits the stusly of factors influencing 


feeding behaviour. 

In many insects the factors influencing food ingestion 
seem not to lie in the structure of the membrane used, but 
in the chemical constituents of the media offered as food. 
For example, aphids!, blood sucking bugs’, fleas* and 
mosquitoes* can all be induced tc feed through artificial 
membranes, but the success of the technique depends on 
the presence of one or more chemical eonstituents in the 
food offered. Certain mosquitoes, and the stable fiy 
(Stomoxys calcitrans L.) are knowmso accept food presented 
on cotton wool pads. Thus, although their mouthparts 
are of the piercing type, a membrane is not. essential in 
order to induce ingestion. mE 

'T'here is no evidence that tsetse flies will feed from a free 
surface, but they have been fed suceessfully over short 
periods of time through membranes of animal origin. 
Glossina palpalis Rob. Desv. wax fed on a variety of 
substances through rat skin’, Glossina morsitans Westw. 
has been induced to feed on citrated and de-fibrinated 
ox blood, blood serum, and (0-85 per vent Natl solution 
through guinea-pig skins*, while the precipitation of 
fibrin from blood plasma onto several layers of surgical 
gauze has recently enabled €. morsitans to be maintained 
for one generation on de-fibrimated blood (J. Praga 
de Azevedo, personal communication}. 

In searching for a suitable membrane for short term 
experiments on digestion, but also witha view to develop- 
ing an economical and efficient method of maintaining 
tsetse flies without the use of living host animals, we 
considered the possibility that the thickness of the mem- 
brane may be important. We hav» observed that neither 
Glossina austeni Newst. nor Glossina morsitans Westw. 
adults will ingest de-fibrinated ox blood through a para- 
film membrane, although the membrane is repeatedly 
pierced if the temperature of the underlying blood is raised 
above ambient. Greater success has been achieved by 
using a shaved rabbit skin from which all subeutaneous 
fat and connective tissue has been removed, but flies still 
expend much of their energy in fruitless probing activity. 

Recently we have found that a membrane made of 2 to 5 
per cent agar dissolved in boiling distilled water and poured 
over a piece of coarse mesh “Tsrylene’ netting, lying 
on the bottom of an enamelled tray, produces a membrane 
which is strong enough to be haadled. Initial feeding 
experiments have shown that such.a membrane is readily 
pierced by tsetse flies, but that the underlying blood is 
more frequently ingested when the membrane is approxt- 
mately 2 mm thick, rather than thinner. We have also 
found that flies ingest more readily when the membrane 
overlies a sheet of foam plastie or eotton wool soaked in 
blood than when it overlies a blood pool. 

The very rapid piereing of, and withdrawal from, para- 
film suggests that sense organs on the baustellum are not 
receiving the correct stimuli. This is true of the less 
hurried, but nevertheless repeated, probing of a dead 
animal skin. With the thick agar membrane 1t is necessary 
for the haustellum to be inserted up to the bulbous base 
of the theca before contact is mace with the underlying 
blood. Such behaviour is also characteristic of tsetse flies 
feeding on living host animals. It may be that a series of 
tactile sense organs on the haustellam raust be stimulated 
before the chemical stimulus of contact with the blood is 
received on the sensory plate at theetip ef the labellum', so 
that ingestion may proceed. By seaking a piece of foam 
plastic or cotton wool in blood, tiny blood pools are formed 
under the membrane which preven! immediate dispersion 
of the saliva injected by the fly. Hence a situation is 
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It may also be a 
promising method for the economieal large scale rearing 
of these insects, 
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Species and Sex-specific Compounds 
from the Heads of Male Bumblebees 
(Bombus spp.) 


MosT studies on pheromones and volatile secretions of 
insects, except defensive secretions'?, have used material 
from unrelated species*. Differences between species have 
not been sought, in spite of their importance for chemical 
taxonomy and their broader implications in behavioural 
studies and comparative biochemistry, 

Bumblebees of the genus Bombus seemed a favourable 
group for seeking such differences. Several species occupy 
the same area and their behaviour is reasonabl y well 
known*, In particular, the scenting behaviour of the 
males has been described by several authors, They fly 
along established routes, certain points of which they mark 
by depositing scent secretion from their mandibular glands 
on leaves, twigs and similar surfaces. These scents seem 
to be species-specific because males of one species do not 
visit points marked by males of another. The function of 


nubile queens and so increase the likelihood of mating. 
Presumably the seeretions contain attractant pheromones. 
Kullenberg® found that. B. hortorum males were attracted 
to areas marked artificially with hydroxyeitronellal which 
smells like the scent they produce. Stein? thought farnesol 
(3,7, 1H -trimethyldodeca-2,6, 10-trien-1-0l) was an impor- 
tant constituent of the scent of B. terrestris males, but this 
could not be detected by Bergstrom et al.?, who identified 
2,3-dihydro-trans-6-farnesol as the main component of a 
mandibular gland extract together with its acetate and 
ethyl laurate. I have now identified the main components 
in extracts of the heads of males of five other Bombus 
species; these all differ and were not detected, or detected 
in only trace amounts, in females of the same species, 
Because it is difficult to dissect out the mandibular 
o because scent material may be 
produced in other cephalie glands*, acetone-ether extracts 
were prepared from whole heads. The resultant oils, after 
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substantial amounts of volatile components, those of 
extracts from queens and workers did not. 


B. agrorum was attributed to a Cy, unsaturated alcohol 
(Table 1), which had undergone dehydrogenation!? as 
well as dehydration in the GCMS system-—indieated by 
conversion? to à mono-unsaturated trimethylsilyl ether. 
A 7,8 double bond was indicated ( Fig. la) by GCMS 
analysis (support coated open tubular column, OF-1 
silicone, 196°) of the derivative obtained by the technique 
of hydroxylation and silylation, developed! to determ- 
ine double bond position in fatty acids. The parent com- 
pound, hexadee-7-en.1-0l, probably with the cis configura- 
tion. (absence of frans absorption in infrared). seems 
previously unknown as a natural produet. It could not 
be detected in extracts of queens’ or workers’ heads. 


CH,(CH,),CH(OTMS)— —CH(OTMS)(CH,),CH,OTMS 


mje 215 275 


(a) 


CH,(CH,),CH(OTMS)— —CH(OTMS)(CH,),CH,OTMS 
nye 187 303 


(b) 


CH (CH ),CH(OTMS)— —CH(OTMRYCH ,,COOC,H, 


mie [590 273 


(e) 


Fig. I. Eragmentation of trimethydlsiiy} ethers (PMS = Si(CH,),.) 


The main component of extracts prepared from heads of 
male 5. lapidarius was a similar mono-unsaturated Cis 
aleohol (Table 1), but the mass spectrum of the appropriate 
derivative (Fig. 15) showed it to be hexadee-9-en-1-ol, 
again probably with eis configuration, that is, pa Imitoleyl 
alcohol. These extracts also contained hexadecanol and 
n-tricosane. The two aleohols were not detected in an 
extract of workers’ heads. 


Table 1. MASS SPECTRAL PATA FOR MAJOR COM PONENTS, AND THEIR DERIVA- 


TIVES, OF EXTRACTS OF MALE BUMBLEBEES' HEAPS 


Route to 
derivative 


mie values 
Main component Derivative 

Sia (M+) 207, 
7a (hase), 73 

400. CMY), 475, 


SiO AID 


Species 


resolution), 41 Chase), 55 


B. agrorum Silv lation 

Hvdroxylation 
and silvlation 

B. lapidarius 240M^, very small), 238, 312 (M^), 207, Silvlation 
223, 41 (base) :5. 73 

(Mo). 475, 


Hvdroxylation 
303, 137 | 


and silylation 


Hydroxyiation 
ard silylation 


B. lucorum 254 (M^), 200, 208, 1868; 432 (Mj 
Sus 


AS amd LOL small 


fats; its ethyl ester is hitherto unreported from a 
natural source. This extract also contained the ethyl 
esters of laurie, myristic and C,, and C,, unsaturated acids, 
n-heneieosane, n-tricosane and n-pentacosane. Extracts 
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of queens’ and workers’ heads did not contain substantial 
amounts of ethyl myristoleate. 

B. derhamellus is less common locally than the other 
species examined and the only males obtained for analysis 
were about 2 days old. Extracts of their heads contained 
(GCMS) series of alkanes n-C,,H 3, to n-C,,H;, and alkenes 
n-CogH yp to n-C,,H4,. The odd carbon members were more 
abundant than the even carbon members and the main 
components were n-tricosene, n-pentacosene, n-tricosane 
and n-pentacosane. These compounds were present in 
only trace amounts in an extract of workers’ heads. The 
unsaturated compounds were not detected in extracts from 
other species and the major saturated compounds were 
observed elsewhere in much smaller amounts. This 
suggests that the pattern described is specifie for B. 
derhamellus males but it may be characteristic of young 
bees and older bees may contain a more volatile, specific 
compound. 

'The main constituent of the extraet from heads of male 
B. pratorum is à C,, terpene alcohol, Its mass spectrum 
resembled that of farnesol, and comparison of its retention 
time with commercial farnesol suggests that it may be the 
trans, trans-isomer (major component with longer reten- 
tion time*:!5), The retention time and mass spectrum of its 
trimethylsilyl derivative also resemble those of the deriva- 
tive from farnesol. The mass spectra of isomeric terpenes 
are so similari’, however, that further information 1s 
needed before it can be identified with certainty. This 
extract also contained n-tricosane. The terpenoid com- 
pound was not detected in extracts of queens’ and workers’ 
heads. 

Although only a few inseets could be obtained for 
analysis (the largest sample was ten workers; most 
analyses were of extracts from individual bees), the speci- 
ficity of gas chromatographic patterns and diversity of 
compounds identified strongly suggest that there are 
chemical differences, not only between species, but also 
between the sexes of one species. Care was taken to avoid 
possible contamination by sebum” and the production of 
ethyl esters by using ethanol as solvent. The identifica- 
tion of ethyl myristoleate as the major volatile compound 
from B. lucorum males and of 2,3.dihydro-trans-6- 
farnesol from B. terrestris males? is of special interest 
because these species are difficult to distinguish, even by 
mieroseopie characters. Some authorities have suggested 
that they should be treated as forms of the same species, 
but the ehemical evidenee does not support this. 

Extracts from parasitic bumblebees (Psithyrus vestalis, 
males), from solitary bees (Osmia rufa, males and females) 
and from wasps (Vespula germanica, males and workers) 
were prepared and analysed in the same way. None of 
these extracts contained large amounts of any single 
eomponent. On the eontrary, they were all remarkably 
similar, containing small amounts of as many as forty-five 
compounds as indicated by gas chromatography. "These 
are probably of tissue rather than glandular origin and this 
result provides further, strong, circumstantial evidence for 
a specifie biological role of the different compounds 
observed in Bombus males. The apparent absence of a 
major volatile component in extracts of heads of male 
P. vestalis, comparable with 2,3-dihydro-trans-6-farnesol in 
B. terrestris®, which P. vestalis parasitizes, is noteworthy. 
Because females could not be obtained for comparison, the 


Although it is tempting to postulate that the species- 
specific compounds identified in these Bombus males may 


suggests that this eompound may be used as a fixative for 
the more volatile scent components, analogous to the use 
of n-tridecane in arthropod defensive secretions ®t, 
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Fluctuating Temperatures and the 
Length of Life in Drosophila 


Lamp! has pointed out that if Pearls? "rate of living" 
theory of ageing is true the expected life span of poikilo- 
therms such as Drosophila kept for hal? their hives at one 
temperature and half at another is the harmonie mean 
of their expectations of life at the two temperatures. ‘This 
is, of course, no different from the «xpression of Shaw and 
Bereaw?, which was based on the assumption that the 
ageing process is a consequence of a loss of a "longevity 
substance” or of "vitality" and that im poikilotherms the 
rate of this loss is accelerated by raising the temperature. 

A convenient way of ensuring that organisms spend 
known proportions of their lives at different temperatures 
is to place them in an environment m which the tempera- 
ture is made to fluctuate in a predetermined and regular 
way. In Drosophila, where the life spaa can be measured 
best in days, a daily rhythm is appropriate. 

I5 firsi used this method to test asuggestion of Maynard 
Smith? that if his "threshold" theery ef ageing is true it 
should not matter how the periods:spent at low and high 
temperatures are divided because any periods spent at the 
high temperature before the threskold is reached will be 
of no consequence. This theory postulates that the 








a 


process of ageing, unlike the process of dying, proceeds at 


inbred lines, were aged at 25° C, 380° C and at alternating 
12 h periods at these two temperatures. Tt was found, 
using Shaw and Bercaw's expressien, that the flies lived 
longer than expected according :o the rate of living 
theory, but not as long as expeeted aecording to the 
threshold theory, exeept in the case of one tvpe of male 
where a very good fit to the 
obtained. 

I concluded that the original form of the threshold 
theory should be modified because if seems to be important 
how the pre-threshold period is spent at the low and the 
high temperatures. I suggested that, m the fluetuating 
temperature environment, changes ‘akeplace durmg each 
of the 12 h periods at the high temperature which are not 
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completely reversed in the following 12 h period at the low 
temperature. 

The lengths of the dying phase at 25° C and 30° C were 
not known at that time and an estimate of the quantitative 
&greement of the results with the threshold theory was 
not possible. If dying is dependent on temperature, 
continued exposure to the high temperature throughout 
life would result in an underestimate of the agreement 
with the threshold theory, a point to be borne in mind 
when interpreting the results given here. Table 1 give: 
estimates of the lengths of the dying phase in D. melano- 
gaster at 25" C and 30° C. These data were obtained by 
ageing flies at 15° C and then transferring them at 99 
days of age to the higher temperatures. According to 
the threshold theory, the flies should immediately begin 
to die because they have greatly exceeded their expecta- 
tions of life at these temperatures. 


Table 1. ESTIMATES OF THE LENGTH (IN DAYS) OF THE “DYING PHASE" OF 

THE LIFE SPAN OF Drosophila melanogaster AT 25° C AND 30? C AND, BY 

SUPTRACTION FROM THE MEAN TOTAL ADULT LIFE SPANS GIVEN IN TABLE 2, 
ESTIMATES OF THE LENGTH OF THE "AGEING PHASE” 


Type A hybrids Type B hybrids 


Male Femate Male Ferale 

25? € 
Ageing phase l490r0i7 27-142-6 21:9 + 2-4 30-0 + Z1 
Dying phase 25:6 T 1:5 31:4 x7 2:3 26-8 12-2 32:4 E b7 
Total life span 40-521-0 OS + 13 48°7 + 1:0 62:-4+1°3 

80? (C 
Ageing phase ibiti 13-6 - 1-0 13:0 0:7 192-12 
Dying phase 3+ O4 8-9+0-9 7:4: 0-6 1122+12 
Total life span 20-340-5 22:5 + 0-4 21-3404 24:4 - 0-2 


Hybrid flies similar to those used in the previous experi- 
ments were exposed throughout their lives to two fluctuat- 
ing temperature environments consisting of daily periods 
of 6 h and 3 h spent at the high temperature. The results 
of these experiments are given in Table 2, together with 
the mean survival times of control flies at 25? C and 30? C, 
and the results obtained previously, when the flies spent 
alternating 12 h periods at the two temperatures. If 
my hypothesis is eorreet, there should be progressive 
inerease in the expectation of life beyond the values 
predieted by the rate of living theory as the period 
spent at the high temperature decreases. The response 
of females is quite different from that of males. The 
observed survival times of males agree satisfactorily 
with the expectations of the rate of living theory whereas 
those of females exceed those expeeted. Indeed, when 
the daily period of exposure is reduced to 3 h, female 
flies live as long as those kept continuously at the low 
temperature, as predicted by the threshold theory. 


Table 2. MEAN EXPECTATIONS OF LIFE (IN DAYS) OF HYBRID Drosophila melano- 

gaster MALE AND FEMALE ADULTS AT 25? c, 30? C AND IN THREE FLUCTUATING 

TEMPERATURE ENVIRONMENTS, TOGETHER WITH EXPECTED EXPECTATIONS 
OF LIFE ACCORDING TO THE RATE OF LIVING THEORY OF AGEING 


Hours/day at Type A hybrids Type B hybrids 


25"C 30°C Male Female Male Female 

24 — h 40:510 58:5 - 1:3 AS-7--1-0 629-4 1:8 

— 24 I, 20-3405 22-540-4 21-3404 244+4+02 

12 12 la 28-0 0-6 — 40:14 1-1 32-6408 386-07 
Expected 27-1 32.1 20-6 35-1 

18 H l, 287-5407 44-541-0 34-8368 450406 
Expected | 32:4 41-8 86-8 44-0 

21 l 82-007 — 6p2 408 S8.1-40-8 — 61-0 0-6 
Expected 86-0 48-7 42-0 52.8 


I conclude that the females can compensate while at the 
low temperature for the stresses of the high temperature, 
provided that the recovery period is long enough. Males 
are much more susceptible and cannot eompensate to 
the same extent as females. They do not even live as long 
as predieted by the rate of living theory, which suggests 
that the effect of repeated exposure to high temperatures 
is more than additive. If compensation involves the 
synthesis of new enzymes necessary for survival in a 
flactuating temperature environment-—a hypothesis sug- 
gested by work on acclimatization to temperature?/7—it is 
possible that male flies have a different or, more likely, a 
less efficient enzyme (protein) synthetie mechanism than 
females. Temperature acclimatization has been reported 
to occur in Drosophila, however, even when protein 
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synthesis is inhibited with eyeloheximide*. Further work 
is urgently needed on this topic. 

If, as in Lamb's experiments, only male flies had been 
used, it would have been necessary to conclude that my 
observations were not consistent with the threshold 
theory, in spite of the fact that this theory of ageing is 
based on sound experimental evidenee*!*, Although the 
results of further experiments may require it to be modi- 
fied, more than incomplete experiments will be necessary 
to disprove this theory. Lamb finds that neither of the 
two theories of ageing provides her with a satisfactory 
explanation of the effects of temperature on the life span 
of Drosophila, but she does not offer an alternative that 
we can test experimentally. 

This work was supported by the Medical Research 
Council. 
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Effect of Larvicides on Simulium Eggs 


Simulium, the biting pest. and veetor of human onchocer- 
eiasis, is best controlled by the regular use of larvieides-— 
DDT in particular—in the streams and rivers in which the 
immature stages develop!. The speed of reinfestation 
after the application of larvicide suggests that Simulium 
eggs are not affected by the doses usually applied? Partly 
because of the diffieulty of finding eggs?, ovicides have 
never received serious consideration for Simulium control. 
Because we have repeatedly found egg masses of Simulium 
ornatum in field breeding streams in Surrey, we have been 
able to investigate the effects of a range of potential 
larvicides against eggs in the laboratory. Our findings, 
with technical details, will be reported fully later, but the 
following is a summary of our results. 

With a period of exposure of 1 h at 20° C, and at 
larvicide concentrations up to 10 p.p.m. (100 times greater 
than the normal field dose), egg masses were unaffected by 
DDT, Baytex, Methoxychlor, Abate and Dursban. 

With an exposure of 24 h and a concentration of 1 
p.p.m., eggs were still unaffected by most of the larvicides 
tested (including DDT, gamma BHC, Methoxychlor, nine 
O.P. compounds and four carbamates), but distinct 
inhibition was produced by four of the O.P. compounds 
and was most marked with Dursban (0,0-diethy] 0-(3,5,6- 
trichloro-2-pyridyl) phosphorothioate). With a concen- 
tration of 1 p.p.m, inhibition of hatching was almost 
complete, while at 0-1 p.p.m. most larvae died before they 
were free of the eggshell. Some inhibiting effeet was still 
evident at concentrations as low as 0-01 p.p.m.. but 
disappeared at 0-001 p.p.m. 

Our most significant finding is that prolonged exposure 
(24 h or possibly more) to the insecticide is more effective 
than exposure to high concentrations for shorter periods. 
In future, this may well necessitate some re-thinking as to 
the best method of controlling the immature stages of 
Simulium with chemicals which combine both larvicidal 
and ovicidal properties. 

The particular compound, Dursban, which has emerged 
as outstandingly ovicidal in the present series is bv no 
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means the ideal one for field use. 1t is hoped that other 
compounds may yet emerge from this sereening pro- 
gramme, equally potent but more seleetive, and possibly 
better suited for field trials or future control of Simulium. 
This work was supported by the Medical Research 
Council and the Ministry of Overseas Development. 
R. C. MuinuEgAD-THOMSON 
JUDITH MERRYWEATHER 
Department of Entomology, 
London School of Hygiene and Tropical Medicine. 
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Anaerobic Degradation of the 
Insecticide Lindane by Clostridium sp. 


Many chlorinated hydrocarbon insecticides commonly 
used in agriculture for pest control persist for extended 
periods in soils, and therefore generate problems of 
environmental pollution. For example, in certain 
circumstances, lindane (y-isomer of hexachlorocyclohexane 
or y-BHC) is known to persist in soil for periods of up to 
11 vri. Such lengthy persistence has been attributed in 
part to the inability of the soil microflora to attack the 
insecticide molecule*. 

Recently, however, we obtained evidence that lindane 
is susceptible to biodegradation in submerged soils’. 
Further evidence has subsequently been published which 
supports the claim for the biodegradation of lindane? . 
Also, results were obtained which indicated that the 
a, B and 3$-isomers of hexachlorocyclohexane undergo 
biodegradation in submerged soils!. Unequivocal evidence 
for a microbiological role in lindane degradation is, 
however, lacking. The aim of the work described here 
was to obtain conclusive evidence for such a role. 

Using enrichment culture techniques in which lindane 
was the only added carbon source in the enrichment 
medium, we isolated an anaerobic bacterium in pure 
culture from samples of flooded soils. In preliminary 
tests in which the bacterium was inoculated into a mineral 
salts medium containing 3-4 p.p.m. lindane and 0-5 per 
cent ‘Difco’ yeast extract and incubated anaerobically at 
30° C for 11 days, the concentration of lindane in the 
medium fell from 3-70 p.p.m. to 0:03 p.p.m. The con- 
centration of lindane in uninoculated samples of the same 
medium did not change over the same period of incubation. 

The bacterium is à Gram negative, anaerobie, spore- 
forming, rod-shaped organism. The vegetative rods are 
straight, 2-9 microns in length and 0-8 microns in width, 
and are non-motile. The spores are spherical and terminal 
and are wider than the vegetative cell. On the basis of 
these characteristics and other biochemical tests we have 
classified the bacterium as a species of Clostridium, 
Prazmowski, 1880 (Caduceus, Prevot, 1938). 

To provide sufficient. amounts of bacterial cells for 
experiments on the degradation of lindane, the organism 
was cultured anaerobically at 30? C in 10 I. amounts of a 
medium having the following composition: (NH,),HPO,, 
0:5g; MgSO,.7H,.0, 0:22; FeSO,.7H,0, 0:0 01g; K,HPO,, 
01g; Ca(NO,., 0-01 g; ‘Difco’ yeast extract, 0-5 g; 
lindane, 5 to 10mg; and distilled water, 11. After in- 
cubation for 6 days, the bacterial cells were collected by 
centrifugation, washed three times in 0-025 M phosphate 
buffer (pH 7-1) and finally resuspended in a small quantity 
of the same buffer. 

In experiments on lindane degradation, aliquots of the 
cell suspension and a solution of lindane in 0-025 M 
phosphate buffer were placed in separate compartments of 
atwo-compartment glass apparatus. Pre-purified nitrogen 
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(oxygen free) was passed through the apparatus for 20 min 
to establish anaerobic conditions. After de-oxvgenation, 
the contents of the apparatus were mixed and the appara- 
tus placed in a waterbath shaker at 30°C. In early 
experiments, two controls, (a) cell suspension plus phos- 
phate buffer, and (b) lindane sovution plus phosphate 
buffer, were also prepared. In later experiments, however, 
only the control mixture of cell suspension and phosphate 
buffer was found to be necessary. 


with oxygen-free nitrogen. 
extracted with n-hexane, and determined quantitatively 
by gas chromatography, using a method deseribed earher*. 
Inorganic chloride in the supernatant, after removal of the 
bacterial cells by centrifugation from the 1h and 27h 
samples, was determined by a micvodiffusion method’. 

Results representative of these experiments (Table 1) 
indicate that the bacterial cell suspension is active in the 
degradation of lindane. Only about 0-5 per cent of the 
lindane present at lh of incubation was found im the 
reaction mixture after incubation tor 27 h. 


Table 1. DEGRADATION OF LINDANE BY 
Clostridium <P.~ 


Lindane remaining 


A WASHED SUSPENSION OF 


Time of Peak height of unknown 


incubation in reaction mixture derivative from lindane? 
h p.p.m. cm 
1 3-67 7-0 
2 2.08 10-0 
a 1:69 12-0 
4 loi i0 
5 1-10 13°65 
6 0-660 PG 
7 0-02 0 


o 

* Total bacterial celi nitrogen in reaction mixture 34-4 ug, 

f Peak of electron absorption on gas chromatograms of Hndane detenm- 
[nation. 

The ability of the organism to degrade hndane was also 
shown by demonstrating the release of the covalently 
linked chlorine of the lindane melecule as chloride ion. 
In all experiments that were perfommed, the concentration 
of chloride ion in the reaction mixture increased during 
the period of incubation. For the amount of lindane 
degraded by the bacterium, we found that approximatelv 
75 per cent of the theoretical ameunt of the chlorine of 
lindane was released, as shown ‘by the results of the 
experiment given in Table 1, 

Another result that was common to all experiments on 
bacterial degradation of lindane was the appearance on 
gas chromatograms for lindane analysis of a second peak 
of electron absorption. In the experimental results 
summarized in Table 1, the second peak of electron 
absorption was present after the first hour of meubation. 
This peak was not present on chromatograms prepared 
from samples of the reaction mixture taken immediately 
after the components were mixed. The retention time for 
this peak was 0-7 min, while the retention times for the 
a, v, B and §-isomers of hexachlorocyclohexane measured 
in the same conditions were 1:2, 1:35, 18 and 2-0 min 
respectively. After reaching a maximum concentration in 
the reaction mixture between 3 and 4 h of incubation, the 
concentration of the unknown substance causing the peak 
of electron absorption diminished and was too low to 
detect after incubation for 27 h. It seems likely that the 
unknown substance was a product of lindane degradation, 
accumulating in the reaction mixture for a brief period, 
ultimately to be further degraded by the bacterium. 

As y-pentachlorocyeclohex-l-ene (y-PCCH) has been 
shown to be formed during the degradation of lindane by 
enzyme preparations from house dies’, we compared the 
retention time of the unknown substance with the reten- 
tion time of a sample of ~-PCCH prepared from lindane by 
a method of alkaline chemical degradation®. The retention 
times were not similar, and it seems unlikely that the 
second peak of electron absorption is caused by y-PCCH. 

While the mode and extent of indane degradation by 
Clostridium sp. have still to be determined, we are of the 
opinion that we have unequivocal evidence for the micro. 
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bial degradation of this insecticide. This opinion is 
based on the observations that the bacterium (a) caused a 
marked loss of lindane from anaerobically imeubated 
reaction mixtures consisting of bacterial cells, phosphate 
buffer and lindane, and (b) released the covalently linked 
chlorine of lindane as chloride ion. 
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New Evidence for the Existence of 
Long Lived Macrophages 


PROLONGED observation of labelled macrophages within 
inflammatory reaetions im the ear chambers of rabbits has 
led to the suggestion that some of these cells may be very 
long lived! ?.. Objective evidence in favour of the existence 
of long lived maerophages has, however, been laeking. In 
adcition, study of granulomata induced by complete 
Freund adjuvant indicates a high rate of turnover of 
participating macrophages, with no evidence of persistence 
beyond 1-2 weeks of the mononuclear cells that originally 
emigrated into the lesion from the creulation?. We have 
found a similar high rate of turnover among the macro- 
phages in chronic inflammatory reactions provoked by 
D. pertussis vaccine or paraffin oil. 

Carrageenin, a crude extract of seaweed, has long been 
known to induce a granulomatous inflammation character- 
ized by massive macrophage infiltration’. We injected 
0-05 ml. of a 1 per cent solution (Seakem 402A.P. Marine 
Colloids) mtradermally into the dorsum of rats’ feet. 
The macrophage precursor cells had been previously 
labelled in vivo with tritiated thymidine (3HT), and 
60-80 per cent of the macrophages in 2-3 day carrageenin 
lesions were found to contain the marker when auto- 
radiographs of the tissue sections were prepared’. Studies 
in radiation chimaeras showed that these recently divided 
circulating preeursor cells were of marrow origin, as in 
other inflammatory states’, 

In the granulomata hitherto studied, the pereentage of 
macrophages labelled with 3H'T and their average count 
of nuclear grains fall steeply after the first few days as a 
result of proliferation and fresh emigration, and reach 
zero after about 4 weeks?. In carrageenin granulomata, 
however, both the percentage and the average count of 
nuclear grains of labelled cells decline only slightly over 
the same period. This suggests that a high proportion of 
persisted for months intact within the lesion without 
dividing. 

To measure the level of DNA synthesis and thus of 
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The uptake of uridine was taken as 
evidence of RNA synthesis and of a healthily functioning 
metabolism. . 
The results indicate therefore that macrophages 
derived from the rapidly proliferating marrow cell, now 
thought to be their usual precursor", may exist in at 
least one type of granuloma for up to 3 months, without 
dividing, dying or being replaced. Because other per- 
sistent irritants induce similar cells to proliferate at a 
high rate, it would seem that the natural history of the 
macrophage may be as variable as that of the lymphoevte 
and greatly influenced by the nature of the substances 
with which it is called upon to deal. l 
W. G. SPECTOR 
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Mycoplasmacidal Action of Normal 
Tissue Extracts 


WHILE studying experimental infection with various 
mycoplasmas, we found that concentrated homogenates 
of mfected animal tissues sometimes vielded negative 
eultures, while higher dilutions of the same homogenates 
were positive. Further examination revealed the presence 
of a mycoplasmacidal factor m extracts of normal tissues, 
which appears during incubation at 37^ C and kills the 
organisms by lysis. 

Tissues were homogenized in sterile physiological 
saline, or in PPLO (pleuropneumonia-like organisms) 


sediment was discarded. Two-fold dilutions were made 
in PPLO broth! containing 1,000 v/ml. of penicillin, 
20 per cent fresh horse serum, 10 per cent yeast extract. 
and 0-5 per cent glucose and phenol red as indicator. 
M .neurolyticum? was used for all studies of the tissue factor. 
Jultures of this organism in PPLO broth yielded approxi- 
matelv 10? organisms/ml. after ineubation for 24 h at 
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37° C. Various numbers of mycoplasmas, contained in 
0-9 ml., were added to 1-8 ml. of broth containing diluted 
tissue extract, and the mixtures were ineubated at 31 €. 
Plate counts were carried out by inoculating 0-1 ml. on 
PPLO agar plates after various times in order to determine 
the extent of killing; the broth suspensions were incubated 
for 4 or 5 days, or until a eolour change indicated growth 


titres of activity were seen in extracts of liver, kidney, 
intestine and embryo; human synovial tissue, and ex- 
tracts of HeLa and L cells were also myeoplasmacidal. 
An extract of mouse liver was similarly tested against 
"ultures of M. gallisepticum, M. hominis I, M. pulmonis 
and M. arthritidis, with the same results; no significant 
differences in vulnerability were observed among the 
strains tested. Cultures of E. coli and Streptococcus 
haemolyticus, tested in the same way, were not affeeted bv 
the mouse liver extraet. 

The thermostability of the factor in mouse liver was 
found to vary, depending on whether freshly prepared 
suspensions, or older extracts stored in the refrigerator at 
4? C, were used. The myeoplasmacidal action of fresh 
extracts was completely inactivated by heating at 70° € 
for 1 h, while extracts which had been stored for 2 days or 
longer were resistant to this temperature and only partially 
inactivated by a temperature of 100° C. Bacteriological 
studies of both fresh and aged extracts gave uniformly 
negative results. 

The time of killing was also different for the two types 
of extract (Table 2). Fresh extract showed little or no ii i i l | | poi OM 
myeoplasmacidal action during the first hour of incubation, Fie 1 a Suspenaion of Qf. erri, A et dom and is Of 
and although partial killing oceurr ed by the end of 12 h. the organisms. b, The same suspension, untreated, 
some of the organisms remained alive for 24 h or longer. 
By contrast, the "active" extract killed all mycoplasmas 
during the first hour of incubation. Despite this difference, 
the actual titres of mycoplasmacidal activity in the two 








extracts were approximately the same (1:128 in the 
fresh extract; 1:256 in the "active ). 

Electron microscopy of mycoplasma suspensions which 
were treated for 1 h with the “aciie extract of mouse 


Table 1. MYCOPLASMACIDAL ACTION OF TISSUE EXTRACTS : i : i ; 
liver had disrupted membranes and all organisms were 


Dilution of extract* 


Tissue 1:8 2:16 — 1:32 1:64 — 1:128 1:256 iysed (Fig. 1). The extract was heemolytie for mouse 
Mouse liver 0 0 0 0 0 * erythrocytes, causing complete haemolysis of suspensions 
ee o o 0 o o a of washed cells after 30 min at 37^ C; the titres of 
embryo 0 0 0 0 + + extract causing haemolysis were essentially the same as 
he » : H E H H those of mycoplasmacidal activity (Table 3), An ether 
spleen + - + + + + extract of the liver extract, evaporated to dryness and 
aan anoyi ^ j : : A resuspended in saline, had the same haemolytic and 
kidney 0 0 0 0 0 + mycoplasmacidal properties as the orginal preparation. 
LOHN PONR : , ^ Y E i Fresh extracts of mouse liver were not haemolytic, but 
Mouse serum » 4 H + + + haemolytic activity appeared when these were incubated 


* Each tube contained tissue extract diluted in 1-8 ml. of PPLO broth. at 37? C for 6-8 h. When the fresh extracts were first. 
M. neurolyticum, 10° organisms in 0-2 ml. Tubes were incubated for 5 days. gub j eeted to 70? € for 1 h, before incubation, no haemolysis 

+, Growth of M. neurolylicum; 0, no growth. 2 s ci. RO hack ex A CU M QM SEE E 
was demonstrable (Table 3). 


Table 2. TIME OF KILLING OF MYCOPLASMAS BY FRESH AND "ACTIVE" The results suggest that a thermelabile enzyme con- 
EXTRACTS OP MOUSE LIVER tained in fresh normal tissue may ge rise to a thermo- 

Xietenct s de^ or rr ic crus aa stable, ether-soluble lytic agent during the time required for 

Fresh + d jo i ot roe «10 ' 0 incubation of mycoplasma cultures, and this agent then 
Fresh, heated 70° C} 10 104 108 > 108 > 10 destroys the organisms. The same material develops 
Pyke PME re : ° d during prolonged storage of tissue exiracts at 4°C. The 


] . ; IEA , sossibility that the active factor may be lvsolecithin is 
* Samples of 0-1 ml. from each tube plated on PPLO agar at indicated time r as : y : DV id EMEN E e ed jd : i l : : i 
after incubation at 37? C. Numbers indicate number of mycoplasma colonies under investigation. Small quantittes of 1 vsolecithin 


in 1-0 ml. were detected by thin-laver chromatography in liver 
t Fresh 10 per cent liver extract in PPLO broth, inoculated with M. OMA i u dn KOMER bs a bats 
neurolyticum, 10* organisms/ml. homogenates that had been ineubatec at 377 C or stored 
f Same, subjected to 70° C for 1 h before adding mycoplasmas. for several days in the refrigerator, Purified Ivsoleeihun 
8 "Aetive"——a sterile extract of mouse liver stored at 4°C for 3 days. ANM NEM OR n CN COS ERO NOM ERU f MEE 
© Same, subjected to 70° C for 1 h before adding mycoplasmas. wes found to kill mycoplasmas by lysis, im concentrations 


Table 3. HAEMOLYTIC ACTIVITY OF MOUSE LIVER EXTRACTS 
Dilution of extract. 


Extract* 1:8 1:16 1:32 1:64 E325 1. 256 
Fresh - = s a aT utet 
Fresh, incubated 8 h 37^ € ttt + tet + +++ + GE po = 
Fresh, subjected to 70^ C, then incubated 8 h 37° C -— - — -= - ^ 
"Active" extract t VokGRE dep qeu tbe + ttt + iow = 
Ether-soluble fraction of "active" extract o oko debo o o4 do $ - 
Ether-insoluble residue -— -— -— = we -— 


_ * Each tube contained mouse liver extract diluted in 0-5 mil. of physiological saline, 0-5 ml. of 1 per cent washed mouse erythrocytes, Tubes incubated 
at 37° C for 30 min and read for haemolysis. + + + +, Complete haemolysis. 
t Mouse liver extract stored for 4 days at 4° C. 
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as low as 5 pg/ml. when the organisms were suspended 
n saline and 50 ug/ml. when they were in PPLO broth 
containing 20 per cent horse serum. The gradual forma- 
tion of lysolecithin by a phospholipase in ineubated tissue 
suspensions might cause lysis of mycoplasmas despite the 
inhibitory aetion of serum, if newly formed Iysolecithin 
has access to the surface of the organisms before becoming 
combined with serum. 

A practical implication of the observations reported 
here is that the cultivation of mycoplasmas from tissues 
suspected of infeetion by these organisms may be rendered 
difficult or impossible, depending on the rapidity with 
which the lytie factor appears in the tissue being cultured. 

E. KAKLAMANIS 
L. THOMAS 
K. STAVROPOULOS 
I. BORMAN 
C. Bosuwitz 
Department of Medicine, New York University — 
bellevue Medieal Center, New York. | 
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Reversible Activation of Lysosomes 
by Dimethyl Sulphoxide 


WE have demonstrated that dimethyl sulphoxide (DMSO), 
used in concentrations which protect cells against damage 
caused by freezing and subsequent thawing, can increase 
the activity of rat liver lysosomes, in vitro, as measured by 
increased activity of acid phosphatase’. The presence of 
DMSO in sufficient concentration apparently increases the 
permeability of rat liver lysosomes to the sodium-beta- 
glycerophosphate used as substrate, thereby increasing 
the activity of the enzyme, which was originally masked 
or latent. Our previous experiments also indicated that 
DMSO, despite releasing some acid phosphatase from lyso- 
somes in the conditions used, might not permanently 
alter the lysosomal membrane. 

We have now shown that the effect of DMSO is revers- 
ible, at least in part, and does not permanently alter the 
lysosome. The DMSO can be removed or sufficiently 
diluted by washing to allow the lysosomes to regain their 
latent properties; reintroduction of DMSO reactivates the 
lysosomes. This reversible activation of lysosomes has 
been shown from measurements made in eight experi- 
ments (Fig. 1). 

A fraction of rat liver tissue containing lysosomes was 
obtained by centrifugation of a 10 per cent homogenate 
(w/v) in 0-25 M sucrose in a Sorvall RO-2B centrifuge. The 
supernatant was discarded, and nine aliquots were then 
prepared as 10 per cent suspensions in three test media: 
four in 0-20 M sucrose; four in 25 per cent DMSO in 
0-25 M sucrose plus 0-01 M sodium acetate buffer; and one 
in 25 per cent DMSO in 0-01 M sodium acetate buffer. Two 
control experiments indicated that the presence or 
absence of 0-01 M sodium acetate buffer in the suspensions 
of homogenates had no effect on the reversibility of 
acid phosphatase activation. Three assays at a final 
pH of 5-9 were made for acid phosphatase from each 
of the test media (Fig. la). Enzyme assays were per- 
formed in duplicate as before’. The phosphorus values 
for these results were obtained by a modification of the 
method of Chen et al.*. 

Activity in sucrose represented the minimal level for 
lysosomes not exposed to any activating procedure, 
approximately 23 per cent of total activity. Acid phos- 
phatase activity in mixtures of DMSO-buffered sucrose 
was approximately 47 per cent of the total. 'This repre- 
sented greater enzyme activity resulting from increased 
availability of substrate as a consequence of the presence 
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Fig. 1. Reversible activation of lysosomes by DMSO. Acid phosphatase 
activity is expressed as umoles of phosphorus hydrolysed/mil. of suspen- 
sion/h. Initial values from suspensions in the three test media are shown 
in a; in b the values were obtained from suspensions in the test media 
after resuspensions and two washes by centrifugation in 0-25 M sucrose; 
in e the values were obtained from suspensions in the three test media 
after resuspensions in 25 per cent DMSO in buffered sucrose and two 
washings by centrifugation in 0-25 M sucrose. The test media were: 
S, 0-25 M sucrose; DMSO/S, 25 per cent DMSO in buffered sucrose: 
DMSO/AC, 25 per cent DMSO in buffer alone. Vertical lines represent 
standard deviations from the means. Data were analysed from eight 
experimenta. 


of DMSO. Maximal activity of lysosomal fractions was 
obtained when particles were suspended in DMSO without 
added sucrose}. 

The three remaining aliquots in 0-25 M sucrose were 
washed twice by centrifugation and resuspension in 0-25 M 
sucrose, and were then resuspended in each of the three 
test media to evaluate the effect. of washing on activation 
of lysosomes (Fig. 15). Approximately the same degree 
of latency was measured with ratios for activation 
remaining substantially the same for all three conditions. 
Some of the total enzyme activity was lost in discarded 
washings, a8 a comparison of Figs. la and 15 shows. 

Finally, the three remaining aliquots from lysosomes 
first suspended in DMSO-buffered sucrose—the condition 
for partial activation—-were washed twice by centrifuga- 
tion m 0-25 M sucrose followed by resuspension in each of 
the three test media (Fig. le). Clearly lysosomes exposed 
to eonditions for activation ean regain, in large measure, 
their original latent properties. The data also indicate a 
greater loss during washing of lysosomes originally suspen- 
ded in DMSO sucrose than of those originally suspended in 
suerose alone. 

Our data show that lysosomes are stable in DMSO when 
sucrose is present, capable of partial activation with little 
loss of enzyme!, and capable of reversal of activation as 
demonstrated by resumption of latent properties when 
DMSO is removed. Such stability of lysosomes in solu- 
tions of DMSO is not surprising in view of the evidence 
for the stability of both animal? and plant mitochondria‘ 
and of human erythrocytes in DMSO solutions? of suitable 
osmotic balance. As far as we know, this is the first 
report of reversible activation of lysosomes in homogenates 
and it supports the eontention* that lysosomes may be 
reversibly activated in vivo. 

The apparently graded activation of lysosomes which we 
observed in the presence of DMSO, that is, approximately 
47 per cent of total acid phosphatase activity, may result 
from the complete activation of only a fraction of the 
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lysosomes present, or may depend on partial penetration 
and activation of most or all lysosomes. In the first case, 
activation of only part of the lysosomal population would 
suggest the presence of lysosomes with different properties. 
Evidence for such lysosomal differentiation in rat liver has 
recently been published’. 

A test for the reversibility of lysosomal activation 1s a 
more sensitive measure of the state of lysosomal perme- 
ability than any so far available, and provides a means for 
more accurate definition of the effect of various treatments 
used to stabilize or labilize lysosomes?-?, Treatments 
which affect the permeation of the lysosomal membrane 
by small molecules can now be distinguished from those 
which involve destruction or gross alteration sufficient to 
allow the release of proteins in the form of hydrolytic 
enzymes. A test for latency and reversibility involving 
DMSO should also serve to detect the onset and progression 
of degenerative and disease conditions affecting lyso- 
somes!!-13, 

We thank Barbara H. Thornton and Mary F. Kanz for 
technical assistance. This work was supported by a grant 
from the US National Science Foundation and by the 
University of North Carolina through the University 
Research Council and Institutional Grant Funds. 
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Effect of BCG and Allogeneic Tumour 
Cells on Adenovirus Type 12 
Tumorigenesis in Mice 


HAMSTERS and mice inoculated at birth with tumour 
viruses have been used in studies of the prophylactie 
effects of various treatments during the latent period. 
The incidence of primary tumours in hamsters infected at 
birth with SV40 is reduced if the virus is inoculated during 
the latent period'-?. Similar administration of adenovirus 
type 12 also inhibited the induction of tumours by SV40*; 
this was taken as an indication of a eross-reaction between 
the tumour-specifie transplantation antigens (TSTA) of 
SV40 and adeno 12 virus tumours. X-irradiated SV40 
tumour cells which did not contain infectious virus were 
also effective in reducing the frequency of primary SV40 
tumours when given at various times before tumour 
development? *. 

Nonspecifie stimulation of the reticular endothelial 
system by Freund's complete adjuvant or BCG (Bacille- 
Calmette-Guérin) during the latent period of viral or 
chemically induced carcinogenesis also causes a more or 
less pronounced inhibition of the development of primary 
tumours. Thus Old* reported a retardation of the appear- 
ance of sarcomas induced by methyleholanthrene (MCA) 
resulting from stimulation with BCG after the adminis- 
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tration of MCA. Similarly, reduced incidence of malg- 
nant changes and prolonged survival of animals were 
reported after treatment with BC@ of polyoma infected 
hamsters^*. More recently, treetment with Freund's 
complete adjuvant early in the latent period caused a 
clear cut reduction of the incidence of adeno 12 tumours 
in hamsters’. Inhibition of tumerigenesis by BCG is 
probably a result of stimulation of the host's immune 
response against the TSTA of the developing primary 
neoplasms. In transplantation systems there is evidence 
of a similar nonspecific stimulation of subsequent immune 
responses resulting from treatment with normal or 
neoplastic cell material'®; this is sometimes mus- 
interpreted as evidence of cross-reactivity. It seems 
important to clarify whether a similar nonspecific inhibi- 
tion of tumorigenesis can be obtained. The purpose of 
the work described here was to study the effeet of BCG 
and treatment with adeno 12 tumour cells and Rous 
sarcoma cells on the induction of tumours in mice by 
adenovirus type 12. 

Adenovirus type 12 (Huie strain; was inoculated into 
groups of 12-24 h old CBA mice. Thirty-eight mice 
(seven litters, twenty-one female and seventeen male) 
were not further treated. Thirty animals (four litters, 
twelve female and eighteen male) were each inoculated 
once with 0-05 ml. of BCG (Bacille-Calmette-Guérin 
Tuberkulin, State Bacteriological Leboratory, Stockholm, 
10,000 ie./0-1 ml.) at the age of 4 weeks. Thirty mice 
(seven litters, twelve female and eighteen male) were 
inoculated with 0-1 ml. of an A12SBA mouse adeno 12 
tumour cell suspension (approximacely 10° cells) at the 
age of 1, 2, 4 and 8 weeks. Twenty-six animals (seven 
litters, thirteen female and thirteen male) were given 
0-1 ml. of an RSBF mouse RSV-SR sercoma cell suspension 
(approximately 109 cells) at the age ef 1, 2, 4 and 8 weeks. 
Primary tumours were recorded at weekly intervals, Ail 
the tumours had the macroscopical appearance typical of 
adeno 12 tumours and ten tumours which were studied 
histologically showed the same microscopical eharacter- 
istics as those reported previously for adeno 12 tumours, 

The results are summarized in Fig. 1. The incidence of 
tumours in untreated mice was 55 per cent (57 per cent in 
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Fig. 1. Cumulative frequency of tumour in CBA mice infected with adeno 

12 virus when newborn and treated with BCC or allogeneie Bous or 

adeno 12 tumour cells during the latent period. The probability (accord~ 

ing to chi square test) that the differences between untreated controls 
and treated groups is due to chance is leas than 01, 
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females, 53 per eent in males) Treatment with BCG 
reduced the incidence to 14 per cent (25 per cent in 
females, 6 per cent in males) and also resulted in retarda- 
tion. of tumour development. The administration of 
either adeno 12 tumour cells or Rous sarcoma cells 
decreased the incidence of tumours to 8-10 per cent (16 
per cent in females and 3 per cent in males). As previously 
reported!?.32, the incidence of tumours was somewhat 
hugher in females than in males. 

Because immunization of mice with RSV-SR sarcoma 
ceils does not lead to immunity to adeno 12 tumours!!, 
the inhibition. of tumour induetion by adeno 12 virus 
resulting from treatment with Rous sarcoma cells must 
be interpreted as a nonspecific effect similar to that of 
BOG. Thus the inhibitory effect of adeno 12 tumour cells 
cannot be regarded as specific in this experiment. It is 
obviously of great importance to be able to distinguish 
between the effeets of nonspecific stimulation. of the 
unmune system of the animals ("the BCG effect), and 
the effects of specific immunization against the TSTA of 
the tumours, whenever tumour prevention experiments 
are usod to characterize the material inoculated during 
the latent period. 

The pronounced effect of BCG treatment in the work 
described here indicates that it is quite feasible to obtain 
efficient’ protection against at least some tumours by 
nonspecific stimulation of the immune responsiveness of 
the hosts at a relatively late stage of the latent period 
before tumour development, a stage when any effeet on 
the antiviral immune response would no longer be pos- 
sible. Consequently it seems to be clear that the effect 
is the result of stimulation of the immune reaction against 
the TSTA of the developing tumour cells, 

This work was supported by grants from the Swedish 
Cancer Society. We thank Miss Britt-Marie Ljungström 
for technical assistance. 
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Evidence for Heterogeneity of 238 RNA 
in E. coli 

CISTRONS for ribosomal RNA (rRNA) in bacteria exist 
in multiple copies”. There is therefore genetic potential 
for several molecular types of 168 and 238 rRNA. 
Beeently. Young? has reported evidence for such hetero- 
geneity in fy scherichia coli rRNA. We wish to report 
evidence of a different nature that such heterogeneity 
exists. This evidence has been obtained by electrophoresis 
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on density gradient polvacrylamide gels and by stepwise 
elution from methylated albumin kieselguhr (MAK) 
columns. 


No RNA Was isolated from - : (15 ee ae 


agela ted on a Beh un LA onal mos 
em. as eee by Hastings ef al.5. After pre- 
cipitation from the sucrose density gradient (RNase free 
sucrose-—Sehwarz Biochem.) the RNA was dissolved in 
0-05 M phosphate buffer, pH 6-7, and run through a 
‘Sephadex G-25° column in the same buffer. The material 
eluted in the void volume was stored frozen (— 20° C) in 
small aliquots until used. Samples were used within 2 
weeks of preparation; older samples were discarded. 

Density gradient polyacrylamide gels were prepared 
with the gré radient described by Salo and Kouns*. The 
gels were 5-6 em Jong and 0-6 to 0-7 cm in diameter. 
The gradient used was a continuous linear gradient 
ranging from 2-0 to 10-0 per cent polyacrylamide with the 
low concentration at the origin. Bis-aervlamide accounted 
for 5 per cent of the acrylamide concentrations used. 
Apart from the innovation of using à gradient, the pro- 
cedure for gel eleetrophoresis was that of Loening*. The 
electrophore ‘esis was run for 2 h at 6 mA/gel. After com- 
pletion of the electrophoretie run the ge i were unimerseg 
in 01 N NH,OH for 1 h and then stained in 0-2 per cent 
methylene blue in (04. M sodium acetate buffer, pH 4-6, 
for another hour. Alternatively, some gels were stained 
in acridine orange as deseribed by Richards, Coll and 
Gratzer? Destaining in all eases was carried out in 
15 per cent acetie acid for at least 6 h. 

Fig. la shows the result obtained when the sample is 
run on a density gradient gel and Fig. 15 shows the result 
obtained with the same sample run on a standard 2-5 
per cent gel. The RNA bands. although evlindrieally 
symmetric, are not perfectly flat disks, so seanning and 
photography are extremely difficult. 

The standard procedure using 2:5 per cent gels gives a 
major diffuse band at least 2 mm in thickness. Density 


gradient gels demonstrate three very narrow bands all 
The three narrow 


within Lo mm of each other. bands 
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Fig. 1. Photographs of polyacrylamide separation of 23S RNA, 

a, 2-10 per cent density gradient gel. Density gradient gels were sliced 

into thin sections and frozen in a dry ice-acetone bath for photography. 
b, 2-5 per cent gel 
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consist of two very heavy staining bands and one lighter 
staining band. In addition, several very light staining 
bands have been observed further from the origin. The 
lighter bands are not apparent in the photographs. 
Fig. 2 shows a diagrammatic representation of the results 
(not to scale). The heavy dark bands represent major 
eomponents, whereas the light stippled bands represent 
minor components. The results are the same with both 
acridine orange and methylene blue staining. If the 
electrophoresis is run for 3 h the results are essentiallv 
the same. In the density gradient gels the components 
reach a point in the gel where their further migration is 
prevented by the increasing gel concentration. It would 
therefore seem that the gel is acting as a moleeular sieve 
in which the pore size is constantly decreasing. Tt should 
be noted that all the three thin bands are within 1-2 mm, 
that is, they are contained in a narrower space than that 
oecupied by the major band in the 2-5 per cent gels. The 
separation can therefore be based on slight differences in 
molecular conformation. 
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Fig. 2. Diagrammatic representation of polyacrylamide separation of 

938 RNA, d, 2-10 per cent density gradient gel. The lighter bands, 

indicated by stippling, are not apparent in the photograph (Fig. 1a). 
b, 2:5 per cent gel. 


This same technique has been used with RNA obtained 
from the ribosomes of another strain of E. col; (RNasejo) 
and again significant differences are seen and the band 
patterns are similar (but not identical) to those reported 
here for the 15 TAU- strain. 

We also have evidence from MAK 
supports the polyacrylamide gel findings. 
be reported in detail at a later date. | 

This work was supported by grants from the US 
National Institutes of Mental Health and National Aero- 
nauties and Space Administration. H. W. S. is an NIH 
predoctoral fellow. We thank Mr Elmer Klucis for the 
zonal centrifuge preparations of RNA and Dr John Lett 
for the use of the eentrifuge facility. 
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Haploids from Cultivated Alfalfa, 
Medicago sativa L. 


HapLorps are valuable for new approaches to genetic, 
cytogenetic and breeding researc’ in plants such as culti- 
vated alfalfa. Medicago sativa Le, which behave as auto- 
tetraploids. Their use is limited in this species, however. 
by the lack of a technique for their isolation; only three 
haploids have been reported'^. Recently, we isolated 
eight haploids (2n=2r=16) “rom cultivated alfalfa 
(2n = 40 = 32) among the progeny sf 4r-2z crosses, designed 
to facilitate the detection of haploids. Thus 4x-2r 
crosses provide a simple and effective method of obtaining 
alfalfa haploids. 

Tetraploid seed parents (Table 1) were descended from 
four different eytoplasmieally male-sterile breeding stocks. 
(Original stocks were obtained ‘rom Dr W. H. Davis. 
Teweles Seed Co.. Milwaukee, Wisconsin.) Male-stenility 
ensured absolute control of polanation in hand crosses 
which were made in the greennouse. Pollinators were 
vigorous wild diploid (2n-:16) plants of M. sativa, M. 
falcata and their hybrids. The first six tetraploids, 1-1 to 
1-6 (Table 1), carried a homozygous recessive seediing 
marker (cece) producing green hypocotyls.  Pollinators 
were homozygous dominant (CC) and one week old seed- 
lings were classified as hybrids (red hypocotyls) or possible 
haploids (green hypocotyls). Large numbers of seedlings 
can be screened using this seedling marker. 


Table H. ALFALFA HAPLOS AMONG 


CROSSES 


Fa BRID E T noe 


PROGENY FROM 


l Number | 
Eaplioids Hybrids 


dr Flowers 

parents pollinated 

1-1 2,000 1 $7 

1-2 2.000 "e i8 
3 1.000 eem 5 
-d 2,000 vum 24 
a) 1,000 & 

5 2.500 — 33 
-ü 2,000 seve i 
2-0 2,000 1 14 
2-1 2,000 c is 
2-2 2, 500 
2,500 
2,500 


DL do i 
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The tetraploids varied in ther capacity to produce 
haploids. Only one haploid was derived from tetraploids 
carrying the marker gene and rumber one cytoplasm, 
on which more than 10.000 flowers were pollinated. In 
contrast, the other tetraploids produced one haploid for 
each 1,500 flowers pollinated. The number of triploid 
and tetraploid hybrid progeny hes not been determine d. 
but is expected to be about one triploid to two tetra- 
ploids*. | 

The eight haploids (Table 1) are thrifty and morpho- 
logically normal except for one which has short internodes, 
irregularly shaped leaves and has not yet flowered. Their 
growth rate and leaf size are abou half that of the tetra- 
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ploid parent and the hybrid progeny. Preliminary genetic 
and cytogenetic research indicates they are female- 
fertile in crosses with diploid plants of M. sativa and M. 
faleata, and that meiosis can be studied in pollen mother 
celis. The fact that all the haploids were produced from 
cytoplasmically male-sterile tetraploids modifies their use 
in breeding research. It should, however, be possible to 
restore male-fertility by crossing the haploids with certain 
dipleid M. sativa and M. falcata plants which carry genetic 
restorers for the sources of cytoplasmic male-sterility?. 
It should also be possible to obtain haploids with 
some  male-fertility from male-fertile tetraploids by 
using emasculation for pollination control in 4r-2x 
CrOSSOR. 

Because at least one haploid was obtained from each of 
the four tetraploid stocks, the marker gene and four differ- 
ent male-sterile eytoplasms were transferred to the diploid 
level. The use of 4v-2:x crosses, strict pollination control 
and a genetie marker system will enable us to isolate 
alfalfa haploids from other selected tetraploids. Isolation 
of haploids may be accelerated if pollinators ean be found 
which enhance the haploid frequency as has been found 
in potatoes®, 
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Single Presynaptic Neurone mediates 
a Two Component Postsynaptic 
Inhibition 


A Two component postsynaptic inhibition recorded from 
a group of identifiable neurones of the pleural ganglia of 
Apiysia has been recently described. It is composed of a 
rapidly decaying, chloride dependent component, and a 
more slowly decaying, potassium dependent component!-?, 
An ionophoretie injection of acetylcholine (ACh) onto 
cells showing this two component inhibition produces a 
response which also has two components. As with the syn- 
aptie potential, the initial, more rapid phase is chloride 
dependent and the delayed, more slowly decaying phase is 
potassium dependent'. That ACh is the transmitter 
responsible for both phases of the synaptic inhibition was 
farther indicated by the faet that the chloride dependent 
component of both the synaptic and ACh potentials was 
completely blocked by d-tubocurarine or stryehnine!?, 
whereas the potassium dependent component-—unaffected 
by these drugs— was selectively suppressed by the addi- 
tion of tetra-ethyl-ammonium chloride (TEA-Cl) to the 
external medium?. These data suggest that the two 


and triggering two different permeability changes in the 
postsynaptie cells, 

Except in specifie pharmacological conditions, both 
phases of this inhibition consistently appear together. This 
suggests that the activity of a single presynaptie neurone is 
responsible for both components, and the experiments 
described here were designed to support this hypothesis. 
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The two component inhibition had been previously 
elicited by mechanical stimulation of the tentacles!. 
Here an interneurone, the action potential of which was 
invariably followed by a two component inhibition in 
all cells of the identifiable group, was repeatedly localized 
and penetrated. Intracellular recording from this inter- 
neurone (the “‘presynaptic neurone”) showed that it 
receives excitatory input during the stimulation of 
the tentacles. This input fires the interneurone, and 
the action potentials thus produced are followed by 
à two eomponent inhibition in the group of cells studied 


previously (the “postsynaptic neurones") If the 
presynaptic neurone is hyperpolarized so that the 


excitatory postsynaptic potentials (EPSP) caused by 
stimulation of the head are no longer capable of reaching 
the spike threshold, inhibitory potentials are no longer 
seen in response to stimulation of the tentacles. Thus it 


can be concluded that the postsynaptic inhibition follow- 
ing activation of this interneurone is that of which the 
and 


pharmacological ionic characteristics have been 


established! ?, 
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Fig. 1. The upper trace of each set of two records shows the recording 
of a series of action potentials from the presynaptic neurone, and the 
lower trace shows the resultant, repeated two component inhibition re- 
corded (at varying levels of membrane polarization) from one of the 
postsynaptie cells. At --43 mV, both phases of the inhibition are 
hyperpolarizing; the rapid, IPSP-like component can be seen super- 
imposed on a more slowly developing hyperpolarization. At — 60 mV 
(the equilibrium potential for the rapid phase) only the more slowly 
decaying phase of the inhibition is visible, Because of repeated firing, 
this slowly developing component hyperpolarizes the cell beyond the 
potential of inversion of the rapid phase which then reappears as a 
small depolarizing potential. At — 100 mV both the rapid and slow 
components are depolarizing. The slow component, which reverses at 
~80 mV, can be identified as a gradual return of the membrane poten- 
tial to the preset, — 100 mV, baseline after the last of the rapid IPSPs. 
Calibration: time, 1 s; amplitude, action potential, 20 mV; synaptic 
potential, 5 mV. 


Fig. 1 presents simultaneous recording of presynaptic 
spike aetivity and the resultant postsynaptie inhibitory 
potentials. In the postsynaptic records, the two phases 
of the inhibition are visible (the legend gives explanatory 
details). The delay between the summit of the presynaptic 
spike and the onset of the rapid component of the post- 
synaptic inhibition remains constant for a given experi- 
ment and is approximately 4:5 ms. 

To demonstrate that both components of the inhibition 
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are the direet result of transmitter release from this single 
presynaptie neurone, experiments were performed to show 
that a change in the quantity of transmitter released from 
this neurone causes a progressive change in both com- 
ponents of the postsynaptie inhibition. 

Transmitter release. as measured bv the size of the 
postsynaptic potential, has been shown at the squid 
giant synapse to vary with the amplitude of the pre- 
synaptic spike?-. as well as with its duration when the 
latter is modified by intracellular injection of TEA in 
the presynaptic terminals*. Intracellularly applied TEA 
markedly increases the duration of the action potentials 
of the postsynaptic cells deseribed here?, and so 
this ion was injected into the presynaptic neurone in the 
hope of altering its action potential and thereby increasing 
the quantity of transmitter released from its terminals. 
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Fig. 2. Changes in the presynaptic spike and postsynaptie inhibitory 
potentials as a function of the duration of the injection of T EA in the 
presynaptic neurone (A = 0 min; B=15 min; C= 45 min) The first and 
second rows are recordings of the presynaptic spike at rapid (calibration: 
20 mV, 100 ms) and slow (20 mV, 1 s} speeds, respectively. The third 
row is the recording from the postsynaptic cell of the two component 
inhibition (5 mV, 1 s) resulting from the presynaptie aetion potentials 
shown in the second row. The postsynaptic cell was maintained at 
—40 mV by use of a double barrelled micro-electrode filled with 0-6 M 
EKa4SO, One barrel of the double barrelled electrode used to penetrate 
the presynaptic cell was filled with 0-6 M K,8O0,: the other, with TEA Br 
(107* g/ml). An electrophoretic injection of TEA* and SO \- was made 
between these two barrels, 


Fig. 2 shows that TEA injected into the presynaptie 
neurone caused an increase in the duration of the action 
potential, which in turn caused a gradual increase 
in both phases of the two component postsynaptic inhibi- 
tory potential. The slow potassium dependent phase of 
the postsynaptie response can be most easily distinguished 
in the record of column C (see the hyperpolarizing wave 
whieh follows the rapid IPSP). In experiments in which 
the rapid phase was selectively blocked, the potassium- 
dependent component reached its maximum value well 
after the rapid. chloride dependent IPSP would have 
terminated. Consequently, the slow phase can be ade- 
quately quantified by measuring the most hyperpolarized 
level following the peak of the rapid IPSP. A correlation 
coefficient could thus be calculated to evaluate the ten. 
deney of the two phases to inerease concomitantly. The 
value obtained (t= + 0-98) using twenty-one responses 
similar to (and including) those shown in Fig. 2, permits the 
rejection of the null hypothesis at the 0-001 level of 
confidence. The associated increase in both phases as a 
function of the presynaptic injection of TEA suggests 
that this single presynaptic neurone is directly respons- 
ible for both phases of the postsynaptic inhibitory poten- 
tial. 

Transmitter release is a function of the quantity of 
calcium present in the external medium! 3.73, Elimina- 
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tion of this ion from the extraeellular fluid reduces and 
eventually blocks release. An experiment was performed 
in Which the ganglion was bathed in artificial seawater 
deprived of ealeium (with EGTA added). Fig. 3 shows 
that in spite of the fact thar the presynaptic spike 
remained intact, both phases of the postsynaptic imhibi- 
tion reduced progressively with time in the caleium free 
medium. Quantitative evaluatson of the diminution of 


repeated presynaptic firing, 
come, however, by using--as a measure of the rapid 
IPSP-—-only the first IPSP of each series (sce arrow on 
first photo of Fig. 3). Unlike those that follow, this 
initial potential is not superimposed on the alowly develop- 
ing hyperpolarization caused be the slow phase. It is 
always initiated at the preset membrane potential ( — 40 
mV) and a decrease in its size depends solely on the 
diminution in release caused by the calcium depriv- 
ation. 

In order to obtain a measusable slow phase (except 
when TEA has been injected presynaptieally) it is neces- 
sary to provoke its potentiation aud summation by repeated 
firing. The magnitude of the sow phase thus obtained 
can best be represented by the most hyperpolarized level 
reached following the last of the rapid IPSPs (see hori- 
zontal trace on the first photo o? Fig. 3). To determine if 
the two phases decrease concomitantly in the caleium 
free medium, a correlation coefBetent was ealeulated. Ts 
was concluded that the two phases are related (r= + 0-90; 
null hypothesis rejected at P= 0-005), Both phases of the 
inhibitory potential reappear readily on return to normal 
seawater. 

This reduction in the inhibitory potentials is not caused 
by effects of the calcium-free medium on the postsynaptic 
membrane because both components of the ACh potential 
(resulting from an ionophoretic injection of ACh on the 
postsynaptic cell) are unaffectee by prolonged exposure 
of the ganglion to the calcium-free medium!. 

A single presynaptic neurone, releasing a single trans- 
mitter (ACh ?) from its terminals, can thus have two 
different effects on the postsynaptic membrane receiving 
this transmitter. Other potentials studied in Aplysia by 
Tauc? and Wachtel and Kandel have suggested similar 
phenomena. Transmitter released from the presynaptic 
terminals seems to act on two paarmacologically distinct 














receptors. Its interaction wh the curare-sensitive 
A B S 
POST c". E s gm i gers 
1 a ^ p; A aue 
E P": "P 
m, E JU M i 
— A 
D E 
BHL 
Hill 
il 
PER aa ste, ou dr S 
POST AA eee PST a Mees "e A E rael na Li Riga 


Fig. 3. Presynaptic action potentials (first row) and the resultant post- 
synaptic inhibitory potentials (second raw) as a function of time of 
exposure of the ganglion to caleium-free-seawater (A —0 mun; E30 


min). Note reduction B-E and eventual disappearance F of postaynaptic 
potential in calcium-free seawater. Bots nre and posteynaptie eetis 


were penetrated with 


double barrelled micro-electrodes filed with 
(0:6 M K,SO,. 


Calibration: time, 1 s; amplitude, action potential, 
20 mV; synaptic poteriial, 5 mV, 
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receptors causes a fairly rapid and brief increase in 
chloride permeability, whereas its interaetion with the 
TEA-sensitive receptors produces a more slowly develop- 
ing and more prolonged increase in potassium perme- 
ability. 
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Relationship between Virion Incidence 
and Pathological Stage in Virus-induced 
Leukaemia 


SIMILARITIES between leukaemia in mouse and man, 
together with the unequivoeal viral aetiology of the 
murine disease, have led to the study of murine leukaemia 
as a model for the human disease. Levine and his 
associates! reported a positive correlation between the 
clinical status of leukaemic patients and the incidence of 
virus-like particles in their plasma. For future aetiological 
investigations it seemed necessary to corroborate this 
finding in a system of known aetiology. Detection of 
virions by eleetron microscopy, as well as the isolation of 
infeetious leukaemia virus before development of clinical 
leukaemia, has been repeatedly demonstrated in mice’. 
Quantitative work on the relationship between virions 
and the stage of leukaemogenesis has not, however. been 
reported. 

The pathogenesis of lymphoid leukaemia (thymie 
lymphoma), which develops after inoculation of murine 
leukaemia virus, has been deseribed in detail. The 
thymus is important in both the initiation’ and develop- 

. ment? of leukaemogenesis. 

The pathological alterations characteristic of the 
various stages of the leukaemogenie process can be 
observed and classified in mice 70 days after inoculation 
of murme leukaemia virus; the thymuses of adult 
leukaemic mice contain large numbers of characteristic 
virions. The work deseribed here was concerned with the 
quantitation of virions in the thymus as a funetion of the 
pathological stage of the leukaemogenie process. 

Newborn ICR/Ha Swiss mice received intraperitoneal 
inoculations of 100 LD,, doses of murine leukaemia virus 
(Rich)®, one LD,, being the dose of virus which will produce 
leukaemia in 50 per cent of the mice inoculated within 100 
days. Infected and control mice were killed by ether 
narcotization after 70 days and the left and right thymuses 
were quickly excised and separated. Fixation. was in 
either 2 per cent OsO, in veronal acetate buffer (pH 7-4) 


with 1 per cent CaCl, at 4? C for 2 h or in cold 5 per cent 
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glutaraldehyde in phosphate buffer (pH. 7-4) for 1 h. 1n 
the latter case this was followed by post-fixation in 2 per 
cent OsO, in cold phosphate buffer (pH 7:4) for 1-3 h. 
Tissues were dehydrated through graded ethanols and 
propylene oxide and embedded in Epon 812. Thin 
sections on. 200 mesh copper grids were stained with 70 
per cent ethanolic uranyl acetate followed by Reynolds's 
lead citrate’. Viruses were counted using a Hitachi 114 
electron microscope at a magnification of x 14,500. 
Thirty thymuses (1,000 fields/thymus) from infected and 
control mice were used for this study. Representative 
samples of each thymus were processed for light mieros- 
copy using protocols previously described’. 

The histological stages in the leukaemogenic process can 
be divided into four categories’. Cases in which the two 
thymuses were equal in weight and showed no histological! 
changes were designated normal (stage I). Cases in which 
one thymus had lost weight, and which showed a loss of 
cortical lymphocytes and contracture of the thymic epithe- 
lial cells, were designated as depletion (stage II). Cases in 
which the thymic lymphoblasts filled the entire thymus. 
showed numerous mitoses and architeetural disorganiza- 
tion, but which had not yet enlarged to at least three times 
tie normal weight, were designated | ymphoma £n situ 
(stage HID. Where the thymus was filled with lym phoma 
cells, and the thymus weighed at least three times the 
normal weight, cases were designated overt lymphoma 
(stage IV). This category also included thymuses in 
which tumour cells had already disseminated to the 
opposite thymus and other organs. These could be con- 
sidered disseminated lymphoma. 

To determine the correlation between the pathological 
stage of the disease and the number of virions present, 
representative samples of each thymus were examined by 
electron microscopy to determine the number of virions 
present and by light microscopy to determine the patho- 
logical stage of the disease. 

Fig. 1 shows that both the total number of character- 
istic virions (Fig. 2) and the number of fields containing 
virions were directly proportional to the stage of leukaemo- 
genesis. Among thymuses of leukaemie mice more than 
15 per cent of the fields examined contained typical 
leukaemia virions. In contrast the thymuses of uninfeeted 
mice contained few virions. The distribution and local- 
ization of virions in the thymuses of leukaemic mice were 
similar to those reported by us for newborn infected mice’. 
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Pathological stage of leukaemia 
Fig. 1. Number of characteristic murine leukaemia virions and virion- 


containing flelds per 1,000 fields observed, arranged according to 

pathological stage of disease. One thousand fields per thymus were ex- 

amined, Each point represents one thymus. Brackets describe the value 
of two standard deviations of the mean. 
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Edited by T. G. TUTIN, V. H. HEYWOOD, N. A. BURGES, D. M. MOORE, 
Flora Europaea D. H. VALENTINE, S. M. WALTERS and D. A. WEBB 


Volume ll: Rosaceae Flora Europaea presents for the first time a synthesis of all the national and 


regional floras of Europe. It comprises carefully constructed kevs and 

to U mbellife rae comparative descriptions, together with information on synonymy, variation 
and geographical distribution as well as, where possible, on habitat 
preference and chromosome number. Names used in current floras or 
important monographs are cited in the text or index. The text, in English, 
uses a restricted vocabulary, and there are glossaries of technical terms and 
Latin equivalents. 


Comments on Volume I: 
“Fhe book is a model of concise writing ... It will be used exten- 
sively by botanists, professional and amateur, in many parts of 
the world. Science 
"Ihis wonderful book cannot be praised too highly, and will be 
welcomed by all interested in plants. It is a handsome, easily 
readable volume which is highly recommended. Plant Life 
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Optical Physics S. G. and H. LIPSON 


A major textbook for senior undergraduates and those starting research 
which emphasizes the relation between optics and other branches of physics. 
Thus, although most of the discussion in the book centres on electro- 
magnetic waves and light in particular, the principles are shown to be 
applicable to wave-particles and mechanical waves. 

The book provides a careful selection of problems and includes many new 
illustrations. 753, net 
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Jou rnal of DOREEN BLAKE and RUTH BOWDEN 
A t ú The first issue of the Journal of Anatomy appeared in November 1866. 
na omy: Since then the journal has covered the various aspects of, and recent 
advances in, human and comparative anatomy, embryology, histology, 
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Index to the First cytology, physiology, neurology and morphology. There are separate author 


100 Y and subject indexes. Account has been taken of the various nomenclatures 
ears within the 100-year period. {12 125. net 
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Archeometry Edited by E. T. HALL and M. J. AITKEN 


Archeometry, the bulletin of the Oxford University Research Laboratory 
for Archeology and the History of Art, publishes research into the appli- 
cations of the natural sciences to archeology. Although based in Oxford, 
its contributors come from all parts of the world. 

Archeometry is issued once a year. 10 volumes have already appeared and 
Cambridge University Press will take over publication from Volume 11, 
May 1969. Subscription 40s. net 
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Thus the results with virus-induced leukaemia in mice are 
similar to the observations of Levine et al.! in man. 

Whether this phenomenon is significant to the initiation 
of either human or mouse leukaemia is less elear; the 
specifie cell virus interaetions responsible for virus-induced 
leukaemia are unknown even in the mouse. Thymic 
tissue may be the site for the initial virus-cell interaction 
of the leukaemogenie process*!?, but the thymus is not 
unique in supporting proliferation of the leukaemia 
virus!!, 

Inoculation of murine leukaemia virus is followed by an 
eclipse period during which infectious virus cannot be 
detected?. The subsequent period of viral proliferation 
continues throughout the period of leukaemia develop- 
ment. In spite of this viraemia, the earliest pre-prolifera- 
tive histological alterations which lead to thymic lym- 
phoma eannot be detected for some 20-50 days after 
inoculation®. It therefore seems unlikely that this increase 
in the number of virions in the mouse (or man) 1s 
causally related to leukaemogenesis. The possible 
relationship between production of virus at a specific site 
and the clinical development of the disease remains to be 
elucidated. 





Fig. 2, Electron micrograph of thymic cells from leukaemie mouse 
(stage IV), Characteristic murine leukaemia virions may be seen bud- 
ding from microvilli and membranous borders of vacuoles. 


In the absence of specific labelling data we cannot be 
certain if the virions observed in the thymuses were 
synthesized ¿n situ or came primarily from extra-thymic 
sites of virion synthesis. The gradient of virion concen- 
tration illustrated in Fig. 1 as well as the incidence and 
distribution of budding virions within the thymic tissue 
suggest in situ proliferation. (In a sample consisting of 
eighteen thymuses of leukaemic mice (18,000 fields) the 
number of virions observed in intercellular spaces and in 
the cytoplasmic vacuoles of epithelial and lymphocytic 
cells was 4,210, 342 and 28 respectively. The approximate 
ratio of budding. immature C to mature C particles was 
1:2 in intercellular spaces. 1:6 in the vacuoles of 
epithelial cells and 3:1 in the vacuoles of lymphocytic 
cells.) 

The significantly higher incidence of virions and virion 
containing fields in “leukaemic” thymuses may reflect an 
enhanced capability of less differentiated cells to support 
the synthesis of leukaemia virus. 

A positive correlation between metabolic activity and 
virus proliferation has been suggested for avian leukaemia 
viruses!?, The increased virus proliferation observed in 
thymuses during active leukaemogenesis may also reflect 
this phenomenon. 

We thank Dr Edmund Masurovsky for his participa- 
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tion during the early stages of this study. This work was 
supported by a career development award (to M. A. R.) 
and two grants from the National Institutes of Health. 
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Nuclear Sheets in Epithelial and 
Connective Tissue Cells 


THin sheets of nuclear material limited on both sides by 
the nuclear envelope have been deseribed in several 
electron microscope studies and referred to as nuclear 
blebs, pockets, loops or projections. The first term 
(nuclear sheets) seems to be the most apt to deseribe all 
the morphological features of these structures on thin 
sections!. They have chiefly been recorded in association 
with interphase nuclei of human and other mammals 
(see refs. 2-6), but they have also been studied in 
amphibia’, a bird* and a eyelostome*. The remarkable 
feature of the nuclear sheets is their approximately 
constant thickness, about 300 and 500 À'. The middle 
philic material? or to the "line C'* deseribed by others: 
all these structures have to be referred to the thread-like 
structural unit or unit thread of heterochromatin forming 
either envelope-limited sheets or envelope-associated 
layers*. Structural explanations for the formation of the 


nucleus and cytoplasm. 

We must point out that the nuclear sheets have been 
deseribed in vertebrates. in both normal and abnormal 
cells, only from the blood, bone marrow, lymph nodes and 
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Vig. 1, Nuclear sheets (arrows) in human dermatoflbrosareoma celis. 


(0, x S,000; b, x 20.400.) 





Fig.2. Nuclear sheet (8) in a human lung carcinoma cell, £, Tonotibrils, 


Large arrow, desmosome, (x 11,200.) 


thymus. They have been considered to be physiological 
structures in all forms of leucocytes!’ or, more generally 
speaking, as a more or less common feature of both the 
ly mphoid and myeloid?! elements of vertebrate blood?! ’. 
Never theless, similar structures have been reported 
recently in the testicular cyst celis of an insect". and we 
observed them in human tumoral epithelial and con- 
nective tissue cells. 

We found typical nuclear sheets in tumoral epithelial 
cells from three eases of lung carcinoma (one adeno- 
carcinoma and two squamous type cell carcinomas) and 
from a ease of pleomorphie adenoma (mixed tumour) 
of the parotid gland; we observed them in tumoral 
conneetive tissue cella from two cases of dermatofibrosar- 
coma. There were numerous nuclear sheets in the 
variously elongated and multilobated nuclei of dermato- 
fibrosareoma cells (Fig. la and b): they were less numerous 


Torino, 
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in the trregularly rounded nuclei of the epithelial cells of 
the parotid gland pleomorphic adenoma and of the lung 
careinomas (Fig. 2). 

In conclusion, even though the nuclear sheets have so 
far been deseribed almost exclusively in blood and thymus 
cells, they ean be seen in other cells. This agrees wit h the 
finding that tho triple-struetured layer believ ed to give rise 
to the “nuclear s sheets is a common structural element of the 
nueleus of many cells other than those of blood aud 
thymus*. The nuclear sheets seem to be features of general 
biologieal significance: they are possibly related to a 

certain w idely diffused type of organization of hetero- 
chromatin, and to some (unknown) behaviour of activ elv 

proliferating nuclei, rather than to the particular tissue 
to which the cella belonged. | 

We thank Dr H. G. Davies for 
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Antibody Production in the Absence 
of an X Chromosome 


Boru congenital and acquired idiopathic agammaglobul- 
inaemias are genetically determined’. Congenital and 
some forms of acquired  agammaglobulinaemias are 
N-linked. Studies of the mode of inheritance of various 
pi amma globulin ughbt and heavy chain allotypes in humans, 

‘abbits and mice, however, have shown that the gene loei 
controlling those markers are autosomally inherited?, 
Thus the most likely explanation for the defect in X-linked 
agammaglobulinaemias is either a regulatory gene con- 
trolling synthesis of light and heavy y chains or a gene 
affeeting the c apacity of lymphocytes to differentiate ito 
plasma cells. 

Wen now ds studies in an po ment al anima innate’. 


due tion can p te sed. The Juba Ted fish 
(Oryzias latipes) belongs to Teleostei and should be capable 
of forming antibody after challenge with spee ifie antigen”. 
This fish is an oviparous eyprinodont, in which XX is 
usually female and XY is male. Funetional sex reversal 
can be induced in genetic males CX Y ) under the influence 
of oestrogens and in genetie females (XX) by means of 
androgens, administered orally during the larval life. 
Induced functional sex reversals are permanent’, Matings 
between normal X Y males and oes bos n Di dn fe rtile 
: uM an 
have a colour marker, i rg 
behaviour® and on futher. progeny ne give rise onl y 
to male fish®. 

We have tested the ability of Y Y, XX and XY fish to 
respond to antigenic stimulus. Twenty-one normal 
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medaka fish, 15-25 mm long (ten X X females and eleven 
XY males), and an equal number of YY fish (of which 
five were oestrogen-induced females) were each given an 
intramuseular and/or intracoelomic injection of 10° 
gX 174 bacteriophage in a total volume of approximately 
20 2. A third group of sixteen animals (eight XX females 
and eight X Y males) were kept as controls. After the 
injection of antigen, the experimental animals as well as 
the uninjected controls were kept in groups in separate 
fish tanks, water temperature 307-32? C. Two weeks later 
they were bled from the heart by means of a specially 
prepared capillary micropipette. Blood from each group 
was pooled and serum was separated. Approximately 25 X 
of serum was obtained from each group. The neutralizing 
capacity (k) of each pooled serum sample was determined 
by the standard phage antibody titration against @X 174 
(ref. 7) as well as against an unrelated phage (T4) to which 
the fish had not been immunized. Results are sum- 
marized in Table 1. The Y Y medaka fish produced large 
amounts of specific antibody to 9X; this amount of 
neutralizmg activity is approximately similar to that 
observed in previously immunized rodents. We regard 
the differences between the anti-pX concentration of the 
two immunized groups as probably not significant because 
of the variations in volume of antigen injected and serum 
collected. 


Table 1. ANTIBODY RESPONSE OF THE POOLED SERA FROM XX, YF AND YY 


MEDAKA FISH TO BACTERIOPHAGE ¢X 174 
No. and type Immunized Serum antibody (kK) 


of fish with Anti-oX Anti-T, 
8 2T Nothing « 9001 « 0001 
8AF 
10 AY 10* ¢X a4 « 0-001 
11 X Y 
Sl YY 10* eX 2-9 « ü- O01 


The results indicate that, in the medaka fish, cellular 
mechanisms can be stimulated by antigen and result in 
antibody synthesis without the X chromosome. If the 
genetic control of immunoglobulin synthesis in this 
species is similar to that of man, it is possible that the 
gene on the X but not the Y ehromosome in man which 
affects immunoglobulin synthesis is present on the Y as 
well as the X chromosome of this fish. 
the Y Y medaka fish to live in apparent excellent health 
suggests considerable homology between X and Y chromo- 
somes in this species. 

We thank Professor J. B. Hamilton for the medaka 
fish. This work was done under the sponsorship of the 
Commission. on Immunization of the Armed Forces 
Epidemiological Board, and was supported in part by the 
US Army Medical Resear ch and Development Command, 
Department of the Army, and the US Public Health 
Service. One of us (8. F.) is a career scientist of the 
Health Research Council of a City of New York. 
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Immunologically Competent Thymus 
Cells of Bone Marrow Origin 


EXPERIMENTS with lethally irradiated mice have shown 
that the recovery of the immune response to sheep red 
blood cells (RBC) by transplantation of bone marrow 
cells is conditioned by the host thymus, and that the 
thymus promotes differentiation of cells derived from the 
bone marrow to immunologically campetent eella**,. The 
tissue in which cells from bone marrow acquire im- 
munological competence under thwmie influence has not 
been identified. That t he E ital may be the site 
mitotic cells of D marrow or igin i in the posk zR of 
mouse radiation chimaeras*, Although these results show 
migration of bone marrow-derived cells to the thymus, 
they do not specify whether the doror cells detected in the 
thymus have gained any immunolegical competence. 

In the w ad. described here, thyraus cells from isogeneic 
bone marrow radiation chimaeras were tested for im- 
munological competence after traasplantation and anti- 
genie stimulation i m lethally irradiated test recipient mice, 

Isogeneie chimaeras were prepared using C3HeB/FeJ 
mice, as previously deseribed*. Chimaeras were killed 
15, 30, 45 or 60 days after irradiation and the thymuses 
removed very carefully to aveid contamination bv 
lymphatic tissues. Thymuses from chimaeras of a given 
age were pooled, cut into small pieces and dissociated by 
aspiration through 18 and 22 gauge needles in. Eagle's 
medium. After centrifugation at 500g for 10 min, the 
B was resuspended im medium, and passed through 

27 gauge needle and à nylon mesa, Nucleated cells were 
counted in à haemocvtometer and the volume was adjusted 
to a cell concentration of 48 x 10°®/enl. One ml. of this celi 
id ag was injected intraveneusly into isogenie test 

recipient mice within 2 h after they were given a total. 
body X-ray dose of 800 r. I mmediately after the trans- 
fer of thymus cells, the irradiated test recipients (TR) were 
injected intraperitoneally with 1 ml. of 1 per cent (v/v) 
sheep RBC suspended in phospnate-buffered saline at 
pH 7-2, as previously deseribed?. The injection of antigen 
Was repe ‘ated 3 days later. TTR mice were killed 7 days 
after irradiation, their spleens removed and individually 
assaved for the total number ef plaque-forming cells 
(PFC) by the Jerne technique’. Control ITR mice were 
given sheep RBC and either no c ella or thymus, or bone 
marrow, or spleen cells from norma! adult isogenic donors. 

The immune competence of normal spleen cells is 
shown in Fig. 1l. The inerease of PFC with cell dose 
indicates that antibodv-forming cells found in the spleen 
of ITR mice were derived from the transplanted calla. In 
this assay, 3x 10° nucleated cells were found to give a 
detectable number of PFC. The immune response of 
48x 10° nucleated cells from nmermal thymus or bone 
marrow is shown m Fig. 2. The response of the same dose 
of spleen cells is given for reference. Thymus cells were 
found unable to respond to sheep RBC , and bone marrow 
ells showed a slight but significant increase of PFC above 
the level of the uninjected con:rols, The lack of im- 
munological potential of 48x I9* nucleated cells from 
normal adult thymus confirms previous results obtained by 
Claman ef al.? and € heng and Trentin? in similar experi- 
mental conditions. The response of normal bone marrow 
cells was expected to be low because of the short duration 
of the experiment! and may have resulted from 
contamination by blood cells of the bone marrow inoculum, 
a possibilitv which was not ruled out. 

Fig. 3 shows the immune response of 48 x 109 :hymus 
cells "sampled from bone marrow chimaeras at different 
ages (times after irradiation). T'àymus cells from 15 and 
30 day old ehimaeras, but not fran older chimaeraüs, were 
able to produee about the same number of PFC in the 
spleen of ITR mice. This response was significantly 
greater than that in the uninjected controls at P < 06005 
in a? test performed on log PFC. 
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These findings demonstrate the presence of immuno- 
logically competent cells in the thymus of antigenically 
unstimulated chirnaeras. This is consistent with the idea 
that bone marrow cells have migrated to the thymus of 
the chimaera host and there aequired immunological 
competence. The lack of immunologically competent cells 
in the thymus of 45 and 60 day old chimaeras, as in the 
thymus of normal animals, suggests that cellular differenti- 
ation in and movement to and from the thymus have 
attained normal rates after an initial accentuation follow- 
ing irradiation and bone marrow transplantation. In the 
work deseribed here, no attempt was made to ascertain 


whether the competent cells found in the thymus of 


isogenic chimaeras were in fact derived from the injected 
bone marrow or from the host thymus which might have 
gained immunological competence as a result of cell 
regeneration after receiving 800 r. The latter possi- 
bility, however, is unlikely}? The effects of the inter- 
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Eig. 1. Log PFC found in the spleens of ITR mice given sheep R BC and 

different numbers of nucleated spleen cells from normal donors. Each 

point represents the mean of eleven to twenty-nine observations. Vertical 

bars denote two standard errors. Horizontal lines represent the mean 

and two standard errors of log PFC found in the spleens of fifty-two 
control TER mice given sheep RBC only. 
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Fig. 2. PC found in the spleens of ITR mice given sheep RBC and 
45 x 10* nucleated cells from thymus, bone marrow or spleen of normal 
donors. Mean PFC are represented by the height of each column, two 
standard errors by the vertical bars and numbers of observations by ihe 
figures enclosed in columns. Horizontal lines denote the mean and two 
standard errors of the PFC found in the spleens of fifty-two control 
TTR mice given sheep RBC only. These data for control animals are the 
same as in Fig. 1. 
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Fig. 3. PFC found in the spleens of ITR mice given sheep RBC and 
48 x 10° nucleated cells from the thymus of chimaeras of different nges. 
Symbols and data for control animals are the same as in Fig. 2. 


action between the thymus radioresistant epithelial 
cells and the marrow immigrant cells, which renders cells 
immunologically competent, are not understood. Our 
data are compatible with two possible effects of this 
interaction: (a) differentiation of marrow cells to antigen- 
sensitive cella which, on antigenie stimulation, become 
antibody-forming cells; (b) differentiation of some bone 
marrow cells to thymocytes which, in the presence of 
antigen, will enable other bone marrow cells (effector cells) 
to produce antibodies. Recent findings*:?:!! lend support 
to the latter possibility. Thus potentially competent 
cells found in the thymus of radiation chimaeras at 15 and 
30 days after bone marrow transplantation would consist 
of thymocytes and effector cells, both derived from 
the marrow and participating in the immune response on 
transfer and antigenic stimulation in ITR mice, The posi- 
tive results obtained only with the thymus of the younger 
chimaeras may be accounted for by an abnormal migration 
of effector cells to the thymus, as a possible consequence of 
overloading the blood stream with effector celis when 
1x10? nucleated marrow cells were injected. Estimates 
of the magnitude of the immunological potential of the 
thymus, as evaluated in the present study, may therefore 
be affected by the number of effector cells occasionally 
present in the thymus. The mechanism by which cells 
derived from the marrow are triggered to differentiate to 
thymocytes is not known. Our results, although suggest- 
ive of an intimate contact between thymic epithelial and 
marrow-derived cells, do not exelude the possibility that 
differentiation is induced by a humoral factor’. 
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Inhibition of Cellular Immune 
Reactions in Mice infected with 
Lactic Dehydrogenase Virus 


CERTAIN viral infections affect the immune response of 
the host to heterogenous antigens. Murine leukaemia 
viruses, such as Moloney, Friend, Rauscher and Gross 
passage A virus, inhibit antibody formation'-*, In 
addition, the passage A virus depresses cellular immunity‘. 
On the other hand, lactic dehydrogenase virus (LDV) 
enhances humoral antibody formation in mice and pre- 
vents the development of immunological tolerance to 
human gamma globulin®?. The work described here was 
undertaken to determine the effeet of LDV on two cellular 
immune reactions—skin allograft rejection and the graft- 
versus-host reaetion?. 

BALB/c (H-24), C3H (H-2k), AL/N (H-24) and (BALB/c 
x AL/N)F, mice were obtained from the Animal Produc- 
tion Section of the US National Institutes of Health. LDV 
was prepared and assayed as described previously?. 
Experimental mice were infected with 1075 7D,, of LDV 
intraperitoneally. Uninoculated mice or mice inoculated 
with LDV inactivated by ultraviolet light served as 
controls®, 

Tail skin grafts from allogenic mice were placed onto 
the lateral thoracic wall of 6 week old mice and covered 
with 'Vaseline'-impregnated gauze and plaster casts. The 
casts were removed 1 week later, and thereafter the grafts 
were examined daily for signs of rejection. Grafts were 
considered to be rejected at the first sign of haemorrhage 
or induration. 

BALB/e mice and the F, hybrids resulting from the 
cross between BALB/c and AL/N mice were used for the 
graft-versus-host assay. This assay, which evaluates the 
splenic enlargement induced in young F, hybrids by 
administering spleen cells from one of the parent strains, 
was performed as described by Hilgard et alo. AHN 
animals in a litter of (BALB/e x AL/N)F, mice were given 
3x10" spleen cells from appropriate donor mice intra- 
peritoneally when 8 days old, and each litter was divided 
into the following groups: (a) negative control, F, 
recipients given adult F, spleen cells; (b) positive con- 
trol, F, recipients given adult BALB/c cells; (c) experi- 
mental, LDV -infected F, recipients given spleen cells from 
uninfected adult BALB/e mice; and (d) uninfected F, 
recipients given spleen cells from LDV.infected adult 
BALB/e mice. Table 2 gives the schedule of infection 


Table 2. 
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Table 1, SURVIVAL TIMES OF SKIN ALLOGRAFTS IN MICE INFECTED WITH 
LACTIC DEHYDROGENASE "IRUS 


Median graft 





Experi- Infected. — Ne. of survival l 
ment Donor Host with LDV® ake {dava) = stan P 
dard error? 

1 (Balbickx ALINE, ALIN NG ii 9-3 $032 m 
(Balb/c x AL/N)F, ALIN Day ~3 T 12-84 04% «0-01 
(Balb/e x AL/NOF, ALIN Day =} ii ibS2064 — O05 

2 (3H . Balb — No YE 862032 l 
C3H Balbe pir i i i8 Tirit 2i 

(ENY | 
C3H Bale Day -6 18 Tbe? £051 = OOO) 
C3H Balbic Day -—-1 20 128-420-468 i01 
C3H Balb/c Day «1 320  12d(£045 9 «0-001 

3. C3H Balbe — No 10 8840-41 
C3H Balbe Day +4 7 842040 — (10 
C3H Bale Day +6 l PArt > LO 


* Day 0, Day of grafting. 

T UV, Virus inactivated by ultraviolet light. l 

t Because of the skewed nature of the dats, medlana were caleulated 
instead of means. 


of the experimental groups. The mice were killed 8 days 
after receiving spleen cells, the wemhts of their bodies 
and spleens were determined, and the relative spleen 
weights (mg spleen weight/g body weht) were calculated. 
Spleen indiees were caleulated by cividing the relative 
spleen weights of the individual animals in experimental or 
positive control groups by the mean «f the relative spleen 
weights of the mice in the negative control group in that 
same litter. 

The data in Table 1 show that infection of mice with LDV 
caused a significant delay in their rejection of skin allo- 
grafts. In mice which had been infected with LDV 
shortly before or after receiving grafts, the average 
graft survival times were from 2-1 to 3-0 days longer than 
in uninfected animals. In mice infeeted 4 or 6 days after 
receiving skin grafts or mice given ukraviolet-inaetivated 
virus, the graft survival times were not significantly 
different from the uninoculated controls. 

The effect of LDV on the graft-versus-host assay is seen 
in Table 2. If the recipient F, mice were infected with 
LDV from 3 to 7 days before receiving BALB/c spleen 
cells (experiment 1) there was a signifieant reduetion in the 
spleen index (SI) compared with uainfected recipients. 
The spleen indices of P, mice which had been infected 
from 3 to 7 days before receiving BALB/e spleen cells 
ranged from 1-77 to 1-90. These indices are significantly 
lower (P < 0-001) than the SI of 2-64 sound in the positive 
control mice in this experiment. F, mice which had been 
infected 1 day before receiving PALB/e spleen cells 
had an SI of 227, slightly less than the positive 
controls (P « 0-05). The second experiment shows that 
if the donor BALB/e miee were infeeted with LDV 1 or 
6 days before their spleen eells were transferred to the 
F, recipients, the SI was 2-84. This is not significantly 
different (P > 0-10) from the SI of 3-17 for the F, recipients 
which received BALB/c spleen cels from uninfected 





animals. Further experiments showed that if F, 
mice were given ultraviolet-inactivated virus 7 days 
before receiving BALB/c cells, the S! did not differ from 
the positive control group. If P, raice were not given 


BALB/e spleen cells but were infected with LDV, there 
was no significant alteration of the ST. Thus the reduction 
of the SI, produced by infection wita LDV, seems to be 
caused by the effect of LDV on the recipients rather than 
on the donors. 


GRAFT-VERSUS-HOST REACTION IN MICE INFECTED WITH LACTIC DEHYDROGENASE VIRUS 





Experi- Infected with Infected with No. of No. of Mean spleer index * 
ment Recipients with LDV* Donors with LDV litters mice IU 
i (Balb/e x AL/NDF, No jalbíe No 13 24 d 
(Balbje x AL/N)F, Day ~1 Balb/c No 7 16 i « 0-05 
(Balbje x AL/NDF, Day —3 Balbie No 5 1i E zx 0.001 
(Balb/e x AL/NOF, Day —5 Balb/e No 5 19 1 x (r0 
(Balb/ex AL/NMF, Day —-6 Balb/c No 5 17 i < ORT 
(Balbic x AL/N)F, Day —7 Balb/e No 4 i4 1 < O0 000 
2 (Balb'e x AL/N)F, Day 6 Balhic Yes 4 10 2 »0d6 
(Balb/e x AL/N)F, No Balb/c NO 5 12 3 


* Day 0, Day of administration of donor spleen cells. 
t The spleen index of F, animals given F, spleen cells is defined as 1-00. 
i Compared with positive controls, 


| Infected 1 or 6 days before administration of Balb/c spleen cells to the F, mice. 





The results were the same for both days and are combined, 


Because LDV was transported with the donor spleen cella, the recipients actually became infected on day 0. 
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These experiments show that a virus infection (LDV) 
can inhibit allograft rejection and the graft-versus-host 
reaction. Although the mechanism by which LDV 
inhibits these reactions has not been elucidated, LDV is 
known to grow in cells of the reticuloendothchial 
system — (maerophages)', and the macrophage is 
believed to play an important part in tho immune 
response!?'*, Thus infection with LDV might depress 
the ability of the macrophage to interact with tissue 
antigens. If, as has been postulated by Mackaness and 
Blanden", eytophilic antibody plays an important part 
in allograft rejection, alteration of the surface of the 
macrophage by virus infection might inhibit allograft 
rejection by depressing the macrophage’s ability to fix 
antibody. This hypothesis is not inconsistent with the 
data in Table 2, which suggest that LDV is affecting the 
response of the recipient rather than donor cells in the 
graft-versus-host reaction. In contrast to the inhibitory 
effect of LDV on cellular immunity, this virus enhances 
the ability of the animal to make humoral antibody to 
soluble antigens*?, Whether this phenomenon is related 
to altered uptake and processing of soluble antigens, the 
greater number of germinal centres in the virus infected 
animal* or to some other process is not known. 

The effeet of LDV on the rejection of skin grafts suggests 
that this virus, which is a widespread contaminant of 
many murine viruses and tumours?, also might affect 
other allograft reactions such as tumour rejection. The 
increase in the growth rate of certain tumours in mice 
infected with LDV, reported by Riley and Bailey et al.™, 
might be a result of the effect of this virus on cellular 
immunity. There is also evidence that virus infections can 
affect other types of cellular immune reactions. A number 
of reports indicate that infection with measles or influenza 
depresses skin reactivity in tubereulosis?"?!, In other 
types of experiments, Olson et al? found that rubella 
virus infeetion depressed the transformation of lympho- 
evtes by phytohaemagglutinin, Thus it is becoming 
increasingly apparent that certain virus infections can 
profoundly alter the functional capacity of the immune 
system. 
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Inhibition of Gastric Acid Secretion 
in vitro by Prostaglandin Ei 


ADMINISTRATION of gastrin or histamine leads to the 
secretion of hydrochloric acid by the vertebrate stomach. 
The details of this process are so far largely unknown. 
The effects of a variety of hormones in other tissues are 
mediated by the intracellular level of eyclie AMP (adeno- 
sine. 3,5/-monophosphate)'. In several such examples 
the naturally occurring unsaturated fatty acid, prosta- 
glandin E, (PGE,), blocks hormonal action. Thus inhibi- 
tion of epinephrine-induced lipolysis? and vasopressin- 
induced changes in osmotic permeability? by POE, have 
been attributed to interference with the accumulation of 
evelie AMP induced by the respective hormone in the 
target organ or tissue. 

Systemic administration of PGE, inhibited the secretion 
of acid in the stomach of dogs? and rats? mm vivo. Because 
prostaglandins affect blood flow* and gastric contractility’, 
and release catecholamines from the adrenal medulla”, 
the possible multiplicity of effects in vivo led us to study 
the action of PGE, on the isolated gastric mucosa. 

Gastrie mucosae of bullfrog (Rana catesberana) were 
stripped from the outer muscularis, eut in half and 
mounted in paired chambers using standard procedures’. 
The nutrient solution contamed glucose but no histamine 
(or other seeretagogue). Kasbekar has reported that 
overnight ineubation in these conditions reduced the 
spontaneous produetion of acid to à minimal or resting 
level’. We found that ineubation for 3-4 h was usually 
sufficient. 

In one set of experiments, PGE, in a final concentration 
of 10°? M was added to the nutrient solution of one of the 
paired mueosae 3 h after mounting. One hour later 
2x 10-7 M synthetic human gastrin I (ICI) was added to 
the nutrient solution of both mucosae. Gastrin produced 
in the control a sharp transient rise in the rate of secretion ; 
this was almost completely blocked by PGE, (Fig. 1). 
Both control and prostaglandin-treated niucosae responded 
well to a supramaximal concentration of histamine 
(10-9 M). 

Much smaller concentrations of histamine were used in 
another set of experiments, and here 107 M PGE, inhibited 
acid secretion (Fig. 2). When 1 or 2x 10°? M histamine 
was used, the result was not significantly different. 
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Fig. i. Effect of 107 M PGE, on acid secretion stimulated by 2 x 107 M 

human gastrin I. Mean rates from six experiments are plotted, t£. 

Tost half was treated with PGE, 3 h after mounting; both halves were 

stinmlated with gastrin after 4 h and histamine (10-5 M) after 6 h. 
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Fig. 2. Effect of 10-7 M PGE, on acid secretion stimulated by 1 or 
2x107 M histamine. Mean rates from twelve experiments are plotted, 
X S.E. Test half was treated with 107 M PGE,, 20 min before adminis- 
tering histamine to test and control halves. — 7 --- ©, PGE,; 
@-—-@, control. 


Although the inhibition by PGE, is not as striking as in 
the case of gastrin stimulation, it is statistically significant, 
at all times longer than 30 min from the addition of 
histamine (P < 0-05, ¢ test for paired data). 

We found that resting gastric mucosae of this species 
could be stimulated by 10 mM cyclic AMP in the nutrient 
solution. Smaller concentrations were ineffective. The 
same concentration of PGE, that inhibited gastrin or 
histamine stimuli had no effect on cyclic AMP stimulation 
of acid produetion (Table 1). Ina series of six experiments 
the mean differenee between paired control and test 
mucosae Was Zero. 

Table 1, STIMULATION OF ACID SECRETION BY CYCLIC AMP 


Peak rate after addition 
of 10 mM eyclic AMP 
uequiv.ih 
Control 0:53 + 0:16 48209 
4-107 M PGE, 0-47 : 0-20 4840-8 
Means of six paired experiments + 5.2. One mucosa from each pair was 
pretreated with 10 M PGE, for 20 min before the addition of eyclic AMP. 


Basal rate 


Harris and Alonso previously demonstrated that cyclic 
AMP increased oxygen utilization and acid secretion by 
gastric mucosae of Rana pipiens in vitro". Harris further 
reported that theophylline, a potent seeretagogue, greatly 
increased the mucosal content of cyclie AMP™, Theo- 
phylline is known to act by inhibiting the breakdown of 
cyclic AMP catalysed by phosphodiesterase. 

It seems likely then that PGE, inhibits acid secretion by 
deereasing the mucosal levels of eyelic AMP. The finding 
reported here that PGE, does not block stimulation by 
exogenous cyclic AMP is consistent with previous sugges- 
tions? that prostaglandins inhibit the formation of 
eyclic AMP by the adenyl cyclase system, rather than 
promoting its breakdown. 

The fact that PGE, inhibits gastrin and histamine 
stimulated acid production suggests that both these 
agents act to raise mucosal concentrations of cyclic AMP. 
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Giant Fibre 





Jet Propulsion and the 
Response of Loligo 


Ix modern eephalopods the potent:alities of jet propulsion 
have developed to a high degree, aud this mode of locorno- 
tion has become characteristic of the group. Water is 
taken into a compression chamber of the body, the 
mantle, through a wide inlet, the mantle aperture, and 
squeezed out through a narrow funnel that can point 
the jet in almost any direction. in such powerful swim- 
mers as the cuttlefish (Sepia) and the common squid 
(Loligo) the mantle musculature comprises about one- 
third of the weight of the whole body. Moreover, in 
decapods possessing the giant fibro system, mantle, head 
retractors and funnel are provided with a nervous control 
mechanism especially adapted or ensuring that the 
compression chamber neither heraiates nor leaks and is 
emptied of all its water in a single compression stroke by 
simultaneous and maximal contraction of all musele fibre 
elements which are innervated!-?. The musele elements 
respond to giant fibre stimulation in an all-or-nothing 
manner (there is no summation cr facilitation), and the 
central nerve connexions of the svstem are organized 
so that in life the giant fibres on the two sides of the body 
act as one unit if they act at alk Thus the giant fibre 
response is suitable for comparisons of top swimming 
performances in different animals. 

One purpose of the comparisons has been to check 
experimentally an earlier predietion relating the effective- 
ness of locomotion by jet propulsion to the large body 
sizes attained by eephalopods*. As rocket and aireraft 
design illustrate, this method of propulsion is equally 
adapted for moving small and larze bodies; its develop- 
ment is not confined by upper siz-limiting factors. 

Fig. 1 gives the instantaneous velocity against time of 
the best giant fibre responses of three Loligo vulgaris at 
the beginning, near the middle anc towards the end of the 
growth range of this species. Reeords were obtained 
by still photography using stroboscopic illumination 
and by colour cinephotograplhs. Distances moved 
in each strobe or cine-frame interval were read directly 
onto the graph of Fig. | after correcting for passive 
sinking speeds where these were known. Maximum 
performances are given in Table 1 | backwards escape). 
Crest time is the time taken to reach maximum velocity 
from a standing start or from the beginning of the steep 
rising phase of the velocity curve. Maximum acceleration 
is the maximum slope of this curve. Acceleration power 
was calculated from the formula. suggested by Lang? for 











dolphins as thrust x instantaneous velocity at half the 
peak height where thrust is equa: to the effective mass 
of the animal x the instantaneous acceleration (m 
fo mass is the weight 





it. In Loligo with the mantle cavity still partially filled 
at half peak velocity, the effectire mass approximates 
to body weight x 1:25. 
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Fig. 1. Instantaneous velocity curves of small (3 mg), juvenile (3 g) and 

large (100 g) Loligo vulgaris established A and B from still photography 

with stroboscopic illumination, C from colour cine photography. Strobe 

setting 4, 1/20th s; B, 1/50th s; C, twenty-four frames/s. Curves A 
and B corrected for passive sinking. Water temperature 20? C, 


Table 1 also includes the forwards giant fibre responses 
of two large squids filmed at twenty-four frames/s during 
attacks on live shrimps thrown to them after they had 
been starved for 12 h. The squid (280 em long and 
about 160 g body weight) was already travelling at 133 
cm/s when it entered the field of view of the camera and 
decelerated during four frame intervals to 100 em/s and 
then produced an additional giant fibre response on 
this forward speed reaching a maximum velocity of 210 
cm/s within a further three frame intervals. This is 
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the same top speed as for the 100 g squid and is equivalent 
to 4 knots (4-7 m.p.h.) reached in 1/8 s. 


Table 1, GIANT FIBRE RESPONSES OF Loligo vulgaris 


Squid body Body Maximum Crest Maximum Acceleration 
length weight velocity time acceleration power 
(mm) (g) (ems) (ms) {g = 081 em/s*) — (ergss) 

Backwards escape 
6 0-003 16 « 50 5g is 
65 3 128 80 2-1g $47 x 106 
200 100 208 85-125 3-39 a5 ™e 10? 
Forwards attack 
280 c. 160 210* 120* 1:0g 4-7 x 107 
320 e, 240 176 200 Lely 2:8 x 107 


* Froma “fying start" of 100 emis, 


The chief alterations in body dimensions between newly 
hatehed and adult conditions are as follows: a relative 
inerease—from 0-2 to 0-46 of total body mass-~in the 
weight of the fin and mantle musculature; a four-fold 
increase in fin surface area relative to total body surface ; 
a halving in the diameter of both the funnel and mantle 
apertures relative to body length; and an inerease in mantle 
length from one-half to two-thirds of total body length. 
Similar changes in proportion with growth have been 
recorded for a wide variety of oceanic squids*. The overall 
effect as Loligo grows is to increase streamlining and 
achieve high jet velocity (jet velocity being inversely 
proportional to the square of the funnel aperture) without 
sacrificing potential power output. 

lin movements have been analysed in only some of the 
squids that were cinefilmed. Because the weight of the 
fin muscles in these animals is equal to about one-fifth 
that of the mantle muscle, they can be expected to 
contribute one-fifth of maximum swimming power. In 
forward swimming—-during consecutive giant fibre re- 
sponses of an attacking Loligo—this contribution was 
made at the beginning of each jet eyele; there was a strong 
downbeat of the fins during the phase of water intake, the 
effect of which was to smooth the overall velocity curve. 

Some changes in body shape during jet propulsion have 
been measured. The live mantle of the freshly hatched 
squid of Fig. 2 (right) did not change in length during the 
giant fibre responses but remained 3-7 mm; there is a 
pereeptible shortening in the distance between the hind 





At left, a squid is seen passively sinking. 


setting 1/20 s. 


Freshly hatched Loligo vulgaris photographed with stroboscopic illumination. 
At right, negative print of the two initial jet 
cycles of backwards-propulsion; for greater clarity the outline of successive images is 
repeated in ink below; movement of the animal is from left to right in the plane of the 
flim: the first two and the seventh images show the mantle expanded; note the downwards 
movement of the squid as water is taken into the mantle cavity. Shutter speed 1 s, strobe 


(The displaced images of particles on the glass are caused by slight 


movement of the camera at shutter opening and during the first four strobe flashes.) 
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end of the mantle and back of the head during expulsion 
of the jet, and the total width of the body at the level of 
the mantle alters from 2-1 mm (full expansion and the 
animal travelling slowest) to 1-3 mm (third image in Fig. 2, 
right, maximum velocity). Thus the volume of the 
mantle and contained water is at least halved during 
expulsion of the jet. The maximum body width change 
during a single interval of 50 ms was 2:1 to 1-5 mm, 
equivalent to a reduction of 50 per cent in the cross- 
sectional area of the mantle contents (including viscera). 
Reductions of 30 per cent in body width from the expanded 
condition have been found in adult squids expanding and 
contracting the mantle cavity in air. 

The curves and figures are subject to a number of errors 
as a result of parallax effects, unobserved water currents, 
refraction at the surface of the water, changes in position 
of the animals not normal to the plane of the film and so 
on, but the general pieture of the squid's giant fibre 
response that emerges is clear: high initial acceleration of 
the body, reaching top speeds of from thirty (in the newlv 
hatched) to ten body lengths per s within times that are 
twice, or less than twice, the response time of the un- 
loaded mantle musele?, followed by rapid deceleration 
eaused by water resistance on completion of the pressure 
pulse, and repetition of the jet cycle within an interval 
that can be as short as 035 s in the freshly hatched squid 
and 0:45 s in the adult. It is a picture very similar to 
that obtained by Hughes for the jet propulsion of the 
dragonfly nymph, Anax’. 

It has not been possible to measure sustained swimming 
performances produced by a series of jet cycles. The 
squids move too soon out of the area being photographed, 
and in a confined space they limit the number of successive 
giant fibre responses. But when trapped in a net or shallow 
dish of water they will sometimes squirt repetitively. 
As many as twenty-five successive squirts, rapidly follow- 
ing one another with little reduction in frequency until 
the end of the burst, have been counted—~enough, perhaps, 
to earry an adult squid some 20 m in open water. 

The figures of acceleration power (Table I) suggest 
that the rate at which work is being done by the mantle 
museulature, head retractors and fins eontributing to the 
response at near maximum output increases greatly as 
Loligo grows. The rates for the three size groups converted 
into rates/kg of dry muscle are 8 W (8x 10? ergs/s) for 
freshly hatched Loligo, 110 for the juvenile and 320 for 
the adult (=3, 30 and 78 W/kg of wet muscle). These 
output rates are equivalent to 0-01, 0-15 and 0-42 horse- 
power/kg of dry muscle (horsepower= 746 W) or 0-004 
0:04 and 0-1 horsepower/kg of wet muscle. Comparable 
figures for other animals (fish and mammals) ean be 
derived from available data on maximum swimming 
bursts. Caleulating from Gero's curve? of the aeceleration 
of a frightened 110 g perch that reached 5g within 
1/64th s, we get an instantaneous power rate of 0-15 
horsepower/kg muscle (total muscelez50 per cent of 
body weight) at this aeceleration. Probably the highest 
swimming power output achievements, however, are those 
of the smaller cetaceans; computing for total muscle 
(217 per cent of body weight) Lang's estimate* of the 
maximum achievable by a 200 pound dolphin over à 
period of exertion lasting 0:5 s becomes 0-46 horsepower/kg 
musele. 

The increased power per unit weight of muscle in the 
larger Loligo, although it applies over only a brief section 
of the whole jet cycle, must be achieved at some physio- 
logieal eost and it is perhaps related to the rapidity with 
which muscle preparations of adult squid fatigue. It 
would be interesting to know whether the mantles of 
juvenile squids have different fatigue properties from 
adults. 

The lower maximum accelerations of the forward- 
attacking squids compared with the maxunum escape 
accelerations are presumably connected with losses 
ineurred in bending the jet through 180°. 
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Ammonshorn Pathology and 
Epileptic Dyscontrol 


Falconer and Taylor! have recently inferred from retro- 
spective studies of case records that the primary cause of 
ammonshorn selerosis— as classical.y found m the brams 
of many epilepties--may be anoxia durmg febrile con- 
vulsions in childhood. It would seem more than co- 
incidental that to create selective ammonshorn sclerosis 


lesions at that age might be prevented by the admuni- 
stration of hypothermia and hyperbarie oxygen. and per- 
haps intravenous glucose, rather tian of anti-epilepties. 
Again, because I have observed that premedication with 
amphetamine tends to prevent the eccurrence of pathology 
in the ammonshorn of guinea-pigs’. there might be pro- 
phylaetie value in the administration of amphetamine as 
well. 

To maximize the bilateral symractry of experimental 
ammonshorn scleroses in guinea-pigs, 1 learnt to alternate 
the side on which the animals jay during successive 
opisthotonie running seizures. hawng noted a tendency 
for the sclerosis in a constantly underlying hemisphere to 
be greater than in the overlying hemisphere. This 
observation could have relevanee to the mystery of the 
predominance of unilaterality of the sclerosis found in 
epilepties—if children tend to lie with their head on one 
particular side during febrile convulsions. it may tie in 
with the proclivity of premature neonatal human braims 
to show venous engorgement espeeially in ammonshorn 
and amygdaloid regions’. Certainly, my studies of the 
arterial system of eighteen brains from epilepties with 
unilateral sclerosis and three with bilateral sclerosis, at 
the Boston State Hospital, have disciosed no suggestion of 
correlation of any arterial asymmetry with laterality of 
sclerosis. 

I suggest that the reason why the experimental guinea- 
pigs which I used, unlike children, never became prone 
to spontaneous seizures is that their ammonshorn 
seleroses never showed (the animals being killed within à 
few weeks of their hvperthermie-h*poxie exposures) an 
isolated island of intaet pyramidal «ells, such as f have 
always found within the CA2 “resistent” sector in at least 
one of the ammonshorns of human ep-leptics with sclerosis. 
I have observed in over thirty examples that at least a few 
of these ČA? pyramidals always remain intact for the dura- 
tion of the epileptic’s life, as seen in a.l published literature 
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on this subject. They remain nucleated and nucleolated 


and presumably stil receive inputs through their 
“mossy” synapses with the axons of the granule cells 


of the fascia dentata. By puberty they "presumably 
begin to be so isolated as to be periodieally thrown into 
positive feedback “spiking”? activity, resulting in abnormal 
firing into their only remaining output channels, namely 
(3) the alveus, with its amygdaloid fascicle, and (ii) the 
axial portion of the mossy fibre system, with its open end 
leading into the unco—hippocampa! confluence with the 
amygdaloid nucleus’, The mystery of the basie pathology 
of epilepsy might well be solved by concentrated histo- 
logical investigation, by, for example, Timm, Golgi and 
electron microscope methods, in and around this resistant 
CA2 sector in material from non-suction lobeetomies of 
temporal-lobe epilepties. 

Some of the foregoing considerations may also resolve 
tne apparent paradox that lobectomy of only a rostral 
portion of the selerosed ammonshorn (as by Faleoner!), 
or even à leucotomy cut of 1 em? between the rostral 
end of the main body of the ammonshorn and its con- 
voluted uncal portion (as performed by Turner®), is suffi- 
cient to cure the seizures and the dyscontrolled behaviour 
in à high proportion of patients. The convoluted, uncal. 
rostral extremity of the ammonshorn, which Turner's 
"lower sector" operation leaves in confluence with the 
amygdaloid, contains no typical CA2 pyramidals?. On 
the other hand, Turner’s leucotomy, just as much as 
Falconer's temporal lobectomy, cuts the amygdaloid's 
most direct anatomical connexions with the CA2- 
containing main body of the ammonshorn, namely 
0) the myelinated "alveo-amygdaloid faseiele" which 
links the alveus of the rostro-dorsal border of the main 
body of the hippocampus, through the taenia choroideae, 
with the most eaudal tip of the amygdaloid’, and {ii} the 
unco-amygdaloid confluence zone of CA3-type pyramidals, 
with its mossy-fibre-system "tail" curving towards the 
peculiarly zinc-rich portions of the amygdala and ventral 
striatum, Because the overwhelming evidence collected 
in recent years indicates that it is the amygdaloid nuclear 
eomplexes rather than the hippocampal formations that 
are specially concemed with higher emotional control, 
it would seem highly probable that the abnormal, dys- 
control, behaviour of psychomotor epilepties is most 
commonly caused by episodic over-activation of the 
amygdaloid from input surges of abnormal activity 
originating in CA2 pyramidals of the main body of the 
otherwise sclerosed ammonshorn, and transmitted along 
one or both of those two anatomical pathways which are 
eut in both of these curative operations. (Turner's 
"upper sector” temporal isthmus leucotomy presumably 
wuts the most relevant amygdaloid output downstream.) 
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Positively Reinforced Behaviour and 
the Forebrain in Goldfish 


Tre forebrain of fish provides an opportunity to examine 
the functions of a relatively simple nervous system which 
acks the complexity of higher vertebrates. 
allows associations involving pain as reinforcement to be 


This area 
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acquired and used)‘, and we have set out to demonstrate 
that the forebrain has a similar function in associations 
involving food as reinforcement. 

The problem is of interest for two reasons. First, 
there is unpublished evidenee that "fear" responses, as 
judged by respiratory deceleration in red light, are identi- 
eal in normal and forebrainless fish. Thus it seems 
unlikely that the decrease of performance of animals 
without forebrains is peculiar to fear-motivated situations, 
Second, although early workers? reported little difference 
in shape and colour discrimination between normal and 
forebrainless fish, it has recently been shown? that bar 
pressing or operant behaviour in Tilapia macrocephala, 
with food reward, is impaired by removal of the forebrain, 
and that shape discrimination using this operant response 
is much poorer in forebrainless than in normal fish. 

Experiments were designed to find whether there is a 
comparable operant deficit in goldfish (Carassius auratus) 
and then to try to find what part this deficit played in 
the discrimination situation. Goldfish between 6 and 7 
inches long were operated using techniques previously 
outhned'. They were placed in individual 24 x 12 x 12 
inch tanks, with illumination at one end. On a sereen at 
this end a photocell was positioned, 1 inch below the 
surface of the water. Interruption of the beam caused a 
solenoid-operated feeder to drop dry food into the tank, 
6 inches from the photocell. Event recorders monitored 
feeding. ‘Two groups of seven fish were trained continu- 
ously for 10 days, and the graph of their mean results is 
shown in Fi ig. l. There was a very large deficit (¢= 7-001, 
df 12, P « 0-01) in the operated fish. After this experi- 
ment, ihe forebrainless fish were left for 3 weeks in this 
situation, and finally fed at a level comparable with 
that of normal fish. It seems unlikely that reduced food 
intake is the cause of the failure to learn. 

Nevertheless, it seemed quite possible that such a 
deficit as that observed might obscure the question of 
whether the animals eould diseriminate shapes accurately. 
A simpler feeding situation was next used. Fish 3-4 
inches long were trained to feed from two food holders, 
one on each side of a white sereen at the end of a tank. 
(Fish were confined in a seeond chamber between trials.) 
The speeds of movement to the food holders were com- 
parable in normal and forebrainless fish. There were no 
signs of increase of reaction times during the day's train- 
ing, so it was assumed that neither group was satiated by 
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Fig. 1. Results for two groups of seven fish, normal (a) and forebrain- 
less (5b), trained in an automatic operant conditioning apparatus. 
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the food supplied. The animals were then trained to 
discriminate between a 4x 1 em black vertical rectangle 
and a horizontal rectangle of equal dimensions presented 
simultaneously, with à Gellerman alternation sequence of 
side. Each animal received ten trials each day. Food 
(heart) was given with the vertical rectangle and ‘Plasti- 
cine’ with the horizontal; the fish were unable to dis- 
crimmate visually between the baits alone (see Fig. 2). 
The results for shape discrimination for the two groups 
are shown in Fig. 2. The curves were similar and there 
was only a slight difference between them (£2 0-947, 
df=10, P<0-5, > 0-2). 

Thus it seemed that the association of the shapes was 
adequately fed into the memory, and could be adequately 
recalled. This evidence was similar to that in avoidance 
situations, in which previously trained animals show 
evidence of retention of information following removal of 
the forebrain’. If the forebrain functions as an arousal 
and attention system’, the deficit seen in the operant 
situation might be caused by the delay of several seconds 
between response and reward, and the fact that the re- 
sponse area and the reward area were not identical. 

An attempt was made to simulate the operant. situation 
using the animals already used in the discrimination 
situation, and the same apparatus. A response was 
counted only when a fish bit at the food holder, and the 
bait was put into the tank, 11 inches from the shapes, 
so that the fish fed about 5 s after the response. The 
conditions were otherwise identieal to those deseribed 
earlier. The results are shown in Fig. 3. At first, the two 
groups showed identical eurves. Gradually, the forebrain- 
less fish became less certain in their choices, and some 
showed violent fluctuations in daily results; for example, 
from 20 to 80 per cent correct. (For the last 100 trials, 
the difference was significant: t= 7:46, df — 10, P « 0-01.) 
There can be no doubt that the correct information was 
stored in the brains of the operated fish at the beginning 
of these trials. A possible explanation of these results is 
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Fig. 2, Shape discrimination results for six normal (8) and six forebrain- 

less (C) fish. (Horizontal versus vertical rectangle.) The first arrow 

indicates bait preference (food versus ‘Plasticine’), the second indicates 
shape preference (with both shapes baited with food). 
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Fig. 3. Results for the same animals as in Fig. 2, when transferred to a 
delayed reward schedule. Six normal fish, (6); six forebrainless fish, 
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that the operated fish are unable. following à response, 
to maintain the excitation of the «ppropriate part of the 
memory until the reward arrives. This leads to extinetion 
of the representation of the correet shape to which to 
respond. The same argument would apply to learning 
in the operant situation —that failure to maintain excita- 
tion of the representation of the previous stimulus (the 
photocell) impaired the efficacy of the food as a reinforcer. 
Certainly, in the second type of situation used here, the 
training of forebrainless fish to feed ‘rom holders presented 
no comparable problems. 

It seems that forebrainless anusals are unimpaired if 
their response and reinforeemen: are coincident; if 
reinforcement is delayed, however, and is separated from 
the stimulus, the stimulus trace is not held a sufficient 
time for reinforeement to be effective. The memory 
itself is unaffected by removal of the forebrain. 
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Distinction between a Proximal 
Negative Response and the Locai 
b Wave in the Retina 


WHEN light is flashed on the retina, ac:spatial and temporal 
pattern of neural activity is produced among several types 
of retinal cells. The resulting patsern of extracellular 
voltage can be recorded by placing a mieroeleetrode at 
various depths within the retina. Fecently, most of the 
graded slow potentials recorded in this way have been 
identified with components of the intraretinal electro. 
retinogram!, In this communication, I conclude that 
there is another major type of local extracellular slow 
potential in the frog retina. This poteatial, referred to here 
as the proximal negative response (PNR), is most clearly 
evident in the proximal (anterior) part of the retinat, In 
the past, it has been suggested tha: the PNR and the 
eleetroretinogram (ERG) are fundarsentally different in 
naturei-?, It has never been clearly shown, however, that 
the PNR can be distinguished fron» the local, negative 
intraretinal b wave of the ERG. An alternative hypo- 
thesis?" that the PNR may simply be the local b wave 
therefore seems tenable and apparently prevails at present. 

I have found it possible to isolate ether the PNR or the 
local b wave by placing the recording electrode at appro- 
priate depths within the retina, anc to show that the 
PNR and local b wave differ markedly in several important 
respects. In my experiments, intrareinal responses were 
evoked by flashes of white light and reeorded by platinum- 
iridium microelectrodes? (tip diameter. 1-1-5 um) from 
the frog eyeeup (Hana pipiens). AE experiments were 
done at room temperature (about 21° Cj. Stable responses 
were routinely maintained for 2-5 h. The PNR and the 
local b wave were isolated and studied during the same 
electrode penetration. Operational criteria were always 
used for appropriate adjustment of electrode depth. The 
PNR was recorded at that depth whereit was of maximum 
amplitude. The local, negative b wave was recorded just 
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distal to that region where it was of maximum amplitude. 
At this depth, the PNR could not be detected. I estimate 
that the two depth zones in question lie about 50-100 um 
(maximum PNR) and 200—250 um (local b wave) from the 
ànterior surface of the retina. 

ln the first experiment, the entire retina was con- 
tinuously exposed to a uniform background field (0-001 
foot-candles). The depth of the electrode and the position 
of the circular stimulus (diameter 0-22 mm) were first 
carefully adjusted until the amplitude of the flash-evoked 
PNR was maximum. The retina was then allowed to 
adapt fully to the background. Test flashes (0°5 s long) 
of different levels of intensity were presented every 30 s. 
After completing this intensity series for the PNR, the 
electrode was advanced to record the negative b wave. 
After allowing sufficient time for adaptation to the back- 
ground, the intensity series was repeated. Fig. 1 shows 
selected responses from these series. The intraretinal 
ERG responses resemble those found by others!*-?. The 
major deflexion in these records is the local b wave; the 
early small positive wave visible at high intensities is the 
a wave. Note the marked differences in the waveforms of 
the PNRs and ERGs evoked by identical high intensity 
stimuli, "The characteristics of the PNR revealed in 
Fig. l are representative of my observations in more than 
thirty retinas. The results of the complete intensity 
series are plotted in Fig. 24, which shows that there is 
a marked differenee in the effeet of stimulus intensity 
on the amplitude of the two responses. It is clear that 
no amount of amplitude sealing can render the two 
curves even superficially similar in shape. 

In the second experiment, the same flash interval and 
duration were used and the background was set at 0-01 
foot-candles. In this case, however, the diameter of the 
stimulus was increased in fixed steps from 0-12 to 2-0 mm 
and the intensity of the test flash held constant at 3-1 
foot-candles. The data obtained for the PNR and the 
local b wave are plotted in Fig. 25. The amplitude of 
the b wave increases progressively up to a diameter of at 
least 1 mm. On the other hand. the PNR is roughly 
constant up to 0-25 mm, then decreases significantly at 
0-5 mm, and thereafter remains approximately constant. 
Thus there are clear qualitative and quantitative differ- 
ences in the effects of stimulus size on the PNH and the 
local b wave. 


PNR 


ERG 


Fig. 1. Two types of electrical responses recorded extracellularly at 
different depths from the frog retina: proximal negative response (left), 
local electroretinogram (right). The log I value refers to the intensity 
used to evoke the pair of responses which are horizontally aligned, A 
log I value of 6-0 is equivalent to a retinal luminance of 40 foot-candles. 
Duration of records: 18. Negative is up. The stimulus diameter was 
0-22 mm for all responses. Recording system has 3 dB cut-offs at 0:1 
and 1,000 Hz. 
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Fig. 2. Comparison of some properties of the proximal negative response 
(9) and the local b wave of the electroretinogram (40. 4, Amplitude 
as a function of log intensity. A log I value of 6-0 is equivalent to a 
retinal illuminance of 40 foot-candles, B, Amplitude as a function of 
stimulus diameter. Ordinate on left, C, Relative amplitude as a func- 
tion of stimulus position on the retina. Ordinate on right. Absolute 
amplitudes at relative amplitude values of 1-0 are: PNR, 0-268 mV; 
local b wave, 0-228 mV. 


In the third experiment, the entire retina was again 
continuously exposed to a uniform baekground (0:01 foot- 
candles). A test stimulus of 0-22 mm diameter and 
constant intensity (39-1 foot-candles) was flashed (0-35 s 
duration) at various positions on the retina every 30 s. 
Fig. 2C shows the results of such an experiment. Relative 
amplitudes are plotted. It can be seen that the PNR is 
sensitive to very small displacements from the optimal 
position whereas the b wave is virtually unchanged. With 
larger displacements, the PNR is still more strongly 
attenuated than is the 6 wave. On an absolute basis, the 
PNR was somewhat larger than the 6 wave at the zero 
position of Fig. 2C, but two to three times smaller at 
peripheral positions. Thus this experiment shows that 
the PNR is more highly localized than the local b wave. 

My experiments show that the PNR and the local 
b wave of the ERG differ in waveform, the retinal depths 
at which their maxima are found and the effeets exerted on 
them by stimulus intensity, size and position. These 
findings have several ramifications for other intraretinal 
studies*:!9?. For the present, however, it is sufficient to 
emphasize that the PNR can no longer be viewed as the 
local b wave of the ERG. The quantitative comparisons 
presented here indicate that the PNR and the b wave are 
two distinetly different types of local intraretinal events. 
This raises the possibility that they originate from 
different types of retinal cells. Evidence will be presented 
elsewhere which supports the hypothesis that the PNR 
reflects the activity of amacrine cells. 

I thank J. E. Dowling, M. Dubin, R. F. Miller and F. 
Werblin for helpful discussions. This research was 
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Book Reviews 


PLAGUE OF DESTRUCTION 


The Black Death 
By Philip Ziegler. 
1969.) 366. 

THIS is an interesting and thorough aecount of the first 
known pandemie of plague which oceurred between 
1345 and 1350. The disease began in Manchuria, and by 
the end of 1346 it was widely known in the major Euro- 
pean seaports that a plague of unparalleled fury was 
raging in the east. It reached first the Mediterranean 
countries along the sea routes used by galleys from the 
Black Sea ports, by October 1347 it had arrived in Sicily 
(in twelve Genoese galleys), and it then passed to other 
Mediterranean ports. Thence it spread to the mainland of 
Europe, and it eventually gained access to England 
through the Dorset ports in the summer of 1348 and 
spread throughout Britain with unabated fury, killing, it 
is estimated, about one-third of the population. 

One of the minor mysteries which still remains concerns 
the genesis of the name—the Black Death. It was 
formerly believed that this name arose because of the 
subeutaneous haemorrhages seen on people dying of 
septicaemie plague. It would seem, however. that the 
term the Black Death was not used at the time of the 
epidemic, and was not generally heard until the eighteenth 
century. Today, the causal organism, the Pasteurella 
pestis, is known and the mode of spread from rat to man, 
usually through the bite of the infected rat flea, has been 
elueidated. But in the middle ages, plague was not only 
all-destroying, 1t was totally incomprehensible. 

It was believed that the disease occurred in persons 
who had inhaled a corrupted atmosphere—the miasmic 
theory of contagion expounded by Galen which was 
destined to be accepted for hundreds of years. It was also 
alleged by the Church that the Black Death was a punish- 
ment by the Almighty for man’s wickedness, sensuality 
and lack of contrition. The ne galleys which brought 
the Black Death to Messina in 1347 were alleged to be 
accursed and fleeing from the wrath of God, in the shape 
of a tempest, because they had helped the Saracens against 
the Christians. It is indeed surprising that no mediaeval 
chronicler mentions the undue mortality in rats either in 
galleys or on shore, which must have been present, yet 
this observation was not made until the latter part of the 
nineteenth century. 

Chapter thirteen is the most fascinating part of the book 
hecause it gives an imaginary reconstruction of the plague 
in a mediaeval English village. The story is linked to the 
experiences of Roger Tyler, one of the more prosperous 
villeins in the village of Blakewater. The first victim was 
the vicar early in 1349. then old and young alike developed 
the disease, hardly a family in the village being spared. 
Out of a population of about 150 in 30 family units there 
were 38 deaths and only 3 recoveries. This mortality 
was lighter than in many other communities; nevertheless, 
it was bound to have a considerable effect on village life. 
The author suggests that it led to larger parcels of land 
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considerable effects on education. agriculture and archi- 
tecture. The high mortality among clerics eliminated a 
vast number of learned men on whom the country 
depended not only for its religious guidance but also for à 
fair measure of its local government. There was also a 
high incidence of the disease and deaths among doctors, 
but in the fourteenth century they were fewer and of less 
importance in the community. Asa result of the need to 
repair these losses, however, severalnew colleges came into 
existence at Oxford and Cambridge. 

Gradually, the infection abated and the slow process of 
social and economic recovery started through Europe. 
Although other visitations of plague were to occur over 
the next five hundred years, no later outbreak had as far- 
reaching consequences as the Black Death deseribed in 
this book. Yet, medically, out of it came virtually no 
advance in knowledge. Indeed, the only medieal innova- 
tion was the institution of quarantine; namely, the 
detaining of ships with their passengers and cargoes in 
isolation for a period of 40 days. The choiee of 40 days is 
alleged to be based by analogy to Christ's suffering in the 
wilderness. Quarantine failed in mediaeval Venice and has 
consistently failed to control the spread of infection 
through the centuries and up to tbe present day. It is 
founded on the false premise that incarceration of voyagers 
and cargoes will prevent spread o” infection. But the 
Rattus rattus and his flea Xenopsylla cheopats can evade any 
cordon sanitaire. Yet quarantine stil figures prominently 
in the thinking of some medical men coneerned with the 
international spread of disease even to this day, So we 
should not judge our mediaeval ancestors too harshly 
for not noticing that rats also died of the Black Death. 
The reading of history, when it is presented as it is in this 
book, is not only instructive but alsow pleasure, 

ANDREW D. SEMPLE 


PROPAGANDA IN A GOOD CAUSE 


Famine on the Wind 

Plant Diseases and Human History. By G. L. Carefoot 
and E. R. Sprott. Pp. 222. (Angus and Robertson: 
London, January 1969.) 30s. 


MAN's concern for his own health ane. that of his animals 
and plants is a descending series. Asa result both human 
and veterinary medicine have emotive public images. 
"Plant health" on the other hand aitraets little general 
interest, and its maintenance, in most countries, has not 
even attained a unity of approach. it is commonly split 
into the control of pests, diseases and weeds, the first of 
which usually takes precedence because of the spectacular 
depredations of insects. These divisions are not, however. 
exclusive, and it is customary for plant pathogenic 
nematodes to be included in plant pathology (or phyto- 
pathology) along with fungi, bacteria, viruses and the non- 
parasitic factors which are responsible for disease in 
plants. 

In Famine on the Wind the effects of plant disease are 
dramatized and the losses they induce are set against the 
background of the rapidly increasing world population. 
Losses of food crops caused by disease are certainly 
impressive. The authors claim that fu agus diseases alone 
annually destroy enough food to provide 2,500 calories 
per day for 300 million people. They also claim that 
disease is responsible for an overall 20 per cent loss of 
food crops. Plant disease losses are notoriously difficult 
to assess with accuracy and this last etaim is probably on 
the high side. H. H. Cramer, from his recent comprehen- 
sive study (Pflanzenschutz-Nachr. Baser, 20 (1): 1967) 
concluded that plant diseases cause a less of 12 per cent of 
the annual world crop production, inseets 14 per cent. and 
weed infestation 9 per cent--the tosal loss exceeding 
1,400 milion tons. Losses on this scale must not be 
tolerated-—particularly as many are preventable. 
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Between a prologue, “Population Crisis", and an 
epilogue, "Food Crisis". a series of diseases or groups of 
diseases are dealt with in ten chapters. Three of these 
cover ergot and ergotism, South American leaf blight of 
rubber and miscellaneous diseases of forest and orna- 
mental trees. The other seven, the essence of the book, 
deal with a representative selection of diseases of food 
plants: rusts and smuts of cereals, mildews of the grape- 
vine, Panama and Sigatoga diseases of banana, and various 
bacterial and virus diseases--notorious outbreaks of all of 
which have occurred during the past two hundred years. 
Most chapters also include interesting, and sometimes 
curious, information on the history and uses of the 
commodities affected. 

The approach is broadly based, although I should 
have liked to see the stock examples of plant disease 
supplemented by accounts of more recent epiphytotics, 
well documented in the technical literature, such as 
maize rust (Puccinia polysora), which spread through 
West Africa to East Africa and beyond during the nine- 
teen-fifties, and blue mould of tobaeco which since its 
introduetion into Europe a decade ago has done vast 
damage and established itself as a perennial hazard on à 
continental scale. There are a number of minor errors in 
the text and a few major blunders; as, for example, in 
the account of Linnaeus’s involvement with the nomen- 
elature and taxonomy of the coffee plant, and professional 
plant pathologists could well be upset by some of the 
purple passages which distort rather than clarify or add 
interest to the matters under discussion. The authors’ 
intention, however, is propaganda in a good cause, and 
even if they do tend to exaggerate and to an impressionistic 
style, so long as this is borne in mind and their reconstruc- 
tions are treated with a little scepticism. the result can be 
commended as a lively introduction which should help to 
stimulate interest in both the scientific and social impacts 
of plant disease. G. C. AINSWORTH 


USEFUL ENEMIES 
The Cockroach 


A Laboratory Ínseet and an Industrial Pest. Vol. 1. 
By P. B. Cornwell. Pp. 391. (The Rentokil Library.) 


638. 


Ix times past, several species of cockroach have adopted 
man as their neighbour. This relationship is largely one- 
sided, but some advantage has been taken of this readiness 
to tolerate man’s environment and they have been 
exploited as experimental animals. Cornwell's book sets 
out to deal with these two facets of the relationship: the 
cockroach as an industrial pest, and as a laboratory 
animal. It is to be followed by a second volume on 
insecticides and control. 

The scope of the book is broad and it includes cockroach 
evolution, known back to the coal measures. The species 
associated with man are described. together with their 
supposed countries of origin and their present-day 


(Hutchinson: London, December 1968.) 


distribution (considerably influenced by their being 
inveterate mariners). Then follows a section on the 


experimental biology of the animals. The remaining 
third of the book is devoted to ecological aspects of 
cockroach populations. 

With the vast field to cover in one book, selective 
omission has, of necessity, been practised; but the 
"Laboratory Insect” aspect suffers in consequence. The 
preface says that the book provides, “for teaching estab- 
lishments, research physiologists and insecticide chemists” ; 
however, the treatment of the basie features of morphology 
and physiology is not really elementary and systematic 
enough for a teaching handbook, while the coverage is 
insufficient for the research physiologist. 

Biochemistry has been ruthlessly pruned, but, even if 
one accepts the author’s decision that this was necessary, 
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one might have expected matters that offer the promise of 
practical application to receive full coverage. In a volume 
that is the forerunner to one on insecticidal techniques, 
surely acetyleholinesterase justifies more than one line ? 
Yet again, when a great deal of thought is being given to 
the possibility of using hormones as a means of controlling 
insects, there is a distinct absence of information on this 
subject. The account of the functions of eedysone is 
peremptory and inexact. 

The final five chapters relate to the cockroach as a 
potential pest. Consideration is given to diet, growth 
statistics, predators, parasites and environmental effects 
— factors that influence the balance between increase and 
decrease in numbers. Examples of the animals’ own 
activity and propensity for passive transport show how 
they ean spread. The diseases for which they are potential 
vectors are listed. The last chapter is an interesting 
account of a comprehensive unpublished survey of the 
incidence of cockroaches in the British Isles. 

This is a useful book, but it is a pity the author stopped 
so far short of completely covering the literature. Perhaps 
it was too optimistic to combine the two aspects of 
cockroach biology in one book. They share, after all. less 
a natural than a fortuitous connexion, with man as a 
common factor. It might have been better to treat 
them separately in two volumes. The industrial aspects 
could advantageously have been based on field ecology 
and ethology, and the laboratory manual could have 
been an amplification of this text. — P. C. J. Bruner 


MALAYSIAN MOSQUITOES 


Anopheline Mosquitoes of Malaya and Borneo 
By J. A. Reid. (Studies from the Institute for Medical 
Research, Malaysia, No. 31.) Pp. xiii + 520. (Institute for 
Medieal Researeh: Kuala Lumpur; High Commission for 
Malaysia; London, 1968.) M $30.00; US $10.00; 80s. 
Ir is more than 30 years since Gater published his mono- 
graphs on the anophelines of Malaya and during the past 
20 of these Dr John Reid has been occupied in a consider- 
able volume of field, laboratory and museum researeh on 
this subject. Many of the thirty-two species that have 
been added to the anopheline fauna of Malaya and Borneo 
since Gater's day (when thirty-five species were recog- 
nized in all) have been deseribed by Reid, who has now 
incorporated his own experience and that of other workers 
in this area in a single comprehensive monograph, After a 
valuable ehapter on the anatomy of the various stages 
that is restricted. to those aspeets required for species 
identification, there is a summary of the classification of 
the genus Anopheles that follows in general the system 
adopted by Stareke, Knight and Stone in their 1959 
catalogue of world mosquitoes. The systematic sections 
are introduced by simple primary keys for separation of 
the adult males and females. the larvae and the pupae 
into their main species groups, or, where practical, actual 
species. Clear diagrams facilitate this task considerably. 
These keys are followed by the detailed descriptions of 
the sixty-seven species in the next 300 pages which are 
abundantly illustrated with many new figures (mainly by 
Mrs C. A. O’Brien) as well as the familiar and now classical 
drawings of Terzi and others. The species are dealt with 
according to subgenus and species group (where this is 
applicable). In the subgenus Anopheles are the hyrcanus, 
barbirostris, albotaeniatus, umbrosus, asiaticus, lindesay?, 
culiciformis and aitkenii groups. The subgenus Cella 
includes the leucosphyrus group as well as individual 
species. Keys are provided to each of these groups as well 
as to the Oriental Myzomyia and Pyretophorus series and 
the South-East Asian members of the Neocellia series. The 
description of each species is brief but adequate and covers 
the diagnosis, main features of the female, male, pupa, 
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larva and egg, and notes on the distribution, habits and 
veetor status in relation to human and (where known) 
animal disease. 

The last 100 pages of this work are devoted to general 
diseussions and concise reviews of the biology of the 
Malayan anophelines that, in fact, cover far more ground 
than is implied by the title. There is an excellent section 
on speciation in which the author airs his well-informed 
views on the very moot question of what constitutes a 
subspecies and how one should refer to allopatrie or sym- 
patric variants, these being all too common among the 
Culicidae. He points to the urgent need for further 
hybridization and cytogenetic studies in certain species, 
particularly the barbirostris and leucosphyrus groups, along 
the lines that have vielded such valuable data on the 
Anopheles gambiae group of the African continent in the 
hands of Davidson, Coluzzi and others. 

The final sections on circadian rhythms in mosquitoes, 
biting habits and host preferences and, finally, the 
important parts played by certain species in the trans- 
mission of malaria, filariasis and arbor virus diseases, 
provide a concise reference source to data that have been 
neatly compiled from a wide variety of sources. Not the 
least accomplishment of the author and publisher is the 
publication of such a valuable monograph. with so many 
first class illustrations, at so modest a price. Although 
this type of work, naturally enough, tends to gravitate 
largely to the bookshelves of the specialist, there is much 
material of a far broader interest here to those concerned 
with general systematics, mosquito behaviour and vector- 
borne diseases. I can fully endorse the opinion of the 
director of the Institute for Medical Research, Malaysia, 
who, in his foreword, concluded, “I have no doubt [this 
monograph] will be for many years the reference book for 
the Anopheline fauna of S.E. Asia’. W. PETERS 


PHOTOSYNTHESIS AND LIFE 


Photosynthesis 

By G. E. Fogg. (Modern Biology.) Pp. xi + 116 + 12 
plates. (English Universities Press: London, September 
1968.) 21s paper; 35s boards. 


THis moderately priced and attractively produced little 
book is an attempt by an eminent botanist to provide for 
those beginning the study of photosynthesis a simple 
introduction to the important recent discoveries about the 
subject, and to place them in perspective in relation to 
the role of photosynthesis in the whole plant and to its 
importance in world economy. I found the book most 
enjoyable and can thoroughly recommend it to those 
students with a sound background of the basic physical 
sciences. This implied reservation is not a criticism of 
the book but an acceptance of the difficulties which, as a 
biochemist, I feel beset university biology teachers at this 
moment. First vear students without A-level chemistry 
and some post O-level knowledge of physies and mathe- 
maties will find even this lucid text difficult. For example, 
will they understand the simple equation for Beer’s law 
(page 25) or the concept of redox potential or that of 
energy levels in an excited molecule ? Furthermore, even 
those with satisfactory A-level combinations and grades, 
unless they are studying chemistry and/or biochem- 
istry alongside their photosynthesis course, may not 
fully appreciate the significance of the Calvin cycle, and 
terms like NADPH and ferredoxin may be little more 
than words. 

Professor Fogg * book can make a real contribution to 
the teaching of photosynthesis to students who have some 
of the deficiencies indicated, if it is used in conjunction 
with background tutorials at appropriate stages of the 
diseussion or if the students are attending a biochemistry 
course at the same time. 

It is my feeling. as a non-expert, that the wider issues 
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which Professor Fogg raises in his last chapter ("Photo- 
synthesis and Life: Past, Present and Future”) will also 
become more meaningful if the macor portion of his book 
is fully appreciated. A minor criticism is that ~ P is used 
to denote linkages both with a low AF of hydrolysis and 


confusion, because it is normal beochemical practice to 
confine the use of ~ P to the latte: group of compounds. 
T. W. GOODWIN 


IMIDOYL HALIDES 


The Chemistry of Imidoyl Halides 
By Henri Ulrich. Pp. x+ 238. 
York, 1968.) $12.50. 

Tuis book constitutes a clearly written comprehensive 
review of the synthesis and properties of imidoyl halides 
which are defined as reactive organis compounds contain- 
ing a halogen atom attached to tue carbon atom of a 
carbon-nitrogen double bond. Incividual chapters are 
centred around the following types cf compound: 


A(Y)C-NR, X(R)C- NOH, X(R)C - NNH,, and 
[ (CH) 1; where X — halo; R= alkyl or aryl; 
P. P aia, 
and Y —halo, R, NB, OR, or SR. 


Plenum Press: New 


A number of other compounds, for example, those with 
substituents such as CN, NCO, OUN, NCS, SCN and 
CO,H attached to the -—C(N)-—N-— system and the 
aromatic compounds, halopyridines, halopyrimidines and 
halo-1,3,5-triazines, are discussed omefly. In general, 
each chapter is divided into four sectzons: (i) am introduc- 
tion consisting of a brief history of the class of eompound, 
nomenclature, stability, summaries of methods of syn- 
thesis and types of reactions undergone and possible uses 
in synthesis; (1) methods of synthesis including specific 
examples with experimental details und tables of indivi- 
dual compounds of the class which hawe been characterized 
by either melting points or boiling points; (in) physico- 
chemical properties including tables of LR. data; and 
(iv) chemical behaviour classified aeccrding to the type of 
reaction undergone including reactions with O-—H, S-—H, 
N—H and C—H bonds and additmn and elimination 
reactions. Each chapter is well supported by literature 
references and the book has author end subject indexes. 
An appendix with forty-eight references reviews the 
literature on imidoyl hahdes which eppeared im the last 
half of 1967 and the first two months «f 1968. 

Organic and biological chemists will find this book very 
useful for the synthesis of many cutrogen-containing 
compounds. The inclusion of experimental details of the 
general procedures for the synthesis cf the various types 
of imidoyl halides makes this a valuable laboratory 
manual, especially as in many cases ths original literature 
references are not readily available. 





K. BnockrEHURST 


HETEROCYCLIC CHEMISTRY 


Principles of Modern Heterocyclic Chemistry 

By Leo A. Paquette. (The Organic Chemistry Monograph 
Series.) Pp. xiv+401. (Benjamin: New York and 
Amsterdam, 1968.) n.p. 


One of the chief difficulties in teaching heterocyelic 
chemistry is to decide whether to mterleave it with 
carbocyclic material even at the elementary stage, or 
whether to provide a course only after the basic situations 
and processes of organic chemistry have deen encountered : 
both approaches have their advantages, but neither is 
without its problems. This volume is ciearly designed to 
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meet the second of the above situations, for it presupposes 
à fairly sound working knowledge of at least simple 
mechanistie organie chemistry; it could be used with 
advantage by second or third year undergraduates in 
Britain, and it would also be of considerable value as a 
starting point for graduate students as well. 

The arrangement of the material is relatively orthodox, 
though logical —three-membered rings with one, and then 
two, hetero atoms; four-membered rings; furan, pyrrole 
and thiophene; condensed five-membered rings; azoles; 
pyridines; quinoline and isoquinoline;  diazines and 
s-triazine; and some heterocycles of biological interest. 
Within these subject divisions the emphasis is not then 
on systems with differing hetero atoms seriatim. Instead, 
an attempt is made to establish general features and 
behaviour first, and only then to consider differences that 
change of hetero atom may produce. Within each 
section there is first a discussion of synthetic methods-— 
this discussion is not exhaustive, but it sensibly dis- 
criminates in terms of those that are preparatively 
successful and of general utility. Then ring-opening, 
substitution and, where relevant, addition and side chain 
reactions are discussed in terms of their mechanistic type. 
A relatively novel feature is to return, late in the book 
after the student has become familiar with a very wide 
range of material, to a consideration of further principles 
of heterocyclic synthesis in terms of cycloaddition re- 
actions, valence-bond isomerizations and enamine con- 
densations. 

There is an enormous amount of material here, sensibly 
selected and very well set out, and the coverage of, and 
reference to, the literature is quite unusually useful and 
comprehensive, Indeed, one’s only reservation is that 
perhaps so many reactions have been included that not 
quite enough space has always been left for explana- 
tion and rationalization. Problem exercises have been 
provided at the end of each chapter, but one wonders a 
little whether at this level of sophistication they really 
warrant the space that they take up. But it would be a 
pity to end on a slightly carping note about what is an 
extremely well done and most useful text: it can be 
warmly recommended as a first rate work. 

PETER SYKES 


EMISSIONS OF LIGHT 


Luminescence in Chemistry 

Zdited by E. J. Bowen. (The Van Nostrand Series in 
Physical Chemistry.) Pp. xiv+254. (Van Nostrand: 
London and Princeton, October 1968.) 75s. 


THe fields of research in which a knowledge of lumines- 
eence phenomena is required are continually increasing 
in number. The principles involved are identical in all 
of the diverse areas to which they may be applied, so that 
a unified treatment is both timely and desirable. Unfor- 
tunately, this relatively short work has contributions from 
ten authors with a resulting unevenness of treatment. A 
useful, if elementary, introduction defines the chief 
mechanisms of emission of light and touches on the con- 
cepts of quantum. yield, quenching and light absorption. 
A more detailed treatment of the last subject would 
have been a better preparation for some of the material 
too briefly discussed im later chapters. Instrumentation 
is given a well and concisely written following chapter 
with an effective bibliography. The description of 
discharge lamps in a short and interesting section provides 
a useful summary somewhat reduced in utility by a lack 
of reference to particular commercial examples. Brief 
reports on luminescence in the gas phase and in inorganic 
substanees provide useful introductions to two fruitful 
delayed fluorescence and intramolecular energy transfer 
are excellent. Some readers ma v be confused, however, 
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by the abrupt introduction of conceptually difficult 
mathematical treatments insufficiently developed for 
obvious reasons of space. Examples are the considera- 
tions of spin-orbit coupling and resonance transfer. Also, 
the diagram on page 146 will not be particularly informa- 
tive to those new to the field. 

On the whole, the physical aspects of the subject are 
satisfactory, but, with one exception, the applications of 
luminescence are doubtful. The information to be ob- 
tained from the study of fluorescence in biological systems 
is very well brought out in the chapter on luminescence 
in biochemistry. Bioluminescence is not well served, 
particularly because the information has not been brought 
up to date. In the chapter on the fluorescence of organic 
compounds less precision than in earlier sections is to be 
expected because the complexity of most organic mole- 
cules does not allow, for example, the specific prediction 
of the oceurrence of fluorescence. The requirements for 
fluorescence are adequately covered, but lapses elsewhere 
may prevent confident use of the material presented. 
Thus there are a large number of typographical errors, and 
also several structures the inaccuracy of which is more 
fundamental; for example, those on pages 82 (formula VI), 
105 (both formulae) and 108 (formulae XXXIX and 
ALII). Structure NXXV is wrongly called a resonance 
strueture and the greater acidity of aniline in the excited 
state 1s not clearly appreciated. Some of the analogies 
and concepts used are so imprecise as to be misleading. 
For example, the comparison of anthracene with phenan- 
threne (page 81), the idea of the "mobility of electrons” as 
used on several occasions, and the suggestions for enhanced 
fluorescence found in rigid molecules and for the reduced 
fluorescence of nitrogen heterocycles, all have more 
informative explanations than those given. 

Chemiluminescence of solutions is given a brief and 
superficial discussion which by being out of date does not 
convey a proper impression of the field. It should be 
possible to produce a more balanced account of this 
subject with a better indication of the direction of advance. 
A more detailed treatment of mechanism both physical 
and chemical is necessary and feasible. A final chapter 
introduces what will be to many users of the book a 
novel field. “Fluorescence Microscopy and Histochemis- 
try" concerns mainly the latter, the other applications 
not being considered. As the author points out, advances 
in this area depend greatly on the accuracy with which 
the observations under the microscope are correlated with 
known and reliable chemistry. Again, formulae errors 
result in some almost meaningless reaction sequences (for 
example, page 243), and interpretation is seriously wrong 
in the formulae on page 244. One's guesses about the 
reactions involved reinforce the author's plea for contribu- 
tions from chemists to this difficult but potentially reward- 
ing field. 

The format of the book is pleasing and it is well pro- 
duced, with the exception of the errors noted. Approaches 
to what is the best size of bibliography for each chapter 
differ markedly, reflecting to some extent a certain 
eonfusion as to the intended readership. The index is 
quite inadequate. In summary, the book presents a useful 
breadth of subject, marred by some carelessly written 
chapters and redeemed by some very useful contributions. 

FRANK MCCAPRA 


GAME IDEAS 
Game Theory 


By Guillermo Owen. Pp. xii 4- 228. 
delphia and London, 1968.) 76s 6d. 
A READER prepared for a really "mathematical" presenta- 
tion of the subject will find this book pleasant reading. 
The theorems are proved with a fair degree of rigour (not 
as in Bourbaki, but certainly not as in an engineering 


(Saunders: Phila- 
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text) I found the balance of heuristic suggestions, 
motivating remarks and actual proofs satisfactory. 
Nevertheless, the book gives very little information about 
the background of the subject in economies, statistical 
decision theory and elsewhere. The book is therefore 
suitable for mathematical specialists reading the subject 
for its own sake and for others, well prepared mathemati- 
cally, who already know why they want to read about 
game theorv. Advantages of this approach are clarity 
and conciseness. Furthermore, the book fills a gap. Not 
many recent books on game theory as such are available, 
although there are good ones where the theory appears 
embedded in its applications. Some older books are good, 
but the author of this one includes newer results. 

There are ten chapters and two appendices—on con- 
vexity and on fixed point theorems, which are subjects 
that are basie to game theory and which it is convenient 
to inelude for reference. The problems provided are 
tough, being mainly outlines of theorems which the 
author has not ineluded in the text. Problem one of 
chapter one calls for the reader to carry out a construction 
using the axiom of choice. I would have liked this auster- 
ity to be tempered by the presentation of more illustrative 
exercises, but this is a matter of taste. 

I recommend the book for mathematicians who want 
to read and to have on their shelves a concise introduction 
to the ideas of game theory. Its usefulness to other readers 
will depend on their mathematical background and their 
interests. Game theory has been proposed as a way for 
people to make decisions, as has the related statistical 
decision theory, although business men (for example) 
may not really be using such processes. Perhaps tech- 
nological development suggests a growing new class of 
readers. Pilots in a dogfight are playing a differential 
game (chapter five, section five) in which each one chooses 
& curve in space. It is doubtful whether they consciously 
use this fact, but it is used by the designers of the missiles 
that are replacing them. As this and (one hopes) more 
peaceful uses develop, mathematically oriented engineers 
and scientists will require a knowledge of game theory, 
and this plain mathematical treatment may be what 
they want. W. A. ON. WAUGH 





Dr B. M. Schofield 


Dr BRENDA M. SCHOFIELD, lecturer in physiology at the 
Royal Veterinary College since 1954, died in London on 
December 2. She was educated at the University of 
St Andrews, where she graduated BSe in 1948 and 
received her PhD in 1951. She was then departmental 
demonstrator in pharmacology at Oxford for a year and, 
although concerned with the study of sundry aspects 
of the pharmacology of the iris and the coronary cireu- 
lation, her research interests remained centred on the 
uterus. To this end she went to the Carnegie Institute of 
Embryology in Baltimore where. under the stimulus 
of George W. Corner, S. R. M. Reynolds and the late 
Professor A. St G. Huggett. the physiology of this organ 
was a fast developing subject. In these surroundings 
she found scope for her wider interests and it was here 
that she came into contact with Dr A. I. Csapo, who 
stimulated her enduring interest in the biology of the 
uterus. 

Brenda Schofield was a diligent and careful worker who 
got the most out of any problem. Her published work, 
for which she was awarded the DSc of the University 
of London a few months before she died. covers a consid- 


erable range of topics. First came researches into the 
innervation of the cervix and corsu uteri, and the in- 
fluence of ovarian hormenes on the isometric activity of 
uterine muscle. Then followed the application of this 


of late pregnancy. She showed that the systemic and 
local progesterone effects may com)ene in VALIOUS species, 
resulting in species differences in userine activity during 
pregnancy. Recently she had been investigating the 
experimental production of "ring-wcmb" in the pregnant 
ewe. There can be few who have unrated more completely 
a broad acceptance of the need te study problems of 
great practical interest and urgency. and a research flair 
for getting at the fundamental mechanisms of the problems 
involved. 

She was a member of several seentific societies, but 
her favourites were the Physiologica Society, the Society 
for the Study of Fertility, the Sociesy for Endocrinology 
and the Blair Bell Society, of whiean she was a founder 
member. She was a great supporter of the International 
Physiological Congresses, and attended all the meetings 
between 1950 and 1968. ‘She had many interests 
outside physiology-—musie, modern art, travel and an 
abiding concern for the welfare o^ the young, which 
found expression in her ardent suppert for the Pestalozzi 
Children’s Homes, She loved the eountrygside and the 
flowers, and it was this passion which took her on her 
travels to wild and lonely places. 

She had a passionate hatred of hypecrisy and pretension 
and was always ruthlessly outspoken an her condemnation 
of any such suspected defect. As time went by. it was 
also apparent to those who knew her well that she was 
becoming dissatisfied with the erudities of modern life 
and, in particular, felt unhappy aoout the deelne of 
manners and morals in our time. The student body was 
ever her particular concern: their deportment, manners, 
dress—little escaped her vigldance--and on their appl- 
cation and training she often expressed herself strongly. 

Hers was a generous, courteous and upright nature, 
with a great sense of responsibility in everything she 
undertook. Her chief personal attribute was one of 
kindness and sympathy, yet there was always about her 
a certain brusqueness. But within was a different and 
much shyer person, deeply appreciaiive of human com- 
radeship. Her values were courage, Poyalty and integrity 
and she assumed them in others. Put this personality, 
so likeable and so sincere, had, in addition to unrmense 
courage, another characteristic—an ron will whieh did 
not permit the indulgence of self-pity —and up to the very 
end, even when she knew the meaning of her illness, she 
continued to work on her manuscript. Her church was 
very real to her and was a support and an abiding interest, 
and she lived always a happy and fruitful hfe in the 
midst of a devoted family. 





Dr G. G. F. Newton 


Dr G. G. F. Newrox, who died suddenly on January 1, 
aged 49, made some valuable eontribu:ions to the study of 
antibioties. 

Guy Newton went from Oundle to Trinity Hall, Carn- 
bridge, in 1938, but his career was interrupted by the 
Second World War. He volunteered ‘or a special service 
unit, operated behind the enemy Enes and won the 
Military Cross. He returned to Trmity Hall in 1946. 
Although an outstanding oar who might have obtained a 
blue, he gave up rowing to concentrats on work and took 
part II of the tripos in 1947. In response to an advertise- 
ment by Sir Howard Florey in Nature, he then went to 
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D.Phil. in 1951. He subsequently joined the external staff 
of the Medical Research Council and later became a 
university Senior Research Officer and a Fellow of St Cross 
College, Oxford. 

The most important of Newton's contributions to scienti- 
fic research concerned peptide or peptide-like antibiotics. 
He isolated the polypeptide bacitracin, which found some 
use in medicme, and was closely involved in the work 
which established its amino-acid sequence and showed 
that it contained a novel thiazoline ring. After research 
had begun in Oxford on the antibiotics produced by a 
species of Cephalosportum, he played an important part 
im work which led to the isolation of penicillin N and the 
determination of its structure. It was during this work 
that crude preparations of penicillin N were found to 
contain a new but related compound, cephalosporin C, 
which was resistant to staphylococcal penicillinase. 
Newton made important contributions to the determina- 
tion of the structure of cephalosporin C and to experi- 
ments which showed that different cephalosporins could be 
obtained by replacing its acetoxy group with certain 
nucleophiles and by removing its D-x-aminoadipov] side 
chain to yield 7-aminocephalosporanie acid. From the 
basis provided by this work pharmaceutical companies 
in the United States and Britain were able to produce 
cephalosporins of clinieal value, and the National Research 
Development Corporation negotiated royalty agreements 
which have provided it with a considerable revenue, 
Newton was able to use a small part of this money te set 
up a trust fund for medical research. Guy Newton was 
an unselfish and completely unpretentious man of absolute 
integrity. His conscientiousness and meticulous attention 
to detail contributed in no small measure to his scientific 
achievements, 





Correspondence 


Misunderstood Profession 


SIR,—Às an ordinary member of the NUT who has taught 
in secondary modern and independent schools for some 
ten years, I find your editorial “Misunderstood Profes- 
sion" (221, 304; 1969) not only untrue but objectionable 
in its incitement to strike action for improved pay. 

In the opinion of many teachers, too mueh of the NU'T's 
energy goes into problems of pay scales and too little into 
conditions of service for teachers and the interests of the 
pupils. 

Someone who is not a member of the teaching profession 
said recently that teachers' pay is not unreasonable for 
the number of hours worked compared with industry. 
Although I would lke to refute this statement on the 
grounds that long hours are spent in marking and pre- 
paration which makes up for the longer holidays, in my 
experience a very large proportion of teachers never 
prepare a lesson, seldom mark a book and generally stick 
rigidly to work in school hours only. To justify increased 
pay, the profession should put its own house in order in 
this respect and such obligations should be taught in the 
teacher training colleges. 

If you are looking for a justifiable criticism of the NUT, 
it can be found in the way in which it virtually ignores 
the teacher/pupil ratio in primary and secondary schools 
and has supported the Government in its intention to 
‘aise the school leaving age, before it has provided 
an adequate number of teachers to cope with the existing 
school numbers. 
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In my experience, the NUT remark which you treat. 
with a douche of cold water, that most teachers enter the 
profession for idealistic reasons, is undoubtedly true, but 
they very soon get their idealism knocked out of them 
when faced with six classes of forty or more children each 
day. 

The matter of class size is one of the main justifications 
for the independent schools. Parents know that classes 
will be of a size which allows the teacher to teach and not 
spend the whole of his time just maintaining discipline. 
There are schools in many areas, particularly in London 
and the larger eities, where children ean go right through 
school and eome out virtually illiterate at the end; class 


size is almost the sole reason for this situation. 
Yours faithfully, 


Mary Scorr 
The Spindles, 
Telham Lane, 
Battle, 
Sussex, 


Brighter Statistics 


SIR,— Your comments (Nature, 221, 504; 1969) on the 
University Grants Committee statistics on costs per 
student are, in one respect, misleading. You state that 
"some very small biologieal departments prove to be 
extremely expensive", and quote as one example that 
Sussex, with 32 undergraduates and 11 graduate students, 
costs £2,000 per head. It is possibly true that small 
departments are uneconomie, but it is wrong to quote 
Sussex to prove it. 

The figures quoted are for our first year of opening, 
1965-66, when there were only a small group of first-year 
undergraduates in the school. In 1967-68, there were 
269 undergraduates and 66 postgraduate students in the 
school, and the eost per head was appreciably below the 
figure of £030 which was the national average in 1965-66 
for biological sciences. 

Yours faithfully, 


J. MAYNARD SMITH 
University of Sussex, 
Biology Building, 
Falmer, Brighton, 
Sussex, 


University News 


Dr J. R. Dunning has resigned from his post as dean 
of the Columbia University School of Engineering and 
Applied Science and has become the first holder of the 
Thayer Lindsley professorship in applied science. 

Dr J. Friend has been appointed to the chair of botany 
at the University of Hull. 

Professor O. V. S. Heath is to retire from the chair of 
horticulture at the University of Reading ; he will con- 
tinue as director of the ARC Unit of Flower Crop 
Physiology. 

Dr D. S. Dugdale has been appointed to a personal chair 


University of Sheffield. 


Appointments 


The Earl of Bessborough has been appointed the 
deputy chairman of the Metrication Board. The chairman 
is Lord Ritchie-Calder. 

Dr H. M. Mark, chairman of the Department of Nuclear 
Engineering at the University of California, has been 
appointed director of NASA's Ames Research Center, 
California. 
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International Meetings 


March 6, International Collaboration in Radio 
Science, London (Institution of Electrical Engineers, 
Savoy Place, London WC2). 


March 8 and April 26, Drug Addiction, Bradford (Regis- 
irar, University of Bradford, Bradford 7, UK). 


March 27, Solid State Electrochemistry, London (Dr 
B. C. H. Steele, Room 506, Royal School of Mines, Prince 
Consort Road, South Kensington, London SW7). 


April 16, Selenium and Tellurium in Iron and Steel, 
Stockholm (Air Commodore B. Bergman, Information 
Officer of the Swedish Institute for Metal Research, 48 
Drottning Kristinas Vag, 8-114 28 Stockholm, Sweden). 


September 2-6, Education and Training Technology, 
London (A. V. Phelps, ETTIC 69, Savoy Place, London 
WC2). 

September 7-11, Biochemistry of Lipids, Athens 
(Secretariat, ICBL, Biochemical Research Laboratory, 
Department of Clinical Therapeutics, University of 
Athens, Alexandra Hospital, Vas. Sophias and K. Lourou 
Street, Athens 611, Greece). 

September 7-13, Hydrology of Glaciers, Cambridge 
(Secretary, Glaciological Society, c/o Scott Polar Research 
Institute, Cambridge, Uk). 

September 7-13, Volcanoes and their Roots, Oxford 
(Dr J. D. Bell, Department of Geology and Mineralogy, 
Parks Road, Oxford, UK). 


September 7-13, Congenital Malformations, The 
Netherlands (Holland Organizing Centre, 16 Lange 


Voorhout, The Hague, The Netherlands). 


September 8-12, In Vitro Procedure with Radio- 
isotopes in Clinical Medicine and Research, Vienna 
(National Authorities for Atomie Energy Matters). 


September 11-12, Sulphur in Nutrition, Oregon (Dr 
J. E. Oldfield, Department of Animal Science, Oregon 
State University, Corvallis. Oregon 77331, USA). 


September 18-20, Computers in Radiology, Brussels 
(Exeeutive Offiee, Colloque de Radiologie, 64 Chaussee 
de Haecht, Bruxelles 3 Belgium). 


Sabbatical Itinerants 


In the hope of providing some practical assistance in the 
good cause of mobility between laboratories, Nature is 
proposing to advertise the needs for housing of families 
about to take up periods of sabbatical leave. To begin 
with, no charge will be made for advertisements like this. 
it is hoped that a period of experiment will show what 
form these advertisements could most usefully take and 
whether they are effective. 


Vacant: For one vear from August 10, 1969, well- 
furnished house in area of University of Western 
Ontario, with 3 bedrooms, living room, dining room, 
study,  kitehen/breakfast room, 14} bathrooms, 
garage and carport in 1 acre grounds. Excellent 
school in vicinity. Please contact Dr A. Stoessl, 
1589 MeClure Drive, London, Ontario, Canada. 


Vacant: In Chicago within walking distance of 
the University of Chicago, parks and the lake, 


i-roomed apartment, 4 bedrooms, 2 baths. Air- 

Suitable for 
family with children. Available from mid-June to 
mid-September. Station-waggon could be included. 
Please contact Anthony Robertson, Committee on 
Mathematical Biology, University of Chicago, 
Chicago 60637. 
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BRITISH DIARY 


Monday, March : 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WEZ), 
at 2 p.m. and 3.30 p.m.-—Discussion meeting on “A pparatne for System Fault 
Recording and Location and Equipment Alarm Annunciation” opened by 
Mr A. E. Cruddace, Mr J. W. Gillies, Mr E. Jameson and Mr D. jJ. Eastaugh. 


INSTITUTION OF ELECTRICAL ENGINEERS (at Sivoy Place, London, W C23, at 
5.80 p.m.— Professor M. Fleischmann: 5 Electrschemistry in the Future. 


SOCIETY OF ENGINERRS (at the Geological Society. Burlington. House, 
Piccadilly, London, W1), at 5.30 pamo- Dr K. A. Mulholland: "Noise (or 
Unwanted Sound)". 


UNIVERSITY OF LONDON (in the Botany Lecture Theatre, University 
College London, Gower Street, London, WC1), at 5.30 p.m,-~Profeasor K. 
Mühlethaler (Swiss Federal Institute of Technobgy): "The Ultrastrueture of 
Cytoplasmic Membranes”, 


UNIVERSITY OF LONDON (in the Physics Lectuze Theatre, University College 
London, Gower Street, London, WC1), at 5.30 p.m. — Professor G., E. O'Neill 
(Princeton University): “Particle Physics at Zxtreme Energies; the New 
CERN Storage Rings” (further lecture on March 5). 


INSTITUTION OF MECHANICAL ENGINEERS, Medical Engineering Working 
Party (atl Birdeage Walk, London, SW), ate p.ni,— Discussion meeting 
on "Reliability of Implants and other Medical Equipment”. 


ROYAL SOCIETY OF ARTS (at John Adam Stree’, London, WC2), at 6 p.m.— 
Dr Robert ©. G. Williams: “Educational and 'Eraining Technology Cast of 
three Cantor Lectures on “Technology in Edueation’’). 


SOCIETY OF CHEMICAL INDUSTRY, LONDON SECTION (joint meeting with the 
Heavy Organic Chemical Group, at 14 Belgrave mouare, London, SW j ) at 
6.30 p.m.—Mr D. J. W. Anthony: "The Australian Chemical Industry. 





Tuesday, March 4 


_ UNIVERSITY OF LONDON (in the Anatomy Theatre, University College 
London, Gower Street, London, WC1), at 1.20 pon. —Mr R. M. Perkins: The 
Scandinavian Discovery of America". 


INSTITUTION OF MECHANICAL ENGINEERS, bRIBOLOGY GROUP; and the 
MINISTRY OF TECHNOLOGY (at 1 Birdeage Walk. London, SWi}, af 3 p.m. 
Discussion meeting on “Tribological Problems iz Industry”. 


SWI) at 5.15 p.m.-—Dr J. F, Zilva: “The Effect of Steroids on iron Meta- 
bolis”. 


IMPERIAL COLLEGE OF SCIENCE AND TRCHNCLOGY (in the Department of 
Mechanical Engineering, Exhibition Road, Loadon, SW7), at 5.80 p.m.-- 
Professor W. Murgatroyd: “Forty Years of Thermal Power" (Inaugural 
Lecture). 


INSTITUTION OF ELECTRICAL ENGINEERS ( at Savoy Place, London, Wo), 
at 2.30 p.m.-—Mr C. 5. Burnham and Mr G. J. XeDonald: "Review of Pro 
gress in Mercantile Marine Radiocommunicationz"'. 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W1), at 5.90 p.m. 
Professor George Porter, ERS: "Light and Live” (lecture for Sixth Form 
Pupils from schools in London and the Home Counties. To be repeated on 
March 5, 11 and 12). 


UNIVERSITY OF LONDON (at King's College. Strand, London, WOR), at 
5.30 p.m.— Professor Seldon D. Bacon: "Alcohoi Science and Society" (Dent 
Memorial Lecture). 


UNIVERSITY OF LONDON (at the Institute of Child Health, Guilford Street, 
London, WC1), at 5.30 p.m. —Professor G. 8, Brindley: "Functions of the 
Central Pathways of Vision" (last of sixteen lectures on "The Scientific Basis 
of Medicine” organized by the British Postgraduate Medical Federation). 


UNIVERSITY OF LONDON (in the Botany becture Theatre, Üniversity 
College London, Gower Street, London, WEI), # 5.30 p.m.-— Professor G. A. 
Lindeboom (Free Reformed University of Amstardam): "Boerhaave's Debt 
to British Science, and British Medicine's Debt to Boerhaave” í further iec- 
tures on March 5 and 6). 


— INSTITUTION OF MECHANICAL ENGINEERS (8t the University College of 
South Wales and Monmouthshire. Cardiff), at 6 n.m.—Mr R, A. Lake: “The 
Performance of Steelworks Equipment in Service" (John Player Lecture). 


Wednesday, March 5 


ASSOCIATION OF CLINICAL BIOCHEMISTS, SOUTHERN REGION (in the Edward 
Lewis Lecture Theatre, The Middlesex Hospital, London, WI) at 10,30 a.m. 
Meeting on "Some Recent Advances in Clinical Biochemistry: A 


ROYAL INSTITUTION, History OF SCIENCE DisCUSSION GROUP (al 21 


Albemarle Street, London, Wi), at 1 p.m.—M: d. K. Creliin: "Ohemistry 
through Medicine in 18th Century Britain". 


INSTITUTION OF CHEMICAL ENGINEERS, LOEDON AND SOUTH EASTERN 
BRANCH (at the Royal Aeronautical Society, Hamilton Place, London, W13 


at 2 p.m.— Symposium on “Recent Research on Powders’. 


. COLOUR GROUP (Great Britain) (in the Physics Building, Imperial College. 
London, SW7), at 2.30 p.m.—Mr A. Cuthbert ane Mr H. L. Gloag: " Yellow 
a Key to Constant Hue from Grey to Clear", 


SOCIETY FOR ANALYTICAL CHEMISTRY, NORTE OF ENGLAND SECTION and 
the PARTICLE SIZE ANALYSIS GROUP (in the Department of Ceramics and 
Refractories Technology, University of Bheffielc), at 2.30 pme- Meeting on 
"Inertial Methods of Particle Size Analysis”. 


INSTITUTE OF NAVIGATION (at the Royal Institution of. Naval Architects, 
10 Upper Belgrave Street, London, SW1), at 5 pan.— Meeting on “The Value 
of Simulators in Training Sea and Air Navigators’. 


ROYAL METEOROLOGICAL SOCIETY (at 49 Cromwell Road, London, SWF) 
at 5 p.m.—Dr J. F, Nye: "The Advance and Retreat of Glaciers’? Cd argary 
Lecture). 

INSTITUTION OF ELECTRICAL ENGINEERS (at Saroy Place, London, WER), at 
5.30 p.m.—Mr G, T. F. Widger and Dr B, Adkine: "Starting Performanee of 
Synchronous Motors with Solid Salient Poles". 
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UNIVERSITY OF LOXDON (at University College London, Gower Street, 
London, WC1), at 5.30 p.m,— Professor G. K. O'Neill: “Particle Physics at 
Extreme Energies: The new CERN Storage Rings: IL The Quest for 
Unknown Particles”. 


, UNIVERSITY OF LONDON (in the Botany Lecture Theatre, University 
College London, Gower Street, London, WEL), at 5.30 p.m.-—Professor K. 
Mühlethaler (Swies Federal Institute of Technology): “The Mechanism of 
Plant Cell Wall Formation". 


, UNIVERSITY OF LONDON (in the Chemistry Lecture Theatre, University 
College London, Gower Street, London, WC1), at 5.30 pan.-—Professor G. A. 
Lindeboom: “Boerhaave and Britain: II, Boerhaave and British Botanists”. 


o INSTITUTION OF ELECTRONIC AND RADIO ENGINEERS, EDUCATION AND 
TRAINING GROUP (at 9 Bedford Square, London, WC1), at 6 p.m.—Mr R. A. 
Becher: “The Implications of Educational Technology”. 


, INSTITUTION OF MECHANICAL ENGINEERS, FLUID PLANT AND MACHINERY 
GROUP (at 1 Birdcage Walk, London, SW1), at 6 p.m.— Discussion meeting 
on "Propulsion Pumps for Hovercraft, Hydrofoil and Planing Craft’. 


ROYAL SOCIETY OF ARTS (at John Adam Street, London, WC2), at 6 Pant 
Dr H. G. Judge: “The Crisis in Science Teaching in Schools". 
. SOCIETY OF CHEMICAL INDUSTRY, FOOD GROUP, joint meeting with the 
LOYAL INSTITUTE OF CHEMISTRY, EAST ANGLIA SECTION (at the Food 
Research Institute, ARC. Norwich), at 6.15 p m.— Dr R. L. M. Synge, FHs: 
"Proteins—Nutritional Potential and Nutritional Performance". 


_ INSTITUTION OF THE RUBBER INDUSTRY, MANCHESTER SECTION (at the 
John Dalton College of Technology, Chester Street, Manchester), at 6.45 
p.ri.-—-Mr D. M. Bratby: "Manufacture of Latex Dipped Goods", 


Thursday, March 6 


CHEMICAL SocIETY (in the Main Chemistry Lecture Theatre, Queen Mary 
College, London, E1), at 2 p.m.--Symposium on “Atomie Events at Sur- 
faces", 

INSTITUTION OF ELECTRONIC AND RADIO ENGINEERS, AEROSPACE, MARI- 
TIME AND MILITARY SYSTEMS GROUP (at 9 Bedford Square, London, WC1), at 
10.30 a.m. and 2 p.m.-—Symposium on "The Possibilities of Airborne Detec- 
tion of Clear Air-Turbulence", 


ROYAL SOCIETY (at 6 Carlton House Terrace, London, SW1), at 4.30 p.m.—— 
Mr A. H. Romano and Professor H. L. Kornberg, FRS: "Regulation of 
Sugar Uptake by Aspergillus nidulans’; Professor J. W.S, Pringle, FRS, and 
Mr R. T. Tregear: '"Oscillatory Activity of the Isolated Contractile System 
of Insect Fibrillar Muscle". 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
at 5.30 p.m.—- Professor W. J. G. Beynon: "International Collaboration in 
Radio Science" (Fourth Appleton Lecture). 


ROYAL INSTITUTION, LIBRARY CIRCLE (at 2] Albemarle Street, London, 
Wi), at 5.30 p.m.—Mr A. H. Ewen: "Victoria Woodhull’. 

UNIVERSITY OF LONDON (at Senate House, London, WC1), at 5.30 p.m— 
Professor R, A. MeCance: ‘Malnutrition’. 

JSOCTETY OF COSMETIC CHEMISTS OF GREAT BRITAIN (at the Royal Society 
of Arts, John Adam Street, London, WC2), at 7.30 p.m.— Dr Aalbers ( Nether- 
lands): "Surface Active Agents", 


Friday, March 7 


ROYAL INSTITUTION, PHOTOCHEMISTRY DISCUSSION GROUP (at 21 Albe- 
marle Street, London, W1), at 1 p.m.—Dr B. H. Orger: “Photoaddition of 
Simple Mono-Olefins to the Aromatic Ring". 


ROYAL INSTITUTION (at 21 Albemarle Street, London, WI), at 9 p.m.— 
Professor J. M. Thoday, FRS: “Causes and Effects of Genetic Variety" 
COWonodhnull Leeture). 


Saturday, March 8 


. [NNER LONDON EDUCATION AUTHORITY (at the Horniman Museum, London 
Road, Forest Hill, London, 8E23), at 3.30 p.m.--Miss Shelagh Weir: "Near 
Eastern Arabs: Their Traditional Costume and Life’ (with slides). 


Monday, March 10 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
at 5.80 p.m.— Discussion meeting on "The Failure of Reinforced Plastics, 
particularly by Creep and Fatigue" opened by Mr M. J. Owen and Mr W. 
Carswell. 


UsivERSITY OF LONDON (in the Botany Theatre, University College 
London, Gower Street, London, WC1), at 5.30 p.m.— Professor P. R. Bell: 
“The Archegoniate Revolution’. 


INSTITUTION OF ELECTRICAL ENGINEERS (joint meeting with the Automatic 
Control Group of the L Mech. E., at 1 Birdeage Walk, London, SW1). at 
8 p.m.-—Informal discussion on “Mating the Control Valve with the Process 
systems”. 
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REPORTS and other PUBLICATIONS 
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Great Britain and Ireland 


. Courses in Chemistry, (Supplement to Education in Chem istiy.) Pp. 4s. 
(London : Royal Institute of Chemistry, 1969.) 5a. [1351 

Why Teachers are Underpaid—-a Survey. Pp. 15. (London: Nationst 
Union of Teachers, 1969.) 1] 


ES ^ . 7 l 
, University of Oxford. Schedules of Lectures authorized by Boards of 
Faculties, Hilary Term 1960, Pp. 388-457. ( Supplement (2) to Orford 


University Gazette, No. 3377.) (Oxford : The University, 1960.) 2s, [151 
Royal Observatory, Edinburgh. Publications. Vol. 6. No. 5: The 


Distribution of OB Stars in the Northern Milky Way. By M. E. Sim. Pp. 
123-144. 40s, net, Vol. 8, No, 7: Observations of Interstellar Reddening. 
V: Results for Region in Monoceros. By K. Nandy. Pp. 169-180, Be. 6d, 
net. Vol. 6, No. 8: Results of a Search for Globules in OB Clusters and 
Associations. By M. E. Sim. Pp. 181-207. 9s, 6d. net. (Edinburgh and 
London: H.M. Stationery Office, 1968.) thot 

The Schools Council. Field Report No. 6: Project in Compensatory 
Education, Pp. 11. (London: The Schools Council, 1969.) [161 

Proceedings of the Royal Irish Academy. Vol. 67, Section B, Kos. 0.3 
The Petrology of the Carnsore Granite Intrusion, Co, Wexford. Metn- 
morphosed Basic and Appinitie Pre-Cambrian Dyke Swarms in S. E. Co, 
Wexford. By J. W. Baker. Pp.159-184 + plate 8, Ss, Vol. 67, Section B, 
NO, &: The Stratigraphy, Sedimentology, Ichnology and Structure of the 
Lower Palaeozoie Rocks of Part of North- Eastern Co. Wexford. By T. P, 
Crimes and J. D. Crossley. Pp. 185-215 plates 9-11. 8s. 64g. (Dublin: 
Royal Irish Academy, 1968.) [161 

Bulletin of the British Museum (Natural History) Geology, Vol. 17 
No. 29: Non-Caleareous Microplankton from the Cenomanian of England, 
Northern Franee and North America, Part 1. By R. J. Davey, Pp. 103- 
180.-11 plates. 50s. Vol. 17, No. 4: A Redescription of W. Carruthers” 
Type Graptolites. By Osles Strachan, Pp. 181-208 +5 plates. 24s. (Lon- 
don: British Museum (Natural History), 1969.) (174 

Old Flames and New. By Professor Felix J. Weinberg. — (Inaugural Lec- 
ture 30 April, 1968.) Pp. 181-198. (London: Imperial College of Science and 
Technology, 1069.) 7s, 6d. [171 

Forestry Commission Booklet No, 20: Know Your Broadleaves. Text by 
Herbert L. Edlin. Drawings by Christine Darter. Fp. 141 (166 plates). 
(London: H.M, Stationery Office, 1968.) 15s. net. [171 

Universities and the General Public. By Joyce R. Long. Pp. 123. 
(Educational Review Occasional Publications, No. 3). (Birmingham: The 
University, 1968.) 105. 6d. [201 


Other Countries 
New Zealand Marine Department, Fisheries Technical Report No. 19: 


Eleetric Fishing Equipment Design Notes. By A. M. R. Burnet. Pp. 4s. 
(Christchurch: Fisheries Division, Fisheries Laboratory, 1968.) i201 

Organization for Economic Co-operation and Development. Scientific 
Instruments. (Gaps in Technology Series.) Pp.ix 177. (Paris: Organiza- 
tion for Economie Co-operation and Development, 1968.) (201 


Mauritius. Meteorological Observations and Climatological Summaries. 
July 1967, Pp. 36. August 1967. Pp. 36. September 1967, Pp. 32. 
(Port Louis: Government Printer, 1968) [201 

Central Mining Research Station, Dhanbad. Annual Report 1967-1968, 
Pp, 218. Rs.4, Research Paper No. 35: Development and Progress of 
Hydraulic Stowing in India, from 1901 to 1965 {A Resume of Literature 
Survey). By R. N, Gupta and Dr K. N. Sinha. Pp. 08. Rs. 5, (Dhanbad. 
Bihar: Central Mining Research Station, 1967 and 1968.) [211 

Fiskeridirektoratets Skrifter, Serie Havundersokelser, Voi. 14, No. 5: 
A Quantitative Study of Benthic Infauna in Puget Sound, Washington, 
USA,in 1963-1064. By Elf Lie. Pp. 229-556. (Bergen, Norway: Direktorate 
of Fisheries, 1968.) [211 

Lantbrukshégskolans Annaler. (Annals of the Agricultural College of 
Sweden). Vol.34,Nr.6: Preventing Clostridium botulinum Type E Poisoning 
and Fat Rancidity by Silage Fermentation. By Saleh Wirahadikusumah. 
Pp. 551-689. (Uppsala: Ultuna Library of the Agricultural College of 
Sweden, 1968.) [211 

Institut des Recherches sur le Caoutchouc au Cambodge. Rapport Annuel 
1967. Pp. xiH +138. (Kompong-Cham, Cambodge: Institut des Recherches 
sur le Caoutchouc au Cambodge, 19608.) [22] 

Matériaux pour le Levé Géobotanique de la Suisse. Fascicule 49: Les 
Conditions Thermiques du Canton de Vaud et leur Graduation. (Commentaire 
de la carte au 1:100,000*) Par K. F. Schreiber. Traduit par J. Morel. 
Pp. 31. Fascicule 50: Ecologie Appliquée a l'Agriculture dans le Nord 
Vaudois: Etude des Stations Vegétales et de leur Application aux Planifica- 
tions. Locale et Régionale, Par K. F. Schreiber. ‘Traduit par M. Villard. 
Pp. 151. Fascicule 51: Les Groupements Végétaux de la Réserve d’ Aletsch, 
(Valais, Suisse.) Par Jean Louis Richard. Pp. 30. (Berne: Editions 
Hans Huber, 1968.) (221 


Harvard University Program on Technology and Society. Fourth 
Annual Report, 1067-1965. Pp. 06. (Cambridge, Mass.: Harvard Uni- 
versitv, 1969.) (241 
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Classified Advertisements 


AH copy is subject to the approval of the Pub- 
lishers, who retain the right to refuse or 
withdraw advertisements at their discretion. 
The Publishers will not be liable for any loss 
occasioned by the failure of any advertisement 
to appear from any cause whatever, nor do 
they accept liability for printers’ errors, 
although every care is taken to avoid mistakes. 
Semi-displayed £6 per single column inch, 
Minimum £3, each additional I/I2th of an inch 
iOs. Full page £158, Half page across £80. 
Colour (orange) £20 extra. 2/6 is charged 
for the re-direction of replies to advertise- 
ments with a box number, 

ADVERTISEMENTS SHOULD BE ADDRESSED 
TO: T. G. Scott and Son, Limited, t Clement's 
Inn, Strand, London, W.C.2, Telephone: 
01-405 4743. Telegrams: Textualist, London, 
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APPOINTMENTS VACANT 


UNIVERSITY COLLEGE 
GALWAY, IRELAND 
LECTURESHIP IN EXPERIMENTAL 
MEDICINE 


Applications are invited for the above whole- 
time Statutory post—latest date May 1, 1969. 
Candidates should have a higher degree and 
experience of research in haematology, neoplasia, 
or cel biology. The department has responsibility 
for teaching laboratory medicine and for some 
ciinical haematology. 

Further information may be obtained from the 
Secretary of the College. (709) 








WHAT'S YOUR LINE? 


aré you a Veterinary Surgeon, Geologist, Chem- 
ist, Pharmacologist, Physicist, Metallurgist, Micro- 
biologist, Pharmacist, Information Scientist or 
lechnical Editor ? 

Whatever it is Please Note ! 

G.K. Bureau employ six scientifically qualified 
interviewers to select the best positions for vou. 
— Write or telephone 


Miss J. R. Hortin, G.K. Bureau, 
17 Shaftesbury Avenue, London W.1. 
01-437-6886 or 01-437-6779. 

NO FEES TO PAY. (441) 





IMPERIAL COLLEGE OF SCIENCE 
AND TECHNOLOGY 
DBPARTMENT OF CHEMISTRY 


The Wolfson Foundation has made available 
several Post-doctoral and Postgraduate Research 
Assistantships in the Chemistrv of molecular sieve 
and layer silicates, tenable under Professor R. M. 
Barrer, F.R.S. They will be awarded within the 


field i of Synthesis, Reactions,  lon-exchange, 
Sorption, Complex Formation, Structure and 
Catalysis. Salary scale for post-dactoral awards: 


£1,240 by £115 plus F.S.S.U. For Postgraduate 
awards: £695, £755, £810 plus F.SS.U. 
Applications giving full academic background 
and the names of two referees should be made 
to Professor R. M. Barrer, Chemistry Depart- 
ment, Imperial College, London, S.W.7. (653) 


COMMONWEALTH 
AGRICULTURAL BUREAUX 


Vacancy for 


SCIENTIFIC INFORMATION OFFICER 
at the 
COMMONWEALTH BUREAU OF ANIMAL 
HEALTH 
Central Veterinary Laboratory, New Haw, 
Weybridge, Surrey 
Duties: Preparing English language abstracts 


and editorial work for the monthly journal The 
Veterinary Bulletin, which covers world scientific 
literature on veterinary science. 


Qualifications: A degree in a biological science. 
Ability to write good and concise English essen- 
tial Reading knowledge of at least one more 
modern European language desirable. 

Salary: In scale £1,020 to £2,675, with provi- 
sion for superannuation. Starting salary accord- 
ing to qualifications, experience and age. 

Application forms and ful particulars from 
the Secretary, Commonwealth Agricultural 
Bureaux, Farnham House, Farnham Royal, Nr. 
Slough, Bucks. 

Closing dates for applications: April 5, ere 


UNIVERSITY OF 
MANCHESTER 


BACTERIOLOGY AND 
VIROLOGY 


Applications are invited from medically 
or non-medically qualified candidates for 
the post of ASSISTANT LECTURER in 
the above Department, The person appoin- 
ted may be required to work part-time at 
Manchester Royal Infirmary. Salary ranges 
per annum (medica £1,430 to £2,015; 
(non-medical under review) £1,105 to £1,340. 
Duties commence April 1 or as soon as 
possible thereafter.  F.S.S.U. 

Particulars and application forms (return- 
able by February 21) from the Registrar, 
The University, Manchester M13 9PL. 
Quote Ref. 12/69/Na. (369) 





POSTDOCTORATE POSITIONS IN 


PHYSICS 
QUEEN'S UNIVERSITY 
KINGSTON, ONTARIO, CANADA 


Research and Teaching Assistantships are avail- 
able to postgraduate students, both theoretical 
and experimental, in the fields of solid state 
physics, nuclear physics, and radio astronomy. 
Special experimental facilities include:  equip- 
ment for ultra high vacuum, magnetic resonance, 
microwave spectroscopy, luminescence studies, 
and for electron structure studies of metals by 
positron annihilation; a 3-MV Van de Graaff 
positive-ion accelerator, and use of the MP 
Tandem at Chalk River; a 60-ft. radio-telescope, 
and use of the  150-ft. radio telescope at 
Algonquin Park. Financial assistance in a com- 
bination of Scholarships and Teaching and Re- 
search Assistantships is provided in the range 
$3,700 to $4,800 per annum. 

Several Postdoctorate Fellowships are available 
in the above fields, with a stipend of $6,000 or 
$7,200 depending on marital status: these Fellow- 
ships are tax free, and a travel allowance will be 
paid 

Letters of application and requests for 
brochures and further information should be 
addressed to the Head, Department of Physics, 
Queen's University. (268) 


UNIVERSITY OF ALBERTA 
EDMONTON, CANADA 
DEPARTMENT OF BOTANY 


Applications are invited for a position as 
ASSISTANT or ASSOCIATE PROFESSOR IN 
PLANT ANATOMY effective September 1, 1969. 
Preference will be given to candidates with an 
interest in fine structure and with some previous 
experience, although other applicants will be 
considered. Some experience in Electron micro- 
scopy is also desired. Salary from $9,500 accord- 
ing to qualifications. 

Interested applicants should send curriculum 


vitae, publications ist, and names of three 

referees, to Dr. Wilson N. Stewart, Chairman, 

Department of Botany, University of Alberta, 
(608) 


Edmonton, Canada. 


JNIVERSITY COLLEGE 
GALWAY, IRELAND 
LECTURESHIP IN ANATOMY 


Applications are invited for the above post. 
The latest date for receiving applications will be 
May 1, 1969. 

Prior to application, further information should 
be obtained from the Secretary of the CoHege. 

(797) 


IMPERIAL COLLEGE OF SCIENCE 
AND TECHNOLOGY 
DEPARTMENT OF CHEMISTRY 


S.R.C.  Postdoctoral Research Assistantship 
available immediately with Dr. D. W. Bassett for 
studies of the imaging of atoms on metal sur- 
faces in the Field lon Microscope. Some previous 
experience of the relevant experimental tech- 
niques (e.g. use of ultra-high vacuum equipment) 
desirable. Starting salary in the range £1,165 to 
£1,320 plus F.S.S.U. 

Applications, as soon as possible, giving details 
of qualifications, previous experience and publica- 
tions, with names of two referees (one having 
knowledge of applicants previous research) to 
Dr. D. W. Bassett, Department of Chemistry, 
Imperial College, London, S.W.7. (804) 


UNIVERSITY OF GLASGOW 
DENTAL SCHOOL 


RESEARCH ASSISTANT IN DENTAL 
BIOCHEMISTR Y 


Applications are invited from graduates with 
an Honours degree in Biochemistry or Chemistry 
for the fulltime post of Research Assistant in 
Dental Biochemistry. The successful candidate 
wil invesugate aspects of enzyme activity in the 
oral cavity and will work in a newly equipped 
department in the Dental School or in the De- 
partment of Biochemistry under the immediate 
supervision of the Lecturer in Dental Biochem- 


istry. Research experience is desirable but not 
essential. Salary scale: £1,240 to £1.470 per 
annum. 


Applications (three copies), should be lodged 
with the undersigned, from whom further par- 
tieulars may be obtained. 

ROBT. T. HUTCHESON, 
Secretary of the University Court. 
(762) 


NEW ZEALAND 


DEPARTMENT OF SCIENTIFIC AND 
INDUSTRIAL RESEARCH, APPLIED 
MATHEMATICS DIVISION, WELLINGTON 
VACANCY : B 13/18/83/375 


Salary : Starting salary for a Ph.D. with a 
good first degree in the range $NZ3,080 to 
$NZ3,440 rising automatically to $NZ4,450. Pro- 
gress beyond this point is determined by merit, 
the top salary being $N26,830. 

Qualifications and Duties : A vacancy exists for 
someone with proven ability in research (Ph.D. 
or équivalent) to join a smaH group whose jn- 
terests lie in the general area of applied 
mechanics. Principal topics have been the diffu- 
sion of steam and water in the porous medium 
in geothermal areas and deformation of clay 
products under firing. The successful applicant 
will be expected to work on projects of import- 
ance to New Zealand with time to follow his 
own research interests. The Division has statisti- 
cal and OR groups and an Eliott 303 computer, 

Passages : Fare for appointee and his wife and 
family, if married, will be paid. 

Incidental Expenses : Up to £35 for a single 
man and £100 for à married man can be claimed 
to cover the cost of taking personal effects to 
New Zealand. 

Application forms and general information are 
available from the High Commissioner for New 
Zealand, New Zealand House, Haymarket, Lon- 
don. S.W.4, with whom applications will close 
on March 26, 196%. 

Please quote reference B13/18/83/378 when 
enquiting. (809) 


UNIVERSITY OF BIRMINGHAM 
DEPARTMENT OF BIOCHEMISTRY 


Applications are invited for two posts of 
ASSISTANT LECTURER/LECTURER in the 
Department of Biochemistry which was estab- 
lished in 1968 by merging three independent de- 
partments-—Biochemistry, Medical Biochemistry 
and Physiological Chemistry, and is responsible 
for the provision of all biochemistry courses in 








the facultes of Science and Medicine. Salary 
scale £1,240 to £2.733 plus F.S.S.U. 
Applications (threc. copies), naming two 


referees, by March 15, 1969, to Assistant Regis- 
trar (B), from whom further particulars may be 
obtained, (696) 


UNIVERSITY OF NOTTINGHAM 


DEPARTMENT OF AGRICULTURE AND 
HORTICULTURE 


Applications are invited for the post of 
DEMONSTRATOR in Agriculture in the above 
Department. Candidates should be Honours 
Graduates in Agriculture and applications will be 
considered from those graduating in 1969. The 
duties will comprise demonstrating to under- 
graduates and visiting parties and there will be 
every encouragement to conduct research for a 
higher degree. Salary within the range £800 to 
£850 per annum. 

Forms of application and further particulars, 
returnable not later than March 17, 1969, from 
the Staff Appointments Officer, University of 
Nottingham, University Park, Nottingham, NG7 
2RD. (812) 


maneni nnee ———————————————EPEPIR 


TECHNOLOGY 
(PROPOSED POLYTECHNIC) 

Senior Lecturer or Lecturer Grade H required 
for BIOCHEMISTRY in BSc. and H.N.D. 
courses. Good research facilities. Salary ranges: 
Senior Lecturer £2,280 to £2,495, Lecturer grade 
H £1,725 to £2,280. . 

Application forms and details from Principal, 
Ref. P.4. (821) 
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BROOKE BOND LIEBIG 
RESEARCH CENTRE 
BLOUNTS COURT, SONNING 
COMMON, READING RG4 9NX 


AN INFORMATION 
SCIENTIST 


is required, to be responsible for the in- 


formation requirements of a section of the 
Company's R & D interests, and to assist 
in scanning and development work in the 
information section. Applicants must have 
à science degree or equivalent, with 
chemistry as one subject. 


The Company operates a contributory 
pension scheme, and a staff restaurant Is 
available for lunch. 


Please write to the Administrative Officer 
at the above address, quoting reference S/L 


(815) 





THE CITY UNIVERSITY 
DEPARTMENT OF CHEMISTRY 


Postgraduate Advanced Course in 


ELECTROCHEMICAL 
TECHNOLOGY 


leading to the degree of M.Sc. 


The course, which will be of twelve 
months duration, starting in October, is 
designed to meet the needs of industry and 
research establishments for graduates in the 
modern theory and in current experimental 
methods of Electrochemical Technology. 


Included in the course will be lectures on 
the thermodynamics of cells, electrode 
kinetics, the theory of of electrocatalysis, 
electroanalysis, corrosion, batteries and fuel 
celis, deposition, machining, processing and 
synthesizing. Entry to the Course is open 
to Honours Graduates in Chemistry, 
Physics, Chemical Engineering, Materials 
Science or related subjects and to persons 
holding other qualifications approved by 
Senate. 


The Science Research Council bas ap- 
proved the course as suitable for the award 
of Advanced Course Studentships. A 
number of industrial scholarships are also 
available, 


Application forms and further details of 
the course are available from: 


Dr. A. C. C. Tseung, 

Course Organiser, 

The City University, 

St. John Street, 

London, E.C.1. (799) 


BEECHAM RESEARCH 
LABORATORIES 


BROCKHAM PARK, BETCHWORTH, 
SURREY 


A young man or woman is required for 
the Chemotherapy Unit to assist in the 
study of antibiotic distribution and meta- 
bolic studies in animals. Bioassay tech- 
niques and chromatography will also be 
involved. Applicants should be of H.N.C. 
standard in Biology and preferably have 
some laboratory experience akhough this is 
not essential. 


Beecham Research Laboratories is part of 
the Beecham Group and is situated in a 
pleasant area of Surrey within easy reach of 
London. The successful applicant will 
qualify for the Group's generous profit- 
sharing and non-contributory pension and 
fe assurance schemes. There are excellent 
dining facilties and a flourishing sports and 
social club. 


Applicants stating briefly age, qualifica- 
tions and experience should apply to the 
Personnel Officer, Beecham Research Lab- 
oratories,  Brockham Park, Betchworth, 
Surrey, or telephone Betchworth 3202. : 

(818 


Army Personnel Research Establishment 


Head of 
Physiology Division 


£3850 to £4400 


This establishment within the Ministry of Defence (Army Depart- 
ment) is located at Farnborough (Hants) and covers the whole 
range of the life sciences (physiology, psychology, sociology, etc.). 
Research is primarily applied and mostly carried out with the Army 
in the field but some fundamental work is also undertaken. The 
staff consists of 22 graduate scientists with experimental support 


and a central statistical section. 


The Head of the Physiology Division will be responsible to the 
Director for a programme which covers fighting vehicle habit- 
ability, noise and vibration, clothing physiology, nutrition, energy 
expenditure, physical fitness and acclimatisation. Joint projects 
with the Psychological Section will be encouraged and additional 
new projects arise as operational needs dictate. 


Candidates, men or women, should normally have a first or second 
class honours degree in physiology or a related science, Experi- 
mental experience, involving particularly work in field situations, 
is essential. Experience of working with one of the Services or an 


industrial group would be useful. 


Starting salary may be above the minimum of the above scale (far 
the grade of Senior Principal Scientific Officer). Non-contributory 


pension. 


Fuller details of this appointment may be obtained by writing to 
the Civil Service Commission, 23 Savile Row, London WIX 
2AA, or by telephoning 01-734 6010, ext. 229 (01.734 6464 
"Ansafone" service after 5.30 p.m.). At all times please quote 
S/7117/U . Closing date 20th March, 1969. 


UNIVERSITY OF EDINBURGH 


DEPARTMENT OF 
MACHINE INTELLIGENCE 
AND PERCEPTION 


There are vacancies for postgraduate 
students wishing to undertake research lead- 
ing to the M.Sc.. and Ph.D. degrees, in the 
Bionics Research Laboratory, directed by 
Professor R. L. Gregory, from October, 
1969. The work of the Bionies Laboratory 
is concerned with: (a) fundamental research 
in visual perception; (b) development of 
original instrumentation (especially optical 
devices). Excellent workshop and photo- 
graphic facilities are available, and there is 
easy access to the Department's LC.L. 
4130 computing system. 


Applicants should possess, or expect to 
possess, a first or upper second class degree. 
M.R.C. or S.R.C. studentships will be 
available for successful candidates. 


Further information can be obtained 
from: Mr. J. E. Doran, Department of 
Machine Intelligence and Perception, Hope 
Park Square, Edinburgh, 8. Please quote 
Reference 5003/53/2. 

(695) 





LABORATORIES LIMITED 
(RESEARCH DIVISION) 


CHEMIST or 
BIOCHEMIST 


to work on the separation, identification 
and assay of  pzpudes in biologics! 
materials. 


Applicants shouki possess a degree or 
hold an equivalent qualification. 


Our modern research laboratories, situ- 
ated at Horsham, Sussex, midway between 
London and the South Coast, are in 
pleasant rural surroundings. 


Please wrie, giving full details of age. 
qualifications and experience, to: 
The Secretary, 
CIBA Laboratories Limited, 
Horsham, Sussex. (817) 
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UNIVERSITY OF HULL 

DEPARTMENT OF ZOOLOGY 

SENIOR TECHNICIAN 

JUNIOR TECHNICIAN 
(TWO POSTS) 
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PLANT PROTECTION LIMITED, a subsidiary of Imperial 
Chemical industries Ltd., will welcome applications from 
Chemists with an Honours Degree, G.R.I.C. or equivalent 
qualification, for Experimental Officer posts in the Synthetic 
Organic and Physical Chemistry Sections at Jealott's Hill 
Research Station, near Bracknell, Berkshire. 


Applications are invited fram suitably 
qualified persons for the above posis. 
Successful candidates will be employed on 
a research programme into the biology of 
ageing in the laboratory rat. The work is 
financed by a grant from the Nuffield 
Foundation and wii be under the joint 
supervision of Dr. D. Bellamy of the Uni- 
versity of Shefficid and Professor J, G. 
Philips of the University of Hull. 


Salary scales : ; 

Senior Technician £957 to £1,275 
Junior Technician £352 to £595, 

Placing according to age and dqualifica- 
tons. 

Applications giving full details of age, 
qualifications and experience, and naming 
two referees, shouid be sent to the Regis- 
war not later. than March 31, 1969, 

(R10) 


Successful applicants will take part in responsibility for the 
discovery and development of new agricultural chemicals. 
These posts are available now and in the autumn of this year. 


A realistic and progressive salary will be offered, together 
with membership of the LC.l. Pension and Profit Sharing 
Schemes. 





There is a wide range of housing and good schools in the area. 
Housing and removal assistance to married men. 


UNIVERSITY OF SUSSEX 
SCHOOL OF BIOLOGICAL SCIENCES 
TECHNICIANS 


Applications are invited for the follow. 
ing posts: 


RESEARCH TECHNICIAN 


to participate in Biochemical Research into 
the mode of action of hormones. Previous 
laboratory experience in Biochemistry or 
related fields desirable. Salary within range 
of £805 per annum, rising to £903 plus £50 
for higher qualification. 


TECHNICIAN 


to be responsible for operating and main- 
taining a Beckman Amino Acid Analyser. 
Salary within range of £722 per annum, 
(823) rising to £1,007 plus £50 for higher qualifi- 
cation. 


RESEARCH TECHNICIAN 
to work in Biochemistry Group on work 


associated with Biochemistry of respiration 
deficient micro-organisms. Experience in 


Twyford Laboratories Ltd. Bichon chalet dese 


Apply in writing, giving brief details only in the first instance, 
fo; 


J. M. Round, Personnel Officer, 
PLANT PROTECTION LTD., 
Fernhurst, Haslemere, Surrey. 


PLANT PROTECTION LIMITED V 


ied}? 






ihe minimum qualification for the above 
(a subsidiary of Arthur Guinness Son & Co. (Park Royal) Ltd.) E dA out T. E Guilds 
Three weeks paid holiday, superannua- 
tion and sickness benefit schemes, 
Applications, in writing, should be sent 
as soon as possible to the Laboratory 
Superintendent, School of Biological 
Sciences, The University of Sussex, Falmer, 
Brighton, quoting ref. no. I27/1.. (798 








Microbiologist 


UNIVERSITY OF 


; ; SA STRATHCLYDE 
A vacancy will occur shortly for a Microbiologist graduate in the 
Microbiological Testing Unit. We need a person who has a sound DEI ADIRE a 
knowledge of, and is experienced with, the standard techniques relating | u 
to antibacterial or antiprotozoal screening of synthetic medicinal LECTURESHIP 
substances. Applications are invited from — post- 
. : E doctoral experimental or theoretical physi- 
The person selected is likely to be about 25 and have a degree in cists for the above post. 
Microbiology / Parasitology. The successful candidate will be required 
d to take part in undergraduate teaching and 
un : itin ; 7 sre ot and | " to participate in the Department's pro- 
Ihe conditions of employment are good and include free lunches, VIRG De er Lem, 
generous pension and life assurance Schemes and sickness. benefits. Salary scale: £1,585 to £2,735 per annum. 
An attractive salary is offered in line with experience and qualifications. with F.S.S.U. Placing on the scale ac- 
l cording to qualifications and experience, 
Please write for application form to : Application forme and further particulars 
En X ree (quoting /69) can obtained from the 
Personnel Officer, Twyford Laboratories Limited, Registrar, University of Strathclyde, George 
309 Elveden Road, London N.W.190. Street, Glasgow, C.i, with whom applica- 


tions should be lodged by March 15, 1969, 
(881) (830) 
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We have a vacancy in our Research Laboratories in 
London, Ontario, for a person who possesses or shortly 
expects to receive a Ph.D. in Microbiolozy, and has had 
training in Biochemistry or Chemistry 2 a lower level. 


© e a 
ICIO 10 ouis] Post doctoral experience, especially in ospects of yeast 


Labatt Breweries 
of Canada Limited 


UNIVERSITY OF GLASGOW 
ASSISTANT LECTURESHIPS IN ZOOLOGY 
Applications are invited for Assistant Lecture- 
ships in Zoology, tenable from September 1, 
1969, Salary scale : £1,240 to £1,470 per annum. 
initial salary according to experience and quali- 
fications. FS.S.U. It is expected that one of 
the successful candidates will have special in- 
teresis in: developmental biology, experimental 
parasitology or experimental protozoology. 

Applications (three copies), with the names of 
three referees, should be lodged, not later than 
April 1, 1969, with the undersigned, from whom 
further particulars may be obtained. 


ROBT. T. HUTCHESON, 
Secretary of the University Court, 


HUNTERIAN MUSEUM 
RESEARCH ASSISTANTSHIP 


A Research Assistant is required in the Hun- 
ttrian Museum, to assist the Keeper of the 
Cultural Collections and the Coin Cabinet. Ap- 
plications are invited from persons holding a 
qualification im archeology, classics or history. 
The Diploma of the Museums Association would 
be an advantage. Salary scale : £1,240 to £1,470 
per annum. F.S.S.U. 

Applications (three copies) should be lodged, 
not later than March 31, 1969, with the under- 
signed, from whom further particulars may be 


obtained. 
ROBT. T. HUTCHESON, 
Secretary of the University Court. 
(806) 


UNIVERSITY COLLEGE, DUBLIN 
ANALYTICAL CHEMIST 
ot 
BIOCHEMIST 
Applications are invited for the post of 
FORENSIC ANALYST 


in the Department of Forensic Medicine, Uni- 
versity Colege, Dublin, assigned to the Medical 
Bureau of Road Safety. 

Candidates should hold the degree of Ph.D. or 
equivalent, and preferably have had practical ex- 
perience in modern analytical techniques. The 
duties. of the post will initially consist in the 
setting up and organization of a laboratory to 
deal with the estimation of alcohol in body fluids 
under the direction. of the Professor of Forensic 
Medicine. Later the duties will extend to a 
wider fieid of forensic work and to research on 
aspects of the metabolism of alcohol in the 
human body. Additional graduate staff will be 
recruited later. 

Salary : £2,500 by £100 to £3,200 per annum. 
The position will be permanent and pensionable 
(non-contributory). Applicants should be between 
the ages of 27 and 44 years. 

Applications, stating age, qualifications and ex- 
perience, together with the names of two referees, 
should be addressed to the Professor of Forensic 
Medicine, Closing date : March 24, 1969. 

(808) 





microbiology, would be advantageous. 


The incumbent will undertake a long term study of Bio- 
logical and Biochemical factors involvec in yeast meta- 
bolism which are of interest in the brewing process. 
Some travel will be involved. 


Relocating expenses for the successful candidate and 
family will be borne by the company. 


Please forward your personal résumé to Dr. B. Shelton, 
Research Manager, Labatt Breweries of €anada Limited, 
P.O. Box 5050, London, Ontario, Canada. 


IROG) 


Ministry of Defence (Army Department) 


HEAD OF 


EXPERIMENTAL PLANT 
Microbial Products 


£3,850 to £4,400 


This appointment (graded Senior Principal Scienüsc Officer) 
is at the Microbiological Research Establishment, Porton Down, 
Wilts. The particular experimental plant includes provision 
for both batch and continuous culture production of micro- 
organisms and some facilities for their processing and fractiona- 
tion so that microbial products may be partially purified. Some 
of these products are primarily of medical interest, while others, 
such as enzyme preparations, may have a more eommercial 
application. 

The Head of the plant wil be responsible for all the work 
carried out by a staff of about 40 mixed scientific and industrial 
grades and will specifically assist the Director in fermulating 
an R & D programme, including estimating production costs. 
Close touch must be kept with industrial developments in 
fermentation and in associated fields of medicine, e.g. vaccine 
production. 


Candidates (men and women), normally with Ist or 2nd class 
honours degrees, must have a basic training in pure science 
(biochemistry, chemistry or micro-biology), have undertaken 
research in one of these disciplines and have pos-graduate 
experience of either chemical engineering or plant amd process 
work, This should preferably include the handling of micro- 
organisms and/or the maintenance of aseptic conditions in pure 
cultures in operating plant. 

Starting salary could be above the minimum of the above scale. 
Non-contributory pension. 

Fuller details of this appointment may be obtained fy writing 
to the Civil Service Commission, 23 Savile Row, Londen WIX 
2AA, or by telephoning 01-734 6010, ext. 229 (01-734 6464 
" dusafone ". service after 5.30 pom.). At all times please 
quote S/7115/U. Closing date 21st March 1969, 














ELECTRON 
MICROSCOPIST 


AUSTRALIA 
DIVISION OF ANIMAL HEALTH 


ANIMAL HEALTH RESEARCH LABORATORY 


GENERAL The Division of Animal Health of the Commonweaith Scientific and 
industrial Research Organization has three major laboratories—the Animal Health 
Research Laboratory; the McMaster Laboratory, Sydney; and the Long Pocket 
Laboratories, Indooroopilly, Queensland. 


The major areas of research at the Anima! Health Research Laboratory, Parkville, 
Victoria, include bovine pleuropneumonia, virus diseases, tuberculosis, infectious bovine 
infertility, ovine footrot, parasitic diseases of sheep and cattle in the southern winter 
rainfall zone and investigations into plant poisons. 


DUTIES in addition to participating in the work of several teams investigating 
infectious diseases of farm animals, the appointee will be expected to pursue an inde- 
pendent research project associated with such work and to develop techniques of 
purification and identification of biologically active materials, An Hitachi HU11B 
electron microscope with suitable ancillary equipment is available. 


QUALIFICATIONS Applicants should have a Ph.D. degree in a biological science 
or postgraduate research experience of an equivalent standard and duration, supported 
by satisfactory evidence of research ability. Previous experience in electron microscopy 
of biological particles and associated techniques is essential. 


SALARY Depending upon qualifications and experience, the appointment will be 
made within the salary range of Research Scientist, $A5,321— $A6,693 p.a., or Senior 
Research Scientist, $A6,963— $A8,045 p.a. Appointment to the Principal Research 
Scientist range, 35A8,313— $A9,561 p.a., will be considered for an outstanding applicant, 
salary rates for women are $A428 p.a. less than the corresponding rates for men. 
Promotion within CSIRO to a higher classification is determined by merit. 


CONDITIONS The appointment, which carries with it Commonwealth Superannua- 
tion Fund or Provident Account privileges, will be conditional upon passing a medical 
examination. An initial probationary period of twelve months may be specified. Fares 
paid for the appointee and his dependent family, Further particulars supplied on 
application. 


Applications (quoting Appointment No.: 201/325) and stating full name, place, date 
and year of birth, nationality, marital status, present employment, details of qualifications 
and experience, together with the names of not more than four persons acquainted 
with the applicant's academic and professional standing, should reach: 


Mr. R. F. Turnbuli, 

Chief Scientific Liaison Officer, 

Aus:ralian Scientific Liaison Office, 

64.73 Kingsway, 

LONDON, W.C.2. by the 4th April, 1969. 


(893) 





GOVERNMENT OF NORTHERN IRELAND 
MINISTRY OF AGRICULTURE 


Senior Scientific Officer/Scientific Officer 


Applications are invited for a pensionable post in the Agricultural Bacteriology Division. 


Qualifications : 
ist or 2nd Class Honours Degree in science or agricultural science with microbiology 
as main subject. 


Duties : 

To undertake research into ihe taxonomy and physiology of organisms of importance to 
the food indusury and supervise laboratory dealing with quality control of processed fruit. 
Successful candidates may be required to undertake teaching duties in the Faculty of 
Agriculture, Queen's. University, Belfast. Facilities are available for registration for higher 
depres. 


Salary scales: Senior Scientific Officer £1,925 to £2,372; 
Scientific Officer £1,020 to £1,740. 


Grading and commencing salary will be related to quatifications and experience. Appli- 
cation forms. obtainable from the Secretary, Civil. Service Commission, Stormont, Belfast, 
BT4 ISZ, must be returned by March 21, 1969, Please quote S.B.41/69/64. (826) 
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NATURAL ENVIRONMENT 
RESEARCH COUNCIL 
NATURE CONSERVANCY 


SCIENTIFIC OFFICER/SENIOR 
SCIENTIFIC OFFICER 


Applications are invited for the post of 
Scientihc  Officer/ Senior Scientific Officer 
for duties connected primarily with advisory 
work overseas; this wil include overseas 
tours to undertake ecological surveys and 
consuMancies at the request of overseas 
Governments and other agencies, especially 
in areas established or proposed as National 
Parks, Game Reserves, or other conserva- 
ion areas, Case work and the compilation 
of reports will occupy a good deal of the 
time. 


Between overseas assignments the officer 
will probably be based at ihe Scottish 
Headquarters of the Nature Conservancy in 
Edinburgh where he will undertake scien- 
tific work as a member of the Conservation 
Branch of the Conservancy. 


Qualifications and Experience. A first- 
or second-class honours degree or equiva- 
lent qualification in zoology, agronomy, or 
ecology, with at least three years relevant 
postgraduate experience. Experience over- 
seas, especially in Africa, would be an ad- 
vantage, 


Salary. Scientific Officer (under 29 vears 
at December 31, 1969), £1,020 to £1,740; 
Senior Scientific Officer (normally at feast 
26 years and under 32 years at December 
31, 1969), £1,925 to £2,372. 


Initial appointment will be non-pension- 
able but there are prospects of a perman- 
ent and  pensionable post. Appcation 
form and particulars from the Natural En- 
vironment Research Council (E), Alhambra 
House, 27-33 Charing Cross Road, London. 
W.C.2, quoting Ref.: E2,.7.137. 


Closing Date: April 15, 1969, (842) 


THE UNIVERSITY OF SUSSEX 
SCHOOL OF BIOLOGICAL SCIENCES 


LECTURER OR ASSISTANT 
LECTURER IN 
BIOCHEMISTRY 


Applications are invited for the post of 
LECTURER or ASSISTANT LECTURER 
in Biochemistry. 


Salary within the range £1,240 to £2,735 
plus F.S.S,U. benefits, 


Application forms and further particulars 
should be obtained as soon as possible 
from the Secretary of  Seience, Science 
Office (Establishment), the University of 
Sussex, Palmer, Brighton, Sussex, BNI 
90H, quoting reference number 128/72. 


(836) 


UNIVERSITY OF DURHAM 
DEPARTMENT OF APPLIED PHYSICS 


Applications are invited for the post of 
SENIOR DEMONSTRATOR in the De- 
partment of Applied Physics from October 
1, 1969, The Department is orimariiy con- 
cerned with Electronxs and Materials 
Science, and the topics for teaching and 
research wil be Electronics, Semiconductor 
Devices and Electronic Materials. Appli- 
cants shoukl be prepared to gie lectures 
to undergraduates and to make a contri- 
bution to existing research programmes. 
Salary on the scale £1,100 to £1,580 (under 
review) with FSS. 

Applications (three copies) together with 
the names and addresses of three referees 
&houki be sent by March 10, 1969, to the 
Registrar and Secretary, Oid Shire Hal 
Durham, from whom further particulars 
may be obtained. (811) 
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UNIVERSITY OF EDINBURGH 


DEPARTMENT OF 
PHYSIOLOGY 


Applications are invited for the post of 
LECTURER in the above Department. A 
Medical degree or an Honours degree in 
Physiology or other biological science, and 
research experience are desirable. 


Prefer- 
ence will be given to someone interested in 
the application to neurophysiology of tech- 
niques of cell biology. 


Salary Scale: £1,585 to 
annum. 


£2,735 per 


Applications, by letter (three. copies), 
stating age, qualifications, and experience 
should be sent to the Secretary to the Uni- 
versity, Old College, South Bridge, Edin- 
burgh, $, from whom further particulars 
may be obtained. The closing date for ap- 
plications is April 1, 1969.  Piease quote 
Reference 1017/53/1. (866) 





MEDICAL RESEARCH COUNCIL 


NATIONAL INSTITUTE FOR MEDICAL 
RESEARCH 


Senior Scientist (biochemist or medical) to work 
in the Division of Biological Standards on quanti- 
tative characterization of factors in the coagula- 
tion and fibrinolytic systems in blood. Excellent 
opportunities to engage in original research and 
to collaborate with other biochemists and biolo- 
gists. The appointment will be for three years in 
the first instance, but is renewable.  FP.S.S.U. 
benefits. 

Apply, as soon as possible, to the Director. 
National Institute for Medical Research, Mill Hill, 
London, N.W.7, from whom further particulars 
may be obtained, (816) 
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TECHNICIANS | 


(Senior 1 and Junior grades) are required in the 
new Department of Immunology of the Institute 
of Child Health and in the Renal Laboratory of 
the Hospital for Sick Children. Salary in ac- 
cordance with the Whitley Scale. 

Applications to Professor J. F. Soothill, De- 
partment of Immunology, Institute of Child 
Health, 30 Guilford Street, London, W.C.1. 

(814) 


UNITED MANCHESTER 
HOSPITALS 
CHIEF OR SENIOR TECHNICIAN 


This is a new appointment and the person ap- 
pointed will be respansible for the supervision of 
the research area containing eight laboratories in 
a new building, in addition to participating in 
research projects being undertaken here. Experi- 
ence in biochemistry or physiology or histo- 
chemistry and histology wil be an advantage. 
The appointment is made under the jurisdiction 
of the Research Grants Committee of the Board 
of Governors and on the appropriate Whitley 
Council salary scale and conditions of service. 

Applications, with the names of three referees. 
to be sent to the Secretary of the Board of 
Governors, United Manchester Hospitals, Oxford 
Road, Manchester 13 (from whom further par- 
ticulars may be obtained) not later than March 
22. 1969. (824) 


LOTHIANS RIVER PURIFICATION BOARD 
RE-ADVERTISEMENT 


Applications are invited for the undermentioned 
superannuated appointment : 


BIOLOGIST 
Salaty grade £1,695 to £2,070. 


Applicants should possess: 1. An Honours 
Degree in Biology, preferably Zoology, with 
Chemistry or Microbiology as a subsidiary sub- 
ject. 2. Associate Membership by examination 
of the Institute of Water Pollution Control. 

Experience in Freshwater Ecology, Marine 
Biology and Oceanography relative to Pollution 
Prevention would be an advantage. The duties 
of the successful candidate will be the biological 
assessment of pollution in the rivers, burns and 
that part of the Forth Estuary within the Board's 
area. 

Post superannuabk. Scottish J.1-C. conditions 
of service. Essential users car allowance. 

Applications, together with the names of two 
referees to be submitted by March 15, 1969. to 
the Chief Technical Officer-River Inspector, 
Springwell House, 1 Gorgie Road, Edinburgh 11. 

Previous applicants need not apply. (820) 
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UNIVERSITY OF LIVERPOOL 
DEPARTMENT OF ANATOMY 


Applications are invited from non- 
medical or medically qualified candidates 
for the post of Lecturer in the Department 
of Anatomy. 

Salary Seales: £1,585 to £2,735 per 
annum (non-medically qualified); £1,585 to 
£2,940 per annum (medically qualified). 
Initial! Salary: £1,585 per annum. 

Applications, stating qualifications and 
experience, together with the names of 
three referees, should be received not later 
than April 12, 1969, by the Registrar, The 
University, P.O. Box 147, Liverpool, L69 
3BX, from whom further particulars may 
be obtained. Please quote Ref.: RU/967/ 
N. (834) 





THE BRITISH COUNCIL 


THAILAND 


(THE UNIVERSITY OF CHIENGMAI 
requires a LECTURER IN TAXONOMY 
or PLANT MORPHOLOGY preferably by 
June, 1969. Candidates, preferably men. 
should have an M.Sc. or Ph.D. degree in 
Plant Taxonomy or Plant Morphology 
from a university in Britain, and relevant 
teaching experience. 


Salary: £2,576 to £3,094 per annum ac- 
cording to qualifications and experience, 
Oversea allowance: married (accompanied) 
within the range £1.058 to £980, married 
(unaccompanied) within the range £793 to 
£715 ; single within the range £219 to £141. 
Children's and home-education allowances. 
Income tax refunded if levied. Free furn- 
ished accommodation. Outfit grant. Em- 
ployer’s superannuation contributions paid. 
Medical and insurance schemes. Fares 
paid for Lecturer and family, inciuding 
mid-tour passages for children in Britain. 
Assistance with freight and import duty on 
approved car.  Two-year contract guaran- 
teed by the British Council. 


Write quoting reference number &8.PUIT, 
to Appomtments Division, The British 
Council, 65 Davies Street, London WIY 
2AA. for further particulars and applica- 
tion form to be returned completed as soon 
as possible. (874) 


UNIVERSITY OF DURHAM 
DEPARTMENT OF PHYSICS 


Applications are invited for the post of 
RESEARCH ASSISTANT in Theoretical 
Physics from May 1, 1969, or as soon after 
as possible. The main interests of the 
theoretical group are in the fields of ele- 
mentary particle physics and the theory of 
Salary will be on the 


atomic collisions. | 
scale £850 to £1,260 per annum (under re- 


view), according to age and experience, 
with F.S.S.U. benefits. 

Applications (three copies), together with 
the names of three referees, should be sent 
not later than March 22, 1969, to the 
Registrar and Secretary, Old Shire Hall. 
Durham, from whom further particulars 
may be obtained. Overseas applicants need 
submit one copy only. (843) 





SENIOR ENGINEER 


Required by young expanding company to 
supervise a group of technicians employed on the 
final assembly and servicing of a range of scien- 
tific instruments, including gas lasers, electro- 
magnets and power supplies as well as miscel- 
laneous electronic instruments. He will be ex- 
pected to undertake some of the routine work 
and to suggest and implement improvements in 
both design and manufacture. Machine shop and 
high vacuum experience would be an advantage 
and knowledge of electronic circuitry design an 
important asset. The person we are looking for 
wil be 30 to 40 years of age and educated to 
H.N.C. standard, or equivalent. Salary range 
£1,300 to £1,850. 

Dr. P. Cook, Scientifica and Cook Electronics 
Lid., 40-48 High Street, Acton, London, W.3. 

(722) 


MRA EI 


UNIVERSITY OF BELFAST 
ASSISTANT LECTURESHIP IN ZOOLOGY 
The Senate of The Queen's University of Bel 

fast invites applications for an assistant lecture- 
ship in Zoology from October 1, 19659, or such 
other date as may be arranged. Applicants shouid 
have interests in aspects of marine zoology. The 
salary scale (at presem under review) is £1,105 by 
£75 to £1,180 by £80 to £1,340 per annum plas 
E.S.S.U. Initial pleding on this scale wil depend 
on experience and ualifications. 

Letters of application (one copy? giving the 
names of two referses should reach the under- 
signed by March 1°. 1969. Further particulars 
may be obtained fram G. R. Cowie, MA. LL.B.. 
J.P., Secretary to the University. (IO 





ene tg m rtr tana rrr Pe Pre m ini tenes a a eT m i m men 


UNIVERSITY OF NOTTINGHAM 
DEPARTMENT OF PHARMACY 

Applications are invited for a L ECTURESHIP 
in General Pharmaceutics, The successful appli- 
cant will be required to participate in teaching 
Pharmaceutics up to Honours degree level and to 
assist in the supervesion of postgraduate work. 
The post will be effective from September i. 1969. 
Salary will be withe the range £1,240 to $2133 

per annum. l 
Further particulars and forms of application 
which should be returned by March 10, 1969, are 
obtainable from the Staff Apopintments Ome 

(813 


RSITY OF QUEENSLAND 
BRISBANE, AUSTRALIA 

SENIOR LECTURER IN MATHEMATICS 

The University iovites applicadons for the 
above-mentioned position, An applicant should 
possess the degree cf Doctor of Philosophy and 
have had postdocteral research experience in 
some branch of Pure Mathematics. The success- 
ful applicant will be required to deliver lectures, 
carry out independem investigations in his branch 
of the subject and assist in the irsining of 
honours and researca students. The salary for 
a Senior Lecturer whl be within ihe range 
&A7.500 to $A8,750 per annum. The University 
provides Superannuation similar 1o F.S8.S.U., 
housing assistance, smidy leave and travel grants 
for permanent appoiniees of Lecturer status and 
above. 

Additional informstion and application forms 
will be supplied upea request to the Association 


UNIV. 





of Commonwealth Universities (Appts), Marb 
borough House, Pali Mali, London, $.W.1. Am 


plications close in London and Brisbane on 
April 15, 1969. CU 


UNIVERSITY OF QUEENSLAND 
BRISBANE, AUSTRALIA 
SENIOR LECTURER (CLINICAL) IN 
PATHOLOGY 


The University invites applications for the 
above-mentioned pos&ion. An applicant should 
hold a medical degree registrable in the State of 
Queensland. He should have at least five years’ 
postgraduate experiemse in some branch of patho- 
logy with a special interest in cell biology, celi 
bio-chemistry or exmerimental pathology 8s à 
field of work and head an appropriate postgradu- 
ate qualification. The successful applicant will be 
required to undertake teaching duties and carry 
out research. Subject to these duties to the 
University. he may be seconded to the Departe 
ment of Pathology a: one of the teaching hospi- 
tals for some part-time routine duties, should he 
so desire. The salary range for a Senior Lecturer 
(Clinical) is $A7,500 by SAZS0 (5) to $AS750, 
plus a loading of $5700 per annum. The Uni- 
versity provides — Superannuation similar to 
F.SS.U.. Housing Assistance, Study Leave and 
Travel Grants. 

Additional information and application forms 
will be supplied uper request to the Associstion 
of Commonwealth Universities (Appts), Mari 
borough House. Pali Mall, London, S.W. Ap 
plications close in London and Brisbane on April 
11, 1969. (838) 


AGRICULTURAL RESEARCH 
COUNCIL 
INSTITUTE OF ANIMAL PHYSIOLOGY 
BABRAHAM, CAMBRIDGE 


EXPERIMENTAL OFFICER required for the 
ELECTRON MICROSCOPE UNIT. | Applicants 
should have had at mast five to ten years” ex. 
perience in Eleron Microscopy. Abily to 
maintain an electron microscope and a thorough 
knowledge of E/M techniques as used in biology 
are essential. Educasonal qualifications HN Ca 
ELME T. or equivalent. Salary in scale £1,514 
per annum (minimum age 28) to £1,910 per 
annum. QContributory Superannuation Scheme. 

Applications, with full details and names of 
two referees, to the "Secretary of the Institute, 
quoting reference EMG 6. (8323 
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UNIVERSITY OF NATAL 
DEPARTMENT OF PHYSIOLOGY 


Suitably qualified persons are invited to apply 
for the following positions. Two posts are vacant 
and successful applicants will be placed on the 
grade appropriate to their qualifications and ex- 
perience: LECTURER IN PSYCHOLOGY, 
Durban. The salary scale attached to the posts 
is R3,000 by RISO to R4,800 per annum. In 
addition an annual vacation bonus is payable 
subject to the Treasury regulations. The com- 
mencing salaries will be dependent on the quali- 
Beations and/or experience of the successful ap- 
plicants. 

Further particulars of the posts and of the 
concomitant amenities such as travelling expenses 
on first appointment ; pension, medical aid, staff 
bursary and housing loan schemes, long leave 
conditions, etc., are obtainable from the Associa- 
gon of Commonwealth Universities (Appts), 
Mariborough House, Pall Mall, London, S.W.1. 
Applications, on the prescribed form, must be 
iodged not later than March 31, 1969, — (837) 


UNIVERSITY OF READING 
DEPARTMENT OF BOTANY 

Applications are invited for the post of tem- 
porary demonstrator in the Department of 
Botany for the period of April 1 to December 
3l. 1969. Candidates should have a good 
honours degree in Botany and will be required 
to assist in the running of practical classes. 
There are good opportunities for research. Salary 
on the scale £750 to £900 per annum. 

Applications should be submitted by March 7, 
quoting M.30, to the Assistant Bursar (Person- 
geh, University of Reading, Whiteknights Park, 
Reading, Berks, from whom further particulars 


may bz obtained. (835) 
LONDON HOSPITAL MEDICAL 


COLLEGE 
(UNIVERSITY OF LONDON) 


DEPARTMENT OF EXPERIMENTAL 
SURGERY 


RESEARCH ASSISTANT IN BIOCHEMISTRY 
Applications are invited for the post of Re- 
search Assistant in the Department of Experi- 
mental Surgery. Applicants should have an 
honours degree with Biochemistry as one of their 
main subjects. The appointment will be a joint 
one with the Department of Biochemistry and 
opportuniies for gaining experience in both 
‘caching and research will be available. Initial 
salary according to qualifications, and postgradu- 
ate experience within the scale of £1,240/£1,470 
wus £60 London Allowance per annum, together 
with superannuation under the F.S.S.U, 
Applications (two copies), together with name 
of referee, to the Secretary, The London Hospi- 
tal Medical CoHege, Turner Street, MUR ae 
R44 


UNIVERSITY COLLEGE 
GALWAY, IRELAND 


LECTURESHIPS (2) IN BIOCHEMISTRY 
Applications are invited for the above posts. 
Fhe latest date for receiving applications will be 
May 1, 1969, 
Prior to application, further information should 
be obtained from the Secretary of the College. 
(796) 


JUNIOR EDITOR 


The Science Editor in Penguin Education is 
looking for a junior editor to assist him in 
planning and implementing a programme of edu- 
cational materials in science subjects for schools 
and universities. Applicants should have a de- 
gree in a science subject (preferably biology) and 
an interest in the new educational developments. 

Please apply to Michael Buttler, Penguin Edu- 
cation, Horton Road, West Drayton, Meet 
(827 


IMPERIAL COLLEGE - 


Post-doctoral Research Assistant is required for 
work on photosynthetic control mechanisms of 
isolated chloroplasts. Applications invited from 
biochemists. biophysicists or botanists who have 
recently taken, or are about to take, a Ph.D. 
Salary in range £1,165 to £1,470, with ESSU, 

Applications to Dr. D. A. Walker, Botany De- 
partment, Imperial College, London, rcm j 
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A GRADUATE RESEARCH WORKER IS 
required for the development of a radioimmuno- 
assay for human placental lactogen, and its ap- 
plication to the problems of pregnancy. Previous 
experience in radioimmunoassay methods will be 
an advantage. Salary will be on the assistant 
lecturer or lecturer scale.—Please apply, enclosing 
a curriculum vitae, to Dr. S. F. Contractor, De- 
partment of Obstetrics and Gynaecology, Charing 
Cross Hospital, W.C.2, (829) 
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UNIVERSITY COLLEGE LONDON | 
DEPARTMENT OF CHEMISTRY 
MECHANISM OF ENZYME CATALYSIS 


Applications are invited for post-doctoral post 
iO carry out research on the mechanisms of 
enzyme catalysis. Applicants should preferably 
have training in physical organic chemistry and 
aptitude for quantitative work. Appointment for 
one year in first instance and renewable for 
further period. Salary range (under review) 
£1,165 to £1,320 per annum. 


(841) 


TIN RESEARCH INSTITUTE 


Applications are invited from graduate chem- 
ists and metallurgists for posts at Research Officer 
level at the Tin Research Institute. Research 
topics include electrochemistry and corrosion 
studies, metal coating technology, electron micro- 
scopy, powder metalurgy and the chemistry of 
tin compounds. Publication of results encour- 
aged. Salary dependent on age, qualifications 
and experience, (Minimum £1,075 per annum) 
Superannuation under F.S.S.U. 

Applications to the Director, 
Institute Fraser Road,  Perivale, 
Middlesex. 


Tin Research 
Greenford, 
(845) 


SOUTH-EASTERN REGIONAL - 


HOSPITAL BOARD 
SCOTLAND 


Registrar, Department of Clinical Chemistry 
for the Edinburgh Northern Group of Hospitals, 
based on the Western General Hospital, Edin- 
burgh. 

Apply, giving particulars of age, qualifications 
and previous experience, together with the names 
and addresses of two referees, to the Secretary, 
It Drumsheugh Gardens, Edinburgh 3, within 
two weeks from the date of this PEN 

(847 


UNIVERSITY OF ST. ANDREWS 


Applications are invited for a RESEARCH 
STUDENTSHIP tenable for three years in the 
Department of Geology. The amount will be 
equivalent to a N.E.R.C. studentship. Travel 
and field allowances will be available. The suc- 
cessful candidate will be expected to begin work 
on an area of Lower Palaeozoic rocks in South 
Scotland in the summer of this year, 1969. The 
problem will involve general mapping but ac- 
cording to preference special attention may be 
given to sedimentological, structural, palaeonto- 
logical or geochemical aspects. 

Applications and inquiries for further details 
should be made to Professor E. K. Walton, De- 
partment of Geology, University of St. Andrews, 
Fife. (848) 


NATIONAL INSTITUTE FOR 
RESEARCH IN DAIRYING 
(UNIVERSITY OF READING) 
BACTERIOLOGY DEPARTMENT 


SCIENTIFIC OFFICER required to investigate 
fundamental aspects of the heat resistance and 
germination of bacterial spores and growth of 
the vegetative celis, especially in milk and milk 
products. Electron microscope facilities are 
available. Applications are invited from honours 
graduates or postgraduates with a sound training 
in microbiology and a basic interest in bacterial 
metabolism. 

Appointment will be made in the grade of 
Scientific Officer (£1,020 to £1.740) or Senior 
Scientific Officer (£1,925 to £2,372), according to 
age and experience. F.S.8.U. Apply to the 
Secretary, N.LR.D., Shinfield, Reading. RG2 
GAT, quoting two referees and reftrtnce 69/5, 
(849) 


| UNIVERSITY OF LIVERPOOL 
DEPARTMENT OF GEOLOGY 


Applications are invited for the post of 
ASSISTANT LECTURER or LECTURER in En- 
gineering Geology in the Department of Geology. 
Candidates should be prepared to assist both 
in the teaching of geology to students of Civil 
Engineering and in the instruction. of geology 
Students in aspects of Engineering Geology, and 
to engage in research in the latter. The salary 
scale is within the range £1,240 to £2,735 per 
annum. The initial salary will not exceed £1,700 
per annum. 

Applications, stating age, academic qualifica- 
tions and experience, together with details of 
three referees, should be received not later than 
March 24, 1969, by the Registrar, The University, 
P.O. Box 147, Liverpool, L69 3BX, from whom 
further particulars may be obtained. Please quote 
Ref.: RV/9873/N. (850) 


UNIVERSITY OF LONDON 
CHAIR OF CHEMISTRY 
AT KING'S COLLEGE 

The Senate invite applications for the Chair of 
Chemistry tenable at King's College. Candidates 
should have interests in physical chemistry. 
Salary not less than £3,570 a year plus £100 
London Allowance. 

Applications (10 copies) must be received not 
later than April 30, 1969, by the Academic Regis- 
trar (M), University of London, Sename House, 
W.C.l, from whom further particulars may be 
obtained. (859) 


A.R.C. WEED RESEARCH 
ORGANIZATION 
EXPERIMENTAL OFFICERS 


Wecd Research Organization requires two Ex- 
perimental Officers or Assistant Experimental 
Officers. Post 1/69 is in connection with studies 
on control of woody plants. The programme 
wil include laboratory and field evaluation of 
new herbicides, studies of application methods, 
and investigation of herbicide uptake, transloca- 
tion and persistence. Post 2/69 is to help in 
work of the Overseas Section, involving the 
evaluation of new herbicides and other more 
detailed glasshouse and laboratory studies, on 
tropical and subtropical weeds. In each a de- 
gree or diploma in Biology, Forestry or Horti- 
culture, or similar qualification is required. Ex- 
perience in Plant. propagation, greenhouse man- 
agement and field or greenhouse experimentation 
would be an advantage. Salary according to age 
in A.E.O. scale, e.g., £830 at age 21; £1.150 at 
age 26 rising to £1,385 or E.O. scale £1.514 rising 
to. £11,910. 

For further particulars and application form 
write ta Secretary, A.R.C. Weed Research 
Organization, Begbroke Hill, Yarnton, Oxford 
OXS IPF. Closing date March 24, 1969. 

(877) 





MEMORIAL UNIVERSITY OF 
NEWFOUNDLAND 
ST. JOHN'S NEWFOUNDLAND 
MARINE SCIENCES RESEARCH 
LABORATORY 


Applications are invited for research space and 
facilities at the Marine Sciences Research Labora- 
tory during the summer of 1969. The Laboratory 
is situated at Logy Bay. some five miles from 
the main University campus, and is equipped 
with a contünuously running seawater system 
drawing cold unpoliuted seawater directly from 
the North Atlantic. One of our research 
laboratories, basic supporting facilities and col 
lecting services (both scuba and vessel) will be 
made available to visiting scientists over the 
period May 15 through September 15. Applica- 
tions should be sent prior to April 1. stating the 
nature of the work for which the space is re- 
quested, the organisms which wiH be required, 
and the period of time for which the facilities are 
requested. 

AH applications will be given due considera- 
tion and should be addressed to: Dr. F. A. 
Aldrich, Director, Marine Sciences Research 
Laboratory, Memorial University of Newfound- 
land, St. John's Newfoundland, Canada. 

More specific information will be made avail- 
able upon request. (SOR) 


UNIVERSITY OF BRADFORD 
ENGINEERING MATHEMATICS 


Applications are invited from applied malhe- 


maticians, with preferably an / interes; in fluid 
mechanics or sold mechanics, for the post of 
SENIOR LECTURER or LECTURER IN 


MATHEMATICS. The teaching duties of either 
post will be directed primarily towards mathe- 
matics courses within the Board of Studies in 
Engineering. 

Salary on scale: 

Senior Lecturer: £2.710 to £3,520 maximum. 

Lecturer: £1,585 to £2,735 maximum. 
with placing according to qualifications and ex- 
perience. Superannuation under — F.S.S.U. 
Grants towards the cost of removal expenses are 
pavable under certain circumstances. 

Further particulars and application. form may 
be obtained from the Registrar, University of 
Bradford, Bradford, 7, with whom applications 
should be lodged not later than March 21. od 
(867 


RE 


quired for steroid biochemistry department. Op 
portunity to study for a higher degree. Salary 
on scale £1.165 to £1,555.—-Applications, with 
names of two referees, ín writing, to the Secre- 
lary, Royal Postgraduate Medical School, Ham- 
mersmith Hospital, London, W.12, quoting refer- 
ence 4/201, (823) 





UNIVERSITY OF 
SI. ANDREWS 


CHANDOS CHAIR OF 
PHYSIOLOGY 


The University Court invites applications 
for the above Chair, which will be vacant 
from October 1, 1969. The Professor will 
be a member of St. Salvator's College, St, 
Andrews. 

Salary in the range £4,450 to £4,718; 
F.S.S.U. ; Grant towards expenses of furni- 
ture removal. 

Applications, including the names otf 
three referees, must be lodged by April 19, 
1969, with the Secretary of the University, 
College Gate, St. Andrews, Fife, fram 
whom further particulars may be obtained, 

(855) 





SANDOZ LTD. 
has a vacancy in its 
DEPARTMENT OF PHARMACOLOGICAL 
AND TOXICOLOGICAL RESEARCH 
in Basle, Switzerland, for a 
PHARMACOLOGIST with a biochemical 
background or a 

BIOCHEMIST 

Requirements are a university qualification. in 
medicine or biology plus extensive specialized ex- 
perience in pharmacology on biochemical aspects 
of biochemistry. 

Preferred age: 30 to 38. 

in return the company offers interesting and 
extremely varied work in a highly important area 
of research with good prospects of advancement 
and a generous salary commensurate with ability 
and qualifications. 

Written applications, quoting “ Pharm./Tox. 
Research,” with details of career to date and 
approximate salary requirements, copies of refer- 
ences and degree certificates and a photo, should 
be addressed to the Personnel Department, SAN- 
DOZ LTD., CH-4002 Basle, Switzerland. 

(853) 


. DEVELOPMENT AND CONTROL 


PHARMACIST required, well qualified. for re- 
search in Pharmaceutics Development and 
Analysis. Modern well equipped Laboratory. 

Apply in confidence with full curriculum of 
qualifications and experience to The Research 
Director, Biorex Laboratories, Ltd., — Riorex 
House, Canonbury Villas, London, N.i, 

(852) 


UNIVERSITY OF ABERDEEN 


SENIOR LECTURER AND LECTURER IN 
STATISTICS 

Applications are invited for these posts in any 
branch of Statistics. Staff appointed may start as 
soon as possible, but applications for next Octo- 
ber wil also be considered. Salary on scale: 
Senior Lecturer, £2,825 to £3,520; Lecturer, 
£1,585 to £2,735, with initial placing according 
to qualifications and experience. Superannuation 
(F.S.8.U.) and removal allowance. 

Further particulars should be obtained from 
the Secretary, the University, Aberdeen. with 
whom applications (eight copies) should be 
lodged by March R, 1969. (856) 





UNIVERSITY OF EXETER 
CHAIR OF GEOGRAPHY 


The Council invites applications from suitably 
qualified applicants for a Chair of Human and 
Regional Geography in the Department of Geo- 
graphy. This is a new post which will be created 
with effect from October 1, 1969. The salary 
wil be not less than £3,640 per annum. 

Further particulars may be obiained from the 
Secretary of the University, Northcote House, 
The Queen's Drive, Exeter, to whom applications 
should be submitted (4 copies: one copy from 
candidates overseas) by March 17, 1960, (857) 


SENIOR TECHNICIAN REQUIRED TO 
take charge of routine haematology. F.LM.L.T. 
or equivalent qualifications. Salary according to 
Qualifications and experience from £1,145.—Ap- 
plications in writing to Secretary, Royal Post- 
graduate Medical School, Hammersmith Hospital, 
London, W.12, quoting reference 7/106 


MM C WANN E A RE 


corporeal perfusion. of human placenta. Salary 
will be in the lecturer scale.—Please apply, en- 


closing a curriculum vitae, to Dr. S. F. Con- 
tractor, Department of Obstetrics and Gynaeco- 
logy, Charing Cross Hospital, W.C.2. (828) 


UNIVERSITY OF ADELAIDE 


Applications are invited for the foHowing ap- 
pointments the closing date for applications being 
stated in parentheses after each post: 

LECTURER IN HUMAN PHYSIOLOGY to 
teach human — physiology mainly to medical 
students, <A candidate should have a medical 
qualification. (March 31, 1969) 

LECTURER / SENIOR LECTURER IN 
PHARMACOLOGY. A fegistrable medical 
qualification or a senior science degree is re- 
quired. Preference may be given to a candidate 
with research experience jn cardiovascular or 
smooth muscle pharmacology. (March 31, 1969.) 

SALARY SCALES: Senior Lecturer, $A7,500 
by $A250 (5 to $A8,7350 ; Lecturer, $A5,400 by 
$A280 (D by $A270 (6) to $A7,300 ; with super- 
annuation on the F.S.S.U, basis. 

FURTHER PARTICULARS about each post 
and the conditions of appointment and other 
information sought will be supplied on request to 
the Registrar of the University, or to the Secre- 
tary-General, Association of Commonwealth Umi- 
versities (Branch Office), Marlborough House, 
Pall Mall, London, S.W.1. 

APPLICATIONS should be sent in duplicate 
and giving the information listed in the statement 
that wilh be supplied to the Registrar, the Um- 


versity of Adelaide, North Terrace, Adelaide, 
(872) 


South Australia 5001. 


UNIVERSITY OF MALAWI | 


AppEcations are invited for (3) SENIOR LEC- 
TURESHIP or (t) LECTURESHIP in PHYSICS 
at Soche Hill College. A suitable appointee may 
become head of the science division within the 
College. Graduate qualifications and special in- 
terests in developing curricula that are relevant to 
the needs of the country are necessary. Prefer- 
ence given to applicants with varied experience 
in secondary schools and/or colleges of educa- 
tion. Research is actively encouraged. Salary 
scales (including expatriate addition) (a) £2,500 
to £2,800 per annum. (b) £1,340 to £2,250 per 
annum both plus university allowance of £360 
per annum or salary scales supplemented by £275 
per annum (sterling) (normally tax-free) in ap 
propriate cases under British Expatriates Supple- 
mentation Scheme, Superannuation Scheme 
transferable with F.S.S.U. Gratuity. Family 
more various allowances ; biennial overseas 
eave. 

Detailed apphcations (six copies), naming three 
referees, by April 9, 1969, to Inter-University 
Council, 90/91 Tottenham Court Road, London, 
WIP ODT, from whom particulars are available. 
(876) 


-= UNIVERSITY OF KENT AT- 
CANTERBURY 
APPOINTMENTS IN ELECTRONICS 


Applications are invited for two posts of Lec- 
turer in Electronics from October 1, 1969. One 
appointment wil be made from candidates with 
a research interest in either digital systems, radio 
astronomy or space systems and the other will 
e in the field of solid state electronics. Salaries 
wil be on the scale £1,240 to £2,735, 

Further information and application forms may 
be obtained from the Administrative Assistant, 
Faculty of Natural Sciences, Chemistry Building, 
The University, Canterbury, Kent, to whom com- 
pieted applications should be returned not later 
than March 29, 1959, quoting reference A.10/69, 

(871) 


EAST MALLING RESEARCH. 
STATION 


STATISTICS SECTION: Vacancy for an able 
graduate in Statistics or Mathematics: biological 
or horticultural interest an asset. Research en- 
couraged: access to computers. Scientific or 
Senior Scientific Officer grade. 

Detaiis and application forms from the Secre- 
tary, East Malling Research Station, Maidstone, 
Kent. (869) 


|. UNIVERSITY OF OXFORD 
SAVILIAN PROFESSORSHIP OF GEOMETRY 


The electors intend to proceed to an election 
to the above Professorship. The present stipend 
of the post is £4,305 a year. 

The electors invite applications (nine copies), 
naming three referees, but without testimonials, 
to be received not later than April 26, 1969, by 
the Registrar, University Registry, Oxford. from 
whom further particulars may be obtained. 

(870) 

RESEARCH WORKER WITH BIOLOGICAL 
and mathematical training required for studies 
of immunosuppressive and anti-cancer therapy in 
Department of Experimental Pathology. Salary 
in region of £1,400 to £1,500 for a post-doctoral 
worker,—Apply Secretary. St. Mary's. Hospital 
Medical School, Paddington, W.2. {8783 


UNIVERSITY COLLEGE OF 
NORTH WALES 
BANGOR 

DEPARTMENT OF MARINE BIOLOGY 

Applications are invited for a Lecturer in 
Marine Botany. The salary scale for a Lecturer 
is £1,240 by £115 to £2,735. Applicants. shouid 
have Ph.D. or equivalent research experience, 

Two copies of the applikation with the names 
of three referees, shomid be sent not iater than 
March 10, 1969, to ihe Registrar, University 
Colec of North Wiaks, Bangor, from whom 
further particulars mar be obtained, (894) 


1—————————— ———— —— — — stenencnpmriecenesee tor — oa 


UNIVERSITY OF OXFORD 
UNIVERSITY LECTURESHIP IN ZOOLOGY 


The University proposes 1o agpoing a Leerurer 
in Zoology from Octeber 1, 1969, Special con- 
sideration will be giwen to candidates prepared 
io teach vertebrate zoology or animal behaviour, 
The salary well be aceording to age on the scaie 
£1,470 to £2,900 {wib F.S.S.U.. . 

The Lectureship may be held in conjunction 
with a fellowship at a colege, amd in this cote 
nexion attention is dsawn to the advertisements 
below for Fellowships. in Zoology at New College 
and St. Anne's College. 

Apphications (six ocpies, excepi m the case of 
overseas candidates who need only send one 
copy), including a sta-ement of age, qualifications 
and experience, and giving the names of pwo 





referees, should be sent to the Secretary of 
Faculties, Universiy Registry, Broad Strees, 


Oxford, not dater thar March 29. (887) 


NEW COLLEGE, OXFORD 
FELLOWSEIP IN ZOOLOGY 


New Collewe, Oxferd, proposes to appoi a 
Fellow in Zoology from October 1, 1969. The 
Fellowship may be either a Tutorial Fellowshin 
or a Senior Research Fellowship. fi mav be 
held in coniuncion wih a University Lecture- 
ship in Zoology. 

Further particulars may be obtaiesed on appli- 
cation 10 the Warder. (SBRI 


ST. ANNE'S COLLEGE, OXFORD 
TUTORIAL FELLOWSHIP IN ZOOLOGY 


St. Anne's Colleges. Oxford, propose; to elect 
a Tutorial Fellow ia Zoology with effect from 
October 1, 1969, 

Applications (six comes, except in the case of 
OvetSeas Candidates who need only seri one 
copy), including a statement of age, qualifications 
and experience, amd giving the names of three 
referees, should be sent as soon as possible and 
not later than Magch 29, 1969. Further par- 
ticulars may be obtamed from the College Secre- 
tary. (B89) 


BALLIOL COLLEGE, OXFORD 


JUNIOR RESEARCH FELLOWSHIP IN 
SCIENCE GR MATHEMATICS 


The College proposes to elect a Junior Re- 
search Fellow in Seeme or Mathematics for 4 
period of three years from October 1, 1969, The 
Fellow elected will oe a Junior Research Fellow 
of the Colicee as defined in the College Statutes. 
The stipend will be £950 per annum, with free 

fais, rooms for, in the case of a marcied 
Fellow, housing alewance, and ESSU. 

Applications shouxt be sent to the College Sec- 
retary, from whom further details may be op- 
tained, not dater than March 14, P969, (884) 


ASSISTANT EXPERIMENTAL OFFICER 
for challenging work on graphite and related high 
temperature materizis. Aprdicunta should have 
laboratory experience and quaHfications (prefer- 
ably in Physics or Chemistry or mechanical en- 
gineering) and will be required to work directly 
with Professor A. R. Ubbelohde, F.R.S. 
Imperial College, London, 5.W.7, to whom am 


plications should be sent together ehh names 
and addresses of two referees. CRT AD 


Maw —————————A———————— ee ee espe nn 


TECHNICIAN XEQUIRED FOR  PHYSIO- 
logy Department eoncerned with teaching and 


research. Applicants should have passed City 
and Guilds examination in Physiology.—-Wwrte, 


giving age, qualifications and details of experi- 
ence, to Professor H. Barcroft, St. Thomas's 
Hospital Medical Sehool, SEL (C8 
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DEPARTMENT OF EDUCATION AND SCIENCE 
SCIENCE MUSEUM 


ASSISTANT KEEPERS 
(FIRST OR SECOND CLASS) 


Two posts in London for men or women. One post (a) is in the Department of 
Chemistry ; the other (5) is in the Department of Astronomy, Mathematics, and Geo- 
physics, with special responsibility for developing a section on computers, 


AGE: Assistant Keeper, Ist Class: normaly at least 30; Assistant Keeper, 2nd 


Class ; at least 20 and normaly under 26. 


QUALIFICAT IONS: ist or 2nd Class honours degree, or post-graduate degree, or 
equivalent Qualification. For (a) the degree should normally be in pure or applied 
science and appropriate to one of the principal collections of the deparument, viz, 
pure chemistry, biochemistry, industrial chemistry, metallurgy, glass technology ; rele- 
vant experience in industry or research an advantage. For (b) the degree should 
normally be in mathematics or physics; experience in rhe computer field desirable ; 
know.edge of astronomy an advantage. 


FINAL YEAR STUDENTS may apply. 


SALARY : £2.050 to £3,330 (A.K. Ist Class) or £1,145 to £1,865 (A K., 2nd Class) 
according to age, qualifications, and experience. — Non-contributory pension. Pro- 
MGUON prospects, 


WRITE to Civil Service Commission, 23 Savile Row, London, WIX 2AA, or TELE- 
PHONE 01-734 6010, Ext. 229 (after 5,30 p.m. 01-734 6464 '' Ansafone " Service), for 
application form, quoting 7114/69, Closing date March 19, 1969, (833) 





HUNTINGDON RESEARCH CENTRE 
Entomologists/Agricultural Botanists 


Owing to expansion, vacancies now exist for a Group Leader, and 
Research Officers and Assistants at various levels, to form a new team 
that will be concerned with the evaluation of pesticidal activity under 
laboratory and field conditions, on a world-wide basis. Previous experi- 


ence in this field is essential for the more senior positions, but applications 
are also invited from recently qualified workers who have a special interest 


in this subject. These appointments provide excellent opportunities for 
advancement in a young, rapidly growing and broad-based organization 
that has already acquired a uniquely high international reputation over 
a wide area of biological research, 

Please apply in first instance, providing brief curriculum vitae, and quot- 
ing reference FGSW, to the Personnel Officer, Huntingdon Research 


Centre, Huntingdon. 


SIMON FRASER UNIVERSITY 
DEPARTMENT OF CHEMISTRY 


The Department proposes to make an appoint- 
ment in 


ORGANIC CHEMISTRY 


Applications are invited from chemists in any 
fieid of organic chemistry, although preference 
may ukimately be given to those with interests 
in biochemistry or physical organic chemistry. 
The duties will consist of teaching at the under- 
graduate and raduste deveis, and research, to- 
gether with normal Departmental responsibilities. 

The Department intends to make the appoint- 
ment at the Professor or Associate Professor level, 
Initial salary wil depend on age and experience. 
Present floor salaries are: Associate Professor, 
$11,700 ; Professor, $15,800. The preferred start- 
ing date is September 1, 1969. Normal removal 
expenses to Vancouver will be covered by the 
University. 

The Deparument is well equipped with modern 
apparatus (including Cary 14, Cary 81, Beckman 
IR-12 and related spectrometers, Hitachi double- 
focussing mass spectrometer, pulse NMR, Varian 
AS6/60 NMR, radiochemical facilkies, etc) and 
will move into new research laboratories in the 
Fall of 1969. 

Candidates should send curriculum vitae and 
the mames of three referees to: 


Prof, D. G. Tuck, 

Department of Chemistry, 

Simon Fraser University, 

Burnaby 2, B.C. (865) 


(831) 





UNIVERSITY OF ALBERTA 
FACULTY OF AGRICULTURE 
DEPARTMENT OF AGRICULTURAL 
ENGINEERING 

Applications are invited for the posidon of 
ASSOCIATE PROFESSOR or PROFESSOR OF 
AGRICULTURAL ENGINEERING. Minimum 
salaries are presently $13,000 and $17,500 for 


Associate Professor and Professor respectively, 


Applicants should have the Ph.D. or equiva- 
lent and should be eligible for membership in 
the Association of Professional Engineers of 
Alberta. Principal interest should be in one of 
the major fields of Agricultural Engineering. 
Acknowledged teaching and research ability is 
required. 

Applications, providing a curriculum vitae, list 
of publications with reprints and names of three 
referees, should be sent to the Dean, Faculty of 
Agriculture, University of Alberta, by April 1, 
1969, Duties will commence luly 1, 1969, or as 
soon thereafter as possible. 

The Chairmanship of the Department is pre- 
sently open and candidates are asked to indicate 
whether or not they wish to be considered for 
this position, There is an administrative 
honorarium of $500 for this position. Chairmen 
are normally appointed for five years with review 
at the end of that period, Candidates interested 
in the Chairmanship should provide details of 
previous leadership and administrative experience. 

F. V. MacHARDY, P.Ag. P.Eng, 
Dean, Faculty of Agriculture. 
University of Alberta, 
Edmonton, Adberta, 
Canada. (891) 


LONDON BOROUGH OF BARKING 
BARKING REGIONAL COLLEGE OF 
TECHNOLOGY 
LONGBRIDGE ROAD, DAGENHAM, ESSEX 
CONSTITUENT COLLEGE OF THE 
PROPOSED NORTH-EAST LONDON 
POLYTECHNIC 
Required as soon as possible LECTURER 
GRADE H in MICROBIAL BIOCHEMISTRY 
to teach honours C.N.A.A. degree and ALI Biol. 
Part H. Knowledge of process biochemistry with 
industrial and/or research experience. Salary 
£1,725 to £2,280 per annum plus London Aliow- 

ance (£85). 
Further particulars and application forms ob- 
tainable from the Principal. (883) 


BRISBANE, AUSTRALIA 
LECTURER IN MECHANICAL 
ENGINEERING 

The University invites applications fer the posi- 
tion of Lecturer in the Department of Mechanical 
Engineering. Applicants should have an Honours 
degree in Engineering or a higher degree, to- 
wether with teaching and research experience. 
They should preferably have had industrial ex- 
perience and be interested in one cr more of the 
following fields: Controls, Industrial Engineering, 
Design, Dynamics, Fluid Mechanics, or Kine- 
matics. Experience with computers is desirable 
but not essential (good facilities exist in the De- 
partment). The successful applicant will be re- 
quired to engage in formal teaching and to 
undertake research duties. The salary range for 
a Lecturer is $45,400 by $A250 (4) by $A300 to 
$A7,300 per annum. The University provides 
Superannuation similar to — F.S.S.U., Housing 
Assistance, Study Leave and Travel Grants. 

Additional information and application forms 
wil be supplied upon request to the Association 
of Commonwealth Universities CApptso, Marl- 
borough House, Pall Mal, London, S.W.1. Ap- 
plications will close in London and Brisbane on 
Apri 25, 1969. (839) 

PHYSICS DEPARTMENT 

ST. ANDREWS UNIVERSITY 

NORTH HAUGH, ST. ANDREWS, FIFE 
RESEARCH ASSISTANT 


Applications are invited for a Research Assist- 
antship in Laser Research. The work involves 
the study of gas lasers operating with a plasma 
iet as cathode recently developed in this tabora- 
tory. Candidates should have experience in gas 
discharge and/or laser physics. Salary up to 
£1,500 according to age, qualifications, and Cx- 
perience, 

Applications, giving full details of qualifications, 
research experience, and the names of two 
referees, should be sent to Mr. A. Maitland at 
the above address before April 7, 1969. (Gas 





SENIOR TECHNICIAN FOR GEOLOGY 
Department to assist with research on Kinetic 
Mechanisms in mineral systems. Qualification 
graduate in Chemistry or Geology. Salary £987 
to £1,225.—Applications to Personnel Adviser, 
University of Birmingham, P.O. Box 363, Bim- 
ingham 15 or telephone 472-1301, quoting refer- 
ence 137/ST/303. (854) 


RESEARCH ASSISTANT (WELL QUALI- 
fied for independent research) in the Max-Planck- 
Institute for BIOLOGICAL CYBERNETICS, to 
work on the visual ganglia in a team concerned 
with the analysis of visual behaviour in insects.--- 
Dr. V. Brattenbere, Spemannstrasse 38, 7400 
Tübingen, West Germany. (795) 








GRANTS & SCHOLARSHIPS 





MCMASTER UNIVERSITY 
CANADA 
GRADUATE SCHOLARSHIPS IN GEOLOGY 


The Department of Geology offers opportuni- 
des for research in several aspects of geology 
leading to the degrees M.Sc., Ph.D. in Geology, 
and Ph.D. in Geochemistry. Laboratories are 
available for research in geochemistry, petrology, 
mineralogy, sedimentology, palaeontology, and 
structural geology. The majority of students 
accepted for graduate study receive financial sup- 
port in the form of scholarships and teaching 
assistantships. These awards range from $3,200 
to $3,600 over a 12-month period. Fees do not 
normally exceed $403 and travel grants are avail- 
able to students outside North America. 

AH inquiries relating to admission and scholar- 
ships should be directed to: Chairman, Depart- 
ment of Geology, McMaster University, Hamilton, 
Ontario, Canada. {606} 
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IMPERIAL CANCER: RESEARCH 
FUND 


BURSARIES FOR TRAINING IN RESEARCH 


The Council of the Fund will award à limited 
number of Bursaries at the Laboratories in 
Lincoln's Inn Fields and Mit Hill for fuli-üme 
studies leading to higher degrees in research 
fields relevant to cancer. These include Celular 
and Molecular Biology, Endocrine Chemisiry and 
Physiology, Experimental Pathology, Immuno- 
logy. Pharmacology and Virology. The award 
will be tenable for three years from October 1. 
1969, with a non-superannuable grant of £1,000 
a year (subiect to tax). Applications are invited 
from British subjects, not over 25 years of age. 
normally resident in the U.K., who hope to have 
first or upper second class degrees in science in 
1969 


Further detalis and forms are obtainable from: 
The Director of Research, Imperial Cancer Re- 
search Fund, Lincoin's Inn Fields, London, 
W.C2. Applications to reach the Secretary of 
the Fund at the above address not later than 
March 31, 1969. (744) 





FOR SALE AND WANTED 










WM. DAWSON & SONS LTD. 
Back Issues Department, 
Cannon House, Park Farm Rd., 
Folkestone, Kent, England. 
Tel.: Folkestone 57421. 
Offer rop prices for: 
BACK RUNS OF JOURNALS 
IN SCIENCE AND THE HUMANITIES 


Wanted and for Sale 
Scientific and Technical Reviews 


SANTO VANASIA, 58 Via M. Macchi, 


20124 MILANO (X259) 
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MISCELLANEOUS 


SCIENTIFIC AND TECHNICAL TYPE- 
writing Service, Confidential —Julla Pratt, B.Sc., 
30 Craven Sireet, Strand, London, W.C.2, Tele 
phone 01-839 2861. (X2) 


FELLOWSHIPS AND 
STUDENTSHIPS 


UNIVERSITY OF ABERDEEN 
LECTURESHIP IN BACTERIOLOGY 


Applications are invited for above post vacant 
from April 1, 1969, or as soon as may be 
arranged. Candidates who should bc interested 
in, and preferably have some experience ot, ejec- 
tron-microscopy may elect to work either in 
virology or bacteriology. Salary on scale: £1,240 
to £2,735: (if medically qualified) £1,470 to 
£2,995. Initial placing according to qualifications 
and experience. Superannuation (F.S.S.UJ and 
removal allowance. f 

Further particulars from the Secretary, the Uni- 
versity, Aberdeen, with whom applications (ten 
copies) should be lodged bv March 1, o i 








THE ROYAL SOCIETY 
PICKERING RESEARCH FELLOWSHIPS 
Applications are invited for three PICKERING 

RESEARCH FELLOWSHIPS for young gradu- 
ates to undertake research either in chemistry 
(especially physical or inorganic) or honicultural 
science. The appointments are tenable for two 
years in the first instance from October 1, 1969, 
and renewable up to a total renure of three or 
possibly five years, Stipend range £1,370 by £100 
to £1.570 or exceptionally £1,770 (scale under 
review) with superannuation benefits. 
Applications receivable by April 30, 1969, to 
be made on forms obtainable, with further de- 
tails of the appointments, from The Executive 
Secretary, The Royal Society, 6 Carlton House 
Terrace, London, §.W.1, (879) 





MEETINGS 


IV INTERNATIONAL 
CONGRESS 
ON PHARMACOLOGY 


JULY 14 TO 18, 1969 
UNIVERSITY OF BASEL, SWITZERLAND 


AN INTERDISCIPLINARY 
MEETING 


Deadline for registration 1s April 30. 
Please consult the Preliminary Program. 
Further copies available upon request. 


IV INTERNATIONAL CONGRESS 
ON PHARMACOLOGY 
Postfach 30 Basel 4 
CH-4000 Basel, Switzerland 


($00) 


—— ——————— Beha SO 
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LAKEHEAD UNIVERSITY 
PORT ARTHUR, ONTARIO, CANADA 
DEPARTMENT OF CHEMISTRY 


Applications are devited for RESEARCH 
STUDENTSHIPS koding to the degree of 
M.Sc. in the major branches of chemistry. 
These studentships include six hours of 
demonstration duties. and advances may be 
made towards travelling expenses. — Appli- 
carts should possess a first- or seoond-class 
honours degree or srad. R LE. 

A comprehensive range of the most 
modern instruments is available including 
apparatus for eight microwave frequencies, 
Cary model 14 syectrophotomceter, Beck. 
man IR 12 infraeed  spectrophotiometer, 
Fourier far infra-res spectrometer, Hiachi 
RMU-7 double focusing mass spectrometer, 
Varian A60-A NM. spectrometer, Phiips 
X-ray diffraction ume, GLC preparative and 
analytical equipment 

This forest and Ieke region affords many 
summer and winter «ports, including skiing, 
and varied social and cultural activities, 
especialy in music, are available at ihe uni- 
versity itself. 

Applications, with the names of three 
referees, should be addressed to Dy. D. G. 
Hoelah, Department of. Chemisiry. (864) 





THE ROYAL SOCIETY 
ARMOURERS AND BRASIERS' 
COMPANY 


Applications are invieed for the ARMOUR ERS 
AND BRASLERS' RESEARCH FELLOWSHIP 
IN METALLURGY for research connected with 
base metals and allovg tenabie for two years in 
the first instance from October 1, 1969, and 
renewable for one further year. Stipend range 
£2,275 by £100 to £2,475 per annum (cale under 
review) with superannuation benefi. 

Applications receivable by Ami 14, 1969, to be 
made on forms obtaiuabie, with further gerais 
of the appoinument, from The Executive Secre- 
tary, The Royal Society. 6 Carlion House Terrace, 
London, $.W 1, (8783 


INIVERSITY OF GLASGOW 


UNIVERSITY RESEARCH STUDENTSHIPS 
AND FELLOWSHIPS 


Applications are invited for Universky Research 
tudentships and Felewships for experimental 
and theoretical research in Nuclear and Pie- 
mentary Particle Physic: and Solid State Physics 
and also fer theoretical research in — Plasma 
Physics. Salary scale .  Studentships; £500 to 
£650 per annum, according to qualifications, with 
a tenure of three years. Fellowships : £1,050 to 
£1,350 per annum, according to qualifications, 
Tenure two years on zppointment, with possibile 
renewal for a further year. These Fellowships 
wil be superannuated ander the FSAL 

Applications, stating age, academic quahfica- 
ions, research experience, and names of two 
referees, should be submitted, nor later than April 
14, 1969, to the Professor of Natural Philosophy, 
University of Glasgow, Glasgow W.2, from whom 
further particulars may be obtained, (807) 


APA MA Iiic dried mmi i f gti —— —— T —Á 


UNIVERSITY OF LEEDS 
COOKRIDGE HIGH ENERGY RADIATION 
RESEARCH CENTRE 
COOKRIDGE HOSPILAL, LEEDS, LSIG 60B 


Applications for a Research  Srodeniship are 
invited from final Honeurs students in Chemistry 
or Physics, and from Physical Chemists compere 
ing M.Sc. courses, who wish to undettake re- 
search for the Ph.D. degree in the general field 
of chemical reactions faduced by the absorption 
of radiation, Research will involve the pec of 
one or more of the ioldowing techniques: (a) 
pulse radiolysis; (t) eptücal and ¢leetron spin 
resonance spectroscopy of long- and shortHved 
odd electron species asd excited molecules: (c 
matrix isolation: (d? conventional analytical, 
photo- and radiation-chemical methods. The 
conditions and emolursenig of the studentship 
wil be identical with chose of the Science Re- 
search Council research. studentships. 

Applicants should wie to Dr. F. §. Dainton, 
F.R.S. before March 24, 1969, giving a brief 
curriculum vitae and the names of two referees. 

(794) 
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GILLETTE INTERNATIONAL RESEARCH 
FELLOWSHIP 


POLYMER CHEMISTRY 
UNIVERSITY OF LOUVAIN, BELGIUM 


Applications are invited, from suitably qualified persons, for one of the 
international Post-Doctoral Research Fell lowships which have been set up 
by the Gillette Company to promote the international exchange of scientific 


and technical personnel. 


The present Fellowship is tenable at the Laboratory of Macromolecular 
Chemistry of the University of Louvain, under the direction of Professor 


G. Smets. 


Applicants should be holders of a higher degree, or possess 
relevant post graduate research experience. 


3-4 years 
This Fellowship, being tenable 


in Belgium, is open only to nationals of other European countries or of 


the United States, 


The Fellow will be required to undertake work in one of the following 


areas, 


(1) Photopolymerisation and related photochemical reactions. 
(23 Polymerisation by cycloaddition reactions. 
(3) Kinetics of organometallic polymerisation. 


(4) Synthesis of new Polymers. 


(5) Photochemical and photosensitive polymers. l 
(6) Correlation. between physical properties and chain structure and chain 


mobility. 


(7) Influence of solvents on radical polymerisation. 
It is expected that the results of the work will be published. 


The Fellowship will 


be one year only (commencing October 1969) and 


will carry a remuneration of about $5,000, 


Applications, stating age, 


nationality and research interests and including 


a detailed curriculum vitae and the names and addresses of two academic 
or technical referees, should be addressed to: 


The Secretary, 


International Research Fellowship Committee, 
Gillette Research Laboratory, 


454 Basingstoke Road, 


Reading, Berks. 


The closing date for applications will be May 2, 1969. 


UNIVERSITY OF WARWICK 
SCHOOL OF PHYSICS 


Applications are invited for a RE- 
SEARCH FELLOWSHIP to undertake a 
study of grain boundary fracture surfaces 
y LEED. and related techniques. Can- 
didates should preferably have worked in 
surface physics or a related field in physics 
or physical metallurgy, and should have a 


Ph.D. degree or equivalent postgraduate ex- 
perience, 

The appointment will be made for one 
year in the first instance, renewable for a 


maximum period of three years. Initial 
salary will be at a point in the scale £1.240 
to £1,470 exceptionally £1,485 per annum. 
depending on age and experience. 
Applications should be submitted by 
March 17, 1969. Further particulars may 
be obtained from the Registrar, the Uni- 
versity of Warwick, Coventry CV4. 7AL. 
(863) 





THE ROYAL SOCIETY 
ROSENHEIM RESEARCH FELLOWSHIP 


Applications are invited for the ROSENHEIM 
RESEARCH FELLOWSHIP for research in 
Great Britain on the biochemistry of plants and 
the simpler forms of animal iHe, Preference will 
be given to candidates wishing to study the bio- 
chemistry of higher pams, The appointment is 
tenable for two years in the first instance fram 
October 1, 1969, and renewabie up to a total 
tenure of three or possibly five years. Stipend 
range £1,370 by £100 to £1,570 or exceptionally 
£1,770 £scale under review) wih superannuation 
benefits. 


Applications receivable by Apri 30, 1969, to 
be made on forms otxainabie, with further de- 
tails of the appoinunent, from The Executive 
Secretary, The Royal QURE 6 Carlton House 
Terrace, London, S.W.1 (880) 


(8033 
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APPOINTMENTS WANTED 


AN ORGANIC CHEMIST (FUEL) WITH 
Master of Philosophy degree from University of 
London seeks position.—Box 851. Nature, T. G. 
Scott and Son, Lid., 1 Clements Inn. London, 
WER (851) 








LECTURES AND COURSES 


UNIVERSITY OF EAST ANGLIA 
SCHOOL OF BIOLOGICAL SCIENCES 
DEGREE OF MSC. (BIOPHYSICS) 


Applications are invited for places on a one- 
year postgraduate course leading to the degree of 
M.Sc. in Biophysics. This course is intended for 
students with first degrees in physical sciences 
who wish to move into work in the biological 
sciences, and for students with first degrees in 
biological sciences who wish to extend their know- 
ledge of mathematics, physics and physical 
chemistry, 

The Science Research CouncH has accepted the 
M.Sc, Course in Biophysics as suitable for the 
tenure af its Advanced Course Studentships. 

Further details of the course may be obtained 
from Dr. J. E. Thain of the School of Bio- 
logical Sciences, The University of East Anglia, 
University Plain, Norwich NOR 88C, Norfolk. 

(862) 


UNIVERSITY OF LONDON: A LECIURE 
entitled Y Malnutrition " will be delivered by 
Professor iR. A. McCance (Cambridge) at 5.30 
p.m. on March 6 at the University of London, 
Senate House, WC. Admission free, without 
tícket,.—M. oA. Baatz, Academic Registrar. 

(86 
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UNIVERSITY OF LONDON: A LECTURE 
eniiled '" The Evolution ot Transmissiblc Genetic 
Elements in Bacteria " will be delivered by Pro- 
fessor W. Haves (Edinburgh) at 5.30 p.m. on 
March 12 at University College (Botany Lecture 
Theatre), Gower Street, W.C.1—Admission free, 
without ticket. —M. A. Baatz, Academic rr 
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SUMMER SCHOOL IN 
IMMUNOLOGY 


SPONSORED BY THE BRITISH 
SOCIETY FOR IMMUNOLOGY AND 
THE WORLD HEALTH 
ORGANIZATION 


Monday, September 8 to Friday. 
September 12, 1969 


The Residential Summer School in 
immunology will be held in the Depart- 
ment of Immunology of the Institute of 
Child Health of the University of London, 
under the aegis of Professor J, F. Soothill. 
h is intended primarily for those teaching 
immunology to medical, biological, veterin- 
ary and technical students who are not 
professional immunologisis and for those 
undertaking research degrees in immunology 
but others are welcome. The course will 
consist of lectures, tutorials and demon- 
strations and will not assume extensive 
knowledge of immunology. 


The fee for the course is £12. Accom. 
modation is available at a nearby Hall of 
Residence. 


Applications should reach Dr. GŒ. L. 
Asherson, London Hospital Medical Col. 
lege, London, E.I, by May 10 and should 
include a brief curriculum vitae and an 
indication of the applicants research. and/ 
or teaching interes:s and his background in 
immunoloagy, (8025 


IMPERIAL COLLEGE OF SCIENCE 
AND TECHNOLOGY 


“THE CHEMICAL BOND AT SOLID 
SURFACES" 


A Lecture Course at postgraduate level will be 
given by D. A, DOWDEN A.C.E Agricultural 
Division) and others, on March 23, 26 and 27, 
1969, The course will concern the behaviour of 
atoms at solid surfaces including insulators. semi- 
conductors and metals. 

Further information from Dr. D. L. Trimm, 
Department of Chemical Engineering and Chemi- 
cal Technology, Imperial College, London, 
S.W.7, (487) 


UNIVERSITY COLLEGE LONDON 


The College will again offer a one-year ad- 
vanced course leading to the University of 
London 


M.SC. IN CONSERVATION 


Applicants should have, or expect to obtain, 
an honours degree in Agriculture, — Biology, 
Botany, Forestry, Geography, Geology, Zoology 
or other appropriate subjects, The course, which 
is constantly adjusted to new needs in conserva- 
tion, is recognized for the tenure of M.E.R.C. 
Advanced Course Studentships, and will enter its 
tenth year next session. 

The Course begins on August 25, 1969, and 
runs for one calendar year. Closing date for ap- 
plications: March 14. Particulars and applica- 
tian forms from the Registrar, University College 
London, Gower Street, W.C.1. (846) 





UNIVERSITY OF ` BIRMINGHAM 
DEPARTMENT OF VIROLOGY 


POSTGRADUATE COURSE IN 
GENERAL VIROLOGY 


Applications are invited for admission to the 
course, beginning September 1969, in General 
Virology deading to the degree of M.Sc. The 
course extends for a full year and comprises a 
formal course on basic virology, short courses 
on applied and specialized aspects of virology, 
and a research project. lt is suitable for those 
interested in careers in industry, Research Council 
Institutes and Universities., Applicants woth a 
wide variety of backgrounds are considered, 
They should have at least à good second class 
honours degree in science or a medical or 
veterinary degree. There are also opportunities 
for courses leading to the Ph.D. degree, 

Further information is available from Professor 
P. Wildy, Department of Virology, The Univer- 
sity of Birmingham, P.O. Box 363, Birmingham. 
15, quoting P.G.16, (286) 


‘UNIVERSITY COLLEGE LONDON (GON ER 
Street, WE., Inaugural Lecture by Professor 
P. R. Bell, “ The Archegoniate Revolution " on 
Monday, March 10, at 5.30.— Admission free, 
without ticket. (801) 
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SPORES - FERNS - MICROSCOPIC ILLUSIONS ANALYZED 
Volume! C. S. HIRES . Ad 


An exceptional book for nature lovers, artists and scientists in many fields. 
Living ferns beautifully illustrated, cell structure. Development—spore to maturity. 


Simple, accurate terms. 
572 pages, 1,150 illustrations, 14 in colour. 


MISTAIRE LABORATORIES 


152 Glen Avenue, Millburn, N.J. 07041 U.S.A. 
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for Accuracy, Speed and Convenience M 
Suitable for colorimetric analyses in: Mi cote WHO TOR te 
A: ; A f ; 1 ilh further information toi- 
Clinical, pathological and biochemical analysis, Agricultural MI a. GALLENK AMP & CO. LTD 
chemistry, Analytical chemistry, Water analysis, Metallurgy, Food II l ud ; f 
chemistry. | I LONDON 
l , | | | P.O. Box 290 
Really stable readings 35 Rapid response and Ill || Technico House, Christopher Street, 
operation Robust unitised construction I Pia ee 
l| Telex: 88604 
Other features: Flush meter with antistatic window and 11.5 cm mirror scale l | Vi ER 
e Two simple controls only e Narrow bandpass filters for maximum sensitivity II | WIDNES 
+ High reserve sensitivity e Incorporates drain for spillage e Samples protected II P.O. Box 19, 
by heat absorbing filter e Photocell encapsulated for complete protection. WM Victoria House, Widnes, Lancs. 
| I Tel: 051-424 2040 
Price without colour filters or test cells £71 10s. Od. Bh 
Also in kit form with 3 colour filters and 3 fused glass test cells £79 5s. Od. | | Perron UN TEES 
Flowthrough cell. Extra £2 9s. 6d. Ask for Publication 647A. | | | Mara Lane, Stockton-on-Tees, 
li Tel: 0642 63441 
inn l 
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for medical, industrial and research users of rad 


The 1969/70 catalogue is a completely updated reference for all the 


latest radiochemicals, radiation sources and standards supplied by 
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linked to peptide chain 
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N-O-Nitrophenyl 


group, is already making signifi- 
cant conttibutions to peptide 





the classic CBZ group. The im- 
provements are: 

Ini 1. NPS groups are more easily 
cleaved than CBZ. The removal 


chemistry. of NPS from a long peptide chain 
O-Nitrophenyl Sulfeny! E is accomplished rapidly under very 
Chloride reacts with Amino Acids mild conditions without any dan- 
to yield N-O-Nitrophenyl (NPS) ger to sensitive parts of the peptide 
Amino Acids. The NPS group is | |] chain. On the other hand, the re- 
easily removable with acids in i A moval of CBZ from a long peptide 
aqueous solutions or preferably S chain is still a diffieult task. 


with Hydrogen Chloride in non- 
polar solvents. 

NPS Amino Acids have been coupled 
with amino acid esters via mixed earboxylic- 
carbonic anhydride and DCC. No racemiza- 
tion has been observed, and the yields have 
been good. 

The NPS method appears to possess the 
advantages of the Carbobenzoxy method (no 
racemization, easily removable N protecting 
group) and offer definite improvements over 


2. NPS groups are advanta- 

geous for lengthening a peptide 

chain, especially in the case of incorporation 

into a peptide chain of Amino Acids bearing 
functional groups. 

N BCo. offers 21 O-NPS Amino Acids as 
the Dicyclohexylammonium Salts (DCHA) to 
insure greater shelf stability. Please write us for 
a list complete with specifications and prices. 

Write for our free catalog containing over 
3500 items. 


CAUTION: Those of our produets which are or may be drugs or 
food additives, as defined in the Federal Food, Drugs, and Cos- 
metie Act, will be shipped, and may be used or sold, for investiga- 
tional use only in laboratory research animals, or for tests in 
vitro, and are not for use in or for humans. Investigational animals 
and their edible products may not be used for food. 


Nutritional 
Biochemicals 
Corporation 


26201 Miles Road * Cleveland, Ohio 44128 
Phone 216 662-0212 
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designed for tissue culture Ser dAVaC 
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A lcng working distance phase Polaron have available ji > 

objective allows up to 5.8 mm with | 3 misa -- EY 

a X40 objective. The condenser | microscopes and Tm 

has a working distance of 25 mm. | stereo-microscopes EE 
Complete still photographic facili Demonstration and 

ties, cine and television are available. | comprenen E RE i 

Accessories include incubators and are maintained at our | 
special glassware with cover slide North London centre. x 


mounted in the base. 
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SERAVAC LABORATORIES (Pty.) LTD. 


POLARON = R Willis, lind d: MaiS 


EQUIPMENT LTD. 





In the U SA Serava ` Produ 


ii Is re í pta T4 í fi 
Head Office: Shakespeare Road, Finchley, London, N.3 GALLARD-SCHLESINGER CHEMICALMFG. CORP. 


Telephone: 01-349 9241 584 Mineola Avenue, Carle Place, L.I.. N.Y. 11514 
France: Unioptique, 88 Gabriel Faure 92 Reuil-Malmaison, S & O 


Belgium, Holland, Luxembourg: Contact Head Office 
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VVhy Use Ordinary Pipets? 


USE 
THE 
ERROR ELIMINATORS! 


L/l| automatic REPIPETS* and Dilutors eliminate the 
many sources of error inherent in manual techniques. 
These unique instruments pipet, dilute and dispense 
: A with a guaranteed accuracy of 1% 
B. and a reproducibility of 0.1%. With 
the LAMBDA-DIAL* accessory for any 
1 ml Repipet or Dilutor, accuracy 
soars to a phenomenal 1% at 10 
lambdas! 
As shown, L/l instruments fit directly 
on your reagent bottles, Y%-ounce 
and larger. (L/l will supply bottle if 
desired.) To operate, simply set vol- 
ume with knife-edge pointer, lift 
plunger to aspirate, and depress 
plunger to deliver. In effect, you've L/I Dilutor 
automated your reagent bottle! You 
not only save valuable analysis time, 
d A 9g OM you get more results and more de- 
HRA, pendable results, 
PYREX L/I instruments handle any reagent, including 
concentrated acids, concentrated alkalies, chlorinated 
hydrocarbons, etc. Integral air filters keep reagents pure. 
All-amber instruments are supplied for labile reagents. 
L/I stocks REPIPETS and Dilutors in %, 1, 5, 10, 20 
and 50 ml sizes. Each instrument is adjustablė and 
accurate over its entire scale. Micro and macro Teflon 
tips included. Prices: REPIPETS $52.50; Dilutors 
$99.50; LAMBDA-DIALS $49.50. Write to L/I at 
1804E Second Street, Berkeley, California 94710, or 
contact your distributor. L/ | Phone: (415) 843-0220. 
Cable: GATE-MERC, Los Angeles. 
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The Error Eliminators 


SEE US AT LABEX, BOOTH H-2 
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VAM REPIPET 





SUPPLEMENT TO NATURE 


Would you believe that this van contains 
more animals than the Washington, Bronx, 
St. Louis, and Memphis zoos combined ? 
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MICROBIOLOGICAL ASSOCIATES INC 


BETHESDA. MD 





If you're interested in turning to quality . . . please turn the page 









Would you believe that 
| this van contains more ani- 
«m mals than the Washington, 
=, Bronx, St. Louis, and Mem- 
W9 phis zoos combined? 


You may find this hard to believe, but it does. 


In fact, there are 2,184 mice in this van . . . exactly 96 more animals 
than inhabit these four famous zoos.* 





This is just Microbiological Associate's way of highlighting the very 
large production facilities we have for propagating quality controlled 
animals for laboratory purposes . . . and to dramatically illustrate our 
ability to deliver the animals you order in the fastest possible time in 
the best possible physical condition. 


All our mice and rats are progeny of Caesarean derived parents and 
controlled in their development by constant supervision and the most 
rigid barrier sustained facilities. 


The advanced techniques used in the production of M.A. animals is 
your assurance of the most precise environmental control and genetic 
definition. All inbred strains are propagated by a system of brother 
and sister mating in which all progeny can be traced to a common 
ancestor within three to five generations. 


These strains are available: 


Rat Rat Rat Mouse 

LEW/f Mai BUF/f Mai (LEW BN) F, C57BL/6f Mai 
ACI/f Mai F344/ f Mai (LEW BUF) F, DBA/2f Mai 
BN/ f Mai WF/f Mai Mai Wistar C4H/f Mai 












. Microbiological Associates, Inc. is the sole commercial source for the 
Wistar-Lewis and Brown-Norway inbred rats authorized by The 
Wistar Institute under a contractual agreement. The Wistar Institute 
periodically monitors these colonies for histo-compatibility and ad- 
herence to proper breeding methods and genetic sufficiency. The 
staff of The Wistar Institute provides technical assistance, as required, 
to Microbiological Associates for these purposes. 


For complete information, write or call us. We'll be glad to help. 


* Figures from the International Zoo Year Book. 
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: MICROBIOLOGICAL ASSOCIATES 
3 WALKERSVILLE, MARYLAND 21793 » (301) 845-8031 
" THE OLDEST AND LARGEST COMPANY OF ITS KIND IN THE WORLD 
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NEW AND FORTHCOMING BOOKS 


PULSATING STARS 


NATURE SCIENCE REPORT 
ON 1968 


ENGINEERING OUTLINES 2 
Edited by A. A. H. Scott 


METABOLISM OF AMINES IN 
THE BRAIN 
Edited by G. Hooper 


FLOW IN CHANNELS 
By R. H. J. Sellin 


ENGINEERING HYDROLOGY 
By E. M. Wilson 


This volume contains the first 51 papers to have appeared 
in Nature on the astronomical discovery of the year, together 
with introductions by Dr A. Hewish and Professor F. G. Smith. 
Rapid publication has ensured that this historical collection 
is available within nine months of the announcement of the 
original discovery. 


728 pages illustrated 1968 60s. 


An opportunity to recall the spectacular discoveries and 
important progress in nine very different fields of science. 
intended not just for professional scientists but for all those 
who seek to know what is happening in science, 


“Of great value to those who want a lucid summary of recent 
important progress.” Science in Action 


720 pages illustrated 79668 7s. 6d. 


A compilation of specially commissioned articles which have 
appeared regularly in the British journal Engineering, designed 
to be compact sources of information about scientific and 
engineering subjects. They are intended for non-specialists 
as well as for engineers and scientists. 


224 pages Colour and half-tone illustrations 1968 60s. 


Copies of Engineering Outlines 1 are still available at 42s. 


This book consists of the papers given at a symposium of 
the British and Scandinavian Pharmacological Societies 
(Edinburgh, July 1968) on the distribution, release and 
turnover of amines in the central nervous system. 


74 pages lllustrated January 23 1969 50s. 
176 pages Illustrated January 23 7969 55s. 
192 pages Illustrated January 23 1969 55s. 


These are the first two of a group of books under the general 
editorship of Dr E. M. Wilson, to be known as MACMILLAN 
CIVIL ENGINEERING HYDRAULICS. 


These books have been written for students, although prac- 
tising engineers will find them valuable as well. Among the 
the other titles planned, however, are some intended chiefly 
for research students and practising engineers. 


MACMILLAN & CO. LTD. 


Little Essex Street, 
London W.C.2. 
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Which member of the team 
is the computer expert? 


Any of them. Any time. 
It’s that easy with the new PDP-12. 


The really nice thing about Digital's The PDP-12 comes from the 
new PDP-12 computer is what you do. computer company with the greatest 
You and your research team get on with experience in the research field. So the 
the creative work. While the PDP-12 PDP-12 comes with a vast store of 


forms a fast, flexible link between test application programs. 


iR is COMPUTE 

equipment and final results The PDP-12 is a complete laboratory 

The really nice thing about the system. All the necessary peripheral Digital Biema Co. Limited 
PDP-12 is what you don't do. You equipment—like the ‘scope’, magnetic Arkwright Road, Reading, Berks 
don't have to spend valuable time tape, analoque to digital converter Tel: (ORE 4) 85131 and 13 Upper 
learning computer talk. Or talking Teletype—are included in the system Precinct, Walkden, "Manchester 
computer talk. Tel: (061) 790 4597 

The PDP-12 understands English. The PDP-12 has got major advances 
And the PDP-12 “talks back” in on its predecessor the LINC-8, too Offic 
English via its 7" x 9" scope. It asks you Like full-buffered peripherals for more 
just the right questions to give a smooth through-put. Greater speed. Greater /à| 
start to your research programme. power. Sydne, West Perth, Australia 
Gives you the ability to interact The PDP-12 sounds like a very Carleton Place, Torento, Montreal and 
at any stage. To alter parameters expensive computer ? Wrong. It's Eom | "ors 


midway through a process. exactly a £14,000 computer. principal cities of th» USA 
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The Elliott XS100 series... 


of watercooled, oil-insulated X-ray spectrographic tubes is suitable 
for fluorescence analysis and similar work, operating with 
maximum voltages of 100 kV. The spectrally pure radiation 
output is abso/ute/ly constant when fed from a stabilised high voltage 
generator. The maximum target rating is 2 kW for tungsten, 
molybdenum and gold. The built-in 2 mm lead equivalent shielding 
and pure beryllium window are features of the Elliott X-ray 
spectrographic tubes. 





For full information contact: 
The Neutron Division, 
ELLIOTT-AUTOMATION 
RADAR SYSTEMS LTD. 


Elstree Way, Borehamwood, Herts. Tal: 01-953 2040 Exin. 








NANOVOLT MEASUREMENTS WITH TRE 
4 DIAL HIGH PRECISION STABAUMATIC 
POTENTIOMETER 


“~~ Operates from A.C. mains - current 
automatically stabilised to 2 parts in 10° 


% Constant resistance potential circuit has 
no current carrying switch contacts 


à 


K 


& yr 


+ Effect of switch contact resistance 
eliminated 


Free from thermo-electric effects 


x 


i 


Readily convertible into a direct reading 
resistance bridge 


Hi 
ok 


Full range of accessories available 


+ Particularly suitable for calibration of Digital Voltmeters 
and Nanovolt Amplifiers 


Further details List 270. 


H. TINSLEY & CO LTD © 
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Student's Muscle Holder 


A perspex bath with an overflow 
pipeandtwo platinum electrodes 
is fitted to a muscle hoider 
mounted on a calibrated rack- 
work boss-head. The muscle 
nerve can easily be laid across 
the electrodes beneath which 
adequate space is allowed to 
place a piece of blotting paper 
moistened with Ringer Solution. 
The arrangement is mounted 
below an Isometric Lever. 


NEW FROM 
PALMER 











8048 Stimulator 


This provides electrical pulses 
from 0.05 to 5 milliseconds in 
width at frequencies from 0.5 
to 100 pulses per second. The 
pulse amplitude is variable be- 
tween 0 to 25 volts. The instru- 
ment operates in three modes: 
repetitive pulses, single-shot 
pulses or pulses in response 
to the closure of external 
terminals. Fully transistorised 
circuits give this instrument 
excellent reliability. 





THE PERFECT 

SET-UP FOR 
FROG’S 

GASTROCNEMIUS 


E. P. Kymograph 


The whole arrangement is com- 
pleted by registering muscle 
contraction by means of the 
Standard Palmer E. P. Kymo- 
graph, an electrically driven 
recording drum especially de- 
signed for Student and general 
experimental work. 


For further details of this equipment, contact: 


Le1E 3d FP. 2d C. F. Palmer (London) Limited, 


12/16 Carlisle Road, The Hyde, Colindale, London N.W.9. Telephone : 01-205 5432 
Member of Tarmac Derby Limited 











AEW-E203RW 
DIFFUSION PUMP 
with 3-4. times 
faster warm-up 


Pump down curve of process chamber. System 
Vol 2 50 litres, Rotary pump Edwards ES 100 





Rough pumping 
-w with rotary pump 


Ma TONER 


E 
zn Normaí warm-up 
W for diffusion pump 


PRESSURE {torr} 


TIME (min) 


E Uses simplest possible vacuum system 

E Warms up during the roughing period 

@ No valving required 

B Long-life quickly replaceable heating cartridge 
B Watts loading only moderately increased 


B Reduced heat dissipation to surrounding 
atmosphere—means cooler enclosures. 


/ Pat. appl for 
Designers: IS THIS FOR YOU? 


The 2 in diameter model E2Z03RW illustrated is ideal for 
any simple vacuum system where high vacuum conditions 
must be reached rapidly, e.g. process chambers, or for 
demonstration and educational plant. ASK FOR FURTHER 


DETAILS. 





Edwards Vacuum Components Limited 
A member of the BOC group 


ds 
Manor Royal, Crawley, Sussex, England c5 
Telephone Crawley 28844 Telex 87123 Edhivac Crawley VN 


P 1305 


LOMBARD ROAD - 
PHONE 01-542 8121/2/2 - GRAMS ENDTESIV LONDON S W19 
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CHEMTRIX 
polarographic system 


featuring image 
storage, for the 
added dimension 
in organic and 
inorganic chemical 
analysis 


Precise chemical analysis to 
parts-per-billion made in less 
than a minute, with storage 


display for detailed wavetorm 
studies. Several models are 
available, with such features 
as digital readout of peak cur- 
rent (Ia) and three-electrode 
operation for dynamically con- 
trolled IR compensation. 


Polarographic Systems 
Model SSP-2 


Three-Electrode 
Polarographic System . 


Model SSP-3 
Digital-Readout 
Polarographic System 


$2790 


..$3190 


Other Chemtrix Instruments 


Type 860 

Waveform Source for 
Electrochemistry ........ $798 
(Triangle and rectangular 
waveforms, variable slope with 
wide-range control) 


No. A-111 

Glassy Carbon 

Electrode 

(For voltammetry in anodic re- 
gion where DME operation is 
prohibited) 


For information on these and other polarographic instruments and 
systems, contact your local representative, or write directly to: 


Prices F.O.B. Factory 


CHEMTRIX, INC. 


Instueanentalion fer Orienta 
P.O. Box 725 Beaverton, Oregon 97005 U.s.A. (503) 648.1434 
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We've made it / 


EVEN BETTER 
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MARK Il 


UNIQUE MECHANICAL 
MOVEMENT* 


O--60 minutes. 


MORDEN FACTORY ESTATE - 


a 
cd 
ns 
MU 


—the ENDECOTT 
Test Sieve Shaker 





INCREDIBLY QUIET ACTION 
COMPACT CLEAN DESIGN 





i has an adjustable time switch which can be set between 





LONDON S.W.18 
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Bendix MA -7 
Fast Scanning 
Mass Spectrometer 


APPLICATIONS 


Gas Chromatography Monitoring 
Fast Reaction Studies 
Residual Gas Analysis (Nude source available) 


Routine Organic & Inorganic Analysis 





Physics Exhibition 
Alexandra Palace 
10-13 March, 1969 


SEE US ON 
STAND 80 








MASS RANGE 


1 to over 500 amu. 


RESOLUTION 


Greater than 150 amu. 
(Less than 1% adjacent peak contribution) 


SENSITIVITY 


10—? Torr for No 


SCAN RATES 


Variable from 1°5 seconds to 
60 minutes for 2-200 amu. 


SPECIAL 
FEATURES 


Ie Simultaneous viewing of 
COMPLETE spectrum on 
oscilloscope PLUS monitoring of 
two mass peaks or fast scanning 
of two parts of spectrum 


3€ Analyzer bake-out to 300 C. 


Ax Ultra-fast scanning without 
loss of resolution. 





3K Plug-in solid-state electronics 
for high reliability and ease 
of service 





For full particulars write to :— 








Field h Lid No. 2. Maintenance Area, Heathrow Airport, London, 
f ge G Hounslow, Middlesex. Tel: 01-759 2811 


endi 
U.K. Distributors, service and installation for Bendix International Operations. 
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The JLC-5AH 
lets you load it 
and leave it 









JEOL | 
JAPAN ELECTRON OPTICS LABORATORY CO., LTD. 


New Tokyo B!dg., 3.2, Marunouchi, Chiyoda-ku, Tokyo 
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If vou're looking 





into a long-term investment— 


look closely into the Philips EM300 
Electron Microscope—it will still be 
repaying your investment in fifteen 
vears' time. The EM300 has been 
designed as a universal instrument, 
versatile enough to meet the needs of a 
wide variety of applications which are 
themselves constantly developing. For 
example, techniques once the 
prerogative of the physical scientist are 
now becoming essential for the 





(o 


determination of organic ultra-structure. 
Philips have thought carefully about 
ergonomics and reliability—the EM300 
incorporates a high degree of automation 
for ease and speed of operation- 

and the latest production techniques 
have resulted in a robust solid-state, 
instrument of single unit construction. 
Invest in a letter or telephone call to 
Pye Unicam today for full details of the 
EM300andits widerange of accessories. 


PYE UNICAM LTD 








Precision Instruments 
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Pye Unicam Ltd 
Manor Royal Crawley Sussex 
Telephone (0293) 28787 Telex 87267 
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LETTERS TO THE EDITOR 


PHYSICAL SCIENCES 
Meteorites — Structural variations — AXON, 
ELLIOTT and SMITH (Manchester) 


Ionosphere-—Behaviour of F2 laver in polar a 
CHALLINOR (CSIRO) . : 


Mineralogy—New mineral in Tenham meteorite— 
BINNS (New England, Australia), DAVIS and REED 
(British Museum (Natural History)) i ' l 


Crab nebula—Inírared measurements at 1:2 mm— 
BECKMAN, BASTIN and CLEGG (London) 


Solar physics—Large radio burst measured at milli- 
metre wavelengths--CROOM and POWELL (SRC 
Radio and Space Research Station) . ; : 


Spectroseopy-——Satelites of the He-like resonance 
lines--GABRIEL and JORDAN (SRC Culham 
Laboratory) ; : , ; ; ; 


Molecular orbitals—-Neighbouring group inhibition 
of diene reactivity and orbital symmetry rules—AUS- 
TIN and PEARSON (Leeds) 


Palaeontology-—Calcareous nannoplankton in Cali- 
fornian Miocene rocks—WILCOXON (Chevron Oil 
Field Research Company, California) i 


Optical microanalysis— Observation. of cathodo- 
luminescence in the scanning electron microscope— 
WILLIAMS and YOFFE (Cambridge) 


BIOLOGICAL SCIENCES 


Beetles——Diffraction patterns on the elytra of Phala- 
cridae-—-HINTON and GIBBS (Bristol) . , 


Moulting hormones —lritiated ecdysone in salivary 
gland cells of Drosophila —E MMERICH (Cologne) 


Moulting hormones--Conversion of a-ecdysone to 
B-ecdysone by some arthropods--KAING (California) 
and SIDDALL (Zoécon Corporation, California) 


Whales-—Age of white whales-— BRODIE (Dalhousie) 


Pest control-—Eradicating mosquitoes by transloca- 
tions—LAVEN (Johannes Gutenberg University, 


Mainz) 


Physical anthropology — Indonesian variant of 
human glucose-6-phosphate dehydrogenase—KIKh- 
MAN (North Carolina) and ENG (Institute for Medical 
Research, Kuala Lumpur} : : i , 
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Antibodies—Antibody to artificial low molecular 
weight determinants in normal humas sera—DRAN- 
DRISS (Rochester General Hospital, Few York) 


Nerve cells— Temperature and resting potential in 
squid giant axons—-LATORRE and H DALGO (Chile) 


Vision-—Practical aid for the blind. — 3A4CH-Y-RITA, 
COLLINS, SAUNDERS, WHITE and SCADDEN 
(Smith-Kettlewell Institute of Visual Sciences, San 
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proteus-—ORD (Southampton) ; 


Muscles— Formation and disappearance of vacuoles 
in muscle fibres-- KROLENRKO (Acaeemy of Sciences 
of the USSR) . . 


RNA transfer-—Survival of tumour bearing animals 
prolonged with "immune" RNA and DEAE-dextran— 
RIGBY (Nebraska) 


Enzymes-—Urea and activity of dehydrogenases and 
a-glucosidase in Aerobacter  aerogeses—LDEAN and 
RODGERS (Oxford) 


Schizophrenia—Excretion of thre: pink spot sub- 
stances -—— WATT, ASHCROFT. DALY and 
SMYTHIES (Royal Edinburgh Hospital and MRC) 


Leukaemia-—Extra-corporeal irraciation of blood 
increases proliferation of leukaemic bone marrow cells 
—CHAN, HAYHOE TEE. and BULLIMORE 
(Addenbrooke's Hospital, Cambridge 
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eased brain tissue—HORTA-BARDBOSA, FUCCILLO, 
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ZEMAN (Indiana) . 


Aléae— Variation of Emerson enhancement in ayn- 
chronous Scenedesmus cultures--SENGER (Marburg) 
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GRAHAME (Marine Science Laboratories, Anglesey) . 
Photosynthesis—Reply to criticism of the proposed 
mechanism of storage of light energv-— FROHBHLICH 
(Liverpool) : 


The titles on this page are prepared by the staff of 
Nature on the basis of the titles submitted by authors 


which appear in full on tbe pages indicated. 


PARCHI RECAP AREA WEO aN MEUM SE) Pr 


March 8, i969, 


breeding-—- 


966 


972 


S74 












XVI NATURE. MARCH 8. 1969 


IMHMIMUATAMN tte HE HH Smith er Arm rt ot ae BLU i ere aa thee m at a Pie TIR estes Ht SS TANE M Re I An tip rt PAR 





ventur NEL 


gp 


Essential for 
l sampling and monitoring... 


N 





dé 
B 


MITT 
4 


s 





a tts 
so "i TH 


Li 


nist 
di i 


LT 





L 1 





i 
i 
f 
j 
1 
| 


3 








mem dte 


z 


HENDREY 
Mercury Vapour 
Concentration Meter 


Type E.3472 


Measures concentration. of mercury vapour present 
in air. Essential where quantities of mercury 
are regularly used or where danger exists of leak- 
age of mercury vapour from apparatus. 


Two sensitivities are available at the touch of a 
| gau ; switch, giving either full-scale meter reading a: 
E à concentration of 770 microgrammes per cubic 
metre of air or full-scale meter reading at a 


concentration of 200 microgrammes, Terminations 
en re provided at rear for operation of a recorder to give 
continuous readings of concentration present. 


HENDREY RELAYS & ELECTRICAL EQUIPMENT LTD + 390-394 BATH ROAD - SLOUGH - BUCKS 


Telegrams : Hendrelay, Slough Telex No. 84314 Chamcom Slough Hendrelay Telephone : Burnham 461i (5 lines) 
MANUFACTURING ELECTRICAL ENGINEERS, CONTROL & LABORATORY APPARATUS 
On Admiralty, Principal Ministries and Post Office Lists. — A.R.B. and Min. of Tech. Approved Design and Inspection 








Spectrometer 
No. 2 





Fitted with a variable half 
shadow polariser on the 
collimator, and an analyser with 
‘detachable quarter wave plate 
on the telescope. 

Rack and pinion focusing. 

Both polarising attachments are 
quickly removable to permit use as a 
conventional spectrometer. 
Micrometer eyepiece to the scale 
reader enables direct measurement of 
angle to 10 secs. 







We now have capacity 
for aluminising certain 
types of mirrors, at short 


| notice, 


SOLE DISTRIBUTORS IN U.K. OF SCHOTT INTERFERENCE FILTERS 


For further details of this instrument, also of polari- 
meters and refractometers, please write to Dept. N 
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ONE way and another it looks as if the British Govern- 
ment will find itself dragged as much by historical 
accident as by resolution into a world in which super- 
sonic aircraft operate. Last weekend, the first flight 
took place of the first of the two prototype aircraft 
which have been developed and built jointly by Sud- 
Aviation and the British Aircraft Corporation. Soon 
the British version of the Concorde will also fly, and 
roughly a year from now the manufacturers will begin 
to acquire first-hand experience of how this machine 
operates at supersonic speeds. That, too, is the point 
at which airlines with their names on the waiting list 
for Concorde will be able, for the first time, to make an 
accurate assessment of the potential value of the 
aircraft. Undoubtedly their decision will be affected 
not merely by the technical merits of the aircraft, 
which promises well, but also by a number of other 
considerations, one of which is the willingness of the 
populations over which they must fly to live with the 
noise of supersonic aircraft. In Britain, much will 
depend on the choice of a site for the third London 
airport on which the commission under Mr Justice 
Roskill has been brooding for the past few months, 
and it is a step forward that the commission has now 
published its short-list of four sites within 50 miles of 
London at which it considers more detailed investigation 
will be profitable. There is now at least a possibility 
that the choice of a site may be made, as it should he 
made, with the imminent arrival of the Coneorde and 
other types of advanced aircraft clearly in mind. 

But will the Concorde itself ever find its way into 
commercial service ? This is still a doubtful question. 
By now it has become plain for all to see that the 
technical success of the aircraft will be determined 
not by the crude test of whether it can leave the ground 
and then return to it with safety, but whether it can 
operate with the effieieney predicted for it when it 
gets into the air. On this will hang the size of the 
commercial load which the Concorde can carry, and 
this in turn wil determine whether airlines will be 
able to make a profit by charging fares which are com- 
parable in many ways with those at present set for 
crossing the Atlantic by existing aircraft. One of the 
odd features of the enterprise to build the Concorde is 
that the manufacturers seem not to have considered 
seriously the possibility that supersonic flight should 
be counted radically more expensive than the ordinary 
variety, but in practice it would probably have simpli- 
fied their marketing operations if they had considered 
this possibility more seriously some months ago. 
Now, however, the completion of the project will 
depend almost entirely on the readiness of airlines to 
make firm orders for the aircraft at the beginning of 
1970, when the production line is laid down in France 
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and Britain. It will save a lot of trouble later on if the 
British Government and the manufacturers have a 
clear understanding of the circumstances in which the 
project will be abandoned even at. this late stage. 

In the first place, it is now clear that neither govern- 
ment can slide out of the agreement to carry through 
the development of the aircraft. The British Govern- 
ment tried hard enough, in 1965, to cancel the agree- 
ment and found that it was unbreakable. Only if 
there turns out to be some technical disaster in the 
two years ahead will it be necessary to extend the 
programme originally foreseen anc thus to supplement 
the existing agreement with another providing oppor- 
tunity for fresh negotiation. That. however, is a course 
of events which nobody would wish to eount on. In 
the circumstances, the two governments had best 
reconcile themselves to the fact that the total cost 
of development will be £575 million (in Britain and 
France) and that they will each at the end have to 
decide what use to make of the design they will have 
produced. Those among the aircraft manufacturers 
who have in the past few days been saying that the 
first successful flight of the aircraft should help to 
stifle what is deseribed as criticiem of Concorde must 
surely have missed the point. The real complaint 
against the aircraft is not that it is technically unflyable 
but that the governments of Britain and France bound 
themselves to this course of development in dreum- 
stances in which there was no hope of recovering the 
cost entailed. The only sense m which criticism on 
this score has been stilled is that many people have 
been persuaded that there is no way of preventing the 
waste of resources on Concorde. 

When it comes to manufacturing the aircraft, the 
decision to go ahead will have to »e determined entirely 
by the question whether orders for production aircraft 
are enough to justify the tooling costs. It looks as if 
the British Government may save some chance of 
recovering the £165 million so ‘ar committed to this 
enterprise. One way and another, everything will 
depend on whether there are between sixtv and 
seventy orders to be met. Evidently it would simplify 
everybody's life if the Government were now publicly 
to say how much of this investment it expeets to see 
returned, and how quickly. To specify how many 
firm orders it requires is probably too crude a device. 
It would, however, be entirely in keeping with the 
spirit of economic stringency which afflicts industria! 
decision in Britain if the Goverument were to ask that 
the manufacturers should back up their optimism by 
promising that if they de not recover the initial costs, 
they will pay them off in the equivalent amount of 
share capital instead. 


It is, of course, inevitable that the commercial 
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future of the aircraft will also be largely determined 
by the willingness of ordinary people to stomach the 
sonie boom which it wil make. Professor John T. 
Edsall and Professor William A. Shurcliff of Harvard 
were right to protest at the noise which supersonic 
aircraft are likely to create (Nature, 221, 694; 1969), 
although it was surely mistaken of them to imply that 
supersonic aircraft should never have been manu- 
faetured. "The real moral to be learnt is, rather, that 





supersonie aircraft should not be allowed to fly in 
such a way as to be a nuisance, which probably implies 
a ban on supersonic flight below 30,000 feet over land 
of any nationality and the possibility of even more 


stringent regulations. This is why it is unfortunate 
that the first supersonic flights of the Concorde will 
not come until the first months of 1970. On the face 
of things there is a strong case for asking that this 
part of the programme should be hurried along even 
if the orderly accumulation of data should thereby be 
interrupted. After all, the proof of this pudding 1s 
in supersonic flight, and the success or otherwise of 
the entire project may be seriously affected if it should 
turn out that commercial operations have to be 
restricted. 

The imminence of supersonic flight is obviously 
relevant to the choice of a site for a third airport 
around London. 1f, as seems probable, the principal 
routes are those between Britain and the United States, 
there are obvious potential causes of delay in siting 
any supersonic airport near London and on the east 
of the British Isles. It follows that the four sites which 
Mr Justice Roskill has picked out should each be 
examined not merely for their local acceptability but 
also from the point of view of necessary links in a 
whole chain of communication between large cities 
in Britain and large cities in the United States. In 
particular, it would be sensible to acknowledge in 
advance that if it would take an hour for westbound 
passengers to reach the supersonic airfield from central 
London, a further half an hour to complete the formali- 
ties of flight and then the best part of forty minutes 
for the aircraft to clear the edge of Ireland, there may 
be much to be said for siting the supersonic terminal 
on the Shannon and using short-haul aireraft to 
bridge the gap. The truth is that even to reduce the 
travel time between London and the new airport to 


NATURE, VOL. 221, MARCH 8, 1969 


an hour will require the building of a new fast surface 
link and in the long run it may be much cheaper to 
use some radically different alternative. 

Such a failure to conceive of the third London 
airport as a part of an integrated transport system is 
one of the prineipal reasons why the site originally 
chosen at Stansted was so patently unsuitable (Nature, 
917, 791; 1968). For what it is worth, the abandonment 
of that proposal ean be counted à gain for common 
sense. The most obvious danger now, however, is 
that the process of patient and publie inquiry on which 
the Roskill commission has embarked—the attractive 
site at Foulness will be the first to be considered in this 
way—will hide from public awareness the need for 
integrating the third airport, which London wil 
sooner or later need, into a properly articulated air 
transport system. 


ECONOMICS 


THE British Government's latest planning document— 
The Task Ahead—Economic Assessment to 1972 (HMSO, 
10s 6d)—is a good deal more sensible a document than 
its predecessor, Mr George Brown’s ill-starred National 
Plan of 1965. The latest document, published as a 
Green Paper, makes no immodest claims about the 
growth of the British economy. It suggests, in fact, 
that a growth rate of just under 3 per cent a year in 
Britain’s productive potential can be achieved without 
undue hazard to the improvement in the balance of 
payments. Given a fall in levels of unemployment, 
this would provide a growth in output of just over 3 
per cent a year up to 1972. To sustain this without 
balance of payments difficulties, exports will have to 
grow at a rate of 5-75 per cent per vear, a distinct. 
improvement on the historieal growth rate of 3 per 
cent a year maintained over the past 10 years, It can 
be done, but is by no means easy. 

On publie expenditure, the document repeats the 
Chancellor’s pledge to keep down the rate of growth for 
the next two years. This year the increase is to be only 
| per cent in real terms; next year it will go up to 
2 per cent, and thereafter it is expected to follow the 
growth of the economy as a whole. To achieve this, 
defence expenditure will continue to take a smaller 
share of the total, and the forecast for 1972—73 suggests 
that defence expenditure then will be a little over 
£2.000 million at 1968 prices. One area to suffer will 
be defence research, which has to face a cut of £30 
million in the projected programme for 1970—71. This 
cut, the Green Paper says, will affect "development 
projects as well as research done in Government estab- 
lishments and in industry". Ingeniously, the document 
sees the cuts as “‘a special benefit to the important field 
of research and development", because they will "free 
qualified engineers, scientists and technicians, as well 
as other resources, for civil work". If that happens, 
it might indeed be of benefit to the economy, though 
it is wrong to see defence research as an entirely 
unprofitable activity. Previous defence research cuts, 
it is fair to add, do not seem to have produced a 
substantial civil fall-out. 

The document says little about what may be the 
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most important factor in Britain's economie develop- 
ment-—the rate of investment in new plant and equip- 
ment. For too long investment in Britain has been 
insufficient. Economie growth at the upper end of the 
scale—4 per cent a year or more—will be possible only 
if there is a substantial increase in investment, as the 
document admits. But it produces no recipe for en- 
couraging investment by private industry, beyond what 
is already provided by the regional economic policy. 


UNIVERSITIES 


Expansion Slowed Down 


BririsH universities can expect an average annual 
growth rate in the next few years of only three per 
cent—just under a quarter of that enjoyed over the 
past five years. The University Grants Committee 
reveals this in its Annual Survey for 1967-68 (HMSO, 
25 3d), the first year of the new quinquennium. In 
1967-68 there were 200,121 full-time students, which 
was more than the emergency expansion target of 
197,000 set by the Robbins Committee in November 
1963. This means that in the past five years the 
universities have expanded at an average rate of 13 
per cent a year, but between now and 1972 the Govern- 
ment has agreed to an increase of only 20,000-25,000 ; 
the crash expansion programme is over. 

The survey gives details of the supplementary alloca- 
tions of funds made to twelve universities from reserves 
set aside during the initial distribution of the quin- 
quennial grant, and of the £286,400 spent on “pump- 
priming" projects involving collaboration between 
universities and industry. Up to October 1968 the 
UGC’s Sub-Committee on University/Industry Collab- 
oration had received twenty-six applications and 
approved seventeen of them, ranging from the 
appointment of an industrial liaison officer at Oxford 
and Surrey to the initiation of a new type of inter- 
disciplinary PhD course at Aston. 

The effect of inflation on university recurrent grants, 
which are decided five years in advance, is partieularly 
serious at times of economic squeeze. As a result the 
committee has decided to adopt a procedure for con- 
sidering each year the extent of inflation so that it can 
if necessary ask the Government for further funds. 
After consultation with the Department of Education 
and Science, the committee has agreed to review the 
situation each September, relying heavily on the 
Index of University Costs (now maintained by Professor 
J. A. C. Brown of the University of Bristol) so as to be 
able to make submissions to the Government at the 
beginning of the academic year in October. 

The distribution of departmental expenditure de- 
rived from the returns for 1966-67 is shown in the 
table. Since the 1966-67 academic year the UGC has 
also asked the universities to show the apportionment 
of aeademie staff time between undergraduate and 
postgraduate teaching, research and administration. 
But because of the misgivings of the Committee of 
Vice-Chancellors and Principals about the reliability 
of the returns, the UGC has agreed in principle to drop 
this line of enquiry. Instead it will aecept the vice- 
chancellors' suggestion of a much more thorough 
enquiry addressed periodically to a sample of Britain's 
academics. During the year the UGC and the vice- 
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chancellors also reached agreement about setting up & 
central record of all university students and staff, 
By 1973 it is hoped that the University Central Council 
on Admissions will have a computerized record of all 
students and most staff. A policy group consisting of 
representatives of the UGC, the DES and the vice- 
chancellors will consider requests for access to the 
record. 

The painful results of the Government's cutback in 
capital expenditure are saved to the end of the report, 
whieh is Sir John Wolfenden's swansong as chairman 
of the UGC. In January 1968 the Government an- 
nounced a reduction of £3-25 million spread over the 
academic years beginning in 1968 and 1969. To effect 
these savings the UGC deferred by a year £5:5 million 
of building work. Then in July 1968 the UGC was 
asked to prune capital expenditure yet again. As a 
result of its letter of August | to the vice-chancellors, 
£10 million of work was deferred for a year, and as à 
consequence the projects scheduled to begin in 1969—70 
had to be completely revised to keep below the limit 
of £29 million set by the Government; in the three 
academie years from 1967-69. capital spending will 
amount to £79-6 million instead of the £95-1 million 
originally expected. 


RESEARCH COUNCILS 


Growth Rates Confused 


Tur Vote on Account, an annual exercise in confusion 
organized by the British Treasury apparently for its 
own amusement, has once again contrived to give the 
wrong impression. The figures published last week 
for research council budgets in Nature (221, 790; 1969) 
are not directly comparable; the 1968-69 figures are 


Increase 
1968-439 1060-70 in real 
(£ million) (£ million) terms 


(per cent) 
Science Research 


Council 42. K27 15.844 PR 
Medical Research 
;ouneil 15.311 1.141 8.6 
Agricultural Research 
Couneil 13-483 14-6638 G-A 


Natural Environment 


Research Council 9.193 
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given in 1968-69 prices, and the 1969-70 figures in 
1969-70 prices. The percentage increases calculated 
do not then give a true impression of the growth of the 
research council expenditures. Unfortunately, there is 
no simple rule of thumb which can be used to convert 
increases in money terms into increases in real terms, 
but the Department of Education and Science has 
provided the list of growth rates for the research 
councils, shown in the table, together with the ex- 
penditure figures taken from the Vote on Account. 

These figures, although they show that the research 
councils will be doing substantially better in financial 
terms, also indicate that increases m costs have eaten 
away much of the advantage. The ARC, in particular, 
must be feeling very sorry for itself. 


SHIPBUILDING 


Turbine Trouble Diagnosed 


Sir ARNOLD LinpLey, called in by the Minister of 
Technology to investigate defective turbines in the 
Queen Elizabeth 2, has turned up nothing unexpected. 
His report, delivered last week, confirms that the 
turbine blades failed in fatigue, caused by resonant 
vibration in the tangential mode. The blades in rows 
8, 9, 10 and 11 were set vibrating at their resonant 
frequency by the steam issuing from the preceding 
steam nozzles, and the condition was made more serious 
by the nature of the blade mountings. A secondary 
cause of vibration may have been torsional vibration 
of the rotor, caused by lack of truth in the main coupling 
from the rotor to the reduction gears, but Sir Arnold is 
convinced that steam excitation was the principal 
cause. To remedy the deficiencies, Sir Arnold says 
that the blades in rows 7 to 12 should be changed to 
“rhubarb” section, which gives better strength at the 
junction between blade and root, and that the first 1-1 
inches of each of these blades should be thickened, 
again to increase root strength. Midway along each 
blade, lacing or binding wires should be provided to 
damp out the principal mode of vibration. Finally, 
in the rows of blades from 2 to 6, the method of mount- 
ing should be modified to remove stress concentrators; 
this can be done by removing fillets at the junction of the 
blade with the root. 

Happily, Sir Arnold’s report has been accepted by 
all involved, including Cunard, who had previously 
made angry noises about appointing their own inde- 
pendent expert. “We are very greatly encouraged by 
this report", said Sir Basil Smallpiece, chairman of 
Cunard, adding that, of course, there would still be a 
need for full sea trials and subsequent stripping of the 
turbines to make sure all was well. Sir Basil revealed, 
with some reluctance, that the delay had cost Cunard 
“L25 million in gross revenue", but John Brown 
Engineering would not be drawn on the cost of the 
repairs. Sir Arnold’s schedule provides for the turbines 
to be reassembled and in the ship by March 21, and for 
a proving voyage early in April. If all goes well, the 
ship should be handed over by the second half of April. 
To judge by the alacrity with which the port turbine 
has been returned to Southampton, Sir Arnold's report 
does no more than put the seal of approval on steps 
already taken by John Brown Engineering. 

Mr Anthony Wedgwood-Benn, clearly relishing the 
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role of peacemaker, hinted that his department would 
be taking up Sir Arnold Lindley's recommendation 
that “more work should be done in turbine development 


"as big as Battersea Power Station", at a cost nobody 
was willing to bear. i 

In effect, Sir Arnold’s report clears all those who are 
still around to care. Blame is attributed only to 
Pametrada, the now defunct organization which 
designed the turbines in the first place. The failure 
of the blades, said Sir Arnold, “is no reflexion whatever 
on the quality of workmanship or of material used in 
any part of the construction of the HP turbines”. 
[t is, perhaps, a reflexion on John Brown Engineering's 
enthusiasm for monitoring the design work contracted 
out to Pametrada. Evenifit was impossible to antici- 
pate exactly the resonant frequency of the blades, it 
would surely have been possible to avoid stress raisers 
in the junction between blade and root. In this sense, 
the whole episode is a lesson in the dangers of divorcing 
design from construction. Mr Benn, who is an advocate 
of contract research, particularly if it helps to employ 
:xovernment establishments, should not have missed 
the point. But he almost certainly has. 


ENGINEERING 


Ronan Point Discussed 


THERE were more than mere murmurings of discontent 
at a meeting organized by the Institution of Structural 
Engineers at City University last week. The engineers 
were discussing the report of the investigation into 
Ronan Point, the twenty-two storey block of flats in 
sanning Town, London, a section of which collapsed 
dramatically last May. The meeting, attended by Mr 
Hugh Griffiths, the chairman of the tribunal which 
conducted the investigation, and Sir Alfred Pugsley, a 
fellow member of the tribunal and a past-president of 
the institution, was called to discuss the long term 
implications of the report, rather than the precise 
circumstances of the collapse at Ronan Point which is 
the subject of legal proceedings. The principal com- 
plaint was that the actions taken after the tribunal 
had reported were motivated by “panic” and "hys- 
teria". Some blocks, one speaker complained, were 
standing empty awaiting rules from the Ministry of 
Housing which might never be made, and some local 
authorities were finding it difficult to accept blocks 
as “satisfactory” because the word had not been 
defined. When the new rules were published, all the 
people who had just set up home in the flats might 
have to move out for alterations to be made. 

While it was generally agreed that codes of practice 
were useful guidelines for the designer and that they 
needed to be brought up to date, it was argued that 
they were not substitutes for professional experience 
and skill. Some of the engineers who spoke feared 
“codes of mandatory practice" which would restrict 
initiative. It was made only too obvious how little is 
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codes of practice for traditional buildings, and a team 
of experts to vet other designs before construction 
started. Sir Alfred Pugsley said in his opening address 
that, although there had been great refinements in the 
design of engineering structures, there had been a 
decline in the independent checking of design calcula- 
tions, and he referred particularly to the need for 
independent criticism of the codes of practice issued by 
the British Standards Institution. 

One speaker implied that it was high time that 
engineers were put in charge of professional teams 
instead of architects, and it was further suggested that 
there ought to be better supervision of young graduates 
doing site work. After one consulting engineer had said 
that he wondered whether the extra cost of making 
tall blocks safe against gas explosions was worth "the 
marginal benefit of cooking with gas", a representative 
of the Gas Council defended gas by saying that if 
buildings could not be designed to be fit for gas, they 
were “not fit for human beings”. 

The measures taken by local authorities with blocks 
of flats of the Ronan Point type may have shaken 
the confidence of some structural engineers, but they 
should be pleased at the news that engineers at the 
Greater London Council have devised a new method 
of strengthening tall blocks that may be both easy to 
do and comparatively cheap. The GLC is not releasing 
details for about 10 days, but the technique is now 
being developed after vetting by the Ministry of Hous- 
ing's technical panel. No hint has been given as to the 
reliability of the new technique, or whether the GLC 
will now consider restoring gas to its blocks and re- 
moving the bollards hastily erected around the bottom 
of some of the blocks to stop uncontrollable vehicles 
from crashing into one of the structural members. 


INVESTMENT 


Economic Benefits 


Tug value of overseas investment is something about 
whieh no British Government has quite made up its 
mind. In general, the attitude of the present Govern- 
ment is that foreign investment in Britain is gently 
to be encouraged, while the investment abroad by 
British firms is a much more dubious activity. To 
judge by a study just published by PEP (The Role of 
American Investment in the British Economy, by John 
H. Dunning, 10s), the Government has got at least the 
first part of its policy right. Professor Dunning con- 
cludes that the effects of American investment in 
Britain “have almost certainly been beneficial to the 
British economy’, and produces detailed evidence 
to justify the claim. American companies manage 
better, export more, do more research and contribute 
more to development areas than their British counter- 
parts. So long as this situation holds, the net effect 
of the investment is beneficial. 

Professor Dunning traces the growth of American 
investment in Britain since the war and predicts that, 
by 1981, between a fifth and a quarter of British indus- 
try will be American owned. If Britain had been in 
Europe since 1963, it is a fair bet that the proportion 
would have been higher. Between 1957 and 1966, 
American investment in Britain increased by two and 
a half times, but in Europe over the same period it 
went up by a factor of eight. Much of this new invest- 
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ment, in Britain at least, was sel-finaneed: about 





counterparts. 
rate of return on capital of British companies was 87 
per cent, while the American companies managed 14-9 





British firms. American companies also seem to find 
the bait of the development areas more compelling 
than do British companies, and by the end of 1966, 
100,000 people were employed by American firms in 
the less prosperous areas of the UK. But Professor 
Dunning says that the main way in which American 
investment has aided the Britich economy is by 
improving the efficiency of resource allocation. This 
has been done in two ways: by cawsing resources to be 
moved from less productive sectors to more productive 
ones, and by raising the productivity of the resources in 
their present uses. In almost all areas of industry, the 
American firms had better records of productivity than 
the British ones (see table). 


Produetivity 
(UK) (UR) 
100 1558 
100 135 
190 108 
100 103 
100 95 
100 125 
100 107 
100 137 
o0 199 
ioo 118 


Chemicals 

Metal manufacture 
Electrical engineering 
Non-eleetrical engineering 


Metal goods not elsewhere specified 
Food, drink, tobacco 

Textiles, footwear, clothing 
Vehicles 

Other manufacturing 

Total manufacturing 


There are, of course, problems raised by the large 
scale investment of foreign funds in any country, and 
Professor Dunning does not shirk them. Possibly the 
most important of these is the fear that American 
companies, once they have gained substantial control 
of the British economy, can thwart national sovereignty 
and government policy. The ocsasions on which this 
has happened are comparatively few, but they exist-— 
and the Canadian experience, particularly with the 
vehicle manufacturers, shows thaz this is a real danger. 
Professor Dunning’s recommendations are modest 
enough, and are indeed based on the line taken by the 
Canadian Government: he suggests, for instance, 
that the Government issue some "guidelines for good 
corporate behaviour" and set ap a special body to 
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review the activities of foreign firms in Britain. Apart 
from that, he suggests that the Government should 
simply encourage British industry to become more 
competitive. 


ENVIRONMENT 


Power Station Pollution 


FEARS of creeping contamination of the environment 
by waste products from nuclear power stations have 
so far proved to be unfounded. According to a hand- 


book published recently by the International Atomic 
Energy Agency (Management of Radioactive Wastes at 


Nuclear Power Plants, IAEA, £2 10s), the performance of 


the waste management facilities has been "excellent" 
"In no case has there occurred any exposure in the 
plant environs which has even approached, let alone 
exceeded, the recommendations of the International 
Committee on Radiological Protection", the report 
clams. It should be possible, given the same care in 
future plant design, to maintam this good record. 
The report does not, however, envisage any radical 
change in waste management, apart from relativelv 
minor engineering modifications of existing systems, 
and it unfortunately does not attempt to guess how 
wastes from breeder reactors may be handled. "These 
will present new problems, like learning how to deal 
with contaminated liquid metal coolants. 

Apart from these anodyne conclusions, the IAEA 
report publishes four reviews, of waste management in 
Canada, France, the United Kingdom and the United 
States. These echo the general air of cheerful con- 
fidence, though the United States report bv Morton 1. 
Goldman of NUS Corporation of Washington does point 
to two areas which may pose problems in the future— 
the release of tritium from light water cooled reactors, 
and the possible contamination of the secondary water 
in pressurized water reactors by leaking steam generator 
tubes. The difficulty with tritium, which is a long 
half-life nucleide, is that it is hard to separate from 
other waste materials. But it is only likely to be a 
problem on “dry” sites where the cooling water is 
recirculated through cooling towers. In these circum- 
stances, Mr Goldman says, it is conceivable that the 
tritium concentration could reach unacceptable levels. 
Finally, he says that steam generator leaks have 
occurred in most, if not all, operating PWRSs, releasing 
contaminants into the secondar y water, which is 
supposed to be perfectly clean. This could impose a 
shut-down of the station, “because of an otherwise 
relatively minor leak", according to Mr Goldman, 
unless there were facilities for decontaminating the 
secondary water. Such facilities, he says, may well be 
included in future designs. 

Meanwhile, two American engineers have published 
an equally soothing report on the subject of so-called 

"thermal pollution" from thermal or nuclear stations. 
Wesley O. Pipes, professor of civil engineering at 
Northwestern University, and L. P. Beer, previously 
a senior staff engineer with Consolidated Edison, 
writing in Electrical World (February 10, 1969), say 
that concern about thermal pollution has been exag- 
gerated. This conclusion is derived from a study of a 
thermal power station at Waukegan, Illinois, which has 
been discharging 760,000 gallons of warm water into 
Lake Michigan every minute for the last forty years. 
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Con Ed hopes to build a nuclear plant at i Zion, seven 
miles from Waukegan, which would treble the amount 
of warm water being pumped into this part of the 
lake, which is procu why the sirvey wee undertaken. 
above the ambient, but Pip ^8 ; and rw EE find no 
evidence of environmental damage. No temperature 
difference could be detected 3 000 ft from shore, and 
the hot water had not affected the water chemistr yin 
any significant way. Bottom li ving organisms vital m 
the food chain of fish had not been eliminated, and 
trout and Cobo salmon, even near the outlet, had 
suffered no apparent shock. Professor Pipes said that 
the combined heat inputs from the two power stations 
would raise the average water temperature bv less than 
0-1" F during one summer. "This increase", he added 
rather surprisingly. "would be nullified during the 
following winter". The Lake Michigan survey pr oduced 
results similar to those reached by the Tennessee V alley 
Authority, which undertook surveys in lakes and rivers 
near TVA power stations. “Personally I am much 
more alarmed over organie pollution from sewage and 
from oil pollution", added Professor Pipes. "Oil 
pumped into Lake Michigan with the bilge from lake 
boats does a great deal more damage to lake life than 
any possible thermal damage." With that, even the 
most ardent conser vationists would pr obably agree, 


COMMUNICATIONS 


Discussing INTELSAT 


Ir is interesting, and perhaps significant, that the 
Soviet Union has sent a delegation with observer 
status to the current Washington conference directed 
to drawing up a permanent agreement on INTELSAT, 
the international telecommunications satellite network. 
A total of sixty-three nations round the world have 
joined in the 5-year interim phase of INTELSAT 
which ends this year, but the Soviet Union is not one 
of them. All members of the ITU (International 
Telecommunieations Union) are entitled to attend as 
observers, however. In the Soviet communiqué 
announcing the attendance of its delegation at the 
Washington meeting, it was stressed that the country 
had offered to provide an international system "open 
to all nations" (Inter-spuntk) at the Vienna conference 
on the peaceful uses of space last August. Is more going 
to be heard of this proposal at Washington * T here js 
plenty of time for such developments. The meeting 
opened on February 24 and the first session is due to 
run for a month. Only the Americans show any 
genuine confidence that all the business ean he 
concluded in one session. It is more generally antici- 
pated that a second session will be necessary, preceded 
by a pause for delegations to return home and confer 
with their governments. So far the official head of the 
British delegation, Mr P. F. Hancock of the Foreign 
Office, has not put in an appearance at the Washington 
meeting but is being held in reserve for the more 
crucial stages ahead. So far the official opening speeches 
have been disposed of, and a series of working parties 
set up for detailed consideration of specific points. 
The main points at issue are: 
(1) Should the international network be "governed" 

in the same manner as at present under the Interim 
Agreement, which provides the US with more than 
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50 per cent of the voting power ? (Most of the European 
member countries say no.) 

(2) Supposing a modified version of the present 
organization is accepted, should the American com- 
mercial company, COMSAT, continue to act as inter- 
national manager to an international organization ? 
Again, this is widely held to be anomalous and, bv 
many, invidious, too—but a clear cut alternative may 
not emerge immediately. 

(3) Should INTELSAT take navigational, meteoro- 
logieal, earth resource and other "service" satellites 
under its wing, in addition to the publie telecom- 
munications links for which it was created ? There is, 
too, the controversial question of whether US launch. 
ings will be available for foreign operational satellites 
of any kind, and on this hangs the independent 
launcher argument. 

(4) The distribution of work contracts under the 
Interim Agreement has not been ideal—at least in the 
eyes of technologically competent nations other than 
the US. (European countries have contributed some- 
thing like 30 per cent of INTELSAT funds so far 
and gained only 4 per cent of the contracts.) A formula 
that is fair to everyone, without jeopardizing the sound 
principle conveyed in article 10 of the Interim Agree- 
ment that contracts should be placed with the 
“cheapest, best and most timely" bidders, will be hard 
to devise. This item may take up a good deal of time. 

It is perhaps worth remarking that no announcement 
of the start of the conference or prospectus of its 
objectives has appeared in this country from any 
official source apart from the Soviet news agency. 
There are few areas which are going to exercise so 
profound an influence on the texture of life as the 
revolution in long range communications for which 
this international meeting will provide the programme. 


NUTRITION 


Can Asians digest Lactose ? 


THE ability of the Asian bowel to digest lactose has 
been a topic in the columns of Nature for some time 
now. Two Australian doctors, A. E. Davis and T. 
Bolin, broached the subject by describing a condition 
of Jactose intolerance in some Asian students resident 
in Australia (Nature, 216, 1244; 1967). When fed with 
80 grams of lactose, the Asians, but not the Caucasian 
controls, developed abdominal pains and diarrhoea, 
while the relatively small changes in their blood sugar 
levels indicated a deficiency in intestinal lactase. 

The finding has obvious relevance to food aid 
programmes for Asia, which rely heavily on milk pro- 
ducts rich in lactose of which there is a surplus in the 
Western world. Prophecies of doom were somewhat 
damped by W. A. McGillivray, a scientist at the New 
Zealand Dairy Research Institute (Nature, 219, 615; 
1969). Dr McGillivray made two points: first, all 
human babies have a supply of lactase. The lactose of 
their mothers’ milk is the only carbohydrate source 
for most of them. The disappearance of lactase in 
adult Asians may be an adaptive change, subject to 
reversal if the Asians had a consistent dietary supply 
of lactose in their adult life. Secondly, 80 grams is a 
large dose, and the daily amount of lactose recom- 
mended in aid schemes is about one-sixth of this. 

Some Thai doctors made the next contribution: 
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G. Flatz and his colleagues at the University of Chiang 
Mai showed that lactose intoleranee was widespread 
in Thai adults, even among dairy workers who had been 
consuming milk products for years (Nature, 221, 758; 
1969). Dr Flatz set the maximum safe daily dose of 
lactose at 14 grams, the amount in kalf a pint of milk. 
But the central point remains: if adult Asians lack the 
enzyme lactase, and if, as seems te be the ease, this 
enzyme lack is irreversible, then dcubt is cast on the 
wisdom of emphasizing milk products in aid pro- 
grammes, for the lactose content of chis food will have 
no nutritive value. 

This last point was tackled this week by Dr 1. L. 
Hepner, the editor of Process Biochemistry. He pointed 
out to Nature that the American «airy industry has 
for years been treating milk with :actase, to convert 
the lactose disaccharide to the mucn sweeter mixture, 
galactose plus glucose. The Americans use the process 
to increase the sweetness of ice cream and chocolate. 
without recourse to the relative y costly sucrose. 
Microbial preparations of lactase ars quite cheap, and 
Dr Hepner argues that the process could easily be 
applied on a mammoth scale to all the Western dairy 
surplus destined for food aid. Dr depner’s comment 
was that “a little more knowledge cf current practices 
in food technology would do no harm to researchers 
in nutrition”. 


STORAGE RINGS 


Planning Experiments at CERN 


CONSTRUCTION work on the intersesting storage rings 
(ISR) at CERN has now passed the scheduled half way 
mark, and, barring any major disasters, the proton 
beams should undergo their first eellisions some time 
in 1971. High energy physicists are already arguing 
about the suitability of different experiments to the 
ISR conditions, and Professor Gerard K. O'Neill, of 
Princeton University, devoted the rst of two special 
lectures on the CERN storage rings, given at Uni- 
versity College London, last week, te the factors which 
affect the choice of experiments anc. to how physicists 
are trying to resolve this choice. 


Table 1. PARAMETERS OF THE INTESSECTING STORAGE 
RINGS 
043 metres 

15 degrees 
28 GeV 
54 Gey 

1500 GeV 

1-6 105/s 

2 per cent 

20 A 


Circumference 
Intersection angle of two beams 
Maximum energy of each beam 


Total centre of mass energy 
Equivalent laboratory energy 
Interaction rate 

Momentum spread 

Beam current 

No. of interaction regions 8 


The principal parameters of the storage rings are 
given in the table. The interaction energy of the two 
28 GeV proton beams in the laboratory frame of 
reference is 1,500-1,700 GeV, or about sixty times 
greater than that produced on the proton synchrotron, 
The existence of this huge energy cpens up the way— 
at least in principle—for investigating two of the most 
challenging problems eurrently facing nuclear physi- 
cists, namely the existence of the hypothetical particle, 
the quark, and the possible exi&ence of an inter- 
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mediary boson particle which would mediate in weak 
nuclear interactions. Experiments to try to track 
down either of these phenomena are riddled with 
diffieulties, however, but Professor O'Neill admitted 
to a personal prejudice in favour of looking for the 
intermediary boson. 

The ISR were not built solely for world shattering 
experiments which have only a marginal chance of 
success. Indeed, Professor O'Neill went so far as to 
claim that the first millisecond of experimental time 
on the ISR will unleash as much information as have 
twenty years of conventional research into cosmie 
rays—a fact which he stressed should not be allowed to 
detract from the value of cosmic ray research both past 
and present. But the two most straightforward 
experiments for the ISR are elastic proton-proton 
scattering, which has never yet been carried out at 
these energies, and the observation of isobar produc- 
tion through counters placed in the forward scattering 
direction. 

As in all physical experiments, the resolution of the 
apparatus limits the accuracy with which it is meaning- 
ful to make any measurements. In a typical isobar 
experiment, where the mass of a resonance is to be 
measured, Professor O'Neill showed that the spread of 
the beam together with other resolution factors imposes 
a maximum accuracy for measuring momenta of 
170 MeV]/e in the longitudinal direction and 20 MeV/c 
in the transverse direction. Several other factors enter 
the experimental balance sheet, such as the limits on 
small angle scattering measurements due to the width of 
the vacuum tubes on the storage rings, or the restric- 
tion on magnet positions due to similar geometrical 
factors. In elastic p-p scattering there is an upper 
limit on the scattering angle of about 0-1 radians due 
to the drop-off in cross-section, and these obvious 
physieal and geometrical factors define the feasibility 
of many of the experiments that are possible in prin- 
ciple. Thus the interest in collecting information from 
forward scattering is fairly well accepted, and the 
positions of the forward magnets are already settled. 
Unfortunately some decisions are not so well defined, 
and arguments are at present in progress over the 
design of the 14 kG magnets for the isobar experiments. 

Although there are eight intersections on the ISR, 
only two will be used for experiments. This is largely 
for economie reasons, because the problems involved in 
setting up an experimental region in the eight or nine 


metres where the protons are in free flight are con- 
siderable. Not least among these is the attainment of 
an ultra-high vacuum of around 10-4 torr in the inter- 
action region—physicists are sufficiently agreed on the 
need for this degree of vacuum to minimize beam. 
particle collisions that no efforts are being spared to 
achieve it. 


HOUSING 


Houses of the Future 


SMALL, basic houses of flexible design, in a variety of 
styles, built for renting or buying, and of a good enough 
standard to suit the better standards of living ahead, 
are seen by Lord Llewelyn-Davies, professor of archi- 
tecture at University College London, as the houses 
needed in Britain today. At a meeting of the Roval 
Institution of Chartered Surveyors last Monday, he 
said that Britain is moving into the age when the 
average family will have not only two cars but two 
homes. In thirty vears’ time, incomes will be three 
times what they are now, and the average family 
should then have the freedom to choose the sort of 
housing they want, as the professional man can today. 
Although people might have to accept high living 
densities in some situations (as in the heart of a large 
city), he felt that on the whole houses should be de- 
signed at the density people want. As the standard 
of living improves, so people tend to want more space 
both inside and outside—a belief that has obviously 
influenced him and his partners in their outline plan 
for the new town of Milton Keynes. Lord Llewelyn- 
Davies also confirmed his belief in the need for an 
increase in house building by private enterprise in the 
future. This would help to "bring houses for sale into 
the hands of more people". 

Not surprisingly, this was also a theme of the second 
speaker, Mr Ronald Wates, director of Wates Ltd, 
who predicted a buyer's market of privately owned 
homes in the seventies and eighties. Mr Wates sees 
homes of the future as being bigger and better, with 
central heating and air conditioning systems, and with 
effective sound insulation. He believes that there is 
tremendous scope for independent development in new 
towns, but the “most serious obstacle at present is 
the Government's system of the location of industry 
embodied in the Industrial Development Certificate 
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and the Office Development Certificate". Without 
reforming this system, he said, there is little chance 
for free enterprise new towns with the consequent 
savings in taxpayers’ money, the increased supply of 
housing and the greater amount of experiment to meet 
public tastes. While Lord Llewelyn-Davies favours 
fairly low density housing in the future, Mr Wates 
thinks that housing will be mixed, with both low and 
high rise buildings to cater for different requirements. 
He does not think, however, that blocks more than 
twelve storeys high will be built outside centres of 
large cities. From his experience, the two home 
family would not be an important factor in housing 
in the future. 


MEDICINE 


Money for Crippling Diseases 


Tue National Fund for Research into Crippling 
Diseases last week announced research grants totalling 
more than £1 million. Three separate grants together 
account for three-quarters of the total. A grant of 
£250,000 is destined for the Institutes of Child Health, 
Obstetrics and Gynaecology at the Hammersmith 
Hospital, London. The money will go on a new 
building which will bring together, under one roof, the 
departments of obstetrics and paediatrics. At present 
these departments are dispersed in a collection of 
wooden huts, and physical separation of the laboratories 
is hindering some collaborative research projects. 
Professor P. Tizard, of the Institute of Child Health, 
pointed out last week that the risk of dymg in the 
week on either side of birth is twice as great as the risk 
of dying in the whole of later infancy. The new building 
will house Britain’s first research unit devoted to the 
study of disorders occurring at this most crucial period 
of life. 

Another £250,000 will rehouse the Bland-Sutton 
Institute of Pathology at the Middlesex Hospital. 
The institute was originally concerned with the patho- 
logy of tumours, but its interests have widened with 
the years, and recently it has started investigations 
into multiple and disseminated sclerosis. The third 
large grant, £170,000, will enable the Roval College of 
Surgeons to establish a chair of teratology. The 
college has been studying the relation of various 
congenital malformations in monkeys to events during 
pregnancy, apparently with some success. As well as 
investigating causes, the college is developmg new 
surgical treatments for malformations like cleft 
palate, club foot and dislocated hip. 

The other research grants—64 of them—are destined 
for a wide variety of projects, from a literature review 
of the needs of handicapped children to the biochemis- 
try of viral infected cells, and from the neurology of 
newborn infants with spina bifida to the manufacture 
of elbow joints out of chrome cobalt alloy. 

Lord Harding, the chairman of the National Fund, 
emphasized last week that the fund's advisorv panel 
is open to requests for support from any quarter. The 
fund started life in 1952 as the National Fund for 
Research into Poliomyelitis, but as vaccines brought 
pohomyelitis under control, the fund extended its 
scope, and its title. to cover all kinds of crippling 
diseases, in all their aspects of cause, prevention, 
treatment and rehabilitation. 
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society in 1964. (Written answer, February 25.) 


Specialist Committee 

Last week the House of Commons approved a proposal 
to set up a Select Committee on Scottish Affairs, and 
the Leader of the House, Mr Fred Peart, has recently 
proposed a new committee on Overseas Aid and 
Development, as part of the Government's experiment 
of establishing a system of such committees to check 
on the administration of Government departments. 
Mr Peart emphasized that the Committee on Agri- 
culture had been stopped merely because the experi- 
mental period initially chosen was over. (Oral answer, 
February 26.) 

Radiobiology 

Ix reply to a question about the future of the Radio- 
biology Unit of the Medical Research Council (MRC) 
at Chilton, Mrs Shirley Williams, Minister of State in 
the Department of Education and Science, said that, 
in the light of a report by a special committee appointed 
by the MRC, the size of the unis would, in the next 
few vears, be gradually reduced by about 50 per 
cent. After surveying work on radiological proteetion 
and fundamental studies in iomzing radiations, the 
committee concluded that so muca experience had been 
amassed in this and other similar units that adequate 
standards for protection could now be laid down and 
this sort of work put lower on the Hst of priorities. 
(Written answer, February 26.) 

Biological and Chemical Defence 

3IVING examples of the development of commercial 
equipment for biological and chemical defence, Mr 
John Morris, for the Ministry of Defence. included 
respirators, protective clothing and decontamination 
equipment. Butyl rubber gloves for protection against 
chemical agents, a talcum powder dispenser for de- 
contaminating personal weapons and equipment, and 
a fire extinguisher for decontam nating vehicles, build. 
ings and terrain had all been commercially evaluated, 
he said. (Written answer, February 28.) 

Nuclear Physics 

Mrs SuiRLEY WiLLIAMS said that the net expenditure 
by the Rutherford High Energy Laboratory was £7-4 
million in 1968-69. The five most expensive projects 
are the Nimrod accelerator (£23 million), high energy 
counter experiments (£1-5 milion), bubble chamber 


experiments (£0-8 million), computer operation (£0-4 
million) and nuclear structure experiments (£0-3 


million). The estimated net expenditure by the Dares- 
bury Nuclear Physics Laboratory for 1968-69 is £3:5 


on computer operation, civil engineering work and 
applied physies. (Written answer, February 28.) 
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Experts review European Collaboration 


from our Paris Correspondent 


THE agitation caused by Mr Soames's “revelations” and 
the uncertain effect of the t talks with President Nixon— 
even the French rugby team's defeat by England— 
add a new dimension to the task of assessing the chances 
of European technological cooperation. Although 
present circumstances give little encouragement 
to the militant fervour of Mr C hristopher Layton’s 
readers (see Nature, 221, 697; 1969), there is reason to 
believe that the work of the "Aigrain group , which 
should be submitting its report to the member states 
of the EEC on March 15, is not only of academic 
interest. This, at least, is the conviction of some 
European political figures, including Mr Théo Lefevre, 
the Belgian Minister of Technology. 

The whole business g got off to an inauspicious start, 
On October 31, 1967, in Luxembourg, the Ministers 
for Seienee of the Six authorized a group of experts to 
put forward recommendations for methods of co- 
operation in seven specific areas; metallurgy, trans- 
portation, pollution, telecommunications, data pro- 
cessing, meteorology and oceanography. (Originally 
the working party was called the "Maréchal group” 
after its chairman. Mr Maréchal was at that time the 
General Delegate for scientific and technical research 
in France. Later he was replaced in both jobs bv 
Professor Pierre Aigrain.) In 1968, however, the 
Maréchal group lapsed into inactivity after the Nether- 
lands and Italy had refused to take part in its study 

as a protest against the French veto of British candid- 
acy. It was not until September 19, 1968, that the 
Six finally agreed to get the group working again 
and then asked for a report to be submitted on March 
15. 1969. This report will then be studied by the 
member countries and discussed in forum during July. 

The complete and authorized text is not known as 
this article is being written. In several areas, never- 
theless, concrete proposals seem definitively to have 
been made. The most ambitious project concerns 
computers. As regards hardware, it would involve 
developing in cooperation, between now and 1975, 
à very powerful machine comparable with the largest 
American svstems, and starting work around 1980 
on another computer which would be revolutionar vin 
concept. On the other hand, the report says, the 
creation of a European data transmission network 
and a central program library, as well as the standard- 
ization of program languages, should all give consider- 
able impetus to European data processing. To realize 
these plans, there is a scheme for an initial programme 
lasting at least five vears and costing about $50 million. 

In metallurgy, the experts consider that Europe's 
position is sound, at least where eonventional metals 
and alloys are concerned. But this is not true for 
refined metals, an area of metallurgy where rapid 
pregress is vital to certain user industries such as 
industrial chemicals, industrial electronics, gas turbine 
construction and the produetion of seawater desalina- 
tion plants. Here also the Aigran group has come down 
in favour of the idea of a huge programme spread over 


several vears. The German delegation seemed particu- 
larly anxious for a major concerted effort, taking in 
almost every branch of metallurgy. 

It must not be forgotten, of course, that the special- 
ists who make up the seven sub- -groups are called on 
only to give technical advice and that the decisions 
taken in Brussels (to sav nothing of their subsequent 
application) will turn most firmly on political considera- 
tions. It is said, moreover, that even within the 
national delegations themselves there have been certain 
apparent disagreements—over the desalination of 
seawater, for example. Yet it is hard to believe that, 
on important matters at least, the experts behaved 
purely as private individuals and did not bear in mind, 
if not the firm instructions, at least the more or less 
explicit wishes of their governments. Without becom- 
ing too optimistic, therefore, one can treat the opinion 
expressed by the French representative of the Aigrain 
group as decidedly worthy of attention. This suggested 
that, as regards data processing, collaboration with 
Britain would be verv useful. Admittedly this idea 
was mooted before the "affaire Soames” 

In the coming months other incidents could erop 
up and increase or lessen the chance of the EEC 
adopting the recommendations to be presented to it on 
March 15. 1] mplementing the final decisions will 
moreover be a complex business (the unfortunate 
experience of Euratom proves this) so long as there 
are no proper solutions to such serious proble ms as 
patent rights—the demands of firms participating m a 
European programme are difficult to reconcile with the 
collective nature of the EEC's proposed projects- 
as well as the problem of a "fair return’. 1f these 
obstacles are not eliminated, the countries involved, 
regrettably, might well pursue their usual policies; 
projects which show the most promise will be deve loped 
separately on a national level or at best in the framework 
of a bilateral agreement, and joint enterprises will 
be used only for supplementary programmes. 

So far the time allowed for the work has been very 
short. The opinion in Brussels is that although ce rtain 
proposals are already quite concrete, others are still 
fairly vague. The data-processing sub-group appears 
to have covered the most ground so far (it called for 
talks in Brussels with representativ es of several large 
industrial firms in order to study with them diferent 
working arrangements). This perhaps explains why 
Mr Théo Lefévre said in the Belgian House of Deputies 
that in the computer sector at least the European 
programmes could be drawn up this summer, w hereas 
in other areas decisions will probably be taken rather 
later. But will Mr Lefèvre have the support of his 


colleagues? Experience leads one to fear that 
agreement is no longer easily reached, even on vague 
proposals—indeed, malicious observers claim that 


this is especially true when proposals are vague. and 
tend to refer to areas such as pollution, meteorology 
or "basic" oceanography, where competition in 
industry is rather less tense. 
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NORTH AMERICA 


A Sledgehammer for Nuts 


Ir history is little more than the record of the follies 
of mankind, then the study recently completed by the 
University of Colorado must rank as a historical docu- 
ment (Scientific Study of Unidentified Flying Objects, 
Ed. Daniel S. Gillmor. Bantam Books, 1969, $1.95). 
The chief purpose of the study, it seems, was to 
“attempt to learn from UFO reports anything that 
could be considered as adding to scientific knowledge”, 
or, which is nearly the same, to determine whether 
flving saucers are real. To this end Dr Edward Condon 
and his staff spent 18 months and more than $300,000 
in studying the more notable of the past and present 
eases brought to their attention. 

Five per cent of the American population over 21 
years of age believe that they themselves have seen a 
flying saucer, according to a Gallup poll conducted in 
1966. The abstracts of the cases studied by the 
Colorado team poignantly epitomize a mental under- 
world the extent of whose survival in a highly educated 
population of the present century could hardly have 
been expected. “Case 32. The death of a horse was 
popularly believed to be related to UFO sightings, but 
professional investigations disclosed nothing unusual 
in the condition of the carcass.” No significant con- 
clusions could be derived from numerous reports of 
UFO sightings. "Case 20. Reports of ‘beeping’ sounds 
emanating apparently from invisible aerial sources were 
identified with the calls of small owls. Case 19. A 
project investigator was at the site of a predicted 
UFO landing. The landing did not occur.” 

In case 45 several people saw an illuminated object 
drifting across the night sky, the principal witness 
declaring that it was 75 feet long with twelve lights 
brighter than car headlamps. The object was found to 
be a plastic hot air balloon constructed by a local 
schoolboy. Case 12, that of a witness whose car had 
been interfered with by a UFO while she was driving 
alone at night, put the Colorado investigators to con- 
siderable trouble. An engineer at a major national 
laboratory was persuaded to assess the magnetic field 
strength that will affect an internal combustion engine. 
The magnetic signature of the witness's car showed 
that it had not experienced a field of this strength. 
Case 38 afforded a fistful of more than 800 sightings 
over a small town, but the investigators could find no 
evidence to support claims of manned saucers, foot- 
prints and saucer “nests”. 

It is true that not all cases were so easily soluble: 
case 46, for example, which occurred in 1950, is "one 
of the few UFO reports in which all factors investigated 
appear to be consistent with the assertion that an 
extraordinary flying object, silvery, metallic, disc 
shaped, tens of metres in diameter, and evidently 
artificial, flew within sight of two witnesses", The 


899 


photographs, which could be, but cannot be pro ved to 
be, fabrications, reveal a saucer skaped object with a 
mast placed slightly askew and off-centre. 

The salient feature of the report is its almost obses- 
sional attention to detail. No flight of fancy soars so 
high that it cannot be brought down to earth by the 
weight of modern scientific technicue, no suggestion is 
too absurd to be taken as a hypothesis that is correct 
until falsified. For example, proponents of flying 
saucers, aware that Mars and Venus are uninhabitable, 
have deduced that these objects emanate from the 
planet Clarion whose orbit and mass are identical 
with Earth’s but whose position, exactly half a revolu- 
tion behind Earth, is permanently obscured by the 
Sun. It is typical of the Colorado project that this 
splendidly poetic conception was put to test by a 
computer calculation of the perturbations that Clarion 
would produce in the orbit of Venus. The predicted 
perturbations have not been observed; therefore 
Clarion does not exist. Similar exercises could doubtless 
be conducted on such beliefs as that the Earth is flat, 
or that water can be transmuted into wine, with equal 
effect on the believers, 

It is true that in several instances the Colorado 
project seems to have lost its sense of proportion, 
whilst 942 pages seems an excessive length at whieh to 
examine the question of UFOs. But the project's aim 
was that justice should be done and clearly be seen to 
be done, and it would be unfair io criticize Dr Condon 
and his staff for doing their jo too well. Yet at the 
same time it is not immediately obvious why the job 
had to be done at all. Will a single flying saucer buff 
alter his credo as a result of it" Will the five million 
Americans who believe they heve seen flying saucers 
diligently peruse the report to discover for which of 
many possible reasons they were mistaken ? Was it 
really likely that anything o real scientific value 
would emerge from the report * Or could it be that 
several members of Congress or of the United States 
Air Force, which supported the project. really believed 
in flving saucers ? 

Dr Condon explains in the preface that the physical 
aspects of the UFO phenomeron were given priority 
over the behavioural aspects. Most people who sight 
flying saucers, he says, are of no psychiatric interest. 
This may well be true but it seems a pity. nonetheless, 
that the considerable sociological the 
phenomenon was left unexplored. Strange objects 








interest of 


What is new about UFOs ie that thev tend to be 
saucer shaped and are endowed with pseudoscientifie 
instead of supernatural interpretations. They no longer 
blazon forth the death of prinees but herald the mterest 
taken in mankind by extragalactic intelligences. This, 
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be sure, is an interesting metamorphosis but its 
explanation lies in the province of historians and 
sociologists. It is hardly surprising that the contribu- 
tion made by the Colorado scientists to the problem is 
worth little more than what a panel of theologians 
would have to say about current cosmological theories 
of the universe. We conclude, Dr Condon says, “that 
further extensive studies of UFOs probably eannot be 
justified in the expectation that science will be advanced 
thereby”. 

A firmer grasp of historical perspective by the 
project s sponsors might have attenuated the compul- 
sion to reaffirm so foregone a conclusion. But perhaps 
the Colorado project, like the Apollo project, is a case 
of the means justifying the end and the end being 





Drugs on Prescription 


Is the same year that the Sainsbury Committee's 
recommendations for broad changes in British poliey 
towards drugs were published, the Task Force on 
Prescription Drugs was established in the United States 
under Mr John Gardner—then Secretary of Health, 
Education and Welfare—to study the problems of 
including the cost of out-of-hospital (prescription) drugs 
under Medicare. The task force included Dr Philip R. 
Lee (Assistant Secretary for Health and Scientific 
Affairs), Dr Alice M. Rivlin (Assistant Sec ‘retary for 
Planning and Evaluation), Mr Robert M. Ball (Com- 
missioner, Social and Rehabilitation Service), Mr 
Joseph H. Meyers (Deputy Administrator, Social and 
Rehabilitation Service), Mr Dean Coston (Executive 
Assistant to the Secretary), Mr. James F. Kelly (Assis- 
tant Secretary), Dr Herbert L. Ley, jun. (Commis- 
sioner, Food and Drug Administration), Dr William 
H. Stewart (Surgeon General, Public Health Service) 
and Dr Milton Silverman (Special Assistant to the 
Assistant Secretary for Health and Scientific Affairs. 
Since then the task force has published a number of 
background papers and interim reports in which 
recommendations are set out as to how the burden of 
drug costs for the elderly could be eased, and how the 
cost of drugs to the Federal and State Governments 
could be lowered. But the task force has also taken 
it mammoth assignment one step further; it has 
examined the activities of the Department of Health, 
Education and Welfare in the pharmaceutical field to 
determine what reorganization, if any, is required. 
Medicare already covers almost all of the in-patient 
hospital expenses of the elderly, as well as a significant 
proportion of their expenses for physicians and other 
medical services. Nevertheless, as the task force has 
emphasized, drug expense represents the largest single 
personal health expenditure that the elderly must meet 
almost entirely from their own resources—present aid 
from private insurance, existing publie programmes and 
tax relief is insufficient. In 1967, for example, preserip- 
tion drugs accounted for 20 per cent of the health 
expenditure of older people, and in 1966 the average 
prescription cost for the elderly was $3.91, compared 
w 5 h an average for the population as à whole of $3.43. 
As far as implementing the Medicare benefit is con- 
"s the task force maintains that, to start with at 
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justified by spin-off. After all, à great deal of incidental 
information has been collected in the course of the 
projeet about anomalous propagation effects and the 
malfunctioning of complex lens systems, while Project 
Blue Book, the Air Force's compilation of UFO sight- 
ings which was the forerunner to the Colorado project, 
has already provided astronomers with useful data for 
estimating social bias in the observation of meteorites. 

The Colorado project is a monumental achievement, 
but one of perhaps misapplied ingenuity. It would 
doubtless be inapt to compare it with earlier centuries’ 
attempts to caleulate how many angels eould balance 
on the point of a pin; it is more like taking a sledge- 
hammer to crack a nut, except that the nuts will be 
quite immune to its impact. 


least, it would be desirable to provide the benefit on a 
less-than-comprehensive basis. Jt has been estimated 
that comprehensive coverage would be $1,600 million, 
exclusive of administrative costs, Less-than- -compre- 
hensive coverage would help to reduce both the cost 
and the numerous complex administrative problems of 
the seheme. Coverage would probably be provided 
under the hospital. insurance (Part A) Medicare pro- 
gramme, for under this virtually all people aged 65 or 
more would be automatie ally eligible for the new 
benefit. 

In order to limit the scope of the drug programme, the 
task force suggests that the number of drugs covered 
could be limited to those which are impor tant for the 
treatment of serious chronic illness in the elderly. On 
this basis, and assuming that 1971 would be the first 
vear of operation, it is estimated that benefit payments 
would amount to $720 million for the first year, with 
reimbursement made for about 125 million prescrip- 
tions. Assuming a $1 co-payment, the level cost of the 
new benefit would be 0-19 per cent of taxable payroll, 
Alternatively, reliance could be placed on a “high-cost- 
sharing factor” w hereby benefit would be paid onlv 
when a beneficiary's drug expenses exceeded a specified, 
relatively high amount. The cost of this proposal 
would be $4€ 55 million in the first vear of operation, and 
reimbursement. would probably be made for about 100 
million claims. The level cost of the proposal would be 
0-14 per cent of taxable payroll. Another alternative— 
limiting benefits to those over a certain age, for 
example, 70 or 72—is considered unsuitable. 

The task force suggests that responsibility for the 
drug benefit should rest with the Secretary of Health, 
Education and W elfare, with a primary de legation of 
authority to the Social Security Administration. At a 
lower level of administration, the task force concludes 
that it would be better if the vendor—that is, com- 
munity, mail-order or hospital out-patient pharmacies 
—trather than the beneficiary initiated claims and was 

reimbursed by the programme. "This would enable the 

Social Security Administration to take advantage of 
advances in electronic data processing capabilities, 
including equipment which would permit transmittal 
of claims information directly from the drugstores to 
the agency processing the claims. 
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The US pharmaceutical industry is not likely to be 
eheered by the suggestion that reimbursement for 
product cost should be based on the cost of the least 
expensive chemical equivalent of acceptable quality 
generally available on the market; that is, acquisition 
by generic name. The need for this is indicated by the 
fact that Meticorten costs $8.50 for thirty tablets, 
while under its generic name of prednisone the drug is 
available at $2.58 for the same number of tablets. 
Similarly, 100 tablets of Serpasil costs $7.06 although 
it is available under the generic name of reserpine at 
$2.91. Physicians will have to be urged to prescribe 
low-cost chemical equivalents for all beneficiaries of 
Federal drug programmes, and the Department of 
Health, Education and Welfare will have to keep 
physieians, vendors and the general publie informed 
on the availability, quality and relative costs of chemi- 
cal equivalents. Direct purchase of drugs by the 
Federal Government for Medicare beneficiaries as a 
means of controlling prices is not recommended. And 
if the vendor rather than the beneficiary were reim- 
bursed, the task force would prefer a fixed fee approach ; 
that is, vendors charging a fixed dispensing fee per 
prescription, as used by a number of State and Federal 
programmes. On this basis, the most feasible method 
of sharing the cost of the benefit with the beneficiary 
would be for the latter to be responsible for paying part 
of the cost of each prescription. 

The task force has given careful consideration to the 
question of whether the Federal Government can 
exercise more effective controls on the costs of drugs 
supplied in the Medicare, Medicaid and Maternal and 
Child Health Programmes, and has recommended 
legislation to establish reasonable cost and charge 
ranges, and limits for Federal participation in reim- 
bursement for drugs supplied under these programmes. 
It considers that the exclusion of certain combination 
products and duplicative drugs from Federal reim- 
bursement could vield overall savings of at least 10 per 

cent. This is highly desirable in view of the fact that 
the Federal and State Governments spent $208 on 
prescription drugs for welfare recipients alone in the 
vear ending June 30, 1968. Further saving could be 
achieved if products were dispensed under their generic 
names. In this connexion the task force is confident 
that the Federal Government can provide adequate 
assurance that low-cost chemical equivalents will be 
of sufficiently high quality and will provide essentially 
the same clinical effects as drugs sold by their brand 
names and often at higher cost. Once it becomes 
possible to market chemical equivalents, the original 
drug product should serve as the reference product, so 
that any generic-name counterpart proposed for 
introduction would be required to match tho reference 
product and to present clinical evidence of safety and 
efficacy. Any chemical equivalent not meeting one of 
these requirements should not be aecepted for reim- 
bursement or purchase. It is envisaged that the use 
of a restricted formulary could lower the cost of a 
drug programme. All these provisions would involve 
significant administrative costs. Thus it has been 
estimated that administrative costs would be more 
than $100 million during the first vear and 
approximately $34 million annually after the first 5 
years. 

Among other things, it would be necessary to estab- 
lish an expert advisory committee to advise the secre- 
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tary on the Bu EUREN a ko wœ drugs and drug 
i all I implementat ation 


ealon. 

"The task force recommends that the Secretary of 
Heath, Education and Welfare sheuld, after consulta- 
tion with representatives of the drug industry, pharm- 
acy, clinical medicine and consumer groups, appoint 
a study group to reappraise the efficiency of methods 
now used by the Division of Biologies Standards and 
the Food and Drug Administration to evaluate the 
safety and effectiveness of pharmaceuticals. It should 
also consider the feasibility of developing a registration 
and licensing system which would ensure that all drugs 
marketed in interstate commerce are produced under 
adequate quality control standards. It also recom- 
mends that the Social Security Administration should 
undertake continuing responsibility for the surveillance 
of drug costs, average prescription prices and drug 
use, 

The task force is concerned that efforts should be 
strengthened to assure that the skills of experts both 
within and outside the Department of Health, Educa- 
tion and Welfare are used to augment the scientific 
capabilities of the Food and Drug Administration. 
This might be achieved in part by enlisting the assis- 
tance of individual scientists from health agencies 
within the Federal Government to serve for limited 
periods on tasks relevant to their research interests, 
or by their acceptance of ad hoe assignments for the 
evaluation of specific drugs. The scientific capability 
of the FDA’s drug evaluation staff could also be 
enhanced by the establishment of a clinical and labora- 
tory facility within the FDA to concentrate on research 
concerned with the use, efficacy and toxicity of drugs, 
and the development of new methods and approac hes 
to their evaluation. This would provide opportunities 
within the FDA for researc and Miri RN e Pa 
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clinical experi ience. 


PHYSICS 


Accelerator in Demand 


Now that construction of the 200 GeV particle accelera- 
tor at Batavia, Illinois, is uncer way, evervbody is 
rushing to join it. Two more American universities 
have now joined the Universities Research Association, 
the body which provides management for the 200 GeV 
machine. The two universities, Case Western Reserve 
University of Cleveland, Ohio, : nd the State University 
of New York at Stony Brook, br ing the total member- 
ship of URA to 50, 49 of them universities in the 
United States. 

The odd man out at the mement is the University 
of Toronto, the only Canadian university to join URA 
so far. But a report published this week by five 
Canadian physicists urges a mu: sh greater participation 
by Canada in the building of the 200 GeV machine. 
The group, under the chair rmauship of Professor E. P. 
Hinks of Carlton University, was given a grant by the 
National Research Council in pis e autumn of 1967 to 
investigate the possibility of Canadian cooperation in 
une T Their e d. ad Ce anaa 
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annual grant of $4 million, to start in April 1970 and 
to goon for five years in the first instance. In addition, 
the group recommends that support for Canadian user 
groups should be increased from about $1 million in 
1969-70 to at least $2 million in 1974—75. 

The report argues that particle physics is important 
to Canada for “cultural, educational, scientific and 
technological” reasons. But the construction of a 
Canadian machine would not be sensible, for the cost 
of a machine large enough to be scientifically interesting 
would be excessive in view of the relativ ely small 
number of high energy physicists in Canada. It would 
be much better, the | report savs, to take advantage of 
the fact that the United States is already laune hed on 
the Batavia machine, and offer to join in the construc- 
tion, equipment and operation of the accelerator. This 
would be better than the suggestion, previously made, 
that Canada should simply supply a large item of 
experimental equipment. What the report envisages 
instead is “direct participation" in the building of the 
machine, turning the National Accelerator into an 
international laboratory rather than a national labora- 
tory. 

The most effective mechanism for such participation, 
the report says, would be the formation of a Canadian 
Universities Research Association, forming a relation- 
ship with NAL much like that already enjoved bv 
URA. The Canadian contribution of $4 million a 
vear would be held in Canada, at the disposal of the 
direetor of NAL, and this, the report implies, would 
be a real incentive for NAL to spend the Canadian 
contribution in Canada. The amount involved is, 
however, small in comparison with the cost of the 200 
GeV machine, which will eost. $250 million to build, 
together with $60 million for associated experimental 
equipment, and another $60 million a vear to run. 
With money like this at stake, the Canadian contribu- 
oe is small, but the group may well have made the 

anny calculation that it is all the Government is 
like lv to provide. A tight budget in Canada has been 
followed this week by allegations that public expendi- 
ture is already out of control again, and the Govern- 
ment is unlikely to look kindly on new ways of spending 
its money. But the cancellation of Canada's intense 
neutron generator several months ago has left particle 
physicists in a militant mood, and the Government 
may come under considerable pressure to adopt the 
group s recommendations. 


POLLUTION 


Oil Leak in California 


by a Special Correspondent recently in Santa Barbara 


Tue offshore oil well in the Santa Barbara channel which 
became uncontrollable on January 28, 1969, had 
released a large quantity of crude oil by the time it 
was brought under control on February 8. After that, 
although minor seepages took place in the area of the 
well, they were probably less m amount than the 
natural seepages normal for the region. The oil 
released subsequently polluted around 30 miles of 
coastline. It is impossible to estimate just how much 
oil was released up to February 8, but it seems reason- 
able to estimate that nearly 1,000 tons of oil have 
arrived onshore, that is, that the pollution was very 
roughly an order of magnitude less than that suffered 
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by Cornwall and Brittany as a result of the wreck of 
the Torrey Canyon. 

Great efforts were made by the oil company con- 
cerned, in cooperation with State and Federal authori- 
ties concerned. with pollution, under the local coast 
guard commander, to limit the pollution by setting 
booms around the drilling platform, and by spraying 
the slick with water soluble dispersant. Because of 


poor weather, these operations were unsuccessful, 
and much oil reached the shore. Harbours and 


sloughs (small estuaries) had, however, been boomed, 
for the most part successfully; only at Santa Barbara 
was oil driven into the harbour by an onshore wind. 

Cleaning operations so far have been directed towards 
the harbour at Santa Barbara, and the sandy beaches 
nearby—on the whole with conspicuous success. The 
main method adopted has been to lay straw on the 
beaches at low tide, and to spread it on the cil slicks, 
and then to clear the oil-soaked straw by raking and 
with bulldozers. One problem has been the disposal 
of quantities of oil-soaked straw, which make large 
piles on the beaches, for there are fears of con .tamina- 
tion of land water if it is dumped inland, and there are 
strict air pollution regulations which prevent burning 
of the straw in the open. No attention has vet been 
paid to the rocky areas of lesser amenity value, , apart 
from the rocks inside Santa Barbara harbour, where 
high pressure warm water hosing has been used on 
some of the rocks. 

Except for the water soluble dispersant used to 
treat the oil slicks at sea, chemical cleansing or dis- 
persant materials have not been used, and the impor- 
tant biological consequences of “detergents” on the 
shore (exemplified by their use during the shore treat- 
ment in Cornwall in 1967) have been avoided. 

In the short term, the group of animals and plants 
most affected has been the seabirds, several thousand 
of which have been brought in to cleansing stations. 
In many places, the fauna of the rocky areas have 
been coated with oil. These include limpe is ( Acmaea 
spp. Loftia): barnacles (Pollicipes, Balanus glandula 
and Cthalamus fissus), mussels (Mytilus spp) and 
chitons (.Mopalia sp). But these forms do not seem 
to have been greatly affected. It seems probable that 
if the rocky areas are not treated with toxic chemicals, 
natural processes of oil weathering and bacterial 
degradation, combined with the effects of grazing 
forms (now very obvious in Brittany) will in time 
cleanse much of the affected areas. On the sandy 
beaches. which are highly mobile, fresh sand has 
already covered layers of oil-soaked straw in several 
places, so that sections through the beach reveal 
layers of oil/straw mixture w ithin it. The normal drift 
line heaps of kelp (Maerocystis) are coated with oil, 
but it too early to say whether this will interfere with 
their normal breakdown by crustacean herbivores, and 
thus provide an interruption in the food chain of the 
sandy beaches. Investigations of the short term and 
long term effects of the pollution are already under 
way (fortunately the ecology of the shore, and the 
normal plankton distribution of the channel are well 
known from previous studies); the results of these 
studies will provide a most interesting comparison 
with those made as a result of the Torrey Canyon 
pollution, for it seems that they will deal with the 
effects of crude oil alone, rather than with the effects of 

crude oil and detergent. 
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What will Happen to Geology 


Tue disappearance of most of Britain's professors of 
geology and geophysies into the headquarters of the 
Natural Environment Research Council one day last 
month is likely to have passed practically unnoticed. 
Some cynics would say that their failure to emerge 
afterwards would not have had a perceptible effect 
on the world of science. What was discussed one can 
only guess. What should have been discussed is a 
different matter. 

Geology in Britain has gone through many phases 
in its hundred and fifty vears of effective life. It was 
at the centre of the scientific scene during the evolution 
controversies. It led to an understanding of the 
history of the Earth by a brilliant use of facts drawn 
from observations linking natural history with rocks. 
It has hardly ever fostered the household names with 
which other sciences are bedeeked, but the Geological 
Survey has produced without a great fuss maps of 
Britain more detailed than those of any where else in the 
world. But it now finds itself being accused of doing 
more and more about less and less. The whiz-kids 
of geophysics find oil, gas and minerals. They push 
continents around and produce very convincing argu- 
ments for the explanation of the major features of the 
globe. And they issue dire warnings to geologists that 
their textbooks will have to be rewritten completely 
(Arthur Holmes's Principles of Physical Geology is 
an honourable and clear exception). On the other hand, 
scientists in general might be excused for assuming 
that most geologists are palaeontologists and most 
palaeontologists have staked out à square mile as their 
lifes work. A revamping of the geologist’s image is 
badly needed, but can only be justified if the image 
is actually worth polishing up. 

The Institute of Geological 
moving in the right direction. The growing emphasis 
on marine geology is thoroughlv healthy. and the 
geophysical, geochemical and hy vdrogeological divisions 
have a welcome vitality. The limitations placed on 
the IGS marine work by having to share the research 
vessel John Murray with about a dozen universities 
are absurd, but no doubt the provision of more exten- 
sive marine facilities is a very high priority for the 
NERC. The concentrated efforts of the IGS on making 
geology a more dynamic subject will undoubtedly pay 
off in terms of undergraduate admissions, where the 
swing away from physics and chemistry, as basically 
dull and ounce és uid could Teo pens to geo- 
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geologi in ded to dia any numer ical 
o it may receive, must show itself vital and 
exciting. The IGS is playing its part, but the universi- 
ties have a lot to do. Et d A augu tony da 


training and work in challenging eavironments. 


who seem to find jobs without too much diffieulty, and 
more go into industry than in almost any other disci- 
pline. More could be absorbed if the universities 
fired students with more zeal to g» abroad after their 
some 
African countries still offer the wide open prospects 
that England offered in 1850. It is unfortunate that 
many university departments do mot look beyond the 
British Isles and so are not in any »osition to give their 
students the world picture they badly need, Geo- 
physics is sparsely taught by most departments. 

The solution may well be one which the NERC 
gathering is least likely to finc palatable—a stiff 
reduction in the number of departments. To teach 
geology in all its facets and convey something of the 
excitement of being involved, each departme nt needs 
eight to ten committee staff members. 1t is dubious 
whether more than half a dozen universities measure 
up to this standard—the teaching of the others being 
supplemented by overworked lecturers trying to keep 
abreast of a subject in which they do not work. A 
reduction to twenty in the number of department 
with appropriate reconstitution of the staff mi ight 
seem too drastic a step, but in the long run we might 
have twenty real centres of excellence with a global 
erasp of geologv. 

Of course, university 
that this will prevent students from 
entering geology departments during their career at 
university. But those with a gengine desire to move to 
geology could be given the chance to change universi- 
ties. The Treasury might regard a halving of the 
number of departments as an opportunity to thin out 
the money, but the NERC should say in no uncertain 
terms that (a) it regards much of the basic researeh 
being done as of high quality tend remarkably good 
value for money) and (6) the recruitment of geology 
students into industry, which is becoming a touchstone 
for deciding whether a subject is worth support, is 
running at a very high level. 
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CHEMISTRY 


Photoelectron Spectroscopy 


Tue technique of photoelectron spectroscopy has 
emerged during the past few years as a powerful 
method of measur ing the energy levels of electrons 
in moli ec rules. E d id was marked last week by 
“Photoelectron 
N , Ww nich fedi pour in London under 
the auspices of the Royal Society, 

The theory of the technique i ix very straightforward. 
When molecules in a gas are b: »mbarded with mono- 
chromatic radiation, electrons are emitted with energies 
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equal to the difference between the energy of the 
incident photons and the binding energies of the 
electrons. This is just the photoelectric effect. The 
essential difference between this method and conven- 
tional absorption spectroscopy is that here the electron 
binding energy is measured directly, whereas in absorp- 
tion spectroscopy it is the difference between two energy 
levels that is recorded. It is perhaps surprising that 
although the photoelectric effect has been common 
knowledge for more than sixty years, until recently 
nobody had thought of applying it to analyse molecu- 
lar levels. 

There are two chief sources of monochromatic 
photons in regular use. The first resonance line of 
helium produces a strong output at 584 angstroms in 
the far ultraviolet, and soft X-rays from magnesium 
and aluminium are also used. Higher energy photons 
tend to produce better resolution in the photoelectron 
spectra, but usually a lower intensity as well. 

Two review papers set the scene for the conference. 
Dr D. W. Turner of Oxford University and Professor 
K. Seigbahn of the University of Uppsala, the origina- 
tors of the two principal branches of the technique, 
discussed how photoelectron measurements have been 
used to determine molecular electronic structure and 
for chemical analysis. The halogens are elements 
which give sharp lines in the helium-584 spectra, and 
Professor W. C. Price of King's College, London, gave 
& paper on the spectra of the halides of group 3 
elements, 

An incisive theoretical paper on the general theory of 
diatomic molecules was given by Dr J. M. Sichel of 
Bristol University, in which he analysed the angular 
distribution of the photoelectrons from such molecules. 
An interesting paper on photoionization cross-sections 
by Dr J. A. R. Samson of GCA Technology Division, 
Bedford, Massachusetts, contained an account of 
how the angular distribution of photoelectrons can 
be estimated from measurements at two particular 
angles. 

Several papers referred to the phenomenon of auto- 
ionization, which is the major contributor to the 
difficulties in absorption spectroscopy. This process 
oeeurs when an electron is not emitted directly from 
the atom, but jumps to a resonant state and is then 
emitted later. The line shape for such processes in 
photoelectron spectra is under investigation at present. 
As Dr Turner pointed out in his paper, it is now also 
possible to analyse the fine strueture of the spectra to 
give the vibration frequencies of the molecular ion, 
and from these the electron orbits of complicated 
molecules can be inferred. 


X-RAY STARS 


Radio Observations of Sco X-1 


Tar X-ray star Scorpius X-1, known to be variable 
at visible and X-ray wavelengths, has now been found 
to fluctuate in the radio range. This is reported by 
J. G. Ables of Adelaide, who has been observing 
Scorpius X-1 at a wavelength of 6 em with the 210 foot 
adio telescope at Parkes, the Australian National 
tadio Observatory (Astrophys. J. Lett., 155, 27; 1969). 
It is too early, however, to say how periodic the 
fluctuations are, but their time scale of the order of 
hours seems very like the slower of the optical varia- 
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tions whieh have been observed. Shorter time scales 
are present in the optical variations, but would have 
escaped detection in the 45 minute integration time of 
the radio measurements. Changes which have been 
detected so far in the X-ray emission from Scorpius 
X-1, the strongest X-ray star, also seem to have a 
short time scale and be of the flare type. 

'There is little room for doubt in the veracity of the 
radio observations. A total of 164 scans across the 
X-ray star were broken up to give fifteen data pomts 
for the flux density, showing a peak-to-peak variation 
of a factor of twenty which has a negligibly small 
chance of arising statistically. Neither can the varia- 
tion be attributed to ionospheric scintillation, or to 
inconstancies in the gain of the receiver which was 
carefully monitored. The observations were spread 
over three mornings last year. 

Ables's measurements seem to be the first which have 
been published since Scorpius X-1 was reported as a 
very weak radio source by Andrew and Purton of the 
National Research Council, Ottawa (Nature, 218, 856; 
1968). Unfortunately, however, Ables’s measure- 
ments were at almost the same wavelength as those of 
Andrew and Purton so there is still no information 
about the radio spectrum. 

It is clear that the radio fluctuations are a different 
kettle of fish from those which have been observed in 
the optical range. Ables points out that the factor of 
twenty intensity variation corresponds to more than 
three stellar magnitudes, while the largest optical 
variation seems to have been about 1-1 magnitudes, 
with an average value of about 0-5 magnitudes. The 
X-ray flare which has been observed by Lewin and his 
colleagues, however, was of 1-5 magnitudes (Astrophys. 
J. Lett., 152, 55; 1968). These need not be serious 
discrepancies, however, if factors such as differential 
absorption and the presence of emission, lines ere taken 
into account. Nevertheless, there is a broad range of 
time scales to be explained, going from optical flare- 
like activity with magnitudes up to 0-2 and a time 
scale of minutes through the X-ray flare with its dura- 
tion of about 30 minutes to.the slower optical variation 
with a time scale of the order of an hour. 


STABLE LAYERS 


Turbulence and Mixing 


from our Astronomy Correspondent 


Ix spite of the esoteric sound of last week's geophysical 
discussion meeting at the Royal Astronomical Societ y—- 
“Turbulence and Mixing in Stably Stratified Environ- 
ments’’—the topic is more than a mere curiosity. This 
much was clear after a meeting which attracted oceano- 
graphers, astrophysicists and meteorologists. Astro- 
physicists especially, and in particular those concerned 
with the Sun, stand to gain from a study of stably 
stratified layers which oddly enough is relevant to the 
experimental test of general relativity. The connexion 
was spelt out by Professor R. J. Tayler of Sussex 
University. If the experiments by Dicke which seem 
to show that the Sun is flattened at the poles are correct, 
the flattening could be due to the solar interior spimning 
much more rapidly than the exterior. This would 
mean that the Sun's gravitational forces are different 
from what has been assumed hitherto. The new notion 
of the configuration of the Sun’s field then has to be 
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taken into account when calculating that most satis- 
fying of tests of general relativity, the advance of the 
perihelion of Mereury. But the sensational result of 
Dicke’s experiment has been to destroy what was 
previously very good agreement between relativity 
theory and observation. 

This is why scientists everywhere are trying to pick 
holes in Dicke's reasoning. One of them is Dr F. P. 
Bretherton of Cambridge, who is trying to work out 
whether the solar interior could really spin that much 
faster than the 25 day rotation period which is observed 
for the outer layers. This is where the physics of 
stably stratified environments enters the problem, and 
the simple answer seems to be that a rapidly spinning 
solar core is not possible. A differentially rotating 
Sun, the argument goes, would come about from the 
ejection of matter from the surface of the Sun into 
interstellar space along field lines—the solar wind— 
slowing down the rotation of the surface compared with 
the interior. At last week's meeting, Dr Bretherton's 
approach was to show how a spinning Sun with a 
laminar eore, an outer conveetive zone, and a solar 
wind carrying away angular momentum ean be studied 
by analogy with a rotating beaker of fluid. He seems 
to be able to show that there would be a transfer of 
angular momentum through the layers of the Sun 
destroying the differential spin. But Professor Tayler 
stressed that this question of solar spin-down, together 
with every link in Dicke's argument, is hotly disputed. 

Geophysicists seem to be favouring the “liquid in a 
beaker" approach to questions of turbulenee and 
mixing just now. Dr J. S. Turner of Cambridge, one 
of the oceanography contingent at the meeting, showed 
films taken in the laboratory of motions induced in 
beakers of liquid. The liquids were stably stratified in 
the sense that the lighter liquid was on top, and the 
motions resulted from the effects of heat and the pre- 
sence of salt solutions. In one of his films a stable 
salinity gradient heated from below beautifully showed 
the formation of layers. 


MUSIC 


Variations on a Theme 


MusIcIANS apprehensive about the advance of com- 
puters into their domain would have been well advised 
to avoid the Royal Institution on February 28. Pro. 
fessor C. A. Taylor of the University of Wales at Car- 
diff gave a discourse on “Physics and Music" which 
demonstrated the ful potentialities of computer 
generated harmonics. One piece which particularly 
caught the audience’s fancy was a sequence of notes 
which appeared to be a chromatic scale, but which 
never appeared to increase in pitch. Professor Taylor 
explained that this was achieved by adding together 
several harmonics of a basic note and then modulating 
these with an intensity function in the shape of an 
inverted letter U. By keeping the centre of the U 
at the same pitch while increasing the individual notes 
chromatically, the mind is led to experience the dual 
sensation of pitch stability and increase. 

Professor Taylor used many other instruments— 
if that is the right word-—to illustrate the strange 
relationship between music as characterized by the 
pressure vibrations of air, and music as registered by the 
mind. The mind, it appears, considers the initial 
part of a note to be the important part, and Professor 
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Taylor demonstrated this by playing a tape recording 


ie 


organ note. 

Professor Taylor divided musical instruments into 
three categories; those with one vibrator, those with 
multiple vibrators and those in which the shape of an 
air cavity is the variable. Most normal instruments 
fall into the latter two categories, although some use 
combinations of all three methods. Professor Taylor 
threw in a demonstration of two single vibrator instru- 
ments which appealed to the audience; one was a 
carpenter's saw, where the degree of bending of the 
blade controlled the pitch of the nete, and this instru- 
ment" was played by the lecturer with a vibrato that 
would have shamed. no first violinist. The amplifica- 
tion effect of a formant was brought out on another 
pseudo-instrument, containing one wooden string. 
Bowing this string with considerable skill. Professor 
Taylor showed how the shape of the formant can 
transform a pitiful squeak into a relatively rich sound. 

Although the leeture featured many recordings of 
conventional instruments, the live demonstrations 
were all carried out on avant-garde devices. A repeat 
performance on the glass rod vibrators— Les Structures 
Sonores—which appeared on the BBC's Monitor pro- 
gramme some years ago was among the large collection 
of items that helped to make this an entertaining and 
imaginative leeture. 


ARCHAEOLOGY 


Castle Discovered 


from our Archaeology Correspondent 
INCREDIBLE though it seems, a twelfth century castle, 
with walls 10 feet thick and standing in places 10 feet 
above ground, has been discovered in a wood in 
Huntingdonshire. This mysterious castle is not re- 
corded on large scale Ordnance Survey maps of the 
area which are supposed to record every feature 6 feet 
above or below datum. It was discovered by Mr 
Philip Dickinson, who is the chief correspondent for 
the Ancient Monument Department of the Ministry of 
Public Building and Works in Huntingdonshire. He 
was asked by the planning office of the county council 
to investigate a story told by an old lady living in the 
hamlet of Ashton, which is close to the wood. She 


b 


had told the council that she hoped that ^ 


Until all the undergrowth has been cleared it is impos- 
sible to know the full extent of the ruins, but Mr 
Dickinson believes that the stone tower stands on the 
mound of an earlier Norman motte and bailey castle. 


of four corner turrets. Mr Dickinson hopes that when 
the undergrowth is cleared in the vaulted basement a 
first floor entrance may well be revealed, 

A search of twelfth to fourteenth century records 
has so far revealed no reference to the castle, although 
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there are a few references to the manor of Torpel in the 
Soke of Peterborough. During the twelfth and thir- 
teenth centuries this manor was owned by a succession 
of Roger de Torpels, who gave knight service to the 
Abbot of Peterborough. Torpel castle, which must 
have been larger than its cont emporary, Castle Hedding- 
ham in Essex, was presumably their home. It is too 
earlv to say exaetly when the castle was abandoned, 
but that had probably happened by the fourteenth 
century, although the manor continued as an admini- 
strative unit for several centuries after that. 

Recent references to the castle are either obscure or 
inaccurate, or both. In the nineteenth century Victoria 
County History of Northamptonshire there is a refer- 
ence to a T orpel Manor House in the parish of Ufford. 
In fact, the castle is in the parish of Bainton. The 
measurements of the so-called manor house that are 
given are also inaccurate. A nineteenth century local 
jour nal contains a mention of a rectangular Roman ruin 
in the wood, which no doubt refers to the tow er. Inthe 
English Place Names Society volume on Northampton- 
shire, whieh was published in the thirties, there is a 
reference to a ruined castle. Somebody must have 
visited the wood and recognized the castle for what it 
was, but in those days there was less enthusiasm for 
recording and scheduling historie monuments, and 
the castle was not brought to the attention of the 
ministry, 

C hanges i in the county boundaries also seem to have 
helped to keep the castle secret, The Soke of Peter- 
borough was until 1962 part of Northamptonshire, 
but was then incorporated into Huntingdonshire. 
This doubtless explains why the castle was not recorded 
by the Royal Commission on Historic Monuments, 
which surveved Huntingdonshire in the thirties. An 
application for scheduling is now being put to the 
ministry. 


PESTS 


Rats too Fertile 


AN attempt to control the rat populations of two Cali- 
fornian rubbish dumps using an antifertility agent has 
failed, apparently because the rats refused to eat the 
treated bait after the first taste. R. E. Marsh and 
W. E. Howard of the University of California at Davis 
used bait treated with mestranol, a synthetie oestrogen 
which is sometimes used in contraceptive pills for 
humans (J. Wildlife Management, 38, 133; 1969). 

Many city rubbish dumps in California support rats, 
princ ipally the Norway rat, Rattus norvegicus, and 
sometimes ground squir "rela, Citellus sp, and the house 
mouse, Mus musculus. Rats are so fecund, and open 
dumps provide sueh good food and shelter, that it is 
difficult to control the large populations with poisons, 
and a means of regulating reproduction is badly needed. 
Marsh and How ard knew that mestranol given to rats 
for two or more days markedly affects the fertilitv of 
the females and they also knew that Norway rats tend 
to refuse treated bait after first accepting it. To he lp 
overcome this diffieulty the bait was changed for each 
baiting of the dumps, using different brands of dog 
food. 

The treated bait was scattered over the rat infested 
areas of the dumps three times at four week intervals. 
The mestranol clearly inhibited reproduction; after 
the first four weeks 44 per cent of the population were 
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juveniles, and after 12 weeks only 13 per cent were 
juveniles. But the decrease in fecundity turned out 
to be the result of the effects of the first dose of 
mestranol only. After seven weeks there was a sharp 
increase in the number of young rats present, which 
indicated that the effects of mestranol lasted only about 
thirty days, even though treated bait was available for 
much longer, Although the bait was eagerly accepted 
at first, on the second and third occasions the rats 
consumed. ver ry little of their mestranol diet. If this 
ostensibly attractive method of controlling vertebrate 
pests is to be successful, the animals will have to be 
induced to take the bait more than once. Howard 
and Marsh conclude that either the acceptance of 
treated baits must be improved, or a scheme will 
have to be developed that rotates different antifertility 
agents as well as different baits. 


NUCLEOPROTEINS 


Specificity of Histones 


from our Cell Biology Correspondent 

TuE discovery last year that the amino-acid sequences 
of histone fractions isolated from the chromatin of pea 
cell and calf thymus nuclei are virtually identical 
(Nature, 220, 650; 1968) did much to convince the most 
dyed in the wool sceptics that histone chemistry is, 
after all, a respectable field, even though it is littered 
with sullied reputations. If a protein sequence has 
been conserved with only two replacements throughout 
evolution, since the divergence of the lines leading to 
peas and cattle, then the protein presumably has some 
crucial funetion which is unprecedentedly sensitive to 
mutational change. That conclusion seems inescap- 
able. But what are the histones doing ? It seems that. 
they act as repressors of gene expression, but, unlike 
the lactose operon and à phage repressors, histones 
apparently lack specificity for particular DNA base 
sequences. Furthermore, there seem to be far fewer 
species of histones than genes so there cannot be a one 
to one correspondence between genes or operons and 
specific histones. 

The histones could, of course, act as non-specific 
blanket repressors preventing the expression of large 
sections of the genome, but, if so, what controls the 
specificity of gene repression in nucleated cells? One 
suggestion, W hich has been in the air since 1963. is 
that an RNA molecule provides an auxiliary mechanism 
conferring specificity on a histone by acting as an 
adaptor in a way analogous to transfer RNA. Bonner's 
group set about finding this RNA and, sure enough, 
reported in 1965 that the chromosomal proteins, his- 
tones and acidie proteins isolated from chromatin con- 
tain associated RNA. Since that time this so-called 
chromosomal RNA has been detected in several cell 
types, and it is claimed that chromosomal RNA is 
organ specific, chiefly found in the nucleus and has 


very heterogeneous ‘base sequences. These are all 
prope ies expected of a histone adaptor. On the other 


hand, it has never been fully characterized. That 
has E however, deterred Bonner’s group (Beckhor, 
Kung and Bonner, J, Mol. Biol., 89, 351: 1969) and the 
Huangs (tbid., 365) from trying to test the effect of 
chromosomal RNA on the specificity of histone repres- 
sion in vitro. 

Both groups have done essentially the same experi- 
ment. Most of the DNA in native chromatin is re- 
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pressed, presumably in a highly specifie manner, so 
that only a small fraction of the base s sequences is 
available for transcription and, furthermore, there 
is some evidence from DNA-RNA hybridization experi- 
ments that the RNA transcribed off native chromatin 
in an in vitro system is the same as that transcribed 
tu vivo. The experiment to test the effect of chromo- 
somal RNA on the specificity of histone repression is 
to dissociate and then reconstitute chromatin in the 
presence and absence of chromosomal RNA and moni- 
tor the RNA transcribed off the native and reconsti- 
tuted chromatin by hybridization. Both groups now 
claim that if reconstitution is performed in the absence 
of chromosomal RNA the pattern of repression is not 
that of native chromatin, but in the presence of chromo- 
somal RNA specific repression is achieved on reconsti- 
tution. 

On the face of things, these experiments strongly 
support the notion that chromosomal RNA confers 
specificity on the histones. The RNA is apparently 
firmly bound to the histones and at the same time is 
resistant to digestion by ribonuclease, which implies 
it is in a double stranded form, presumably hydrogen 
bonded to DNA. It must be said, however, that not 
everyone working on this topic accepts these experi- 
ments at face value, chiefly because everything hangs 
on the sensitivity of the RNA-DNA hybridization 
competition techniques that are used to determine 
whieh DNA sequences are being transcribed off native 
and reconstituted chromatins, The crucial question is 
whether the systems are clean enough to allow the 
distinctions to be made. They probably are, but 
sceptics may not be convinced until the base composi- 
tions, or, better still, the sequences, have been deter- 
mined. 


ACTIVE TRANSPORT 


Crossing the Membrane 


from a Correspondent 


ACTIVE transport across biological membranes retains 
its mysteries, but one new approach—the study of the 
enhanced membrane permeability induced by some 
peptide antibiotics—has already produced surprises, 
and looks increasingly hopeful for the future. Valino- 
mycin, nonactin and gramicidin are examples of these 
antibiotics: they are macrocyclic peptides which in- 
crease the cation permeability of several membrane 
systems, both natural and artificial. They form cation 
complexes with extreme selectivity; for example, 
valinomycin can develop a 300-fold preference for 
K* over Na^. 

The structural basis of this selectivity has been 
clarified in the case of the K-specific antibiotic non- 
actin. X-ray analysis of the crystalline nonactin-lk 
complex shows that the anhydrated K* ion fits snugly 
in a hydrophilic pocket in the centre of the molecule 
and the peptide chain wraps round the ion like the seam 
of a tennis ball. To determine the state of such com- 
plexes in solution, Haynes, Kowalsky and Pressman 
have now analy sed the BUPICNT. uad resonance 





How (J. Biol Chem. 244. 502: 1969). 

When valinomycin, dissolved in deuterated chloro- 
form, combines with KCNS or ens all its See 
resonances move significantly, 
conformation change in the Does 


"The spect rà Er 


907 


the K* or Cs* complexes themselves are materially 
A Added Water causes iia n lange in _ the 


ee dielectric ie 
less unhydrated. 
Molecules like valinomvein may act as channels-—— by 
stacking together in columns and breac hing the mem- 
bre ane—or carr nr MoviE hrough t he. "s 


ing wr ion vat ttis ich of the ene ane. in nes 
and his colleagues provide two pieces of evidence that 
favour the carrier mechanism. First, there is no sign 
in the nuclear magnetic resonance spectrum that the 
valinomycein complexes have any tendency to associate 
in a non-polar medium. Second. a study of the line 


broadening induced by the exchange reaction 


valinomyein- KCNS + valinomyc amt 


valinomycin +valinomy cin®—KCNS 


reveals that K^ exchange js un: eb" in CDCI, 
though quite fast in the more polar solvent 80 per cent 
CH, OH) 20 per cent CDC], The unwillingness of K^ 
to leave its hydrophilic pocket w me n the whole complex 
is immersed in a non-polar fluid elearly counts against 
a channel mechanism, which w ald involve a “rapid 
shuttling of K from molecule te molecule of peptide 
within the membrane. 

The relevance of these molecules to the natural 
process of active transport is faseinating. though very 
much sub judice at the moment. The ion-carrving 
antibioties are also grist to the mills of the ehemi- 
osmotie theory of mitochondrial action. Mitchell and 
Movle report that they have used valinomycin-induced 
K^ permeability to measure the electric potential 
across mitochondrial membranes (Europ. J. Biochem., 
7, 471: 1969). This, combined with values for the pH 
difference across the same membranes, allows Mitchell 
and Moyle to argue that protons fulfil both the kinetic 
and thermodynamic requirements of an intermediate 
between respiration and ATP synthesis. 


MOLECULAR BIOLOGY 


Original Syn 


from our Molecular Biology Correspondent 


ONE of the features defining the stereochemistry of the 
nucleotides is the configuratior about the gly cosidie 
bond, which may be either syn or anti, the one being 
transformed into the other bv a rotation of the base 
through 180°. In the syn form there is more steric 
crowding, and it is by now well enough established that 
the standard nucleotides in their free and polymerized 
states exist in the anti form. A different situation, 
however, seems to obtain in toe adenosine analogue, 
formvein. 


This is an antibiotic, which differs from adenosine in 





th at t he carbon ato om of t he fiv ve-membered ring of the 





of s a UM dried n on w cave in ae enosine is a C8, are 
e vidently enough to cause the sya configuration in this 
molecule to be favoured, for is was established some 
time ago that this is the structare in the erystal. It is 
also known that the triphosphate will in certain 
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circumstances polymerize under the action of DNA- 
dependent RNA polymerase to form poly-F, and co- 
polymers with other ata Ward and Reich 
(Proc, US Nat. Acad. Sci., 61, 1494; 1968) have now 
examined the Mea ‘of these polymers; they find 
that n F has à number of interesting differences, 
both biochemical and physical, from poly-A. It is, 
for example, orders of magnitude more resistant to exo 
and endonucleases, but with pancreatic ribonuclease it 
degrades not very slowly, like poly-A, but at a rate 
comparable with poly-C. These results must be taken 
to reflect an important structural difference from 
poly-A, which is presumably the configuration about 
the glycosidic bond, and the optical properties are con- 
sistent with this interpretation. Neutral poly-F is 
hypochromic, with a broad melting profile, indicative 
of a single-stranded stacked structure, 
poly-A. In two-stranded polymers, the melting is 
sharp. Complexes of poly-F with poly- rU or poly-dT 
melt 30° C or more below the corresponding poly-A 
complexes. In alternating copolymers with U and its 
analogues, the melting temperatures are similar or 
higher than those of the poly-A-containing analogues, 
with one exception—alternating poly-(F -pseudo- U), 
which melts 25° C lower than poly-(A-pseudo-U). Now 
in pseudo-U the sugar is again joined to a carbon atom 
in the base. In its own complexes with poly-A and the 
like, polypseudo-U is stated to show increased thermal 
stability compared with poly-U, and so behaves very 
similarly to poly-F. 

Optical rotatory dispersion curves of the various com- 
plexes have also been measured. In two-stranded 


complexes, the curves qualitatively resemble those of 


the poly-A-containing counterparts, though the absorp- 
tion bands and thus the Cotton effects are shifted to the 
red. Single.stranded poly-F, on the other hand, has 
an optical rotatory dispersion of the opposite sense. In 
single-stranded copolymers with A, G, U, C and I the 
ORD varies between low positive and negative values, 
depending on composition. The conclusion is that F 
residues can be syn or anti, the latter being required 
for Watson-Crick helices, as an examination of the 
geometry shows. Single-stranded poly-F is in its pre- 
ferred fully syn state, and in copolymers there is a 
mixture of forms, depending on the fraetion of F 
present. It may be inferred that the rotational 
barrier between the two forms is low. An interesting 
speeulation arising from these results is the possibility 
that pseudo-U, which occurs, for example, in (RNAs, 
might serve as a hinge point for a conformational tran- 
sition, and indeed it has been reported that chemieal 
modification of pseudo-U produces considerable changes 
in ‘RNA structure and stability. 

The function of F-containing polynucleotides as 
messengers has been studied by Ikehara et al. (Biochim. 
Biophys. Acta, 174, 691; 1969). Poly-F itself will 
evidently not code, but alternating poly-FC stimulates 

thr-t-RNA binding to ribosomes almost to the same 
extent as does poly- AC, and his-tRNA binding half as 
much as poly-AC. In a cell-free system, poly- (his- thr) 
is produced, and poly-(arg-glu) if the messenger is 
poly-FG, exactly as expected. There is a high degree 
of fidelity, and the F works in all respects like A. 
Presumably the. anti configuration is mandatory for 
messenger function, inasmuch as this involves Watson- 

"rick pairing, so that the efficiency of the process must 
again reflect the low rotational barrier between the two 
states. 


like that of 
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BACTERIOPHAGE 


OXI74 Replication 


from our Cell Biology Correspondent 


SINSHEIMER has come to be almost a synonym for 
Q$X174, the single stranded DNA coliphage. The 
latest issue of the Journal of Molecular Biology contains 
three papers from Sinsheimer’s group on the OALT4 
infection process, bringing the group's score so far to 
twenty-seven. Knippers, Salivar, Newbold and Sins- 
heimer (J. Mol. Biol., 39, 641; 1969) have investi- 
gated the transfer of parental DNA into progeny phage 
particles in conditions in which the host E. coli cells, 
growing in a minimal medium, are infected with high 
multiplicities of parental phage. In these conditions 
some of the infecting parental DNA molecules become 
encapsulated in coat protein to form progeny phage. 
This transfer only occurred when the multipheity of 
infection was greater than three. Furthermore, the 
parental DNA which is encapsulated seems to be 
preferentially derived from parental replicative form 
(RF) molecules (double stranded circular DNA mole- 
cules containing a parental strand from an infecting 
phage and its complementary strand synthesized in 
the host cell) which are never associated with the host 
cell membrane but occur free in the cytoplasm. 

This result leads to the intriguing suggestion that the 
location of the RF molecule in the host cell determines 
its function in the DNA replication process. Infecting 
parental DNA which becomes attached to the cell 
membrane and converted into double stranded parental 
RF seems to function as a complex for the semicon- 
servative and symmetrical replication of progeny 
RF molecules which are released into the cytoplasm. 
There, together with a fraction of parental RF molecules 
that never become attached to the membrane, they 
are used for the synthesis of progeny single stranded 
DNA molecules which eventually become encapsulate d 
into progeny phage. During this stage in the cycle 
some of the parental strands must be displaced from 
RF and so become available for encapsulation. 

In the two other papers, Levine and Sinsheimer 
(J. Mol. Biol., 619 and 655) deal with one of the 
DX174 proteins, that specified by cistron VI, whose 
synthesis is not sensitive to chloramphenicol. Condi- 
tional lethal mutants of this cistron can convert the 
parental infecting DNA into a parental RF but E 
stages in infection are blocked. No progeny RF 
formed. Cistron VI protein is apparently required for 
progeny RF synthesis but not for the synthesis of 
progeny single stranded DNA. What function does 

the protein serve? The kinetics of synthesis of the 
protein and progeny RF molecules are similar and the 
aa ano the po RE appr to be made in 
P infection 


movements ot te progeny SRE. 
it is not required for the maintenance bof PN 25 
RF form nor for attachment of the parental RF to 
the cell membrane. Furthermore, it does not seem 
to be required for nicking DNA molecules. Levine and 
Sinsheimer suggest therefore that it acts as a de- 
naturing agent allowing the synthesis of progeny 
RF, perhaps by attaching the minus strand of a paren- 
tal RF to the membrane where it can then act as a 
template for synthesis. 
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Medicinal Chemistry: A series of Monographs 
Volume 9 


Oral Hypoglycaemic Agents 
Edited by G. D. Campbell 
March 1969, xviii -- 482 pp., 130s. 


Several million diabetics are treated with oral hypoglycaemic agents. This act underlines the need 
for an authoritative work of reference in which the development, experimental and clinical use of 
these drugs are discussed in detail by world authorities. This volume fills a gap in the hterature and 
provides the research worker, consultant physician, general practitioner or specialist in diabetes with 
a balanced view of the whole subject. An extensive index of cross reference-has been included, with 
code names and numbers, suitable names, "approved" names and even the most commonly used 
"trade names”. 

CONTENTS. History and Development of the Oral Treatment of Diabetes. The Relationshep between Chemical Structure 
and Hypoglycaemic Activ ty. Pharmacology and Mode of Action of the Hypoglvcaemic Su'phonyiureas.  Sulphonylureas 
in the Management of Human Diabetes, The Clinical Use of the Hypoglycaemic Guanidine Derivatives. The Oral Treatment 
of Diabetes in Tropical Countries, Pharmacology and Mode of Action of the Hypoglycaemic-Ouanidine Derivatives, Other 
Oral Hypoglycaemic Agents. Non-diabetic Uses of the Oral Hypoglycaemic Agents, Drug index. Author Index. Subject 
Index. 


Experimental Botany: An International Series of MonograpfFs. 
Volume 3 


Rhythmic Phenomena in Plants 
Beatrice M. Sweeney 
March 1969, x 4147 pp., 47s. 6d. 


The understanding of circadian rhythms and the insights which they previde regarding the time- 
keeping ability of organisms in general have progressed remarkably within the last ten years. 
The book is written for the student who wants a clear explanation of tbe nature and function of 
biological rhythms. It is intended to make it possible for him to do meaningful experiments of his 
own, understanding what has already been done but unencumbered by theoretical prejudices. It does 
not propose new theories but rather sets forth the facts which will enable the future investigator 
to make such new contributions. 


CONTENTS. First Observations: The Pattern of Plant Movement. A Short. Dictionary for Students of Rhythms. Rhythens 
that match. Environmental Periodicities: Day and Night. Rhythms that match Environmental Periodicities: Tidal, Sent- 
lunar and Lunar Cycles. Rhythms that match Environmental Periodicities; The Year. Rhytoms which do not match Enviran- 
mental Periodicities. The Cell Division Cycles. The Mechanism for the Generation of Oscillations, particularly these with 
a Circadian Period. Author Index. Subject Index. 


Annual Review of NMR Spectroscopy Volume 2 

Edited by E. F. Mooney 

April 1969, xii--440 pp., 120s. 

With the ever-growing rate in the number of chemical papers published, it becomes increasingly 
difficult to review every aspect of any subject. 

This series enables the chemist to keep abreast of the various developments in the technique and the 
increasing range of applications of this method to structural analysis. 

Annual Review of NMR Spectroscopy is intended for chemists in all fieids of research but will be 
particularly useful to the organic and analytical chemists. 


CONTENTS. General Review of Proton Magnetic Resonance. Nuclear Magnetic Resonance Spectroscopy in the Study 
of Carbohydrates and Related Compounds. Solvent Effects in Proton Magnetic Resonance Spectroscopy. Nitrogen Magnetic 
Resonance Spectroscopy. Carbon-13 Nuclear Magnetic Resonance Spectroscopy: Carbon-13 Chemical Shifts and Coupling 
Constants. Boron-12. Nuclear Magnetic Resonance Spectroscopy. Nuclear Electron Dosble Resonance in Liguids. Phos- 
phorus-31 Nuclear Magnetic Resonance Spectra of Co-ordination Compounds, Author Index. Subject Index. 


Lasers, Light Amplifiers and Oscillators 


Dieter Ross 
April 1969, xviii - 756 pp., 200s. 


This book, brought completely up-to-date in its English translation, can be considered as the definitive 
volume on laser science. The aim of th: author has been to conduct a systematic survey of the entire 
field, explaining those phenomena which are inherently new and to examine established effects 
which are also important in laser technology. The book will have a broad appeal both in physics 
and in engineering; of particular interest will be the concluding chapter on laser applications, 


Eigenmodes of Open, Opti eiii 
and Optimum Coupling. Time Depend nce of the Emission and Relaxation Oscillation: in Laser Oscillators. The Giant- 
Pulse Laser; Laser-Modulation. 
Bibliography. References. Index. 
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the Uvicord is completely compatible with the UltroRac. 
'The Uvicord detector unit is here shown incorporated, 
with the UltroRac, in a separation system. 
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The LKB UV Analyzer, 





A Fraction Larger 


Yes, our Fraction Collector, The UltroRac, is 
a fraction larger than some others on the mar- 
ket, but we do not consider this a disadvan- 
tage and neither do our customers who only 
speak of the ADVANTAGES of owning an 
LKB UltroRac. The UltroRac gives users 
reliable collection, ease of operation, easily 
varied test-tube capacity and freedom of 
choice in the method of collection. Any num- 
ber of test-tube racks can be removed from 
the collecting platform without interrupting 
the collecting process. 


Write or phone LKB today for a fully illus- 
trated brochure on this QUALITY instru- 
ment and the many others in the LKB Labo- 
ratory Instruments Line. 
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SEE YOU AT LABEX 


Space Saving 

Coldroom Use 

Standard Test Tubes 
Removable electronic unit 
200 test-tube capacity 
Time, drop and volume 
Stainless steel support rods 
Polypropylene racks 
Provision for event marking 
Power outlet for flow pump 
Electronic counting system 
Positive flow control 
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by 


ASHOK PARTHASARATHI 


Programme Analysis and Planning Group, 
Department of Atomic Energy, 
Bombay 


Two decades ago India blazed a new trail by being the 
first country in the world to set up a Government Depart- 
ment of Seientifie Research. The same year also saw the 
creation of the Atomic Energy Commission, an agency 
which has been one of our most successful scientific and 
industrial enterprises, and the setting up, two years 
before the United States, 
Scientific and Technical Personnel. 

Yet today there is deep-seated disquiet among scientists, 
both at home and abroad, about the vitality and durability 
of Indian scientific institutions and in particular about 
their capacity for generating those productive outputs 
which alone can serve to integrate them into the develop- 
ment process. More specifically, there has been, and 
continues to be, growing disillusionment among scientists 
about the commitment of India’s political, administrative, 
industrial and educational leadership to use science 
consciously and purposefully as a means of social trans- 
formation or governmental action. There are many 
indications of this disillusionment, but perhaps the most 
dramatic is the accelerating overseas migration of high 
level professional talent in many fields. Other signs are 
the fatalistic attitude towards Indian institutions of higher 
education, and the differences of opinion that continue to 
keep the Indian scientific community fragmented. It is 
against such a background that we have to examine the 
nature of the interaction between science and society in 
India during the past two decades, and what this inter- 
action is likely to be in the future. (I shall use the term 
"science" in an all-embracing sense, to inelude not only 
technology but also research, dev elopment and education.) 

An attempt to undertake such an examunation im- 


mediately brings one face to face with the paueity of 


publishe d data on the interaction of science and govern- 
ment in India. To judge by what ean be pieced together 
from various sources, it appears that from 1947 to 1955 
there was practically no formal national science poliey- 
making machinery of any kind. Yet these years corre- 
sponded to the primary and secondary growth phases, 
respectively, of the two scientific agencies which until 
recently have played a dominant part in Indian science- 

the Department of Atomic Energy (DAE) and the € | 
of Scientifie and Industri io xn (CSIR). The fact 
that such important ag should have emerged 
indicates, therefore, that deca on a "poliey for 
Indian science" were being taken during this period. It 
was simply that they were being arrived at by the process 


which might be called “implicit” seience poliev, that is, 
one built on informal relationships between leading 
science admunistrators and the political system. With 


the expansion of the Planning Commission in the pre- 
paratory phase of the Second Plan, however, the responsi- 
bility for integrating science into dev elopment fell to the 
Member for Perspective Planning and the Scientific 
d VE ision of the e OMISSION, Then, i in Lio the 
Was cr ee w di terms of ere ence aac were at once 
explicit and wide ranging. Smee then these two bodies 
have been the dominant formal influences determining 
national planning and policy making on science. 

I shall consider first the role of the Planning Commission. 
During the past dozen years, the commission has evolved 
a complex and elaborate process for national economie 
and social planning as a whole. In the area of scientific 
researeh, Professor Mahalanobis, as the member of the 


pearance and Reality in Indian Science 


of a National Register of 
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Although India was a pioneer in setting up science policy institutions, 
Dr Parthasarathi believes that they have failed to take root. 


commission concerned with the subject for over 10 years. 
has spelt out the responsibility of the conunission as: 
"...the setting up of such independent cornmittees, 
panels, ete., of scientists, as need arises, and taking their 
views and recommendations into eonsideration iu con- 
nexion with Five Year or Annual Plans for economic 
development and the attainment of national aims .. . *. 
But during the Second and Third Plans, only one such 
panel was set up for seientific research. To it was en- 
trusted the task of formulating schemes only for the 
research activities of the CSTR and the seientific organiza- 
tions under the Ministry of Educatien. None of the other 
scientific agencies of government were brought in for 
coordination within what was meast to be the framework 
of a national plan for science. While the setting up m 
1965 of the Study Group on Scieatifie Research of the 
National Planning Council, to eonsider questions of 
policy, priorities and techniques of science policy making, 
led to some improvement on this score, it was by all 
accounts still far from adequate. (My information on the 
setting up of this group was prov ided by a leading science 
adviser during deliberations of Panel H of the Science 
Round Table convened by the Prime Minister in September 
1967.) 
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Quite apart from the scope of is activities, how- 
ever, the effectiveness of the eomumission in its overall 
planning role has been limutec by several unportarit 
operational problems. ‘The firs: of da cone io Nun 
erucial consideration in building ` 
the assignment of priorities be 
the various Government agencies. Thus Suc: wW hie h 
is the core of any “pohey for science, can hardly be 
characterized as entirely rational, let alone scientific. It 
is in fact an issue which is dec: kied in every country as 
an integral part of the total political process (see, for 
example, ref. 2). How then w ab: che P lanning Commission 
expected to decide on the manner in which the “research 
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cake" should be cut up? Was r provided with a scale of 
priorities by the political leadership? If so, what was 
the nature of the process involved and how formal was it ? 
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Second, there was the important problem of how the 
legitimacy of the allocations asked for by each agency 
was to be assessed. Even assuming that all the govern- 
ment departments involved in scientific and technological 
activities provide the Planning Commission with sufficient 
details of their financial requirements on a project and 
programme basis, annually and for eaeh Plan, could the 
the propriety and adequacy of the schemes included, or the 
sums asked for, when the institutions involved ranged 
from the Department of Atomic Energy to the Indian 
Council of Medical Research ? Precisely because Govern- 
ment science" constitutes such an overwhelming part of 
India’s total scientific enterprise, it is surely obvious that 
the only people with the necessary detailed competence 
to evaluate agency programmes are those within the 
agencies themselves. Thus in the present situation, 
seeking people outside the “government system" in the 
hope of obtaining disinterested evaluations must in- 
escapably involve an almost total sacrifice of competence. 
But is meaningful planning possible without proper 
programme evaluation ? 

Third, once the final departmental allocations in the 
central and state budgets had been approved, how did 
the Planning Commission ensure that the distribution of 
these allocations between the various scientific disciplines 
reflected national priorities in the development of, say, 
physics as compared with botany, or chemistry compared 
with mechanical engineering ? Or must these priorities 
inevitably get lost in the programme requirements of 
“Government science” ? 


Scientific Advisory Committee to the Cabinet 

i turn now to a consideration of the nature and role of 
the Scientifie Advisory Committee to the Cabinet (SACC). 
At first sight SACC might seem very similar m structure 
and functions to the Presidential Science Advisory Com- 
mittee in the United States or the Council for Scientific 
Policy in Britain. The way in which it has actually 
functioned so far, however, has made it a far less effective 
body than either its American or British counterparts. 
I would like to consider this question of effectiveness 
by taking three features which are widely regarded today 
as essential for any national science policy making body —- 
clarity of structure, independence of opinion and official 
status. 

Even the most cursory examination of SACC as an 
institution indicates that it has hardly had a clear structure 
in any sense of the term. During the eleven years of its 
existence it has, for example, had only one scientist as 
chairman, and then for only two years. For the rest it 
has been chaired by the Cabinet Secretary whose office 
has also provided the marginal staff services that were 
called for by the committee’s limited activities. 

Its independence, as reflected in the criteria for member. 
ship. has been weak from the very beginning. Until 
recently, it has consisted almost entirely of leading 
scientists who held various positions within what I have 
been calling Government science. These ranged from the 
leadership of research organizations to membership of 
the Planning Commission and the University Grants 
Commission. There has thus been only a marginal 
involvement of representatives from scientific enter- 
prise outside government. 

The third factor which has limited the efficacy of SACC 
is the extremely limited visibility that has been given to 
its deliberations, even on such matters as the role of 
science in the civilian economy, problems of scientific 
manpower, or the role of language in India's scientific 
development. As a result, the partieipation of the 
scientific community in the discussion of national issues 
involving science has been prevented?. SACC has also 
failed to create a systematie and comprehensive data base 
on all aspeets of science and society, or to use such a base 
for earrving out studies on the implieations of specific 
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science policy problems. These activities, which can be 
earried out only by a group of science analysts skilled in 
the many different approaches necessary for science 
policy studies, are vital, for they form the basis for 
identifying alternative strategies, arriving at optimum 
allocations of resources and generally maintaining science 
in a closed feed-back loop with society. 

From this brief analysis it seems that there is a reason- 
able basis for contending that, taken by themselves, the 
existence of neither the Member for Perspective Planning 
and the Scientific Research Division of the Planning 
Commission nor SACC qualify India to claim that it has 
had a national science policy apparatus during the past 
fifteen years. What is more distressing, however, is that 
the situation does not seem to improve even when these two 
bodies are taken together. 

This state of affairs must be largely aseribed to the 
following factors. First, the status of the Planning 
Commission has severely impaired its capacity to generate 
a "balanced" national budget for science. The various 
scientific departments of government have been all too 
aware that the last word lies not with the commission but 
with the Ministry of Finance. Consequently there has been 
a tendency not to accord to the views of the commission 
the importance really due to them. Second, and rather 
surprising, the degree of “horizontal” interaction between 
the Planning Commission and SACC has. from all 
accounts, been marginal. In faet it was only late in 1965, 
when the allocation for scientific research in the Fourth 
Plan was being settled within the commission, that the 
first really formal interaction between SACC and the 
commission took place. 


Table 1. JAPANESE POLICY FOR INDUSTRIAL TECHNOLOGY 


Imported technology 
1950-62: No, of 
contracts as per cent 
of all contracts 
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Industrial sector 
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‘Transport machinery 
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Other machinery 
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Non-ferrous metals 
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Precision machinery 
Petroleum and coal 
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Correlation coefficient: -- 0:02 
Source: Seience and Technology Agency, Tokyo. 


Because the formal strueture for science policy formula- 
tion and implementation has operated in this unsatis- 
factory way, it is perhaps not surprising to find that 
decisions about the allocation of scientific resources, for 
example, have been taken, not on the basis of the advice 
tendered to the political leadership by either of these 
bodies, but as a result of informal and tacit interactions 
between individuals concerned in the seientifie com- 
munity, the executive and the polity. Even today, 
decisions about defence, publie health, atomic energy, 
industrial and even agricultural research are apparently 
being taken almost independently of the formal national 
science poliev apparatus. 

I would, however, like to emphasize that these 
observations are not intended to suggest that the evolution 
of science poliey inereases in effeetiveness the more 
rational or technoeratie and the less politicized it becomes. 
As recognized earlier in this article, polieies for science can 
be effective only as an integral part of the total political 
process. What is important, however, is that in India 
the process of generating such a policy should be made 
more formal, given greater visibility and, above all, 
that it should become a part of the mainstream of the 
debate on goals and means within and outside government. 

So far I have considered the degree of development of 
science policy in India from the "institutional" per- 
spective. It is also important, however, to attempt an 
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assessment of the operation of such institutions, as 
reflected in the actual implementation of a policy for 
science. I should therefore like to examine two important 
policy issues from this point of view. The first is derived 
from a comparison of the policies for industrial research 
adopted by India and Japan. Table 1 indicates the 
strategy adopted by Japan in the post-War period, to 
build up her industrial productive capacity through 
adaptive research. It shows that since 1953 Japan has 
not merely imported industrial technology from abroad, 
through licensing agreements of various kinds, but has 
also consistently undertaken indigenous design, develop- 
ment and engineering on a scale and with a distribution 
between industries closely matching those of her imports. 
Table 2 shows the manner in which indigenous industrial 
research and imported industrial technology have been 
related in India during broadly the same period. It is all 
too clear that, in the Indian ease, the distribution of 
support between sectors has been significantly anti- 
correlated with the distribution of import of manufactur- 
ing know-how. This contrast is all the more striking 
when one considers that, while in India 90 per cent of 
national industrial research is performed by government’, 
only about 30 per cent of Japan's industrial research 
effort is in the government sector’, 


Table 2, INDIAN POLICY FOR INDUSTRIAL TECHNOLOGY 


Sectoral imports of 
R and D expenditure technology, No. of 
of central government collaborations as per cent 
as per cent of total of total January 1957 
1960-61* to June 19651 


Chemicals 2 
Steel and metal products j 
Textiles (all kinds) 
Machinery other than 

electrical and transport 
Transport machinery . 
Electrical machinery . 1 
Correlation coefficient: 0-3 


* From A. Rahman and P. N. Chowdhury, "Investment on Scientific 
Research and Development--A Sectoral Analysis, Lok Udyog, vol 1, 
No. 3, 67 (1964). 

“With Survey of Foreign Collaboration", The Economic Times, 
Bombay (April 1966). 
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The seeond piece of evidence concerns the overseas 
education of India's advanced students in science and 
technology. In the first years after independence, the 
poliey of the Government of India was to allow the 
brightest students of the country to secure postgraduate 
degrees at foreign universities as self-sponsored candidates. 
With the drive towards industrialization during the 
Second Plan, however, an avowed commitment to man- 
power planning became necessary. As a result, enrol- 
ments and scholarships for research degrees and the setting 
up and finding of postgraduate departments of science 
and technology in Indian universities began to be carefully 
regulated. The object was to ensure that the number and 
distribution by discipline of the graduates were in accord 
with the Planning Commission's assessments of national 


needs. But no such regulation was applied to overseas 
education. It was necessary for an engineering graduate 


or a science postgraduate to secure a certain academic 
grade in order to study abroad. What is more, self- 
sponsored students, who constituted much more than 
half the total, were not required to indicate in what disci- 
pline area they would be trained, how relevant to national 
tasks their training would be or when they intended to 
return home. It was therefore not surprising that a vast 
excess of skilled manpower with serious imbalances in 
distribution among disciplines and in levels of training 
should have resulted. For example, the Planning Com- 
mission had estimated that during the Third Plan 3,000 
PhDs? in natural science and engineering would be needed 
and in fact 3,656 were actually produced within the 
country (computed from ref. 7 and other unpublished 
material). During the same period, however, universities 
in the United States alone, produced another 1,659 
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Indian PhDs (ref. 8 and private cemmunication from 
Dr F. Boercker, 1967). Apparent the Government 
believes that a “mixed economy” is workable in the 
manpower industry, not realizing @hat no better way 
could be found of donating Indian talent to the inter. 
national market. 

Where then do we end up? Are we to ascribe the 
failure of the "science policy ideolozy" to take root iu 
India merely to the operational inadequaey of the 
institutional forms that have been responsible so far for 
formulating and implementing suck policy ? Or is the 
problem deeper and more fundamental ? 

In a strictly operational sense there are, of course, 
several measures that could be taken to reconstruct 
India's science policy apparatus. To my mind the most 
important of these is the need for the political executive 
and Parliament to create, each in its own way, the 
conditions in which they can turn for advice on science 
policy matters generally to competent individuals and 
groups outside “Government science". Strengthening 
the Indian Institutes of Technolog’ (national centres of 
excellence in engineering edueation and research) and at 
least some of the universities should provide one such 
condition. Another would be achieved by the establish- 
ment of a single national professional society whose 
leading members are not involvec in government, and 
whose status and independence weuld be guaranteed by 
the commitment of substantial resources from either the 
executive or Parliament or both. Supporting initiatives 
to set up an autonomous Institue of Science Analysis 
would be a third. At the same tirae it is imperative that 
Parliament, for its part, brings abeut such changes in it8 
own functioning which will enable it to make use of such 
competence. It will have to equip itself, for example, 
with at least one Select Committee on science or perhaps 
covering both science and technology, and back it up 
with an adequate staff of analysts 

Social development in the context of the assertive 
populism that is emerging in so many poor countries must 
inevitably lead to distribution and allocation receiving 
more attention, at least in the short run, than innovation. 
Questions such as how to distribute even minor 
increments in well-being, what weight to give the con» 
flicting claims of property and lebour and what institu- 
tional structures to encourage cr inhibit consume and 
engage the attention of the politwal system. In a situa- 
tion of this kind, the question— «hat can a government 


outsider, occasionally and marginally affecting the affairs 

of state—and at worst an irrelevant disturbance. Thus 

while much will continue to be said in India and other 

developing countries about how highly the leadership 

ranks science as a means of transforming society, if seems 

almost inevitable that scientists in these countries must 

reconcile themselves to regarding such pronouncements 

merely as part of that “verbal culture” which characterizes 

so much of national life. 

1 Mahalanobis, P. C., Planning of Scientifie Research im Iria (Indian Statis- 
tical Institute, Caleutta, 1950). 

* Government and Allocation of Resources tc Science (OECD, Paris, 1966). 

* Parthasarathi, A., Organizational Initiatues to Sharpen the Contribution of 
Science and Technology to Developme, paper presented at the Science 
“Round Table” convened by the Peme Minister in September 1067; 


reprinted in Vijnan Karmee (Journsé of the Association of Sclentifie 
Workers of India), 19, 43 (1967). 





5 The Overall Level and Structure of R ans D Effort in OECD Member Coun- 
tries (OECD, Paris, 1967). 

* Draft Outline of the Third Five Year Pien (Planning Commission, Govern- 
ment of India, 1960). 

? University Development in India: Basie Facts and Figures, 1863-64 (Uni- 






versity Grants Commission (November 1964), Some Facts and Figures, 
April, 1966 (University Grants Commission (April 1966). 

* Doctorate Production in United States Universities? 1020-1002, N AS-N RC 
Publ. 1142 (NAS-NRC, Washingtorm DC, 19863). 
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What regulates Lactose Content in Milk? 


by 
RICHARD D. PALMITER* 


Department of Biological Sciences, 
Stanford University, 
Stanford, California 


Ur to half the dry weight of milk consists of the carbo- 
hydrate laetose, yet no hypothesis completely explains 
how the concentration of lactose is determined in mamma- 
han milk. My purpose here is not to present a hypothesis 
but rather to stimulate interest in questions concerning 
the regulation of lactose synthesis. The experimental 
data presented concerning feedback inhibition and re- 
pression of lactose synthetase by lactose are considered 
together with the other available data in a general dis- 
eussion of the possibilities which should be taken to 
account in deriving any such hypothesis. 

Lactose synthetase, the enzyme which catalyses the 
synthesis of laetose from uridine-diphosphogalaetose and 
glucose, is induced in the mammary gland only during 
late pregnancy and laetation*?*. Lactose is not synthe- 
sized at any other time, so the rate of lactose synthesis is 
dependent to some extent on lactose synthetase con- 
centration within the mammary epithelial celis. This 
enzyme is, however, composed of two subunits (A and B)*: 
one subunit (A) by itself exhibits. N-acetyllaetosamine 
synthetase aetivity*, while the (B) subunit is identical to 
the familiar milk protein, alpha-laetalbumin?. The B 
subunit 1s always the rate limiting component of lactose 
synthetase activity in the mouse mammary gland (my 
unpublished results). lt is secreted into the lumen of the 
gland along with the other milk proteins. The A subunit, 
on the other hand, is at least partially bound to the endo- 
plasmie reticulum®. These facts have been used to suggest 
that the rate of laetose synthesis may be closely linked to 
the rate of milk protein synthesis (unpublished results), 
because newly synthesized alpha-laetalbumin may first 
be used as part of the lactose synthetase enzyme, and then 
be packaged into protein-containing granules*-? along with 
the other milk proteins. 

The suggestion that the rate of lactose synthesis is 
proportional to the rate of protein synthesis becomes 
paradoxical, however, when it is observed that the content 


of lactose in the milk from a large variety of animals is. 


inversely proportional to both protein and fat content 
(Fig. 1). It thus seems unlikely that lactose synthesis is 
controlled primarily by the rate of protein synthesis. One 
possible resolution of this paradox is that the concentra- 
tion of alpha-lactalbumin is determined independently of 
total protein content; more specifically, it might be 
inversely proportional to overall protein, as is lactose. The 
data of Sloan et al.!'*, part of a comparative study of whey 
proteins, however, do not reveal any consistent relation- 
ship between alpha-lactalbumin concentration in the milk 
and total protein content. 

Another potential form of regulation of lactose synthesis 
would be feedback inhibition by lactose of one of the 


* Present address: Department of Pharmacology, School of Medicine, 
Stanford University. 


The lactose content of the milk of many species varies inversely 
with the protein and fat content, but the control of its synthesis 
is not at present understood. 


enzymes in the pathway of lactose synthesis. The major 
pathway is 


+ATP i + UTP 
Glucose- -- -Glucose -6-P -..-Glucose- 1-P -... UDPG + 
(i) +ADP (2) (3) PPi 
+ Glucose 
UDPG ---UDPGal--- - - Laetose 
(4) (5) 4 UDP 


Abbreviations are: UDPG, uridine-diphosphoglucose; 
UDPGal, uridine-diphosphogalactose; (1) hexokinase. (2) 
phosphoglucomutase, (3) UDPG  pyrophosphorylase, 
(4) UDPGal-4-epimerase or galactose-1-P uridyl trans- 
ferase, (5) lactose synthetase. 

Both UDPG and UDPGal are intermediates in the 
synthesis of polysaccharides and mucopoylsaccharides. so 
lactose might not be expected to act as a feedback inhibi- 
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Fig. 1. Inverse relationship of fat and protein content to lactose content 
in milk from various mammals, All concentrations expressed as g/100 
mil. of mik. The source of the data is given in parentheses after the 
species; the values for lactose content from mouse milk were not 
available” and the boxes are average values for cetaceans’, 
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tor of any of the enzymes before lactose synthetase 
itself. The effect of lactose and other carbohydrates on 
mouse laetose synthetase activity is illustrated in Fig. 2. 
It is apparent that there is no significant inhibition of 
lactose synthetase by concentrations of lactose that are 
within the physiological range. This result contrasts with 
the 40 per cent inhibition of purified bovine lactose 
synthetase in the presence of L5 per cent lactose!!, 
Whether the explanation for this discrepancy lies in the 
source of the enzyme or its degree of purifieation is 
unknown.  Feedbaek inhibition at other steps in the 
pathway of lactose synthesis should also be considered. 
In some species it may not be laetose that inhibits the 
synthesis of laetose. Milk fat synthesis is regulated 1n a 
similarly indirect manner. There, the inhibitor is localized 
in the particulate fraction (105,000g pellet) of the milk, 
and acts on the enzyme acetyl-CoA-carboxylase, the first 
enzyme in the pathway of fatty acid synthesis". The 
correlation presented in Fig. 1 suggests that protein or fat 
may be involved in inhibition of lactose synthesis or 
secretion. 
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Fig. 2. Effect of lactose and other carbohydrates on lactose synthetase 
activity. Mammary gland homogenates were prepared from lactating 
mice (15 days post partum) and lactose synthetase was assayed as 
previously described (my unpublished work). The reaction mixture 
contained 20 ul. of enzyme, 2-4 «moles of tris HCl, pH 7-5, 0-2 umoles 
of MgCl, 0-5 «moles of MnCl. 0:15 moles of ATP, 3 «moles of glucose, 
and 32-3umoles of C^UDPGalactose (24,000 d.p.m., International 
Chemical and Nuclear Corp.) plus the indicated final concentration of 
carbohydrate in a final volume of 150 al. Radioactive lactose was 
isolated as in previous studies. BKD is equivalent to the disintegrations 
per min (d.p.m.) recovered without the substrate, glucose, present in the 
reaction mixture. 


Repression of enzyme synthesis by lactose is another 
form of regulation which should be considered. Both 
subunits of lactose synthetase are induced in tissue culture 
when pieces of mid-pregnant mouse mammary gland are 
incubated in the presence of insulin, hydrocortisone and 
prolactin (my unpublished results). The effect of lactose 
on the induction of the synthesis of lactose synthetase 
subunits was investigated (Fig. 3). Lactose at a final 
concentration of 3 per cent (which is probably close to the 
physiological concentration of lactose in mouse milk) 
affected neither the induetion of the subunits nor the 
maintenance of induced levels of enzymatic activity. 
These data suggest that lactose does not repress the 
synthesis of lactose synthetase. 

Because lactose has a low molecular weight and is 
present in the milk at high concentrations, osmotic con- 
siderations may be involved in the determination of 
lactose concentration in milk. Milk is normally isosmotic 
with blood; thus the real determinant of lactose content 
in the milk could be the quantities of the other osmotically 
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active constituents. The osmotic contribution of both 
fat and protein is difficult to calculate, especially because 
both are partially present in milk within membrane-bound 
vesicles. Even so, their high molecular weight suggests a 
negligible osmotie contribution. Salts, on the other hand, 
play a large part in osmotic balanee. Calculations from 
available data? show that the difference between the 
osmolality of lactose and isosmotie conditions is prinei- 
pally made up by K+, Na* and Ci- ions. Barry and 
Rowland have shown that the sodium and chloride 
concentrations are inversely proportional to laetose and 
potassium concentrations in bovine milk. They have 
suggested that milk (high in K* and lactose) is diluted 
within the gland by a blood serum transudate (high in 
Nat and Cl-), and therefore the final concentration of 
lactose would be dependent on the extent of dilution of 
the freshly secreted milk. Although the extent of lactose 
dilution by a serum transudate may explain the concen- 
tration of lactose in any one species, it is unknown 
whether the same mechanism is involved m the determ- 
ination of the species-specific milk lactose concentration ; 
in other words, is human milk diluted very little by a 
serum transudate, bovine milk somewhat diluted, and 
cetacean milk greatly diluted? At present, the data 
necessary to answer this question are not available. 

Regardless of the mechanism by which lactose content 
of the milk is determined, an interesting question arises, 
“What is the concentration of lactose within the mammary 
epithelial cell ?". If it is the same as in the milk, then in 
humans, for example, with a 7 per cent lactose content the 
salt concentration within the cell would necessarily be 
very low (about one third normal in human mammary 
epithelial cells) which would be a novel and unlikely 
finding. It may therefore be that-lactose exists within the 
cell as an osmotically inactive molecule. for example. by 
being bound to some macromolecule or by being packaged 
into membrane bound vesicles; or it may be secreted 
direetly into the alveoli as it is synthesized. 
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Fig. 3. Normal induction of both subunits of lactose synthetase and the 
effect of lactose on this induction and on the maintenance of the induced 
state. Each culture consisted of twenty-five pieces of mammary gland 
tissue (0^5-1:0 mg wet weight each) from 9 day pregnant, mulliparous 
mice. Controls (group 4) were incubated in 10 ml of medium 199. 
Experimentals (groups B and C) received 10 ml of medium made by 
diluting medium 199 to 70 per cont; glucose was added to bring the 
final concentration back to 100 mg/ml; medium was then made isotonie 
with normal medium by adding NaCl (to 0:28 per ceni) or lactose (to 
3 per cent). B subunit activity is determined by using the lactose 
synthetase assay (Fig. 2); the A subunit activity is determined by 
using the N-acetyllactosamine assay (which is identical to the lactose 
synthetase assay except that 0-45 umoles of N-acetylglucosamirne 
replaces the 3 umoles of glucose). Each activity was derived from a 
six-point time course conducted over 20 min; activities are expressed as 
upgmoles of product formed/min/mg protein. BED is equivalent to the 
activity measured without either glucose or N-acetylgiucosamine 
present as substrates, Group 4, Normal induction of beth A and B 
subunits of lactose synthetase by insulin, hydrocortisone and proiactin, 
(Without the hormonal additions the enzyme activities remain the same 
as at zero time.) Group B, Effect of lactose (Lac) or NaCl in the culture 
medium on the induction of both enzyme subunits, Compare wiih 
control at43h. Group C, Effect of lactose or NaCt on the maintenanee of 
induced levels of lactose synthetase. Both subunits were Induced by 
culturing the tissue in normal medium for 50 h, then the tissue was 
cultured in either NaCl or lactose-containing medium for the remaining 
24h. Compare with control a£ 73 h. 
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An analogous situation exists in plants in which large 
quantities of sucrose are synthesized and secreted by the 
mesophyll cells. There, sucrose may be synthesized as 
sucrose phosphate > and then be hydrolysed to sucrose 
and inorganic phosphate before it appears in the phloem!'*. 
The concentration of sucrose phosphate within the cell is 
never large, whereas in the phloem the concentration of 
sucrose can approach 20 per cent!5. A similar mechanism 
has been proposed for the mammary gland", but the 
intermediate synthesis of lactose phosphate is no longer 
believed to be the mechanism of lactose synthesis!5:39, 

The mechanism(s) by which the mammary gland 
&ynthesizes and secretes lactose into the milk therefore 
2 I thank Dr 
discussions. This work was supported by the US Public 
Health Service and the American Cancer Society. 
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WE present here a preliminary account of X-ray diffraction 
and physicochemical studies of several synthetic poly- 
tripeptide and polyhexapeptide models for collagen, and 
discuss the implications of the results for the molecular 
structure of the protein. 

Collagen shows a distinctive X-ray pattern which differs 
markedly from those of almost all other fibrous proteins. 
Its principal features include strong first and second orders 
of an equatorial spacing varying with humidity from 
10-5 A in dry collagen to about 15 A in wet, a strong 
meridional are at 29 A on the tenth layer line, near- 
meridional reflexions on the third and seventh layer lines 
and a diffuse distribution of intensity around 4-5 
chiefly near the equator. In 1955, Ramachandran and 
Kartha! proposed a structural interpretation of this 
pattern, which has been widely accepted as correct, at 
least in its general features. The structure is based on a 
non-integral screw-axis, which relates equivalent units by 
a translation of 29 A and a rotation of approximately 
108°, and there are three helical polypeptide chains, each 
having every third residue glycine, which are wound 
around each other to form a three-stranded rope-like 
strueture. Because of the limited detail of the X-ray 
pattern of collagen and the complexity of its amino-acid 
sequence, much of which is still unknown, however, the 
unequivocal elucidation of the precise molecular conforma- 
tion has proved difficult, and three alternative modifica- 


Several polytripeptide and polyhexapeptide models of collagen have 
the same triple helical conformation with one NH...O interchain H 
bond per tripeptide. 


Collagen itself probably has this structure. 


tions of the structure have been proposed. They differ in 
details of the conformation and the mode of interchain 
hydrogen bonding. In particular, one modification? has 
two systematic hydrogen bonds of the type NH...O 
for every three amino-acid residues, whereas the other 
two, the so-called collagen I and collagen IT structures?:*:*^, 
have only one hydrogen bond for three residues. 

As an aid to the understanding of the structure and 
properties of collagen, studies have been made of possible 
polypeptide models of the protein. In recent years, 
interest has turned particularly £o polytripeptides which 
have every third residue glycine as well as residues of 
one or both of the imino-acids proline and hydroxyprohne, 
in accordance with features of the composition of collagen 
which are believed to play an important part in determin- 
ing its structure. There is evidence that several sueh poly- 
tripeptides do indeed have collagen-like conformations?*-*, 
but up to now no detailed strueture determination of 
any of these compounds has been reported. Recently, we 
have completed a systematic conformational analysis of 
the polymer (Gly.Pro.Pro), (Fig. 1) and arrived at a 
unique conformation which we believe to be representative 
of much, if not all, of the helical strueture of collagen. 


Structure Analysis of (Gly.Pro.Pro), 
(Gly.Pro.Pro), gives a well defined X-ray pattern which 
shows all the principal features of the collagen pattern, 


NATURE, VOL. 221. MARCH 8, 1969 


and clearly arises from a three-stranded strueture with 
the same helical parameters as have been found for the 
protein*. In determining its strueture, we have had two 
distinct advantages not available to those who have under- 
taken a detailed structure analysis of collagen itself. 
First, we have been able to test various possible conforma- 
tions in terms of interatomic distances and X-ray in- 
tensities ealeulated for a known chemieal formula, rather 
than some approximation to the overall amino-acid 
composition of eollagen. Second, we have been able to 
determine the unit-cell dimensions of (Gly.Pro.Pro),9— 
the cell is hexagonal with a— 12-5 A and c— 28-7 A—and 
thus also to test possible conformations by their ability to 
pack into the available space. 


O 1 O 2 O 3 
| I | 
-N Cg -C DNOae€ gC QN ;—C x i 
| MEE || 
H 1 Cas CB, C ó3 CB, 
bd br ad 


Ors Crs 
Structural formula of one tripeptide unit of (Gly. Pro. Pro)» 


Fig. 1. 
indicating notation used In text. 


The analysis was performed with the aid of the Golem 
computer of the Weizmann Institute. This was used 
systematically to generate structures with the observed 
helical parameters and planar peptide groups with 
standard bond lengths and angles*!* as well as to test 
these structures in terms of acceptable intramolecular and 
intermolecular van der Waals contacts and agreement 
between calculated and observed intensities. It was 
found convenient to express the polytripeptide conforma- 
tions in terms of inclinations of lines, joining successive « 
carbon atoms, to the helix axis and to each other, as well as 
the orientations of the peptide groups about these lines". 
These parameters were varied systematically in discrete 
steps. Van der Waals contacts were tested on the basis of 
“outer limit’? values found in single crystal structure 
analyses!?*. These limits were reduced by the maximum 
possible errors in computed interatomic distances, 
however, due to the finite size of the steps in the para- 
meters and to possible variations either in the conforma- 
tions of the proline rings or in the nominally tetrahedral 
angles at the « carbon atoms. An additional requirement 
imposed was that the glycyl NH group be joined to some 
earbonyl group by an interchain hydrogen bond of length 
between 2-6 A and 3-2 A and with an HNO angle less than 
40?, Such hydrogen bonding is assumed in all three 
models for collagen and, indeed, it would be hard to 
imagine a three stranded strueture without it. 

The analysis was carried out in several stages. In the 
first, the complete ranges of possible values for the con- 
formational parameters were covered in relatively coarse 
steps and the conformations tested according to very short 
van der Waals limits. In subsequent stages, regions found 
to have structures which passed the tests applied were 
re-examined at finer intervals and with stiffer criteria. All 
conformations for which the 2-87 A translation and 108? 
rotation between equivalent units follow a right-handed 
helix were found to have short intramolecular contacts. 
So were all conformations with a left-handed helix, except 
for a relatively small region which, however, still includes 
the parameters of the two-bonded, collagen I, and 
collagen IT models for collagen, in which the NH of glycine 
makes interchain hydrogen bonds with O;, O, and O, of 
Fig. 1 respectively. The second hydrogen bond of the 
two-bonded structure is of the type N,H,...0, and 
implies an amino rather than an imino-acid residue 
after glycine. All conformations with hydrogen bonding 
of the collagen I type that were not excluded by intra- 
molecular criteria turned out to have short intermolecular 
contacts. On the other hand, all conformations with 
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N,H, hydrogen bonded to O, were found to give ratios of 
the calculated intensities for the 290 and 100 reflexions 
which are less than half the observed value of 0-85. Both 
100 and 200 are strong low-order reflexions which are 
sensitive only to fairly gross changes of structure, and so 
the ratio of their intensities is a relialsle structural criterion. 
Furthermore, conformations with this type of hydrogen 
bond were all found to have HNO angles near 40° and 
C,0, carbonyl groups pointing inwards towards the helix 
axis and unavailable for hydrogen bonding even to water. 
The only type of conformation found consistent with 
all the data has N,H, ... O, hydrogen bonding, with the 
NH pointing clockwise when viewed from the earboxyl 
ends of the chains. Table 1 shows atomic coordinates for 
what seems to be the best structure by all criteria. The 
bond lengths and angles are in agreement with accepted 
values and all intramolceular and intermolecular van der 
Waals distances are greater thame the normal hmuts'. 
Fig. 2 shows a comparison of observed intensities with 
those calculated for this structure. with and without the 
addition of two water molecules pe* tripeptide in positions 
where they form hydrogen bonds to the two carbonyl 
groups not connected with NH. The structure we have 
derived for (Gly.Pro.Pro), resembles collagen IT in its 
mode of hydrogen bonding, but there are appreciable 
differences between our atomic coordinates and those 
previously reported. Consequent y there are differences 
in the ealeulated intensities and in the length of the 
NH...O hydrogen bond. Our value of 2:96 A is con- 
siderably longer than the 2:85 A and 2-70 À previously 
reported?-!!, but conforms better with commonly observed 
NH...O hydrogen bonds and the indication, from 
infrared data, of a long hydrogen bond in collagen". 


Table 1, ATOMIC COORDINATES OF (GLY .PRO.PEO}s 


Atom z(À) y (AY z (À) y (A) o (deg) 
N, 1:85 - Tedd — 694 1:09 ~ 33-8 
H, 0-86 — 1:70 -1 o3 POI -—ÜÓAS:i 
Ces, 1-46 0-00 0-00 1:46 0.0 
(C 2.89 ("16 PS 2-50 25 
Q, 3-23 ~~ 8O 144 a. 88 140 
Ne 2:76 1:358 i560 3-698 26-6 
Ca 379 1-64 2.90 $33 28-4 
CB, 3.92 4:15 243 5-08 S88 
C, 2:63 3-66 94H 51 54-4 
Có, 2*0] 2:57 i34 3.26 8r 
a 3:31 1-08 S334. pas 192 
Or» 9:21 1:47 46 246 30-6 
Ns | 4403 0-23 A386 4-04 3-3 
Ca; 3:58 mm 35 aeo 3:60 om d 
CB, 4:83 we LOS UT 4:05 m [28 
Cy, 5-72 —1:87 Be? 5-88 -13-5 
Có, 5:35 ~ 28 418 5.86 O5 
C’ 2:07 0-63 £92 8-04 126 
Q4 3:37 1-86 02 3 82 ema 
Ca, 1:18 0-86 SB] 146 86.0 
(H,0), 3-58 — 1:46 c 00 IRT ~~ BO-B 
(H,0), 2-86 - Be BD 08 4-85 = BBO 


The dihedral angles? are 9=128-5°, 108-2° and 1346" and y= 392-4", 
306-8? and 328-1? at Ca,, Ca, and Ca, respectively. 


Structures of Other Polytripeptides 

Several other polytripeptides ef the form (Gly. Pro. X u 
including (Gly.Pro.Hypro),*, (@sly.Pro.Ala},’, (Gly.Pro. 
Phe),? and (Gly.Pro.Lys.HCl),, show collagen-like X-ray 
patterns and their spacings indisate that they may have 
the same conformation as (Gly.2ro.Pro),*. in any case, 
because these polymers have proline after glycine, they 
could not form the two-bonded structure and even a single 
N,H,...O, hydrogen bond wouid imply the very unlikely 
Tripep- 


largely on adjacent portions of all three chains*. Such 
regions of the protein would therefore have a one-bonded 
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strueture and probably the same backbone conformation 
as (Gly.Pro.Pro),. 

We have investigated two polytripeptides, (Gly.Gly. 
Pro), and (Gly. Ala.Pro), which have an amino rather 
than an imino-acid residue after glycine, but have not 
found a collagen-like triple-helieal structure in either case. 
Both these polymers form struetures in which chains, with 
conformations of the polyproline II type". rather than 
being wound around each other, are hydrogen bonded 
together to form extended sheet-like aggregates. In 
(Gly.Gly.Pro), the chains are held together by two 
NH... O hydrogen bonds per tripeptide to form double- 
layered sheets'*. In (Gly.Ala.Pro), there is only one 
NH...O hydrogen bond per tripeptide and the chains 
form a eorrugated sheet. 


Structure Analysis of Polyhexapeptides 


We have, however, obtained collagen-like X-ray 
patterns from four polyhexapeptides with the sequences 


(Gly.Pro.Ala.Gly.Pro.Pro), ^ (Gly.Ala.Pro.Gly.Pro.Pro)n, 
(Gly. Ala.Ala.Gly.Pro.Pro), and  (Gly.Ala.Pro.Gly.Pro. 
Ala). All show the principal features of the diffraction 


pattern of the protein, including a meridional 2-9 A 
spacing on the tenth layer line, and relatively strong 
reflexions on the equator and near the meridian on the 
third and seventh layer lines. If the two-bonded structure 
for collagen were correct, the last three polymers might be 
expected to form structures with three NH... O hydrogen 
bonds per hexapeptide. (Gly.Pro.Ala.Gly.Pro.Pro), con- 
forms to the sequence (Gly.Pro. X), and might be expected 
to resemble (Gly.Pro.Pro), in conformation. We have 
earried out systematic evaluations of possible molecular 
conformations for the polyhexapeptides, in terms of van 
der Waals contacts and calculated intensities for equator- 
ial reflexions, using the procedures that were applied to 
(Gly.Pro.Pro.&. We have only considered conformations 
with N,H,...O, or N,H,...0O, interchain hydrogen 
bonding, on the assumption that the polyhexapeptide 
structures do not differ very greatly from that found for 
(Gly.Pro.Pro),. We have also assumed that the x carbon 
atoms of all the glycine residues in each polyhexapeptide 
lie on a regular helix. Both our postulates are implicit in 
the generally made assumption that collagen itself 
incorporates the various amino-acid sequences we have 
considered in an essentially uniform  polytripeptide 
backbone conformation. The 200/100 intensity ratios 
observed for the polyhexapeptides are considerably larger 

even than for (Gly.Pro.Pro),, but the analyses revealed no 
stereochemically possible conformation with N,H,... O, 

bonding for whieh the 200/100 ratio [or 1 110/ 100 D 
(Gly.Ala.Pro.Gly.Pro.Pro),] is greater than 0-4. Con- 
sequently, this mode of hydrogen bonding, which is a 
feature of the two-bonded structure, is clearly excluded. 

On the other hand, the analysis of the structures with 
N,H,...O, hydrogen bonding did reveal stereochemically 
acceptable Sonn RE with suitably large intensitv 
ratios for all the polyhexapeptides (see Table 2). All these 
acceptable conformations are quite close to that of 
(Gly.Pro. Pro),. 


Physicochemical Studies 


For most of the polvmers we have investigated. the 
results of the X.ray studies have been supported by 


Table 2. OBSERVED AND CALCULATED EQUATORIAL INTENSITY RATIOS AND 
OBSERVED 100 SPACINGS (din) FOR POLYHEXAPEPTIDES (GLY.PRO.PRO)s, 
AND COLLAGEN 


Intensity ratio 


Polymer Observed — Calculated Bes) 
(Gly.Pro. Ala.Gly. Pro. Pro)a 16 1:1 10:5 
(Gly Ala. Pro.Gly.Pro. Ala) 2-8 2:1 10-4 
(Gly. Ala. Ala.Gly.Pro.Proja 2-6 21 10-4 
(Gly. Ala.Pro.Gly. Pro. Proj a3 4-0 10:3 
(Gly.Pro.Pro)s 0-85 6-88 10-85 
Collagen 0-60 074 11:8 


Values are given for the 110/100 intensity ratio for (Gly. Ala. Pro Giy. Pro. 
Proh. and for 200/100 in all other cases, All intensities were calculated from 
the atomie coordinates of Table 1, with appropriate selections for the various 
amino-acid sequences of the poly hexapeptides. 
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(aly .Pro.Pro). The observed intensities, shown by dashed lines, were 
measured with a recording microdensitometer. The specimens showed 
evidence of screw disorder, so a distinction was made between sampled 
crystalline reflexions on the equatorial and third laver lines and streaks 
on other layer lines**. Light and heavy continuous lines show intensities 
ecaleulated, for a cylindrically averaged Fourier transform?', with and 
without water contributions respectively, We have not measured the 
near-equatorial diffuse intensity around 4:5 P This would correspond 
chiefly £o the broad ealeulated peaks near this spacing on the first and 
second layer lines. The calculated curves have been scaled in accordance 
with the observed intensity of 100. 


physicochemical studies concerning the structures of the 
polymers in solution. Neither (G ily. Ala.Pro), nor (Gly. 
Gly.Pro), is readily soluble in water, but the latter has 
been reported to have a highly associated ordered structure 
in p4 M acetic acid. (Gly.Pro.Pro),?" and the four 
polyhexapeptides show collagen-hke sigmoidal tempera- 
ture transitions in aqueous solution. The transitions are 
dependent on molecular weight and can also be effected 
by addition to the solutions of guanidinium chloride. 
The molecular weights of (Gly.Ala.Pro.Gly.Pro.Pro), and 
(Gly.Pro.Ala.Gly.Pro.Pro), in 5 M guanidinium chloride 
were found to be about à quarter of the values observed in 
0-2 M NaCl, indicating that the ordered polyhexapeptide 
struetures are, in faet, multi-stranded. The transition 
temperature should be related to the amount of interchain 
hydrogen bonding. Uf some of the polymers do have more 
than one hydrogen bond per tripeptide this should provide 
additional stabilization of their structures and one would 
expect. for example, that (Gly.Ala.Pro.Gly.Pro. Pro), 
would have a much higher transition temperature than 
(Gly.Pro.Ala.Gly.Pro.Pro),?. In fact, the four poly- 
hexapeptides did not show large differences in transition 
temperature, and for fractions Sf equal molecular weight 
(11,500) a somewhat lower value was found for (Gly.Ala. 
Pro.Gly.Pro.Pro), (32° C) than for (Gly.Pro.Ala.Gly.Pro. 
Pro) (49° C). These results are quite consistent with a 
one-bonded structure for all the polymers. 

More direet evidence regarding the amount of hydrogen 
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bonding in the polyhexapeptides has been provided by 
tritium-hydrogen exchange studies. These were per- 
formed by the two-column method of Englander” at 
0*C. (Gly.Ala.Pro.Gly.Pro.Pro), of molecular weight 
28,000, (Gly.Pro.Ala.Gly.Pro.Pro), of molecular weight 
23,000 and (Gly.Ala.Pro.Gly.Pro.Ala), of molecular 
weight 5,400 were studied at pH 3-5 and the two former 
polyhexapeptides also at pH 4:5. At pH 45 both ex- 
change curves have an initial non-linear part and then 
a linear portion with a very low slope. When the linear 
portions were extrapolated to zero time, it was found that 
(Gly.Ala.Pro.Gly.Pro.Pro), and  (Gly.Pro.Ala.Gly.Pro. 
Pro), have respectively 2-0 and 2-1 very slowly exchanging 
hydrogens per hexapeptide. At pH 35 even freely 
exposed peptide hydrogens exchange fairly slowly and all 
the peptide hydrogens in the three polymers could be 
accounted for. Kinetic analysis of the exchange curves as 
a sum of independent first-order reactions?* indicated. 
however, that in every case two peptide hydrogens per 
hexapeptide exchange appreciably more slowly than the 
others. It seems clear that these two are involved in 
NH ...O interchain hydrogen bonding. 


Conclusions 


Our studies show that a three stranded structure with 
the helical parameters that have been found for collagen 
can be formed with only one interchain hydrogen bond 
per tripeptide of the form N,H, . .. O, Furthermore. 
amino-acid sequences of the form Gly.Pro.Pro. Gl y. Pro. Ala, 
Gly.Ala.Pro and Gly.Ala.Ala can all be incorporated into 
essentially the same conformation with this mode of 
hydrogen bonding. Even (Gly.Ala.Pro), which has a 
sequence appropriate to the standard  two-bonded 
model?:!5, forms a stable one-bonded structure, though not 
of the collagen type. It is difficult to imagine amino-acid 
sequences in collagen which might differ in intercham 
hydrogen bonding propensities from all the polymers we 
have studied. 

The intensity distribution of the collagen X-ray pattern? 
is similar to that of (Gly.Pro.Pro), and ean be quite well 
accounted for by the caleulated intensities. shown in 
Fig. 2. Furthermore, the relatively high 200/100 intensity 
ratio of 0-6, which we have observed in collagen with a 
100 spacing of 11:5 Å, appears to be incompatible with the 
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two-bonded model!?. It therefore seems probable that the 
conformation of (Gly.Pro.Pro), is, in fact, representative 
of the helical structure of collagen es a whole. 
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in this work, and Professor Elkan Elout, Dr Jürgen Engel 
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Further Microwave Emission Lines and Clouds of Ammonia 


in our Galaxy 


by 
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DETECTION of microwave emission from NH, in the direc- 
tion of Sgr A has already been reported!. The ratio of 
the weakly detected (2,2) line to the stronger (1,1) line 
gave a temperature for the NH, cloud of about 23° K, and 
the intensity of (1,1) radiation gave an NH, column 
density of about 2 x 1018 em~? and a cloud size of about 3’. 


Further NH; emission has been found in the Sagittarius region, 
giving clues to the conditions in dust clouds. 


We report here additional clouds in the Sgr region in 
which NH, has been found, aad detection of emission 
from several more lines of the NH, inversion spectrum in 
one of these, The work was carried out, as before, with 
the 20 foot millimetre-wave rasio telescope at the Hat 
Creek Observatory deseribed by Cheung et elt 
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Fig. 1 shows speetra obtained from the direction of 
Sgr B2 (x,,,(:—17 h 44 min 23 s, 8,,,— —28^ 24-9’) 
centred about a Doppler velocity of +64 km s-t with 
respect to the local standard of rest. The total integration 
time at each line frequeney is about 3 h and the resolution 
of the receiver is 1-25. MHz corresponding to a mean 
velocity resolution of about 15 km s~. The antenna 
temperatures in Fig. 1 have not been corrected for a 
nominal atmospheric extinction of about 20 per cent. 
Emission from the (1,1), (2,2), (3,3), (4,4) and (6,6) lines 
of NH, is clearly present. Within limits set by fluctuations, 
there is no emission in the (2,1) and (4,3) lines of NH,. 

Ammonia seems to be fairly widespread in cool galactic 
dust clouds, for NH, (1,1) emission has also been detected, 
without any exhaustive search, in a third direction in 
the Sagittarius region, 2,5,, 17 h 45 min 41 s, 38,,,, 
— 27° 56:8", Furthermore, this direction has emission 
features at two very different Doppler shifts with antenna 
temperatures of about 0-5" K. 

Radiation from the 6,,—5,4 transition of water vapour 
is also present in the spectrum of Sgr B2 and is shown in 
Fig. 1. "The detection of water vapour radiation is 
discussed in more detail elsewhere?. We include the Sgr 
B2 H0 spectrum here because it is relevant to the discus- 
sion of the NH, spectrum shown for the same source. 
The H II region in Sgr B2, which has a mean velocity of 
+62 km s~!, produces an antenna temperature of 0-25° K. 
This continuum temperature in the figure appears as 
about 0-5" K because it is received in both side bands of 
the superheterodyne receiver. 

Although the (5,5) and possibly other inversion lines 
can probably be detected, only those shown in Fig. 1 
were actually studied. The relative strength of the lines 
with higher rotational excitation shows clearly that the 
excitation temperature of the NH, in Sgr B2 considerably 
exceeds the temperature of the NH, observed in Sgr A}. 
A preliminary map of the source in the (3,3) line radiation 
indicates that it may extend over an area comparable 
with the mean antenna beamwidth of 8-5’. 

Table 1 lists the relevant characteristics of the transi- 
tions in NH, and H,O which are of interest for these 
observations. v is the laboratory line frequency, tm the 
radiative lifetime for the microwave transition. cj the 
lifetime for infrared transitions frorn the upper level, 
Tex the energy of the upper level in degrees and fy, 9dv 
is the integrated line strength of the microwave transition. 
Yı 18 the absorption coefficient per em for unit density of 
molecules with a Boltzmann distribution at 100° K, and 
dv is in Hz. 
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Fig. 1. 


Each point represents the antenna temperature within the 1-25 MHz frequency band of one of a set of equally spaced filters. 
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Table 1. CHARACTERISTICS OF THR RELEVANT TRANSITIONS IN NH, AND H,O 


v Tm Ter Tex Sv wotle 
(MHz) (s) (8) CK) 

NH, 1—1 23,604-48 6-0 x 105 >10 24 ass x 10-3 
2—2 23,1722: 71 4-7 x 108 > 10% 65 2 xig 
3~~3 23,870-11 58-0 x 105 »10'* 125 22 x10-M 
d—4 24,130 30 3:6 x 108 2105 203 ip69 xip 
6—6 25,056-04 3*0 x 10* 2105 413 0.290 x 10-1} 
1—3 22688-24 — 76x 108 — ^15 M0 — 048 x10 
3—1 22,234:51 44x 107 18 168 0-068 x 10-1! 
2—1 23,098.78 1-9 x 10? 80 R1 0-25 xiu 

H.O 6,5, — 2223529 — 49x10 1 — 670 ~ 10-8 


. The headings of the columns are: frequencies (7), spontaneous radiation 
times for microwave transitions (tm) and for decay through infrared transi- 
tions (rJ, excitation energies (To) and integrated intensities at 100° K 
for various NH, and H,O transitions. 


In contrast to NH, H,O has only one transition which 
lies within the A-band and is therefore accessible with the 
present equipment. The NH, lines which show emission 
in Sgr B2 arise from J — K levels which are metastable 
with respect to infrared transitions. Because these transi- 
tions are forbidden, they require extremely infrequent 
collisions to maintain thermal equilibrium in the rotational 
levels and collisions only once in about 10* s for thermal 
equilibrium between the individual inversion levels. The 
NH, levels for JÆK have permitted infrared transitions 
and henee much shorter lifetimes. It is reasonable there- 
fore that we do not see emission from the (4,3) and (2,1) 
levels of NH, in an interstellar cloud where collisions are 
likely to be infrequent. On the other hand, the 6,,~+5,, 
H,O line, which is observed, is intrinsically weaker than 
the NH, inversion lines, the 6,, lifetime is only about 1 s, 
and it has an excitation of 450 em-! above the ground 
state. Thus it is somewhat surprising that this radiation 
is detected in the same direction as the NH, spectrum. 

If one knew the angular distribution of emission 
intensities at the NH, line frequencies in the Sgr B2 
source, a detailed calculation of gas temperature and 
column densities for NH, could be performed. Although 
our antenna beamwidth and receiver sensitivity make 
such measurements impractical, it is possible to make 
simplified calculations which fit the observed line inten- 
sities to various models for the NH, temperature and 
distribution in Sgr B2. The matrix elements, excitation 
energies and statistical weights involved in the various 
transitions are, of course, known, so that intensities of the 
lines can be caleulated. If one assumes that the filling 
factor of the source is the same for the emission at each 
line frequency, then no single temperature gives the 
observed relative intensities for all five NH, lines. Also a 
simple temperature gradient across a cloud of uniform 
density will not give the observed intensities. A cool 
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Observations on Sagittarius #2 at Inversion frequencies of various NH, rotational states, and at the microwave transition of H,0. 
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are with respect to the local standard of rest. 
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cloud which is optically thick to (1,1) radiation at a 
temperature T'= 35° K and an adjacent cloud which is 
optically thin to (1,1) radiation at a temperature T= 
145° K will give adequate agreement, however. Order-of- 
magnitude estimates for the column density of NH, in 
the two temperature regions, assuming that they are both 
a few minutes of are in diameter, indicate that where 
T=145° K, NLz2x10!'5 em“, and where T=35° K, 
NL> 107 cem, 

Because we have not detected radiation from the NH, 
states which are not metastable, the excitation mechan- 
isms for NH, and H,O are evidently different. This makes 
an estimate of the column density for H,O difficult. It is 
clear that collisional excitation alone at temperatures 
near 150° K could not be expected to provide excitation 
of the H,O rotational levels without detectable popula- 
tion of NH, in the (4,3) state, where the lifetime is an 
order of magnitude longer. The presence of the H,O 
line might be attributed to one or more of the following 
situations: (1) the abundance of H,O is enormously 
greater than that of NH,; (2) the H,O is seen in a quite 
different region from where the NH, is detected; (3) there 
is a higher temperature source of energy (possibly giving 
infrared radiation) in the cloud which excites both NH, 
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and H,O, and the H,O is abundant enough to trap its 
own resonant infrared radiation significantly, while the 
NH, traps much less. | 

From the present information, it is not clear which of 
these three possibilities is importent. Trapping of the 
H,O rotational radiation seems likely, but the process 1s 
complicated because the source of energy is uncertain, 
and trapping of several frequencies in sequenee is neces- 
sary in order to maintain the 6,, level appreciably exeited. 

The abundance of molecular species and the variety of 
conditions in dust clouds which the observations demon- 
strate call for detailed and extensive study of these and 
related spectra. 

We thank Professor Harold Weaver for making avail- 
able his positions of OH clouds in the Sagittarius region 
before publication, and Paul Rhodes for his help with the 
observations. This work is supported in part by the US 
National Aeronautics and Space Administration, the US 
Office of Naval Research and the US National Science 
Foundation. 
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Interpretation of Quasar Red-shifts 


by 
D. E. PIPER 


Abingerwood, 
Ewhurst, 
Cranleigh, Surrey 


UwLESS Hoyle's suspicions that our physical laws need 
fundamental revision, voiced in the George Darwin 
Lecture, October 1968!, prove well founded, the red-shifts 
associated with quasi-stellar objects must be attributed 
either to a cosmological origin, to a gravitational potential 
within the emitting region, to a superposed velocity over 
and above that due to the "expansion of the universe" 
or to some combination of these faetors yielding an ob- 
served red-shift z in accordance with 


1+z=(1+20)(1 + IIO (1) 


in which Ze, zg and zy respectively are the red-shifts due 
to the causes listed, each being defined in the usual way. 
In principle this means there are seven different ways of 
interpreting the red-shift, according to whether any one, 
any two or all three of the factors in equation (1) make 
significant contributions to the values of z actually ob- 
served. The absence of any known blue-shifts?, however, 
seems to rule out those two in which z and zy operate 
conjointly, for Burbidge and Burbidge? have shown that 
the absence of blue-shifts is unlikely to be due to observa- 
tional selection. None of the remaining five categories 
which follow can vet be eliminated from serious considera- 
tion. 

(i) ze is the only significant contribution to z, the red- 
shifts being exclusively cosmological. In view of the lack 
of correlation between z and apparent magnitude? , this 
implies that quasi-stelar objects (QSOs) exhibit a large 
dispersion in intrinsic luminosity. It also mears that 
the energy difficulties must be faced in their most acute 
form. 

(11) zg is the only significant factor, the red-shifts being 
primarily gravitational. In this event, the local distance 


A procedure is proposed for analysing quasar red-shifts, assuming 
the red-shifts are due to a combination of both cosmological and 


gravitational factors. 


scale, of the order of tens of M.p.c. at most, is valid, and 
the chief difficulties, arising from: the well known argu- 
ments of Greenstein and Schmidt, relate either to the 
narrowness of the emission lines. or to the stability of 
possible models. 

(Gii) zy is the predominant factor, and the red.shifts 
are due to relativistically moving objects agam situated 
locally. The absence of blue-shifrs then imphes that the 
observer must be located near the centre of expansion, 
and it is puzzling that members of other similar neigh- 
bouring systems are apparently mot observed, 

(iv) Both zg and zę, contribute significantly, so that 
QSOs are highly condensed objects moving with relativis- 
tie velocities at local distances. fe this case, the distribu- 
tion of velocities relative to the galaxy is not necessarily 
restricted in the same way as in (#1), because the gravita- 
tional component may be sufficient to suppress the blue- 
shifts. 

(v) Both zg and ze make effeerive contributions to s 
so that the QSOs are situated at cosmological distances, 
although generally somewhat less than would correspond 
to (1). The reduction in scale is sot necessarily a simple 








gravitational red-shift may vary widely for individual 
QSOs. On this interpretation, beth the energy problem 
and the difficulties associated wih very large values of 
z, are lessened. Moreover, some of the differences between 
QSOs and normal galaxies-—for example, the luminosities 
and spatial densities—are diminished, perhaps consider- 
ably. 

Various interpretations within the first three categories 
have been widely analysed and extensively reported (a 
summary and comprehensive bifliography up to early 
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1967 is given in ref. 3. By comparison, groups (iv) and 
(v) have received relatively little attention. Using 
arguments based on the widths of emission lines, Barbieri? 
has attempted to distinguish between the gravitational 
and cosmological components and concludes that the 
former is predominant. Dallaporta*, however, introducing 
the effect of an expanding envelope, has reached a dia- 
metrically opposite conclusion. Both treatments are 
somewhat artificial in the sense that the whole of the 
observed line width can be explained without invoking 
gravitational effects at all. Burbidge and Hoyle’ envisage 
the situaticn depicted in (v), but make no suggestions as 
to how the two contributions might be separated. 

The fundamental difficulty with hybrid interpretations 
is the lack of any obvious guide to how red-shifts can be 
decomposed causally in a meaningful way, for the physical 
effects of each cause are observationally identical. But 
it is scarcely permissible to prejudge nature according to 
analytical convenience, so that, if the universe is con- 
structed on these lines, the difficulty must somehow be 
faced. This article describes an initial attempt to establish 
suitable criteria for separating red-shift contributions 
on the basis of a category (v) interpretation, reports the 
provisional conclusions reached and outlines a programme 
of continuing investigation. 

In order to progress beyond merely trivial results, some 
supplementary working hypothesis is needed. As a first 
approximation, it is accordingly assumed that the major 
part of the dispersion in the intrinsic luminosity of QSOs 
is correlated with the individual values of gravitational 
red-shift. Both the degree of correlation and the form of 
the mean dependence are regarded as initially unknown, 
and to be determined by subsequent analysis. Thus we 
can write 


M = Mat G(2g) (2) 


where M is the mean absolute magnitude, on the V system, 
of typical QSOs having gravitational red-shift zg, M, 
is the value of M extrapolated to zz = 0 (without necessarily 
implying the actual existence of such objects) and G(zg) 
is a function of zg of unknown form, Although G(zg) is 
supposed to have a similar form for all QSOs, it is scarcely 
to be expected that the residual dispersion in luminosity 
(that is, after removal of what might be termed the “G 
correction’) will vanish entirely. It will be evident from 
the sequel that typical deviations of the order of +1 
magnitude can readily be accommodated, and much 
larger variations would be tolerable if it became possible 
to link them with some other observable parameter of 
the QSO. Neither would the discussion be invalidated 
should z, eventually be identified as representing some 
other non-gravitational but intrinsie effect, provided it 
exerted a systematic influence on luminosity. 

For a preliminary exploration, it is adequate to take the 
cosmological red-shift as related to the distance modulus 
m — M in accordance with 


log 2, — 06:2 (m — M — X) (3) 


where X -42-3-—5 log (H/100), H being the value of the 
Hubble parameter in km s~? Mpe“. The K correction — 
typically less than one magnitude even at z~ 2—and 
also the complications of alternative cosmological models, 
are both ignored. If the precision ultimately achieved 
seems to justify their inclusion, such refinements ean be 
added later. 
For category (v) interpretations, equation (1) yields 


Ze = =n (4) 


and eliminating M and ze between equations (2), (3) and 
(4) gives 


; Bm & 
M,+Gleg)=m—X—5 log—— (5) 
j | l T Zg 
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Fig. 1. 


The values of m and z are directly measurable for every 
QSO with identifiable spectrum lines, so that for n such 
QSOs, equation (5) provides a system of n equations 
having n+ 1 unknowns (the n individual values of zg, and 
the presumed common value of M,), together with one 
function of unknown, but assumed common, form. The 
problem thus remains indeterminate in the formal mathe- 
matical sense. There is, however, nothing to prevent 
M,+G(zg) being computed for a range of values of zg, for 
each QSO for which m and z are known (accepting, of 
course, that only one of these values ean be correct in each 
particular ease) This has been done for the 101 QSOs 
for which the necessary data are tabulated in ref. 3, and 
the resulting family of curves is shown in Fig. I. 

Two implications follow directly from the basic assump- 
tion: {1) a single point on each of these curves must 
correspond (within the limits of residual dispersion) to 
the true gravitational red.shift, and true absolute magni- 
tude, of the corresponding QSO, and (2) the locus of all 


a 
<— 





Fig. 2. að, Upper 


Provisional bounds for the function Me + G(zgn. 
bound; b-e, lower bound, assuming Zg «0:63; c8, lower bound, no 
restriction on 2 g 
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such points (within the limits of scatter from the mean 
G correction) delineates a smooth curve giving the func- 
tion G(z;) and intersecting the magnitude axis at a value 
equal to M,. 

At first sight there seems to be considerable latitude in 
the way that such a curve could be drawn. But some 
further constraints may be invoked to narrow down this 
freedom, and the provisional bounds shown in Fig. 2 
represent the extreme positions that could reasonably 
be postulated within the assumptions adopted. T he 
considerations that limit further displacement of these 
bounds in the directions indicated by the arrows lettered 
a to e are, respectively: (a) too high a proportion of the 
zg values would differ only negligibly from zero, thus 
violating a category (v) interpretation; (b) the Bondi 
limit!*, zg < 0-63, for a non-rotating equilibrium configura- 
tion of perfeet fluid, would be exceeded; (e) alternatively, 
if the Bondi limit is regarded as inapplieable, too high a 
proportion of zg values would differ only negligibly from 
their asymptotic value z to be consistent with a category 
(v) interpretation; (d) there would be no intersection 
point. with some of the eurves; (e) M, would be unreason- 
ably faint in relation to other objects of extragalactic 
status. 

These additional criteria, though still not yielding a 
definitive placement for the function 7,+G(zg), at least 
indicate that any curve with a positive slope (luminosity 
diminishing w ith increasing zg) is virtually impossible to 
construct. If the basic postulate is valid, it is therefore 
likely that luminosity increases with gravitational red- 
shift—a conclusion of special interest because it is con- 
trary to that proposed on general grounds by Burbidge 
and Hoyle*. Moreover, the choice of function is con- 
strained sufficiently to bring the problem within the scope 
of more powerful methods for the next stage of the enquiry 
and a brief outline of these will be given. 

The procedure proposed is to postulate a number of 
"trial" laws for Me + G(zg) within the broad limits already 
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established. These may conveniently be specified analyti- 
cally so that equating them to the right hand side of 
equation (5) and solving for zg, using the observationally 
determined values of m and z for each QSO in turn, wi ill 
enable corresponding sets of zg values to be readily evalu- 
ated. Such sets can be analysed for possible correlations 
between ze and other measurable properties of the QSOs 
such as three-colour photometric indices, angular diameters 
and characteristies of the radio spectra. Any correlations 
detected would indicate a link between the zg values and 
some fairly deep-seated feature of the QSOs, and could 
be re garded as evidence tending to favour the trial fune- 
tion from which the values were derived. bn addition, 
sets of individual values of ze (deduced from the values of 
zg) can be examined in the hope of revealing significant 
properties such as uniform spatial density, or the existence 
of patterns in the data suggestive of evolutions ary change. 
By adjusting the trial law so as to optimize any correla- 
tion or pattern discovered, it should become possible 
to establish the function M+ Gíz,) with worthwhile 
accuracy 

My further investigations along these lines must neces- 
sarily continue without modern computing aids, but as 
the intended programme would clearly benefit substanti- 
ally from them it is hoped others better equipped may 
be tempted to adopt this approach. 
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Formation of Excited States by recombining Organic lons 


by It is often supposed that the recombination of radical ions gives 
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WHEN fast particles (x and $-particles. Compton electrons 
from y rays and so on) dissipate their energy in matter, 
about half of it is used in producing ions. The recombina- 
tion of these ions therefore plays an important part in 
determining the resultant chemieal changes (radiation 
chemistry) and luminescence (scintillation) of the system. 
This article is concerned with the relative yields of excited 
states from ion recombination—in particular, the ratio 
(TiS) of the yields of triplet states and singlet states. 
Radieal ions recombining at random are expected to give 
TjS-3 on statistical grounds. In liquids and solids of 
low dielectric constant, however, the process is not a 
random one: only a few per cent of the electrons escape 
the coulombie attraction of the parent ion: the others 
undergo ' geminate" recombination’. In this case. if 
recombination is D fast, only singlet states should be 
produced (7/S=0). Magee? seems to assume this 
when discussing some complications occurring in spurs 
(see later), but no discussion of the point has taken place 
in the literature to my knowledge. The aims of this 
article are to compare the rates of recombination and 
spin relaxation, to find conditions in which they are 


triplet and singlet states in the ratio 3:1, 
true, especially in the case of geminate recombination. T 
bility of changing the ratio by means of magnetic fields is discussed. 


but this is not always 
The possi- 


similar (when T/S will lie between the extremes of 0 and 3) 
and to consider the possibility of altering TIS by external 
means. | 
In many systems, ion-molecule reactions and dissocia- 
tive attachment of electrons lead to “-onium” ions 
(singlets) and neutral free radicals: this does not usually 
occur in aromatic or saturated aliphatic hydrocarbons 
and their mixtures-—charge transfer and electron attach- 
ment do not affeet the radical (doublet) character of the 
ions: the discussion is confined to such systems. Aro- 
DE hydrocarbons in aliphatic hydrocarbon glasses at 
^K trap positive and negative charge on irradiation) : 
sibeea oat warming (thermolumunescence) or stimulation 
with infrared radiation (IRSE) leads to recombination and 
the emission of fluorescence and phosphorescence: the 
vield of the latter is larger than for ultraviolet irradiation, 
for example, refs, 4, 5. Triplet yields in liquids have been 
measured by indirect methods (for example. ref. 6) and 
absolute fluorescence vields of some scintillators are 
known’. Pulsed radiolysis makes possible the measure- 
ment of triplet yields of aromatic compounds (usually in 
aliphatic solvents) by absorption spectroseopy: there 
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have been several reports of simultaneous measurements 
of fluorescence yields? and recent technical advances have 
even made possible observation of absorption from excited 
singlet states at very short times (nanoseconds) after the 
irradiation pulse’. 

The primary fast particles eject secondary electrons 
with a range of energies: the secondary electrons lose 
energy in collisions and are first thermalized and then 
solvated!* at distances from the parent ions which 
depend on their initial energy: they diffuse back to the 
parent ion in times estimated to range from 3 x 10-1} to 
10-78 depending on the initial separation!?. For the 
present purpose, this range of times 1s taken to apply to 
recombination in any low viscosity solvent (n~ 10- poise) 
at room temperature: because the eleetron probably 
moves with several molecules attached by polarization 
forces, aromatic anions ean be taken to behave similarly. 
In glassy solids (18:108 poise), the ions are trapped and 
recombination is prevented for minutes or hours in typical 
experiments. 

Spin relaxation processes are familiar in the field of 
electron spin resonance (for example ref. 12, recent work 
reviewed in Ann. Rev. Phys. Chem., 1966 onwards): 
measurements are usually made in strong magnetic fields 
‘several thousand gauss) and this situation is considered 
first because quantization of spin orientation is more easily 
deseribed. In the case of two electrons in the same 
molecule there are four possible arrangements of the spin 
vectors (Fig. 1) corresponding to the singlet state (S=0. 
M,=0) and the three components of the triplet state 
GS—1, J75=0, +1). In the diagrams, the vectors re- 
present the individual spins and their resultant (5): the 
vectors precess—the individual spins about S, and S about 
the direction of the applied magnetic field, H (this 18 not 
strictly true for the singlet, but this simplified deseription 
is useful here). In a molecule the phase relation of the 
motions of the two spins is fixed by the exchange inter- 
action of the electrons. When the electrons are separated 
this fixed phase relation is lost but the quantum numbers, 
5 and M, are still defined. The two M, 0 components 
differ only in the phases of the two spin motions: they 
differ in energy in the moleeule but not when the electrons 
are separated, whereas the M,;= +1 components have 
different energies because of the field. 

For comparison with the time interval, £g, between 
ionization and recombination, two relaxation processes 
must be eonsidered——interconversion between the M, = 0 
components (or the rate of change of phase) and "spin- 


H 


(a) 





(c) (d) 





Motion of two electron spin vectors in a magnetic feld: S, Ms: 


Vig. 1. 
: (a) 1,1; (5) 1,0; (0 1, — 1; (d) 0,0. 
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flips" converting M;—0 into M= +1. In electron spin 
resonance terminology these processes are characterized 
by relaxation times T, and T, respectively, the transverse 
or "spin-spin" and the longitudinal, or "spin-lattiee" 
relaxation times. (Note that several different definitions 
of T, are used.) Because T, processes involve energy 
exchanges (albeit very small) it is not surprising that 
T,2 T, Three limiting cases can be distinguished: 
(i) T, Tite: T/S=0; (i) T, Tite: T/S=3; (ii) 
TDT, : T/S=1. 

Much of the early work on spin relaxation was concerned 
with inorganic ions in crystals and so involved large 
numbers of spins connected by magnetic dipole and ex- 
change interactions: the theoretical treatments’? are 
necessarily complicated. In recent years, there have 
been considerable developments in the theory of line- 
widths of organic radicals in solution: again the 
situation is very complicated when a number of nuclear 
spins are involved. The aceount given here is greatly 
simplified, but this may be justified in the case of the very 
simple svstem of two isolated spins. 

Spin resonance absorption of a photon is due to the 
oscillating magnetic field of the radiation and occurs when 
its frequency equals the precession frequency, œ, of the 
electron spin vector. Radiationless T, processes have the 
same requirement—there must be a magnetic interaction 
with the spin which has an oscillating component of the 
right frequency. A variety of interactions have been 
considered —spin-orbit coupling (negligible in most organic 
compounds), hyperfine interaction with magnetic nuclei in 
the moleeule (especially hydrogen), similar interaction 
with solvent nuclei, spin-rotation coupling. ete. In the 
liquid state, changes in these interactions, that is, in the 
local magnetic field, are due to the random tumbling, 
that is, Brownian motion, of the molecules which ts 
characterized by a “‘correlation time", tet; the more 
rapid the motion, the shorter is te In typical mobile 
liquids, te is ~ 10-1! — 10-1? s, that is, < l/c (Io ~ 10-1? 
in strong fields, proportionately longer in weak ones). As 
the viscosity increases, Te Increases and T, is expected to 
decrease, passing through a minimum when c1 
and then rising again in the region where the molecular 
motions are too slow to induce changes. This behaviour 
has been clearly demonstrated for nuclear resonance’, 
but not apparently for electrons. If two electrons spinning 
with a certain phase relation are exposed to different 
fields, they will precess at different rates and so lose their 
phase relationship: T, will therefore depend on net 
differences in the local fields rather than their oscillations. 
In mobile liquids, however, where te < œ, changes in the 
loeal field are so rapid that they tend to average to zero; 
therefore T, is long and in fact nearly equals T,. As 
viscosity increases, T, should decrease and go on decreasing 
where T, passes through a minimum: again this has 
been demonstrated for nuclear resonance’. 

T, can be determined from electron spin resonance line- 
widths in fluid solutions: for organic radicals and ions 
these are typically 50-100 mgauss corresponding to 
T,~5 us. T, can be obtained from saturation effects but 
no measurements seem to have been made on organic 
solutions: presumably T, is comparable with or slightly 
greater than T',. In the solid state, 7', is expected to be 
much greater than 7,: a detailed study'* of electrons 
trapped in methyl-tetrahydrofuran at 77° K demon- 
strates this: T,- T.5x10-—, T,—8:9x10-* s. Measure- 
ments on radicals in glasses are complicated by the 
anisotropic hyperfine interaction, but radicals derived 
from carboxylic acids produced by radiolysis of crystals 
give, typically, 7410-5, T ~2x10 s. Striking 
effects at very low temperatures have been found by 
Weissman: T, for triphenyl methyl in toluene was 
found to be 10-? s at 300° K, 5x 10-? at 77° K, 4 min at 
4:2? K and 20 at 1:2? K. 

The preceding paragraphs refer to spins in a strong 
magnetic field: most radiation chemical experiments are 
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of course carried out at zero field. In the absence of an 
applied field, the Bloch deseription and the distinction 
between T, and T', are not valid: relaxation takes place 
towards precession about the instantaneous local field of 
the nuclei. In glassy solids, local fields at different sites 
are not parallel, so that a single relaxation time is required : 
no experimental information or theoretical guidance is 
available on the behaviour of T, and T, as the field is 
reduced: one guesses that T', values are more appropriate 
for the zero field case (but see later). For liquid solutions. 
T ~T, in any case; some measurements are available at 
very low fields" Lyr at zero field'?; the observed relaxa- 
tion times (~0-5—5 us) are comparable with the high 
field values. 

Comparison of the values of T,, T, and tg given here 
leads immediately to the conclusion that no spin relaxation 
ean occur in mobile liquids (0-01 poise). T, and T, 
are but slightly dependent on applied fields, viscosity, 
temperature and so on, so that it does not seem possible 
to alter T'/S by external means; tr, however, should be 
very dependent on 7 and will increase roughly in propor- 
tion to it. I therefore predict that at a viscosity ^ 1— 10 
poise the triplet yield will start to increase. The “micro- 
scopic viscosity" is required here: small molecules diffuse 
more rapidly among large moleeules than would be 
expected from the macroscopic viscosity: this effect may 
be even more marked in the case of electrons. depending 
on the size of the moving entity. It therefore seems 
more promising to increase viscosity by lowering the 
temperature. In the case of alkanes, a temperature of 
~ 150° K will be needed. (The glass forming mixtures of 
alkanes allow a range of 7 of ~ 0-005 to > 10* poise to be 
covered!?.) In an external field, T, is no longer equal to 
T, in viscous liquids: it should be possible to vary the 
viscosity so that for some ion pairs T/S=1 or 3. Con- 
versely, in suitable conditions, application of a magnetic 
field will alter T/S. If the viscosity is increased still 
further until the solid state is reached these effects will 
disappear again: most ions will either recombine ex- 
tremely quickly because the electrons are not solvated 
at all or they will be trapped for long periods. 

In an electron spin resonance experiment spins are 
turned over by absorption of a photon or by stimulated 
emission. In a system undergoing radiolysis, it should be 
possible to turn over a considerable proportion of the spins 
before recombination if sufficient radio-frequency power 
is applied: because this is a random process, the resulting 
value of T/S would approach 3. Line-widths have to be 
considered in designing an experiment, but a rough estimate 
suggests that a significant proportion of the spins would be 
affected in 10-9 — 10-7 s using 100 mW (typical of electron 
spin resonance equipment). Again fairly high viscosities 
will be required to increase tr. Such experiments need not 
be confined to the high field region, of course. 

In the solid state at 77^ K, relaxation times are much 
shorter than the times which the ions spend in traps in 
typical experiments. But this need not be true at very 
low temperatures («4^ Ky. It should be possible to 
observe directly the relaxation of the spins, that is. T/S 
should increase with time and the magnetic effects 
described should be very easily observed. At short 
times, the ratio would equal the initial one but would be 
conveniently separated from direct excitation processes. 
Thermoluminescence experiments would be inappropriate, 
of course, but the observation of infrared stimulated emis- 
sion would enable the relaxation processes to be followed. 

It may be objected that spin correlation will not be 
preserved in the series of collisions which slows the ejected 
electron or in charge transfer and electron attachment; 
spin relaxation is sometimes discussed in terms of “weak” 
and "strong" collisions?: after the latter, the particle has 
no “memory” of its previous orientation. This concept. 
however, was originally used by van Vleck?? to deseribe 
the effect of collisions on molecular rotation: it does not 
follow that violent coulombic interactions will affect the 
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electron spin. Of course, if the ejected electron has 
sufficient energy (3— 4 eV) to exeme a molecular triplet 
state, then relaxation does occur. This is probably a rare 
event and there are more importan: om factors 
to be considered in radiation systerns: 2 s of ions 
(and excited states and so on) are formed in i spur s". At 
the high local concentrations of active species. recombina- 
tion will occur at random: Magee has given values of 
TiS expected for different spur sizes: also, in the spurs 
efficient quenching by ions, radicais and other excited 
states (triplet-triplet annihilation) will oeeur. Other 
complications in the interpretation of experimental 
results are: (1) some ions escape geminate recombination. 
(n) intersystem crossing must be allowed for-—its 
efficiency may vary with excitation energy and will differ 
between excited monomers and exciners, (i) reeombina- 
tion of solvent ions may lead to energy transfer to the 
solute studied with efficiency differing between singlets 
and triplets, (iv) the singlet states formed may include 
the ground state as well as excited states. The measure- 
ments available so far appear to shew that sorae triplet 
states are formed directly by ion recombination, but 
T/S<3'. Detailed discussion is not justified at present 
because of the complications, but toe experiments sug- 
gested here should help to elucidate these problems. 

The initial stumulus for this work carne from the low 
temperature thermoluminescence measurements: the 
published valuest?! are invahdated by the oecurrence 
of excimer emission?? and accurate measurements are 
hard to make. At 77° K there is ample time for spin 
relaxation while the ions are trapped; however, the 
diffusion together of the ions in a taghly viscous liquid 
is so slow that one has to consider the possibility that spin 
relaxation may be fast compared with the diffusion 
process: if nominal singlet and triplet ion pairs recombine 
at different inter-ionic distances, then T/S may depart 
from three. Magnetic field effeets should occur as de- 
scribed here and even in the absence of a field the 
magnetic interaction of the two s at short distances 
will maintain the difference between 7, and Ta. 

I thank Professor D. H. Wi hiffen, Dr N. M. 
and Dr R. N. Dixon for helpful discussions. 
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Tug apparent existence of a break! somewhere near 
60 keV in the observed spectrum of diffuse cosmic X-rays 
has stirred further speculation on their cosmological 
significance, and also promoted some misunderstanding 
of the applicable theory?. We wish to clarify the situation 
regarding background X-rays above ~1 keV, omitting 
any discussion of the softer radiation® until the observa- 
tional data are clearer. 

We start from the premise which is most plausible at 
present—-that the explanation of these X-rays is to be 
sought in the inverse Compton radiation from relativistic 
electrons in remote sources. Felten and Morrison? 
showed that quasi-isotropic background X-rays with a 
photon number speetrum nysp(E)dE a E-8 dE could reason- 
ably be attributed to the interaetion between low energy 
photons (in particular cosmic 3° K photons) and fast 
electrons in cosmologically remote regions of low magnetic 
field. The electrons must have an injection speetrum 


n(E)dEoc E-" dE, with 
-20-2 (1) 


From the data, 8 ~ 2:2, implying m ~ 2-4, in good agree- 
ment with the electron spectra in the galaxy and in 
discrete radio sources. The observed X-ray intensity, 
however, is surprisingly high, requiring the sources of 
electron injection in remote space to be perhaps 100 times 
more powerful, or more numerous per coordinate volume, 
than those which seem to be active in nearby space (say 
in the strong radio galaxies). 


Improving the Compton-Blackbody Theory 


Subsequently, in three independent articles, Rees’, 
Bergamini, Londrillo and Setti^, and Brecher and Morri- 
son* pointed out that the evolution in cosmic time of the 
blackbody radiation energy density, pop c T" a (1-2), 
makes the Compton conversion of electron energy into 
X -ray energy very rapid in sources at large red-shift z. The 
latter two articles explored the consequences in some 
detail. It should be emphasized that this rapid conversion 
does not alleviate the problem of the high X-ray intensity 
which is observed, for equation (1) already corresponds to 
complete conversion into X-rays of the energy in the 
injected electron spectrum*. One cannot therefore ob- 
tain the observed X-ray intensity from a smaller quantity 
of injected electrons by pushing the injection (and con- 
version mto Compton photons) back to large zt. In fact, 
cosmology is counterproductive in this respect: if the 
epoch of active injection corresponds to a red-shift z, the 
Hubble expansion will exact a fractional tax z/(14-2) on 
the energy of the converted photons, so that correspond- 


* Relation (1) differs from that obtained for an individual source, even 
when Compton loss is the only process aeting. "This is because the discrete- 
source radiation spectrum is weighted by the rates of conversion at various 
electron energies. The most energetic electrons are degraded first, however, 
and if a time integration be performed over the entire history of the source, 

relation (1) will be recovered. In looking at a diffuse background we replace 
this time-integration by a summation over many sources, 


t The large Pob simply means that whatever electrons are injected will be 
converted more rapidiv, so that their mean ambient density will be lower. 
This point was made, and demonstrated for a pertinent case, in ref. 6. 


Isotropic cosmic X-rays in the | keV-| MeV range may be due to 
the Compton-blackbody process acting in remote radio galaxies or 
quasars. The break in the X-ray spectrum then poses a stringent 
condition on theories of radio source evolution and distribution. 


ingly more electron energy per coordinate volume must 
be provided initially. If the requiced electron injection 
per coordinate volume, integrated over cosmie time, was 
objectionably large in the theory of Felten and Morrison, 
it 1s equally so, or more so, in that of Rees et al.3-5, 

The latter theory is nevertheless attractive for two 
reasons. First, It places the burden of electron injection 
on a remote epoch of which little is known. Second, 
and more clearly an advantage, it allows stronger magnetic 
fields. Compton conversion at 72 3° K (opp c 0-4 eV em?) 
is rather slow, and to avoid having a substantial fraction 
of the fast electron energy diverted into synchrotron 
radiationt, Felten and Morrison had to require that the 
electrons spend most of their lives in regions with H < 10-7 
gauss, where H, speaking somewhat roughly, is the mean 
field exper ienced by an electron over its Compton lifetime. 
Thus, even if generated in radio galaxies or other con- 
densed objects, they must escape rapidly into tenuous 
regions, or even roam in intergalactic space, where most 
of the X-ray emission must take place. For the latter 
authors, who take the evolution of T into account, 

pvb c O-4(1-- 2)! eV em? (2) 
and if most of the observed X-radiation (with a spectrum 
corresponding to $22) is produced in sources with m 
shifts ^2, the condition on ZI in the sources becomes: 

H < 10-7 (1+2)? gauss (3) 
For 2 $Z< 10 this allows fields of 10-*— 10-5 gauss— 
strong enough to make the radio galaxies themselves (at 
large z) good candidates as sources of the inverse Compton 
radiation. It is then possible to connect the X-ray back- 
ground and its high intensity to theories of radio source 
evolution and, ultimately, to the radio source counts, 
which, at least in cos smologies without a A-term, already 
require’? a high density of powerful sources at large z. 
Several attempts have already been made to explore 
these connexions?-®°, 


Break in the X-ray Spectrum 
We come now to the question of a break in the spec- 
trum}, Above 100 keV the spectral index is $22; we 
have estimated 872-2. Between 3 and 60 keV, however, 
recent experiments show that the speetrum is less steep, 
and in fact that it is well fitted by 8~ 1-7 (below ~ 3 keV 
the interpretation of the data is complicated by possible 
galactic or intergalactic absorption). Felten and Morrison 
predicted such a break in the extragalactic X-ray 
spectrum, but not near 60 keV; they anticipated an un- 
observable break at very soft X-ray energies around 
40 eV, where galactic absorption completely screens the 
intergalactic flux. It is true that one of their source 
models produced a break at ~100 keV, but this was a 
galactic-halo model which is incompatible with the 
observed intensity and isotropy. 
t An upper limit of about 0-3 per cent can be set on this fraction by com- 
paring the X-ray brightness of the sky with the maximum allowable extra- 


galactic component of its radio brightness (refs. 7 and 8 and unpublished work 
of Anand et al.). 
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The simple theory may, however, be adapted to this 
observed break provided that account is taken of the 
recent improvements in the metagalactie model, diseussed 
already. Interesting results emerge in the process. We 
pointed out earlier that the spectral relation (1) always 
appears when the injected electron energy is converted 
entirely into Compton photons. A departure from 
relation (1) (a spectral break) therefore indicates that we 
are entering an energy regime where competing losses are 
significant*. If the injected electrons in a Compton source 
are subject also to a second loss process with characteristic 
time £i, the electron energy for which the two losses are 
competitive is found by equating £r to the characteristic 
Compton loss time?: 


nas COMM 5 (4) 


Here y is the electron energy in units of mec? and p is 
the ambient radiation energy density. In general ij, may 
also be a function of y, but for an important class of 
losses, particularly adiabatic losses, it is independent of y. 
The solution of equation (4), which we may call yer, gives 
the position of the break in the electron spectrum. If 
the source lies at red-shift z, the break in the spectrum of 
scattered blackbody photons at the source lies at 


4 0. * 
(£4)z © 3 Ya £;, and Eg 


where z; is the mean energy of ambient blackbody 
photons. Because eer and € transform in the same way 
with z, the same relationship holds at the observer (z= 0): 

2 


Enel TU £o 
( ero 3 gH 

is the mean energy of 3° K photons (c2 7kT, or 
~7x10‘*eV). Setting p ~ pp and using equation (2) in 
equation (4), we have 


por P E 
MOREDA p 
for the observed position of the break in the Compton 
spectrum (integrated over the source lifetime) received 
from a source at red-shift z. 

The parameters /j and z are model-dependent. In the 
work of Felten and Morrison, no explicit account was 
taken of z (effectively z~0) and ty was set equal to the 
expansion time of the universe; (sc)g c 40 eV was thus 
obtained. But if the X-rays come from an ensemble of 
quasars and/or radio galaxies, t; should be identified with 
the expansion time scale of an individual source, and its 
value can only be obtained from a dynamical model. The 
red-shift dependence of the density of sources also becomes 
important, and some information about it may perhaps 
be obtained from the observed position of the break. 


(£er)o & 


Radio Source Models 

As an example let us apply equation (5) to the model of 
radio source evolution recently proposed by Rees and 
Setti® (we refer to this as the “R-S model"). In this 
model the development of a source from an initial explosion 
divided into two phases: phase I, a free relativistic 
expansion to a radius R, ~ 10 kpe, at which stage the 
field is assumed to be H, ~ 10-* gauss and the fast particle 
energy W,2 10° ergs; and phase II, a slower (but still 
rapid in cosmic time) continuing expansion against the 
"pam-pressure" of the intergalactic gas. Radiation 
arising during the short-lived phase I is not considered, 
but the expansion and radiative output during phase II 
are studied, with z as a parameter. If the present density 
of the intergalactic gas is (pg), 2x 10-?* g cem, the 
time required for the source to grow from R,~ 10 kpe to 

* Tt must be remarked that the assumption of a power-law injection ia 


essentially arbitrary, so that theories of the break based on it cannot pretend 
to uniqueness, 
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darius R is 


(R) ~ 1-5 x 104 Ie —1]| zy? yr (6) 
L R: al 
The coefficient has dependence ((29),W,)9 on the as- 
sumed parameters. The red-shift z enters because 
Pg = (eu)o(1 +2)°. The time required for A to grow to, 
sav, 2R, is 
Q(2R,) 21x 105 (1-23 yr (7) 


and during this time the fast particles must give up much 
of their energy in the adiabatic expansion; this energy 
may eventually heat the intergalactic gas. Taking 
equation (7) for in and putting the observed position of 
the X-ray break, (ccr))~ 60 keV, into equation (5), we 
obtain 

(l+z)tix4ax 10° (8) 


We may regard this as an equation giving the approxi- 
mate red-shift Z of the sources contributing most of the 
observed X-ray flux, assuming that they resemble R3 
phase II objects. The result is 273. Even if the right 
hand side of equation (8) is in error by an order of magni- 
tude, the error in z is +1 at most. The spread in z of 
the strong sources, 8z, must be even smaller-—otherwise 
the break would be smeared beyond recognitiont. (A 
reasonably narrow range of loss times fy is required, for 
the same reason.) We therefore need a concentration of 
strong sources around Z3. Although this may seem 
reasonable, and is consistent with the radio source counts’, 
it is incompatible with the R-S model if the parameters are 
as Rees and Setti assumed. Their value for the initial 
phase II field was H,-c10-* gauss. Although <H, 
because of the subsequent expansion, such sources, placed 
at moderate z, will still produce too much radio background 
relative to their X-ray contribution. Rees and Setti 
found that Z2 5 was then required to suppress the radio 
background?. 

It is nevertheless interesting that such a physically 
plausible, if rough, source model, placed at moderately 
large z, can account for the observed position of the X-ray 
spectral break. "The diffieulty with the radio background 
points the way to improved models. Staying at 7% 3, we 
can suppress the radio background by putting Al, as low 
as ~3x10-* gauss--though this leads us further from 
equipartition, and forces an inerease in the minimal 
energy content of observed radio galaxies. Alternatively, 
we can place the sources at 725 but retam the X-ray 
break within the observable band by altering the dynamics 
of the model in favour of more rapid expansion. If we 
arbitrarily replace equation (7) by in œ 10° yr (correspond. 
ing to the travel time at velocity ~¢/3 across a distance 
R,~ 10 kpo) we find from equation (5) that the break is at 
~ 60 keV if 276. Expansion as rapid as this is in fact 
obtained at z~6 in the R-8 model if the value of the para- 
meter ( gg),/ W, is taken ~ 100 times smaller than (2 x 10-** 
g cm-2)/(10* ergs): for example, if the present density 
of intergalactic gas is only ~ 10-?! g cm, or if the particle 
energy in the sources is larger, corresponding perhaps to a 
proton/eleetron ratio of ~ 10* instead of ~ 10°. But we 
need not adhere slavishly to the R-S model. which is no 
longer really germane when the phase Il expansion 
becomes relativistie, and the distinction between phases I 
and II is lost. The essential point is that if the source is 
in rapid expansion during the phase when most of the 
Compton radiation is produced, an X-ray break may 
reasonably be expected, with equation (5) relating its 
position, the source expansion time, and the epoch of 


+ A small óz arises naturally in a Lemaitre cosmologyv'' with a “coasting 
phase" at z~2, as suggested by quasar observations. Butz x3 is far from 
satisfying equation (8), especially when the dependence of (Pg), on Fin the 
Lemaitre model is included on the right hand side. 


+ The "cut-off" required in Longair's!* interpretation of the source counts 
is, in the R-S model, attributed to the fact that electrons at large red-shifis 
lose energy exceedingly rapidly by the Compton effect. If most of the X-ray 
background comes from sources with z25, they need nof contribute much 
synchrotron radiation. 
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strong X-ray production. This may now be regarded as a 
new restriction on models of radio source evolution and of 
their distribution in z. In any specific model there will be 
an additional restriction similar to relation (3). Roughly 
speaking, if relation (3) is violated for a large fraction of 
the lifetime of the sources, too much synchrotron 
radiation will be produced. This condition will prove 
burdensome in many models, as will the requirement 
that 8z be small for the strong X-ray sources. 


Radio Background 


It might seem that direet observations of the extra- 
galactic radio background should provide some further 
information. If the radio background arises, by syn- 
chrotron radiation, in the same sources which provide the 
X-ray background, and at similar times in their histories, 
then the break yer in the electron spectrum is common to 
the two processes, and the X-ray break (ecr))>~60 keV 
implies a break in the observed radio spectrum at 


(ver) (MHz) ~ 8 x 10A (1+2) (9) 


Further, if the observed upper-limit radio result? is 
regarded as an actual measurement, then the equality 
holds in (3), relating 2 to H, and equation (9) becomes 
(ver)o 2 8 (1+2) MHz. For 2-6, as considered earlier, we 
would have H~5x 10-5 gauss and (v), c 60 MHz. The 
limited results of these diffieult radio observations 
certainly do not contradict this, but neither do they place 
much constraint on the model. In any case the model is 
too simple. It is quite likely, for example, that the pre- 
ponderance of radio emission from each evolving source 
arises at a different (probably earlier) phase from most of 
the X-ray emission. In the face of such uncertainties, 
direct connexion of the radio and X-ray backgrounds 
is difficult. 


Resolving the X-ray Background 


On almost any theory, we would expect the background 
to display non-uniformities at sufficiently good resolution. 
It is of interest to estimate the angular discrimination 
required to resolve the sources if they are associated with 
distant evolving radio galaxies, as diseussed here. 

As a simplified example, suppose that the background 
comes from intrinsically identical sources all lying near 
red-shift Z, each emitting a total power P,-,, erg s~ in the 
interval 2-10 keV, and having photon number spectrum 
85-17 over the relevant energy range. (Note that our 
source spectra really evolve, so that this simple treatment 
is only applieable for photon energies e£ (za) 0 60 keV 
at the observer.) Because Z is likely to be large, the 
effects depend on the choice of cosmological model. In a 
Friedmann universe with deceleration parameter qo. 
Hubble constant H, km s^ Mpe, and zero cosmical 
constant, the number of sources needed to produce the 
observed background intensity of ~ 4 photons (em? s ster 
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keV)-! at 2 keV is!? 


100x27 1019 r 
3:0 x 10? Ce a* get (do — 1) (14 2g9,2)55 —1 
2-10 m 


| g 
| 

(1+2) ster — (10) 
Taking P,,,—10'* erg s~ (an appropriate value for the 
R-S model), 22 3, and H,= 100 km s~ Mpc-!, we find from 
equation (10) that, in the Einstein-de Sitter ease (q= 1), 
the density of sources is 3:2 x 10' ster, or ~10 per 
square degree. A five degree field of view would then be 
small enough to observe the random clumping fluctuations 
A NÍN x1 per cent over the sky. This is a favourable 
case; the fluctuations would obviously be smaller if P, 
were lower, or if Z were greater. In a low-density cosmo- 
logical model (g,« 1) the fluctuations would again be 
smaller (for a given value of P,,,). Nevertheless resolu- 
tion should clearly be looked for. 


Hy 


Lu 


Conclusions 


These remarks are merely a sketch of caleulations which 
may be performed in detail for any desired model. Many 
features have been neglected. We have said nothing 
about the complicated high-density phase of radio source 
evolution (during which X-rays may arise from Compton 
scattering of low-frequency radiation emitted by the source 
itself), nor about competition between particle accelera- 
tion and energy losses. Nor have we mentioned relativis- 
tie bulk motions of the radio "plasmons", which would 
enhance Compton losses relative to synchrotron losses. 
There are clearly more unknowns than equations in this 
problem at present. We wish, however, to emphasize 
that there now exists a real possibility of connecting 
observations of the diffuse X-ray background, discrete 
radio sources and the radio background to theories of 
source evolution and of cosmology, and that as X-ray 
observations improve, the break in the spectrum may 
become an important tool in making these connexions. 

We thank K. Brecher, L. Maraschi, D. W. Sciama, G. 
Setti and J. Silk for stimulating our interest in these 
matters. J. E. F. thanks the Institute of Theoretical 
Astronomy for a visiting fellowship. 
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Structural Evolution of the Rift Zones in the Middle East 


by The rifts which trisect the Middle East originated as zones of crustal 
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attenuation during the formation of the Afro-Arabian dome. Sub- 
sequently, the style of deformation changed to one of horizontal 
displacement, the widening rifts being floored by new oceanic crust. 
This separation was due to the movement of all crustal plates at 
different rates in the same, north-easterly direction. 


continent, hereafter termed the Nubian segment, and 
(c) the Somaliland- Horn of Africa region referred to as the 
Somali segment, separated from each other by à major 
rift or rifts. We propose to outline the major structural 
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elements in each of these units and the intervening rift 
zones before presenting a hypothesis which explains the 
present position of these crustal segments as the con- 
sequence of the north-easterly movement of all units at 
varying rates rather than as a separation caused by 
divergence. 


Crustal Segments 

The Arabian peninsula is a plateau, gently melined to 
the north-east, composed predominantly of granites and 
medium to high grade metamorphic rocks. Events 
directly related to the formation of the rifts, which form 
the western and southern boundaries of the segment. 
commenced in the Upper Cretaceous with widespread 
voleanism in the south-west corner of Arabia. The post- 
Cretaceous regional fracture pattern can be divided into 
two: la) zones of north-north-east wrench fractures and 
(b) lines of tensional faulting which swing diagonally 
across the peninsula from north-west to south-east in a 
roughly arcuate trend convex to the south. 


Structures marginal to the block are critical; to the 


north-east the crystalline basement has underthrust the 
geosynelinal sediments in the Alpine zone, and Falcon’ 
has suggested that 70 km of northerly movement has been 
accommodated along the Zagros thrust zone. Farther west 
a seismically active, northerly inclined thrust zone 
follows the Alpine trend aeross northern Syria and south- 
ern Turkey. The east and north-west marguis of Arabia 
are the sites of extensive transeurrent faulting: to the 
east, the Mesirah fault is probably a dextral shear of about 
300 km displacement? whereas to the north-west Quennel? 
and Freund‘ have suggested 90 km of sinistral movement 
along the Jordan "shear". Other fault zones within the 
erystalline basement. such as that at Taf east of Jeddah, 
have a lateral component. It has been common practice?’ 
to show major faults along the esearpments that form 
the western and southern coastal margins of Arabia, In 
neither case is this justified’, for both escarpments are 
primarily erosionally modified crustal downwraps; this 
is particularly evident along the south coast? t? 

In summary, northward underthrusting along the 
northern and north-eastern leading edges, transcurrent 


RS 








928 


Jurassic and 
Cretaceous 


Fs 


SC 





C 
Í 
j r Present Day 
Pine 
/ Come 
j Ce 
n e? 
Ss 
S 
JU 
| 
A Arabian 
UN Segment / 
Nubian a 
Segment \ 





i Somali 


A Segment n 


vi 


faulting along the eastern and north-western margins and 
the crustal attenuation along southern and south-western 
boundaries all suggest that since the Upper Cretaceous 
the Arabian plate has been moving north-eastwards. 
zm pe SAN is ps e EPU a a mirror image 


to is east by & seawar ri facing. esear UE The area 
consists predominantly of granites emplaced into low 
grade metamorphosed pelitie sediments and intermediate 
voleanie rocks which had previously been compressed 
into open folds. Notably the grade of regional meta- 
morphism in this segment is distinctly lower than that 
across the Red Sea in Arabia. The most sigana post- 
Jurassic events took place in Ethiopia where up to 2,000 m 
of Upper Cretaceous-Miocene basalts were erupted. With 
the exeeption of the Ethiopian Rift, and other structures 
affecting the Ethiopian voleanic rocks, faulting within 
this segment is of unknown age as all affected formations 
are pre-Cretaceous. It is noteworthy, however, that there 
is a clear east-west fault trend in the North-East Sudan 
which is absent in the Arabian peninsula at these latitudes. 
The compressional structures in the Alpine terrain of 
the eastern Mediterranean suggest that this part of 
Africa has moved northwards against Eurasia; — but 
beeause such structures are absent in post-Middle Miocene 
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formations" 9, northward movement probably ceased at 
this time. 

The Somali segment is the only part of this region of 
which we have no personal knowledge. We rely on 
published work''-!*, on diseussions with geologists 
familar with the area, and on the geological map of the 
Horn of Africa prepared by Mohr!®. Like the bth jer TWO 
segments, the Horn of Africa has high seh oe facing 
the rift zones, in this case the Gulf of Aden and the 
Ethiopian rift, but regionally slopes south-castwards 
towards the Indian Ocean. 

The only part of this area investigated in any detail 15 
that along the south side of the Gulf of Aden, where the 
basement consists chiefly of high grade metamorphic 
roeks overlain by tectonically deformed though unmeta- 
morphosed sediments. Apart from the regional tilting. 
two other features are noteworthy: first. the major 
faulting along the Somali coast east of Berbera. which 

affects Mesozoic and Tertiary sediments, is north-westerly 
in trend; second, the east-west escarprnent, facing the 
Gulf of Aden, appears to be essentially erosional and does 
not reflect faulting. 

No evidence is available within this segment that ean 
directly be interpreted as indicative of any horizontal 
movement; this is suggested by structures within the 
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Ethiopian rift. It should, however, be noted that the 
aerial disposition, structural trend and the lithological 
types present are closely comparable with those of south 
Arabia?" ?! as indeed is the trend of the post-Cretaceous 
faulting (Fig. 1). 


Rift Zones 

There is no evidence that during most of the Mesozoic 
the present rifts were linear zones of structural weak. 
ness*: 19,2? (Fig, 2a). Events directly heralding the formation 
of the three rifts appear to have commenced in the Late 
Cretaceous with intense fissure voleanism which reached 
its climax in the Oligocene. Regional uplift was either 
concomitant with this voleanism or immediately sub- 
sequent to it!**3.4, Some authors (for example, Cloos?*) 
envisage the rifts as zones of axial collapse following 
doming; it is now proposed to examine the rift structures 
to assess whether their origin can be due solely to such 
vertical movement. Within the Red Sea the major 
structural pattern is of north-north-westerly tensional 
faulting. Magnetic, gravity** and more recently petro- 
chernical evidence (refs. 26, 27 and work in preparation by 
L G.G., D. L J. Mallick and K. G. Cox) suggests that the 
50 km wide median trough represents newly formed 
oceanie erust between the sialie blocks of Arabia and 
Nubia. This limited separation, however, is augmented 
by the intrusion of basic rocks marginal to the central 
trough? and regional erustal attenuation. Thus an esti- 
mate of the total horizontal extension across the Red Sea 
would be in the order of 70-100 km. Clearly this move- 
ment could not be solely a result of collapse following 
doming and definitely necessitates some degree of horizon- 
tal displacement. 

Although the magnetic anomalies and high-level 
oceanie erust are not present in the northern part of the 
Red Sea, the central trough continues as a definite bathy- 
metric feature northwards towards Sinai where it appears 
to terminate against the sinistral Jordan shear?*. To the 
south the median trough eventually loses its identity near 
the voleanic islands of the Zukur and Hanish groups". 
The voleanie cones of these islands have a north-easterly 
lineation, and so this termination might be a transform 
fault. especially as the alignment is parallel to such 
structures in the Gulf of Aden. 

Laughton’s interpretation of the evolution of the Gulf 
of Aden?! is accepted without reservation, although it 
should be emphasized that crustal attenuation and down- 
warping characterize the northern and southern sialic 
boundaries of the otherwise oceanie Gulf. West of the 
Gulf, however, there is every indication that the structures 
in the ‘‘join” area are continental; certainly the volcanic 
island of Perim at the southern entrance to the Red Sea 
belongs to the Arabian segment!*. The approximately 200 
km width of oceanie erust in the Gulf of Aden (Laughton, 
personal communication) cannot have been produced 
solely by erustal extension during the formation of the 
Afro-Arabian dome and lateral movement of the Arabian 
segment is indicated. 

The Main Ethiopian Rift (Fig. 1), which separates the 
Somali segment from the Ethiopian Plateau, is bounded 
by crustal downwarps modified by normal faulting. 
Structural features within the rift zone are complex, and 
as a result numerous interpretations of the structure have 
been proposed!®2%31, As one of us?*? originally proposed, 
however, the recent en echelon north-south fractures in 
the active fault belt in the Main Ethiopian Rift are best 
explained as the result of left lateral movement of the 
Somali segment relative to the Nubian block. 

Contiguous with the Main Ethiopian Rift is the Afar 
depression, a low-lying region bounded by the Nubian and 
Somali blocks and the Danakil and Aisha horsts!*. 
Tertiary to Recent lava flows, clastic sediments and 
evaporites predominate within Afar; scattered exposures 
of the Pre-Cambrian basement occur at the foot of the 
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escarpments which bound the depression to the north-east 
and north-west. Sialic basement underlies the. Danakil 
and Aisha horsts, so there seems lztle possibility that 
the south-west corner of Arabia ever oecupied the entire 
Afar depression?!. 


Movements in the Middle East 

The coincidence in time and space of the extensive 
Upper Cretaceous-Eocene voleanisra with the vertical 
uplift that formed the Afro-Arabian. swell can hardly be 
fortuitous. Because both the generation of basaltie magmas 
and regional uplift are thought to ociginate by processes 
within the Upper Mantle we look to this region for a com- 
mon mechanism and suggest that a regional thermal 
upwelling under the area would (1) sause partial melting 
in the Upper Mantle and thereby make basaltic magmas 
available, and (2) inerease the thermal gradient thus 
necessitating the downward movemeat of the main phase 
boundaries in the mantle. The deepening of the phase 
boundaries would result in an increase in volume most 
easily relieved by surface uplift, the Afro-Arabian dome, 
with the consequent attenuation of the sialic erust, the 
"proto" rift zones. 

In the Miocene, following the period of essentially 
vertical movement, the style of deformation in the rift 
zones appears to have changed to one«where horizontal dis- 
placement was dominant. The evaclence collected here 
indieates that, relative to the Nubian segment, both Arabia 
and the Somali segment have suffered lateral translation 
in a north-easterly direction. In order to explain this 
lateral movement it is necessary to consider the frag- 
mentation of the whole Gonwanaland block. A recent 
synthesis by Le Pichon and Hertzier? shows that the 
important concluding phase of fragmentation imn the 
Indian Ocean started in the Eocene and involved ocean 
floor spreading along the north-western and south-eastern 
branches of the Carlsberg ridge. Mathematically, these 
movements can be considered rotetional about a pole 
position at 26? N, 21° E. It is therefore relevant to note 
that the following structures, which accommodate move- 
ment, all approximate to portions of small circles centred 
on this pole: (a) the Owen Fracture Zone; (5) the trans- 
form faults of the Gulf of Aden; (^) the Zukur-Hanish 
line, and (d) the Mesirah and Jordan shear zones. 

Such movement explains the separation of the Arabian 
mass from Africa, whereas the increase in velocity with 
increasing distance from the pole accounts, in part, for 
the changing widths of the rifts. The separation at the 
eastern end of the Gulf of Aden is thas greater than at the 
western end which is nearer the rotational pole, whereas 
the Red Sea median trough narrows northwards as its 
distance from the pole decreases. 

The present case, however, is unusual in that it can be 
demonstrated that in relation to the Nubian segment. the 
blocks on either side of the Gulf of Acen are both moving in 
the same direetion—towards the north-east. The Arabian 
peninsula is rotating about the pol at a higher angular 
velocity than the other segments amd is therefore moving 
away from the Somali segment. The left-lateral shear 
along the Ethiopian rift, however, clearly indicates that 
the Somali block is also moving to the north-east relative 
to the Nubian block. Furthermere, up to the Late 
Miocene, the Nubian block itself appears to have been 
moving towards the north-east. Thus at varying times, 
all three crustal segments under cousideration have been 
moving in the same direction, albeit at varying velocities. 

Ín this broad synthesis we have not commented in 
detail on the critical “join” region st the southern end of 
the Red Sea. The Red Sea median trough loses its iden- 


depression. This latter region seems to represent an area 
of “stretched” continental rocks, much attenuated by 
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normal faulting and by the injection of basic dykes. 
Whether or not the area is underlain by new “oceanic” 
erust cannot be deduced from the surface geology. 

With further movement of Arabia away from the 
African block, however, it seems likely that a new region 
of oecanie erust will develop to the northern and central 
parts of the Afar depression. Fig. 2 shows in stylized 
form our eoncept of the major stages in the post- -Cretaceous 
structural development of the Middle East. 

When, as in this ease, the relative movements of several 
crustal segments are discussed, it is impossible to present 
this in terms of absolute movement; the best that can be 
done is to relate movement to the most acceptable datum. 
In the preceding pages, the datum used was the nearest 
major crustal unit outside the area under consideration, 
namely Eurasia. It is pertinent to record that when 
the position of the geomagnetic pole is used as a datum, 
then the same conclusion is reached-—that Africa and 
Arabia have becn moving north-eastwards for most of the 
period eoncerned??. During the last 10 m.y., however, 
palacomagnetie evidence suggests a slight clockwise 
rotation of Africa’? whereas Arabia continued to move 
towards the north-east*!, 

The north-eastward movement of Africa and Arabia has 
possibly been in response to the generation of new erust 
along the ridges of the southern oceans. In the case of 
Arabia, this north-easterly movement has been augmented 
by the post-Eocene generation of additional oceanic 
erust in the Red Sea and in the Gulf of Aden. 

The zones of crustal attenuation in the Red Sea and in 
the Gulf of Aden, caused initially by doming, would be 
areas of mass deficiency which would have had to be 
balanced. This balance could be achieved by the injection 
of mantle material in the form of basaltic dykes. The 
dykes would be mitially and subsequently emplaced into 
the weakest area between the crustal segments, and 
although the injection zone itself was moving with time, 
a symmetrical injection pattern, and thereby magnetic 
anomalies, would emerge. There is no need to invoke the 
upward and outwards movement of mantle convection 
currents under the site of new ocean floor generation, 
for the injection of dykes along a median zone of weakness 
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would be self-perpetuating so long as the thermal gradient 
in the area was high enough to maintain partial fusion in 
the mantle. 

We thank J. C. Briden, T. N. Clifford, D. H. Rayner 
and R. M. Shackleton for their help. 
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Upper Mantle Structure: are the Low Velocity Layers Thin? 


by 


A. L. HALES 
S. BLOCH 


Geosciences Division, 
Southwest Center for Advanced Studies, 
Dallas, Texas 


THE structure of the upper mantle, as determined from 
surface wave dispersion!, is believed to be characterized 
by thick (about 200 km) low velocity layers of relatively 
small vel o)uty eontrast and by two regions of relatively 
rapid inerease of velocity at depths of about 350 and 
650 km. The upper mantle structures inferred from the 
data of Toksöz and Anderson? for shields, tectonically 
active and oceanic areas are shown in Fig. 1. Press? also 
finds relatively thick low velocity channels. The thick 
low contrast low velocity Jayers seem to be a world wide 
feature. 

The S velocity structures determined by Ibrahim and 
Nuttli^ from studies of body waves are qualitatively in 
accord with the data for surface waves. 


Body wave travel times and surface wave dispersion tend to favour 
the hypothesis that the low velocity layers are relatively thin zones 
of high velocity contrast. 


Studies of P wave travel times made since 1958 tend 
to show three breaks in the slope of the travel time curve 
between 5° and 30° as is shown by Table 4 of Johnson? 
and by Fig. 19 of Anderson’. The determination of the 
steepness of the transitions is dependent on very detailed 
coverage of the distanee between 10^ and 35^ as illustrated 
by the ealeulated times for a series of models in Fig. 2. 
In model A the transition takes place over 400 km and 
there is a very small cusp. This cusp could be eliminated 
by a smoother approach to the transition. As the depth 
over which the transition takes place is reduced, the cusp 
extends. The cusp reaches its maximum extension for the 
first order discontinuity in model F. The shapes of the 
cusps, the relative amplitudes along the various branches 
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Fig. 1. Shear velocity distributions in the upper mantle from surface 


wave dispersion (from Toksöz, Chinnery and Anderson). 


and the distance at which the break in the slope of the 
travel time curve occurs vary depending on the velocity 
gradients above and below the regions of rapid change, 
but the curves in Fig. 2 show all the characteristics of 
travel time curves for regions of rapid velocity change. 
It is important to note that rays bottoming between the 
depths 200 and 360 km on model F are never observed as 
first arrivals, so that the velocity distribution can be 
completely determined only if the late arrival phases can 
be observed. "These hidden regions are characteristic of 
all structures with cusps. 

Studies of P body wave travel times have recently 
been made in the United States and there was fairly 
detailed coverage of the 10° to 30° region by Johnson? for 
the western United States, by Green and Hales? and by 
Julian and Anderson? for the central and south-western, 
and by others for the north-western United States. The 
models of these authors are compared in Fig. 3. The tran- 
sitions differ in detail, but the larger features of the distri- 
butions agree well. As far as the regions of rapid change 
of velocity are concerned, the body wave and surface wave 
dispersion models are consistent. 
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Fig. 2. Calculated travel time curves for different rates of transition. 


931 








NU 


Qu 0B Ofset “TOs 





56-0 27 oC Ofset- Os 
520E o 0 CoD Offsets 
48-0 E MARRON Es 


Time (distance/ 10:0) (3) 





44:0 "i 

10:0 E Ost -80s B 

36-0 

32-0 

AND Lib dachdod a ee 
1,200 1,500 1,800 2,100 2,400 32,7600 3,000 3,300 3,800 


Distance (kre) 


Comparison of recent models of apper mantle stracture in the 
United States: t, 


Fig. 3. 

Dowling and Nutth*, and Lehmann’, showed that the 
characteristic effect of the kinc of low velocity zones 
which ean be expected in the upper mantle is an offset of 
the travel time curves and not a shadow zone. The effect 
is illustrated m Fig. 4, whieh shows ealeulated travel 
times for a number of models. Models LA, LB and LC 
have almost identical offsets showing that it is difficult to 
separate out the effects of veloesy and thickness on the 
basis of travel times alone. Given very detailed coverage 
it might be possible to diseriminate between models by 
determining the position of the cusp. It is clear from the 


to identify thin low velocity zones on the basis of body 


wave travel times. 
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The analyses of Lehmann? and of Green and Hales* make 
it clear that the P body wave travel times in the regions 
to the ESE, E and ENE of the Nevada test site require 
that there should be a P low velocity zone in the upper 
mantle. Other body wave evidence for the existence of 
P low velocity layers in the upper mantle has been 
discussed by Lehmann’, but nov here else is the evidence 
as clear as in the western United States. In particular the 
body wave travel times reported for stable continental 
areas do not show the offsets which should exist if the 
low velocity layers are thick. 

Thus there is a marked contrast between the body wave 
information and the surface wave studies which require 
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a universal world encircling, moderately thick, low velocity 
zone. Surface wave data are very much more sensitive to 
the S velocity distribution than to the P wave velocity 
distribution or the density. Laboratory measurements of 
the temperature coefficients of the P and S velocities 
suggest that the eritical temperature gradient for constant 
S velocity is between half and two-thirds that for P*. 
Thus it is possible that there may be a low velocity zone 
for S and not for P. Anderson! has estimated that if the 
5 velocity decreases by less than 0-1 km/s over 100 km 
then there would be no P low velocity zone. Almost all 
the surface wave studies?, however, show decreases of S 
velceity of more than 0-1 km/s over 100 km. The Toksöz 
and Anderson? studies covered oceans, shields and tectonic 
areas and were therefore fairly general. It is significant 
that the Brune and Dorman?” study of the Canadian Shield, 
a region of high surface wave phase velocity, shows a de- 
crease of more than 0-1 km/ js over 100 km for the S wave 
velceities. Similar studies in southern Africa by S. B. 
A. L. H. and Landisman (in preparation) show decreases 
exceeding 0-1 km/s over 100 km if interpreted in terms of 
thick low contrast low velocity zones. Thus it seems from 
the surface wave data that there should be a P low velocity 
laver everywhere. It is possible that it is not observed 
because it oceurs in the later arrival segment of the travel 
time curve marked PQ on the curves of Fig. 2. The other 
possibility which must be considered is that the low 
velocity layers in the shield areas are very thin and escape 
detection for this reason. In this connexion it should be 
noted that Green and A. L. H.* considered the possibility 
that there was a thin low velocity layer in the upper 
mantle beneath the central United States. The observa- 
tions are shown in Fig. 5. Caleulated travel times for two 
models, one with a thin low velocity layer and the other 
without, are also shown in the figure. Green and Hales 
remarked that the amplitudes calculated for the model 
with the low velocity zone fitted the observed amplitudes 
slightly better than those calculated for the model without 
& low veloeity zone, but the possibility that the offset 
arose as a result of lateral variation could not be excluded. 
It is important to recognize that the surface wave data 
do not exelude the possibility that the low velocity 
layers are thin. Aki! showed that a laminated mantle 
with 2 per cent of material of velocity 1-1 km/s fitted both 
the Japanese Love and Rayleigh data very well. The 
only other models which would fit the observations were 
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Fig. 5. P travel times in the central United States, The solid line 
shows the computed times for the model without a low velocity zone 
shown as a solid line in the inset. The dashed curve is for the model 

with a low velocity zone shown dashed in the inset (Green and A. L. H.*). 


anisotropie models. Aki’s results were consistent with 
other studies whieh showed that laminated layering pro- 
duced similar effects to anisotropy, and were important 
because there are other cases in which it has been found 
impossible to find an isotropic shear wave velocity model 
which would fit both Rayleigh and Love wave disper- 
sion}, 

Aki remarked that it was not necessary that there 
should be multiple thin lavers. Fig. 6 shows the Rayleigh 
wave dispersion for three models, one with a thick low 
velocity layer, the other two with very thin layers. The 
differences between the velocities at any period are less 
than 0-015 km/s; that is, much less than the errors of 
observational data. 

The figure shows the Love wave dispersion for the saine 
models, In this case the dispersion for the thick low 
velocity zone is not the same as that for the thin. If 
dispersion in the real Earth is caused by thin low velocity 
channels, it will not be possible to fit the observed data 
for both Rayleigh and Love waves with a model with a 
single thick low contrast low velocity layer. This is what 


has been found in Japan and the central United States. 
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Fig. 6. 


Calculated Rayleigh and Love wave velocities for models with a thin high contrast 


low velocity layer “compared with those for a thick low contrast low velocity layer. 
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It therefore seems possible that a substantial proportion 
of the low velocity effect on the surface wave dispersion 
is due to thin layers of high contrast. 

In regions such as that in the western United States 
where the P wave travel times show offsets of 4-6 s the 
layers must be fairly thick (for example, 20-40 km), even 
if liquid. 

There are probably many more regions like the western 
United States. Studies of the regional variations of 
teleseismic travel times have shown that the P arrivals 
are systematically late in the western United States. 
Similarly it has been shown that the S arrivals are late 
in this region, Other regions for which the P arrivals are 
late are the Andes, the Carpathians, the Apennines, the 
Caucasus, the Tibetan Plateau and south-eastern Aus- 
tralia. It is probable that the upper mantle velocity 
distributions in these regions resemble those in the 
western United States very closely. 

'The eonclusion to be drawn from this diseussion of body 
wave travel times and surface wave dispersion is that both 
sets of data tend to favour the hypothesis that the low 
velocity layers are relatively thin zones of high velocity 
contrast rather than thick zones of low velocity contrast. 
The effects of replacing a thick low contrast, low velocity 
layer by a thin near liquid layer on the periods of the free 
oscillations and on the velocities for very long period 
surface waves have vet to be studied. 
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The existence of low velocity levers probably plays an 
important part in tectonic movements and relative motion 
of the continents. Thus better determinations of its 


range would resolve the question. 
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Determination, Activation and Actinomycin D Insensitivity 
in the Optic Imaginal Disk of Drosophila 


by 
C. H. WADDINGTON 
EVELYN ROBERTSON 


Institute of Animal Genetics, 
Edinburgh 


One of the basic discoveries of the work on embryonic 
induction initiated by Spemann is the fact that developing 
cells may be affected by a process of determination which 
largely, though not wholly irrevocably, fixes the develop- 
mental course which they will later follow, and that this 
oceurs some time before any overt evidence of the actual 
realization of that course of differentiation can be recog- 
nized histologically or biochemically. More recently, 
several examples have been described of tissues which, 
when treated before recognizable differentiation occurs 
with concentrations of actinomycin D sufficient to sup- 
press new RNA synthesis, nevertheless succeed in synthe- 
sizing the new proteins by which this differentiation 
can be recognized. The most obvious hypothesis is to 
suppose that determination consists in transforming the 
cells into a condition in which the messenger RNAs for 
these proteins are being produced. but in a "masked" 
form which is not immediately active. If such masked 
messengers are present there will be no need for any 
further production of them. The cells should be, as 
observed. insensitive to the action of actinomycin D. 
A recent review of the evidence and a discussion of this 
hypothesis will be found, for example, in ref. 1. 

There is, however, no direct logical connexion between 
determination and insensitivity to aectinomyein D. An 
alternative view might be that determination produces 
some alteration in the cells of a nature not yet under- 
stood; and that this is usually, but not necessarily always. 
followed by the production of masked messenger which 


The effects of actinomycin D on the optic disk of Drosophila suggest 
that determination is not synonymous with the production of 


masked messenger RNAs. 


confers insensitivity to actinomysin on the system. The 
change produced by determinatioz is known to be heritable 
from one cell generation to the next. There is much 
older literature dealing with tissus culture supporting thus, 
but perhaps the most striking evidenee in recent years 
has come from the studies by Hadorn? on the imaginal 
disks of Drosophila. He has snown that if particular 


abdomens of adult females from which all the pupation 
hormones have disappeared. toe ceils may multiply 
through very many cell generat:ons, particularly if they 
are serially transplanted from one female to another. 
During this multiplication the cells retain their determ- 
ined character, and as soon ag they are subjected to 
pupation hormones they undergo differentiation into 
characteristic imaginal adult tissaes 

In most of these cases the tiss 
to the presumptive fate of the 









sk forms wing structures, 
s and so on. There are 
ges in developmental fate, 
which Hadorn named "transdesermunations . Little is 
known about the mechanisms of these changes. although 
when they were first observed". they were found to be 
stimulated by heavy doses of X-rays administered to the 
developing tissues. We shall not be further concerned 
with them here. 






DK 
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In an imaginal disk therefore we have a system in which 
determination is virtually complete at the end of the 
larval period, but in which processes leading to actual 
differentiation are not activated until the tissue is exposed 
to pupation hormones. If determination is really the same 
thing as the production of masked messenger, the imaginal 
disks should be insensitive to the action of actinomycin D 
from the late larval stage onwards. Naturally, the effective 
operation of the pupation hormones which activate 
differentiation is likely to take a certain time, but this 
should not complicate the issue as to whether treatment 
with actinomycin after the beginning of pupation has 
any effect or not. 

We have used the optic imaginal disks of Drosophila. 
because these seem to be the most firmly determined of 
all the imaginal disks, in the sense that transdetermination 
occurs less frequently in these than in any other disks. 
Furthermore, their differentiation leads to the production 
of several extremely characteristic and unmistakable 
products, in particular the rhabdomeres and pigment 
granules. 

As a preliminary to the experiments to be reported, we 
determined a dosage of actinomycin D, and treatment 
period, which, if administered late in pupal life, left the 
cells healthy enough to continue differentiation. "Treat- 
ment for 1 h with insect Ringer containing | mg of actino- 
mycin D/ml. was found to be suitable, in that it had some 
but not too drastic an effect on the cells’ behaviour. It 
seems safe to assume that this effect is a consequence of 
an inhibition of DNA dependent RNA synthesis. 

In the principal experiments, optie disk material was 
removed from pupae at various stages after the initiation 
of pupation ("white prepupal stage"), and transplanted 
into the abdomens of 1 day old females either with or 
without this actinomycin D treatment. The implants 
were dissected out of the abdomens of females after 3 or 

i days, and examined by electron microscopy, which 
allowed certain identification even of small areas of 
rhabdomere. Techniques of preparation for electron 
microscopy were those deseribed by Perry'. The results 
are set out in Table 1. 
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Table 1 
Experi- Ageof Time 
ment donors Act. in host Differentiation 
No. ih} D (days) Rhabdomeres Pigment Other 
i 0 No 7 None None None 
2 ü Yeg 7 None None NOn 
3 24 No 7 Some small patches, Verylittie — — 
Some folded mem- 
branes 
4 24 Yes vi None None None 
5 36 NO n Good, but not ¢longa- Good ATS, 
ted hairs 
8 36 Yes 7 None None — 
One or two folded 
membranes, less 
thaninexp. 3 
T 42 No 3 Good, fairly elongated Good Lens, 
hairs 
8 42 No 7 Good, elongated Good Lens, 
hairs 
9 42 Yes j Some small patches None — 
10 42 Yes 7 Good, but very small. Little -— 
No elongation 
11 and 48 Nu Sand 7 Good, elongated Good Lens. 
12 hairs 
13 438 Yes 3 More than exp. 9 rag- Fair Lens 
ged in shape, little 
elongation 
14 48 Yes n Good, moderate clon- Somewhat Lens, 
gation reduced — hairs 


Presumptive eye tissue was removed from Drosophila pupae at various 
times after the “white prepupa" stage, and implanted into the abdomens of 
1 day old females, either with or without a 1 h treatment in actinomycin D 
(1pgímL) These implants were dissected out and fixed for electron micros- 
copy after 3 or 7 days, Technical methods were those used by Perry‘. 


It is clear from the results on optic material which is 
not treated with actinomycin D (exps. 1, 3, 5, 7, 8, 11 and 
12) that the natural production of hormones in the pupa 
is such that it takes quite a considerable time to aetivate 
fully the potentialities for differentiation of the determined 
tissues. After 24 h of hormone action, only very restricted 
differentiation oceurs. These experiments cannot determ- 
ine whether this insufficiency is due to the small 
amount of hormone which has been produced by this 
time, or to the inadequate length of time which the 
hormone has been acting on the susceptible tissues. 

It is interesting that, by one or other of these mechan- 
isms, the cells have come into a condition by which they 
can produce a little, but not much, of their characteristic 
differentiation products, such as rhabdomere. The 
activation is therefore not an all-or-none affair, but 





Fig. 1. 


Fig. 2. 


A small patch of typical rhabdomere material produced in an optic rudiment removed 24 h after pupation, injected into the abdomen 
of an adult female, and fixed after 


7 days. (x 36,000.) 


A cell from a rudiment of the same age and treatment as that in Fig. 1, which has produced rhabdomere-like material in the form of 
“folded membranes", 


( x 21,200.) 
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susceptible of a (presumably continuous) range of grada- 
tions. This is so not only in a purely quantitative sense, 
as estimated by the volume of rhabdomere produced, but 
also to some extent in a qualitative form. The imaginal 
material isolated 24 h after pupation sometimes produces 
not only small patches of typical rhabdomere material, 
but also assemblages of “folded membranes" (Figs. 1 
and 2). These give the impression of being qualitatively 
defective rhabdomeres. which have some of the constitu- 
ents necessary to build a normal rhabdomere, but lack 
others. It is just possible that the deficiency is a temporary 
one, so that these folded membranes represent an early 
stage in the differentiation of a region of the cell which 
later transforms into a completed rhabdomere, but their 
appearances in the electron micrographs are not very 
similar to those we have seen in the early stages of normal 
rhabdomere formation. It seems more plausible to suppose 
that the different components of the differentiation process 
require different intensities of hormonal aetivation, and 
that in cells with the folded membranes some have been 
activated and others not. A similar conclusion 1s suggested 
by the fact that some of the early isolates which form 
well differentiated (even though small) rhabdomeres show 
a very sparse and inadequate development of another 
component of the fully differentiated cells, namely pig- 
ment granules. 

The most important conclusion of these experiments 
is made clear by a comparison, at a given age of isolation, of 
tissues which have been treated with actinomycin with 
those which have not. The 48 h isolates behave identically 
with or without treatment. At any earlier age, however. 
the isolates treated with actinomycin D differentiate 
markedly less well than those which were not treated. 
The most critical comparison is between the treated and 
non-treated tissues isolated at 36 h. The untreated ones 
have had sufficient activation to differentiate rather fully. 
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although the rhabdomeres do not become fully elongated. 
which presumably is a sign that they are quantitativ ely 
small in volume. The isolates treated with actinomycin 
D at this stage. however, although activated for the same 
time, are unable to differentiate proper rhabdomeres or 
pigment. 

This is strong evidence that. i full differentiation 
further RNA synthesis is necessary after 36 h, that is to 
say, at considerable time after determination has been 
completed. There seem to be two pessibilities. The first, and 
simplest, is to suppose that further synthesis of RNA mes- 

sengers must take place after the he »monal activation; this 

would imply that, in this system at any rate, determina- 
tion is not the result of the produetion of messengers. 
The second alternative is to argue that such messengers 
have indeed been produced at the time of determination, 
but that after the system is activated by the hormones, a 
new species of RNA must be formed to play an essential 
part in the process by which the messengers are unmasked, 
for example, by coding for an ur masking enzyme. The 
experiments reported here do not make possible a decision 
between these two hypotheses. “here is, however, some 
evidence against the second, more eomplicated mechanism, 
in the fact that many systems, such as those summarized 
by Tyler! have a post-determunative insensitivity to 
actinomycin, and therefore canmot require new RNA 
synthesis to carry out the unmasking of any messengers 
they eontain. If unmasking does not require synthesis 
of a new enzyme in those systems, it does not seem very 
convincing to suggest that it does so in the imaginal buds 
of Drosophila. 
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Is Resonance Possible in the Cochlea After All 


by 
A. F. HUXLEY 


Department of Physiology, 
University College London 


Mosr of the evidence which is accepted nowadays is 
against the existence in the cochlea of anything like true 
resonance, in the sense of the incoming sound energy being 
stored over a considerable number of cycles in a mechan- 
ically oscillating structure. The most striking evidence in 
this respect comes from the direct observation of the 
movements of the cochlear partition by Békésy'^?; this 
showed only travelling waves which are damped out at a 
position which depends on the frequency of the sound. 
Further, the best known recordings? of activity in fibres of 
the auditory nerve show the sensitivity of each fibre 
varying with frequency in just the way that would be 
expected from Békésy's observations. Finally, experi- 
ments on models»! have seemed to show that resonance to 
a wide range of frequencies is impossible in a structure 
such as the cochlea in which there is strong coupling??? 
between the "resonators" tuned to different frequencies. 
Nevertheless, there are many respects in which the overall 
behaviour of the human auditory system does resemble the 
response of a series of fairly sharply tuned oscillators®-’, 
and I have long felt that the evidence is not strong enough 
to rule out the possibility that mechanical resonance is an 
essential feature of the working of the cochlea. For these 


A truly resonant oscillation, the position of which shifts with 
frequency, may after all be possible at least in a simplified 
representation of the cochlea. 


reasons I have tried at intervals ssice about 1950 to think 
of ways in which resonance might occur in a structure 
resembling the cochlea in its main features, and last year I 
reached the promising result which is presented here. 

It would be premature to assert on this basis that 
resonance of the kind proposed does really occur in the 
cochlea, but I have been encouraged to publish the result 
by the existence of indications that movements within the 
cochlea are much more sharply dependent on frequency 
than was supposed a few years ago. Thus recent record- 
ings of activity in single fibres of the auditory nerve show 
much sharper responses than were observed earlier*: 
for example, Kiang's records® show a shift of one semitone 
in either direction from the optimum causing the threshold 
to rise by 10-15 dB, a degree of sharpness far beyond what 
is to be expected on the current form of the travelling- 
wave theory. 

Fig. 1 shows the simplified representation of the cochlea 
which is to be considered; all its features have been 
assumed in one or other of several previous treatments!?-1?, 

Each of the perilymph channels is assumed to have a 
uniform cross-sectional area 4; the effective inertia m 
(partly due to the endolymph) associated with unit length 
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of the partition is assumed uniform; the stiffness / of the 
cochlear partition, measured as the pressure difference 
between the two perilymph channels needed to produce 
unit volume displacement per unit length, is assumed to 
decrease exponentially with distance x from the stapes (by 
which sound pressure oscillations are brought in) so that 


b= [yo~ kr (1) 


These properties are assumed to extend indefinitely in 
both the positive and the negative directions of x. Further 
assumptions defining the nature and strength of the 
coupling between adjacent parts of the cochlear partition 
will be introduced later. 


Scala vestibuli 
(perilymph) 





Stapes 77 D d dd ys 77 
ONE 7 
X "A E ii 
— << 
€e-— 
Middle ear 7 WG 
cavity (air) YG yy G SO 


Scala tympani 
(perilymph) 


Fig. i, Diagram of a simplified representation of the cochlea. The whole 
structure is imagined to be unrolled from its normal coiled arrangement. 
The partition separating the two perilymph channels consists of a bony 
shelf projecting from the bone on one side, and connected to the opposite 
side by the basilar membrane to make the separation between the peri- 
tymph channels complete except at the right hand end. It carries on 
itself the whole scala media and its contents, which are assumed to 
contribute to its inertia. The arrows show the type of movement of 
perilymph and cochlear PEED nee is probably necessary if resonance 
is to occur. 


Pressure differences related to accelerations of perilymph 
at right angles to the long axis of the cochlea, and the 
effects of viscosity, are neglected. 


Motion of the Perilymph 


The equation of continuity is 


dy — 
EC 2 
B (2) 


where y is the longitudinal displacement of fluid in the 
upper perilymph channel from its mean position (positive 
to the right), and z is upward displacement of the par- 
tition measured as volume change per unit length. The 
fluid in the lower channel undergoes a displacement equal 
and opposite to that in the upper channel at the same 
distance from the base of the cochlea, because the bony 
surround is assumed rigid and the fluids are assumed 
incompressible. 
The equation of motion of the fluid is 


ory op 
V FS RE: 


where p 18 the difference of pressure between upper and 
lower channels and p is the density of the perilymph; the 
factor 2 enters because the gradient of pressure difference 
has to accelerate fluid in both perilymph channels. 
Differentiating equation (2) twice with respect to £, and 
equation (3) once with respect to x, yields 
1 Oz (4 
drd — A 0t? 25 da” m 
If resonance oceurs, all parts will move sinusoidally at the 
imposed frequency o/2x and in the same phase, so that 


=Z sinot and pz P sinwt, where Z, the amplitude of 


movement of the partition, and P, the amplitude of the 
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pressure fluctuation, are functions of æ 
now follows from (4) that 


but not of f. It 


Zow? da? (5) 


This relationship between Z and P has been obtained 
solely from a consideration of the longitudinal motion of 
the perilymph along the upper and lower channels. The 
next step is to obtain a second equation connecting Z and 
P; this will be done by considering the up-and-down 
movement of the cochlear partition itself. Z will then be 
eliminated between the two equations, leaving an ordinary 
differential equation for P. 


Motion of the Cochlear Partition 
In the absence of coupling between adjacent parts of 
the cochlear partition, the equation of motion would be 


mL =—lz—p (6) 


The effect of coupling may be introduced by replacing 
the term —lz by a function g(a) which gives, at any instant, 
the distribution of pressure difference p which would be 
needed to hold the partition stationary in the shape it has 
at that instant. The amount by which p exceeds g is 
available for accelerating m, so that (6) is replaced by 

Ou 
ms (p — 4) (7) 


No time-dependent behaviour will be assumed in the 
elasticity of the partition, so q depends only on the instan- 
taneous values of z, and we can write 
Oz d Q?z gz 
q= -lz + az po 
T ox? Qa? 
the nature and strength of the RES are expressed by 
giving appropriate values to a, b, c and so on. 
Writing, às before, z= Z sinew! and p= P sinof, equations 
(7) and (8) combine to give 


Quo 
4- ds 


Z Z, 
=a— +b 2 p --- 


l-ma) Z+ P À 
dx Qa? 


2] 


(9) 


Differential Equation for Pressure Amplitude 
Equation (9) is the second equation connecting Z and 


P that we needed. Eliminating Z between this equation 
and equation (5) yields 
; OP  2po*P pap PpP ( 
I~ mw?) + “eae tb ee FO (10) 
dx? A Sx? gxt 
Equation (9) shows that the "resonance point”, xa, 


defined as the position where the natural frequeney of the 
partition (disregarding coupling and the inertia of the 
perilymph) is equal to the frequency o/2x of the incoming 
sound, is given by l — mo? — 0, or, because we have already 
assumed (equation (1)) that L= le~ &r, 


lye e kxr = ma* 


(11) 
Assume now that each of the coupling coefficients on the 
right hand side of (10) declines with a in the same way, 
that is, a=a,e**, b=b,e~**, and so on. By substituting 
from these velata: inu also from equations (1) and (1 D. 
into equation (10), we i aes 


1 — ekz s) E ict 
1 m a 


Ae 


ly 042* (12) 
This is an ordinary, linear, differential equation for P; its 
solutions will represent possible forms for the variation of 
P, the pressure amplitude, along the length of the cochlea. 
All the coefficients are constants except for the factor 
okGr — zr), 
The only alteration in equation (12) eaused by changing 
the frequency of the incoming sound is to change the 
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value of ær; hence, the solution is unchanged except for a 
shift along the x axis. Because equation (11) can be 


written 
2 1 ly 
X? o — 7 lno + > in~ 
k k m 


it follows that the pattern shifts by a distance equal to 
2 | l 
~ In2 towards the stapes for a rise of one octave in fre- 


+ 


quency. This result has long been recognized" for the 
case in which elastic coupling is absent. 


Approximate Solution of the Differential Equation 

In à region of x narrow enough so that the variation of 
ek(x-x) ean be disregarded, equation (12) becomes a 
linear differential equation. with constant coefficients, so 
its solutions are of the form 

P = Perr (13) 

in which the possible values of u are the roots of the 
following equation, which is obtained by repeated differen- 
tiation of (13) and substitution of the results into (12): 


J : 

( Nus SP y, - Mo, oe, s 
we pkirt — qr) * ele Te ekiz Er) ae 2. TR + == uy on l4 
E ‘ ee mA ly TY um 


If the highest power of u in this equation is u”, then the 
equation has n roots, each of which 1s a possible value of 
“in equation (13), and the complete (though approximate) 
solution 1s 


P= Peat p Preiet + ~ —~ ~ + Ppeti (15) 


where P, P,... P, are constants depending on the 
boundary conditions. 

The values of u vary with »; further, they may be real 
(corresponding to an exponential variation of P with x), 
imaginary (sinusoidal variation of P) or complex (expo- 
nentially inereasing or decreasing oscillatory variation 
of P). 

The problem is to find a type of coupling which is 
deseribed by coefficients in equation (12) such that there 
can be a solution corresponding to resonance with the 
appropriate boundary conditions, that is, substantial 
displacements of the partition near x = ar, decaying toward 
zero at large positive x (the helicotrema, where no pressure 
difference between the channels can exist), and remaining 
finite, in à manner consistent with the input situation, at 
large negative x. 


Xx. 


937 


Case without Elastic Coupling 
The terms on the right hand side ef (14) are zero, and 

the equation reduces to 
. 2p l 


haigetest sa —M n AANE A tN 


(16) 


When z is large and negative, u is small and imaginary, 
indicating a slow variation of P with x, the graph being 
always concave toward the x axis as im the left hand part 
of the curves sketched in Fig 2b. As x increases, u becomes 
larger in absolute magnitude though remaining imaginary 
until z-z,. This is indicated in Fig. 2a, which shows the 
locus of p starting upwards (pure Enaginary) from the 
origin, when its values are plotted in the complex plane. 
As soon as z» z,, u becomes real, being at first very large 
(positive or negative) and decreasiag towards limiting 
values on the real axis. The variation of P with x is 
therefore a combination of increasing and decreasing 
exponentials as shown in Fig. 2b; in general, a finite 
term with the positive value of u would exist, giving 
solutions like Fig. 26 (iii), and the problem would be to see 
whether the coefficients can be chosen in such a way aa to 
bring the increasing exponential terre to zero, leaving only 
the decreasing term (negative u) as in Fig. 26 (1) or (H). In 
this particular case, however, the problem is unmanageable 
or PPF 
because of the singularity which exists at @= ay ; ar! Qui 
and Z are all infinite at this point amd it is not clear what 
is the appropriate condition for cortinuity between the 
solutions on either side of this point. Because, however, 
a strong coupling is known to exist between neighbouring 
parts??*, this case is not worth pursuing further, It does, 
however, provide a pointer, by suggesting that we should 
search for a case with coupling in which (starting at large 
negative x) the locus of u in the compiex plane begins from 
the origin along the imaginary axis, swings to the left 
without becoming infinite, and finphes on the negative 
real axis when x 1s large and positive. 


Longitudinal Tension in the Partitien 

This is the tvpe of coupling that was considered bv 
Helmholtz™ and it is one of those discussed by Békésv?.*. 
Its contribution to q (defined in the section "Motion of the 
Cochlear Partition") will be a term proportional to 


0 dz ; 
-+ 3, ( T 5 where 7' is the longitudinal tension. If we 
SX ax 





Fig. 2. a, Locus formed by plotting the real and imaginary parts of « against one another, for the case where there ia co mechanical coupling 


between adjacent parts of the cochlear partition (equation (16)), The dotted parts of the locus are at an infinite distance 
figure and the others which represent loci of z, only the upper half of the complex plane is shown; the part of the locus i 


case the reflexion of the upper half about the real axis. 
same conditions as a. 





m the origin. in this 
ie lower half is in euch 





upper : ; X b, Pressure amplitude P plotted against distance from inputcend of the cochlea, for 
(i) With parameter Zo/m. adjusted correctly to give no node between input end and ze; (ii) 2gí/s4 adjusted correctly 





for one node; (ili) 2e/ma slightly smaller than in (i). The part of each solution to the left of ze corresponds to the part of the locus shown 


in a which lies on the imaginary axis; the part to the right of zr corresponds to the parts of the locus on the real axis, 
also Figs. 3b, 4b and 65, are only roughly gketched. 


The curves in Fig, 26, and 
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Fig. 3. a, Locus of p in the complex plane for case where partition has longitudinal tension (equation (17): 
b, Variation of P along the cochlea for same conditions as in a. (1) A solution 
(ii) A solution appropriate for z> rec but not forg «zr; it corresponds to the branch on the 


to the branch of the loeus on the imaginary axis. 
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10-54 x (oi — Ee 1) pi ue fp. 
appropriate for z < zr but inappropriate for z» xr; it corresponds 


negative real axis. 


rp 2 


, 0*z 
this becomes T 3,2 8° that 
ae 


Ox” 
b in equation (8), and hence 6,/l, in equations (12) and (14), 
have positive values, while the other terms on the right 
hand side of these equations are zero (apart from the 
— Lz term in equation (8). Hence equation (14) becomes 
Ó 


å met 


with b,/l, > 0. 

Because the first and third coefficients in this equation 
always have opposite signs, the equation always gives one 
positive and one negative value for u*, whatever the value 
of x. The locus of u in the complex plane therefore con- 
sists of separate sections lying along the real and imaginary 
axes as shown in Fig. 3a. There is no branch of the locus 
going continuously from near the origin at large negative x 
to a negative real value at large positive r. This suggests 
that resonance is impossible; attempts to find numerically 
a solution of the differential equation for P corresponding 
to true resonance confirmed this impossibility by showing 
that a decreasing exponential at large æ could only be 
obtained if the amplitude decreased in the same kind of 


disregard the term involving 


(17) 
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Fig. 4. 


Lg xe "ariati P along the cochlea for same conditions as in a. A : OTTES PONG 
" ra rad : is. (ii) A solution appropriate for æ > gr but not for z<ar; this solution corresponds to 


? + 


to the branch of the locus lying along the imaginary ax 


a, Locus of u in the complex piane for case where partition has true longitudinal stiffness (equation (18): 


manner all the way from the stapes, as sketched in Fig. 36 
(11). 
Longitudinal Rigidity in the Partition 

Békésy? showed that a force applied locally to the 
basilar membrane produced displacements of a form which 
suggested rigidity rather than tension as the source of the 
stiffness. If this is the case, the term contributed to q 
should be proportional to — 09*M /0x*, where M is a quan- 
tity analogous to a longitudinal bending moment in the 
partition; M —S6?z/0x?, where S is the rigidity of the 
partition against this type of bending. If terms involving 
dS/éx and 0*S/0x? are neglected, the contribution to q is 
proportional to — d4z/éx* and, in equation (8), ¢ is negative 
while a, b and ¢ are zero. Thus equation (14) becomes 


d 2; 
2 8+ (eke 27) 1) u3— 2 ek(a~ tr) a Ü (18) 


0 m 
in which d,//, is negative. 

The locus of u derived from this equation, with par- 
ticular values for the constants, is plotted in Fig. 4a. 
Again there is no continuous path from small imaginary 
values of u to real negative values; the solutions of the 


b 





| 
+S 


— 10-5u* + e 7 £61) ats 
(i) A solution appropriate for z < gr but not for x> ar; it corresponds 


the part of the locus to the left of the imaginary axis. 
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differential equation for P which are appropriate at one 
end of the range of x will be inappropriate at the other 
end, as sketched in Fig. 4b. Again, these conclusions have 
been confirmed by numerical solutions, and it seems clear 
that a resonant mode is impossible in this case too. 


Effect of Spiral Form of Cochlea 

The unpromising results given by equations incorporat- 
ing the effeets of longitudinal tension or rigidity in the 
partition eorrespond to the tendeney toward production 
of travelling, as opposed to stationary, wave patterns in 
models with coupling?*. So far, however, we have been 
considering a schematie cochlea unrolled into a straight 
structure, The real cochlea is coiled into a tight spiral; 
Fig. 5 shows a small part of it curved m this way. If a 
short length AB (Fig. 5) of the bony shelf which forms 
the inner part of the partition is deflected upwards about 
an axis CD, without any internal strain, then the displace- 
ment of its edge is greatest at the midpoint of AB and 


declines towards A or B in proportion to the diminishing 


S 8, proportional 
toZ 





(iii) 
Fig. 5. Diagrams of a short portion of the bony shelf which constitutes 
the inner part of the cochlear partition, to show the effect of the cochlea 
being curved. (i) View along axis of spiral; bony shelf is the part 
between the two arca, (ii) View along CDD. (ii View along EO. The 
sector AB of the shelf is imagined to be deflected upwards through an 
angle @ by rotation about the straight axis CD: the edge of A B as seen 
in (Hi) would then appear curved downwards, that is tzioa? would be 
negative. 


-«.-F.85Hos 
: -2 ,? 9 
+ 


i | 
+2 +4 
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distance s between the edge and the axis CD, This dis- 
placement, equal to s (see Fig. 5), is Gireetiv proportional 
to z, the volume displaeement per unit length, so that 
£080. where Ý is a constant related to the breadth of the 
partition. 


H Oz n 0*8 

gx? ex? 

= — O/R, 

because ~—d%s/dx* is the curvature of the edge of the 
shelf. Also s=r at the middle of A#, so that £0-zjr 
and 

A^ 

mL (19) 

gr? Hr dns 


A bending moment is created only in «o far as d°2/da* has 
a value different from this, so that now 


ofr ox 
M = sf ee apu (20) 
Sor? Bry i 


while the contribution to q is proportional to — 0* M /dx* 
as before. If terms involving @S/ér and the hke are 
again neglected, the equation for u becomes 


de. ld | 9 | 
— uj. nui-4 ek Soe usc] ) Jg ———— akiz =e) ud 21) 
pup EPA "T má n 


m which dj/l, is again negative. 

Provided that the (negative) coefficient of u* is large 
enough imn relation to the other coefficierts, the locus of u 
is now of the type shown m Fig. 6a. At vast, this provides 
a direct path of the kind corresponding to a true resonant 
mode of oscillation; this is shown by the dotted ime. It is 
not, however, the only available mode. for example, a 
solution starting correctly up the imaginary axis from the 
origin might turn to the right at the first branch point, 
leading to positive real values of u at large positive x and 
hence to the unwanted increasing exponential terms. It 
seems probable to me, however, that a solution leading 
only to the decreasing exponentials (negative real u) at 
large z can be obtained by precise adjustment of the 
'oefficients in equation (21); such a solut:on probably has 
one pressure node between the stapes aad the region of 
large displacements of the basilar membrane as shown in 
Fig. 65. Definite statements on these points cannot be 
made until the solutions of the corresporgling sixth order 
differential equation for P (equation. (82)) have been 
explored with a computer. 





Fig. 6. a, Full line: locus of « in the complex plane, for the case where the effect of longitudinal stiffness is counteracted by either tk» coiling of 
A TEF U at 


the cochlea or by longitudinal compression (or both). Dotted line shows the wanted branch of this locus. 
'") b, Probable form ofa solution corresponding to dotted line in a. As in the other figures, the quantity plotted against 


(gur m eH e E) umi 


& 


(Equation (213: — 10 a FO t + 


zis P, the pressure amplitude; Z, the displacement amplitude, is much more sharply peaked for it is proportional to 2*P/oz? (equation (5). 
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Effect of Longitudinal Compression 

Loci of the type shown in Fig. 6a are obtained only if 
the coefficient of ut in equation (21) is large enough in 
relation to the restoring foree when the partition is 
deflected. The combination of curvature and longitudinal 
stiffness alone provides a restoring force, contributing to 
the —lz term in q; if this is the only restoring force, then 
it turns out that the ut term is large enough. But it is 
highly probable that the bony structure provides addi- 
tional restoring force, and rough calculations based on 
Békésy’s observations on deflexions of the shelf also 
suggest that the restoring force is several times larger than 
that due to the combination of curvature and longitudinal 
stiffness. If this is true, the 2! term due to curvature may 
be insufficient, leading to loci intermediate between those 
of Fig. 4a and Fig. 6a, with the lateral branches not meet- 
ing the imaginary axis, and therefore not providing the 
path to negative real values which is needed for resonance. 
Another possible factor which would introduce a negative 
44 term, however, is a longitudinal compressive force in 
the partition, just as equation (17) showed that longi 
tudinal tension in the partition introduces a positive u’ 
term. The amount of such a compressive force must be 
limited, for it will eause the partition to buckle if it is too 
great, but it turns out that there is a good deal in hand: 
a force less than a quarter of that needed to cause buckling 
is sufficient, even without the contribution due to the 
curved shape of the cochlea, to give the type of locus shown 
in Fig. 6a. 


Effect of Odd Terms in Equation for p 


The loci presented so far are all symmetrical about the 
imaginary axis; this results from the fact that the 
equations contain only even powers of u. The terms con- 
taining @S/éx or 0T'|0x do, however, introduce odd powers, 
and up to now these have been neglected. A full calcula- 
tion of the locus from the equation including the odd 
terms has been carried out for two cases. In the first the 
effect of curvature was disregarded, but longitudinal 
stiffness and compression were included. "The resulting 
locus is plotted in Fig. 7. It is seen that the lower branch 
point has divided in the way which provides the required 
continuous path from origin to real negative values, 
showing that the production of the resonant mode should 
be easier than was suggested by the approximate loci in 
which the odd terms had been neglected; nevertheless, it 





Fig. 7. Locus of u in the complex plane for the ease where longitudinal 

stiffness is counteracted by longitudinal compression, calculated without 

disregarding the odd terma as was done in Figs. 9a, 4u and 6a. The 
equation is = 1074607 1 — 10 Gu Gg — 1+ (e n num pli, 
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is probable that the resonant type of solution of the 
differential equation for P will only be obtained if the 
stiffness and compression are appropriately matched to the 
other parameters. 

The other full calculation of a locus was carried out on 
the assumption of curvature without compression. In 
this case, the coefficient of u? is twice as large as in the 
previous case, and the loci differ from those shown in Fig. 7 
only in that the branches have moved further away from 
one another. 

The arguments presented here suggest that a truly 
resonant oscillation, the position. of which shifts with fre- 
quency, is after all a possibility, at least im à simplified 
representation of the cochlea. The feature which has been 
shown to lead to a differential equation with the type of 
solution that corresponds to resonance ix an elastic coupling 
between adjacent parts of the cochlear partition consisting 
of a combination of longitudinal rigidity with either a 
geometrical effeet of the spiral shape of the cochlea, or a 
longitudinal compressive stress, or both. 

A model with these features would, however, also have 
alternative modes of oscillation, and it remains for investi- 
gation by numerical methods and model-building to show 
whether precise values of the various parameters can be 
chosen in such a way as to eliminate these unwanted modes. 
The theory also needs to be extended to take account of 
features of the cochlea which have been disregarded in 
this treatment, such as (1) its finite length, (11) variation in 
the cross-sectional area of the fluid channels", Gn) the 
finite wavelength in eomparison with the transverse 
dimensions!? and (iv) the viseosity of the fluids and of the 
struetures in the partition. 

Even if the theory stands up to these further tests, the 
key question is, of course, whether the real cochlea does in 
fact behave in the way suggested. As was mentioned at 
the beginning, most of the currently accepted evidenee 
seems to be against resonance, but much of it would need 
to be evaluated afresh if a resonant mode of the kind 
suggested here is a possibility. In the first place. the 
failure to obtain resonance in models could be attributed 
to the fact that no one has tried to imcorporate the 
features-—eurvaturoe, or longitudinal compression, together 
with a precise matching of various parameters-—that 
seem to be necessary. In the second place, there is the 
possibility that opening the cochlea and using an artificial 
stapes (or a massive connexion to the stapes itself), as 
was done in Békésy's experiments'?, may have altered the 
mechanical conditions sufficiently (perhaps. for example, 
by reducing a compression stress in the partition, or 
changing the boundary conditions at the input end) to 
convert a resonant mode which had existed during life 
into the travelling wave which has been observed. Never- 
theless, these results should not be taken as more than a 
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LETTERS TO THE EDITOR 


PHYSICAL SCIENCES 
Structural Variations in Iron Meteorites 


SEVERAL authors!'-* have drawn attention to the possibility 
that slight variations of composition and structure may 
be present within the original meteoroid mass which 
produced the Barringer crater and the Cañon Diablo iron 
meteorites. Transition between regions rich and poor 


in cohenite, (FeN1,C, is not uncommon in large sections of 


this meteorite, but we now draw attention to a transition 
of structure from a well developed Widmanstatten to a 
_ granular pattern in a 1,235 g individual (Wards Natural 
 Seienee Establishment No. 34,4,678) which does not 
contain macroscopically visible inclusions of cohenite. 
The external form of this specimen resembles an indivi- 
dual Yorkshire pudding with a fairly smooth rounded 
base but with pronounced "thumbprints" on the top 
surface. It is of a convenient size and weight for use 
as a hand-held hammer or anvil. and local surface 
deformation within the thumbprinted region suggests 
that the specimen may indeed have been used in this 
way. The metal in the interior bulk of the specimen is 
free from deformation although there is a very pronounced 
fracture path running between some of the coarse grains 
and also in the region of the transition zone from W idman- 
statten to granular structure. In all cases the fracture 
path is invested with terrestrial corrosion product, but it 
appears to follow the line of large crystals of schreibersite, 
(FeNij,;P, which were present in the original structure. 
The ac hrciherdite is now badly fragmented and heavily 
eorroded, but if is 
cohenite which are visible only on microscopic examina- 
tion. Fig. 1 shows a cross-section of the specimen. The 
Widmanstatten structure at the right consists of broad 
octahedrally orientated bands of « Fe-Ni (kamacite) 
which are separated by strips of residual y Fe-Ni (taenite) 
or fields of x-y aggregate (plessite). The diagonal sets 
of kamacite bands stand nearly perpendicular to the 
plane of section whereas the shorter, near vertical bands 
he at 60°-60° to the section plane. By contrast the 





Fig. 1. 
length of this specimen is 8:6 erm. A conventional Widmanstatten pattern 
is visible at the right of the section, but the structure is more granular at 


Cross-section of Cañon Diablo 34,4678 etched in Nital The true 


the left. Microscopic examination of the large grain at the top centre of 
the section reveals the presence of fourteen plessite fields the orientations 
of which are consistent with the Widmanstatten pattern. 


accompanied by occasional traces of 
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strücture is granular at the left of Fig. | and this is not 
an accident of sectioning, for the same structure appears 
in sections perpendicular to the one sh The micro- 





SOW. 
structural features of schreibersite and Dlessite are simular 
in the Widmanstatten and granular areas, where the 


plessite aggregates usually take a comb or spindle form 
with small areas of a pearlitic variety. 


The largest grain at the top centre of the section is 
particularly interesting. It lies between the Widman- 
statten and granular areas and contacns fourteen fields 
of plessite or strips of taenite, mary of which have 
decomposed to a pearlitic structure, and the orientations 
of the plessite-taenite areas within this grain are consistent 
with the Widmanstatten orientations gt the right of the 
figure. This grain, which has at least equal dimensions 
perpendicular to the plane of Fig. 1, thus appears to have 
grown from parent taenite of the same initial orientation 
and, as far as can be seen, has developed by the growing 
together of the same four families of barnacite plates as 
are present at the right of the sample. It is reasonable 
to assume that the component plates of the Widman- 
statten structure have welded together in this large grain 
because the local nickel content of tae parent taenite 
was too low to leave plessite and residual taenite in 
sufficient quantity to mark out the Wicmanstatten rode 
of growth distinctly 

in some senses Cañon Diablo 34,4678 os the reverse case 
to New Baltimore, which has been reported* as having 
occasional patches of medium to fine oetahedrite pattern 
within certain individual grains of the overall coarsest, 
granular, octahedrite structure, One of as? has conducted 
a detailed metallographic examination of a fragment of 
New Baltimore and has concluded that she fine structure 
is a true Widmanstatten growth and net a mechanicalls 
produced artefact. 

Thus there is evidence for structural variations within 
at least two iron meteorites m it appears that withun 
the octahedrites granular areas may develop by the 
growing together of the ye Widmanstatten kama- 
eite. This reopens the question whetser the straight- 
forward unigrain hexahedrites were also oroduced by wax 
of an initially Widmanstatten pattern of kamaceiti 
precipitation which later welded toge in but the present 
investigations are not capable of elueidatoing e situation. 

H. J. Axor 
D. E LLIOTT 
P. L. SMITH 
Department of Metallurgy. 
University of Manchester. 
Hecsived January 5, 1869; 
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Meteorite Research (edit. by Millman) (a the pressi. 


Universal Time Control of the 
Polar lonosphere 


SEVERAL authors have demonstrated that, at very high 
latitudes, the critical frequency and heignt of the iono . 
spheric F2 layer are strongly dependent on Universal 
Time. Fore xample, Duncan! has shown taat, in winter, 

maximum occurs in the F2 layer critical frequency ( p 2i 
near 0600 UT for Antarctic stations close +o the magnetic 
pole. Piggott and Shapley? have confirmed this and 
demonstrated a similar behaviour in the aeight of maxi- 
mum eleetron density (Ay F2). Dunean has suggested that 
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the daily transport of the eecentrie geomagnetie field 
through the interplanetary plasma could cause a tide in 
the geomagnetic field, which in turn would cause dumping 
of charged particles into the polar ionosphere. Hill? has 
proposed that the phenomenon, being sporadic, is caused 
by electromagnetic drifts associated with polar-cap 
events. In contrast, Wilkes! has pointed out that a 
global standing wave could explain the observed UT 
control of the polar tropospherie pressure; such an 
oscillation could also affect the atmosphere at ionospheric 
heights. Recently, King et al. have suggested that the 
phenomenon could be explained by vertical drifts in 
ionization, caused by atmospheric winds in the F layer. 

Wind patterns in the ionospheric F layer have been 
derived by several authors (for example, myself*’, 
Geisler’, Kohl and King*) and do not differ greatly at the 
polar regions. Near the poles, a wind of at least 150 ms-! 
blows roughly towards the 0100 UT meridian. One 
would reasonably expect such a wind to produce substan- 
tial vertical drifts of ionization Veosysiny, where V is 
the wind velocity and y is the magnetic dip angle. I 
consider it debatable, however, whether or not this 
wind is chiefly responsible for the UT-controlled pheno- 
mena in the polar ionosphere and shall examine the 
evidence for this here. 
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Fig. 1. The lines diverging from the magnetic pole show the direction 


of the atmospheric wind at certain Universal Times. The figures at 
each station show the observed times of maximum (upper) and minimum 
(lower) Amax F2. 


The simplest view of the vertical drift theory requires 
that the F layer reaches its maximum and minimum 
heights at any location when the atmospheric wind has 
its maximum component along the magnetie field lines, 
that is, when the wind blows from that location away 
from or towards the magnetie pole. Thus the times of 
maximum and minimum heights should be consistent in 
geomagnetic local time. Piggott and Shapley?, however, 
have shown that minimum AmF2, in winter, at a large 
number of Antarctic stations, is more consistent in UT, 
while maximum A, F2 is more consistent in LMT. Fig. 1 
shows the direction of the atmospheric wind at given 
Universal Times, and the winter times of maximum (upper 
figures) and minimum (lower figures) Aa F2 at Antarctic 
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Diurnal range of median H’F at Antarctic stations in July 
1858, plotted against cosysiny. 


times which disagree with theoretieal times by more than 
2 h are underlined, and by more than 4 h double under- 
lined. We see that only 25 per cent of observed times 
agree reasonably with theoretical times, while nearly 50 
per cent of observations are at least 4 h different from 
theoretical times, We can test the theory further by 
plotting the amplitude of the daily height variation against 
cosysiny, to which it should be proportional. In Fig. 2 
the range of the median H'F for July 1958 is plotted 
against the “drift factor" cosysing for a number of 
Antaretie observatories. The points show a definite 
trend of increasing range with increasing “drift factor’, 
but are widely scattered. Furthermore, we cannot 
dismiss the 40 km range at the magnetic pole, and the 
85 km range at cosysing=0-09. We see therefore that 
experimental evidence for the vertical drift theory is not 
convineing. It would be wrong, however, to suggest that 
vertical drift resulting from atmospheric winds does not 
occur, but such drift cannot alone be responsible for the 
observed behaviour of the polar F region. 

Fig. 3 shows the range values of Fig. 2 plotted against 
geographie longitude. We see that these results are more 
consistent when plotted in this way. Maximum range is 
found to oceur at longitudes near those of South America, 
where the mirror points for trapped particles are at 
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Fig. 3. Diurnal range of median H'F at Antarctic stations in July 1958, 
plotted against geographic longitude. 


NATURE, VOL. 221. MARCH 8, 1969 


an abnormally low altitude. This supports Duncan's! 
"dumping" theory, as does the observation! that the 
phenomenon is sporadic. 

The observation? that minimum and maximum Amf? 
are more consistent in UT and LMT respectively suggests 
that more than one mechanism is responsible. It is 
tempting to speculate that the observed phenomena are 
:aused by a combination of vertical drifts due to atmo- 
spheric winds and dumping of particles by a “geomagnetic 
tide", as suggested by Duncan!. A comprehensive study 
of all available data is, however, needed to test these 
ideas more fully. 

I thank Dr R. A. Duncan for providing Fig. 2 and for 
discussions. 

R. A. CHALLINOR 
Upper Atmosphere Section, 
CSIRO, 
Camden, NSW. 
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Ringwoodite, Natural (Mg,Fe),SiO, 
Spinel in the Tenham Meteorite 


We have observed numerous rounded purple isotropic 
grains up to 100 microns in diameter in thin sections of 
two stones from the Tenham meteorite shower! (British 
Museum B.M.1935,792 and Australian Museum DR 8298). 
The grains occur chiefly within black veins cutting aeross 
the stones, but the same material also replaces olivine 
within 10-20 microns of certain thicker veins and at the 
margins of some large chondritie fragments within the 
veins. Qur investigations show that the purple mineral is 
the high pressure spinel polymorph of olivine, and for 
this first authentic natural occurrence we propose the 
name ringwoodite, in honour of the experimental studies? 
by Professor A. E. Ringwood, Australian National Uni- 
versity. The name covers the entire range of (Mg,Fe),S1O, 
spinels, and has been approved by the Commission on 
New Minerals and Mineral Names, International Mineral- 
ogical Association. 


ELECTRON PROBE MICROANALYSES (J. M. HUNNEXÀ) TENHAM 
METEORITE, B.M.1035,702 


Table 1, 


Ringwoodite Olivine 
Purple Bluish-grev 
i 2 3 
SiO, 38-0 38.7 38-3 
Feo 23-4 22:2 28-2 
MgO 31:0 BRS 38-6 
Cad Nil Ni Ni 
Total 90-3 100.7 100- 1 


Column 1 of Table 1 lists an electron probe microanalysis 
(average of several determinations showing no significant 
variation) of purple ringwoodite from the veins. The 
analysis is identical within the analytical precision to 
that of unaltered olivine away from the veins (Table 1, 
column 3), and recaleulates to the orthosilicate formula 
(Mgo.7<F 00-26) 2810 + The X-ray diffraction pattern (Table 
2, column 2) resembles that of synthetic MgAl,O, spinel 
(Table 2, column 1) with rather ‘different intensities and 
several weak lines, notably (111), missing. This pattern, 
obtained with an 11-46 em diameter camera on a single 
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unerushed analysed grain, piso showed weak lines at 
d=2-57, 1-54, 1-60, 1-29 and 2-35 A fin decreasing order 
of intensity) arising from Puno oresent in blaek vein 
material still adhering to the grain. The ringwoodite 
diffraetion lines were "anicoth and showed no pref ferred 
orientation, showing that the gram was finely polyervstal- 
line. The cell dimension (a, $ 113-- 0-003 A} and the 
refractive index (n= 1-768 0-003) of the purple ring- 
woodite are close to those observed?? for synthetic 
(Mg, Fe) SiO, spinel with the observed Mg,Fe content 
(see Fig. 1). The density calculated for the purple grains 
is 3-90 g em-?, some 12 per cent greater than that of 
olivine of the same chemical eompoxsition* (3:48). 






Hefractive index 





82 dio Mp; 


Cell edge (A) 


8.0 
0 20 40 86 


Mg, SiO, 


Fig. 1. Variation in refractive index (8) and el! dimension (a4) with 

composition in synthetic (Mig, Fe),Si0, spineis®* For n the solid line ig 

caleulated from the Gladstone-Dale rule; the Cashed line below is the 

best fit to the measurements. Full circles are for purple ritgwoodite 

from Tenham; the open circle is for the bluish-grey ringwoodite. Dashed 

lines below 20 per cent Fe,SiO, denote the regien where (Mg, Fel 510, 
is the stable high pressure polymorph. 


Sü 100 


mol per ceng Ye Sid»: 


A second form of rmgwoodite occurs in Tenham as 
bluish-grey pseudomorphs after olivine within about 200 
microns of one of the veins. Microprobe analyses (Table 1, 
column 2) are almost identical with those of nearby 
purple rmgwoodite and olivine, and the X-ray diffraction 
pattern (Table 2, column 3) obtained as before from an 
uncrushed fragment showed smooth lines due to a spinel- 


X-RAY POWDER DATA FOR SYNTHETIC MgALO, SPINEL? AND FOR 
RINGWOODITE, FILTERED Cuka RADIATION 


Table 2. 


Spinel Ringwoodite 
(MgATLO Vein Chondrale 
1 = 2 

$ i i i UT 4 Vadis DR E 
220 2-858 40 92-872 2-87) 20 
311 2:436 100 2.447 2-451 100 
222 2-233 3 wet o — 
400 2-021 58 2.0258 2.031 40 
422 1:649 10 y B56 5 0 0 — i 
511 1-355 45 “560 1-563 20 
440 1-429 58 i a 34 i 437 1 60 
531 1:366 INL C l»»* 1 ll" L — 
620 1.9 OT PN 2 PET eh M 
533 1-232 q 1:237 1-240 p 
6 29 l- 21 S 1 eR DRE PR 
444 1:166 7 1:372 1:178 1 
711 1-131 2 - — 

642 1-080 4 ee — 
731 LOSIS 12 13590 1-0563 10 
ROO 10100 5 1-0137 1-O158 5 
R22 0-9522 3 — - = 
701 0:0330 i 8.0348 . 9388 D 
840 0-908384 6 0-9007 0.8104 i 
911 0-8860 <} /— 0 = — n 
664 0-8613 el — — — 
931 0-846850 10 1-84 08 — i 
R44 Q-8247 20 i-RSRS RRG i0 
as (A) 8-080 8113 8-127 


* Visual estimates. 
t Lines possibly affected by strong lines of admixed garnet. 
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SiO, fees Fi ig. "D. aud we believe that this form of ring- 
woodite is finely dispersed in an amorphous, more mag- 
nesian, silicate ‘glass. 

We have also observed in the Australian Museum 

specimen large isotropic grains grading from colourless 
cores to purple rims; these may also be ringwoodite. 

In thin section, about 10 mierons thick, the black vein 
material in Tenham appears as deep brown isotropic 
material, apparently microcrystalline, through whieh are 
dispersed threads and tiny spherical droplets (diameter 
2 mucrons) of an extremely fine metal-troilite intergrowth. 
X-ray powder photographs of unerushed fragments show 
that the material is dominantly a microcrystalline garnet- 
type phase, cell dimension a= 11:507 + 0:003 A. with 
weak extra lines varving somewhat from sample to sample, 
which might in part be accounted for by traces of kama- 
cite, taenite, troilite, ringwoodite and possibly chromite. 
So far, we have been unable to resolve the components in 
the vein material by electron microprobe; spot analyses 
showed that the vein material is a magnesium iron silicate 
with eompositions usually equivalent to either the olivine 
or the pyroxene in the main body of the meteorite. In 
view of its cell dimension, the garnet may be a high 
pressure polymorph? of the orthopyroxene (Fs, which 
elsewhere forms a major constituent of the Tenham 
meteorite. 

Mason ef al.* reported a purple isotropie mineral with 
the composition of olivine in veins in the Coorara meteorite 
which, like Tenham, is an olivine-hypersthene chondrite. 
We suggest that this material may also contain ringwood- 
ite. The garnet-type X-ray pattern (ay 11-51 A) obtained 
could easily obscure the ringwoodite pattern, for the latter 
contains only three strong lines, each of which coincides 
with a fairly strong garnet hne. 

In Tenham, the sodie feldspar (Àn,4-,,) has been almost 
entirely converted to glassy maskelynite, which is a widely 
ace epted indicator of shock? a Ringwoodite i is thought to 
be produced by the transformation of olivine by high 
shock pressures in the veins. F urther details of the oecur- 
rence of ringwoodite in Tenham, and its interpretation in 
terms of shock phenomena, will be given by one of us 
(R.A. B.) later. 

HR. A. BINNS 
Department of Geology. 
University of New E ngland, 
Armidale, New South Wales. 
R. J. Davis 
S.J. B. REED 
Department of Mineralogy, 
British Museum (Natural History), 
London SW7. 
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Continuous Spectrum of Taurus A 
at 1:2 mm Wavelength 


We have measured the radiation from the region of the 
Crab nebula (Taurus A) in a waveband centred at 1-2 mm 
(250 GHz) in the far infrared. Our equipment was an indium 
antimonide detector of the Rollin! type cooled by liquid 
helium at the cassegrain focus of the 98 inch Isaae Newton 
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telescope of the Royal Greenwieh Observatory. The 
observations were made with the aid of a rapid-scan unit. 
comprising an oscillating mirror which scanned in declina- 
tion 13-7' of are on the sky either side of its axial point 
with a period of 1-2 s. The effect of the rapid scanning is 
to increase the discrimination of the system against v^! 
components in both sky background and detector elec- 
tronic noise*, The scans were synchronized, stored digi- 
tally and averaged by means of an “‘enhancetron” digital 
analyser, which provided a visual display and chart 
recorder readout. 

The optical quality of the telescope was used for a 
preliminary determination of the pointing accuracy of the 
infrared system to within 1' of are during a brief cloud-free 
interlude, but the observations themselves were made on 
the night of November 30-December 1 through cloud. 
relying on the accuracy of the setting scales and sidereal 
timing of the telescope, which placed a limit. of 2-3. of 
are on the position of the sean centre of the infrared 
system. Scans of the source were followed by an equal 
number of scans 10’ of are away. Groups of 25. 50 or 100 
scans were interleaved so that any effect due to d.c. drift 
of the detector electronics would be minimized by sub- 
tracting electronically the sky scans from those of the 
source. The results shown in Fig. la summarize the 
averaged data of 3,000 scans representing 1 h of integra- 
tion time across the source, together with 3.000 subtrac- 
ted scans of sky background. The abscissa is in minutes 
of are, and the ordinate in arbitrary units of flux per beam- 
width per minute of are. Comparison may be made with 
Fig. 16 showing the result of 500 seans of Jupiter taken on 
the same night, also at 250 GHz and having the same 
abscissa and ordinate. The theoretical half-power points 
for the angular gain funetion of the telescope are plotted 
in each case, showing that, as expected, Jupiter behaves 
essentially as a point source, while the nebula has a finite 
angular diameter of average value 4’ of are in declination. 
This average is for five \ values of right ascension having a 
root mean square variation of L5 of are. because the 
3,000 seans were made in five separate runs. 

In order to caleulate the relative fluxes from Jupiter and 
Taurus Æ we have assumed cireular symmetry for each 
object. While unlikely to be an accurate description of 
ede A which is known optically to have a major axis of 

y and a minor axis of 4' of are?, this is the most sensible 
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a, Average of 3,000 scans across Taurus A at 250 GHz: 


Fig. 1. 
b, average of 500 seans across Jupiter at 250 G Hz. 
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Fig. 2. Attenuation versus cosec @ (elevation) for the 1 mm trang- 


mission window, December 1, 1968. 


use one can make of the averaged scans, giving a lower 
limit good to 25 per cent. Neglecting the effect of atmo- 
spheric water vapour, integration under the curves of Fig. 
la and b, after rotation about the intensity axis, yields a 
flux ratio Taurus A : Jupiter of 1-6 : 1. 

Atmospherie water vapour attenuates signals from 
celestial sources in the 1 mm window between rotational 
water absorption bands. Based on radiosonde data for 
south-east England from Crawley for 0030 UT, on Decem- 
ber 1, and on experimental data given by J. A. B. et alà, 
Fig. 2 was plotted for that time for the 1 mm window, 
giving relative attenuation against source elevation. 'The 
weighted mean elevation of Taurus A during our observa- 
tions was 57° and of Jupiter 34°; from Fig. 2 this means 
that the corrected relative intensities of Taurus A and 
Jupiter are in the ratio 0-84 : 1. 

This result may be combined with an estimate by Low 
and Davidson? of the absolute flux from Jupiter to plot an 
important point on the continuous spectrum of Taurus A. 
Low and Davidson's temperature of 155° K at 1 mm 
implies a flux density of 16,000 flux units (one flux unit = 
10-?* W m Hz-!) and our ratio leads to a flux from Taurus 
A of 13,400 flux units at 250 GHz. Random errors of 
measurement for our result are +2,000 flux units. while 
the mean value is a lower limit as explained. Fig. 3 then 
is an assembled spectrum of the source from the work of 
many authors, and includes the value given in this article. 
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Our result is significant in confirming those of Kislyakov 
and Na’umov® and of Tolbert’ that there is a large mulli- 
metre excess in the spectrum of Taurus A. The straight 


line of slope +2 in the figure would depict the Hayleigh- 
Jeans region of an optically thick cool source in thermo- 


dynamie equilibrium at a temperature between 10° K and 
50° K (a higher temperature is ruled out by the shape of 
the spectrum in the near infrared). It would seem, 
however, that our value at 250 GHz shows some excess 
If this is con- 





has the possibility that the relativistic electrons which 


cause the X-ray and optical synchrotron emission in the 
knots and filaments of the nebula give rise to sub-milli- 


metre and millimetre radiation of a similar nature in the 
The 
depend on the range and distribution of electron energies, 
but Ney and Stein!? suggest that a turnover frequency of 
~3x 10% Hz would be consistent with a general field of 
2 x 10-4 gauss within the nebula. Three types of measure- 
ments are needed to help resolve the problem: further 
flux measurements with greater positional accuracy at 
250 GHz, estimates of polarization at the same frequency 
and estimates of both flux and polarization in the atmo- 
spheric window at 900 GHz. ise 
We thank the large telescope users’ panel for providing 

time on the 98 inch telescope, and the staff of the Royal 
Greenwich Observatory. We also thank Mr A. C. Marston 
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mount and the SRC for financial support. 
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Outstanding Solar Radio Burst 
at 42 mm 


ALTHOUGH the Sun has been studied extensively over a 
wide range of radio-wavelengths for 20 yr, until recently 
there have been very few observations at wavelengths of 
less than 3 em and even fewer at wavelengths of less than 
| em (that is, in the millimetre band). We report here the 
observation of a major radio burst at 4-9 mm (71 GHz) 
and 16 mm (19 GHz). This burst, which was associated 
with a class 2B flare! at 0944 UT on July 6, 1968, may be 
the largest ever recorded at millimetre wavelengths, and 
in any case ranks among the largest bursts ever observed 
at any wavelength?. It is particularly interesting to note 


that at the most commonly used solar-monitoring wave- 
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Fig. 1, The large burst of July 6, 1968. a, 71 GHz, 4-2 mm; & 19 GHz, 
16 mm; c, 28 GHz, 10-7 em. (The 10-7 em burst was recorded by Mr 
À. H. Cribbens of University College, London.) 


(51° 29’ N, 0° 34' W), are given in Table | and Fig. 1. 
(The 10-7 em data were provided by Mr A. Cribbens of 
University College, London.) 

The data have been corrected for non-linearity of the 
radiometers and for the shape of the aerial beams. The 
peak of the burst at 16 mm was lost because of overload- 
ing, although it was probably not much greater than the 
figure given in Table 1. None of the units at Slough 1s 
calibrated for absolute measurements of flux, and there- 
fore the final eolumn in Table 1 shows the pre-burst flux 
levels that were assumed in calculating the peak fluxes. 
The value for 4-2 mm has been calculated assuming a 
disk temperature of 7,000° K (ref. 3), that for 16 mm has 
been extrapolated from the 1967 mean value of the solar 
flux at 17-7 mm as reported by Tokyo Astronomical 
Observatory, and that for 10-7 em is taken from the 
US Air Foree Cambridge Research Laboratory monthly 
Solar Radio Flux Bulletin for July 1968. At the two 
shorter wavelengths the slowly varying component is 
very small and is unlikely to be significant in this case, 
particularly in view of an estimated +20 per cent error 
from other causes. 


Table 1. 
Total energy in 


Wavelength Peak flux increase the burst 
(10-22 W m Hz) (Jm Hz?!» 

4:2 mm 47,000 + 20 per cent 10 x 10-15 

18 mm > 18,000 + 20 per cent 5 x 10-!* 

10-7 cm 700 + 10 per cent 4 x 10-1 
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The outstanding nature of the 4-2 mm burst is shown by 
the fact that it is the only clearly identified burst that has 
been observed at this wavelength at Slough since observa- 
tions started in July 1967 (1,800 h observing time to the 
end of October 1968). The previous largest event recorded 


at this wavelength arid known to the authors was that of 
November 30, 1959, when the peak flux recorded at 4:3 mm 
by the US Naval Research Laboratory went off-scale at 
about 6,300 flux units, and may have reached 10,000 flux 
units?, (1 flux unit 10-7? W m Hz-. All flux values 
given are for the sum of both polarizations.) The previous 
largest burst at any wavelength iu the millimetre band 
seems to be that of May 23, 1967, when the US Air Force 
Cambridge Research Laboratories recorded an 8:6 mm 
event which went off-scale at 10,000 flux units increase 
and may possibly have reached 25--30,000 flux units’. 
The 16 mm event was also very unusual, only two other 
16 mm bursts exceeding 1,000 flux units increase having 
been recorded in 4,100 observing hours between July 1967 
and October 1968. 


Peak flux increase (10-* W mo Hz-*) 





10 10* 10° 10* 10* 
Frequeney (MHz) 
Fig. 2. Frequency spectrum of the large burst of July 6, 1968, compiled 
from data provided by several observatories. (Heinrich Hertz Institute, 
Berlin: 23, 111, 234, 1,500 MHz; RSRS, Slough, and University 
College, London: 2-8, 19, 71 GHz; US Air Force Cambridge Research 
Laboratories: 606 MHz, 1-4, 2.7, 5-0, 88 GHz: Astronomical Institute 
of Tübingen University, Weissenau: 611, 1,000 MHz.) 


Fig. 2 shows the variation of peak flux inerease with 
frequency for the burst, and has been compiled using data 
from a number of observatories (Heinrich Hertz Institute, 
Berlin: 23, 111, 234 MHz, L5 GHz; Slough: 2-8, 19, 
71 GHz; US Air Force Cambridge Research Laboratories: 
606 MHz, 1-4, 27, 5:0, 8:8 GHz; Weissenau: 611 MHz, 
1 GHz). The burst was also observed at 36 GHz (8:3 mm) 
in the side-lobes of an aerial of 3:6 are minute beamwidth 
belonging to the Max-Planck-Institut für Radioastro- 
nomie at Bonn. The latter observations were complicated 


tion). 

The spectrum in Fig. 2 is a good example of the U-type 
which Castelli* has suggested is associated with polar eap 
absorption (PCA) and hence with proton flares, though 
no PCA has been reported for this particular event. The 
source was on the east limb of the Sun, however, and it 
has been suggested that there is a tendency for flares 
associated with high energy events observable at the 


DETAILS OF THE OUTSTANDING EVENT OF JULY 6, 1068 


Pre-burst flux 


Time of start Time of max. Duration Polarization level(10-* W 
(UT) (UT) (min) (per cent) m Hz-!) 
« 0945 0946-5 30 = 7,400 
0942.7 0945-0 60 qe 640 
0042-6 0944.8 30 0 116 
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Earth to lie to the west of the central median*, although 
according to Castelli this effect is not very pronounced? 
Preliminary data from the University of Chicago’, however, 
show considerable enhancements in proton counting rates 
on space probes Pioneer 6 and Pioneer 7 (Pioneer 6, for 
example, which was near the far side of the Sun, at 
approximately 160° from the Earth, showed an increase 
of greater than 140 times in the counting rate for protons 
in the 70-190 MeV range). The flare also produced a 
considerable increase in X-rays, and the Solrad 9 satellite 
recorded one of the largest X-ray flares ever observed by 
the US Naval Research Laboratory (R. W. Kreplin, 
personal communication). 

Spectrographic records at metric and decametric wave- 
lengths from the Weissenau Observatory of the University 
of Tübingen (H. Urbarz, personal communication) show 
the event to have been a typical Type IV burst. From the 
size of the 4-2 mm component and the general shape of 
the spectrum in the microwave region (see Fig. 2), it 
would seem that Type IV events may occasionally be 
detectable.even in the far infrared region of the electro- 
magnetic spectrum (A <1 mm). 

The event was itself preceded at 0714 UT by a rare type 
of burst at 10-7 em, of the variety referred to by Kundu 
as an ‘impulsive outburst’ (A. H. Cribbens and Manila 
Observatory Solar Radio Patrol Data, personal communi- 
cations). A more detailed study of the complete sequence 
of events due to this active area from July 6 to July 12, 
1968, is under preparation. 

We thank the US Air Force Cambridge Research 
Laboratories (J. P. Castelli), University College, London 
(A. H. Cribbens), Max Planck Institute for Radio- 
Astronomy, Bonn (G Feix), US Naval Research Labora- 
tories (R. W. Kreplin), and University of Tubingen 
Astronomical Institute (H. Urbarz) for permission to 
use unpublished data. We also thank G. W. Gardiner 
for help with the observations. 
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Long Wavelength Satellites to the He-like 
lon Resonance Lines in the Laboratory 
and in the Sun 


SATELLITE lines, situated on the long wavelength side of 
the He-like resonance lines in laboratory plasmas, are 
classified here as transitions in highly excited Li-like 
ions. We also show that intense features in the solar 
X-ray speetrum, of similar appearance, are of different 
origin, and these are classified as the forbidden Is* Sa 
1525 3S, line of the He-like ion. 

The laboratory satellites were first reported by Edlén 
and Tyrén!, who attributed them to the normal 15?-152p 
transition in the presence of an additional outer electron 


15?nlL-1s2pnd 


The prominent satellites were attributed to n=2. Those 
with higher n rapidly move closer to, and merge with. 
the parent line. The energy levels responsible for such 
transitions lie well above the normal ionization limit of 
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the Li-like ion. More recently, such satellites have been 
reported from a number of laboratory plasmas, including 
sparks’, high temperature pinches ‘refs. 3 and 4 and 
private communication from N. J. Eeacock, R. J. Speer 
and M. J. Hobby) and laser-produced plasmas. The 
observation of similar features in recent solar spectra? 
has led to à renewed interest in the erigin of these lines. 

We have derived a detailed classification for the labora- 
tory satellites on the basis of a comparison between 
calculated and observed wavelengths along the iso- 
electronic sequence from C IV to Al XI. Because of 
systematic errors in the calculations, this comparison is 
best made using the energy separation of the satellites 
from the He-like resonance line, rather than absolute 
energies. Variational calculations of shese levels by Wu 
and Shen? do not include energies for the He-like resonance 
lines. Hartree-Fock calculations by Heuse*® include the He- 
like lines, but arelimited totwotermsoftne 13252p configura- 
tion. We have therefore carried out a complete set of 
caleulations for these levels using the Charlotte Froese 
Hartree-Foek programme with configuration mixing 
(private communication from C. Froese). The results 
agree well where a comparison is possible with the two 
earlier computations. A previous classification of these 
lines by Wu!* was based on less accurate functions and 
does not agree with this work. Fig. l shows our calcula- 
tions as solid lines compared with the laboratory observa- 
tions as circles. Caleulated and observed values for the 


splittings are much smaller than the separation between 
the observed lines, and to avoid confusion only the leading 
line of each multiplet has been shown. "The satellites fall 
into three groups. The upper group lies around the inter- 
combination line and, although obserwed, is difficult. to 
measure. The lower group comprises the quartet lines and, 
as these are close together. their individual assignment i5 
uncertain. The centre group. in whach we are most 


interested, is the most intense and is made up of three 
lines. A small shift in the calculated levels to the position 
shown by the dashed curves allows en assignment for 
each of these. This is based in part on the proximity of 
the ealeulated levels. but relies also on the arguments 


which follow concerning the relative :ntensities of the 
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Table 1. WAVELENGTHS OF THE LABORATORY SATELLITES 

Hey to Fig. 1 Transition C N Q F Ne Na Mg Àl 
a lata *Se—La2s2p * Pe “on — — — — — — — 
b 1s*2p *pPo—LsZp* 2gs dius NAE pum ME — e Puts ien 
c is?28 * 5215282 p * po 41:33 29-41 22.02 17-09 13-65: 9-283 7:846 
d 132p ? po-152pt * pe 41-38 m 22-05 17-12 t iie 9-295 7-856 
e 122p ? po-1s2pt tpe 11:55 20-57 22.11 — 13:71 = 9-317 — 
f ls?2p s po.-192p? spe 41-99 — 22-38. 1 —— . 13-83 — 0-384 — 
g 1829s *Se-1s2s2p * ^ = Se = E - — 0-391 <- 


lines. The resulting classification is given m Table 1. 
Note that only three lines are predicted for the centre 
group, and in the laboratory plasmas a maximum of three 
lines is observed. Of these three lines, we find that in 
low density theta-pinches (< 10!5 em-?) only two, from the 
"D* and *P^ levels, are seen, whereas with higher density 
sources the middle line from the ?P* level is emitted with 
eomparable intensity. It should be noted that, whereas 
the *D* and ?P^ levels are auto-ionizing and can couple 
with a ls? continuum, the *P* level has no continuum 
available with the correct parity and angular momen- 
tum. 

Three possible collision mechanisms are considered for 
the production of the excited levels, each starting with a 
different ion stage. These are (a) inner-shell ionization of 
a Be-like ion, (b) inner-shell exeitation of an Li-like ion 
and (c) dieleetronie recombination!! of an He-like ion. In 
a low density theta-pinch at Culham we can examine the 
initial ion stage responsible for the production of the 
exeited levels, by observing the C V satellite line intensity 
as a function of time while carbon is ionizing through 
successive stages. Fig. 2 shows a comparison between the 
satellite intensity history and those of normal C IV and 
C V lines. The intensity scales are all arbitrary so only the 
shapes of the intensity histories are significant. Clearly 
the C V ion stage is involved in the initial collision, thereby 
confirming mechanism (c). It is possible to calculate the 
expeeted intensity history for the satellite line on the basis 
of mechanism (6) (that is, excitation of Li-like C IV) using 
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all traces at 1 ws is due to the dynamical behaviour of the plasma.) 


that of the normal C IV line. by taking account of the 
temperature variation of the plasma, and its effect on the 
different excitation energies of the two lines. The result, 
shown dotted in Fig. 2, is clearly inconsistent with the 
observed satellite intensity history. ^ Dieleetronie re- 
combination direetly into these levels is further confirmed 
by the absence in this spectrum of the ?P?o-* Pe line, which 
cannot be formed in this way, for the upper level does not 
couple with the continuum. The observed satellites, 
however, are more intense by over an order of magnitude 
relative to the He-like line than ean be understood from 
present dielectronie recombination theory. At higher 
densities, when the ? Po-? Pe line does appear, it is possible 
that mechanism (a) or (b) may be important. Many such 
plasmas (sparks, for example) have large temperature 
gradients which may be helpful to these processes. 


In the solar spectrum, a single strong line to the long 
wavelength side of the O VII resonance line was first 


reported by observers using crystal speetrometers*:*, but 
it was only later when the wavelength was recorded on a 
grazing-ineidence spectrum by the Culham group? that 
the accuracy of the wavelength became sufficient for 
eritical comparison with laboratory satellites. We ean 
now confirm that in the solar spectrum a line similar to 
that in oxygen at 22-09 A appears alongside each member 
of the iso-electronic sequence. Thus examination of an 
early spectrum by Tousey!? shows a carbon line at 41-47 A, 
refs. 5 and 6 indicate lines in neon, sodium and magnesium 
at 13-70 A, 11-18 A and 9-32 A, and a recent spectrum 
from the Leicester group (private communication from 
K. Evans) confirms the observations in neon and mag- 
nesium. The intensity in all cases is nearly as high as that 
of the resonance line. The wavelengths of these lines are 
indicated as crosses in Fig. 1. The wavelength accuracy 
in oxygen is sufficient to state that the position of this 
solar line is significantly different from that of any of the 
laboratory lines. Because there are no unassigned levels 
In this centre group, we can say that the solar satellite 
is not one of the laboratory group. and is therefore not 
produced by the ls2s2p or 1s2p? configurations. 

We draw attention to the coincidence, within experi- 
mental error, between the solar satellite energy and the 
interval 1s? !S-152s *S in the He-like ion, throughout the 
sequence. The level 152s 38 is normally believed to decay 
by two-photon emission with a rate of 0-25 s-t for oxygen? 
for simple estimates have shown the single-photon 
rate to be even smaller! except for ions with charge 
somewhat greater than ten. If the single-photon decay 
rate were as high as 10 s7? in oxygen, however, the 
solar line could be explained as this transition. We there- 
fore propose that the solar lines are formed by single- 
photon emission from the 1s2s ?S level and that the 
single-photon decay rate has previously been under- 
estimated. The single-photon emission could be magnetic 
dipole radiation, made possible through mixing of the 
15?, Is2s and 2p? configurations by spin-orbit interaction, 
and through mixing of the 1s2s and 2d? configurations by 
spin—-orbit-spin interaction. These interactions give !P*, 
and ? D?, contributions to the 356, level and a ? P*, contribu- 
tion to the 1S, level, sufficient for the transition to occur. 
Once the single-photon decay rate from the 1828 *S level 
is greater than other possible depopulating mechanisms, 
the intensity of the forbidden line relative to the resonance 
line will depend to a first approximation only on the 
relative excitation rates to the ! P, °P and 348 levels. This 
intensity ratio should then remain approximately con- 
stant along the iso-electronic sequence, as is indeed 
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observed. Observation of the forbidden line would not be 
expected at the higher densities of laboratory plasmas, for 
the *S level is then depopulated more rapidly by collisional 
excitation to *P. 

We thank Mr Paget for help in obtaining some of the 
theta-pineh data, Mrs Saraph and Dr Eissner for advice 
on the computation and the Leicester group for permission 
to use their results before publication. 
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Woodward-Hoffmann Orbital Symmetry 
Rules and Neighbouring Group 
Inhibition of Diene Reactivity 


THE interpretation of certain concerted reactions of 
olefins (Diels-Alder addition, Cope rearrangement, Claisen 
rearrangement, and so on) in terms of the symmetry 
properties of the reactant and product energy levels has 
shed much light on the puzzling features of these reactions. 
Previously there was no explanation in purely geometric 
or energetic terms of the thermal and photochemical 
control of these reactions, nor their high degree of stereo- 
speeificity!-?. 

The basis of this new interpretation is a rule which may 
be summed up as follows : if each orbital in the reactant 
system can pass smoothly to one of similar symmetry in 
the product system, not only is the reaction likely to 
occur but it will occur with predictable stereochemical 
consequences. This rule, with its derivatives, is embodied 
in what is widely known as the ““Woodward--Hoffmann 
orbital symmetry rules". Most of the many applications 
of these rules made since their enunciation in 1965 have 
concentrated attention on the stereochemical aspects of a 
variety of chemical transformations. We show here 
that these rules can be applied to neighbouring group 
substituent effeets. We also show how they can explain 
the unexpected inertness towards maleic anhydride of 
certain trans, trans conjugated dienes. 


HC oT CO owe 


i 


The mould metabolite palitantin, (I) is interesting in 
that although it possesses an acyclic trans, trans structural 
componenti, it does not form an adduct with maleic 
anhydride*. Recent work? has shown that the hydroxy- 
trans, trans-diene (II) behaves in this respect in the same 
way. But in the absence of the —CH,OH group, as in 
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(III), normal (and quantitative) Diels-Alder addition 
occurs with maleic anhydride’ 

Substituents can sterically retard 1,4-cyelo-addition of 
dienes, but thermal addition is usually quite easy for all 
butadienes trans, trans substituted in the 1 and 4 positions’. 
The prime prerequisite for reaction is that the diene ean 
assume a cis conformation. This has become so well 
established that the formation of an adduet with maleic 
anhydride is now used pe a for the presence of a 
conjugated diene in, or capable of being in, the evs con- 
formation. 

The anomalous inertness towards maleic anhydride of 
I and II ean be assumed to derive from intramolecular 

eyelie interaction between the hydroxyl group in the 
position y to one end of the diene system (structural 
dcr de Met Sane that Strong over us of the diene 
bonding. p- atomic pude is eerie ~~ all contend ine 
of I and IT except for the trans bis-axial conformers which, 
being the least stable, can be ignored). 

The cyelo-addition of an olefin to a butadiene according 
to Hoffmann and Woodward is shown in the following 
war. 


/ N 


(V4, 4,9, *, 2,* molecular 
orbitals involved) 


1 Ki 
Gay thay op totos 
molecular orbitals 

formed? 








(x, n* molecular 
orbitals involved? 


6 reactant zx orbitals 





2 resultant o orbitals 
4 resultant o orbitals 


The correlation diagram relating the six reactant x 
levels (two levels for ethylene and four levels for buta- 
diene) with the two resultant z-orbitals and four resultant 
c-orbitals for this system is 
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The effect of juxtaposing the neighbouring hydroxyl 
group can now be seen. The ground state of the hy droxy ~ 
dienes I and II will be stabilized by mixing in a proportion 
of an excited n,uy,* configuration, where » refers to the 
high energy non-bonding oye atomic orbital. From 
the diagram it is seen that the $,* diene molecular orbital 
correlates with the much higher 5,*--o,* combination in 
the product. Population cf the former will therefore 
militate against the reaction of I and H with maleic 
anhydride. 

It is to be expected that this inhibiting effect will be 
shown by other groups that can become close to the 
diene group by relatively strain-free quasi-cyclie conforma- 
tions. The effect would be expeeted to be related to ae 
degree of internal flexibility within the molecule. [t 
consistent that the ultraviolet light absorption of thas 
dienes is likewise anomalous? in diverging markedly from 
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the values predicted by Woodward's rule for ultraviolet 
light absorption?. 
A. T. Austin 
B. PEARSON 
School of Chemistry, 
University of Leeds. 
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Tropical Planktonic Zones and 
Calcareous Nannoplankton Correlations 
in Part of the California Miocene 


THE material used in this study is from exposures along 
the east shore of Newport Bay, California (Fig. 1). This 
section contains good assemblages of benthonie foramini- 
fera of Klempell’s upper Luisian and lower Mohnian 
stages’. The Luisian and Mohnian stages are represented 
by the upper middle and the lower upper part of the 
Miocene Monterey Shale. These stages are traditionally 
defined by their characteristic benthonie foraminiferal 
species. In recent years emphasis has been placed on 
worldwide planktonie foraminiferal zonation and correla- 
tion. Caleareous nannoplankton have also proved to have 
great biostratigraphie value because of their extreme 
abundance in many samples, wide geographic distribu- 
tion and the very short geological range of some species. 

Only during the past decade have planktonic organisms 
of any kind been used in California. Since the publication 
by Boili in 1957 of a planktonie foraminiferal zonation 
for the Oligo-Miocene sequence in "Trinidad?, interest has 
arisen in correlating that tropical sequence with the 
California Miocene, and specifically with the stages of 
Kleinpell. Bandy and Ingle studied coiling directions of 
Globigerina pachyderma in the California Pliocene and 
upper Miocene??. Bandy later published a Cenozoic 
planktonic foraminiferal zonation relating tropical zone 
planktonies to the European Cenozoic stages®. Lipps 
studied the Miocene planktonie foraminifera from New- 
port Bay, related two local zones in the Luisian to the 
lower Globorotalia fohst assemblage zones in Trinidad, 
and suggested that the entire California Miocene section 
may be older than previously considered®. Bandy also 
correlated the California Cenozoic foraminiferal stages to 
the tropical planktonic zones, but somewhat differently’. 
Whereas Bandy would now place the top of the California 
Luisian Stage at the top of the Globorotalia fohsi zones of 
Trinidad (personal communication), Lipps placed the top 
of Luisian in the middle of the G. fohsi zones. 

Lipps described the Miocene calcareous plankton 
assemblage of Reliz Canyon, California, which is the type 
locality of the Relizian Stage. He included some species 
of coceolithophorids and discoasterids*. This was the first 
use of ealeareous nannoplankton in this part of the 
Cenozoic in California. Lipps also proposed a zonation of 
mid-Cenozoic microfaunal stages of California as a basis 
for their intercontinental correlation®. Using planktonic 
foraminifera, he related the California microfaunal stages, 
originally based on benthonie foraminifera, to the tropical 
biostratigraphie zones based on planktonic foraminifera. 

Planktonie foraminifera are abundant in the rocks of 
the Luisian Stage at Newport Bay, but are more sparse 
in the overlying Mohnian stage*. Although their absolute 
abundance is much less than the foraminifera, the same 
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Fig. 1. Southern California coast showing position of Newport Beach. 

relative abundance holds true for the calcareous nanno- 
plankton. The calcareous nannoplankton in this section 
compares well with that from the experimental Mohole, 
drilled in 1961 east of Guadalupe Island, 28° 58’ N, 
117° 28’ W (ref. 10). By comparison with samples of 
equivalent age from tropical regions of the world the 
California nannoplankton assemblage is sparse, both in 
species diversity and individual abundance. This is 
believed to be due to the colder current system that swept 
down the California coast during middle Miocene to 
Pliocene time, much like the present situation off southern 
California. In spite of their scarcity, however, many of 
the same species are observed in middle and upper Miocene 
rocks of California, in the tropies and the Mohole drilling. 

Lipps presented a table showing the stratigraphic 
distribution of the ealeareous nannoplankton of the mid- 
Cenozoic mierofaunal stages of western North ÁAmeriea!!. 
The ranges of some of the species shown in this table are, 
in part, contradictory to the nannoplankton assemblages 
and age assignment of the Luisian and Mohnian rocks 
at Newport Beach and are further discussed here. 

At Newport Beach the upper middle part of the Miocene 
(Luisian Stage) is represented by samples 1-11. The 
sediment is a grey siltstone, with both calcareous and 
siliceous microfossils, and with occasional interbeds of 
sandy silt. Of the species listed in Fig. 2 the most common 
are Coccolithus pelagicus, Cyclococeolithus leptoporus and 
Helicosphaera carteri; these species are ubiquitous m late 
Tertiary sediments. Coccolithus pelagicus, which today 
shows a definite cold water preference, 1s the only species 
abundant in the entire section!. The other two mentioned, 
Cyclococcolithus leptoporus and Helicosphaera carteri, have 
much greater latitudinal ranges. The discoasters are 
more useful; they include Descoaster kugleri, D. deflandrei, 
D. aff D. deflandrei and D. adamanteus. D. kugleri ranges 
from rare to few throughout the Luisian. D. exilis is 
best represented in the Luisian but occurs in the Mohnian 
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Fig. 2. Calcareous nannoplankton from the Luisian-Mohnian stages at Newport Beach, 
i Californi 
alifornia, 


also. Lipps shows D. kugleri to be present only in the 
Mohnian Stage whereas at Newport Beach it was present 
only in the Luisian part of the section!'. D. deflandres 
occurs only in the lower part of the Luisian and D. aff D. 
deflandrei is similarly restricted to the Luisian. D. 
adamanteus is present only in the upper part of the stage, 
but the total geological range of this species is not yet 
established. Bramlette and I recorded it only from 
the upper Oligocene and lower Miocene’. Lipps showed 
its range to extend to the middle Miocene Relizian 
Stage. Sphenolithus heteromorphus occurs in the Luisian 
at Newport Beach, but is shown to be restricted to the 
older Relizian and upper Saucesion Stages by Lipps. 

These species of Discoaster and Sphenolithus provide a 
basis for correlation with the middle Miocene section of 
‘Trinidad and Indonesia. Martini and Bramlette utilized 
D. kugleri, D. exilis and D. aff D. deflandrei in the Mohole 
driling for correlation with the Trinidad foraminiferal 
zones of Globorotalia fohsi robusta, G. fohsi lobata and 
G. fohsi fohsi. Bramlette and I established a D. 
kugleri zone, correlative with the G. fohsi robusta fora- 
miniferal zone and the lower f2-3 zone of Indonesia". 
The S. heteromorphus zone of Bramlette and myself 
is equivalent to the G. fohsi barisanensis zone of 'Trinidad; 
the presence of S. heteromorphus at Newport Beach is 
suggestive that its zone in Trinidad is more restricted 
there than previously considered. 

The lower upper part of the Miocene, as represented 
by the Mohnian Stage, ineludes the samples 12-17. No 
significant lithological changes distinguish the Mohnian 
rocks from those of the underlying Luisian at Newport 
Beach. There are, however, differences in their calcareous 
nannoplankton assemblages, of significance in relating the 
Mohnian at Newport Beach to the foraminiferal zones in 
Trinidad. D. bollii occurs in four of the six Mohnian 
samples and is restricted to the Mohnian. In Trinidad 
that species occurs only in samples above the G. fohs: 


zones, and in the Mohole drilling Parker assigned samples 
containing that species to the Mohniam*. The restricted 
occurrence of Catinaster coalitus agrees with its presence in 
Trinidad only in the zone (or zones ?) &bove the G. foksi 
zones; it was also present in samples from the Mohole 
drilling which Parker assigned to the Mohnian Stage. 

The caleareous nannoplankton assemblages in the Mio- 
cene rocks at Newport Beach, California, although more 
sparsely distributed, are almost identical to those present 
in the Mohole drilling and in equivalent strata in the 
tropics. The Luisian part of the unit a Newport Beach 
is considered here to be correlative with the G. fohsi 
lobata and G. fohsi robusta zones of '"Érinidad, whereas 
the Mohnian part of the unit is equivalent to the G. 
mayert and G. menardii zones. 

I thank Drs A. R. Loeblich, jun. Helen Tappan 
Loeblich and O. L. Bandy for helpfw comments and 
suggestions. 

J. A. WiLcoxon 
Chevron Oil Field Research Company, 
La Habra, California. 
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Monochromatic Cathodoluminescence 
Image in the Scanning Electron 
Microscope 


A TECHNIQUE has been developed for observing mono- 
chromatic cathodoluminescence from semiconduetors in 
the scanning electron microscope, enabling optical micro- 
analysis of materials to be carried out in a manner analo- 
gous to the electron probe X-ray microanalyser. The 
experimental arrangement is shown in Fig. l. A three 
lens system gives a beam of electrons of 30 keV energy 
focused to a spot of 500 À diameter at the specimen with 
a current density between I and 100 A em., The 
specimen, in the form of a thin platelet, is mounted on 
a small movable liquid nitrogen cold finger, and is 
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cooled to 100° K during observation. The cathodo- 
luminescence is recorded on one of two channels—a 
sample of the total emitted light is collected by a quartz 
light pipe, the signal being fed through a photomultiplier 
and amplifier to the display system of the microscope, 
to build up a scanning micrograph. Simultaneously an 
image of the specumen is focused on to the entrance slit 
of a prism spectrometer by means of a quartz lens in the 
vacuum wall of the system. The output signal from the 
spectrometer may then be fed by means of a second 
photomultiplier and à preamplifier into the detecting 
system of the microscope, in place of the signal from the 
total emitted luminescence, thus enabling a scanning 
micrograph to be built up from radiation of any desired 
wavelength. (Alternatively the complete emission spec- 
trum may b» observed by feeding the amplifier output 
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Experimental arrangement for observing monochromatic emission, showing the 


specimen chamber of the scanning electron microscope and the two detection channels, 
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Fig. 9. a, Emission spectrum of the area delineated in b at 100° K. b, Luminescence micrograph of hexagonal platelet of 
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a, Luminescence micrograph of area delineated in Fig. 25 recorded at à wavelength of 4400 A. 5, Luminescence mictograp f area 


delineated in Fig. 25 recorded at a wavelength of 4480 À 


on to a chart recorder and driving the spectrometer as in 
conventional optical spectroscopy " 

The results for single erystals of hexagonal zine selenide 
are shown in Figs. 2 and 3. Fig. 26 shows a micrograph, 
recorded using the total emutted luminescence, of a 
hexagonal platelet, at 100° K with the electron 
incident perpendicular to the plane of the erystal. Fig. 2a 
shows the emission speetrum from the area delineated in 
b. The two main peaks, H, at 4400 A and C, at 4480 A, 
correspond, by analogy with earlier work!, to transitions 
characteristic of excitons bound to crystal 
hexagonal and cubic lattices respectively (the remaining 
peaks correspond to exciton transitions with the simul- 
taneous emission of one or more phonons). 
were then recorded using the mono- 
chromated signal, and are shown in Fig. 3. Micrograph 
a was recorded with peak H, at 4400 A and shows that 
the clear areas visible in Fig. 25 correspond to the hexa- 
gonal regions of the erystal. Micrograph b was recorded 
with peak C, at 4480 À and demonstrates clearly that 
the striations perpendicular to the ¢ axis correspond to 
cubic intergrowths within the hexagonal matrix of the 
crystal. 

It is planned to correlate this technique with trans- 
mission electron microscopy of the platelets, as in an 
earlier article*, and to extend the work to include other 
materials, as well as ion implanted specimens, where 
micro-optical analysis should prove particularly useful in 
studying the changes involved. 


beam 


defects in 


Micrographs 
of this same area 


E% M. 
A. D. 


WILLIAMS 
YOFFE 
Surface Physics, 

Cavendish Laboratory, 

University of Cambridge. 

Received January 13, 1969. 


! Williams, P. M., and Yoffe, A. D., Phil. Mag.. 18, 555 (1968), 
* Williams, P. M., and Yoffe. A. D., Radiat. Effects, 1, No, 1, 61 (1000), 


BIOLOGICAL SCIENCES 


Diffraction Gratings in Phalacrid Beetles 


UNTIL this year a scarabaeid beetle, Serica sericea. was 
commonly cited as the only insect in which the iridescent 
colours were due entirely to diffraction rather than to 
interference. It is now known, however, that the irides- 
cence of many other scarabaeid beetles! in both the tribes 


Sericini and Melolonthini is due to diffgaetion gratings, as 
is that of a few beetles of the tamil < 
addition. the iridescent colour of the etridulatory file on 
the third abdominal 
Mutillidae is now 
diffraetion?. 

Our attention 
Thompson of the British Museum (Natural 
the iridescent colours ofa very Convex md unusually 
beetle of the family Phalacridae, Litolsorus obesus Sharp. 
When this species was examined with the scanning electro: 
it was found that the diffraetion grating 
The 
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grating spacing, 
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Litolibrus obesus (Coated with rold 


palladium alloy for examination with the scanning electron 


microscope) Was mounted on a goniometer and observed 


with autostigmatic illumination through a low powel 
microscope focused approximately on the centre of curva 
ture of the elytra. The different colours were brought int 


view by rotating the specimen about BI) AXIS tangential 


to the surface and normal to the major axis of the insect 

The first order spectra on each side of the zer 
were easily visible. that towards the head being by tar the 
brighter. The only 
With yellow light, the meari angle between Zero orde and 
first order towards the head was 13 
zero order and first order towards the 
16°. These correspond to grating specings ol L-3 un 
and 1-1 um, respectively. We attach no s 
to the discrepancy between the angles 
certainly due to error in setting the position of the 
of rotation relative to the surface. Thes was difficult ti 
achieve with with the adjustments available 
although with any one setting the angles were reprodue 
ible to about 0-5 Different 
pairs of angles, the results 
several determinations. 

We have found that 
ridae have diffraction gratings 
include species of Hulitrus 
Sharp), Heterolitus (coloratus 
triguttatus Champ.). 
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Fig. 1. diffraction grating of 

Litolibrus obesus: middle of the elytra near the sutural interval. 

Accidental scratches on the elytra of various kinds are clearly shown as 
well as small and large sense organs. 


Fig. 2. Middle of the left elytron of Litolibrus showing part of the sutural 

interval. Because of the angle at which the micrograph was taken, 

there is a slight foreshortening and the grating spacing therefore appears 
to be less than in Fig. 1 


Scanning electron micrograph of the 


morphus Champ., rhodesianus Champ. ), Acylomus acicu- 
latus Sharp, Euphalacrus crassipes Champ., 
bicolor Sharp, Ochrolitus optatus Sharp 
distinctus Champ. 

The Phalacridae are one of the smaller families of beetles 
with about 600 described species. The adults all appear 
to be diurnal, and they are often found on flowers. The 
proportion of species in the family with diffraction gratings 
is far higher than in either the Carabidae or Scarabaeidae, 
which are the only two other families of beetles known to 
have such structures. It is interesting that diffraction 
gratings are particularly common among Australian and 
South American species. although some tropical Asian 
and Ethiopian species also had gratings. We found no 
gratings in Phalacrus or Olibrus. or in any of the European 
! i genus in which some species 


Liophalacrus 
and Stilbus 


species examined. In each 
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had diffraction gratings, other species were without such 
structures, provided, of course, that we were able to 
examine several or many species of the genus. 

The selective value of the iridescence of the Phalacridae, 
like that of the Carabidae and Scarabaeidae which have 
diffraction gratings, is probably as a warning colour. It has 
already been noted' that the metallic colours of some 
diurnal beetles of other families resemble spectra produced 
by diffraction but do not, of course, change with the angle 
of incidence. 
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University of Bristol. 
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Distribution of Tritiated Ecdysone in 
Salivary Gland Cells of Drosophila 


THe modes of action of the insect moulting hormone 
ecdysone have been studied for many years, but there is 
still little known about the nature of the initial acceptors 
in the insect cells. For this reason, I have undertaken a 
microautoradiographie investigation of the distribution, 
shortly after administration, of tritiated ecdysone. 
Ecdvsone 23,24—H (specific activity 2:9 Ci/mmole) was 
synthesized and supplied by Dr P. E. Schulze, Schering 
AG, Berlin. The radiochemical purity of this substance 
after the experiments was more than 98 per cent after 
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Fig. 1. a, Unstained 1 micron section of a Drosophila salivary gland cell 
10 h before a prepupal moult after incubation with *H-ecdysone, Note 


nuclens. b, Stained section of the same 
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enhanced labelling of the 
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Stained 1 micron section of Drosophila salivary gland cell 1 h 
be fore prepupal moult after incubation with *H-ecdysone (ref. 2). 


Fig. 2. 


checking with thin layer onrornavog ap on kieselgel with 
chloroform-ethanol 3 : 2. Drosophila hyder (wild stock 
from the Genetical Institute at Berlin-Dahlem) was kept 
at 25° C as described elsewhere!. Late third instar larvae, 
10+4 h before prepupal moult, and larvae 1 h before 
puparium formation with extruded spiracles were used. 
The salivary glands were quickly excised in body fluid and 
transferred for 10 min into a mixture of 50 per cent Droso- 
phila haemolymph and 50 per cent Drosophila Ringer con- 
taining 5 Calliphora units of *H-eedysone = 31:5 uC1/100 ul. 
medium. The medium had been oxygenized before explant- 
ation of the glands. Only intact pairs of glands were 
used—those with the glandular duct still adhering to the 
mandibular teeth. 

The glands were then washed twice in Ringer solution, 
plaeed on small pieces of aluminium foil and quickly 
frozen in liquid propane at — 181? C. After freeze drying 

at — 55° C the preparations were fixed with OsO, vapour 
for 8-12 h and embedded in prepolymerized araldite. All 
these steps were carried out without interruption of the 
vacuum, After polymerization at +60° C, the glands 
were eut into 1 micron sections and covered with Ilford K2 
emulsion. After exposure for 8 weeks, the slides were 
developed and partly stained with azure 2-methylene 
blue?*. As shown previously?:*, this technique prevents the 
dislocation of free and loosely bound radioactive hydro- 
philie material from cell constituents. 

Control autoradiograms were made of 1 micron seetions 
of glands fixed in glutaraldehyde-osmium tetroxide, which 
were embedded in araldite after dehydration in alcohol 
and epoxypropane, and of squash preparations after 
fixation in aleohol-acetie acid and orcein staining. In 
these experiments only a few grains were found on the 
gland cells, showing hat only traces of the hormone, if 
any, were firmly bound to the cell constituents in this 
short time. 

In the freeze-dried preparations, however, significantly 
more grains were lving over the gland than over the epoxy 
resin. In glands of the third instar larvae more activity 
was located on the nuclei than on the cv toplasm and the 
granules (Fig. la and b). The radioactivi ity was distribu- 
ted over all the chromosomes and the nucleolus. No 
distinet labelling of single bands or puffs of the giant 
chromosomes was distinguishable. The nuclear membrane 
did not seem to be labelled more densely than the cyto- 
plasm. The cytomembrane was more labelled in some, 
but not in all, sections compared with the surrounding 
eytoplasm. Autoradiographs from glands of larvae just 
before the prepupal moult showed a quite different dis- 
tribunon of grains (Fig. : 2). The age of these Rond was 


ey Einen lh before the propduul moult’. The toplasa, 
especially the cytomembrane, was densely labelled, 
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whereas the nucleus showed a grain density comparable 
with the glandular lumen. 

The interpretation of these results is difficult. It is 
considered by various authors- tha: ecdysone acts on 
distinct genes during the late third instar. It is not clear, 
however, whether this action is direct, or indirect as 
postulated by Kroeger. In my experiment a small but 
perhaps crucial accumulation of hormone at distinet loci 
should be overlooked, because in the eonditions deseribed 
here a concentration of eedysone of approximately 
2 x 104 molecules is needed for one grain. The finding that 
the hormone is accumulated in the nucleus during the 
active phase of the cells and that older already degenerat- 
ing glands concentrate the hormone ia the cytoplasm is 
surprising. 

Hans EMMERICH 
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Conversion of «-Ecdysone to ?-Ecdysone 
by Crustaceans and Insects 


SINCE Karlson! isolated a-ecdysone froma silkworm pupae, 
other workers have isolated and idemzified three more 
ecdysones—-§-ecdysone  (erusteedysone?, 26-hydroxy-6- 
ecdysone? and 2-deoxy-§-eedysone*—in extracts of insects 
and crustaceans. Additional types cf eedysones will 
probably be deseribed when other speeies of arthropods 
are closely examined, as imdicated by the work of 
Burdette and Bullock’ on silkworm pupac. The presence 
in one organism of several different eedvsones, differing 
only slightly in structure and in hiologa cal activity, has 
proved enigmatic. It has been suggested that these 
compounds are all intermediates in a single ecdysone 
synthesis degradation scheme’, and Horn ef al? have 
suggested that x-eedysone is the precursor of &-ecdysone 
(crusteedvsone) We now present ev idence that this 
contention is indeed correct; specifically, that both 
crustaceans and insects are able to convert «-ecdysone to 
B-ecdysone. 

We used three species of animals: (1) an actively 
moulting population of voung San Francisco Bay shrimp, 
Crangon nigricauda; (2) two groups of male fiddler crabs, 
Uca pugilator, one group consisting primarily of inter- 
moult animals, the other group consistmg of animals in 
which the premoult condition had been experimentally 
induced by bilateral eyestalk ablation 2 weeks before the 
experiment; (3) fifth instar larvae of the blowfly, Calli- 
phora vicina, 12-24 h before pupation. 

23,24-*H -28,35,142,22R,25-pentahydroxy -58-cholest-7- 
en-6-one (a- ecd ysone) was synthesized by platinum 
catalysed tritiation of 28,38,140,2 2R,25- pentahydroxy-58- 
eholest- 7- en-2 23- yn-6-one* in dry tetrahydrofuran solution 








EaD of the product omr w vater ¢ gave 23, 94. SH. -a 
ecdysone (specifie activity approximately 50 Ci/mmole). 
Each animal was injected with 5 ul. of an aqueous 
solution of 0-04—0-4 ug of 23,24H-x-eecysone. Twelve 
hours after injection (12-24 h in the experiments with 
Calliphora) the animals were killed, homogenized and 
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extracted three times with methanol. The methanol 
extract was evaporated, taken up in water and extracted 
four times with one volume of n-butanol. The butanol 
extract was evaporated, and the residue, dissolved in 50 
per cent aqueous methanol, was rinsed several times with 
n-hexane to remove lipids and pigments. The hexane- 
rinsed butanol extract was taken to dryness, dissolved 
in 15 per cent methanol in benzene and then chromato- 
graphed on a column of silicic acid using benzene with 
increasing concentrations of methanol as the eluant. The 
column fraction eluted with 15 per cent methanol in 
benzene containing the ecdysones was then further puri- 
fied by repeated preparative thin-layer chromatography 
(TLC) on unactivated silica gel, and finally examined by 
radio-TLC on silica gel chromatoplates containing an 
inorganic fluorescent indicator using the solvent system 
chloroform : n-propanol 9:5. We were surprised to find 
that we could aecount for a minimum of 25 per cent of the 
injected tritium as « and §-eedysones after 12-24 h in 
Calliphora in spite of the claim by Ohtaki ef al? that 
-ecdysone in Sarcophaga has a half-life in the neighbour- 
hood of 1 h. 

Results of the experiments with all three species of 
arthropods were qualitatively identical. In all cases, 
only two radioactive spots were evident on the radio- 
chromatograms: one was unchanged s-eedysone (Rr 0:21), 
and the other was a slightly more polar metabolite 
(Rp 012). This metabolite is tentatively identified as 
B-eedysone by the following criteria. (1) The metabolite 
is an ultraviolet absorbing compound (Amax = 242 my) 
which co-chromatographs with authentic B-eedysone on 
thin-laver chromatograms with two different solvent 
systems. (2) The chromatographically isolated metabolite 
fraction of Re (0-12) induces puparium formation in 
ligated Calliphora abdomens, thus showing a positive 
moulting hormone bioassay response. (3) The metabolite 
is produced at different rates by animals in different 
physiological states. The three groups presumably 
producing moulting hermones at rapid rates—-actively 
moulting Crangon, premouti Uca and pupating Calliphora 
—-showed the most efficient conversion of x-eedysone to its 
metabolite (about 75 per cent conversion based on 
radioactivity). The non-moulting group-—the intermoul 
Uca—-showed a considerably lower efficiency (about 25 
per cent conversion). Thus the differences in the efficiency 
of conversion are consistent with what would be predicted 
if the metabolite were indeed S-eedysone. (4) The meta- 
bolite was converted into several derivatives which were 
compared with the corresponding derivatives of $- 
ecdysone. First, a sample of the metabolite was acetyl- 
ated for 1 h in a 1:1 mixture of pyridine and acetic 
anhydride at 20°C. Radio-TLC showed that it was 
converted into approximately equal amounts of four 
radioactive products (Hj 0-41, 0-52, 0-62, 0-77) which 
co-chromatographed with the four products produced 
on acetylation of authentic 8-eedysone. Next, about 
10 ug of the metabolite was acetylated for 20 min in 
a 2:1 mixture of pyridine and acetic anhydride at 
20°C, conditions in which §-eedysone is acetylated 
primarily in the 2.position. The monoacetate of the 
metabolite, which had the same Ep value (0-41) as the 
authentic 28-acetate of §-eedysone, was then eluted 
from the thin-layer chromatogram and oxidized with 
(-1 M sodium metaperiodate in 50 per cent aqueous 
methanol to a single ultraviolet absorbing compound with 
the same E (0-68) as 2g-acetoxy-38,142-dihydroxy-5f- 
pregn-7-en-6,20-dione formed by periodate oxidation of 
the authentie 28-acetate of 8-eedysone. These data 
indicate that the metabolite has the same 20,22-glycol 
system which distinguishes § from a-ecdysone. Larger 
amounts of the metabolite are at present being isolated to 
allow confirmatory characterization by speetral methods. 

To rule out the possibility that the metabolite observed 
is an artefact produced by the extraction procedure, a 
group of Uca without eyestalks was injected with 3H-a- 
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ecdysone and then extracted immediately after injection. 
The radio thin layer chromatograms showed only single 
spots which co-chromatographed with authentic a- 
ecdysone. 

The existence of -ecdysone has not yet been demon- 
strated in the three species used in the present experiments, 
whereas B-ecdysone does occur (unpublished results of 
D. S. K.). It is possible that a-eedysone is a very short 
lived intermediate in 8-ecdysone biosynthesis, if indeed it 
is a normal precursor. 

We thank Dr Howard A. Bern for helpful discus- 
sions. We also thank Hoffmann-LaRoche Inc. and 
Drs D. H. S. Horn, T. Takemoto and J. N. Kaplanis for 
providing samples of natural eedysones. This work was 
supported by a US National Institutes of Health pre- 
doetoral fellowship (to D. S. K.) and by a grant from the 
US National Science Foundation. i 
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Mandibular Layering in Delphinapterus 
leucas and Age Determination 


Laws! investigated mandibular periosteal layers as an 
aid to ageing the Sperm whale Physeter catodon. Con- 
tinued studies of P. catedon indicate that mandibular 
layers and tooth layers occur in equal numbers*, and it 
has been postulated that two tooth layers are deposited 
annually’, Two tooth and one mandibular layer in 
Delphinus delphis are annual’. 

Age determination of the white whale or “beluga” 
Delphinapterus leucas has been a subject: of some con- 
troversy. Sergeant® proposed two tooth layers per 
annum. while Khuzin® suggested a single tooth layer 
formed annually. This difference deserves to be resolved 
because it could grossly affeet estimates of mortality and 
reproductive capacity, resulting in miscalculation of 
sustainable yields of exploited beluga populations. 

Material for this study was collected from Cumberland 
Sound, Baffin Island, in July and August 1967. Teeth 
and a 2-3 em cross-section from the central part of the 
mandible were stored in 10 per cent formalin. Longitud- 
inal half-sections of teeth were cut, polished and examined 
under a binocular microscope using reflected light. 
Mandible samples were embedded in bio-plastie, sectioned 


stained with aniline blue-acid fuchsin, then mounted on 
slides and examined under a binocular microscope using 
transmitted light. 

The combination of one light and one dark zone or 
lamina will constitute a "layer" in interpreting dentine, 
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cement or mandibular growth. "The tooth shows layering 
as deseribed by Sergeant*. "The prenatal tooth is dis- 
cernible in teeth with as many as fifteen layers. 

The mandibular eross-sections show periosteal layering, 
either partially or completely circumferential, depending 
on the site of the section taken. Lateral growth rate, and 
therefore laver thickness, is greatest in the exterior mid- 
lateral region (Figs. 1 and 2). The number of layers 
increases with the apparent age of the animal. The 
initial two to three layers may be highly lanceolated 
(Fig. 2), indicative of rapid growth’. The unstained, 
transparent laminae may include a fine dark zone which 


increased in width in areas of more rapid mandibular 


growth. This is found to occur between the first and 
second layers formed at the time of weaning* of several 
animals (Fig. 1), and more dramatically in the last one 





Total width of layers 
Mean tooth layers 


Fig. 1. Mandibular lavering on lateral exterior 
1-25 mm with secondary laminae in early growth. 





Fig. 2. 
of layers 2 mm, fine dark zones apparent within more recent layers, 
Recently calved with mean tooth layers 12:25. 


Mandibular layers indicating early rapid growth?, Total width 
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Mandibular layers plotted against mean tooth layers of twents 
four specimens, Line is based on a rat o 0f 2:1 


Fig. 3. 


to two layers (Fig. 2) of twelve of fourteen females captured 
with newborn young or carrying ful 
Although there is a loss of early larering caused by 
osteoclast activity in areas Of the mandible, all 
layers appear to be retained in à compressed and con- 
voluted state on the lateral exterior. 

The averaze number of tooth lave ES resulting 
counts of dentina! and cementum layers is shown, plotted 
against mandibular layers of the same animal (Fig. 3). 
The line is based on a ratio of 2: 1. The ratio of tooth 
mandibular layers seems to be 2 : 1 as found previously*. In 
beluga this ratio is maintained until approximately the 
fifteenth tooth layer is deposited. Four points showing 
marked divergence from the extended 2 : 1 line of equality 
represent specimens having obvious ooth wear, yet 
depositing tooth layers at rates greater than erosion 
Teeth are apparently worn down by jaw movement and 
tooth contacts regardless of feeding iatensity. About 
four tooth layers are deposited before the tooth erupts and 
is exposed to increasing wear. and approximately eleven 
additional layers are deposited before the prenatal tooth 
is eroded and tooth layer numbers are misrepresented 
The area between the extended 2 : 1 line and a line fitted 
to the four divergent points (Fig. 3) ean be considered the 
zone of tooth wear. 

The greatest number of tooth layers “ound to date in 
the Cumberland Sound collection is ferty-one. Using 
Fig. 3. an ordinate from forty-nine would intersect a line 
through the four divergent points at approximately thirty 
on the X axis. This would suggest that there had been 
about SIXTY lavers deposited in the tooth, of 
nineteen had been eroded. 

illustrations of teeth of the fur seal Calzorhinus ursinus* 
show that early tooth growth rate is fair y constant, and 
that layering reflects variations in miweralization and 
therefore in the condition of the animal. 
to be true of beluga, the tooth growing continuously 
regardless of feeding intensity, with layering determined by 
mineralization. It is quite probable that more than one 
tooth layer could be formed annually During mud 
July to mid-September the beluga of Cumberland Sound 
feed lightly and form a zone of transparent, poorly 
mineralized dentine*. A migration or a period of low 
feeding intensity between mid-January and mid-March 


term foetuses. 


Some 


Irom 


which 


This seems also 


could account for another spatially eensistent laver; 
beluga movements are, however, obscure during this 
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period. The breeding season is in mid-May*. The 
presence of fine zones within many of the mandibular 
layers (Figs. 1 and 2) and their accentuation in weaning 
young and pregnant or lactating females is evidence that 
there is potentially a second annual interruption in 
mandibular growth, accentuated by additional physio- 
logical stresses!?. 

If tooth layers of D. leucas were annual, the ratio of 
2:1 (Fig. 3) would require mandibular layers to be 
formed in alternate years, highly improbable for an 
animal so regulated by harsh arctic seasonality. The 
results of this study therefore suggest that two tooth? 
layers and one mandibular layer are formed annually, 
the difference being related perhaps to the greater 
sensitivity of tooth layering to condition. By accounting 
for tooth wear, it is caleulated that maximum life-span is 
about 30 yr. 

This work was supported by the Arctic Biological 
Station of the Fisheries Research Board of Canada. I 
thank Dr I. A. MeLaren for helpful criticism. 
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Eradicating Mosquitoes using 
Translocations 


CHROMOSOMAL translocations have been suggested'? as 
useful mechanisms for genetic control: translocation 
heterozygotes produce fewer offspring because some of 
their gametes do not receive a full chromosomal comple- 
ment. The resultant semisterility has been observed m 
many plants and animals, chiefly after irradiation or other 
treatments of laboratory stocks but only rarely in natural 
populations. Spontaneous translocations originating in a 
field population are usually eliminated? quickly because 
of the lower productivity they confer on the heterozygotes. 
They can become fixed in all members of a population 
only if it is small and 1solated?. 

Translocation homozygotes or heterozygotes released 
into a natural population would reduce the fertility of the 
population in proportion to the number of individuals 
released and the degree of semisterility connected with the 
translocation. Although cytoplasmic incompatibility 
already provides an effective mechanism for genetic 
control in Culex pipiens’, I have investigated the possibi- 
lity of producing translocations that could serve as a model 
for other mosquitoes, and probably many other insects. 
Described here is a special group of translocations 
produced in Culex pipiens by X-ray irradiation and their 
influence on the productivity and size of cage populations. 
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Table 1. SEVEN TRANSLOCATIONS IN Culex pipiens INVOLVING THE MALE 
DETERMINING CHROMOSOME AND AN AUTOSOME. AVERAGE LETHALITY, 
VIABILITY AND OTHER CHARACTERISTICS 

Trans- Average 
location percentage Viability Morphological and other characteristics. 
No. lethality 
i 38 Excellent — 
2 39 Good 
3 42 Good Male palpi with w art, 9 29 hateh before 242 
1 26 Low Miniature phenotype 
5 R2 Excellent — 
6 45 Good Rough eyes, 2? hateh before £43 
7 33 Excelent — Males in excess 


We irradiated six 2-3 day old males with 4,000 r. and 
by a suitable screening technique were able to isolate more 
than a dozen lines with reduced productivity. Seven of 
these lines were unique in that a constant degree of semi- 
sterility, variable from line to line, was inherited only 
through the males. All males had this characteristic, 
irrespective of the females with which they were mated. 
All sister females produced the normal number of offspring 
when crossed with unrelated males. This restriction of 
semisterility to the males is a consequence of translocation 
between the male determining chromosome and one or the 
other of the two autosomes. Evidence for the nature of 
this peculiar type of translocation will be discussed else- 
where. It breeds true in the males—they are permanent 
heterozygotes and therefore constantly give rise to 
reduced numbers of offspring. All sister females have a 
normal chromosome complement and are therefore fully 
fertile. 

The seven lines in question have different degrees of 
semisterility (Table 1, second column), ranging from 26 
to 82 per cent. These figures are the pooled results for at 
least five generations which produced between 1,000 (trans- 
location No. 6) and 10,000 (No. 1) eggs. Line 3 can only 
be maintained with difficulty because of low viability of 
the larvae, but the others have good or excellent viability. 
Lines 3, 4 and 6 have morphological aberrations, probably 
an expression of a position effect. In lines 3 and 6 the 
normal hatching sequence of the adults is reversed, 
females hatching before the males. It is not yet known 
whether the distortion of the normal sex ratio in favour 
of the males in line 7 is connected with the translocation 
or not. 

Obviously, permanently heterozygous males will dimin- 
ish a normal population into which they are released 
because of their semisterility. To confirm this assumption, 
a cage experiment was conducted using, first, transloca- 
tion males of line 1 and in a later generation also males 
from line 5. The first generation consisted of 200 virgin 
females and 200 males from a normal strain (Table 2). 
Four hundred males from line 1 were added, to give a 
ratio of one normal male (+) to two translocation hetero- 
zygous males (7). All animals were the same age. If both 
kinds of males were equally competitive in copulation 
one third or 66-6 egg rafts would have hatched normally 
and two thirds or 133-3 rafts would have been about 38 
per cent semisterile. As it turned out, there were fewer 
normal and more semisterile rafts, giving an efficiency 
ratio for the males of 1: 3:41. Translocation males were 
more efficient than normal males-—if the efficiency of 
normal males is 1 (efficiency index), that of the transloca- 
tion males was 1-705. In later generations this index 
was eonstantly higher for the translocation males (Table 2, 
last column). There are two reasons for the better 
performance of the translocation males: they were raised 
in single family eultures without overerow "ding and the 


Table 2. NUMERICAL DATA OF CAGE POPULATION TEST WITH TRANSLOCATION 1 (GENERATION 1-2, 3a-4d) AND 5 (GENERATION 3b-5b) 
l No. of expected No. of observed Efficiency Efficieney 
Generation Composition of population Ratio copulations copulations ratio of index of 
Fg gdt SSL éd+:idd7 Geox f+ Sex dst Gyxdd+ Sox gst males 38T 
1 200 200 400 1:2 86-0 133.8 45 155 1:32:41 1.705 
2 138 45 203 1:63 18-9 119-1 Li 127 11A 1.831 
3a 44 6 138 1:23 1:83 49:17 g 44 1:44 1.913 + 
ia 26 A 26 
3b 43 5 100 1:20 2:04 40-96 1 42 1:42 2,100 
Ab 8 1 32 1:32 P24 7-786 0 8 1:82+ — 
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translocation system itself has an improving effect through 
inbreeding. | 

As a consequence of the semisterility the total produc- 
tion of the population was reduced by 31 per cent (curve 
Ob 1 in Fig. 1). With 40 per cent lethality (observed 
lethality 39-84 per cent) and equal efficiency of the two 
classes of males the population would have decreased by 27 
per cent (curve Ca in Fig. 1). Clearly the greater efficiency 
of the males has only a slight effect on the reduction of 
population. 

If the population remains stable in normal conditions, 
then a second generation will build up according to the size 
of the first generation. From the forty-five normal rafts 
forty-five normal males and forty-five normal females were 
selected and from the 155 semisterile rafts ninety-three 
normal females and ninety-three translocation males were 
selected, in accordance with the reduced fertility. These 
mosquitoes were placed with 200 translocation males, 
thus there were 293 translocation males and forty-five 
normal males (a ratio of 1: 6:3). Again the efficiency of 
translocation males was higher (efficiency ratio of 1 : 11:54 
and efficiency index of 1.831). The total production was 
again reduced, this time by 25:5 per cent, to 43-5 per cent 
of the original population. 

Half of the resultant third generation was placed with 
translocation males from line 1, this time with a numerical 
ratio of the males of 1:23. In this ease no raft was 
fertilized by a normal male. The fourth generation 
therefore had only translocation males and normal females. 
If this population remained isolated in conditions such 
that a normally reproducing population would remain 
stable, the population in question would automatically 
decrease in every generation by about 40 per cent due to 
the effect of semisterility. It would automatically die out 
after eight more generations. 

This eradication process can be speeded up by using a 
translocation with higher lethality like that of line 5, to 
which the other half of the third generation was exposed 
(in a ratio of 1: 16:6). The translocation males had an 
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Fig. 1. Graphic representation of population cage experiment with 
translocations 1 and 5. (a) Number of translocation males No. 1 
liberated into the cage: (b) number of translocation males No. 1 pro- 
duced; (c) number of translocation males No. 5; (d) number of trans- 
location males No. 5 produced; (e) number of normal males; (f) number 
of normal females. 1-5@ and 3b-5b are generations 1-5. Ob, 
Observed percentage decrease of population; Ca, caleulated decrease 
of population with 40 per cent lethality and equal efficiency of both 
types of males. Ob 1, Observation of decrease with translocation 1; Ob 5, 
observation of decrease with translocation 5, 


959 


efficiency index of 2.100. One raft ost of forty-three was 
fertilized by a normal male, producing—assuming stabi- 
lity—a single normal male in the fourth generation. By 
exposing this generation to transloeation males with a 
ratio of 1:32, the fifth generation had only one female 
and one translocation male—the pooulation was practi- 
cally exterminated. 

Translocations can clearly be very useful in genetic 
control. One likely objection to the cage experiment is 
that it was conducted on the assumption that the environ- 
mental conditions would allow a normal population with- 
out chromosomal aberrations to reproduce in a stable 
manner with no increase and no decrease from generation 
to generation. This assumption seems to be rather 
artificial, but there is ample evidence that mosquito popu- 
lations undergo substantial seasonal increases as well as 
decreases. Release of translocation males into a popula- 
tion which is continuously decreasing would enhance the 
downward trend and theoretically lead to total eradication. 

Using the special type of translocation described here, 
only males can be released, because only they carry the 
translocation. But it would not matter if a few fernales 
were released with the males, for although the females 
would temporarily enlarge the natural population their 
offspring would have the same fate as that of any other 
female in the population. Unlike autosomal translocations 
the male linked translocations have the advantage that 
they never become fixed in a natural population. Male 
translocations can therefore be usec without restriction, 
It might be possible to integrate one or the other of these 
translocations with a known balanced lethal system, 
aiming at a line which will produce only males. Use of 
such a line would no longer require mass production of 
adult males for release. The rafts could be put into 
natural breeding places and the male larvae eould grow 
up there. 

As I have mentioned, this work was conducted with 
Culex pipiens only as a model species. The ease with 
which the translocations could be produced and their 
efficacy in cage populations should stimulate similar experi- 
ments with other mosquitoes and other insect pests. 

H. Laven 
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Variants of Glucose-6-phosphate 
Dehydrogenase in Indonesia 


For the elucidation of paths of both migration and 
evolution, proteins offer certain awvantages over other 
biological markers: qualitative altezations of proteins are 
usually transmitted in specific geaetie patterns; each 
multicellular form of life has many proteins; and each 
protein is susceptible to genetic modification in many 
different ways. The last two features suggest that enough 
protein markers are potentially available to render 
unlikely the possibility that two species or geographie 
isolates are similar by chance alene. Among genetic 
markers in man, variants of red cell glucose-6-phosphate 
dehydrogenase (G-6-PD) have begun to show sufficient 
ethnie and geographie specificity to justify their inclusion 
in the list of such protein markers. 

Several variants of G-6-PD have been found through a 
search for abnormal electrophoretic forms of the enzyme, 
as with other proteins. Yoshida has demonstrated a 
substitution in an amino-acid residue of one of these 
variants'. But a second method of ascertainment has 
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Table 1. CHARACTERISTICS OF G-D-PD FROM INDONESIA AND NEW GUINEA 
Red cell 24G-6-P 
Subject G-6-PD activity Em G-6-P* utilization T 
unita/g Hgb uM per cent 
G-6-PD-deficient Indonesians 
T. 8. 0:32 47 21:3 $5 
T. L. 0-13 86 23:0 4.8 
A. B. 0.14 25:548 9-4 
L. H. 0-16 52127 4-0 
Indonesian controls 
$. 8. 5:77 4944-7 2-1 
I. L. 5-12 58 E33 2:8 
8, 0. 5-31 5512-2 2-6 
8. R. 6:35 48 * 3:5 2-4 
S. I. 4:36 58r i8 3:3 
G-6- P D-defleient subjects from New Guinea $ 
17 men «0:44 7-8 to 15-2 (range) $1 to 46 (range) 


* + Standard error. 

+ Expressed as a percentage of the rate at which the same amount of 
enzyme will utilize G-6-P, Average of duplicate determinations, 

t Group II of an earlier study*. 


provided an even greater number of variants. People 
who are deficient in activity of red cell G-6-PD seldom 
have a complete deficiency of the enzyme. When sub- 
jected to purification and characterization, the enzyme 
from these people often exhibits decided abnormalities 
in several characteristics’. G-6-PD-deficient subjects 
from Canton have an enzyme that moves slightly faster 
than normal G-6-PD on electrophoresis in starch gel, 
and has Michaelis constants (Km) that are significantly 
lower than normal. G-6-PD-deficient Negroes from 
North and South America and from western Africa have 
an electrophoretically fast enzyme with catalytic charac- 
teristics that are essentially normal. In contrast, the 
enzyme of most G-6-PD-deficient Caucasians from the 
Mediterranean area is electrophoretically normal but has 
decreased thermostability and alterations in many cataly- 
tic characteristics. A similar, if not identical, variant has 
been found in G-6-PD-deficient subjects from India? and 
New Guinea*. All seem to be sex (X)-linked. 

These observations have prompted us to examine the 
characteristics of the enzyme from nine Indonesian 
subjects, consisting of: three G-6-PD-deficient men (T. S., 
T. L. and A. B.) and one G-6-PD-deficient woman of 
Indonesian-Chinese ancestry (L. H.), and five Indonesian 
subjects (controls) with normal activity for red cell G-6-PD 
(Table 1). The controls consisted of one woman (S. 1.) and 
four men. Control E. S. is a brother of G-6-PD-deficient 
subject T. S.; Control I. L. is a brother of G-6-PD-deficient 
subject T. L. Methods for the purification and character- 
ization at human red cell G-6-PD are described elsewhere’ +. 
K n and standard errors of the Km were determined from 
the enzymatic rate at six different concentrations of 
substrate by the statistical methods of Wilkinson’, 

The level of activity of G-6-PD in the haemolysates of 
all three G-6-PD-deficient Indonesian men was very low 
(Table 1). Their G-6-DP had normal migration during 
electrophoresis? in starch gel. In these respects, their 
enzyme was similar to G-6-PD Mediterranean. The 
utilization of 2-deoxyglucose-6-phosphate (2dG-6-P) and 
the K m for G-6-P of their enzyme, however, were d ifferent 
from those found for seventeen G-6-PD-deficient men 
from New Guinea whose G-6-PD was of the '"Mediter- 
Sufficient activity of 


four (-6-PD-deficient Indonesian subjects to allow determ- 
ination of pH. optima curves. In contrast to the highly 
bimodal pH optimum curve obtained with the seventeen 
New Guinea subjects’, the enzyme of only one of three 
(1-6-PD-deficient Indonesian subjects exhibited activities 
that fell outside the normal range at various pHs (Fig. 1). 
Moreover. samples from T. S. and A. B. exhibited thermo- 
atabilities that were normal or slightly greater than normal 
when heated both alone and as mixtures* with normal 
enzyme. "This observation is in contrast to the decreased 
thermostability of G-6-PD Mediterranean’. The differ- 
ence was confirmed when thermostabilities were observed 
on T. S., a sample of G-6-PD Mediterranean and a mixture 
of the two. Characteristics of the G-6-PD from the woman 
of Indonesian-Chinese ancestry (L. H.) were similar to 
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Fig.1. pH optimum curves for G-6-PD. Rate is the average of duplicate 
determinations and is expressed as the percentage of the rate at pH 7-5. 
The vertical bars represent the mean + 2 standard deviations for G-6-PD 
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those of the three Indonesian G-6-PD-deficient men 

(Table 1), but her enzyme moved 5 to 7 per cent faster 

than normal G-6-PD during electrophoresis in starch gel. 

Part of the zone of activity extended into the normal 

zone. The properties of her G-6-PD are compatible with 

the possibility that she is a heterozygote for both the 

Canton and Indonesian variant of G-6-PD. 

Fernandez and Fairbanks have recently reported a 
variant in the Philippines that is distinct from G-6-PD 
Mediterranean’. The Philippine and Indonesian variants 
appear to have similar levels of activity in red cells and 
similar thermostabilities. Whether the two variants 
are identical or not remains to be determined. These 
findings indicate that G-6-PD Mediterranean may not 
extend as a continuous chain from Sardinia to New Guinea. 
The chain is interrupted at least in Indonesia by the 
presence of another variant. 
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Antibody-like Activity to the 
2,4-Dinitrophenyl Group in Normal 
Human Sera 


VOLUNTEERS were injected with conjugates of 2,4-dinitro- 
phenyl-human serum albumin (DNP-HSAy. Sixty per 
cent of subjects developed rising titres of agglutinating 
activity to DNP coupled red cells after injection, but 
most normal pre-immunization sera also had some agglu- 
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tinating activity to DNP coupled cells. "This activity was 
present in the fractions containing gamma globulin, was 
abolished by 2-mercaptoethanol, was specifically inhibited 
by the DNP haptenie determinant and was deficient in 
sera that were deficient in normal immunoglobulins— 
suggesting that most normal human sera contain antibody 
to the DNP group. 

For haemagglutination assay, DNP coupled human 
group O red cells were prepared as described by Bullock 
and Kantor?*. 60-1 ml. of a 1 per cent suspension of cells 
was added to 0-1 ml. of serial two-fold dilutions of sera in 
tubes. Although it was practical to read the settling 
patterns with high titred hyperimmune rabbit sera, this 
was less reliable with the low titred normal human sera. 
Instead of reading patterns therefore the cells were allowed 
to settle for 30 min and were then centrifuged at 1,000 
r.p un. for 2 min. The supernatant serum was then 
removed, 0-1 ml. of diluent was added and agglutination 
was read after gently tapping the tubes. 

Of the fifty-six "normal" sera, twenty-eight came from 
male prisoner volunteers and twenty-eight were selected 
at random from various hospitalized patients. Of these 
fifty-six sera, 45 or 80 per cent had agglutinating activity 
toward DNP coupled cells. The titres varied from 1:4 
to 1:64. Of thirteen human umbilical cord sera tested, 
eleven agglutinated DNP coupled cells, but the titres 
did not exceed 1 : 8 and the strength of agglutination was 
considerably less than that of the normal adult sera. Sera 
from patients expeeted to be deficient in normal immuno- 
globulins (hypogammaglobulinaemia, multiple myeloma) 
were also deficient in anti-DNP activity. Nine sera from 
patients with aequired or congenital hy pogarmmaglobulin- 
aemia were assayed. Only two of the nine had any agglu- 
tinating activity and the titre of these two did not exceed 
1:8. The difference in the incidence of agglutinating 
activity between the hypogammaglobulinaemie and the 
normal groups was significant (P=0-01). One patient 
with type I dysgammaglobulinaemia (yG absent, with a 
high yM) had a titre of 1:64. Sera from twenty-nine 
patients with multiple myeloma were assayed. Only 
nine of the twenty-nine had agglutinating activity. 1 
differenee between these and the normal group was als 
er ant (P=0-01). These data are ilustrated in 

None of four sera from patients with Walden- 
strom’: s macroglobulinaemia had agglutinating activity. 

Seven normal sera with activity were fractionated with 
ammonium sulphate. Precipitates were removed when 
33 per cent and 50 per cent (NH,),SO, saturated, and 
these and the supernates were analysed for gamma 
globulin content and agglutmating activity. The presence 
of yG, yA and yM globulins in the fractions was determined 
by radial diffusion in gel which contained specific antisera’, 





1:64 odis " 
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Fig. 1. Agglutination titres of human sera against 2,4-dinitrophenyl 
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85-95 per cent of the yG, 60-80 per cent of the yA and 
60—75 per cent of the yM globulin were found in the 33 
per cent fraction and the remainder was in the 50 per cent 
fraction. No gamma globulin was detected in the super- 
natants containing albumin and no agglutinating activity 
was present in these supernatants. All the agglutinating 
activity was recovered in the fractions contairung gamma 
globulin and was distributed almost evenly between the 
33 per cent and the 50 per cent precipitates. It was _ 
apparent that there was no correlation between the amount 
of yG and the agglutinating activity, that is, simular 
activity was present in some 33 per cent fractions which 
contained 95 per cent of the yG as in the 50 per cent 
fractions which contained the remaining 5 per cent. The 
differences in yA and yM content of the 33 per cent and the 
90 per cent fractions were not as great as those of ys, and 
no definite correlation could be made between content of 
these and agglutinating activity. 

Treatment with 0-2 M mercaptoethanol! for 2 h abolished 
the agglutinating ability of normal sera, (NH,),SO, 
fractions and the cord sera, suggesting that the activity 
is associated with the yM class of immunoglobulins. 

To investigate specificity, the following DNP prepara- 
tions were tested for their ability to inhibit agglutination 
of DNP coupled cells: DNP-HSA, DNP-lysine, DNP- 
haemocyanin (DNP-KLH,), DNP-eellulose! and 2,4. 
dinitrophenol. Other preparations tested for inhibitory 
ability were the unrelated hapten altered proteins, azo- 
benzenearsonate-HSA (R-HSAJy, pena peni HSA 
(BPO-HSA)* and the more closely related 2,4,6-trnutro- 
phenyl-H8A (TNP-HSA). 

Normal sera, ammonium sulphate fractions or cord sera 
were incubated at room temperature for 30 min with 
each compound before assay for agglutinating activity. 
A control of the same serum to which an equal amount 
of the corresponding protein, amino-acid or cellulose 
carrier had been added was assayed at the same time. 
The carriers alone had no inhibitory effect. The following 
molar concentrations were found to give complete or 
spies comple te inhibition of agglutination: DNP-H8SA 

L[2x107 M, DNP lysine 2x 10-4 M, 2,4-dinitropheno! 
227x107? M, Addition of DNP-KLH in equivalent ug 
amounts of protein as DNP-HSA resulted in complete 
inhibition, although the precise molar concentration was 
not determined because of apparent breakdown of the 
haemoeyanin molecule during conjugation. Adsorption 
of 0-5 ml. of sera with 20 mg of DNP cellulose removed 
all agglutinating activity. The unrelated hapten altered 
albumins, R~HSA and BPO-HSA and an H-eellulose 
adsorbent gave no inhibition. With the closely related 
TNP-HSA, results were variable. There was complete 
or almost complete inhibition with 7 x 10-5 M TNP-HSA 
in four of eleven sera. One of these was inhibited as well 
by 1-2 x 10-5 M TNP-HSA as bythe same molar concentra- 
tion of DNP--HSA. With the other seven sera there was 
no inhibition or only slight inhibition hy Tx 10:5 M TNP- 
HSA. Incubation of sera with DNP-HSA did not inhibit 
agglutination of unrelated svstems, that is ABO 
haemagglutination or agglutination of haemoevarnin 
coated cells by immune human sera. 

Eisen et al., who demonstrated antibody activity to DNP 
in à yYG myeloma protein, s suggested that antibody activity 
be defined as specifie binding by sites in the Fab domain 
of i an E ae UE med anti- ION P activity 


180- 


x m is 
ie 
Positive identican of the 
active an as an amo buli and the location 
of the binding site will require its isolation. The evidence 
presented here, however, strongly suggests that the aetivity 
to DNP and/or elosely related groups is caused by antibody 
which may be regarded as “natural” antibody in that its 
presence cannot be ascribed to any obvious antigenic 
stimulus. 
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"Natural" antibodies have been directed against 
naturally occurring viral, bacterial, fungal, erythrocytic 
and other antigens? as distinct from an artificial low mole- 
cular weight determinant such as the DNP group described 
here. Anti-DNP activity may result from oceult antigenic 
stimuli in the form of nitro-substituted benzene com- 
pounds which are used in dyes, herbicides, insecticides 
and in the manufacture of à variety of commonly used 
produets. This possibility would dictate caution in the 
interpretation of results concerning immune responses 
assumed to be de novo to these and related compounds 
and perhaps to many potentially sensitizing substances. 
Another possibility is that this is a “preformed” antibody 
or recognition factor of the immune system which exists 
in the absence of any antigenie stimulus. 

I thank the inmates of the Attica State Prison who 
participated in this study, and the warden and administra- 
tion for their cooperation. This work was supported by a 
grant from the US Public Health Service. 
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Effect of Temperature on Resting 
Potential in Giant Axons of Squid 


THe effect of temperature on the resting potential has 
been studied m a number of different preparations! ^, 
and has attracted considerable theoretical interest. In the 
axons of the squid Loligo forbesi, the resting potential is 
essentially independent of temperature from 3° C to 20° C. 
Above this temperature, a decrease in resting potential 
has been observed, witha net fall of 10-15 mV at 35? C !. 
In the lobster axon?, however, the results indicate that 


temperature is raised from 2? C to 16°C. 
more recent data obtained in lobster axons?, the resting 
potential has a metabolic dependent component which, 
once eliminated by means of metabolic inhibitors, leaves 
the dependence of resting potential on temperature to be 
only the one expected if one assumes that the resting 
potential is a potassium jon electrode potential. 

We describe here the effect of temperature on the resting 
potential in axons from the squid Dosidicus gigas, and 
relate this effect to a possible change in the structure of 
the axonal membrane. 

Giant axons, with diameters ranging from 0-8-1 mm, 
were dissected and kept at 4° C until they were used. The 
technique for recording membrane resting and action 
potential by means of internal mieroeleetrodes has been 
described). The temperature of the external seawater 
bathing the axon in the chamber was allowed to increase 
or decrease gradually towards room temperature and was 
continuously monitored by a thermometer fixed in the 
chamber. 

The recorded resting potentials were not corrected for 
junction potentials; the values obtained were within the 
range of — 45 to —55 mV. Fig. 1 shows the results obtained 
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with fifteen different axons. The vertical axis represents 
the differences in resting potential from the basal resting 
potential value taken at 17° C in the same axon. 

The effect of temperature on the action potential was 
the same as that described in axons from other species; 
the duration of the action potential was greatlv increased 
at low temperatures and the amplitude was shghtly 
increased. The temperature was raised only to 24° € 
because at this point the axons tend to fail progressively 
in the conduction of the impulses. 

In contrast to the results obtamed with Loligo giant 
axons by Hodgkin and Katz!, it was found that the 
resting potential decreased linearly as the temperature 
was increased from 3? C to 20° C. All changes in resting 
potential induced by changes in temperature were com- 
pletely reversible provided that the temperature did not 
exceed 24°C. <A depolarization, instead of a hyper- 
polarization, was obtained when the temperature of the 
media was raised. This decrease of resting potential 
with an increase in temperature contradicts the theoretic- 
ally expected dependence, which states that the membrane 
potential should be proportional to the absolute tem- 
perature’, 

Also in contrast to the results obtained in lobster axons’, 
the resting potential was not affected by metabolic in- 
hibitors (02 mM _ 2,4-dinitrophenol or 10+ M ouabain) 
even though these inhibitors, when added to the external 
seawater, strongly reduced the sodium efflux in axons 
from Dosidicus’. The effect. of temperature on resting 
potentials remained essentially the same in the presence 
of these metabolic inhibitors, even after a long incubation 
period 30 min for 2,4-dinitrophenol and 45 min for 
ouabain, 

Those axons which had been kept at 4° C for more than 
24 h before the experiments were started gave results 
which deviate significantly from the straight line shown in 
Fig. 1; that is, the variations in resting potential with 
temperature were smaller (four axons). For this reason, 
only the results obtained with the axons that were used 
immediately after disseetion were considered in Fig. 1. 

The results reported here—that there is an increase in 
resting membrane potential as the temperature of the 
external scawater is deereased—-suggest that changes 
occur in the axolemma which are independent of oxidative 
phosphorylation and sodium transport. We suggest that 
the axonal membrane structure becomes “more organized” 
at low temperatures and that this in turn determines an 
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Fig. 1. Effect of temperature on resting potential. The temperature 
was varied by replacing the seawater bath around the axon. A con- 
tinuous range of measurement was obtained by allowing the bath to 
warm or cool gradually towards room temperature. Each point repre- 
sents at least four experiments. The ordinate represents the differences 
in resting potential from the basal resting potentia] value taken at 
17° C in the same axon. Results from fifteen axons are included. The 
straight line obtained by least squares fitting of the experimental points 
is given by AV = — 0-65 0410-4, where AV is the change in membrane 
resting potential and ¢ is the temperature. 
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increase in cationic selectivity and a decrease in membrane 
“leakage”. 

This work was carried out at the Laboratory of Cellular 
Physiology, Montemar, Chile. We thank Dr E. Rojas and 
Dr F. Vargas for their advice and criticism. 
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222 e ? e Fig. 2. Appearance of a 400 point representation of a woman's face as 
Vision Substitution by Tactile Image seen on the monitor oseilloscope Subj ets can correctly Identity 
$ . vibrotactile stimulus patterns of this level of complexity. Blurring and 
Projection consequent half-tone appearance in the image oceurs visually (and 
"a : i tactually) due to noise modulation and temporal integration of the 60 Hz 
W E describe here a Vision substit uton system W hich IS field rate, (Visual péi rception ot this type ot digital display is sometimes 


being developed as a practical aid for the blind and as a enhanced by squinting or otherwise further blurring the image.) 


means of studying the processing of afferent information 

in the central nervous system. The theoretical neuro- instrumentation? have been discussed previously. and 
physiological basis! and the physical concept of the results obtained with preliminary models have been 
briefly reported’. A detailed description of the apparatus 
will appear elsewhere (manuseript in preparation 

Four hundred solenoid stimulators are arranged in a 
twenty x twenty array built into a dental chair. Thi 
stimulators, spaced 12 mm apart, have 1 mm diameter 
‘Teflon’ tips which vibrate against the skin of the back 
(Fig. 1). Their on-off activity can be monitored visually 
on an oscilloscope as a two-dimensional pictorial display 
(Fig. 2). The subject manipulates a television camera 
mounted on a tripod, which scans objects placed on a 
table in front of him. Stimuli can also be presented on a 
back-lit screen by slide or motion picture projection. The 
subject can aim the camera, equipped with a zoom lens, 
at different parts of the room, locating and identifying 
objects or persons. 

Six blind subjects have undergone extensive training 
and testing with this apparatus. Phe first of these subjects 

a psychologist who has been blind since the age of 4 
has had over 150 h of experience in the chair, At present 
he is training other subjects and iseo-author of this report. 
The remaining five subjects are college undergraduates 
who have been selected for their verbal abilities, motiva- 
tion and general adjustment. ancl who have been blind 
since birth (retrolental fibroplasia). Their experience 
ranges from 20 to 40 h of training. 

After being introduced to the mechanies of operating 
the apparatus, subjects are trained to discriminate 
vertical, horizontal, diagonal and curved lines. They then 
learn to recognize combinations of lines (cireles, squares 
and triangles) and solid geometrie forms. After approxi 
mately 1 h of such training, they are introduced to a 
"vocabulary" of twenty-five common objects a tele- 
phone, chair, cup, toy horse and others. With repeated 
presentations, the latency or time-to-recognition of thes 
objects falls markedly; in the process. the students 





Fig. 1. Tactile television hardware comprising the vision substitution j 
MaR TA k he digitally — television camera with zoom lens is seen discover visual ci incept s such as perspective, sha lows, 
ugh in the centre; the electronic commutator and control electronics | : ot i À $ * «t 

with monitor oscilloscope and videotape recorder are on the left. On the shap« distortion as à function of s iewpoint, and appart nt 


ae the 400 Pepe eigen tactile stimulator matrix array is change in size as a function of distance. When more than 
shown mounted in the back of a dental chair for projecting mechanical u^ Sant 1a ON ud: s | 
television images on to the skin of the back of blind subjects. In the bir subj cv 19 presents d at > tıme, the subjects learn to 
eon i ur camera permits subjects to examine hand held objects discriminate overlapping objects, and to deseribe the 
rom à visual angle approximating that of the eves. When placed in ?0«1f1 "^ 13 ; "T ! . : 

front of the subject the camera can be manipulated to examine various positional relati mship of three and four objects in one 


parts of an object. field. The visual analysis technique and concepts thus 
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developed are then used in letter recognition, in the per- 
ception of moving stimuli and in the exploration of other 
persons standing before the camera. Our subjects learn to 
diseriminate between individuals, to decide where they 
are in the room, to describe their posture, movements, and 
individual characteristics such as height, hair length, 
presence or absence of glasses and so on. 

Although many of our data are anecdotal, we are 
attempting to test and quantify the perceptual acuity of 
our six experienced blind subjects as training progresses, 
and to compare their ultimate efficiency with that of six 
sighted subjeets viewing the oscilloscope monitor. With 
this in view: (1) Grilles of parallel blaek and white lines 
were prepared at five levels of difficulty, containing four, 
aix, eight, ten and twelve pairs of lines. These stimuli were 
presented vertically or horizontally in a random sequence 
by photographie slide. The subject was asked to detect 
the orientation, and his response lateney was recorded. 
(2) A portion of a large checkerboard was photographed at 
an angle of 70° from the perpendicular, so that a slide was 
filled with slanting, converging blaek and white squares. 
The ratio of convergence was 2: 1, with a total of sixty 
white squares. By rotation of the slide in the projector, 
the direction of convergence could be presented to the top. 
bottom, left or right. A random series of twenty presenta- 
tions per testing period was given. with the trainer 
recording the latency and aceuraey of the response. 


Table 1, RESPONSE ACCURACY AND LATENCY FOR BLIND AND SIGHTED 
SUBJECTS ON JUDGMENTS OF LINE ORIENTATION AND CHECKERBOARD TILT 


Accuracy 
Line orientation Checkerboard tilt 


Blind N «6 90-697 82.994 

g == 10- 4 
Sighted N= 6 100%, 97-595 

ELEM 
Significance Non-sig. P «0-01 

Lateney in seconds 
Line orientation Checkerboard tilt 

Blind N «6 1:2 8:4 

6 cS 
Sighted X «6 11 2:8 

ga eT 


Significance Non-sig, P «0:001 


Table | shows that the two groups did not differ 
significantly in detecting the orientation of the parallel 
lines. On the checkerboard slant task, the sighted group 
was more accurate (07:5 per cent to 82-9 per cent, P « 0-01), 
and Tees of the sighted group were significantly 
shorter (2-8 s to 84 s, P<0-001) than those of the blind 
group. 

The blind subjeets, restricted to manual manipulation of 
the camera, were somewhat slower in exploring the mage 
than were the sighted subjeets who visually seanned the 
monitor, thus perhaps explaining the difference in latency. 
In dp aps testing pne unmg three 2 is ae 
San eee (3 ) Block pude lette rs were nnd 
individually by photographie slides in a random sequence. 
The subjeet seanned the letter and responded verbally. 
The trainer told the subject whether his judgment was 
correct or incorreet; in the latter case the subject re- 
sponded again. The latency to correct response was 
recorded and averaged over twenty-six letters. For six 
subjects. the initial mean latency to correct response was 
52 a; this latency fell to 17, 14 and 10 s on the three 
successive testing periods, respectively. (4) In introdu- 
cing the “vocabulary” of twenty -five common objects, 
the trainer first directed the subject’ s analysis of each one, 
pointing out the parts. their relationships, and the object 
as a whole. He subsequently presented one of the objects 
and asked the subject to identify it, recording the time to 
correet response and giving such feedback as he thought 
appropriate. Recognition times were at first between 
5 and 8 min per object for the first few presentations. As 
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the subjeet became more familiar with each object and 
with its different possible orientations, and as his visual 
analysis techniques developed, the recognition time fell to 
5-20 s after 10 h or more of training. 

As the blind subjects become more familiar with objects, 
they learn to recognize them from minimal or partial 
cues, This skill permits them to deseribe with accuracy 
the layout of objeets on a table, in depth and in correct 
relationship, even though the objects may be overlapping 
and only partially visible. For example, a telephone can 
be located although only its cord is showing. 

Our subjects spontaneously report the external loeal- 
ization of stimuli, in that sensory information seems to 
come from in front of the camera. rather than from the 


vibrotactors on their back. Thus. after sufficient 
experience, the use of the vision substitution system 


seems to become an extension of the sensory apparatus. 
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Control of DNA Synthesis in 
Amoeba proteus 


IT 18 important for our understanding of DNA re plication 
to determine the part played by the cytoplasm in the 
initiation and maintenance of DNA synthesis m the cell. 
That evtoplasm can "switeh on™ DNA synthesis in cells 
which are in G, or G, has been clearly shown in studies of 
hybrid cells'*, in transfer experiments using Xenopus 
egg eytoplasm??^, and in nuclear transfer experiments 
using C, and S phases of the protozoan Stentor, Whether 
the G, nucleus can be “switched on" without first under- 
going mitosis is not certain--available evidenee is con- 
fheting$.. The followmg investigation was carried out on 
A moeba proteus to determine (1) if S cytoplasm ean initiate 
synthesis of DNA in the G, nucleus; (1) if S eytoplasm 
can maintain synthesis of DNA indefinitely in “switched 
on" nuclei; and (ui) if G, cytoplasm can inhibit DNA 
synthesis in S nuclei, 

Nuclear DNA. synthesis in A. proteus follows the separa- 
tion of the division sphere into two daughter cells, G, being 
negligible. In the two strains of amoeba used in this 
work, Pp4 X65 and a related strain Pp4,X67, 90 per cent 
of this ees occurs A the first oe of the 
ihe time E eu synt heu. 

Fig. 1 shows the four types of transfer used to establish 
whether (7, nuclei synthesize DNA if transferred to 8 
cytoplasm. The G, period represents 30-36 h, during 
which it is unlikely that the nucleus remains m the same 
state, and so nuclei from all parts of the cycle were used 
for transfer. Autoradiographs obtained after pulse 
labelling with *H'Tdr showed that no matter from which 
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TISSUE REPAIR 


by R. M. H. McMINN, 


Departement of Anatomy, King’s College, Strand, London, 
England 


with a chapter by J. J. PRITCHARD, 


Department ef Anatomy, Queen's. University, Belfast, Northern 
freland 


For the first time information on repair 
processes in many different tissues and organs 
has been coordinated in a single comprehen- 
sive volume. Devoted specifically to the 
histological and cytological details, this book 
provides an inclusive survey of the microscopic 
aspects of repair in mammalian tissues and 
organs. Recent autoradiographic and electron 
microscopic observation have been incorpor- 
ated to supplement the findings of light micro- 
scopy. 


CONTENTS: 


EXTERNAL BODY SURFACES. Skin and Subcu- 
taneous Tissues. Cornea. Tympanic Membrane. 
Summary. References. BLOOD VESSELS AND LYM- 
PHATICS. Introduction. Blood Vessels. Lymphatics. 
Summary, References. MUSCLE AND TENDON. 
Skeletal Muscle. Visceral Muscle. Cardiac Muscle. 
Tension. Summary. References. BONE. Introduction. 
Repair of Fractures. Problems in Bone Repair. Summary. 
References. NERVE. Introduction. Peripheral and Auto- 
nomic Nerves. Central Nervous System. Summary. Ref- 
erences. ALIMENTARY TRACT. Esophagus. Stomach. 
Small Intestine. Large Intestine. Summary. References. 
LIVER AND BILIARY TRACT. Liver. Biliary Tract. 
summary. References. RESPIRATORY TRACT. Intro- 
duction. Nose, Trachea. Lung. Summary. References. 
URINARY TRACT. Introduction. Kidney. | Ureter. 
Urinary Bladder. Summary. References. GENITAL 
ORGANS. Introduction. Uterus. Ovary. Vagina. Mam- 
mary Gland. Testis. Prostate. Summary. References. 
EXOCRINE AND ENDOCRINE GLANDS. Introduc- 
tion. Salivary Glands. Pancreas. Pituitary. Adrenal. 
Thyroid. Para-thyroid. Summary. References. SEROUS 
AND SYNOVIAL MEMBRANES. Introduction, 
Serous Membranes. Synovial Membrane. Summary. 
References. Author Index, Subject Index. 


February 1969, 432 pp., 213s, ($23.50) 


IMMUNOLOGICAL 
TOLERANCE 


A REASSESSMENT OF MECHANISMS OF THE 
IMMUNE RESPONSE 


edited by MAURICE LANDY 


National Institute ef Allergy and Infectious Diseases 

and WERNER BRAUN, . 

Institute. of Microbiology, Rutgers, The State oniversity 

An edited version of an international con- 
ference of leading authorities empsoying inter- 
disciplinary approaches to the fiele of immun- 
ology and transplantation research. The 
discussion is within the framework ef a reassess- 
ment of the diverse aspects of immunology 
and is intended to emphasize assessment of 
progress, develop ideas and concepts, and 
project needs and identify opportunities. 
The phenomenon of tolerance is placed in 
its proper perspective within a rapidly devel- 
oping general field. 


CONTENTS: 


I, Properties of Antigens in Relation to Responsiveness 
and Non-Responsiveness. IHL Antigen Dosage in Relation 
to Responsiveness and Non-Responsiveness. HI. Cell 
Populations Involved in Immune Responses. PV. Antigen 
Handling by Macrophages. V. Immune Responses bs 
Lymphocytes; Their Nature and Regulation. Vi. Specu- 
lation on Cellular and Molecular Mechasisrns involved 
in Immunological Responsiveness and Tolesance. 


BIOLOGY OF TERMITES 


IN TWO VOLUMES 
edited by KUMAR KRISHNA 


Departmen?: of Entomology, The American Museum of Natural 
History, New York, New Fork 


and FRANCES M. WEESNER 

Termite Consultant, National Pest Control Association, Elizabeth, 
New Jersey and Faculty Affiliate, Department of Zoology, 
Colorado. State Universtiy 

Deals with the fundamental aspects of termite biology. 
Areas considered include anatomy, ecology, caste 
determination, colony development, foraging and 
swarming. Also discussed are taxonomy, origins, 
fossil records, and associations with other organisms. 
A large number of field and laboratory observations 
are cited, the role of man in termite dispersion is 
assessed, and the ecology and general biology of the 
termite fauna of the various zoogeographical regions 
are presented. 

Volume 1: March 1969, about 600 pp., 2985. 6d. ($32.00) 
Volume 2: in preparation 


TOXICOLOGY OF DRUGS 
AND CHEMICALS 


by WILLIAM D. DEICHMANN, 

Director of Research and Teaching Center of Toweology. L'niver- 
sity of Miami School of Medicine, Corgi Gables, Florida 

and HORACE W. GERARDE, 

Medical Director, Becton-Dickinson Division, Becton, Dickinson 
and Company. Rutherford, New Jersey, and Adjunct Professor in 
Biochemistry, School of Dentistry, Fairleigh Dickisson LU ntiversitv, 
Teaneck. New Jersey 


A manual presenting as a ready reference data on 
side effects of drugs and toxicity of industraal chemicals. 
as well as recommendations for the treatment of 
undesirable effects of overdoses. This edition con- 
tains information on the degree of ansmal toxicity 
and the pharmacologic effects of new industrial 


chemicals. Plant toxins have been given special 
attention. 
March 1969, about 740 pp. 


111 Fitth Avenue, New York 10003 — 
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SIEMENS 


, Join the electron 
microscope set 
^ «for under £5,000 


Now, with the introduction of the ELMISKOP 51, electron 
microscopy becomes an available technique to many 
laboratories—in hospitals, research and teaching 
establishments, production control-so far denied its benefits 
This relatively low-cost medium-resolution instrument also 
offers invaluable back-up facilities to users of a high 
resolution microscope, releasing it from routine analyses to 
concentrate on those investigations where its potertial can be 
fully exploited. ELMISKOP 51's cost may be modest but not 
Its specification. Features include : 
































Point to point resolving power. With normal emulsions 35-40 A 
| With high resolution emulsions 20-25 A 
Magnifications. 1,250 :1/2,500 :1/5,000 :1/12.500 11 


Total magnification maximum 200,000 :1 

Acceleration voltage. 50 kV. Stability = 5.10—5/min. 
Permanent magnet lenses. 

Specimen facilities. Unique specimen stage accommodates 
15 specimens at one loading. 

Vital statistics. Width 1400mm (55^). Depth 700mm (28^) 
Weight (approx.) 230kg (500 Ib) 


| | Elmiskop 51 


! Is à single unit and can be plugged directly into a domestic socket 

re, EA Dit es aE TT 1 in allati 1 Ih arnfmen mart | j 

"um ah As no cooling water is required, installation is theref: re particularly 
å simple. For fuller details, and to arrange a demonstrat 

write to Siemens (U.K.) Ltd., Scientific Instruments Divis n, 

Great West House, Great West Road, Brentford, Middlesex. 

Telephi ine 01-568 9133 Telex 23176 





SUK. 7-269-15 
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Table 1. GRAIN COUNTS OVER NUCLEI IN AMOEBAE CONTAINING S NUCLEI IN G, CYTOPLASM AND Ga NUCLEIIN S CYTOPLAEM 
Average counts Average counts Ratio of 
Donor nucleus from amoebae in Recipient amoebae in No, of transfers per S nucleus per G, nucleus Gs ko S (95) 

A Early G4 (16 and 20 h) Peak S (2, 3 and 4 h) 62 1,935 20 l4 
Mid G, (24, 26 and 28 1) Peak S$ (2, 3 and 4 h) 81 1,344 58 4:3 
Late 6, (42, 44 and 48 h) Peak 5 (2, 8 and 4 h) 55 1,691 16 2:7 

B Mid G, (24h) Early S (0-10 min after cytokinesis) 10 2,288 a0 Leg 
Late G, (44 and 48 h) Early § (0-10 min after cytokinesis) 20 2,374 186 he? 
Mid G, (24 h) Division spheres 7 2,321 57 24 
Late G, (44 and 48 h) Division spheres 27 2,076 142 6:8 

C Peak S (1, 2 and 4 h) Mid G, (24 and 26 h} 65 924 31 3:3 
Peak 8 (2, 3 and 4 h) Late Ga (44 and 48 h) 41 2,391 27 id 
Peak S (2, 3 and 4 h) Peak S (2, 3 and 4 h) 83 1,850 (Donor nucleus aimilar to the recipient 


Controls Control 5 amoebae 


nucleus or nuelei in all cases.) 


50 Amoebae 1,550 counts; nucleus 


Control early G, amoebae 50 55 


Control mid G, amoebae 
Control late G, amoebae 


The thymidine pulse was 1 mCi/ml. of 3H Tdr for 1 h, followed by a 2 h “chase” in cold thymidine (5 x 10 M). 


50 96 
50 62 


Counts were adjusted for labeling 


in the thin layer of cytoplasm which lies between nucleus and emulsion!! by subtracting the number of grains over a similar area of cytoplasm from the 


nuclear count, Treatment with desoxyribonuelease removed the nuclear label! 


stage of G, the donor nuclei came their transfer to peak S 
cytoplasm did not lead to incorporation of *H'Tdr signific- 
antly greater than the small amount of incorporation 
normally found in G, nuclei (Table 14). Control transfers, 
on the other hand, showed that peak S nuclei transferred 
to peak S cytoplasm incorporated *HTdr at the same rate 
as their hosts. The possibility that synthesis occurred, 
but as a short burst immediately following contact of the 
G, nucleus with S cytoplasm, or that a time lag occurred 
between transfer and the initiation of thymidine incor- 
poration by the G, nucleus, was eliminated by varying the 
time at which the pulse of *H'Tdr was given. Table 2A 
shows no increase of ?H'Tdr incorporation in G, nuclei 
after either exposing the cells to *H'Tdr on the slide as 
each operation was completed, or allowing several hours 
to elapse between transfer and the thymidine pulse. 

To investigate the possibility of a short "switch on" 
signal present only at the beginning of S, G, nuclei were 
transferred into young amoebae immediately after divi- 
sion and G, nuclei were transferred into division spheres; 
in the latter case eytokinesis was inhibited to obtain the 


7 erus out] transfer of a G2 nucleus to 


S cytoplasm after removal 
of the S nucleus 













] 
Ganhucleus (1n) 
S nucleus 
addition of a G5 nucleus 
9 to an S amoeba 
G2 nucleus (in) 
transfer of a Go nucleus 
to a binucleate S amoeba 
S neues after remova! of one S 
3 nucieus 
Ko S nucleus out) 
G5 nucleus(in) 
S nuclei addition of a Gs nucleus 
ae tod binucleate S amoeba 
4 
G> nucleus (in) 
Fig. 1. The four types of transfer used to establish whether G, nuclei 


synthesize DNA in S cytoplasm. Types 1 and 3 are obtained without 

altering the nuclear/cytoplasmic ratio, but type 1 has the disadvantage 

of no S nucleus for direct comparison. Type 4 has a decided advantage 

in that donor and recipient nuclei can be identifled without hesitation, 

the two nuclei of the binucleate amoena incorporating the same amount 
o ; 


Table 2. GRAIN COUNTS OVER THE NUCLEI OF AMOEBAE CONTAINING Gy 
NUCLEUS IN S CYTOPLASM OR S NUCLEI IN G, CYTOPLASM 
Donor 
nucleus Recip- Average Average 
from ient Thymidine pulse given No, of connts counts 
amoebae amoebae transfers per § per 6, 
in in nueleus — nucleus 


G, Peak $ On slide immediately after 
each transfer operation i8 
On removal from slide; 
5-20 min after transfer 


1,927 43 


operation 45 1,767 20 
0-3-1 h after transfer operi- 

tion 44 1.853 5 
1-2 h after transfer opera- 

tion 44 1,454 41 
3-4 h after transfer opera- 

tion 24 908 i2 


B 
Peak S GG. On removal from slide; 


5-20 min after transfer 


operation AT 1,075 ál 
0-5-2 h after transfer opera- 

tion 19 272 10 
3—4 h after transfer opera- 

tion 22 730 32 


The thymidine pulse ( “HT dr 1 mCi/ml. for 1 h) was given either immediately 
after the transfer operation or some hours later. This procedure was adopted 
to allow for a possible immediate or a delayed effect by the host cytoplasm. 


nuclear combination of two S nuclei and one G, nucleus 
(type 4). These transfers showed that neither division 
sphere cytoplasm nor early S cytoplasm was capable of 
"switching on" DNA synthesis in the G, nucleus even 
when the nucleus was at the very end of G, (Table 18). 

It is possible that a “switch on" signal is given before 
division begins, but investigation of this period has proved 
difficult. When nuclei of 16-20 h amoebae (early G,) were 
put into 42-44 h amoebae (late Ga), division of the host was 
delayed for 24-48 h allowing the younger nucleus adequate 
time to pass through the entire G, phase. 

To establish whether DNA synthesis could “switch off” 
while still in peak S cytoplasm or whether the DNA 
synthesis was maintained indefinitely in such cytoplasm, 
nuclei in the second half of S were transferred back to 
early S eytoplasm using type 4 transfers. Autoradio- 
graphs of such transfers, pulse labelled with *HTdr, 
showed that grain counts over the two similarly labelled 
peak S nuclei were always higher than over the single late 
5 nucleus (Table 3); that is, DNA synthesis in the late 8 
nucleus decreased even when it was surrounded by early 
S cytoplasm. If cytoplasm were the instigator of the 
gradual “switching off" of DNA synthesis, then transfer- 
ring nuclei to early S cytoplasm before "switch off" begins 
should prevent the fall off of incorporation of *H'Tdr. 
This was not the case, When 5 h nuclei were transferred 
back to 2 h eytoplasm and pulse labelled with *H'Tdr 
when the donor nucleus reached 8 h the older donor 
nucleus had much less label than the host nuclei. 

Finally, to investigate whether G, cytoplasm could 
support DNA synthesis in an S nucleus, S nuclei were 
transferred to binucleate G, amoebae. Table 1C shows 
that in G, cytoplasm S nuclei continued to incorporate 
3HTdr; that is, the G, cytoplasm did not inhibit the 
synthesis of DNA. To prove that the labelling observed 
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was not a result of a small amount of synthesis occurring 
before the G, cytoplasm could cause inhibition, time was 
allowed for any inhibitory effect to take place by delaying 
the pulse of *HTdr for 2-3 h after the operation. Table 2B 
shows ineorporation still possible several hours after the 
transfer of a synthesizing nucleus to G, cytoplasm. 


Table 3. GRAIN COUNTS OVER THE NUCLEI OF AMOEBAE CONTAINING LATE S 
NUCLEI IN EARLY 5S CYTOPLASM 


Donor Average Average 
nucleus Recipient counts per — counts per tatio of 
from. amoeba No.of — recipient donor donor to 
late & in peak S transfers nucleus nucleus recipient 
amoeba th) (peak S (late S (per cent) 
aged ih) nucleus) nucleus) 
7 2 11 2,045 982 48 
8 2 10 131 272 37 
a 2 9 1,575 563 36 
10 2 8 1,557 60 3-8 
3 2 15 1,580 (as all nuclei are similarly 


labelled donor cannot be 
distinguished from recipient 
nuclei) 


A pulse of L mCi/ml, of *H'Tdr was given for 1 h immediately after the 
transfer operation. 


The average eount obtained for S nuclei in 24 h and 26 h 
eytoplasm was somewhat lower than that of S nuclei in 
their own or in late G, cytoplasm. If this decrease is 
signifieant it is more likely to be due to the use of less 
external thymidine in the formation of the DNA than to 
& decrease in the rate of DNA synthesis. Experiments with 
daughter pairs of amoebae have shown the amount of 
*H Tdr incorporated into the DNA inversely proportional 
to the amount of food available: well fed amoebae 
frequently incorporate only half as much ?H'Tdr as their 
starved twins!''. Such a difference is thought to be a 
consequence of an increase through the endogenous path- 
way of DNA precursors, particularly thymidine triphos- 
phate, which would inhibit thymidine kinase and so affect 
the incorporation of external thymidine. When comparing 
S eytoplasm with G, cytoplasm it should be remembered 
that there is a possible difference in the amount of DNA 
preeursors which is greater than that found between 
starved and fed daughter pairs, for not only is the volume 
of cytoplasm available to supply precursors for DNA 
synthesis through the endogenous pathway greater, 
but the feeding habits of the amoebae differ considerably. 

These transfers show G, eytoplasm able to support 
DNA synthesis when one or several S nuclei are trans- 
ferred into it; the G, nucleus is unaffected bv the S 
nuclei synthesizing in its cytoplasm, or its own transfer 
to S or division sphere cytoplasm. These results differ 
from those reported for A. proteus by Goldstein and 
Preseott?^*. Strains of A. proteus may differ considerably’, 
but such a fundamental difference is unexpected. The 
results in this article are much closer to those of Guttes 
and Guttes*, who found by coalescence of plasmodia of 
Physarum in S and G, phases that S nuclei continued to 
synthesize DNA when in a predominance of G, evtoplasm, 
while G, nuclei did not begin synthesis of DNA when 
mixed into S cytoplasm. 

It is impossible to predict from these experiments the 
presence or absence of the cytoplasmic signals for DNA 
synthesis known from the work of Harris et al.*, Graham 
et al? and Gurdon‘. <A signal for DNA synthesis would 
be ineffective for G, nuclei if G, chromatin, already 
duplicated, was unable to synthesize more DNA. without 
first undergoing mitosis, or if the membrane of G, nuclei 


was impermeable to such cytoplasmic signals. The 
S-G,-M cycle. found in A. proteus precludes the 


possibility of testing for such a signal by transfer of 
C, or Gy nuclei to S eytoplasm. It is clear from the 
experiments with S and C, nuclei, however, that once the 
nucleus begins the synthesis of DNA it goes on to eom- 
pletion regardless of the state of the eytoplasm by which 
it is surrounded, 
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Changes in the T-System of Muscle 
Fibres under the Influence of Influx 
and Efflux of Glycerol 


A STUDY of the permeability of isolated frog musele fibres 
to glycerol, urea and its derivatives, amides and glycols 
led to the observation that fibres become filled with 
vacuoles, clearly visible under the hght microscope, when 
they are returned to Ringer solution after being kept for 
30-300 min in Ringer to which 220 mM of one of these 
non-electrolytes has been added! ?. The changes in fibre 
structure begin 1-2 min after the fibre has been returned 
to normal Ringer solution and attam their maximum 
in 15-20 min. If the fibre is left in Ringer solution, these 
alterations either persist for many hours or disappear 
gradually so that 2-4 h later the fibre structure is com- 
pletely or partially restored to normal. Asa rule, however, 
the vacuolation disappears within 3-10 min if the fibre is 
returned to the same non-electrolyte solution the washing 
out of which led to vacuolation in the first place, or if it is 
transferred to Ringer solution with an equal coneentration 
of another. more slowly penetrating, non-eleetrolyte. 
This eommunieation. deseribes briefly an investigation 





Electron micrograph of vacuolized muscle fibre 15 min after its 
return. to normal Ringer solution from Ringer+220 mM glycerol, 
Section stained with uranyl acetate and lead citrate. 7, Normal trans- 


Fig. 1. 


verse tubules; ST, swollen transverse tubules: V, vacuoles: TC, 


terminal cisternae of sarcoplasmic retieulum. 
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Before 


Localization of ferritin in a vacuolized musele fibre, 
fixation the fibre was kept for 60 min in glycerol-Ringer solution and 


Fig. 2. 


for 30 min in normal Ringer. Both solutions contained 27 per cent 

ferritin. Sections lightly stained with uranyl acetate. Ferritin is local- 

ized in vacuoles (V) and swollen transverse tubules (ST). The inset 

shows a regular arrangement of ferritin molecules observed in swollen 
transverse tubules. 


by electron microscopy of the formation and disappearance 
of these vacuoles’. Vacuolation was induced in isolated 
fibres (twitch fibres from m. iliofibularis of Rana temporaria) 
by soaking in Ringer solution to which 220 mM glycerol 
was added, followed by a return to ordinary Ringer 
solution. The vacuoles were made to disappear by a 
second immersion in Ringer solution +220 mM glycerol. 
Fibres were fixed for electron microscopy at various stages 
in this procedure, with or without the addition of ferritin 
(final concentration 27 per cent, applied for at least ] h) 
to the bathing solution(s). Fixation was in 3 per cent 
glutaraldehyde, followed by | per cent OsO,. The fibre 
was then embedded in epoxy resin (Araldite), and sections 
were examined in a Siemens Elnuskop I or a JEM-5 
electron microscope. 

Soaking a fibre for 1-2 h in the glycerol Ringer did not 
affect its ultrastructure, provided it was not returned to 
ordinary Ringer before fixation. In such fibres, ferritin 
was found to enter only the tubules of the T'-system and 
small vesicles under the sarcolemma, as in untreated 
muscle fibres*^. Fibres treated in this way will be referred 
to as the eontrols. 

The ultrastructure of fibres fixed 20-120 min after the 
washing out of glycerol is characterized by the presence 
of vacuoles in the interfibrillar space which attain 1-2 
microns in diameter (Fig. 1). The vacuoles are unevenly 
seattered along the fibre. Sometimes they are arranged 
in chains running parallel to the long axis of the fibre, 
especially where the space between myofibrils is filled 
with rows of mitochondria. The vacuoles are either 
empty or contain structures making concentric figures; 
some sections show that these structures are formed by 
invagination of the vacuolar walls. 

Along with large vacuoles and normal-sized triads, 
such fibres contain a great many triads with enlarged 
central elements, although the structure and size of 
adjacent cisternae of the sarcoplasmic reticulum remain 
unchanged (Fig. 1). In some instances we observed normal 
junctions of terminal cisternae with large vacuoles. These 
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observations are similar to those of Howell and Jenden* 
on fibres vacuolated after treatment with 400 mM glycerol, 
and we conclude, as they did, that the vacuolation is the 
result of a strong swelling of some portions of the T- 
system canals. This conclusion is supported by experi- 
ments in which ferritin was present in the bathing solu- 
tions both before and after washing out the glycerol (Fig. 
2). Ferritin particles were then found at low concentra- 
tion in the majority of large vacuoles. High concentra- 
tions of ferritin were observed only in comparatively small 
widenings of the T-system. Very often ferritin particles 
were regularly arranged here (Fig. 2). The normal 
portions of the T-system often contained. no ferritin at 
all or its concentration was lower than in the controls. 

When fibres were placed in ferritin- Ringer solution after 
the appearance of vacuoles, not a single one of the six 
fibres tested contained any traces of ferritin. This 
indicated that the 7-svstem of vacuolized fibres ts not 
accessible to ferritin. Because, in the experiments de- 
scribed in the preceding paragraph the ferritin was 
observed in normal portions of the T-system of vacuolized 
fibres (though in much smaller amounts than in untreated 
fibres), it seems that such a condition of the T-system can 
be explained either by the rupture of its connexions with 
the surface membrane or by their considerable narrowing. 
The striking decrease of membrane capacity observed 
recently by Eisenberg and Gage’ on vacuolized frog fibres 
after the washing out of 400 mM glycerol speaks in favour 
of the first assumption. In these fibres the action potential 
was not accompanied by contraction". 

Treatment of vacuolized fibres with glycerol solutions 
not only results in the disappearance of vacuoles, but also 
renders the T-svstem accessible to ferritin once again, 
The ultrastructure of such fibres differs from the controls 
only by a more frequent occurrence of ferritin alongside 
myofibrils. Ferritin can be found in small vesicles or 
tubules, sometimes forming a complex net (Fig. 3), or 
in rather large accumulations of irregular shape. It is 
difficult to say whether such patterns reflect a more 
frequent and complex branching of T-system canals or 
a leakage of ferritin into interfibrillar space. It should 
be noted that the structures described occur much more 
rarely than vacuoles in the vacuolized fibres. Thus, even 
if these accumulations or nets appear in places of former 
vacuoles, it does not happen in all instances, 

In our experimental conditions, vacuolation and its 
disappearance are accompanied by large changes in the 
volume of the whole fibre’. These changes cannot be 
regarded, however. as a direct cause of the alterations in 
cell structure. Morphological changes of fibres were 





with 
glycerol, Twenty minutes after the washing out of glycerol by normal 
Ringer the vacuolized fibre was transferred for 60 min to glyeerol-Ringer 


Fig. 3. Ultrastructure of muscle fibre after second treatment 


containing 27 per cent ferritin. The procedure resulted In the dis- 

appearance of vacuoles. Ferritin fills all transverse tubules (7) and 

occasionally some unidentified structures (LS) along the sarcomeres. 

Terminal cisternae (TC) are free of ferritin. G, Glycogen, Section 
lightly stained with uranyl acetate. 
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of the same character if we used isotonic solutions of non- 
electrolytes instead of hypertonic solutions (110 mM 
non-electrolyte substituted for 55 mM N aCl), which 
cause a lesser change of volume. A two-fold increase or 
decrease of NaCl concentration in Ringer solution by 
itself does not cause a vacuolation visible in the light 
microscope, although there is evidence that hypertonicity, 
especially if due to sucrose, leads to a considerable swelling 
of the T'system?-??, 

Glycerol and other non-electrolytes can diminish vacuo- 
lation induced by mechanical injury*. Hence there is 
little probability that after the washing out of non- 
electrolytes, vacuoles appear as the result of some reten- 
tion of non-electrolytes in T-system canals. 

There is evidence that swelling of the T'-system of some 
muscles, especially of invertebrates, is connected with 
differences in the permeability of the surface membrane 
and membranes of 7’-system canals to K+ and Cl- ions, 
arising only if there is a flow of Ci- ions out of the cell!?-15, 
Eight experiments by us show, however, that frog 
muscle fibres kept for 2 h in Ringer solution + 80 mM 
KCl reveal after a transfer to normal Ringer solution no 
significant changes under the light mieroseope. But 1 h 
after transfer from Ringer solution -- 80. mM KCl to 
Ringer solution + 10 mM KCI, strong vacuolation develops. 
It can be removed by glycerol Ringer. A full account of 
the morphological changes during the efflux of KCT will 
be given elsewhere. 

The mechanism of formation of vacuoles during the 
washing out of non-electrolytes and of their disappearance 
during repeated action of a non-electrolyte is still a puzzle. 
T am inclined to think that a decisive part in this process 
is played by the flow of substances and water in the narrow 
canals of the T-system and by the interruption of its 
normal connexion with the surface membrane. 

Part of this work was performed at the Department of 
Physiology, University College London, I thank Profes- 
sor A. F. Huxley, Professor D. R. Wilkie and Mrs L. M. 
Brown for their help, and Mrs M. Cunningham-Hicks for 
technical assistance. I also thank the Wellcome Trust for 
partial financing of this investigation, and Dr D. K. 
Hill and Dr E. Flitney from the Royal Postgraduate 
Medical School, London, for their assistance in the 
preparation of the ferritin solution. 

Note added in proof. Y have recently been told about 
two papers concerning the ultrastructure of frog skeletal 
muscles after their return to normal Ringer solution from 
Ringer+ 400 mM glycerol. B. Eisenberg and R. 8. 
Eisenberg (J. Cell Biol., 39, 451; 1968), using the horse- 
radish peroxidase method, have found in such muscles 
only 2 per cent of T-tubules remaining connected to the 
extracellular space. S. Nakajima, Y. Nakajima and L. D. 
Peachey (Proc. Physiol. Soc., November 8, 1968; J. 
Physiol., in the press) confirmed our results on the macces- 
sibility of the T'-tubules for ferritin. 

A, KROLENKO 
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Prolongation of Survival of Tumour- 
bearing Animals by Transfer of 
“Immune” RNA with DEAE Dextran 


RESTORATION of allograft immunity to a second set 
time is possible with "immune" RNA, even when there 
is Ehrlich ascites tumour in the recipient animal!:?. 


tumour in mice delays the rejection of skin allografts’, 
and Mannick and Egdahl transferred adoptive allograft 
immunity in rabbits by spleen cell RNA using in vitro 
incubation with lymphoid cells‘. This experimental 
model of Ehrlich ascites tumour in White Swiss recipient 
animals has also been studied in this laboratory in relation 
to tumour growth resisting factors and host immune 
status’, 

Alexander ef al. have transferred nucleic acid extracts 
(containing both DNA and RNA) from immune lympho- 
cytes (allogenic rats or sheep immunized against tumour) 
showing a transient regression of primary rat sarcomata’. 
DEAE-dextran, positively eharged polymer of high 
molecular weight, increases remarkably the cellular 
uptake of viral RNA in tissue culture cells’. The 
experiments described here show that the life span of 
animals challenged with tumours can be prolonged, when 
DEAE-dextran is used in the delivery system with 
“tumour immune" RNA-spleen cell transfers, to a point 
comparable with actively immunized animals, similarly 
challenged. 

Mice of the White Swiss (WS) HA/iCR (closed colony) 
strain from the Charles River Mouse Farms, Massachusetts, 
were used?. They were from the eighth generation of 
brother-sister matings fed autoclaved Purina chow. 
These male and female mice of age 8-10 weeks weighed 
23-35 g and were kept in an air-conditioned environ- 
merit. 

Ebrlich ascites carcinoma (EAT) cells (from Dr T. 
Hauschka, Roswell Park) were maintained by serial 
passage of 6 x 105 cells every 10-14 days in White Swiss 
mice. ‘The inoculum (1x 10° EAT) was a fairly large 
amount (100 per cent death) of a tumour the antigenicity 
and malignant potential of which have been well 
documented®, 

Packed EAT cells were alternately frozen in a dry ice- 
acetone bath and thawed ten times in a 37° C water bath. 
This material was homogenized with one volume of 
normal sterile saline, and one volume of Freund's adjuvant 
was added. The mixture was stirred with the Virtis 
homogenizer and injected mtramuscularly in the hind 
leg of the mouse (0-25 ml.). An intraperitoneal injection 
(0-3 ml.) was given I week later. The immunization 
schedule was designed as a minimum one, thereby pro- 
viding a test of potential usefulness in this experimental 
model. 

After 1 week, RNA was extracted by the method of 
Mach and Vassalli? from the spleens of mice immunized 
with EAT. 

The RNA preparation was centrifuged and the pre- 
cipitate dissolved in Medium 199. Spleens were removed 
quickly from donor mice and placed in sterile saline. A 
cell suspension was obtained by crushing the spleens 
through a sterile No. 40 stainless steel screen using 
0-5 ml of Medium 199 per spleen to rinse them through. 
They were then dispersed gently with a 27 gauge needle 
and syringe. The RNA was incubated with the cell 
suspension for 15 min at 37°C and was periodically 
mixed. A ratio of one donor spleen (approximately 
1-5 x 10? cells) to each recipient was used. The cells were 
centrifuged at 500g, washed once with Medium 199, and 
resuspended in Medium 199 (1 ml. recipient) for intra- 
peritoneal injection. The following day 1x 10° EAT cells 
were injected intraperitoneally. 

RNA extracted from the spleen cells of normal White 
Swiss mice or those rejecting C57/Black skin allografts did 
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not affect the survival time of White Swiss mice challenged 
by EAT’. Extracted RNA interfered with the positive 
effects of "immune" RNA transfer when combined in 
vitro in equal amounts; this RNA mixture did not affect 
the time of death of the mice which were challenged 
with tumour?. Adoptive allograft immunity by White 
Swiss spleen eells has been reported, but was not com- 
pletely effective in the presence of EAT growing intra- 
peritoneally?*. 

Bovine pancreatic RNase was obtained from the 
Worthington Biochemical Company, and used in amounts 
of 15 ug/ml. of Medium 199. DEAE-dextran (molecular 
weight 2,000,000, lot No. 4663, Pharmacia, Sweden) 
was used with Medium 199. The combination of DEAE- 
dextran and RNase was not used with RNA and spleen 
cells because this combination could not be interpreted 
accurately**. 

Table 1 


Group mice MDT SE f 
A. EAT alone 44 21-6 0-3 
B. EAT "immune" 13 28.6 3-4* 
C. RNase alone (15 gg) 11 23:4 1:5 
D. DEAE-dextran alone 1i 20-9 L2 
E. DEAE-dextran (1,000 xz) 11 16-8 0-5* 
F. Spleen cells alone T 20:1 1-0 
G. Spleen cells + DEAE-dextran (300 ug) 8 20-1 L5 
H. Spleen cells + RNase j. il 20-8 0-5 
I. Spleen cells + DEA E-dextran (300 ug) - RNase 12 22:8 l4 
J. DEAE-dextran + RNase 12 19-7 11 
EK. “Tumour immune’ RNA ^ spleen cells 11 22-5 1:7 
L. “Tumour immune” RNA x 3-- spieen cells 7 20-0 0:0 
M, “Tumour immune" RNA 4 spleen cella + RNase 8 22:1 1:7 
N. “Tumour immune" RNA + spleen cells + DEAE- 
dextran (300 ug) 27-6 2:8* 


The life span of EAT (1x10* cells IP) bearing mice is significantly pro- 
longed by active immunization or "tumour immune" RNA transferred with 
normal spleen cells (NSC) and DEAE-dextran. See text. 

* P<0-05 (all groups were compared with group <A). 

t Standard error of the mean. 

t RNase 15 ng/ml. 


The conditions and results in the various experimental 
groups are shown in Table 1. The mean death time (MDT) 
of each group was compared with that of group A which 
had an MDT of 21:5 days. Mice which were actively 
immunized (group B) and those which received “immune” 
RNA, spleen cells and DEAE-dextran all survived for 
significantly longer (group N). No significant prolongation 
of survival was noted in groups C-M which received 
RNase (15 ug), DEAE-dextran (300 or 1,000 ug), spleen 
cells alone or combinations.  DEAE.dextran alone 
(300 ug) did not change the MDT; a high dose (1,000 ug) 
does, however, shorten the MDT significantly (group E). 

In the work described here, "tumour-immune" RNA 
from donors immunized with EAT increased the hfe span of 
the recipient challenged with EAT when the RNA-normal 
spleen cell incubation was combined with DEAE-dextran. 
The methods used may avoid the potential problems of 
enhancement or “runt” disease, and have the possible 
advantage of using an unrelated donor? +)’, 

RNA transfers are potentially useful if the effective 
correction seen with transplantation immunity can also be 
observed with tumour immunity. The degree of com- 
patibility of the cells used in these RNA transfers, the 
fate and function of the cells and the potential sources for 
the RNA remain unknown. The use of DEAE-dextran 
appears to be one way of augmenting the delivery system 
involved in this biological transfer of genetic information 
in the mammalian system reported here. This work was 
supported by a Damon Runyon grant. 
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Action of Urea on the Activity of 
Dehydrogenases and «-Glucosidase 
in Aerobacter aerogenes grown in 
Continuous Culture 


THe inhibition of enzymes by relatively high concentra- 
tions of urea and the protection afforded by various 
substances has been reported in some detail’. In particu- 
lar Sachar and Sadoff? have investigated the effect of 
glucose on the inactivation caused by 8 M urea on glucose 
dehydrogenase (EC 1.1.1.47 §-p-glueose : NAD(P) oxido- 
reductase) isolated from spores of Bacillus cereus. We 
have studied the action of urea on the activity of various 
dehydrogenases in intact cells of Aerobacter aerogenes 
grown in the chemostat. In this technique one of the 
constituents of the medium is kept in such short supply 
that the rate at which it is added controls the growth rate. 
If then the source of carbon is ckosen as the limiting 
nutrient its protective action can be studied at low con- 
centrations. Furthermore, in continuous culture true 
steady state levels of cellular properties are eventually 
obtained. The a-glucosidase (EC 3.2.1.20-%-p-glucoside 
glucohydrolase) activity has also been studied. 

Glucose, maltose and fructose were used in turn as the 
limiting nutrients in a simple salts-sugar medium. ‘The 
composition of this medium, the zeneral experimental 
techniques and the apparatus have keen described before?. 
A temperature of 40° C was used throughout and the con- 
centration of the carbon source was chosen to give a cell 
mass corresponding to 10? standard cells/ml. in the absence 
of urea. The dry weight of 10° standard cells is 12-2 mg 
(ref. 3). Before use the cells were thoroughly conditioned 
to the appropriate medium by at least twenty daily sub- 
cultures. Dehydrogenase activity was estimated by the 
reduction of 2,3,5-triphenyltetrazclium ehlonde (PPC) 
as described by MeCarthy? and «-glacosidase activity was 
estimated by the method of Pollock’. 

The cell mass in the culture vesse] decreased linearly, 
for the concentration of urea was increased irrespective of 
whether the sole source of carbon was glucose, maltose 
or fructose (Fig. 1). These values are steady state values 
and could be maintained indefinite y in any given set of 
conditions. In sharp contrast, Lowever, the glucose 
dehydrogenase activity remained eenstant in the glucose- 
limited system. The ability of raaltose-grown cells to 
dehydrogenate glucose or maltose or of fructose-grown 
cells to dehydrogenate glucose or ‘ructose, however, de- 
creased as the concentration of urea was increased (Fig. 2). 
It is true that in the fructose system the drop was pre- 
ceded by an actual increase at ow concentrations of 
urea (Fig. 25). This has been confirmed several times but 
no satisfactory explanation can be given at present. 
Permeability effects seem to be ruled out, for the decrease 
did not oceur in the other syssems. Unfortunately, 
however, examination of disrupted preparations does not 
give any information about this, fer when the cell wall of 
A. aerogenes is broken by any of several standard tech- 
niques the dehydrogenase activity declines rapidly. 

Several other points call for cemment. First, these 
results should be compared with those of Sachar and 
Sadoff?. They incubated the isolated enzyme in phosphate 
buffer containing 8 M urea and varying amounts of ghu- 
cose, while in our experiments intect cells were grown in 
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urea-containing medium and the enzyme tests were 
carried out on washed suspensions of cells in the absence of 
urea. A reduced activity in our conditions therefore 
indicates that either the synthesis of the enzyme had 
been impaired or that it had suffered some irreversible 
inactivation during growth in the presence of urea. Sachar 
and Sadoff* found that the presence of 0-1 M glucose in 
the enzyme test increased the half-life of the enzyme 
from 7 to 90 min. In our glucose-limited system the 
concentration of glucose was only L-67x 10? M in the 
inflowing medium and, as far as we could detect, all of it 
was used up during the growth of the cells. Nevertheless, 

the activity of the glucose dehvdrogenase system was 
unaffected by urea, which shows that the protective 
action of glucose also operates in intact cells. In similar 
circumstances fructose afforded complete protection 
only at very low concentrations of urea, but with maltose 
this did not happen at all, even although the activity of 
the «-glucosidase, which splits maltose into glucose units 
increased markedly as the concentration of urea was 
inereased (Fig. 2). There are various alternatives for 
the metabolism of maltose by this strain of A. aerogenes. 

The activities of the maltose and glucose dehydrogenase 
are high in cells grown in a maltose-limited chemostat, 

and this, together with the concomitant high activity of 
the s-glucosidase (that is, maltose- limited system 0:3 
units, glucose-limited system 0-06 units), implies that mal- 

tose may be dehydrogenated as the initial step m its 

degradation or that hydrolysis followed by dehydrogena- 
tion of the liberated glucose could occur. This glucose 
could also be degraded by routes not involving its de- 

hy drogenation. This will be dealt with in detail elsewhere 
by P. J. R., but our results do provide evidence for the 
existence of these routes. Urea inhibits maltose dehydro- 
genase but not the z-glucosidase, and ast he concentration 
of urea is increased the activity of the latter enzvme 
increases m an attempt to compensate. Glucose dehydro- 
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Fig. 1. The action of urea on the steady sfate cell mass, 4, (Glucose- 
limited ehemostat, glucose 1-67.10-* M; 6, fractose-limited chemostat, 
fructose L:67,1075 M, c, maltose- limited ehemostat, maltose Q-84,.10-* M. 
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dehydrogenase activity in fructose-limited  ehemostat; @. fructose 
dehydrogenase activity in fruetose-limited cheninostat. e, a-Ghicosidase 
activity in maltose-Hmited chemostat. Ine and ^ the activity is expressed 
as ug of TTC reduced/10?*. standard celis/min and in ce as memoles 


p-nitrophenol Hiberated/ LO? standard celisi/min. 


genase is also inhibited, however, and thus à pathway not 
involving dehydrogenation must become  mereasingly 
important, Moreover, m the steady state of growth the 
hydrolysis of maltose would be expected to be nicely 
adjusted to the requirements of the cell. This readily 
explains the apparently contradictory behaviour observed 
in the glucose and maltose urea-containing systems, when 
considered in conjunction with the evidence already pre- 
sented that the glucose dehydrogenase enzyme system 18 
closely associated with the cell wall. In the glucose system 
both glucose and urea reach the surface of the enzyme 
simultaneously and thus protection is possible. fn the 
maltose system, on the other hand, if the maltose is 
hydrolysed at à site within the cell and rapidly consumed, 
the concentration of glucose in the external medium or 
indeed at other parts of the cell may never reach an 
appreciable level. In any case, 1t would be low compared 
with the concentration in the glucose system, Tests on 
the culture leaving the apparatus confirmed the complete 
metabolism of the sugar, but in spite of this the cell mass 
in the culture vessel steadily decreased as the concentra- 
tion of urea was increased. A similar decrease was also 
observed in the other systems (including the glucose- 
limited system where the glucose dehydrogenase activity 
was unaffected) and indicates an action on other enzymes 
later in the metabolic sequence. In all the cultures at 
least 90 per cent of the cells were viable throughout, and 
when suitable dilutions were plated on the surface of agar 
plates containing TTC, so that well separated colonies 
resulted, all of these colonies reduced the dye. This 
confirms the homogeneity of the populations of cells. 

In summary therefore we have shown that the low 
concentration of glucose oceurring in a glucose-lmited 
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continuous culture system effectively protects glucose 
dehydrogenase against the action of urea. Fructose had a 
similar protective action, but only at low urea concentra- 
tions, and maltose none at all, even though maltose-grown 
cells are capable of hydrolysing the latter rapidly into 
glucose units. 
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Urine Volume and Pink Spots in 
Schizophrenia and Health 


Because of conflicting reports about the occurrence of 
urinary constituents yielding pink colours on ehromato- 
grams when treated with ninhydrin followed by Ehrlich's 
reagent, we investigated these substances exereted by 
schizophrenie and other psychiatrie patients using two 
extraction procedures in parallel. 

Because very few acute schizophrenic patients were 
available, our subjects were twenty chronic schizophrenic 
and twenty non-schizophrenic patients. The sexes were 
equally represented. All of the schizophrenic subjects had 
been so judged by an independent psychiatrist and by two 
of the psychiatrists (J. R. S. and R. J.D.) involved in this 
work, on the basis of their current clinical status and 
previous history. Although all had at one time shown 
active svmptoms of schizophrenia, at the time of the 
investigation seven of the twenty manifested only with- 
drawn apathetic behaviour, with emotional blunting. Of 
the remaining schizophrenic subjects, one had regular 
cycles of catatonic symptoms and all of the others were 
hallucinated. No phenothiazine drug had been admunis- 
tered to any of the forty patients for at least 1 yr, and in 
some cases 18 months, but six of the schizophrenic subjects 
received haloperidol during a screening survey. After the 
screening study, eight of the patients were mvestigated 
more fully. Four were schizophrenic—three of them with 
active symptoms-—-and four were control psychiatric 
patients. Three healthy nurses, two female and one 
male, were also subjects of this latter study. Before the 
more detailed study haloperidol had been withdrawn for 
2 weeks and was not given during the 4 week period of 
investigation. 

The details of the analytical procedures will be reported 
elsewhere. The solvent extraction method was a modi- 
fication of that of Friedhoff and Van Winkle}, care being 
taken to avoid the use of heat and exposure to oxidation 
at allstages. The ion exchange procedure was essentially 
that used by Takesada et al.?. 

The solvent extraction technique vielded a pink spot 
precursor in the screening survey of forty patients. This 
was detected in the urine of four female and three male 
schizophrenics, and one female and three male control 
patients. In addition there were some isolated examples 
of other pink spot substances. 

The data in Tables 1 and 2 summarize the findings in the 
more detailed study. It can be seen that detection of the 
pink spot material extracted by the solvent procedure was 
related to fluid intake and consequent urinary output, and 
that the two pink spot precursors removed from the 
urine by the 1on exchange resin were detected irrespective 
of fluid restriction. 
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The substance obtained by solvent TES 
DMPE (3,4-dimethoxyphenethylamine) for it could be 
separated from the latter in the chr UEM E Pipe 
and it did not fluoresce as DMPE dees, using Bell and 
Somerville’s method?. In a similar fashion it was shown 
not to be p-tyramine, for the two substances were separ- 
able chromatographically and the material did not give 
Because trvp- 





The only compound found to behave in 


Kuehl et al.*. 
a similar manner to our pink spot precursor was Mono- 
acetyl] cadaverine. 

The two compounds obtained by ;on exchange were 
found to be consistently detectable, provided that the 
dried eluate from the ion exchange column was dissolved 


in methanol and chromatographed directly. 1f, however, 
the dried eluate was treated according to the method of 
Takesada et al.—that is, dissolved m 1 ml. of pH 9-0 
buffer, extracted with 5 ml. of chleroform, reduced in 
volume and ehromatographed-—then pink spots were not 
observed on the chromatograms in every case. One of the 
substances formed the same fluoropaor with o-ritroso- 
9-naphthol as does p-tyramine and was isographie with 
p-tyramine in all chromatographic systems. The other 
was isographic with that considered so be p-tyramune in 
four of the five solvent systems, but the two were separated 
in the solvent system of Vogel et al. that is, secondary 
butanol—formic acid 100 per eent-water. (We used paper 
chromatography rather than thin-layer chromatography as 
used by Vogel et al.) This second compound has not been 
identified. Although two other pink spot producers were 
detected in the urine of three subjeess by ion exchange, 
neither of these was DMPE or the substance encountered 
using the solvent extraction. Similar! y, solvent extraction 
yielded several unidentified pink spot producers from a 
few urine samples. 

The investigations demonstrated shat pink spot pre- 
cursors obtained by two different extraction procedures 





Table 1, RELATIONSHIP OF PINK SPOT MATEZIAL TO FLUID INTARE 


Fink spot substance Pink spotsubstances 


detected by seeent — detected by ion 
extraction exchange 
Fhaiid Elai Fluid Fluid 
Sub. Sex Age Clinieal intake infake intake intake 
ject diagnosis — 1l/24h 2124h 112th 2L/24h 
A F 50 Schizophrenia he - + 4 
B Fr 37 Schizophrenia EZ - as + 
C M 59 Schizophrenia _ ~- + + 
D M 47 Schizophrenia ~ - i + 
E M 56 Korsakow’s 
psychosis 4 = + * 
F M 41 Epilepsy ES ^ + + 
; M 32 Frontal lobe 
injury -— - 4 + 
H M 67 GPI ~ ie Es * 
P M «30 Healthy 
volunteer + Not sested + * 
Q F «30 Healthy 
volunteer + Not vested Ex + 
R F «30 Healthy 
volunteer + Not vested + + 


Table 92, CHROMATOGRAPHIC CHARACTERISTIO? OF PINE 


ARF VALUES IN VARIOUS SOLVEST SYSTEMS 


SPOT MATERIAL 


Pink spot Mone- First pick Second pink 





Solvent by solvent acetvi spot by ion spot by lon. p-Tyramine 
system extraction cadaverine exchange exchange 
BUA 051-057 052-058 — 0-60-0-C5 — 0-60-0-00 — 0-60-0-66 
is NH, 0-00-0-70 — 0-69-0-70 — 0-79 0-70 0-79 
Me P vr 0-90-0-07 — Q-ül-0 07 — t(-93 0-G3 Peth 
Chi-Meth Not tested Not tested — 0-53 (53 053 
Bu-Form Not tested — 0-32 0-49 0-35 0-48 
HVE All migrated simii distances, 

BUA =n-butanol-acetic acidewater 4:1: 5; 1s NH, = lsopropanel 








ammonia-water 8B:1:1; Me Pyr=methanol-oyridine-cone, 
80:10:2:5:17-5; Chl-Meth = chisroform-methsnol-acetic acid-water 85: 
80:2:3: Bu-Form=secondary butanol~fornuc acid 100 per cent-water 
n : 1 B 6: HVE=high voltage electrophoresis in 0-2 M phosphate buffer 
y *. ^. 


HOClb-water 
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are not necessarily identical. This was exemplified by the 
detection of p-tyramine by ion exchange in all subjects 
and the failure to isolate it by solvent extraction, chiefly 
because of the very poor partition between chloroform and 
urine. Boulton ef al.’ observed pink spots on urinary 
chromatograms obtained from a schizophrenic patient and 
four patients with Parkinsonism by the solvent extraction 
technique of Friedhoff and Van Winkle!, and proceeded to 
isolate a pink spot material from the urine of those patients 
using ion exchange. The identity of this substance was 
established beyond doubt as p-tyramine, but the inference 
was that the pink spot substance obtained by solvent 
extraction was also p-tyramine. We feel we have demon- 
strated fairly convincingly that this could not have been so. 

Although the pink spot reactor we have obtained by 
solvent extraction behaved like monoacetyl eadaverine in 
several solvent systems, the two are not necessarily 
identical. This material, whatever its nature, is likely to 
be the same as that observed by Bell and Somerville* and 
by Bourdillon et al.*. This conclusion is based on the 
similar behaviour of our pink spot compound and that of 
Bell and Somerville during high voltage electrophoresis, 
and the fact that “pink spot positive" urine was supplied 
to Bell and Somerville by Bourdillon's group. It may 
also have been the same as that obtained by Friedhoff and 
Van Winkle. As already suggested by Boulton et al., 
several investigators probably isolated p-tyramine from 
the urine of their subjects. Takesada et al.2, Kueh! 
ef a£.*, Von Studnitz and Nyman! and Faurbye and 
Pind? all used strong cation exchangers. The failure of 
those workers who used the method of Takesada et al.2:194} 
to observe pink spots on all of their chromatograms was 
probably due to two factors—the variation between 
individuals in quantities of p-tyramine excreted and the 
extraction into chloroform of only about 10 per cent of the 
p-tyramine present in the pH 9-0 buffer. The failure to 
detect the pink spot material observed by Von Studnitz 
and Nyman when subjects adhered to a glucose diet has 
already been explained by Vogel et al.?; a glucose diet 
is a diet without protein, and DeQuattro and Sjoerdsma’ 
showed that excretion of p-tyramine is decreased during 
ingestion of a low-protein diet. 

Perry et al. used 4 N acetic acid to elute bases from 
a weak cation exchanger. Aliphatic bases such as mono- 
acetyl cadaverine and monopropionyl cadaverine, which 
they identified as "pink spot" material, appeared in this 
eluate. Such substances are, however, displaced from the 
strong cation exchanger—-used by us and other workers— 
by sodium acetate which is applied before the final eluting 
agent, ammoniacal ethanol. If the pink spot precursor 
detected by our solvent extraction procedure was an 
aliphatic base such as monoacetyl cadaverine, then our 
failure to detect it by ion exchange is explicable. 

Thus we observed three pink spot substances; two were 
excreted by all schizophrenic and non-sehizophrenie sub- 
jects investigated; although detection of the third was 
not demonstrable at first in every case, it was detected 
by an increase in fluid intake and consequent urinary 
output. Excretion of this latter substance by three nurses 
indicated that long term hospitalization was not a factor 
contributing to its presence in urine. Tt is unlikely to be of 
significance that we investigated only chronie schizo- 
phrenic subjects, because Bourdillon et al. found their 
pink spot on the chromatograms of both acute and chronic 
schizophrenies, and several workers, including Pind and 
Faurbye!5, examined the urine of chronie schizophrenics 
by the method of Friedhoff and Van Winkle and found 
pink spots with the Rr of DMPE on their chromatograms. 

We thank Dr A. D. Forrest and Dr J. W. Affleck for 
allowing us to study their patients and Dr T. B. B. Craw- 
ford for constructive criticism. J. W. thanks ICI 
(Pharmaceuticals) Ltd and in particular Dr A. R. Somer- 
ville for the use of facilities in order to learn the technique 
of high voltage electrophoresis. Dr P. Smith, RAF 
Institute of Aviation Medicine, Farnborough, gave us 
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Effect of Extra-corporeal Irradiation of 
the Blood on Bone Marrow Activity 
in Acute Leukaemia 


Tue development of satisfactory techniques for estab- 
lishing arteriovenous shunts, as used for haemodialysis, 
has made extra-corporeal irradiation of the biood (ECI) 
a technically feasible and safe procedure. Its use in the 
treatment of acute leukaemia!'-? has been based on the 
theoretical assumption that exchange of leukaemic cells 
between blood and bone marrow may take place, and 
that continued irradiation of the blood might eventually 
lead to the destruction of a large proportion of the total 
burden of leukaemic cells. 

In a patient with acute myeloid leukaemia treated with 
ECI, however, we have observed that on each oceasion the 
blast cell count rose sharply after the ECI was stopped. 
Analysis of published records from other centres showed a 
similar rebound phenomenon. We were thus led to con- 
sider the possibility that destruction of cells by ECI 
might stimulate the marrow to inerease proliferative 
activity, possibly through a feedback mechanism. ‘The 
studies reported here were therefore carried out to test 
this hypothesis. We were encouraged to pursue this study 
by the further consideration that most chemotherapeutic 
drugs used in acuie leukaemias are active against cells 
in cell eycle, either during the S phase of DNA replication, 
or at mitosis, and if ECI caused a higher proportion of the 
marrow blast cells to move into cell cycle, an intensive 
eourse of chemotherapy immediately following ECI 
might be exceptionally effective. 

Two patients were studied. Case 1 was a 23 yr old 
woman with acute myelomonocytic leukaemia and case 2 
was a 4 yr old girl with acute myeloblastic-promyelocytie 
leukaemia. Diagnosis was made in each case on estab- 
lished cytological and cytochemical criteria‘. At the time 
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of study both patients were unresponsive to conventional 
therapy. 

ECI was performed by methods already described’ 
using a "Sr and Yt irradiator*. Case 1 was treated for 
24 h, receiving 22,000 rads, and case 2 for 6 h, receiving 
12,000 rads average dose to whole blood. Bone marrow 
specimens were obtained by aspiration from the sternum 
in case 1 and from the iliac erest in ease 2. The first sample 
was taken less than 24 h before the start of ECI in both 
cases, The second sample was taken 18 h and 12 h after 
the start of ECI in eases 1 and 2 respectively. Part of 
each sample was smeared on glass slides and stained 
by the May-Grünwald-Giemsa method. 'Two thousand 
blast cells (case 1) or blasts and promyelocytes (case 2) 
were eounted on each sample and the number of mitotie 
figures encountered was recorded and expressed as a 
percentage of the count. The remainder of each specimen 
was immediately placed in culture medium TC 199 
(Glaxo), ?H-Thymidine of specific activity 2,000 mCi/ 
mmole (Radiochemical Centre, Amersham) was added to 
a concentration of 1 uCi/ml. of culture. The cultures were 
incubated at 37° C for 1 h, then spun down and smeared on 
glass slides. Autoradiographs were prepared with Ilford 
G5 emulsion and exposed for 6 days. They were then 
developed and fixed and stained with the PAS reaction. 
Two thousand blast cells (case 1) or blasts and promyelo- 
cytes (case 2) were counted on each autoradiograph and 
the number of labelled cells noted and expressed as a 
percentage of the count. Cells with less than five grains 
were counted as unlabelled. Most of the cells counted as 
labelled had fifty grains or more and formed a well defined 
class. 


Table 1. MITOTIC INDEX AND INDEX OF LABELLING WITH *H-THYMIDINE IN 
BONE MARROW LEUKAEMIC CELL POPULATION BEFORE AND AFTER ECI 
Case 1 Case 2 
Pre- 18 h after Pre- 12 h after 
ECI start ECI start 
sample of BCI sample of ECI 
Mitotic figures as percentage of 
blasts and promyelocytes 0-2 5.2 0-1 5:5 
Percentage blasts and promyelo- 
cytes labelled by *H-thymidine 3-4 10-6 17:0 52:2 


The results are summarized in Table 1. In both cases 
the mitotic index was greatly increased after ECI, to as 
much as fifty times the previous value. Fig. 1 shows a 
field in the post-ECI sample with three mitotic figures. 
In addition, in both cases the post-ECI sample showed 
much increased cellularity, suggesting that many cells 
may have already completed a cycle and have divided. 
It is interesting to note that in case 2, although because 
of technical difficulties ECI was performed for only 6 h, an 
equally clear effect was achieved. 

Figs. 2 and 3 show typical fields in the autoradiographs 
from pre-ECI and post-ECT samples respectively. The 





Fig. 1. A field from the post- ECI marrow sample of case 2 showing high 
mitotie activity. (MGG stain.) 
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Fig. 2. 


Pre-ECI marrow sample of case 2 incubated with *H-thymidine 
for 1 h. 





Fig. 3. Post-ECI marrow sample of case 2 incubated with *H-thymidine 
for lh. Note increased incorporation of label compared with the pre- ECI 
sample. 


increase in the percentage of labellec cells (and therefore 
the proportion of cells in S phase) clear and 
unmistakable. We therefore conclude that, in the two 
cases studied, the proliferative activity of the leukaemic 
cells in the marrow did not remain s able during ECI but 
was considerably increased. 

These results are of both theoretical and practical 
interest. It is known that leukaemic cells in man are not, 
or at least not uniformly, a rapiely proliferating cell 
population but that most of the cells are apparently 
arrested in some phase of the cell cycle’. Kinetie models 
incorporating the concept of a non-dividing fraction of 
the leukaemic cell population have recently pro- 
posed*. Two questions can therefere be posed First, 
whether the cells arrested in cycle are end cells incapable, 
through some metabolic defect, of further proliferation, 
and whether the leukaemic cell population 
kinetics are subject to some form of feedback control. 
We think that our have gone Way 
towards answering these question The appar- 
ently arrested in cycle seem to have the intrinsic capability 
to respond to a stimulus to prolifera ion and are therefore 
not end cells. There seems to be æ feedback mechanism 
Whereby destruction of peripheral leukaemic blast cells 
leads to inereased production of these cells in the marrow. 

From the point of view of praetiea: therapy, our findings 
suggest that ECI may þe used tO manipulate the cycle of 
the leukaemic cell as part of an overall therapeutic 
strategy in conjunction with intensive chemotherapy 
at the stage of maximum proliferative response in. the 
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marrow. On the other hand, our experience with patients 
with acute myeloid leukaemia suggests that ECI is of 
restricted value as a method of treatment per se in this 
form of the disease, for without the support of chemo- 
therapy the effect may be to increase the total leukaemic 
cell mass, 
B. W. B. CHAN 
F. G. J. HAYHOE 
Department of Medicine, 
University of Cambridge. 
J. A. BULLIMORE 
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Subacute Sclerosing Panencephalitis: 
Isolation of Measles Virus from a 
Brain Biopsy 


inpirecr evidence has suggested that subacute seleros- 
ing panencephalitis (SSPE, Dawson's encephalitis, van 
Bogaert's leukoeneephalitis)-—hardened inflammation of 
the brain—-is associated with measles virus. This associa- 
tion is supported by: (1) the presence of type A inclusion 
bodies in brain tissue specimens’; (2) specifie immuno- 
fluorescence with measles antibody in brain biopsies? ; 
(3) extremely high measles complement fixing (CF) and 
haemagglutination inhibition (HI) antibody titres in the 
sera and spinal fluid?; and (4) electron microseopic evidence 
of paramyxovirus-like particles and nueleocapsids in brain 
biopsies*, We describe here the successful isolation of the 
presumed aetiological agent of SSPE. 

A biopsy of a brain from a clinically, serologically and 
pathologically documented child with SSPE was minced, 
trypsinized and cultured aceording to standard pro- 
cedures*. Dispersed cells were washed three times with 
Hanks balanced salt solution and then resuspended m 
Earles minimum essential medium  (EMEM) supple- 
mented with 10 per cent heat-inactivated foetal bovine 
serum (FBS) to a final concentration of approximately 
Sx 105 viable cells/ml. Aliquots (2 ml.) of this cell sus- 
pension were planted in culture tubes, and the growth 
medium was changed every 2 days until confluent mono- 
layers developed. Outgrowth consisted of fibroblasts 
with a few astrocytes scattered throughout the cell sheet. 
Cultures were fed with maintenance medium consisting of 


EMEM with 2 per cent FBS and observed for a period of 


14 days. No cytopathogenic effects (CPE) appeared. 
Supernatant fluids from these cultures were inoculated 
into continuous cell lines known to be susceptible to 
measles, and included HeLa and HEp II. These cultures 
did not show evidence of a transmissible CPE producing 
agent. 

Mixed cultures were then prepared containing the brain 
fibroblasts combined with HeLa or HEp H cells. For 
this purpose the primary brain cultures were trypsinized 
and resuspended in EMEM, 10 per cent FBS to a concen- 
tration of approximately 3x 10* viable cells/ml. Mixed 
cultures were obtained by combining one volume of brain 
cell suspension with two volumes of HeLa or H Ep II cell 
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suspensions containing 1:5x 10^ cells/ml. Growth and 
maintenance media were the same as described previously. 
Monolayers were confluent within 48 h and about 90 
per cent of each sheet consisted of epithelial cells of the 
continuous cell lines and 10 per cent brain fibroblasts. 
After incubation for 5 days the mixed eultures with HeLa 
cells. showed marked CPE (syncytial and giant cell 
formation) Fluids from these cultures were frozen, 
thawed and inoculated into HeLa monolayers and the same 
characteristic CPE appeared on the fourth to fifth day of 
incubation. Haemadsorption with 0:6 per cent rhesus 
monkey erythrocytes? was positive in these cultures; 
control HeLa did not haemadsorb. Indirect fluorescent 
antibody (FA) tests? with inoculated HeLa cultures using 
paired sera from natural measles showed specific intra- 
eellular viral fluorescence; control monolayers were 
nonreactive. Disrupted cells and fluids from these 
cultures were centrifuged and the resulting supernatant 
haemagglutinated rhesus monkey red blood cells when 
tested with standard micro methods’; similarly prepared 
control fluids did not. The haemagglutinating (HA) 
titre was 8, and the HA activity was inhibited by serially 
diluted convalescent sera, but not by the acute sera? from 
three children with natural measles. In addition, dis- 
temper antisera from ferrets did not block the HA effect of 
the antigen, thus confirming the specificity of the HI 
reaction. 

Secondary brain fibroblast cultures showed normal 
growth and structure, but the presence of intracellular 
measles virus was shown by FA tests using convalescent 
measles sera. No FA was seen with similar tests using the 
acute sera from the same patients. Fluid from these 
cultures did not yield infectious virus when inoculated into 
HeLa or HEp H cell lines, but suspensions obtained by 
freezing and thawing the cultures produced haemagglutin- 
ation of rhesus erythrocytes. This HA was inhibited by 
convalescent but not acute sera from children with 
measles. 

Measles virus could be re-isolated from the original 
brain tissue culture using the mixed culture technique 
with HeLa cells noted. 

The work described here establishes the isolation of 
measles virus (or an agent extremely similar) from the 
brain of a patient with SSPE. Complete infectious virus 
was not released by cultivation of the brain cells in vitro, 
but specific immunofluorescence demonstrated the pre- 
sence of incomplete, latent infection. Mixed cultures of 
brain fibroblasts with HeLa cells yielded complete 
infectious virus, 

We thank Dr Albert Z. Kapikian, National Institute of 
Allergy and Infectious Diseases, for providing the paired 
human sera from patients with natural measles. 
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Emerson Enhancement Effect in 
Synchronous Scenedesmus Cultures 


THE photosynthetic activity and quantum efficiency of 


synchronized cultures of Scenedesmus obliquus maintained 
on a 14: 10h light-dark regime are maximal at the eighth 
hour after the onset of illumination and minimal at the 
sixteenth hour just before separation of the mother cells 
into autospores!. Similar results have been reported in 
synchronized cultures of Scenedesmus sp.? and for various 
strains of Chlorella**. The variation apparently resides in 
photosystem II, for the Hill reaction using quinone as 
oxidant (a photosystem II reaction) parallels the photo- 
synthetic activity, whereas photoreduction of CO, (a 
photosystem I reaction) is unchanged throughout the 
life eyelet. We have investigated the level of Emerson 
enhancement in these synchronized cells to see if this also 
follows the variation in quantum efficiency and photo- 
synthetic capacity. The literature provides only inferen- 
tial evidence about the influence of different developmental 
stages on the effect of the Emerson enhancement? 5, 

The Emerson enhancement effect, discovered by 
Emerson and ceo-workers'-!?, deseribes the fact that the 
sum of photosynthetie aetivity caused by light absorbed 
by shorter wavelength (chiefly system lI) and longer 
wavelength (chiefly system I) is less than the activity 
produced by simultaneous irradiation with both wave- 
lengths. The current interpretation is that this is caused 
by a series reaction between the two distinct primary 
photochemical reactions of the two photosystems. 


To measure the Emerson enhancement effect samples of 


30 ul. packed cell volume were taken at seleeted times 
from the synehronous cultures, washed and resuspended 
in 3 ml. of 0-2 M Warburg's carbonate-bicarbonate buffer 
No. 9!, Photosynthetically evolved O, was measured in 
a Gilson respirometer with the all- glass different ial volumo- 
meter. The contents of the reaction and compensation 
vessel on respective sides of the differential manometer 
were identical. The compensation vessel was maintained 
in complete darkness to compensate for dark respiration. 
The respirometer was modified to allow either separate or 
simultaneous irradiation with two different wavelengths 


of monochromatic light into the reaction vessel. The 
irradiation of cells was carried out according to the 


schedule of Table 1. Because some of the samples were 
selected during the dark phase of the culture, all the 
samples were exposed to white light to avoid the spurious 
effect of varied induction phenomena. We are well aware 
that the ratio of long to short wave response affects the 
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Fig. 1. Emerson enhancement effect in a culture of Scenedesmus obliquus 

during a synchronous life eyele. Each point of the curve represents the 

average of tw 0, the maximum and minimum each of six different experi- 

ments. For the extremes the values and standard deviations in per cent 
are: max, 504 23-4; min, —- 13-04 9:2, 
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Table 1. SEQUENCE AND INTENSITY OF IRRADIATION FOR MEASUREMENT 
OF THE EMERSON ENHANCEMENT EFFECT 


Time in min* Light quality t Ergiem'/s 


10 A White § x 108 
5 — A 704 nin ixi 

15 M 704 nm ixi 
5 — A 640 nm 2.8 x HOP 

i5 M 640 nm 2-3 % 10% 
5 d 104 + 640 nm 

15 M 764 + 640 nm 


t. 
rence filters (Type PIL, 


* A = time of adaptation; M = time of measurenx 
t To obtain monochromatic irradiation, linc-inte® 
Schott and Gen., Mainz, Germany) were used. 






amplitude of the Emerson enhancement effect! "?, In 
the conditions reported in Table 1 oxygen evolution under 
long wave irradiation was 25—60 per cent less than under 
short wave light. The measurable Emerson enhancement 
effect would have been even more promounced if a smaller 
ratio of short to long wave light couli have been used. 
The percentage enhancement reported in Fig. 1 was eal- 
culated by the following equation 


OQ; (704 + 640) — Oz (704) —O, (640) 











RO gi d bu AUR c M 26 bdo x 100 
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where O, stands for the amount of oxwgen evolved. The 





wavelengths of the irradiation causing the O, evolution 
are given in parentheses. 


Alternative methods for calculatmg the Emerson 
enhancement effect are used by Mrers?, Myers and 
Graham"? and Bedell and Govindjee?. 

The degree of enhancement obteined at different 


stages of a synchronized life cvele is shown in Fig. 1; 
the pattern closely resembles that seen for the photo- 
synthetic activity. 1n both cases the maximum effect 
occurs at the eighth hour and the minimam at the sixteenth 
hour. Parallel decreases of the Emersen enhancement to 
the activity of photosystem H coulé be the result of 
insufficient electron transport from system I] to system 
I. Both phenomena could, however, be the result of an 
actual disengagement of the two photosystems, perhaps 
through structural modifications with the chloroplast 
membranes or to a greater degree of overlap of the total 
absorption spectra of the separate photosystems. ‘The 
latter explanation would make it dificult to evaluate 
experimentally the Emerson enhancement effect because 
of the half-band widths of the interference filters used in 


the measurements. The negative values for the dd 
enhancement around the sixteenth heur might be the 


result. of a photoinhibition by far-red light as reported by 
Govindjee et al.!5, 

The precise mechanism of the alternat «on in i he Emerson 
enhancement during a svnehronous | evele of certain 
green algae remains unexplained, but it faetor that 
must be considered in enhancement studies with algae, 
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Shedding of the Penis in Littorina littorea 


SEASONAL resorption of the penis accompanying regression 
of the testis has been recorded in some dioecious Proso- 
branch gastropods. Nassarius obsoletus is said to resorb 
the penis at the end of the breeding season and regenerate 
it almost immediately!; a similar phenomenon has been 
deseribed in the periwinkle Littorina littorea: the penis is 
said to become reduced in August and September, perhaps 
disappearing altogether??. This reduction has been 
deseribed histologically’. Reduction of the penis in L. 
littorea during the summer is a well established pheno- 
menon in current literature’. In L. saxatilis the penis, 
testes and seminal vesicles have been reported to be much 
reduced in size during the summer*, In J. obtusata, 
however, which breeds all the year round, the penis seems 
to remain constant in size after sexual maturity is reached 
(ref. 3 and personal communication from D. Guiterman). 
This is also the case in the Hawaiian species L. pintado and 
L. picta, where breeding is again continuous?. 

In an attempt to estimate the fecundity of L. littorea, 
pairs of copulating animals were placed in 100 ml. flasks 
and kept in the laboratory. The flasks were supplied with 
running seawater and the animals fed with Ulva lactuca. 
Fifteen pairs of animals were isolated in the first 2 weeks 
of May 1968, and of these ten pairs spawned, four pairs 
did not spawn and the remaining pair was of two males 
inadvertently included. During the last week of May and 
the first week of June, four males from spawning pairs 
shed the penis. This organ was found in the debris at the 
bottom of the flask during routine examination for eggs, 
carried out every 24 h. One individual of the male pair 
also shed the penis, but the remaining eleven males 
retained it up to the end of the observations on June 10. 
Shedding occurred between 2 and 19 days after cessation 
of spawning. The coiled testicular duct, or vas deferens, 
remained white in colour for at least a short period after 
the shedding of the penis, then became brown. 

These observations prompted examination of a shore 
population to determine whether the penis was shed in 
the wild. Samples were taken from a rocky shore at 
Porth Cwyfan, on the south coast of Anglesey, where 
other work on L. littorea is currently in progress. Animals 
were collected and brought back to the laboratory, where 
they were killed by scalding with boiling water. Animals 
were usually killed immediately, but an two occasions they 
were kept in running, aerated seawater for up to 48 h 
before killing. The first sample was taken on June 10. 
Of forty-five males, thirty-one had a fully developed and 
functional penis. Twelve lacked a penis altogether, while 
two had a fully developed penis loose within the mantle 
cavity. On July 3 forty-seven males were collected. 
Ten of these laeked a penis, twenty-one had a fully 
developed penis and sixteen had a very minute penis. 
On July 23 forty-five males were collected, all of 
whieh had a minute or smali penis, and on July 25 
twenty-six more males were colleeted, of which four lacked 
& penis, two had a fully developed penis and twenty had a 
minute or small one. On August 6, all the males (about 
four hundred) in a large routine sample had a small penis. 
On October 16 the penis was again fully developed, and 
copulation was observed once in a large sample of animals 
brought into the laboratory on November 13. Although 
samples of L. littorea have been examined at other times of 
the year as part of a population study, and always after 
killing the animals by scalding, only on the occasion 
mentioned have animals been found with a penis detached 
within the mantle cavity. Abscission of the penis is 
therefore not a consequence of scalding. It may be 
noted that another littoral marine invertebrate, Balanus 
balanoides, sheds the penis after breeding’. 

Further work is planned to extend these observations on 
L. littorea in the course of the coming breeding season. In 
the meantime, it seems safe to say that male L. littorea, 
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the breeding season, rather than resorbing it as was stated 
to be the ease for Irish? and German? populations. Animals 
kept in the laboratory have been seen to shed the penis, 
and field collections indicate that the male population 
passes from the reproductive condition to complete 
absence of a penis with no intermediate stages which 
could represent phases of resorption. Furthermore, two 
animals have been found in June with a detached penis 
inside the mantle cavity. Shortly after shedding a penis, a 
new one is grown. It seems either that L. littorea males 
have two rather different patterns of post-reproductive 
behaviour, or that previous authors have been mistaken in 
believing that the penis is resorbed. A re-examination of 
events following breeding in the males of this species is 
indicated, and perhaps also of male L. saaatilis and 
Nassarius obsoletus which may behave in a similar way. 
JOHN GRAHAME 
Marine Science Laboratories, 
Menai Bridge, Anglesey. 
Received December 4, 1968. 
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Proposed Model Experiments on the 
Storage of Light Energy in Photosynthesis 


I HAVE proposed! that coherent storage of absorbed light 
energy in optically non-active modes may be important in 
photosynthesis. For in this way energy could be trans- 
ferred to eleetrons-—initiating chemical processes-—in 
steps of more than one quantum of the storage mode. 
Clearly it would be desirable to devise model experiments 
that might provide evidence for the existence of such 
storage modes. ‘Theoretical conditions for their establish- 
ment require the excitons excited by light absorption to be 
strongly scattered in a manner which favours non-linear 
processes. This suggests the use of amorphous insulating 
materials in the form of microscopic particles deposited 
on a metal surface and coated with a thin metal layer. 
If hight absorbed in the absorption bands of this material is 
stored in storage modes, then transfer of more than one 
storage mode quantum (which has less energy than the 
light quantum) at a single step should be observable in 
terms of photoelectric emission. From theoretical con- 
siderations this should hold at light intensities above a 
critical value. 

It seems relevant in this connexion to cornment on 
recent remarks by Knox?. He seems to think that the 
high frequency of thermal scattering of excitons con- 
stitutes a difficulty for the establishment of a storage 
mode. Quite on the contrary, however, such scattering 
represents a necessary requirement for its establishment 
as I have mentioned. It should also be pointed out that 
from a logical point of view other difficulties he discusses 
intermediate and a non-identified storage mode—as is seen 
by replacing in his arguments one expression by the other. 
Other effects must therefore be established and dis. 
cussed in order to decide for one or the other, or both or 
none. 

H. FRÖHLICH 
Department of Theoretical Physics, 
University of Liverpool. 
Received January 22, 1969. 
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Book Reviews 


EVOLUTION OF CITIES 


Matrix of Man 

An Illustrated History of Urban Environment. By Siby! 
Moholy-Nagy. Pp. 317. (Pall Mall: London, February 
1969.) 908; $15. 


Histories of the city, and there are many of them, tend 
to suffer from the sheer vastness of the theme. Five 
thousand years of evolution, widespread distribution over 
every continent and most countries, and a variety of 
planning forms and concepts lead to innumerable omis- 
sions, sweeping generalizations and the lives of great cities 
summarized in a few hnes. Sibyl Moholy-Nagy has 
attempted to overcome this inherent problem by making a 
broad classification of urban planning types. Examining 
these types by a method of cross-references which assumes 
a more or less chronological sequence, she repeatedly 
brings the reader to the present. She identifies the 
geomorphic settlement, characterized by an organic inter- 
relationship between building and landscape; the con- 
centric environment in which the city is an ideological 
"world-mountain"; the orthogonal form, fluid, pragmatic, 
sometimes linear; and the modular grid, regimented and, 
in the West, dominated by Graeco-Roman precedent. 
Despairing of the ruthless appheation of the grid-iron plan 
to the city sites of her adopted America, she devotes more 
than a third of the book to the latter and saves much of 
her most stringent commentary for a condemnation of its 
relentless discipline. Then she comes to the theorists of 
the late nineteenth century, notably Ebenezer Howard 
and his successors, who get rather ungenerous treatment 
although they introduced the first planning concepts to 
break away frorn historical forms with their cluster com- 
munities and satellite towns. 

The author's emphasis on the plan fits her declared 
theme of the “Matrix of Man", the patterns in which man 
has ehosen to construct a human order of habitations. 
This aspeet 1s profusely illustrated, about two-thirds of the 
three hundred figures being plans, or aerial drawings and 
photographs, which demonstrate the plan of the city and 
the distribution of its parts. But the book has a subtitle: 
"An IHilustrated. History of Urban Environment”. As 
an indication of the environment, the plan has little 
value, for the forms and volumes of the city do not exist 
for the city-dweller as a pattern of lines on a two- 
dimensional plane but as the experience of masses and 
voids, of the unfolding of spaces and places, as progression 
through changes of level and plane, as light and shade, 
texture and colour. Above all, the city is where man 
meets mankind. ‘Despite evidence to the contrary, man 
is not an ape who lost his tail so that he could sit behind a 
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steering wheel", writes the author (who is not slow to 
condemn other writers for their deafening banality”); 
the illustrations suggest otherwise, for the relatively few 
photographs which reveal the envirenment show more 
ears than people. History there is in abundance and 
Mrs Moholy-Nagy draws on myth aad hieroglyph, cult 
and ceremonial, economies and ecolegy, philosophy and 
polities, in support. of her analysis of the development of 
city forms. But the environmental experience eludes her 
book. 

At the conclusion of the work, 
number of "Options" offering alternatives for possible 
development in the future within ber categories. She 
acknowledges the future of the megestructure with such 
an example as the intimidating ziggurats of Konwiarz’s 
“brilliant” Alsterzentrum-St Georg competition entry, 
and includes the plan of Ray Affleck’s Bonaventure plaza 
system in Montreal. From the content, one would assume 
that only Moshie Safdie's Habitat stands as evidence of 
the potential of the megastructure, but, in fact, Bona- 
venture's massive, elephantine bu. superbly detailed 
bulk stands used, inhabited, functicning. One looks in 
vain for a mention, let alone a photograph, of Bertrand 
Goldberg's Marina City in Chicago. 

Informed, infuriating, but irresis:ible, 
Nagy s Matrix of Man is a highly dp delarna of 
"faith in the historical city". As professor of architec- 
tural history at the Pratt Institute, she probably had 
students in mind when she wrote her book, but it is also 
directed at her fellow historians and those urban specialists 
who “maintain a perpetual momentum of urban crisis’. 
Sometimes witty, sometimes flippamr, she lays about her 
vigorously, unawed by the eminence of Le Corbusier to 
castigate his “simple-minded” assumption of social 
benefits from his “vertical villages". Her refreshing 
asperity makes her book compelling and it will serve its 
purpose if it stimulates new thinking. Nevertheless. 
the "Options" emphasize the abandon of her dernolishing 
side-swipes. Within the first few pages Buckrninster 
Fuller, Doxiades, Christopher Alexander and Archigrarn 
are felled. Buckminster Fuller's ideas "might produce 
domes", but they “will never produce cities". Perhaps 
not, but she ignores the implications of climatic and 
environmental control of Fuller's plans, quite feasible, for 
roofing lower Manhattan, or, for that matter, of Frei 
Otto's tent roof over an entire valley for the building of 
the Géschenenalp Dam. Plug-In Gity by the Archigram 
Group demonstrates “the similarity between  fascist 
systems" and makes "Orwells 1984 look positively 
humanistic". In so dismissing the work of Fuller and the 
younger visionary architects. she clearly misunderstands 
their intention of providing structur al frameworks for 
systems and services in which freedem of choice and move- 
ment would be facilitated rather than hampered, The 
work of Isozaki and the Japanese "Matabolista", and of 
Paolo Soleri and his “Mesa City” scheme, is without 
mention. From Tony Garnier's Cmé Industrielle of 1903 
(mentioned in à caption) and Sant’ Elia's Città Nova of 
1914, through Norman Bel Geddes « "Tomorrow's City ^ of 
1939 to Yona Friedman's Spatial €ity of 1963. there is à 
chain of planning conceptions w hich goes virtually 
obi ced bat wae may wel 2M ide some of the 


the author presents a 







AE Du: to come to ome wW VN He imminent pur dp of 
the future. She pours scorn on those who achieve “popular 
success on the civie wailing wall" fer their alarm at “urban 
nightmares’. Time never runs ou t. she assures us. But 
meanwhile, the diseased slums of Caleutta continue to 
sprawl and the squatter settlements spread over desert and 
mountain outside every historical : aty in the Middle East 
or Latin America, without matr ix, and without any 
qualities of urban environment. Paur OLIVER 
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REEF MORPHOLOGY 


Atlas of the Great Barrier Reef 
By W.G. H. Maxwell. Pp. 258. (Elsevier: Amsterdam, 
London and New York, 1968.) 2155. 


PROFESSOR MAXWELL’s book appears forty years after 
the Great Barrier Reef Expedition of 1928-29 laid the 
foundations of our knowledge of the Australian reefs with 
its meticulous surveys of Low Isles and Three Isles, north 
of Cairns, and its reconnaissance of other areas. Despite 
the continuing activity of the Great Barrier Reef Com- 
mittee and of a few other investigators, no studies com- 
parable with those of the Great Barrier Reef Expedition 
have been undertaken until very recently, so that large 
areas of the world's greatest reef are still among the least 
known scientifically. 

This handsome and expensive book is less an atlas than 
a discussion of the geology, geomorphology, environments 
and sediments of the Barrier Reefs, illustrated with maps, 
diagrams and photographs. In treatment it is, perhaps 
inevitably, uneven, both geographically and topically. 
Maxwell’s own experience, and that of his students, has 
been concentrated around the Capricorn complex at 
the southern end of the 1,600 km long reef province; and 
very little has been done at all on the reefs north of 
Cooktown at 15^ 30' S. Maxwell's own work has been on 
reef and shelf sediments in the southern area, and his long 
ehapter on sediments concentrates on facies and consti- 
tuents south of 20° 30' S. Much information is summarized 
in a series of fold-outs containing a series of five maps of 
sectors of the reef, and it is unfortunate for the reader that 
these cannot all be on the same scale and orientation. 

The longest sections of the book, and its original con- 
tributions, are those dealing with reef and submarine 
morphology and sedimentary patterns. Evidence is 
presented in echograms and simplified sections for the 
existence of the following submarine features (depths con- 
verted to metres, rounded to 0:5 m, originals in fathoms): 
scarp and ledge at 5-5-7 m depth, terrace and ridge at 
18-22 m, plain and ridge at 29 m, surface and scarp at 
37-44 m, surface and ridge at 58-5 m, ridge at 66 m, 


terrace at 88 m, and ridge at 102-5 m. Three main 
Preci sea levels are identified (Fig. 22) at 


20-5, —40 and — 58-5 m, and drainage lines on the shelf 
dun ing Pleistocene emergence are reconstrueted on largely 
bathvmetrie grounds for the whole reef area. A system- 
atic chronology of reef development is presented in 
Fig. 32 in terms of successive sea-levels at — 146:5, — 88, 
— 66, — 29:5, — 58:5, — 36:5 and +3 m. 

These reconstructions are not inherently improbable, 
but they have not been established in the literature and 
they are not well established in this book. It is surprising 
that no attempt is made to provide an absolute ehronology 
for these changes, nor to consider the evidence for fluctua- 
tions on the Queensland coast to which Steers drew atten- 
tion, nor to link the scheme through to recent detailed 
work on sea-level changes in New South Wales and South 
Australia. It is puzzling that no use is made of evidence 
from deep bores at Heron Island, Michaelmas Cay and 
Wreck Island, for palaeontological and diagenetic data 
from Pacific atoll cores have been mainly responsible for 
establishing the outlines of Quaternary sea-level move- 
ment in the Pacific basin. Future workers on the Great 
Barrer Reef will inevitably be concerned with testing 
Maxwell's interpretation, but they are entitled to be 
given more detailed evidence than is presented here, not 
at the scale of the entire reef but of manageable sectors 
of it. 

Max well's treatment of reef morphology is based largely 
cn air photographs and aerial mapping, and I believe that 
the most valuable feature of the book is the series of 
fairly small-scale (1: 50,000—1 : 75,000) vertical photo- 
graphs showing the variety and complexity of reef forms. 
This is a subject almost completely unexplored in the 
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literature, though the forms illustrated are common in 

varibbean and Indian Ocean reefs as well as in the Pacific. 
New, not always euphonious or illuminating terms are 
introduced for these reef forms: wall, euspate, prong, 
mesh, ring, plug and hard.line reefs. Maxwell finds 
interesting latitudinal variations in reef orientation, but 
has little to say about reef features inherited from 
Pleistocene karst-erosion periods. The treatment of 
specifie reef features is rather unsatisfaetory, largely 
because new information is presented in a shorthand or 
diagrammatic fashion rather than in detail. This is the 
case in the treatment of algal-rim variation (pages 102-4) 
and of reef profiles (page 106). On other topies, such as 
sand eays, the text is very general and subordinated to 
photographs, and does not do justice to the work already 
completed in the Great Barrier Reef area. 

The chapter on “Biological Observations" is not up to 
the standard of the rest of the book. A classification of 
corals by growth form with mention of a few genera adds 
little to our understanding of the complexity of reefs. 
Some common molluses and echinoderms are illustrated, 
but this kind of thing is done equally well in popular books. 
There is nothing in this chapter to suggest that our 
knowledge of reef ecology has advanced materially since 
the work of Yonge, Stephenson and others forty years ago. 
The term "Lithothamnion Ridge" should by now have 
disappeared from the literature. 

There is in addition much useful background information 
in the work, particularly on currents and tides, though the 
discussion on tidal theory is surely out of place. It is a 
pity that the short list of references was not turned into a 
proper bibliography: no guide to the literature of the 
reat Barrier Reef exists, and the seventy references 
quoted, while including two items frorn the sixth and 
several from the sixteenth to eighteenth centuries, omits 
many important papers by Agassiz, Davis, Fairbridge, 
Hedley, Steers and W. Stephenson. The paper “Sedi- 
mentation on Low Isles Reef and its Relation to Coral 
Growth” is given both wrong authorship and wrong 
citation, 

The ideas presented here are fresh and lively, if some- 
What speculative. No one concerned with reefs can 
afford to ignore the book, but neither can they afford to 
accept its conclusions at their face value. Maxwell, of 
course, took on an immense task im trying to cover ‘the 
entire reef—over 200,000 sq. km, much of it largely 
unexplored; one hopes that he will repeat the exercise on 
a more restricted scale, and give us chapter and verse for 
the synthesis attempted here. D. R. STODDART 


MEASURING THE ENVIRONMENT 


The Measurement of Environmental Factors in Ter- 
restrial Ecology 

Edited by R. M. Wadsworth with the assistance of L. C. 

Chapas, A. J. Rutter, M. E. Solomon and J. Warren 


Wilson. (British. Ecologieal Society, Symposium No. 8, 
Reading, March 29-31, 1967.) Pp. x4 314. (Blackwell 
Scientific: Oxford and Edinburgh, 1968.) 55s. 


Tuis is a worthy successor to the earlier symposia of the 
British Ecological Society; the contributions are carefully 
chosen to illustrate the theme, and the volume is coherent 
and well edited throughout. As far as I can see, it will be 
especially valuable in two ways. 

Firstly. it will serve as a cookery book with recipes for 
anyone who wants to measure environmental factors in 
terrestrial ecology. There are papers reviewing the 
measurement of most important factors, four papers on 
various types of data collecting or logging equipment and 
one on what to do with punehed tape when you have got 
it. There is also a section devoted to the exhibition of 
equipment which was an important part of the meeting 
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itself. This section on the exhibition has its own biblio- 
graphy and is followed by the names and addresses of all 
the firms involved and of the individuals attending the 
meeting. 

Secondly, probably more important and certainly less 
ephemeral, this symposium serves as a progress report for 
quite a large area of ecology, raising several interesting 
discussion points. Great advances in sensors, data-loggers 
and computers suggest that ecology may develop to a 
point where the ecologist places his magic box in a selected 
site, and couples it up to a multichannel recorder which is 
in turn coupled to a computer which will print out the 
answer. 

Before we accept this as likely or desirable, it is worth 
looking at the difficulties and objections, In general, such 
environmental measurements will be required for cor- 
relation with biological parameters and need not be 
markedly more precise than these are. The blunderbuss 
method of recording all possible environmental factors in 
the hope of finding some biologically meaningful cor- 
relation is probably wasteful and unproductive. Siddorn 
describes this as “a despairing attempt to record every- 
thing for which an instrument is available with the cosy 
feelmg that multiple regression analysis in the long 
winter evenings will sort the wheat from the chaff”. Much 
of the more sophisticated equipment described in this 
volume has been developed in agricultural situations 
where variability of the biological parameters is relatively 
small. In more variable wild habitats, the need is still 
for a large number of cheap sensors and integrators, 
measuring only environmental factors thought to be 
biologically meaningful. Other difficulties discussed 
include getting sensors small enough to measure environ- 
mental factors in the mierohabitats of invertebrates 
and the very practical point raised by Long: “Few 
meteorological instruments function correctly when 
it 18 raining. 

This useful volume should at least convince sceptics 
that ecology can now follow up observation with measure- 
ment. Near-automation must not cause us to dispense 
with observation. P. J. NEwBOULD 


COURSE ON HUMAN POPULATIONS 


Heredity, Evolution and Society 
By I. Michael Lerner. Pp. xvi+ 307. 
Franeisco and London, November 1968). 


(Freeman: San 
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THERE have been several recent books on human genetics 
and the evolution of man. Inevitably, they overlap and use 
much the same material. The same inherited character- 
istics and the same chromosomal abnormalities are used as 
examples of pleiotropy, heterozygous advantage and 
trisomy. Heredity, Evolution and Society repeats, there- 
fore, many of the current facts and theories on human 
evolution. There are brief chapters on the characteristics 
of living material, on Darwinism, the fossil record and 
evolution of man, chromosomes and genetic information, 
sex determination and mutation. 

The justification for more books on human geneties is 
the individual emphasis and interest that each author 
brings to the subject. Michael Lerner, well known for his 
work on population geneties of chickens, has chosen to 
stress this aspect of genetics in its application to man. 
The chapters on polygenic inheritance, nature and nurture, 
population structure, selection and human mating systems 
should be particularly interesting and helpful to the 
student coming to the subject for the first time. There is 
a balanced and easily understandable appreciation of the 
importance of drift and the founder principle in human 
populations. There is an interesting assessment of the 
relative importance of heredity and environment in the 
development of intelligence and of mental defects. The 


differences between polygenic inheritance and the inter- 
action of genes and external factors sre clearly defined; 

the differences are further emphasized by the frequent 
analysis of examples of one or the other whieh gradually 
builds up a convincing picture of the difficulties involved 
in distinguishing between such sitaations in human 
populations. Schizophrenia provides an example of 
where either polygenes or nature anc nurture might fit 
and the alternative theories are werked out in some 
detail. The treatment of the origin c? inbreeding taboos 
ànd assortative mating 1s provocative. 

That a whole chapter should be g@ ven to denouncing 
Lysenkoism seems disproportionate, particularly when so 
little genetic insight is gained from it. The generous use 
of space and the method of reasoning m this chapter are in 
marked contrast to the rest of the kook. For example. 
elsewhere in the book there is a short and sane section on 
the genetics of the American negro. 

The book has grown out of a course in genetics given in 
the University of California to studens of many different 
faculties. As a book to read or as a «ext for a university 
course outside California it has al! the disadvantages 
inherent in this type of American work. The layout may 
be good when it represents the mixed verbal and visual 
presentation of a lecture but in book form it is confusing. 
There are diagrams and text and boxes. The boxes, 
equivalent, it seems, to footnotes, get in the way of the 
reading and in some places leave no room for page num- 
bers. The author says that the boxes san be left out of the 
reading, but it is difficult to do this because of the layout 
and because there are several places where the text is 
meaningless if a box is omitted. It is not easy to bring 
the lecture room directly into readable book form and in 
this respect the book is a failure for anyone outside the 
University of California. 

The author believes that "the names and identities of 
the architects of modern genetics and evolutionary 
theory should form part of the cultural equipment of a 
university graduate" but he proviees no bibliography, 
limiting himself to & few names and a list of unassignable 
"eredits" at the end of the book. Ee informs the reader 
that the "Teachers Manual accompanying this book 
contains a bibliography”. Perhaps the Teacher's Manual 
also has an extension to the index because several words 
such as drift that occur throughout tae book are not in the 
index. No Teachers Manual acccanpanied the review 
copy. WILMA GEORGE 





VIRUSES IN PLA 


Viruses in Plant Hosts 

Form Distribution and Pathological Effects. By Kather- 
ine Esau. (The 1968 John Charles Walker Lectures.} 
Pp. viii+ 225. (University of Wiscensin Press: Madison 
and London, March 1969.) $10; 35s. 


CELLS 


ABILITY to recognize the charactermtic symptoms associ- 
ated with infection of plants by waruses is an essential 
qualification for the plant patholegist's trade, yet we 
know relatively little of how and why symptoms develop 
in the ways they do. Perhaps because of the restrictions 
imposed by conventional light microscopy, study of the 
anatomy and cytology of plants infected by viruses has, 
until quite recently, been an unfashionable field and the 
domain of the few, of whom the author of this book, 
Eme ritus reo Katherine Esen, s the doyen, n 
not realized. the pets a of anne mierosc 'Opy "to ea 
the effects of virus infection on cells and to aid solution of 
some of the baffling problems of identification of sites 
of virus synthesis in cells and intercellular transport of 
viruses. With what suecess she kas done so, this book 
is fair evidence. 
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The contents of the book served as the basis for three 
lectures given in spring 1968 at the Department of Plant 
Pathology, University of Wisconsin, in honour of Professor 
J. C. Walker. They are based largely on the results of 
recent and hitherto unpublished work on two viruses, 
tobaeco mosaie and sugar beet yellows, chosen as exem- 
plifring contrasting virus/tissue relationships: tobacco 
mosaie is unselective in its invasion of the host whereas 
beet yellows virus seems dependent on the phloem for 
successful invasion of the plant. The five chapters deal 
successively with the forms of viruses in cells, their 
relationship to host-cell components and to cell type, 
intercellular transport of viruses and the response of 
infected cells to virus infection. The text occupies only 
half the book’s 200 or so pages and serves largely as an 
explanation of a series of 120 excellent electron miero- 
graphs, superbly reproduced and includmg what must be 
the first published evidence of the filaments of beet yellows 
virus trapped in pores of sieve plates and in plasmodes- 
mata. 

As the author herself would probably agree, the study 
of the ultrastructure of tissues infected by viruses is only 
just emerging from the descriptive phase, and the book 
is mostly an account of the author’s experiences in this 
field with two well known and contrasting kinds of plant 
virus. Many of the observations are novel and serve as a 
salutary reminder of the dangers of too facile an inter- 
pretation of the behaviour of viruses in cells: others tend 
only to emphasize the problems of distinguishing cause 
from effect. This volume is essentially a memento of a 
special occasion and an eminent researcher, though its 
not so modest. price will tend to deter some of the author's 
admirers. C. H. CADMAN 


WATCHERS IN THE NIGHT 


Animals in the Night 

Senses in Action after Dark. By J. H. Prince. Pp. 111. 
(Angus and Robertson: Sydney and London, December 
1968.) 40s. 


IT is difficult to produce an account of sensory physiology 
which can be understood by all but which does not offend 
the knowledgeable. Professor J. H. Prince's attempt to 
do this is unsuecessful; his style is simple and explanatory, 
but it is basically dull and the information is poorly 
presented. The absence of colour plates 1s unfortunate, 
and this becomes particularly obvious when the work is 
compared with, for example, Signals in the Animal World 
by Burkhardt, Sehleidt and Altner (Allen and Unwin, 
London, 1967). where similar topies are covered in a 
colourful and stimulating manner. Jn fairness, it 
must be said that the latter is probably intended 
for a more adult readership than Animals in the Night. 
Nevertheless, the schoolehild is entitled to more than a 
dry text meandering through badly arranged plates and 
artless diagrams. 

The author considers the selective pressures at work 
in the dark environment in the first section, pointing out 
that probably eighty-five per cent of all mammals are 
nocturnal or occasionally active at night. The perform- 
ance of sensitive eyes, their protection against daylight 
and the data processing of their information by the brain 
are examined, together with the biochemistry and 
physiology of bioluminescence as shown by some species 
of abyssal fish. Then there is a description of sensitive, 
direction finding ears and echolocation as used by bats, 
cave swiftlets, oilbirds, dolphins and whales. To see a 
bat navigate by echolocation and catch about two 
hundred flies in fifteen minutes must be exhilarating to 
anyone interested in animal life. yet in this book the 
entire impact of this experience is lost. The olfactory 
sense is discussed with reference to fish, and to birds such 
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as the kiwi. Gustation is deseribed with reference to 
barbels in fish and Jacobson’s pit organ in reptiles. The 
final section, Touch and Special Senses", looks at, in 
partieular, the deteetion of infra-red rays by snakes and 
the lateral line system of fishes. 

This book is too expensive for the school reader im- 
terested in biology, too simplified for the zoologist and 
too ugly to grace the coffee table. JOHN A, PATTERSON 


MEASURING TEMPERATURE 


Precision Measurement and Calibration—Selected NBS 
Papers on Temperature 

Edited by J. F. Swindells. (NBS Special Publication 

300—Vol. 2.) (US Department of Commerce— National 

Bureau of Standards.) Pp. 513. (Government Printing 

Office: Washington DC, October 1968.) $4.75. l 


'Puis book is a collection of papers published by members 
of the staff of the National Bureau of Standards during 
the past thirty years relating to precision measurement of 
temperature and the calibration of temperature measuring 
instruments. Thus it gives a fairly good indication of the 
programme of research of the bureau in this feld during 
that period. As one would expect, the papers are of very 
high quality and in some instances are classic papers of 
reference, In general, they deal with the standards of 
measurement of temperatures; that is, the establishment of 
temperature scales and the design and use of the primary 
instrument of measurement in a standards laboratory. 

Basie to all measurements of temperature 1s the realiza- 
tion of thermodynamie temperature achieved over a wide 
range by gas thermometry. Only one of the papers is 
concerned with gas thermometer measurement—-that 
deseribing the derivation of the bureau temperature scale 
for the range from 10° K to 90° K in 1939 whieh forms the 
basis of the present day NBS 55 scale. A note has been 
inserted showing that the NBS 55 scale was derived from 
the 1939 seale by decreasing the values of temperature by 
0-01? K. The further development of the NBS scale is 
described in a paper on the acoustic thermometer by 
means of which the thermodynamic temperature 1s 
derived by measuring the velocity of sound in helium gas 
over the range from 2° K to 20° K. At still lower tempera- 
tures, a magnetic temperature scale is used. The derivation 
of such a scale for the range 0:02? K—2? K is described, the 
paramagnetic salt cerous magnesium nitrate being the 
magnetic cooling and thermometrie medium. This 
section on temperature seales includes also the 1960 
text revision of the International Practical Temperature 
Seale of 1948 and the tables of the vapour pressure- 
temperature relationships of *He and ‘He which have been 
approved by the Comité International des Poids et 
Mesures for use as standard tables. 

The eight papers chosen to represent the thermocouple 
methods of measurement include some rather old ones 
about base metal thermocouples and more recent ones 
giving reference tables and their derivation for the 30 per 
cent Rh-Pt/6 per cent Rh-Pt thermocouple (0-1,800° C) 
and the 40 per cent Ir—60 per cent Rh/Ir thermocouple 
(0-2,100? C). No information is given about the classic 
10 per cent Rh-Pt/Pt or the 13 per cent Rh-Pt/Pt thermo- 
couples which are so widely used. 

The accounts of the use of platinum resistance thermo- 
meters for both low and high temperatures are verv 
valuable, the deseription of NBS practice for the realiza- 
tion of the IPTS using this instrument being particularly 
informative. There are also two excellent papers on the 
performance and calibration of germanium resistance 
thermometers for the range 2? K to 20? K. It was observed 
that in this section the final page of paper 36 is missing. 

The rather small section on optical pyrometry deals only 
with the basie principles and the NBS photoelectric pyro- 
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meter now used for the realization of the temperature 
scale above the gold point. 

The last subject dealt with is called “spectroscopic 
thermometry" and contains reference in the titles to 
"population" temperatures in hot gases, electron density 
and temperatures in plasmas by line broadening and 
temperature measurement In arcs. 

The papers occupy 439 pages of the book and another 
60 pages are devoted to a bibliography which comprises 
NBS monograph 27 1953-1960 and its supplements 
(1) 1960-1962 and (2) 1963-1965. 

Almost all the contents of this book have been published 
previously, albeit scattered in time and space through 
the literature. Very little typesetting has been involved 
in producing the book, the pages being reproduced from 
the originals. The effort involved seems to be well worth 
while, for it is a great advantage to the specialist reader to 
have this collection in one cover at a comparatively low 
price. By its very nature, however, there are bound to be 
significant omissions in the subject and an introduction 
to the book filling in briefly these omissions and surveying 
the contents in the light of the latest information would 
have added considerably to the value of the work for 
reference purposes. C. R. BARBER 


ATMOSPHERIC PHYSICS 


Exploring the Atmosphere 

By G. M. B. Dobson. Second edition. Pp. xiv + 209. 
(Clarendon Press: Oxford; Oxford University Press: 
London, January 1969.) 42s boards; 21s paper. 


Wira the advent of satellites and sounding rockets, the 
experiments performed to measure the physical and 
chemical properties of the Earth's atmosphere have been 
brought very much before the publie eye. Although the 
scale of this work in the United States and the Soviet 
Union perhaps eclipses that done elsewhere, it is as well to 
remember that Great Britain has made a considerable 
contribution, not least of which has been the highly 
suecessful satellite Ariel 3. As a result of wide press 
publicity, many people, especially scholars and students of 
physies, geography and astronomy, have had their interest 
awakened in the faseinating subjects of atmospherie 
physies and geophysies. 

This book is written for them; its exposition is simple 
and non-technical and the text is interspersed with many 
clear diagrams. The first edition of this book (published 
in 1963) presented a summary of the results obtained 
during the International Geophysical Year of 1957-58. 
This second edition brings the subject up to date and in- 
cludes the observations made in the further international 
year, 1964-65, which was a period of minimum solar 
activity. 

The book begins with a review of the whole atmosphere 
up to heights where it merges into outer space; then the 
reasons for the existence of the stratosphere and tropo- 
sphere are set out. The formation of cloud, rain, frost and 
hail is discussed, special reference being made to the 
possibilities of artificial control of the weather. Lightning 
and thunder are next dealt with, for although these 
subjects have been studied for many years we now have a 
much better understanding of them. The discussion of 
ozone, that vital atmospheric constituent which absorbs 
the harmful ultraviolet radiation, is followed by a chapter 
on solar terrestrial relationships and the effects of the 
variable solar activity on the Earth's ionosphere. In- 
cluded in the subjects for this chapter are sunspots, solar 
rotation, solar flares and the solar wind. The aurorae and 
airglow are discussed and mention is made of the new 
knowledge obtained of the upper atmosphere by the 
injection of sodium vapour into this region. The book 
ends with chapters on the effeets of the Earth's magnetie 
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field on the ionosphere and cosmic rays, the production of 
the Van Allen belts, and the magnetosphere. 

This is an excellent book, clear, and most rewarding to 
the reader. It presents this vitally alive subject in a 
fascinating way, emphasizing the facts and also stressing 
the uncertainties of our present position where knowledge 
and theories are in a constant state of fux. 

Dasip W. HUGHES 


Correspondence 


Did Fertilization Occur ? 


in vitro of human oocytes matured in vitro . recently 
published in Nature by Edwards, Basaster and Steptoe’, 
merits critical examination and comment. For this 
purpose it is useful to know what fertibzation is, that is to 
define it, which can be done as follows: Fertilization ts 
the incitement of an egg to development by a sperma- 
tozoon, together with the transmission of male hereditary 
material to the egg. At fertilization. the spermatozoon 
contributes the stimulus for development and a set of 
chromosomes embodying the paternal contribution to the 
genetic make-up of the zygote. Without wishing to 
engage in semantic hair-splitting, one must observe that 
the "early stages" of fertilization may be and, in the note 
by Edwards et al., are so early as tc raise the question 
whether fertilization, if the word is *o have & meaning. 
oceurred at all. 

Everyone knows that development involves the 
repeated division of the egg into mere and more cells, 
No division was achieved in the experiments of Edwards 
et al.: so the first criticism of fertilization as defined above 
was not realized. 

Neither the juxtaposition of the sperm and egg nuclei 
(identified as such), nor their "fusior ", was observed by 
Edwards ef al: it follows that tbe second criterion, 
concerned with the intermingling of hereditary material 
derived from the father and mother, was not realized. 

These observations in no sense imp:y that I disapprove 
of the work; nor that I do not admire it as a preliminary 
experiment, although similar work hus been done before, 
as reported by Professors W. J. Hamilton and T. W. 
Glenister in The Times on February 18 this year. Never- 
theless, the claim to have fertilized s human egg outside 
the mother, albeit as far as the ‘early stages” (only 
mentioned in the title, but not in the text or summary), is 
premature. Every gametologist knows how difficult it is 
to be sure that à mammalian egg has been fertilized (see 
Austin?) which is why a rigorous &efinition is needed. 
Parthenogenesis and the entry of à spermatozoon into an 
egg without fertilization are well known phenomena. 








Your faithfully, 


ROTHSCHILD 
LL Herschel Road. 
Cambridge. 


1 Edwards, R. G., Bavister, B. D., and Steptoe, E. C., Nature, 291,632 (1008). 
2 Austin, C. R., The Mammalian Egg (Blackwell, Oxford, 1901). 
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evidence in many eggs of the aecomplishment of these 
earlier stages, and this has been a major difficulty over 
the past years. Later stages of fertilization are attach- 
ment of spermatozoa to the egg surface, activation of the 
egg and pronuclear formation and growth. These stages 
are usually considered as achieved if pronuclei and sperm 
tails are seen in the cytoplasm of the eggs. We provided 
and evaluated some evidence of pronuclear formation 
"and growth; our data on these stages are obviously 
preliminary until sperm tails ean be positively identified 
in human pronucleate eggs in vitro. Fusion of pronuclei 
(syngame) is the final stage of fertilization, 

If Rothschild had asked "Was fertilization completed ?" 
we would certainly have agreed that it was not. We 
made no attempt to culture the eggs to syngame and 
beyond, sinee it is critical to control the earher stages 
first. To demand that syngame is concluded and cleavage 
advanced before evidence of fertilization can be accepted 
is far too stringent. It could also be misleading since, as 
is well known, cleavage (parthogenesis) can proceed 
without fertilization. It should also be noted that 
conclusions in many papers reporting fertilization in 
progress have been based on the evidence of pronuclear 
stages (for example, 2 and 3). Indeed, Rothschild 1s 
hoist with his own petard, for the frontispiece to his book 
on fertilization’ shows a mouse egg with a spermatozoan 
in the perivitelline space and labelled “A live fertilized 
mouse egg showing the whole spermatozoan in the cyto- 
plasm”. This illustration shows fertilization in the same 
early stage as that in our figure 4B! which presents a 
human egg with a perivitelline spermatozoan. 

Hamilton and Glenister mentioned Menkin and Rock? 
and Shettles*. In fairness to others they should have 
quoted Petrueci? and especially Hayashi*. We gave these 
four references and discussed them in an earlier communi- 
cation? quoted in our Nature paper. When work on the 
fertilization of human ova is debated, major consideration 
must be given to the maturation of these ova. Follicular 
ova are in the dictyate stage; it is unrealistic to use 
them for fertilization unless they are freshly at meta- 
phase-Il and possess a first polar body. The detection 
of bodies extruded from eggs alone is insufficient evidence 
of maturation, for many artefaets resemble polar bodies. 
It is vital to identify diakinesis, metaphase-I or anaphase-I 
in some maturing oocytes, since these are transitional 
stages providing the clue that maturation is in progress. 
We have furnished critical data on the identification and 
timing of these stages!^!!; earlier work has failed to do 
so adequately. Some previous workers made attempts to 
recover human eggs shortly before or after ovulation 
from the ovary or oviduct, but the difficulties in timing, 
identification of ovulatory follicles and recovery of eggs 
are considerable. 

Yours faithfully, 


R. G. EDWARDS 
B. D. BAVISTER 
Physiological Laboratory, 
The University, 
Cambridge. 
P. C. SrEPTOE 
Oldham General Hospital, 
Oldham. 


! Edwards, R. G., Bavister, B. D., and Steptoe, P. C., Nature,221, 632 (1969). 

* Yanagimachi, R., and Chang, M. C, J. Erp. Zool., 156, 361 (1904). 

* Barros, ©., and Austin, C. R., J. Exp. Zoot., 166, 317 (19067). 

4 Rothschild, Lord, in Fertilisation (Methuen and Co., 1956). 

+ Menkin, M. F., and Rock, J., Amer. J. Obstet. Gynec., 55, 440 (1948). 

t Shettles, L, B., Amer. J. Obstet. Gynec., 66, 235 (1953). 

7 Petrucci, D., Discovery, 22, 278 (1961). 

8 Hayashi, M., Proc. Seventh Intern. Conf. IPPF, Singapore 1963, p. 505. 

* Edwards, R. G., Donahue, R. P., Baranki, T. A~ and Jones, H. W., Amer. 
J. Obstet. Gynec., 96, 192 (1966). 

19 Edwards, R. G., Nature, 196, 446 (1962) and 208, 349 (1965). Lancet, 2, 
926 (1005). Proc. Sizth World Cong. Fert. Ster., Tel. Aviv, 1959 (in the 
Dress). 

Hu accor S. A., and Edwards, R. G., Nature, 218, 22 (1968). 
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University News 


Professor H. F. Downton has been given the personal 
title of professor of statistics at the University of 
Birmingham. 


Professor N. N. Das Gupta has been appointed Palit 
professor of physies at the University of Calcutta. 


Professor E. W. Horton, University of London. has 
been appointed to the chair of pharmacology at the 
University of Edinburgh. 


Appointments 


Sir Frank Schon has been appointed chairman of the 
National Research Development Corporation in succession 
to Lord. Black. 


Announcements 


Unesco International Cell Research Organization is 
organizing an international training course on Energy- 
transducing Systems at the Subcellular Level to 
be held jointly by the Wenner-Gren Institute and the 
Institute of Biochemistry, University of Stockholm, 
August 11-30, 1969. The course will comprise experi- 
ments, demonstrations, semunars and lectures. The 
experimental programme will include isolation and sub- 
fractionation of mitochondria, electron microscopy, experi- 
ments involving oxidative phosphorylation and related 
reactions. Dr G. F. Azzone, Padova, Italy, Dr J. Bremer, 
Oslo, Norway, Dr B. Chanee, Philadelphia, USA, and 
Dr M. Klingenberg, München, Germany, have been 
invited to join the teaching staff of the two institutes for 
the course, which will be in English. Information regard- 
ing the seleetion of partieipants can be obtained from 
Professor O. Lindberg, Wenner-Gren Institute, Norrtulls- 
gasan 16, 5-113 45, Stockholm, Sweden. 


EnRRATUM. In the article "Rotating Neutron Stars and 
Pulsar Emission" by B. Bertotti, A. Cavaliere and F. 
Pacini (Nature, 221, 624; 1969) the following corrections 
are necessary: formula (2) should not contain the factor 
z; formulae (3) and (4) should read 


H? sin* g’ 


s á ( te E [ /(* ES ) 
Pium - wil — sin? @ cos?) ol- f£) + 9 |f 
4 c! r“ i i MC » } 

: H,sin?$ a! l l r PA: 

Pr = m — oePsnÓÜsn*loi--—í)425| 

2c* rt C A d 


Instead of "radiation pressure" always read “electro- 
magnetie stress"; page 625, column 2, lines 24 and 29, 
m, should be replaced by me; page 626, column I, line 3 
from the bottom, ref. 13 should read "ref. 14, Richards, D. 
IAU Circ. No. 2114 (1968). 


Erratum. In the review of the book Functions of the 
Adrenal Cortex (Nature, 221, 782; 1969) the word '"d-oxy- 
cortieosterone" in line 7 of the third paragraph should 
read "deoxyeorticosterone"; in line 8 of paragraph 4 
“C21” should read simply "21". 


Erratum. The first sentence in the article "Eespiratory 
Activity of Mitochondria from Legume Root Nodules" 
by P. S. Muecke and J. T. Wiskich (Nature, 221, 674; 
1969) should have read “Work on subcellular elements of 
legume root nodules has concentrated exclusively on the 
symbiotic bacterial components which form the bulk of 
these elements and are responsible for nitrogen fixation, 
but no work has been published on the mitochondrial 
components.” 


n 
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International Meetings 


March 12, Fabian Society Science and Technology Circle, 
Wanted—-A White Paper on Technology, House of 
Commons (H. P. Stern, 8 Ballantrea House, Lyndale, 
London NW2). 

March 24-27, Institute of Electrical and Electronics 
Engineers—-International Convention and Exhibi- 
tion, New York (IEEE, 345 East 47 Street, New York, 
NY 10017). 

March 25-28, Physiology of Tree Crops, Bristol 
(Scientific Liaison Officer, Research Station, Long Ashton, 
Bristol BS18 9AF, UK). 

March 31-April 3, Eleventh British Theoretical Mech- 
anics Colloquium, Nottingham (Dr W. A. Green or 
Dr T. G. Rogers, Department of Theoretical Mechanies, 
University of Nottingham, Nottingham NG7 2RD, UK). 
April 1-2, Applications of Radio-frequency Tech- 
niques to the Study of the Electron Properties of 
Solids, Exeter (Dr J. E. Cousins, Department of Physics, 
University of Exeter, Exeter, Devon, UK). 


April 15-16, Association of Clinical Biochemists— 
National Meeting, Leeds (Mr P. M. G. Broughton, 
Department of Chemical Pathology, School of Medicine, 
Leeds 2, UK). 

April 20-25, Scientific Careers, Manchester (Miss D. M. 
Maskell, Careers Research and Advisory Centre, Cam- 
bridge, UK). 


April 21-24, Iron and Steel Institute—Centenary 
Celebrations, London (Meetings Department, Iron and 
Steel Institute, 4 Grosvenor Gardens, London SW1). 


April 23, Government Information, Services and 
Finance available to the Plastics Industry, London 
(Secretary, Plastics Institute, 11 Hobart Place, London 
SW1). 

April 27-May 16, Microbes as Models for the Investi- 
gation of Biological Problems, Jerusalem (Professor 
M. Shilo, Institute for Microbiology, Hebrew University- 
Hadassah Medical School, POB 1172, Jerusalem, Israel). 


May 19-21, Industrial Catalysts, Milan (FAST, Piazzale 
Rodolfo Morandi 2, 20121 Milan, Italy). 


June 16-19, Antiviral Substances, New York (Jean 
Fitzpatrick, New York Academy of Sciences, 2 East 63 
Street, New York, NY 10021). 


June 24-25, Practical Application of SI Units, Brussels 
(Conferenee Organizer, PERA, Melton Mowbray, Leices- 
tershire, UK). 


June 25-28, Biochemistry and Physiology of Alka- 
loids, Germany (Professor H. R. Schütte, Institut für 
Biochemie der Pflanzen, 401 Halle, Saale, Weinberg. 
Germany ). 


Sabbatical Itinerants 


In the hope of providing some practical assistance in the 
good cause of mobility between laboratories, Nature is 
proposing to advertise the needs for housing of families 
about to take up periods of sabbatical leave. To begin 
with, no charge will be made for advertisements like this. 
It is hoped that a period of experiment will show what 
form these advertisements could most usefully take and 
whether they are effective. 


Wanted : Furnished flat or house in London or 
within commuting distance, for American physicist 
and mycologist wife, with 4 daughters (aged 13 to 
18), from July or August 1969 until approximately 
August 1970. Please contact L. Shfkin, Department 
of Physics, University of North Carolina, Chapel 
Hill, NC 27514, USA. 





BRITISH DIARY 


Monday, March 10 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savor Place, London, WU2), 
at 5.30 p.m.— Discussion meeting on “The Failure of Reinforced Plastics, 
particularly by Creep and Fatigue", opened by Mr af. J. Owen and Mr W. 
Carswell. 

O University OF LONDON (in the Botany Theare, University College 
London, Gower Street, London, WC1), at 5.30 p.m---~Professor P. E. Bell: 
“The Archegoniate Revolution’, 


INSTITUTION OF ELECTRICAL ENGINEERS (joint meeting with the Automatic - 





Control Group of the LMech.E., at 1 Birdcage Walk, London, SW), at 
6 p.m.--Informal discussion on “Mating the Contra: Valve with the Process 
Systema’, 


PLASTICS INSTITUTE, MERSEYSIDE SECTION (at the: Stork Hotel, Liverpool), 
at 7.30 p.m.—Mr G. Allen: ‘Polymer Structure and Property Relationships". 


Tuesday, March 11 


SOCIETY FOR ANALYTICAL CHEMISTRY, SCOTTISH SECTION (at the Uni- 
versity of Strathelyde, Cathedral Street, Glasgow, CIL ab 4 p.nn-- Dr Rh. 
Pribil: "Complexometric Titrations”. 

ZOOLOGICAL SOCIETY OF LONDON (at the Zoolegical Gardena, Regents 
Park, London, NW1), at 5 p.ri.—Mr ©. J. Metiam: “Functional Design and 
Evolution of the Polychaete Aphrodite aculeata L: Dr G., B. Corbet: "Dis- 
tribution of the Pygmy Hippopotamus Chéeru: sis liberiensis ; Pil: 
“Ripples in the Reeds". 

— INSTITUTION OF ELECTRICAL ENGINEERS, JOINT CEE TERE MEDICAL AND 
BIOLOGICAL ELECTRONICS GROUP (at St Bartholomew's Hospital, London, 
EC1), at 5.30 pun—Dr A. Richens: “Nerve Impukes", 

INSTITUTION OF MECHANICAL ENGINEERS, AUTOMOBILE DIVISION (at 1 
Birdcage Walk, London, SW1), at 6 p.m.-—Mr A. b. Russell; Amphibious 
Vehicles". 

SOCIETY FOR ANALYTICAL CHEMISTRY. MICROCISEMICAL METHODS GROUP 
(at "The Feathers’, Tudor Street, London, ECH. at 6,30 p.m. -- Diseussion 
meeting on “Specific Ion Electrodes” introduced be Dr G. J. Kakamiss, 


Tuesday, March li —Thursday, March 13 


— INSTITUTE OF METALS (at Church House, Greet Smith Street, London, 
SW1)--Spring Meeting. 





Wednesday, March 12 


ROYAL INSTITUTION, History OF SCIENCE DWSCUSSION GROUP (at Z1 
Albemarle Street, London, W1), a£ 1 pne- Profesor R. A, Kekwick, PRS. 
“The Ultra-Centrifuge—-the Achievement of the 8vedberg'', 


UNIVERSITY OF LONDON (at the Roval Postureiuate Medical School, Du 
Cane Road, London, W12) af 2 pm Dr J. C Wagner: "Asbestos and 
Cancer". 

GROLOGICAL SoctkTY oF LoNDON (at Burlington House, Piecadilly, 
London, W1), af 5 p.in.—Dr Z. R. Beydoun and Dr H. HR. Bichan: “The 
Geology of Socotra Island, Gulf of Aden"; Dr L.Clark: “The North Elgon 
Depression, Eastern Uganda”. 


_ INSTITUTE OF FUEL Gn Room E54, Shell-Mex House, Strand, London, 
WC2), at 5 p.m.—Annual General Meeting. 6 p.u.-—Professor J, M. Beér: 
"Fuel Research in the Universities", 

. UNIVERSITY OF LONDON (at Bedford College Regent's Park, London, 
NW1), at 5.15 p.m.—Lord Platt: "Limitations of Academic Education in 
Training for Medicine". 

INSTITUTION OF ELECTRICAL ENGINEERS (at Sevoy Place, London, WC2), 
at 5.30 p.m.—Mr J, H. Rhodes: "Data Communications”. 

INSTITUTION OF ELECTRICAL ENGINEERS (joint :ueeting with the Automatic 
Control Group of the I. Mech. E., at Savoy Place, London, WCZ), at 5.30 p.m.— 
Discussion meeting on ''Naval and Marine Applications of Automation 
Techniques” opened by Mr K. P. Balme, Mr D. J, Strong and Mr M. J. 
Switzman. 

— INSTITUTION OF THE RUBBER INDUSTRY, LONDON SECTION (at the Eccleston 
Hotel, Eccleston Square, London, SW1), at 5.30 pan.—Mr C. E. Worrell: 
"Calendering"; Mrd. W. Kyle: "Recent Advances in Conveyor Belting”. 

_ UNIVERSITY OF LONDON (in the Botany Lecture Theatre, University 
College London, Gower Street, London, WEL, ot 5.30 p.m.-—Professor W. 
Hayes: "The Evolution of Transmissible Genetic Elements in Bacteria”. 


SOCIETY OF ENVIRONMENTAL ENGINEERS (in he Mechanical Engineering 





Department, Imperial College, London, 8W7), ats pmo Dr G. D. BReynatis: 
"Environmental Test Specifications’ (open discussioni. 


SOCIETY OF CHEMICAL INDUSTRY, Foop GRGOrP--Nuirition Panel (at 14 
Belgrave Square, London, SW1), at 6.15 p.ni--Annual General Meeting and 
Retiring Chairman’s Address. 

INSTITUTION OF ELECTRONIC AND RADIO ENGINEERS, SOUTHERN SECTION 
(joint meeting with the TEE, in the Lanchester Theatre, University of 
Southampton), at 6.30 pon.—Mr R. D. Holland: "VLF Radio Commiuni- 
tation’, 

PRESENTATION OF TECHNICAL INFORMATION CROUP (at University College 
London, Gower Street, London, WC1), at 7 pm. Dr G. 8. Brogan: “Can 
Technologista Communicate ?" (3rd Kapp Memewial Lecture). 


PLASTICS INSTITUTE, SOUTH WALES AND MONMOUTHSHIRE SECTION (in 
the New Building, University of Wales Institut: of Science and Technology, 
Cardiff), at 7.15 p.m.—Mr P. Morgan: "Plastics Materials for Chemical 
Plant”. 

Wednesday, March 12—Thursday, March 13 
MINISTRY OF TECHNOLOGY; MANAGEMENT Topay: and the UNIVERSITY 


oF BRADFORD (at the Cairn Hotel, Harrogate:, ab 9 a.m. dally-—-National 
Conference on “The Management of Technological Innovation". 


Thursday, March 3 


INSTITUTION OF ELECTRONIC AND RADIO E-GINEERS, Joint IEE/TIERE 
MEDICAL AND BIOLOGICAL ELECTRONICS GROC? (at the Institution of Elec, 
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trical Engineers, Savoy Place, London, WC2), at 10 a.m. and 2 p.m.—Dis- 
cussion meeting on “Applications of Digital Computer Systems in Medical 
Biology". 


UNIVERSITY OF LONDON (at $t Mary's Hospital Medical School, Wright- 
Fleming Institute Theatre, London, W2}, at 5 p.m.-——BRr €. ©. Carter: 
“Genetic Counselling". 


INSTITUTION OF MECHANICAL ENGINEERS, INTERNAL COMBUSTION ENGINES 
GROUP (at 1 Birdcage Walk, London, SW1), at 6 p.m.-—Discussion meeting 
on “The Closed-Cycle Engine---the Only Power Plant of the Future ?" 


INSTITUTION OF ELECTRONIC AND RADO ENGINLERS, WEST MIDLAND 
SECTION (in the Department of Electronic and Electrical Engineering, 
University of Birmingham), at 7.15 p.n — Mr R. Fisher: “The State of the 
Art of Sound Reproduction". 


INSTITUTION OF ELECTRONIC AND RADIO ENGINEERS, EAST ANGLAN 
SECTION (joint meeting with the Cambridge Electronic Section of the LEE, at 
Cambridge University Engineering Laboratories, Trumpington Street, 
Cambridge), at 8 p.m.—Mr W. G, Beacon: ‘Closed Circuit Television for 
Education”. 


Thursday, March 13—Friday, March 14 


ROYAL SOCIETY (at 6 Carlton House Terrace, London, SW1), at 10.30 a.m. 
daily—-Discussion meeting on "Results of E ES Society Expedition to 
Aldabra 1967-8" organized by Professor T. S. Westoll, FRS, and Mr D. R. 
Stoddart. 


Friday, March 14 


ROYAL INSTITUTION, PHOTOCHEMISTRY DISCUSSION GROUP (at 21 Albe- 
marle Street, London, W1). at 1 p.m.— Dr R. Leblane and Mr J. M. Harris: 
"Optical Properties of Diluted Chlorophyl Multilayers". 


UNIVERSITY OF LONDON (at Chelsea College of Science and Technology, 
Manresa Road, London, SW3), at 2 p.m. Dr Rudolf Pfibil (Czechoslovak 
Academy of Sciences): “Complexometry and Its Influence on Analytical 
Chemistry’ followed by a Symposium on the same subject. 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
at 5.30 p.m.—Mr C. M. Shen and Mr M. A. Laughton: “A Determination of 
Optimum Power System Operating Conditions under Constraint”. 


INSTITUTION OF ELECTRICAL ENGINEERS, HISTORY OF TECHNOLOGY GROUP 
(at Savoy Place, London, WC2), at 5.30 p.m.—Mr €. MacKechnie Jarvis: 
“Tesla and the Induction Motor’. 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W1), at 9 p.ni.— 
Professor N. Karti, FRS: “The Physicist in the Kitehen'', 


Monday, March I7 


UNIVERSITY OF LONDON (at the Royal Veterinary College, Hawkshead 
House, Hawkshead Lane, North Mimms, Hatfield), at 5.15 p.m.— Professor 
Robert 8S, Brodey: "Canine Bone Neoplasms’ (further lecture on March 18), 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Plac e, London, WC2), 
at 5.30 p.m.—— Discussion meeting on "Interference Problems in Measurementa 
using Potentiometric Recording Instruments", opened by Mr H. J. Roosdorp. 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
at 5.30 p.m.— Mr 8. H. Money and Mr J. Harris: ‘‘Auto-reclosing Switehgear 
in Distribution Practiee"', 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplemeni) 


Great Britain and Ireland 


Report by the Council's Advisory Committee on the 
Trust's Constitution, Organization and Responsibilities. (The Benson 
Report.) Pp. 187. (London: The National Trust, 1968.) 20s. [201 
Annual Report of the National Museum of Wales, 1907-68. Pp. 100. 
iCarditf: National Museum of Wales, 1968.) [201 
World Textile Abstracts, Vol. 1, I» 1 (15 January, 1969.) Edited by J. H. 
Black. Pp. xvi 57. (Abstraets 1 -820.) (Didsbury, Manchester: Shirley 
institute, 1960.) [201 
Fulmer Research Institute 1968-—Descriptive Brochure, Pp. 32. (Stoke 
Poges, Bucks: Fulmer Research Institute, 1969. 201 
Annual Report and Accounts of the Wellcome Foundation Ltd. for the 
sear ended 31st August 1968. Pp. 27. (London: The Welleome Foundation 
Ltd., 1980.) [201, 
BRC Engineering Monograph, No. 76: The Variable Inductance Frequency 
Modulator. By J. E. Packman. Pp.19. (London: BBC, 1968.) 5e, {201 
Building Research Station Digest 101: Wind Loading on Buildings—2. 
Pp. 8. (London: H.M. Stationery Office, 1969.) 6d. [211 
Bulletin of Special Courses in , Higher Technology, Management Studies 
and Commerce, 1068/60. Part 2: Spring and Summer Terms. Pp. 118, 


The National Trust, 


HOW TO BUY NATURE 


Volumes start in January, April, July and October, but subscriptions 
may begin with any issue. 
The direct postal price per subscription for one copy of NATURE 
each week is: 

*12 MONTHS (52 issues and 4 indexes) 


Great Britain and Etre... eee oos. £14.0.0 each 
United States of America (by air freight) .... 

Canada...... ieu vsu .... (by air freight) .. 

Elsewhere overseas by surface mail 

(Charge for delivery by air mail on application) 

*Shorter periods pro rata. (Minimum three months.) 
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(London: London and Home Counties Regional Advisory Council for 
Technological Education, 1969.) 9g. 211 
Aetiology and Mechanism of Carcinogenesis. By Dr. Firoz D. Aibara. 
Pp. 12. (Manchester: True Aim, 3 Range Road, 1968.) 2s 6d. [211 
The Open University: Report of the Planning Committee to the Secretary 
of State for Education and Science. Pp. vie 34. 4s net. The Diploma in 
Management Studies 1061-1968—-a Progress Report by the Committee ds 
the Diploma Scheme in England, Wales and Northern Ireland. Pp. 2 
(London: H.M. Stationery Office, 1969.) 


Bulletin of the British Museum (Natural History). Geology. Vol. 19. 


No. 5: A Revision of the English Wealden Flora, 1—Charales—-Ginkgoales. 
By Joan Watson. Pp. 207-254+6 plates. (London: British Museum 
(Natural History). 1969 ) 354. [211 


Royal Observatory Bulletins. No. 139: Investigation of Proper Motions 
in the Field of the Cluster M67. II: The Outer Region. By C. A. Murray 
and E. D. Clements. Pp. E309-E336 + plates 1A-1D. 43 6d. No. 141: 
Investigations of Proper Motions in the Field of the Cluster M67. IH: 
The Field Stars, and the Motion of the Cluster. By C. A. Murray. Pp. 


E339-E363. 4s 6d. (London: H.M. Stationery Office, 1968.) [211 
Platinum. Pp. 24. (London: International Nickel, 1969.) {221 


Research and Imagination. By Professor P, G, H. Gell. (An inaugural 
lecture delivered in the University of P nghan on 23rd May, 1968) 
Pp 19. (Birmingham: The University, 1969.) 36: $0-36. [221 

Building Researeh Station. Current Papers, 80/68: Crystallization of 
Merwinite from Melilite Compositions. By W. Gutt. (Reprinted from 


Journal of the Iron and Steel Institute, 1968, Vol, 208 (8) August) Pp. 3 
(Garston, Watford: Building Keseare h Station, 1908.) gratis. [221 
Other Countries 

Minerals Science and Fe Mrd Vol. 1, No. 1 (January 19693. Pp. 1-48, 
(Johannesburg: National Institute for Metallurgy, 1969.) RI. fou 


Expédition Antarctique Belgo -Néerlandaise 1964, 
Baudouin, avril 1964 à janvier 1965. (Bruxelles: 
Belgo- Néerlandaises, 1968.) 

Comptes Rendus des Journées d' Etudes sur les Solides Finement Divises, 
Saclay, 27-20 Septembre 1967. (Commissariat à VP Energie Atomique, 
Departament de Physico-Chimie; Centre National de la Reeherche Scienti- 
fique; Institut National des Sciences et Techniques Nucleaires.) Pp. 268. 
(Paris: Direction de la Documentation Francaise, 1968.) (32 

Northwestern University. Toward the Seventies: Science, Pa 
Medicine. Pp.40. (Evanston, Illinois: Northwestern University, 1969,) [32 

PU Polarinstitutt, Arbok 1067, Pp.240, (Oslo: Norsk Polarinstitutt, 
H 42 
Records of the Australian Museum, Vol. 27, No. 17 (23rd December, 1968): 
Re-Examination of Two Arthropod Species from the Triassic of Brookvale, 


Ionosphere, Base Roi 
Expéditions Antarctic 2 
ii 


New South Wales. By E. F. Riek. Pp. 313-321. (Sydney: Australian 
Museum, 1968.) AS0.30. 2 
Berichte des Deutschen Wetterdienstes. Nr. 109 (Band 15): Monatliche 


und Jährliche Breitenkreismittel des Luftdrucks auf der Nordhalbkugel für 
die Jahre 1899 bis 1967. Von Erwin Dinies. Pp. 18. 2.10 DM. Nr. 110, 
(Band 15): Das Klima Ende des 16. und Anfang des 17. "Jahrhunderts nach 
Beobachtungen von Tycho de Brahe auf Hven, Leonhard U1. Treuttwein in 
Fürstenfeld und David Fabricius in Ostfreisland. Von Walter Lenke, 
Pp. 489. Nr. 111 (Band 13): Untersuchungen zur Abhangigkeit des Beginns 
der Obstblüte von der Witterung. Von Richard Lawrynowicz. Pp. 32. 
Nr. 112 (Band 15): Kohürenzanalyse von Niederschlag und W assertempera- 
tur im Tropischen Pazifischen Ozean. Von Rolf Doberitz. Pp.47. (Offen- 
bach a.m.: Selbstverlag des Deutschen Wetterdienstes 1968.) [42 
Companhia de Diamantes de Angola (DIAMANG). Servicos Culturais. 
Dundo-—Lunda—Angola, Museu di Dundo. Publieacoes Culturais, No. 77: 
Subsidios para o Estudo da Biologia na Lunda--- Estudos Diversos (XX XID. 
Pp.171. (Lisboa: Companhia de Diamantes de Angola, 1908.) [42 
The Education of Physicists for Work in Industry. (Proceedings of an 
International Seminar held at Eindhoven, The Netherlands, 2-6 December 
1968.) Edited by G. Diemer and J. H. Emek. Pp. 55, (Eindhoven: Centrex 
Publishing Company.) 142 
The South African Institute for Medical Research. Annual Report for the 
year 1965.) Pp. vii+192. (Johannesburg: The South African Institute for 

Medical Research, 1968.) [52 
EURATOM's 


European Atomie Energy Community —EURATOM. 
Biology Programme 1964-1967: Report, Perspectives and Mp ee 
v R.K. Appleyard. Pp.140. (Bruxelles: EURATOM, 1968.) 175 FB. [52 


Records of the Dominion Museum. Vol. 6, No. 5 (20 j une, 1068): C "eerops 
latreillii Leach (Cecropidae, Copepoda) on Mola mola in New Zealand Waters. 
By G. C. Hewitt. Pp. 49-59. Vol. 6, No.6 (23 July, 1968): The Morphology 
of some Small New Zealand Prosobranchs. By W. FE. Ponder. Pp. 61-05. 
Vol, 6, No. 7 (October 4, ane The Genus Carex Sect. Echinochlaenae Th. 
Holm. in New Zealand: ification, Classification and Deseriptions of New 
Species. Pp. 07-111. WP No. 8 (October 17, 1968): Notes on New 
Zealand Prosobranehs with Diseriptiom on New Species and Subspecies. 
By W. F. Poner. Pp. 113-124. Vol, 6, No. 0 (October 16, 1968): Three 
Commensal Bivalves from New Zealand. By W. F. Ponder. Pp. 125-131. 
Report of the Board of Trustees of the National Art Gallery and Dominion 
Museum for the year ended 31 March, 1968. Pp. 385. NZ$0-15.. (Wellington: 
Dominion Musenm. 1968.) [52 
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Back Volumes of 


Periodicals for sale 


Geochimica et Cosmochimica Acta 


Vols. 1-31 (1950-1967). £411 50 


Zeitschrift fur Tuberkulose 


Vols. 1-78 (Lacks vol. 23 & 1 issue) with Gen. 
Index to vols. 1-70. Leipzig, 1900-1937. Partly 
bound. £196 00 


We are always interested in buying your 
collections of duplicates of Scientific, Technical 
and Medical Journals at the highest prevailing 
prices. Please send us your lists of surplus 
journals which will receive our immediate 
attention. 


We invite you to write in for our regularly issued 
Bulletins and Catalogues and should be pleased 
to be of assistance in your acquisitions. 





Bucks, England. 

Offices also at 

4/5 Fitzroy Square, London W.1. 

Headington Hill Hall, Oxford 

2/3 Teviot Place, Edinburgh 1 

2/3 Richmond Street, Glasgow C.1. 

Maxwell House, Fairview Park, Elmsford, 
New York 10523 

24 rue des Ecoles, Paris Ve. 


DYES FOR USE IN ALL INDUSTRIES 


RESEARCH & PRODUCTION CHEMISTS: if you 
are looking for dyes with specific chemical and physical 
properties suitable for particular manufacturing and/or 
testing processes you are invited to contact 


EDWARD GURR LIMITED 


for supplies. 
We hold stocks of an enormous variety of dyes, ready tor immediate 
despatch, including: 


Cyanine, Dicyanine, Fast Bordeaux O, Aurantia, Crystal violet, BPC- 
Scarlet R, BPC, Diazonium salts, Neutral violet, Lacmcid, Nile blue, 
Janus green, Brilliant green BPC, Rosolic acid, Methyl green, p- Ethoxy- 
chrysoidin, Methyl red, Nitrazine yellow, Pinacryptol green, etc, 


Industrial Research Establishments 


are invited to make use of our professional services as 
consultants on the selection and use of dyes as research 
and production tools, 


BIOLOGISTS are invited to send for our catalogue of: 


‘MIICHIR OMIE? 


STAINS & REAGENTS FOR BIOLOGY 


Acridine orange, Aquamount, Fluormount, Lipid crimson Matamount, 
May-Grünwald, Leishman, Giemsa, Toluidine blue, Cresyl fast violet, 
Papanicolaou stains, Thioflavine S, Brilliant cresyl blue, Nile blue, 
Pyronin Y, Trifalgic acid, Rhodanile blue, Haplo, etc. 


EDWARD GURR LTD 


42 Upper Richmond Road West, London, S.W.14 
Cables: Micromlabs London SW14. Telephone: 01-876 82289 








Robert Maxwell & Go Ltd 


Back Issues Department, 4, Midland Road, Olney, 


RAE 


Announcing... 


newly published and forthcoming titles ‘rom ANNUAL 
REVIEWS, INC., a nonprofit corporacion, Palo Alte, 
California, U.S.A. 





To be published: June 1969, Vol. 1 

e ANNUAL REVIEW OF FLUID MECHANICS 

Editors: W. R. SEARS. M. D. VAN DYKE 

To be published: November 1970, Vci. 1 

e ANNUAL REVIEW OF ECOLOGY AND 
SYSTEMATICS 

Editors: R. F. JOHNSTON, P. W. FRANK, €. D. MICHENER 

New Reviews in preparation: 

e ANNUAL REVIEW OF EARTH SCIENCES 

e ANNUAL REVIEW OF EDUCATIONAL 


RESEARCH 
e ANNUAL REVIEW OF MATERIALS 
SCIENCE 


Other REVIEWS: 
èe ANNUAL REVIEW OF ASTRONOMY AND 
ASTROPHYSICS 
Vol. 7, August 1969 
e ANNUAL REVIEW OF BIOCHEMISTRY 
Vol. 38, July 1969 
e ANNUAL REVIEW OF ENTC. 
Vol. 14, January 1969 
e ANNUAL REVIEW OF GENETICS 
Vol. 3, October 1969 
e ANNUAL REVIEW OF MED CINE 
Vol. 20, May 1969 
e ANNUAL REVIEW OF MICHOBIOLOGY 
Vol. 23, October 1969 
e ANNUAL REVIEW OF NUCLEAR SCIENCE 
Vol. 19, December 1969 
e ANNUAL REVIEW OF PHARMACOLOGY 
Vol. 9, April 1969 
e ANNUAL REVIEW OF PHYSICAL 
CHEMISTRY 
Vol. 20, September 1969 
e ANNUAL REVIEW OF PHYS OLOGY 
Vol. 31, March 1969 
e ANNUAL REVIEW OF PHYTCPATHOLOGY 
Vol. 7, November 1969 
e ANNUAL REVIEW OF PLANT 
PHYSIOLOGY 
Vol. 20, June 1969 
e ANNUAL REVIEW OF PSYCHOLOGY 
Vol. 20, February 1969 


OLOGY 





All volumes are clothbound, with subject, author, 
and cumulative indexes. Back volames available. 


For information on the contents end authors of 


the various publications of ANNUaL REVIEWS, 
INC. please send for free copy of 1969 Prospectus. 


PRICE: $8.50 (U.S.A.) and $9.00 (ebewhere), post- | 
paid, with the exception of the Anmmal Review of 


Biochemistry, which is $11.50 and $12.80, respectively. 
(Calif. residents subject to 5% sales tux.) 


ANNUAL REVIEWS, 


4139 El Camino Way, Palo Alto, Caf. 94306, USA 
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Classified Advertisements 


All copy is subject to the approval of the Pub- 
lishers, who retain the right to refuse or 
withdraw advertisements at their discretion. 
The Publishers will nat be liable for any loss 
octasioned by the failure of any advertisement 
to appear from any cause whatever, nor do 
they accept liability for printers' errors, 
although every care is taken to avoid mistakes, 
Semi-displayed £6 per single column inch, 
Minimum £3, each additional l/Í2th of an inch 
lOs. Full page £158, Half page across £80. 
Colour (orange) £20 extra. 2/6 is charged 
for the re-direction of replies to advertise- 
ments with a box number. 

ADVERTISEMENTS SHOULD BE ADDRESSED 
TO: T. G, Scott and Son, Limited, | Clement's 
Inn, Strand, London, W.C.2. Telephone: 
CO 4743. Telegrams: Textualist, London, 








APPOINTMENTS VACANT 





UNIVERSITY OF EDINBURGH 


DEPARTMENT OF 
PHYSIOLOGY 


Applications are invited for the post of 
LECTURER in the above Departmen A 
Medical degree or an Honours degree in 
Physiology or other biological science. and 
research experience are desirable. Prefer- 
ence will be given to someone interested in 
the application to neurophysiology of tech- 
niques of cel biology. 


Salary Scale: £1,485 to £2,734 per 
annum. 


Applications, by letter (three copies), 
stating age, qualifications, and experience 
Should be sent to the Secretary to the Uni- 
versity, Old College, South Bridge, Edin- 
burgh, 8, from whom further particulars 
may be obtained. The closing date for ap- 
plications is April I, 1969. Please quote 
Reference 1017/53/2, (866) 





UNIVERSITY OF DURHAM 
DEPARTMENT OF GEOGRAPHY 


Applications are invited for TWO LEC- 
TURESHIPS in PHYSICAL GEO- 
GRAPHY. 


The first is a permanent appointment. 
An interest in one or more of Soil Science, 
Biogeography, Land Development problems, 
and Quantification, would be an advantage. 


The second is a temporary (two-year) 
appointment in Geomorphology (Arid zone 
geomorphology, Quaternary and peri-glacial 
problems, Quantification, and Mode! 
Theories). 


Both appointments will date from Ocio- 
ber f, 1969. 


The salary will be on the scale £1,240 to 
£2,734 per annum with F.S.S.U. 


Applications (three copies), should be 
sent by March 21, 1969, together with the 
names and addresses of three referees, to 
the Registrar and Secretary, Old Shire Hal, 
Durham. from whom further particulars 
may be obtained. (906) 





UNIVERSITY OF 
WESTERN ONTARIO 
APPLIED STATISTICIAN 

Applications are invited from Applied Statist- 
clans whh strong interests in Biostatistics for a 
teaching and research position in the Department 
of Applied Mathematics beginning July 1, 1969. 
The appointment will be made at the Assistant 
or Associate Professor level according to qualifi- 
calions and experience. 

For further information please write to: J. H. 
Blackwell. Head, Department of Applied Mathe- 
matics, The University of. Western. Ontario, Lon- 
don, Canada, (954) 


Glaxo Research Limited 
Greenford, Middlesex 


Ite PHI APP e BE NEUE Nr TH a videri a vA ETL IT nh in Sra me 


Senior Research Appointment 
Mictobiologist (Virology) 


A microbiologist, well-qualified in medical sciences, is needed 
for this senior appointment in the Biological Research 
Department at Greenford, Middlesex. 
The Department covers a wide range of disciplines including 
bacteriology, parasitology, immunology and virology. At 
present it is heavily committed to research into the new 
cephalosporin antibiotics. 
He will work closely with, and be responsible to the Head of 
the Department for research concerned with the broad aspects 
of chemotherapy. A sound knowledge of virology is called 
for, as he will have special responsibilities in this area. 

The post would be more suitable for a male candidate, 
preferably aged between 35 and 45 years. 


AAA pt EM rangement sen te min s am 


— 


— 
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This is a post carrying a high degree of responsibility and 
the salary will reflect this. In addition there is a London 
allowance and a bonus based on Group profitability. Attrac- 
tive conditions of service include a generous pension scheme 
and assistance with removal expenses. 

Please apply, quoting reference U.799, to the Personnel 
Manager, Glaxo Laboratories Limited, Greenford, Middlesex. 


FERREA PU P REPERI 


(993) 








Swinburne College of Technology 





Applications are invited by Council for the position of Director of Swinburne 
College of Technology, Hawthorn, Victoria, Australia. One of the Colleges 
of Advanced Education in Victoria, Swinburne has a present enrolment of over 
6,000 students, full-time and part-time. It is affiliated with Victoria Institute 
of Colleges, which is concerned with its tertiary activities (diploma courses ): 
in its technician and trade activities it is associated with the Education Depart- 
ment of Victoria and the Victorian Apprenticeship Commission. 


Duties: The Director is responsible to the Council for administrative control 
of the College, and the development of technician, diploma and post diploma 
courses, It is expected that within a few years degree courses will be intro- 
duced. His responsibilities will include the supervision of an extensive rebuild- 
ing programme, 


. Qualifications: Applicants must hold a degree, preferably a higher degree, 
in Engineering, Science or other appropriate branch of learning. They must 
have outstanding administrative and organising ability. Their experience must 
include senior responsibility in industry or education or Governmental 
Organisations. 

Salary: $A11,500. (Rates of salaries in Colleges of Advanced Education 
are at present under review.) . 

Conditions: À schedule of duties and conditions of appointment is available 
on request to the College. 


Applications presented in duplicate, addressed to the President of the College. 
will be received until March 31, 1969. 


DIRECTOR l 
| 
| 
| 
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RESEARCH 


= Solid State Physics 








BERS 
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- E ME. 
i The Central Electricity Research Laboratories at Leatherhead, Surrey wish to appoint a Hr 
EIE Physicist or Electrical Engineer with postgraduate research experience in Solid State physics HEIL 
saas or electronics, to contribute to a research programme investigating high fie! id and high current ETE 
E effects on semi-conductors and semi-insulators, Experience in semi-conductor physics, HH 
Hin surface physics or semi-conductor-device technology would be PERS DIE: HL 
nuum Ag 
HI ° m 
seas tebe 
HEH : tt 
# Heat Transfer an Ul OW He 
FH E 
zi i 
HT . i . i isss 
H The Berkeley Nuclear Laboratories at Berkeley, Glos., require a Research Officer, with HE 
ance considerable analytical ability, to work on convective heat transfer from gas-cooled nucipar Hn 
FH reactor fuel elements. He will join a strong team who are working on finned and roughesed E 
HE surfaces applicable to current reactor types and who are now starting to work on more E 
Ht advanced types of reactor. Ref. DT^58 HF 
Ht 4 RRB 
RRB 
e: | ! E 
ane Applicants for both appointments should hold a good honours degree. thas 
caus — . : : ; "ier" 
EL Excellent experimental and computer facilities are available at our Laboratories. Publication of TEE 
tH results is encouraged. ans 
THH Y" ; RAS 
Sass There is possibility of assistance with house purchase expenses, sen 
sasu ] BERE 
snes Salary ranges rise to maxima of £1880, £2280 or £2745 p.a. inc., according to SERE 
sass qualifications and experience, HIC 
Hi 7 SERA 
Sass Applications stating full relevant details and present salary to N. Berryman, Personnel OF icer EE 
HL (Headquarters), Sudbury House, 15 Newgate Street, London E.C.1, by 18 March 1969 HE 
suse quoting appropriate reference. ane 
"m SEAM 
sws [TE 
nunuuw man 
LEA d 
HH CENTRAL ELECTRICITY GENERATING BOAFD Hn 
"TIT. 2 
ur BE 
amen s 
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UNIVERSITY OF 
THE WEST INDIES 
TRINIDAD 


Applications are invited for ta) RESEARCH 
FELLOWSHIP or (b) JUNIOR RESEARCH 
FELLOWSHIP IN PLANT PATHOLOGY, in 
Department of Crop Science. Applicants should 
hold a degree in Plant Pathology or Botany with 
speciahsation in Plant Pathology or Mycology: 
experience with tropical crops desirable but not 
essential. Duties to be assumed October, 1969, 
or soonest thereafter. Salary scales: (a) £1,450 
to £2.630 per annum: (b>) £1,250 to £1,410 per 
annum, Child allowance. F.S.S.U. Family pas- 
sages. Friennial study leave. 

Detailed applications (Six copies}, naming three 
referees. by April 7, 1969, by persons ving in 
the Americas and Caribbean area to Secretary, 
Iniversity of the Wrest Indies, St. Augustine. 


Trinidad, and by all others to Inter-University 
Council, 90/91 Tottenham Court Road, London 
WIP ODT. Further particulars obtainable 
snam (9071 


U NITED SHEFFIELD HOSPI TALS 


NON-MEDICAL BIOCHEMIST required for 
Group Laboratories. No previous hospital ex- 
perience required as training will be given. 
Whitiey QCouncH Terms and Conditions of Ser- 
vice. Science Degree £915 to £1,295 per annum, 
frs or second-class honours, £1,030 to £1,294 
per annum. 

Applications, giving ful details of age, qualifi- 
Cauens, past and present appointments and the 
names and addresses of two referees, to Chief 
Administrative Officer, United Sheffield Hospitals, 
10 Beech PHH Road, Shefficid, $10 Z2RZ, by 
March 17, 1969, (9013 





NATIONAL INSTITUTE FOR 
RESEARCH IN DAIRYING 
(UNIVERSITY OF READING? 
BACTERIOLOGY DEPARTMENT 

SCIENTIFIC OFFICER required to. investigate 
fundamental aspects of the heat resistance and 
germination of bacterial spores and growth of 
the vegetative celis, especialy in milk and milk 
products, Electron microscope facilities are 
available. Applications are invited from honours 
graduates or postgraduates with a sound training 
in microbiology and a basic interest in bacterial 
metabolism. 


Appointment wil be made in the grade of 
Scientific Officer (£1,020 to £1.740) or Senior 
Scientific Officer (£1,923 to £2,372). according to 
age and experience. FSS U. Apply to the 
Secretary, N.LR.D., Shinfield, Reading, ROG 
SAT. quoting two referees and reference 69/5 

(RAG) 


ARTHUR GUINNESS SON & CO. 
(PARK ROYAL) LTD. 


require à 
PLANT BIOCHEMIST 

with post-doctoral experience to join their Re- 
search Laboratory team. Excellent. facilities and 
environment for a young man to pursue an jr- 
teresting individual project. — Starting salary in 
accordance with experience berween £2,000 and 
£2,500 per annum with many attractive fringe 
benefits. 

Appcations with full detafis of qualifications 


and experience to Personnel Manager, Park Rova! 


Brewery, London, N.W.10, quoting ref N25, 


(930) 
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UNIVERSITY CF QUEENSLAND 
BRISBANE. AUSTRALIA 
SENIOR LECTURER IN MATHEMATICS 


The University inves applications for the 
above-mentioned poskien An applicant should 
possess the degree of Doctor of Philosophy and 


have had postdoctoral research experience in 
some branch of Pure *tathemauca. The success- 


ful applicant will be required to deliver lectures. 
carry out independent snvestigutions in his branch 
of the subject and assist in the traiming of 
honours and research students. The salary for 
à Senior Lecturer will be within the range 
TAT SSO to SAR TSG mr annum. The University 
provides  Superannuamon similar to FSS. 
housing assistance, study leave and travel grants 
for permancnt à Hages of Lecturer status and 
above, 

Additional informawon and applicauon forms 
will be supplied upom request to the Association 















of Commonwealth  Laiversiues {Apm Mart 
borough House, Pall fall. London, S.W.. Arm 
olications close. in London and Brishase on 
April JS, 1988. RAS 
BOTARIST (Ph.D) 

Pian: Physiologist of Anatomist Morphologie 
| tach courses in some of ihe following: Plan 
Physiology, Vascular Plant Anatomy, Vascular 
Plant Morphology and Non-vascular Phin: 
Morphology. The asplcant should be ore pared 


activities of the 
Base salary for 





io participate in the research 
ecologically onented senariment. 






Assistant Professor — (1968-69 — scale) $10,000. 
(Sarting about July i, 1969), 
Apply to the Cheerman, Denortment of Bi 


Lakehead Unive Ontario. 


(ROS 


logy, ty, Port Arthur, 
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SENIOR 
DEVELOPMENT 
PHARMACIST 


A Senior Pharmacist is required in the Pharma- 
ceutical Development Department of our Lab- 
oratories. This is a key appointment requiring 
several years experience of industrial or academic 
pharmaceutics. The work of the Department 
includes the formulation and stability testing 
Of tablets, pressure packs and other modern 
dosage forms, as well as the supply of clinical 
trial material in collaboration with the Clinical 
Department. 

There will be ample opportunity for the successful 
applicant to undertake pharmaceutical research. 
The Department is moving into new labora- 
tories in a pleasant part of Loughborough. 

A pension scheme, B.U.P.A. membership and 
life assurance are among the attractive ‘fringe 
benefits'. 


Please apply in the first instance to Personnel 
Department, Riker Laboratories, Morley 
Street, Loughborough, Leicestershire. 
Telephone: Loughborough 3181 Ext. 292. 


(981) 





PRINCIPAL 


PRESTON INSTITUTE OF TECHNOLOGY 


Applications are invited by the Council for the position of Principal of 
the Preston Institute of Technology, Preston 3072, Victoria, AustraWa. 
Preston is one of the colleges of advanced education affiliated with the 
Victoria Institute of Colleges, which is concerned with its iertiary activities 
(diploma courses). All other courses are conducted under the authoritv of 
the Education Department of Victoria with some in association with the 
Victorian. Apprenticeship Commission. 


Present enrolment is over 5,000 students. 


DUTIES: The Principal is responsible to the Council for administrative 
control of the Institute, and the development of diploma and post 
diploma courses, It is expected that within a few vears degree courses 
will be introduced. His responsibilities will include the supervision 


of an extensive building programme. 
QUALIFICATIONS: Applicants must hold a degree, preferably a higher 


degree, in Engineering, Science or other appropriate discipline. T hey 
must have outstanding administrative and organising ability. Their 
experience must include senior responsibility m industry or Govern- 
mental organisations. They should preferably he no more than 30 
years of age. 


SALARY: $A11,000 per annum. 


CONDITIONS: Details of duties and conditions of appointment are avail- 
able on request to the Registrar. 


CLOSING DATE: Applications presented in duplicate, addressed to the 
President of the College, will be received until May 31, 1969. 


(992) 
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POSTDOCTORATE POSITIONS IN 
| PHYSICS 
QUEEN'S UNIVERSITY 
KINGSTON, ONTARIO, CANADA 


Research and Teaching Assistantships are avail- 
able to postgraduate students, both theoretical 
and experimental, in the fekis of solid state 
physics, nuclear physics, and radio astronomy. 
Special experimental facilities include: equip- 
ment for ultra high vacuum, magnetic resonance, 
microwave spectroscopy, luminescence — studies, 
and for electron structure studies of metals by 
positron annihilation: a MV Yan de Graaf 
posilive-ion accelerator, and use of the MP 
Tandem at Chalk River; a 60-ft. radio-relescone. 
and use of the  150-fi. radio telescope at 
Algonquin Park, Financial assistance in a com- 
bination of Scholarships and Teaching and Re- 
search Assistantships is provided in the range 
$3,700 to 54,800 per annum. 

Several Postdoctorate Fellowships are available 
in the above fields, with a stipend of $6,000 or 
$7,200 depending on marital status: these Fellow- 
ships are tax free, and a travel allowanee will be 
paid 

Letters of application and requests for 
brochures and further information should be 
addressed to the Head, Department of Physics, 
Queen's University. (268) 
LOTHIANS RIVER PURIFICATION BOARD 

RE-ADVERTISEMENT 

Applications are invited for the undermentioned 

superannuated. appointment : 


BIOLOGIST 
Salary grade £1,695 to £2,070. 


Applicants should possess : i. An Honours 
Degree in Biology, preferably Zoology, with 
Chemisuy or Microbiology as a subsidiary sub- 
ject. 2. Associate Membership by examination 
of the institute of Water Pollution. Control, 

Experience in Freshwater Ecology, Marine 
Biology and Oceanography relative to Pollution 
Prevention would be an advantage. The duties 
of the successful candidate wid be the biological 
assessment of poliution in the rivers, burns and 
that part of the Forth Estuary within the Board's 
area, 


Post superannuable. Seotish J.C. conditions 
of service. Essential users car allowance. 


Applications, together with the names of two 
referees to be submitted. by March 15, 1969, to 
the Chief Technical Officer-River Inspector, 
SpringweH House, 1 Gorgie Road, Edinburgh 11. 


Previous applicants need not apply. (820) 


| SANDOZ LTD. 
has à vacancy in its 


DEPARTMENT OF PHARMACOLOGICAL 
AND TOXICOLOGICAL RESEARCH 
in Basle, Switzerland, for a 
PHARMACOLOGIST with à biochemical 
background or a 
BIOCHEMIST 

Requirements are a university qualification in 
medicine or biology plus extensive specialized ex- 
perience in pharmacology on biochemical aspects 
of biochemistry, 

Preferred age: 30 to 38. 

In return the company offers interesting and 
extremely varied. work in a highly important area 
of restarch wih good prospects of advancement 
and s generous salary commensurale with ability 
and aualifications. 

Written applications, dqaoling " Pharm. / Tox. 
Research" with details of career to date and 
approximate salary requirements, copies of refer- 
ences and degree certificates and a photo, should 
be addressed to the Personnel Department, SAN. 
DOZ LTD. CH-4002 Basle. Switzerland. 


(E 


are you a Veterinary Surgeon, Geologist, Chem- 
ist, Pharmacologist, Physicist, Metallurgist, Micro- 
hiologist, Pharmacist, information Scientist or 
Technical Editor ? 

Whatever it is Please Mote ! 

G.k. Bureau cmplowy six scientifically qualified 
interviewers to select the best positions for you. 
— rite or telephone 


Miss J. R. Hortin, C-K. Bureau. 
17 Shaftesbury Avenue, London WV.i. 
914-437-6896 or 01-437-6779. 
NO FEES TO PAY, £441) 


MIGHGATE SCHOOL. A VACANCY 
existis for a PHYSICS master from September 
next: the post involves teaching up to University 
Scholarship devel. Special salary scale with an 
extra allowance: accommodation probably avall- 
able —Applications to Headmaster, Highgate 
School, London, N.G. (92795 
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Required for Senior Graduate Staff of the Central Laboratories. 
Candidates should have research experience in microbiological 


aspects of food technology, or of continuous culture and growth 
kinetics of yeasts and moulds and bacteria. 


The successful candidate will be concerned with microbiological 
research in food processes and will be expected to maintain contact 


with other research centres. 


Salary and conditions are those of a progressive unit. 


Apply in the first instance to: 


Group Technologist, Bovril Group Central Laboratories. 
Sunleigh Road, Alperton, Nr. Wembley, Middlesex. 


(986; 





MERSEY AND WEAVER RIVER AUTHORITY 
(A) PRINCIPAL TECHNICAL OFFICER 


(B) BIOLOGIST 


These appoinuments are in the Pollution Prevention Department, the Chief Officer of 


which is Mr. C, Lumb, BSc, F.R.LC., Finst WPC, M.ILChem.E, CEng. 


The post 


of Biologist is a new one; that of Principal Technical Officer being vacant. 
Salaries are: for Appointment (A) Principal Officers’ Range I (£2,255-£2,610) 
for Appointment (B) A.P. Grades IV-V (£1,485-£1,925) 


For Appointment (A) applicants should possess a University Degree or equivalent. 
including Chemistry as a final subject, and be Corporate Member of the Institute of 


Water Polution Control, 


They should also have a wide knowledge of the treatment of 


sewage and trade effluents and the prevention of river pollution, and have had considerable 


administrative experience, 
not essenual, 


Previous experience of river authority work is desirable, but 


For Appointment (B) applicants should possess a University Degree in Biology and 
should have had experience in all aspects of the biology of rivers and streams, including 
the carrying out of biological surveys in relation to fish life and pollution prevention 
measures. Commencing salary within the grade will be determined according to qualifica- 


thons and experience, 


Appointments are subject to Local Government N J.C. Conditions of Service and Local 


Government Superannuation Acts, 
1,699 c.c) payable, 


Essential user car allowance in Category 3 (1,200 c.c 
Five-day week worked. Removal expenses to maximum of £50 paid, 


Details relating to the Authority (area, work, organisation and future plans) and the 
PoHution Prevention Department, together with Form of Application and Particulars and 
Conditions of Appointment, may be obtained either by letter to me or by telephone to 


the General Office of my Department, 
Pollution Officer by March 17, 1969, 


Completed form to be returned io the Chief 


R, E. WOODWARD, 


P.O, Box No. 12, 

Liverpool Road. 

Great Sankey, 
Warrington, Lancs. 
Telephone: Penketh 2331. 


ELECTRONICS OR ELECTRICAL EN- 
ginecr, or Physicist, required as Scientific or 


Technical Officer for development work in apa- 


logue-to-<digital techniques for advanced instru- 
mentation applied to medical research. Experi- 


ence in digital techniques an advantage. Graduate 
Engineer preferred. Salary in the range £1,165 
to £1,555, depending on age and experience ~—- 
Applw in writing to the Secretary, Royal Post- 
graduate Medical School, Hammersmith Hospital. 


biology work inchiding tissue culture. mouse 
colony, autoradiography etc. Training given Dut 
experience wh section-cutting or with labora- 
tory animals an advantage. One or more A- 
levels in physics, maths, chemistry or biology an 


advantage. Salary in the range £730 to £1,210 
denending on age and experience -Apply in 
writing to the Secretary, Royal Postgraduau 


Medical School, Hammersmith Hospital, London, 
W.12. Quoting reference 8/242. (925) 


Clerk and Chief Executive Officer, 





UNIVERSITY OF READING 
and 
UNIVERSITY OF THE 
WEST INDIES 


" BIOLOGICAL SCIENCES 
Under a scheme of Joint Appointments the 


Universities. of Reading and The West Indies 
invite applications for the post of Lecturer/ 


Assistant Lecturer in the Bemartment of Biologi- 
cal Sciences, University of the Wrest Indies, St. 
Augustine, Trinidad, Candidates shoukl prefer- 
ably be interested in, or have had special prain- 
ing in, taxonomy and plant ecology. The person 
appointed wii be guaranteed one year’s empoy- 
ment in the University of Reading at the end of 
this service m the West Indies. 

Further particulars may be obtained from the 
Secretary, Overseas Service Una, The University, 
WhHeknights, Reading, Berkshire, RG2 2AH, by 
whom applications should be received not later 
than March 27. (983) 


UNIVERSITY OF 
NOTTINGHAM 


DEPARTMENT OF BLECTRICAL AND 
ELECTRONIC ENGINEERING 


VISUAL PATTERN 
RECOGNITION 


Applications are invited from communi 
cation engineers, physicists or psychologisi 
for a research post to Continuc sUCCOSSDud 
work investigating vision under condicions 
of poor visibility. Successful applicant will 
he able to register for a Meher degree. 
Payment wild be either in the form of à 
grant comparable with an x. ROC. Studer 
ship. or a salary, according 10 the length 
and nature of previous experience. 

Closing date for  writren applications 
March 24, 19569, 10 the Stall Appointments 
Officer. (959 


THE 
UNIVERSITY OF 


LEEDS 


Applications are invited jor posts in the 
following Departments : 


STATISTICS 

ASSISTANT LECTURER OR 
LECTURER 

The nost could be filled either by an 
applicant whose main interest is 43 
statistical theory or by ote who as 
been mainiy concerned with some par- 
ticular field of applied statistics, Refer- 
ence No, 21:7! D. 


PURE MATHEMATICS 
ASSISTANT LECTURER OK 
LECTURER 

Candidates should have speciai quali 
cations in Mathematical Logic. Refer: 
ence Na. 21:8; D. 





MEDICAL PHYSICS 
PHYSICIST 

for work in the Radiadon Protection 
Service of the United Leeds Hospitals. 
In addition to duties which incide the 
planning and execution of radiation sur. 
veys, there will be opportunities feo 
research jeading to a higher degree, 
Candidates shoald have an Filonours 
degree in Physics; previous experience 
of hospital physics or of radiation pro- 
wecton would be an advantage, Refer 
ence No, $7/2/D. 


SALARY SCALES: Asistam Leouner 
or Lecturer. £1.240 to £2,738 Ceffici- 
ency bar £2.275). 

Physicist £945 to £1774. 


Applications Ghree copies), stating age, 
qualifications and experience, should 
reach The Registrar and Secresary, The 
Liniversity, Leeds, LSZ OFT (rom whom 
further particulars may be obtained), 
not later than March 17, 1969, (946) 


UNIVERSITY OF 
ST. ANDREWS 


DEPARTMENT OF BOTANY 


Applications are invited for a NERC. 
RESEARCH  ASSISTANTSHIP io work 
with Dr. R. M. M. Crawford on the 
physiology of flooding tolerance in irees. 
The appointment is for three years and in- 
cludes the possibility of working for a 
higher degree. Salary. £6600 per annum. 

Applications (one copy oniy), giving the 
name of one referee should reach the Sec- 
retary, College. Gate, St. Andrews (irom 
whom further deails may be obtained) by 
Apr i, 1969. (9153 
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ADVERT NO. CSIR /1/69 n 


Vacancies for 
Research Appointments 


(Council for Scientific and Industrial Research) Ghana 


Applications are invited from suitably qualified persons to fill the following vacancies in the Council's Institutes: 


A. CHIEF RESEARCH OFFICERS 

B. PRINCIPAL RESEARCH OFFICERS 
C. SENIOR RESEARCH OFFICERS 

D. RESEARCH OFFICERS 


Crops Research Institute: 





CHIEF OR PRINCIPAL RESEARCH OFFICER (WEED CONTROL) 
CHO GRCOHORI At least M.Sc. with not less than 7 years post-qualification experience in Weed Control. 


Duties: Chemical Weed Control and will be confined to testing various commercial herbicides regarding crop 
production on a large scale. 


PRINCIPAL OR SENIOR RESEARCH OFFICER (AGRONOMIST) 

Qualifications: At least M.Sc. degree with at least 5 to 7 years research experience in Agronomy. Candidate 
should be a qualified agronomist with considerable experience in agronomy of tropical crops. 

Duties: To supervise field experiments relating to agronomy at the Institute. 


CHIEF OR PRINCIPAL RESEARCH OFFICER (HORTICULTURIST) 
Qualifications: At least M.Sc. degree with at least 7 years experience in Horticulture with good knowledge in 
tropical fruits and vegetables. 


Duties: Research in horticultural crops (fruits and vegetables) He will be associated with management of 
project, co-ordinate and supervise research work in the Institute. 


PRINCIPAL RESEARCH OFFICER (CHEMIST) 
Qual.fications: At least M.Sc. with not less than 7 years post-qualification experience in analytical chemistry. 
Duties : To be in charge of the Plant Analytical Laboratory. He will set up laboratory and initiate research papers. 


Building & Road Research Institute: 


RESEARCH OFFICER (TRAFFIC ENGINEER) 


Qualifications : At least M.Sc. degree in Civil Engineering with not less than 3 vears post-qualification experience 
in traffic. studies. 

Duties: Research into traffic movement and the carrying out of various traffic analyses including the use of 
computer. 


SENIOR OR RESEARCH OFFICER (HIGHWAY ENGINEER) 

Qualifications: At least M.Sc. degree in Civil Engineering with not less than 3-5 vears post-qualification experience 
in highway planning and highway research. 

Duties: Involve carrying out feasibility studies for highway projects. 

RESEARCH OFFICER/SENIOR RESEARCH OFFICER (CERAMICS) 

Guarne cations : A P ra De least M Sc.) in industrial ae Ghee or ud ST with ceramics | as 





seer al ro Hes put 
Duties: Candidate will work in the Materials Division of the Institute and will be concerned with studies into 
the availability and properties of Ghanaian clay for the manufacture of ceramic products. 
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5 





UU 


SENIOR RESEARCH OFFICER OR RESEARCH OFFICER 

Qualifications : Holder of a goad first degree in Forestry, Wood Technology or Mechanical Engineering and at 
least the M.Sc. degree with a minimum post-qualification research experience of 3 to 5 years. 

Duties: Research into treatability of forest species, determination of their natural durability and the preservation 
of wood and wood products under various service conditions. 


PRINCIPAL RESEARCH OFFICER 

Qualifications: At least the M.Sc. degree in organic chemistry with post-qualification experience of not less than 
7 years in Wood Chemistry. 

Duties : Research into the Chemistry of local forest species ; especially into the extraction of resins and tannins. 


Water Resources Unit: 


RESEARCH OFFICER (HYDROGEOLOGIST) 


Qualifications: An M.Sc. degree in Civil Engineering or Geology with specialisation in hydrogeology at the post- 
graduate level, or, a good honours first degree in Civil Engineering or Geology with a minimum of 3 years 
post-qualification experience in hydrogeology. A knowledge of geophysics as applied to groundwater 
investigations will be an added advantage. l 

Duties : Candidate will be working in the Hydrology Division of the Unit on studies related to groundwater. 


RESEARCH OFFICER (HYDRAULIC ENGINEER) 


Qualifications: An M.Sc. degree in Civil Engineering with specialisation in coastal and tidal hydraulics at the 
post-graduate level, or, good honours first degree in Civil Engineering with at least 3 years post-qualification 
experience in coastal and tidal work. 

Ability to carry out model studies in connection with coastal and tidal phenomena will be required. 

Duties: Work in the Coastal and Tidal Studies relating to lower courses of rivers and streams, river deltas and 
coastal problems such as sea erosion, lagoon outfalls and coastal structures. 
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Animal Research Institute: 


SENIOR RESEARCH OFFICER OR RESEARCH OFFICER (ANIMAL BREEDER 
AND GENETICIST) 


RESEARCH OFFICER (ANIMAL PHYSIOLOGIST) 


Qualifications : At least an M.Sc. degree or equivalent qualification and not less than 5 years for Senior Research 
Officer and 3 years for Research Officer post-graduate research experience. Aptitude for research in the field 
of Animal Breeding and Genetics with particular reference to Sheep and Goats. Adequate number of 
research publications and other scientific contributions. 

Duties: Research and any other duties that may from time to time be assigned by the Acting Director of the 
Animal Research Institute. 


TUTTE 
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* SALARIES (Under Review)--SUPERANNUATED 
A. CHIEF RESEARCH OFFICER —Ghanaian, N4,600 (Consolidated); Non-Ghanaian N(,5,500. 


B. PRINCIPAL RESEARCH OFFICER—Ghanaian, NÇ3,800 x NC150—NQ4,400 > Non-Ghanaian. NC 4.360 « 
NG180—N€5,280. 


Ge gus ir E OFFICER —Ghanaian, NQ3,500 x NC150—N€4,100 ; Non-Ghanaian, NC4,200 x NC 180 
—-NZ4,920. 


D. RESEARCH OFFICER—Ghanaian, N@2,100 x NC100—N4€2,600 x NC150—N(€3,300 (Bar) N@3.500 « NC 130 
—N€3,800; Non-Ghanaian, N€2,520 x NC120—N(€4,200 x NC180—N(4.560. 


(Official Rate of Exchange—One pound Sterling NC2.45. One U.S. Dollar = NC1.02. 


Point of entry depends on qualification and experience. 


IHE HEEL LL 
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* [he salaries of successful candidates who are resident citizens of Britain and Colonies or the Republic 
of Ireland will be supplemented under the British Expatriate Staff Supplementation Scheme. 


HH EE 


Application Forms are obtainable from the Acting Secretary, Council for Scientific and Industrial Research, 
P.O. Box M.32, Accra, Ghana, or the Director of Recruitment, Ghana High Commission, 38 Queen's Gate, 
London, S.W.7, England. 


Closing Date : March 15, 1969, 
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NESTLE 





Our central laboratories located on Lake Geneva in Frech Switzerland have vacancies for trained scientists 
to join small groups working on basic, new problems in the food industry. 


We are looking for two young graduates preferably with a Ph.D. and/or several years’ research experience 
in microbiology, biology, botany, biophysics or chemistry. 


One post involves the control of a modern fully equipped laboratory and the promotion of a research programme 


in 


ELECTRON MICROSCOPY 


with special attention to applied microbiology and the ultrastructure of foodstuffs. 


The other will entail carrying out research work in 


MASS SPECTROSCOPY 


on the identification of naturally occurring substances. 


A double-focusing mass-spectrometer is available. 


Successful candidates will need to be dynamic young men, possessing a definite bent for basic research. 
Genuinely attractive career possibilities are offered to the right candidates. 


Please write for an application form to: 
E. F. Davies, Senior Executive, The Nestlé Company Limited, St. George's House, Croydon CR9 INR. 


UNIVERSITY OF NEW 
BRUNSWICK 


FREDERICTON, N.B. 
CANADA 


DEAN OF SCIENCE 


To administer and direct the operation of 
the Facuhy of Science consisting of the 
Department of Biology, Chemistry, Geo- 
logy and Physics. Applications close April 
1969, 
Address applications to: 
Dean of Engineering. 


15 and appointment effective July 1, 


Salary negotiable. 
J. O. Dineen, 


ASSOCIATE DEAN OF 
GRADUATE STUDIES 


To co-ordinate graduate study and re- 
search in the pure and applied sciences. 
Candidate should be a scientist with a 
strong research record and an interest in 
adminisuation, Applications clese April 
15 and appoiniment effective July 1, 1969, 
Salary negotiable. Address applications to: 
W. C, D. Pacey, Dean of Graduate Studies 


CAD 





CHILDREN'S E.N.T. HOSPITAL, 
CARDIFF 


HEARING ASSESSMENT UNIT 
AUDIOLOGIST 


Salary scale (Senior Scientific Officer) £1.961 to 
£2,435. Preference to applicants hokling Univer- 
sity degree and diploma in Audiology. Experi- 
ence in use of modern techniques of audiology 
assessment, particularly those which apply to 
deafness in chidren, essential. Successful candi- 
date adminisratively responsible ta the Senior 
Orologist and clinically responsibie to all con- 
sulam otological staff. 

Applications to Acting Group — Secretary, 
Cardiff H.M.C., 44 Cathedral Road, Cardiff. > 

(95 


UNIVERSITY OF CAPE TOWN 
LECTURESHIP IN PHYSICS 

Applications are invited for a vacant Lecture- 
ship in the Department of Physics. The present 
salary scale is R3 A800 by RESO to R4,700 to 
R4,800 per annum: the successful applicant will 
be placed on,a notch of the scale according to his 
qualifications" and experience. In addition, an 
annual vacation bonus (at present R260 for a 
married man) is payable subject to government 
regulitions. The Lecturer wil be expected to 
take part in research, as well as in teaching and 
laboratory supervision. A special interest either 
in the teaching of first-year classes or in research 
in experimental nuclear physics wil be corm- 
sidered an advantage, 

Ai present research is being carried out in the 
department in M-ray diffraction, electron diffrac- 
tion, piasma physics, astro-physics and low level 
radiation detection. Research in nuclear physics 
is being carried out by means of a 5.5 M Van 
de Graaff accelerator and there is an active group 
working in theoretical physics, 

Applicants should state their age, 
and qualifications, publications and research in- 
wrests, and should submit the names of two 
referees whom the University may consult. 

Two copies of the application should reach the 
Secretarv-General, Association of Commonwealth 
Universities (Appts), Marlborough House, Pall 
Mall London. S.W.1 (from whom memoranda 
giving the general conditions of service, inched- 
ing transport expenses on appointment, and in- 
formation on the work of the Department should 
be obtained) not hater than April 30, 1969, A 
third copy of the application with a recent photo- 
graph and medical ceruficate should be sent direct 
by airmail to the Registrar, University of Cape 
Town, Private Bag, Rondebosch, Cape Town. 
South Afríca by the same date. 

The University reserves the right to appoint a 
person other than one of the applicants or to 
make no a peor mene, n 


duae ciim nasse 


UNIVE RSITY OF READING | 


Technician required in Department of Horticul- 
ture. Experience of horticulture and laboratory 
work an advantage. Salary according to age and 
qualifications in scale £722 to £1,007 per annum. 

Applications should be made in writing to 
Assistant Bursar (Personnel), University of 
Reading, Reading, Berks, quoting T.29. (900) 


experience 


(933) 


UNIVERSITY OF TORONTO 
DEPARTMENT OF CHEMISTRY 
Applications are invited for admission to pro- 
grammes leading to the degree of M.Sc. and 
Ph.D. in the fields of analytical, biological, in- 
organic, Organic, physical and theoretical 
chemistry. Prospective graduate students should 
have, or expect to receive, an honours degree in 
chemistry (or as equivalent. AH students 
accepted are assured of financial support through 
Scholarships or Teaching Fellowships and a 
minimum stipend of $3,600 per annum is guaran- 
teed. (Teaching fellowships involve assistance 
with undergraduate laboratory superviston up to 
a maximum of two periods (six hours per week.) 

Assistance with travel is also provided. 

For further information please write, quoting 
Ni, to Dr. D. I. Le Roy, Chairman, Department 
of Chemistry, University of Toronto, Toronto 3, 
Ontario, Canada. Lad 


| UNIVERSITY. OF 
NEW SOUTH WALES 
LECTURER (CERAMIC ENGINEERING) 
SCHOOL OF CHEMICAL TECHNOLOGY 


Applications are invited for appoinument to the 
above-mentioned position. Salary: $A5,400 range 
$47,300 per annum. Commencing salary accord- 
ing to qualifications and experience. Applicants 
must have high academic qualifications in ceramic 
engineering, chemical engineering, metaliurgy, in- 
dustrial chemistry, mining engineering or other 
appropriate fields, have had some industrial ex- 
perience and provide evidence of research ability 
in the field of ceramic engineering. 

The successful applicant will lecture and cor- 
duct a laboratory programme principally in the 


unit operations aspects of ceramic engineering 
(e.g. heat transfer, fluid flow,  comminution, 


ceramic forming processes, drying, firing, and the 
design of related equipment), supervise research 
programme of honours and higher degree students 
and carry out his own research. Research facili- 
ties are good. R is hoped the successful appli- 
cant wil enter on duty by January 1970. 
Details of appointment, including superannua- 
tion, study feave and housing scheme, may be 
obtained from the Association of Commonwealth 
Universities (Branch Office), Mariborough House, 
Pall Mall, London, S.W.1. Applications close in 
Australia and London on June 30, 1969. (899) 


NATURE. MARCH 8, 1969 - 


UNIVERSITY OF DUNDEE 


DEPARTMENT OF | 
BIOLOGICAL SCIENCES 


Applications are invhned for a RE- 
SEARCH ASSISTANT to work under the 
direction of Professor W. D. P. Stewart 
on nitrogen fixation by bdDlue-greeh algac. 
The salary range will be £800 to £900 per 
annum. 


Further details may be obtained from 
Professor W. D. P. Stewart, B.Sc., Ph.D. 
Department of Biological Sciences, The 
University, Dundee DDI 4HN. The 
closing date for applications is March 22, 
1969, (943) 





TOBACCO RESEARCH 
COUNCIL LABORATORIES 


require a 


SENIOR 
TECHNICIAN 


for work in their radiochemical 
laboratory. Experience in preparative 
organic chemistry is essential and 
H.N.C. or equivalent is desirable. 
Experience in radio tracer techniques 
would be an advantage but successful 
candidates without these would be 
expected to attend a suitable course 
of training. 


Please write, giving hrief particulars 
of training and experience to Per- 
sonnel Officer, Tobacco Research 
Council Laboratories, Harlow Hill, 
Harrogate. 

(a4) 


UNIVERSITY OF EDINBURGH 


DEPARTMENT OF 
PHYSIOLOGY 


Applications are invited for TWO posts 
of ASSISTANT LECTURER or LEC- 
TURER in the above Department, Appi- 
cants from any field of Psychology will be 
considered, but for one post preference will 
be given 10 candidates with interests in 
human experimental and/or mathematical 
ot staristical pavcholory. 


Salary Scales: Assistant Lecturer £1,240 
to £1,470 per annum; Lecturer £1,485 to 
£2,735 per annum. 


Applications (two copies), which should 
consist of a statement of the candidate's 
interests, a Curriculum vitae, the names of 
two referees, and copies of any papers if 
available, should be sent to the Secretary 
rm tre University, Old College, South 
Bridge, Edinburgh. 8, from whom further 
particulars of the poss may be obtained. 
Please quote Reference 1022/53. The 
closing date for applications is March 21, 
1969, (9501 





TECHNICIAN REQUIRED FOR RESEARCH 
project in Developmental Biology. Opportunity 
to obtain experience in the maintenance of 
electrophysiological equipment. Tissue culture 
experience an advantage. Salary up to £1.345 per 
annum according to age, qualfications and ex- 
perience.— Apply to Professor L. Wolpert, De- 
panment of Biology, The Middlesex Hospital 
Medical School, Cleveland Street, London. W.1. 

(920 





THE DISTILLERS COMPANY, LIMITED 
YEAST AND FOOD DIVISION 


TEE QUEEN'S AWARD 
TO INDUSTRY 


Experienced Geneticist 


required by The Distillers Company (Yeast) Limited to jean their new 
Research Department now being built at Menstrie, near Surbng, Scotland. 
The person we are looking for will ideally be 30-40 years cid, and musi 
hold at least an Honours Degree in one of the Biological sciences, He 
should have specialised for several vears in genetic studies of micro 
organisms and particularly be fully conversant with modern hybndizal Lian 
techniques for fungi and yeasts. Experience in general bacteriology 15 
also essential, 


It is envisaged that the successful applicant will spend a few months ai 
the Company's present laboratories in Surrey, prior to them transfer tc 
Scotland. 


This is an important position. and an appropriate salary eommensurate 
with age and experience will be paid. The Company operates à generous 
non-contributory pension scheme. Assistance can be gives to married 
men towards House Purchase and Removal Expenses. 


Please write, giving brief personal particulars, for an applicaion form to: 
The Division Secretary, The Distillers Company Limited, Yeast and Pood 


Division, Crown House, Morden, Surrey. 
CURA) 


BIBBY 


J. BIBBY AGRICULTURE LTD. 


require an 


ASSISTANT LABORATORY 
MANAGER 


Based at their Nutritional Research Centre at Willaston, Virak 





The successful candidate should be prepared for promotion to 
Manager in approximately nine months when he shall hawe 
complete control of a team of Laboratory Technicians engaged 
in the analysis of experimental animal feed and biological 
materials. 


He will be in the age range 28/32, educated preferably tc 
A.R.E.C. and, although not essential, have some experience 
of visible U.V., atomic absorption spectrophotometry and 
vapour phase and absorption chromatography. 


A starting salary in the range of £1,450—£1,750 per annum 
will be paid, a non-contributory pension scheme and other 
normal conditions of employment apply. 


Applications stating age, experience and present salary to — 


The Personnel Officer, 
J. Bibby Agriculture Ltd., 
King Edward Street, Liverpool. 


{947} 
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SENIOR TECHNICIAN I REQUIRED FOR 
new Department of Experimental Pathology for to join Physics Department of The London 
research on immunosuppression and cancer Hospital. The work of the department includes 
Familiarity with biochemical radiation physics, radioisotopes and electronics. 
There is considerable scope for job rotation and 
Salary within the scale £1,155 to £1,485 further  training.—Applications to the House 
per annum.—-Apply Secretary, St. Mary's Hospi- Governor, The London Hospital, E.1, by March 
| Medical School, Paddington, W.A. 


For the central laboratories of this leading Italian pharmaceutica 
company we wish to recruit a 


Leader 
Neuropharmacological Research 


The successful candidate will work in the screening and evaluation 
of the activity of compounds affecting the Central Nervous System : 
part of the time will be dedicated to basic research. 


He will report to the director of Pharmacological Research and will 


be given considerable opportunity to organize and plan the team's 
research programme. 


We would like to hear from graduates aged 30 to 34 with some 
years experience of neuropharmacological research who have 
demonstrated professional competence in this field. 


Adequate laboratory space and technical assistance are available, 
publication is encouraged. 

salary will depend on qualifications and experience. 

Please send curriculum including details of age, nationality and 
experience, giving names of two referees to: 


GRUPPO LEPETIT S.p.A. 
Servizio Selezione 

Via Roberto Lepetit, 8 
20124—MILANO 


VIROLOGIST 


We are seeking to recruit a Ph.D. in Virology (or a B.Sc. 
with relevant research experience) to join a small and 


enthusiastic Department of Pathology in our Research and 
Development Division at Welwyn Garden City, where he or 
she will test and develop new antiviral compounds. 


Conditions of service are good, and salary will be com- 
mensurate with qualifications and experience. 


Please write or telephone for an application form to: 
Administration Manager, 
Riker Laboratories, 44 Tewin Road, 
Welwyn Garden City, Herts. 
Messe Telephone—Welwyn Garden 25001. 





(952) 26. 





PHYSICIST (BASIC GRADE) REQUIRED 


NATURE. MARCH 8. 1969 


UNIVERSITY OF 
NOTTINGHAM 


ASSISTANT SECRETARY TO 
THE CAREERS AND 
APPOINTMENTS BOARD 


Appiications are invited for the above 
appointment from graduates, with relevant 
industrial, mprofesstonal or other experience, 


Age: 23/33 

Salary scale £1,240 to £2,735 per annum, 
plus membership of the Universities Super- 
annuation Scheme. The initial salary, which 
which wil be according to age, qualifica- 
tions ard experience, is envisaged as being 
within the dower part of the scale. 

Conditions of appoinument and form of 
application to be returned by Monday, 
March 17, 1969, from the Staff Appoint- 
ments Officer. (960) 





UNIVERSITY OF 
EDINBURGH 


DEPARTMENT OF 
ASTRONOMY 


Applications are imvited for the post of 
LECTURER in the above Department. 
Appiicants should have research experience 
in one of the fields of stellar and inter- 
stellar physics which are pursued kamiy by 
the Astronomy Department amd the Royal 
Observatory, Edinburgh. Teaching duties 
will inciude part of an astrophysics honours 
course given jointly with the Physics De- 
partment to 3rd and 4th year undergradu- 
ates and supervision of Research S uidens. 


Salary Scale : £1,585 to £2,735 per annum. 


Applications, by dotter {three copies), 
giving ibe names of two referees, should 
be sent to the Secretary to the University, 
Old College, South Bridge, Edinburgh, 5, 
from whom further particulars may be 
obtained. The closing date for applications 
is April 7, 1969. Please quixe Reference 
1020/53. (969) 


AUSTRALIAN NATIONAL 
UNIVERSITY 
INSTITUTE OF ADVANCED STUDIES 
DEPARTMENT OF GEOPHYSICS AND 
GEOCHEMISTRY 

Applications are invited for an appointment as 
RESEARCH FELLOW, The appointee will be 
expected to work in coHaboration with the high- 
pressure group in the Department and to investi- 
gate the physical properties of new phases and 
materials synthesized by this group. Previous ex- 
perience in appropriate technigques-—particularly 
the THCASULE ITE TL of elastic — properties-—is 
essential. 

The salary of a Research Fellow is determined 
in the range $A5,400 to $47,230, Appoinument 
is for three years with a possibile extension to 
five years. Superannuation is on ihe F.S.8.U. 
pattern with supplementary benefas. Reasonable 
travel expenses are paid and assistance with 
housing is provided, 

Further particulars and information as to the 
method of application are avaslable from the 
Association of Commonwealth Universities 
(Apps A Marlborough House, Pall Mall, London 
S.W.l. Applications close on Apr 30, 1969, 

(939) 


“UN IVERSE TY OF NOTTINGHAM. 


DEMONSTRATOR IN PHYSICAL 
CHEMISTRY 

An opening exists for a Demonstrator, for the 
period of three years from October 1, 1969, to 
work for the Ph.D. on a crystallographic problem 
under Dr. 5. C. Wallwork. There wid be a 
maximum of 12 hours teaching dures per week. 
Salary is within the range £800 to £850, but this 
is currently under review. 

Forms of application may be obtained from the 
Staff Appointments Officer, University of Notung- 
ham, University Park, Nottingham, NG? ZRD. 
Closing date for applications May 1, a 
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UNIVERSITY OF CAPE TOWN 
SENIOR LECTURESHIP OR LECTURESHIP 
IN CHEMISTRY 
Applications are invited from Analytical, 
Inorganic, Physical and Physical-Organic Chemists 
for the Senior Lectureship or Lectureship in 
“Chemistry. The post is to be filled as early as 
possible in 1969. Duties in the first instance may 
include the co-ordination of first-year teaching in 
the Department. The Department requies à 
chemist who will be responsible for analvtical 

chemistry teaching. 

The starting salary will be at an appropriate 
notch in one of the scales which are at present: 
Senior Lecturer, R4,500 by RISO to RA, SO by 
R300 to R5,700 per annum: Lecturer, R3,500 by 
R150 to R4,700 by R100 to R4,800 per annum. 
Applicants should state their age, experience and 
qualifications, publications and research work, 
and should give the names of two referees whom 
the University may consull. 

Two copies of the application should reach the 
Seeretary-General, Association of Commonwealth 
Universities (Apps), Marlborough House, Pall 
Mall. London. S.W.1 (from whom memoranda 
giving the general conditions of service, including 
:ransport expenses on appoiniment, and informa- 
uon on the work of the Department should be 
obtained) not later than April 15, 1969. A third 
copy of the application with a recent photograph 
and medical certificate should be sent direct by 
airmail to the Registrar, University of Cape 
Town, Private Bag, Rondebosch, Cape Town, 
South Africa, by the same date. 

The University reserves the right to appoint a 
person other than one of the applicants or to 
make no appointment. {937} 


NEW ZEALAND | 


University of Canterbury 
Christchurch 


SENIOR LECTURER OR 
LECTURER IN ZOOLOGY 


Applications are invited for the above- 
mentioned position. The particular field in which 
appointment is desired is cellular or comparative 
physiology ; preference will be given to candi- 
dates with qualifications to undertake research 
and teaching in celular physiology, respiration, 
exeretion or osmoregulation but, on the research 
side, other fields of comparative physiology, 
especially as applied to invertebrates, are acce- 
able, 

Salary scale for Lecturers is $3NZ3,100 by 
$€NZ200 to $NZ4,700, SNZA,800 per annum and 
for Senior Lecturers, $NZ4,700 by $N2200 to 
$NZ5,500 (bar) and thereafter a range to 
$NZ6,600 per annum. Approved fares to Christ- 
church wil be allowed for an appointee and his 
dependent family, together with actual removal 
expenses within specified Hmits. 

Further particulars and information as to 
method of application may be obtained from the 
Association of Commonwealth Universities 
(Appts), Marlborough House, Pall Mall, London, 
S.W.1. Applications close on April 7, 1969. 

(918) 


UNIVERSITY OF 
WITWATERSRAND 
JOHANNESBURG 
DEPARTMENT OF CHEMISTRY 
INCLUDING BIOCHEMISTRY 
SENIOR LECTURERS/LECTURERS IN 
INORGANIC AND/OR. ANALYTICAL 
CHEMISTRY 

There are vacancies for Inorganic and/or 
Analytical Chemists in the Deparment of 
Chemistry, including Biochemistry in ihe Univer- 
sity of Witwatersrand, Johannesburg. The posts 
will be filled at either the LECTURER or 
SENIOR LECTURER level depending on gualifi- 
cartons and experience. Duties are to be assumed 
by July 1969 or as soon as possible thereafter, 

The salary scales attached to the posts are: 
Lecturer, R3,150 by R150 to R4,800 ; Senior Lec- 
rarer. R4.200 by RISO to R4800 by R300 to 
R5.700. A 10 per cent pensionabie allowance will 
be paid with effect from April 1 1969, in terms 
of Government regulations. The initial salary 
will depend upon qualifications and experience. 
A vacation savings bonus not exceeding R260 per 
annum in the case of a married man is payable. 
Research is encouraged and there is a flourishing 
research schoo! in the department. Pension Fund 
and Medical Aid Fund facilities are avaiable. 

Intending applicants are advised to obtain a 
copy of the information sheet relating to ihe 
above mentioned vacancies from the Association 
of Commonwealth Universities (Branch Office), 
Marlborough House, Pall Mail London. S.W.1. 
Applications should be lodged nor ister than 
March 31, 1969, (970 
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Research £r Development Division 


an 


Organic Chemist 


is required in the Chemical Process Development Department. 


The duties will involve the laboratory investigation of new processes 
for the manufacture of medicinal chemicals and opportunities may 
arise to assist in the translation of these processes to manufacturing 
scale. 


Candidates, below 30, should be of honours graduate standard or 
above, with a keen interest in synthetic organic chemistry, Experience 
of process research and development in the fine chemical industry 
will be of distinct advantage. 


The laboratories are situated in pleasant surroundings on the South 
Coast and offer excellent experimental facilities. The terms of employ- 
ment offered by the Company are good and include ë non-contri- 
butory pension fund, etc. 


Please apply giving all relevant information to.— 


The Personnel Manager, 

John Wyeth and Brother Limited, 
Huntercombe Lane South, 
Taplow, Maidenhead, Berks. 


(955) 





N.M.R. ANALYST 


New Appointment 


The Analytical Services Laboratories of Reckitt & sons 
are extending the range of analytical techniques available 


on 


to them. They intend to make full and regular use oi 
Nuclear Magnetic Resonance techniques and have created 
a new appointment. 


This will ideally suit a young man probably in bes late 
20's who should have a post-graduate qualification and some 
experience of structural chemistry and N.M.RK. techniques. 


He will have responsibility for ensuring the undersianding 
and application of the techniques, will build up reference 
information and have the satisfaction of specialisimg in 

this field. | 


Salary will be negotiable on the basis of qualifications 
and experience. Conditions of service are good, wath 
Contributory Pension Fund, Profit Sharing Scheme. etc. 
Assistance with removal expenses is available, if necessary. 


Please submit applications with a full 
curriculum vitae, or write for application 
form. quoting reference U.68. to: 


C. E. Rhodes, Reckitt & Soss Lide 
Pansom Lane, Hull. 





VIRK? 


~ 
The 5 GeV Electron Synchrotron NINA, housed at Daresbury Laboratory, in north west Cheshire is being used for research into high energy 
physics by university and resident groups. 
A THEORETICAL GROUP is being established at the Laboratory under the direction of Professor A. Donnachie, newly appointed Professor 
of Theoretical Physics at the University of Manchester. 
A number of RESEARCH ASSOCIATESHIPS are available for outstanding scientists, Vacancies exist at Junior, Senior and Principal levels, 
at salaries ranging from £1,310 to £3,425 per annum, 
The level at which an Associate is appointed depends on age, qualifications and experience, 
Contributory superannuation under F,S,S.U. 
Advice and assistance to obtain house loans is available, 
Write for application form, quoting reference DL/291/T, to: 
Council nr oral 


| 
| 








SCIENCE RESEARCH COUNCIL 


THE RUTHERFORD LABORATORY 
Chilton, Didcot, Berks 


Research Associates 
in Nuclear Structure 
Physics 


There are two vacancies at the Rutherford Laboratory for experi- 
mental nuclear physicists to join the Nuclear Physics Group as 
Research Associates. 


Nuclear structure physics research at the Rutherford Laboratory 
has hitherto centred on the 50 MeV Proton Linear Accelerator, 
Following the shutdown of this machine in October 1969 the work 
of the group will be transferred to machines available at A.E.R.E. 
which adjoins the Rutherford Laboratory site. These machines 
include a variable energy cyclotron (60 MeV protons), a synchro- 
cyclotron (150 MeV protons) and a tandem electrostatic generator 
(12 MeV protons). The possibility of using beams available from 
the 7 GeV proton synchrotron Nimrod for the study of nuclei is 
also being investigated in collaboration with teams from British 
Universities. 


Candidates will be expected to hold a higher research degree or 
*o have had the equivalent post graduate research experience in 
experimental nuclear structure or elementary particle physics. 

Research Associates are appointed for a period of 3 vears and 
are paid a fixed salary for the duration of the Associateship ; the 
salary wil be based on the broad lines of the Scientific Officer 
Class (at present ranging from about £1,200 to £3,000 per annum) 
according to age, qualifications and experience. 


The post is superannuable under F.S.S.U. Daily travel and 
restaurant facilities are available. Housing may also be available. 
Please send a postcard for application form to Mr, A. G. Taylor, 
the Rutherford Laboratory, quoting ref. 153/34. (89) 
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Personnel Officer, 

Science Research Council, 
Daresbury Nuclear Physics 
Laboratory, 

Daresbury, 

Near Warrington. 


| Closing Date: March 17, 1969 


(897) 


UNIVERSITY OF THE 
WITWATERSRAND 
JOHANNESBURG 
SENIOR LECTURER OR LECTURER 
IN DEPARTMENT OF ZOOLOGY 

Applications are invited for appoinument to a 
post of Senior Leoturer or Lecturer on the staff 
of the Department of Zoology, Duties are to be 
assumed as soon as possible. The salary scales 
attached £o the post are: Senior Lecturer, R4,200 
by K150 to R4,800 by RAW to 5,700 ; Lecturer, 
R3,130 by RISO :o R4,800. In addition, a 10 
per cent pensionable allowance will be paid with 
effect from April I, 1969, and the University is 
also authorised to pay an annual vacation savings 
bonus of up io R260, in terms of Government 
regulations, oA Pension Fund and a Medical Aid 
Fund are available. In filling this post, prefer- 
ence will be given to persons whose interests are 
in the experimental and physiological aspects of 
ZOOiÍORV. 

Intending applicants are advised to obtain a 
copy of the information sheet relating to ahis 
post from the Association of Commonwealth 
Universities (Appts.), Marlborough Fhouse, Pall 
Mali, London, S.W.1. Applications should be 
lodged mx later than March 34, 1969, (970) 


UNIVERSITY OF MANCHESTER 
INSTITUTE OF SCIENCE AND 
TECHNOLOGY 
LECTURER OR ASSISTANT LECTURER 


to work on 
LOW ENERGY ELECTRON DIFFRACTION 


A vacancy exists within the Department of 
Electrical Engineering and Electronics for a Lec- 
turer or Assistant Lecturer in Solid-scate Elec- 
tronics, to work on Low Energy Electron 
Diffraction, The successful candidate will be a 
member of a group working in the fleki of semi- 
conductor surface physics. The group aiready 
possesses L,B.E.D. equipment run by an Experi 
mental Officer, which forms part of a small 
Materials Science Laboratory. Co-operation 
with other departments within U.M IST. inter- 
ested in surface problems is encouraged. Com- 
mencing salary according qo qualifications and 
expenence dn the scales: Assistant: Lecrurer, 
£1,240 to £1,470; Lecturer, £1,584 to £2,734. 

Application form and conditions of appoint- 
ment may be obtamed from the Registrar, 
U.M.LS.T. Sackville Street, Manchester M60 
TOD. Closing date for applications: March 31, 


UNIVERSITY OF CALGARY 
CANADA 


CHEMISTRY DEPARTMENT 

Graduate Teaching and Research Assistanishins 
are available for students proceeding to the Ph.D. 
or M.Sc. degrees in aH branches of Chemistry 
and Biochemistry. The Assistantships are valued 
up to $4,600 per annum and carry remission of 
fees and a travel allowance. 

For further information, write to The Chai- 
man, Graduate Admissions Committee, Chemistry 
Department, University of Calgary, | Calgary, 
Alberta, Canada. (965) 
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UNIVERSITY OF 
NOTTINGHAM 


DEPARTMENT OF THEORETICAL 
l MECHANICS 

Applications are invited for a LECTURE- 
SHIP in STATISTICS or OPERATIONAL 
RESEARCH wíihin this Department, The 
successful candidate will be responsible for 
the teaching of statistics to students of 
engineering and theoretical mechanics, and 
the appointment will be effective from the 
earliest possible date. S<lary within the 
range £1,240 to £2,735 per annum. 


Forms of application, and further par- 
ticulars, returnable not later. than March 
24, 1969, from the Staff Appointments 
Officer. (974) 


UNIVERSITY OF SURREY 


POSTS IN THE 
WOLFSON BIOANALYTICAL 
CENTRE 
INCLUDING A MANAGERIAL POST 


This R & D Centre is being set up in the 
Guikiferd area as a new technological ven- 
ture of a muli-disciplinary character. It is 
oriented towards instrumentation, work- 
simplification and methodelogy in the field 
of " wet" analysis. There will be links 
with industrial and hospital taboratories, 
and collaboration with a group which ap- 
plies techniques such as zonal cenirifuga- 
tion in the molecular biology field. 


Staff are sought at graduate and pon- 
graduate level with some experience in 
fields such as: 


ANALYTICAL INSTRUMENTS AND 
AIDS (DESIGN, CONSTRUCTION 
AND APPRAISAL) 

CLINICAL BIOCHEMISTRY 


PHARMACEUTICAL AND FOOD 
ANALYSIS 


BIOCHEMICAL METHODOLOGY 


One of the graduates wil assist the 
Director as a working manager. Appoint- 
ments will be for not longer than three to 
five years in the first instance. Time might 
be allowed for approved studies. 

Write to Dr. E. Reid, Biochemistry De- 


partment, University of Surrey Annexe, 14 
Falcon Road, London, SWH (904) 


UNIVERSITY OF DURHAM 
DEPARTMENT OF GEOGRAPHY 


Applications are invited for the post of 
RESEARCH ASSISTANT in the Gto- 
graphy of the Middle East. The appoint- 
ment wil be for three years in the first 
instancz, renewable for a fourth and final 
year and will commence on October ], 
1969. 


Silary will be on the scale £950 to £1,710 
per annum with F.S.S.U. 


Applications (three. copies), should be 
sent by March 28, 1969, together with the 
names and addresses of three referees, to 
the Registrar and Secretary, Old Shire Ha f. 
Durham, from whom further particulars 
may be obtained. (90S) 





RADIOLOGICAL PROTECTION 


Belmont, 


Candidates should — possess 


tions, with the names and addresses 
referees to the Director, at the above address. 


(916) 





SERVICE 
(Ministry of Health and Medical Research Coun- 
cib, Clifton Avenue, 
requires a TECHNICIAN (Male) for work on 
measurement of fow devels of racioactivity 
humans. 
"(07 jevels in five subjects plus at 
years’ appropriate experience. 
to age, experience and qualifications, in range 
£890 to £1,130 per annum plus London Weight- 
ing. M.R.C. Conditions 


Sutton, Surrey, 


GCE. 
least five 
Salary according 


of Servicc.—-Apnplica- 
of two 


UNIVERSITY OF LIVERPOOL 


LECTURER IN PLANT 
PHYSIOLOGY 


DEPARTMENT OF BOTANY 


App'eations are invited. for the post of 
Assistant Lecturer or Lecturer. from plant 
physiologists, preferably interested in physi- 
cal aspects of plant functioning or growth, 


at any level of organisation, from that of 
the cell to that of the plant ín relation to 
its environment. Salary will be within the 
range £1,249 to £2,735 per annum. 


Applications, stating age. qualifications, 
and experience, together with details of 
three referees should be received not later 
tren March 31, 1969, by the Registrar, The 
University, P.O. Box 147, Liverpool L69 
3BX. Please quote Reb: RV/979;N, 


(909) 


UNIVERSITY OF GLASGOW 


DEPARTMENT OF EXTRA-MURAL 
EDUCATION 


Applications are invited from University 
graduates for the post of RESIDENTIAL 
EXTRA-MURAL TUTOR in the County 
of ArgyH. Preference will be given to 
qualifications in those subjects capable of 
development in Local Studies such as 
Archaeology. Geography or Botany, Dut 
other subjects will bs considered. Salary, 
University Lecturer scale, £1,585 to £2.735 
per annum, with entry on the scale accord- 
ing to qualifications and — experience. 
F.S.S.U. 


Applications (three copies) should be 
lodged, not later than March 31, 1969, 
with the undersigned. from whom further 
particulars may be obtained. 


ROBT. T. HUTCHESON, 
Secretary of the University Court. 


(910) 
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UNIVERSITY OF BRISTOL 


SCHOOL OF CHEMISTRY 


Apolications are inviried for the post et 
RESEARCH ASSISTANT in MASS SPEC- 
TRGOMETRY within the School of Chemis- 
try. tenable from Augus |. 1959. The 
successful candidate will be responsible 
(a) for the maimtenance and continued 
development of an MS902 with its associ- 
ated gas chromatographic and data-hancling 
(Lino-8) facilities and (b) for the supervision 
of the routine service which a technician 
provides from this equipment. The appo.nt- 
ment wil be made initially for one year 
but will be renewable annually. 

The salary will be within the scale £945 
by £85 to £1,125 or £1.240 by £115 to 
£1.470 per annum according to qualifica- 
tions and experience. A successful appli- 
cant with graduate or equivalent status will 
be encouraged to work for a higher degree. 
If suitably qualified the person appointed 
will bes accorded academic status, 

Applications, giving full details and in- 
cluding the names of two rmeferees, should 
be sent to the Registrar, Universtiy Senate 
House. Bristol BSS ITH, wabin three weeks 
of this advertisement appearing. (954) 
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CHRISTIE HOSPITAL AND HOLT 
Racium Institute. Manchester M20 9BX. A 


vacaney exists for a BASIC GRADE PHYSICIST 
in the Physics Deparimient. 
of the largest radiotherapy departments im the 
world. and the post offers unrivalled opportuni- 
ties for experience in the applications of physics 
and radiology. Work in progress includes studies 
on 8 MV X-rays and 10 MeV. electrons, 14. MeV 
neutrons, thermoluminescence. ultrasonics and 
comparer apolieaiens, Opportunities exis for 
reading for a higher degree. Salary. within the 
range £915 to €1.774 per annum according to 


quahfications and experience.—Applications with 
the names of two referees, to the Hospital Sec- 


(Ref. 14827). 
(919) 


retary as soon as possibie. 


The hospital has one 





















UNIVERSITY OF WALES 
UNIVERSITY COLLEGE OF SWANSEA 


LECTURER IN THE. 
GEOGRAPHY OF RUSSIA IN 
THE CENTRE OF RUSSIAN 

AND EAST EUROPEAN 
STUDIES 


Applications are invied from sSuitabiy 
qualified cand’ dates for the post of Lecturer 


in the Geography of Russia in tbe Centre 
of Russian and East European Studies, 
Applicants should have a pari icular inrerest 
in Economic and Human Geography, 





The post is tenable from October 1, 19659, 
or such other date as may be arranged, 
The salary will be on the scale of E] .24Q 
to £2,735 per annum iegerher with FSAL. 


enefus, 


Further pariiculars, quoting Reference 
No. B, may bz obtained from ihe Regis- 


rar, University College of SSEGDnSOR. 
Singleton Park. Swansea, $AZ2 SPP, by 


whom applcations should be received not 
later than Friday, March 28, 1969. 

(9243 
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UNIVERSITY OF EDINBURGH 


DEPARTMENT OF 
MATHEMATICAL 
PHYSICS 


Applications are invued for the post oif 
LECTURER in the above Department. 
Preference will be given to appicanms whose 
field of research imere is either Hish 
Energy Physics or Fluid Dynamics. 


Salary scale : £1,588 to £2,735 per annum. 


Applications, by buer (three CODICS). 


giving the names of two referees, should 
be sent to The Secretary. to the University, 
Old CoMHege. South Bridge. Edinburgh, B. 
from whom further particulars may be co- 
tained, 
is March 28, 1969. 
1019: $3. 


The closing date for appications 
Picaxe quote Reference 
(Codi 





UNIVERSITY OF 
LONDON KING'S COLLEGE 
DEPARTMENT OF ANATOMY 

Asparrena are invigd from suitably auabified 
candidates for the post of LECTURER IN 
ANATOMY. The successful candidate will be 
expected to engage in research preferably im the 
field of neuroendocrinolegy and will aiso be ri- 
quired to teach in a coucs? of histology and celi- 
biology. A medical quakfication is not essential 
for the post. Salary scale: £l,B95 to £2,630 
plus £60 London Allowance and F.S.S.U, bene 
fis. These rates are currently under review. 

Conditions of appoiniment and application 
farms may bz obtained from the Registrar, King s 
College London, Strand. WC., and completed 


forms must reach him by March 31. i G6. 
(GiM 


UNIVERSITY OF 
NEWCASTLE UPON TYNE 
SCHOOL OF PHYSICS 


Applications are invited far the post of RE- 
SEARCH OFFICER or SENIOR RESEARCH 
OFFICER in the School of Physics. The suc 
cessful applicant will participate in one of the 
research topics in Geophysics and Planetary 
Physics. The salary wii be at an a ppropriste 
point on the scale £12400 to £1.470. or £2,735. 
according to age, qualifications. and experionoe., 
Membership of ESSU, will be required, The 
post is tenable from such a daie as May be 
agreed. 

Further particulars may be obtained from the 
Registrar, the University, Newcastle. upon Tyne 
NEI 7RU, with whom applications (three copies? 
together with names and addresses of three 
referees. should be lodged not Rer than March 
24, 1959. Please quote reference Na. 19335 
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COLLEGE OF TECHNOLOGY 





DEPARTMENT OF BIOLOGICAL 
^. STUDIES "HD 








By 


. Applications are invited for appointments in 
the folowing  sübjects, which will normally 
be made at LECTURER GRADE Ii level, 
although candidates with additional experience or 
qualifications may be considered for SENIOR 
-LECTURESHIPS,. while young graduates may be 


. offered LECTURER GRADE I posts: 


BIOCHEMISTRY 

ANIMAL BIOCHEMISTRY (with experience 

. in Pharmacology) 

APPLIED ZOOLOGY “(with an interest in 
teaching general Biology). 


, Salaries: Senior Lecturer, £2,280 to £2,595 per 
s;&nnum; Lecturer Grade H.«£1,725 to £2,280 per 
annum. In certain circumstances the commenc- 
ing salary may be above the minimum of the 
Lecturer Grade I, £1,135 to £1,955 per 
annum, actual salary depending on age and class 
of degree. 


Further particulars and application forms ob. 
tainable from the Principal, Lanchester College 
of Technology, Priory Street, Coventry, return- 
able by March 14, 1969, a: (908) 


JUNIOR EDITOR a 


The Science Editor in Penguin Education is 
looking for a junior editor to assist him in 
planning and implementing a programme of edu- 
cational materials in science subjects for Schools 
“and universities. Applicants should have a de- 
gree in a science subject (preferably biology) and 
an interest in the new educational developments. 

Please apply to Michael Buttler, Penguin Edu- 
taton, Horton Road, West Drayton, Middlesex. 
E (827) 


UNIVERSITY OF BASEL 
SWITZERLAND 
PROFESSORSHIP OF ZOOLOGY 
Applications are invited for the newly created 
Second chair.of Zoology, with special emphasis 
on experimental biology and zoology. A work- 
ing knowiedge of the German language is desir- 
able. Salary and further particulars to be 


NON-MEDICAL BACTERLOLOGIST 
(BASIC GRADE) 


required for Department of Bacteriology (which 
includes virology). Applicants should possess an 
appropriate science degree. Whitley Council 
Terms and Conditions of Service. Salary scale 
£915 to £1,295; ist or 2nd class honours £1,030 
to £1,295, 

Applications, giving details of age, qualifica- 
tions, any previous experience, and namáng two 
referees, to Chief Administrative Officer, United 
Sheificld Hospitals, 10 Beech Hill Road, Sheffield 
S10 2RZ, by March 24, 1969, (966) 

TECHNICIAN/JUNIOR TECHNICIAN RE- 
quired for Plant Physiology in the Department of 
Plant Biology and Microbiology at Queen Mary 
College (University of London), Mile End Road, 
London, E.l. Previous experience desirable, also 
the possession of the LS.T. or City and Guilds 
Science Laboratory Technician’s Certificate or 
similar qualification, Some experience of bio- 
chemical techniques and/or work with electrical 
equipment could be useful. Salary according to 
age and ability on scale £692 to £977 per annum 
or £6 15s, 6d. to £11 9s. per week plus London 
Weighting. Five-day week.  Four/five weeks 
annual leave. Pension Scheme. Letters only to 
Registrar (BT/JT), stating full details of age, 
experience and present work. (972) 





MEETINGS 








IV INTERNATIONAL 
CONGRESS 
ON PHARMACOLOGY 


JULY 14 TO 18, 1969 
UNIVERSITY OF BASEL, SWITZERLAND 


AN INTERDISCIPLINARY 
MEETING 


Deadline for registration is April 30. 
Please consult the Preliminary Program. 
Further copies available upon request. 





IV INTERNATIONAL CONGRESS 
ON PHARMACOLOGY 


Postfach 30 Basel 4 
CH-4000 Basel, Switzerland 
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RESEARCH ASSOCIATE REQUIRED TO 
work on tissue antigens in relation to auto- 
immunity. Salary according to experience and 
qualifications within the scale £1,585 to £2,735 
with superannuation under the F.S.S.U.—Appti- 


cations to Professor I. M; Roit, Department of |. - 


Medical 
(975) 


Immunology, The Middlesex Hospital 


School, London, WIP 9PG. 








GRANTS & SCHOLARSHIPS 





MCMASTER UNIVERSITY _ 
CANADA i E 
GRADUATE SCHOLARSHIPS IN GEOLOGY 


The Department of Geology offers opportuni- 
ties for research in several aspects af geology 
leading to the degrees M.Sc., Ph.D. in Geology, 
and Ph.D. in Geochemistry. Laboratories are 
available for research in geochemistry, petrology, 
mineralogy, sedimentology,  palaeontology, - anc 
Structural geology. The majority of students 
accepted for graduate study receive financial sup- 
port in the form of scholarships and teaching 
assistantships. These awards range from $3,200 
to $3,600 over a 12-month period. Fees do not 
normally exceed $403 and travel grants are avail- 
able to students outside North America. — - 

ANH inquiries relating to admission and scholar- 
ships should be directed to: Chairman, Depart- 
ment of Geology, McMaster University, Hamilton, 
Ontarío, Canada. (606) 





FELLOWSHIPS & 
STUDENTSHIPS 


UNIVERSITY OF 
NOTTINGHAM 


DEPARTMENT OF ELECTRICAL AND 
ELECTRONIC ENGINEERING 


RESEARCH ASSISTANTSHIP/ 
STUDENTSHIPS 


Applications are invited for candidates 
with interests in pursuing research in the 
general field of ELECTRICAL MATERI- 
ALS/SOLID STATE. A post is available 
covering the interaction of low energy elec- 


trons with surfaces, and other research 
interests | include semiconductor hetero- 
junctions, III-V compounds, IVI com- 
pounds, photocathodes. The Department 
is housed in a modern building and good 
research facilities exist. Close contact is 
maintained with industrial firms and re- 
Search establishments, Candidates should 
preferably be graduates in one of the fol- 
lowing subjects: electrical or electronic 
engineering, physics, applied physics, 
materials science, etc. The successful can- 
didate will be able to register for a higher 
degree. 

Application form, returnable not 
than March 24, 1969, from the 
Appointments Officer. 


later 
Staff 
(9652) 


UNIVERSITY OF LEEDS 


DEPARTMENT OF 
INORGANIC AND 
SIRUCTURAL CHEMISTRY 


Applications are invited for two Research 
Studentships tenable from September, 1969, for 
work in the High Pressure Research Group in 
the Department of Inorganic and Structural 
Chemistry. Successful applicants wifi be required 
to work under the supervision of Dr. R. S. 
Bradley and Dr. D. C. Munro on projects which 
include studies of phase changes and electrical 
conductivity under high pressures aad studies by 
means of X-ravs. ; 

Applicants should have a degree in Chemistry 
or Physics with first- or upper second-class 
Honours or an equivalent qualification. 

The Studentships will be tenable for two years, 
possibly renewable for a third. The stipend 
(basic £500 plus fees) and conditions of service 
will generally follow those for S.R.C. Student- 
ships and holders of these posts will be eligible 
to work for the degree of Ph.D., subiect ta Uni- ^ 
versity regulations. 

Applications, with details of education, ete., 
and the names of two referees, should be sent 
to Professor H. M. N. H. Irving, Department of 
Inorganic and Structural Chemistry, University 
of Leeds, LEEDS LS2 9JT, before May iu 

3 





UNIVERSITY OF 
& SOUTHAMPTON . 


RESEARCH FELLOWSHIP IN 
i CRYOGENICS 
it ^ 3 


* Applications are invited for a Post- 
*Doctoral Research Fellowship supported by 
thé Science Research Council to study 
yapour-solid heat transfer mechanisms in 
yertical temperature gradients at iow 
temperatures. Measurements of the asoci- 
ated heat transfer coefficients are required 
to the design. of current-carrying leads to 
‘J uperconducting solenoids and. cryocables, 
hd for improving the  perfórmance of 
cryogenic liquid containers, 


.. Salary range: £1.200 to 


Further details may be obtained from Dr. 
R. G. Scurlock, Department of Physics, 
and applications, giving details of age, 
qualifications and experience, together with 
the names of two referees, as soon as pos- 
,Sibie, quoting reference N, should be sent 
to. 1]e. Deputy Secretary, The University, 
Southampton SOS SNH, (927 



















£1,800 pius 


EUROPEAN MOLECULAR 
BIOLOGY ORGANIZATION 
(EMBO) 

SHORT- AND LONG-TERM FELLOWSHIPS 
IN MOLECULAR BIOLOGY 
The European Molecular Biology Organization 
intends to award to scientists working in labora- 
tories within the European area both short-term 
(from a few days i0 several weeks) and ionger- 
term Fellowships for collaborative research on 

advanced training in molecular biology. 

The short-term Fellowships are intended for 
visis to other laboratories for the purpose of 
carrying out experiments with special techniques 
or of other forms of scientific collaboration or 
advanced training, and especially of meeting 
developments arising at short notice, 

The long-term Fellowships wii be awarded to 
voung and promising research workers so that 


they may spend prolonged periods | in other 
laboratories working under the guidance of 


leaders in the field of molecular biology. Awards 
wilkgusually be made for a period of about one 
year, 

Applications should be addressed to the Execu- 
tive Secretary, Dr. R. K. Appleyard, c/o Uni- 
versity of Brussels, 67 Paardestraat. — Sint- 
Genesius-Rode, Belgium, from whom application 
forms and further details may be obtained. 

Applications for Fellowships may be made at 
any time. Applications for long-term Fellowships 
are, however, best made six months or more 
before departure: in 1969, those made before 
February 1 will be decided not later than May 
31 and those made before August 1 will be 
decided not later than November 30. Decisions 
concerning short-term Fellowships wil be made 
soon after receipt of application. 

The Organization is also able to award a few 
senior appointments to help institutions wishing 
to receive visiting professors or other established 
workers in order to develop their own efforts. 
Interested institutions may obtain further infor- 
mation about these appointments from the 
Executive Secretary. 


— 


BIRMINGHAM 
RESEARCH FELLOWSHIP 
IN PHARMACOLOGY 


Applications are invited for the above post in 
the Department of Pharmacy, Candidates should 
be qualified in pharmacy, pharmacology, physio- 
logy or biochemistry, possess a higher degree, and 
have experience of initiating and directing re- 
search in universHy or industry, The Depart- 
ment's current research interests include neuro- 
pharmacology and cardiovascular pharmacology, 
and an interest in one of these fields would be 
an advantage. The successful candidate will also 
take part in other departmental activities includ- 
ing up to six hours undergraduate teaching, ‘The 
post is tenable for three years from October 1, 
1969, Salary scale: £1,585 to £2,275 per annum 
with F.S.S.U, benefits. Preliminary information 
fay be obtained from Dr. P. S. J. Spencer, 
Department of Pharmacy. 

Further details and application forms may be 
obtained from the Staff Officer (Ref. No. 659/6), 
The University of Aston in Birmingham. Gosta 


Green, Birmingham 4, to whom applications 
should be forwarded within 14 days of the 
appearance of this advertisement. (967) 


UNIVERSITY OF QUEENSLAND 
BRISBANE, AUSTRALIA 
POSTDOCTORAL RESEARCH FELLOWSHIPS 


Applications are invited from appropriately 
qualified persons wishing to conduct full-time re- 
search at the University of Queensland, Australia. 
Three fellowships are available for 1970. The 
initial appoimtment for one year may be extended 
for up to a further two years. The salary is 
normally $A5,400 to $A7.300 per annum but up 
to $A8,730 may bz paid to a senior person. An 
appointee may receive reimbursement of his fares 
to Brisbane. 

Applications close in Brisbane on August 1, 
1969, Additional information and application 
forms will be supplied upon request to the 
Registrar, University of Queensland, St. Lucia, 
Brisbane, 4067, Australia. (934) 





FOR SALE AND WANTED 





WM. DAWSON & SONS LTD. 
Back Issues Department, 
Cannon House, Park Farm Rd, 
Folkestone, Kent, England. 
Tel.: Folkestone 57421. 
Offer top prices for: 
BACK RUNS OF JOURNALS 
IN SCIENCE AND THE HUMANITIES 





(D 
ALMOST ANY SCIENTIFIC AND LEARNED 
Periodicals, Proceedings. Transactions, etc., 


wanted.-—H. Pardes, 529B, Finchiey Road, Leon- 
don, N.W.3, Tel: 01-433 9878. (9231) 


LECTURES AND COURSES 


UNIVERSITY OF SURREY 


DEPARTMENT OF MECHANICAL 
ENGINEERING 


POSTGRADUATE COURSE IN 
BIOMECHANICS 

Applications are invited for a one-year course 
in Biomechanics commencing in October, 1969. 
The course, which leads to the degree of M.Sc. 
by examination, is intended for graduates in en- 
gincering or physical sciences on the one hand 
and graduates in medicine or biological sciences 
on the other. 

The branch of the course for graduates in the 
engineering and physical sciences aims to fit them 
for research and development work in the medi- 
cal field and to introduce them to the physio- 
logical problems which they can help to solve. 

The branch of the course for graduates in 
medicine or biological sciences aims to introduce 
them to the mathematical and engineering 
methods and techniques which are applicable to 
medical and physiological practice and research. 

Studies on the clinical aspects of biomechanics 
are provided by King's College Hospital and by 
visiting lecturers from other medical establish- 
ments. The course is supported by an active 
research group with specíal interest in problems 
related to iternal and external prostheses, physi- 
cal properties of tissues, perfusion techniques, 
blood flow measurement and low temperature 
medicine. 

Medical Research Council grants are available 
to medically qualified applicants and the Science 
Research Council has accepted the course as 
suitable for the tenure of its Advanced Course 
Studentships. 

Requests for further particulars and application 
forms should be sent to: Professor J. M. Zarek, 
Head of the Mechanical Engineering Department, 








University of Surrey, Stag Hill, Guildford, 
Surrey. (903) 








UNIVERSITY OF SURREY 
RADIATION UNIT 
THE FABRICATION, CALIBRATION and 
APPLICATION 
of 
LITHIUM-DRIFTED GERMANIUM 
DETECTORS 
An informal one-day colloquium is to be held at 
THE UNIVERSITY OF SURREY 
Battersea Park Road, London, S.W.11 
on 
Wednesday, April 30, 1969 
For further details, please apply to the Radiation 
Unit. (926) 


D n—————————— RR 


UNIVERSITY OF LONDON: A LECTURE 
entitled *' Complexometry and its influence on 
Analytical Chemistry " will be delivered by Pro- 
fessor R. Piibil (Prague) at 2 p.m. at the Chelsea 


College of Science and Technology, Manresa 
Road, Chelsea, S. W.3, on March 14. Admission 
free, without ticket.—M. A. Baatz, Academic 
Registrar. (902) 


UNIVERSITY OF LEEDS DE 


AND DYEING 
M.SC. COURSE IN COEOUR CHEMISTRY 
Applications are invited tor entry 6 a twelve. 


month postgraduate course commencing October, 
1969. The course, ae 2 


course will be concerned with practical instruc- 
ions and a research project, 
normally possess a good iSonours degree (or ija 
equivalent) in chemistey or a related subject. 

The course is accépted’ as suitable for the 
tenure ot S.R.C. Advances: Course Siudentships. 
Firms wishing to second members of their Stati 
may reserve places for ca:didates to be named 
at a imer date. 

Applications and inquiries should bs addressed 
to Professor I. D. Rattee, Department of Colour 
Chemistry and “Dyeing, The University, Leeds, 





UNIVERSITY OF KEELE 
DEPARTMENT @F PHYSICS 
ACADEMIC YEAR 1969-70 


The folowing two postgraduate courses icading 
ae the M.Sc. degree by cxamination are avail ; 
abie: ; 


QUANTUM ELECTRONICS which includes 
quantum effects in solide and gases, magnetic 
resonance, masers and aasers, semiconductors, 
superconductors, non-linear Omics coherent 
Optics. 


FUNDAMENTALS OF CERAMIC TECHNO. 
LOGY ün conjunction with Chemistry Depari- 
ment and North Staffordshire College of Tech. 
nology) which includes slid state physics and 
chemistry, principles of ceramics, ceramic tech. 
nology, 

Both of these courses inJlude practical exercises 
and à study project. These courses are recog- 
mized by the Science Research Council for the 
tenure of Advanced Coume Studeniships. 


_ Application forms, broshure and further par- 

Hculars, including accommodation available, from 

the Registrar, The University, Keel, Staffs, 
(958) 


UNIVERSITY CF GLASGOW 
(Departments of Astronomy and Aeronauties and 
Fluid Me*haties) 
DIPLOMA COURSE IN 
ASTRODYNAMICS 
Commencing Coctober 1969 
Subjects c! Study 
Celestial Mechanics and strodynamics 
Numerical Methods and Programming 
Environmental Problems 
Propulsion Navigation ane Stabilisation 
Re-entry Problems 
Joint Project on the Recuirements of a Hvpo- 
thetical Mission 


Entry requirements: Degree or equivalent in 
Science  (Astronemy, Mathematics or 
_ Physics) or Enmgimeering. 
Duration: One Calendar Year with examination 
in September, 1970, 


Application forms and further information ob- 
tainable from the Regisiar, University of Glas- 
gow, Glasgow, W.2, Scotland. (911 — 


M.SC. COURSE IN PLANT TAXONOMY 


, A one-vear Course for M.Sc. by Examination 
in Plant Taxonomy is offred by the Department 
of Botany (Professor V. 4. Heywood, Ph DSe) 
and the Department of “xricultural Botany (Pro- 
fessor A. H. Bunting, MSec., D.Phil) in assocja- 
uon with the Royal S@otanix Gardens, K 
(Director: Sir George Taylor, F.R.S : 
course, which is recognized by S.R.C. as smitübüe 
for the tenure of Advaneed Course Studentships, 
will provide a thorough training over the wide 
range of modern taxonomic theory and practice, 
with special attention to economic aspects, such 
as the Taxonomy of crop plants. 
Applications, from graduates with a god 
Honours Degree, or hem  fünal-ear Honours 
students, in Botany or s related subject, should 
be submitted by August 1, 1969, £o the Senior 
Assistant Registrar, Room 222. The University, 
Reading, RG6 2AH, from whom further details 
may be obtained. (918) 








Applicants should s 
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+ 
You can use a refrigerated cooler unit with pump, it can be used as a cooled liquid 
your Grant SB bath and work down to source. 
temperatures of O°C. The illustration shows a Grant SB2 bath 
The CC15 cooler unit is able to cool the which has a capacity of 15 litres (approxi- 
largest SB bath to 0°C and maintain it at mately 3} Imp. gallons) with a CC15 cooler 
that temperature, but units with greater unit. 
capacity are available if a fast cooling rate is , 
required or if large amounts of heat being UK prices 
fed into the bath have to be dissipated. SB2 £38.00 (£43.00 if fitted with a pump) 


If the SB bath is fitted with a centrifugal CC15 £44.00 
Grant Instruments (Cambridge) Limited, Barrington, Cambridge CB2 50Z, England Telephone: Harston 528, Telex: 81328 


P -d in Great Britain by FISHER, KNIGHT & Cu, LTD., St. Albans, and published by MACMILLAN (JOURNALS) LIMITED, 
— at 4 Little Essex Street, London, W.C.2— Saturday, March 5, 1969. 
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New Design Model $3-3 in. Bore 
BENCH MOUNTED CENTRIFUGAL LATHE 


Specification Speed range 60-1800 RPM - 
Spindle Bore 3 in. dia. 
Swing over bed 16 in. | 
6 splined main drive shaft 


Equipment Quick acting chucks 


Centrifuging saddle 
Bearing Bracket for Carbon Roller r 


Other models available S 3-2 in Bore, Speed range 60-2500 rev/min. 
S 3-2 in Bore, Speed range 5-480 rev/min. 
S 3-3 in Bore, Speed range 3-360 rev/min. 


May we send you details of our range of lathes and equipment 
NVrite or phone: 


The HEATHWAY MACHINERY CO., LTD. 
UXBRIDGE ROAD, HILLINGDON, MIDDX. 
TEL.: UXB 36345/6 * GRAMS: HECO UXBRIDGE 


Jr contact one of our Overseas Agents : Canada: Nortel Manufacturing Ltd.—Scarborough, 
Jntario, France: P. Foulon—-Paris. Holland & Belgium: A, Bruyaux—Amsterdam, Australia: H. B. 7 


Selby, Scandinavia: Kebo—Stockhalm. U.S.A.: Bethlehem  Apparatus--Hellertown PA. 
switzerland: Ernst Keller—Basle, Germany: Hahn & Kolb—Stuttgart. 
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Edwards new E180 — 














1 Partial pressure measurement 
2 Total pressure measurement 
3 Leak detection 

4 System monitoring 


— all in one inexpensive instrument 






| Scan of gases present in an 

| Edwards experimental coating 

unit during evaporation 
Emission: 40 uA 
Range: 3x 10 5 torr 
Pressure: 5 x 10? torr 






Compare these features with those of any other 
similar mass spectrometer partial pressure gauge 


B Mass range 1 to 105, Push-button 
selection of masses 1, 2, 3 and 4. 

W Direct reading, linear mass scale. 

@ Unit mass separation to mass 70. 

E Partial pressure measurement to 
10?” torr. 

E Total pressure measurement to 
10-"' torr. 

B Fast and slow scanning speeds. 

M Suppression facility for monitoring 
single peaks in detail. 


Edwa rds 
4/1444 






E Minimum detectable leak rate for 
helium 10^? torr litre/sec (sys- 
tem with 1 litre/sec helium pump- 
ing speed). 


B Magnet and head bakable in situ. 


B Automatically protected, long-life 
rhenium filaments. 





What about your system? The chances are that the E180 can increase its efficient 
use enormously. Ring extension 311, and we'll tell you how. Or write for Publication 


No, 13852. 


Edwards Instruments Limited A member of the BOC group 


Manor Roval, Crawley, Sussex, England 
Telephone Crawley 28844 Telex 87123 Edhivac Crawley 
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Amino acids Nucleosic 
and Derivatives Nucleotides 
Enzymes Ca rbohy crat 
Enzym substrates Steroids 
Coenzymes Vitamins 
Fatty acids iochemical 


Nucleo bases auxiliaries 


Please ask for our complete catalogue on Biochemicals. 


E MERCK AG 





Don't fail to visit us at the Labex from March 25th to 29th in London stand C3 
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See Baird & Tatlock 
Group Exhibits 
STAND D2 LABEX 
STAND 17 MEDEA | 








manufacture 
recision 





LIP EATEN AGE ON, 








Unitemp 
Dry heat 
Steriliser 





Capacity - and Control 


The Unitemp Dry Heat Steriliser takes a really big load inside that stainless steel chamber. 
And, whether you use it as an oven or a steriliser, you get fast and accurate temperature 
seitings because of the integral fan system, 

Chamber Dimensions: 28^ high, 32” wide, 20" deep 

Temperature range 50~ 250°C 

Price £335.0.0. Cat. No. 322/0400. Ask for leaflet T 197. 


Steriliser performance complies with all the temperature requirements of B.S. 2648 and 
B.S. 3421. 


Write or ‘phone for further information. 





— n - Baird & Tatlock (London) Ltd., Postal address: P.O. Box 1, Romford, RM1 1HA 
EE Situated at: Freshwater Road, Chadwell Heath, Essex 
Member of Tarmac Derby Ltd Telephone No: 01-590 6081 . Telex: 24225 Bairhop * Cables: Burette Romford 


TASIBT. 1898 
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25 —291& AN INTERNATIONAL 
MARCH, EXHIBITION 
me” OF LABORATORY 
INSTRUMENTS 

* 1 uL APPARATUS 


NT EQUIPMENT 
© full programme of LABEX lec- 
tures in which eminentscientists A D SU PPLI EF 


review current trends in their 
special fields. 


Q ^ series of discussion meetings | | j "g | 
on topical scientific subjects. | . | 

Full details and admission tickets from | : | 

the organisers: — 

U.T.P. EXHIBITIONS LTD., | | 


Racquet Court, Fleet Street. 


















London, E.C.4. Tel: 01 353-6444 


Sponsored jointly by Scientific Instrument 
Manufacturers’ Association of Great Britain, 
and the Publishers of LABORATORY 
PRACTICE. 
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You are looking at one ofthe 
pair of porous polyethylene discs 
from the end-piece of a : 
Whatman precision 
chromatography column 

There is one disc like this in 
each of the sliding piston-type 
column end units. The function 
of the in-feed disc is to ensure 
even loading of the sample onto 
the surface of the column bed 
This is just one of the features 
that make possible high 
resolution chromatography 
using Whatman columns and 
Whatman advanced . 
ion-exchange celluloses 


Vrite for full informat 


H Reeve Angel & Co Limited W & R Balston Limited 


14 New Bridge Street London EC4 oringfield Mill Maidst 


a iradem 








Subscription Rates 


DIRECT POSTAL SUBSCRIPTION RATES 
*12 MONTHS (52 issues, 4 indexes) 


AIRFREIGHT 
United States...........2c0cceeeeeesee. 948 
Canada <....cscdncececvesavessvsscess 62 


SURFACE MAIL 
Elsewhere overseas, U.K. and Eire........ £14.0.0 


* Shorter Periods Pro-rata, 


ORDER FORM 





Please send me......copy/copies of NATURE each week for........monthe 


starting with the issue dated *£ok o eS He He HE 4 RH * X 4 koWo Ro o x ROROR ERK x Bo 46 € à» 6 X € o ERE RH X 6 9o X Ee S m d» HH s 


for which | enclose remittance* valU@,.,..s.ssssrressessssssvssasa 
* Cheque, international Money Order or Bankers Draft on London, 


ow 9 os - Oo V 4 Xo 9 À qOR O9 OF LN O9 0 4 9 0 BS X03 EN FS VOY X 6 9 0€ X à RE RAR 9 o Y» Y REE RR AEA eh ARE HERR RAL 4 X 3 HREM KG & o8 X v 


ZIP OR POSTAL CODE. oL S E RELEAS ME AIR DUE X SALAEAS Cela asd ce UE HE Y V d al E oed Id ea e 


ZIP essential for U.S.A. 


The publisher would appreciate this additional information 


BRANCH OF SCIENCE 


OR TECHNOLOGY au covers Siu wh ERR RR der a pes PRO E RCE UR RUEA RU I CROP E CIE Oe a Rec E OR le CENA 


ORGANIZATION oerte reo dut a dove ob ok Pan ac n oe Ea a E d — É CLC CL eC TERT Tee TT 


wee OR OV OX Bo N 3 D KR e 9 RR 9 d € BOX Re ETE ER A 08 X 04 Kk Roy 8 RHODE H 9 o3 4 ROX EEO * POX VOX kon 9 E 9 po Ck OR od & B KEKE SW 4 à m4 


o4 x» 3 & 4 CPM qXodG X WoW ROA V3 WR TEAR pod 8 OX P$ 9 o VUE X ok OX € CAR 9 RR X Xx Vo V X 9 ox 4 à & X o 4d vo P$ € REET x ko 5^3 OR 9 5 09 * 3 8 6 KE KR ? 4 4 à v EE EE 


NATURE OF WORK 


(RESEARCH, DEVELOPMENT, TEACHING, ETC,)......ccccuece eese Pduaqus gd Ee Eos 


DATI SUV sous RE ROCA COCA AGER Ek SIGNATURE Cos ieieanicdw sae ecb eee WEN A EX XC RO dace 


POST TO Subscription Department MACMILLAN (JOURNALS) LTD, 
Brunel Road, Basingstoke, Hampshire, England 
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No one knew how a book written by a philosopher about a subject 
so concerned with biology, astronomy and astro-physics would 
be accepted ) 





This is how Persons by Roland 
Puccetti həs been accepted 


‘He is a witty, incisive, almost insolent writer. Professor Puccetti 
dazzlingly draws upon a host of different disciplines to show that belief 
in extraterrestrial intelligence has now acquired a scientific basis 

and hence a logical status no longer on a par with metaphysical 

or religious beliefs. He handles his evidence and his arguments with 
astonishing dexterity. Biology, astronomy and astro-physics are raided, 
plucked of vital scraps and pressed.down into a few slim chapters which 
contain more to excite the mind than the shelf-full of fat space books 
which | reviewed a fortnight ago.’ Dennis Potter, The Times. 


‘The last philosopher to write seriously about beings in outer space 
was Giordano Bruno. They burnt him. Don't burn Puccetti; read him 
instead.' Alistair Maclntyre, The Guardian. 


' Without labouring the fact, Puccetti shows that analytical philosophy 
has a direct bearing on topics of general human interest—in particular, 
on the more speculative edge of scientific enquiry. Even if there is 
nobody there...the intellectual journey represented by this book is 
worth making for the fresh perspective it offers on ourselves.' 
Anthony Quinton, The Listener. 


50s 
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„the biologist’s electron microscope with the 
most advanced specimen handling facilities 


The ability to change specimen holders 
with ease and speed is a significant benefit 
built into the AEI EM801. 


You can choose from: 
(a) A specimen holder to carry six specimens 
atonce. 


(b) A specimen holder to tilt specimens + 20°. 
(c) A specimen holder to tilt specimens + 30°. 


(d) A specimen holder to examine a string 
of up to 250 serial sections. 


All holders are of the plug-in type, directly 
interchangeable, and are electrically driven at 


d IRATUS 


a controlled speed. The objective focal 


length and resolution of the microscope does 


not alter with change of specimen holders. 


These advanced and versatile specimen 
handling facilities, coupled with a genuine 


5A point-to-point resolution, are but some of 


the outstanding features of the AEI EM801. 


Leadership through choice 
AEI's strength in electron microscopy lies in 
long term development, the results of which 
enable them to offer a range of six other 
electron microscopes to meet most budget 
requirements and research applications. 


For information contact GEC-AEI (Electronics) Ltd., 
Scientific Apparatus Division, P.O. Box 1, Harlow, Essex. 
Tel: OBS 96 (Harlow) 26761 And in the U.S.A. contact: 
Picker Nuclear, 1275 Mamaroneck Avenue, White Plains, New York. 10605 


EM7—The European million volt electron 
microscope. 

EM8—3À resolution for ultimate resolution 
research. 

EM802—Fu! goniometer facilities for 
crystallograpny. 

EM6B—Lorg established and well tried 
high resolutien instrument for biologists. 
EM6G—A general purpose instrument for 
all research. 

EM6M—A high quality medium-priced 
instrument far small budgets. 


AEI 
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from The Source 
HEAVY OXYGEN PRODUCTS 


The heavy oxygen separation plant at Rehovoth, Israel, 
has been the world's basic source for the stable isotopes 
of oxygen for over 15 years. 

Increased efficiency of operations now permit; 

WE the reliable supply of oxygen-17 and oxygen-18 as O? 
gas enriched to 80 and 99 atom */s respectively — the 
highest enrichment anywhere available; 

E New low prices and smaller package sizes for oxygen- 
18 enriched water, for example: 


Oxygen-18 Water, 97 atom */o O'? 


51-080 Unnormalized (D;0'^] 0.5 gm: $250 


1.0gm: 400 
51-071 Normalized (H20'°,0.02 atom ?/sD) 0.5 gm: 275 
1.0 gm: 440 


B Miles-Yeda also produces the broadest range of 
oxygen-18 labeled compounds—over 50, with a selection 
of enrichments in most cases. Also deuterated solvents 
and carbon-13 and nitrogen-15 labeled compounds. 


Distributed world-wide by Miles Laboratories, Inc. 
Full details in new Research Products Catalog 


mites RESEARCH PRODUCTS DIVISION 


MILES LABORATORIES, INC. 
Elkhart, Indiana 46514 ULS.A, 
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WHICH MICROSCOPE FOR LESS 
THAN £40 


ASA—ENBEECO 


STANDARD 
MICROSCOPE 


WITH R.M.S. 
EYEPIECES AND 
OBJECTIVES 
MODEL F.I. 


Standard Microscope, in- 
clinable with centring and 
revolving stage, triple nose- 
piece, coarse and fine 
adiustment, tube length 
160 mm., 2 lens substage 
condenser (NLA, 1.0) with 
iris diaphragm, plano-con- 
cave reflecting mirror 48 
mm,diameter. The optical 
outfit consists of one 
uà each 5x, 10x and 40x 

POM RREN achromatic objectives, and 
one each x10 and » x15 eyepieces, Magnification range x50 to x600. Complete 
in wooden cabinet. Price £39. 8s. Od. 


Also available Model F.E.E. as above but incorporating a 15 watt light source 
using mains supply, Price £46.2s. éd. 





For immediate despatch from : 


W. A. QUINN LTD. 


12 FULWOOD PLACE, HIGH HOLBORN, LONDON, W.C.1 
Telephone: 01-405 5268 








Green's filter papers 


Filtration is becoming increasingly important in 
the field of laboratory and scientific study and 
practice, with modern requirements being met only 
by the most up-to-date methods and materials. 

Be sure you are using the right filter papers. 

Write for a free copy of our booklet 
‘Signposts to Better Filtration’ (ref N) 


J. Barcham Green Ltd 


Hayle Mill, Maidstone, Kent 
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Land Evaluation 
. Papers of a CSIRO Symposium in cooperation 
| with Unesco, Canberra, 26-31 August 1968 


| Edited by G. A. Stewart, 
Chief of the CSIRO Division of Land Research 


The most comprehensive and up-to-date assessment of recent advances in the 
science and technology of land evaluation. At the Symposium, 7 commissioned 
papers and 25 voluntary contributions were presented. This book contains these 
32 papers which represent the work of scientists from the USSR, Canada, Great 
Britain, the United States and Australia. 


350 pages £10 


Metabolism of Amines in the Brain 


Proceedings of a British and Scandinavian 
Pharmacological Societies Symposium, Edinburgh, 
July 1968 


Edited by G. Hooper, 
Department of Pharmacology, Edinburgh University 


This book consists of the papers presented at the Edinburgh Symposium on the 
distribution, release and turnover of amines in the central nervous system. A report 
of the discussion which followed the lectures is included, and the whole has been 
prepared for publication by a number of the participants. 


50s. 


Polymer Systems: Deformation and Flow 


Edited by R. A. Wetton, Loughborough University 
and R. W. Whorlow, University of Surrey 


The Proceedings of the 1966 Conference of the British Society of Rheology in- 
cluding 29 papers by some 40 contributors. It provides a comprehensive survey of 
current views on the mechanisms of flow in liquid polymers and o? deformation 
in solid polymers. Particular emphasis in the solid section is placed on the poorly 
understood deformation mechanisms in partially crystalline solid polymers. 

‘The book is very well produced and the reviewer found the individual articles inter- 
esting and on the whole well presented.'—The Philosophical Magazine. 


336 pages 70s 


Macmillan Little Essex Street London WC2 
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MACMILLAN 
NEW AND FORTHCOMING BOOKS 


PULSATING STARS This volume contains the first 51 papers to have appeared 
in Nature on the astronomical discovery of the year, together 
with introductions by Dr A. Hewish and Professor F. G. Smith. 
Rapid publication has ensured that this historical collection 
is available within nine months of the announcement of the 
original discovery. 


7128 pages Illustrated 7968 60s. 


NATURE SCIENCE REPORT An opportunity to recall the spectacular discoveries and 
ON 1968 important progress in nine very different fields of science. 


Intended not just for professional scientists but for all those 
who seek to know what is happening in science. 


"Of great value to those who want a lucid summary of recent 
important progress." Science in Action 


720 pages Illustrated 7968 7s. 6d. 


ENGINEERING OUTLINES 2 A compilation of specially commissioned articles which have 
Edited by A. A. H. Scott appeared regularly in the British journal £ngineering, designed 
M S to be compact sources of information about scientific and 
engineering subjects. They are intended for non-specialists 

as well as for engineers and scientists. 


224 pages Colour and half-tone illustrations 1968 60s. 
Copies of Engineering Outlines 1 are still available at 42s. 


METABOLISM OF AMINES IN This book consists of the papers given at a symposium of 


the British and Scandinavian Pharmacological Societies 

be A roe - B (Edinburgh, July 1968) on the distribution, release and 
ite p eer turnover of amines in the central nervous system. 

74 pages /iustrated January 23 1969 50s. 

FLOW IN CHANNELS 176 pages illustrated January 23 1969 55s. 


By R. H. J. Sellin 


ENGINEERI N G HYDROLOGY 792 pages Illustrated January 23 1969 55s. 


By E. M. Wilson These are the first two of a group of books under the general 
editorship of Dr E. M. Wilson, to be known as MACMILLAN 
CIVIL ENGINEERING HYDRAULICS. 


These books have been written for students, although prac- | 
tising engineers will find them valuable as well. Among the ~ 
the other titles planned, however, are some intended chiefly 
for research students and practising engineers. 


MACMILLAN & CO. LTD. 


Little Essex Street, 
London W.C.2. 
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WORTHINGTON 





RNase-free DNase, 
DNase-free RNase... 


the cleanest, sharpest tools 
for molecular biology 
come to you direct 

from Worthington 





Unlike other biochem:cal supply 
houses, mere re-sellers, we make all 
our own enzymes. We have adapted 
such specialized analytical techniques 
as column chromatography, free-flow 
electrophoresis, and diss gel electro- 
phoresis to routine enzyme produc- 
tion. From our efforts come enzymes 
with the purity and high activity re- 
quired for demanding research work. 
* For example, our ch: omatographi- 
cally-prepared pancreatic ribonu- 
cleases, RAF and RASE, are free 
of that last 1% impurity found in 
other preparations. Even though we 
sacrifice half our yield in final puri- 
fication, our RNA materials are 
priced competitively 


* Another ribonuclease for nucleic 
acid chemists, our RT, has twice 
the activity of any other commer- 
cially-available product. 


e Our standard onee-crystallized 
DNase and our chromatographi- 
cally-prepared alkaline phospha- 
tase both are upgraded electropho- 


retically to eliminate trace RNase. 


The preparation of each of our 200- 
plus enzymes is carried through by 
the one person who best understands 
the process. His records provide the 
complete history of each batch of 
every enzyme. If necessary, we can 
trace any material back to its source. 


Re-sellers can't do tnis. They merely 
slap a new label on the bottle and 
stick it on the shelf 


Ask for the Worthington catalog. 


> 


Dept. K | | 
Freehold, New Jersey 07728 


FOR RESEARCH booklet. 


C) Send the compiete Worthington En- 
zyme Manual. | am à new customer. 





Name 
Title 
Institution 
Address 
City 


State Zip . 


at 
O Send WORTHINGTON ENZYMES | 
w 
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The effectiveness of 


disruption by ultrasonics 
is well proved... 


The MSE 100W 
Ultrasonic Disintegrator 
adds REPRODUCIBILITY 





MSE Ultrasonic Disintegrators have long been used for the disruption 
of tissue cells, bacteria, etc., without destruction of the morphological 
components. 


They are also used for the preparation of antigenically active extracts, 
the preparation of DNA, the study of subcellular fractions, enzyme 
systems and other biological subjects. 


Now, the variable output of the MSE 100 Watt Disintegrator gives 
greater selective possibilities of disruption, whilst measurement and 
control of probe amplitude permit accurate reproducibility of 
experiments. 


The cell shown above is from an electron micrograph of pseudomonas 
after treatment with an MSE Ultrasonic Disintegrator. 





MEASURING & SCIENTIFIC EQUIPMENT LTD. 
25-28 BUCKINGHAM GATE, LONDON S.W.i. ENGLAND 
Telephone: 01-834 7373 Telex: 22666 Cables: Emeselool, Sowest, London 
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in USA: MSEINCORPORATED, 811 SHARON DRIVE, WESTLAKE, OHIO 44145 





GD 460 


No. 


NATURE 


MACMILLAN (JOURNALS) LTD. 
5185 | SATURDAY, MARCH 15, 1969 


CONTENTS 


How ro Keep your PowpEgR Dnv-—Tur NEARLY Oren Universiry—Carbon 
Fibres — Accelerators — Physics —Aviation — Space — Architecture —— Space— 
Nuclear Proliferation — Engineering — Gas — Medicine — Medical Research — 
Societies —Engineers—Field Studies—History of Science— Literature-—Libraries 
— Parliament in Britain . ; ; | ; : : : ` 


News and Views—IsS THE PLACENTA POROUS ?—PursAR FLASHES PHOTOGRAPHED 
— Electronics — Astronomy — Physics — Mathematics —Enzymes — Mammals — 
Botany —Medieal Biochemistry —Cell Biology —Biochemistry—Molecular Biology 


RETROSPECT AND Prospect OF ALDABRA RESEARCH by D. R. Stoddart 


IMPROVING THE RICE PLANT AND ITS CULTURE by Robert F. Chandler, jun. 


ECLIPSE PREDICTION AT STONEHENGE by R. Colton and R. L. Martin 


CATABOLITE SENSITIVE SITE OF THE lac OrERON by Allen E. Silverstone, Boris 
Magasanik, William S. Reznikoff, Jeffrey H. Miller and Jonathan R. Beckwith 


SEQUENCE OF THE in vitro TRANSCRIPTION or T4 DNA by Gabriele Milanesi, 
Edward N. Brody and E. Peter Geiduschek . ; : ; i 


* 


MECHANISM OF ACTION OF REAGENTS THAT UNCOUPLE OXIDATIVE PHOSPHORYLA- 
TION by Eugene C. Weinbach and Joel Garbus 


How Far DOES THE RIFT System EXTEND THROUGH AFRICA ? by J. D. Fairhead 
and R. W. Girdler 


MAGNETOSPHERIC SUBSTORM AS A DiscHARGE Process by Syun-Ichi Akasofu . 
OPTICAL FLASHES FROM THE CRAB NEBULA M1 by R. V. Willstrop à : 


New HALOCYCLOPROPANE INSECTICIDES AND THE Mope or Action or DDT by 
G. Holan : : 


* LJ R 


Porosity or THE Mouse PLACENTA TO MATERNAL CELLS by Maureen Tuffrey, 


N. P. Bishun and R. D. Barnes 
MOLECULAR DETERMINANTS OF OBLIGATE PsycHROPHILY by Neil L. Malcolm . 


UNEXPECTED HIGH INCIDENCE or TUMOURS IN THYMECTOMIZED MICE TREATED 
WITH ANTI-LYMPHOCYTIC GLOBULIN AND Mycobacterium leprae by J. M. Gaugas, 
F. C. Chesterman, M. S. Hirsch, R. J. W. Rees, Jennifer J. Harvey and C. 
Gilchrist : ; . ; l ; 


Letters to the Editor (see overleaf) . 


Book Reviews by W. M. S. Russell, Marie Jahoda, D. W. Taylor, Marie Boas 
Hall, Brian Styles, Sarah Bunney, B. Fleet and Andrew Millington 


Correspondence—Medical Teachers’ Pay by Norman Morris, Tan Bouchier, Gordow 
Cumming, Alastair Connell, Robert Lowe, Iain Macintyre, Clifford Mawdsler 
and Sidney Truelove . ‘ 


University News—-Appointments—Announcements 


International Meetings . 


Vol. 221 


1004 
1007 


1011 
1012 
1014 
1016 


L018 
1020 
1023 


1035 


1029 
1031 


1033 


1037 


1077 


108] 


1082 


1083 


(Continued overieaf) 


XVI l NATURE, MARCH 15, 1969 


p 
4 
1 
t 


. VU ehian 
i 








The new Unicam SP45 Concentration Readout Unit is correction is carried out automatically where necessary 
designed primarily to convert the output of the well-proven The SP45 Unit will prove indispensable to busy routine and 
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concentration units, The Unit gives a highly-accurate reading laborious plotting and calculation of calibration curves. 
which can be displayed on the large built-in meter or fed to Write ortelephone Pye Unicam today for full technical details 
3n external recorder or digital printer. Four linear scales are of the Unicam SP90 Atomic Absorption Spectrophotometer 
provided for both concentration and absorbance. Curvature with this important new accessory. 
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How to Keep your Powder Dry 


Tue governments of Britain, the Netherlands and West 
Germany have embarked on an interesting expedient 
to provide themselves with enriched uranium in the 
seventies, and it would be ungenerous to suppose that 
any of them is so innocent that it considers it will be 
easy to conclude a final agreement by the time of the 
next meeting of ministers arranged for June. Enough 
has been said about the potentialities of gas centrifuges 
as means by which small countries may circumvent the 
provisions of non-proliferation treaties and the like for 
the whole subject to be charged with political signifi- 
cance. The months ahead are bound to be full of 
recriminations, and it will no doubt often be hard to 
tell just where genuine political anxiety stops and 
commercial interests supervene. No doubt there must 
have been times in recent weeks when the three govern- 
ments must have felt it would have been simpler to 
sign an agreement and then present their potential 
critics with a working plan, not just a declaration of 
intent. It is to their credit that they have now made 
possible a serious publie diseussion of the schemes on 
which they have set their hearts. 

The most obvious sense in which the proposals of the 
three governments will make trouble springs from the 
potentially military character of operations like these 
and from the special place which West Germany occu- 
pies in discussions of the spread of nuclear weapons. 
The communiqué published after the second ministerial 
meeting on Tuesday this week suggests that discussions 
have already gone far enough for some detailed plan- 
ning to have taken place. In principle, it seems that 
there would be two production plants using centrifuges 
to separate fissile uranium from the natural material, 
one in Britain and one in Holland, but both owned and 
controlled by a tripartite consortium. At the same time, 
there would be a à separate industrial consortium, with 
headquarters in West Germany, responsible for the 
manufacture of gas centrifuges and for the construction 
of isotope separation plants. This disposition. of 
responsibility is not merely tactful but also a sign that 
the undertaking of West Germany in 1954 not to manu- 
faeture fissile materia] on German territory is not now 
to be thrown overboard. 

This, however, will not stifle the complaints of those 
who insist that West Germany should stay forever 
innocent of the technology of manufacturing nuclear 
explosives, which is why it is essential that in the 


next few months the governments of the three 


countries concerned should make more explicit their 
thinking about the operation of the "inter-govern- 
mental joint committee" which will be responsible for 
poliev, including questions about the potentially mili- 
tary uses of nuclear explosives. Will this body be 


willing to make some positive gesture of innocent inten- 
tions to the international inspeetors operating from 
Vienna ? There is, after all, no reason why it should not 
give the IAEA more freedom of aecess than that 
required under present arrangements. A gesture along 
these lines is the least that can be looked for. The 
objective should be to find some way of making sure 
that other nations with understandable if unfounded 
suspicions about the uses to which the plant will be put 
should be less and not more anxious once an agreement 
is signed. 

The political consequences of an agreement to manu- 
faeture enriched uranium will not, as it happens, be 
confined to anxieties about the spread of nuclear 
weapons. There will also be interesting and possibly 
entertaining repercussions within Western Europe. The 
truth is that even the suggestion of an agreement to 
manufacture fissile uranium on a tripartite basis 
within Western Europe is something of a triumph fer 
those who have been urging that the European 
Economic Community should properly inciude Britain. 
Indeed, the new development wil! probably give offence 
in Paris, and there is even a possibility that Mr 
Wedgwood Benn, who acted as godfather for the agree- 
ment earlier this week, will now be represented as the 
latest in the succession of British ministers who have 
deliberately set out to infiltrate or to undermine the 
EEC. Luckily, Mr Benn is as likely to welcome this 
kind of notoriety as poor Mr Michael Stewart, formally 
responsible for the leakage of Mr Soames’s conversation 
with General de Gaulle and for the earlier meeting of 
the Western European Union on the Middle East, was 
evidently embarrassed. It would be disingenuous to 
pretend that the British Government should not take 
some pride in the way that things have turned out. 
The EEC will not suffer unduly if it has to reconsider 
the issue of British membership at this depressing and 
even critical point in its own affairs. 

Unfortunately it does not need a long memory to 
know that sehemes for teehnieal collaboration which 
promise political gains as well often turn out to be 
economic quagmires. The Concorde (which left the 
ground a second time last week) isan easily remembered 
example of how wishful thinking can mislead. If 
anything, the collaboration on wl hich the three govern- 
ments have now embarked is even more an economic 
minefield. This is another matter on which the 
governments should be compelled to provide a fuller 
BOUE e w i Rod oe b een Oe 
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enriched uranium produced in the great American 
diffusion plants. To be sure, there is no certainty, and 
it is clear that any agreement signed next June will have 
to include provisions under which the collaboration can 
be terminated if there is no hope of touching the 
American price. The danger is that the political 
attractions of having some kind of an agreement will 
persuade the politicians to make an agreement which 
will saddle the nuclear industry in Europe with need. 
lessly expensive fuel. 

But why does Europe need to take this trouble ? 
Europe has awakened rather late to the prospect of the 
great demand there will be for enriched uranium in the 
early seventies. In Britain, for example, there is no 
prospect that the breeder reactors will be in service 
soon enough to be anything but substantial customers 
for fissile material in the seventies and even eighties. 
On the Continent, as it is called, the difficulty seems to 
be that the futile existenee of Euratom has somehow 
hidden from people the pace at which nuclear power 
stations are likelv to make inroads into the manu- 
facture of electricity. But the pace is quickening, and 
by the late seventies there will be a great need of 
enriched uranium. This is why the plans now being 
laid are aimed at the production of very large amounts 


NATURE, VOL. 221, MARCH 15, 1969 


of material. Obviously there is a great deal in the 
calculation that European nations could not allow 
themselves to depend on external sources for fuel, and 
that their chances of selling nuclear reactors to cus- 
tomers abroad will be improved if they can also offer to 
supply the fuel. 

So what will be the outcome ? The chance that the 
agreement will fall down because the technical objec- 
tives cannot easily be reached is real enough, but there 
are equal dangers that purely administrative questions 
will bring collaboration to a halt. Will the new enrich- 
ment company be given some kind of monopoly in 
Europe, for example ? How will the three partners be 
recompensed for their investment ? And will there be 
the customary depressing wrangle about which country 
is given orders for what items of equipment ? As with 
international athletics, there comes a point where 
collaboration is the surest way to perpetual distaste. Lf 
the three governments are realistic with themselves, 
they will acknowledge that the months until the next 
meeting in Bonn will not be all fun and games. But 
if they are right in what they say, and if they are 
prepared to be honest with themselves if events 
should prove them wrong, the enterprise is worth a 
try. 


The Nearly Open University 


WirH the announcement of the still unbuilt city of 
Milton Keynes as its seat of residence, the Open 
University has reached comparatively firm ground, 
but it would be premature to think that the University 
of the Air, as it was formerly known, has finally taken 
its head out of the clouds. The fact has yet to be faced 
that the Open University cannot be open to all, while 
the planning information on which the considerable 
administrative problems have to be worked out seems 
dangerously inadequate. Nonetheless, the organizers 
of the university are in the fortunate position of being 
able to do little but good—as long as they avoid raising 
false expectations. 

The Open University is the produet of two dis- 
coveries some 20 years too late. First, there came the 
realization that, as instruments of instruction, the radio 
and television are not wholly inadequate substitutes 
for the blackboard and chalk. Second, there is the 
insight that even if university education is not a right 
owed to every citizen who may benefit from it, it is 
nonetheless an economic necessity for an industrialized 
country such as Britain. Twelve per cent of seventeen 
vear olds were attending full-time education in Britain 
in 1961, compared with 75 per cent for the United 
States m 1960, and only 23 per cent are expected to 
do so by 1980. On this showing there will permanently 
be a sizable fraction of the population who have fallen 
off the educational tightrope at too early a stage and 
to whom the Open University may offer the chance of 
clambering back on. 

This is the target which Miss Jennie Lee has been 
aiming at all these years. How much salvage work 


can the Open University usefully do? As originally 
conceived, its gates would be open to all: “Enrolment 
as a student of the university should be open to every- 
one on payment of a registration fee, irrespective of 
educational qualifications, and no formal entrance 
requirement should be imposed” (4 University of the 
Air, HMSO, 1966). The university is now in the more 
realistic but semantically curious position of having 
“gateways” though no apparent gates. The gateways 
are preparatory courses which underqualified appli- 
cants will be advised to take before enrolling at the 
university. One of the hardest decisions facing the 
organizers will be the settmg of minimum performance 
standards on the gateway courses. If the porteullis 
falls too ‘heavily, the university will seem to belie 
its title, but, if it fails to fall at all, the university 
will be unable to dispense any education worth the 
name. 

The setting of minimum standards is particularly 
necessary in science subjects where each student will 
require a measurable investment both in money and 
administrative time if the need for practical work is 
to be met. Two ways of providing laboratory time are 
at present being considered, Residential courses will 
be held during the summer vacation at universities 
and technical colleges, which are expected to welcome 
the chance of renting out their under-used equipment. 
A fortnight of intensive practical work will, it is hoped, 
provide students with the essential part of what is 
covered in a residential university course. Laboratories 
are also under-used at evenings and weekends, and it 
is hoped to supplement the summer school courses by 
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arranging for students to attend locally available 
laboratories at these times. 

Access to laboratories is also a problem for the 
scientific staff, who are expected to continue their 
research activities in order to keep up with advances 
in their subject. This is a laudable intention, but in 
practice it seems that the tight schedule for preparing, 
testing and revising courses will leave little time for 
research work, at least in the early years. There is, 
too, the problem of teaching and doing research in 
widely separate places, which is why plans are afoot 
to build a laboratory at Milton Keynes principally for 
the use of the sixteen full-time scientific staff. 

One of the more delicate problems now to be faced 
must be that of appearing to differ sufficiently from 
conventional universities, despite the recent acquisition 
of such traditional pieces of costume as examinations, 
entrance qualifications—even if disguised—and a 
vice-chancellor, It is only to be expected that those 
who are accepted by the university will want its degrees 
to carry a prestige not too far removed from those 
conferred elsewhere, while those who are denied entrance 
will complain of unfair discrimination. So far, the plan- 
ners seem resolved to avoid too much aping of old 
ways: “The principle of the Open University is a 
major innovation in education; so must be its practice" 
(The Open University, HMSO, 1969). The "systems- 
analysis approach to learning’ that the planning 
committee advocates is certainly better than nothing, 
but mere obeisance to the current catchwords of what 
is known as educational technology should not conceal 
the considerable demands of such catchwords as 
programmed instruction, learning modules and inte- 
grated educational systems. These techniques, if 
properly applied, consume more time and thought than 
the present staff may be able to give. But the apparent 
lack of planning information is not a good omen for the 
future. Between 34,000 and 150,000 students are 
expected to enrol, but no clues seem to have been 
gathered as to the courses they intend to follow, and 
hence of the right number of staff to employ in each 
discipline. In short, the university is within sight of 
opening, but it is still as much a brave promise as a 
reality. 


CARBON FIBRES 


Problems of Exploitation 


WHEN three scientists at the Royal Aircraft Establish- 
ment at Farnborough discovered in 1963 a method of 
producing strong stiff carbon fibres, they set in motion 
changes which could eventually affect the whole of 
engineering. Meanwhile, there is for Britain the 
mundane but pressing problem of ensuring that the 
discovery is exploited in the way which will bring the 
greatest profit to the national economy. Doubts about 
this inspired the Select Committee of the House of 
Commons on Science and Technology to investigate 
the arrangements for exploitation; the report of the 
sub-committee, just published, suggests that there are, 
indeed, some grounds for concern. 

The committee’s deliberations hinged on the part 
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played by the National Research Development Cor- 
poration. NRDC, the normal azency for handling 
patents which result from work in government estab- 
lishments, has licensed three companies (Courtaulds. 
Rolls-Royce, and the Morgan Crecible Company) to 
develop carbon fibres and their applications. All three 
companies had in fact taken an interest in the work for 
some time before the licences were agreed, and the 
NRDC seems not to have had a great deal of choice. 
Both Courtaulds and Morgan have now reached agree- 
ment with American companies for the exploitation of 
carbon fibres in the US market. Morgan has set up a 
joint company with the Whittaker Corporation of Los 
Angeles to manufaeture carbon fibres in the US, while 
Jourtaulds has granted Hercules Inc., of Delaware, 
an exclusive licence to sell Courtaulds’ fibre there, 
with an option to manufacture it later. If this latter 
option is taken up, the agreement provides for a two- 
way flow of information between Hercules and 
Courtaulds. 

What the sub-committee had tc decide was whether 
or not these arrangements are to Eritain's best advant- 
age. Quite clearly, it is impossible to prevent American 
companies from developing carkon fibre technology. 
As Mr J. C. Duckworth of NRDC told the committee: 
“There is no prospect of keeping American producers 
out of the market indefinitely. This is just not possible 
for a number of reasons. . . . [suppose the main thing 
is the Buy American Act, and ‘he second is the real 
prospect that eventually Americans will find ways of 
making carbon fibres without ingringing our patents: 
and, thirdly, Americans will infringe if necessary. 1 
do not know if any committee members have knowledge 
of suing the American Government for infringement." 
The best thing to do, Mr Duckworth said, was to 
arrange the licensing agreements so that a full flow-back 
of American experience is provided in return for the- 
information given to them. This is why the NRDC 
decided to license the American companies through the 
British licensees rather than directly, although direct 
licences would have been more profitable for NRDC 
itself. 

But not everybody is happy with the arrangement. 
The Ministry of Technology tcid the sub-committee 
that in future it would examine very carefully any 
information supplied by government establishments to 
the firms concerned, “on the assumption that it will 
ultimately go across to America”. So long as the 
licences cover only the carbon fibre manufacturing 
process, there is no problem; this information is now 
all published, in the form of a patent. (Whether or not 
the patent is watertight will nct be known, of course. 
unless it is tested in the courts.) But information about 
composite technology generally. poses a more difficult 
question. The committee recemmends that this sort 
of information should be provided only to composite 
users like Rolls-Royce, which will pass it on “only if 
it helps to promote their overal] commercial mterest". 
Courtaulds and Morgan, whick have only an indirect 
interest in composite technology, should not therefore 
be privy to it. 

The sub-committee also says that the decision about 
which firms have access to composite know-how should 
be made by the government establishments themselves, 
and not by NRDC. This wouid mean that the appro- 
priate minister would be ultimately responsible for 
the decision. Presumably NRBC would still be respon- 








988 


sible for negotiating the terms of the licence—a process 
which seems to take a very long time. Mr Duckworth 
told the sub-committee that so far none of the three 
agreements with the companies has actually been 
signed, an announcement which seems to have caused 
some concern. 

The most substantial of the sub-committee's recom- 
mendations is that a large plant for the produetion of 
carbon fibres should be built without delay. A plant 
producing 450 tons a year of carbon fibre should be 
built jointly by the three licensees, with government 
support if necessary. If the licensees are unwilling to 
go ahead, two other possibilities are suggested. One 
is that the NRDC should look for a further licensee 
who would be prepared to go ahead; the other, more 
unlikely, suggestion is that the Atomie Energy 
Authority should set up its own plant. This would, 
however, require legislation, so the sub-committee adds 
that "every effort should be made to ensure that the 
AEA has a financial interest in a large scale plant", 
whoever builds it. The sub-committee recognizes that 
there is a risk in going ahead with a plant "before 
demand materializes”, but is convinced that the 
economies of scale would reduce prices so quickly that 
a large market would be created. It seems to have been 
particularly impressed by a study carried out by 
AERE Harwell which suggested that a plant producing 
150 tons a year could bring costs down to somewhere 
near £5 per lb, or even less. Courtaulds was far less 
optimistic, suggesting a price of between £5 and £10 
à ib ten years hence; the present price is about £100 
per lb. 


ACCELERATORS 


-Boosting NINA 


Ir is hard to see what the Daresbury Nuclear Physics 
Laboratory expects to gain from the design study 
which it has been carrying out for a 15-20 GeV electron 
synchrotron, The scheme is attractive enough—it 
makes use of the existing NINA electron synchrotron 
at Daresbury (Lancashire) as an injector of 3 GeV 
electrons for the new machine, which would save nearly 
£1 million—but in the present climate it must be as 
obvious a non-starter as accelerator designers have 
produced for years. The plan has been on the stocks 
for some time now (Nature, 218, 1095; 1968)—it was 
put forward first in a 1966 Daresbury internal report 
on large electron synchrotrons and then last year in 
an internal report narrowed down to the scheme 
involving NINA. But the genesis of the scheme was 
prompted by the success of the 20 GeV Stanford linear 
accelerator and the 10 GeV Cornell electron synchro- 
tron, which made clear the need for a machine with the 
energy of the linear accelerator but with the better 
duty cycle of the synehrotron, and encouraged Dares- 
bury to drop ideas of building high energy storage 
rings for NINA and to go in for electron synchrotrons 
instead. Daresbury has now published a preliminary 
design study of the work done since last year's internal 
report on what it calls the “NINA booster". 

Two schemes seem to be open for the NINA booster. 
Both allow for a maximum energy of 20 GeV with a 
current of at least 1 nA and a duty cycle of more than 
5 per cent, going up to 20 per cent if the electron energy 
does not have to be closely defined. The first and cheaper 
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scheme uses the present experimental halls, but un- 
fortunately involves the new synchrotron cutting 
across the NINA ring. If the disturbance in the opera- 
tion of NINA which this would involve is unacceptable, 
an alternative scheme is possible, but would require 
new experimental halls. Unfortunately, however, the 
Daresbury team do not consider in the report what is 
likely to be the biggest problem of all-—where the money 
will eome from. For, although the NINA booster is 
undoubtedly a cheap way of building a 20 GeV electron 
synchrotron, the basic scheme, providing 1 uA at 
15 GeV, would cost £3-8 million, rising to £4-9 million 
for 3 uA at 20 GeV, and £5-4 million for the scheme 
involving least disturbance to NINA. Noris it obvious 
how this preliminary study fits in with the SRC's 
manoeuvrings to join the 300 GeV project by running 
down the accelerators at. Daresbury and the Rutherford 
High Energy Laboratory, and the intention to reduce 
the 40 per cent of its funds which goes to nuclear 
physies. 


PHYSICS 


Instruments on Show 


from a Correspondent 

Lasour problems almost deprived participants in the 
53rd exhibition of scientific instruments and apparatus 
at the Physies Exhibition this week of the benefits of 
electricity. Nobody will be surprised that the pro- 
fessional descendants of Faraday managed, for the 
most part, to mount their exhibits as planned. The 
Physies Exhibition is always interesting and often a 
scene of faseinating contrasts. There is something 
almost whimsical about displaying devices measuring 
a micro-this or a nano-that in the hall at Alexandra 
Palace. In the Seientifie Instrument Manufacturers 
Association exhibit next door, incredibly sophisticated 
electronic hardware was being explained by demon- 
strators who were attempting to capture every erratic 
photon from the Calor gas radiant heaters mounted on 
obsolete porters' trucks. 

The quality of exhibits was well up to the usual 
standard. If there is a dominant new theme in the 
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Physics Exhibition it is the spread of the science into 
the medical, biological and agricultural fields. A 
simple instrument was shown to measure the motility 
of semen in an objective way; it raised more questions 
of physies than it answered when one saw spermatozoa, 
in serried ranks, breaking into frenzied group motion. 
Holography was added to radiography and ultrasonics 
as a medical tool, and infrared scanners displayed 
thermal images as diagnostic aids. A microstep motor, 
which works in rather the same way as lead was said to 
walk off church roofs (in the days when it could safely 
be left there), can jab micro-electrodes into nerves 
with interferometric precision. The surgeon is to be 
assisted by a whole host of devices, from a eryoprobe 
to an organ bank. Photosynthesis in wheat is studied 
with isotopes, and the permeability of soil is measured 
by simple mechanical apparatus. 

Of course, most of the exhibits demonstrated progress 
in the instruments and techniques of physics itself. 
Every branch of the subject was represented and one 
had to be selective in visiting the exhibition if intellec- 
tual saturation was not to ensue. We shall hear a great 
deal more of semiconductor indicator lamps; rugged 
and operating from a low voltage, their deep red glow 
can now be tailored at will into integrated circuits. 
Lasers grow more versatile each year and they were 
seen welding, reconstructing ultrasonic holograms or 
generating sub-picosecond pulses. The pattern of 
future computing was foreshadowed by digitized 
instruments on-line to computers, by desk-top special 
purpose computers and by a console connected to a 
large time sharing machine. Night was turned into 
day by electronic image intensifiers coupled to a large 
diameter lens, the whole system being 10,000 times more 
sensitive than the human eye. In a short account 
one can do no more than mention developments in 
microwave sources, metrological instruments of great 
elegance, new vacuum techniques, electron microscope 
accessories and gauges of all kinds. It was impossible 
to visit the exhibition without being impressed and 
inspired by such diverse achievements. 

The university and college exhibits were rather 
different. Some of them were purely for the benefit of 
other university teachers—an ingenious teaching labor- 
atory experiment or an elegant demonstration of some 
law of physics. Others exhibited ideas or techniques 
which are still in their infancy, but which, one hopes, 
will be taken up and become commercial devices in 
due course. One thing they mostly seem to have in 
common—they grow tattier each year alongside the 
lavish stands of industry or government establishments. 
The University Grants Committee and Science Research 
Council could spend a profitable day comparing the 
instruments and equipment available to the various 
branches of physics research represented at the exhibi- 
tion. The disparity became depressing when one 
saw a stand complete with a helium cryostat with 
automatic replenishment and thermostatic control 
not very far from one at which representatives of one 
of our leading technological institutions were using 
a thermos flask from Boots and a decade box which 
might have been on loan from the Science Museum. 
Despite these difficulties, the spirit of “academic” 
research shone through here and there. One of the 
most impressive stands at the exhibition featured a 
diagram, a cubic centimetre of silicon, a crude foam 
plastic model and a chart recorder trace. With such 
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AVIATION 


Gulls at Foulness 


Now that the Roskill Commission hes narrowed the 
search for a site for London's third airport to onlv 
four, popular movements, like the one which success. 
fully defended Stansted, are springing up. Of the 
possible candidates, Foulness is the one least likelv to 
inspire an upwelling of popular feeling, but already 
an ingenious defence has been put forward, by the 
British Trust for Ornithology. In its latest Newsletter, 
the trust publishes the results of a survey of the flight 
patterns of sea-birds over the proposed site at Foulness. 
As luck would have it, it turns out that the air lanes 
above Foulness are among the most congested in the 
whole of the south-east of England. Maplin Sands, 
just a little farther from the shore then the Foulness 
site, is a favourite roosting site for gulls, serving the 
whole of the gull population of Essex. 

The article published by the BTO was written by 
Dr W. R. P. Bourne, who used results from a survey 
by Dr Peter Rudge, Secretary of the umikely-sounding 
Foulness Wildfowl Counting Group. Pr Bourne says 
that at the height of the autumn passage in September. 
as many as 180,000 birds could be airborne on a broad 
front over Foulness, to say nothing of the wildfowl, 
and waders which also inhabit the amea, but which 
seem not to have caught the eve of the group. In mid- 
winter, the hazard would be less—perhaps only 
10,000—14,000 birds—but neither of these estimates 
takes account of the birds migrating te Maplin sands 
from the other side of the Thames Estuary. 

Dr Bourne argues that the building of the airport 
might disturb the birds temporarily, Fut he doubts 
that they will ever leave the area altogether, At high 
tide and at night they would continue to roost on the 
airport, and even if they did go, he thnks that they 
would still fly back and forth across the Maplin Sands 
between roosting areas inland and on tae estuaries of 
the Thames, Crouch, Blackwater and Medway. The 
birds would, he feels, constitute “a small but constant 
risk to life", as well as causing many millions of pounds 
worth of damage. Oddly enough, tae airport at 
Heathrow is also near roosting sites of gulls, but happily 
their flight paths from one roost to the next never seem 
to cross the approaches to the airfield. "This does not 
mean that the birds have learned to avoid the aero- 
planes, but simply that accidents of geography prevent 
the two from coming into contact. 

The danger of bird.strikes would not, of course, 
amount to a conclusive argument against Foulness if 
all else could be seen to be in its favour. One day it 
may be possible to devise a way of keeping birds away 
from aeroplanes, although for the moment the best 
approach seems to be to keep aeroplanes away from 
birds. One possible warning device, uader develop- 
ment at the National Research Coune:! in Ottawa, 
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consists of a powerful source of microwaves, which 
either makes the bird collapse insensible, or encourages 
it to fly rapidly away. In either case the effect soon 
wears off. But so far, no really effective method has been 
found to deal with the problem. 


SPACE 


ELDO's Future Programme 


DEsPITE the recent move by the four hard core launcher 
countries of ELDO to continue the development of the 
Europa rocket on a small club basis (Nature, 991, 790; 
1969), it is still considered essential that a full ELDO 
ministerial meeting should take place soon. This would 
be to settle the financing of this year's programme 
(already effectively committed) in the face of a failure 
by the ELDO council to agree the 1969 budget at 
Christmas. The other problem that faces the organiza- 
tion is the status of the future programme (which must 
be started without delay) and of the operational uses 
of the completed rocket. This is where the proposed 
club of the Four comes in. At the Christmas council 
meeting both Britain and Italy said they were not 
interested in the future programme, which includes a 
sizable slice of the “present” Europa | project. Their 
argument was that the revisions to the 1966 plan are 
so substantial as to amount to a new programme not 
authorized by the 1966 agreement—thereby freeing 
Britain and Italy from their commitments. 

The big practical problem is to guarantee the supply 
of Blue Streak boosters without definite orders from 
either ELDO or its rump. It is quite unreal to maintain 
a production line and keep together the skilled teams 
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on which this depends under such conditions. “What 
we need and have increasingly stressed over the past 
year”, a British Space Division official said this week, 
"is a clear undertaking that ELDO or this sub-group 
wants delivery of this vehicle at a rate of not less than 
two a year for X years with such-and-such delivery, 
reliability, etc." Britain last year guaranteed supply 
of Blue Streaks “at cost" to ELDO if the other mem- 
bers wished to pursue the programme. It is not, 
apparently, under an obligation to provide Blue Streaks 
to a sub-group (such as the club of Four) “but we 
would wish to do so”. Some hope of reaching a definite 
agreement on the supply of Blue Streaks is seen in a 
visit now fixed for next week of a group of eight experts 
from the club to the Blue Streak firms, Hawker 
Siddeley Dynamies and Rolls-Royce. They will be 
led by Mr J. Causse, head of France's CNES, who gave 
his name to the Causse report. "The fact finding tour 
is expected to last 2 to 3 days and to include the 
rocket test facility at Spadeadam, Cumberland, where 
team integrity is a particularly crucial problem. 


SPACE 


After Apollo 9 


THE Apollo 9 astronauts seemed, just before returning 
to the Earth, to have had a successful journey. Now 
the chances are high that NASA will be pressed to go 
for a Moon landing in May instead of the test of the 
lunar module in lunar orbit which is planned for Apollo 
10. There are a number of reasons why NASA should 
resist. For one thing, the lunar module is still untried, 
and its designers must be worried about December's 
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Two of the five houses which have been built at the University of Warwick to provide accommodation for visiting mathe- 
maticians. The scheme consists of five two-bedroomed houses and two one-bedroomed flats, each equipped with a study. 
The shape of the houses, the architects (Howell, Killick, Partridge and Amis) say, “derives from the need of mathema- 
ticians to have vast areas of blackboard, both as a work medium and a medium of communication". The walls of the studies 


consist almost entirely of blackboar 


d. By enabling mathematicians to bring their wives—and children—the University of 


Warwick hopes to encourage distinguished scholars from abroad to come to seminars. (Children playing in the central 
courtyard will not be a disturbance, because the architects have deliberately not provided windows on that side.) 
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crash during flight testing at Ellington Air Force Base 
of a $2 million simulation of the module. In any case, 
the lunar module which is to be tested to within 50,000 
feet of the lunar surface during the Apollo 10 mission 
is said not to be mechanically ideal for a lunar landing, 
and the time it takes to prepare a launching probably 
means it is too late now to make any changes. And, 
despite the proficient handling of the lunar module by 
Mebivitt and Schweickart, Apollo 9 has not been an 
entire success. It was probably too much to hope that 
it would be. The sickness which is becoming quite a 
problem on these flights prevented Schweickart from 
carrying out the spacewalk properly—and this was 
intended to be the last exercise outside the spacecraft 
before the actual lunar landing. At one point, the 
service propulsion engine also seems to have been hard 
to start. This is the engine on which the Apollo 11 
astronauts will rely to blast them out of lunar orbit 
for the return home. 

Before the critical sequence of events preceding 
splash-down, the Apollo 9 astronauts were practising 
the tracking of terrestrial landmarks and doing exer- 
cises with the spacecraft systems. NASA is also 
mollifying critics of its reluctance to promote Earth 
resources satellites by flying an experiment to obtain 
multispectral photographs of selected areas on the 
ground. Four Hasselblad cameras, mounted together 
with their shutters synchronized, provide four combina- 
tions of films and filters matching the combinations 
planned for the Earth Resources Technology Satellite 
(ERTS). The cameras fit in the hatch window and the 
photographs are taken with the spacecraft orientated 
for vertical photography. The aim is to see how much 
information ean be gleaned from photographs of the 
south-west United States where there is a good know- 
ledge of what there is on the ground, and of regions in 
Mexico and Brazil. 


NUCLEAR PROLIFERATION 


International Inspector 


Tue International Atomic Energy Agency has acquired 
a new Inspector-General. He is Dr Rudolph Rometsch, 
a Swiss who is the present managing director of the 
Eurochemic fuel re-processing plant at Mol in Belgium. 
Dr Rometsch takes over six months after the last 
Inspector-General, Allan D. McKnight, left the agency. 
Mr MeKnight would have been willing to stay on, but 
wanted a two-year extension of his contract. IAEA 
was willing to offer only a one-year extension, and 
Mr McKnight left to take up a post at the Science 
Poliey Research Unit at the University of Sussex. 

Dr Rometsch takes over as the IAEA faces its most 
crucial task, that of policing the non-proliferation 
treaty, which should come into force during his two- 
year term of office. So far, the reactors and experi- 
mental installations covered by the IAEA represent 
only a fraction of those capable of producing material 
of military importance; when the non-proliferation 
treaty comes into being, the list will be enormously 
increased. This is likely to involve Dr Rometsch both 
in recruiting new staff to undertake inspection pro- 
cedures, and in negotiating the details of the inspection 
procedure with the many countries involved. Dr 
Rometsch’s experience in the multi-national Mol plant, 
which is run by the European Nuclear Energy Agency, 
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is likely to be valuable. A physical chemist to begin 
with, Dr Rometsch obtained his doctcrate from the 
University of Basle, and worked for the Federal Insti- 
tute of Technology in Zurich and the CIBA company 
in Basle before going to Mol as director of research in 
1959. After five years in that positien, he became 
managing director. He is 52 this year. 

IAEA has also appointed a new directer of personnel, 
Muneer-Uddin Khan, who is from India, and à new 
representative at the United Nations, Lev Leonidovich 
Iseav from the USSR. 


ENGINEERING 


Stronger Towers 


Tur Greater London Council is to start work next — 


month on strengthening its blocks cf flats of the 
Larsen-Neilsen type, of which Ronan Point is the best- 
known example. A method has been devised which 
is easy to carry out and will cause only slight incon- 
venience to the tenants. The council has twenty-nine 
such blocks on nine sites in Inner Lendon—-four of 
seven storeys, twenty of ten storeys, and five of 
fourteen storeys (the Ronan Point block is twenty-two 
storeys high). Three of the blocks, at Barley Mow in 
Tower Hamlets, have been completed only recently 
and are unoccupied, and it is in one of these that the 
experiments have been carried out. in outline, the 
method is to inerease the existing strength of the wall 
to floor joints in each of the 1,276 flats oy bolting steel 
angles to the units at certain junctions. Now that it 
has been approved by the Ministry of Housing's Tech- 
nical Panel, the GLC’s intention is to start in east 
London with the first team of men and within three 
months strengthening work on every ste should have 
been started. It is hoped to complete the work by 
January 1970. 

Since the collapse of part of the Roran Point block 
last May, the council has been looking into ways of 
preventing progressive collapse in Ls system-built 
blocks. The gas supply has been taken out of all the 
blocks (and will not be replaced) and the walls in the 
ground storey protected against imoaet from un- 
controllable vehicles by the erection of banks and 
bollards; but, in order to ensure that the blocks can 
withstand a statie pressure of 2-5 pounds per square 
inch in accordance with a circular sent out by the 
Ministry of Housing and advice from the Institution 
of Struetural Engineers, the council decided that the 
joints must be strengthened. It has therefore produced 
this scheme, which can be completed from inside the 
building, in conjunction with Phillips Consultants Ltd, 
the firm of eonsulting engineers employed by the 
London Borough of Newham for th» Ronan Point 
block. 

The intention is to provide a tensile resistance at 
each floor level, in both directions, of more than 1,500 
pounds per foot, and also to ensure that all panels and 
all joints at floor level will resist the effects of the 
stated pressure of 2-5 pounds per square inch. The 
external wall as strengthened in the unoccupied block 
is now capable of resisting such pressure all over at 
any one floor level. In addition, the council has 
calculated that progressive collapse would be unlikely 


completely removed by an explosion or other cause. 
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The GLC expects that the work will be easy to 
carry out. The advantage of the type of anchor fixi 
used is that the holes are cleanly and precisely drilled 
to the correct depth where required with little noise 
and with practically no damage to decorations. 

The estimated cost of strengthening the twenty-nine 
blocks is £750 a flat, and the bill for the whole exercise 
of removing gas, providing and installing electrical 
appliances, and strengthening, is expected to approach 
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junction of floor and wall, showing the type of strengthening 
brackets which are to be fitted. 


£1-5 million for these blocks alone. The GLC is hoping 
that the Government will provide at least 50 per cent 
of its total costs, but this may be wishful thinking 
if all the other councils with blocks of the Ronan Point 
type or similar start making claims. It is also not clear 
whether the GLC's method will be suitable for blocks 
having a different arrangement of walls on plan, 
whether of the Taylor Woodrow Anglian construction 
(like Ronan Point and the GLC blocks) or of some other 
large panel system. The GLC advises that “each block 
must be treated as an individual case". 


GAS 


Problems of Conversion 


THE gas industry is perhaps a surprising candidate for 
the title of the fastest growing business in Britain. But 
within the next two to three years, gas sales in Britain 
should double—and double again in the two to three 
vears after that. “This is a rate of expansion for a basic 
industry almost unprecedented in post-war Europe”, 
says Mr L. W. Andrew, director of the Gas Council 
research, development and testing establishment at 
Watson House in west London. Natural gas from the 
North Sea, though it has not been the only reason for 
the surge in demand, is certainly the only way of 
meeting it, and the conversion of Britain’s 25 to 30 
million appliances is going ahead as fast as possible. 
Gas men tend to get lyrical about methane (“It’s a 
beautiful gas", says Mr Andrew), but burning it in 
existing equipment calls for a good deal of ingenious 
conversion. 

The prineipal drawback is that natural gas will not 
burn well in the non-aerated burners which have been 
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the mainstay of the industry's expansion over the past 
ten years. In this kind of burner, gas simply issues 
from a jet and burns. Because no air is drawn into 
the barrel of the burner, it burns quietly and keeps 
clean, which saves on maintenance costs. Why it 
works is something of a puzzle, but one that it has 
become important to solve. Nobody has yet devised 
an entirely satisfactory non-aerated burner for natural 
gas, although there are now several designs which may 
fill the bill. One of the most interesting is the matrix 
burner, developed at the British Petroleum Research 
Centre at Sunbury on Thames. This consists of a 
bundle of parallel tubes with their ends formed into 
hexagons which fit together like a honeycomb. Gas 
emerges from the burner through slits left between the 
neighbouring hexagons and mixes with air which comes 
through the tubes themselves. The burner is quiet 
and apparently efficient, but needs a chimney to draw 
air through it. 

But the main problem in converting to natural gas 
is simply the scale of the task. Of the 25-30 million 
appliances to be converted, only 6 million are still in 
production. The manufacturers have agreed to supply 
conversion sets for another 14-5 million appliances 
which have been out of production for less than fifteen 
years, and for a few more which, though older, are 
still in use in sufficiently large numbers to justify it. 
Applianees even older than this—some seem to 
have been designed to last for ever—also have to be 
converted by the area gas boards. In extreme cases, 
where conversion is impossible or unreasonably expen- 
sive, the gas boards will replace the appliance with a 
modern one, free of charge. The task of Watson House 
is to approve the conversions worked out by the manu- 
faeturers, and to prepare detailed instructions so that 
the gas fitters employed by the area gas boards can 
make the conversions as quickly and reliably as 
possible. The general principle is to achieve exact 
parity of performance before and after conversion, 
though this may not always be possible. With 7,500 
different types of appliance to convert, the job is a 
vast one. "In two years' time", Mr A. E. Sharman of 
Watson House observes cheerfully, “we'll be converting 
each year as many appliances as the Dutch converted 
in their entire programme". By that time, everybody 
hopes that the cost of conversion, expected to run at 
about £30 a household, will be near target. At the 
moment, each house is costing about £5 more than it 
should; but labour is a very large element in the costs, 
and should fall as fitters become more experienced. 


MEDICINE 


New Regius Professor 


Dr Ricnarp Dot, deputy director of the Medical 
Research Council's Clinical Research Centre and 
director of the MRC Statistical Research Unit since 
1961, has been appointed Regius Professor of Medicine 
at Oxford, He succeeds Sir George Pickering, who has 
retired to be master of Pembroke College. The director 
of the MRC Statistical Research Unit with a particular 
interest in epidemiology may not at first sight seem 
the obvious choice for the Regius chair of medicine at 
Oxford. But quite apart from any particular bond of 
kinship which the Prime Minister--who formally 
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makes the appointment—may have felt towards a man 
who has recently crossed swords with the magazine 
Private Eye, Dr Doll emphasized last week that 
throughout his career he has maintained an active 
interest in clinical medicine and teaching. For the past 
twenty years, he has done clinical research at the out- 
patient department of the Central Middlesex Hospital, 
where he is an honorary associate physician. And as a 
result of his work on gastroenterology, he has also been 
elected a member of the British Society of Gastro- 
enterology and an honorary member of the American 
Gastroenterology Association. Dr Doll lectures at the 
London School of Hygiene and Tropical Medicine and 





at University College Hospital on epidemiology. He 
emphasized that there is also at Oxford a chair in 
clinical medicine, so the Regius professor need not be, 
and often in the past has not been, a clinician. 

Dr Doll intends to continue his research in epidemio- 
logy, and says that he will have good facilities and at 
least as much time for research as at present. The 
teaching and administrative load at Oxford will occupy 
no more time than the work involved in planning the 
Clinical Research Centre. The Department of Medicine 
has only six established posts and there are no vacan- 
cies, but the Nuffield Committee has apparently given 
a substantial sum so that he can take a nucleus of a 
research team with him. He hopes to take at least two 
of his current staff at the Statistical Research Unit. 
It remains to be seen what will now happen in the 
Statistical Research Unit of the MRC, which was 
intended to become the division of epidemiology at 
the Clinical Research Centre. 


MEDICAL RESEARCH 


Computer for Medicine 


AT midday last Tuesday the Medical Research Council's 
new computer centre in London was officially opened by 
Mr Edward Short, the Secretary of State for Education 
and Science. With the addition of this £280,000 
GEC 90/300 computer, the MRC now owns about six 
computers and also has access to several others. The 
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new unit is the biggest yet and is intended to be a 
central facility for MRC staff in London. 

The new computer is an American machine manufac- 
tured in Britain under licence by GEC-AEI Auto- 
mation Ltd. It has a general speed of operation and 
access time of 2-5 microseconds and 22,000 words of 
fast core store. "The computer, which is being pro- 
grammed in Fortran, also has a fast lire punch, a fast 
card reader and five magnetic tape decks. This machine 
was particularly chosen for the fine range of software 
which is incorporated and which includes a large disk 
store of 500,000 words— particularly useful for prob- 
lems involving large quantities of information. 

The computer was installed last autumn (19 months 
late) and has been working for the past two months. 
The unit, however, has for a year been compiling a 
library of standard programs which can be applied 
to many of the service tasks. There will be analyses of 
both large and small-scale clinical and epidemiological 
studies and the computer will also be vsed for keeping 
records of MRC expenditure. 

One team at the unit is at presen: exploring the 
application of computers in medicire and biology 
while another is using the computer to recognize 
mieroscopieal preparations of chromosomes in the hope 
of finding an automated process which vill be 100 times 
faster than human methods. Other research activities 
of the unit will be concerned with problems of mathe- 
matical modelling and medical data processing. 

Dr Clive Spicer, the director of the unit, estimates 
that the running cost of the unit will be about £60,000 
a year, excluding the depreciation of the computer. It 
is hoped, however, that this unit will be directly linked 
with another new computer which is to be installed at 
the Clinical Research Centre at Northwick Park, thus 
providing an even better service. 


SOCIETIES 


Togetherness at Last 


AFTER a year and a half of scarcely perceptible activity, 
merger discussions between Britain's three largest 
chemical societies are now in full swing, and the 
presidents of the Chemical Society, the Royal Institute 
of Chemistry and the Society of Chemical Industry 
hope that they will have concrete proposals to put 
before their members within the next month or two. 
Abortive attempts to streamline the organization of 
the chemical societies were made in 1941 and again in 
1960, but this time, aecording to Sir Ronald Nyholm 
and Mr Leslie Williams, the presidents of the Chemical 
Society and the RIC, it should be possible to arrive at 
a workable solution—which is just as well since “what 
is now at stake is the future standing and prestige of 
chemistry in the community and a failure to take 
action on this occasion will have much more serious 
and lasting consequences”. The latest move toward 
collaboration was made in 1967 when the societies 
agreed (Nature, 915, 1116; 1967) that Sir Eric Bingen, 
a former deputy chairman of Imperial Chemical 
Industries Ltd, should conduct an independent in- 
vestigation into ways and means of rationalizing 
the activities of the three organizations. Nothing much 
seems to have happened until Sir James Taylor, an 
industrialist and former president of the Institute of 
Physics and the Physica] Society, took over in 1968 
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and produced an outline scheme which was approved 
as a basis for negotiation in December. A working 
party consisting of five representatives from each of 
the three societies was then set up with Sir James 
Taylor as chairman, and will report to the councils of 
the three bodies as soon as they have a positive pro- 
posal. When this has been approved it will be for the 
members to decide whether they wish to support the 
scheme. It seems likely that some sort of announce- 
ment will be made at the annual conference of the 
Chemica] Society and the RIC this April. 

As far as other more specialized chemical societies 
are concerned, the idea seems to be that they should 
perhaps be included after the details of the collabora- 
tion between the Chemical Society, the RIC and the 
SCI, which have by far the biggest memberships, have 
been hammered out. 


ENGINEERS 


Jobs for the Girls 


Is spite of the enlightened attitudes of many countries, 
the opinion still prevails in Britain that engineering is 
not a sultable career for women. In France, one 
engineer in twenty-eight is a woman, and in Syria one 
in fourteen, while in Russia the figure is one in three. 
But in Britain, only one engineer in five hundred is a 
woman, which is nevertheless a great improvement on 
the situation a few years ago when the number was 
only one in à thousand. 

Last week, the Women's Engineering Society, 
founded after the First World War when women first 
made their mark in this male preserve, celebrated its 
fiftieth anniversary. At the same time "Women in 
Engineering Year" was launched in a concerted effort 
to break down the prejudice of teachers, parents, pupils 
and employers against women taking their place in a 
profession which needs as many eager recruits as it 
can get. Conferences, exhibitions, lectures and 
visits have been organized throughout Britain to 
demonstrate that engineering does not consist entirely 
of heavy and dirty work requiring massive physical 
stamina, and that women have a valuable part to play. 


WOMEN ENGINEERS AS A PROPORTION OF ALL ENGINEERS 
IN VARIOUS COUNTRIES (PER CENT) 
USSR 31 Germany 
USA 
Italy 


Norway 10 
Turkey 

Syria JK 
France 





Inaugurating the proceedings at a lunch last week, 
Mrs Shirley Williams, Minister of State for Education 
and Science, remarked that there is much very delicate 
work to be done in, for example, electronics, aero- 
nautics and design engineering, and there is no reason 
why a girl in engineering should be less feminine than 
a girl in home economies. The women engineers 
present, some of them with very senior positions, 
certainly testified to this. 

Much of the campaign is aimed at encouraging girls 
to study applied science and their teachers not to 
throw up their hands in horror at the thought. At the 
same time, more boys need to be encouraged into the 
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applied sciences, and several«sehemes are already in 
progress to show engineering as an attractive prospect 
to all school children. The Department of Education 
and Science has produced the magazine Project, with 
lavishly illustrated articles on all aspects of engineering, 
for fifth and sixth formers. Since 1966, 22 600 copies 
have been distributed to schools each term, apparently 
interesting teachers as much as pupils. 

A touring exhibition— Technology Today—showing 
what the everyday work of an engincer involves, has 
now been on the road for three vears and visited 
hundreds of schools. The department is also organizing 
Engineers Days and Engineering Weeks which have 
already been visited by thousands of boys and girls. 
More than eight hundred schools are now involved in 
the Schools Couneil scheme Project Technology, de- 
signed to encourage boys and girls to devise their own 
engineering projects. Although none of the schools 
involved is exclusive to girls, the number of mixed 
schools involved has considerably increased since the 
scheme began, so that girls are being exposed to Project 
Technology and undertaking projects themselves. 

Girls are obviously discouraged to some extent by 
the attitudes of employers, who often see women in 
the familiar role of potential mothers on whom all 
training is wasted. "Those firms which do give girls the 
opportunity to prove themselves, however, find that 
they can make very good engineers. The electronics 
industry is now emploving increasing numbers of 
women, especially working with computers, and in 
civil and chemical engineering efforts are being made to 
recruit more women. 


FIELD STUDIES 


Consolidation Ahead 


THE Field Studies Council seems to have decided on a 
period of consolidation after the opening last vear of 
two new field centres—the Drapers’ Field Centre at 
Betws-y-Coed in Caernarvonshire, and the Leonard 
Wills Field Centre at Nettlecombe Court near Taunton 
in Somerset. According to the couneil's annual report 
for 1968, it now plans to extend and improve its present 
residential centres, and it is also helping in the deve lop- 
ment of some closely related activities. It has, for 
example, agreed to establish a Countryside Unit in 
Pembrokeshire and to act as the Countryside Commis- 
sion's agent for providing educational and information 
services through guides, field excursions, lectures and 
leading organized parties. 

Although the Field Studies Councilis known princi- 
pally for its educational work, it is becoming increas- 
ingly interested in encouraging research. A step 
forward in this direction is now being made at Dale 
Fort Field Centre in Pembrokeshire, where a new 
biology laboratory is being built. Thanks to a grant 
of £500 from the John Spedan Lewis Foundation, the 
laboratory will be equipped with saltwater aquaria and 
a constant supply of seawater, which the scientific 
director, Dr J. D. Carthy, says “will greatly increase 
the facilities for visiting research workers’. — At 
Slapton Ley Field Centre in Devon, it is hoped to de- 
velop a research programme on productivity studies. 
The Oil Pollution Unit at Orielton Field Centre in 
Pembrokeshire is monitoring polluted sites in Milford 
Haven, and data have been collected in Bantry Bay 
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tory experiments in association with University College, 
Swansea, and a successful symposium on the biological 
effects of oil pollution on littoral communities was held 
at the eentre in February 1968. 


HISTORY OF SCIENCE 


Demise of a Department 


THE professorial committee of University College 
London on Tuesday gave a temporary reprieve to the 
college’s History and Philosophy of Science Depart- 
ment. The committee failed to reach agreement on 
the recommendation of a sub-committee that the 
department should be closed. Instead it deferred the 
decision to another meeting. The news will no doubt 
be taken as a sign of encouragement by those who 
believe that the history and philosophy of science 
should be a rapidly expanding discipline in its own 
right. The failure of the professorial committee to 
reach agreement must mean that there is in the college 
a strong lobby opposed to the recommendation to 
close the oldest department in the discipline in Britain, 
and the only department in London University which 
teaches both the history and the philosophy of science 
in an integrated fashion. 

Lord Annan, the provost of University College, said 
that there had never been enthusiasm for the recom- 
mendation but, he said, the financial squeeze will force 
the college to cut the number of senior staff. Lord 
Annan explained that the University Grants Com- 
mittee has been pressing London University as a whole, 
and University College in particular, to reduce the 
proportion of senior staff to 35 per cent of the total. 
At University College the proportion is 45 per cent, 
and Lord Annan says he has been told that if this 
proportion is not reduced by at least 2 per cent in this 
quinquennium, there can be no further promotions in 
any department. Cutting out the history and philo- 
sophy of science would reduce the establishment by 
one professor, a reader, a lecturer and an assistant 
lecturer and eventually a second readership would lapse. 
It would also free a house in Gordon Square. 

The response of specialists at other British universi- 
ties to the possibility of the closure seems to be one of 
astonishment, disappointment and dismay. It is held 
that University College has made no effort to make 
known and discuss the matter. The closure would 
also mean the removal of a valuable educational 
option for London University students. Professionals 
argue, of course, that the history and philosophy of 
science provides a unique meeting ground for the 
arts and sciences and gives science students a taste 
for discursive argument as well as a feeling for the 
place of science in social history and the history of 
ideas—the kind of education which the Swann report 
championed. 

Lord Annan says in reply that should the closure 
be deemed necessary UCL will investigate how much 
history and philosophy of scienee can be taught by 
staff in other departments. They may be able to take 
over much of the work. And there would still be 
two readers and a lecturer interested in the history of 
science, while the philosophy department includes 
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Professor P. Feyerabend—-a philosopher of science 
who commutes between UCL and Berkeley. Lord 
Annan also says that with the new course unit system 
—similar to the credit system of American universities 
—now in operation, students at University College 
have the option of more than half a dozen courses 
ranging from history to psychology. 

One of the reasons why University College can 
seriously discuss the closing of the department is that 
since 1923 it has never really tried to teach under- 
graduates. Its one attempt, a course in the history of 
science for historians, had a hopelessly large syllabus 
and was a failure. The teaching in the department has 
been at the postgraduate level, usually with a dozen or 
so part-time students reading for an MSc. The depart- 
ment can point to a handful of its students who are 
now leeturers at other universities, and it has no doubt 
broadened the horizons of many school teachers, but it 
can hardly claim to have had any real impact on under- 
graduate teaching in the college. Its critics say that 
it has not tackled the problem of recruiting large 
numbers of science undergraduates. A stronger de- 
partment would have a better case for survival, and 
who ean deny that a professor, two readers and some 
lecturers should do more than teach a dozen part-time 
students and the occasional PhD candidate ? 

Perhaps the real question is why University College 
has allowed the department to run down in this way. 
Ever since Professor Herbert Dingle retired in 1955, 
the college seems to have been in two minds about the 
value of the department and seems to have done little 
to encourage expansion. For two years after Professor 
Dingle left, no successor was appointed; it apparently 
took the college that long to decide to appoint to the 
chair Dr Douglas McKie, who had been in the depart- 
ment for years and anyway was close to retirement, 
When he retired in 1963, the department languished for 
four years without a chairman, and then the acting 
head, Dr J. S. Wilkie, was appointed to the chair in 
1967. He could well be the last professor and, as he 
says with hindsight, the discussions about whether to 
carry on which took place when Professor McKie 
retired were a taste of things to come. Once again on 
Tuesday the college showed its inability to make up 
its mind. 


LITERATURE 


Reproductive Newsletter 


A NEWSLETTER covering new developments in repro- 
ductive physiology and intended to interest doctors of 
medicine as well as the general reader has been launched 
by the International Planned Parenthood Federation 
(IPPF, 18 Lower Regent Street, London SW1). 
Research in Reproduction. will appear quarterly, in 
alternation with the IPPF's Medical Bulletin; it is 
edited by R. G. Edwards at the Physiological Labora- 
tory, Cambridge. 

In the first issue R. L. Brinster reviews the meta- 
bolism of the mammalian embryo before implantation, 
and there is à note on recent cases of immunological 


Other items include notices of new journals and socie- 


ties in the field and an aecount of the Bibliography of 
Reproduction. The IPPF hopes that the newsletter 
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will help to keep doctors and others in touch with the 
quickening pace of advance in reproductive physiology, 
a basic science which has already had a profound 
practical influence in the development of the "pill. 


LIBRARIES 


A SURVEY of 104 technical libraries in the United 
Kingdom has now confirmed that people in universities 
and technical colleges make more use of their organiza- 
tions’ libraries than do people who work in government 
and industry. Moreover, this pattern of use reflects 
not so much the subject discipline as the nature of the 
institution (Use Made of Technical Libraries, Aslib 
Occasional Publication No. 2, 1969, 30s). 

The authors of the survey, Margaret Slater and 
Pamela Fisher, have built up a series of user profiles 
for 6,300 people in a variety of institutions. Among 
other things, they conclude that most people use their 
technical library at least once a week, and that they 
are more likely to hunt out what they want for them- 
selves than to ask the library staff. Textbooks are 
most often consulted, and then—in order—periodicals, 
abstract journals and indexes, handbooks and data 
books and, finally, dictionaries and encyclopaedias. 
Background reading and simple facts for immediate 
practical use were said to be the most frequently 
needed categories of information. More than half 
the users seem to have found useful results on their 
search, 

Both government and industrial users seem to use 
libraries less frequently than people in academic or 
non-institutions—learned societies and research associa- 
tions. They do, however, seem to use the library as a 
first resort more than the academic groups. Industrial 
users were especially interested in problems concerning 
equipment, sources of supply and the like, but these 
topies came low on the reading lists of government 
users. Keeping up to date was given less frequently as 
a reason for using the library by industrial users than 
by any other group except that of the academic users, 
and the report says that this may be because industrial 
libraries often have good circulation systems—for 
current journals and the like. Industrial users seem 
to ask for the help of a librarian more than any other 
group, and they also were more anxious for speed than 
academics and government workers. Industrial 
librarians seem to be coping satisfactorily, however, 
because only 3 per cent of the satisfied demands were 
described as “slower than convenient". 

Academic discipline was found in the survey to have 
less relationship with user behaviour than, for example, 
the nature of people's work. Even so, out of the three 
groups-—engineers, scientists and non-technical person- 
nel—engineers were the least frequent library users 
and tended to go outside the resources of their own 
library more than scientists. Scientists made heavier 
use of periodicals and abstract journals and indexes 
than the others, but used textbooks and data books 
less frequently. On the whole, engineers seem to have 
more problems in getting information than scientists 
and non-technical users of technical libraries, and the 
report says that engineers, and particularly non- 
graduate engineers, merit special consideration and 
attention from librarians. 


NATURE. VOL. 221, MARCH 15, 1969 


Parliament in Britain 


by our Parliamentary Correspondent 


High Energy Physics 

THE Rutherford High Energy Laboratory employs 302 
qualified engineers and scientists, and costs £7-387 
million a year to run. Daresbury, on the other hand, 
employs seventy-four qualified scientists and engineers, 
and costs £3-5 million. These figures were given by 
Mrs Shirley Williams, who also said that the operation 
of NIMROD, at the Rutherford Laboratory, costs 
£2-283 million a year, and NINA, at Daresbury, costs 
£1-164 million. (Written answers, February 28.) 


Fluidized Bed Combustion 

THE inevitable questions about the development of 
fluidized bed combustion of coal have begun to appear. 
Mr Rov Mason told Mr Ashton that he was aware of 
the work being carried out at the British Coal Utiliza- 
tion Research Association. He added that he awaited 
the results of economic assessments "with great 
interest". His advisory council on research and 
development kept in close touch with developments, 
he said. (Written answer, February 28.) 


Hovercraft 

TOTAL research and development expenditure in sup- 
port of hovercraft this year is expected to be £2-25 
million. Mr J. P. W. Mallalieu, giving the figure, said 
that the National Physical Laboratory would spend 
£364,000 and the Royal Aircraft Establishment £45,000, 
and that extramural contracts would cost £1-8 million. 
(Written answer, March 3.) 


European Airbus 

Mr AwrHONY Wepawoop DENN, Minister of Tech. 
nology, said that his department was continuing its 
evaluation of both the A300B and the British Aircraft 
Corporation 3-11. The French and West German 
governments had been told of the proposals put for- 
ward by BAC. It was not yet possible, he said, to say 
what the decision of the governments would be. 
Hawker-Siddeley had carried out work worth £1.35 
million so far on the airbus; 90 per cent of this work 
was relevant to the modified A300B. (Oral answer, 
March 5.) 


Power Costs 

Mr Roy Mason, Minister of Power, said that the 
generating costs of Dungeness B power station should 
show no substantial change from the figures given on 
March 5, 1968. The generating cost would be 0-57 
pence per unit. Drax, a coal fired station, would 
generate at a cost of 0-61 pence per unit. (Written 
answer, March 5.) 


Computers 

TorAL Government support for computer research and 
development wil be just over £9 million this year. 
Mr Jeremy Bray provided the figures, which show that 
the largest sum, £7:133 million, is in grants and con- 
tracts awarded by the Ministry of Technology, the 
National Researeh Development Corporation and the 
Science Research Council. This includes a £4 million 
research and development grant paid to ICL under the 
terms of the computer merger arranged last year. Of 
Government establishments, the National Physical 
Laboratory, with a budget for computer work of just 
over £l million, spends the most. (Written answers, 
March 3.) 
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NEWS AND VIEWS 


Is the Placenta Porous ? 


Dr Francis Crick was recently reported to have said 
that the proof of an underpopulated discipline in science 
is the failure to repeat a crucial experiment. In the 
past few years, there has been such a vigorous growth 
of interest in all aspects of reproductive physiology 
that the experiment reported in this issue of Nature by 
M. Tuffrey, N. P. Bishun and R. D. Barnes (see page 
1029) will probably be tried out before the week is 
past in a great many laboratories. As Dr Barnes and 
his colleagues gallantly admit, their observation cries 
out for confirmation and explanation. For their result, 
well tested though it seems, is entirely unexpected. 
And if the results of this series of experiments can be 
repeated, current notions about the immunological 
barrier between mother and foetus will be thrown 
into the melting pot together, perhaps, with some 
accepted views of the mechanism of inheritance in 
mammals. 

Dr Barnes and his colleagues were concerned in their 
experiments to see if there is any cytogenetic relation- 
ship between female mice and embryos fostered in 
their uteruses. What they did was to transfer mouse 
blastocysts from females of one strain to females of 
another. Current dogma holds that there should be 
no transfer of cells from the foster mother to the 
foetus, chiefly because it is also supposed that the 
placenta acts as a barrier to transfer in the other 
direction. So far as the mother is concerned, of course, 
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the foetus is in effect an allograft, and yet is not 
rejected by the mother's immunological defences. 

Dr Barnes and his colleagues now «laim that seven 
of the eight offspring produced when CFW strain 
blastocysts were fostered in CBA/T,T, uteruses gon- 
tained CBA/T,T, cells when they were examined up to 
eight and a half weeks after birth. There seem to be 
only two possible routes by which these cells could 
have entered the developing foetus—either across the 
placenta or from CBA/T,T, litter mates by placental 
anastomosis. Barnes and his colleagues believe that 
this second route is the least likely; nuce have separate 
placentas and in any case it shouhi be possible to 
test this alternative experimentally by examining 
CBA/T,T, litter mates for the reciprocal transfer. At 
present, there is no real evidence as to the type of 
CBA/T,T, cells which migrate into the CFW offspring, 
although Barnes and his colleagues seem inelined to 
think that they are lymphocytes. 

On the face of things, the result is very clear-cut, but 
it is so unexpected that its acceptance must await 
confirmation. It may vet turn out that there are 
uncertainties in the notoriously difficult job of counting 
chromosomes, for example. Obviously there is also a 
need for an examination of the constitution of litter 
mates. But these are matters which can easily be 
arranged, and there is every reason :o hope that they 
will be dealt with quickly. 





Pulsar Flashes Photographed 


Tux strong optical pulses apparently emanating from 
the pulsar N P 0532 in the Crab Nebula, which Cocke, 
Disney and Taylor reported in February (Nature, 221, 
525; 1969) and two other groups immediately con. 
firmed, have now been detected by television and 
photographed. On page 1037 of this issue of Nature, 
J. S. Miller and E. J. Wampler of the Lick Observatory 
of the University of California publish two of their 
striking photographs showing the pulsar near its 
maximum and minimum optical intensitv. Apart from 
being a most dramatic illustration of the pulsar flashes, 
Miller and Wampler's work provides confirmation of 
the original observation by an entirely different and 
elegant technique. 

In essence Miller and Wampler arranged a television 
camera and image intensifier at the Coudé focus of 
the Lick Observatory’s 120 inch telescope and inter- 
rupted the light beam entering the camera with a 
mechanical shutter—a rotating disk with half a dozen 
slots eut into the perimeter. By adjusting the speed of 
rotation of the disk to match the period of the flashes 
from NP 0532, it was a simple matter to photograph 


the flashes. When the disk was rotating in such à 
way that the shutter opened when the pulsar was near 
its maximum predicted intensity, it appeared on the 
television sereen as a bright soures. But when the 
system was arranged so that the shuiter was open only 
during the intervals between the dashes, the image 
disappeared. 

From forty-six photographs, Miller and Wampler 
conclude, in agreement with Cocke and his colleagues, 
that the optical pulses emanate frem the south-west 
central star of the Crab Nebula or, as it must now be 
called, pulsar NP 0532. Since the work of Baade and 
Minkowski in 1942, this has beem regarded as the 
remnant of the supernova explosion which produced the 
Crab Nebula. Miller and Wampler estimate that there 
is at least a fifty-fold difference between the maximum 
and minimum intensity of the flashes, an estimate 
which fits in well with the idea that conventional 
photographs of the south-west star are in fact time 
average photographs of the flashes. There is a slight 
discrepancy between Baade’s value for the brightness 
of the south-west star measurec by conventional 
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photography in 1942 and the values from the pulsar 
observations made this vear, but it seems most likely 
that the difference is a technical artefact rather than 


an authentie seeular change in the brightness of the 
star. 


It is also good to learn that astronomers at the 
Cambridge University Observatories, not to be con- 
fused with the Cambridge Radio Astronomy Observa- 
tory at whieh pulsars were discovered, have been in 
the chase for some time. Dr R. V. Wilistrop on page 
1023 of this issue describes how photoelectric equipment 
was built at the observatories as soon as the now 
discounted hypothesis that pulsars might be white 
dwarfs was put forward, and how a great deal of tele- 
scope and computer time was spent backing that loser. 
White dwarfs show no variation in intensity. Willstrop 
also reports that light from the Crab Nebula was 
din on November 24, 1968, but that for one reason 

' another the data were not analysed until after the 
‘lise ‘avery of light flashes from N P 0532. Since then, 
of course, the Crab Nebula has been re-examined-—the 
flashes are reddish and contain an excess of ultraviolet 
light —and Willstrop joins the growing list of confirmers 
of Cocke, Disney and Taylor's discovery. 


ELECTRONICS 


The Importance of Thin Films 


RESEARCH to produce cheap and rugged integrated 
circuits and a series of projects to determine the 
electrical properties of thin and even thinner films were 
among the items with which the Electrical Research 
Association at Leatherhead sought to impress its 
guests from the Physical Society on March 5. That 
micro-eleetronics is here to stay is, of course, beyond 
question, but the ERA seems to have appreciated— 
at least in principle—the part which it can play in 
bridging the gap between university research and 
industrial applications. 

Afternoon visits may not be the occasions to dig out 
the inner secrets of a laboratory, but they serve to 
inject that dose of introspection which helps to keep 
any research group on its toes. There seems little doubt 
that thin film technology has a vast growth potential, 
and the ERA has rece ntly set up a Technology Planning 
Unit to tackle the problems of technological fore- 
casting. 

One of the rewards of what is called thick film 
research has been the construction of cheap mini- 
circuits, containing up to forty circuit elements on a 
2 em square. The ERA is at present investigating new 
and cheaper substances that could be used to replace 
the costly platinum based materials used for resistors 
and the copper, silver and gold used for leads. These 
cireuits, costing about two shillings each, have already 
found a niche in the British Ford motor car. 

Tests are also being carried out to investigate long 
term features such as resistance drift, reliability and 
lifetimes of circuit elements at different loads and 
temperatures. The properties of ultrathin films are 
t being roe including a mechanism of electrical 
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that is, by removing atoms from a target material by 
ion bombardment and depositing them onto a substrate 
to form a thin film. Such films have uses as capacitor 
dielectries, protective layers for integrated circuits and 
barriers against diffusion. 
The effect of charge on the way thin films are formed 
is under study, as are the electrical properties of a 
range of new substances including ceramics and organic 
materials. Discontinuous gold films have been found 
to show high electrical sensitivity to straining, and a 
new thin film strain gauge is being developed, consist- 
ing of an evaporated film of gold on a glass-coated 
metal plate. This device was on show this week at the 
Physics Exhibition at Alexandra Palace, but work is 
still going on to try to overcome the snags of resistance 
drift and a large temperature coefficient of resistance. 


ASTRONOMY 


Disagreement about Galactic Age 


THE prolonged uncertainty about the age of the 
Galaxy has evidently not been settled, even if there is a 
tendency to accept the view, chiefly that of W. H. 
Fowler and F. Hoyle, that the best estimate is about 
15,000 million years. R. H. Dieke has been known to 
dissent for some time, and the most recent statement 
of his postion has now appeared in print (Astrophys. J., 
155, 123: 1969). On the basis of data about the radio- 
active decay of uranium, Dicke estimates that the age 
of the Galaxy is 7,600 million years, with upper and 
lower limits at 8,500 and 7,300 million years respec- 
tively. Although some of the data with which he has 
worked are more accurate than those available to 
Fowler and Hoyle in the early sixties, the chief reason 
why his result does not agree with theirs is his clisagree- 
ment about the mechanism by which urantum "and 
related heavy elements would first have appeared in 
the Galaxy. 

The use of the uranium isotopes as a means of dating 
the formation of the Galaxy necessarily rests on caleula- 
tions of the relative abundanees in which the heavy 
element isotopes were originally produced. There 
seems now to be no doubt of the correctness of the 
scheme in which Hoyle, Fowler and their associates 
have aecounted for the formation of successively 
heavier elements in the course of the evolution of stars 
from objects made almost exclusively of hydrogen to 
the point at which they must use helium, carbon and 
even silicon as nuclear fuels. The end point in this 
process is a supernova explosion, by means of which 
matter containing large proportions of heavy elements 
is scattered into space. The long estimates ‘of the age 
of the Galaxy depend on the assumption, by Fowler 
and Hoyle, that isotopes of elements in the 1 'adioaetive 
series now present in the Galaxy must themselves have 
been formed in supernova explosions, whieh means 
that the backward extrapolations from current meas- 
urements of the proportions of the various radioactive 
isotopes must lead not to the origin of the Galaxy as 
such, but to the time between 3,000 and 7,000 million 
vears later at which the talaxy would have aequired 
its initial stoek of heav y eleme nts. 

The essence of Dicke’s case is that there was no 

significant delay between the beginning of the Galaxy 
and the production of uranium, thorium and the like 
by the r-process nuclear t transformations. It is a little 
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unfair of him to suggest that the theory of Fowler and 
Hoyle is "motivated" by the apparent similarity of 
the decay of the light curve of the Crab nebula and of 
the radioactive decay of *9'Cf—that was a kind of bonus 
in their scheme. Dicke himself starts from the view 
that even the oldest stars contain proportions of the 
heavy elements which are comparable with those now 
found in the Sun, which in his view implies that the 
processes of nucleogenesis previously thought to be 
confined to supernovae actually took place in the few 
hundred million vears during which the proto-galaxy 
collapsed into more or less its present shape. With 
this starting point, the disagreement with earlier 
theories follows quite simply, although Dicke also has 
the advantage of more recent estimates of the ratios 
of the concentrations of the isotopes of thorium and 
uranium at present in the Galaxy. The most striking 
difference is his adoption for the ratio of ??[h to 
238U of 3-18 rather than the 3:8 assumed by Fowler 
and Hoyle. 

In fields like these, factors of a mere two may not be 
much of a surprise. The physical picture which Dicke 
has provided of the origin of the Galaxy will, however, 
raise broader issues which are unlikely to be laid to 
rest by his most recent statement of his case. 


PHYSICS 


The Intermediate Boson 


from our own Correspondent 


THE possible existence of the intermediate boson or 
"W" partiele has been the subject of speculation for 
several years, and Professor G. K. O'Neill of Princeton 
University devoted the second of his special lectures 
last week at University College, London, to describing 
an experiment to locate the W boson using the new 
intersecting storage rings at CERN. 

If the W boson exists it is related to the weak inter- 
actions such as those in B-decay in much the same way 
that the photon is related to electromagnetic processes. 
The W would thus provide the weak interaction link 
between nucleons (protons or neutrons) and the leptons 
(electrons, u-mesons and neutrinos). Various experi- 
ments have been carried out to try to find the W, but 
all of them have yielded negative results. They imply, 
however, that the mass of the particle—if it exists— 
is probably more than three times the mass of the 
proton. A particle of such high mass is most likely to 
be observed in reactions where there is a large available 
energy, and this has prompted various proposals for 
search experiments using the intersecting storage 
rings, in which proton collisions of about 1,600 GeV 
(in the laboratory frame of reference) will take place. 
Even though this interaction energy is higher than 
that of the new generation of proton accelerators, 
which will have energies in the range of 200-300 GeV, 
the storage ring system produces far fewer interactions 
per second. This means that an experiment to 
search for the W would be very time consuming. 

It is thought that the principal decay modes of the 
W would be into a neutrino together with an electron 
or a 4-meson. Most of the suggestions for experiments 
to show the existence of the W involve detecting its 
decay u-mesons. These particles are likely to have a 
large momentum because the whole mass of the W is 
available as energy to be shared between the neutrino 
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and the u-meson. Such j-mesons could be identified 
by making use of the fact that they can pass through 
very large amounts of material without undergomg 
nuclear interactions. This feature distinguishes them 
from such strongly interacting particles as a and K 
mesons. But a background contribution of u-mesons 
is expected from such processes as the eecay of the a 
and K mesons, which will certainly be produced in 





measuring the momenta of particles before and after 
they have traversed a thin lead absorber. The very 
light charged electrons would have their momentum 
significantly changed by the absorber «ue to electro- 
magnetic radiation processes. Other heavier particles 
would be less affected and would thus be excluded. In 
addition, the system would include the usual s-meson 
deteetion equipment, the whole apparatus being 
placed inside a large uniform-field magnet. 

The background problems should be much less 
important in the case of electrons tham for u-mesons, 
according to Professor O'Neill. He suggested that the 
chief contribution to electron backgrounds will come 
from neutral z-meson decays into cectron-positron 
pairs, the so-called Dalitz decays, with the second 
member of the pair not being seen. This background 
could be small compared with the W cecay electrons, 
provided that the W has a large enough mass to 
produce very energetie electrons. It is to be hoped 
that these very high momentum eleeirons would be 
found in larger numbers than could be accounted for 
from any background process. 


MATHEMATICS 


Random Numbers in the Planes 


from our Mathematical Probability Correspondent 


Durie the past fifteen years, in step with the rapid 
development of computers, Monte Cario methods have 
been used to solve a wide variety of problems. Estima- 
tion in statistics, simulation of ramdom processes, 
evaluation of integrals and solving of linear operator 
equations are some of the problems :o which Monte 
Carlo methods have been successfully applied. To 
find its proper place among applied mathematics, 
pure analysis and numerical analvsis, it has not been 
enough to find new fields of application for a Monte 
Carlo approach. The Monte Carlo methods themselves 
have had to become increasingly sophisticated in order 
to become powerful tools of analysis with a real advan- 
tage over other techniques. It is disquieting. therefore, 
to discover flaws at the heart and source of Monte 
Carlo which no amount of subsequeat sophistication 
can overcome, 

Monte Carlo involves, essentially. a sequence of 
operations on a sequence of randem numbers {ets}, 
where, ideally, the {u;} are independert and identically 
distributed. All would be well if tae {u}, like the 
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always generated: by an arithmetic procedure, so that 
there is nothing random about them, and they are 
called instead pseudorandom numbers. They may 
still be treated as random numbers and the acceptabil- 
ity of a particular procedure depends on whether 
statistical tests detect serious departure from the 
basic requirement that the numbers should appear to 
be independent and identically distributed. 

Apart from these tests, the distributional properties 
of the (4) are not easy to obtain because of the number- 
theoretie difficulties involved. Until these are overcome 
there can be no certainty that there is not hidden in 
some particular procedure a highly undesirable pro- 
perty, so that when all the work is done some doubts 
may linger about the validity of the results. 

One such undesirable property has been discovered 
by George Marsaglia (Proc. US Nat. Acad. Sci., 61, 1; 
1968) in the most commonly used procedure, the 
multiplieative congruential generator. According to 
this procedure, u; —ri/m, where | 


Fi," kri modulom (=1,2....) 

For a binary computer with 32-bit words, m - 23? 
would be chosen and then k, so that the necessarily 
periodic sequence (wj has maximum period m/4, 
and so that the correlation between the w; is kept as 
small as possible. A possible value for k might be 3", 
In this case the u: will be, to a very close approxima- 
tion, uniformlv distributed on the interval (0,1), but 
will still be quite highly correlated with each other. 
Marsaglia proves a geometrical result which is particu- 
larly illuminating of the non-independence between 
the u. He shows that all the a-tples i= (1;,2:.,, 
o + Ujen-1), (0 L2, .. .), for a particular sequence 
(ui lie on as few as (n!m)! hyperplanes through the 
unit cube in » dimensions. In the case m —232, à — 10, 
(nbn): lies between 40 and 41, so that in this case the 
{zi}, far from being dense in the unit 10-cube as we 
should like them to be, are constrained to lie on as few 
as 4l hyperplanes. In the case m —232, n=3, (nim)! 
lies between 2,952 and 2,953. The procedure will 
produce 357,913,941 independent points in the unit 
3-cube, and then we should expect to need at least 
10° planes to pass through all these points, in contrast 
to the bound 2,953. 

It is difficult to discover such results, even more 
difficult to work out their effect, and no doubt more 
difficult still to correct them. 


ENZYMES 


Migrating Hydrogen 


from our Enzymology Correspondent 
By, enzymes catalyse some very ambitious and ill. 
understood carbon rearrangements, such as the con- 
version of methylmalonyl-CoA to suecinyl-CoA, and 
glutamate to B-methylaspartate. Somewhat more 
modest in their demands on mechanism are the B,,- 
catalysed hydrogen shifts, of which until recently the 
only example was the diol dehydrase reaction—the 
conversion of vicinal diol to aldehyde. In 1965 the 
category expanded from one to two with the discovery 
in a clostridial species of ethanolamine deaminase. The 
clostridium involved can survive on either choline or 
ethanolamine as its sole source of carbon and energy: 
the enzyme can convert ethanolamine to acetaldehyde. 
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A way of purifying the enzyme was published a few 
months ago (J. Biol. Chem., 248, 1787: 1968), and a 
sophisticated mechanistic analysis of the purified 
enzyme has already appeared (J. Biol. Chem., 244, 
449; 1969). Bernard Babior has investigated the 
behaviour of ethanolamine dehydrogenase with various 
deuterated and tritiated substrates, and has also used 
mass spectroscopy and nuclear magnetic resonance to 
characterize the isotopie constitution of the products. 

The enzyme revealed a large deuterium isotope 
effect: its rate with 2-aminoethanol-1,1-D, was 6-8 
times lower than with unlabelled aminoethanol All 
the deuterium of the labelled substrate turned out to 
be retained in the product acetaldehyde: when the 
reaction was carried out with undeuterated substrate 
in DO, no label appeared in the product acetaldehyde. 

If the acetaldehyde produced was promptly reduced 
to alcohol, trapped as an ester, and then subjected. to 
nuclear magnetie resonance spectroscopy, it was pos- 
sible to show that the deamination of ethanolamine was 
accompanied by the migration of one hydrogen from 
the earbinol carbon of the substrate to the methyl 
carbon of the product. A subtle piece of kinetics 
established that the removal of a hydrogen atom from 
the carbinol carbon is stereospecific’ the use of 1480 
established that the oxygen atom of the substrate 
becomes the oxygen atom of the product. 

So far, so good—the enzyme was behaving as 
straightforwardly as anyone could wish. But in two 
respects its performance was less clear-cut. The tritium 
isotope effect turned out to be about 6—less than the 
deuterium effect. Furthermore, experiments with mix- 
tures of undeuterated and doubly deuterated substrate 
gave a definite indication of some intermolecular trans- 
fer of hydrogen. In each experiment a small amount of 
monodeuterated product appeared. 

Dr Babior attributes the high deuterium isotope 
effect to some secondary phenomenon arising from the 
dideuteration of the substrate, and he points out that 
intermolecular hydrogen transfer has already been 
observed with the sister enzyme diol dehydrase, where 
the migrating hydrogen is intermediately bound to 
enzyme-bound B,, coenzyme. So the overall atomic 
working of ethanolamine deaminase seems established. 
But there is clearly some way to go in terms of curly 
arrows: an attractive mechanism would hinge on the 
transfer of a hydride ion from the substrate to B,,, 
followed by its use as a nucleophilic attacking group at 
the amino carbon of the substrate. But this is as yet 
pure conjecture. 


MAMMALS 


Name that Mammal 


NATURALISTS who like to have the latest guides to the 
flora and fauna will have to spend four shillings as 
quickly as possible, for the British Museum (Natural 
History) has published the second edition of its booklet 
The Identification of British Mammals by C. B. Corbet. 
Ninety-five species are listed, including eight that have 
become extinct during the past 2,000 years, and there 
are kevs for identification by external appearance, or 
using skulls. 

The wolf, Canis lupus, has been extinct in Britain 
since the mid-eighteenth century, and the brown bear, 
Ursos arctos, since about the tenth century, whereas 
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the St Kilda house mouse, Mus musculus muralis, only 
disappeared about 1932. The three feral species listed 
in the booklet are the ferret, Mustela putorius furo, 
goat, Capra, and sheep, Ovis. The musk rat, Ondatra 
zibethicus, now extinct, was feral between 1927 and 
1937, and the notorious coypu, Myocastor coypus, has 
been feral since about 1940. The American mink, 
Mustela vison, occasionally escaped from about 1930, 
and has been truly feral since about 1950. 

The white whale or beluga, Delphinapterus leucas, 
and the porpoise, Phocoena phocoena, are vagrants, 
but the killer whale or grampus, Orcinus orca, is a 
regular inhabitant of British waters. And in case 
it should approach on a dark night it is as well to know 
that O. orca is conspicuously black and white (or 
yellow) with broad, not pointed, flippers and with 
teeth which are oval in cross-section with a greater 
axis up to two inches long. 


BOTANY 


Retarded Ferns 


from our Botany Correspondent 


ETHANOL can now be added to the list of factors which 
retard the development of one of the stages of the life 
cycle of thefern. D. L. Smith and P. M. Robinson have 
found that in Polypodium vulgare the change from fila- 
mentous growth to the two-dimensional growth that 
leads to the familiar heart shaped gametophyte is 
inhibited by certain fungi, particularly Fusarium 
orysporum which has a high content of ethanol (New 
Phytologist, 68, 113; 1969). 

The haploid spores of Polypodium, produced by the 
diploid sporophyte generation, usually germinate to 
form a filament of cells, the protonema, with an apical 
cell which later divides longitudinally as well as trans- 
versally to produce the small gametophyte generation. 
Smith and Robinson noticed that cultures of gameto- 
phytes of P. vulgare developed abnormallv in the 
presence of a contaminating fungus. Because this 
fungus could not be induced to sporulate it could not be 
identified, but the effects of three other fungi on game- 
tophyte development were tested. 

Fusarium oxysporum added to spore cultures of 
P. vulgare before germination prolonged the filamentous 
phase of growth of the gametophyte. When a colony 
of F. oxysporum was added to the gametophyte culture 
after transition to two-dimensional growth, there was 
a reversion to filamentous growth followed later by a 
return to two-dimensional growth.  Geotrichum candi- 
dum and Aspergillus niger also affected gametophyte 
morphology, but to a much smaller degree. 

From the point of view of development, the effects 
of F. oxysporum on the transition from one type of 
growth to another were obviously the most interesting. 
Gas chromatography of culture filtrates showed ethanol 
and acetaldehyde to be the principal volatile substances 
present after addition of the fungus. The effects of 
ethanol and acetaldehyde on gametophyte develop- 
ment were therefore tested. 

Both reagents inhibited two-dimensional growth, 
which began when the concentration of ethanol in 
the culture medium decreased to less than 40 p.p.m. 
Growth was stunted by acetaldehyde even after the 
reagent was no longer detectable in the medium. 
Changes in the concentration of ethanol, however, 
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clearly correlated with the changes in gametophyte 
morphology, leading to the conclusion that ethanol 
promotes the growth of the filamenteus phase and 
inhibits the transition to the two-dimensional phase. 
Smith and Robinson also achieved a return to fila- 
mentous growth by adding ethanol to è gametophyte 
culture after the transition. 

As well as ethanol, factors known to inhibit the tran- 
sition to two-dimensional growth incaide low light 
intensity, red or far red light, and purine, pyrimidine 
and amino-acid analogues. The effects of ethanol— 
to reduce cell division and increase cell length—are 
compatible with the idea that there is a direct relation- 
ship between the rate of cell division and the transition 
to two-dimensional growth, for in that case anything 
that reduces the rate of cell division would inhibit 
the transition. 2 

With their results in mind, Smith and Robinson 
suggest two mechanisms that might be involved in the 
control of development of fern gametephytes. First, 
the transition could depend on a specifie factor accumu- 
lating to a threshold level, perhaps uxder the control 
of the phytochrome system. Or second, the relative 
activities of fermentative and oxidative pathways in 
the gametophyte cells might be correlated with or 
directly influence the transition. 





MEDICAL BIOCHEMISTRY 


Tests for Malnutrition 


from our Medical Biochemistry Correspondent 


MALNUTRITION is probably one of the most important 
causes of morbidity and mortality in the world, particu- 
larly in children. At present no accepted biochemical 
test can indicate the severity and likely outcome of 
the disease or distinguish kwashiorkor (specific protein 
deficiency) from the deficiency condition known as 
marasmus. 

Several groups have claimed that biochemical tests 
are of value in protein-calorie malnutrition, but at last 
a group in Ibadan has compared several of these tests 
on the same group of children (Lancet, i, 392; 1969). 
They measured total protein, serum albumin, the 
hvdroxyproline index, the ratio of non-essential to 
essential amino-acids, cholesterol esters, bilirubin, 
transaminases and transferrin in chidren with clinical 
signs of protein-calorie malnutrition, and im & control 
group of children attending the outpatient clinie with 
no clinical evidence of malnutritior. Blood samples 
for the estimations were taken wher the children first 
attended the clinic and fortnightly tor ten weeks after 
the first attendance. 

Children with kwashiorkor were classified as severe, 
moderate and mild according to the clinical signs of 
disease. Transferrin concentration seemed to give the 
most reliable measure of the severity of the disease. 
In the severe group, twenty out oi twenty-three had 
transferrin concentrations of less then 0-45 mg/160 ml.: 
half the moderate group were below this level, as were 
eleven of the thirty-nine in the mild group. Hight 
children who died very rapidly al had severely de- 
pressed hydroxyproline indices and six out of the eight 
had severely depressed transferrin concentrations, 
Results of the other tests showed that many children 
with kwashiorkor had low total protein and serum 


albumin, but none of the other tests was as reliable as 
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the transferrin value in estimating the severity of 
kwashiorkor. ‘Transferrin concentration was normal 
in almost all the children with marasmus. Children 
with marasmus showed little change in the serum 
proteins but almost all had elevated amino-acid ratios. 

When the clinical classification and the transferrin 
ralue conflicted, the transferrin value was a more 
accurate guide to the prognosis. All the children 
classified as moderate, mild or early kwashiorkor with 
transferrin values less than 0-45 mg/100 ml. were 
subsequently admitted to hospital, died, or failed to 
return to the clinic and were presumed dead. Those 
whose transferrin value at the second visit was lower 
than the first value usually failed to return and were 
presumed dead. The immunochemical test for trans- 
ferrin used in this investigation is rapid, easv to perform 
even in primitive conditions, and costs only two shillings 
per test. It seems to be a very suitable and specific test 
for protein deficiency. Transferrin has been shown to 
inhibit the multiplication of some bacteria and viruses, 
so the low transferrin values associated with kwashior- 
kor may be related to the increased susceptibility to 
infection in malnutrition. 


CELL BIOLOGY 


Assembly of Phage Tail 


from our Cell Biology Correspondent 


THE use of conditional lethal mutants in the analysis 
of the assembly of T phage is, of course, firmly associ- 
ated with the names Edgar, Epstein and Kellenberger. 
Their pioneermg work established that various steps 
in the morphogenesis of T phage occur in precisely 
ordered sequences and has served as a model for the 
investigation of morphogenesis in other organisms—— 
Chlamydomonas, for example. In two papers from 
Edgar's group in the current issue of the Journal of 
Molecular Biology. King and Wood (J. Mol. Biol., 39, 
583; 1969) and Wood and Henninger (ibid., 603) 
report a detailed analysis of the assembly of T4 phage 
tail fibres and their attachment to the phage capsid. 
Although no fine structure has been reported in 
eleetron micrographs of T4 phage tails, there is ample 
evidence that the organelles are functionally complex 
and made of more than one protein species. According 
to King and Wood, the products of at least six genes— 
genes 34 to 38 inclusive and 57-—are involved in tail 
formation. Gene 34 specifies one antigenic component, 
A, which appears in the electron microscope as a half 
tail fibre and sediments at 98. Genes 37 and 38 
specify another component, the C half fibre, sedimenting 
at 85. This reacts with the product of gene 36 to pro- 
duce one eomponent with the € antigen and another 
with the B antigen. The BC precursor sediments at 
8S. The product of gene 35 takes the sequence another 
step forward by converting the BC component to a 
form BC’ which can then react with the A component, 
specified by gene 34, to vield the whole tail fibre, 
which sediments at 108 and contains the three anti- 
gens AB and C. What does gene 57 do? The only 
evidence as to its function is the discovery that the 
product of gene 57 is required for the pr oduction of the 
three tail puis It is also noteworthy that the 
product of gene 57 is synthesized throughout most of 
the latent period of infection, whereas the other genes 
are not expressed in these early stages. 
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Despite its detail, the pathway that King and Wood 
have suggested only superficially describes the assembly 
process; as they admit, other as yet unidentified genes 
may be involved, and there is little evidence about the 
nature of the interactions between the various gene 
products in the pathway. The A component may, 
for example, carry the site of attachment to the phage 

capsid, but, if it does, the site must be modified by 
reaction with the BC’ component because the A 
component alone will not attach to particles. 

Wood and Henninger have defined some of the condi- 
tions necessary for the attachment of complete tail 
fibres to phage capsids. By incubating tailless phage 
with a cell extract containing tails, they have shown 
that the kinetics of tail attachment, to vield infectious 
phage, suggest that the tails are added randomly 
one by one and that less than six tails are required to 
make the phage infectious. The rate of tail attachment 
is apparently dependent on temperature and requires 
a divalent or monovalent cation as well as a factor 
which has the properties of a protein. This factor seems 
to act catalytically and is probably the product of yet 
another gene, gene 63. This protein is made from the 

early stages of infection and is synthesized irrespective 
of whether or not phage DNA svnthesis is blocked. 
Paradoxically, however, all the evidence suggests 
that gene 63 protein has no function in any of the earlier 
steps in phage maturation. 

Attachment of the tails does not appear to require 
free energy or low molecular weight cofactors. Thus 
if the attachment involves the formation of covalent 
bonds—and the requirement of gene 63 protein suggests 
that it may——cofactors must be bound to the reactants 
or the reaction must occur without appreciable net 
free energy change. There is a precedent for such a 
reaction. The transpeptidization which occurs during 
the stabilization of fibrin results in little free energy 
change. 


BIOCHEMISTRY 


Laboratory Medicine 


A ONE-DAY conference at the Middlesex Hospital 
Medical School last week, "Some Recent Advances in 
Clinical. Biochemistry", left the feeling that the 
contribution of biochemistry to medical practice is 
growing steadily if not spectacularly, Dr G. A. Rose 
of the Institute of Urology started the day with a 
Bm of body calei jum, Nue der d its endocrine 
aspects Dr 
sS. B. Rosalki of St Mary 8 Ponai "Paddington, 
surveving clinical enzymology, said that there have 
been very few recent additions to the list of clinically 
aea enzymes. The most important contempor- 
ary advance has been the appearance of convenient 
and direct t spectrophotometric assays for phosphatases, 
esterases and the like. 

A paper starkly entitled “Drugs” was given by Dr V. 
Marks of the Area Laboratory, E ipsom. He described 
how a willingness to assay body fluids has given lithium 
therapy a new lease of life. Twenty years ago, lithium 
salts were used in treating mania, but they caused 
many sudden deaths and waned in popularity. 
Rece ntly it has been found that people differ enorm- 
ously in their rates of excretion of lithium ion: the 
earlier fatalities are linked. to low exeretion rates. 
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Lithium therapy, combined with regular assays of 
serum lithium, is now restored to clinical practice. 

Dr Marks claimed that, contrary to various reports, 
there is no reliable assay for consumed LSD or cannabis 
in blood, urine or breath. Detecting morphine and 
amphetamine is simpler: thin-layer chromatography 
of urine extracts often suffices. But Dr Marks warned 
that even here results can be confusing, chiefly because 
of the tendeney of hard drug users to dose themselves 
with anything they can lay their hands on. He 
displayed some of the resulting chromatograms, with 
spots in kaleidoscopie profusion. 

Dr J. R. Hobbs of the Royal Postgraduate Medical 
School gave a fascinating account of the diagnostic 
use of serum proteins. Many diseases relate to charac- 
teristic patterns of immunoglobulin deficiency, and 
there is evidence that an increase in a-foetoprotem 
heralds the onset of primary carcinoma of the liver, 
at any rate in Bantu. 

The new MRC recommended assays for steroids 
were discussed by Professor V. H. T. James of St 
Mary’s Hospital Medical School. He went on to de- 
scribe some sophisticated assays, not as yet taken up 
by the MRC, which depend on the displacement of 
label, by the test sample, from steroid binding proteins 
loaded with labelled steroid. Professor James ended 
by describing the growing evidence for a link between 
some parameters of steroid output and responsiveness 
to surgery for breast cancer. 

Finally, Dr A. C. Pollard of the Charing Cross Hospi- 
tal Medical School gave some dire warnings for those 
clinical biochemists contemplating the purchase of 
computers for their laboratories. Such luxuries are 
very low on the Ministry of Health’s list of priorities, 
perhaps rightly, and there is a great shortage of the 
programming talent required to make full use of 
complex installations. Technicians who at present 
spend half their day on some routine assay, and half 
the day working out results, may not feel a computer 
is a boon if its effect is simply to make them spend 
all of each day on the routine assay. Dr Pollard 
advised his audience to make do with a small self- 
programmed computer unless their needs were very 
special. 


MOLECULAR BIOLOGY 


Active and Inactive Sites 


from our Molecular Biology Correspondent 


Recent high resolution crystallographic studies of 
several enzymes have awakened in enzymologists the 
hope of divining the mechanism of action by a suffici- 
ently intense scrutiny of the geometry of the active 
site. Many hairs have been enthusiastically split, and 
some concrete ideas appear also to have taken shape. 
Moreover, experiments are now being designed to test 
some of these, along the lines, for example, of intro- 
ducing small selected changes in the local geometry. 

A good example is the approach used by Bender and 
by Koshland of converting the vital serine hydroxyl 
group in serine proteases into a thiol. Some studies of 
subtilisin, modified in this manner, are reported by 
Neet, Nanci and Koshland (J. Biol. Chem., 248, 6392; 
1968). The thiol-subtilisin appears from its physical 
properties to retain essentially unchanged the gross 
conformation of the native enzyme. Towards proteins, 
and esters, such as the common substrate, N-acetyl- 
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tyrosine ethyl ester, it is inactive. Binding measure- 
ments, however, revealed that the capacity of the 
protein to bind the ester was almost unimpaired. The 
inactivation was clearly therefore associated with the 
failure of a catalytic step. Now there is good evidence 
that the action of the serine proteases invelves acylation 
of the serine by the substrate, the ester bond of the 
latter being hydrolysed. The acylated enzyme, which 
can be isolated as an intermediate, is then deacylated, 
to yield the carboxylic acid product. Evidently it is 
the acylation step which fails in the thie! enzyme, for 
there is no build-up of acylated proteim. Neet ef al. 
therefore tried as substrate the much more reactive 
ester, p-nitrophenyl acetate, which is known to be a 
very powerful acylating agent. Towards this substrate 
the enzyme showed appreciable activity. Moreover, 
the deacylation step, though much slower than in the 
native enzyme, proceeded satisfactorily, showing 
again that it is the acylation reaction that is inhibited 
by thiolation. 

In mechanistic terms, it is clear from reactions of 
simple compounds that thiols are in general better 
nucleophiles than alcohols: moreover, the steric effect 
of substituting sulphur for oxygen :s very small, 
amounting only to a difference of 0-4 X between the 
covalent radii. It is extraordinary therefore that the 
effect on the activity is so drastic. Neer et al. conclude 
that the minute change in geometry wehin the active 
site is alone sufficient to destroy the activity, and they 
offer this argument as a riposte to criticisms of Kosh- 
land’s induced-fit hypothesis, arising from the vanish- 
ingly small steric changes induced (as shown crystal- 
lographically) in ribonuclease and lysozyme, for 
example, by the substrate. Ifa shift of0-4 À measures 
the hairsbreadth between the active and inactive 
states, they argue, then a change of similar order on 
entry of the substrate will be enough to produce the 
same effect in the native enzyme. 

The active site of two subtilisin-type enzymes has 
been further defined by Markland, Saaw and Smith 
(Proc. US Nat. Acad. Sei., 61, 1440; 1968). It was 
surmised from activity data that an uwonized histidine 
residue forms part of the active site. The alkylating 
agent and substrate analogue, carbcbenzoxvphenyl- 
alanine bromoethyl ketone, inactivates the enzyme 
specifically. The reaction was carried out with 
labelled reagent, and after enzymatzc and chemical 
fragmentation, the label was located :n his-64. whieh 
is thus part of the active site. Neet eal. note that the 
active serine is residue 221, which is near the other end 
of the chain, and point out the similari: y to chymotryp- 
sin and trypsin, where the corresponeing residues are 
his-57, ser-195, and his-46, ser-184, respectively. A 
structural and evolutionary relation between all these 
proteases may be cautiously inferred. 

Another example of modified speciicity within this 
family comes from Coletti-Previero ef al. (J. Mol. 
Biol., 89, 493. 1969), who find that when one or more 
tryptophan residues are in a modiied (form vlated) 
state in trypsin, the proteolytic activity is annihilated, 
but the esterase activity survives almost undiminished. 
Moreover, the addition of non-aqueous solvents to 
native trypsin has precisely the same effect. Only one 
active site is present in the enzyme, ane so if 18 reason- 
able to suppose that the differential inactivation is & 
consequence of the effective diminution of its hydro- 
phobie character relative to the solution. 
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Retrospect and Prospect of Aldabra Research 


With the conclusion of the Royal Society expedition to Aldabra, 
by research on this hitherto little known elevated atoll in the south- 
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ALDABRA came to the Royal Society's attention in 1966 
at a time when the Ministry of Defence was considering 
the construction of an air staging post on the atoll. A 
preliminary reconnaissance of Aldabra in mid-1966 
established that the atoll had escaped disturbance by man, 
because of its inhospitable environment, lack of soil for 
cultivation and absence of guano deposits, and that its 
ecosystem is of great biological interest'. Similar neigh- 
bouring islands have undergone drastic changes through 
mining in the past sixty years, with resulting major 
habitat changes and the extinction of many unusual 
animals. On Aldabra the most striking elements of the 
fauna are the large population of the giant land tortoise, 
Geochelone gigantea, a series of resident land birds, and 
large breeding colonies of sea birds. Equally notable is 
the lack of human interference with vegetation, and the 
small numbers and restricted distribution of plants and 
animals introduced by man*, On the basis of this informa- 
tion from the reconnaissance, linked with a comparative 
analysis of the state of other islands in the western Indian 
Ocean, the Royal Society presented arguments for the 
preservation of Aldabra for scientific research, and in 
January 1967 decided to launch an expedition to the atoll 
to gather what information it could before military 
development began. 

The initial aims of the expedition were to make an 
inventory of the plants and animals of the atoll, both 
marine and terrestrial, and to make population estimates 
and distribution maps of certain groups, particularly 
the tortoises and the birds. If military development 
proceeded, such data would establish a baseline from 
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west Indian Ocean enters a new phase, and it is timely to consider 
the results achieved so far and the long-term plans for further scientific 
work. The results of the first eight months of the expedition were 
the subject of a discussion meeting at the Royal Society on March 


which to measure subsequent changes in the system caused 
by man, and also serve as a guide for the partial conserva- 
tion measures which would be required. For this reason 
many workers during the earlier phases of the expedition 
were taxonomists, often with ecological interests. In 
later stages more attention has been given to ecological 
and behavioural studies, and to work less directly con- 
cerned either with the proposed development or with 
conservation problems. 

The expedition began in August 1967, and during the 
next twenty months forty-five people worked on Aldabra, 
five in support categories, the rest with scientific projects. 
Nineteen scientists were concerned with the marine biota 
(four with marine flora and vegetation, thirteen with 
marine invertebrates, two with vertebrates) and twenty- 
one with the terrestrial biota (including two with 
geology and geomorphology, four with vegetation and 
flora, three with insects, three with reptiles, and three 
with birds). The work was organized in phases, each 
normally lasting three to four months because of problems 
of transportation. During phase II, in November 1967, 
the emphasis in research changed, with the announcement 
of the Government's decision not to proceed with the 
Aldabra defence plans following the devaluation of the 
pound sterling’. It was then too late to alter proposals 
for a large party of sixteen people to make investigations 
during the last wet season before development was thought 
likely to begin: this phase took place in January-March 
1968, though it failed to rain during the “wet season”, 

After the Government's decision the immediate urgeney 
of the situation deereased, and it was decided to divert 
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The Pyramitome 
— newest of the LKB microtomes. 
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The Egyptians 
Worked Harder 
than LKB 


to produce PYRAMIDS — 
but then they did not have 
the LKB Pyramitome. 
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ribbons of sectiens, free from 
“fringed” edges, that are 
easily collected “rom the sur- 
face of the trougn liquid. 
Trimming feed and pyramid 
shape can be mechanically 
selected, saving time in busy 
laboratories. 

The Knife-turret accommo- 
dates three glass knives, up 
to 10 mm thick. The knives 
are set to their working posi- 
tion prior to trimming, as one 
knife is used so a new knife 
can be rotated to exactly the 
same work position. The use 
of glass knives in the Pyra- 
mitome enables completely 
translucent pyramids to be 
produced making it easy to 
view the embedded tissue. 
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This latest addition to the 
LKB Ultramicrotomy Labo- 
ratory is both Pyramid 
Maker and Histo-microtome 
in one instrument, a valuable 
design combination that is 
unique on the market today. 
The Pyramitome cuts plastic 
specimen blocks into the 
pyramidshape needed prior 
to sectioning with a micro- 
tome. The combination de- 
sign of this instrument has 
the advantage that it pro- 
vides both large pyramids 
from which survey sections 
can be cut and also the sec- 
tions. 

The Pyramitome mechani- 
cally shapes pyramids with 
positively parallel sides, per- 
pendicular to the cutting di- 
rection, so furnishing straight 
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4Diagramatic representation of 
large survey sections for light 
microscopy and small ultrathin 
sections of area of interest for 
examination in the electron mi- 
croscope. 





XX NATURE, MARCH 15, 1969 


ram LO rne t emit eme mti P Pme e ner T A e E a s a I RD ail ——-e— . 


outstanding 
performance for 
crystallog raphers from X LABEX 1969 


STAND No. Al 








7 
JEOL 
THE LATEST JEM-200 
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4.5A line resolutions at 200kV guaranteed 


With a guaranteed point to point resolution of 6A and a 
magnification range of 1,000~200,000 times, the JEM-200 
is suitable for nearly all crystallographic specimens. And accel- 
erating voltages of 50, 100, 150 and 200kV allow a comparison 
to be made between results at 200kV and results at more 
conventional voltages. 


Increased specimen penetration 


Specimens about 1 micron thick show properties more charac- 
teristic of bulk material than those in 100kV microscopy which 
are usually less than 0.3 micron thick. To penetrate these 
thicker specimens an accelerating voltage of 200kV is required 
and this is available using the JEM-200. 


Two stage electron gun 


Stability at 200kV is achieved using a special 2 stage design 
which ensures a homogeneous potential gradient at the lower 
end of the insulator. Special treatment of the insulator 
material ensures freedom from microdischarges. 


Anticontaminator 


The anticontaminator, which is a standard feature, keeps 
contamination rate below OJIA per minute. And it can be 
used with most of the attachments without limitations. 


Easy to operate 


Despite the increased accelerating voltage, the JEM-200 
is still as easy to use as any 100kV instrument. And it is easy 
to maintain too. 


Continuous operation 


The JEM-200 can be operated continuously throughout 
the working day. It will work just as hard as the Operator. 


Large range of accessories 
A full range of JEOL accessories is available for use with the The JEM-200 is only one in the range of JEOL 
JEM-200 and gives it wide versatility, electron microscopes. Other instruments include: 
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activity from the relatively vulnerable land biota to the 
marine, while policies were worked out for long-term 
terrestrial research and the results already achieved were 
Marine included both littoral and 


evaluated. studies 


shallow-water work. ana i subaqua phase O11 the suh- 
littoral communities. 
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Two of the many thousands of tortoises which wander around the platin 
aren at the east end of South Island (where the airstrip was planned to 
be built). 


Many of the results of the expedition's work will not be 
available for several years, especially where taxonomic 
revisions are required of groups with chiefly Malagasy 
affinities. The results of the first eight months of the 
expedition, which were discussed at the Roval Societ v orn 
March 13 and 14, chiefly concerned the inventory and 
distribution of terrestrial groups, with basie studies of 
geomorphology, climate and vegetation. Results of 
recently completed marine work will follow later. 


Geomorphology and Biology 


Geomorphically, Aldabra consists of a peripheral narrow 
ridge 8 m above sea level, with a lower terrace cut into its 
seaward face at 4 m. 
limestone are all greater than 39,900 yr; dates on a 
younger limestone deposited on the edge of the 4 m terrace 
are between 37,000 and 39,900 yr. It is possible that 
lower areas have been submerged since this vounger lime- 
stone was deposited. The date of emergence of Aldabra 
from the sea and the land area during subsequent partial 
transgressions are very important in the study of the 
development of the atoll biota. The distinction in land- 
forms between irregular “champignon” and 
Hat-lying smooth “platin”, while oversimplified, corre- 
sponds to distinctions between ridge, terrace and raised 
lagoon floor, though as a result of rapid vertical and lateral 
facies changes in the reef limestones the surface forms 
are very variable. The correspondence between vegeta- 
tion units and geomorphic units has been further refined: 
even quite small differences in level can influence vegeta- 
tion patterns. The principal vegetation units include a 
scrub of Pemphis and Mystroxylon on low champignon, 
an open mixed scrub or woodland on platin, a Sporobolus 
and Selerodactylon grassland with occasional shrubs on 
dunes and perched beaches, and mangrove woodland 
round the lagoon margins. 

Censuses of the giant tortoise population have shown 
that there are many more of these reptiles than hitherto 
supposed, with a total atoll population of 80,000 + 20,000. 
Fossil tortoise bones have been found in solution-hole 
deposits, which in some cases may pre-date the last low 
stand of the sea. Work on Geochelone has so far concen- 
trated on population structure and distribution, feeding 
ecology, and behaviour. Censuses have also been carried 
out on the breeding sea bird colonies, particularly of the 
frigatebird colony on Middle Island, which is the largest 


dissected 


Carbon-14 dates on the basal reef 
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breeding site for this genus in the western Indian Ocean. 
Work on the land birds has concentrated on determining 
the taxonomic status of the resident land and shore birds, 
and a new species of warbler, Nesillas al*abranus, has been 
Taxonomic and ecologica! work is continu- 
land molbusea, insects and 


discovered’, 


ing on such groups as thu 
freshwater fauna. 

Marine work during the first eight months concentrated 
on eommnids and zonation on cliffs, reef flats 
and in mangrove woodland. Large collections were made, 


especially of algae and mollusca, and tais work has been 


structure 


extended in more recent marine phases, 


Programme for Future Work 


In planning long term research on Aldabra, central 
objectives must first be identified, and a programme then 
devised for their orderly realization. The principal aim 
in Aldabra research is ultimately to understand the 
structure, functions and state of an «levated limestone 
island This aim necessarily includes the 
elucidation of trophic structure and energy flow in the 
present biota, the study of colonization and extinction in 
an island fauna and flora, and of morphological, physio- 
logical, ecological and behavioural changes in isolated 
populations. Study of an ecosystem o" the size and com- 
plexity of that of Aldabra requires the identification of 
manageable subsystems for preliminary study: these may 
include the freshwater pools, the platin woodland, the 
champignon scrub and the mangrove woodland. Certain 
groups are clearly of such importance within the system 
that research can usefully concentrate on them. Thus the 
giant tortoises will form the focus of studies of energy 
flow and productivity in the terrestrial system. The sea 
birds also will be important in the transmission of 
matter and energy from the marine to the terrestrial 
svstems. 


ecosystem. 





A giant tortoise on champignon. 


Much of the groundwork for a msearch 
of this type has been completed by the inventory work 
of the expedition. Several general pre jects still need to be 
completed. These include the establishment of an 
adequate topographic control linked to an atoll 
and the preparation of geomorpluc, 
vegetation maps which can serve as foundation documents 
for other work. Tidal variations b: open sea and 
lagoon and then with eroundwater | infit 


pri Pirie 


datum, 
meologieal and 
Weer 


relations 
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and fluctuations on the atoll rim are of great biological 
importance, though difficult to study. The completion of 
these basic projects by special parties will probably take 
at least three years. 

Other cognate projeets are being considered, linked to the 
work on topography, geology, vegetation and hydrology. 
It would be of great value to investigate the strueture and 
history of the atoll itself, first by geophysical means and 
dredging, and perhaps ultimately by deep boring. Similar 
work in the Marshall Islands has yielded important 
information on the biological history of those atolls*. 
Long term standard observations must also begin: a 
meteorological station now in operation is to be extended, 
observation points will be established to measure rates of 
limestone erosion and deposition, and permanent quadrats 
will be set up to monitor changes in vegetation. Such 
long term records will also serve as a check on the influence 
of scientific activities on Aldabra, for, in spite of strict 
controls, some changes will probably be inevitable though 
small. 
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Many of the pools at the east side of the island are frequented by large 
numbers of frigatebirds which dive throughout the day for fresh water. 





The programme of research, after the groundwork 
studies are completed, is now being discussed by the 
Aldabra Research Committee of the Royal Society, under 
the chairmanship of Professor T. 5. Westoll. Three 
projeets will probably take priority: study of primary 
productivity, study of the large herbivores, and study 
of the sea birds. Each of these is complex and may take 
many years: in the case of the tortoises, for example, it 
is necessary first to solve the problem of tagging so large 
a population before several types of work can begin. 
Beeause of problems of the availability of personnel and 
of timing, the long term programme must be sufficiently 
flexible to accommodate work on other topics, while 
maintaining the broad priorities now established. 

The marine work of later expedition phases has also 
suggested problems for further study. Marine work is 
hazardous and difficult to organize on remote islands, 
but with the increasing interest in reef studies in the 
Indian Ocean, especially in the Seychelles* and Madagas- 
car, Aldabra could be an important addition to the list 
of stations where such work is possible. 


NATURE. VOL. 221. MARCH 15. 1969 


Because of the overriding need to prevent unnecessary 
disturbance to Aldabra during these investigations, and 
to preserve the atoll as a scientific resource for future work, 
experimentation will be ruled out there. Similarly, apart 
from exterminating recently introduced feral eats, for 
example, no active conservation measures such as popula- 
tion control are envisaged. There are, however, neigh- 
bouring islands, originally similar in geomorphology, 
vegetation and fauna to Aldabra, but which, through 
human activities, have been biologically devastated. 
Useful experiments could be carried out by recolonizing 
these with giant tortoises, land birds and other animals 
now extinct on them. Such work could also be useful in 
the possible rehabilitation of grossly disturbed islands. 
Expedition parties have visited many of these since 
1967 (ineluding Assumption, Astove, Cosmoledo, Farquhar 
and several of the Amirantes) and have confirmed the 
original estimate that they are not now in any way com- 
parable in scientific importance with Aldabra*. 


Aldabra Research Station 


Parallel aims of the Aldabra Research Comunittee have 
been to safeguard the status of Aldabra by adequate 
conservation legislation, and to build and operate a small 
permanent research station there. A party comprising the 
chairman of the committee, the director of the Nature 
Conservancy, and myself visited Aldabra in September 
1968 to survey a site for the station and consider conserva- 
tion problems, and later went to the Seychelles to discuss 
legislation and practical problems with the Commissioner 
of the British Indian Ocean Territory. 

Later this year the Royal Society is to build a small 
laboratory, residential accommodation and ancillary facili- 
ties on West Island, close to West Channels, and to main- 
tain the station for ten years in the first instanee. It will 
be operated by a resident director, engineer and other staff, 
and will be equipped for field investigations. Because 
of the possibility of damage to the ecosystem, the Society 
hopes to restrict the number of visiting scientists to about 
four at atime. On account of the expense of ship charters, 
the normal visiting period will be about four months. 
It is proposed to charge a bench fee for visitors working 
at the station, to cover use of facilities, food, accommoda- 
tion, and transport to and from Mombasa. In Britain 
the Natural Environment Research Council has indicated 
that it will consider supporting research projects on the 
atoll which fall within its terms of reference. ‘The practical 
details of station administration affecting visitors are now 
being worked out and will be announced by the Society 
during 1969. 

The British Indian Ocean Territory is also revising its 
wildlife protection legislation, as it affects Aldabra, on 
more comprehensive lines, and it is likely that the whole 
of Aldabra will be regulated as a nature reserve. 

Because of the need to plan visits to Aldabra well in 
advance, and to integrate proposals with work already 
completed and with the research programme, the Aldabra 
Research Committee of the Royal Society weleomes en- 
quiries from prospective scientific visitors, especially 
those with projects which fall within the broad fields I 
have indicated. United States scientists have participated 
in several phases of the expedition, and the National 
Academy of Sciences, in collaboration with the Smith- 
aonian Institution, has agreed to consider propi sals from 
American workers. A joint committee of the Academy 
and the Royal Society is to be formed to aid liaison. 
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by 
ROBERT F. CHANDLER, jun. 


International Rice Research Institute, 
Los Baños, Laguna, 
The Philippines 


Rice is the principal food of more than half of mankind, 
and 90 per cent of the world's supply is produced and 
consumed in Asia. Yet, in the Asian tropies and sub- 
tropies, rice yields are among the world's lowest. In fact, 
the average yield in the tropical areas is not more than 
1,500 kg/hectare, as compared with more than 5,000 kg, 
hectare in Japan. 

It was in recognition of the need to improve rice pro- 
duction in the tropies that the Ford and Rockefeller 
Foundations, in cooperation with the Government of the 
Philippines, established the International Rice Research 
Institute as a world centre for the study and improvement 
ofrice. Incorporated in 1960, the Institute was built and 
staffed by early 1962. It is located, adjacent to the 
College of Agriculture of the University of the Philippines, 
at Los Baños, about 40 miles south-east of Manila. 

Approximately $7,500,000 was required to build up and 
equip the Institute, whose operational budget for the 
year 1969, for example, is about $1,750,000. Seventeen 
scientists from seven different countries head the In- 
stitute's programmes, which cover all fields bearing on 
increased rice production. In this article I will attempt 
to describe briefly several of the research projects that 
have given early and rather striking results. A complete 
account of the Institute's activities and achievements 1s 
to be found in its annual reports, in which all major 
research findings are recorded. 
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Improving the Rice Plant and its Culture 


Some important new varieties, of which 'IRB' is tae most famous, 
and methods of culture have come from the International Rice 
Research Institute since its inception in 1962. 


At the start of the Institute’s programme in 1962, it 
became evident that probably the most important single 
reason for the low yield of rice in the trepics was that the 
typical tropical rice plant is tall and leafy. Plants with 
such characteristics are able to compete reasonably well 
with weeds and to produce fair grain yields under the 
prevailing conditions of low-level management. When, 
however, modern methods of rice production are applied 
to tropical rice the results are discouraging. The use of 
adequate fertilizer (especially nitrogen) and the adoption 
of good weed, insect and water contr | practices cause these 
tropical varieties to grow excessively tall. to produce overly 
long, drooping leaves and to lodge (fal. over). Evidence 
accumulated in Japan, the United |Ststes and elsewhere 
showed that if high yields were to be obtained the rice 
plant must remain erect until harvest. There is a direct 
relationship between grain yield and the number of days 
before harvest that a rice plant lodges; the earlier the 
lodging, the lower the yield. 


Rice Breeding 

This knowledge led the plant breeders of the Institute, 
in 1962, to select as their principal objective the develop- 
ment of rice varieties that would be short and stiff- 
strawed, with relatively narrow, upright leaves—plants 
that would resist lodging even when heavily fertilized and 
intensely managed. 





The buildings of the International Rice Research Institute in the background, with water buffalo preparin: the 
flelds for transplanting the rice in the foreground. 
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Dr T. T. Chang, the Institute's geneticist, suggested 


that, because germ plasm from short plants was needed,. 


three varieties from Taiwan might prove useful. These 
varieties were — 'Dee-geo-woo-gen',  'I.geo-tse' and 
‘Taichung Native One’. Of the thirty-eight crosses that 
Dr Peter R. Jennings, the Institute’s plant breeder, made 
in 1962, eleven involved one of these varieties as a parent, 
the other parent being one of the tall, tropical, disease 
resistant varieties such as ‘Peta’ and ‘Sigadis’ from 
Indonesia, “H-105’ from Ceylon and ‘BPI-76’ from the 
Philippines. 

Several of the crosses made in 1962 were successful; 
others were soon discarded because of such inferior 
characteristics as disease susceptibility and poor plant 
type. The eighth cross, however, proved to be exceptional 
and may well become historic. From that eross came a 
variety, now named 'IRS', whieh has opened new vistas 
of rice yields and has given added hope for food sufficiency: 
to the vast number of Asians dependent upon rice for 
their daily sustenance. 

This dramatically different rice plant was obtained by 
crossing ‘Peta’, a tall Indonesian variety which has disease 
resistance, heavy tillering ability, seedling vigour and 
seed dormancy, with ‘Dee-geo-woo-gen’, a short Chinese 
variety. Of about 10,000 plants grown in each of the 
second and third generations, only a few hundred were 
retained for further testing. In the fourth generation, 
plant number 3 in row 288 was among those selected out 
and was appropriately designated as ‘IR8-288-3°. After 
further purification in the fifth and sixth generations, 
IRS.288-3' was planted in its first yield trial. This was 
in March 1965, less than 3 years after the original cross. 
In July, the new strain surprisingly produced a computed 
yield of about 6,600 kg/hectare. A vield of that magni- 
tude, in the cloudy monsoon season of the humid tropics 
(when plant performance is seriously limited by insufficient 
solar radiation), is excellent. Later, we found that in the 
dry season and under high level management this strain 
could produce more than 9,000 kg/heetare and would 
regularly yield between 6,000 and 8,000 kg. 

Furthermore, we soon learned that high vield records 
for the new strain were being established, not only in the 
Philippines and in South-east Asia, but in Latin America 
and Africa as well. Widespread adoption of this promising 
new rice plant seemed assured. In recognition of its 
general acceptance, the International Rice Research 
Institute, in November 1966, announced that heneeforth 
1HR8-288-3' would be known simply as ‘IRS’. 

How could à new rice variety, tailored to predetermined 
specifications, be created so quickly ? Fortunately, the 
short stature of ‘Dee-geo-woo-gen’ is a simple recessive 
character; thus, in accordance with Mendelian laws of 
heredity, in the second generation a quarter of the plants 
were short and three-quarters were tall. Very quickly, 
therefore, a large population of short plants was obtained, 
from which ‘IR8’ could be selected. 

The importance of 'Dee-geo-woo-gen' (and of the other 
Chinese dwarf varieties) is comparable with that of the 
introduetion into the United States after the Second World 
War of the Japanese wheat variety, ‘Norin No. 10’, 
It is indeed coincidence that the dwarfing genes which 
drastically changed the yield potential of the world's two 
most Important food grains came from Asia. 
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selection of plants with thick stems and with leaf sheaths 
well wrapped around the stem. The plants, therefore, 
were doubly protected against the ravages of heavy rains 
and winds, a common hazard in the tropics. Naturally 
this could not have been done without able and exeeptional 
people. In particular the sharp eye and excellent judg- 
ment of the Institute's senior plant breeder, Mr Henry 
M. Beachell, made it possible to spot ‘IR8’ among the 
literally thousands of genetic lines under observation. 

Furthermore, the new varieties, because of their short. 
upright structure, make such efficient use of solar energy 
that significantly more photosynthesis occurs between 
flowering and harvest (about 30 days in the tropics), 
thereby greatly adding to grain yield. In the process of 
drastically changing the architecture of the rice plant, the 
ratio of grain to straw has been increased from about 
0-6 to 12. This means that more than half of the dry 
matter is in the form of grain. Lastly, the new varieties 
are early maturmg and insensitive to photoperiod, thus 
making it possible to plant them in the tropics im any 
month, and, where year-round irrigation is available, to 
plant as many as three erops annually. 

IRS’ was the eighth cross made by the Institute's 
breeders; in late 1968, approximately 2,000 crosses 
had been made, and each set of parents was chosen with 
a definite objective in mind. ‘IR8’ has set a high yield 
standard and has demonstrated the contribution to yield 
of the new modern plant type. Its grain quality, however, 
is inferior, and it lacks resistance to certain diseases. Now 
in the making are a group of varieties which will have 
hard, flinty grains, of varying size and shape to suit the 
preferences of consumers around the world. They will be 
resistant to all the important rice diseases and to several 
of the principal insect pests. They will varv in growth 
duration from 100 to 150 days, so as to fit the different 
cropping patterns and seasonal requirements of the t ropies. 
The new plant type, exemplified by ‘IR8’, is here to stay, 
but the variety will be ever changing. At present the 
Institute is about to name a new variety ; our scientists are 
saying that "IRS8' (and ‘IRS’, the second variety named) 
are becoming obsolete. 

The farmers of tropical Asia are fast accept ing the new 
varieties. Fig. 1 is a photograph of the ad joming rice 
fields of two farmers in the Philippines, showing a new and 
an old variety growing side by side. Wherever reasonably 
good water control is possible, increasingly one should 
expect to see such fields of rice as the one on the left in 
this photograph, 





Photograph taken at the boundary between the lands of two 
rice farmers in the Philippines. The one using the land on the left had 
adopted the new rice variety, ‘IRS’, while the one farming the adjacent 


Fig. 1. 


land was still growing ‘Intan’, a typical tall tropical variety, The 
viell of the short, non-lodging variety was about twice that of the tall, 
weak-strawed variety. 
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Fig. 2. 


The nitrogen responsiveness of two contrasting plant types in the sunny dry 


season and in the cloudy monsoon season in the Philippines. 'IR8' is a short, stiff-strawed 


variety, while Peta’ is a typical tall tropical variety. 


(Data are 3 year averages for ex- 


periments conducted in 1966, 1967 and 1968.) 


Agronomy 


Although the research programme of the agronomy 
department has many facets, I mention here only three 
experiments: variety-fertilizer interactions, the relation- 
ship between solar energy and yields, and the chemical 
control of weeds in flooded, transplanted rice. 

When the new varieties were developed, it was necessary 
to determine their responsiveness to fertilizer. Because 
nitrogen is the most common limiting factor and because 
of its direct influence on lodging, the new varieties were 
tested for their nitrogen responsiveness. Fig. 2 shows the 
effect of nitrogen on the yields of 'TR8' and ‘Peta’ during 
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Fig.3. The grain yield ( - - - ) of monthly plantings of the 'IR8' variety 

of rice compared with the solar radiation ( —) during the last 45 

days before harvest of the same monthly plantings, (Data obtained at 
Los Bafios, the Philippines, during 1987 and 1968.) 





the wet season and the dry season in the Philippines. 
These are average results on our own experimental farm. 
As can be seen from the graphs, the yield during the wet, 
eloudy monsoon season is about 3,000 kg/hectare less than 
during the dry season. 

Evidence shows that the principal cause for low yields 
in the rainy season is the low level of solar energy. In 
Fig. 8 are charted the grain yield and the solar energy 
during the last 45 days before harvest for monthly 
plantings of rice. It is evident that, when other factors are 
under control, solar energy has a profound influence on 
grain yield. 

Weed control is a universal problem in tropical rice 
culture. New chemicals that give excellent control of 
weeds in lowland transplanted rice are now available. 


Although progress is being made, and has been made, in 
the control of weeds for direct seeded rice, the problem is 
more difficult when the weeds and the rice start to grow 
at the same time. The transplanted rice plant, on the 
other hand, may be 3 weeks old, and herbicides applied 3 
to 4 days after transplanting kill the sender sprouting 
weeds but do not harm the tough, older rice plants. De 
Datta et al. have recently described successful work on the 
selective control of weeds by using «-2,2,2-trichloroethyl 
styrene!. The price of several of the new compounds is 
low enough to make chemical weed contre! more economi- 
eal than hand weeding; and, where one or more of these 
effective chemicals are available, farmexs. if they wish, 
can abandon hand weeding completely. Another con- 
venient feature of most of these new materials is that they 
are available in granular, solid form and ean he applied by 
hand direetly into the irrigation water. 


Entomology 


Insect control is another area where Institute 
scientists have made significant and rapic progress during 
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Fig. 5. Many of the plants in the centre row are dead from planthopper burn due to the high susceptibility 

Of IRE to brown planthopper GVilaparvata lugens) attack. When ‘TRS’ was crossed with 'Mudgo', a highiv 

resistant variety, approximately two-thirds of the plants in the F, generation were healthy, indicating that 
resistance may be controlled by a single dominant gene, 


the past 6 vears. The programme is headed by Dr M. D. 
Pathak, the Institute’s entomologist. During the early 
years, research was concentrated on the use of granular 
systemic insecticides applied directly to the layer of water 
over the surface of the soil. The gamma isomer of benzene 
hexachloride, when applied at the rate of 2 or 3 kg of 
active ingredient per hectare, proved to be quite effective in 
controlling the rice stem borers. It did not control the 
green leafhoppers and the brown planthoppers, however, 
both of which not only serve as vectors of several serious 
virus diseases of rice but also, when present in large 
numbers, cause direct damage to the plants. 

Later experiments showed that diazinon was quite 
effective in controlling both the stem borers and the leaf- 
hoppers and planthoppers when applied at the rate of 
2 kg/hectare of active ingredient every 20 days. 

Fig. 4 shows the average vields of rice treated and un- 
treated with either lindane or diazinon, in about twenty- 
four experiments. Although lindane and diazinon have 
been consistently highly effective chemicals for the control 
of rice insects and were strongly recommended because 
of their low mammalian toxicity, several other chemicals 
are quite good. Undoubtedly other compounds already 
tested, or vet to be tested, will be recommended in future 
when, as seems likely, the insect’ populations have devel. 
oped resistanee to the chemicals now being used. 

Although Dr Pathak's group will continue to study the 
control of insects by chemical means, another important 
phase of entomological work now producing striking 
results is that of varietal resistance to insects. At least 
moderate resistance to the various rice stem borers has 
already been achieved by crossing an Indian variety. 
CTRMG, with ‘Taichung Native One’ and with ‘TRS’. 
Some of the genetic lines from these crosses have given 
tis plants of good grain quality, with resistance to the stem 
borers, to bacterial leaf blight and bacterial leaf streak, 
and also to two of the most serious virus diseases. 
Fortunately, at least one of this new group of rice plants 
has a yield potential similar to that of TRS. Indeed, it 
is quite likely that the next variety to be named by the 
Institute will emerge from one of these crosses. 

Another fast developing project is that dealing with 
varietal resistance to the green leafhopper (Nephottetix 
impricticeps) and to the brown planthopper (Nilaparvata 
lugens). Two rice varieties from India, ‘Pankhari 203° 
and 'Mudgo'. proved to have strong resistance to the green 
ieafhopper and to the brown planthopper, respectively. 
Tt now seems that resistance to these insects may be 
controlled by a single dominant gene. This is revealed by 


the 3 to l segregation in the F, generation of crosses 
between either "Pankhari 203° or Mudgo', and susceptible 
varieties. Fig. 5 is a photograph of a variety CIR’) 
susceptible to Nilaparvata lugens attack and adjacent rows 
of the F, generation of a cross between this variety and 
Mudgo, a highly resistant one. Note the segregation and 
the high percentage of resistant. plants in the hybrid. 

It is too early to foretell the final outeome of this study, 
but early results strongly indicate the possibility that, in 
any given variety, we ean incorporate resistance to both 
kinds of inseets (thus proteeting all improved varieties 
from serious insect attack), and we can also give at least 
significant protection against the virus diseases such 
insects carry. 

I have presented only a few of the results obtained by 
the seientists in three departments. The Institute has 
twelve scientific departments, not including such im- 
portant adjuncts as the library, the experimental farm, 
and a training programme for extension people as well as 
one for young research scientists. Naturally, we consider 
all of our activities important; otherwise, they would not 
be supported. The three branches of research discussed 
here were selected because of their dramatic impact on the 
vield of rice. The results described, however, could have 
been neither so quickly obtained ner so well understood 
without the knowledge provided by the entire Institute 
staff, whether soil chemist, soil mucrobiologist, plant 
physiologist, plant pathologist, agricultural engineer or 
agnicultural economist. The Institute approach essentially 
has been one of team work. 

If I were asked to predict what will prove to be the two 
most important contributions of the Institute, I might 
guess that one would be the creation, through genetics, of 
an entirely new plant type, capable of responding to the 
environmental factors that man can control. The other, 
perhaps, would be the ability, on the part of a small 
group of scientists at one institution, to stimulate through- 
out the rice growing world a whole new approach to 
research on rice improvement and management. 

It is our continuing objective to work as à group on all 
the problems affecting the productivity of the rice plant, 
in order to achieve high vields and, in the process, to 
understand as well as possible, and to make known, the 
causes of the results obtained. © 
to serve mankind by bringing greater prosperity and well. 
being to the developing countries of the rice growing 
world and by adding to the body. of scientifie knowledge 
of this aneient and vital food crop. 


! De Datta S. K., Bantilan, R. T., and Park, J. K., Nature, 921, 64 (1989), 
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Eclipse Prediction at Stonehenge 


by 
R. COLTON 
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SAT Stonehenge the precise circle of 56 Aubrey holes 
seems to be connected unambiguously with an accurate 
eclipse eyele which synchronizes with the year of the 
seasons’!, Hawkins’s claim! that the Aubrey holes 
ean be used as a counter to predict eclipses prompted us 
to publish an article? in which it was shown that a sus- 
tained 56 year eclipse eycle does not exist. In a rejoinder? 
to our article, Hawkins conceded that our calculations 
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Fig. 1. Winter eclipses 1600-1400 Bc. ©, Winter eclipse of Sun; 
@. winter eclipse of Moon. A, Region of certain lunar eclipses at the 
solstice, B, region of certain lunar eclipses 15 days from the solstice. 
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A discussion of Professor G. S. Hawkins's theory of eclipse cycles 
at Stonehenge. 






were correct but suggested that our cenclusions have no 
direct bearing on his Stonehenge eclipse eyele. Hawkins 
has now commented in a private comrrunication that his 
eyele does not relate to specific eclipses but applies only 
to the recurrence of eclipse seasons. We will now show, 
however, that even the periodicity in ec. ipse seasons could 
not have been useful to Neolithic man for eclipse predio- 
Hon. | 

To illustrate this point we use the «diagram given by 
Hawkins? which shows the azimuth of the rising full Moon 
nearest to the winter solstice for the years 1400-1600 BC. 
We have marked all lunar eclipses, both total and partial, 
which occurred for the winter Moon ix this period. The 
data for the partial eclipses are easily derived from 
subsequent eclipses listed in Oppolzer'e Canon of Eclipses? 
using Van Den Berg's* Accuratissime cycle of recurring 
eclipses. Hawkins extraeted his eclipse data directly 
from Van Den Berg?. who lists only ec:ipses of more than 
5/6 totality. Not all these total eclipses would have been 
seen completely at Stonehenge, so there is no reason bo 
distinguish between a total eclipse soon partially and a 
partial eclipse seen totally. o 

It is apparent from Fig. | that, eortrary to Hawkins s 
elaim?, the winter Moon can rise over the Heelstone with. 
out being eclipsed. If the full Moon cose over the Heel- 
stone exactly at the solstice. then an eclipse of the Moon 
would occur, but Hawkins has widened the argument to 
the full Moon nearest to the winter solstice. Thus the 
full Moon within the period December 6 to January 5 
(Gregorian calendar) is the winter Moon and can be up 
to 15 days from the actual solstice. Ei 15 days the winter 
sunset moves from a position opposite the Heelstone to a 
position opposite to azimuth 53^. The limits for a funar 
eclipse to oceur with eertainty are tbat the full Moon be 
within 9° of its node*. The limits in azimuth for a lunar 
eclipse definitely to occur, both for a full Moon exactly 
at the solstice and for a Moon 15 dass from the solstice, 
are marked in Fig. 1, although it should be noted that there 
is the possibility of an eclipse occurring over somewhat 
wider limits’. Nevertheless, as tae data for actual 
eclipses show, many of the winter Meons well away from 

the solstice do rise over the Heelstone with- 
out being eclipsed. 

10 Limits for solar eclipses are wider than 
those for lunar eclipses (a solar eclipse is 
certain if the new Moor is within 13-5" of its 
node). so winter solar eclipses will occur for 
several successive years whenever the winter 
full Moon rises near the Heelstone. These 
solar eclipses occur about 15 days before or 
after the full Moon ard furthermore. they 
do not occur anywhere near the Heelstone, 
but rather near azimuth 128°, corresponding 
to the declination of sbout — 23-9" for the 
winter Sun. Winter solar eclipses, both total 
and partial, are marked in Fig. ! for the 
vears 1461-1400 nc. Because solar eclipses 
occur every year when the winter Moon 
rises near the Heelstone. Professor Hawkins 's 
selection of particular solar and lunar eclipses 
to justify a 56 yr period for his cyele is quite 
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arbitrary. Furthermore, the occurrence of a solar eclipse 
must not be confused with its visibility which would be 
the all-important factor for Neolithic man. It is well 
known that solar eclipses are comparatively rare events 
at à particular point on the Earth's surface. Examination 
of the Nautical Almanacs for the years 1858-1955 shows 
that 35 such winter solar eclipses oceurred, but of these 
only three were visible or partially visible at Greenwich 
and hence at Stonehenge. Neolithic man could not 
therefore have seen any pattern in solar eclipses near the 
winter solstice, and any search for a periodic pattern of 
echpses must be restricted to those of the Moon. 

The Neolithic astronomer at Stonehenge would see a 
random distribution of about 90 per cent of the lunar 
eclipses shown in Fig. 1, and it can readily be verified 
that the winter Moon is not “eclipsed in repetitive fashion 
based on a 56 year cycle ?. The histogram in Fig. 2 
shows the frequency of the intervals between any lunar 
eclipse and all the other eclipses in Fig. 1. The positions 
of the frequency peaks are given by 18-61 n/2 for succes- 
sive integral values of n, and 18:61 vr is the period of 
rotation of the nodes. There is, however, no regular 
separation between eclipses, and therefore the regular 
occurrence of eclipse seasons would not in itself be sufficient 
for Neolithic man to predict lunar eclipses in any particular 
year. It is noteworthy that the peak near 56 yr is one of 
the smallest, indicating that 56 yr is a particularly poor 
period to use when attempting to prediet eclipses. 
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PROFESSOR G. S. HawkINS writes: The sentence referred 
toin the preceding article is badly worded, and, indeed, 
taken by itself can lead to a misinterpretation of the 
Stonehenge theory. The sentence was an attempt to 
summarize the more detailed astronomical discussions in 
the earlier section of the paper, and I apologize for its 
poor appositeness. 

It is difficult in a few words to summarize these time 
patterns and I refer the reader to my original discussion of 
the lunar periodicities! and the alignments’. Hoyle? and 
Newham! have confirmed the alignments and the basic 
relation of the number 56 to the azunuthal swing of the 
Moon and eclipses. 


! Hawkins, G. S., Nature, 209, 1258 (1964). 
* Hawkins, G. S., Nature, 900, 306 (1963). 

? Hoyle, F., Nature, 211, 454 (1966). 
‘Newham. C. A., Nature, 211, 456 (1066). 
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ALTHOUGH the phenomenon of catabolite repression of the 
lac operon is well known!, no genes direetly involved in 
the process have been identified so far. As far as is known 
the lac system comprises the three structural genes specify- 
ing three proteins involved in lactose metabolism and 
their three control elements, the ? gene which specifies 
repressor, the operator (0) locus which binds repressor and 
the promoter region (p) which facilitates transcription 
of the operon. An unlinked gene that was previously 
reported to alter specifically the susceptibility of the lac 
operon to catabolite repression? is now known to affect 
repression of other enzymes as well’. Evidence has 
suggested that catabolite repression, like repression caused 
by the protein repressor product of the ¢ gene, reduces the 
rate of transcription of the lac operon!. Nevertheless, 
mutations in the 4 gene and in the target of the t repressor, 
the o locus which specifically binds lac repressor, do not 
show an altered susceptibility to catabolite repression?:^, 
In fact, catabolite repression can be observed in cells 
devoid of lac repressor produced by the 7 gene’. We 
would therefore expect that a genetic site so far undis- 
covered, which is part of the lac operon, determines the 
response of the lac genes to catabolite repression. 


A partial deletion in the lac p region makes the lac operon insensitive 
to catabolite repression. 


We decided to examine strains in which the genes of 
the lac region had been fused to an operon known to be 
insensitive to catabolite repression. Such a system is 
available in the érp-lac fusions first isolated by J. R. B., 
Signer and Epstein*. The results of our study show that 
the lac genes do not respond to catabolite repression in 
strains in which the lac operon has been fused to the trp 
operon, and that partial deletion of the promoter region 
of the lae operon is sufficient to render the iac operon 
insensitive to catabolite repression. 

The strains we used are catalogued in Table 1. We 
used a medium containing glycerol as a major carbon 
source to measure unrepressed enzyme synthesis, and a 
medium containing glucose-6-phosphate as a major carbon 
source to measure enzyme synthesis under catabolite 
repression’. The effect of catabolite repression on a nor- 
mally functioning lac operon is shown in experiment 1 of 
Table 2. In the strain used in this experiment, the lac 
region has been transposed, but only the 4 gene, and not 
the structural genes of the lac operon, has been fused 
with the trp operon. Because of the deletion fusing 
the i gene to trp, B-galactosidase synthesis is constitu- 
tive. 
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Table 1l. PARENTAL STRAINS 
Strains Genetic composition 
Wi Deletion I* _ 
We Deletion II + L1* 
W 2(-1L1) Deletion II only* T 
X 8047 L1 deletion in transposed position 
3.300 lac constitutive i-z* from 3.0007 —— . 
CA 8001 3.000 derivative with promoter deletion L11 : 
CA 8003 3.000 derivative with promoter point mutant L8 + 
CA 8019 3.000 derivative with promoter point mutant L291 


* These strains are streptomycin resistant, carry à lae-pro A,B deletion, 
and are ara- in RY trp and ara? in Re trp. Their construction will be described 


elsewhere? and they are illustrated in Fig. 1. 
+ Luria stocks. 
t Ippen et al’; Miller ef al." 


Table 2. CATABOLITE REPRESSION IN FUSED STRAINS 


Anthranilic Ur. 
Experi- trp Promoter Sn de ee 
ment Strain Regu- character Gly- Giucose- wiy- ucose- 
lation cerol 6-PO, cerol 6-PO, 
1 w2(-L1) R* + 1: 13 20,000 1,100* 
2 w A Rt deleted 3-3 3:8 3860 352 
8 w2 R- deleted 469 212 2,710 1,330 
4 Wi R- deleted — == 3,770 5,510 


Cells were grown in Ozeki-minimal medium?! with B1 (2-5 ugiml.). L-proline 
(80 ug/ml.), L-tryptophan (80 ug/ml.J, and the carbon source indicated, and 
were collected in exponential phase at about 5 x 105 cells/ml. The cells were 
concentrated a hundred-fold and then treated with 250 gimi. of lysozyme, 
50 ug/ml. of DNase, in tris buffer (0-05 M, pH 7-5) with Mg** (0-005 M) 
(personal communication from S. Yankofsky). The cells were then frozen and 
thawed twice (methanol-dry ice) and the cell debris was spun down. 

Anthranilic synthetase was assayed as recommended by. Yanofsky?, 
except that increasing fluorescence caused by anthranilic acid formation 
was followed in a Turner model 111 recording spectrofluorometer. The units 
given are expressed as Turner units/min/mg extract. 8-Galactosidase was 
measured as described by Loomis and Magasanik*, and units are expressed 
as units/mg of protein. R+ is sensitive to tryptophan repression. R- is 
constitutive. 


* The greater sensitivity of this strain to repression by glucose-6-phosphate 
compared with strain 3.300 (Table 4) seems not to be related to the lac 
operon but to the general genetic background of the strain, 


It ean be seen that the level of 8-galactosidase in the cells 
grown on glueose-6-phosphate 1s only one-twentieth that 
found in the cells grown on glycerol. In the strains used 
in experiments 2 and 3 of Table 2, 5-galactosidase synthesis 
is controlled by the trp system. Thus in the R* trp denva- 
tive of W2, in which the enzymes of tryptophan biosyn- 
thesis are subject to repression by tryptophan, the con- 
centrations of anthranilate synthetase and of 8-galactosid- 
ase are much lower than in the corresponding R- trp 
derivative, which is constitutive for the trp enzymes. In 
experiment 2, no repression by glucose-6-phosphate was 
observed. In experiment 3, the concentration of B- 
galactosidase is somewhat reduced by glucose-6-phosphate, 
but not more so than the concentration of anthranilate 
synthetase. In experiment 4 of Table 2. another fused 
strain, constitutive for (rp enzyme synthesis, was used 
(Table 1). Here the concentration of 8-galactosidase in 
the glucose-6-phosphate medium was slightly higher than 
in the glycerol medium. We conclude from these experi- 
ments that the usual strong repression of $-galaetosidase 
by glucose-6-phosphate does not oceur in strains the 
8-galaectosidase synthesis of which is under the control of 
the irp system. 

It is possible that deletions causing the fusion of the 
trp and the lac regions have removed a gene responsible 
for the synthesis from glucose-6-phosphate of a catabolite 
repressor substance. This, however, 1s very unlikely. In 
strain W2( — L1) (Table 1 and Fig. 1), the deletion of the 
region between trp and the transposed ? gene (Fig. 1) 
has not eliminated sensitivity to catabolite repression 
(experiment 1, Table 2). Tt is still possible, however, that 











Fig.1. Fusions and deletions of the Iac operon. or, Trp operon operator; 

e, d, e, b, a, tryptophan structural genes'®; i, lac repressor gene'; 

p. promoter site’; o, operator site’; z, y, @, lac structural genes’; L1, 

promoter deletion!*: I, IT, trp-lae fusion deletions: construction as we 
used before’. 
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the L1 deletion itself removes such a gene. In experiments 
2. 4 and 6 of Table 3, addition of an ep.some carrying an 
intact i and p region does not restere sensitivity to 
catabolite repression of the chromosomal lac genes. ‘The 
deletions fusing the two operons therefore have not re- 
moved a gene responsible for produemg the catabolite 
repressor from glucose-6-phosphate. 

In spite of earlier indications’, it is aleo possible that the 
i gene repressor product is essential for catabolite repres- 
sion. The L1 deletion removes a portion of the 4 gene, as 
well as the promoter region p, and this may account for 
the disappearance of sensitivity to repression by glucose-6- 
phosphate. By providing the fused «trains of Table 2 
with an intact 4 gene carried on an eprsome (experiments 
2 and 4 of Table 3), we have further confirmed that the 
i gene repressor is not involved in catabolite repression. 
In the parent strains, B-galactosidase synthesis proceeds 
at the same rate in the presence or absence of IPTG, an 
inducer of the lactose operon. In the strains carrying the 
i'a- episome, the rate of @-galactosidase synthesis is 
reduced by omission of IPTG. In other words, the rate 
of enzyme synthesis is controlled by the repressor produet 
of the i gene carried in the episome. In no case does the 
presence of glucose-6-phosphate signidcantly reduce the 
rate of B-galactosidase synthesis. Beesuse the presence of 
the intact 4 region has not restored catabolite repression, 
we conclude that the deletion of the £ gene is not respon- 
sible for the insensitivity of the fused strains. | 

An objection to this view can, however, be made. in 
the fused strains carrying the i+ episeme, there is only a 
two to three-fold difference between the induced and 
uninduced levels of 8-galactosidase. Thus, in these strains, 
the i repressor is not nearly as effective in repressing the 
lac operon as in the normal i* strain, where it causes a 
six-hundred-fold reduction in the rate of enzyme synthe- 
sis. This observation is, at present. unexplained, but it 
may be a consequence of the greater cistance between the 
initiating site in the trp operon and the lac operator". If 
the i repressor has restored sensitivity to catabolite 
repression this effect could have Seen too small for 
observation. 

Moreover, if the fusion with the irp operon by itself 
ean alter the control of the lac genes whose operator is 
intact’, the possibility that the fused strains contain a 
normal catabolite sensitive site has act been completely 
excluded, but the degree of repression is too small for 
detection. E 

To answer these objections we examined B-galactosidase 
synthesis in a strain the lae region of which has been trans- 
posed but not fused with the trp region, and the 7 gene 
and promoter site of which is partzlly deleted (experi- 
ments 5 and 6, Table 3). This strain, X8047, produces 
6-galactosidase at a slow but measurable rate. Introdue- 
tion of an episomal 7 gene reduces the rate of constitutive 


Table 3. INABILITY OF i GENE PRODUCT TO RESTORE CATABOLITE REPRESSION 
. B-Galaetosidase 
Experi- IPTG carbon souroe 
ment Strain (107* M) isiveeral Giucose-6- 
phosphate 
1 W-i, Re + 2 700 2.600 
-— 2,800 2,500 
2 W-E TZ R + 2,300 2,400 
- 1,200 1,200 
3 W.2, R- + 1,800 1,700 
- 1,506 1,400 
4 W.2jF'PZ- R- + 2,160 1,900 
— 590 540 
5 X 8047 R- + 190 180 
— 150 140 
6 X ROTIE TZ Ro + 170 130 
= 4 4 


Cella were grown as described in Table 2, except that diploid strains did 
not require proline for growth. Experiments avith IPTG were carried out 
with cells pre-incubated in IPTG. f-Galactosidase was measured on expo- 
nentially growing whole cella as described by Loomis and Magssanik*. The 


multiplied by 1,000. 

Diploid strains were constructed by mating the indicated parenis, each 
containing a lae-pro A.B deletion, with a acreptomycin sensitive donor, 
E 7089, containing alae (i*z-)-pro A,B episome, and selecting for atreptomyein 
resistant proline prototrophs. 


1014 


Table 4, CATABOLITE REPRESSION IN UNTRANSPOSED STRAINS 


B-Galactosidase carbon source 


Strain Glycerol Glucose-6-phosphate 
3.300 23,800 6,450 
CA 8003 9323 195 
CA 8010 82s 190 
CA 8001 140 159 


The growth medium in all cases contained 107 M IPTG. 


: t Assavs and 
extracts are as described in Table 2, 


synthesis of the enzyme fifty-fold, but glucose-6-phosphate 
fails to reduce the rate of enzyme synthesis irrespective 
of the presence or absence of the i gene product. 

Thus it seems that the lack of response to catabolite 
repression is in all cases a result of the partial deletion of 
the lae p region. "This view is confirmed by the observation 
that, m a strain with this deletion, CA 8001, the lae 
region of which has not been transposed, $-galactosidase 
is Insensitive to catabolite repression (Table 4). On the 
other hand, in strains CA 8003 and CA 8019 with pouit 
mutations of the transition class!? in the promoter site, 
o-galaetosidase is as sensitive as usual to catabolite repres- 
sion. Because in both the point mutants and the deletion 
mutant the concentration of B-galactosidase is much lower 
than in the parent strain, 3.300, it is evident that it is not 
simply the restriction in the rate of $-galaetosidase svn- 
thesis that has caused the escape from catabolite repres- 
sion. 

In summary, our results show that a partial deletion in 
the lae p region renders the lae operon insensitive to 
catabolite repression. The deletion might remove the 
target site for a specific catabolite repressor protein the 
struetural gene of which has not vet been discovered. 
Such a repressor would interact with a small moleeule, a 
product of glucose catabolism, and then combine with the 
target site to reduce messenger production by the lac 
Operon. 

On the other hand, we need not propose an undiscovered 
repressor protein. Catabolite repression of the lac operon 
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could be the result of the nonspecific catabolite interacting 
with the complex of RNA polymerase and the lac specific 
promoter. 'This eatabolite eould thus reduce initiation of 
RNA synthesis by the polymerase. With fusions of the 
lac operon to the trp operon, the polymerase and the trp 
promoter would form a complex insensitive to the catabo- 
hte. Deletions in the promoter such as LI might alter 
the complex so that it is insensitive to the catabolite. In 
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Sequence of the in vitro Transcription of T4 DNA 


by | 


GABRIELE MILANESI* 
EDWARD N. BRODYt 
E. PETER GEIDUSCHEK 


Department of Biophysics, 
University of Chicago, 
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THE products of in vitro transcription of several DNA 
templates by purified E. coli RNA polymerase have been 
shown to resemble their in vivo counterparts in a number 
of ways—most strikingly with respect to asymmetry and 
selection of the transcribing strand!-*. It was suggested 
in 1965 that such fidelity of selection must be established 
at the initiation step of RNA synthesis. This proposal 
has never been tested; the most direct demonstration 


We have instead used 
the entire mature T4 DNA molecule as template. 

The appearance of viral RNA during the first minutes 
after bacteriophage T4 infection of E. coli has been 
analysed in detail by hybridization-competition, which 
identifies messages as hybridizable polynucleotide without 

* Present address: Department of Biochemistry, Stanford University 
Sehool of Medicine, Stanford, California 94305. 


+ Present address: Institut de Biologie Moléculaire. Université de Geneve, 
Switzerland, 


The sequence of in vitro transcription of T4 DNA seems to parallel 
the in vivo process. 


regard to contiguity. This analysis reveals a transient 
period during the first minutes after infection, in which 
both the number of different RNA sequences, and the 
relative abundance of each sequence, change. The result 
of an experiment modelled after the work of A. Bolle, 
R. H. Epstein and W. Salser (unpublished) which confirms 
the existence of such a sequence in vivo is shown in Fig. 1 
and Table 1. These observations do not, by themselves, 
distinguish whether the observed transeriptive sequence 
arises from (a) sequential, non-synehronous initiation of 
different transeription units or (b) propagation of transerip- 
tion along synchronously initiated transcription units of 
appreciable length or (c) a combination of these. Because 
the average size of T4 RNA molecules increases during 
the first minutes after infeetion (contrary to previous 
observations®), however, a part of the observed transcrip- 
tive suecession must arise from the finite transit time for 
viral transcription units. 

We have examined the RNA synthesized in vitro for 
a corresponding sequence. Labelled RNA, synthesized 
in vitro at 15°C for various times (Table 2). has been 
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Table 1. SEQUENTIAL APPEARANCE OF PREREPLICATIVE T4 RNA in vivo: 
COMPETITION OF PULSE-LABELLED EARLY T4 RNA BY UNLABELLED 1 MIN RNA 


?H-RNA labelling Extent of t competi- 


R E $ 1v bridize * Tua hayr $ . 
period after infection Max. e. p.m. hybridized” tion by 2 mg/ml. 
(min) c.p.m. TCA input unlabelled 1 min RNA 
0-11 0-029: 83 
1-28 0-159: 55 
2-3% 0:252: 35 


* 12-5 ug/ml. denatured DNA. Tu 

+ Percentage of ?H-RNA prevented from hybridizing to T4 DNA. 

+ 20-8 ug/ml. labelled RNA input. 

$ 30-0 ugiml. labelled RNA input. 

* 4-0 ugiml. labelled RNA input. 0 ] l 

n The progressive increase in the efficiency of hybridization of fabelled 
RNA to T4 DNA chiefly reflects the change from host to viral transcription. 
Infection is much more rapid than the transcriptional change-over. 


Table 2 


NA Anneal- 


mole R Competition by RNA 





Timeof ^. ithesize ing : x 
syn.  9YnthesiZed amejeney 1 min iz vivo RNA — 5 min in vivo RNA 
thesis mole DNA (per t2ingi/ml. L9 mg/ml, 1-2 mg/ml. 1:9 mg/ml. 

template cent) 

15 min 0-019 2i 71 79 = 95 
3h 0-39 21-5 26 49 92 RT 
Th 0-88 17-6 10 36 80 92 


The reaction mixture for RNA synthesis contained (per ml): tris Ci, 
pH 755. 100 umoles; ATP, GTP and CTP, 1 umole each; ?H-UTP, 0-1 
umole; MgCl, 10 moles: spermidine-Cl, 1 gmole; T4 DNA, 50 ug; and 
50 units/ml. E. coli B RNA polymerase prepared according to the method of 
Chamberlin and Berg?) with minor modifications suggested by P. Berg 
(personal communication). The reaction was stopped with sodium dodecyl- 
sulphate (final concentration, 0-1 per cent). RNA was extracted from 0-1 M 
acetate, pH 5:2, with phenol at. 60°-65° C, precipitated three times with 
ethanol and redissolved in 001 M tris Cl, pH 7-5. Hybridization-competition 
was with T4 DNA (9-4 ng/ml.) in excess after labelled in vitro RNA. 


analysed by hybridization-competition with unlabelled 
RNA extracted from E. coli BE 1 and 5 min after T4 
infection (at 30? C). Unlabelled 1 min in vivo RNA (which 
is an effective competitor for labelled 1 min in vivo T4 
RNA but not for 5 min in vivo RNA, Fig. 1 and Table 1) 
is evidently an effective competitor for the initial in vitro 
transcription product of mature T4 DNA by E. coli RNA 
polymerase, but not for the product of more prolonged 
synthesis. A more extensive analysis of in vitro RNA 
synthesized at 15° C or 26? C for varying times is shown 
in Fig. 2. Five minute (prereplicative) in vivo RNA is an 
excellent competitor for all the in vitro RNA preparations, 
but the earliest in vivo T4 RNA (1 min) is an effective 
competitor only for the initial in vitro reaction product; 
the intervening 2 and 3 min in vivo RNA have intermediate 
properties. Thus, as the in vitro reaction proceeds, new 
segments of the template are transcribed in a temporal 
sequence that resembles the in vive succession. 

The correlation between the initial product of in vitro 
and in vivo T4 DNA transcription proves the fidelity of 
initiation of RNA polymerization in vitro. In fact. the 
correspondence holds for synthesis at enzyme and DNA 
excess (compare Fig. 2 and Table 2). Evidently the 
correspondence of in vivo and in vitro sequence is not 
determined by gradients of affinity between polymerase 
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Fig, 1. Sequential appearance of prereplicative T4 RNA in vivo: 
hybridization-competition analysis. Competition against RNA labelled 
with *H-uridine from 6 to 5 min after infection at 30° C. The hybridiza- 
tion mixture contained 10 ug/ml. denatured T4 DNA, 3 ug/ml. total 
pulse-labelled RNA and cold RNA as indicated, Hybridization in the 
absence of unlabelled RNA is 29 per cent of the Input TCA precipitable 
radioactivity. This and subsequent data are corrected for radioactivity 
sticking to filters in the absence of DNA. Four samples of unlabelled 
RNA were extracted 1, 2, 3 and 5 min after infection. Infection of 
E. coli BE with phage T4, pulse-labelling of RNA with *H-uridine, RNA 
extraction with phenol and RNA-DNA hybridization were performed as 
described by Bolle ef aL'9. 
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Fig.2. Sequential appearance of early T4 RNA in vitro, RNA synthesis 
asin Table 2, but with 10 pg/ml. DNA and 300 units ml. enzyme (enzyme 
excess), At 26° C the initial rate of RNA synthesis is 5-0 times higher 
than at 15? €. Hybridization-competition was at excess of DNA over 
labelled RNA: 12:5 ug/ml. DNA; 0-04 or COB uzimi, H-RNA, Uor 
1,500 ug/ml. unlabelled in vivo RNA, Efficiency of hybridization was 

33-34 per cent for all *H-RNA samples. 


binding sites on DNA and enzyme: tie initial in vitro 
transcription at any enzyme concentration occurs pre- 
dominantly at or near those sites which provide initial 
in vivo transcription. 

Actinomycin D (AMD) inhibits propagation of RNA 
synthesis, but low AMD concentrations do not block 
initiation of transcription. It should therefore be pos- 
sible to find conditions in which AMD substantially 
restricts transcription of T4 DNA, even after prolonged 
synthesis, to the earliest appearing in vivo RNA sequences. 
This expectation can be realized (Fig. ©). 
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Fig. 9. Effect of actinomycin on T4 RNA synshesis in puro. Synthesis 
as described in Table 1, but with 1 «g/ml. AMD ( gift from Dr H. B. 
Woodruff, Merck, Sharp and Dohme) and with **P-GTP as the labelled 
nucleoside triphosphate (0-1 zmole/mi.: other three triphosphates 1 
xmole/mi.), for 7:5 h at 15? C. At this time, incerporation in the presence 
of AMD had reached its final value (0-087 canoles nucieotide/;anole 
DNA template), while the incorporation waa still Increasing in the 
control lacking AMD. The median sedimentation constant of the AMD 
RNA was 5-5 58. Competition with 1 min in vivo RNA: Ci, In vitro 


Done as a double label sinulianeous competition 


tion - 186 e.p.m.; background 21 cpm. ©, fa vitro RNA: duration of 
synthesis 15 min at 15? C; average sedimentation constante 10-2. 


Done as a double label simultaneous competition with i» viro V RNA. 
(-04 ug/ml. RNA; 100 per cent hybridization «170 epon background 
6epm. QO €, I» vivo 0-1' *H-RNA as in Sig. 2 (control for above). 
17-5 ng/ml. RNA: 100 per cent hybridization = 120 and 153 cpns; 
background 0 cpm. A, In viro RNA synthesized for 5 h at 15° C; 
s=30. O31 sgimh RNA: 100 per cent hybridization «8,545 c.p.m.; 
background 7 ¢.p.m. All hybridizations with 12-5 pg/ml, denatured DNA. 
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It had previously been shown that all early T4 RNA 
can be selectively and asyrnmetrically synthesized in 
vitro, given sufficient time’ 1514, The experiments described 
here show further that RNA synthesized in vitro for only 
a short time (or in the presence of AMD) is predominantly 
restricted to those polynucleotide sequences synthesized 
in vivo at the very beginning of infection. Thus the 
experiments confirm that the initial transeriptive sequence 
of the viral development is "intrinsic -—that is, directly 
derivable from mature (injected) viral DNA and host 
polymerase. 

Further interpretation of the mechanisms that generate 
the sequence of transcriptive events in the virus-infected 
cell is on less certain ground. "The simplest extension of 
our results to the in vivo case is that there are sites for 
entry of the host polymerase to the viral genome, which 
are accessible directly on the penetration of viral DNA. 

Alternative (a) mentioned earlier has not, however, been 
eliminated. "There might be sequential initiation of tran- 
scription units Zn vivo, those units with delayed initiation 
either producing less RNA in vitro, and therefore weighted 
against in these experiments, or propagating more slowly 
in vitro, and not detectable until late. Those units with 
delayed initiation in vive may. in addition. be dispropor- 
tionately more sensitive to actinomycin. 

Eventually, viral gene products intervene in the tran- 
scriptive sequence. The first viral transeriptive events 
which require protein synthesis in the infected cell do not 
occur until some minutes (probably from 2 to 5 at 30? C) 
have elapsed (ref. 15 and unpublished results of Salser, 
Bolle and Epstein. 
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AN impressive number of substances has been found to 
interfere with the process of oxidative phosphorylation in 
isolated animal mitochondria. Among these are the true 
uncoupling reagents— reagents which in appropriate 
concentrations have little or no effect on the rate of mito- 
chondrial respiration but that inhibit or “uncouple” the 
associated phosphorylation of ADP! 2,4-Dinitrophenol 
is the best known example, although some other com- 
pounds of very different structure behave in this way. 
The uncoupling compounds listed in Table 1 illustrate the 
wide diversity in structure. 

Many investigators have tried to distinguish the physical 
and chemical properties that lie behind uncoupling 
activity. The possession of an ionizable group of low 
pK value (usually between 4 and 6) and lipid solubility 
has been held to be important. For instance, Parker? 
and Blackman ef al.” have correlated pK values with 
the effectiveness of uncoupling reagents, while Gladtke 
and Liss? and  Hemker* emphasized a relationship 
with lipid solubility. Undoubtedly, both factors, as 
shown by De Deken’, are important for the efficacy of a 
particular reagent. 

Consideration of the literature, and our own recent 
findings’-!°, indicate that many uncoupling reagents also 


Gerontology Research Center, 
National Institute of Child Health 


National Institutes of Health, 


Uncoupling agents may act by causing 
conformational transitions in mitochondrial 
catalytic proteins. 


possess the capacity to combine with proteins, We 
believe that this property may provide the key to the 
uncoupling phenomenon. Here we present evidence that 
supports this premise, and propose a mechanism of action 
based on an uncoupler-protein interaction. 

There is ample evidence that uncoupling reagents can 
interact with proteins. It was found empirically that 
bovine serum albumin improved the efficacy of oxidative 
phosphorylation in damaged mitochondria by binding 
liberated fatty acids which act as endogenous uncouplers 
(for review, see ref. 1). It has also been shown that albu- 
min can counteract the effect of a large number of other 
uncoupling reagents*:!?, These include the nitrophenols"™, 
halophenols'*, benzimidazoles?, carbonyl cyanide phenyl. 
hydrazones", dicumarol and bilirubin!s. Hansch et al.?* 
have correlated the uncoupling efficacy of a large series of 
substituted phenols with the extent of their binding to 
bovine serum albumin. It has been shown that ascites 
fluid can bind large amounts of nitrophenols, presumably 
by protein interaction". Likewise, the association of 
phenolic disinfectants with serum and bacterial proteins 
has been demonstrated'*. Fractionation of the blood 
plasma proteins of rats injeeted intraperitoneally with 
pentachlorophenol disclosed that all the circulating 
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Table 1. CLASSES OF COMPOUNDS WHICH POSSESS UNCOUPLING PROPERTIES 


Claas Example Ref. 
Antibiotics Gramicidin 42 
Barbiturates Thiopental: 5-ethyl-5-(1-methylbutyl-2-thio- 

barbituric acid 43 
Benzimidazoles 1,5,6,7- Tetrachloro-2-trifluoromethylbenzimi- 
dazale 13 
Bile pigments Bilirubin 44 
Carbonyl eyanide 
phenylhydrazones Carbonyl cyanide m-chiorophenylhydrazone 45 
Coumarins Dicumarol: 3,3’-methvlenebis (4-hydroxy- 
coumarin) 46 
Halophenols Pentachlorophenol 7 
Hormones Thyroxine 4R 
Nitrophenols 2,4-Dinitropheno! 49 
Phenothiazines Chlorpromazine: 2-chioro-10-(3-dimethiyl- 
aminopropyl)-phenothiazine 20 
Phenylbutazones Butazolidine!  1,2-diphenyl-4-n-butylpyrazo- 
lidine-3,5-dione 21 
Phiorabutyro- 
phenones Desaspidin 52 
Quinacrines Atabrine: 3-chloro-7-methoxy-9-(1-methyl-4- 
diethvlamino-butvlamino) acridine 
Salicylanilides Yomesan: 2’,5-dichloro-4’-nitrosalicylanilide 33 
Salicylates Salievlate 54 
Unsaturated fatty 
acids Oleie acid 55 


uncoupling reagent was bound to the albumin fraction’. 
2,4-Dinitrophenol binds to and thereby inhibits purified 
hexokinase, an effect reversed by serum albumin!*. This 
reagent also binds to and inhibits skeletal muscle phos- 
phorylases®, purified isocitrate and malate dehydrogen- 
ases?! The binding of thyroxine by serum proteins is 
well known and, as shown by Tata et al.??, soluble cellular 
proteins also readily bind this hormone. Recently, a 
study has been made by Bowen et al.” of the interaction 
of the muscle protein actomyosin with pentachlorophenol, 
and Blum and Sanadi*! have shown that myosin forms a 
stable complex with carbonyl cyanide p-chlorophenyl- 
hydrazone. Finally, the avidity of tissue proteins for an 
uncoupling reagent was colourfully illustrated by the 
experience of service personnel taking atabrine (quina- 
crine) during the Second World War. 

From studies of the interaction of uncoupling reagents, 
particularly pentachlorophenol, with mitochondria we 
eoneluded that mitochondrial proteins also could bind 
these agents. Our evidence’:*:** for this conclusion may 
be summarized as follows. (a) The modification of the 
absorption spectrum of pentachlorophenol bound to 
mitochondria indicated interaction of the phenolate ion 
with protein. (b) The content of 2,4-dinitrophenol or 
pentachlorophenol in mitochondria uncoupled by these 
reagents greatly exceeded that caleulated from lipid 
partition data. (c) Pentachlorophenol markedly retarded 
the heat coagulation of mitochondria ; an effect indicative 
of protein interaction?*. (This observation may be 
related to the known ability of enzymes to function despite 
the hyperthermia induced by uncoupling reagents in 
vivo. The hyperthermia evoked by 2,4-dinitrophenol, 
for example, is very pronounced and would be expected 
to denature sensitive catalytic proteins?.) (d) Chromato- 
graphy of disrupted, uncoupled mitochondria indicated 
that the uncoupling reagents migrated with the protein 
moiety and not with the released lipid. (e) Uncoupling 
reagents were found by equilibrium dialysis to bind to 
lipid-free mitochondria and to an isolated mitochondrial 
protein. (f) Interaction with uncoupling reagents altered 
the response of mitochondria toward proteolytie enzymes. 

Furthermore, Zalkin and Racker?* demonstrated that 
both the structural protein of mitochondria and the 
protein coupling Factor 4 interacted with desaspidin. 
carbonyl cyanide trifluoromethoxyphenylhydrazone and 
pentachlorophenol. This interaction abolished the coup- 
ling activity of these proteins. Whitehouse and Skid- 
more?! suggested that anionic anti-inflammatory drugs 
which uncouple phosphorylation ia rat liver mitochondria 
interact with amino groups of proteins which normally 
participate in the energy conservation mechanism. 

In view of these observations, it is reasonable to assume 
that uncoupling reagents ean bind to mitochondrial 
proteins, as well as to soluble cellular and serum proteins. 
We recognize that the interaction of uncoupling reagents 
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of enzymatic activity*. ise th 
protein is the mitochondrial locus of the interaction with 
uncoupling reagents, however, then the problem becomes 
how such an interaction leads to uncoupling. 

It is well documented that the binding of small mole- 
cular ligands to soluble proteins alters the physical 
characteristics of the protein in a manner indicative of 
conformational transitions?*-", Recent work in our 
laboratory?* has demonstrated that uncoupling reagents 
such as the nitro and halophenols bind to bovine serum 
albumin and reduce its susceptibility to tryptic attack. 
An analogous inhibition of proteolysis by small molecular 
ligands has been interpreted by Markus?" as indicating & 


capacity for uncoupling reagents to induce eonformational 
changes in certain proteins is thus established beyond 
reasonable doubt. Such transitions in biologically active 
proteins could lead to profound changes in their activity. 
From this line of reasoning we propose that the inter- 
action of uncoupling reagents with mitochondrial proteins 
induces conformational changes that are the basis of the 
uncoupling phenomenon. 

There have been numerous suggestions that the effecte 
of inhibitory reagents on mitochondrial structure and 
function may involve conformational changes in protein 
or in lipoprotein complexes. (Although the term eon- 
formational change" is now in vogue among those studying 
mitoehondria, it obviously has different meanings for 
different investigators. Compare, for example, the use of 
the term by Haekenbrock?? and Green et al. with that of 
Lehninger*4 and Boyer?*. It is used in this communiea- 
tion to designate changes in the secondary and tertiary 
strueture of mitochondrial proteins that alter their 
catalytic properties. The relevance of this proposal 
to the action of detergents and so-called swelling agents 
is obvious. More than 10 yr ago Kaltenbach and 
Harman?* suggested that the biological activity of 9,4- 
dinitrophenol involved changes in mitochondrial structure. 
At the same time, Lehninger?” suggested that as thyroid- 
active compounds caused detectable swelling of muto- 
chondria at concentrations lower than those required for 
uncoupling, it was reasonable to conclude that the 
uncoupling action might be secondary to atructural 
changes.  Lehninger has recently invoked allosteric 
transitions of proteins to aecommodate electron trans. 
port and coupled phosphorylation”. Likewise, King 
et al.?* have suggested that conformational changes are 
involved in eleetron transport as deduced by altered 
responses of oxidized and reduced cytochromes to trypsin. 
Rieske et al. have proposed that the inhibition of 
electron transport by antimycin A was due to conforma- 
tional changes in the proteins involved in the region 
between cytochrome b and the component acting as elec- 


tron acceptor. Boyer? has suggested a mechanism of 
oxidative phosphorylation based on conformational 


changes in mitochondrial catalytic proteins. 

We have recently cbtained evidence that uncoupling 
reagents induce structural changes in mitochondria which 
may be interpreted as reflecting conformational transitions 
in the lipoprotein complexes of the membranes. Briefly. 
the results show that reaction of various uncoupling 
reagents with rat liver mitochendria enhanced their 
susceptibility to proteolysis? and to the action of snake 
venom phospholipase A (ref. 40). 1t should be emphasized 
that these changes in the response of mitochondria to 
lytic enzymes were induced at uncoupling concentrations 








|. or lower where it is likely that the reagents are bound to 

specifie sites involved in the energy conservation reactions. 
Furthermore, at these minimal uncoupling concentra- 
tions, the reagents had no gross structural effe 


chondria as shown by the absence of large amplitude 





to mitochondria but which is devoid of uncoupling proper- 


m the unionized state, traverse the lipid envelope or the 
lipid-protein interface of the mitochondrial membrane. 
Inside the mitochondrion the reagent ionizes and inter- 
acts with the charged groups of the protein, presumably 


result in a structural disorganization and altered function 
of the enzymes catalysing the coupling of phosphorylation 
to eleetron transport. 


The purpose of this article is to draw attention to a 
hitherto largely unrecognized aspect of the action of 
uncoupling agents. We acknowledge that our proposed 


mechanism of the uneoupling phenomenon is chiefly 
deseriptive and is based on indirect evidence. In this 
respect it shares a weakness of other mitochondrial 
schemata. It should now be possible, however, to test 
our thesis in a more direet way by using the newer tech- 
niques for studying protein structure, such as fluorescent. 
probes of conformation!!, 
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How Far does the Rift System extend through Africa? 


by 


J. D. FAIRHEAD 
R. W. GIRDLER 


School of Physics, 

University of Newcastle upon Tyne, 
and 

UKAEA, 

Blacknest, 

Aldermaston, Berkshire 


Afmean-Indian Ocean-mid-Atlantic rift might be a zone 
of continuous shallow seismicity, considerable interest has 
been taken in the seismicity of the rift system. In particu- 


Using the Tanzania earthquakes of 1964, May 7, as a master event, 
epicentres have been relocated for Africa, south of 5° S. The 
relocations suggest that the East African rift system may extend 
considerably farther south than was previously thought. 


lar, the existence of a possible world rift system was 
first recognized from the associated shallow seismicity’. 
Consequently there has been a tendency to locate rift 
structures in the continental and oceanic crusts from 
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Epicentres for southern Africa for the period January 1955 to June 1968, Solid 


circles represent post-1963 JED redetermined epicentres and open cireles pre-1963 epi- 
centres (USCGS). Rectangles surround possible “man-made” quakes (Kariba Dam and 
mine rock bursts). Solid lines represent known faults of the East African rift system. 
Dashed lines represent zone of possible incipient rifting. By analogy with the rift system 


farther north, other earthquakes may be along branch faults associated with the rift. 


shallow earthquakes even though there may be no obvious 
surface features. 

Studies of the seismicity of the African rift system?-* 
show that the earthquake epicentres are somewhat diffuse 
and not confined to narrow belts as they are for the rift 
through the ocean floor. This may be because the rifting 
in the continental erust is much more complex. Even so, 
there are some well located events which seem to be 
outside the rift system. It was therefore decided to have 
another look at the seismicity of Africa using a new 
technique for locating epicentres developed at UKAEA, 
Blacknest^'*. 

The technique used, known as JED (Joint Epicentral 
Determination). locates large and small events with refer- 
ence to a fixed master event taking into account station 
correetions, source bias and local variations in the travel 
time curves. The relative positions with respect to the 
restrained master event have much greater accuracy. 
From checks against nuclear test data? this accuracy 
can be as good as +2 km. 

The earthquake chosen as the master event occurred in 
Tanzania on May 7, 1964. The choice was governed by 
the following criteria. First. the event must be post-1963. 
that is, since the introduction of the Worldwide Standard 
Seismograph Net (WWSSN). Second, the event must be 
recorded by sixty or more teleseismic stations. Third, 
the stations should have good azimuthal distribution. 
Finally, the epicentre should check with local data reports. 
The event of 1964, May 7. had a magnitude my of 6:4 
and its location by the International Seismological Centre. 
Edinburgh (whieh used the greatest amount of data), is 
close to the area of greatest damage and near a NE-SW 
rift. fault about 60 km south-west of Lake Manyara. The 


‘Fable 1. 
Origin time 


Master event 1964, May 7 


Sub-master 1966, May 6 02 36 5607 
Sub-master 1907, Jan. 2 oo 47 53:0 
SNnb-riuster 1967, May 34 iz ois 30-T 


05 h 45 min 31-9- 0:115 


data for the earthquake are given im Table L For study- 
ing the termination of the rift system in the southern 
half of Africa, and for reasons of computer storage, three 
further master events (sub-masters) were chosen and 
relocated with reference to the 1964 May 7, event. The 
data for these are also given in Tabie I. 

The epicentres for Africa south of 5° 8 for the period 
January 1955 up to June 1968 are shown in Fig. 1. The 
post-1963 epicentres are differentiated from the pre-1963 
epicentres because of their superior quality. The post-1963 
events were relocated using JED and some pre- 1963 
events were redetermined where there were sufficient data. 

It is seen from Fig. 1 that most ofthe earthquakes occur 
along three bands: (1) from Lake Tanganyika. through 
Lake Mweru and continuing south roughly along longitude 
26° E, (2) through Lake Nyasa ard possibly continumg 
south, (3) offshore, associated with she continental margin 
of East Africa. In one locality and possibly a second 
(outlined in Fig. 1) the events may be man-made. 

The first of these bands is especially interesting because 
it suggests the East African rift sysiem may continue from 
Lake Mweru, through Zambia, Rhodesia. Botswana and 
the Union of South Africa possibly as far as latitude 24° 5. 
Even on the most recent maps no branch of the rift 
system is shown running south-west from Lake Tangan- 
yika (UMC/UNESCO Seminar en East African Rift 
System 1965. and personal comraunieation from B. H. 
Baker) Rifting is seen south of Lake Mweru where there 
are north-west facing scarps of Pecent age. In Zambia 
there is prominent warping. Fariher south there are no 
obviously related surface features, but then there is 
considerable sedimentary cover. The earthquakes are 
well determined and one must consider the possibility 
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Fig, 2. JED redetermined pne (1963 and later) for the Kariba 
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that at least incipient rifting may extend this far. The 
second zone follows the Lake Nyasa fault trough and is 
well known. The rifting is late Cretaceous/early Tertiary 
and was renewed in the Quaternary. The third zone of 
seismicity follows the continental margin from about 
7^ S to 25" § off the coasts of Tanzania, Mozambique 
and South Africa. Faulting 1s seen in some of the offshore 
islands and these epicentres are most likely associated with 
block fault structures near the continental margin. 

The possibility that these conclusions might be affected 
by some of the events being man-made was investigated. 
There are two such possibilities: first, it is now known that 
the infilling of the Kariba Dam caused earthquakes and, 
second, some of the events might be associated with 
mining “rock bursts". 

The Kariba Dam was completed and filled in in June 
1959. Earthquakes oecurred in the neighbourhood of the 
dam in July and September 1961, August to November 
1963, April 1966, April 1967 and June 1968. Before 1960 
there was no seismic activity in the region. The post-1961 
earthquakes have been relocated using JED and are shown 
in Fig. 2. It is seen that the events form a remarkably 
tight cluster at the downstream end of the lake where 
the water is deepest. The earthquakes are clearly related 
to the weight of water and the strength of the underlying 
rock and it is probably significant that the more recent 
events of April 1966, April 1967 and June 1968 follow 
the heavy rains when the lake level is at maximum. 
The largest shoeks in September 1963 had magnitude 
my = 5:8 and represent some of the largest artificial quakes. 
The Longshot nuclear explosion had magnitude mp = 5:9. 
These magnitudes are comparable with the destructive 
earthquakes of Skopje and Agadir. This study, besides 
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being of interest in itself, illustrates the success of the 
JED method in loeating earthquakes in this part of 
Africa, Fig. 2 giving some idea of the accuracy of location 
of events. 

To investigate whether any correlation exists with 
mine rock bursts in this part of Africa!*^! the epicentres of 
Fig. | were compared with maps showing the location of 
gold, diamond, copper and coal mines. With one exception 
no correlations were found. The one possible exception is 
at 27° S, 27° E (Fig. 1), where three post-1963 JED re- 
located epicentres are close to the deep gold mines. 

The locations of these earthquakes do not affeet the 
conclusions concerning the possible extension of the band 
of seismicity into southern Africa. 

Thus the relocation of epicentres suggests there may be 
two active branches of the East African rift system 
extending into the southern part of Africa. The first 
extends south-west from Lake Mweru and then continues 
south along longitude 26? E to possibly 24? S or farther. 
The second (already known) extends through Lake Nyasa. 
A third zone of earthquakes is associated with the East 
African continental margin. A few earthquakes remain 
outside these zones. Of these only five are post-1963. 
Studies of the seismicity of Tanzania where the epicentres 
also appear diffuse show that this is a result of the com- 
plexity of mfting and block faulting (dissertation by 
J. D. Fairhead). It may well be that there are hidden rift 
or branch faults in southern Africa. The relocation of 
earthquakes for the Kariba region shows a most impressive 
correlation with the deep water of the dam and it is 
possible that the more recent earthquakes may be seasonal 
and correlated with the extra loading following the rains. 

We thank Dr H. I. S. Thirlaway for his help and for 
making available the facilities at UKAEA. Blacknest; 
Alan Douglas, John Young and Peter Marshall of UKAEA 
for their assistance; Professor Robert Hargreaves, Prince- 
ton University, for suggesting we should look for a 
possible correlation with mining operations; and Mr Roy 
Philips, University of Durham, for advising us on the 
mines and geology of southern Africa, 
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Magnetospheric Substorm as a Discharge Process 


by 
SYUN-ICHI AKASOFU 


Geophysical Institute, 
University of Alaska, 
College, Alaska 


THE magnetospheric substorm begins near the outer 
boundary of the trapping region in the midnight sector 
and spreads rapidly in all directions. The projection 
(along the geomagnetic field lines) of the outer boundary 


Major features of magnetospheric substorms are consequences of the 
associated current system. 


of the trapping region onto the ionosphere coincides 
approximately with the auroral oval, so a part of the 
substorm energy flows into the auroral oval in the form 
of the energy of auroral particles. Optical features 
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associated with this process appear as the auroral sub- 
storm!'. The auroral substorm, however, is but one of 
the manifestations of the magnetospherie substorm in 
the polar upper atmosphere. Other polar upper atmo- 
spheric disturbance phenomena, such as X-ray bursts, 
ionospheric disturbances, very low frequency emissions 
and micropulsations, are also different manifestations of 
the magnetospheric substorm in the polar upper atmo- 
sphere. 

Another important phenomenon associated with the 
magnetospheric substorm is the growth of an asymmetric 
proton belt in the day-evening sector of the trapping 
region. The proton belt contains an intense westward 
electric current of order 10° A. Because of its asymmetric 
eonfiguration, however, the current circuit is completed 
by generating an intense westward ionospherie current 
in the dark side of the auroral oval. This ionospheric 
current is called the auroral (or polar) electrojet and causes 
intense magnetie disturbances, such as the polar magnetic 
substorm, in the polar region and elsewhere. The polar 
magnetic substorm is thus another manifestation of the 
magnetospheric substorm. 

One of the most important features of the magneto- 
spherie substorm is that it 1s a transient process, consisting 
of & rather brief explosive phase and a slow recovery 
phase. This is a typical feature of a relaxation process 
by whieh aceumulated energy is explosively released. 
Any theory of the magnetospherie substorm must satis- 
factorily explain this explosive relaxation process, as 
well as the initial energy accumulation process. 

Recently, Jacobsen and Carlqvist? and Alfvén and 
Carlqvist? pointed out that there is a critical intensity of 
electric current in low pressure discharge. If the current 
intensity becomes greater than the eritical value, the 
disruption of the discharge circuit may occur, resulting 
in an explosive dissipation of the magnetie energy ew in 
the (inductive) circuit. Here, ew — (1/2) LJ? where L is 
the inductance and J is the total intensity. In this 
situation, the magnetic energy em stored in the circuit 
is consumed by accelerating both eleetrons and ions to 
an energy of order V (= LdJ/dt) eV. 

As mentioned earlier, the electric current system 
associated with the magnetospherie substorm is asym- 
metric. It consists of the ring current belt in the day- 
evening sector, the current along the field lines from the 
morning end of the ring current to the northern and 
southern ionospheres, the ionospheric current along the 
auroral oval in the dark sector (that is, the auroral electro- 
jet, one in each hemisphere) and the current along the 
field lines from the western end of the auroral eleetrojet 
to the ring eurrent (Fig. 1). An analysis of geomag- 
netic records suggests that the current flows into and 
out from the ionosphere in the form of a sheet current’. 
The location of the two sheet currents varies greatly 
during the lifetime of a substorm. The centre of the 
incoming sheet current is in the morning sector (03 06 
LT), while the outgoing sheet current is initially in the 
midnight sector and shifts toward the evening sector as 
the substorm grows. 

My purpose here is to show that the current system can 
be unstable in the sense discussed by Alfvén and Carlqvist 
and also that the major features of the magnetospheric 
substorm can be explained as various consequences of the 
instability. I shall first examine important parameters 
associated with the current svstem: 


(a) Total current Jg: J = 2x 109 A (ref. 4). 


(6) Inductance L: For simplicity, I assume here a 
toroid of radius Q and radius of cross-section q, so that 
Lz4nrQ(lnn(8Q/q)—(7/A). Here Q=3-82x10° em (six 
Earth radii), 4— 6-37 x10* em (one Earth radius), and 
L=1-01x« 104" em=1-01 x 10? H. 


(c) Resistance R : The main contribution of the resist- 
ance of the whole circuit comes from the ionospheric 
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portion. To avoid uncertainty involved in ealeulating 
the resistivity, I shall use known quan:ities, such as the 
current intensity of the auroral electrojet in each bermi- 
sphere Jx-10* A (J-—Jx--Jg) and the total potential 
drop across the dawn-dusk boundary of the magneto- 
sphere V’= 105 V (ref. 5). The resistance of the northern 
ionospheric portion of the circuit is then of order Ky = 
V'/Jx = 105 V/10* A= 0:1 Q, so that the total resistance E 
of the ionospheric portion of the cireuit is given by LR = 
(4/ Ex) - (1/Rs), namely, R=0-05 Q. 


(d) Time constant t: The time constant of the cireuit 
is given by t= L/R=1-01 x 10? H/0-05 O=2-03« 10° g= 
34 min. 


(e) Voltage developed in the circuit V: V= LdJ x/di 
LJy/ t= 101 x 10? H x 10* A/2-02 x 10* 8 50 kV. 


(f) Magnetic energy of the circuit ew: ew = (1/2) LJ* = 
0-5 x 1-01 x 10* H x (2x 105 A) 2-02 x 101* J = 2-02 x 109: 
ergs. 


(g) Critical value of the current density Je: By taking 
nz: l0 em and 7 -—10* ^K for the namber density and 
temperature at the magnetospherie plasma (near the 
equatorial plane) along geomagnetic field lines, the critical 
current density J, is of order J,-— en x Tim, 6:24 x 
10-15 n 4/T'; e.m.u. em? = 6:24 x 10-1? c.m.u. omt = 6-24 x 
107! A em~ 


jm 


ASYMMETRIC RING CURRENT 









_ AURORAL 
ELECTROJET 





Fig. 1. The electric current system associated with the magnetospherie 
substorm. During the substorm, the asymwnetrie ring current grows 
chiefly in the sunlit and evening sectors, As a result, the ring current 
circuit is completed by generating the auroral clectrojet along the auroral 
oval; the ring current flows into the morning sector of the oval and flows 
out from the evening sector of the oval along geomagnetic tekl Hines. 


Let Lys and Lgw be the width and length of the iono- 
spherie cross-section in which the electrie current flows 
into or out from the ring eurrent. Then, in order for the 
instability to occur, the corresponding cross-section in 
the equatorial plane should have an area of 10° A/6:24 x 
107 A cm-?= 1-60 x 10 em*. By taking Ley = 3-90 x 
10° em (roughly corresponding to a span of 90° in longitude 
in the auroral latitude), the width Lys should be Lg = 


(1-60 x 10'* em?/3-90 x 10% em) x (B487/5,000y) = 1-21 km, 
where the magnetic field intensity at re=aix Earth radii 
is taken to be 148y; the corresponding equatorial radial 


range will be 27.2 km. 
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It is quite obvious that the estimates of the various 
parameters provide only very tentative values and are 
subjeet to ehanges, by perhaps an order of magnitude. 
Nevertheless, it is worthwhile to examine them in terms 
of the substorm. 

Energy associated with the substorm. There seems to 
be & general agreement as to the rate of the substorm 
energy deposited into the polar upper atmosphere; a 
rough estimate? is of order 10 ergs s. For a substorm 
of lifetime of order 1 h, the total energy deposited is 
of order 3-6 x 10% ergs. This value may be compared 
with the magnetic energy ey = 2 x 10?! ergs. 

Energy of auroral particles. The magnetic energy em 
is partially consumed by accelerating plasma particles 
to about V=50kV. In the late evening-midnight sector, 
the electrons are accelerated downwards along the field 
lines and may attain a monoenergetic energy of order 
50 kV. Evans? observed monoenergetic electrons with 
energy of order 5 kV in evening auroras. In the morning 
sector, the electrons are accelerated upwards. 

The Vela satellites observed energetic electrons far more 
frequently in the morning sector than in the evening 
sector’, It is worth noting also that at the synchronous 
altitude there is no obvious increase of the 50 kV electron 
flux in the evening sector, but a very definite increase in 
the midnight-morning sector. In order for the accelerated 
electrons to be observed in the upper atmosphere in the 
morning sector, the space charge distribution im the 
morning ionosphere should vary considerably in both time 
and space. Further, they must be efficiently scattered 
downward after suffering a considerable change of pitch- 
angle. Indeed, morning auroras have, in general, a faint 
patchy structure during the substorm, and their lumin- 
osity. pulsates. 

The protons are accelerated upward in the late evening 
sector and downward in the morning sector. One of the 
noticeable features of the proton precipitation is that the 
westward travelling surge (a typical auroral activity in 
the evening seetor) does not contain the hydrogen emis- 
sions ; on the other hand, an extensive and steady pre- 
cipitation occurs in the area where patchy auroras are 
observed*. Observations by the OGO satellite indicate 
few protons in the morning sector, while they are appre- 
ciable in the afternoon-evening sector (private communica- 
tion from Dr L. Frank, University of Iowa). 

Width of the electron excited aurora. The instability 
and the resulting acceleration of auroral eleetrons occur 
only when the discharge occurs in a narrow strip Lys~ 
L? km. This width should coincide with the (north- 
south) width of the aurora and is in good agreement with 
observations!*. Swift® has already shown that the 
discharge (or what he calls “the charge exchange between 
the ionosphere and the asymmetric ring current’) occurs 
from a thin region of the outer surface of the ring current. 
Indeed, the initial sign of the auroral substorm is a sudden 
brightening of an are which Hes close to the poleward 
boundary of the proton aurora. The incoming protons 
apread in a much wider area because they frequently 
become neutral hydrogen atoms by the charge-exchange 
process (such as p4 OC;H +0) during their descent 
down to the 10nosphere??, 

Time constant. The estimated time constant (7 34 
min) gives some idea as to the lifetime of the magneto- 
«pherie substorm (1~3 h) 


Conductivity of the Ionosphere. The estimate of the 
resistance of the northern ionosphere gives a value of 
order 0-1 OQ. This corresponds to the conductivity of 
order 3-25 x 10* O-, by assuming that the length of the 


10 km. 
Dynamical effects. One of the rmiportant consequences 
of the instability of the current will be various dynamical 
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effects of the accelerated particles. At rg=six Earth 
radii, the magnetic energy B?/8z is of order 8-72 x 10 
ergs em-?, corresponding to a particle density of L1 em? 
for a 50 keV (=8-0x 10-* ergs) proton or electron. A 
rough estimate of the total number of accelerated particles 
may be obtained by assuming that an equal number of 
protons and electrons are accelerated to 50 kV in con- 
suming 2x 10%! ergs. The total number of electrons (or 
protons) would then be 10?! ergs/8-0 x LO-* ergs = 1-2 x 1075, 
Suppose that all of them are injected into the polar upper 
atmosphere of cross-section 3:9 x 105 em x 1-20 x 105 em — 
4-68 x 10'* em?; the number of electrons deposited into 
a unit eross-seetion of the northern ionosphere is then 
(1-2 x 107/468 x 10!3)/2 = 3 x 10, 


à volume of order (589x 10" em) x (2-72 x 10° cm) x 
2 Earth radii= 2-05 x 10% cm’. The number density 
would be of order 5-61 x 10? emt which is far greater 
than the limiting value of L1 em. The result will be 
an outward flow of the protons. Obviously, however, 
charge neutrality requires an accompanying motion of 
thermal electrons; the Debye length for the protons is of 
order 6-9 x (5 x 108 “K/7-6 x 10? em? p = 56m. At re= 17 
Earth radii, the Vela satellites observe an outward flow 
of plasma about 30 min-—1 h after the onset of substorms". 
There is no doubt that such a dynamical effect will 
influence the original distribution of the ring current 
particles. It is suggested that the poleward motion of 
active auroras and the auroral eleetrojet are related to 
such a dynamical effect. In the morning sector the 
accelerated electrons wil have a similar effect. In this 
connexion it is worth recalling that the Vela satellites 
observe energetic electrons far more frequently in the 
morning sector than in the evening sector, The extent 
of the outward motion of the energetic electrons 1s 
expected to be less than that of the protons, for the elec: 
trons must be accompanied by heavy protons. 

The asymmetrie ring current provides a westward 
(dawn-to-dusk) eleetric field in the dark side of the mag- 
netosphere. It is this electric field which initially drives 
the auroral eleetrojet along the auroral oval. The Hall 
current associated with this electric field causes a north- 
south polarization field in the high conductive auroral 
belt and drives an additional westward current (Cowling 
eurrent). The electric field causes an (E x B) drift motion 
of the magnetospherie plasma in the dark sector, with the 
velocity vector of the drift motion directed toward t he 
Earth. Satellites have observed such a motion!*:!*, 

I thank Dr S. Chapman for his encouragement. This 
research was supported in part by the US National 
Aeronauties and Space Administration. 
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Optical Flashes from the Crab Nebula MI 


by 
R. V. WILLSTROP 


The Observatories, 
University of Cambridge, 
Madingley Road, Cambridge 


THe recent discovery of flashes of light from a direction 
close to that of the south preceding component of the 
central double star of the Crab Nebula!, with periodicity 
equal to that of the radio pulses discovered earlier?"*, is 
of great importance in the understanding of pulsars and 
the first case of its kind. Pulsation of white dwarf stars? 
was among the first hypotheses advanced to explain the 
radio emission of pulsars. Following a very rapid develop- 


0-3 


0-03315 0-03310 


The optical flashes from the Crab nebula have been studied at the 
Cambridge Observatories. 


search of the nebula to a very faint lint would have been 
impractical, 

At the earliest opportunity after the discovery of the 
flashes the Crab Nebula was observed again. All the 
observations are summarized in Table 1. In every case a 
diaphragm 1 mm in diameter was usec: this is projeeted 
to 50 are s diameter on the sky. In November the dia- 
phragm was placed near the centre of the nebula but not 








0-03305 


Geocentric period 


Fig. 1. Analysis of the observations of November 24, 1968. 


Abscissa: geocentrie period. 


Ordinate: the amplitude, m arbitrary units, 


of a sinusoidal wave which is the best fit to the fluetuations. 


ment of the subject, this is not now a favoured explana- 
tion, but in the meantime photoelectrie equipment has 
been built at the Cambridge Observatories to search for 
light variations of unknown period between 0-25 s and a 
few minutes. in white dwarfs or other suspected objects. 
This equipment has been in use since November 1968. 

A photoelectric pulse-counting photometer is used at 
the prime focus of the 91 em reflecting telescope and the 
output is recorded in the form of perforated paper tape. 
Each row of tape gives, in binary notation, the number of 
photons detected in the previous "summation period”, 
which can be varied by the observer from 10-24 ms by 
factors of two up to 655 ms. To allow observations of 
comparatively bright objeets the photon count can be 
divided in a "prescaler" using up to seven binary stages 
before entering the readable part of the counter. After 
each reading is made the readable part of the counter is 
reset. to zero, but to minimize rounding errors that would 
make small fluctuations diffieult to deteet the prescaler 
is not reset. The paper tape is later read into the Titan 
computer at the University of Cambridge Mathematical 
Laboratory. where the data are analysed for periodicities. 
A substantial amount of computer time has been used in 
the analysis of observations of white dwarfs; no evidence 
has been found so far for intrinsic variability of these 
stars. 

In the course of this investigation the light from the 
central part of the Crab Nebula was observed on Novem- 
ber 24. 1968, after the announcement of the diseovery that 
the radio pulses—previously reported as being sporadie 
with no evidence for periodieity?-—had the unusually 
short period of 33-09 ms (ref. 3). The optical data were 
not analysed until after the discovery of the optical 
flashes beeause no flashes had been detected from the 
many pulsars studied at different observatories with 
sensitive equipment, and because the radio position avail- 
able on November 24 was uncertain. A complete optical 








0-03310 


0-03300 
Geocentrie period 


Fig. 2. Analysis of the observations of January 19, 19659, Abscises and 

ordinate are asin Fig. 1. The change in geocentric period since November 

21 is consistent with the change in the Earth ’s orbital velocity and the 
rate of change in the heliocentaic period’. 
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Abscissa: phase. 


aecurately located with reference to any feature; in 
January it was placed to inelude the central double star, 
the reputed source of the flashes. Immediately after the 
January observations of the Crab Nebula the sensitivity 
of the photometer was measured by observing the star 
KW 275 in the galactic cluster Praesepe*. The magnitude 
and colours of this star in the UBV system have been 
determined by Johnson’. 


Table 1. OBSERVATIONS OF THE CRAB NEBULA MI 


= Pre- Readings 
Date Time UT sealer Filter g^! 
Nov, 24,1968 01h 56-5 to 02h 08.6m 4 None 07-04 
Jan. 19,1969 22 12:0 22 200 3 None 97-64 
22 20:0 22 833-0 0 97-64 
22 4m0 22 LO 1 B 97-64 
22 28:5 28 06-5 2 F 97-04 


The observations of the Crab Nebula were analysed for 
regular fluetuations in brightness using the Titan com- 
puter. Because low priority is given to jobs requiring 
more than 32 K words of storage capacity (1 K = 1,024) 
for data and program, and because the program as then 
used stored only one reading in each word, most runs 
were curtailed to 27,000 readings (276-5 s telescope time). 
The ultraviolet observations have since been analysed 
again, using the full quantity of data, 46,986 readings, 
after the program had been modified to pack the data 
so that each word stored six readings. The modified 
program was also used with 27,000 readings of the 
November observations to cover a wider range of possible 
periods. 

The results are shown in Fig. 1 for November 24, 1968, 
and m Fig. 2 for January 19, 1969. The abscissae are the 
geocentric period, and the ordinates are the amplitude of 
a smusoidal wave which is the best fit to the fluctuations, 
m arbitrary units. Light curves have also been de- 
termined, and those for the particular periods indicated 
in Figs. 1 and 2 by letters a, b, c and d are shown in 
Fig. 3. Each point indicates the excess or deficiency of 
photons recorded during an interval of 10-24 ms, above or 
below the mean number. There is evidence on a number 
of the curves for the secondary pulse which occurs nearly 
half a cycle after the principal pulse. No correction has 
been applied for the effect of the finite time resolution of 
the equipment and the method of reduction of the data. 


Ordinate: excess or deficiency of photons detected in each interval of 10:24 ma. 
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colour indices of KW 275 (open circle), typical stars (continuous Hine)” 
and black body radiators (broken line)*. 


Estimates have been made of the excess photons de- 
tected during the principal pulse for each of the five sets 
of data, using two light curves, those marked ^ and c, in 
each ease. The standard deviations of these fluxes have 
been determined from the total numbers of photons 
detected from the pulses and the background. The fluxes 
of photons detected in the pulses are given in Table 2, 
where they are compared with the corresponding fluxes 
from AW 275 to determine the brightness and colour of 
the light of the pulses. The colours derived from these 
data are | 
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Table 2. PHOTONS DETECTED IN FLASHES FROM THE CRAB NEBULA 


Date Nov. 24, Jan. 19, 1969 
1968 

Filter None None rA B F 

Excess photons detected duringthe — 54 45 Su. Lins 18-6 
principal pulses, average 8^! r2 5-6 pl T2 3*4 

Photons detected from KW 275(87) -~ 37,600 1,555 13.770 13,180 
Magnitudes of KW 275. o — 10-62 10-54 9:96 
Magnitude difference 6.15 1a 113 


Magnitude of pulses averaged over 


eycle 17.87 1826 17-09 


'These results depend on the assumption that the flashes, if 
averaged over 5 min, did not change in brightness by more 
than, say, 20 per cent during the interval 22 h 05 min to 
23h 03-5 min UT on January 19, 1969. The colour 
indiees, with their uncertainties, are plotted in Fig. 4 
on a two colour index diagram for comparison with the 
colours of black body emitters of different temperatures? 
and of typical stars*. 

It is concluded that, if systematie errors are absent or 
small enough not to add significantly to these considerable 
uncertainties, the visible light of the pulsar is reddish, 
although the results are not inconsistent with the G-type 
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distribution already reported!*. Nevertheless, the object 
has an ultraviolet excess. 

I thank Professor Redman for his encouragement, E. J. 
Kibblewhite for designing the recording equipment, the 
direetor of the University Mathematieal Laboratory for 
permission to use the Titan computer. and the staff of the 
laboratory for their cooperation. 
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New Halocyclopropane Insecticides and the Mode of Action 


of DDT 


by A steric theory of DDT action has led to the design of some new 


G. HOLAN 


CSIRO Division of Applied Chemistry, 
Melbourne, Australia 


SixcE the discovery of the insecticidal activity of DDT. 
many structural theories of its mode of action have been 
proposed, and they have all tried to explain the unique- 
ness of this seemingly simple hydrocarbon. Notable 
among these was a theory of Mullins'?, who described a 
special fit (Fig. la) of several molecules of DDT into 
a nerve membrane-pore channel. This was claimed to 
distort the adjacent pores and induce leakage of sodium 
ions through the nerve membrane. This was presumed to 
give rise to the characteristic disrupting trains of nerve 
impulses in insects. 

The work reported here, initiated several years ago. 
was planned with the intention of using this theory for a 
rational synthesis of hydrocarbons with an activity against 
DDT-resistant strains of insects. 

Initially the 1,1-di(p-chlorophenyl)-2.2-dichlorocyelo- 
propane (DCC) and its conformer trans-1,3-di-(p-chloro- 
phenyl).2.2-diehloroecyelopropane were designed from 
model projections (Fig. 1b and c) and then synthesized, 
to test the theoretical receptor. 

The prediction of activity for DCC IT (Table 1), when 
compared with the eyclopropane I (Table 1) and its 
aetivity against a DDT resistant strain of housefly, proved 
correct. This was contrary to a coincident report? 
claiming structure Il to be inactive. "The predietion of 
activity against DDT resistant insects was made on the 
premise that the substitution of the more chemically 
stable diehloroeyelopropane for the easilv degradable 
trichloroethane group of DDT would prevent the detoxifi- 
cation of the insecticide by the enzyme DDT-dehydro- 
chlorinase. 

Solubility does not play a part in the differences of 
activities of the two cyclopropane conformers, for they 
both gave the same value for their »-hexane-water 
partition. coefficient. 


and highly active cyclopropane insecticides. The new compounds 
suggest a general van der Waals model for diaryl insecticides and 
support a theory of insecticide action based on the sodium pores 
of nerve membranes. 


It seems then that Mullins's theory gave a good predic- 
tion of active and inactive structures. On the examination 
of further models, however, it was noted that the highly 
active p.p'-diethoxy analogue of DDT, XLIII (Table 1j*? 
did not possess the three-fold symmetry required by the 
receptor. This was also found to be true for other synthe- 
sized ethoxy substituted cyelopropenes as shown m 
Table 1. 

The eyclopropanes were found to be superior for biologi- 
cal study as they are easier to synthesize and often more 
stable than their DDT analogues. 


Correlation of Activity with DDT 

Entomological observations of the typical toxic symp- 
toms of DDT in insects? were the same for all the active 
cyclopropanes. The characteristic multiple spike poten- 
tials which cause these nerve symptoms were observed in 
live flies when either DCC or DDT were applied via an 
electrode using the apparatus and method of Hodgson 
et al^. In mortality caleulations om DDT susceptible 
colonies of houseflies the slopes of regression curves were 
the same for DDT and DCC. To cerrelate the aetivity 
of other synthetic analogues of the evelopropanes, the 
compounds were tested against two species of insects. 











ea 


z 


Housefly tests were carried out on a standard (DDT) 
susceptible strain (WHO/IN/.Muset | domestica/Y). or. 


where indicated, on a DDT resistant strain (Turramurra). 
geneous laboratory strain was used. € 

applied in an acetone solution, by microsyringe, to the 
dorsum of the thorax of 2 day old female flies reared 
from pupae of average weight 22-13 g/100 pupae. 
The adult flies were fed on a water and sugar-only diet 
and maintained at 26? C and 70 per cert relative humidity. 
The mortalities were counted at 48 h after treatment and 
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compared with acetone-treated controls. Flies unable 
to move or stand normally were considered dead. The 
LD;, values were obtained from a logit computer pro- 
gram based on three replicates of ten flies at each dose. 
For mosquito larval tests I used a DDT susceptible 
strain of Aedes aegypti, maintained in the laboratory for 
several vears out of contact with insecticides. Between 
ten and twenty-five first-instar larvae were placed in 
10 ml. of distilled water with 100 ul. of solution of the 
appropriate concentration of the eompound in acetone. 
The lowest concentration, as p.p.m. in the water to produce 
complete mortality by 48 h, was taken as the LC)... No 
mortality was observed in acetone-only controls. 


[2 


Halocyclopropanes Structure 

For the eyelopropanes it ean be demonstrated that 
activity relates to two independent struetural factors. One 
is the state of substitution in the phenyl rings and the 
other, a more restrictive one. the size of the eyclopropane 
ring. To compare them accurately in the same biological 
tests. several known DD'T derivatives were also prepared 
and retested. This was required, for DDT activity 
against even susceptible strains of the housefly had 
diminished from the levels reported for other susceptible 
strains a few years ago®. Values in Table 1 show that the 
insecticidal activity of the diehloroevelopropanes substi- 
tuted by hala and alkoxy groups in the phenyl rings 
follows fairly closely the activity of the reported DDT 
analogues’ with the exception of the p.p’-fluoroeyclo- 
propane derivative V (Table 1) whieh was less active. 
In the testing of the phenyl substituted dichlorocyclo- 
propanes it was also noted that for isosterie eompounds 
in addition to the conformational requirements there was 
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a requirement for an eleetron donation to the phenyl rings 
by the substituent. Thus the methoxymethyl derivative 
XVI (Table 1), in which the oxygen is removed from the 
conjugation with the phenyl ring, is inactive although it is 
isosterie with the highly active ethoxy XIII (Table 1) 
analogue. The electron withdrawing effect of the para- 
nitro group inactivates derivatives both in the eyelo- 
propane and DDT series. That the eleetron donating 
group does not have to contain negative atom dipoles is 
shown by the p',p-ethylphenyl compound XVIII (Table 1). 
Other structural limitations found were the lengths of the 
phenyl ring substituent (limit 8-0 A) and the distance 
between the atoms aeting as dipoles on the phenyl rings. 
when those were in their most restrieted rotations (limit 
11 A). The haloeyelopropanes compared with DDT 
derivatives have no freedom of rotation on their vertical 
axis and the highly active trichlorophenv! derivative 
VIII (Table 1) has a rigidly fixed structure due to steric 
lhndranee. It ean therefore be assumed that the reported? 
requirement of free rotation in the DDT series is only 
essential to place symmetrical dipoles at a certain position 
relative to the trihalogenomethyl group. This require- 
ment of symmetry also exists for the haloevelopropanes, 
for example, comparison of activity of non-symmetrically 
substituted derivative X (Table 1) to the active symmetri- 
cally substituted compounds II and XI (Table 1). 


Design of a General Insecticide Model 

For the determination of other structural factors, space 
filling models (Struart-Briegleb) of the eyelopropane 
insecticides were projected in their various conformations. 
Parallel beam photography gave their z, y and z plane 
projections. It was previously observed by Mullins? that 


chy "Mis 


Fig. 1. "End-on" projections of models of active and inactive structures. a, DDT: b, Lliedi p-chlorophenyl)-2,2-dichlorocyclopropane (QOO) 
and, e, its inactive conformer 1,3-di-Cp-chloropheny D-2,2-dichloroeyclopropane, in Malling? receptor. Two inactive compounds, 1.4-di-Cp-chloro- 
phenybD--cyclopropane, d, and 1,1-di-£p-odophenyl)-2.2-dichloroeyelopropane, e, each with a different lack of fit, projected into the general modet 


outline shown in Fig. 2. 


Fit of active eyclopropanes DCC, f, and 1,1-di-Cp-ethoxypheny D-2-brcmo-Z-eblorocyelopropane, g, which due to lack of 


three-fold symmetry cannot be placed into the Mullins’ receptor, The back projections into the outline of two known insecticides, 1,1-di- 
i (eilorophenyD-2-nitropropane, A, and DDT, L 
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Table 1. STRUCTURE-ACTIVITY RELATIONSHIP OF SUBSTITUTED DIARYL CYCLOPROPANES AND OF SELECTED DD 
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T AR ALOGEES 


LDDs LC iss Projected ring size " 
Compound Musca d. Aedes aeg. Diam. | Area Hm 
(agiinsect) larvae (p.p.m) — (£031 A) (+4 AY 
I 1.3-di-(p-Cl-phenyl)-2,2-dichlorocyelopropane > 200 > 100 
2 9.dichlorocyclopropanes 
Substituents on 1,1-di-(phenyl) rings "v uu 
It p p CL (DCC) 0-12 0-47* O-O13 G4 ied Oa 
Til p-Br p’-Br 2°13 0:014 
IV pip! 50 OF 
¥ P-E p’-¥ 130 0-8 
VI H p. » 200 »100 
VII o-Cl p'- Cl 3-2 2-0 
VII o,p-di-Cl p'-Cl 0-41 093 
IX p-BrCH; p'-BrCH, > 200 — > 100 
x p-CH,0 p’-Ci 8 1-0 
XI p-CH,0 p CHO 0-52 0-3 
XII p-CH,0 p'-C,H,0 0-9 0-09 
XII p-C,H,0 py -CHO 0:13 0-25* 0:06 
XIV p-n- €H, p'-5-C,H,0 6-3 12-0 
XV p-n-C,H4,0 p'-n-C,H,O > 200 > 100 
XVI p-CH,OCH,- p CH, > CH; > 200 > 100 
XVII jp CH, p -CH; »200 3:0 
XVIII p- C,H, p CH, 1:18 0-22 
XIX p-t-C,H, p -t-C,H, > 200 E 100 . 
XX jp NO, p-NO, > 200 12°0) 
Unsubstituted eyclopropanes . 
XXI pUl p- Cl » 200 »100 3:9 E Compound 
XXH p-CH,0 »'-CH4,0 » 200 50 inactive 
2 chloroesclopropanes l 
XXIII p-Cl p-Cl 15-0 6-0 us s» &6 
XXIV PECHO p'C,H,O » 200 $0 
2-bromocyclopropane 
XXV pCi pCi 25.0 6:0 $6 26 9.7 
2,2-difluorocyclopropanes 
XXVI pel p'-Cl 83 2:0 i8 22 ag 
XXVH pl pl » 200 18-0 
AXVIII PNO, p' NO, » 200 » 100 
XXIX p-CH,0 p -CH;,O »200 — > 100 
2-chloro-2-fluoroey elopropanes 
XXX pb p'-Cl r2 0:07 5:3 i 0-13 
XXXI j-C,H,O p'-C,H,0 0-63 0-098 
E 2.ehloro-2-fluoro-3-methy ley elopropane 
XXXII pel Cl 60-0 2n0 6.5 Ob 35 
2.bromo-2-chloroeyclopropanes 
XXXIII pci pth 18 0-12 8-3 KU 0-22 
XXXIV p-C,H,O p'-C,H;O0 0-58 0-04 
. . 2 9.dibromocyelopropanes 
NNXV p Ulp- 1'8 0-06 6-3 2 12 
XXXVI p-F pF > 200 Q8 
XXXVII j-CH,0 p'-CH,0 25:0 9 
XXXVIN  p-CH,0 p'-C,H.O 12-0 012 
XXXIX pC HO p -C,H,0 6-32 0: i5 
; 2 5.dibromo-3-methyleyelopropane 
XL p-Cl p'-€1 > 200 4-0 GQ i8 Compound 
inactive 
3 9 2.trihalogenoethanes (DDT analogues) 
Trihalogenore thy! 
group projection 
XLI. pee) p'-CL ODD) 0-17 400* 0-13 8.1 55 i15 
XLI PERO p’-CH,0 0:33 1,000* 0-25 
XLII p-C,H,Q pC H,O 0:31 0-08 
XLIV p-Ip'-1 2-2 3-2 
XLV pF pE 0.06 0-10 
XLVI P-NO p'-NO, » 200 20 
XLVII pU nC) (= CH.CR) 9.9 05 51 42 «05 


To show structural requirements, the dimensions of the substituted cyelopropane ring in 1,1,-di-(p-chloropheny D analogues were compared with a single 


value of insecticidal activity. This was obtained by the calculation of the harmonie mean of the two activities: Hm «7 


mosquito larvae. 


* Testa on à DDT resistant strain of the housefly. 


for DDT analogues the most notable changes between the 
active and inactive derivatives can be seen in the z-plane 
"end-on" projeetion (Fig. 1). From the measurements 
of the projections in the y-plane of the cyclopropane rings 
the strict size requirements for this part of the molecule 
became obvious. 

To establish a general model of an active insecticide, 
the projections of cyclopropanes with an activity of LD;, 
(Musca) < 2 ug/insect and LC yo. (Aedes larvae) < 0-5 p.p.m. 
were superimposed to give the shape of the general van 
der Waals model (Fig. 2). Some of the "end-on" projec- 
tions of active and inactive compounds into this model 
are shown in Fig. | including the known insecticides DDT, 
its p,p'-diethoxy analogue and 1: 1-di(p-chlorophenyl)-2- 
nitropropane*. 


Hypothesis of Mode of Action 

The structural relationships found were reviewed in the 
light of the more recently reported observations on the 
mode of action of DDT. This became particularly impor- 
tant as the theoretically predicted bonding of DDT with 
a protein matrix by Gunther et al.!? was confirmed recently 
by the isolation of a nerve-DDT complex! "9. One of 


SOLES Ausg manie vaa FE 
202 x= LD. housefly, vs LOC 
* 


the possible consequences of the dissociation of such a 
complex at higher temperature is the decrease of DDT 
treated insect mortality as tempereture rises. That this 
decrease is due to the dissociation of a complex is supported 
by the finding’ that. contrary to the temperature- 
mortality effect, increasing amounts of labelled DDT are 
found in nerve tissue with an inerease in ambient tempera- 
ture. This would be expected considering the solubility 
of hydrocarbon in the lipid nerve tissue. That the com- 
plex formation involves the phenyl rings themselves is 
suggested by previous studies!* 4 which showed a negative 


temperature effect in the hydrocarbon series only for 
insecticides containing phenyl rings. Cyclodiene insecti- 


cides and y-benzenchexachloride gave a positive response 
of insect, mortality with temperaturc, suggesting that in 
the absence of ring m-bonding and presence of only the 
weaker van der Waals bonding the solubility effect of 
the hydrocarbon in the lipid tissue predominates. 

We have also established the importance of enhance- 
ment of z-eleetron density in the phenyl rings. We made 
a comparison of the coefficients of temperature usmg 
1,1-di-(p-ethylpheny]) -2,2-dichlerocyclopropane, which 
has an electron donor group but no strong dipoles on the 
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Fig. 2. 


Three plane projection of a van der Waals outline of an active insecticide obtained by superimposi- 


tion of parallel-beam projections of models of all eyelopropanes with an LD,,« 2:0 pg/insect on the housefly 


and LC, «0-5 p.p.m. on mosquito larvae. 


The broken line shows the limit in size for alkyl group 


substituents, continnous line denotes the van der Waals limits of negative atom dipoles, with the negative 


signs placed at the approximate centre of the dipoles. 


The r-plane projection also shows the schematic 


representation of the placement of the insecticides into the protein-Hpid interface of unit membrane. 


phenyl rings. In Fig. 3 the 1,1-di-(p-ethoxyphenyl)-2,2- 
diehloroeyelopropane and DCC show virtually the same 
mortality-temperature pattern as DDT. The ethylphenyl 
compound, however, not only shows a negative tempera- 
ture coefficient but also. despite its higher lipid solubility. 
gives a curve with a steeper slope in the region of 26°- 
31° C. This is consistent with a faster dissociation of 
a weaker complex with increasing temperature. The 
examination of the nature of the complex is proceeding. 
bat it was already demonstrated that neither the active 
cevelopropanes nor DDT give ultraviolet spectroscopic 
evidence’? of à complex formation with pure lipid nerve 


Log LD sglinsect 





20 25 30 
Temperature (° €) 


Fig. 3. Change of mortality with temperature iu a single colony of 
houseflies treated with DDT (C), L1-di-(p-ehiorophenyD-2,2-dichloro- 
eyelopropane (©), 1,1-di-(p-ethoxypheny)h-2,2-dichlorocyclopropane (A) 
and 1,1-di-(p-ethylphenyD-2,2-dichlorocyelopropane (+). The rise in the 
gradient with Increasing temperature, for the ethylphenyl compound 
compared with the nearly parallel response for the other three inseeti- 
cides is explained by a weaker bonding of a z-complex only, in the former, 
while the latter compounds in addition also contain dipoles on the para- 
positions of the phenyl rings. 


components such as sphingomyelin, phosphatidyl ethanol- 
amine, phosphatidyl serine or lecithin. While not con- 
clusive, this suggests that the eomplex is formed with 
the protein and not the lipid components of membranes. 

Based on both the biological and struetural findings. 
a modification of Mullins’ theory is proposed. Some of the 
applied insecticide distributes itself at the lipid-protein 
nerve membrane interface. "There, because of its three- 
dimensional conformation, the base containing the phenyl 
rings locks itself into the overlaying protein layer by 
forming a molecular complex with it. The smaller apex 
consisting of the cyclopropane ring fits into the channel 
of a pore in the lipid part of the membrane. While the 
whole strueture is loeked in this position the apex keeps 
the pore or receptor open to sodium 1ons!^!5, with the 
consequent delay in the falling phase of the Na* ion 
potential. 

To overcome the paradox of a compound which blocks 
a pore but at the same time induces a leakage of one ion. 
It is not necessary to postulate a distortion of the nerve 
membrane. A more reasonable explanation of this action 
follows from a recent theory of nerve action potential 
propagation (unpublished work of D. Weiss) which states 
that the phospholipoprotein found in biogloical mem- 
branes’? forms a "spring" which in its compressed form 
is selective to non-solvated potassium ions and in its ex- 
panded form is selective to hydrated sodium ions. Based 
on this hypothesis the insecticides then act by keeping 
the spring in an expanded sodium ion selective position. 
A schematic representation of this action is shown in 
Fig. 2, without claim as to the positioning of the "spring" 
in the membrane. On this model the apex of the general 
model should fit into the sodium ion channel or receptor. 
In Table 1, the ring size of substituted eyelopropanes in 
di-p-chlorophenyl derivatives is compared with the 
harmonic mean (Hm) of the two insecticidal activities. 
In plotting Hm against increasing ring size a normal 
distribution curve is obtained with a maximum at 6-1 Å- 
6:3 A for the diameter and 50 À?-60 Å? for the projected 
area of the ring. This value should be compared with 
the diameter of a sodium ion with two shells of water of 
hydration, 6-2 A from X-ray studies! or to the mobile 
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hydrated sodium ion diameter 6-6 A calculated from a 
modified Stokes's law. The hydrocarbons from this 
evidence can be viewed as "molecular wedges” with very 
specifie solubility, charge and dimensional requirements. 
The negative temperature effect of mortality can then be 
explained as a locking and release of this "wedge" due to 
t and van der Waals complex formation and dissociation 
with the overlaying protein of a nerve membrane. Cyto- 
logically the scheme in Fig. 2 compares well with the 
recently published’? unit membrane dimensions, where 
the distance from the protein layer to the lipid strueture 
(4:9 A) of the bimolecular leaflet is equivalent to half 
of the height of the general model. The postulate of a 
“molecular wedge" could also explain some of the peri- 
pheral biological effeets observed in the past for DDT. 
The possible destruction of acetylcholine carrying vesicle 
membranes? could cause the imerease of endogenous 
acetylcholine in DDT treated insects??. 

Sunilarly the finding of the release of unidentified 
neuro-hormones?, the disturbance of calcium ions at 
nerve membrane surfaces?! and the more gross insect 
tissue degenerative changes*"?* after DDT treatment, 
could be due to a similar destructive action at other unit 
membrane interfaces. 

In this hypothesis the complexing of DDT analogues 
with proteins is controlled chiefly by substituents in the 
rings and is largely independent of the insecticidal activity. 
A ready explanation exists therefore for the special 
tenacity of the residues of DDT and its insecticidally 
inactive metabolites in the general biosphere. 

I thank Dr E. Shipp (University of New South Wales) 
for all entomological data reported in this paper. I also 
thank Dr G. F. Ludvik (Monsanto Co., St Louis) for 
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help with initial biologieal sereening and Mr F. Lugdon 
(CSIRO) for help with parallel beam ohotography. 

Synthesis of all compounds quoted «patents assigned to 
Monsanto Chemicals Aust. Ltd) will be published else- 
where. 
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Porosity of the Mouse Placenta to Maternal Cells 
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IN any outbred colony of animals there are always anti- 
genie differences between the mother and the foetus; the 
foetus is therefore an allograft. The fact that such allo- 
grafts are normally not rejected is of increasing interest, 
and the immunological aspect of the materno- foetal 
barrier has recently been well reviewed by Currie!. 

Ovum transplantation i in mice has been used to investi- 
gate the cellular porosity of the materno-foetal placental 
barrier, and preliminary results are presented here. 

Conventionally housed inbred white CFW and agouti 
CBA/T,7, strains of mice were used for interstrain ovum 
transplantation. The resulting mixed litters could be 
distinguished at birth by eve colour, later by coat colour, 
and the CBA/T,T, cells were presented on cytogenetic 
evaluation by the characteristic marker chromosomes. 
The technique for ovum transplantation, which will be 
deseribed in detail with other results elsewhere, consisted 
of the removal of fertilized CFW blastocysts and their 
injection into a recipient CBA/T,T, uterus. CFW blasto- 
cysts were removed at 3-5 days and injected into a 
CBA/T,T, uterus at 2-5 davs respectively after the detec- 


Alien cells of maternal origin have been identified in the organs 
of mice derived from fertilized ova transplanted into the uterus 
of a CBA/T,T, recipient. 
of the materno-foetal barrier. 


This calls for a re-evaluation of the role 


tion of a vaginal plug. For the injectson of the blastocysts 
the recipient was lightly anaesthet:zzed before a lateral 
skin incision. The fertilized ova were then carefully 
injected from a capillary pipette inte the exposed uterine 
horn of the recipient and the skin incision repaired. 

The resulting mixed litters were killed at various inter- 
vals after birth for cytogenetic examination. Previous 
experience had shown that parenteral administration of 
phytohaemagglutinin (PHA) did not-significantly increase 
the number of mitoses suitable for «ytogenetic oxarmma- 
tion. Before death, the antimitotic agent 'Coleimid! was 
injected in a divided dose. Initially 0-2 ml. of a OOL per 
cent 'Coleimid' solution was injected intraperitonealiy, 
and 3 h later (3 h before death) a further 0-2 ml, was given 
intravenousiy. 

At death separate cell suspensiors in water were pre- 
pared by means of a Potter mill frora the spleen, thymus, 
liver, lymph node and bone marrow. These suspensions 
were Eu in this mn ee for 12 min, 


ad p ina ack ers add ge uon (3. iD ae ito: 
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Table 1. 


Age at 





NATURE, VOL. 221, MARCH 15, 1969 


RESULTS FROM MIXED LITTERS 


Number of T, celis 


m (percentage of maternal celis) 


Ova Uterus death Total number of celis 
(days) Liver Spleen Thymus Lymph nodes Bone marrow 

CEW CBA;T, 4 0/109 0/100 0/100 0/100 6/100 

CEW* CBA/T, 16 3/18 (16.795) 5/30 (106.795) 10/43 (23-39) 1/83 (4-28 25/183 (13-794) 
CEW* CBA/T, 24 3/13 (23%) 3/13 (23%) 5/30 (16-794) 7/52 (13:595) 19/119 (16%) 
CE W t CBAIT a 27 10/39 (28:695) 2/22 (9%) 3/25 (12%) nt. 37/110(39:7 2) 
CEW + CBA/T, 28 2/12 (16.795) 15/55 (27:294) 10/60 (16-794) n.t. 36/156 (2395) 
CEW CBA/T, 49 15/220 (6:894) 5/120 (4:294) 3/100 (395) 5100 (3%) 2 200. (2524) 
CEW CBA T. 52 1/37 (3.795) 1/418 (5:695 3/20 (1595) 145 (252%) 3:68 (1195) 
CEW CBA/T, 60 1/10 (1055 2/20 (10%) 340 (7:595) 2/20 (10%) 3,890 (0-R92) 


* y 
s Litter mates. 
n.t,, Not tested. 


After three changes in this fixative the cells were finally 
suspended in a few drops of 45 per cent acetic acid. Two 
drops of this cell suspension were then dropped on clean 
frosted slides and heated gently to effect good spreading 
of the chromosomes. Finally, before examination, the 
cells were stained for 1 h with 2 per cent lacto-acetic 
orcein. 

All cytological preparations, including those from an 
equal number of normally derived controls from both 
strains of mice, were coded and examined without the 
observer having any previous knowledge as to their origin. 
Chromosome analysis for each tissue suspension was per- 
formed on the maximum number of mitoses available for 
elassification. Table 1 records the results from the mixed 
litters from which satisfactory cytogenetic preparations 
were Obtained. Here the total number of cells suitable 
for classification is recorded with the number of cells 
noted to have the T,T, marker chromosomes (Fig. 1). 





"elu TE T6 Chromosomes 





Fig. 1. 


Foreign maternal cell with two TT, chromosomes in uterine 
nurtured CFW mouse. 


These preliminary results, although on a smal} number 
of animals, are very interesting. Although the number of 
foreign cells ean be in no way considered quantitative, the 
fact that these ovum transplanted mice are chimaeras is 
of paramount importance. Previous workers? have noted 
the occasional presence of maternally derived blood cells 
in the foetal cireulation, but the high proportion of 
animals here (seven/eight) with foreign cells that are 
probably derived from the mother is surprising. It is 
possible that the cells are derived from the other siblings, 
but this possibility is remote with mice having in general 
separate placentas. Although the morphological type of 
these cells is unknown, the faet remains that foreign 
and probably maternal cells are present and were detected 
in our last investigation at 8:5 weeks. 

It must also be borne in mind that the ehimaeras here 
result from ovum transplants and that the operative 
procedure itself could have influenced these results. To 
exclude this possibility, studies are in progress to de- 


termine whether normally derived mice possess maternal 
cells, and an attempt is also being made to re-evaluate 
the role of the materno-foetal barrier. 

Immune tolerance of the young mice to these foreign 
cells might be assumed by their persistence at this time 
and similar ovum transplanted animals are being skin 
grafted at the present time. Meanwhile, it is worth- 
while noting that Uphoff and Deringer? showed, but failed 
to explain, the persistence of maternal skin grafts on 
uterine nurtured animals. This can now be explained by 
the presence, persistence and tolerance of foreign materna] 
cells in an individual. The work of Smithers eż al.5 might 
be relevant with regard to the apparent tolerance of the 
host towards the maternal cells. These workers showed 
that Schistosoma mansoni worms incorporated antigens 
from their host. It is therefore possible that the apparent 
tolerance of the host for the maternal cells here might be 
related to a similar process whereby the maternal cells 
are protected by a coating surface of foetal antigens. 

If, as seems likely, some of these foreign. cells are 
maternal lymphoeytes, then their immunological com- 
petence must be doubted, for so far our evidence suggests 
the absence of any detectable graft-versus-host reaction. 

The significance of these findings, if confirmed in 
normally derived animals, must be contemplated. The 
presence of maternal cells needs to be eonsidered in 
theories of genetic transmission and if these cells are 
shown to be maternal lymphocytes their apparent im- 
munologieal inactivity must be fully explained. This 
apparent inactivity might not necessarily be permanent 
and the possibility of a clone of maternal cells being 
released or stimulated into activity is à possible mechan- 
ism that could lead to the development of autoimmune 
disease. 

Finally, the actual significance of these cells in the 
foetus must be considered particularly in terms of the 
immunological barrier between the mother and the foetus, 
an allograft. The hypothesis “that anatomical separation 
of mother and foetus is sufficient and also necessary to 
safeguard the mammalian foetus from the immunological 
hazards of pregnancy" suggested by Woodruff® is now 
invalidated. Meanwhile, it seems well worth while con- 
sidering whether the presence of these maternal cells is 
directly associated with failure of rejeetion of the foetus 
in the normal pregnancy. 

We thank Mr Peter Russell and Miss Jean Simonds for 
technical assistance and Drs Ann MeLaren and David 
Kirby for advice. We also thank Professor H. Grüneberg 
for his helpful criticism and advice. This work is being 
supported by the Joint Research Board of the Institute 
of Child Health and Hospital for Sick Children with 
grants from the Camilla Samuel and Welleome Trusts. 
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Molecular Determinants of Obligate Psychrophily 


by Micrococcus cryophilus will not grow at temperatures above 25° C. 
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Tue existence of life in many and varied environments 
raises questions as to the nature of the cellular response 
to such situations. Although a particular variable may 
impose absolute limits—-life, for example. has not been 
found at temperatures precluding the availability of 
liquid water!—it is notable that the growth of an individual 
organism occurs over only a limited segment of the total 
possible variation. Despite the essential similarities at 
the moleeular level found in all the living systems that 
have been studied, there must be biochemical faetors 
determining the environments available for a particular 
species. 

Temperature is one of the most important e nvironmental 
variables, and also one of the easiest to measure and 
manipulate experimentally. Its influence on growth, 
particularly of bacterial cells. has been well studied, but 
principally from the point of view of an environmental 
parameter permitting growth. Less attention has been 
paid to the limitations imposed by temperature. Obligate 
psychrophiles—organisms able to grow well at 0^ C but 
incapable of growth at moderate temperatures provide 
suitable test organisms m this respect. 

When the obligate psychrophile Micrococeus cryophilus 
is grown in optimal conditions at 20° C. and then trans- 
ferred to 30° C—5? C above the maximum for this organism 
on growth halts very quickly. This cessation of growth is 
correlated with an inhibition of macromolecular synthesis, 
most immediately an inhibition of protein synthesis?. This 
lesion primarily involves the “activation” and esterifica- 
tion of certain species of amino-acid with (RNA*. In 
this article I describe further studies of this lesion and 
report that two species of activating enzyme, glutamyl- 
‘RNA svuthetase and prolyl-tRNA synthetase, are the 
molecular determinants of this organism's temperature- 
sensitivity. These enzymes are shown not only to be 
very temperature-sensitive per se, but to “recognize” 
their cognate species of (RNA only when the latter is in a 
low-temperature eonfiguration. 

Micrococcus eryophilus (ATCC 15174) and Escherichia 
coli B (laboratory strain) were grown at 20° C and 37° C. 
respectively, in a casamino-acids medium?, Bacillus stearo- 
thermophilus (NCTC 10339) at 60° C in a tryptone yeast 
extract medium. The cultures were aerated vigorously 
during growth and then harvested in mid-logarithmic 
phase and disrupted in 0-5 M fris-HCl, pH 7-5, containing 
00153 M magnesium acetate, 0-05 M ammonium chloride 
and 0-1 mM dithiothreitol?. The low speed supernatant 
was passed through a ‘Sephadex G-100' column and the 
excluded peak, containing the ribosomes and the enzymes 
active for amino-acid incorporation into polypeptide, 
was retained’, Centrifugation at 105,000g separated the 
ribosomes from the soluble fraction and this was assayed 
for enzyme activity on the day of preparation. Purified, 
unfractionated (RNA was isolated by phenol extraction 
from whole cells’, 


Cumulative Effect of Temperature 
The effect of temperature on four selected arnino-acid- 


were unstable at temperatures of 30° C and above, while 
the fourth. the methionine charging reaction, Was known 
to be unaffected by exposure to moderate temperatures 
before assay and was included as a standard’. The results 
(Fig. 1) indieate that the enzyme activities catalysing the 
esterification of glutamie acid and of proline to {RNA 


This limitation seems to derive from the temperature sensitivity of 
two particular amino-acid activating enzymes and their cognate 
species of tRNA. 


were reduced by more than 50 per cent after pre-incubation 
for 10 min at 30° C, and by about 30 per cent after incuba- 
tion at 20° C in the case of the glusamie acid reaction. 
There was a slight loss of histidgl-KR NA. synthetase 
activity at 30° C, but the methionine eazyme, as predicted, 
showed no loss of activity. Pre-incwbation at 30° C of 
the {RNA component of the reactien also resulted in 
reduced charging of both glutamic acid and proline, this 
loss being of the same order as that caused by the effect 
of temperature on the corresponding enzymes. No such 
effect. was noted in the histidine and methionine reactions. 
These results suggest that the inhibitory effect of tempera- 
ture on protein synthesis and cell growth in this organism 
is exerted as a cumulative effect on beth the enzymes and 
tRNA specific for glutamic acid and proline. This is borne 
out in a further experiment where both macromolecules 
were heated separately. then mixed for the assay: an 
even steeper inhibition curve is recorded (Fig. 1). This 
loss of activity was slowly reversibie for the IRNA if 
it was held at 0? C for some time after heating and before 
assay. but not so for the enzyme, at least over a period of 
90 min. 





Activity (per cent) 
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Fig. 1. ‘Temperature inactivation of seieeted 
charging reactions for the amino-acids methi 
acid and proline were studied in the follow: 
tris HCl, pH 7-5, 3 pmoles Mg acetate, 10 anudes ammonium chloride, 
0-02 umole dithiothreitol, 1 umole K,-A'TP (pitas), (^04 gmole OTP, Z 
moles tRNA, 0-01 pmole pf YC] amino-acid, linsiting amount ofenzvine, 
and water to 200 wi. The reaction was allowed oo proceed for 20 min at 
20? C, then 4 ml. of cold 5 per cent TCA was added and the resulting 
srecipitate collected on à glass-fibre titer, SS appropriate ti 


Charging reactiuns. The 
ine, histidine, glutamic 
y mixtures: 10 moles 






BS n 
percentage of the activity measured in assays with components held at 





; complex. 
Such ehanges in the stereochemieal arrangement of yeast 
and E. coli tRNA have been reported by Fresco*, who 


presented direct physicochemical evadence for tertiary 
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structure in tRNA. The critical part played by the 
tertiary structure in the functioning of tRNA was proved 
by perturbation of (RNA conformation at temperatures 
much higher than those described here. 

The thermal denaturation profile of M. cryophilus (RNA, 
in buffer containing sodium or magnesium as counterions, 
has been compared with that of E. coli tRNA, using hyper- 
chromicity as a probe of secondary structure (Fig. 2). 
In the presence of Mg**, both M. eryophilus and E. colt 
tRNA were stable up to 50° C and 60° C, respectively. 
Above this, gross physical changes occurred. As expected, 


absorbance-temperature profile reflecting changes in 
shape between 20° C and 40° C that may or may not in- 
volve secondary structure. Na* does not stabilize tertiary 
structure at low temperatures®, so this curve presumably 
represents a largely sequential perturbation of first 
tertiary, then secondary, structure. No evidence can be 
produced for loss of tertiary structure in (RNAGLU and 
ERNAPRO on heating at 30° in Mg** without first fraction- 
ating the (RNA; and any such loss of strueture might be 
so shght as to evade detection. 

Transfer RNA is an adaptor molecule possessing other 
functions besides that of achieving specificity in selecting 
an amino-acid appropriate to its coding properties. The 
postulated conformational change of certam tRNAs, 
apparently inhibiting their ability to accept amino-acids, 
might also render the aminoacyl bond more susceptible 
to hydrolysis at high temperature, or make it difficult 
for the molecule to bind to ribosomes in the presence of 
the relevant codon. 

When glutamyl-tRNA and prolyl-tRNA were synthe- 
sized and purified at 4° C, then put up in buffer at selected 
temperatures, the rate of hydrolysis of amino-acid from 
tRNA was measured and noted as the half-life of that 
complex (Fig. 3). As expected. the half-life for the amino- 
acyl-tRNAs decreased with increasing temperature, but 
there was no marked decrease at temperatures above 
25° C. and indeed the half-life is in both cases a linear 
function of temperature. Thus the temperature-sensitivity 
lies in the esterification of the amino-acid with RNA and, 
once synthesized, the complex is predictably stable under 
changes of temperature. 

Finally, it seems that the postulated rearrangement of 
tertiary structure of 4RNAGLU and f{RNAPRO does not 
affect the specific eodon-anticodon interactions of these 
molecules in the presence of ribosomes. The binding of 
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Fig.2. Absorbance of unfractionated (RNA as a function of temperature. 
Transfer RNA was dissolved in 0-01 M K-cacodylate, pH 7-0, containing 
0-15 M KCl, 0-5 mM EDTA and either 0-1 M NaCl or 0-01 M MgCl. The 
thermal denaturation profiles were determined in a Cary 60 recording 
speetrophotometer. The solutions were adjusted to the initial values in 
stoppered cuvettes and placed in a thermal housing through which was 
pumped water from a heater geared to give temperature increments of 
0-5? Cimin. M. eryophilus (RNA+Met* (@) or Nat (CX: E. coli 
(RNA +Met*+ -eh 
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Fig. 3. ‘Temperature stability of ghitamic acid and proline-tH NA. 
[5C] gla-*RNA and [5C] pro-ZRNA were synthesized anc purified at 
4° C (ref, 7), then dissolved in 0-05 Miris HCI pH 7-0, containing 0-015 M 
Mg acetate and 0-05 M ammonium chloride. Aliquots were incubated at 
the indicated temperatures and samples were withdrawn at intervals and 
precipitated in an equal volume of cold 10 per cent TCA. From the rate 
of loss of the radioactive amino-acid from the TCA-precipitate, the half- 
life of stability of each complex was determined and plotted versus 
temperature, ©, gun ARNA, @, pro-t ANA. 


aminoacyl-tRNA, heated or unheated. to washed ribo- 
somes in the presence of the appropriate synthetic mes- 
sage*;*—1in these cases poly AG or poly C—-was insignifi- 
cantly affected by heating at 30° C for 15 min. The role 
of ribosomal factors associated with the binding reaction 
is discounted because of their known heat stability". 

Moderate temperature therefore differentiates the two 
chief functions of these (RNA molecules, inhibiting their 
ability to accept activated amino-acids, yet having no 
effect on subsequent activities of the molecule onee charg- 
ing has taken place. 


Heterologous Charging System 

Another experimental approach was a comparison of 
the previous findings, achieved in a homologous system, 
with the behaviour of the temperature-sensitive com- 
ponents in a heterologous system. using fractions derived 
from cells with different temperature characteristics. 
By exposing the psychrophilic enzymes and RNA to 
novel situations in vitro, I have obtained further definition 
of the extent of the lesion. 

Sub-cellular fractions from the psyehrophile, a meso- 
phile, E. coli, and a thermophile. B. stearothermophilus, 
were ineorporated, either with or without previous heating. 
into heterologous charging svstems. All assays were 
performed at 18° C. The psychrophile RNA can be esteri- 
fied with glutamic acid activated by psyehrophile, meso- 
phile or thermophile enzyme (Table 1). This last observa- 
tion is intriguing. for the minimum growth temperature 
of the thermophile is around 37^ C, and cultures trans- 


Table 1. GLUTAMIC ACID-ZRNA CHARGING IN HETEROLOGOUS SYSTEMS 


Enzyme FRNA Activity 55 Activity 
P P 282 100 
M P d EE 100 
T P is 100 
P [PT LET 52 
M ip] 30-0 115 
T [P] Gd 108 
[P] P 14:4 51 
iP] M 14-7 52 
iP} Y lr 42 


The reaction mixture is described in the legend to Fig, 1.. The enzyme and 
(RNA fractions derive from a payehrophile (P), M. eryophiius. a mesophile 
(M), E. coli, and a thermophile (T), B. stearothermophilus, An enclosed symbol 
({P]) indicates that the component was pre-incubated in the buffer plus ions 
for 10 min at 30° C before assay at 18° C. Activity is expressed either as 
iumoles of amino-acid charged/h/mg of protein or as a percentage of the 
activity noted in the unheated homologous or heterologous system. 
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Table 2, PROLINE-ÍRNA CHARGING IN HETEROLOGOUS SYSTEMS 


Enzyme IN Activity — 95 Activity 
P P 215 100 
M I 17-6 100 
T P 11:0 100 
P [P] 13:1 61 
M IP! 18:1 103 
T PP) lu 98 
[P] P 12-3 57 
[P] M 12-0 60 
[P] T 8h 44 


Unexpected Hig 
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eules does not preclude their recognition by enzymes 
derived from other sources. This might be construed as 
providing further evidence for the crisical part played by 
these two enzymes in the growth of shis organism. Not 
only are they highly unstable, but they can only charge 
their appropriate species of {RNA when it is in a low- 
temperature configuration, this narrow range of recognition 
reflecting, probably, an unusual physical structure. 

Anomalous charging of B. stearothermophilus URNA, at 
temperatures greater than 70° C in a homologous system, 
has been reported! and it may be that here similar 
phenomena inhibit protein synthese and hence cell 
growth. 

Conditional mutants of E. coli, with a modified activat- 
ing enzyme altering the growth characteristics of the cell, 
have been isolated with relative ease". It is significant 
that a slightly more eomplex lesion, involving simular 
enzymes, has been found to determine she upper tempera- 
ture limit for growth in a wild-type organism, reinforcing 
the suggestion that these enzymes may play & critical 
part, not only in protein synthesis, but also in regulatory 
phenomena and in the determination of cell growth”. 

I thank Professor E. F. Gale for his interest and encour- 
agement and NATO and the Science Research Council 
for financial support. 
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IgG). 


ÍMMUNOSUPPRESSIVE therapy can increase the frequency 
of tumours and reduce their induction time after deliber- 
ate introduction of oneogenie viruses into animalsi’. 
Humans undergoing intensive immunosuppressive treat- 
ment for organ transplantation also develop neoplasms at 


a rate exceeding that expected by chance alone‘, some of 


During an attempt to transmit human 
leprae) to mice, polyoma-type tumours arose in all mice thymecto- 
mized as adults and treated with anti-lymphocytic globulin (ALS 


leprosy (Mycobacterium 


which seem to be of donor and others of recipient origin. 

The purpose of this article is to describe our study 
of a high incidence of tumours that arose in miee 
thymectomized at 6 weeks of age, followed by a single 
inoculation of Myco. leprae, and repeated — injec- 
tions of heterologous anti-lymphocytic globulin (ALS 
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IgG). The experiment was origmally designed to use such 
immunosuppressive treatment to facilitate the propa- 
gation of human leprosy bacilli; the occurrence of a 
variety of tumours in this group of animals drastically 
altered the course of the mvestigation from a long term 
atudy of leprogenesis to a short term study of oncogenesis. 
Evidence presented here suggests that most of the tumours 
were caused by polyoma virus, the source being from 
within the isolation cabinet. 

Female CBA mice bred in a conventional colony at the 
National Institute for Medical Research, Mill Hill, were 
used. They were bedded on sawdust and wood shavi ings, 
housed six in a metal cage, fed on pellet diet, 4 pounds, and 
given water freely. The mice were thymec tomized when 
6 weeks of age using tribromethanol anaesthesia. One and 
fourteen days after thymectomy mice which were to receive 


ALS IgG were “pr imed" by an intraperitoneal injection of 


ii ml. of normal rabbit serum globulin. Prinung has been 
shown to potentiate the effects of anti-lymphocytic serum 
(ALS) as assessed bv a 
tuberculous mice®, A fresh suspension of Myco. leprae 
was prepared from a human leproma by homogenization 
in saline. Mice were infected when 9 weeks old by mocu- 
lating the hind foot pads with this suspension. Hetero- 
logous ALS was raised in New Zealand rabbits*. and the 

globulin fraetion (IgG) was separated by chromatography 
D cellulose DE-11 (equilibration with 0-02 M phosphate 
buffer, pH 7-4) after ammonium sulphate precipitation. 
Sir Peter Medawar tested the ALS preparations which 
trebled the survival of donor A strain mouse tail-skin 
grafts on CBA recipients®. 

Mice were given doses of ALS (IgG) twice weekly from 
the day of inception of the leprosy infection. Each dose 
was derived from 0-3 ml. of ALS and was given sub- 
cutaneously in the interscapular area. 

Cell-free extracts (10 per cent w/v) were prepared 
individually from three group A (Table I) mouse tumours 
(one mammary adenocarcinoma, one osteosarcoma and one 
salivary gland tumour) by homogenization, freezing and 
thawing, and centrifugation. Litters of Syrian hamsters 
from a closed but not deliberately inbred colony at the 
National Institute for Medical Research were inoculated 
intraperitoneally within the first 48 h of hfe with 0-1 ml. 
of the extracts. 

Primary mouse embryo tissue cultures were inoculated 
either with the cell-free extracts or with à stock polyoma 
virus preparation. Supernatant fluids obtained on the 
fourth day after inoculation were passaged twice in 
vitro. 

Virus neutralization tests were performed on serially 
diluted second passage supernatant fluids, using rabbit 
anti-mouse polyoma serum or normal rabbit serum. Equal 
volumes of serum and tissue culture fluid were mixed at 
37^ C for 1 h, and then inoculated into mouse embryo 
cultures. Various sera were tested for polvoma haem- 
agglutination-inhibition (HI) antibodies, after treatment 
with receptor-destroving enzvme, according to standard 
techniques?**. ‘These included sera from tumour- bearing 
and control CBA mice, as well as from secondarily infected 
hamsters. ATGE! ns were prepared from the C- -H> variant 
of polyoma virus*. 


Preparation of Tissues for Microsccpy 
Moribund mice were killed by cervieal dislocation and 
d aut SES were Poe IR Ue D with visible 


per cent iod forct. Bony cies were decalcified 
in versene. After embedding in paraffin wax, sections 
were stained with Ehrlich's haematoxylin and eosin, Van 
Gieson’s connective tissue stain, or Gordon and Sweet's 
reticulin stain. 

Hamsters inoculated with oe free extracts of mouse 
sections of liver, iddney: lung zd Bean were ne by 
light microscopy. 


shortening of the survival time of 
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Table 1. TUMOURS IN IMMUNOSUPPRESSED FEMALE OBA MICE* 
: “Primed” ALS (IgG) No. of mice 
Group Thymectomy at and 8 — twice weekly with tumours; 
at 6 weeks weeks from 9 weeks No. of mice treated 
A 4e + -+ 48/45 
B ka -— — Q/45 
id z " - 0/24 


* All miee infected with Myeo. leprae when 9 weeks old, 


Table 2. TIME OF APPEARANCE, SITE, NUMBER AND TYPE OF TUMOURS IN 


IMMUNOSUPPRESSED CBA MICE OF GROUP A (SEE TABLE f} 


Weeks No. of 
after No. of Canours 
starting site of mice examined Type 
ALS (IgG) CLUES with histo- 
treatment tumours logically 
22-40 Subcutaneous 30* 13 6 undifferentiated 7 origin 
5 poorly differ- , 
entiated | Mammary 
2 some differ arnigin 
entiation 
35-40 Ribs, vertebrae, 
pelvic bones 13 11 Osteosareomaa 
30-37 Mediastinum 6 3 Fibrosarcomas 
27-40 Salivary glands 4 3 Pieomorphic 
30-40 U terus 3 2 } sarcoma 


| leiomyosarcoma 


* Thirty-two of these mice had tumours between 22-32 weeks after starting 
ALS (IgG) treatment. 


Different specimens of mouse tumours were fixed im 2-5 
per cent glutaraldehyde, post-fixed in osmium tetroxide, 
embedded in ‘Araldite’ , stained with uranyl acetate and 
examined by electron microscopy. 

A total of 120 mice were allocated to three groups and 
treated as shown in Table 1. Groups A and B were kept 
together m a cabinet in one isolation unit, but group C 
was kept m another isolation unit on a different floor in 
the same building. Tumours first began to appear in 
group A mice when they were 7 months old (5 months 
after inception of ALS (IgG) treatment); after 9-5 
months of treatment (11-5 months of age) all forty-eight 
mice of this group had developed tumours. Table 2 
shows the frequency, distribution and histological types 
of the tumours. Those observed earliest were mostly 
rapidly growing solid subcutaneous tumours in the 
mammary regions, but not in the inter-scapular area 
which was the site of injection of ALS (IgG). Most of 
these were excised surgically, prolonging the life of the 
mice; however, other tumours appeared subsequently, 
oecasionally at the site of excision, but more often else- 
where. Bone tumours were observed in the ribs, pelvic 
girdle and vertebrae, first becoming apparent after 8 
months of treatment. Bone tumours grew much less 
rapidly, and in a few mice caused hind limb paralysis from 
involvement of the spinal cord. In contrast, tumours 
failed to appear im any of the seventy-two mice in groups 
B and C, which have now been under observation for 
| vr. 

The histological picture of many of the subcutaneous 
tumours indicates that they arose from marnmary tissue, 
although the origin of some from other epithelial struc- 





Subcutaneous tumour in a thymectomized mouse treated with 
Sheets of undifferentiated cells are seen. 
(Haematoxylin and cosin x 280.) 


Fig. 1. 
ALS (IgG) and Alyeo. leprae. 
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Gerhard: Atlas of the mes- and diencephalon | 
of the rabbit 


Atlas des Mittel- und Zwischenhirns des Kaninchens 


Contents: The atlas volume consists 


| By Privatdozentin Dr. med. Anatomy. Material and Methods. Limbic 


PR 


Lieselotte Gerhard, 
Pathologisches Institut 
der Universitat Düsseldorf 


With 64 figures 
(introduction and legends 
in German and English) 
VH, 184 pages. 1968 
Cloth DM 178,— 


of 64 figures of the mes- and dien- 
cephalon of the rabbit, accompanied 
by a short description of each picture. 
The figures include roentgenograms of 
the skull, macroscopic aspects of the 
brain and 51 photomicrographs of 
sections stained for myelin or for nerve 
cells. Magnifications of 20:1, 40:1 and 
100:1 are used, demonstrating hori- 
zontal, frontal and sagittal planes. 


system. Nuciei of the striatum. Capsula 
interna, Pes pedunculi and Tractus 
corticospinalis. Lemniscus medialis, 
Lemniscus trigeminalis and Nucleus 
ventralis basalis, Thalamus. Hypothal- 
amus. Mesencephalic periventricular 
grey matter. Ependyma and subependy- 
mal structures. Optic system. Acoustic 
system. Nucleus ruber and brachium 
conjunctivum. Remaining nuclei and 


The text volume gives descriptions of 
the nuclei and the main tracts. 


B Prospectus on request 


DYES FOR USE IN ALL INDUSTRIES 


RESEARCH & PRODUCTION CHEMISTS: if you 
are looking for dyes with specific chemical and physical 
properties suitable for particular manufacturing and/or 
testing processes you are invited to contact 


EDWARD GURR LIMITED 


for supplies. 


We hold stocks of an enormous variety of dyes, ready for immediate 
despatch, including: 

Cyanine, Dicyanine, Fast Bordeaux O, Aurantia, Crystal violet, BPC- 
Scarlet R, BPC, Diazonium salts, Neutral violet, Lacmcid, Nile blue, 
Janus green, Brilliant green BPC, Rosolic acid, Methyl green, p-Ethoxy- 
chrysoidin, Methyl red, Nitrazine yellow, Pinacryptol green, etc. 


industrial Research Establishments 


are invited to make use of our professional services as 
consultants on the selection and use of dyes as research 
and production tools. 


BIOLOGISTS are invited to send for our catalogue of: 


*MIKCIHUR KO MIIE? 


STAINS & REAGENTS FOR BIOLOGY 


Acridine orange, Aquamount, Fluormount, Lipid crimson Matamount, 
May-Grünwald, Leishman, Giemsa, Toluidine blue, Cresyl fast violet, 
Papanicolaou stains, Thioflavine S, Brilliant cresyl blue, Nile blue, 
Pyronin Y, Trifaigic acid, Rhodanile blue, Haplo, etc, 


EDWARD GURR LTD 


42 Upper Richmond Road West, London, S.W.14 
Cables: Micromlabs London SW14. Telephone: 01-876 82289 


Gross index. References. 


FPEM ERRARE EE E PEREAT 
J gemere hrane tba 








| WANTED TO PURCHASE 
BOOKS AND PERIODICALS 


In the fields of Scienee and Humanities 





Entire libraries and smaller collections; 
| sets and runs, foreign and domestic. 


WALTER J. JOHNSON INC. 


| 
| 
| 
| 111 Fifth Avenue, New York, 3, N.Y.. U.S.A. 
Cable Address BOOKJOHNS, NEW YORK 


British Office: WALTER J. JOHNSON LTD. 


Footscray High Street, Footscray, Sideup, — Kent 
FOOTSCRAY 0155 


Cable Address REPRINTS, DARTFORD 


TECHNIQUES OF METALS 
RESEARCH, Volume 2: 
TECHNIQUES FOR THE 
DIRECT OBSERVATION 


Published by 
John Wiley 
& Sons Ltd 

Baffins Lane 
Chichester 

Sussex 


OF STRUCTURE AND 
IMPERFECTIONS, Part 1 


edited by R. Bunshah, University of 
Califernia, Livermore, 
516 pages 230s. 





p0———————— M MÀ HÀ —— 


FOR LABORATORY, SCHOOL METALWORK, ETC. 


| Screws, Nuts, Bolts, Studs, Washers, Anchor & Clinch Nuts. 
From IZBA COSH) upwards, 4UN, & 4mm. 
Ex stock. VWVorld wide service, 


instructive 30 page list from:-— 


BERNARD F. WADE, LTD. 


12 Wells Road, ILKLEY, Yorks., U.K, 





tracts(subthalamus and mesencephalon) 


Dust T AA inha T 











Si vous désirez obtenir des 
renseignements complé- 
mentaires sur tout article 
figurant dans les pages 
d'annonces, veuillez in- 
scrire les details appropriés 
sur la formule ci-contre, 
la détacher et l'adresser à 
T. G. Scott & Son Ltd. 
Nul affranchisement n'est 
requis en Grande-Bretagne 
ni irlande du Nord, mais 
tous nos lecteurs à l'etran- 
ger devront affranchir leur 
carte au tarif habituel. 


Falls Sie an weiteren Einzel- 
heiten einesin den Anzeigen 
angeführten Artikels in- 
teressiert sein sollten, 
tragen Sie bitte das betref- 
fende Bezugszeichen in die 
nebenstehende Karte ein. 
Die Karte ist dann abzutren- 
nen und an T. G. Scott 
& Son Ltd. zu senden. 
Für Grossbritannien und 
Nordirland ist keine Brief- 
marke erforderlich, wohl- 
aber bei Aufgabe im Aus- 
land. 


Se desiderate ricevere ulter- 
iori informazioni riguardanti 
qualsiasi prodotto o articolo 
pubblicato, compilate la 
scheda qui a fianco 
riportata. ^ Distaccatela e 
inviate a: T. G. Scott e Son 
Ltd. L'affrancatura é a 
carico del destinatario se la 
spedizione viene effettuata 
dalla Gran Bretagna o dall 
Irlanda del Nord, mentre 
tutti i lettori esteri dovranno 
affrancare regolarmente. 





N A U RE INTERNATIONAL JOURNAL OF SCIENCE - 


READER ENQUIRY SERVICE 





IF you would like to receive further information on any product or service 
advertised in this issue, please enter the appropriate details on the form below, 
detach the page and post it to T. G. Scott and Son Ltd. No stamp Is required 
if the letter form is posted in Great Britain or Northern ireland, but all over- 
seas readers must pay the necessary postage. 












































Date of | Page 
Name of Manufacturer issue No. 
TEES] xe RR REPE RR | 

Date of Page 
Nome of ManulactUlel coe itr ib eite n issue | ^o. 
PioHUDE xoi reor eeu. S UM E ses Reis a Re TAT re rea | 

MANN: T 

Date of | Page 
Name of Manufacturer oett teen issue No. 
Product M E 





| Date of 
iSsug 


Page 


H 
Name of Manufacturer - Na. 





















Product erotic annaa vas T NA ETEA | 

Date of Page 
Name of Manufacturer. o issue Nip. 
Product 


MARA 


Date of Page 
issue Ne, 





Name of Manufacturer... sette enn 


PEOUDOE uus ctae tds cess a Sect a bri Noc beet nae iet gate Et 














Date of Page 
Name of Manufacturer retta ct n issue No. 
Product | 

Date of | Fage 
Name of Manufacturer |... ttti erts tenta issue No. 
Product 








PLEASE SEND REPLIES TO: CAPITAL LETTERS PLEASE 


Name ad debate ate | rein cte at aaron gc held Sara teh tw aan Neha w chit a Bo. « car tei ce ine Ba Pan EUER MI EE 
ENTIS ERN EN EEEE TA 
Organisation .... 


f, .didress PPP" RR dd Be mak a o ra teat 





March 15, 1969, n. xxiv 


READERS OUTSIDE U.K. PLEASE 
AFFIX POSTAGE STAMPS 


2nd Foid 








NO POSTAGE 
STAMP 
NECESSARY IF 


POSTED IN 
GREAT BRITAIN 
OR NORTHERN 

IRELAND 


BUSINESS REPLY SERVICE 
Licence No. W.C. 2866 


T. G. SCOTT & SON LTD 
1 Clements Inn 
Strand 
London WC2 
England 








3rd Fold 


HAVE YOU INCLUDED YOUR 
NAME AND ADDRESS? 


fuckin 


7st Fold 


NATURE 


INTERNATIONAL JOURNA: 
OF SCIENCE 





This 
ENQUIRY 
SERVICE 


has been instituted 
to enable you to 
obtain information 
on any product ad- 
vertised in the pages 
of NATURE easily 
and in the shortest 
possible time. Please 
make use of it. 


ENQUIRIES MADE 
WITHOUT OBLIGATION 


Please ensure that 
your full name and 
address are carefully 
indicated on the form 
overleaf. 










NEW AND 
FORTHCOMING TITLES 


IN SEVEN VOLUMES 
Handbook of Neurochemistry* 


Edited by Abel Lajtha, New York State Research Institute for Neuwochemistry and Drug 
Addiction 

The first two volumes of an outstanding new treatise providing an up to-date evaluation 
of available chemical and biological knowledge recently gathered: about the nervous 
system and brain function. Volume 1, Chemical Architecture of the Nervous System, i$ 
concerned with the basic composition of the nervous system and its zelationship to meta- 
bolism. Volume 2, Structural Neurochemistry, deals with the physica! structure of various 
components in the nervous system, including the spinal cord, peripheral nerve, axon, 
and choroid plexus, and describes their individual roles in the metabolism of nucleic 
and amino acids, DNA, proteins, and water, Future volumes will discuss mental function 
eflects of stress and of drugs, mechanisms involved in memory, menal and neurological 
diseases, and mood effects. LP 
Vol. 1-Approx. 470 pages Plenum Press April 1969 £16 75./$35,00 
Vol. 2-Approx. 600 pages Plenum Press June 1969 £16 7s.) $35.00 
Subscription price on orders for the seven volume set: £14/$30.00 per volume, 

* Place your Continuation Order today for books in this series. 1t wll ensure the delivery 
of new Volumes immediately upon publication; you will be billed later. This arrangement 
is solely for your convenience, and may be cancelled by you at any tzme. 


+ * 
The Future of the Brain Sciences 
Proceedings of a Symposium held 1968 at the New York Academy of Medicine 
Edited by Samuel Bogoch, Foundation for Research on the Nervous Svstem, Boston, 
Massachusetts 
This volume explores the brain with a view to understanding how © works and how to 
correct its disorders. The choice of contributors from such fields as computer sciences, 
anatomical fine structure, neurophysiology, biochemistry, genetics, and clinical disorders 
indicates the extraordinary breadth, vitality, and progress which presently characterize 
the field of brain sciences. 
Approx. 350 pages Plenum Press April 1969 £9 25,/$19,80 


. * 

Biomaterials 

Proceedings of a Workshop on the Status of Research and Training in Biomaterials held 
April 5-6, 1968, at the University of Illinois at the Medical Center and wt the Chicago Circle. 
Edited by Gyan C. Agarwal, College of Engineering, University of Illinois at Chicago 
Circle, Chicago, Illinois, and Lawrence Stark, School of Optometry. University of Cali- 
fornia, Berkeley, California 

An important step in the expanding field of biomaterials, these expert papers by repre- 
sentative leaders define the scope of the subject and discuss in detal three major areas 
of research: materials in medicine, biological materials, and sermi-artificial materials 
derived from biological sources. In addition to research, the book discusses training and 
tne interaction between government, industry, and universities in the area of biomaterials. 
Approx. 270 pages Plenum Press April 1969 £5 175,/ $12,580 


Biomechanics 


Proceedings of the Rock Island Arsenal Biomechanics Symposium 
Edited by D. Bootzin and H. Muflley, Rock Island Arsenal 


This volume explores the interrelationship between the life sciences and engineering. 
The authors, prominent scientists engaged in biomedical engineeaing, bionics, cyber- 
netics, molecular biochemistry, and biological microstructures, demoastrate that an inter- 
disciplinary approach to mechanical design could lead to major technclogical advancement 
through research groups. 

Approx. 200 pages Plenum Press June 1969 £7:/515,00 
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A new periodical from Consultants Bureau 
Journal of Evolutionary Biochemistry anc Physiology 


Cover-to-Cover Translation of Zhurnal evolvutsionnoi biokhimi i fiziosogii 
Editor in-Cnief E. M. Kreps. Associate Editors V. S. Win and A. L &aramyan. 


Subscribers are requested to Editorial Committee: L. G. Leibson, A. A. Markosyan, V, N. Nikito, G. A. Obrazisova, 
contact the publishers for further A. I. Oparin, A. D. Slonim, T. M. Turnaev, F. P. Vedyaev, N. A. Werzhbinskaya, Y. A. 


Vinnikov, A. K. Volskresenskaya. 


information : 
This important bimonthly journal, available in English for the first time from Plenum, 


Plenum Publishing Co., Ltd., covers research on the evolution of basic forms of metabolism, comparative and onto- 
Donington House, genetic physiology and biochemistry, biochemical evolution of amimals, morphology, 
30 Norfolk Street, pharmacology, ecological and pathological physiology, and asscciated problems of 


London, W.C.2. (Tel. 01-836 5238) functional evolution. 
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EMI ELECTRONICS LIMITED 
VALVE DIVISION 
HAYES. MIDDLESEX. 


TEL: 01-573 3888 EXT: 2542 


$1 LAM 


ili be pleased to discuss your application. 


Send for full details and the P.M. Tube Selection Chart. 
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VICKERS LIMITED - VICKERS INSTRUMENTS 


HAXBY ROAD - YORK 
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The Vickers transmitted light 
interference microscope offers 
still further advantages against 
the conventional systems em- 
ployed on such instruments. 

An important 'eature of inter- 
ferometry is tha! phase objects 
become visible in colour. The 
structures of such specimens 
are completely transparent, but 
because of the different optical 
thickness the applied inter- 
ferometric sys. em produces 
phase changes which under 
polarized light appear in vivid 
colours. These colours can 
be related to refractive indices 
and dry mass measurements 
in living cells, quite apart 
from |. investigations into the 
structural details of microscopic 
objects normally observed with 
a transmitted light microscope. 

The interference system is 
built into our Fatholux instru- 
ment. The mscroscope is 
equipped with a circular stage 
and powerful light sources 
for monochromatic and poly- 
chromatic light are available. 

The interferometric system is 
based on birefringent material 
and two optics! systems are 
available for beam separation. 
One is the generally preferred 
shearing system in which the 
two foci are placed parallel 
while in the double focusing 
system the foci 
are arranged at 
different levels. 

A precision 
JOniometer 
allows phase 





Jrements to be 
X taken, down to 
1/120 (wavelength) of light, 
and the half-snade eyepiece 
is a useful aid in making 
measurements to this dearee 
of accuracy. 
Generally, the Vickers inter- 
ference microsccpe is simple to 
use and to adjust. 
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Tubing for 
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Pumps 


FROM 


Esco (Rubber) Ltd 






Silicone Rubber, non toxic, over 30 standard 


E] 
S i lescol sizes from 0.5mm i.d., elastic, excellent resistance 


to many chemicals, sterilizable either by steam at 
120°C. or by dry heat at 180°C., will not deterior- 


T ran si u ce nt ate either in storage or in tropical climate. 


e Black fluorinated synthetic rubber resistant to con- 
Vi nescol 2 3 centrated sulphuric acid 9896, phosphoric acid 
8096, petrol, crude oil, perchloroethylene, etc. Will 

withstand temperatures up to 200°C, 


Esco (Rubber) Ltd. 


Walsingham House, 35 Seething Lane, London EC3 


Si vous désirez obtenir des 
renseignements complé- 
mentaires sur tout articie 
figurant dans les pages 
d'annonces, veuillez  in- 
scrire les details appropriés 
sur la formule ci-contre, 
la détacher et l'adresser à 
T. G. Scott & Son Ltd. 
Nul affranchisement n'est 
requis en Grande-Bretagne 
ni irlande du Nord, mais 
tous nos lecteurs à l'etran- 
ger devront affranchir leur 
carte au tarif habituel. 


Falls Sie an weiteren Einzel- 
heiten einesin den Anzeigen 
angeführten Artikels in- 
teressiert sein — sollten, 
tragen Sie bitte das betref- 
fende Bezugszeichen in die 
nebenstehende Karte ein. 
Die Karte ist dann abzutren- 
nen und an T. G. Scott 
& Son Ltd. zu senden. 
Fur Grossbritannien und 
Nordirland ist keine Brief- 
marke erforderlich, wohl- 
aber bei Aufgabe im Aus- 
land. 


Se desiderate ricevere ulter- 
iori informazioni riguardanti 
qualsiasi prodotto o articolo 
pubblicato, compilate la 
scheda qui a fianco 
riportata. Distaccatela e 
inviate a; T. G. Scott e Son 
Ltd. L'affrancatura é a 
carico del destinatario se la 
spedizione viene effettuata 
dalla Gran Bretagna o dall 
Irlanda del Nord, mentre 
tutti i lettori esteri dovranno 
affrancare regolarmente. 
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RECORDING SPECTROPHOTOMETER Model MPS-50L 


provides distinct absorption bands of any material 
—transparent, translucent or opaque—in a range 
of 190 to 2,500my (linear scale). 

Its unique versatility is ensured by its large variety 






of accessories like Chromatogram Scanner, Tur- 
bidometry and Surface Reflectometry Attachment, 
Derivative Spectrophotometry Attachment, Double- 
beam Fluorometry Attachments, Double-beam 
Microspectrophotometry Attachment, etc. 





MPS-50L with double-beam 
microspectrophotometry attachment 


Example of Measurement 
by Double-beam Fluorometry Attachment 
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A General Theory of the 
Kinematics and Geometry of 
Gears in Three Dimensions 


A. Dyson 


In this monograph the author develops 
a completely general theory by the standard 
methods of three-dimensional co-ordinate 
geometry. This theory is applied to 
conjugate gears, and conditions under 
which such gears may be generated simul- 
taneously are derived. The theory is then 
extended to the case of a controlled 
mismatch of curvature, the examples are 
worked out in detail. Many of the 

results are believed to be new. 

8 text-figures 55/- net 


Anatomy of the 
Monocotyledons 


Volume III 
Commelinales-Zingiberales 
P. B. Tomlinson 

Edited by C. R. Metcalfe 


This is the third volume of the 

continuing survey of the microscopic 
anatomy of the vegetative parts of the 
Monocotyledons. It deals with sixteen 
families that form a natural sequence in 
Hutchinson’s Families of Flowerine Plants, 
and includes the economically important 
banana, pineapple, gingers, and arrowroots. 
Hitherto, there has been no general 

account of their anatomy available in 


English. 
86 figures £5/5/- net 


Classical Harmonic Analysis 
and Locally Compact Groups 


Hans Reiter 


The book deals with various current 
developments in analysis centring on 

the fundamental work of Wiener, Carleman, 
and especially A. Weil. The purpose of 

the work is to establish clearly the relations 
between classical analysis and group 
theory, and to study basic properties of 
functions on abelian and non-abelian 
groups. As well as providing a 

systematic introduction to these topics, 

this book also encourages further 

research. 

Paper covers 75/- net 

Oxford Mathematical Monographs 


Oxford University. Press 
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rig, 2. Mammary tumour in a thymectomized mouse 
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ALS (igG) and Myeo. leprae. Ciiacinatoxy Hn and eosin 


tures could not be excluded. — They resembled those 
induced by polyoma virus in foetal or newborn mice!*:!!, 
There was intra and periductal proliferation of tumour 
cells, and most of these tumours had little or no adenoma- 
tous differentiation, consisting rather of sheets of anaplas- 
tie cells with numerous mitoses (Fig. 1), It is noteworthy 
that only two tumours showed a more differentiated 
pattern!? resembling the "miseellaneous" tumour of an 
unclassified type, described by Dunn? (Fig. 2). 
Osteosareomas were roughly spherical and varied in 
size from à few mullinetres to just over I em in diameter 
(Fig. 3. Because few radiographs were taken, any small 
lesions whieh may have existed iu the other mice were 
probably missed at autopsy. Histological examination 
showed them to contain varied amounts of osteoid tissue, 
osteoblasts and spindle-shaped cells, sometimes with foci 
showing numerous nutoses. Their distribution and appear- 
ance resembled those induced in mice by polyoma virus!?, 
and were in turn similar to the lesions induced by the 


more recently isolated FBJ {Finkel -Biskis--Jinkins) 
virus*, Some of the fibrosarcornas may have arisen from 


the rib periosteum. 

salivary gland tumours showed a characteristic cell 
pleomorphism with epithelial tubules, sheets of fusiform 
and oval cells, as well as abundant intertubular hyaline 
material, similar to that seen in mice deliberately infected 
with polyoma virus! 135, Examination of the site of 
moculation of the M yeo. leprae showed that slow bacillary 
multiplication had taken place, and the granulomatous 
lesion had persisted for the life span of the mice. 

One of the solid undifferentiated mammary tumours 

vas successfully transplanted subcutaneously in three out 
of eight syngeneic recipients, and grew progressiv ely in 
two animals but regressed after 1 month in the third. 
But similar transplants to ten mice immunologically 
suppressed by thymectomy at 6 weeks plus 900 r, of whole 
body radiation (followed by syngeneic bone marrow trans- 
plantation to prevent death) resulted in fast growing 
tumours at the inoculation site in all cases. 


Serological Assays 

All tumour-bearing mice tested (ten out of ten} had 
elevated titres, 200.1,280, of polyoma HI antibodies. 
Thymectomized mice of the same age not receiving ALS 
(IgG) (group Bh but housed in the same isolation area, 
also had elevated titres (five out of five tested), although 
remaining tumour-free. —Polvoma antibodies were not 
demonstrable either in any of twelve uninfected CBA 
miee from the breeding unit of the National Institute for 
Medical Research, or in seven CBA mice inoculated with 
AM yco. leprae (group €! but housed in an isolation area on 
a different floor. 

Harnsters (seven out of seven) neonatally infected with 
polyoma stock virus or with cell-free preparations of 





either mouse salivary gland tumour or osteosareoma had 
elevated titres of HI antibodies when 3 weeks old, Those 
hamsters inoculated with a cell-free extract of a manunary 
adenocarcinoma had no demonstrable artibodies at this 
Line. 





Viral Assays 
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seopically in liver and lungs of infected with 
either the salivary giand or extracts, bui 
not with those given extracts from a nmmnumnary adeno- 
carcinoma. The liver lesions were histolegically identical 
to those arising in hamsters inoculated wath the Mill Hill 
strain of polyoma viris!*.. Th 
in the number of so-called Anmschkow colla in the 
of one animal of this group)’. 

Mouse embryo tissue cultures, inoculated with a eontrol 
polyoma virus preparation, showed cortopathic effects 
between the third and fifth day. Surlar effects 
found in cultures inoculated either with sell-free extracts 
of the salivary gland tumour or the osteosarcoma. 
Repeated passage of supernatant fluids frem these cultures 
produced similar results. Furthermore, anti-polvoma 
rabbit serum specifically neutralized. the ability of the 
supernatant fluids to induce eytopathic (Cultures 
infected with adenocarcinoma extracts, did not 
show evtopathie effeets on first or later 
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Fig.3. Radiograph of à thymectomiged mouse t 






and Myeco. leprae. Large tumour of cephalic part of rig 
smaller tumour in one of the mid-thoracie vertéhrae, 
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Electron microscopic examination of thin sections of the 
salivary gland tumour demonstrated the presence of 
numerous particles, both cytoplasmic and nuclear, 
resembling polyoma virus in both size and morphology 
(Fig. 4). 

Histological, virological and serological studios suggest 
that polyoma virus was responsible for most tumours 
observed. The tumours were not tested for the presence 
of T antigen, however. The source of the polyoma virus 
was not established, although it is unlikely that the mice 
were carrying the virus initially, for neither mice from the 
same colony housed in different areas nor stock mice had 
HI antibodies to polyoma antigens. Previous studies on 
the epidemiology of polyoma virus infection have shown 
that the excreta of infected mice are an important source 
of spread and that mice are easily infected by inhala- 
tion!® 18, It is therefore more likely that the virus infection 
we deseribe arose from contamination of the cabinet or its 
contents. 

Polyoma tumours are rarely, if ever, seen in wild or 
untreated laboratory mice!*.. Both thymectomy and anti- 
Iyimphocyte serum, however, have been shown to have 
potentiating effects on polyoma virus oneogenieity 20777, 
Polyoma-induced tumours have also been reported to 
occur in a small but significant proportion of thymectom- 
ized animals not inoculated experimentally with the 
virus, but housed in the same room as polyoma-virus- 
infeeted miee?:2*. The incidence was higher if mice were 
thymectomized in the neonatal period and fell progres- 
sively as the age at thymectomy inereased?. In other 
experiments at the National Institute for Medical 
Researeh, in which ALS has been given repeatedly to non- 
thymectomized CBA mice, no tumours have been seen 
during observation periods of up to 9 months (refs. 23 and 
24 and personal communication from P. B. Medawar and 
E. M. Lanee). 





Cell nucleus from a pleomorphic salivary gland tumour of a 
and Myco. leprae. 
(Electron 


Fig. 4. saliva! 

thyemectomized mouse treated with ALS ( IgG) 

Intranuclear particles resembling polyoma virus are scen, 
micrograph x 75,000.) 
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In the present investigation only mice receiving both 
ALS (IgG) and thymectomy developed tumours. The 
possibility that transfer of virus and/or cells from mouse 
to mouse occurred during the inoculations of ALS (IgG) 
cannot be excluded, especially because ALS can facilitate 
the growth of antigenic sarcoma grafts in syngeneic hosts?*. 
But the various histological types and sites of develop- 
ment of the tumours observed suggest that cell transfer 
The more probable explanation is that 


been clearly shown in previous studies***’, 
tigation this treatment resulted in a greatly enhanced 
susceptibility of animals to oncogenic polyoma virus 
infection. 

Viruses other than polyoma, for example, the mammary 
tumour agent or FBJ virus, may also have been activated 
bv the immunosuppressive therapy, and may have con- 
tributed to the enhanced tumour formation although no 
evidence of concurrent infection with other viruses was 
found. In addition, local proliferation and persistenee of 
leprosy bacilli may have resulted in immunosuppressive*?* 
or adjuvant effects, although the number of bacilli in the 
initial inoculum was low. 

The observations that both experimental animals and 
humans develop tumours at increased frequencies when 
under immunosuppressive therapy emphasize the caution 
with which these agents should be used. It is possible 
that similar mechanisms, such as enhancing susceptibility 
to, or unmasking of, oncogenic viruses, may be operative 
both in animals and in man. 

We thank Dr R. J. C. Harris, Dr A. C. Allison, Dr June 
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preparations, Mr M. R. Young, Mr J. O'Donnell and Mrs 
M. Bedford for the photomicrographs, and Mr €. D. 
Sutton for the radiographs. 
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recorded video tape and television monitors on the ^ 
Cruz campus of the University of California \ 
forty-six photographs was obtained from the video 
and from their inspection we conclude that thi 
central star is in fact responsible for ||] opti 
pulses discovered by Cocke ef al NOH naxi LI 


LETTERS TO THE EDITOR considerably brighter than the nort! st, conti 


while on some frames it is totally imvisibl 
accurate |. magnitudes are not AVATADIe Tor stars LI 
vicinity of the pulsar. but iE minm 

fainter than star G in Fig. 1 of Trimbl 154 mpi 

Kf thi «signal strengths obtained at diff nt pi 

Various integration times. we estimate shat the rat 
the intensities at maximum and minimam IE. f 


PHYSICAL SCIENCES factor of fifty. a value that is certainly « r limit 


cause the gating time was several 
Television Detection of the pulse width reported by Nather ef al. This sl 

elusivi i ACS if thi seit! Vist L0 1 | ~O) 
Crab Nebula Pulsar lusively that imag 


tional photographie plates represent the tn ra 
Cocke, Disney and Taylor! recently reported the discovery the light from the variable Baade! has g 
of strong optical pulses occurring in the Crab Nebula with magnitude of the south-west star as approximate! 
a period in good agreement with that found for the The time average flux of the lieht flash: s report: 
pulsating radio source NP 0532. This result was im the Steward! and Texas? groups to bi "valent 
mediately confirmed b Nather. Warner and MacFarlane“ I magnitude of 17:7 and 17-4. ri Speci : It | T 
and by Lynds. Maran, Trumbo. Grueff and DeVerns whether the discrepancy between thi lue obi 
All these observations were obtained with a conventional Baade' and those values obtained from tl pulsal h 
photoeleet ric photometer the output of which was re- tions comes trom uncertainties thi protometi 
corded on a multiscaler analy SEI operating at or near the from secular changes m thi hrigehtnes: I the 


period of the radio pulses. This work showed that the 
optical source was in the Vicinit y ot the south-west 
preceding component of a double star near the centre of 
the Crab Nebula, a star previously suspected by Baade? 
and Minkowski’ as being the remnant of the supernova 
explosion that produced the Nebula. In a study of the 
motions of light ripples in the Nebula, Scargle* found 
the centre ol continuing optical activity to be elose to the 
south-west star although he noted there was some indica- 
tion that the centre was not at the star itself. 

In order to determine more accurately the position o1 
the optical flashes, a Westinghouse television camera 
using an image intensifier coupled to an SEC camera 
tube was placed at the coudé focus of the 120 inch tele- 
scope Ot the evening of Februar 3. PST. The light Deam 
from the telescope was mechanically chopped before 
entering the camera by means of a rotating disk containing 
six slots, the spacing and size of which were selected so 
that the ratio of “open ` to “closed” time was 1:7 The 
drive was adjusted in such a Way that the open periods 
were separated b a time close to that of the period ot the 
optical flashes. The camera could be pre-set to integrate 
for intervals ranging from 1/60 s to 20 s, and the output in 
the form of a complete picture frame was simultaneously 
fed into a television monitor and video tape recorder, 
The image intensifier has an extended responst S20 
photocathode (designated 5.22 by Westinghouse), No 
filter was used in front of the camera and, although we do 
not know the sensitivity funetion of the particular tube 
used, a crude estimate indicates that the effeetive wave- 
length for a source with flat energy distribution is near 
that of the V filter of the U, B, V system. The field of 
view of the system was approximately ] are min. 

With this system operating. the centre of the Crab 
Nebula was brought into the field of view. and the imagi 
of the south-west star on the monitor was immediately 
seen to be varying in brightness, whereas the other stellar 
images were of Constant brightness. The best results 
were obtained with integration times of approximately 
10 s. The chopper r fre quency Was set so that the effeetiv: 
phase resolution on any given integration (determined 





by the geometrical parameters of the disk, the beat 
frequency of the chopper and pulsar and a small amount 


of jitter in the disk drive) was approximately 20 per cent Fig. 1. Two pictures showing the pulsat eld 
f } ] -— | ; Fig. 1 of Trimbl Fhe image just al e the northeenat star ud 
4 ! | it’ ' ntire eye (^. hx a detect T thy target L| thy * Et tabh and T t } ats laf ma 
Fig. I shows photographs 01 the pulsar near MANALI Dh Ipper picture shows the pulsar ni Inaximum ight and (Te 
picture shows it near minimun mil the nilsar believed t a! 


and minimum light obtained the next day using the pre- 


magnitude changes North is | | east isto the left 
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preliminary examination of Crossley plates taken in. 1899, 
however, shows the image of the south-west component to 
be approximately the same brightness as on modern plates. 
Accurate limits to the amount of any brightness changes 
are difficult to set because of the possible effects of dif. 
ferences in the spectral response of old and new emulsions, 
but it is unlikely that the brightness has varied by more 
than a factor of two. 

It should be noted that these observations, which 
confirm the earlier results'-?, were obtained using an 
entirely different observational procedure. Because the 
field stars do not vary. the possibility that the observed 
flashes are produced by spurious eleetronie signals can 
be eliminated. 

We thank Dr P. Thaddeus for allowing us to use some 
of his time on the 120 inch telescope to obtain these 
ohservations. The camera system was purchased with 
funds from the US National Aeronautics and Space 
Administration. 
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Frequency of Events producing Pulsars 


Ir the pulsed radio source found near the Crab Nebula! is 
a remnant of the supernova event of 1054, then the 
secular change in its period (assumed to be intrinsic to 
the source) reported by Richards? can be used to estimate 
the age of typical longer period pulsars and hence the 
frequency with which pulsar-producing events occur in 
the galaxy. 

The period of the Crab Nebula object is changing at a 
rate of about 1-35 x 10-9 s vr = (ref. 2). Rates of change of 
period for longer period pulsars on the other hand are at 
most of the order of 1077 s yvr-* (refs. 3 and 4). This means 
that the rate of change of periods must be a decreasing 
function of time if the former sort of object is to evolve 
into one of the latter. If we make the simplest possible 
assumption-—that rate of change of period is a linearly 
decreasing function of time--then the measured rates 
and upper limits suffice to dete Tmune a lower limit of 
2x 10° vr for the age of a 1-5 s period pulsar. 

About tw enty pulsating sources have now been observed 
within a distance of 500 pe or so from the Sun. The region 
surveyed is about 1/400 or 1/6,000 of the volume of the 
galaxy depending on whether the objects belong to the 
disk or the halo population. The total number of pulsars 
in the Galaxy, allowing perhaps for a factor of two for the 
present incompleteness of the sample, is of the order of 
16,000 or 240,000 depending on the population type. 

Sone aa Tm var lo lods limit just 


upper limit to pale ae ing events da 1 the Galaxy of 
one every 12 yr JOE disk objects, or one dad seat for halo 
objects. The former number i3 in reasonable ag 

with recent eare by Oort? y Siem ‘of ri ates “of 
supernovae, 
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If the present pulsar population is representative of 
that over the lifetime of the Galaxy, then the total number 
of pulsars created over that lifetime has been at most 
5x 108 or 10%. The former number is of some interest 
as it is the number of stars in the Galaxy earlier than FO, 
or the number of stars significantly more massive than the 
Chandrasekhar limit, if the luminosity funetion in the 
solar neighbourhood? is representative of the Galaxy as a 
whole. 

The pulsating radio source found near the Vela X 
supernova remnant has a period of about 0-089 s (ref. 7) 
and, if truly associated with that remnant, strengthens the 
evidence that pulsar period is a function of age. A 
measurement of the rate of change of its period. would 
provide another point on the curve of rate versus age, 
testing the assumption of linearity. 

A rather more fruitful assumption is that it is the 
rate of loss of energy stored in a pulsating object which is 
a decreasing function of time. For the sake of exactitude 
and simplicity, let us consider the constant-amplitude 
pulsation of a constant-mass object with the amount of 
stored energy given by the equations of simple harmonie 


motion. "Then, if d £/dt goes as 1/t 
Hp. COL 
áo»! 

and PO lat eC, 


Fitting the observed period and its rate of change for 
the Crab object to these equations gives C,= 680, for P 
measured in seconds and dP/dt ins vr, If the pulsa- 
tion involves one solar mass of material and has an 
amplitude of 10 km (not unreasonable values for a neutron 
star) the rate of energy loss is 3 x 1075 ergs s-!, which is 
of the same order as the total amount of energy radiated 
bv the Crab Nebula, m all wavelengths, 

A more typical pulsar with a period near L5 s, which 
is changing at a rate of 1007 s yro, has then an age of at 
most 7x 10° yr and is losing energy at a rate of 107? 
ergs svi, This is ample to supply the observed radiation 
from longer period pulsars if they are at distances less 
than 1 kpe, as seems to be the case’, 

The rate of pulsar-produeing events required to main- 
tain the present density of objects in space with such life- 
times is ] per 400,000 vr for a disk population or 1 per 
30,000 vr for à halo population. The total number of 
pulsating sources created over the history of the galaxy 
is thus at most 25,000 or 300,000 for the two population 
types if their density in space has been constant. The 
consequent implication that the pulsar-producing event 
is a very unusual sort of supernova is in good accord with 
the observation that the Crab Nebula is a very unusual 
sort of supernova remnant (see ref. 9 for furi her references), 
Tt would not be fair, however, to count among the evidence 
for its unconunonness the faet that it probably contains 
a pulsar. 

VIRGINIA TRIMBLE 
Smith College, 
Northampton, 
Massachusetts. 
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Pulsars and Ancient Chinese Records 
of Supernova Explosions 


THE discovery of a pulsar near the Crab Nebula with an 
apparently increasing period of 0.03309 s (F. D. Drake 
at the fourth Texas symposium on relativistic astrophys- 
ies, 1968) and the earlier detection of another short period 
pulsar (PSR 0833-45) at the site of the supernova remnant 
Vela X (ref. 1) seem to support the idea that pulsars 
are associated with the end product of supernova explo- 
sions, presumably the neutron stars. The rate of pulsation 
is fastest when the star is young but gradually slows 
down to ~l s. To test further such a hypothesis, it will 
be interesting to look for more pulsars associated with 
supernovae of known age. No doubt radio astronomers 
have already started searching for fast pulsars at the 
sites of two other well known historical supernovae, 
Tycho and Kepler. Examination of ancient oriental 
records on suspected supernovae events, however, suggests 
some more promising candidates. They were at the explo- 
sion as bright as or brighter than the Crab supernova. 
Hence they could be close enough for pulsars associated 
with them to be within the detectable range. 

The most prominent candidate is the supernova of 
AD 1006. This bright star was well documented in both 
oriental and Arabian records. Sehonfeld? first noticed 
the record and interpreted it as a nova (or supernova) 
explosion. Recent work by Goldstein, Ho, Gardner and 
Milne and others? leaves little doubt that the star is a 
supernova. The maximum apparent brightness of the 
supernova is, according to the description in the ancient 
literature, between — 8 and —10 and comparable with 
that of a quadrature Moon. I quote here two sections 
from Chinese texts: one describes the 1006 supernova 
and the other describes the Crab supernova, so that 
one can make a comparison between the brightness 
of the two events. For the 1006 supernova: ©“... a 
star appeared to the south of the Ti lunar mansion, 
east of Ku-Lou and west of Chi-Kuan. At one time 
it resembled the half moon, shown with pointed rays, 
and was so bright that objects could be seen by its 
light; thereafter helical rising consistently took place 
during the eleventh month in the morning at the 
east, and its helical setting during the eighth month in 
the south west". For the 1054 (Crab) supernova, the 
record reads, it was visible by day, like Venus; 
pointed rays shot out from it on all sides; the color was 
reddish-white. Altogether it was visible (during daytime) 
for 23 days". (Chinese records relevant to the 1054 super- 
nova were collected and translated by Duyvendak*.) It is 
interesting to note that the Crab supernova, the max of 
which was estimated from its light curve to be — 5, was 
compared with Venus while the 1006 event was compared 
with the half-moon. The word "consistently" suggests that 
supernova 1006 was seen for several vears while the Crab 
supernova was visible for 635 days. 

The position of the star was well described in the ancient 
Chinese texts, and there is little doubt that it is in the 
region 14 h 20 m < (1950) < 15 h 20 m and — 43° < (1950) 
< — 36° (Marsden? gave 14h 50m « x(1950) « 15 h 40 m, 
— 50° < §(1950) c ~40°, based on Japanese records). 
Identification of the radio remnants of this suspected 
supernova had been given by Goldstein? (NGC 5882, 
x(1950)— I5 h 134m and 53(1950)— —45^ 289 and by 
Gardner and Milne? (p 1459-41, «(1950) — 14 h 5-6 m and 
8(1950) = — 41° 42^. As for the distance of the objeet, 
the absolute magnitude of a supernova explosion is known 
to be between — 16 and — 19 (ref. 5), and this sets a limit 
of ^41 kpe to the 1606 supernova. In any case, granted 
that the interstellar absorption is stronger for the Crab 
supernova because of its closeness to the galactie plane, 
the fact that the 1006 supernova was three to five magni- 
tudes brighter means that it can hardly be further than 
the Crab. If it is so close, one might ask why the apparent 
radio brightness of its remnant is more than seventy times 
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weaker than the Crab Nebula. (The flux density of p 1459- 
41, the strongest radio source in the region 14 h 20m « 
&«15h 20m and —43^«8« —367, is 17-4 x 10-75 W me 
s^ Hz? at 400 MHz (ref. 6). It is neither an optical nor 
an X-ray source.) A probable explanacion is that the 
property and lifetime of the gas remnants depend on the 
pressure exerted on them by the surrounding interstellar 
magnetic field and interstellar matter. The higher 
remnants above the galactic plane (sueh as the 1006 
supernova) can only sustain a weaker magnetic field, 
contain less relativistic particles and hawe a shorter life- 
time because they are in the more tenucis halo medium 
and surrounded by a weaker halo field. A high latitude 
supernova remnant, even at close distance, does not 
therefore have to be an observable radeo source. This 
argument is supported by the deficiency of supernova 
remnants at large distances from the galectic plane’. On 
the other hand, the evolutionary pace of the central neutron 
star, if it exists, is not influenced by the surrounding 
medium. The intrinsic brightness of she central star 
fand hence the pulsar) depends, of course, on various 
parameters and we have no way of knowing how it com- 
pares with that of the remnant of the Crab supernova, 
But at such a close distance there is eertainly a good 
possibility of detecting it. 

I have also searched ancient Chinese records, guided 
by the catalogues of Ho* and Hsi*, for suspected supernova 
explosions as bright as or brighter tham — 5 magnitude. 
They are listed in Table 1. The following remarks are 
made about the stars listed. 

(1) The event of ap 185: The star was first discovered 
during daytime and was as large as a "haE-mat", that is, it 
seemed to be an area rather than a poivz source of light. 
It was visible to the naked eye at the same position for 
about 20 months. Tf the supernova was evpe 1, for which 
one expects a visual decline of ~ 11 magritudes in the first 
600 days, its maximum brightness was Phuma ~ 5. 
Should it be a different type of supernova, then it would 
have been brighter at the beginning. 

(2) The event of Ap 396: In the sunmner of ap 396 a 
big yellow star outshining all other stars appeared in the 
sky for more than 50 days. Then it reappeared at the 
same position 5 months later. The disappearance of the 
object after fifty days (due to helical sesting) means that 
its brightness at that time was fainter than mss ~ 3-5. 
Yet it outshone all other stars, presumably including 
Venus, when it first appeared, The visual magnitude of 
the star at its brightest was perhaps just about — 5. 
There was no mention of helical rising in the next vear, 
so presumably the star became unobservable one vear 
after its explosion. This could be a type II supernova. 
No radio source satisfying the supernova remnant criteria 
set by Poveda and Woltjer? can be foundan the neighbour- 
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BRIGHTEST SUPERNOVAE IN CHINESE RECORDS 
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Column one gives the listing number of the events in Ho's catalogue, 


The positions of the four supernovao, though stated definitely in the text, 
were given by their direction relative to neighbourmg stars and the Hani 
(lunar mansion?) where the events were located, Judgiag from ancient Chinese 
star atlases, this could lead to à maximum uncertainfe of 10 eH dayeostá + 
(48PP ^10, In the last column are the superneva remnants listed by 
Poveda and Woltjer within the stated error region. Sio is the flux density 
at 400 MHz in units of W s-! m-* Hz^. Ds is the distance estimated from the 
surface brightness of the radio source in units of kpe 
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hood of the site. The galaetie latitude of the object ix 
DU a — 207, so it is consistent with the argument that 
a supernova remnant at high galaetie latitude does not 
become (or eannot last) as a strong radio source. 

(3) The event of ap 437: The star was visible during 
daylight before 3 p.m. It was orange-red in colour and 
was the size of an orange. The radio source JC 443 was 
considered by Shklovsky and Shajn as the remnant of a 
uova of AD 837, but it is also within the error circle of the 
event of AD 437. 

(4) The event of ap 902: “The star was as big as à 
peach", that is, an area source of hght. It was visible 
for more than 1 yr. Pskovskii'" has given a detailed 
discussion of this object and proposed nebula CT'4.1 
as the supernova's radio remnant. 

Finally, the distance to Vela X is about 500 pe, suggest - 
ing a brightness of m, « — 8 at explosion, but no suspicious 
event near the location of the radio souree was recorded 
in Chinese history dating baek to 206 Bc (the beginning 
of Han dynasty), and with less certainty to 1000 nc. 
(According to Needham?! the oldest Chinese record of a 
nova was inscribed on an oracle-bone, dating from 
about — 1300.) The age of the remnant is therefore most 


likely older than the five events considered here. The 
period of the pulsar associated with it is 00892 s. This 


may be an indication of the expected period of historical 
pulsars, 

Part of this work was carried out while I was a Visiting 
lecturer at the Summer Science Institute sponsored by 
Academia Siniea of the Republic of China. I thank Dr 
C. Y. Hsu, professor of Chinese history at Taiwan Univer- 
sity, for many helpful conversations. The work was 
supported by a US National Aeronautics and Space 
Administration grant at Purdue University. 
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Concentration of CO, in the 
Upper Troposphere and 
Lower Stratosphere 


DURING a number of flights of commercial aircraft over 
the polar route from Frankfurt/Main to Tokyo via Copen- 
hagen the concentration of CO, in the atmosphere was 
continuously reeorded using a non-dispersive infrared gas 
analyser. The flights took place between April 1967 and 
February 1968. The recorded concentration of CO, from 
all flights shows a remarkable change when the aircraft 
enters and leaves the stratosphere. A quite sudden change 
of about 3-5 p.p.m. CO, is usually observed at the transi- 
tion from tropospheric into stratospheric air and vice 


versa. The striking difference between the CO, content of 


the upper troposphere and the stratosphere was clear 
enough on the record for the crew of the aircraft to use 
our CO, analvser as an indieator of the position of the 
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Fig. i. "Transpolar flight Tokyo-Frankfurt, May 29-30, 1967, 


aircraft relative to the tropopause. Fig. 1 shows the 
record obtained during the flight from ‘lokyo to Copen- 
hagen on May 29-30, 1967, together with the position of 
the aireraft and the tropopause. Sections of the flight 
within the stratosphere are marked. They clea rly show a 
drop of the CO, content in the stratosphere. The sudden 
peak at 70°N 145° W during the flight through the 
stratosphere may be explained by influx of tropospheric 
air into the stratosphere. The relative accuracy of our 
measurements 1s about +0-3 p.p.m. CO,. which gives 
confidence in the reality of the observed fluctuations. 
The accuracy of the absolute values of the CO, con- 
centration amounts to +1-5 p.p.m. due to difficulty in 
calibrating the reference gases. The marked decrease of 
the CO, concentration in the lower stratosphere compared 
with the upper troposphere suggests that, contrary to pre- 
vious practice, it is wrong to assume a constant mixing 
ratio of CO, in the troposphere and stratosphere. Exact 
knowledge of the CO, concentration with altitude is 
needed for many ealenlations of the radiation budget of 
the atmosphere. 

Even considering the annual increase in the global 
CO, concentration of 0-7 to 1 p.p.m., our values seem 
rather high compared with discontinuous CO, analyses of 
air samples from the upper troposphere and lower strato- 
sphere by Bischof and Bolin’. 


CO, concentration between 15 and 20 km. More flights 
with continuous records of the concentration of CO, are 
required to investigate the difference between the CO, 
content of the upper troposphere and lower stratosphere 
in more detail and in relation to seasonal variations of 
tropospheric CO,. Nevertheless the results of the six 
transpolar flights carried out up to now may have 
further implications on many theoretical studies of the 
radiation and heat budget. 
We thank Deutsehe Lufthansa German Airlines for 
their support. 
H. W. GEORGII 
D. Josr 
Department of Meteorology and Geophysics, 
University of Frankfurt, 
Germany. 
Received November 25, 1968. 
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Radioiodine in the Biosphere 
during 1968 


Tue northern and southern hemispheres were contami- 
nated with 1odine-131 during 1968. Most of the con- 
tamination correlated with announced tests of nuclear 
weapons in the atmosphere, but some additions of #1] 
have not been accounted for. Thyroid glands have been 
collected continuously im various parts of the world for 
the past 16 yr, and at regular intervals between ten and 
twenty fresh glands have been preserved in paraformalde- 
hyde and received at this laboratory within 2-8 days of 
slaughter. The gamma emission between 0-30 and 0:40 
MeV has been measured with a coefficient variability of 
t 20 per cent for radioactivity less than 0-6 pCi/g and 
+9 per cent for activity more than 1-5 pCi/g. The total 
weight of non-goitrous bovine thyroids averaged 15:8 g 
and the ovine glands 1-7 g. The bovine thyroids from 
Colombia were, on average, 490 per cent larger than those 
from areas free from goitre and the sheep from New 
Zealand had thyroids 50 per cent larger than the other 
sheep. The average concentration of 1I was expressed 
as oe of thyroid and the accumulated data are shown 
m Fig. | 

The data derived from sheep slaughtered in Nashville, 
Tennessee, and those slaughtered in Melbourne, Australia, 
have given a sensitive index of maximum biological 
contamination in the northern and southern hemispheres. 


MEW TERS 


rue 1. 





4uCi of iodine-131/g of thyroid corrected to date of slaughter of unselected 

slaughterhouse animals from December 1967 to November 1968. The thin vertical lines 
or tapoia to announced dates of atmospherie nuclear tests (ref. 1 and French nuclear 
fission tests reported in the South Pacific). 
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The cattle slaughtered in Tennessee were sampled most 
frequently and their data show relatiwe contamination 
similar to that of sheep; however, the concentrations of 
UI] in ovine thyroids averaged ten to twenty times higher 
than those in bovine glands. By contrast, the data from 
New Zealand showed that bovine gle nds occasionally 
contained a greater concentration of E than did the 
ovine thyroids. 

After the nuclear test in China during December 1967 
(ref. 1) the concentration of thyroidal VI was greatest 
in Tennessee and England. At that time samples were not 
obtained from Colombia or Taiwan. ‘Te extrapolate the 
maximum concentration of I in the thyroids from 
Taiwan. the minimum effective half life of WI in Taiwan 
cattle can be assumed to be 8 days as shown previously’. 
When this extrapolation is applied te the data from 
Colombia and Taiwan, then the extrepolated average 
maximum concentrations of thyroidal I in those areas 
during January 1968 would have been no more than 
three or four times greater than the 159 pCi/g observed 
in ovine thyroids from England in Jamaary 1968, The 
maxima in Taiwan in January were prc bably similar to 
those in Australia and New Zealand du. ring August. 

After the contamination during Juiy and August, 
maximum values were attained in the souchern hemisphere 
6—7 weeks sooner than in the northern hemisphere. Radio- 
active decay for five to six half lives wowid account for at 
least a thirty to sixtv-fold reduetion of ' I in the thyroids 
in the north. Atmospheric dilution and 
biological variables probably accounted for 
an additional reduction factor of 2 or 3; 
as a result, in August the sheep in Australia 
and New Zealand had concentrations of 
VIT that were 10-100 times greater than the 
maxima found in Tennessee and England 
during October. 

The contamination in late August 1968 

vas probably associated with à supposed 
(licam dida: release in the south Pacific 
Ocean. No scientific announcement is avail- 
able of atmospheric nuclear tests during 
July-September 1968, but the publie news 
media (Associated Press, United Press Inter - 
national and La Monde) announced that 
during that time there were nuelear fission 
tests conducted by the French Government 
in the South Pacific. It was stated that 
the test of August 24 was thermonuclear, 
but the nature of the test in September 
was not announced. The test in August 
produced slightly less contamination in 
thyroids of Australia and Xew Zealand than 
the contamination of Julv, The radio. 
activity released during August and Sept- 
ember in the southern hemisphere, however, 
was probably the source of the increased 
WI jn Tennessee and England during 
October. 

Many additional variables influenced the 
accumulation of !*!Tin thyroids. The least 
accumulation was observed in Japanese 
cattle, but the rehabilits. of the data is 
reduced by the fact that they were sampled 
only 1 day each month. The highest 
accumulations of YI were found in sheep 
from Australia in the south and England 
in the north. Cattle slaughtered in Ten. 
nessee were sampled most frequently, 
being represented by thirty — animals 
each week. The “II in Tennessee cattle 
"or any sample, 








was never the greatest 
but the data reflected most of the large 
increases seen in other parts of the world. 
The data from Tennessee eattle therefore 
illustrate the  nnportanee and limita- 
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tion of frequent and sensitive measurements at a location 
remote from the release, and these can be compared with 
data collected closer to the radioactive sources. The 
data from swine thyroids of Tennessee were found to 
simulate the data for Tennessee cattle glands, 

Smaller increases of radioiodine contamination occurred 
during May, June and July and these remain unexplained. 
They might be related to leaks from nuclear reactors or 
to atmospherie leaks from numerous underground nuclear 
weapons tests?; in any case, these small contaminations 
extended beyond local areas. 

On July 6, contamination was found in thyroids from 
Tennessee and England on the same day as an announced 
nuclear weapon test; it is reasonable to assume that the 
radioiodine observed had its origin before the announced 
date of the test. 

Since 1959 the sustained atmospheric contamination 
has been considerably less than before 1959 (ref. 4). The 
data reported here clearly indicate. however. that the 
biosphere has been contaminated almost continuously 
because of releases of radioiodine which are distributed 
throughout the atmosphere of the Earth. The average 
accumulated dose of I radiation to the thyroids of 
grazing sheep was, for the Australian animals reported 
here, 0-17 r. equivalents during August and up to the 
end of November 1968. This represents the highest 
contamination observed during 1968. 

Animal thyroids were contributed by Roger Melick 
(Melbourne, Australia), R. D. Batt (Palmerston, New 
Zealand), John R. Anthony and R. Seoville (Tennessee), 
A. Wilson (Birmingham, England), Pelayo Correa (Cali. 
Colombia), Chin-eheng Chen (Taipei, Taiwan) and R. 
Tanaka (Ibaraki, Japan). This investigation was sup- 
ported by a contract from the US Atomie Energy Com- 
mission and by US Publie Health Service grants. 

L. VAN MipprLEswoRTH 


University of Tennessee Medical Units, 
Memphis, Tennessee. 
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Control of Sea Level relative to the 
Continents 


IN my article on the isotopic evolution of the Earth! 
the presence of epieontinental seas at numerous times 
during the past 2 billion yr and the nearly constant 
thiekness of Pre-Cambrian cratons throughout the world, 
regardless of age, were considered indicative of approxi- 
mately constant ocean depth, and consequently constant 
ocean and continental erust volumes throughout geological 
time. No doubt the limitations imposed by this evidence 
are inexaet and changes of the order of 10 per cent. would 
be permissible, but it seems that the overall impression of 
constant volume is a permissible premise for diseussions 
of ehanges in sea level. 

In eratonie sequences? and in palaeogeographie data? 
we have a record of sea level fluctuations over a range of 
hundreds of metres during Phanerozoie time. 
these changes seem to be of worldwide importance and 
uplift or depression of the 
crust. Glacial-eustatie origin of irregular and cyclic 
changes in sea level is indisputable.  Grasty* has com- 
puted that changes of tens of metres will be produced by 
the creation (or conversely by destruction through erosion) 
of mountain ranges. The importance of oceanie rises has 
been recognized by Hallam’ and Russell*. The data of 
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Menard and Smith? show that the volume of water dis- 
placed by the rises today corresponds to a 400 m change in 
sea depth so that if the rises were to disappear sea level 
would fall 300 m—to a level below the edge of the con- 
tinental shelves. Thus it is clear that the rises are poten- 
tially more important controls on sea level than the moun- 
tain building-erosion mechanism. as pointed out by 
Russell. The rises may exert their control by changes 
in geographic distribution (as would occur during episodes 
of continental rifting and drift) and by volume changes 
with time. The rises currently located in the western 
United States* and in east Africa can account for a 30 m 
change in sea level if they represent a shift of rise from 
ocean basin to continental area. 

The point I wish to discuss in detail is the possibility 
of long term changes in rise volume and the related 
question of the effeet of an expanding Earth on sea level. 
Egyed’? has argued that the apparent gradual retreat of 
epiric seas from cratons during the Phanerozoic is evidence 
for expansion of the Earth at a rate of 0:5 min increase of 
radius/year and this figure has been accepted by others’. 
Dietz?’ has criticized Egyed for ignoring the facts that the 
present continents are only 88 per cent emergent and not 
100 per cent emergent, for ignoring polar ice and for 
ignoring the effects of exaggerated relief during the Ceno- 
zoie—this last point is disputable, however. The ice in 
polar regions, if melted, would increase ocean volume 
from 13:50x LOS km? to 13-74 x 105. km?, increasing sea 
depth approximately 66-3 m (refs. 7 and 11) and sea level 
roughly 46 m. This effect alone would substantially 
reduee Egyed's figure for Earth expansion, but two other 
matters must also be considered—treatment of palaeo- 
graphie data and rnathematical model. 

If allowance is made for polar ice and the data points 
all equally weighted, a change in continental area of 
approximately 35x 105 km? is obtained. This will be 
reduced if any area presently below sea level was emergent 
in the past. The change in sea level necessary to effect 
this change in area is approximately 150 m. 1f this 
change is to be entirely accounted for by expansion of 
the Earth, the following computation is possible 

dA = A ik 
h 





if A-area of oceans; dh=change in depth; and A= 
present deep sea depth (rather than average depth as 
used by Egyed). This vields a change in area of 4 per 
cent in 600 m.v. or à change in Earth radius of 0-2 
mm/yr, much less than the value commonly quoted and 
so small as to be unimportant as a teetonie process when 
compared with the observed rates of sea floor spreading. 

Because the rises seem to be closely related to heat 
generation within the Earth it is possible to postulate that 
on along term basis the volume of the rises ts proportional 
to heat production in the Earth, This provides an alterna- 
tive explanation for the apparent retreat of the epirie 
seas from eratons. The heat production in the Earth over 
the past 500 m.v. has deereased approximately 20 per 
cont. ‘Translated into changes in rise volume, assuming a 
direct proportional relationship, this would correspond to 
a change in sea level of approximately 80 m and could 
aecount for much and, within limits of uncertainty, 
virtuallv all of the regression cited as evidence for expan- 
sion of the Earth. 

Irregular or eyclic growth and decay of the rise systems 
might be other changes with time. During quiet periods 
the seas would fall back into ocean basins and emergent. 
continents would be eroded. Periods of little or no orogeny 
within eratons would presumably be related to quiet rises. 
Quiet episodes during the history of the Earth such as 
the apparent break between the Grenville orogeny and 
the development of the Palaeozoic geosynelines may have 
been such times of inactive rises. Conversely, exception- 
ally active rises would presumably be associated with 
orogenie activity in mountain belts—if the active rises 
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were within ocean basins the result might be a transgression 
at exactly the time of orogenie climax-—counteracting the 
effects of mountain building on sea level. 

In summary. the major controls on sea level on an 
Earth with constant ocean and erust volumes are polar 
and glacial ice, mountain building-erosion and the ocean 
rises. Observed sea level will represent an integration of 
the effects of these partially independent controls, but on 
both an immediate and long term basis the rises are the 
most important. 

Major transgressions and regressions on a time scale 
of 107-108 yr will be related to geographic redistribution 
of the rises. On a longer time seale the gradual retreat 
of epirie seas from eratons may be a result of diminished 
volume of rises as a consequence of diminished heat 
production within the Earth. The idea that longer term 
eveles in Earth history may be related to overturning of 
the upper Mantle on a time scale of 10* yr is very specula- 
tive. An expanding Earth is not necessary, but small 
amounts of expansion cannot be proved or disproved 
by the available data. 
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Oceanic Rises in relation to the 
Expanding Earth Hypothesis 


Tug possibility that the continents of the Earth once 
formed part of a unified mass, Pangaea, has recently 
received much support! ?. The actual form of Pangaea 
is by no means agreed. however. Cook* has figured a 
girdle of land encircling the globe, but most previous 
workers have sketehed à roughlv oval land mass sur- 
rounded by continuous ocean. Carey®, after repeated 
attempts to fit together accurate tracings of the main 
continental masses on a large plastie globe, com- 
mented finally “The assembly of Pangaea is not possible 
on the earth of the present radius". and supported the 
hypothesis that the Earth's diameter has gradually 
increased. The history of the expanding Earth hypo- 
thesis has been recounted by Egyed’. prompted by my 
attempt? to reconstruct the existing land masses of the 
Earth as a complete erust on a smaller globe. 

The expanding Earth hypothesis can account for 
certain facts that are not readily explicable on other 
grounds. For example. the resemblance of all the 
southern continents to the petals of a flower (Fig. 1) has 
struck many observers, including Francis Bacon (cited by 
Blackett). | A comparable pattern may readily be 
obtained by coating a rubber football bladder with a 
continuous “crust”? of damp paper and then inflating it. 


rupture. = 
expanding flower bud, each primary fissure ex tends and 





Fig. 1. Australia, South America, Antarctica anc Africa sketched aa if 
of approximately the same area to emphasize thet: similarity in outiine. 


divides peripherally into secondary fissures to form 
smaller but still tapering patterns, weth the occasional 
complete separation of large paper “islands”. 

In the reconstruction by Du Toit®, the tips of South 
America, Africa and Antar^tica are likewise reproduced 
aiming towards one point, presumably the site of primary 
rupture. Australia may also have aimed towards the 
same point (Fig. 2). Other tapering masses such as 
India are comparable with the result of the secondary 
fissures on the paper-covered bladder. 

One popular alternative to the expanding Earth hypo- 
thesis is the suggestion by Dietz!" thas spreading of the 
ocean floors is occurring from mid-ocean rises and that 
the continents have come to overlie down-welling sites in 
whieh the sima returns to the mantle. The two hypo- 
theses are not mutually incompatible, for the surface 
area of a sphere. the volume of which is expanding 
steadily, will increase greatly at fist but relatively 
slightly at a later stage. 
















S 
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Fig. 9. The "tips" of the four southern continents directed towards one 

region, the postulated site of primary rupture of che Earth's crust. The 

continents were fitted together as an almost complete crust on a globe less 
than three quarters of its original size. 
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Menard" has commented on some curious topographical 
features of the world wide oceanic rise-ridge system. He 
points out that "almost the whole system (about 85 per 
cent) lies along circles around continental shields, and 
almost half hes very close to the centres of ocean basins’. 
He eoneludes that "if this distribution has meaning, 1t 
appears that the location of continents exerts à primary 
control over the positions of rises... 

I suggest that the converse is true, and that the present 
location of the continents is due to the initial position of 
the tension rifts that arose in the crust of an expanding 
Earth. As each rift developed, tension within the first 
ones became reduced and continents were driven up to or 
even aeross the sites of some of the now relatively tension- 
free primary rifts. It is suggested that the formation of 
the recent mid-Atlantic rise, in particular, drove the 
Americas to the west, partly overlapping an East Pacific 
rise, as postulated by Palmer". and Eurasia and Africa 
to the east overlapping what was a former West Pacific 
rise, 

Three sketches are provided (Figs 3.4, B, C) to indicate 
the possible situation of the tension fissures at three 
stages in the history of the expanding Earth. Substantial 
expansion of the Pacific Ocean by a mid-Pacific rift (a) 
and an encircling rift around Antarctica (b) has already 
taken place in Fig. 34. In Fig. 3B, the mid-Pacifie rift is 
now flanked by an East Pacifie rift (c) and a West Pacific 
rift (d) that has cut Australia from Asia. These two new 
rifts have relieved the tension within the muid-Pacifie rift 
and limited its further extension. A secondary rift (e) has 
developed between Africa and India. The West Pacific 
tension rift is shown advancing aeross the "top" of the 
globe. 








Fig. 3. Postulated tension rifts within the crust at three stages in the 
Earth's history (see text). Considerable expansion is assumed between 
Aang B; little, if any, between B and C. 
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In Fig. 3C, the mid-Atlantic rift (f) has opened up, 
driving North America and the tip of South America 
across rifts (c) and (b) respectively. Africa has been 
forced eastward to over-ride rift (e) and similarly Asia now 
over-rides the long rift (d); it is assumed that this, the 
former West Pacific rift, exists beneath the continent in 
the area shown. The oldest rift (a) has led to the formation 
of the ancient and now virtually inactive Darwin rise. 

An essential criterion m considering these sketches is to 
note that at any time new ocean floor is being formed 
equally to each side of any of the tension fissures. 

In brief, the suggestion is made that in the early phase 
of the Earth's history, Menard’s figures!! for the distribu- 
tion of the oceanie ridges would both have been 100 per 
cent-—all the tension rifts that gave rise to these ridges 
were mid-oceanie and (because the oceans were originally 
narrow) all lay "along circles around continental shields ^. 
Today, the newer ridges remain mid-oceanic and. because 
the oceans are wide, are far from the continental margins; 
because of the continental drift occasioned by these new 
ridges. many of the older ridges are now near-—or even 
underlie—one or other of the continental margins between 
which they were formerly placed. 
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Graphite Formation from Low 
Temperature Pyrolysis of Methane over 
some Transition Metal Surfaces 


THe transition between the "random layer order ! of 
amorphous carbons and the three-dimensionai layer 
structure of graphite, first. defined by the classical work of 
Franklin?, has stimulated interest in the preparation of 
perfectly crystalline graphites, especially by the thermal 
decomposition of gases. These carbonaceous products, 
however, begin to show a significant degree of three- 
dimensional layer ordering only at deposition temperatures 
of 2,000* C to 2,500° C (refs. 3-5). For pyrolytic carbons 
to possess struetural properties comparable with those 
of natural graphite, it is necessary to carry out "stress 
reerystallization" at about 3,000" C under 400 atmospheres 
pressure, followed by annealing at 3,400* C (see ref. 6). 
In view of these extreme conditions for the manufacture 
of such synthetie graphites, the following results from the 
thermal decomposition of methane over iron, cobalt and 
nickel surfaces are of interest. These transition metals, 
in the form of thin foils (Johnson Matthey, Grade 1}, were 
maintained at 650° C or 750° C in methane at a pressure 
of 60 em Hg. The reactant gas was found to have the 
following concentrations of impurities: ethane, 5,810 
p.p.m.; propane, 480 p.p.m.;  #-butane, 90 p.p.m.; 
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carbons. Fig. 3 shows a selected area detraction pattern. 
from a deposit (see inset) formed on iron at 6507 C. Such 
hexagonally symmetrical “single crystal” spot arrays 
were commonly observed and evaluation of them estab- 
ished a corre spondence with the graphiste structure, the 
laver planes of which are orientated perpendicularly to the 

electron beam—a feature usually assocuged with e lectron 
microscopy and diffraction observations on thin scetions of 






graphite’. A further illustration of this remarkable 
similarity between the carbons formed ea. these transition 


metals and natural or synthetie mon is. vividly 
revealed by the composite electron difraetion pattern 
of Kio. 4. Here the overall diffraction characteristics of 
dispersed carbons, from an iron surísee after 7507 € 
methane pyrolysis, and purified natura: graphite USP) 
are simultaneously compared. The exac correspondence 
of all the observed (h, &, hb, 0) reflexions is self-evident 
and thus confirms the structural equivalence of these 
carbons, 

To understand how these quite unusual amuot! 
properties arise, espe cially at low DR aig temperatures 
various aapeets of the interaction of methane with iron, 
cobalt and nickel surfaces have also beon examined by 
X-ray powder and electron mieroprobe analysis, scanning 
microscopy and gas analysis. Surface studies of these 
deposit graphites have also been carried out. 





Fig. 1. Flaky carbon deposit, with crystallite areas, from methane 
pyrolysis over nickel at 750° C {x 48,000). 





Fig. 8. Selected area diffraction patte rns from carben deposited on iran 
at 750° C, 





Fig. 2. Moiré patterns from carbon formed on cobalt from methane 
pyrolysis at 750° C ( x 64,500). 


i-butane, 100 p.p.m.; carbon dioxide, 50 p.p.m.; nitrogen, 
3,150 p.p.m.; oxygen, 20 p.p.re. 

Fig. 1 shows the typically flaky nature of the carbon 
formed on nickel. —Distinet crystallites with Bragg 
diffraction contrast effects, in keeping with the properties 
of a highly crystalline material, are clearly shown. Another 
striking example of this erystallinity in these flaky carbons 
is revealed by the moiré patterns on the specimen in 
Fig. 2, ebtained from methane pyrolysis over cobalt at 
750^ C. Such phenomena have been extensively studied? 
and arise from very slight misahgnments in highly 
erystalline materials. The hexagonal spot arravs at 
areas “A” of this pattern appear to be similar to those 
reported in the moiré patterns of natural graphite*. 

Electron diffraction evidence is also in keeping with Fig. 4. Simultaneous comparative electron diffrac 


£ x : Vots : attern, purified natural graphite; lower pattern, e 
perfection of ervstalline order within such thin flaky m £ i Pat C 










son pattern. upper 
ion deposit on iron 
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Field lon Microscope Observations of 
Cluster Formation in Metal Deposits 
on Tungsten Surfaces 


WHILE studying the mobility of single metal atoms on 
clean tungsten surfaces by fleld ion nmueroscopy (ref, | 
and our unpublished results), we have observed the forma- 
tion of polyatomie clusters in the adsorption layer. The 
nature and stability of such clusters are of interest. in 
relation to the nucleation of orientated overgrowth layers? 
and the interaction between adsorbed atoms. Our obser- 

vations relate to atoms diffusing at temperatures in the 
range 220 360 K along the direction of close-packed 
atom rows on (211) and (321) surfaces, and in all directions 
over the (E10) surface. 

For all the adsorbates studied —'l'a, W, Re, Ir aud Pt— 
collisions between atoms diffusing in the same ehannel of a 
(211) or (321) surface resulted in cluster formation, The 
individual atoms of dimers were not resolved in the helium 
ion image at 78° K, and the atoms presumably occupied 
nearest neighbour sites separated by 0-274 nm. Cluster 
formation greatly reduced the adsorbate mobility. No 
dissociation of dimers was Observed, so the strengt th of the 
bond between adsorbate atoms is unknown. 

The behaviour of adsorbates on the (110) plane was very 
different from that on (211) and (321), and varied with the 
adsorbate metal. Whereas Ta and W readily formed 
stable polyatomic clusters, clusters of Tr and Pt were 
relatively unstable. Re did not form dimers although 
larger clusters were observed. Ta and W dimers gave 
unresolved but distinctly oval image spots with the mole- 
cular axis at 557-65" to [110], which does not correspond 

to the direetion expected for atoms oeeupsying nearest- 


neighbour lattice sites. Furthermore. the mobility of 
dimers was less by a factor of about ten than that of 


single atoms on (110) and no dissociation was observed. 
In contrast, Pt and Ir dimers yielded images in which the 
individual atoms were resolve ed (Fig. 1), and were onent- 
ated with their molecular axis parallel to the elose-packed 
direction of the substrate. These dimers were only slightly 
less mobile than single atoms and dissociation occurred 
at measurable rates. The frequency of dissociation 
indicated weak bonds between the adatoms of about 
7 kJ/mole for Ir dimers and 16 kJ/mole for Pt dimers. 
The interatomic distances in dimers cannot be deduced 
directlv from the ton micrographs because of the extra 
magnification of clusters protruding from the surface, 
Comparison of the dimensions of the image spots with the 
jump distanee for single atoms measured in diffusion 


NATURE, VOL. 221, MARCH 15, 1969 


studies indieates that the bond lengths did not exceed 
0.7 nm. For Pt and Ir the low binding energy and the 
resolution in the image spots are consistent with a spacing 
of 0-55 nm--twice the spacing in the substrate lattice. 
The stronger bonding and lack of resolution in the images 
of Ta and W dimers are consistent with a smaller spacing; 
the non-alignment of the pair axis with the close-packed 
direetion suggests that these adatoms do not oeceupy 
points of the substrate lattice. An examination of possible 
alternative adsorption sites on a (110) surface shows that 
the observed axis orientation could be obtained in dimers 
with a bond length of 0-35 nm. The spacings assigned 
are, however. subjeet to reservations about the unknown 
minimum resolvable spacing in the helium ion image of 
dimers on (110), and possible distortion of the dimers by 
the imaging field. 


On the (110) plane. clusters larger than dimers could be 


built up one atom at atime. Individual atoms were not 
resolved in the cluster image spots. exeept for linear 


clusters of Pt or Ir atoms. 
clusters are not known, 


The spacings in these larger 
but the orientation of the cluster 


edges indicates that the characteristics of dimers are 
retained, 





Fig. i. Three dimers and one trimer (nearest centre of plane) formed by 
aggregation of single Pt atoms diffusing on (110) tungsten at 240° K. 


Our observations indicate that the binding of metal 

adatoms on the (110) plane of tungsten? is significantly 
different. from binding on other planes and possibly less 
essentially metallie. The strength of bonds in small 
clusters seems to depend critically on the eleetronie 
structure of the adsorbate. The absence of strong pair 
bonds and the assigned spacings in dimers have important 
implications for the formation of overgrowth layers on 
(110) W. Either the orientation of the overgrowth should 
Desde to a lattice spacing in the interface similar 
to that in the dimers?, or a cooperative rearrangement to a 
more densely packed layer must occur in clusters during 
nucleation. The binding of atoms in these elusters is 
being further investigated. 
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Experimental Verification at High 
Pressure of the Relationship between 
Compression, Density and Sonic Velocity 


Tug equation relating density, compressibility and sonic 
velocity can be expressed as 


Q = (VK, (1) 


where C is the velocity of sonic wave propagation, V is the 
volume of unit mass, A, is the isentropic bulk modulus 
= — V(e@P/dV)s: and s is entropy. 

Although the equation is often treated as if it were 
a thermodynamic relation, various writers, notably 
Richards! and Rowlinson?. have pointed out that this is 
not so. but that it requires experimental verification, 
whieh is available for liquids at atmospherie pressure 
only. Because the equation is used industrially to derive 
compressibilities of hydraulie fluids at high pressures, 
such verification is of practical importance. Its absence 
is no doubt a result of the difficulty of measuring isentropic 
compressibility at high pressures. 

These difficulties have now been overcome, and accurate 
direct measurements of K, have been made at pressures 
up to 1-2 kbar for what I believe to be the first time. 
I have already described the apparatus?, but recent um- 
provements to the operating technique have enabled me 
to obtain accuracies of the order of 1 per cent at high 
pressures. Measurements are made by forcing à piston 
rapidly into a sealed cylinder filled with the test liquid. 
and immediately withdrawing the piston at the same 
speed. An automatic testing machine is used to apply 
the load, so that curves of load against piston displace- 
ment are automatically drawn for both the loading and 
unloading operations. A seal has been developed which is 
practically frietion free, and thermal losses are negligible: 
the combined effects of frietion and thermal loss are such 
as to displace the unloading eurve from the loading curve 
by less than 1 per cent. Consequently a mean line between 


the loading and unloading curves can be regarded as a 


true isentropic curve. 
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12,500 centistokes) 


sonie velocity 
25° C is shown 





were measured at seven pressures from 200 to 1,200 bar 
inelusive. The isothermal results were used to derive V 
at elevated pressures. Values of K, were obtained by 
measuring the change in isentropic volume from 100 bar 
below to 100 bar above the test pressure. during which 
time the temperature rose from 21/7 te SEM UC, 

From the results obtained, values of sanie velocity were 
ealeulated from equation (1) and have been plotted in 
Fig. 1. The experimental points are all within | per cent 
of the eurve derived from Yazgan's direet measurements; 
the standard deviation is 0-7 per cent. 

These differences are less than the corabined accuracies 
of the two instruments involved in the comparison, 30 it 
seems that equation (1) has been verified over t he whole 
range of pressure from 0-2 to 1-2 kbar. 


A, E. J. HAYWARD 
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Effect of Particle Size on the 
Thermoluminescence of Lithium 
Fluoride 


THERMOLUMINESCENCE induced by radiation was one of 
the earliest ways of detecting ionizing radiation! and has 
now become widely used as a dosimeter in personal 
monitoring, radiotherapy and specialized Investigations. 
Because of its high sensitivity, wide dwnamie range. lack 
of fading and relative independence of photon energy’, 
lithium fluoride is one of the materials most frequently 
used for  thermolumineseenee dosimetry. Reeently 
Zanelli? has reported that the luminessence efficiency of 
lithium fluoride varies with the particie size, suggesting 





total electron energy generated wit 
depend on the mass energy absorption coefficient. of the 
lithium fluoride. The following consslerations apply if 
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the grains are isolated from each other with gaps of the 
same order as the electron ranges in air. At photon 
energies above 0-15 MeV the Compton absorption process, 
which is independent of atomie number, will be dominant 
and the eleetron energy entering and leaving the grain 
will be nearly equally balanced. There is then, above 
0-15 MeV photon energy, no difference in the energy 
deposited per unit mass in grains of different sizes and 
hence no difference in their luminescence on heating. 

At lower photon energies, for example, 0-03 MeV, 
photoelectrie absorption, which is strongly dependent on 
atomic number, is the chief process. Because lithium 
fluoride has an effective atomic number hi gher than 
air, more energy is carried out by electrons leaving a grain 
than is brought in by electrons entering the grain from the 
surrounding air. The magnitude of the energy imbalance 
arising from these effeets depends on the particle size: 
the smaller particles are most influenced by such surface 
effeets. "Thus the energy deposited per unit mass in the 
small particles is most depleted and the luminescence 
obtained from them on heating is most reduced. At still 
lower photon energies, for example, 0-01 MeV, the same 
energy imbalance exists but the range of the photo- 
electrons becomes so small that these surface effects 
become of minor importance for all grain sizes. The 
energy deposited in a particle is principally determined 
by the electrons generated within the lithiam fluoride and 
is therefore almost independent of the particle size. This 
would result in the luminescence also being almost 
independent of particle sizo. 

In addition to this energy balance between the electrons 
entering and leaving a particle, consideration must be 
given to the differences in the stopping power for electrons 
for air and lithium fluoride and also to the energy depend- 
ence of the electron stopping power. The theoretical 
approach to this type of problem has been deseribed 
elsewhere? and when applied to this case gives the results 
presented im Fig. 1. The thermoluminescence from 
lithium fluoride grains of various diameters which were 
surrounded by air during irradiation, relative to the 
thermoluminescence from the same grains if they had 
been completely surrounded by lithium fluoride during 
irradiation, is plotted against the energy of the photons 
used to irradiate the grains. 
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Fig. 2. Curve A; ratio of thermoluminescence from LiF of grain size 

28 gm to that of grain size 100 um. Curves B and C: theoretical 

relative response curves for isolated grains of size 2-3 um and 100 um 
respectively, 


We have measured the response of LiF of two different 
grain sizes to monoenergetic X-rays of various energies. 
Approximately homogeneous LiF powders were used with 
mean grain sizes of 2:3 and ~ 100 um, and these were 
irradiated in very thin layers of thickness about 45 mg/em:?. 
The results are given in Fig. 2, curve 4, as the ratio of the 
thermolumineseenee from LiF of grain size 2:3 um to that 
from Lif of grain size 100 um. This was done because, on 
the theoretical grounds given, the expected decrease in 
thermoluminescence from grains of size 100 um is very 
small, even if the grains were separated effectively from 
each other when irradiated. 

The theoretical relative response curves for isolated 
grains of size 2-3 um and 100 um are given in curve B and 
curve C of Fig. 2 respectively. The conditions of our 
measurement, however, do not satisfy the assumption 
made in calculating curve B, because our experimental 
layer was too thick. For example, the range in LiF of an 
electron of energy 0-04 MeV is of the order of 2 mg/em? 
(ref. 5) which is some twenty times less than the layer 
thickness. Indeed, the theoretical variation in response 
with particle size for these experiments is of the order of 
only 1-2 per cent—see curve Č in Fig. 2. 

It is therefore evident that energy imbalance alone. 
between LiF and the surrounding medium, cannot be the 
major eause of the observed reduction in light output by 
the fine grain LiF. Some intrinsic cause, possibly associa - 
ted with surface layer effects, seems to be implied. 
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BIOLOGICAL SCIENCES 


identification of Essential Residues 
in Lysozyme: a Pulse Radiolysis Method 


THe technique of pulse radiolysis has recently been 
applied to the study of the radiation mactivation of the 
enzyme lysozyme!, While pursuing this technique we 
devised the following method of identifying some of the 
amino-acid residues associated with the enzymatie aetivity 
of lysozyme. The results show that specific free-radical 
attack at a tryptophan residue destroys the enzymatic 
activity and is consistent with crystallographic evidence 
for the crucial role of tryptophan at the active site. 


KADLATION-IN DUCED INACTIVATION OF LYSOZYME 
D37 (kradsa}* 
P Get 
| NO . 3.2 
TARR NO10 M ECNS 3:0 
* Dose required to reduce activity to 37 per cent of the original valuc. 


Table 1. 
pH solute 


ps 


od 


In irradiated aqueous solution, the oxidizing OH radical 
contributes to the overall inactivation of lysozyme, 
Table 1 shows the effect of nitrous oxide N,O on the 
radiation sensitivity of lysozyme irradiated at pH 7. This 
solute converts the major reducing species, the hvdrated 
electron, into the OH radical by the reaction 

H,O 
Ca; N QO > Na H OH (1) 
NO almost doubles the radiation sensitivity and, because 
the radiation chemical yields of ep, and OH are approxi- 


mately equivalent, we conclude that at least. 90 per cent of 


the inactivation observed in neutral solution is attributable 
to OH attack on the enzyrne. 

As expected, some OH radical scavengers, for example, 
citrate and ethanol’, protect against inactivation and we 
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of lysozyme, & transient spectrum is produced by OH 
attack and it has been attributed to s lysozyme free 
radical!. 

We originally intended to correlate the «ffects of various 
OH scavengers on both the efficiency of inaetivation. and 
the transient absorption spectrum. During this work, 
however, it was found that a most effieent. OH radical 
scavenger, the thiocyanate ion CNS, hac no effect at all 
on the radiation-induced inactivation even at cencentra- 
tions greatly in excess of that of the enzyme. 

It is known that the reaction (2) is almost diffusion- 
controlled’ 

OH -4+ CNS- e—a CNS + EO (2) 








and therefore at a high concentration of this solute, OH 
radicals are prevented from attacking the enzyme. The 
failure of the solute to affect the inactivation efficieney 
suggested that the product of the scavenger reaction (2), 
the thiocyanate radical, can inactivate the enzyme to 
precisely the same extent as the OH radical it replaced. 

The thiocyanate radical, which exists in solution as 
the radical-solute complex (CNS), (ref. 6), sas been studied 
extensively by pulse radiolysis***. It nas an intense, 
characteristic absorption spectrum (Amao 475 nm) and, 
in neutral solution, in suitable experimental conditions, 
its decay can be followed over several Hundred waero- 
2« 2 2-8 x 10* 1, moles! s~ (ref. 5). 


(CNS), -(CNS) eeen 


seconda: 


> products (a) 


It was therefore clear that the reaction of «his radical with 
lysozyme could be followed directly using the pulse 
radiolysis technique. The results show that this reachion, 
which is very fast, occurs exelusively at a tryptophan 
residue. 
In Fig. 1, the three oseillograms show the rate of decay, 
in various conditions, of the absorption of the thiocyanate 
radical. — Oscilogram (a illustrates the 
decay of the radical after irradiation of a 
(dj neutral N,O saturated soiution of potas- 
sium thiocyanate (10 M^? with a @-2 ue 
pulse of electrons (50 rads). The absorption 
decays by only 20 per cert over a period 
a of about 400 us. When lysozyme is present 
P (c), the decay is much faster and is exponen. 
tial, Furthermore, tbe rst order rate 
constants derived from the time constants 
are proportional to lysozyme concentra- 
tion (hne d). From the slepe of line d Gh 
the bimolecular rate coastant for the 
reaction between the thiesyanate radical 
and lvsozyme was found to be 6:6-- O5 x 
105 L moles-! g4, 
Er We carried out similar experiments 1n 
pe e which the lysozyme solutmn was replaced 
Pd in turn by 2 mM solutions of each of the 
twenty amino-acids presen* m the enzyme. 
The high thiocyanate concentration (10-7: 
M) ensured that all OH wadicals reacted 
with this solute. With tke exeeption of 
tryptophan, no increase was observed in 
the natural decay rate of she thiocyanate 
radical. Any other reaction proceeding 
with a bimolecular rate constant greater 
than 3 x 108]. moles-! a-! would have be 
detectable. s 
phan a rapid exponental decay 
us observed (oscillogram 6). The rate of 
decay was proportional te concentration 
of the tryptophan (line e) and corresponded 
to a bimolecular rate constent of 8-O+ 6-2 x 
10* L moles-! s-!; that is. at least three 
orders of magnitude greater than that 
for any of the remaining amio-neid 
constituents. 














was 
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Because the radieal inaetivates the enzyme while 
able to react direetly with only a tryptophan residue, the 
active centre must therefore involve one or more of the 
tryptophan residues. From chemical and crystallographic 
studies it is known that tryptophan residues 62 and 63 
form hydrogen bonds with the substrate in the active 
centre of the enzyime??. Exammation of the crystal 
structure of the enzyme reveals that tryptophan 108 is 
particularly accessible to free radical attack at the indole 
2-position, the most hkely point of attack by radiation- 
produced radicals!* s, After selective chemical oxidation 
of tryptophan 108 by treatment with iodine, a reaction 
which is known to inactivate completely the enzyme, 
possibly by steric hindrance at the glutanne acid residue 
35 (ref. 12), reactivity with the thiocyanate radical dropped 
by a half-—Fig. Id Gi). Residue 108 is therefore involved 
in the reaction with thiocyanate, but it is not yet known 
which of the other tryptophan residues also react and 
which are responsible for the remaining reactivity of the 
oxidized enzyme with thiocyanate. 

There are indications in our work that other radicals are 
apecifie for certain amino-acids—for example, bromide 
radical Brg for both tryptophan and histidine and carbon- 
ate radical for histidine--so the use of these radicals may 
extend the usefulness of the technique for the study of 
enzymes. 
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Dehydration of Escherichia coli 
. * * * : 
Ribosomes in Air without Loss of 
Activity 
RinosoMES are complex structures with high degrees 
of hydration!-*. We report here that suspensions of 
Escherichia coli ribosomes can be dried in air without 
appreciable loss of activity. ‘Sephadex’ and spermidine 
play a crucial part in protecting ribosomes during the 
drying process. | v | 
Ribosomes were prepared from exponentially growing 
E. coli B as deseribed previously* using 10 mM tris HCI 
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buffer (pH. 7-4) containing 10 mM MgCl, 50 mM KCI and 
6 mM §-mercaptoethanol, and washed once with the same 
buffer containing 0-5 M NH,CI. 

Ribosome suspensions (10-50 OD 260 units/ml.) were 
dehydrated in the presence of various concentrations of 
Mg?* and spermidine and with or without ‘Sephadex’ 
or ‘Bio-Gel’. ‘Sephadex’ or ‘Bio-Gel’ was mixed with a 
ribosome suspension according to the water regain value 
of the gel (for example, 0-05 g dry ‘Sephadex G-200/ 
ml. of ribosorne suspension). The mixture was kept in 
ice for 1 h with occasional mixing and then dried at room 
temperature over P,O, under reduced pressure. The rate 
and time of drying were controlled by changing the total 
volume of the sample and/or the pressure in the desiccator. 

Dry ribosomes were rehydrated by the addition of 
6 mM 8-mercaptoethanol to the original volume; where 
necessary, the final concentration of Mg?* was adjusted to 
10 mM. When the sample contamed ‘Sephadex’ or 
‘Bio-Gel’, the resultant gel was kept in ice for 1 h and then 
transferred onto a 05x8 em column and eluted with 
10 mM Mg** buffer. In all cases, more than 90 per cent of 
the original ribosomes were recovered. 

Drying the ribosomes in air did not appreciably alter 
their sedimentation properties, although in the absence of 
‘Sephadex’ or ‘Bio-Gel? approximately 30 per cent of 
70S particles dissociated into 305 and 505 subunits 
(Fig. 1). 

The poly U-directed phenylalanine incorporating 
ability? of rehydrated particles, however. varied widely 
depending on the condition of drying (Figs. 2 and 3). 
Substantial recovery of activity (60-80 per cent of that 
of non-dried ribosomes) was achieved only when dehydra- 
tion was carried out in the presence of ‘Sephadex’. 
Recovery of activity was increased to 100 per cent by the 
simultaneous addition of 1-10 mM spermidine (Fig. 3) or 
by aecelerating the drying process to within 1 h (Fig. 2). 
Neither bovine serum albumin nor dextran (1-10 per cent) 
could substitute for ‘Sephadex’ in preserving the ribosomal 
activity. A concentration of 5 mM Mg?* was preferable to 
10 mM. 

The following conditions are therefore recommended for 
obtaining dry preparations of functional E. colt ribosomes: 
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Fig. 1. Sedimentation patterns of air-dried ribosomes. Æ. coli ribo- 


samea were dried in 10 mM Me® with or without ‘Sephadex’ or 'Bio-Gel'. 
stored for 1 day at room temperature over P.O, and then rehydrated, 
Sedimentation analysis was carried out through 5-20 per cent sucrose 
gradient made in 10 mM MgCl,-50 mM KCI-10 inM tris HCl ( pH Telat 
48,000 r.p.mi. for 45 min in a Spinco SIF 50-1 rotor. The gradient was 
analysed for optical density from the top through an ISCO flaw cell 
attached to a Gilford spectrophotameter. 4. Control ribosomes Cnon- 
dried}: B, ribosomes dried without addition: C. ribosomes dried with 
‘Sephadex G-2007; D, ribosomes dried with ‘Bio-Gel P-200'. 
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quiek drying (less than 1 h) in tris HCl. buffer (pH 7-4) 
containing 5 mM MgCl, 50 mM KCI, 6 mM §-mercapto- 
ethanol and 1 mM spermidine and in the presence of 
‘Sephadex G-200°. — Preliminary experiments indicate 
that ‘Sephadex G-100, 'G-50 and equivalent “Bio-Gel’ 
preparations also give similar results. More recently we 
have found that freeze-drying of E. coli ribosomes enables 
functional ribosomes to be prepared in the 
‘Sephadex’ (unpublished results of T. K. and T. T.). 

We thank Dr T. Nihei for helpful discussions. T his 
work was supported by grants from the National Cancer 
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Fig. 2. Incorporation of ( 4¢5-phenvlalanine by E. colt ribosomes dried 
slowly or quiekly in the presence or absence of ‘Sephadex’. E. colt ribo- 
somes in 5 mM Mg? were dried over P,O; quickly (within 1 h, under high 
vacuum) or slowly (about 5-6 h, under low vacuum) with or without 
‘Sephadex G-200 After storage for i day at room temperature over 
P.O,, the dry preparations were rehydrated. The reaction mixture for 
phenylalanine incorporation (total 1 ml.) contained 10 umoles of tris HC] 
(pH 7:4), 50 u moles of KCl, 10 umoles of MgCl, 6 umoles of P-mer- 
captoethanol, 0:0035 umole of ( “@)-phenvialanine (341 mCi/mmole), 
0-009 umole of tyrosine, 0-0175 umole each of eighteen other amino-acids, 
0-7 umole of ATP, 0-02 umole each of GTP, UTP and CTP, 3-5 emotes of 
phosphoenol pyruvate, 14 gg of pyruvate kinase, 0-7 mg of poly U, 6-4 
mg of ribosomes, and S100 fraction? containing 0-7 mg of protein. 
Ribosomes were pre-incubated with ATP at 37° € for 10 min. At desig- 
nated times, 0-2 mi. portions of samples were withdrawn, and hot 
trichloroacetic acid-precipitable radioactivity was measured. ©, Con- 
e. dried quickly with “Sephadex G-200'; A, dried 
^. dried quickly without ‘Sephadex 
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Fig. 3. Incorporation of (9C)-phenylalanine by E. coli ribosomes dried 
in the presence or absence of spermidine. E. coli ribosome preparations 
in 5 mM or 10 mM Mg?* were dried slowly (5-6 h) over PO, in the 
presence of ‘Sephadex G-200' except one indieated below (£7). After 
storage at room temperature for 1 day, the dry preparations were 
rehydrated and analysed for phenylalanine incorporating activify as 
described in Fig. 2. <>. Control (non-dried); €, dried with 1 mM sper- 
midine in 10 mM Mgt: C, dried with 1 mM spermidine in 5 mM Mg’; 
A. dried without spermidine in 5 mM Mg: A, dried without &permi- 
dine in 10 mM Mg*; Ch dried with 1 mM spermidine in 5 mM Mgt 
but without ‘Sephadex’. 
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Pyoperties of Bibososmes 


Pathway for Cortisol Biosynthesis in 
the Foetal Adrenal Cortex 


Human adrenal tissue, both normal and hyperplastic, or 
from patients with mammary carcmoma. has the capacity 
to convert both pregnenolone and progesterone to 
corticosteroids in vitro. There is often a clear distinction 
between the ways in which these substrates are used, 
however, in that pregnenolone is preferent ially converted 
to the 17a-hydroxycorticoids, whereas progesterone seems 
to be more important as a substrate for 17-deoxycorticoid 
formation?4. The isolation of 17 a-hydrexypregnenolone in 
particularly high yields durmg the esrlv stages of an 
ineubation with radioactive pregnenolone strongly sug- 
gests the intermediary role of this ceompeund?. Neverthe- 
less, the nature of the biosynthetic pathway by which 
172-hydroxypregnenolone is transformed to eortisol is not 
clear. It is possible that this compound may be acted 
on by a A‘,36-hydroxysteroid dehydrogenase system to 
yield 17a-hydroxyprogesterone^; as an alternative, the 
work of Pasqualini, Lafoscade and Jarle* suggests that 
further hydroxylation at C-21, to yield 179,21 «b hydroxy- 
pregnenolone, may precede the formation of A*,3-ketones. 
This pathway may also occur in the foetus". In our earlier 
investigation?, a signifieant yield of 17a-hydroxypro- 
gesterone was formed from pregnenolone, but no evidence 
was found for the production of further A5,38-hydroxy 
compounds whieh could be intermed;ates in the bio- 
synthesis of cortisol ln order to stmdy this problem 
further, a kinetie study was undertaken of the products 
obtained from foetal human adrenal tissue ineubated 
with [4—C] 17a-hydroxyprogesterone and [7a-9H] 17a- 
hydroxypregnenolone. 

The methods were similar to those deseribed previously?. 
Foetal human adrenal tissue (age of foerus 16 weeks, with 
the normal histological features of a large foetal zone and 
a thin rim of definitive cortex®; total adrenal weight, 410 
mg) was minced and ineubated with 0-3 uCi (4-40) Ia- 
hvdroxyprogesterone and 5:0 uC [72-2H] 17a-hydrexy- 
pregnenolone (giving 1-5 ug of each substrate) in 1 mil. 
of Krebs bicarbonate Ringer solution (30 mg tissue/ral.). 
Samples of the medium were removed at intervals m the 
usual way and extracted with ethyl acetate. 

All samples were chromatographed on paper at first. in 
system L/75 (light petroleum; 75 per cent methanolj*^. 
Material with the mobility of 172-hydroxyprogesterone 
(fraction I) and material more polar than l7a-hydroxy- 
progesterone (fraction IT) were eluted, treated with acetic 
anhydride and pyridine? and re-chrematographed (1: 
system L/75; II: system CB/80 (eye lohexane/benzene: 
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80 per cent methanol) 3 h, system L/75 2 h). The yields 
from the radioactive precursors of 17a-hydroxypregneno- 
lone acetate, 17«-hydroxyprogesterone, 11-deoxycortisol 
acetate and cortisol acetate were then estimated, expressed 
as percentage yields of the originally added precursors, 
and plotted against time. Samples of each produet were 
subjected to farther purification and identification 
procedures’, 

Material with the mobility of 17a,21-dihydroxypreg- 
nenolone diacetate was also eluted (system CB/80, L/75), 
hydrolysed and rechromatographed (system T/70; toluene: 
70 per cent methanol). The isotope content was estimated 
before and after hydrolysis. 

Further purification procedures confirmed that [*H: 1a] 
174-hydroxyprogesterone, PH] 17 a-hydroxypregnenolone, 
PH; ^C] 1l-deoxycortisol and PH; C] cortisol were 
obtained in a relatively pure form, and the curves for the 
time taken to yield products are shown in Fig. l. The 
maximum yield of [PH] 17«,21-dihydroxypregnenolone at 
any stage was estimated to have been less than 0-4 per 
cent. This small quantity could not be identified. 

The results indicate that both substrates were trans- 
formed into cortisol, although the maximum yield from 
DH] 17a-hydroxypregnenolone was fairly low. The 
relatively rapid formation of [40] 11-deoxycortisol in the 
early stages, followed by its later decline in concentration, 
suggest—in accordance with the literature—-that this 
compound is an intermediate in the production of cortisol 
from 17«-hydroxyprogesterone. A similar pattern in the 
production of PH] 17-hydroxyprogesterone from [H] 
17a-hydroxypregnenolone suggests the intermediary role 
of this compound. Because [?H] 11-deoxycortisol was also 
produced (although without showing such a clear maxi- 
mum in concentration) it seems likely that the pathway 
for the formation of cortisol is that shown in Fig. 2. It 
seems that in the conditions of this experiment the 
alternative pathway was unimportant. In our previous 
study, although 179-hydroxypregnenolone was formed 
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n l. Yield-time curves for labelled products obtained during in ritro incubation of foetal human adrenal tissue with 
[UCIiTa-hydroxyprogesterone and PH ]17a-hydroxypregnenolone. F, Cortisol; 8, H-deoxyeortisol; 17 P, 17a-hydroxv- 
progesterone; 17 Pg, 17a-hydroxypregnenolone : ` 


17.21 Pg, 17a,21-dihydroxypregnenolone. 


from pregnenolone by foetal adrenal tissue, ib was ap- 
parently not converted to cortisol. The activity of the 
A*, 3B-hydroxysteroid dehydrogenase system of the foetal 
neocortex increases sharply, however, during the fourth 
month of gestation*. This diserepaney may therefore have 
arisen from differences in the developmental stage of the 
foetuses. 


(Cholesterol) Pregnenolone 17 a-Hydroxypregnenolone— 
17a-Hydroxyprogesterone—-11-Deoxycortisol-> Cortisol 


Fig. 2. Pathway for cortisol biosynthesis. 
We thank Professor C. S. Russell for the supply of 
foetal material. 
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Effects of Cerebral Stimulation on the 
Biosynthesis in vitro of Nucleotides 
and RNA in Brain 


In view of the possibility that memory, such as that 
acquired in learning, is represented by some permanent 
change in the brain, and that the change is brought 
about as a result of chemical activity in the brain cell, 
we carried out experiments to observe whether various 
stimulating agents affect nucleotide and RNA bio- 
synthesis in isolated brain. We examined the effects of 
electrical stimulation, and of changes in the cation com- 
position of the incubation medium and of acetylcholine, 
on the rates of incorporation of labelled uridine into 
uridine nucleotides and RNA in slices of rat brain cortex. 
The results are summarized here. Full details wil be 
published elsewhere. 

Slices of cerebral cortex (0-3-0-4 mm thick) from adult 
female rats were incubated at 37^ C in Krebs-Ringer 
phosphate media eontaining 10 mM glucose in the presence 
of oxygen by the conventional Warburg manometric 
technique. Uridine-2-C (usually about 6 uM) was added 
to the media after temperature equilibration; after 
incubation for 30 min the slices were washed and homo- 
genized at 0? C in 5 per cent trichloracetic acid. "The 
homogenate was centrifuged and the supernatant analysed 
chromatographically foe phosphorylated and free uridine 
after removal of trichloracetic acid by ether. After 
removal of acid soluble radioactivity by washing and lipid 
removal by alcohol-ether extraction, the residue from the 
centrifuged homogenate was dissolved in 2 ml. of 0-2 N 
KOH and incubated at 37? C for 18h. DNA and proteins 
were precipitated with perchloric acid and the radio- 
activity of the hydrolysed RNA in the supernatant was 
estimated in a liquid scintillation counter. Electrical 
stimulation of the slices of brain cortex was carried out 
by methods already described!. 

Application of electrical impulses had a marked 
diminishing effect on the rate of conversion of uridine into 
uridine polyphosphates and into RNA in slices of rat brain 
cortex?2, The potent neurotoxin, tetrodotoxin (5 uM), 
blocked the inhibitory effect of electrical impulses on 
cerebral RNA biosynthesis. Because the metabolic 
effects of electrical impulses in isolated brain were sup- 
pressed by the addition of small concentrations of tetrodo- 
toxini—which acts by inhibiting sodium influx during 
electrical stimulation—it seemed possible that the sup- 
pressing action of electrical impulses on the formation of 
uridine polyphosphates and RNA was caused by the influx 
of sodium ions into the brain cell. This prediction was 
verified by our finding that increasing the concentration of 
sodium ions in the bathing medium above an initial value 
of 128 mequiv/l. led to a diminution of the rate of 
incorporation of labelled uridine into both RNA and 
uridine polyphosphates. For example, an inerease of the 
NaCl content of the medium from 128 mM to 178 mM 
diminished the rate of ineorporation of uridine into 
uridine polyphosphates by 47 per cent and into RN A by 
56 per cent. The influx of uridine into the brain tissue, 
however, was not diminished. Ouabain (1 uM), which 
suppresses the activity of the sodium pump, inhibited the 
incorporation of uridine into RNA by 32 per cent. 

Increasing the concentration of KCl in the bathing 
medium from 5 mM to 15 mM led to an increase in the 
rate of incorporation of uridine into RNA by 54 per cent; 
further inerease to 50 mM brought about a considerable 
fall in the rate of incorporation of uridine into RNA. Two 
effects of potassium ions on RNA biosynthesis seemed to 
operate: (1) a stimulation dependent on the cell content 
of K*; (2) an inhibition eaused by the fall in celllevel of ATP 
that occurs with relatively high concentrations of K* in 
the medium’. 

Studies with dialysed brain extracts in the presence of 
added magnesium ions and ATP showed that con- 
centrations of sodium chloride of 100 mM or over led to 
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diminished rates of incorporation of uridine into uridine 
polyphosphate (though not into uridine monophosphate), 
the diminution amounting to over 39 per cent of the rate 
found in the absence of sodium ions. Potassium ions 
acted similarly to sodium ions in the brain extracts. The 
stimulating action of potassium chloride at 15 mM, on 
incorporation of uridine into RNA in brain slices, was not 
the result of an accelerating action of potassium ions on 
the formation of uridine polyphosphates but rather of an 
inereased retention of potassium ions in the brain cell 
leading to an inereased rate of formation of ATP (by them 
well known accelerating effect on the activity of pyruvate 
phosphokinase) or perhaps to a direct effect on RNA 
biosynthesis’. 

In other experiments, acetylcholine (1 mM}, in the 
presence of eserine, brought about an increased rate of 
incorporation of uridine into RNA in rat brain slices in the 
presence of potassium ions. The combination of 15 mM 
KCl and acetylcholine brought about a doubling of the 
rate of uridine incorporation into RNA found in the 
presence of a normal Ringer medium. Carbamyl-choline 
(in the absence of eserine) was as effective as acet yicholine 
(in the presence of eserine). The stimulant action of 
acetylcholine was diminished in the absence of sodium ions. 
Results of experiments on the kinetics of uridine incorpore- 
tion indicated that the effect of acetylcholine may be a 
result of its diminution or removal of the initial time lag* 
observed during the course of uridine incorporation into 
RNA. Acetylcholine did not affect the diminished rate of 
RNA biosynthesis brought about by electrical impulses. 

It seems therefore that the cerebral stimulating agents 
we have described promote changed rates of nucleotide 
and RNA biosynthesis in rat brain slices. The effects 
of these stimulating agents seem to stem largely from 
reactions at the brain cell membrane. 

We thank the Medical Research Council of Canada for 
financial support. 
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Artefact in the Measurement of the 
Molecular Weight of Pulse Labelled DNA 


TsUKADA et al.) have recently reported that, after dena- 
turation, newly replicated DNA from regenerating rat 
liver cells apparently has a lower molecular weight than 
the main body of the chromosomal DNA. After pulse 
labelling with tritiated thymidine, they isolated the DNA 
by conventional methods, which extensively shear the 
DNA, thereby reducing its chain length, and then meas- 
ured the molecular weight of the denatured DNA by 
sedimentation on an akaline sucrose gradient. 

We have obtained exactly the same results with a 
murine lymphoma cell (L5178Y) grown in tissue culture. 
and have shown that there is no need to invoke any special 
intermediate which is involved in DNA replieation in 
order to explain the experimental results. The peak 
molecular weight of pulse labelled DNA will always be 
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Pig. 1. Model showing the effect of shear on a piece of DNA with a short 

length of label (Mi ten units) on one end. The column of figures at the 

right indicates for comparison the amount of label that would be obtained 
by full labelling, 


lower than that of fully labelled DNA whenever shearing 
forces produce a distribution of DNA moleeules of differ- 
ent lengths. This phenomenon can be predicted from 
theoretical calculations of the distribution of radio- 
activity on a sedimentation gradient from a sheared 
molecule which is labelled only at the end. as is the case 
with pulse labelling. 

The lymphoma cells were pulse labelled for different 
lengths of time with tritiated thymidine; they were then 
washed, suspended in 0-9 per cent saline solution, X- 
irradiated and layered on to a lysing agent on an alkaline 
sucrose gradient. After centrifugation, fractions were 
collected from the tubes and their acid-insoluble radio- 
activity was estimated. Full experimental details are 
given by Lett etal.?. Using this method, the DNA suffers 
no degradation as a result of mechanical shearing forces. 
X-irradiation was used to introduce a known number of 
single strand breaks into the DNA, for we have found it 
impossible to isolate unirradiated DNA from these cella by 
this method, because of the high molecular weight of the 
chromosomal DNA?. "The results were compared with 
those obtained from cells, the whole chromosome of which 
had been labelled by growth for 16 h in medium contai ning 
tritiated thymidine. 

Our experimental results are in complete agreement with 
those of Tsukada et al.'. The pulse labelled DNA appears 
to sediment more slowly on an alkaline sucrose gradient 
than the fully labelled DNA-—that is, the nascent DNA 
apparently has a lower molecular weight than the old. 
This result is to be expected if a long molecule is labelled 
on one end and then sheared and the moleeular weight 
distribution of the label is then measured. 

The distance sedimented by a given fraction on a 
sucrose gradient is a measure of the molecular weight of 
the molecules in that fraction. The radioactivity in the 
fraction (that is, the experimentally determined para- 
meter) is proportional to the amount of label in the mole- 
cules of that molecular weight. For a fully labelled system 
this is directly proportional to the weight of the molecules 
in the fraction-—that is, to the product of the number of 
molecules and their molecular weights. Thus one molecule 
of molecular weight ten units will give as many counts as 
ten molecules of molecular weight one unit. This is not so, 
however, for pulse labelled molecules. If we consider 
molecules sheared from the labelled end it ean be seen 
that all labelled molecules which are longer than the pulse 
length will have an equal small amount of label at one end. 
Thus small and large molecules contain the same amount 
of radioactivity. In the pulse labelled DNA therefore the 
higher the moleeular weight the lower is the fraction of the 
molecule which is labelled, so that, on a sucrose gradient, 
it appears that there is a lower amount. of high molecular 
weight material compared with fully labelled DNA. The 
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result is a shift of the peak of tritium activity on the 
sucrose gradient to a lower molecular weight. For random 
shear (as is obtained with X-rays)? the shift of the mole- 
cular weight peak as a function of the length of the pulse- 
label and the average molecular weight can be precisely 
calculated. We have done this and have demonstrated 
that for different pulse times and a wide range of molecular 
weights (obtained using different doses of X-rays) the 
apparent molecular weight of the DNA measured ex- 
perimentally agrees with the value predicted by the 
calculation. The complete mathematical analysis and the 
full set of experimental results will be published in a 
longer article, Figs. 1 and 2 show a very simple model 
based on a random molecular weight distribution which 
demonstrates this effect. In the model, we have onl y 
considered molecules formed by one break near the 
labelled end. A complete analysis must also consider 
molecules formed by two separate breaks in the original 
DNA. The overall picture obtained is very similar (our 
unpublished results). Fig. 3 shows some examples of the 
experimental results which we have obtained. 
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Fig.2. A demonstration of the change in the measured molecular weight 
distribution caused by labelling one end of a molecule, and then sheari ng. 
The molecular weight distribution chosen is random, as obtained after 
X-irradiation. This presentation shows a plot of radioactivity 
(equivalent to n x Miabetted) against molecular weight. In this diagram 
the abscissa is molecular weight which can be derived from a sedimenta- 
tion experiment, but the two cannot be compared directly. Mi= pulse 
length, chosen as ten arbitrary molecular weight unite: M = molecular 
weight; n=number of labelled molecules of molecular weight M. 
—, Fully labelled; - - - , pulse labelled, Ordinate, n x Mubetisd: 
abseissa, M. 





As the pulse length is increased, the apparent molecular 
weight of the nascent DNA moves towards that of the 
fully labelled material until, when the pulse is long enough, 
the two molecular weight peaks are coincident. This ean 
be demonstrated by inereasing the pulse length in the 
model in Fig. 1. This was observed by Tsukada ef al 
and also by us. The higher the average molecular weight 
of the DNA, the longer is the pulse length needed to sedi- 
ment the naseent DNA at the same position as the old 
DNA. This effect is shown experimentally in Fig. 3. 
Beeause we have worked with DNA of higher molecular 
weight than did Tsukada et alẹ, in our work the difference 
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between nascent and old DNA is apparent at longer 
pulse times. 

The case of a long molecule containing a short length 
of label in its centre will now be considered. As before, 


after shearing, a long piece which contains label will have, 


a smaller fraction of its length labelled than will a short 
piece. The long piece now has a greater chance of con- 
taining all or part of the small labelled length, however. 
For random shear, it can be shown that these two effects 
exactly cancel each other out (our unpublished results) 
and that the peak of tritium activity on a sucrose gradient 
will coincide with that from the fully labelled DNA. This 
is what is observed if the pulse of tritiated thymidine is 
followed by a long enough chase with non-radioactive 
thymidine. This situation also arises if native pulse 
labelled DNA is sedimented on a neutral gradient, for the 
label will now be in the centre of a long molecule, provided 
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that the DNA is not preferentially sheared at the re- 
plieating fork. Tsukada et aL' observed that native 
nascent DNA sedimented on neutral sucrose gradients in 
the same position as old DNA. We have confirmed this 
observation in our system. The conclusion that can be 
drawn from this result is that the repliesting fork i& not 
unduly susceptible to mechanical shear. 

The results obtained with mammaban cells pulse 
labelled with tritiated thymidine have merely confirmed a 
result that can be predicted by a consvleration of the 
effect of shear on a long molecule. They do not exclude 
the possibility that short lengths of DNA are involved as 
intermediates in DNA replication but the experiments 
have failed to demonstrate their existence: 

We thank Professor P. Alexander for his advice and 
encouragement. One of us (A. R. L.) is on en MRC scholar- 
ship for training in research methods. This work was 
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Sedimentation profiles obtained after doses of 10 krads (1) and SO Krads (2) for pulse labeling for 10 


min (a for 5 min {b}, and full labelling (e). The DNA sediments from right to left, and the higher the 
molecular weight, the further the DNA will sediment, The abscissa here, reading from right to left, is propor- 
tional to sedimentation constant, which is related to, but is not proportional to, the molecular weight. Rotor 
speed 40,000 r.p. m. Spinning times: 1 (a) 60 min, 1 (b) 70 min, 1 (e) 60 min; 2 (a) 150 min, 2 (b) 180 min, 2 (e) 


120 min. 
*H counts; 


The numbers in the diagrams are 107" x the molecular weight of the DNA in those fractions. Ordinate, 
abscissa, fraction No. 
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Two-dimensional Resolution of Plasma 
Proteins by Combination of Poly- 
acrylamide Disc and Gradient Gel 
Electrophoresis 


ELECTROPHORETIC migration of proteins depends on their 
electrophoretie mobility and the resistance of the support- 
ing medium. The latter is an important factor in starch 
and polyacrylamide gels the action of which as molecular 
sieves contributes greatly to the resolution of protein 
mixtures. This is further enhanced in gradient gels!'-5 in 
which protein molecules are driven through progressively 
decreasing pores until they are brought to a near dead 
stop in order of their size; a procedure appropriately 
called “pore-limit electrophoresis" 5. 

Proteins of similar mobility cannot be readily separated 
by free zone electrophoresis, nor can those of the same 
size be resolved by the pore limit technique. In homogen- 
eous gels, or in gel gradient runs carried short of the pore 
limit, the result depends on the combination of factors. 
Chiefly this is an advantage: hence the increased resolu- 
tion in these media. In some cases the differences in 


charge and size are mutually cancelling; for example, 
some immunoglobulins are superimposed on much larger 
molecules while any two of the proteins as different as 
(molecular weight 
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Fig. 1. 


ferrin, 9, haemopexin; 





Two-dimensional pattern of human plasma. First stage, 2-7 per cent gel. 
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(90,000) and haemoglobin (68,000) will travel as one band 
at a suitable gel concentration’. 

Two-dimensional electrophoresis" *, especially when 
applied to the gradient method’, surmounts these diffieul- 
ties because it separates proteins acearding to their 
mobility in one direction and according to their size in 
the other. Because it is not practical to carry out the 
first stage as a free zone electrophoresis we have adapted 
the dise method®: for use with low concentration poly- 
acrylamide gels (2-3 per cent) which offer very little 
protein molecules’. 

Rods of 2:7 per cent acrylamide with 5 per cent cross- 
linkage, O65 per cent dimethylaminoproprionitrile 
(DMAPN) and 0-5 per cent ammonium persulphate were 
cast in plastic tubes 3x 70 mm (internal dimensions). 
The bottom was sealed with à membrane of cellulose 
acetate held in place by a cuff of flexible tubing. A free 
space of 1-2 em was left for application of samples. After 
10-20 min the thin layer of unpolymerized solution on the 
surface was washed away and the gels were used at once 
or stored at 4° C. The gels were first pre-run in a modified 
dise electrophoresis apparatus?^!* for 0-5-1 h at 50 V in 
the buffer of choice, then 5-10 ul. of plasma, thoroughly 
dialysed against the same buffer, was layered on top of 
the gels. With more diluted samples 10 pcr cent sucrose 
was added to the dialysis solution. At least one sample 
tagged with Coomassie brillant blue’! was meluded to 
indieate the length of the run whieh was usually for 
0-5-2 h at 70 V. 

The gel rods were semi-fluid and could not be handled 
in the usual way. They were expelled under buffer with 
the aid of a rubber teat, or a length of aspirator tubing 
attached to the tube whieh was then used as a pipette 
to capture and transfer the gels. For further processing 
the gels were transferred into wider tubes. which were 
closed off with a piece of muslin at both ends. 

The second stage was carried out. in gradient gels pre- 
pared in batches in glass cells as deseribed before’, with 
the following modifications: (1) smaller cells were used 
(82x82x5 mm); (2) sucrose was omitted; (3) mostly 
coneave instead of linear gradients were used (see Fig. 1). 
These were prepared with the aid of a tall lat rectangular 
vessel with an adjustable partition'®. After the comple- 
tion of the first stage. the gels were "pipetted" onto the 
surface of the gradient slabs which were then inserted 





Second stage, concave gradient. A pee ee nee vex 
^ H a = +. owe T 4 ¢ € A ! ^ 322 » I ai ; PE ^at p waa 4 Y ^ " i tion G > gels r Rey: 

adient (approximately 2-5 per cent) formed at the top as a result of dilution with overlying water during preparation of gels Mes 
T 2. 8, Pun in EISDUIDS M ( 7?) G, A( ) in this order; 4,8-lipoprotein; 5, a,-macroglobulin, 6, fibrinogen; 7, ceruloplasmin; 8, trans- 


10, added haemoglobin; 11, albumin; horizontal bars, haptogiobin (type 2-D-haemoglobin complex and 


polymers. 
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into the electrophoresis apparatus’. A typical second stage 
run was for 24 h in tris EDTA borate buffer, pH 9-2 
(ref. 8), at 6° C and 70 V, the current falling from initial 
25 to final 10 mA. The gels were stained with 0-3 per 
cent amido black for 8-16 h and de-stained by continuous 
washing in 7 per cent acetic acid with or without the aid 
of current?. 

Fig. 1 shows the two-dimensional pattern of human 
plasma. It is clear from the position of the proteins 
identified so far that from right to left the pattern is 
determined by eleetrophoretie mobility, and from top 
to bottom by the molecular size. 

Two-dimensional gradient electrophoresis may be 
particularly useful in visualizing the immunoglobulins 
and the crowded post-albumin region. 
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Effect of Dietary Chlortetracycline 
on the Rate of Growth of Wool 
in Sheep 


A REDUCTION in ruminal deamination should increase the 
availability of amino-acids in the host, and should lead 
to an increase in the rate of synthesis of wool fibre. This 
report is of a pilot study designed to measure the gross 
effects of dietary supplements of chlortetracycline on the 
rate of growth of the wool of sheep given rations which 
differed appreciably in protein concentration. 

Sixteen mature Merino ewes of similar live weight were 
randomized into four treatment groups as follows: 
(a) high protein ration plus ehlortetraeychne ; (6) un- 
supplemented high protein ration; (c) low protein ration 
plus chlortetracycline; (d) unsupplemented low protein 
ration. 

The initial mean live weight of the experimental animals 
was 80-5 pounds. The high protein diet consisted of a 3:1 
mixture of lucerne chaff and linseed meal and contained 
17-4 per cent crude protein on a dry matter basis. The 
low protein was a 1:1 lucerne chaff-wheaten chaft 
mixture which contained 7-2 per cent crude protein on a 
dry matter basis. Each of the four groups of sheep was 
fed at the rate of 1,125 g/sheep/day. The individual 
groups were maintained in four separate rooms of the 
John Hammond Climate Laboratory, so as to minimize 
antibiotic transfer. Chlortetracycline mixed with calcium 
carbonate was incorporated with the feed in the feeding 
troughs, and was administered at a level providing 10 mg 
of chlortetracycline/450 g ration. Animals were fed daily. 
Each animal had a 9 x 9 cm square tattooed on its right 
mid.side before the experiment was begun, and wool was 
colleeted from within this nrea at intervals of 3 weeks 
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Animale were cho Ww UM) The st Ta Was res 
during the period April- June 1968, and eontinued for a 
total of 12 weeks, Results are summarized m Table ! 


Table 1. 


EFFECT OF DIETARY CHLORTETRACYCLINE OW GROWTH OF WOOL 


Treatment Time Ae e say Relative woo! 
group 0-3 3-6 6-8 9-12 Eotal production 
(a) 1-76 1-95 2.06 2:40 RIIS 138 
(h) 1:10 1:53 1:69 1:57 RG 100 
(e) 1:23 1-18 0-38 134 473+ 110 
(d) 1-09 1-08 0-04 1:20 4 29 100 


* Significant difference from control (P « 0-01). 
t Significant difference from control (P « 0-05). 


Dietary supplementation of chlortetrazyelmne signifi 
cantly inereased the rate of growth of wool and it was 
evident that the effect was most pronounced in sheep fed 
the high protein ration. The suggestion of enhanced 
deaminative bacteriostatic action of the antibiotie in 
sheep receiving the high protein ration agrees with the 
reports of Warner! and Oxford?, 

The total live weight gain during the course of the study 
was 9-7, 9-0, 5-2 and 2-2 pounds/head in groups (a), (5), 
(c) and (d) respectively. The antibiotic thus induced 
small but non-significant improvements on live weight 
gain. The high and low protein rations n:duced notably 
different rates of gain, as was expected. 

There are two ways in which the rate of growth of wool 
could be promoted without significantly affecting energy 
balance and live weight gain. If chlortetracycline primarily 
retarded the proliferation of deaminase-producing bacteria, 
the resultant increase in the availability «f amino-aeids 
could be large enough to inerease the rate of synthesis of 
wool without materially adding to the ne: energy value 
of the ration. Alternatively, an increase in the availability 
of amino-acids capable of significantly incrsasing the net 
energy value of a ration could be offset by a decrease in 
the utilization of other dietary components. The level of 
chlortetracycline supplementation used im the present 
study was unlikely to affect the digestibilit of the ration 
components’, making the first alternative the more 
probable. Wool growth responses oecurringin the absence 
of significant increases in live weight have seen reported 
and may be explained on the basis of the small mereases 
in nitrogen storage involved. The failure of ehlortetra- 
eyeline to influence the nitrogen balance of lambs in 
the studies of Tillman and MacVicar could be attributed 
to the errors involved in this measurement and a small 
but biologically important increase in nitregen storage. 

The known susceptibility of tetracyclines to the develop- 
ment of resistance of organism? was not ewident im the 
bacteriological assays we performed at the conclusion of 
our study, but this may be because of the rather unique 
dynamics of rumen microbial M vins The inter- 
demonstrate the sensitivity of the ow. E^. od. to 
alterations in the supply of amino-acids. Whatever the 
mechanisms involved, however, a more eritieal evaluation 
is warranted of the role of chlortetracycline and related 
compounds in wool growth regulation. 

M. K. Hitt. 
JENNIFER E. 
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University of New England, 
Armidale, 
New South Wales. 
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Loss of Hair in Experimental Animals 
induced by Cyclophosphamide 


ADMINISTRATION of antitumour agents to patients is 
frequently followed by loss of hair. This loss is usually 
reversible in the sense that new hair replaces that lost. 
often during continued therapy. These changes have been 
noted following the administration of a variety of anti- 
tumour agents including evclophosphanude, colcemid, 
methotrexate. hydroxyurea, vinblastine and vincristine, 
ollowing (1) they 
are effective in the therapy of od geal disease in humans 
and experimental animals: (2) they frequently cause 
alopecia in humans; and (3) they do not cause sumilar 
alopecia in conventional laboratory animals.  Cyclo- 
phosphamide was used in the work deseribed here because 
of the relative prominence of its alopecie property. 
Whereas human hair grows more or less continuously, 
the hair coats of beagles, rhesus monkeys, rats and mice 
grow discontinuously and are replaced seasonally or 
cyclically. Sheep, several breeds of dogs. the angora 
rabbit, the angora goat and the long haired guinea-pig 
have continuous growth of hair. Several of these animals 
were examined and extensive investigations were carried 
out in poodles and sheep. 





Suffolk sheep 3 weeks after a single intravenous dose of eyclo- 
phosphanide (30 mg/kg). 


Fig. 1. 


Doses for initial studies, carried out in two poodles, were 
based on clinical use of evelophosphamide and on previous 
toxicological studies in beagles. An intravenous regimen 
of 6 mg/kg/day for 15 days produced no significant 
response other than proteinuria within 28 days. The 


results of two subsequent single doses of 20 mg/kg. 15 
days apart, were also negative except for a persistent 
protemuria. 


Unequivoeal but reversible leucopenia (~ 1,000-2,000 
cells/mm?) became evident following a dose of 30 mg/kg, 
and after about 2 weeks a definite but slowly progressive 
loss of hair was apparent. The loss was most conspicuous 
on the head and along the midline of the neck and back 
and in the axillary and. inguinal areas, eventuallv involving 
an estimated 20-25 per cent of the body surface. New 
growth replaced the lost hair over the next several weeks, 
The death of one poodle 7 days after a second single dose 
of 30 mg/kg apparently resulted from respiratory disease, 
probably exacerbated by cyclophosphamide. Injection 
of a dose of 40 mg/kg to the survivor resulted in extensive 
svstemie toxicity and virtually complete loss of hair 
eee Dy derma a E Gonna bis regressed 
hi )alr Was ev ideni 25 Bava 3 d the dosi. 

We then considered the use of sheep, which, in addition 
to having eontinuous growth of hair, are inexpensive and 
locally available. ‘The initial dose of eyelophosphamide 
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was 30 visito: administered as à single intravenous dose 
to one male and one female Suffolk sheep. No gross signs 
of toxicity or pharmacological effect were observed during 
the first few days after treatment and the animals 
appeared to be in good health. Beginning on the sixth 
day. the wool on the backs and flanks cf both animals 
became progressively looser and could be pulled or brushed 
out with httle effort. The loss of wool progressed for 
approximately 3 weeks and involved most parts of the 
body, ‘appre? wool being the last to fall (ng. L). 


ak T he Block. bos. of the jade. i ears “and dure 
(whieh is short and crisp, and which, unlike wool, does not 
grow continuously) did not become loose and could not be 
pulled out. 

The most reliable quantitative indicator of toxicity in 
sheep was leucopenia. The lowest counts were observed 
within 2 days and recovery within 7. Alterations in blood 
urea nitrogen, alkaline phosphatase and senum glutamic- 
oxaloacetic transaminase were also observed but were not 
consistent or dose-related. Prolonged slight loss of weight 
and anaemia were noted, but these are probably not pri- 
marily drug-related. Early regrowth of wool was evident 
within 4 weeks, 

Skin biopsy specimens were taken at various intervals 
following a subsequent dose of 40 mg/kg. A deseription 
of the histology is summarized in Table 1. [Intracellular 
damage to the germinal matrix of the hair follicles was 


evident after 4 h by light and electron microscopy and 
was extensive after 24 h., but gross manifestation was 
not apparent for several days. Although there was 


histological evidence of retarded growth of hair, neither 
complete follieular necrosis nor cessation of hair growth 
was seen. Functional recovery of the follicles was 
apparently complete. The dark colour and fine texture of 
the initial new growth were quite reminiscent of lamb's 
wool, 


Table 1. EFFECTS ON GROWTH OF WOOL OF A SINGLE DOSE OF CYCLOPHOS- 
PHAMIDE (40 mg/kg) ADMINISTERED INTRAVENOUSLA TO ADULT SUFFOLK 
SHEEP 

Date 
Feb. 1, 1968 


Histopathologieal observations Gross observations 


2hafterdose Normal Normal 
4hafterdose Swelling and vesiculation of cells of 
deep germinal matrix of hair 

follicles Normal 
Feb. 2, 1968 Numerous necrotie cella in germina! 

matrix of hair follicles Normal 


Feb, 9, 1968 Hair follicle bulbs moderately smal- 


ler than normal Wool could be pulled 


Feb, 16,1968 Normal Wool loose; falling 
Feb. 27, 1968 Normal Regrowth evident 


The dramatie loss of hair observed in sheep following 
the administration of eyclophosphamice in conjunction 
with the apparently tolerable toxicity and the subsequent 
regrowth of wool suggested potential economie application 
of this phenomenon. The results of this study were 
therefore communicated to the US Department of Agri- 
culture, which is pursuing this line of work. 

Limited studies have been undertaken using other 
species with continuous hair growth. Single intravenous 
doses of eyelophosphamide administered to angora rabbits 
at the rate of 30 mg/kg were ineffective in producing 
alopecia, although severe diarrhoea occurred. Extensive 
loss of hair occurred after 50 mg/kg had been administered 
to two rabbits, but one of the two died. The ratio of the 
lethal dose of cyclophosphamide to the dose required to 
produce loss of hair seems less favourable in the angora 
rabbit than in the sheep. 

Initial doses of 30 mg/kg of cyelophosphamide were 
Bonner to ons haired guinea- pes and the animals 

gat, loss of hair and 
ue open nia. RED. after’ a qun dcs period, no effeets 
were seen, single doses of 75, then 100, 150, 200, 250 and 
finally 300 mg/kg were given. Leucopenia WAS seen 
followi ing doses of 100 mg/kg and above. Loss of hair 
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occurred in only three of six animals given 200 mg/kg; 
however, the remaining three subsequently lost their hair 
after 250 mg/kg. A single dose of 300 mg/kg was lethal to 
two guinea-pigs. Two features of particular interest 
appeared in the studies of guinea-pigs. The dose of 
eyelophosphamide required to produce loss of hair was 
more than five times the effective dose in sheep, and at 
least three times the minimal lethal dose in the dog and 
rabbit. Susceptibility to loss of hair in the guinea-pig 
was apparently related to skin pigmentation. — Multi- 
coloured guinea-pigs suffered the greatest loss of hair in 
those areas of the skin which were black and which 
produced black hair. 

Studies now in progress using other antitumour agents 
will demonstrate the die ndis. of these model systems as 
predictors of drugs producing alopecia and as tools for 
studying means of preventing latrogenie alopecia. 

These data have been presented in part at the autumn 
1968 meeting of the American Society for Pharmacology 
and Experimental Therapeutics and published i in abstract 
fonw. We thank Mr Philip Marshall and Mrs Gayle 
Holland for their assistance. This work was supported 
by the US National Cancer Institute. 
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Long Term Retention of Radium in Man 


THE late biological effects of skeletally deposited radium 
in man have long been used as a basis for setting maximum 
permissible body contents of both radium itself and other 
long lived bone-seeking radio-elements such as plutonium!. 
Knowledge of the retention pattern is a fundamental 
requirement in the relation of the body content of radium 
at the time of observation of à bone neoplasm to the 
amount of radium initially in the blood. Much effort is 
being devoted to a determination of this, chiefly in the 
United States'-? where a number of persons who received 
radium by injection or occupationally have been studied 
at intervals for many years. These people have radium- 
226 contents in the approximate range 002-20 uCi, 
levels which are easily measured by whole body gamma 
ray spectrometry. Only relatively few measurements 
have been made, however, and the accuracy of the estim- 
ated ee san elimination rate E an o E anes 


acquisition, ale Miller and Finkel aes an average of 
15 yr (range 9-6-21-7 vr) for the biological half life i 
eight patients for the period 19-33 yr after injection. 

Tn addition to its importance from the point of view of 
radiological protection, the late elimination rate of radium 
(or any alkaline cert is of terest in the sey x the 
ihe. "initial retention. d plasma cance Ion: F or 
example, experimental data of this kind can be compared 
with the predictions of Marshall's theory of alkaline earth 
metabolism!. 
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Since 1957 measurements have been made inter- 
mittently of the body radioactivity of a healthy man then 
aged 52 who has been the voluntary subject of a number of 
experiments involving administration of trace amounts 
of radio-nuclides*-*. This man was exposed occupation- 
ally to radium-226 in September 1940 and our measure- 
ments show that a small burden remains at the present 
time. All the available data have been analysed in an 
attempt to determine à value for the br slogical half life 
over the period 17-28 yr after intake. Resmlts have: already 
been published? of the short term (60 days) retention and 
plasma concentration following an injecsion at the age 
of 60 of 11-4-day radium-223. 

A total of sixty-one observations of the retained radon 
fraction of the body content of radium-226 was available. 
Each estimate was obtained from an snalysis by the 
method of least squares of the gamma rav spectrum of the 
subject's body radioactivity, over the approximate energy 
range 075-17 MeV. Statistical standard errors were 
computed and these ranged from about — 1-5 nCi in. 1957 
to +05 nCi in 1966 and subsequently. 








Ti ne improv ement 
Was 3 the result of the introduction of more sensitive measur- 
ing equipment. A non-linear least squares fit to a single 


m uds Temi was id. Pech od being weighted 
: half life of 





o Modo) of 254 3 nC L 

Because the gamma ray spectral ana ysis programme 
used an iterative procedure to find the “best” fit there was 
some smoothing of the statistical varmtions and this 
resulted in an optimistie value for the standard error. 
A value for the half life was therefore Getermined using 
the arithmetie averages for the individual years, each 
point being weighted by the inverse of the variance calcu- 
lated from the spread of the points. This analysis gave à 
value for the half life of 9-04 L8 vr, and an intercept of 





19-7 nCi. The data used are set out in Table 1. 
Table 1 
Mean time A veruge l 

Year Number of from intake Rabe Standard. 

observations (years? content. né error, nt 
1957 3 10-85 5.9 oO 
1958 2 17.01 5.9 ii 
1859 2 19-06 B5 HS! 
1960 2 19-76 2. RS HUE 
1961 3 20-03 4 i 
1962-3 R 21-85 34 0-37 
1964—5 18 24:78 2. 0-21 
1966 10 25:74 2- 0-35 
1967 1 Se TH Qf 0-24 
1868 6 27-80 2t O41 





It can be seen that much greater weight is being given 
to the values for the years 1965-67. Frora the methods of 
analvsis it 18 considered that the higher value for the half 
life is the more reliable one; although it :3 lower than the 
averages found by the American groups’? it is mimilar to 
the lowest value reported by Miller and Fiakel*. The eariy 
retention data for radium-223 (ref. 7) and the late reten- 
tion data for radium-226 in the same subject are consistent 
with the predictions of Marshalls theory’. A detailed 
discussion of this will appear elsewhere. 
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Haemoglobin Production in Mice 
recovering from Radiation 


EVALUATION of kinetic models of erythropoiesis is often 
based on data obtained during periods of induced or 
spontaneous recovery following severe stress. The 
experiments reported here suggest that during such 
recovery-—in this case induced recovery in lethally 
irradiated. mice--the normal balance of haemoglobins 
synthesized is disturbed and that erythropoiesis in these 
eonditions may have little m common with normal 
erythropoiesis. 

Electrophoretic separation of the haemoglobins in 
circulating blood was unsatisfactory because the small 
quantities of newly produced haemoglobin were swamped 
by the large quantities of haemoglobin which had been 
produced before experimentation began and which were 


still funetional. We therefore studied haemoglobins 
Blood Spleen Bone marrow Biood 








Spleen 
B 
8 Bone Marrow 
o 

Blood 
tt & 
1 2 3 4 
Banda 


«~Direction of run 


Vig. 1. Separation of normal mouse haemoglobins on starch gel. From 
the left, samples are of blood, spleen, bone marrow and blood haemo- 
globins. An eleetrophoretogram and a set of densitometer traces are 
j shown, 
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extracted from cells actively synthesizing the protein in 
bone marrow and spleen, using electrophoresis on starch 
gels. 

For the haemoglobin analysis we prepared haemolysates 
from blood, bone marrow and spleen or individual excised 
spleen colonies by repeated freezing and thawing after 
the addition of a small quantity of water to the washed 
cells. Male or female 12 to 14 week old F, (C,H x AKR) 
mice were used and 6 or 72 h before being killed they were 
injected with 10 uCi ?*Fe to label the haemoglobins being 
synthesized, The haemolysates were run in starch gel 
using the Poulik Bridge discontinuous buffer system!. 
The gel was made up in tris (0-076 M)-citrie acid (0:005 M) 
buffer at pH 8&6 and a borie acid (0-3 M)-potassium 
hydroxide (0-05 M) buffer at pH 8:2 was used in the elec- 
trode chambers. The gels were run in the cold room for 
2-0 h at a constant current of 1-6 mA/em. On completion 
of the run. the gels were sectioned and stained with a 
benzidine peroxide solution. Finally, the individual bands 
of haemoglobin were excised and the Fe activity counted 
imn à well type scintillation counter. 

In the radiation experiments, approximately five or 
six spleen eolonies per mouse were produced by whole 
body irradiation with 850 rads of X-rays followed by an 
intravenous Injection of either 3 x 10* normal bone marrow 
cells or 5 x 10* normal spleen cells. Samples were taken as 
before after allowing colonies to develop in the spleen for 
10 days. 

The standard pattern of haemoglobins separated on 
stareh gel from haemolysates of blood, bone marrow and 
spleen is shown in Fig. 1 for the normal F, mice. Both 
à photograph and a densitometer trace of the gel are given. 
Four main bands are apparent in all samples and for the 
sake of identification they have been numbered 1 to 4 for 
the fastest to the slowest respectively. In blood the 
second band is strongest, while in spleen the strong band 
appears m number | position, and in bone marrow it is 
split between the first and fourth. This apparent anomaly 
whereby most of the haemoglobin existing in the blood 
seems to be different. from that being synthesized in either 
spleen or bone marrow is probably a result of the oceur- 
renee of some degree of polymerization during the 
preparation of the haemolysates. This possibility has 
been investigated using the method described by Riggs?. 
and while prevention of polymerization probably results 
m the partial combination of band 4 with band 2, running 
in number 2 position, and possibly of band 1 with band 3, 
running in number 3 position, differences still remain in the 
patterns produced by the bone marrow and spleen. This 
point will be covered in more detail later. Further, optical 
visualization of the bands is deceptive, because the spleen 
and marrow preparations are contaminated by mature 
erythrocytes, thus causing changes in the relative intensi- 
ties of the bands. This problem is likely to be magnified 
in the case of the radiated mice where haemorrhage into 
the organs is expected. Thus the uptake of **Fe in the 
individual bands is more representative of the current 
situation. 

The 6 h organ and 72 h blood uptakes of *?Fe in the 
various bands expressed as a percentage of the total are 
given in Table 1. It can be seen that the distribution 
of **Fe is identical in both the spleen and the bone marrow 
and that the major single contribution comes from band 4. 
As a result of partial polymerization of the haemoglobins, 
these figures bear little obvious relationship to the radio- 
activity in the circulating erythrocytes produced during 
the first 72 h after the administration of **Fe. This shows 


OF Fe IN THE 
SPECTRUM 


(Expressed as a percentage of the total) 


Table 1. RELATIVE ACTIVITIES NORMAL HAEMOGLOBIN 


Band Spleen Bone marrow Biood 
1 26-3 26.1 13-0 
2 23-1 2148 BOF 
i 9.6 jid 20.3 
4 41-1 40-6 T 
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Fig.2. Separation of haemoglobins being synthesized following 850 rads 
+3x10' bone marrow cells, From the left, samples are of blood, bone 
marrow, spleen colony and blood haemoglobins. 


most clearly in band 4, which accounts for 41 per cent of 
the total production of haemoglobin in the marrow and 
spleen but appears as only 7 per cent in the circulating 
blood. Consequently, it is difficult to make direct com- 
parisons between the haemoglobin being synthesized and 
of this, only meas- 


se 





be considered. In any event, it is significant that the 
haemoglobins may polymerize differently depending on 
the source of the haemoglobin. 

Haemoglobin electrophoretograms from the radiation 
experiments are shown in Figs. 2 and 3. Fig. 2 shows 
erythropoietic recovery as a result of the injection of 
3 x 10* bone marrow cells and Fig. 3 shows recovery after 
injection of 5 x 105 spleen cells. Differences between the 
response in marrow and spleen are quite marked, partieu- 
larly in band 4, which is strong in the spleen colony derived 


Table 9. 
MICE RAPIATED LETHALLY BUT GRAFTED WITH BONE MAR 
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LOBIN SPECTRUM OF 
i OW OR SPLEEN CELLS 
(Expressed as a percentage of the tott) 


RELATIVE ACTIVITIES OF ''FE IN THE HAEMOX 







3x10! Bone marrow celis 5x10 Spleen celis 


Band Spleen colony Bone marrow — Spleen colony Bone marrow 
1 13:3 11-0 lc 15:31 
2 12-0 29-6 175 22.9 
3 6-2 18:2 0-4 12.8 
4 68-6 41-3 56.0 A06 





from bone marrow but much weaker in the spleen colony 
derived from spleen. The reverse is true fer the recovering 
bone marrows. Similar conclusions are mdicated by the 
5?Fe counts of the individual bands (Table 2). 
When bone marrow is used for grafting. 69 per ce 
the new haemoglobin synthesized in -pleen colonies 
appears in band 4 as compared with 49% per cent in a 
normal spleen (Table 1). On the other he nd, the activity 
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Fig. 3. Separation of haemoglobins being syntheemed following 850 
rads +4 x 10 spleen cells. From the left, samples are f blood, bone mar- 
row, spleen colony and blood haemoglosina. 
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of the same band in the marrow is not increased. The 
other three bands show normal ratios with each other in 
the spleen colony but different ratios in the bone marrow, 
bands 2 and 3 being increased at the expense of band 1. 
When spleen cells are used for grafting, another pattern 
is seen. Here, samples from both bone marrow or spleen 
colonies gave relatively similar pictures with band 1 
reduced and band 4 increased significantly by comparison 
with the normal. Neither, however, reaches the extreme 
attained in the fourth band of the bone marrow derived 
spleen colony. 

If these effects were explicable solely on the basis of 
preparative polymerization, the addition of band 4 to 
band 2 and of band 1 to band 3 would give a constant 
ratio of the two bands. "Table 3 shows the ratios obtained. 
No correlation is obtained although similarities may exist 
between the recovering bone marrows and the spleen 
colony derived from spleen. The results with the grafting 
experiments are all different from the normal marrow and 
spleen. 


Table 3. RELATIVE ACTIVITIES OF 5"Fe IN HAEMOGLOBIN BANDS RESULTING 
FROM ASSUMED PREPARATIVE POLYMERIZATION 

Bands (2 + 4) 

Bands (1 +8) 


18 
4-4 


Ratio 


Normal spleen 
Marrow-derived spleen colony 
Spleen-derived spleen colony 


Normal marrow 
Marrow-derived marrow 
Spleen-derived marrow 


LO DD wet 
Qu ME 


It is therefore clear that different erythropoietic patterns 
exist depending on whether recovery is effected by bone 
marrow or by spleen and on whether this recovery is 
observed in the spleen or in the bone marrow. Neither 
source of cells seems to produce a normal distribution of 
haemoglobins even when developing in its own natural 
environment, and the most frequently used combination of 
bone marrow cells developing in spleen colonies gives a 
distribution furthest removed from the normal pattern. 

We thank Mrs Susan Battrick for technical assistance 
and Dr J. E. MacIver of the Manchester Royal Infirmary 
for discussions on techniques of haemoglobin electro- 
phoresis. We also thank the Department of Medical 
Illustration of this hospital for earrying out the photo- 
graphie records of our experimental results. 
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Reticulocyte HL-A Antigens 


Tur HL-A system of leucocyte antigens and the ABH 
red cell groups are believed to be important histocom- 
patibility factors in man! and can be detected on leuco- 
cytes, platelets and most other tissues?. Although A, 
and B antigens have been demonstrated on leucocytes, 
attempts to detect HL-A specificities on red cells have so 
far failed’. The apparent absence of HL-A from human 
red cells is unlike the situation found in the mouse where 
H-2 antigens, the homologues of HL-A, can usually be 
demonstrated on red cells‘. It is logical that human 
red cell precursors should possess HL.A antigens and 
we have therefore investigated reticulocytes by absorp- 
tion studies, whieh does not seem to have been done 
before (van Rood, personal communication). 
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Table I. CLINICAL DETAILS 


B Circulating — 
. ABO " : Hb reticulocyte Leucocyte 
Name and Rh Diagnosis (G per count count 
groups cent) (per cent) (mm? 
D.H. Aneg. Auto-immune haemo- 
lytic anaemia 6-6 42 9,000 
P.O. Opos, Auto-immune haemo- 
; lytie anaemia TR 13 7,500 
M.F. O pos, Auto-immune haemo- 
] lytic anaemia 73 28 11.000 
S.D. — b SS 10-6 13 18,300 
Kk. G. — Auto-immune haemo- 
NC . lytie anaemia 10.9 10 9,000 
J.H. Apos. Polycythaemia rubra- 
vera with megalo- 
MP: . blastie reaction ERS, 7-7. 31,24,20 12,000-17,000 
C.F. Opos. Auto-immune haemo- 
. lytic anaemia +5 uH 11,000 
V. M. Oneg. Auto-immune haemo- 
MM . lytic anaemia 3:8 20 9,500 
L. D. Oneg. Auto-inmune haemo- 
lytic anaemia 5:6 32 9,150 
Table 2. SERA USED FOR ABSORPTION EXPERIMENTS 
HL-At 
specificity Titre 
Pinquette HL-A2 (LA) 1.1 
18 64 
oF x y 1 
Storm HL-A3 (LA3) — 
16 
L'Héritier G. 4a (HL-A4)* S ab 
: | 1 
Fullwood 4b (HL-A60)* - 
o 
Willet HL-A8 (7d) De 
8 16 


* Provisional nomenclature. 


T Proposals of the WHO Committee on Human Leucocyte Allo-antigen 
Terminology. 


Table 1 lists the patients whose cells were used for 
absorption studies, in most cases in several experimenta. 
Table 2 shows the sera used, together with their specificities 
and titres. 

The methods used for preparing lymphocyte suspensions 
and for earrying out microcytotoxicity tests have been 
deseribed elsewhere*. Leucocyte suspensions were pre- 
pared for absorption studies in a simular way, but poly- 
morphs were not removed. Reticulocyte suspensions were 
prepared by high speed centrifugation! and carefully exam- 
ined for contaminating leucocytes and platelets. No 
contamination was detected in this final reticulocyte 
suspension. 

After serial step-wise doubling dilution in normal AB 
serum we determined the greatest dilution at which 
autologous lymphocytes still showed maximum eytotoxic 
effect. This dilution was used for absorption studies with 
tightly packed erythrocytes, reticulocytes or leucocytes. 
Equal volumes (50 mm’) of serum and cells, after re- 
suspension and mixing, were ineubated together in small 
plastic tubes (Luckham LP2) for 90 min at 37°C. After 
centrifugation at about 4,600 r.p.m. for 10 min the super- 
natant serum was retitrated and its remaining activity 
was assayed as a percentage of the initial cytotoxicity. 

Results of absorption experiments with erythrocytes, 
reticulocytes and leucoeytes are shown in Table 3. In all 
cases in which lymphocytes were killed by the test serum, 
both leucocyte and reticulocyte preparations absorbed 
cytotoxic antibody from the sera whereas erythrocytes 
failed to do so. There is a distinct bimodalism in the 
absorptive activity of reticulocytes. 

Table 4 summarizes the results and shows that the 
difference between absorption with erythrocytes and leuco- 
cytes and between erythrocytes and reticulocytes is sig- 
nificant (P « 0-001) whereas the difference between reticu- 
locytes and leucocytes in their ability to absorb the 
HL-A specific antibody is not (0-15 P>0-05). In these 
experiments reticulocyte preparations made in this way 
absorb out HL-À antibodies with the specificities HL-A2, 
3, 4*, 6* and 8 (Table 2). 
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Table 3. ABSORPTION OF HL-À ANTISERA WITH ERYTHROCYTES, RETICULOCYTES OR LEUCOCYTES 
Cytotoxicity after absorprion with: 
Initial lymphocyto- Reticulocytes 
toxicity at titre (in (percentage of 
Experiment Name Serum brackets) used for Erythrocytes erythrocyte Leucocytes 
subsequent contamination 
absorptions in brackets) 
1 D. H. Pinquette 80 (16) 70 30 (5) 50 
i 1 2 D. E i 80 (18) 70 20 (5) 30 
IH D. H. L'Héritier G. 80 (2) 70 30 (5) 30 
Il 4 BuU L'Héritier G. 00 (8) 900 70 (50) 50 
"€ 5 M. F. L'Héritier G. 90 (4) 90 70 (50) 50 
IV 6 M. F. 90 (4) 90 70 (45) 30 
" 7 s. D. Fullwood 80 (N) 70 20 (10) 20 
V8 8. D. 80 (N) 70 20 (15) 20 
* 9 K.G. Wilet 90 (2) a0 76 (55) 50 
VI 410 K. G. 90 (2) 90 70 (45) 30 
[11 J. H. 90 (N) 90 70 (35) 40 
| 13 J. H. 95 (N) 95 40 (20) NT 
(44 J. H. 95 (N) 95 30 (20) NT 
i 15 J. H. 100 (2) 100 RO (45) 30 
VI - 18 J. H. Willet 100 (2) 90 70 (45) 25 
^ 444 J.H. 95 (2) 95 65 (20) 16 
(18 T.H. 95 (2) 95 60 (20) 10 
IX 19 C. F. Willet 90 (N) 100 80 (30) 10 
^ 120 C. F. 90 (N) 95 70 (20) 15 
X 21 V. M. Willet 95 (N) 90 40 (305 NT 
22 V. M. 95 (N) 90 35 (30) NT 
Negative 23 V. M. L'Héritier G. ( -) 95 (N) 85 100 (50) 90 
controls | 24 EH. Storm ( - ) 95 (N) 900 90 (50) 90 


Artificial contamination of "negative" reticulocytes 
with “positive” homologous leucocytes demonstrated 
that leucocytes were effectively removed by the method 
of preparation of reticulocyte suspensions (Table 5). 

The bimodalism in the ability of reticulocytes to absorb 
HL-A antibody probably results from variations in the 
proportion of contaminating erythrocytes. 

Experiments are now in progress with normal human 
reticulocytes. Attempts to agglutinate specifically reticu- 
loeytes with leucocyte iso-antisera have so far been 
unsuecessful and the Coombs test is complicated by non- 
specific positive reactions. Reticulocytes treated with 
enzymes, and sensitized reticulocytes in the presence of 
polybrene are being studied. Preliminary results using 
reticulocytes labelled with fluorescein (FDA) are particu- 
larly promising and will be described later. 

The physiological and pathological implications of the 
presence of HL-A antigens on reticulocytes are not yet 
clear, but it may be that human reticulocytes are vulner- 
able to immunological assault against which the mature 
erythrocyte is protected by the loss of HL-A antigen. 

The apparent antigenic switch which accompanies 
maturation of red cells in man is genetically interesting. 
The observations given here suggest that HL-A antigens 
disappear. In contrast, characteristic red cell antigens 
may appear, for example, Rh-D, MN, Ss, Lea, Leb, Xga, 
which have not unequivocably been detected on leuco- 
cytes’. 


Table 4. MEAN CYTOTOXICITY AFTER ABSORPTION OF SERA WITH ERYTHRO- 


CYTES, RETICULOCYTES AND LEUCOCYTES 


Cell type used 
for absorption 


Erythrocytes 


Mean eytotoxicity after absorption expressed 
as a percentage of initial kill 

05 per cent d = 54 

55 per cent (df=10 


Reticulocy tes P «0:001 
Erythrocytes 95 per cent d= RT 

Leucocy tes 35 per cent (df 11) P<0-D01 
Reticulocytes 55 per cent d = 1-9 

Leucocy tes 38 per cent (dfíz10) Q-1> P> 0-05 


d, Treated like Student's / and not assuming variances to be equal. 


Table 5. ABSORPTION OF HLL-A3 ANTISERUM (STORM) WITH ERYTHROCYTES 

AND RETICULOCYTES FROM AN HL-A3 NEGATIVE PATIENT (L. D.) AFTER 

CONTAMINATION. WITH HL-A3. POSITIVE (A. J.) AND NEGATIVE LEUCOCYTES 
GF. D. Z.) 


Initial evto- 


toxicity (A, J. Cytotoxicity (A. J. cells) 


Contam- cells) at titre after absorption on: 
inating used (in Ervythro- Retieulo- Leneo- 
Patient lympho- Serum brackets) for evyvtes evtes evtes 
eytes snbsequent (per (per (per 
absorption cent) cent) cent) 
(per cent) 
L. T. > J. Storm 100 (N) 05 95 5 
LD J. D. Z. Storm 100 (N) 905 95 95 
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Induction of Liver and Lung Tumours in 
Mice by 6-Aminochrysene administered 
during the First 3 Days of Life 


In 1953, Rudali and his colleagues! reported the effects of 
6-aminochrysene (Fig. 1) in mice and shewed that this 
substance inhibited the growth of skin tumours, induced 
by 3-methylcholanthrene, and also of spontaneously 
oceurring mammary carcinomas. Later, she same com. 
pound was shown to inhibit the induction of mammary 


m 


carcinomas by 7,12-dimethylbenz(ajanthracene (DMBA) 


Fig. 1. Structural formula of 6-aminochresene, 
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in Sprague-Dawley rats?. In a small clinical trial of 
6-aminoehrysene in patients with advanced mammary 

carcinoma, objective regression was produced in two 
cases. In addition to its tumour-inhibiting properties 
6-aminochrysene reduces the number of circulating 
leucocytes (particularly lymphocytes) and causes atrophy 
of lymphoid structures: these effects have already been 
exploited in the treatment of chronic myeloid leukaemia 
and of splenomegaly due to chronic malaria and other 
causes®:’, 

The results of tests of 6-aminochrysene for carcino- 
genicity in adult rats and mice have been E 
negative, irrespective of the route of administration- 
application to the skin, subcutaneous injection or incor- 
poration in the food—and this apparent lack of carcino- 
genie activity has been stressed by several writers. The 
experiments reported here in à preliminary form show 
that 6-amimochrysene can induce hepatomas and pul. 
monary adenomas when injected into mice during the 
first 3 days of life. 

Twenty-three male and twenty-three female Swiss 
albino mice received subcutaneous injections of 200 ug of 
6-aminochrysene/0-02 ml. of arachis oil on the first, second 
and third days of life (the total dose was 600 ug). Twenty 
males and nineteen females were used as controls and 
received three subcutaneous injections of 0-02 ml. of 
arachis oil only. Between 9 and 11 months after the start 
of the experiment, seven treated males died, or had to be 
killed beeause of large abdominal masses. All seven mice 
had hepatomas, some of them multiple, and five of the 
seven also had pulmonary tumours. During the same 
period, two control male mice and one test female mouse 
were found dead. This female and one of the two male 
controls were too decomposed for detailed post-mortem 
examination although no tumours were seen macro- 
scopically; the other male control animal had neither 
hepatic nor pulmonary tumours at autopsy. 

In view of these findings, 11 months after the start of 
the experiment it was decided to kill five test and five 
control mice of each sex and to determine the distribution 
of hepatic and pulmonary tumours in these twenty 
animals. The findings are shown in Table 1. A high 
incidence of hepatomas and pulmonary tumours was 
found in male mice injected neonatally with 6-amino- 
ehrysene. By contrast, only two of the nd. tesb mice 
developed hepatomas Or pulmonary tumours; hepatomas 
were found in only one of the control animals. ‘The 
neoplasms which arose in mice treated with 6-amino- 
chrysene had no unusual features. Many of the hepatomas 
were multiple; most of them were well differentiated 
lesions, although more pleomorphic tumours were observed 
in three mice. There were no metastases. The pulmonary 
tumours were papillary adenomas and one showed evidence 
of malignant degeneration into an adenocarcinoma. 

Table 1. INDUCTION OF TUMOURS OF THE LIVER AND LUNGS IN SWISS MICE 


BY THE SUBCUTANEOUS INJECTION OF 600 uG OF 6G-AMINOCHRYSENE DURING 
THE FIRST 3 DAYS OF LIFE 


No. of mice exam- No, 


No. of ined at necropsy No. with 

Treatment Sex mice during the first with lung 

injected 11 months of hepa- tum- 

observation tomas ours 
6-Aminochrysene in  ' 3 23 12 12 9 
arachis oil, 200 ug x3: 2 28 o 1 1 
Arachis oil only, 0-02 d 20 8 1 0 
mi, x3 2 19 5 0 0 


The induction of hepatomas in male mice by treatment 
with various substances during the early neonatal period 
has been reported before*-U. In response to treatment 
with the same substances, female mice developed few hepa- 
tomas or none at all. Both hepatomas and pulmonary 
tumours have been induced by the administration of poly- 
evelic hydrocarbons such as DMBA, 3,4-benzpyrene or 


3-methyleholanthrene to baby mice, and the results 
reported here suggest that 6-aminochrysene resembles 


such carcinogenic polycyclic hydrocarbons in this test 
system. 
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These findings do not necessarily argue against the use 
of 6-aminoehrysene in the treatment of advanced cancer, 
but they are of some general interest. They confirm the 
value of carc inogenieity testing in neonatal animals; they 
provide another example of the curious sex difference in 
susceptibility to carcinogens administered during this 
time; and they illustrate the association between tumour- 
inhibitory and tumour-inducing aetivity—-an association 
particularly evident in the ease of polyeyclie aromatic 
hydrocarbons and related heterocyclic compounds". 
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Asparagine Synthetase Activity in 
Malignant and Non-malignant Human 
Kidney and Prostate Specimens 


NUMEROUS studies have demonstrated the anti-tumour 
activity of L-asparaginase. Although most of the studies 
have been performed with enzyme from guinea-pig serum 


or E. coli, asparaginases from other sourees are also 
inhibitory. A mechanism based on data from several 


laboratories!-* has been suggested to account for the anti- 
tumour activity of the enzyme. A tumour with little 
or no capacity to synthesize asparagine must be supplied 
through the circulation. When asparaginase is introduced 
into the blood stream, asparagine levels quickly fall*, and 
the tumour starves for lack of one of its essential nutrients. 
On the other hand, if a tumour can synthesize asparagine, 
it should be resistant to asparaginase action. 

In aecord with these hypotheses, Patterson and Orr! 
reported larger quantities of asparagine synthetase in 
asparaginase resistant forms of the Jensen sarcoma in 
rats than in a susceptible form of the tumour; Prager and 
Bachynsky?? observed similar results with a group of 
mouse lymphomas; and Horowitz et al. made such 
observations with à number of mouse leukaemias. The 
work desenbed here was undertaken to determine the 
levels of asparagine synthetase in a variety of malignant 
and non-malignant human tissues with à view towards 
testing possible susceptibility of human tumours to aspara- 
ginase action. This report describes studies on samples of 
human kidney and prostate. 

Tissue specimens were collected from patients under- 
going elective surgery. Although tissues were sent 
through the pathology laboratory for examination, they 
were usually acquired within 1 h of excision. Biopsies of 
non-malignant kidney (next to tumour when present) 
contained both cortex and medulla. The neoplasms were 
renal cell carcinomas, predominantly of the clear cell type. 


There are eleven good reason 
why over half of the Infrared 
Spectrophotometers in the 
world are from Perkin-Elme 


They are the Models 700, 137, 
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Put Wings On Almost Anything ( 2) 
with ALDRICH 
SILYLATING AGENTS 


The rapid growth of data on gas chromatography makes it — with perchloric acid (12). Polyhydric alcohols have been gas 
difficult to recapitulate even the most significant developments. chromatographed as TMS-derivatives (13, 14). Special modi- 
We shall gladly send on request a copy of our first advertisement fication of acetylcholine is required to prepare a derivative suitable 
listing some key references to the use of HEXAMETHYL- for gas chromatography, THIOPHENOL was converted to 
DISILAZANE (HMDS), CHLOROTRIMETHYLSILANE sodium benzenethiolate which in anhydrous butanone at 80° 
(CTMS) and BIS-(TRIMETHYLSILYL) ACETAMIDE (BSA) demethylated acetylcholine to dimethylaminoethyl acetate (15). 
for preparing volatile derivatives. Books are now published — Isomeric chlorophenyl m-(fluorosulfonyl)-benzoates were detected 
each year merely giving abstracts of Papers on gas chromato- in gas chromatography by electron capture; the derivatives were 
graphy (1). But we shall try to give some useful references here. prepared with m-(FLUOROSULFONYL)-BENZOYL CHLOR- 

A comparative study of various silylating agents for three IDE (16) Mono- and polyhydroxycoumarins were best con- 
representative amino acids suggested that HMDS and CTMS did verted to TMS-derivatives with HMDS and CT MS; no modi- 
not give as good a yield of derivatives as some others (2). The use fication was necessary for the parent coumarin of fully methylated 
of BSA improved the silylation of iodo-amino acids as compared — hydroxycoumarins (17), Amino sugars were first converted with 
with HMDS and CTMS and permitted their quantitative ETHYL CHLOROFORMATE into N-ethoxycarbonyl deriva- 
analysis (3, 4), The quanlitative gas chromatography of 12 tives which were further modified to TMS-ethers with HMDS and 
sulfur-containing amino acids in the form of TMS-derivatives has CTMS (18). BSA and CTMS were used to prepare derivatives of 
been reported (5). In addition amino acids can be gas chromato- inositol phosphates and sugar phosphates for gas chromatography 
graphed as N-(or N,N'- or N,O-bis) trifluoroacetyl (TFA) amino — and mass spectrometry (19). BSA was used for conversion of 
acid n-amyl esters (e.g. asp, lys, orn, trp and tyr) (6) or TFA- tryptophan metabolites for analysis (20). In the case of steroid 
amino acid n-butyl esters (7) In each case the TFA-derivatives glucuronides, methylation of the carboxyl groups with diazo- 
are prepared using TRIFLUOROACETIC ANHYDRIDE. methane (best prepared from DIAZALD ®) was followed by 
Optimum conditions for silylation of steroids with HMDS and preparation of TMS-ethers with HMDS and CTMS (21). A 
CTMS have been reported (8) Other silyl derivatives of steroids complex situation was observed during the preparation of TMS- 
have also been used in addition to TMS-ethers (9). Methane- ascorbic acid (22) Electron capture gas chromatography 
sulfonates and mixed silyl ethers of bile acids were prepared using permitted detection of subnanogram amounts of TMS-hexa- 
METHANESULFONYL CHLORIDE and HMDS with CTMS chlorophene (23). A general procedure for metabolites in urine 
(10), Characterisation of sphinga-4,14-dienine from plasma and tissue extracts has been reported (24), TMS-derivatives of 
sphingomyelin was carried out as the N-acetyl-O-TMS derivative resin acids and corresponding alcohols were made with HMDS 
(11). Virtually quantitative recoveries of nucleic acid bases and and CIMS (25) The same reagents were used for shikimic 
phosphate were obtained by gas chromatography of TMS- acid and related compounds (26), also for polyethylene glycols 
derivatives prepared with HMDS and CTMS after hydrolysis (27). 
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Tissues were homogenized in à Potter-Elvehjem grouud 
glass homogenizer in the Medium A of Keller and 
Zamecenik® to which was added dithiothreitol to a final 
concentration of 1 mM. Kidney samples (1-12, Table 1) 
were centrifuged in a Spinco Model L ultracentrifuge at 
105,000g for 1 h; the remaining samples were spun in a 
Sorvall Model RC2-—B refrigerated centrifuge at a maxi- 
mum force of 41,000g for 1 h. The supernatant fluid was 


used for asparagine synthetase assay. The 1-0 ml. 
incubation mixture contained 1:6 mM  "C.aspartate, 


20 mM NH,Cl, 10 mM MgCl, 1 mM ATP, 0-1 M tris buffer 
(pH 8), and enzyme solution containing 4-14 mg protein 
(0.1-0-7 ml.) After 30 min at 37? C, the reaction was 
stopped with 1 ml. of 0-8 M HCIO,, carrier asparagine, 
0-5 mg, was added, and the asparagine was isolated on a 
column of ‘Dowex 1—XS' as deseribed by Patterson, Orr 
and McCoy’. 

Although earlier studies from this laboratory? indicated 
that puromycin enhanced asparagine synthetase activity 
in crude preparations, we did not observe this effect in the 
work described here, and puromycin was eliminated from 
the assay mixture. In series I (Table 1) assay values were 
ealeulated from the specific activity of the isolated 
asparagine as previously described’. A ninhydrin positive 
material other than asparagine appeared in the asparagine 
containing fraction, however, and so activity calculated 
this way is somewhat lower than the true value. In 
series II, the activity of asparagine synthetase was 
calculated from the total radioactivity recovered. 


Table 1. ASPARAGINE SYNTHETASE IN HUMAN KIDNEY 


Non-malignant Malignant 


Age Sex Race (uU*/mg protein) 
Series T 
Patient 1 51 M N 0 
2 2 41 F N 15 
E 3 57 F C 1,500 0 
er 4 28 F N 145 
m 5 60 M € & 0 
$a 6 438 M Č 30 
Ls 7 34 M C 17 
Series If 
Patient 8 30 F Cc 0 
T 43 M t 140 
, 10 56 M C G 0 
uc H T4 M ( 5 
n B 01 M (^ 4 
ue B3 53 M N 18 
s Ud 47 M C 180 
a X5 52 M C 99 0 
» 16 62 M C 8 14 
2 vi 62 M C 66 0 
18 PA F U ii 


*1 nt = zt :10-* international enzyme units, which is the amount of asparagine 
synthetase yielding 1 pmole asparagine/min. 


The results of asparagine synthetase assays on kidney 
samples are recorded in Table 1. A wide range of values 
was observed for the non-malignant specimens. This 
degree of variation may reflect in part the time lag 
encountered in getting samples to the laboratory. Only 
two of the sixteen specimens in this group failed to exhibit 
enzyme activity. Ten of the values ranged up to 30 uv/ 
mg protein, five were from 66-180 uv/mg protein, and 
the one value of 1,800 1s so far removed from the others as 
to have doubtful credibility. In contrast to these findings, 
only two of the eight specimens taken from renal cell 
tumours had detectable asparagine synthetase activity. 
Six of the malignant specimens were paired with samples 
from non-malignant kidney from the same patient. For 
patients three, five, fifteen and seventeen the non- 
malignant biopsy had asparagine synthetase activity 
while none was detected in the tumour; neither sample 
from patient ten had the enzyme; and patient sixteen is 
an interesting exception in that the tumour had a higher 
level of demonstrable synthetase than the non-malignant 


kidney. In keeping with the findings with tumours in 
experimental animals, this remarkable biochemical 


difference m the activity of asparagine synthetase between 
malignant and non-malignant kidney samples suggests 
that these tumours may well be susceptible to the action 
e e d and therapeutic trials should be under- 
taken. 
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Because asparaginase, which interferes with determina- 
tions of asparagine synthetase, has been found in the 
kidney of other species, asparaginase assays? using 
nesslerization of liberated NH, were p-rformed on four 
kidney samples. No exact values eculd be assigned 
because of the rapid flocculation of the product, but there 
was apparently little asparaginase in the preparations. 
Fourteen prostate specimens, nine nen-malignant and 
five malignant, were studied for asparagine synthetase 
activity, but none was detected in any preparation. 
Although no data are available to us on the effeet of 
asparaginase on prostate, in view of the apparent inability 
of the tumour to make its own asparagme there seems to 
be a need for therapeutie trials in metastatic cancer of 
the prostate. 

This work was supported by an instetutional grant to 
the University of Texas Southwestern Medical School at 
Dallas from the US Public Health Service. 
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Luteolytic Effect of Prostaglandin in 
the Guinea-pig 


THE mechanisms involved in the periodic regression of the 
corpus luteum in mammals showing regular oestrous 
cycles have been extensively studied, and although there 
is much evidence for the existence of a uterine luteolytic 
factor in several species, the isolation cf such a factor has 
proved very diffieult^?, The local nature of the effect of 
the uterus on the corpus luteum in ths guinea-pig seems 
to indieate that the pituitary is not directly involved’, but 
efforts to extract an endometrial luteolytic substance have 
been unsuccessful in this species. The uterus contams 
several pharmacologically active agents, among them 
various members of the prostaglandin group of hpida‘, 
and in view of preliminary reports that prostaglandin 
F,« (PGF,) is luteolytie in some spesies*, we decided to 
test its action in the guinea-pig. Fifty mg of PGF ,« was 
made available for this purpose by Dr B. B. Pharriss and 
the Upjohn Company. 

Twenty-one guinea-pigs were totaly hysterectomized 
on eee 4 or 5 of the eyele day l= a af dcl and were 
Six animals 
were in ed E O wW ith o 5 mg of PGF,x 
twice daily for 7 days. The other three groups (five 
animals in each) were treated in a ssnilar manner with 
injections of adrenaline hydrochloride, atropine sulphate 
or histamine dihydrochloride in equivalent molar quanti- 
ties to PGF, (0.31, 0-98 and 0-26 mg respectively twice 
daily). All animals were killed on the eighth day after the 
start of the injections and checked for complete hystereo. 
tomy. The ovaries were removed, fixed in formol saline, 
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Fig. 1. Effect of various drugs on the size of corpora lutea in the 


guinea-pig. 


embedded in paraffin wax and serially sectioned at 
10 microns. The corpora lutea were measured as de- 
seribed previously? and the results are presented in 
Fig. 1. 

There was no evidence of peritonitis in any of the experi- 
mental groups at autopsy. The injection of adrenaline, 
atropine or histamine had no luteolytic effect on the cor- 
pora lutea. In contrast, PGF,« had a marked luteolytic 
effect: the corpora lutea in five out of six animals were in 
an advanced stage of regression, and the mean size of the 

corpora lutea in the six animals was 1:3984 mme. The 

corpora lutea in the sixth guinea-pig (mean size 3:5842 
mm?) were nevertheless markedly smaller than the corpora 
lutea in animals treated with the other compounds. 
Histologically, the ovaries showed normal follicular 
development with no signs of any adverse effects of 
PGF,z on these structures. 

The experiment described here demonstrates that 
PGFE,« has a potent luteolvtic effect in the guinea-pig. 
That the injection of other drugs in simular molar 
quantities did not cause luteolysis suggests that the action 
of PGF,« is a specific one. This is further substantiated 
by the healthy histological appearance of the structures 
within the ovary with the exception of the corpora lutea. 
So far, there is no evidence regarding the mechanism of 
action of PGF,«, but it has been suggested that, by its 
venoconstrictor action, PGF,« could affect the life span 
of the corpus luteum by restricting the blood flow through 
the ovary’. This suggestion, however, seems incom. 
patible with the normal follicular development seen in the 
ovaries of guinea-pigs treated with PGF,«, for the 
follicles are more susceptible to adverse conditions than 
the corpus luteum. 

We thank the Population Council for financial support. 
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Influence of Alcohol on Coronary 
Function in Rabbits with Atherosclerosis 
pees — OEEO! 


studies have been 
re report ted hich concern cie à problem of a possible relation- 
ship between prolonged oral ingestion of ethyl aleohol and 
the development of coronary atherosclerosis. In none 
of these studies were changes in the electrocardiogram 
adequately assessed, however, and many important 
factors, such as the exact aleohol intake, the duration of 
ingestion and the associated dietary regime, were in- 
variably or inadequately controlled. T therefore embarked 
on a study in which all these factors were earefully con- 
trolled using the changes in the ST segment of the electro- 
cardiogram as an index of myocardial ischaemia. 

Thirty-seven healthy, albino male rabbits, which 
weighed between 1-5 and 2:5 kg at the beginning of the 
experimental period, were housed in individual eages, and 
received a basie daily diet of approximately 150 g of 
Purina rabbit chow and an unrestrieted amount of water. 
They were maintained on this basic diet for a period of 
4 weeks before being assigned at random to one of three 
groups. Rabbits in the control group were a 
on a diet of Purina chow without added cholesterol « 
corn oil; those in the atherosclerotie group were main- 
tamed on a diet of Purina chow to which was added 2 per 

cent cholesterol and 6 per cent corn oil*'; and those in the 
alcohol-treated atherosclerotic group were fed the same 
high fat cholesterol diet as the previous group, but with 
added daily oral administrations by stomach tube of 
l ml/kg of 50 per cent ethanol (95 per cent ethyl alcoho! 
USP), washed in with an equal volume of distilled water. 

Six procedures were used to assess coronary funetion: 
(1) hypoxia maintained for 30 min (ref. 22); (2) exercise 
on a treadmill at 1 mile/h for 5 min; (3) 100 ug/kg of 
adrenaline?!; (4) 100 pg/kg of noradrenaline*!; (5) 10 ug/ 
kg of isoprenaline ; (6) 1 ru/kg of vasopressin??. 

The drugs were given intravenously into the marginal 
ear vein, and all tests were carried out on the conseious 
animal to avoid complications arising from the use of 
general anaestheties. After 3 months of aleohol treatment, 
the tests for coronary function were applied to each 
animal during a period of 1 week, and comparison was 
made between control and treated animals which had 
been maintained in the laboratory for the samo period 
of time. Standard errors of the mean and tests of signi- 
ficance (chi square test) were calculated aceording to 
Freund? At the completion of the study, all the animals 
were killed and the hearts were sent for histopathological 
study to the Department of Pathology, MeGi!l University. 

Table 1, INCIDENCE OF ST DEPRESSION 
Alcohol-treated 


Test Normal Atheroselerotic atherosclerotie 
Hypoxia 7/10 7/14 5/13 
Exercise 6/10 7/18 5/13 
Adrenaline 3/10 8/18 6/13 
Noradrenaline 4/10 6/13 4/12 
Tsoprenaline 7/10 6/10 10/18 
Vasopressin 3/10 5/13 3/13 


The results are summarized in Table 1. A depression of 
the ST segment of 1 mm or more from the isoelectrie line 
was used as the criterion of myocardial ischaemia. In 
each of the six tests of coronary function, there was no 
significant difference (P< 0-05) in the occurrence of ST 
dup n betwe een any two at the iE groups. Histo- 
Vescels "Puro aled no eal A nee pete eon nagar. 
sclerotic and aleohol-treated atherosclerotic groups. There 
was no evidence in the normal group of atheromatosis in 
the heart and coronary vessels, and this group had only 
minimal occasional polymorphonuclear infiltration of the 
myocardium with no evidence of ischaemic changes. In 
the atherosclerotic group, all animals showed definite 
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advanced atheromatosis involving chiefly the aorta, with 
less evidence in small coronary vessels, or only fine small 
foei with polymorphonuelear infiltration (one animal), or 
small recent sears in papillary muscles (two animals). 
The alcohol-treated atherosclerotic group also showed 
similar degrees of atheromatosis with no evidence of 
myocardial damage, except one tiny focus of scarring 
in the subendothelial tissue (two animals). 

Thus this investigation shows that chronie oral ingestion 
of aleohol does not significantly alter coronary function; 
it also confirms the finding that such treatment does not 
prevent, accelerate or accentuate the development of 
coronary atherosclerosis. 

I thank Professor K. I. Melville for his interest and 
encouragement. This investigation was supported by 
grants from the Medical Research Council of Canada and 
the Licensed Beverage Industries, Inc., New York. 
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Pressor Response to Angiotensins 
l and Il and Renin in Rats treated 
with Carbon Tetrachloride 


to angiotensin II in the vascular bed of the lung?. These 
investigators? postulated that "the converting enzvme 
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hypertensive rats treated with CCL. If ehis assumption is 
true, then the ratio of vasopressor response to an injection 
of angiotensin II to that of angiotensin 1 should be greater 
in rats treated with CCl, than in control animals. We have 
therefore investigated the pressor response to angiotensin 
II, angiotensin I and renin in normal rat» and rats treated 
with CCL. 

Standard solutions of angiotensin II (Hyvpertensin, 
Ciba) were made to the concentrations: 
200 ng/ml., 100 ng/ml., 50 ng/ml., 25 nz/ml., 12-5 ng/ml. 
Natural angiotensin I (Ileu?-angiotensi: D) obtained from 
horse serum (given by Dr L. T. Skeggs) was diluted to the 
equivalent vasopressor activity of angiocensin I]. Angio- 
tensin [is expressed as ng of angiotensm II activity in a 
group of rats treated similarly to the centrol group, and 
not as weight of decapeptide. 

"ighteen female Sprague-Dawley rars were separated 
into two groups of nine rats each. Groap ] was injected 
subcutaneously twice a week for ll weeks with CCI, 
(reagent grade, 1-5 ml./kg). Group 2 was used as control. 

Between the second and the eighth day after the last 
injection of CCl, the pressor responses *o angiotensin L, 
angiotensin I and renin were determined. The rats were 
anaesthetized and treated as described bv Pickens etal, 
All injections were given into the jugular vein in a volume 
of 0-1 ml./200 g body weight, followed by 0-2 ml. of saline. 
Alternate injections of angiotensin II end angiotensin [f 
were given in the following equivalent deses of angiotensin 
H: 6:25 ng/kg, 12-5 ng/kg, 25-0 ng/kg. 50-0 ng/kg and 
100 ng/kg. Finally, 0-5 v/kg and 1-0 vc/kg of hog renin 
were injected. 

The final mean body weight was 265 g in the control 
group and 250 g in the rats treated with CCL. The differ- 
ence in weight between the treated anc non-treated rats 
was very small at the end of the treatment. During the 
second week after the first injection, however, the treated 
rats had diarrhoea and their fur had loss its sheen. 

Histological examination of the liver showed lesions 
which ranged from a moderate degree of fatty meta- 
morphosis to severe degeneration. 





Table 1. RATIO OF VASOPRESSOR ACTIVITY OF ANGIOTENSIN II TO VASOPRESSOR 

ACTIVITY OF ANGIOTENSIN LIN CONTROL RATS AND RATS TREATED wrrH CCl, 
Angiotensin ng/kg — 6:25 12-5 25:0 50:0 100.0 
Control LPÓ 0-806 0-04 0-08 140 
CCl,-treated 0.92 1:05 0-03 0-05 0-886 


Angiotensin I is expressed as ng of angiotensin JI a-tivity in à group of rats 
treated similarly to the control, and not as weight of Secapeptide, 


No difference was found in the ratio of vasopressor 
activity of angiotensin II to vasopressor activity of 
angiotensin I when the treated group was compared with 
the control group (Table 1). The responses to angiotensin 
I and angiotensin II seemed higher in the control group 
than in the treated group (Fig. 1), but the differences were 
not significant (P > 0-05). 
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Fig. 1. Vasopressor response to angiotensin 1I telippled columns) and 
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and not as weight of decapeptiee, 








1068 


Pressor response (mm mercury) 





0:5 1-0 


Fig. 2. Vasopressor responses to renin in control (6) and rats treated 


with CCL (0). 


The vasopressor responses to renin were similar in both 
groups, although the mean response at 1 u/kg was slightly 
higher in control animals than in treated animals. The 
difference was not significant (P > 0-05) (Fig. 2). 

Both groups of animals grew similarly, although the 
animals treated with CCl, showed some manifestation of 
disease, in accord with the anatomical—pathological 
finding. 

The ratio of vasopressor effect of angiotensin II to 
vasopressor effect of angiotensin I was similar in both 
groups. This shows, although indirectly, that the con- 
version was as rapid and complete in the rats treated with 
CCl, as in the control animals. Renin, when injected into 
the bloodstream, aets on renin substrate to form the 
decapeptide angiotensin I. This deeapeptide is then 
converted to the octapeptide angiotensin Il, which is the 
vasopressor substance. The merease of blood pressure 
elicited by the injection of renin therefore requires two 
enzymatic steps between the injection and the formation 
of the pressor hormone***. The pressor response to 
renin was similar in both groups, so we must assume that 
neither renin substrate nor converting enzyme was 
greatly modified in rats treated with CCL. These results 
are im agreement with those of Anderson, who found 
that impaired hepatic function in human subjects and 
rats did not reduce the converting enzyme activity in 
plasma. 

Loyke stated that blood pressure is decreased in hyper- 
tensive patients who have cirrhosis'!!. These results do 
not agree with the previous work of Vorhaus, who claimed 
that hypertension was not uncommon in patients with 
cirrhosis?. Loyke further demonstrated a decrease of 
blood pressure in renal and DOCA hypertensive rats 
treated with CCl, and claimed that this decrease of blood 
pressure can be explained by a decrease of plasma con- 
verting enzyme. 

He used an in vitro incubation of plasma from CCl,- 
treated animals with renin to show that these animals 
were deficient in converting enzyme. His assumption was 
"that the conversion of angiotensin I to angiotensin II was 
attained completely, and only, in the circulating blood. 
No in vivo comparisons were made in these experiments, 
however, so the conclusions that the reduction of pressure 
was caused by a deficiency of angiotensin were unreliable. 

In view of the fact that angiotensins I and II, in doses 
which are equipressor in control animals, show a similar 
response in animals treated with CCl, we must conclude 
that the in vivo conversion of the decapeptide to the 
octapeptide is not markedly inhibited. The recent work 
of Vane and Ng, which suggests that the predominant 
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conversion occurs in the pulmonary circulation, may 
explain the difference between our in vivo results and the 
in vitro assays of Loyke. These results do not corroborate 
the suggestion of Loyke that the reduction in blood 
pressure following produetion of liver damage by CCl, is 
caused by a lack of conversion of angiotensin I to IT. 
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Oestrogen Receptors in Androgen or 
Oestrogen Sterilized Female Rats 


TREATMENT of pubertal female rats with androgen or 
oestrogen produces sterility and reduces sexual receptivity 
in a high percentage of the animals. These hormones seem 
to alter the normal function of the preoptic-anterior 
hypothalamic region!-3, which—-apparentlv undifferen- 
tiated at birth-—is involved in: (1) producing the cyclie 
ovulatory surge of gonadotropin resulting in ovulation?, 
and (2) regulating mating behaviour in the female rat‘. 
When allowed to differentiate normally, it regulates the 
cyelie release of gonadotropin, which is necessary for the 
normal pattern of sexual behaviour in the female rat. 
Early treatment with oestrogen or androgen causes the 
preoptic area to become refractory to both intrinsic and 
extrinsie activation by stimuli which would usually result 
in ovulation?. 

Preferential accumulation of *H-oestradiol by the 
pituitary, uterus, vagina and hypothalamus has been 
demonstrated*-!?, and the presence of specific binding 
agents of limited capacity for oestradiol in target tissues 
has been suggested. "These receptors may be involved in 
monitoring the oestrogen titre. 

Several workers!?-!5 investigating the effects of treat- 
ment with oestrogen on the weights of the uterus and 
pituitary gland, and the luteinizing hormone (LH) content 
of the pituitary, reported decreased sensitivity to oestrogen 
in the uterus, vagina and pituitary of rats sterilized with 
androgen. A recent preliminary report!* indicates the 
possibility of decreased binding of *H-oestradiol in the 
pituitary and uterus of rats treated at birth with 1:25 mg 
of testosterone propionate. "To examine the possibility 
that sterilization in the female rat with androgen or 
oestrogen involves changed oestrogen binding by target 
tissues, we have examined the uptake and retention of 
$H-oestradiol in the pituitary and hypothalamus of rats 
treated with sex steroids at birth. 

Fifty-four female rats were injected subcutaneously at 
birth with 100 ug of oestradiol benzoate, and ninety with 
500 ug of testosterone propionate dissolved in 0-05 ml. 
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Fig. 1. Retention patterns for ?H-oestradiol in various target tissues of 
female rats sterilized with androgen (a) and female rats sterilized with 
oestrogen (b). Animals were ovariectomized 2 weeks before use. Control 
groups are shown by a broken line and experimental groups by a solid 
line. These graphs represent label eontent, shown on the ordinate as 
c.p.m./100 mg dry weight tissue, in the anterior hypothalamus, middie 
hypothalamus, posterior hypothalamus and pituitary 2, 4 and 6 h after 
injection. Two different scales are shown, one for graphs of the hypo- 
thalamic sections and another for the pituitary. Differences from 
controls when significant are shown by *P=0-05, **P=0-01, and 
*** P —0001. 


of sesame oil. Controls (thirty-six and sixty rats, re- 
spectively) received the same volume of solvent. Both 
control and experimental rats were kept in standard 
laboratory conditions (14 h of light/10h dark). When they 
were 90 days old, they were mated with proven male 
breeders for 8 weeks. The pattern and number of matings 
were determined by examining for the presence of copula- 
tion plugs daily". 

The experimental females showed little or no mating 
activity during the 8 week test period. None of the 
animals which were treated with hormones became 
pregnant, thus indicating a successful induction of sterility 
by hormone treatment in the neonatal period. All animals 
were ovariectomized immediately after the testing period ; 
2 weeks later they were injected intraperitoneally with 
1 uCi of *H-oestradiol (42-4 Ci/mmole) and killed 2, 4 or 6h 
after injection. The pituitary gland was removed, and the 
hypothalamus was eut out as a block as previously 
deseribed". In the experiments described here, however, 
the block was subdivided into three sections, delimited by 
imaginary lines just behind the optic chiasm and just 
behind the border of the slit of the third ventricle of the 
hypothalamus. These structures are clearly visible in 
ventral view. Tissues from two rats were pooled and 
3H.oestradiol was extracted as previously described’, 
radioactivity above background being expressed on the 
basis of 100 mg tissue dry weight. 
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and control rats sterilized with androgen or oestrogen 
with the pattern we have just described. 

Treatment with oestradiol benzoate alters all the 
receptor systems investigated (Fig. 15b); the most pro- 
nounced effect is seen in the anterior hypothalamus and 
pituitary. By contrast, treatment with aadrogen (Fig. la) 
alters receptor mechanisms chiefly in the pituitary ; there 
was a slight change only in the anterior and middle 
hypothalamus. In the anterior hypothalamus a significant 
difference between experimental and control animals 1s 
found only after 6 h. If, as we proposed earlier", these 
retention curves result from the appearance of new 
receptor activity rather than long term receptor-hormone 
complexing, it may be that the reappearance of receptor 
activity in the anterior hypothalamus o! females treated 
with androgen is delayed. 

These findings clearly suggest differen: effects of early 
treatment with androgen and oestrogen. After treatment 
with oestrogen there is a significant disruption of the 
oestrogen receptor mechanisms througnout the hypo- 
thalamus and pituitary. After treatmers with androgen, 
extensive disruption of the oestrogen receptor mechan- 
ism occurs only at the level of tae pituitary, as 
measured by our curves between 2 and € h after injection 
of hormone. The physiological signideance of these 
changes in receptor activity is now under investigation. 

This work was supported by a grant from the US 
National Institutes of Health and a US National Science 
Foundation traineeship. 
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Solubilization and some Properties of 
the Erythrocyte Receptor for 

Adenovirus Type 7 Haemaggiutinin 

WE deseribe here the solubilization and some of the 





from rhesus monkey red blood cells (EBC) as deseribed 
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tris HCl buffer (pH 7-0), and treated for l hat 37° C with 
the enzymes listed in Table 1. The action of trypsin was 
stopped by the addition of soybean trypsin inhibitor 
(0-05 mg/ml. Ghosts treated with a-chymotrypsin, 
papain or pronase were pelleted by centrifugation at 
45,0009 for 10 min, resuspended in the original volume in 
phosphate buffered saline (PBS; 0-075 M phosphate, 
0-072 M NaCl, pH. 7-2) and titrated for receptor activity. 
Ficin treatment was performed in the presence of cysteine 
(1 mg/ml) and carboxypeptidase treatment in the 
presence of MgSO, (0-001 M). At the end of the treatment, 
disodium ethylenediaminetetraacetate was added u p to 
final concentrations of 0-003 and 0-005 M respectively. 


Table 1. EFFECT OF VARIOUS TREATMENTS ON THE HAEMAGGLUTINATION- 
INHIBITING (HI) TITRES OF RHESUS MONKEY ERYTHROCYTE GHOSTS MEASURED 
WITH EITHER ADENOVIRUS TYPE 7 HAEMAGGLUTININ OR INFLUENZA VIRUS 
Percentage residual HI titre 
after treatment* 
When titrated with When titrated 
adenovirus type 7 with influenza 


Treatment 


hacmagelutinin virus 
Trypsin (0:25 ingini, ) <] 50-100 
aChymotrypsin (0-5 mg/ml} zi 100 
Papain (0-5 mg/ml.) <p 100 
Pronase (0-5 mg/ml.) x1 100 
Ficin (1:0 mg/ml.) <25tT 100 
Vibrio cholerae nenrami nidase t (150 
wim.) i00 «1 
RNase (1-0 mg/ml.) 100 100 
DNase 1 (1-0 mg/ml) i295 100 
Phenol? <3 2-33 
Phenol «1 100 
n- Butanol? eR 19 
Potassium periodate (3-8 mg/ml, 30 
min at 37° C) ae ae 0-2-3-2 


p-Chloromercuribenzoate (10-? M, 1h 
at 37° C) (PCMB) 

Formaldehyde (0-2 per cent, 1 h at 
37° C) 100 100 


* Titre before treatment=100 per cent. Repeated experiments were 
performed with cach ghost preparation and the results were averaged, The 
average HI titres were about 500 HI timi, (corresponding approximately 
to 150 HI U/mg ghost protein). 

t Ficin itself interfered in the HI test if not diluted adequately. 

$ Does not inactivate receptors for adenovirus haemagelutinins®, 


100 


The receptor activity of the ghost preparations was 
determined by haemagglutination inhibition (HI) titra- 
tions. Serial two-fold dilutions of the ghost samples 
(0:5 ml.) were incubated with 10 v of adenovirus tvpe 
7 HA (in 0-1 mL) for 30 min at 37? C. Subsequently, 
0-25 ml. of a 1 per cent suspension of rhesus monkey RBC 
was added and the pattern of agglutination was observed 
after a period of 1-12 h. The HI titres correspond to the 
highest dilution of ghosts which still inhibited haemag- 
glutination. For comparison, the HI titres of the same 
preparations with the B/Maryland/1/59 influenza virus 
were also determined (ineubations were performed at 
4° C instead of 37° C). 

The data obtained from the treatment of ghosts with 
the several enzymes and reagents (summarized in Table 1) 
demonstrate that the receptors for influenza and adenovirus 
type 7 HA are distinct. The inactivation of the adeno- 
virus receptors by all the proteolytic enzymes tested is 
indirect evidence for their proteinaceous nature. Further 
experiments showed that these enzymes also failed to 
release soluble receptors from the ghosts. The extraction 
by phenol, as expeeted?/*, led to the isolation of receptors 
for influenza viruses, and to the complete inactivation of 
receptors for adenovirus HA, indicating that the adeno- 
virus receptor substance is not a glyeoprotein.  'The 
inactivation of the adenovirus receptor by pertodate can- 
not be considered as evidence for the participation of 
carbohydrates in its structure, because amino-acid 
residues also react with the same reagent^. "Treatment of 
the receptor with PCMB had no effect on the HI titres of 
the ghosts measured with adenovirus HA, which excludes 
the possibility that binding between adenovirus HA 
and RBC ghosts occurs through disulphide bridges’. 

The decrease of HI titres in the presence of DNase 
was of interest because of the discovery of DNA in human 
RBC membranes’. In other experiments we found that 
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DNA itself (from calf thymus, > 30 ug/ml.) inhibits the 
haemagglutination by type 7 adenovirus HA. This 
observation seems to agree with previous work on adeno- 
virus type 5 (ref. 8). The inhibitory effect of DNA was 
lost after the latter was treated with DNase. 

The receptor for adenovirus type 7 HA is distinct 
from the receptor for enteroviruses, because the former is 
inactivated by extraction with n-butanol and by treat- 
ment with trypsin, whereas the latter is not*. We also 
demonstrated that haemagglutination by adenovirus type 
7 HA is not inhibited by concentrations of up to 12 mM 
of d-glucosamine, d-galactosamine, N-acetyl-d-galactos- 
amine, V-acetyl-d-glucosamine, N-acetyl-d-mannosamine, 
or sucrose, Whereas haemagglutination by reoviruses and 
EMC virus is inhibited by at least one of these sugars! ®™ l, 

The receptors could be dissolved by treatment of the 
ghosts with sodium deoxveholate (DOC) for 1 h at 37? is 
and further experiments were carried out to determine 
their approximate size. After gel filtration on ‘Sepharose 
445°, receptors for adenovirus t vpe 7 HA were recovered 
in a single peak that coincided with the protein peak 
corresponding to bovine albumin chromatographed on 
the same column in a separate experiment (Big. 1). Re- 
ceptors for influenza virus were recovered in two peaks, 
one corresponding to the void volume of the column and 
the other preceding the peak of the adenovirus receptor. 
From the distribution of total protein in the fractions it was 
evident that only a part of the structural proteins of the 
RBC membrane (less than 15 per cent) participates in the 
build-up of receptors for adenovirus type 7 HA. Additional 
gel filtration experiments on eolumns of ‘Sephadex G-200'. 
precalibrated with bovine albumin, y-globulin and a- 
chymotrypsin, showed that the approximate molecular 
weight of the adenovirus receptor is 40,000. The omission 
of DOC during gel-filtration led to partial reaggregation 
of the receptors. 

Treatment of the DOC-solubilized ghosts with DNase I 
before gel-filtration failed to inactivate the receptors for 
either of the two viruses and to shift the peak of HI 
activity with adenovirus HA to higher fraction numbers. 
Thus DNA does not seem to be an essential part of the 
adenovirus receptor. 

Untreated and DOC-treated ghosts were submitted to 
equilibrium density gradient centrifugation. With the 
untreated ghosts the receptor activity for both influenza 
virus and adenovirus HA (as well as protein) was recovered 
in a density range of 1:16 to p23 g/ern®, whereas with 
the treated ghosts the protein peak occurred at a density 
of 1:30 and at least a part of the receptors for both 
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Fig, 1. Gel filtration on “Sepharose 48" of sodium deoxycholate-treated 
erythrocyte ghosts, <an -, Protein; stippled columns, HI titres with 


influenza virus haemagglutinin; hatched columns, Hf titre with adeno- 
virus type 7 haemagglutinin. The left and right arrows indicate the 
positions of the respective peaks of adenovirus type 7 hexon antigen and 
bovine serum albumin when chromatographed separately on the same 
column. "Phe hexon antigen has a sedimentation coefficient Steen) of 
about 12" and the albumin“ a molecular weight of 6-5 «164 2-6 ml. 
samples of treated ghosts were ehromatographed on K 25/45 columns 
(Pharmacia, Uppsala) of ‘Sepharose 48’. Eluant: 0-01 M tris HCl buffer 
(pH 7-0) containing 0-3 per cent DOC. Fractions of 5 ml were collected, 
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Fig. 2. Density gradient centrifugation (17 h at 65,000 r.p.mn. Spinco 
rotor SW 65) of untreated (bottom) and sodium deoxycholated-treated 
(top) erythrocyte ghosts, , Protein!é; .. . , density (gicm?); 
stippled columns, HI titre with influenza virus haemagglutinin; hatched 
columns, HI titre with adenovirus type 7 haemagglutinin, The refrac- 
tive index of each fraction was measured and the corresponding density 
determined from a calibration graph. The HÍ titres were determined 
after the fractions had been dialysed against PBS. 





influenza and adenovirus HA could be recovered at the 
same density (Fig. 2), which suggests that lipid components 
are probably not essential for receptor activity with either 
of the two viral HAs. Such a conclusion is in accord 
with the fact that the receptor for influenza viruses is a 
glycoprotein?*, and again emphasizes the difference in 
the nature of the receptors for enteroviruses and adeno- 
virus HA; the former receptors eontain 31 per cent lipids 
and have a buoyant density of 1-18 (ref. 12). 
Receptors for adenovirus type 7 HA therefore differ from 
the receptors for other viruses deseribed hitherto. The 
complexity of proteins from RBC membranes (as already 
described for human cells}? suggests that a sequence of 
steps will be needed to purify the receptors in order to 
permit their chemical analysis. 
After this work had been completed, we learnt about 
studies on virus-receptor interaction with adenovirus 
type 2 (ref. 14), which also suggests the proteinaceous 
nature of the receptors. 
A. R. NEURATH 
R. W. HARTZELL 
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African Swine Fever Virus in 
Ticks (Ornithodoros moubata, 
Murray) collected from Animal 
Burrows in Tanzania 


ArRICAN swine fever (ASF) is an acute, sontagious and 
highly lethal disease of domestic pigs; it is usually 
acquired in Africa by association with wild swine, 
especially warthogs, which are regarded ae asymptomatic 
carriers of the causal virus (ASFV)!. Unfortunately the 
disease gained access to Portugal in 1957 and has gince 
spread to Spain, Italy and, transitorily, to France. in 
European eountries where it has established itself as an 
enzootie disease of domestie swine, it kas caused and 
eontinues to cause great economic loss. 

In spite of overwhelming field evidence that wild 
Suidae are the primary source of virus for domestic pigs 
in Africa, the agent does not spread readily by contact in 
experimental conditions, either from warthog to warthog 
(Phacochoerus aethiopicus, Pallas}, or frem this natural 
reservoir host to domestie pigs with which they are 
housed!-3. Intermediate vectors, such as fleas or lice’, 
a “winged insect"? and ixodid or argasid tieks**^, have 
therefore been considered as possibly involved in trans- 
mission of the virus. 

In Spain, Botija? found that ASFY persisted for several 
months in the tick Ornithodoros erraticus, which was found 
in pigsties where outbreaks of the disease had occurred ; 
furthermore, these infected ticks could transmit the virus 
by feeding, as long as 6-12 months after engorging on 
animals infected with ASFV (personal communication, 
reported in ref. 5). Previous attempts +o isolate ASFV 
from ticks derived from warthog burrows in Africa have 
been abortive**, but we have been mere fortunate in 
our recent investigations. 

As part of a programme of studies on the distribution of 
ASFV infection in warthogs, we visited te Kirawira area 
of northern Tanzania; this is predominantly within the 
Serengeti National Park and there are no domestic swine 
within about 100 miles. Infection with ASFV is very 
frequent in this locahty, the agent having been recovered 
from the tissues of twenty-four out of thirty-five warthogs 
of varying age examined during the pasit 18 months. In 
August 1968, fifteen burrows though: to have been 
occupied at some time by warthogs were examined for 
infestation by ticks, especially Ornithodozos moubata, Dry 
earth was removed from near the entrance and along the 





floor of the first, easily accessible part of the tunnels; 
chippings were also taken from the sides and roof of the 


burrows. The material was shaken on a wire sieve 1/16ineh 
mesh and ticks were removed with forceps, both from the 
sieve and after later spreading the soil or à white cloth. 
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All of the fifteen burrows examined were infested; this 
is a somewhat higher rate than previously reported in 
Tanganyika’. We did not attempt to assess the total 
number of ticks in each burrow, but Table 1 shows that 
the infestation rate, though variable, was sometimes 
extremely high. 

The number of ticks recovered from some burrows (Nos. 
2, 5 and 14, for example) was considered to represent no 
more than a small fraction of the total infestation, The 
only other ticks found in making these collections of 
O. moubata were a few specimens of Rhipicephalus and 
Amblyomma spp. 

Ticks collected from individual burrows were placed in 
separate containers and further subdivided on return to 
the laboratory into adults and the four nymphal sub- 
groups shown in Table 1. They were kept in an ineubator 
at 30" C and 90-95 per cent relative humidity. At 
intervals of up to 7 weeks after colleetion, individuals or 
groups of ticks were tested for ASFV by suspending them 
in marrow cell culture medium? using Ten Broeck grinders. 
Adult ticks and fourth/fifth stage nymphae were usuallv 
pooled in lots of three to five and the earlier nymphal 
stages in lots of twenty, with 4 ml. or later 10 ml. of 
medium per pool. The suspensions were allowed to settle 
by gravity at 4° C, or lightly centrifuged, and the super- 
natants—sometimes after further five-fold dilution to 
avoid severe cytotoxic effects— were all inoculated into 
five 3-4 day cultures of primary pig bone marrow (PBM) 
cells* in a dose of 0-2 ml./tube. Virus was detected by 
the oceurrence of specific haemadsorption, followed by 
cytopathic effects?. Tick supernatants which revealed 
ASFV were titrated as soon as possible in PBM cultures. 


Table 1. NUMBER OF TICKS (O. moubata) RECOVERED FROM ANIMAL BURROWS 


IN THE KIRAWIRA AREA 


Burrow Nuniber of ticks recovered 
No. Remarks Adults 4/5N* 8N 2N 1N Total 
1 Deep: recently excavated 0 13 16 12 0 41 
2 Shallow depression: not in 
recent use 11 86 264  Á 434 512 1,307 
3 E " Ed 7 70 125 132 56 396 
4 Deep; not used recently 14 73 7 58 11 232 
5 Deep: in use 11 90 404 301 108 9014 
6 Probably used by porcupine 6 15 68 18 0 107 
7 Probably not used recently 
by warthog 0 0 12 44 1 57 
8 B M 0 8 7 10 0 25 
90 Newly excavated 1 ü 7 8 0 22 
10 Shallow: not in use 0 14 13 6 0 33 
11 Recently excavated: notin 
use 8 50 15 12 1 86 
12 Deep; in use 3 10 2 3 0 17 
13 Old burrow; used by por- 
cupine 23 62 28 0 0 118 
14 Very deep; in use by por- 
cupine 19 110 1,088 944 13 2,174 
15 Deep; not in regular use 8 9 2 2 Ü 24 
Totals 110 622 2,127 1,087 702 5,548 


The results of the attempts to isolate virus are sum- 
marized in Table 2, and the origin and titre of positive 
tick pools are shown in Table 3. Altogether fifteen 
isolations of ASFV were made from 3,554 ticks examined; 
infected ticks were found in four of fifteen burrows, more 
than one isolate being obtained from two of the four. 
Some burrows may not have been infected, for the virus 
could not be detected in 660 well assorted ticks from 
burrow No. 5, whereas eleven isolations were made from 
1,661 ticks derived from burrow No. 14. 

Table 2 summarizes the results of virus isolations from 
ticks of different stages. There were indications that the 
frequency of infection may have increased with maturation 
of the tick; thus, four of twenty-six pools of adults 
yielded virus compared with eleven of 235 pools of 
nymphae. In burrow No. 14 the proportion of infected 
tick pools was: adults one out of three; fourth/fifth stage 
nymphae two out of fourteen (15 per cent); third stage 
nymphae seven out of forty-seven (15 per cent) and first 
or second stage nymphae one out of thirty (3 per cent). 
Again, the mean titre of eight pools of third stage nymphae 
was 105? HAD; whereas the mean titre for fourth/fifth 
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Table 2, ISOLATION OF ASFY FROM TICKS (Q. moubaia) COLLECTED IN THE 
KIRAWIRA AREA 
. No. of 
' Burrow Numbers of ticks examined for ASFV pools 
Adults 4/5bN* 8N  9N IN Mixed Total positive 
1-5 incl. 42 834 756 243 20 75 1,70 0/103 
6 6 18 64 11 20 — 116 2/10 
7 —  — 12 — — — 12 01 
8. — 8 5 6 —  — 19 1/4 
9-12 inel, 11 80 25 6 — 24 146 0/26 
13 23 62 22. == — — 107 1/18 
14 13 112 939 587 i0 ~~~ 1,0601 11/93 
15 8 9 uil ie — 8 23 0/6 
Totals 103 620 1,893 853 50 105 3,554 15/261 
No. of pools positive 4/26 — 2/94 3/90 1/42 0/6 0/3 15/201  — 


Probable percentage 
of ticks positive 38 9-39 0-14 0-12 — 0 — -— m 


N, Nymphae; figures indicate estimated stage of development. 


Table 3. ORIGIN AND TITRE OF ASFV IN POSITIVE TICK POOLS 


Burrow Stage of Titres* of Geometric 
No. ticks positive pools mean titres* 
14 2N 4-3 (4-8) 

8 3N 5.6 j 
14 3N 5:0, 5:2, 5:2, 4-2 > 5-23 
D8 5-4, 5-4) 
13 4/5N 6-4 } x. 
14 4/5N 554,720 | TOM 
6 Adult 6:4, 5^8 } 
13 - 6:8 r 6:17 
14 » 5T } 


2: Log, HA Deo. 


stage nymphae and adults rose to x 10849 and 10917 HAD sq 
respectively, or approximately ten-fold. Assuming that 
the distribution of infected ticks in the total collection was 
Poissonian it can be shown that the virus in positive pools 
(with the possible exception of some adults) was probably 
derived from one tick only. The proportion of infected 
ticks can then be calculated as in the bottom line of 
Table 2, adults showing about a ten-fold greater frequeney 
of infection (3-7 per cent) than fourth/fifth stage (0-32 
per cent) or third stage (0-44 per cent) nymphae. Only 
one isolation was made from about 1,000 younger 
nymphae. 

The strains of virus isolated from ticks always behaved 
in à typical way in PBM cultures, producing haemadsorp- 
tion, often within 24 h, followed by cell detachment. In 
some cases the sensitivity of the cell culture technique was 
checked by subinoculation of medium from negative 
cultures into fresh cultures or by inoculation of large 
volumes of negative tick suspensions into pigs, but 
neither of these techniques revealed additional positive 
pools. This was to be expected in view of the relatively 
high titre of virus in all infected pools. The disease 
produced in pigs by the inoculation of tick suspensions was 
typical ASF, invariably leading to death and spreading 
by contact to other pigs housed with the primary 
recipients. 

Our findings suggest that the transmission of ASFV 
among warthogs at Kirawira could well depend on the 
large populations of O. moubata which infest the burrows 
occupied by them. We have, so far, failed to demonstrate 
virus in more than 1,100 ticks collected from burrows in 
the Queen Elizabeth National Park, Uganda, but further 
investigations are in hand. A few attempts to transmit 
virus to pigs by feeding on them groups of "wild" nymphal 
tieks have failed, but this may well have resulted from the 
infrequeney of infection in the ticks. That O. moubata 
can transmit ASFV during feeding has already been 
shown, while similar findings for O. erraticus have been 
reported from Spain (ref. 6 and personal communication 
from C. 8. Botija reported in ref. 5). In addition, we have 
recently demonstrated that some single O. moubata nym- 
phae, experimentally infected with ASFV by feeding on 
sick pigs, can transmit the virus by bite for at least 3 
months afterwards. If transmission by ticks is the usual 
method of transfer of ASFV among warthogs it eould also 
constitute the common method of transfer to domestic 
swine; although O. moubata is not usually found on wart- 
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hogs outside their burrows, it has occasionally been 
recorded on animals shot in the early morning!* and such 
ticks could obviously fall off in pig paddocks if they are not 
adequately fenced. Furthermore, the possibility arises 
that the long-term reservoirs of ASFV in Africa may be 
wild swine and argasid ticks, especially if transovarial 
infection were to occur in the tick". 

These data on the titre of ASFV in infected O. moubata 
indicate that the virus probably multiplies in this species, 
because the amount of virus in the blood of infected 
warthogs is very small and has in fact never been detected 
by us in 1 ml. quantities of blood using the cultural 
technique. Other species which inhabit the burrows and 
which may show higher levels of viraemia could, of 
course, account for the infection of some ticks and this 
question deserves further investigation. In this connexion 
it is interesting to observe that porcupines had occupied at 
least three of the four burrows from which ASFV was 


“# isolated (Table 1). 





Finally, it is interesting to note the morphological 
resemblance between ASFV, a large DNA virus of 
icosahedral symmetry, and the Tipula iridescent group 
of viruses, producing infections of insects. Was ASFV 
first a parasite of O. moubata in its primaeval habitat of 
animal burrows in Africa which has finally established 
itself in O. erraticus in Europe, through the intermediary 
of wild and then domestic swine ? 

W. PLOWRIGHT 

J. PARKER 

M. A. PEIRCE 
East African Veterinary Research Organization, 
Muguga, PO Kabete, Kenya. 
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Reversible Effect of Actinomycin D 
on Nucleoli of Amoeba discoides : 
Nuclear Transplantation Study 


Actinomycin D (AM) suppresses DNA-directed RNA 
synthesis in vivo!. Because the nucleolus is believed to 
be the site of ribosomal RNA synthesis??, the effeet of 
AM on this organelle is of particular interest and has been 
the subject of many studies*-". It has been reported that 
both the morphological and physiological effects of AM 
can, in certain circumstances, be reversed?^?. In view 
of the extensive use of AM in cancer chemotherapy as 
well as in cellular metabolie studies, it is important to 
establish whether cell constituents such as the nucleolus 
can recover their normal function after temporary 
exposure to concentrations of AM known to be lethal to 
the intact cell. This question can only be answered by 
transplanting the nucleoli treated with drugs to normal 
cytoplasm—a procedure most easily accomplished in the 
large, free-living amoebae by nuclear transplantation. 
The objeet of this work is to determine to what extent 
the effect of lethal concentrations of AM on the amoeba 
nucleoli ean be reversed. 
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Amoeba discoides, cultured in Chalkley s medium with 
Tetrahymena as a food organism", was s:arved for 24 h 
and exposed to AM in fresh medium at 18° C. The treated 
amoebae were washed and cultured individually. They 
were observed directly, or were fixed in osmium tetroxide, 
embedded in Maraglass after dehydracion m graded 
ethanol, and sections cut at 0-3-1 mieroas were stained 
with azure Il (ref. 11). Nuclei were transplanted on agar 
slides. The localization of AM in the cell was studied 
using tritiated AM (Schwarz BioReseareh lne, specific 
activity 3 Ci/mM). Whole amoebae and isolated nucler? 
were autoradiographed™ using Kodak AN T'B-2 emulsions. 
RNA synthesis was studied by autoradiography after 
exposure of cells to *H-uridine (Schwarz Biolesearch 
Ine., specific activity 20 Ci/mM) at 10 pCi/ml. 

AM at 10 to 250 ug/ml. did not affect the gross behaviour 
of amoebae after exposure for 24 h, as judged by attach- 
ment to the substratum, by movement and by phago- 
cytosis. Nuclear abnormality was evadent, however, 
at 50 ug/ml. or more, as shown by clumping of nucleoli 
toward the centre of the nucleus (Fig. 15). In normal 
cells, nucleoli were situated at the pexiphery (Fig. la; 
see also ref. 6). After 2 to 3 days, these cella detached and 
all died within 2 weeks. They rarely divided and never 
formed clones; thus exposure to 50 ug/nl. for 24 h was 
100 per cent lethal. The treatment pernod could not be 
reduced signifieantly by inereasing the concentration of 
AM. Exposure for 24 h to 50 ug/ml. was therefore used 
in subsequent experiments. | 

After amoebae had been exposed to H-AM (25 to 50 
uCi/ml.), the nuclei and cytoplasm of whole cells as weil 
as isolated nuclei were labelled, indieat:ng that AM was 
bound both in nuclei and cytoplasm. In agreement with 
previous observations!5 amoebae treated with 50 to 250 
ug/ml. of AM did not incorporate *H-uwidine even while 
actively moving and phagocytosing. 

In order to determine the site of damage by AM, nuclei 
and cytoplasm of normal amoebae and those treated with 
lethal doses were interchanged. Most of the nuclei 
damaged by the drug, even those with grossly abnormal 





Fig. i. Photomicrographs of norma! nuclei and nuclei damaged by AM; 


0-5 micron Maraglass section stained with azure If. a, Normal 

nucleus showing orderly alignment of nucleoli (Nu) inside the naclear 

membrane; b, nucleus of an amoeba treated with a lethal dose of AM. 

Note clumping of nucleoli (Nu) toward the centre away from the nuclear 
membrane (NM). 
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Table 1. RESULTS OF NUCLEAR TRANSPLANTATION BETWEEN NORMAL 
AMOEBAE AND THOSE TREATED WITH A LETHAL DOSE OF ACTINOMYCIN D 
(50 ugimlt. for 24 t) 


AM treatment Nucleus/eytoplasm No. NO. Per cent 
Nucieus Cytoplasm composition studied clones viability 
~ - Nna No 100 95 95 
= — NaN: a0 43 86 
+ + ‘a TE 150 0 0 
+ er TaN: 115 85 83 
— + Nac. 62 ü 0 


N = Normal amoeba, T= AM treated amoeba, 


ian M t n= nucleus, t= cytoplasm, 
~» indicates nuclear transplantation. 


morphology, recovered within 6 h of transplantation into 
normal cytoplasm. The revitalized nuclei started to 
incorporate *H-uridine after 48 h. entered mitosis and 
promoted normal cell reproduction (Table 1). The viabil- 
itv of such cells was not significantly different from that 
of normal nuclear transplants; thus the cytological 
damage to the nucleus was completely reversible. In 
contrast, cytoplasm treated with AM visibly damaged 
normal nuclei within 24 h of insertion and this combination 
produced no viable cells. 

The lethal dose of AM for amoebae is comparable with 
that for Physarum’, but much higher than that for 
mammalian cells (below 1 ug/ml.). This may be because 
of low drug uptake, as suggested for Physarum’, 

The complete recovery of nucleoli damaged by AM is 
striking. It is not clear whether this recovery is accom- 
panied by release of AM. The drug was shown to bind 
strongly to DNA in vitro'*, but the AM bound tn vivo 
was found to disappear from cultured mammalian cells 
when they were transferred to normal culture medium". 

AM differs from nitrogen mustard. à radiomimetie drug 
also used in cancer chemotherapy?: the latter is ten times 
more toxic to the nucleus than to the cytoplasm of 
amoebae’, Thus irreversible damage to the nucleus 
occurs with doses which leave the cytoplasm viable. 
ed nuclei damaged by nitrogen mustard, those exposed 

» AM recover completely after transplantation to normal 
C Further work is in progress to see if the 
bound AM leaves the nucleus after transplantation into 
normal cytoplasm, and to investigate the effect of the 
drug on the eytoplasm. 

We thank Dr J. F. Danielli for his interest and Mrs L. 
Powers for technical assistance. The work was supported 
by a grant from the US Public Health Service. 
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Note added in proof. Our recent autoradiographic study 
indicates that the recovery of AM damaged nuclei in 
normal cytoplasm is in fact accompanied by a release of 
bound AM. 

I. J. LoncH 
K. W. JEON 
Cell Physiology Laboratory, 
Center for Theoretical Biology : 
State University of New Y ork, 
Buffalo. NY. 
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Transmissible Feline Fibrosarcoma 


SEVERAL transmissible neoplasms, including avian! and 
murine? sarcomas and feline leukaemia?, have been 
found to be associated with, and probably caused by, 
UCU.tvpe viral particles. Our preliminary studies with a 
feline fibrosarcoma indicate that it is also transmissible 
and is associated with "C"-tyvpe viral particles. 





Fig. 1. Histological appearance of an experimentally induced feline sarcoma, 


oe $3 
Fig. X. 


fig.3, Electron micrograph of an miniature viral particle in a cytoplasmic vacuole, (x e. 15,700.) Inset, same particle. 


Electron micrograph of a budding " 


(Stained with haematoxylin and eosin, xe. 220.) 


“type viral particle. (x e. 73,300.) 


( x 48,000.) 
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During routine biopsy diagnoses, multiple subeutaneous 
fibrosarcomas were examined from a 2 yr old female cat. 
After euthanasia, tissues were taken for light microscopy, 
electron microscopy and transmission studies. Neoplastic 
tissue from this cat was frozen and stored at — 70° C 
for 6 months before transmission studies were under- 
taken. 

Five 2 day old kittens were inoculated subcutaneously 
with a tumour homogenate. After this first passage, 
all five kittens developed multiple fibrosarcomas at the 
site of inoculation, and one of them had multiple meta- 
stases. The incubation period, from inoculation to the 
time when tumours could be first palpated, varied from 20 
to 61 days. On the second passage, three newborn kittens 
and two newborn puppies were inoculated subeutaneously. 
The puppies and one kitten received 450 mmicron 'Milli- 
pore’ filtrates and the other two kittens received 220 
mmieron ‘Millipore’ filtrates prepared from homogenized 
tumour tissue. Again, multiple subcutaneous fibro- 
sarcomas developed at the sites of inoculation in all the 
animals. The incubation period at this passage varied 
from 10-15 days. 

Histological examination of the original neoplasms and 
those in the experimental animals showed that they were 
fibrosarcomas of similar morphology. They were com- 
posed of highly vascular masses of whorls and interwoven 
bundles of fusiform and polygonal cells and variable 
amounts of intercellular collagen (Fig. 1) Occasional 
multinucleated cells and many mitoses were present. The 
metastatic tumours were identical in morphology. 

Eleetron microscopie examinations of tumour tissue 
from the donor cat and experimental animals studied so 
far (two kittens and one puppy) have shown "C" type 
viral particles. These particles occurred frequently. 
Virons replicated from the plasma membrane (Fig. 2) and 
into membrane-bound vacuoles within the cytoplasm 
(Fig. 3. Budding and immature stages of the virus were 
of identical diameters. The outer coat measured approxi- 


mately 115 mmicrons with internal concentric shells of 


approximately 90 and 65 mmucrons. The mature particle 
showed variations in outer diameter from 110 to 120 
mmicrons, and had a dense nucleoid of approximately 
90 mmucrons. The particles are similar in morphology 
and mode of production to the viruses of avian? and 
murine? sarcomas and feline leukaemia?- 5. 

This feline fibrosarcoma, like the avian and murine 
sarcomas, seems to be transmissible by cell-free extracts 
and 1s associated with, and probably caused by, budding 
"C" type viral particles. The relationship of this virus to 
the feline leukaemia virus is being investigated, and 
perhaps it is similar to the well established relationships 
of the avian sarcoma-avian leukosis$ and murine sarcoma- 
murine leukaemia’ systems. 

We thank Dr W. P. C. Richards and Mr R. J. Munn for 
advice and assistance. 
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Meiotic Chromosomes in 
Klinefelter’s Syndrome 


SMALL testes and aspermia are both characteristic features 
of Khnefelter’s syndrome, and histological examination 
of the testes usually shows a lack of active spermatogenesis, 
Biopsies on testes which were still spermatogenous have 
been reported', however, so we thought it might be 
possible to study chromosome meiosis zi this syndron ne, 
although we could find no previous reference to such work, 

Using a slight modification of the method of Evans et 
al’, we have studied testicular biopsy material from four 
patients with typical Klinefelter's syndrome, including 
small testes, aspermia and a forty-seven XXY chromn- 
some complement, in the hope of obtaiaing preparations 
of meiotic chromosomes. In the biopsy material from a 









Fig. 1, Diakinesis with a chromosome interpreted as a ae parate Y. 

d and b are interpreted as bivalents (two amall chromosomes in end-to- 

end position). The X chromosomes possibly form one of the medium 
sized bivalents, 








Fig. 2. Arrow indicates X Y bivesent. 
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28 yr old man we found eight cells in diakinesis/metaphase 
I and two cells in metaphase II. Two of the cells in dia- 
kinesis/metaphase I contained what we considered to be 
twenty-two autosomal bivalents; an X X bivalent and a 
separate Y (Fig. 1), and three cells contained what seemed 
to be an XY bivalent (Fig. 2). Three cells in diakinesis 
and both cells in metaphase JI were unsuitable for de- 
tailed examination, 


Table 1. CHROMOSOME COUNT DISTRIBUTION 
« 43 43 44 45 46* 47 48 Total 
H 3 1 4 7 83 1 100 
* Karyotypie analysis of cells with forty-six chromosomes 


Four celis lack a chromosome in the 21-22 Y group 
One cell lacks a chromosome in the 6-12 Y group 
One cell lacks a chromosome in the 16-15 group 
One cell lacks a chromosome in the 19-20 group 


We have some reservations about our interpretation 
because the quality of the cells was not very high and 
the cells themselves were too few. The finding of meiotic 
divisions in one of four patients with typical Klinefelter’s 
svndrome-—in whom examination of mitotic metaphases 
prepared from cells from peripheral blood e very little 
evidence of X Y, AX Y mosaicism (Table 1)—1s, however, 
encouraging and the study will be continued. 

This work was supported by P. Carl Petersen's Fund 
and the Danish Foundation for the Advancement of 
Science. 
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GENERAL 


Mean Fitness Increases when 
Fitnesses are Additive 


Fisugn's fundamental theorem of natural selection! states 
that for a random mating population with fitnesses 
dependent on the genetic constitution at a single locus, 
the mean fitness of the population inereases with time. 
This is true for an arbitrary number of possible alleles at 
the loeus and for arbitrary fitness values. 

Moran? has shown that if fitness depends on the genetic 
constitution at two loci, then the mean fitness of the 
population ean decrease monotonieally with time. Two 
questions arise from this disturbing result: (1) can any 
restrietions be placed on the fitnesses to secure an analogue 
of Fisher's theorem; (ii) does any function other than 
the mean fitness increase monotonieally with time? I 
DE like to give e an answer to (1) which is applicable in 
t heore em. 

My theorem is that if fitnesses are assumed additive 
over loci, then the mean fitness of the population increases 
monotonieally in time, irrespective of the number of loci 
on which fitness depends, of the number of possible alleles 
at each locus and of the linkage arrangement between the 
loei, (Fitnesses which are "additive over loci” are those 
for which, if fitness is supposed to depend on the genotypie 
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constitution at k loei, the fitness of any individual can be 


expressed as a sum of k terms, the ith term in the sum 
being characteristic of the individual's genotype at the 
ith such locus.) 

We consider the proof in detail only for the case of two 
loci A and B, admitting two alleles each: A,, A, and 
B,, B, Because fitnesses are assumed additive over loci, 
we can write the fitness matrix in the form 


A iA i A vds A "P 
BB, utu Uy + Us Uy Us 
BB, tta + Uy Ua d By s Ua 
BB, Ug rU, Ust v. Uy + Ug 


If the frequencies of the gametes A,B, A,B,, A,B, and 
A,B, which make up the zygotes in generation ¢ are 
denoted Ci, Ca, Css €,, then the mean fitness W of the popu- 
lation m generation 4 is given, according to Moran”, by 


W — Ln (6, €,)* d 
+ Uy (C, +05)" + 


2Us (Cy + Ca) (Ca tg) + Uy (Cg HGF 
2Us (Ci t Ca) (Ca t Ca) + vs (Cate) (1) 


depends on the frequencies ¢,+¢, and e+e, only, 
for we ean write c, c, l— {e,t Cah Cat c, 1 — (C; + Ca) 
Note that ¢,+¢, is the frequency of the gene B, and 

C +C is the frequency of the gene A, The frequencies 
Cis Cy, Cy C, Of the gametes which make up the zygotes 
in generation ¢+ 1 are found from the recurrence relations 
(76)-(79) in ref. 3. Given Ci, Ca, c4 and c, the frequencies 
€, +e and e, +c; are independent of the degree of linkage 
between A and B loci. Thus the mean fitness W' of the 
population in generation ¢+1—given by equation (1) 
with W’ replacing W and c; replacing ca and therefore 
depending on ¢,+¢, and ¢,+¢, only-—will itself be inde- 
pendent of the degree of linkage between A and B loei, 
once the values e; are given. In particular, it will be equal 
to the mean fitness m generation ¢+1 for the particular 
case F0. But it is a classical result that when E —0 the 
population behaves as one where the fitness depends on 
one loeus with four alleles, and Fisher's theorem asserts 
that for this latter situation, W'zzW. Thus, because W’ 
is independent of R, W = W for all values of K. 

The key point in this proof is that W depends only 
on €,--c, and c,--c,4 (that is, only on gene frequencies). 
'This makes its generalization to an arbitrary number of 
alleles and an arbitrary number of loci almost immediate, 
for in all such cases W again depends only on gene fre- 
quencies. Given the frequencies of the gametes making 
the zygotes of generation £, the frequencies of the genes 
making the zygotes of generation £-- 1 are independent of 
any linkage arrangement between the loci. It follows 
immediately that the mean fitness in generation t+ 1 is 
again identical to that which obtains when all crossing- 
over frequencies are zero, and, because this latter case 
can again be viewed as one where fitnesses depend on the 
(very large number of) alleles at a single locus, we again 
have W’ 2W in the completely general case. Kingman's 
results! show further that W’> W unless the population 
i8 at an equilibrium point. 

This result opens up a range of problems which will 
be most bur d eepeintes. with the a sean 
of Moran? 
behaviour in the: same P 

I thank Professor P. A. P. Moran for his assistance in 
diseussing this problem. 


LN. 


W. J. EwENS 
Department of Mathematics, 
La Trobe University, Melbourne. 


Received December 9, 1968: revised February 4, 1969. 


! Fisher, R, A., The Genetical Theory of Natural Selection (Oxford University 
Press, 1930). 

? Moran, P. A, P., Ann, Hum. Genet., 27, 383 (1064). 

? Moran, P. A. P., Proc. Fifth. Berk. Symp. Math. Stat. and Prob, (Univ. 
California Press, 1965). 

‘Kingman, J. F. C., Quart. J. Math., 18, 78 (1961). 

5 Moran, P. A. P., Ann, Hum. Genet. Gn the press). 


NATURE. VOL. 221. MARCH 15, 1969 


Book Reviews 


MAN, ETHOLOGY AND AGGRESSION 


Man and Aggression 

Edited by M. F. Ashley Montagu. Pp. xiv 4-178. (Oxford 
University Press: London and New York, January 1969.) 
Cloth 42s 6d; paper 17s. 


For thousands of years there have been two views of human 
aggression. Some have thought it an inherent uncondi- 
tional urge, a kind of original sin. Others have seen it as 
a reaction to stress. In twelfth-century China, Hung Mai 
ascribed violence to “famines brought about by floods 
and droughts”. “The first Remedy or Prevention," 
according to Francis Bacon, "is to remove ... Want and 
Poverty in the Estate.” Judging from a survey in 1932, 
scientists at that time almost unanimously agreed with 
Hung Mai and Bacon. In the past two decades, a number 
of scientists have returned to the view of aggression as 
an original sin--for instance, many speakers in two 
recent svmposia on aggression! and ritualization®. This 
book is a collection of articles by distinguished biologists 
and anthropologists, designed, in the editor's words, ‘to 
put the record straight, to correct what threatens to 
become an epidemic error concerning the causes of man’s 
aggression", namely, the “view that man is an innately 
aggressive creature”. 

This is an admirable aim, and it could have been largely 
achieved if the contributors had been asked to provide 
general factual essays on aggression. For there is now a 
great deal of evidence in favour of the Baconian view, 
from mammalian behaviour, human tribal societies 
and the history of human civilizations’. Unfortunately, 
many of the articles are devoted to detailed criticism of 
arguments in recent popular books; some of them are 
reprinted book reviews. Repeated sledge-hammer blows 
are used to crack some very nutty ideas, and some of the 
discussion is made up of counter-assertion, appeals to 
authority and academic bickering. In the course of this, 
the reader is given a strange view of the science of ethology 
as a theory that most of animal and human behaviour is 
"innate". Of the many scientists who might have been 
quoted on the other side, only Konrad Lorenz is singled 
out, on the strength of some speculations in a few chapters 
of his recent book on aggression’. Two essays on the Ute 
Indians, excellent and informative but of rather special- 
ized interest, have been included apparently solely because 
Lorenz mentions these people. This concentration lends 
an unnecessarily personal tone to the discussion, and some 
of the contributors tend almost to dismiss Lorenz as an 
amiable bird-watcher, and certainly do less than justice 
to his contributions to science. 

Beeause the book is aimed at a wide public, it may be 
worth while “to put the record straight’? about both 
Lorenz and ethology. Darwin attempted to start a science 
of human and animal emotion and social response, but 
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could only begin by guessing at the emotion and then 
seeing what the individual did. The problem of reasoning 
objectively from behaviour to emotion was solved by 
Lorenz in the 1920s, when he focused attention on the 
units of movement and posture which make up behaviour 
other than language; he thus started the science of 
ethology. Tinbergen and his colleagues developed this 
idea into a body of high-powered techniques, and Chance 
and others applied them to mamunals, especially monkeys 
and apes. In lower animals, the units of behaviour are 
sometimes innate, that is, they do not have to be trans- 
mitted socially by older individuals. In man, and even in 
monkeys, a great many units are acquired by imitation, 
or by adults selectively discouraging or encouraging bits 
of behaviour by the young. The methods of ethology can 
be applied to either situation®; Lorenz himself has 
endorsed this principle’. Applied to higher mammals, 
ethological methods have amply demonstrated that aggres- 
sion is not an inherent unconditional urge, because those 
of any species will behave peacefully in favourable condi- 
tions, and will torture and kill each other without restramt 
when under stresses of population pressure?. We owe this 
demonstration ultimately to the method of Lorenz, not 
to speak of his many major contributions to the science 
since he founded it. To assess his work on the basis of a 
few chapters of one book is like assessing the work of Freud 
on the basis of a few speculative passages in, say, Mosea 
and Monotheism. 

Fortunately, some of the eontributors do provide general 
essays replete with facts, and these go far towards achiev- 
ing the editor's aim. Sally Carrighar draws on her exten- 
sive field observations of several dozen species to conclude 
that most of them "spend far more than half their time... 
in casual or amiable association with their fellows”. 
After an accurate comparison of the densities of rate in 
the experiments of Steiniger and Calhoun, she draws 
attention to the relation between “war and the population 
explosion" in modern man. Much evidence supports this 
suggestion?. Geoffrey Gorer makes a pertinent comparison 
of extremes in human tribal societies: on the one hand, 
the cannibals of the New Guinea Highlands, who regularly 
kill, eat and (if female) rape any individual they come 
across except a few specified kinsfolk; on the other hand, 
the Arapesh, Lepchas and Ituri pygmies, among whom 
violence is almost unknown. He thus not only shows the 
great range of human behaviour, but picks out another 
important factor. Among the cannibals, men and women 
are conditioned to behave quite differently; among the 
peaceful peoples, “no child grows up with the injunctions, 
‘all real men do...’ or ‘ne proper woman does .. 70. 
Gorer sees an approach to the second attitude in the pre- 
sent young generation of the industrial societies, and 
considers it a hopeful sign. Finally, in the longest article 
of the book, John Crook contributes a relevant, stimulating 
and richly informative survey of the diversity of spatial 
relations in birds and mammals, their territories, ranges, 
schools and communal breeding grounds, in relation to 
aggression. These contributions alone make the book 
worthwhile. It is to be hoped they will help to remind a 
wide publie that in this great controversy assertions and 
speculations, on either side, are no substitute for facta; 
and that the facts from many fields do stronglv suggest 
that human aggression is & reaetion to present stress 
(especially population pressure) and/or to past stress 
transmitted by distorted upbringing. 


W. M. S, RUsSSELL 
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INTELLIGENCE AND ENVIRONMENT 


Intelligence and Cultural Environment 
By Philip E. Vernon. (Manuals of Modern Psychology.) 
Pp. viii+ 264. (Methuen: London, January 1969.) 45s. 


ALMOST one hundred years of systematic study have been 
devoted to the clarification of the basic issues involved 
in understanding individual differences in intelligence. 
When Galton in his Hereditary Genius (1871) began to 
tackle this eomplex area, he showed his own genius 
(hereditary or otherwise) in raising virtually all the basic 
questions which still dominate the field. These are: the 
definition of intelligence; its distribution among the 
population; the nature-nurture controversy; and the 
measurement problem, particularly across various cul- 
tures. As one would expect from as eminent a specialist 
as Professor Vernon, this new book shirks none of these 
complex matters; if his answers are less bold and more 
qualified than Galton’s, this is the mevitable result of 
many decades of painstaking research in an area in which 
our collective knowledge remains limited and where no 
revolutionary breakthrough in questioning has occurred. 

Tt is the issue of definition which interests non-psycholo- 
gists most. Yet definitions, whether of electricity or of 
intelligence, are arbitrary and change as research acquires 
greater sophistication. What is worse, definitions are 
question begging: if intelligence is defined as the innate 
ability to solve problems, some important questions cannot 
even be asked. The acid test of a definition is what one 
can do with it and not its eternal truth. For Vernon, 
"general intelligence is merely the common element 
in a whole host of distinguishable, but overlapping, 
cognitive abilities" (page 215). No question begging here 
according to this definition, factorial models of intelli- 
gence have their place as much as the identification of a 
general factor. Vernon suggests that the former is more 
suitable in studying differences in homogeneous popula- 
tion, the latter in cross cultural comparisons. 

Vernon follows tradition in making the assumption that 
intelligence is normally distributed in every population. 
Indeed, this assumption is so solidly built into all psycho- 
logical devices for the measurement of intelligence that 
it may appear folly to question it. Yet it is nothing 
but an assumption, based on convenient forms of test 
standardization with solid implications for the way one 
thinks about intelligence. Some work in progress at 
Brunel University dares to question this assumption. It 
remains to be seen whether a new form of question asking 
is there in the making. 

The traditional battleground in research on intelligence 
is, of course, the nature-nurture controversy with its 
world-wide social, political and economic implications. 
This explosive issue has long divided research workers in 
the area, and already, some twenty years ago, Pastore 
demonstrated that the politieal beliefs of scientists are 
correlated with the position they take in the controversy. 
Vernon is, of course, fully aware of the pitfalls in this 
matter and avoids them with admirable caution. Of 
course, ib is possible to take one or the other of his state- 
ments out of context and make him appear to come 
down on one or the other side of this essentially futile 
argument. But the whole tenor of the book makes it 
abundantly elear that he regards the once fashionable 
assignment of so much of intelligence to heredity and 
so much to environment as an unproductive way of 
thinking about the problem. He suggests that intelligence 
A (genetie potential) develops through interaction with 
the environment into intelligence B, which is sampled in a 
limited fashion through tests to yield intelligenee C, the 
IQ. Because we do not have the techniques for assessing 
the genotypical A, all we can do at the moment is to 
assume its existence and work on the improvement of 
assessing the phenotypical B by better and more varied 


tests of abilities. 
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This is exactly what the empirical part of the book aims 
to do. The author and his wife have applied a large 
variety of tests to English-speaking groups of 11 year old 
boys in England, the Outer Hebrides, Uganda, Jamaica 
and Canada (Indians and Eskimos). The discussion of 
the problems involved in administering tests standardized 
in an industrial culture to other cultures is an excellent 
contribution to thought in this difficult area, and will be 
much appreciated by researchers aiming at a comparable 
enterprise. Vernon is careful in pointing out that the 
various groups had to be selected for convenience and do 
not represent a true sample of the age group in each 
country. The research psychologist will perhaps profit 
most from the detailed discussion of the test instruments 
and their differing sensitivity to isolating abilities in 
each group. 

Altogether, this is a valuable contribution by a psycho- 
logists’ psychologist to an area of work in which populariza- 
tion at this moment might do more harm than good. 

Marre JAHODA 


GALEN’S DOCTRINES 
Galen’s System of Physiology and Medicine 


An Analysis of his Doctrines and Observations on Blood- 
flow, Respiration, Humors and Internal Diseases. By 
Rudolph E. Siegel. Pp. 419. (Karger: Basle and New 
York, 1968. Distributed in the UK by Academic Press. 
London.) 98 Sw. frances; $23.50; 1965. 


THE novitiate in medical history, when he first makes 
direct acquaintance with Galen's work, receives a consider- 
able surprise. Brought up on second-hand accounts, 
he will have in his memory such phrases as ‘medical 
dictator" and "arrogant and dogmatic”, and he will 
almost certainly have the overwhelming impression that 
Galen’s, above all, was the influence which for so many 
centuries stifled medical progress until it was triumphantly 
overcome by Vesalius and Harvey. It should be said that 
in recent years the traditional view has been modified. 
both by the appearance of modern translations of some 
of Galen’s most important writings and bv the work of. 
for example, Fleming, Hall and Siegel himself. Neverthe- 
less, there is need for an extensive reappraisal of Galen’s 
work, and Siegel has undertaken part of this difficult 
task. 

Siegel’s book contains an analysis of Galen's doctrines 
and observations on blood flow, respiration, humours 
and internal diseases and thus deals with a considerable 
part of what is most valuable in the Galenic corpus. The 
history and sociology of disease are interesting and impor- 
tant, and Siegel shows that, despite a pathology totally 
foreign to us, a very reasonable diagnosis can often be 
made, incidentally emphasizing Galen's stature as a 
clinical observer. He points out, too, thas Galen, if not 
his suecessors, was well aware of the conceptual hazards 
involved, and could on occasion be admirably self-critical. 
The section on blood flow and respiration is very impor- 
tant and it should be read in conjunction with "De motu 
cordis". It will then be abundantly clear that Galen was 
already in possession of all the anatomical tacts known to 
Harvey, in both adult and foetal cardio-vascular systems, 
with the exeeption of the venous valves. 

In my opinion, however, the book does not, unfortun- 
ately, make things easy for the reader. I counted upwards 
of 70 misprints, many admittedly insignificant, but some 
important. For example, I could not find any biblio- 
graphical reference to Souques (footnote 62, page 122) or 
to Raab (footnote 49, page 166). Passages in inverted 
commas are not always correctly quoted. The errors in 
the series of footnote references to Aristotle on page 139 
are extremely confusing. The footnote on page 225 
refers the reader to Rolleston (1936) on the use of terms to 
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describe the ovaries. Fabricius certainly used the term 
"ovarium" for fowl and elasmobranch, and, equally. 
"testes" in the case of mammals; and Rolleston makes it 
clear, as the footnote does not, that the term "ova 
was used by van Horne and de Graaf to describe the 
ovarian follicles. The word yAwyiv is given in Liddell 
and Scott not as "a strap", but as "a projecting point”, 
or "the end of a yoke-strap , which makes sense when 
compared with the diagram on page 39. 

In my opinion, it is misleading to suggest (page 36) a 
close relationship between Galen's ideas about the effects 
of thoracic compression on pulmonary blood flow and the 
modern concept of the effects of the intrapleural negative 
pressure. The argument on page 157 is confusing in that 


the respiratory quotient is only unity if the volume of 


oxygen absorbed is equal to the CO, output. So, too, on 
page 133, where to say that “the Galenic concept of 
filtration through pores was de facto demonstrated" 
(by electron-microscope studies) seems to me to contra- 
diet what has been put forward in the immediately 
preceding pages as being Galen's teaching. On page 180 
we read “probably without knowledge of Galen's work, 
he" (that is, Boyle) "carried out his own experiment on 
respiration". The index to the 1772 edition of Boyle 
lists seventeen references to Galen, and I at least would 
be tempted to look for another reason for Boyle's omission 
of Galen's name here. I find it hard to accept (page 152) 
that Galen refuted all metaphysical ideas, or that he was 
not a vitalist within the usual meaning of the term. 
especially in view of the translations of Kühn, vol. 4. 
page 732, given on pages 144 and 171. Finally, statements 
such as “Modern neurophysiology will probably never 
be able to push its understanding beyond the limits which 
Galen so clearly defined" (page 186), and “Modern science 
has finally established the intricate hormonal and chemical 
mechanism by which normal and abnormal behaviour 
and even psychotic reactions ean be explained" (page 
241) seem to me both rash and contradictory. I regret 
having to criticize in matters of detail a book conceived 
to meet a very real need, and I look forward to seeing 
Siegel’s promised volume on Galen’s views on sense 
perception. D. W. TAYLOR 


SCIENCE OF THE PAST 


A Short History of Science 

By J. G. Crowther. (Methuen General Studies Paper- 
backs.) Pp. 230. (Methuen Educational: London, 
January 1969.) 16s. 


History of science and history of technology for the 
young should be written with as scrupulous care as for the 
mature, or even more so, for the young like to be told the 
truth, and are rightly suspicious of partially correct 
arguments. Young scientists and non-scientists alike can 
benefit and enjoy accurate discussions of science and 
technology in historical perspective which will show how 
these have developed at various periods and what the role 
of the individual, as an intellectual as well as a social 
being, has been. But they will rightly be put off by heroic 
myth, science as applied technology, and neat positivistic 
achievement. 

This short book endeavours to compass all recorded 
history from the technology of ancient man to DNA and 
the space achievements of the 1960s; focused principally 
on the European tradition, it yet pays tribute to early 
Chinese science and technology. Further, Crowther 
attempts to pursue a plan of paying tribute to his heroes 
with anecdote and biography, and interspersing a certain 
amount of economic and social history; and all in twenty- 
five brief chapters. It is too much, and the result is often 
chaotic. 

The theme is Crowther's view that science and tech- 
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nology are inseparable, and, ignoring the modern his- 
torians’ doubts about the historical truth of this in earlier 
ages, Crowther writes at length about these aspects of the 
science of the past that seem related to technology. Pure 
science, whether in the ancient world or im the more recent 
past, therefore fares badly. There are nearly five pages 
on Edison; there is no mention of Huygens, Euler, 
Laplace, Lamarck, Claude nor Bernard, to take a few 
names at random. The English tradition is stressed at the 
expense of the European: the foundation of the Royal 
Society appears here, but not that of the.académie Royale 
des Sciences; the 18th century observations of the Transits 
of Venus are described as a purely Englisiseffort to measure 
the solar system, and so on. Every writer must select; 
but Crowther has been excessively partial. Se, too, while 
rightly rejecting Galileo and the Leaning Tower and Watt 
and the kettle, he yet retains other equally unfounded 
anecdotes without scruple. This is, disappeintingly, not the 
standard of so professional a writer as Crowther; nor is 
the style, which is bald, flat and over simplified. The 
attempt to reach the young and ignorant by writing down 
is misjudged. This is not the book to inspire young people 
with an interest in science and technology; there are many 
better and less dated works available. There is no 
bibliography, though historians of science and technology 
are several times cited by name, with no«xplanation. The 
standard of production, especially of the well-chosen 
illustrations, 1s excellent. Man Boas HALL 


PLANT CLASSIFICATION 


Modern Methods in Plant Taxonomy 

Edited by V. H. Heywood. (Botaniesl Society of the 
British Isles Conference Report, No. 1.) Pp. xv 4 312. 
(Academic Press: London and New York. Published 
for the Botanical Society of London, October 1968.) 
84s; $13.50. 


A QUICK comparison of this book with  Wilmott's 
British Flowering Plants and Modern Systematic Methods, 
published in 1949, immediately shows the great increase 
in the amount of information on which ¿he plant taxone- 
mist can now draw in producing his varieus classifications. 
While the latter deals almost exclusively with the use of 
cytological information as a taxonomic tool, the present 
work has a far wider coverage and considers, quite 
rightly, many more aspects of the plant. 

This elegantly produced book, the consents of which are 
divided neatly into four parts, is based or: papers presented 
at a very successful conference in 1967 organized jointly 
by the Botanical Society of the British Isles and the 
Linnean Society. Departing somewhss from tradition, 
speakers have presented their contribucions in the form 
of reviews covering recently published work in their 
respeetive fields. "Therefore, nothing ir the way of new 
ideas or techniques appears for the first time. Limited 
space has inevitably meant that some topics have been 
omitted —pollen, for instance, has proviced useful charac- 
ters, and other microscopical features such as epidermal 
appendages and embryological data hawe enabled impor- 
tant contributions to be made in the texonomy of many 
plant groups. 

Introductory chapters explain qurte rightly that 
herbaria have a continuing part to pay in taxonomic 
practice today, whether as sources of operational taxono- 
mic units for taximetric work, or as depositories for the 
all-important voucher specimens used in cytological or 
chemotaxonomic investigations. They can no longer be 
equated with mortuaries where dried botanical material 
can be left and forgotten. The succeeding chapters 
dealing with experimental data are stimulating and 
informative and are followed by others dealing with 
biochemistry and computers in taxonomy. Both of these 
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topics have been individually the subject of recent sym- 
posia and readers might find the information offered here 
rather sparse after referring to the reports of these 
specialized conferences. Finally, there are chapters on 
geography and ecology and their significance in taxonomic 
work. 

I feel sure that students in particular will be glad to 
have this up to date information so efficiently brought 
together by Professor Heywood. Brian STYLES 


CAPTIVE ANIMALS 


International Zoo Yearbook 

Vol. 9. Edited by Joseph Lucas, assisted by Ruth Biegler. 
Pp. viu4-336--24 plates. 
London: London, January 1969.) 
overseas, lóls 6d ($18.75). 


UK and Eire, 1265; 


THis useful series of zoo yearbooks is aimed primarily at 
the zoo world, but it should be read and kept for reference 
by a much wider range of zoologists studying species in 
the wild and in eaptivity. Like its predecessors, this 
latest volume is interesting and entertaining to read, and 
full of faets. Many zoologists will find the reference 
section at the end particularly useful; this includes, for 
example, a census of rare animals living in captivity, and 
some of the themes of zoological research being done at 
zoos and aquaria all over the world. The reference section 
has also a special feature on studying wild animals in 
captivity. 

Each year, the first section of the yearbook is devoted 
to a special subject. In the past, these subjects have 
included the keeping of apes, ungulates and penguins in 
captivity. This year, the subject is the cold-blooded 
ereatures, reptiles and amphibians. These animals are 
particularly difficult to look after because of their sensiti- 
vity to temperature. The section rightly starts with 
diseussions on this aspect; then there are papers on 
subjects such as keeping arboreal and terrestrial amphi- 
bians in captivity, and the breeding of several species, for 
example, the Galapagos tortoise, the spectacled caiman, 
the rhinoceros iguana, and the bearded dragon (a type of 





Male pudu (foreground) 52 days old and his mother in Cologne 


(Plate 46, International Zoo Yearbook, Vol. 9. Photo 


by Uta Hick.) 


Zoo. 


(The Zoological Society of 
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lizard). There is a delightful series of photographs on the 
hatching of the musk-turtle at Prague zoo, and of the 
hatching of the beauty snake at the University of Ibadan 
Zoo. 

After reptiles and amphibians, the book passes on to 
the developments in the Zoo world--new architecture, 
breeding, eonservation, education, husbandry and so on. 
Hand-rearing of aardvarks (ant-bears) is not a job keepers 
must do very often, but it happened in September 1967 at 
Crandon Park Zoo in Florida when a female aardvark was 
born there. She was found to have been neglected by her 
mother and was fed with a bottle for about 14 weeks. 
Other breeding successes mentioned in the book include 
the rearing of a pudu (a rare dwarf deer from Chile) at 
Cologne Zoo, and the breeding in captivity for the first 
time of a calf roan antelope at Hanover Zoo. 

Zoos all over the world are becoming increasingly aware 
that they must no longer act only as custodians, but that 
they must conserve as well. 1f it had not been for the 
foresight of some zoos, a few endangered species would 
have probably become extinet. But while some of these 
animals can be kept out of harm's way fairly easily in 
zoos, successful breeding of them is more difficult, 
particularly if the pair has to be brought together from two 
different zoos. There have already been some successful 
matings of this sort (An-An and Chi-Chi excepted), and 
a further step towards more was made last year when a 
"marriage bureau" for zoo animals was established by a 
committee of the Federation of Zoological Gardens of 
Great Britain and Ireland. Another possibility would be 
to use a sperm bank as a tool for the preservation of rare 
animals. Professor J. Mortelmas and W. Van den Bergh 
make a plea for this in the section on conservation. 

This new yearbook is well produced and easy to read, 
and the publishers have maintained the high standard 
of its predecessors. SARAH BUNNEY 


POLAROGRAPHIC EXPERIMENTS 


Practical Polarography 

An Introduction for Chemistry Students. By J. Heyrovský 
and P. Zuman. Pp. vili+ 237. (Academic Press: London 
and New York, June 1968.) 50s. 


Ir is twenty years since the first German edition of 
Hevrovsky's laboratory manual, Polaragraphisches Prakti- 
kum, appeared. Now, at last, we have an English transla- 
tion, taken from the second Czech edition which was 
written in collaboration with Dr Zuman. 

The main part of this book consists of a collection of 
practical polarographic experiments based on the labora- 
tory course which has been in use at Charles University 
in Prague for the past twenty years. These are very 
well selected, and in a two-week course it should be 
possible to complete the majority of the experiments. 
The introduction covers the basie principles of the method, 
purposely excluding any theoretical discussion, and then 
goes on to discuss the types of electrode process and the 
interpretation of polarographic curves. The section on 
polarographic instrumentation contains some very useful 
hints on disturbances and their elimination. Although 
the principles and operation of photographic recording 
polarographs are now largely only of historical interest, it 
might be pointed out that the polarograms reproduced 
throughout the book were made with a photographic 
recording instrument and have an aesthetic quality that 
the modern pen-recording polarographs cannot achieve. 

Zuman has pointed out that one of the chief difficulties 
with the polarographic method is that, frequently, people 
with no prior experience of the technique turn to it for 
the solution of a difficult problem. Consequently, they 
have difficulty in carrying out the practical measurement 
or in the interpretation of the complex polarogram 
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obtained. This excellent book provides the essential 
background training and anyone contemplating the use 
of polarography for research or analysis would be well 
advised to read it and work through some of the experi- 
ments beforehand. B. FLEET 


ANTHOLOGY OF SCIENTISTS 


A Biographical Dictionary of Scientists 
Edited by Trevor I. Williams, assisted by Sonia Withers. 
Pp. xi4 592. (Black: London, January 1969.) 100s. 


THERE can be few tasks more riddled with dilemmas than 
the compilation of a dictionary of scientists which aims to 
be both comprehensive and yet free of the scourge of 
perpetual digression. That the Biographical Dictionary of 
Scientists manages to achieve a healthy synthesis of these 
two ends owes as much to the fact that the contributors 
have adhered consistently to a prescribed formula for the 
inclusion of individual scientists as to their actual 
criterion for such inclusions. 

Who can fairly be described as a scientist ? What 
aspects of a scientist’s life demand inclusion in a book 
which sets out to allot one and a half pages to such a 
dramatic and vital life as that of Einstein, or a mere one 
page to the pioneering spirit embodied in the life of 
Ehrlich ? Should a person who dabbled in science but 
whose main prowess was exhibited in some other field of 
endeavour be included to the exclusion of some slightly 
more science-bent if less illustrious individual? And 
if so, should their lives be deseribed in a depth appropriate 
to their overall fame or to their achievements in science ? 

The editor has attempted to resolve these questions by 
selecting one of the many arbitrary but sensible options 
open to him, although questionably the most logical of 
the options. 

The subject matter embraced by the heading "Science" 
has been chosen to include engineering, agriculture, 
medicine and mathematics as well as the conventional 
science subjects. It is diffieult to quibble with this. 
Where the editor treads on slightly softer ground is in 
allowing persons like Leonardo da Vinci to claim as much 
space as some of the giants of the science world. although 
many people will no doubt excuse this on the grounds of 
the intrinsic interest of such a unique figure. 

The biographies are focused around the scientific 
achievements of the subjects, with exeursions into family 
or pohtical activities and educational background. The 
most important dates, discoveries, theories or inventions 
of each scientist are covered in a style which is as objeetive 
as can reasonably be expected in any biography, and, by 
and large, the information given is both interesting and 
relevant. Technical language has successfully been 
avoided in all but the most necessary places. 

Considerable pains have been taken to set up a system of 
references which an enthusiast can pursue should he so 
wish, and eross-references abound between scientists whose 
work or lives overlap. An appendix has been added 
which lists more than 700 scientists who have not been 
given individual mention but whose names oceur in the 
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The biographies are not without their lighter momenta, 
which is all to the good, but there are some anomalies in 
this regard. Why Lindemann’s tennis ability should take 
precedence over Einstein’s musical skill is a matter of 
conjecture. In general, however, this book should be a 
useful addition to the shelves of any scientist, and could 
many people whose prime interest is outside the scientific 
orbit. ANDREW MILLINGTON 


Correspondence 


Medical Teachers’ Pay 


SIR,— The recent report by the Prices and Incomes Board 
dated December 1968 on the pay of ureversity teachers 
recommended that medical teachers with consultant 
contracts should be paid the same salary as their National 
Health Service consultants. Since this report was pub- 
lished there has been considerable discussion about the 
method of assimilation on to the new scaies. 

The first instruetion to the universities by the UGC was 
that the medical teacher should be asasmiulated on to the 
nearest point on the NHS seale except where this was less 
than his current salary, in which case he would retain his 
present salary until the next merement was due. | 

Following further consideration of this problem, which 
has included consultation with the Prizes and Incomes 
Board, the UGC has now issued a modified instruction 
to the universities which states that medical teachers 
should be assimilated to the next higher point on the 
NHS consultant scale in relation to the salary in payment 
on October 1, 1968, except that, where there is à point 
on the NHS seale exactly equivalent to the salary in 
payment, assimilation should be to that point. These 
proposals ereate the following grave defects. | 

(1) They do not offer even apparent parity of salary 
between NHS and university except for newly appointed 


staff and those with less than one vesr's service. The 
maximum disparity arises in the case of à senior lecturer 


with nine years’ service, who is paid £945 less than an NHS 
consultant of similar service. (2) The increases are me 
equitable, ranging from 16 per cent for some staff to nil 
for others. (3) The method of assimilation disrupts the 
existing salary structure for staff with less than four years 
service, who will all receive the same salary as newly 
appointed staff. (4) The method of assimilation is un- 
precedented, being totally dissimilar to the previous 
method adopted when a similar situacion arose at the 
2 into 
diseriminate against staff already in post. 

The repereussions of these proposed salaries can only 


NHS and university will effectively be postponed for 
many years because the starting salary for newly appointed 
staff will tend to be restricted by the salary structure of 
those already in post. (b) The proposa.s will alienate the 
will continue to feel that there is a fadure to appreciate 
the injustice they have experienced for many vears past. 
They feel that there is now an excellent opportunity to 
rectify a long standing anomaly which has hindered the 
recruitment of medical teachers and has encouraged 
emigration. 

We are convinced that the only equitable method of 
assimilation is to apply the principle of parity to every 
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member of staff who should receive the same salary as 
he would have received had he been an NHS consultant. 


This problem raises the diffieult question of disparity of 


pay between different faculties of à university. We do 
not consider that the pay of doctors and dentists should 
as of right be higher than that of other university staff. 
but, if medical schools are to thrive, their clinical staff 
who are practising doctors and dentists should receive a 
salary which 1s comparable with their counterparts in the 
NHS. 
Yours faithfully, 
NORMAN Morris (London) 
Jan Bovcnuikg (London) 
GORDON CUMMING (Birmingham) 
ALASTAIR CONNELL (Belfast) 
Rosertr Lowe (London) 
Tarn Macintyre (London) 
CLIFFORD MAwbpbsLEY (Edinburgh) 
SIDNEY TRUELOVE (Oxford) 
Executive Committee, 
Association of University 
Clinical Academie Staff, 
Department of Obstetries and Gynaecology, 
Charing Cross Hospital Medical School, 
London WC2. 


University News 


Dr R. M. Alexander, University College of North Wales, 
Bangor, has been appointed professor and head of the 
department of zoology at the University of Leeds. 


Dr D. Shaw has been appointed to the new post of pro- 
dean of the Faculty of Science at the University of 
Liverpool. 


Appointments 


Mr Geoffrey Hubbard has been appointed direetor of 
the National Council for Edueational Technology in 
succession to Mr R. A. Becher. 

Professor N. C. Hunt, University of Edinburgh, and 
Professor D. Lewis, University College London, have 
been appointed members of the University Grants Com- 
mittee. Professor J. Black, Bath University of Tech- 
nologv, and Mr G. S. Bosworth, Newcastle upon Tyne 
Polytechnic, have been reappointed to the committee. 


Dr C. E. Lucas and Mr G. B. R. Feilden have been 
appointed to fill two places on the Council for Scientific 
Policy which have been vacated by Dr J. B. Adams and 
Lord Jackson of Burnley. 


Announcements 


The medal of the Society of Chemical Industry will 
be awarded to Professor F. Morton of the University of 
Manchester Institute of Science of Technology. The 
Platinum Medal of the Institute of Metals has been 
awarded to Sir Ronald Prain in recognition of his service 
to the non-ferrous metal industries; the institute's 
Rosenhain Medal has been awarded to Professor J. W. 
Christian, professor of physical metallurgy at the Uni- 
versity of Oxford, in recognition of his contributions in 
the field of physical metallurgy; and the W. H. A. 
Robertson Medal has been awarded to T. W. Allen 
and L. J. Cartmell for their paper “The Use of a High- 
Speed Press for the Forging of Nickel-Base Alloys". 


The Councils of the Royal Society and the Australian 
National University are establishing a memorial fund in 
commemoration of Lord Florey, to be used for visiting 
research fellowships in the biomedical sciences between 
Australia and the UK. Particulars can be obtained from 
the Royal Society (Florey Fund), 6 Carlton House Terrace, 
London SWI. 
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The annual course for laymen in Tropical Hygiene will 
be held by the Ross Institute durmg July 7-11. Further 
details can be obtained from the Ross Institute of Tropical 
Hygiene, London School of Hygiene and Tropical Medi- 
eine, Keppel Street (Gower Street), London WCI. 


The British Society for Cell Biology has formed a 
study group to make a survey of the teaching of cell 
biology to undergraduates, graduates and technicians. 
Those who teach courses in this subject or recruit and 
employ cell biologists are invited to send information to 
Dr L. G. E. Bell, Department of Zoology, The University, 
Southampton, Hampshire. | 
The International Union Against Cancer will be awarding 
the American Cancer Society Eleanor Roosevelt 
International Cancer Fellowships for periods of study 
abroad in the experimental or clinical aspects of cancer 
research. Further details can be obtained from Inter- 
national Union Against Cancer, PO Box 400, 1211 Geneva 
2, Switzerland, 

The National Academy of Engineering, Washington, 
has awarded its fourth Founders Medal to Dr H. Nyquist 
in recognition of his contributions to engineering. 


The Institute of Physics and the Physical Society has 
awarded the Guthrie Medal to Professor C. F. Powell, 
University of Bristol, for his contributions to particle 
physics; the Glazebrook Medal to Lord Penney, 
Imperial College, University of London, for his work on the 
development of nuclear explosives and other applications 
of atomic energy; the Thomas Young Medal to Profes- 
sor G. Toraldo di Francia, University of Florence, for his 
work on optics and microwave physics; the Charles 
Chree Medal to Professor 5. K. Runcorn, University of 
Neweastle upon Tyne, for his work on palaeomagnetism; 
the Duddell Medal to Professor C. W. Oatley, University 
of Cambridge, for his development of the scanning electron 
microscope; the Bragg Medal to Mr J. L. Lewis, Malvern 
College, for his work on the teaching of physies im schools; 
and the Charles Vernon Boys Prize to Mr H. P. Rooks- 
by, General Eleetric Company Ltd, for his work in X-ray 
erystallography. 


The Geological Society of London has awarded the 
Wollaston Medal to Professor W. M. Ewing, University 
of Columbia, for his contributions to geological studies of 
the oceans and seismie wave propagation; the Murchison 
Medal to Dr P. E. Kent, British Petroleum Company 
Limited, in recognition of his work in economic geology 
and British stratigraphy; the Lyell Medal to Professor 
F. J. Turner, University of California, for his contribu- 
tions to the study of metamorphie rocks; the Bigsby 
Medal to Dr R. G. West, University of Cambridge, for 
his work in Pleistocene stratigraphy and the vegetational 
listory of Britain; and the Prestwich Medal to Dr 
L. S. B. Leakey and Mrs Mary Leakey for their contribu- 
tions to palaeoanthropology and to East African strati- 
graphy. The proceeds of the Society's Wollaston Fund 
have been awarded to Dr M. G. Audley-Charles, Imperial 
College, University of London, for his stratigraphical 
studies; the proceeds of the Murchison Fund to Dr A. 
Hallam, University of Oxford, for his work in stratigraphy, 
paiaeo-ecology and sedimentology; the Lyell Fund has 
been divided between Dr E. R. Oxburgh, University of 
Oxford, for his work on the structure of the Austrian Alps 
and on the flow of the Upper Mantle, and Dr N. J. Price, 
Imperial College, University of London, for his work on 
the rheological properties of rock materials. 


HÀ 


Erratum. Dr J. G. Makari of Makari Research Labora- 
tories Ineorporated, 223 South Dean Street, Englewood, 
New Jersey, has written to say that the article “Produc- 
tion of Self-direeted Antibody by Tumour Cells" by Dr J. 
Charney (Nature, 220, 504 ; 1968) did not refer to his earlier 
formulation of the eoneept of the formation. by tumour 
cells of antibodies directed at the tumour cells themselves 
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(see J. Amer. Geriatrics Soc., 9, 8; 1961). Dr Charney has 
written to say that the claim is entirely valid and that he 
regrets his neglect of these references. 


Esxratum. In the article “Spontaneous and Ametho- 
pterin-induced Death of L1210 Leukaemia Cells in vivo” 
by Kurt G. Hofer et al. (221, 576; 1969) the meaning of the 
sentence starting five lines down in the seventh paragraph 
was reversed. It should have read “This life prolongation 
is accompanied by an increased loss of UI". 


International Meetings 


April 14-18, Fracture, Brighton (Secretary, International 
Congress on Fracture, Sudbury House, 15 Newgate Street, 
London ECI). 


May 19-30, Integration of Endocrine and Non-Endo- 
crine Mechanisms in the Hypothalamus, Stresa (Dr 
L. Martini, Department of Pharmacology, University of 
Milan, 32 Via Vanvitelli, 20129 Milan, Italy). 


July 8-9, Oxidation in Organic Chemistry, Manchester 
(Dr G. Holt, University of Manchester Institute of 
Seience and Technology, PO Box 88, Sackville Street, 
Manchester 1, UK). 


July 23-25, Plasma Kinins, Florence (Dr D. Arm- 
strong, Department of Pharmacology, Middlesex Hospital 
Medical School, Cleveland Street, London WIP 6DB) 


August 6-8, Applications of X-Ray Analysis, Denver 
(Dr J. B. Newkirk, Metallurgy Division, Denver Research 
Institute, University of Denver, Denver, Colorado 80210, 
USA). 


August 20-27, International Congress of Pure and 
Applied Chemistry and International Conference on 
Coordination Chemistry, Australia (Mr J. R. Price, 
Box 2249U GPO, Melbourne, Australia 3001). 


August 25-29, Agricultural Aviation, Canada (Mr M. K. 
Ward, c/o National Research Council of Canada, Ottawa 
7, Ontario, Canada). 


September 1-5, Cybernetics, London (Dr J. Rose, 
Secretary, International Cybernetics Congress Committee, 
c/o College of Technology and Design, Blackburn BB2 
ILH, Lancashire, UK). 


September 1-5, Neurochemistry, Milan (Professor R. 
Paoletti, Institute of Pharmacology, University of Milan, 
Via Vanvitelli 32, 20129 Milan, Italy). 


September 2-5, Bird Hazards to Aircraft, Ontario 
(Mel. K. Ward, Conference Secretary, c/o National 
Research Council of Canada, Division of Building Re- 
search, Montreal Road, Ottawa 7, Ontario, Canada). 


September 2-7, Embryology, Moscow (Professor A. S. G. 
Curtis, Department of Cell Biology, The University, 
Glasgow W2, UK). 

September 3-5, Safety and Failure of Components, 
Sussex (Conference Department, Institute of Mechanical 
Engineers, 1 Birdcage Walk, London SWI). 

September 3-5, Fifteenth Canadian High Polymer 
Forum, Ontario (Dr R. St John Manley, Pulp and Paper 
Research Institute, MeGill University, Montreal, Quebec, 
Canada). 

September 3-6, Chemistry in Agriculture, Bratislava 
(Secretariat, PO Box 197, Bratislava, Czechoslovakia). 
September 8-10, Distillation, Brighton (Institution of 
Chemical Engineers, 16 Belgrave Square, London SWI). 
September 8-12, Microwaves, London (Joint Conference 
Secretariat, Institution of Electrical Engineers, Savoy 
Place, London WC2). 


September 24-27, Diseases of Fish, Stockholm (Inter- 
national Office of Epizootics, 12 Rue de Prony, 75, Paris 
17, France). 
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BRITISH DIARY 


Monday, March 17 


University OF LONDON (at the Royal Veterinary College, Hawkshead 
House, Hawkshead Lane, North Mimms, Hatfield), at 5.15 p.m. — Professor 
Robert S. Brodey: "Canine Bone Neoplasms”. 


BRITISH SOCIETY FOR THE HISTORY OF SCIENCE (in the Lecture Theatre of 
the Science Museum, Exhibition Road, London, SWT), at 5.30 p-ni- 
Dr David Knight: “The Fourth State of Matter™, 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
at 5.30 p.m.—Discussion meeting on ‘Interference Problems in Measure- 
ments using Potentiometric Recording Instruments’. opened by Mr H. J. 
Roosdorp. 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WCZ), 
at 5.30 p.m.—Mr 8. H. Money and Mr J. Harris: "Aioreclosing Switchgear 
in Distribution Practice". 


Tuesday, March 18 


SOCIETY OF CHEMICAL INDUSTRY, AGRICULTURE GROUP (at 14 Beigrave 
Square, London, SW1), at 10,30 a.m, -Meeting on “Elarmful Contaminants 
of Animal Foods”, 


Rovan INsTITUTION (at 21 Albemarle Street, London, Wi), at 3 paie- 
Sir Lawrence Bragg, CH, FRS: "Sound". (Lecture for Preparatory School 
pupils from schools in London and the Home Counties, To be repeated on 
March 19 and 20.) 


University OF LOXDON (at the Royal Veterinary College, Hawkshead 
House, Hawkshead Lane, North Mimma, Hatfield), at 5 p.ui.--Profeasor R. 8, 
Brodey: “Canine Mammary Neoplasms’’. 


INSTITUTION OF ELECTRONIC AND BADIO ENGINEERS, MANAGEMENT 
TECHNIQUES GROUP (at the London School of Hygiene and Tropical Medicine, 
Keppel Street, Gower Street, London, WCL), at 6 p.m.—Dr F. E. Jones: 
“How an Engineer can Take Part in the Total Management of a Company”. 


SOCIETY OF CHEMICAL INDUSTRY, MANAGEMENT GROUP (joint meeting 
with the London Section, Heavy Organic and Chemieai Engineering CET 
at 14 Belgrave Square, London, SW1), at 6 p.m.—Mr A, W. Forster: ‘The 
Management of Large Plant Complexes", 


PLASTICS INSTITUTE, NORTH-EASTERN SECTION (nt Eldon Gril, Grey 
Street, Newcastle upon Tyne), at 7 p.m.—Mr M. Kirke: “A Review of the 
Engineering Properties of Plastics”. 


Wednesday, March 19 


CONSORTIUM FOR POLYMER SCIENCE (at the University of Essex, Wivenhoe 
Park, Colchester, Essex) meeting on "Statistical Model of Polymers" (Polymer 
Meeting Point 3). 


CHEMICAL SOCIETY, PROTEIN GROUT (in the Lecture Theatre of the Dyson 
Perrins Laboratory, South Parks Road, Oxford), at 10 a.m.—~Professor 
Dorothy Hodgkin, OM, FRS: “Recent Work on the X-ray Crystallography 
of Proteins", followed by short original contributions from members, 


ROYAL INSTITUTION, HISTORY OF SCIENCE LIHSOUSSION GROUP (a6 21 
Albemarle Street, London, W1), at 1 p.m.—Summoary and General Discus. 
sion on the topic “History of Relations between the Physical and Biological 
Sciences" introduced by Mr Frank Greenaway. 


BRITISH INSTITUTE OF RADIOLOGY (at 32 Welbeck Street, London, W1), at 
d ied oint Diagnostic Radiology-Nuclear Medicine Meeting on "Cerebral 
lood Flow”’. 


ROYAL METEOROLOGICAL SOCIETY (at 49 Cromwel Road, London, SW'T) 
at 5 p.m.-—Scientifie Papers. 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WCZ), 
at 5.30 p.m.-- Professor H. Charnock: “Physics of the Bea", 


PLASTICS INSTITUTE (at the Great Western Royal Hotel, Paddington), at 
5.30 p.m.—Mr R. B. Matthews: "Defence Against Industrial Espionage”. 


INSTITUTION OF MECHANICAL ENGINEERS, MANIPULATIVE AND MECHANICAL 
HANDLING MACHINERY GROUP (at 1 Birdcage Walk, London, SW}, at 6 
p.m.—Mr B. V. Morgan: "The Approximate Determination of Basie Data for 
Twin Hoist Motor AC Electric Overhead Travelling Grabbing Cranes", 


_ SOCIETY OF CHEMICAL INDUSTRY, OILS AND Fats GROUP (at 14 Belgrave 
Square, London, SW1), at 6.15 pan.—-Mr J. N. Stokoe: “Corrosion Problems 
in Oils and Fats Processing”. 


INSTITUTE OF FURL (at the Polygon Hotel, Soutnampton), at 7 pom. 
Dr D. Anson and Mr D. Tindall: “The Development of a Standard Oil 
Burner in a Range of Sizes for Power Stations”. 


NORTH WALES METALLURGICAL SocteTy (at the Flintshire College of 
Technology, Connah's Quay, Deeside, Fiüntshire), at 7 p.m.--Mr W. H. 
Summers, Mr W. O, Thomas and Mr M. J. Ray: "Continuous Casting- In or 
Qut?" 


Thursday, March 20 


ROYAL Socrery (at 6 Carlton House Terrace, London, 8W1), at 4.15 pae- 
Meeting for the Election of Fellows, followed by Professor Dorothy M. ©. 
Hodgkin, OM, FRS: “The Structures of some Biechemically Interesting 
Molecules Research Report" (Review Lecture). 


INSTITUTION OF MINING AND METALLURGY (at the Geological Society, 
Burlington House, Piccadilly, London, Wi), at 5 p.m.—Mr A. B, Holland- 
Batt: “Further Development of the Royal School of Mines On-Stream Par 
ticle Size Analyser"; Professor A. Niemi and Mr T. Xoskinen: "Simulation 
of the Copper Converter"; Professor C. B. Aleock end Dr J. H. E. Jeffes: 
“Thermodynamic Background for the Formation of alloys and Intermetallic 
Compounds by Vapour-Phase Transport Reactions”, 


LINNEAN SOCIETY Or LONDON (at Burlington Howse, Piceadilly, London, 
WI) at 5 p.m.—Dr N. K, B. Robson: "Evolutionazy Recall in Hypericum 
(St John's Worts) ?'; Mr A. R, Smith: “The Vegetation of the Bocotran 
Archipelago”, 


BRITISH SOCIETY FOR INTERNATIONAL HEALTH EDSCATION (at the Haber- 
dashers' Hall, Staining Lane, London, EC), at 3.30 p.m.-—Sir George 
Godber and Professor Guy Steuart: "Positive Health and Medical Educa- 
tion”. 
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INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
at 5.30 p.m.— Mr Arthur Palmer, MP: "The Professional Engineer and Public 
Affairs" followed by a discussion. 


INSTITUTION OF ELECTRONIC AND RADIO ENGINEERS, JOINT INSTRUMEN- 
TATION AND CONTROL GROUP; and the INSTITUTION OF ELECTRICAL ENGIN- 
BERS (at the London School of Hygiene and Tropical Medicine, Keppel 
Street, Gower Street, London, WC1), at 6 p.m.— Dr D. E. N. Davies: ''Com- 
puters and Communieations in the Control of Train Movement''. 


SocrgTY OF CHEMICAL INDUSTRY, ROAD AND BUILDING MATERIALS GROUP 
(at 14 Belgrave Square, London, SW1), at 6 p.m.—Mr C. Gaestel and Mr 
K. A. Lammiman: “The Behaviour of Bitamens in a Road Trial in Sweden". 


. SOCIETY FOR ANALYTICAL CHEMISTRY, MIDLANDS SECTION (in the Chem- 
istry Department, The University, Birmingham, 15), at 6.30 p.m.—Dr 
R. Pribil (Prague): "Complexometry, Its Recent Progress and Influence on 
Analytical Chemistry", 


INSTITUTION OF THE RUBBER INDUSTRY, SCOTTISH SECTION (joint meeting 
with the Plastics Institute, at the Kenilworth Hotel, 5 Queen Street, Glasgow), 
at 6.45 p.m.— Annual General Meeting followed by Mr W. F. Watson: "Aims 
and Work of RAPRA”. 


. H. G. WELLS SocIETY (in the Electrical Engineering Building, Imperial 
College, Exhibition Road, London, SW7), at 7.30 p.m.—Mr Alan Watts: 
“Science and the Saucer; some aspects of Unidentified Flying Objects”, 
followed by informal discussion. 


ROYAL SoctETY OF TROPICAL MEDICINE AND HYGIENE (at the Royal Army 
Medical College, Millbank, London, 8W1), at 7.30 p.m. Laboratory Meeting. 
Chairman: Lieut. General Sir Robert Drew, KCB, CBE. 


SOCIETY FOR ANALYTICAL CHEMISTRY, NORTH East SEgcCTION (joint meeting 
with the North East Metallurgical Society and the Teeside Section of the 
Royal Institute of Chemistry, at the Cleveland Scientific Institution, Cor- 
poration Road, Middlesborough), at 8 p.m.-—Mr P. 8, Bramhall: "Emission 
Spectroscopy in the Steel Industry and Its Application to the Analysis of 
Steel Making Slag”. 


Thursday, March 20—Friday, March 21 


CHALLENGER SOCIETY, and REPRESENTATIVES FROM THE MARINE LABORA- 
TORIES (Natural Environment Research Councii Scheme) (at the Scott Polar 
Research Institute, University of Cambridge, Lensfield Road, Cambridge), 
at 9.45 a.m. daily — Biological, Geophysical and Physical Papers. 


GEOLOGICAL SOCIETY, ENGINEERING GROUP (at King’s College, Strand, 
London, WC?)--Meeting on “Coastal Problems", 


O NATURAL RUBBER PRODUCERS’ RESEARCH ASSOCIATION (at. Welwyn 
Garden City, Herts}—Conference on “Technology and Uses of Natural 
Rubber Latex”. 


Friday, March 21 


INSTITUTION OF ELECTRONIC AND RADIO ENGINEERS, JOINT IEE/IERE 
COMPUTER GROUPS (nt the Institution of Electrical Engineers, Savoy Place, 
London, WC2), at 10 a.m. and 2 p.m. -Colloquium on “Airborne and Space- 
borne Computers”, 


ROYAL INSTITUTION, PHOTOCHEMISTRY DISCUSSION GROUP) at 21 Albe- 
marie Street, London, W1), at 1 p.m. Professor J. Drobnik (Charles Uni- 
versity, Prague): "Spectroscopy of Pyrimidines”. 


SOCIETY FOR ANALYTICAL CHEMISTRY, NORTH OF ENGLAND SECTION (joint 
meeting with Leeds University Union Chemical Society, at the University), 
at 5 p.m.— Dr A. €. Docherty: "Automatic Sampling and Analysis". 


Soctery FOR ANALYTICAL CHEMISTRY, WESTERN SECTION (joint meeting 
with the South Wales Section of the Royal Institute of Chemistry, in the 
Chemistry Department, University College, Swansea), at 7 p.m.--Mr B. 
Bagshawe: “Recent Progress in Metallurgical Analysis, with particular 
reference to the Iron and Steel Industry "'. 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W1), at 9 p.m.— 
Dr Sebastian Z. Ferranti: "Technology end Self- Determination". 


Saturday, March 22 


Joist BIOLOGY COMMITTEE (in the William Beveridge Hall, University of 
London, Senate House, Malet Street, London, WC1)— Course on “The Use of 
Our Land''. 


O INNER LONDON EDUCATION AUTHORYTY (at the Horniman Museum, London 
Road, Forest Hill, London, SE23), at 3.30 pm- The Empty Quarter” 
(colour film of Wilfred Thesiger's journeys across the Arabian sands). 


Sunday, March 23—Friday, March 28 


UNIVERSITY COLLEGE, CARDIFF, DEPARTMENT OF EXTRA-MURAL STUDIES, 
in cooperation with the Department of Microbiology (at University Hall, 
Birchwood Road)—Residential Course on “Industrial Microbiology". 


HOW TO BUY NATURE 


Volumes start in January, April, July and October, but subscriptions 
may begin with any issue, 
The direct postal price per subscription for one copy of NATURE 
each week is: 

*12 MONTHS (52 issues and 4 indexes) 


Great Britain and Elrés, Lorsss voci Up EYE RARE S abd £14.0.0 each 
United States of America... ..... (by air freight) .......... $48 each 
Canada cocer D ROMPE (by air freight)........-- $52 each 
Elsewhere overseas by surface mail. .0.--.0--.0-0---05- £14.0.0 each 


( Charge for delivery by air mail on application) 
*Shorter periods pro rata. (Minimum three months.) 
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Monday, March 24 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), at 
2 p.m.—Colloquium on “Nul Detectors". 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WCZ), 
at 5.30 p.m.—Mr L. L. Freris and Mr A. M, Sasson: "An Investigation of 
Load-Flow Problems". 


INSTITUTION OF THE RUBBER INDUSTRY, MANCHESTER SECTION (at the 
Renold Building, University of Manchester Institute of Science and Tech- 
nology, Saekville Street, Manchester, 1), at 6.45 p.m.—Mr P. Alberieci: 
"History of Non-Metallics in Aircraft Construction”. 


Monday, March 24— Tuesday, March 25 


BIOLOGICAL COUNCIL CO-ORDINATING COMMITTEE FOR SYMPOSIA ON DRUG 
ACTION (in the Mechanical Engineering Department, Imperial College, Lon- 
don, SW 7)—8ymposium on ‘Calcium and Cellular Funetion''. 


Monday, March 24— Wednesday, March 26 


DIELECTRICS Discussion GROUP (at the Physical Chemistry Laboratory, 
Oxford)-— Meeting on “Dielectric Aspects of High Field Phenomena (exclud- 
ing breakdown) and Impurity Effects", 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 
Great Britain and Ireland 


3-Methybenzothiazol-2-One Hydrazone Hydrochloride (MBTH)—Reagent 
for Aldehydes. By D. J. Bucknell and P. Cook, Pp. 4. (Chadwell Heath: 
Hopkin and Williams, Ltd., 1969.) [231 
The Zoological Reeord, 1965, Vol. 102, Section 13: Insecta. Prepared by 
the Commonwealth Institute of Entomology. Pp. xiv-- 467. (London: 
Zoological Society of London, and the Commonwealth Institute of Entomo- 
logy, 1968.) 130s; $17. (231 
Science and Engineering, No. 21 (October 1968): The Arrival of Nuclear 
Power-—Part 2: Some Points About Breeder Reactors, Pp 11. (London: 
International Nickel, Lid., 1968.) [241 
Northern Ireland: Ministry of Agriculture. Leaflet No. 130: Principles 
of Farmyard Planning. Pp.12, (Belfast: Ministry of Agriculture, raon 


Materials for Advanced Technology: 
Research, Ltd., 1960) 

The Universitv of Neweastle upon Tyne. Vice-Chancellor's Report, 
1067-68. Pp. 104. (Newcastle upon Tyne: The University, 1968.) — [241 

Building Research Station. Current Paper 82/68: Inhibition of the Corro- 
sion of Steel in Concrete. By K. W. J. Treadaway and A. D. Russell, 
(Reprinted from Highways and Public Works, 1968, Vol. 26 (1705), August.) 
Pp. 5. (Garston: Building Research Station, 1968). Gratis. [271 
British Chemicals and their Manufacturers 1068: The Directory of the 
Chemical Industries Association. Pp. vil+228. (London: Chemical 
Industries Association, Ltd., 1960.) Gratis. [1271 

Science of Science Foundation. Innovation and Proftability —Three 
Contributions to Discussion. Pp. 29. (London: Science of Science Founda- 
tion, c/o Ciba Foundation, 1969.) 5s. [271 


Metals, (Rovston, Herta: Metals 
[241 


Other Countries 


Institut pour l' Encouragement de la Recherche Scientifique dans l'Industrie 
et l'Agriculture. Comptes Rendus de Recherches. Travaux du Centre 
National de Recherches Herbagéres et Fourragéres. (Nr. 35, Décembre 
1968.) Pp.144. (Bruxelles: Institut pour l'Encouragement de la Recherche 
Scientifique dans Industrie et l'Agriculture, 1068.) 270 FB. 52 

UNESCO, Proceedings of the Symposium on the Granites of West 
Africa, Ivory Coast; Nigeria, Cameroon; March 1965. (Natural Resources 
Research, VIII.) Pp. 162. (Paris; UNESCO; London: H.M. Stationery 
Office, 1058.) 26 francs; 44s. [52 

Ministère des Affaires Culturelles du Grand-Duché de Luxembourg. La 
Distribution du Champ Magnétique Terrestre au Grand-Duché de Luxem- 
bourg au ler Janvier 1965. Par A. De Vuyst et J. Pohl. Pp. 14. (Luxem: 
bourg: Ministére des Affaires Culturelles, 1968.) 6 

The Carlsberg Foundation’s Oceanographieal Expedition Round the Work 
1928-80 and previous “Dana” Expeditions. ‘‘Dana’’ Report No. 74: The 
Syatematies and Biology of the Family Phronimidae. (Crustacea: Amphi 
poda) By Chang-Tai Shih. Pp. 100, 40 D.kr. "Dana" Report No. 75 
Ostraeoda-Myodocopa. Part HIA: — Halocypriformes- Fhaumatoeyprida: 
and Haloeypridae. By Erik M. Poulsen. Pp. 100. 40 D.kr. (Copenhagen 
Andr. Fred Hest and Son, 1969.) [6: 

Australia: Commonwealth Scientific and Industrial Research Organization 
Annual Report of the Division of Building Research 1967-1968. Pp, 96 
(Melbourne, Commonwealth Scientific and Industrial Research Organization 


1968.) [72 
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For preparative gel filtration 
with analytical precision 


bed volumes from 4 to 7 litres and 20 to 32 litres 
respectively 


E 1 A complete series of precision chromatographic 


columns is available. For further information. 
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panei with valves 


and K 215/100" and “Sephadex Laboratori 
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APPOINTMENTS VACANT 
Dunn a ee eat, 


MONASH UNIVERSITY 
MELBOURNE, AUSTRALIA 
READERSHIP IN MATHEMATICS 
Applications are invited for appointment as 

READER in the department of mathematics. 

The department is responsible for the teaching 
of pure mathematics, applied mathematics, and 
mathematical statistics and has research interests 
in finite groups, semigroups, differential geometry, 
number theory, functional analysis, field theory, 
lattices, mathematical logic, astrophysics, general 
theory of relativity, relativistic stellar dynamics, 
plasma physics, atomic and nuclear physics, fluid 
mechanics, geophysical fluid dynamics, magneto- 
hydrodynamics, elasticity, Markov chains, proba- 
bility theory, statistical inference, mathematical 
genetics, stochastic — processes, operational re- 
search, and sequential analysis. 

Applicants with interests in other areas will 
also be welcome, 

Salary: $49,900 per annum, with supeérannua- 
tion provision on the F.S.S.U. basis. 

Benefits: Ful traveling expenses for an ap- 
pointee and family : removal allowance ; repatria- 
tion after three years’ appointment if desired ; 
subsidised housing initially. STUDY LEAVE is 
Sranted at the rate of one term's leave for six 
term's service, with provision for financial assist- 
ance. Loans for home purchase are available. 

Further general information and details of ap- 
plication procedure are available from the Aca- 
demic Registrar of the University, Clayton, Vic- 
toria 3168, Australa, or the Secretary-Géneral, 
Association of Commonwealth Universities 
(Apps), Marfborough House, Pall Mall, London. 
S.W.1. 


There are six chairs within the department, they 
are held by J. N., Crossley (Mathematical Logic), 
P. D. Finch (Mathematical Statistics} J. B. 
Miller (Functional Anatysis), B. R. Morton (Geo- 
physical Fhrid Dynamics, G. B. Preston (Semi- 
groups), and R. Van der Borght (Astrophysics). 
inquiries concerning the department should be 
addressed to the Chairman, Professor P. D. 
Finch, in the University, 

Closing date May 31, 1969. 

The University reserves the right to make no 
appointment or to appoint by invitation. 

(1020) 


UNIVERSITY OF BIRMINGHAM 


DEPARTMENTS OF PSYCHOLOGY AND 
GENETICS 

Vacancies exist for a RESEARCH FELLOW., 

RESEARCH ASSOCIATE, RESEARCH ASSIST. 
ANT and COMPUTER PROGRAMMER to 
assist in a programme of psychogenetics research 
relating to the analysis of behavioural inheritance 
in several species, including man. The research, 
supported by the M.R.C., will be located in the 
Departments of Psychology and Genetics and 
directed jointly by Professors P. L. Broadhurst 
and J. L. Jinks. The Depariments are well 
equipped, and cooperative links exist with other 
departments at both Birmingham and other Uni- 
VOersities, 
Applicants shoukd have an Honours Degree in 
Psychology or Genetics or allied disciplines, 
though 1969 graduates considered. Higher de- 
gree registration encouraged where appropriate. 
Further details available from Professors Broad- 
hurst or Jinks, 

Salary scales: Research Fellow, £1,240 ta 
£1,470 plus F.S.S.U.: Research Associate, £1,000 
to £1,470 plus F.S.S.U.; Research Assistant, £550 
to £900; Computer Programmer, £887 to £1,298. 

Applications (three) naming two referees, as 
soon as possible to Assistant Registrar (S), P.O. 
Box 363, Pirmingham 15. (1003) 


NE 
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PRINCIPAL 


PRESTON INSTITUTE OF TECHNOLOGY 


Applications are invited by the Council for the position of Principal of 
the Preston Institute of Technology, Preston 3072, Victoria, Australa, 
Preston is one of the colleges of advanced education affiliated with the 
Victoria Institute of Colleges, which is concerned with its tertiary activities 
(diploma courses) All other courses are conducted under the authority of 
the Education Department of Victoria with some in association with the 
Victorian Apprenticeship Commission. 


Present enrolment is over 5,000 students. 


DUTIES: The Principal is responsible to the Council for administrative 
control of the Institute, and the development of diploma and post 
diploma courses, It is expected that within a few years degree courses 
will be introduced. His responsibilities will include the supervision 
of an extensive building programme. 


QUALIFICATIONS: Applicants must hold a degree, preferably a higher 
degree, in Engineering, Science or other appropriate discipline. They 
must have outstanding administrative. and organising ability. Their 
experience must include senior responsibility in industry or Govern- 
menfal organisations. They should preferably be no more than 50 
years of age. 


SALARY: $A11.000 per annum. 


CONDITIONS: Details of duties and conditions of appointment are avail- 
able on request to the Registrar. 








Glaxo Group 


Head of 


CLOSING DATE: Applications pre 
President of the College, will be 


sented in duplicate, addressed to the 
received until May 31, 1969, 






(992) 






Immunological Division 


Evans Medical Limited is seeking a highly qualified Immunologist to 


be head of its division responsible for research into, and manufacture 
of, the human and veterinary vaccines marketed by the Glaxo Group. 
The Immunological Products Division will have new buildings at its 


disposal at Speke, Liverpool. 


The head of the division will be expected to keep abreast of modern 
trends in this field at home and abroad. He should hold senior qualifica- 
tions and preferably have experience of medical virology. Experience 
of vaccine production would be an advantage. Salary to be negotiated 


but not less than £5,500. 


Applications quoting reference U.34 should be addressed to the Per- 
sonnel Manager, Evans Medical Limited, Speke, Liverpool, L24 9]D. 


HIGHGATE SCHOOL. A VACANCY 
exists for a PHYSICS master from Septem ber 
next: the post involves teaching up to University 
Scholarship level. Special salary scale with an 
extra allowance: accommodation probably avail- 
able.--Applications to Headmaster, Highgate 
School, London. N.6. (929) 


(1084) 


ENTOMOLOGIST (MALE) WITH PRACTI. 
cal bent to join team in very rewarding mosquito 
control assignment under expert guidance in West 
indies. Volunteer terms: board, lodging, ex- 
penses, fares, allowances, pocket-money.-— Write 
CHR/OV, 38 King Street, London, W.C.2. Ref. 
E/C. (1016) 
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South Australian Institute of Technology, Why 


senior Lecturer in Metallurgy 


: s ^ a 








Applicants should possess a higher degree and have had some years research, teaching or industrial experience 
in the application of at least one of the following areas of physical metallurgy: crystal defect theory, electron 
theory of metals, metallurgical thermodynamics. 


DUTIES: The appointee will be required to lecture and supervise projects in Physical Metalluegy up to 
Dip. Tech. (pass degree) level and, in addition, to assume overall responsibility for the running cf the Dip. 
Tech. in Secondary Metallurgy and Ferrous Certificate courses at the Institute at Whyalla under the general 
academic direction of the Head of Metallurgy of the Institute in Adelaide. 


ANNUAL SALARY: $7,100— $8,400 (£stg. 3315—3925 approx.) 


Within the above range according to qualifications and experience. 


OTHER CONDITIONS: 

Liberal annual leave and long service leave. 

Appointees will be eligible to join the S.A. Superannuation Fund or to continue with F.S.S.U. arrangements. 
At the completion of six years of service appointees may apply for paid leave of absence for up te one year 
to obtain further experience. Financial assistance may be granted at the discretion of the Council, 

All members of the staff may be required to lecture not more than two evenings per week, for which appropriate 
free time is granted during the day. Assistance will be given with travel and removal expenses. 


Further information can be obtained from the Assistant Director (Administration and Finance), 
South Australian Institute of Technology, North Terrace, Adelaide, South Australia. 5000, to 
whom applications giving personal, academic and professional details, together with t^e names 
and addresses of three referees, should be forwarded not later than 30th April, 1968. 


(1057) 















ASSISTANT 
DEVELOPMENT 


An Assistant Chemist (male) is required to work in the Pesticide Product Development Laboratory of a 
new and well equipped Laboratory Group developing formulations for American Cyanamid subsidiaries in 
the United Kingdom, Continental Europe and Africa. 

The duties will consist of formulation research and development, and the preparation of pilot plant-quantities 
of agricultural formulations for fleld evaluation in the areas mentioned. 

Applicants should be of at least ‘A’ level standard in chemistry and/or biology and preferably of H.N.C 
in either subject. Experience in pesticide formulation and physical methods of laboratory evaluation is 
desirable but personnel experienced in other types of formulation work will be considered. 

An attractive salary will be offered and additional benefits include contributory pension scheme. 





Written applications should be addressed to; 
Personnel Manager, 
Cyanamid of Great Britain Limited, e Ey AALA DE E mee 
Fareham Road, Gosport, Hants. (1035) | MEE 







AXXVIII 


The Cotton Silk and Man-Made Fibres 
Research Association. Shirley Institute 


 Microbiologist 


A vacancy exists in a team working on the microbial production 
of polysaccharases for a Microbiologist with experience in mutation 
studies on micro-organisms. 


Experience in fermentation development would also be an advant- 
age. The post would be suitable for an honours graduate in micro- 
biology or biochemistry with appropriate postgraduate experience 
or for a recent Ph.D. 


An attractive salary will be paid, and the post is superannuable 
under the F.S.S.U. scheme ; working conditions are excellent. 


Please apply in first instance to Personnel Section, The Cotton Silk 
and Man-made Fibres Research Association, Shirley Institute, 


Didsbury, Manchester M20 8RX. 
(1070) 





MINERALOGIST/PETROLOGIST 
X-RAY GRYSTALLOGRAPHER 
GLAY MINERALOGIST 


The Australian Mineral Development Laboratories invites applica- 
tions from those interested in mineralogy, including mineragraphy, 
x-ray crystallography, clay mineralogy, electron probe micro analysis, 
etc, and petrology (igneous, metamorphic, sedimentary and as 
applied to engineering geology). 


The Australian Mineral Development Laboratories are a contract 
research and development organisation operating in the fields of 
mineralogy, petrology, analytical and industrial chemistry, materials 
technology, ceramics, metallurgy and operations research. 


The Mineralogy and Petrology laboratories are equipped with a wide 
range of optical and x-ray equipment (including an electron probe), 
has available the resources of a most comprehensive geochemical 
laboratory (with a direct-reading spectrometer, atomic absorption 
spectrometers, X-ray fluorescence. etc.) and has access to an electron 
microscope and computer facilities. 

QUALIFICATIONS 

An honours or higher degree in geology with emphasis on petrology. 


SALARY 

Will depend on qualifications, experience and age. 

CONDITIONS 

Membership of a contributory superannuation scheme is available 
after a probationary period. Assistance will be given with fares and 
removal expenses. 

APPLICATIONS, giving all relevant details and the names of not 


more than three persons to whom reference can be made, should be 
addressed to: 


The Director, 

The Australian. Mineral Development Laboratories, 
Conyngham Street, 

FREWVILLE, S.A. 5063. 001D 
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THE HATFIELD 
POLYTECHNIC 


PHYSICAL /ORGANIC 
CHEMIST 


A Vacancy exists for a Research Assist- 
ant ta work in the field of Phorochromism 
under a Ministry of Technology contract. 
The successful applicant will study the 
phenomenon of the change of colour of 
organic compounds on irradiation using 
spectroscopic techniques. 

Previous experience of the phenomenon 
is not required but familiarity with spectro- 
scopic instruments would be an advantage. 

Minimum qualifications H.N.C., but sujt- 
ably qualified applicants (Degree, or Grad. 
RLC) may be able to register for a higher 
degree, 

Salary: £870 to £930 per annum. 

Further details and application form may 
be obtained from The Academic Registrar, 
The Hatfield Polytechnic, Hatfield, Hert- 
fordshire, Quote Ref.: N/135, (1029) 


THE 
UNIVERSITY OF 
LEEDS 


SCHOOL OF MATHEMATICS 


LECTURER OR ASSISTANT 
LECTURER 

Preference will be given to candidates 
having a research interest in the Mathe- 
matics of Control Theory or Helicopter 
Theory. Applicants with qualifications 
in other branches of Applied Mathe- 
matics will also be considered. The 
appointment will be made either in the 
Deparunent of Mathematics for Ap- 
plied Science of the Department of 
Applied Mathematics, and the suecess- 
ful candidate may be required to leo. 
ture in both departments. Reference 
No. 21/9/D. 

Salary scale for Assistant Lecturer, 
Lecturer, £1,240 by £115 to £2,735 
(efficiency bar £2,275). 

Applications (three copies}, stating 
age, qualifications and experience, and 
naming three referees, shouki reach the 
Registrar and Secretary, The  Univer- 
sity, Leeds, L52 SIT (from whom 
further particulars may be obtained) 
not later than March 31, 1969. Please 
quote reference number, (1005) 


UNIVERSITY OF LIVERPOOL 


LECTURER IN PLANT 
PHYSIOLOGY 


DEPARTMENT OF BOTANY 


Applications are invited for the post of 
Assistant Lecturer. or Lecturer from plant 
physiologists, preferably interested in physi- 
cal aspects of plant functioning or growth, 
at any level of organisation, from that of 
the cel to that of the plant in relation to 
its environment. Salary will be within the 
range £1,240 to £2,735 per annum. 


Applications, stating age, qualifications, 
and experience, together with details of 
three referees should be received not later 
than March 31, 1969, by the Registrar, The 
University, P.O. Box 147, Liverpool L69 
3BX. Phase Quote Refi: RV /SPOIN, 


(909) 





PHARMACOLOGIST 


Required to investigate. naturally occur- 
ring and synthetic. drugs. Person with 
several years postgraduate experience pre- 
ferred. PubHeation of orginal work en 
couraged. 

For further details apply in confidence, 
to Professor J. M, Robson, Biorex Labors- 
tories Lid., Biorex House, Canonbury 
Villas, London, M.L (1026) 
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NEW ZEALAND 


DEPARTMENT OF SCIENTIFIC AND 
INDUSTRIAL RESEARCH 
Applications are invited for the undermentioned 


vacancy : 
VACANCY : B 13/18/84/819 
ECOLOGIST 
ANIMAL ECOLOGY DIVISION 
LOWER HUTT 

Applications are invited for an Ecologist to 
join a smal group of scientists studying the 
population ecology of birds and mammals in 
indigenous forest, specifically to study the ecology 
of the introduced Australian brush-tailed opos- 
sum, and to evaluate the effects of Hs browsing 
on the composition, survival and regeneration of 
the forest. Other studies in this field wil be 
open. 

Qualifications desired: Research degree prefer- 
ably Ph.D., a real interest in animal/plant rela- 
tions, an ability to define basic problems, and to 
plan and prosecute field research desirable, 

Salary: Commencing salary according to quali- 
fications and experience up to $NZ6,180 with 
further promotion on scientific merit. 

Passages: Fares for appointee and his wife and 
family, if married, wil be paid. 

Incidental expenses : Up 4o £35 for a single 
man and £100 for a married man can be claimed 
to cover the cost of taking personal cecs to 
New Zealand. 

Application forms and general information are 
avaldabie from the High Commissioner for New 
Zealand, New Zealand House, Haymarket, Lon- 
don, S.W.1, with whom applications will close on 
April 14, 1969, 

Please quote Reference B 13/18/84/819 when 
inquiring. (1072 





UNIVERSITY COLLEGE DUBLIN 


PROFESSORSHIP OF INDUSTRIAL 
MICROBIOLOGY 


Applications are invited by the Governing Body 
of the College for the above statutory appoint- 
ment. 

Applications (three copies) with the names and 
addresses of three referees and, if desired, copies 
of testimonials should reach the undersigned, 
from whom further particulars can be obtained. 
not later than May 15, 1969, 

J. P. MACHALE, 
Secretary and Bursar. 
University College, 


Earlsfort Terrace, Dublin 2, (995 
UNIVERSITY OF BRISTOL 
DEPARTMENT OF ZOOLOGY 


Applications are invited from experimental zoo- 
logists for the posts of LECTURER and JUNIOR 
FELLOW in the Department of Zoology. Prefer- 
ence will be given to applicants with particular 
interests in one of the following: animal move- 
ment, animal behaviour, osmotic and ionic regu- 
lation, genetics. The posts are tenable from 
August 1, 1969, but an appointment to the Lec- 
tureship could be made from an earlier date. 

Further particulars may be obtained from the 
Registrar, University Senate House, Bristol BSS 
ITH, to whom applications should be sent by 
April 18, 1969, (1063) 


BEDFORD COLLEGE 
(UNIVERSITY OF LONDON) 
REGENT'S PARK, N.W.1 


Applications are invited from graduates for a 
LECTURESHIP IN THE DEPARTMENT OF 
GEOGRAPHY, Special interest in survey and 
photogrammetry is essential but all candidates 
should state their specialisms and regional ex- 
perience. The appointment wil date from Octo. 
ber 1, 1969. Salary scale: £1,240 £o £2,735; 
intial salary according to qualifications and ex- 
perience. Closing date for applications April 25. 

Full particulars from ihe Secretary of Bedford 
College, (1071) 

THE MINISTRY OF OVERSEAS DEVELOP- 
ment require at their Tropical Stored Products 
Centre (Tropical Products Institute) at Slough, an 
Assistant Experimenial Officer / Experimental 
Officer for the Training, Advisory and Informa- 
tian Section, Minimum qualifications: G CE. 
in five subjects including two scientific subjects 
at advanced level or equivalent: at age 22 pass 
degree or equivalent, Salary in the Assistant 
Experimental Officer/Experimenial Officer grade 
according to age in scale £650 to £895 (at age 
22) to £1,385 and £1,514 to £1,910. Experience 
af stored products problems in the tropics would 
be an advantage but is nor essential. The suc- 
cessful candidate would be required to partici 
pate dm the full work of the Section and could 
be called upon to undertake short-term tours 
overseas in relation to the work.—Applicationg 
to the Head of the Tropical Stored Producis 


Centre. London Road, Slough, Bucks, to be 
received by April 30, 1949, 1073) 
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SOUTH AFRICA 


ACTIVATIO 





ANALYST 


(NUCLEAR PHYSICIST) 


Applications are invited for a vacancy that exists for a 
nuclear physicist in the Activation Analysis Research Group 
housed at the Nuclear Physics Research Unit of the Uni- 
versity of the Witwatersrand, Johannesburg. 


Applicants should hold at least an Honours degree or 
Previous 
activadon analysis, as well as computer programming and 
data-handling procedures will be a strong recommendation. 


equivalent qualification. 


training in newtron- 





The duties of the successful applicant will include research 
and development work on the application. of newtron- 
activation analysis to a variety of geological samples and 


ores of economic interest. 


Publication of the resufts of 


research investigations will be encouraged. 


The commencing salary will be calculated accordimg to 
qualifications and experience. The expenses of the suecess- 
ful applicant in moving to Johannesburg will be paid up 


t0 a certain limit and under certain conditions. 
benefits include a pension scheme, a medical-aid scheme, 


iMher 





42 days leave per year and a 37% hour work-week. 


Applications should be accompanied by the curriculums vitae 
of the applicants and should be 
National Institute for Metallur 
Transvaal, South Africa and 


not later than a month after the appearance of this 






advertisement. 


UNIVERSITY OF EXETER 
DEPARTMENT OF MATHEMATICS 
TEMPORARY ASSISTANT LECTURESHIPS 


Applications are invited from graduates for two 
temporary posis of Assistant Lecturer in Mathe- 
matics. The appointments are for the vear 1969. 
70. For one post, preference wil be given to 
candidates with a special interest in Algebra: for 
the other, candidates shoukl have a special in- 
terest in Relativity. Salary: within the range 
£1,240 to £1,470 per annum, according to qualfi- 
cations and experience. 

Further particulars may be obtained from the 
Secretary of the University, Northcote House, 
The Queen's Drive, Exeter, to. whom applications 
feight copies: overseas candidates—one copy}, 
should be sent by March 24, 1969. (961) 


UNIVERSITY OF ZAMBIA 
Applications are invited for post of PROFES. 
SOR OF ZOOLOGY. Preference given to candi- 
dates with special interests in one or more of the 
following fields: Comparative Vertebrate Zoo. 


logy; Vertebrate Ecology: Fish Biology, or 
Entomology. Salary (including contract addition 


for non-Zambians) K7,360 per annum (Kim 
lis. Rd. sterling). Salary supplemented in appro- 
priate case by £400 per annum (sterling), under 


British Expatriate Supplementation Scheme, 
Family passages. various aHowances, biennial 


overseas leave, superannuation scheme. 

Detailed applications (six copies), naming three 
referees by April 18, 1969, to Inter-University 
Council, 90/91, Tottenham Court Road. London 
WIP ODT, from whom particulars are i-um 

(999) 





addressed to: The Director, 


gy, Private Bag 6, Cottesloe, 






should reach the addressee 


t: 008) 


UNITED OXFORD HOSPITALS 


PRINCIPAL GRADE Physicist required to 
assume responsibilav for cünical physics and for 
physics research projects oo the Department of 
Radiotherapy, Churchill Hespital. Phere are two 
other physicists in the greup which wif be ex. 
panded if a high energy cicotron accelerator is 
installed. A postgraduate qualification. is desir. 
able and considerable experience in radiotherapy 
physics is essential. Salary range £2,486 to 
£3,196, | 

Applicauons, giving ful details of qualifications 
and career, should br sent to Mr. R. Oliver, 
Chief Physicist, Departmers. of Radiation Physics, 
Churchill Hospital. Oxford (1062) 





ENGINEERING TECHWICIAN (ENVIRON 
menial ComroD required! by Phun Physiology 
Department for development, testing and main- 
tenance of conirolled-ensironmnens cabinets in 
which light, temperature, humidity and carbon 
dioxide concentration are controlled. — Appoiniec 
to be responsible to Head of Instrumentation. and 
Control] Section, and to collaborate with scien- 
tific and engineering stt Applicants should 
have O,N.C. (engineering? or equivalent, or pree 
ferably H.N.C. and ten vex experience in 
design and construction zs mechanical engincer- 
ing and/or air-comdétioreng. — Appointment in 
grade of Technical Works 11. Salary £1,347 to 
£7.563 per annum, Optional contriburory oper 
annuabtion scheme —Fy r Gets from Secre- 
tary, Glasshouse Crops Research Instkote, Litie- 
hampos, Sussex, to whom applications should be 
sem by March 28, giving details of asc. qualis- 
cations and experience and naming wo referces, 

(10643 
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Wellcome 


Pathology Technicians 


As a result of recent promotions and other departmental 
changes, the following vacancies are available for suitably 
qualified and experienced technicians seeking progressive 
appointments in a developing department at present 
employing some 30 staff including graduates: 


SENIOR HISTOLOGICAL TECHNICIAN 


... to lead a small team of technicians and trainees on the 
preparation of a wide range of tissue sections, using a 
comprehensive range of staining methods for the 
determination of drug effects. Preferred age over 30, man 
or woman, with at least final IMLT in Histopathology 

and sound laboratory experience. 


SENIOR ANIMAL TECHNICIAN 


... to head a team responsible for toxicological examination 
of drug effects. Responsibilities include general care, dosing, 
observation and post mortem of laboratory animals. 
Preferred age over 30, with AIAT backed by suitable 
practical experience. 

The Laboratories are situated in attractive parkland 
surroundings and the cppointments carry excellent 
conditions of employment and career prospects. 
Applications, giving brief details of age, qualifications and 
experience, and quoting reference U.110 should be 
addressed to the Senior Personnel Officer, 

THE WELLCOME RESEARCH LABORATORIES, 

Langley Court, Beckenham Kent, BR3 3BS. 


(104D 






MEDICAL FACULTY ROTTERDAM 


The Medical Faculty Rotterdam invites applicants for the posts of 


STAFF MEMBERS 


in the newly founded DEPARTMENT OF PHARMACOLOGY 


Preference may be given to applicants having some research experience or to 
those, holding a Ph.D. degree in a biological subject, but consideration will be 
given to B.Sc. graduates. The latter will have opportunity to work for a Ph.D. 
degree, Knowledge of the Dutch language is not necessary, 


Duties include: fundamental research work on physiological or biochemical 
aspects of drug action and participation in a teaching programme with practical 
classes for medical students. 


The Medical Faculty Rotterdam is prepared to help the successful candidates with 
removal expenses and house mortgage. Salary will be in accordance with 
qualifications and experience. 


Applications can be sent under number 359 to the Head of the Personnel 
Department, Medical Faculty Rotterdam, Wytemaweg 2a, Rotterdam, 
The Netherlands. 


b. " 
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AGRICULTURAL RESEARCH 


COUNCIL 
INSTITUTE FOR RESEARCH ON ANIMAL 
DISEASES 


Applications are invited from VETERINARY 
graduates, male, or female, for the post of Assist- 
ant Clinician. In addition to assisting the Senior 
Clinician in the medical and surgical work re- 
quired for the Hvestock at the Institute, this post 
will provide an opportunity for collaborating with 
the research groups at this Institute and also at 
The Grassland Research Institute, Hurley, 
Maidenhead, in defining the problems of animal 
health associated with or anticipated in the in- 
tensification of livestock production and land 
usage, Experience in large anima! practice re- 
quired with an interest in modern trends in agri- 
cukure. Salary, with F.S.S.U., on the Scientific 
Officer scale (£1,020 to £1,740) according to age 
and experience. Accommodation available. 

Applications, including the names of two 
referees, should be submitted by March 31, to 
the Secretary, Institute for Research on Animal 
Diseases, Compton, Newbury, Berkshire. 

(1027) 


UNIVERSITY OF LEEDS 


Applications are invited for the position of 
Electron Microscopist in the Department of 
Anatomy. Commencing salary according to age, 
qualifications and experience, Applicants should 
have experience in all aspects of the work of 
an Electronmicroscopy Unit and preferably have 
a thorough Knowledge of the techniques used in 
the preparation of biological material. Biological 
training could, however, be given to an other- 
wise suitable candidate. The successful candi- 
date will be responsible for the operation and 
maintenance of an EM6B microscope and for the 
routine running of the Unit. He or she will also 


Medicine, Leeds, 2. (1038) 


COUNCIL 


INSTITUTE FOR RESEARCH ON ANIMAL 
DISEASES 


Applications are invited from Science or Veter- 
inary graduates for a post in the Deparitmeni of 
Microbiologv for research on leptospiral infec- 
tons of farm livestock including epidemiological 
studies covering wild life. Experience is required 
of the techniques used for the serological identifi- 
cation of leptospires. Salary, with F.S.S.U., ac- 
cording to age and experience on the Scientific 
Officer (£1,020 to £1,740) or Senior Scientific 
Officer (£1,925 to £2,372) scales. 

Applications, including the names of two 
referees, should be submitted by March 31, to 
the Secretary, Institute for Research on Animal 
Diseases, Compton, Newbury, Berks. (988) 


RESEARCH OPPORTUNITIES IN 
CHEMISTRY 


The Department of Chemistry at Simon Fraser 
University, which is situated on the outskirts of 
the City of Vancouver, has openings for suitably 
qualified students in the graduate programme 
leading to the degrees of M.Sc. and Ph.D. 
Applicants will be expected to have an honours 
degree in Chemistry, or A.R.LC. Financial 
assistance in the form of teaching assistantships 
and research assistantships, to a value of $3.300 
in the first year, will be available to suitable 
candidates. The trimester system in operation at 
Simon Fraser University allows students to enter 
the graduate programme in September or January. 

Interested persons should write in the first 
place to: Graduate Admissions Officer, Depart- 
ment of Chemistry, Simon Fraser University, 
Burnaby 2, B.C., CANADA. (893) 


NEWCASTLE UPON TYNE 
DEPARTMENT OF ZOOLOGY 


The University invites applications for the post 
of DEMONSTRATOR in the Department of 
Zoology. Preference will be given to candidates 
experienced in comparative physiology. Aprii- 
cants should possess a higher degree or equiva- 
lent postgraduate research experience. The salary 
will be at an appropriate point on the scale: 
£1.240 to £1,470 (extendable to £1,815), accord- 
ing to age, qualifications and experience. Meme 
bership of F.S.S.U. is required, 

Further particulars may be obtained from the 
Professor of Zoology, the University, Newcastle 
upon Tyne NEI] 7RU, with whom applications 
(three copies), together with the names and ad. 
dresses of three referees, should be lodged not 
later than Aprili 8, 1969, (019) 
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UNIVERSITY OF 
STRATHCLYDE 


DEPARTMENT OF COMPUTER 
SCIENCE 


LECTURER AND ASSISTANT 
LECTURER 


Applications are invited from suitably 
qualified candidates for Leoturer and Assist- 
ant Lecturer posts in the Department of 
Computer Science. 

Candidates for the Lecturer post shoud 
possess a first degree in Computer Science 
or some other relevant subiect, and should 
have research experience. A higher degree 
is desirable, but not essential. 

Candidates for the Assistant Lecturer 
posts should have a first degree in Com- 
puer science or some other relevant sub- 
ject, or should expect to gain such a degree 
in the near future, Research experience is 
desirable, bui not essential. Facilities are 
available for study leading to a higher 
degree. 

Salary scales, Lecturer, £1,585 to £2,735, 
Assistant Lecturer, £1,240 to £L,470 per 
annum with P.S.S.U, Placing according to 
qualifications and experience. 

Application forms and further particulars 
(quoting 17/693 may be obtained from the 
Registrar, University of Strathclyde, George 
Street, Glasgow, C.I, with whom applica- 
tions should be lodged by March 72, 1969, 

(103D 








BEECHAM 
RESEARCH 
LABORATORII 


EXPERIENCED 
PHARMACOLOGIST 


BIOCHEMICAL 
PHARMACOLOGIST 


Due to the expansion of Beecham Research Laboratories aud with the 
acquisition of laboratories at Harlow, Essex, scientists zre required 
to expand the existing team engaged on research in the fiekb of arthritis. 
The successful applicants will be required to supervise the testing and 








ALI 


evaluation of new drugs and will be involved in fundamesstal research 
with a view to establishing experimental models of the dikecased state, 


The positions call for personal initiative and scientific ability. Publica- 
tion of scientific papers and attendance at scientific meetings is 
encouraged, 

Applicants should have experience in academic or industrial research 
and be interested in making a worthwhile career in a research estab- 
lishment as a scientist. 

Please apply, stating briefly age, qualifications, experience. and present 
salary to: 

The Head of Personnel Department, 


Beecham Research Laboratories, 
Brockham Park, Betchworth, Surrey. £1050) 


GOVERNMENT OF 
SASKATCHEWAN 


DEPARTMENT OF MINERAL 
RESOURCES 


GEOLOGICAL SCIENCES BRANCH 


has vacancies for 


RESIDENT GEOLOGIST-— 
URANIUM CITY 


Salary Range: $9,348 to $511,892 {plus 
Northern. allowance). 
SEDIMENTARY RECORDS 
GEOLOGIST 
Salary Range: 37,580 to $10,800 per 
annwn, 
SEDIMENTARY RESEARCH 
GEOLOGIST 


Salary Range: $9,348 to $11,892, with 
Ph.D., $9,804 to $12,492. 








SENIOR 
TECHNICIAN 


HISTOPATHOLOGY 


We have an opening in our Pathology Department, which deals largely 
with the histopathological evaluation for new therapeutic agents, for 
an experienced technician. Ideally, applicants will have previous 
animal or histopathological laboratory experience. 








Please write to: Mr. W. C, A. Knights, 
Saskatchewan e 28 Chester 
Street, London, S. W.1 (1032) 


IMPERIAL COLLEGE 
London, S.W.7 


APPLICATIONS ARE INVITED 


. from suitably guahfied candidates, 
including those expecting to graduate this 
summer, for 


RESEARCH APPOINTMENTS 
IN THE COMBUSTION 
PHYSICS GROUP 


Current projects are orfented towards 
omia! and electrical studies of flame 
processes and their interaction with electric 
fields, plasma jets and laser beams. 


Successful candidates who do nat already 
hold a higher degree will be expected to 
proceed to a bed and PEC. The re- 
muneration will depend on qualifications iui 

P M Por oe Applications to Professor Research Division, 

D nberg, Department of Chemical i imi ic £ 
eae a a a Pfizer Limited, Sandwich, Kant. 


018) (HHO 


The man appointed will take an active part in the day to day running 
of the Department and his duties will include autopses and macro- 
photography. 

The salary will be competitive and the fringe benefits generous. 

The laboratories are modern and well equipped. Cur situation at 
Sandwich, on the Kent coast, allows a wide choice of residence in 
pleasant coastal and rural areas. 


Applications, giving brief details of age, career to date, etc. should be 
addressed to: 


D. W. Sells, Personnel Manager, 
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NATURAL 
PRODUCTS 
RESEARCH 


d; BEECHAM 
RESEARCH 
"* LABORATORIES 


VITAMINS RESEARCH STATION, 
WALTON OAKS, SURREY. 









Applications are invited from chemists and biochemists, who should 
have a strong background in organic and biological chemistry, for 
research with a team dealing with the isolation, identification and 
synthesis of natural products of interest in the fields of nutrition and 
metabolic disorders. This appointment is caused through the expansion 
of the Department of Basic Research (Nutrition). Applications need 
only be made by Graduates with a good Honours Degree and, prefer- 
ably, post-graduate experience in the field of natural products, who 
should be familiar with modern techniques .of isolation. 


A generous starting salary is offered along with generous fringe 
benefits including profit sharing and non-contributory pension scheme. 


Please apply, stating briefly age, qualifications and experience to : 
The Head of Personnel Department, Beecham Research Laboratories, 
Brockham Park, Betchworth, Surrey. 

(105D 


NATIONAL COLLEGE OF 
RUBBER TECHNOLOGY 


Northern Polytechnic, Holloway, London, N.7. 


The Governors invite immediate applications for the following teaching 
appointments which provide opportunities for personal and team research in 
polymer science and technology: 


(D PRINCIPAL LECTURER IN POLYMER CHEMISTRY with a higher 
degree by research and with knowledge and experience of problems 
met in the rubber and/or plastics industry. 

(2) LECTURER IN POLYMER PHYSICS. A qualified physicist with a 
knowledge of polymer properties and their industrial relevance, pre- 
lerably with a higher degree by research. 

(3) INSTRUCTOR IN POLYMER CHEMISTRY. A suitably qualified 
chemist or chemical technologist, preferably with experience of 
experimental polymer chemistry. 

(4) INSTRUCTOR IN POLYMER PHYSICS AND TESTING. A suitably 
qualified physicist or applied physicist, preferably with experience. of 
rubbers and/or plastics. 

SALARY SCALES 

Principal Lecturer—£2,615 by £80 to £2,935(bar) by £80 to £3,335. 

Lecturer —£1,810 by £55(9) by £6001) to £2,365. 

Instructors—Within scale £1,120 to £1,820 which may be further increased 
by allowances for degree and full-time training. Initia! salary deter- 
mined according to qualifications and experience. 


Apply, stating post in which interested, for form of application and further 


particulars. : 
R. H. CURRELL, 
(0028) 








UNIVERSITY OF HULL 
A.R.C. RESEARCH. ASSISTANT 
DEPARTMENT OF ZOOLOGY 


Applications are invited for the post of 
Research AssBrant to Dr. G. Goldspink in 
the Department of Zoology, The success- 
ful apipicant wil assist in a study of the 
mechanism of myofibril production during 
the growth of mammalian muscle fibres. 
Appoimment will be for one year in the 
first instance but renewal for two further 
years ig posetbic. 

Salary range £965 by £55 to £4,130 per 
annum depending on experience and 
whether applicant & permitted to register 
for a higher degree. 

Qualificauons: B.Sc. Degree in Zoology, 
Physiology or Biochemistry or the equiva- 
ient, Experience in electron microscopy or 
protein biochemistry would be of consider- 
able advantage. 

Applications Give copies), giving details 
of age, quali&cations and  exspencience, pës 
wether with the names of three referees 
should be sent by March 21 to the 
Registrar, (997) 





INIVERSITY OF LONDON.  Applica- 
tons are invited from PHYSIOLOGISTS 
and BIOCHEMISTS for the appointment 
of 


LECTURER 
in PHYSIOLOGY 


in the Institute of Obstetrics and Gynaeco- 
logy at Queen Charlotte's and Chelsea 
Hospitals and at the Institute of Basic 
Medical Sciences. 


The Lecturer will be engaged in research 
projects involving assay of placental and 
gonadornophic hormones by radio immune 
assay methods. 


The work wil be carried out at Chelsea 
Hospital for Women under the direction 
of the Professor of Obstetrics and Gynae- 
cology, and the guidance of the Professor 
of Physiology, and in close collaboration 
with the Director of the Endocrine 
Laboratories. 


Salary in the range of £1,585 to E2,735 for 
non-medical workers and £1,748 to £2,820 
for those with medical qualifications, 


Closing date for applications-—together with 
names and addresses of two referees 
three weeks from the appearance of this 
notice, 


Further details from the Secretary, INSTI- 
TUTE OF OBSTETRICS AND GYNAE. 
COLOGY, Central Office, Chelsea Hospital 
for Women, Dovehouse Sireen London, 
S.W.3. (1046) 


UNIVERSITY OF READING 

Applications are invited for a Lectureship in 
the Department. of Physics. Preference wifi be 
given to applicants having teaching and research 
interests in experimental or theoretical aspects of 
atomic physics, atomic spectroscopy or radiation 
processes, Serious consideration wid also be 
given to applicants qualified in the feld of solid 
or Mquid state physics. The successful candidate 
will be expected to take up his duties as soon 
as possible. 

Further information may be obtained from the 
Registrar (Room 208, Whiteknigits House), The 
University, Whiteknights, Reading, RGG ZAH, by 
whom applications should be received not fater 
than March 31, 1969. (982) 


UNIVERSITY OF SYDNEY 
LECTURESHIP IN BIOCHEMISTR Y 

Applications are invited for the above. 
mentioned post. Candidates will be expected to 
teach in a general course in Biochemistry, and 
undertake research and advanced teaching in one 
branch of the subject. Salary range: *A5.400 
bv $A270 to. $47,300 per annum. 

Information about  superannuation, housing 
scheme, sabbatical leave, eten and method of 
application from the Association of Common- 
wealth Universities (Appts.}, Marlborough House, 
Pali Mall, London, S. W.1. Applications chose on 
March 31, 1969. (935) 
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UNIVERSITY OF EAST AFRICA 
MAKERERE UNIVERSITY COLLEGE 
UGANDA 

Applications are invited for (30 READERSHIP 
or (b) SENIOR LECTURESHIP IN CROP PRO- 
TECTION (AGRICULTURAL PESTS) IN DE- 
PARTMENT OF CROP SCIENCE AND PRO- 
DUCTION. Salary scales: (a) E£EA2.540 to 
£EA2,825 per annum, (t) £EAT,950 to £EA2,615 
per annum. (£EAI-£i 3s. 4d. sterling). Salary 
supplemented in range £385 to £505 per annum 
@terling) in appropriate case under British Ex- 
patriates  Supplementation Scheme. FE.S.8.U. 
Family passages ; biennial overseas leave. 

Detailed applications (six copies), naming three 
referees by April 22, 1969, to Inter-University 
Council, 90/91 Tottenham Court Road, London, 
WIP ODT, from whom particulars are available, 

(1053) 


UNIVERSITY OF MANCHESTER 
CURATOR 


Applications are invited for the post of Curator 
in the Department of Geology. The person ap- 
pointed will be responsible for the care of the 
Department's teaching and research collection of 
rocks, ftrinerals and fossils, and will also look 
after maps and books in the departmental library. 
A degree in geology, or a combined degree in- 
cluding geology, or some appreciable experience 
in the above kind of work, would be required. 
Candidates who expect to obtain a degree this 
summer wil also be considered. — Salary in the 
range £850 to £1,250 per angum. 

Applications shouid be sent to Professor J. 
Zussman, Department of Geology, The Univer- 
sity, Manchester MI3 9PL. (1058) 


~ COMMONWEALTH 
AGRICULTURAL BUREAUX 


VACANCY FOR SCIENTIFIC INFORMATION 
OFFICER AT THE 
COMMONWEALTH BUREAU OF 
HORTICULTURE AND PLANTATION CROPS 
EAST MALLING RESEARCH STATION, 
NR. MAIDSTONE, KENT 


Duties: Preparing English language abstracts 
for the quarterly journal Hertierltural Abstracts, 
which covers world scientific IMerature in this 
field, and answering scientific inquiries. 

Qualifications: A degree in horticulture or 
tetany, a reading knowledge of at least one 
European language (Russian or a related language 
would be an advantage) and the ability to wrie 
good Engish. 

Salary: In the scale £1,020 to £2,675: entry 
point according to age and qualifications. Two 
additional increments after two years? satisfactory 
service for those joining at age 32 or under, Pro- 
vision for superannuation. 

Application forms and full particulars from the 
Secretary, Commonwealth Agricultural Bureaux, 
Farnham House, Farnham Royal, Nr. Slough, 
Bucks. Closing date for applications April 15, 
1969, (990) 


UNIVERSITY COLLEGE, 
GALWAY, IRELAND 


DEPARTMENT OF MICROBIOLOGY 
Applications are inviied for two posts of 


LECTURER 
IN 


MICROBIOLOGY 


Salary scale (under revision) £1.955 by 
£80 10s. to £2,760.  Inidial salary according 
to qualifications and experience. 


INSTITUTE OF 
ROYAL CANCER HOSPITAL. TECHNICIAN 


SHELL RESEARCH LIMITED 
Woodstock Agricultural Research Centre 
Sittingbourne, Kent 


Applications are invited for the post of 


Assistant Technician/ 
Technician 


in the Plant Physiology Division at our Research Centre. 


Candidates should have training or experience in Plant Physiology or 
Biochemistry. The successful applicant will be required to cary out, under 
supervision, glasshouse and laboratory work in connection with the discovery 
and development of herbicidal compounds. 


Fringe benefits include an excellent Pension Scheme, Staff Restaurant and 
Sports/Social facilities. 


Please apply in writing, giving brief details of age, qualifications ard experience 
fo: 


Personne! Division, 
Shell Research Limited, 
Broad Oak Road, 
SITTINGBOURNE, 
Kent. 





(1067) 


ARMY PERSONNEL 
RESEARCH ESTABLISHMENT 


Farnborough, Hants. 


ERGONOMIST (graded S.S.0,/S.0O.)) to work with team studying the 
ergonomics of Army weapons, vehicles and other equipment. Current 
programme concerned with climatic conditions, noise vibration, shock-load- 
ing and other effects this equipment may impose upon men. Good 
laboratories available. Opportunities for field experimentation at home and 
overseas, Close liaison with other research groups (after sucia experimenta- 
tion as may be necessary, advice 1s given to designers). Wide experience 
is desirable in at least one of the effects on personnel lied above and 
an ability to demonstrate the criteria produced in personnel research to 
Research and Development Agencies. 

QUALIFICATIONS: ist or Ind class honours degree in Physiology, or 
experience, Candidates from other disciplines with appropsate experience 
equivalent qualification and, for $.S.Q., at least 3 years post-graduate 
will be considered. Age: S.O. under 29, S.S.0. normally 25 to 31. 
SALARY: 8.8.0. £1,925 to £2,372: S.O. £1,020 to £1,74& 
tion arranged under F.S.S.U. 
ment. 

APPLICATION FORMS from Ministry of Defence, CEX3:W AIO, Room 
302, Northumberland House, Northumberland Avenue, Losdon, WEL 


(01D 


Superannua- 
Prospect of permanent pensienable appoint- 








CANCER RESEARCH: 


ALT 


————————————————H—————— —————— —— d 


DEVELOPMENT AND CONTROL 


Applications stating age, academic quali- 
fications and experience together wah the 
names of three referees should be forwarded 
mot later than May 1, 1969, to the Secre- 
tary, University Coltege, Galway from 
whom further particulars and conditions of 
appointment may be obtained, (1078) 


required in Department of Cell Biology, Chester 
Beatty Research Institute, Fulham Road, S.W.3. 
Candidates preferred with G.C.E. “YAT levels 
in biological subjects. Previous experience in 
field of tissue culture work desirable. Starting 
salary in region £600 to £800.— Apply with names 
of two referees, to the Secretary, 34 Sumner 
Place, S. W.7, quoting ref. 301/B/357. — (1012) 





PHARMACIST, reguired well qualified, 
for research in Phermacecatios, Develop. 
ment and Analysis. Modern well equipped 


Laboratory.--Apply is confidence, with full 
curriculum of qualifications ari expeclence, 
to The Research Henor, Wereg Labora- 


tories Let,  Biorex House, Canoabury 
Villas, London, N.1. (sS 








CSURO 


AGRONOMIST 


AUSTRALIA 
DIVISION OF IRRIGATION RESEARGH 





GENERAL The Division of Irrigation Research of the Commonwealth Scientific and 
industrial Research Organization has 103 acres of irrigated land and is situated at 
Griffith, N.S.W. in the Murrumbidgee Irrigation Area. It has a professional staff of 
seventeen supported bygapproximately fifty technical and ancillary staff. Excellent 
technical services including library, photography, chemical analysis, workshop, glass- 
house and field services are available. A PDP-9 digital computer greatly facilitates the 
handling of data, and allows planning of some experiments which may be connected 
directly to the computer for high speed collection and computation; access to the 
Organization's central CDC 3600 computer is also available. 


DUTIES The appointee will be responsible for initiating a research programme on 
residual effects of herbicides in both soils and irrigation water. The widespread use 
of herbicides in close crop rotations and also their use in irrigation channel maintenance 
indicates that the residual and interaction from one intended use to another is causing 
considerable anxiety on the long term development of irrigation where annual crops 
are grown in close proximity to orchard and vine crops. 


QUALIFICATIONS Applicants should have a degree in Agriculture or Chemistry 
and a Ph.D. degree, or postgraduate research experience of equivalent standard and 
duration, supported by satisfactory evidence of research ability. Experience in the 
analysis of herbicides in both the laboratory and the field involving micro analytical 
methods and biochemical assay would be an advantage. 


SALARY Depending upon qualifications and experience, the appointment will be 
made within the salary range of Research Scientist, $A5,321— $46,693 p.a., or Senior 
Research Scientist, $A6,963— 9A8,045 p.a, Salary rates for women are $A428 p.a. 
less than the corresponding rates for men. Promotion within CSIRO to a higher 
classification is determined by merit. 


CONDITIONS Tho duration of the appointment will be determined in consultation 
with the successful candidate, some applicants may prefer a fixed term appointment 
for three vears, The appointment will be conditional upon passing a medical examina- 
tion and an initial probationary period of twelve months may be specified, An indefinite 
appointment carries with it Commonwealth Superannuation Fund or Provident Account 


privileges. Fares paid for the appointee and his dependent family. Further particulars 


supplied on application. 


Applications (quoting Appointment No. 500/235), and stating full name, place, date 
and year of birth, nationality, marital status, present employment, details of qualifications 
and experience, together with the names of not more than four persons acquainted 
with the applicant's academic and professional standing. should reach : 


Mr. R. F. Turnbull, 
Chief Scientific Liaison Officer, 


Australian Scientific Liaison Office, 


64-78, Kingsway, 
London, W.C.2, 





UNIVERSITY OF LONDON 
KING'S COLLEGE 
DEPARTMENT OF MATHEMATICS 


Applications are invited for two posts as 
LECTURER/ASSISTANT LECTURER in 
Pure Mathematics tenable from October I, 
1969. 

Salary according to qualifications and ex- 
perience will be in the scale: £1,105 to 
£1,340 plus £60 London Allowance (Assist- 
ant Lecture, £1,470 to £2,630 plus £60 
London  AMowance (Lecturer). FS.S.U. 
benefits will be payable, These rates are 
currently under review. 

Conditions of appointment and applica- 
tion forms are available from the Registrar, 
King's College London, Strand, W.C.2, to 
whom completed forms should be returned 
by March 31, 1969. (998) 





by the 11th April, 1969. (1043) 


MEDICAL RESEARCH 
COUNCIL 
PH.D. CHEMIST OR 
BIOCHEMIST 


io work on crystal nucleation and crystal 
growth in urine and other aspects of renal 


stone disease, with particular reference to 
the identification. of — crystal growth 
inhibHors. 

Starting salary within the range £1,300 
to £1,700, depending on age and experi- 
ence. 

Applications, with mames of two referees 
to the Director, Mineral Metabolism Re- 
search Unit, The General Infirmary, Leeds 
LSI IEX. (1024) 
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MONASH UNIVERSITY 
MELBOURNE, AUSTRALIA 


DIRECTOR OF GRADUATE STUDIES IN 
MATHEMATICS 


Mathematicians, suitably — qualified. in any 
branch of pure mathematics, applied mathematics 
or mathematical statistics, are invited to apply for 
the recently created position of director of gradu- 
ate studies within the department of mathematics. 
The appoiuce to this position wil hold a chair 
within the department. of mathematics. 

The department expects to have more than 
sixty candidates enrolled for higher degrees in 
1969 and the director wil assume responsibility, 
through the chairman of the department, for the 
organisation and development of graduate studies 
within the department. 

There are already six chairs within the departe- 
ment. They are held by J. N. Crossley (Mathe- 
matical Logic}, P. D. Finch (Mathematical Statis- 
tics), J. B, Miller (Functional Analysis}, B. R. 
Morton (Geophysical Fluid Dynamics), G. B. 
Preston (Semigroumo and R. Van der Borgin 
(Astrophysics). The department is administered 
by a chairman, the chairmanship being held in 
turn for a three-year period by one of the 
professors. 

The department is responsible for ihe teaching 
of pure mathematics, applied mathematics and 
mathematical statistics and has research interests 
in finite groups, semigroups, differential geo- 
metry, number theory, functional analysis, field 
theory, lattices, mathematical logic, astrophysics, 
general theory of relativity, relativistic stefar 
dynamics, plasma physics, atomic and nuclear 
physics, fluid mechanics, geaphysical fluid dyna- 
mics, magnetohydrodynamics, elasticity, Markov 
chains, probability theory, statistical ference, 
mathematical genetics, stochastic processes, opera- 
tional research and sequential analysis, 

Inquities concerning the department may be 
addressed to the chairman, Professor P. D. Finch, 
in the University. 

Salary: $A12,000 per annum. Superannuation 
on the F.S.S.U. basis. 

Full information on application procedure, con- 
ditions of appointment, etc., is available from 
the Secretary-General, Association of Common- 
weakh UniversRies (Appts)O, Marlborough House, 
Pall Mal, London, S.W.1, or the Academic 
Registrar of the University, Clayton, Victoria, 
3168, Australia. 
ao date: Applications close on May 31 

9. 


The Council reserves the right to make no 
appointment or to appoint by invitation at any 
stage. (1021) 


SCOTTISH HORTICULTURAL 
RESEARCH INSTITUTE 
INVERGOWRIE, DUNDEE DD2 SDA 


ASSISTANT EXPERIMENTAL OFFICER 


An A,E.O. is required in the Mycology Sec- 
tion for work on red core discase of strawberry 
and stamen blight of raspberry. Candidates 
should be graduates, preferably in a biological 
science. Applications from final year students 
wil be given consideration. Salary > £895 at 
age 22, rising to £1,140 at 26 (maximum comi- 
mencing salary) and thereafter to £1,385, Super- 
annualion. 

Further particulars may be had from the 
Secretary, with whom applications, giving details 
of age, education and experience, should be 
lodged by April HL (1077) 


PHYSICAL ORGANIC CHEMIST 


Applications are invited from research chem- 
ists with experience in chromatographic and 
spectrographic techniques to undertake micro- 
organic research involving the separation and 
identification of trace products of fermentation 
using modern iastrumental methods. Candidates 
should preferably possess a higher degree and 
have had research experience. 

Applications should be addressed io the Man- 
ager, Gienochil Research Station (The Distillers 
Company Limited), Menstric, Clackmannanshire, 
Scotland. (08D 

A | PROTEIN CHEMIST, PREFERABLY 
with a Ph.D.. is cequired to work in the Middle- 
sex Hospital Medical School on the isolation and 
characterisation of the fat mobilizing substance 
present in urine. The research will be under the 
direction of Professor Kekwick (Deparment of 
Medicine) and Dr. Ketterer (Courtauld Institute 
of Biochemistry). Salary depending on qualfi- 
cations and experience wil range from £1,105 to 
£2,000. The appointment is for one year and is 
renewable.—Applications, accompanied by a de- 
tailed curriculum vitae and the names of two 
referees, should be sent io Professor Kekwick. 
Department of Medicine, The Middlesex Hospi- 
tat Medical School, London, W.L (1075) 
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UNIVERSITY OF LONDON 
THE SCHOOL OF PHARMACY 
LECTURER IN PHARMACEUTICS 


Applications are invited for an appointment as 
Lecturer in the Department of Pharmaceutics at 
this School from holders of a Higher Degree in 
an appropriate subject or with equivalent experi- 
ence, Some experience in powder technology 
would. be an advantage. The appointee wil 
be required to take up this post on September H, 
1969, or as soon thereafter as possibie, Normal 
University conditions of appointment wil apply 
and point of entry to the salary scale will depend 
on experience. 

Applications by leter including curriculum 
vitae, should be addressed not later than March 
31, 1969, to the Clerk to the Council, The School 


of Pharmacy, University of London, 29/39 
Brunswick Square, London, W.C.l, from whom 
further particulars may be obtained. (002) 


WHERE OH WHERE 


are all the graduates and technicians with 
experience. in: TOXICOLOGY, IMMUNO- 
LOGY, ENDOCRINOLOGY, BIOCHEM- 
ISTRY, VIROLOGY AND PHARMACO- 
LOGY ? 

LOOK 


Lidustrial posts to £2,500. 
University appointmenis to £2,000. 


Information scientists to £1,300 while train- 
ing. 
GK Bureau, 17 Shaftesbury Avenue, 
London, W.1. 


437-6886 and 437-6779, (978) 


UNIVERSITY OF 
LONDON KING'S COLLEGE 
DEPARTMENT OF ANATOMY 


Applications are invited from suitably qualified 
candidates for the post of LECTURER IN 
ANATOMY. The successful candidate wil be 
expected to engage in research preferably in the 
field of neuroendocrinology and will also be re- 
quired to teach in a course of histology and celi- 
biology. A medical qualification is not essential 
for the post. Salary scale: £1,895 to £2,630 
pius £60 London Allowance and F.S.S8,U. bene- 
fits. These rates are currently under review. 

Conditions of appointment and application 
forms may be obtained from the Registrar. King’s 
College London, Strand, W.C.2, and completed 
forms must reach him by March 31, R ss 


UNIVERSITY OF MANCHESTER. 
INSTITUTE OF SCIENCE AND 
TECHNOLOGY 


Applications are invited for the challenging 
post of LECTURER OR ASSISTANT LEC- 
TURER with special interests m CHEMICAL 
TECHNOLOGY, The successful applicant would 
be expected to play a part in the control and 
operation of «the new Chemical Technology 
laboratory area recently constructed as part of 
the new Chemistry Building. Experience in 
scaling-up chemical processes, and process de- 
velopment, with particular reference to flow 
processes, petrochemicals, catalysis, gas reactions, 
etc, is preferred, and is expected that research 
would be carried out at these asnects, Conmamenc- 
ing salary according to quahfications, etc., in the 
scales Assistant Lecturer, £1,240 by £115 to 
£1,470 ; Lecturer, £1,3585 by £115 to £2,735 per 
annum. Superannuation under the Federated 
Superannuation System for Universities. 

Requests for the relevant application forms 
should be made as soon as possible after the 
appearance of this advertisement to the Registrar, 
University of Manchester Institute of Selence and 


p n n etae oum ua d a 
PORTSMOUTH COLLEGE OF 
TECHNOLOGY 


DEPARTMENT OF PHYSICS—BIOPHYSICS 
SECTION 


EXPERIMENTAL OFFICER 
Organic Chemist required to assist 4 group 
working in mohkecular biophysics. Duties include 
the synthesis of polypeptides as protein. models 


and their physical characterization. Degree, 
H.N.D. or H.N.C. required. Salary within the 
range: £1,085 to £1,485 per annum. Closing 


date: March 28, 1969. 

Application forms from, The Staff Officer, 
Portsmouth College of Technology, Hampshire 
Terrace, Portsmouth, POI 2EG, should be re- 
turned as soon as possible. (1036) 





CSIRO 


RESEARCH SCIENTIST IN 
PLANT BREEDING AND 
GENETICS 

AUSTRALIA 
DIVISION OF TROPICAL PASTURES 


GENERAL Applications are invited for appointment as Research Scentist in Plant 
Breeding and Genetics at the Cunningham Laboratory of the Commonwealth Scientific 
and industrial Research Organization located at Brisbane, Queensland. This is the 
headquarters of the Division of Tropical Pastures. which is conducting s comprehensive 
pasture research program in summer-rainfall environments in eastern Australia, 


in this region animal production is largely based on pastures composed of native grass 
species with low feeding value, especially in the dry late winter to spog period, Tha 
Division is working to increase animal production by developing improwed pastures and 
productive fodder plants to replace and supplement the low quality net.í.e pastures. 


DUTIES The appointee will join a team of six graduate plant breedem working on a 
range of tropical legumes and grasses. His main work will be to study t^e inheritance of 
important characters in ths pasture legumes Desmodium Hortum and Desmodium 
uncinatum, and to breed improved types of Desmodium for use in pastures in north-eastern 
Australia, Genetic studies of some other species of Desmodium will aig» be involved, 


QUALIFICATIONS Applicants should have a Ph.D. degree, specializmng in an appro- 
priate field such as quantitative or physiological genetics or have had posturaduate research 
experience of an equivalent standard and duration, supported by satisfactory evidence of 
research ability. Applications from candidates completing a Ph.D. will be welcome. 


SALARY Depending upon qualifications and experience, the appointment will be made 
within the salary range of Research Scientist, $A5,321—$A6,593 p.a. Salary rates for 
women are SA428 p.a. less than the corresponding rates for men, 

Promotion within CSIRO to a higher classification is determined by merit. 


CONDITIONS The duration of the appointment will be determined in consultation with 
the successful candidate; some applicants may prefer a fixed term appointment for three 
years. The appointment will be conditional upon passing a medical examination and an 
initial probationary period of up to two years may be specified. An indesnite appointment 
carries with it Commonwealth Superannuation Fund or Provident Account privileges. 
Fares paid for the appointee and his dependent family. Further partieulars supplied on 
application. 


Applications (quoting Appointment No. 850/318), and stating full name, place, date and 
year of birth, nationality, marital status, present employment, details ofoqualifications and 
experience, together with the names of not more than four persons acquainted with the 
applicant's academic and professional standing, should reach: 


Mr. R. F. Turnbull, 
Chief Scientific Liaison Officer, 
Australian Scientific Liaison Office, 
64-78, Kingsway, 
London, W.C.2, 


by the 11th April, 1969. (1044) 





We have a vacancy for a Research Mycologist to take responsibility for the 
preliminary testing of new compounds for ther fungicidal and bactericidal 
activity. A graduate with some previous experience in plent pathology will 
be preferred, but applicants without such experience will be considered. 

Chesterford Park Research Station is situated 12 miles south of Cambridge. 


Free transport is operated from Cambridge, Bishops Stortford and Saffron 
Walden, 


Please write, quoting serial number 228, giving brief details ofage, qualifications 
and experience to; 


Personnel Department (10) 

FISONS LIMITE 

Cambridge Division, 

Chesterford Par« Research 

Station, 

Nr. Saffron Waden, Essex. 
(O47) 


dep 
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CSIRO 


RESEARCH SCIENTIST IN 


EXPERIMENTAL PATHOLOGY 


AUSTRALIA 
DIVISION OF ANIMAL HEALTH 


GENERAL The Division of Animal Health of the Commonwealth Scientific and Industrial 
Research Organization has three maior laboratories--the Animal Health Research Labora- 
tory, Parkville, Victoria; the McMaster Laboratory, Sydney, N.S.W.; and the Long Pocket 
Laboratories, Indooroopilly, Queensland, The appointee in this instance will be located 
at the McMaster Laboratory, situated in the grounds of the University of Sydney with 
which a close association is maintained, 


DUTIES The McMaster Laboratory has a continuing programme of research into the 
epidemiology, pathogenesis and immunology of infective foot conditions of sheep. The 
appointee will be required to work in collaboration with the research staff engaged on 
these projects. 


QUALIFICATIONS Applicants should have a degree in Veterinary Science, Science, 
Agricultural Science or Rural Science from an Australian University or equivalent qualifica- 
tions, and a Ph.D. degree in a relevant discipline, or postgraduate research experience of 
equivalent standard and duration, supported by satisfactory evidence of research ability. 
Postgraduate training in bacteriology and/or pathology would be an advantage. 


SALARY Depending upon qualifications and experience, the appointment will ba made 
within the salary range of Research Scientist, $A5,321— $A6,6593 pa, or Senior Research 
Scientist, $A6,963 $AB,045 p.a, Salary rates for women are $A428 p.a. less than the 
corresponding rates for men, Promotion within CSIRO to a higher classification is 
determined by merit. 


CONDITIONS The duration of the appointment will be determined in consultation with 
the successful candidate; some applicants may prefer a fixed term appointment for three 
years. The appointment will be conditional upon passing a medical examination and an 
initial probationary period of twelve months may be specified. An indefinite appointment 
caries with it Commonwealth Superannuation Fund or Provident Account privileges. 
Fares paid for the appointee and his dependent family. Further particulars supplied on 
application. 


Applications (quoting Appointment No. 202/340), and stating full name, place, date and 
vear of birth, nationality, marital status, present employment, details of qualifications and 
experience, together with the names of not more than four persons acquainted with the 
applicant's academic and professional standing, should reach: 


Mr. R. F. Turnbull, 

Chief Scientific Liaison Officer, 
Australian Scientific Liaison Office, 
64-78, Kingsway, 


London, W.C.2, by the 11th April, 1969. (1045) 


South African Council for 
Scientific & Industrial Research 


BIOCHEMIST 


To join active team of microbiologists and organic chemists working 
on fungal toxins to study enzymes involved in the synthesis of these 
products. 

Minimum qualification is Ph.D. in Biochemistry. Previous experience 
in elucidation of metabolic pathways will be a recommendation. 

Salary up to R5,100 per annum according to qualifications and experi- 
ence, 


Apply to the South African Scientific Counsellor, Chichester 


House, 278 High Holborn, London, W.C.1., by 3rd April, E ds 
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ROYAL FREE HOSPITAL 
SCHOOL OF MEDICINE 
DEPARTMENT OF BIOCHEMISTRY 


Applications are invited for a temporary 
ful-time or part4ime appointment for the 
Teaching and Demonstrating of Biochem- 
istry to second M.B. and B.Sc. students 
during the academic year 1969-70, Ex- 


perience in this field is an essential require- 


ment. Applicants who have recently re- 
tired from a university teaching post would 
be considered. The salary for the full-time 
appointment (including employer's contri- 
bution to superannuation, if anv} wil be 
P250. 

Applications should be made as soon as 
possible, but not later than April 20 to 
the Secretary, 8. Hunter Street, London, 
W.C.i, from whom further particulars may 
be obiained. (1033) 





UNIVERSITY OF BELFAST 
DEPARTMENT OF PURE AND APPLIED 
PHYSICS 

Applications are invited for the position of 
POSTDOCTORAL FELLOW (Experimental or 
Theoretical in the Solar and Space Physics group 
of the above department, The current work of 
the group includes a programme of high resolu- 
tion spectroscopic studies of the solar spectrum 
and monochromatic photography of the solar disc 
using instrumentation developed for the rocket 
and high altitude balloons. Laboratory astro- 
physics experiments employing high power time- 
able frequency lasers are also under way. Salary 
scale (under revision) is £1.470 to £2,630 with 
pension righis under F.S.A U. 

Applications, giving full details of experience 
and the names of two referees, shouki be sent 
as soon as possible to Professor D. 3. Bradley, 
Department of Pure and Applied Physics, The 
Queen's University of BeHast, from whom further 

(030 


GRADUATE IN CHEMISTRY 


Graduate, preferably in chemistry with 
subsidiary botany or agricuMure, required 
for abstracting and information work near 
London. Applicants shouid be abie to read 
French or German. Previous abstracting 
experience is definitely an advantage bun 
not essential, — Mon-contributory pension 
and profi.sharing schemes, canteen. Salary 
according (0 age and experience, 


Apply to Director of Research, 
Tate and Lyle, Limited, 
Research Centre, Ravensbourne, 
Westerham Road, 
Keston, Kent, BR2 SHT, 
(9851) 
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UNIVERSITY OF MANCHESTER 
LECTURER AND ASSISTANT LECTURERS 
IN CHEMISTRY 
Applications are invited for these appoiniments 
in Chemistry: (a) from physical or theoretical 
chemists, preferably interested. in (0 the study of 
fast reactions or GD statistical mechanics ; (b) 
from organic or inorganic chemists interested in 
the synthesis of high polymers. One of the ap 


pointmenis may be made at Lecturer level. 
Salary range per annum: Lecturer, £1,585 to 
£2.735 ; Assistant Lecturer, £1,240 to £1,470. 
F.S.S.U. 


Further particulars and application forms (re- 
turnable by April D from the Registrar, The Uni- 
versity, Manchester MII SPL. Quote refi: 44/ 
69 / Na. GO 


/— UNIVERSITY OF BELFAST 


LECTURESHIP IN ANATOMY 

The Senate of The Queen's University of Bel- 
fast invites applications for a Lectureship in 
Anatomy (joint appointment with the Northern 
ireland Hospitals Authority) from October 1, 
1969, of such other date as may be arranged, 
The salary range is £1,875 to £2,730 plus provi- 
sions for superannuation. H graded as consult- 
ant the salary wil rise to a maximum of £3,415. 
An appoinument may be made ai any pom on 
the scale depending on qualifications and experi- 
ence, 

Applications should be received by April 7. 
1969. Further particulars may be obtained from 
The Secretary, The Queen's University of Belfast, 
Belfast, BT? INN, Northern Ireland. (980) 
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Pharmaceutical/ 
Biochemical Industry 
in the Netherlands 


Head of the 
Biochemical and 
Organic chemical 
Research 
department 


parete nh vA m ata am taa raise ttov vr een tne Mtn en P 


with 500 employees in R & D-division seeks a groupleader 
to head one of the researchdepartments. 


Required is: a biochemist, also interested in organic 
chemistry or an organic chemist with experience in bio- 
chemistry. 


The department consists of six chemical laboratoriss which 
conduct research leading to new pharmaceuticals and bio- 
chemicals. The head of this group is expected to co-ordinate 
and stimulate these investigations. He will report directly 
to the Director of R & D. 


Applicants should have industrial research experience and 
be not younger than 35 years of age. 


For a confidential exchange of information, they ate invited 
to write to 


Psychologisch Adviesbureau L. Deen 
41 Westersingel Rotterdam-3 
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ROTHAMSTED EXPERIMENTAL 


STATION 
HARPENDEN, HERIS 

BIOCHEMIST to study ribonuclease and other 
enzymes connected with leaf metabolism and 
resistance to disease, Minimum qualification a 
good honours degree. Appointment in Scientific 
Officer grade £1,020 to £1,740 per annum with 
starting salary according to experience. F.S.S.U. 

Applications to the Secretary, giving full par- 
ticulars and names of two referees, and quoting 
reference 1051/102. (689) 
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LONDON, E.C.1 
RESEARCH ASSISTANT (Gvhole- or part-time 
by arrangement) in Department of Surgery and 
ja, for research project on blood plate- 
iet function in surgical patients and related 
studies. Previous experience in this field not 
essential, An additional Research Assistant is 
engaged in this project. Salary scale £900 to 
£1,240 per annum. 
Write, naming two referees, to the Clerk to the 
Governors, quoting Project No. 36/1 Ref, ASC/ 
1814. (1069) 


UNIVERSITY OF NOTTINGHAM 
MEDICAL SCHOOL 
DEPARTMENT OF PATHOLOGY 

Applications are invited for the post of LEC. 
TURER in the Department of Pathology which 
is now established in the Medical School. The 
first intake of medical students will be im Octo- 
ber 1970. The cHnical activities of the depart- 
ment are at present practised at the Nottingham 
City Hospital and the Nottingham General Hos- 
pital. The successful candidate, who should have 
an active interest in experimental work and ex- 
perience in some branch of routine service patho- 
togy, will be expected to take up his duties at 
a mutually convenient time but this should be as 
near as possible to July 1, 1969. Salary wid be 
within the scale for clinical lecturers ranging from 
£2,015 to £2,995 with an extension for Staff with 
patient responsibility, and with membership of 
ESSU. Starting point wil be according to 
age and experience. 

Further particulars and a form of application 
may be obtained from the Assistant Registrar, 
Medical School, to whom application forms 
should be returned by April 1, 1969. (1012 


BROOKE BOND LIEBIG 
RESEARCH CENTRE 


Blounts Court, Sonning Common, 
Reading, RG4 9NZ 


GRADUATE 


between the ages of 32 and 45 years to work as the senior mem- 
ber of a team studying the process technology and biechemistry 
of stages in the manufacture of black tea. After an initial 
period, the person appointed will be expected to assume a large 
measure of responsibility in organising the work of the team. 


A vacancy exists for a 





Applicants should possess an honours degree, or its equivalent, 
in chemistry, bio-chemistry, or related subjects and have had 
several years experience in a biochemically based industry. A 
working knowledge of statistics would be an advantage. 

The starting salary will be in the range £2,000 to £2,700 per 


annum depending upon age and experience. The Company 
operates a contributory pension scheme. 


Applications should be addressed to the Administrative Officer 
at the above address, quoting reference S/SL. 


d 


(048) | 
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We are manufacturers of toiletries and pharma- 
ceuticais (ethical and proprietary) and have 
the following vacancies in our Quality Control 
Laboratory :— 


ANALYTICAL CHEMIST/ 
DEPUTY MANAGER 


(Male or Female) 


Applicants should be of Graduate status, 
should have approximately 5 years laboratory 
experience preferably in a consumer products 
industry and should be experienced in the 
use of modern instrumental techniques, in- 
cluding spectroscopy and chromatography. 
This is a senior position and the successful 
applicant will report to and deputise for the 
Quality Control Manager. 





QUALITY CONTROL 


ANALYTICAL CHEMIST 
(Male or Female) 


Applicants should be of H.N.C. or equivalent 
status and should have several years analytical 
experience. The work will be primarily concerned 
with the Quality Control of raw materials 
but will include the development of methods 
of analysing finished products. 


The company is currently undergoing a period 
of expansion and the prospects are therefore 
good. 


There is a Pension and Free Life Assurance 
Scheme and assistance will be given with 
re-location expenses if relevant. 


Please apply in writing giving brief details 
of training, experience and current salary to 


UNIVERSITY OF STIRLING 
CHEMISTRY 
DEPARTMENT 


(Professor R. P. Bell, F.R.S) 


Applications are invited for admission to 
the Degree of Ph.D. by research in Chem. 
istry. Research in progress includes the 
following topics: 


Kinetics of organic reactions, with Special 
reference to isotope effects 
Electron-molecule collision processes 
Conformational studies of organic 
molecules 
Magneto-chemistry of 
transition elements 
X-ray crystallography. 


It is hoped that S.R.C. Research Student 
ships and possibly other equivalent grants 
wil be available. Application form and 
prospectus available from the Secretary 
(NAT), University of Stirling, Stirling, 
Scotland, (987) 


compounds of 





UNIVERSITY OF SOUTHAMPTON 
CHAIR OF ZOOLOGY 


Applications are invited for the Chair of Zoo- 
logy. Candidates may have interests in any 
branch of zoology including appropriate aspects 
of genetics and cytology. Salary within the DrO- 
fessorial range £3,570 to £4,990 (under review), 
FS SU. 

Further particulars (quoting ref, N may be 
obtained from the Secretary and Registrar, the 
University, Southampton, SOO9 SNH, to whom 
applications (fourteen copies from a ppicants in 
the United Kingdom), should be sen: before 
March 24, 1969. (1609) 


RESEARCH BIOCHEMIST REQUIRED IN 
the Hacmatology Department, Withington Hospi- 
tal, Manchester M20 &LR. Applicants should be 
&raduates in chemistry or biochemistry imer- 
ested in the separation of biological proteins and 
prepared to undertake blood coagulation chem- 
istry. The work is on the relationship between 
blood clotting and thrombosis and suitable for a 
graduate interested in obtaining an M.Sc. or 
Ph.D. Appointment is for one year in the first 
instance,—IÍInquirfes to Dr. L. Poller, Consultant 
Haematologist. Applications, naming two 
referees, to Hospital Secretary (ref. Mam 5 

/ 


the Personnel Manager, 


BRISTOL-MYERS CO. LTD., 
Stonefield Way, Victoria Road, 


South Ruislip, 
Middlesex. 


PSEUD 


IMPERIAL COLLEGE OF 
SCIENCE AND TECHNOLOGY 


DEPARTMENT OF CHEMISTRY 


Applications are invited for a Science 
Research Council-sponsored Research 
Assistantship for work under the direction 
of Professor R, M. Barrer on non-stoicheio- 
metric inclusion and clathration complexes. 
Salary on incremental scale in range £1,200 
to £1,500 with F.S,S.U, benefits. 

Applications, giving full academic back- 
ground and the names of two referees, 
should be sent to Professor R. M. Barrer, 
F.R.S., Department of Chemistry, Imperial 
College of — Science and Technology, 
London, S.W.7. (1037) 


Ae CLONAL PREMO nn 


UNIVERSITY OF LIVERPOOL 
DEPARTMENT OF ZOOLOGY 
Applications are invited for two posts of 
ASSISTANT LECTURER or LECTURER 
in the Department of Z&xMogy, tenable from 
October 1, 1969, For both posts an 


uxerest and experience in some aspect of 
general or 
desirable. 


Salary scales : 


comparative physiology is 
£1,240 i10 £1,470 per 
annum for an Assistant Lecturer: £1,585 
to £2,735 per annum for a Lecturer, 
according to qualifications and experience. 
Applications, stating the names of three 
referees, should be sent not later than 
March 31, 1969, to the Registrar, The Uni- 
versity, P.O. Box 147, Liverpool L69 3BX. 
from whom further particulars may be 
obtained. Please quote Ref, RV/994/N, 
(1082) 


WHAT'S YOUR LINE? 
are vou a Veterinary Surgeon, Geologist, Chem. 
ist, Pharmacologist, Physicist, Metallurgist, Micro- 
biologist. Pharmacist, Information Scientist or 
Technical Editor ? 
Whatever it is Please Note ' 
G.K. Bureau employ six scientifically qualified 
interviewers to select the best positions for you. 
— Write or telephone 

Miss J. R. Hortin, G.K. Bureau, 

17 Shaftesbury Avenue, Londen W.L. 
01-437-6886 or 01-437-6779. 
NO FEES TO PAY. {441} 





(06040) 


INFORMATION WORK/ 
BIOMEDICINE 
Information Retrieval Limked wish to 


appoint two further lady assistants to their 
research staff in London. Candidates 


Should have an honours degree in Micro. 


biology, Virology, Genetics or _ Biochem- 
istry. Excelent salary and working condi. 
tions. 

Apply in strict confidence to Dr. E. B, 
Krudv, Information Retrieval Limited, 38 
Chancery Lane, London W.C.2. (1001) 





ROYAL VETERINARY COLLEGE 
(UNIVERSITY OF LONDON) 


THE COLLEGE proposes to appoint a 
SENIOR LECTURER or a LECTURER in the 
Department of Veterinary Anatomy as at Octo- 
ber i, 1969, A veterinary qualification. is not 
essential. Salary scales are at present under 
review but information may be obtained from the 
Seoretary. Superannuation benefits under 
F.S.S.U. The post offers opportunities for rea 
search and the person appointed may register for 
a higher degree. 

Application forms, obtainable from the Secre- 
tary, The Royal Veterinary College, Royal Col- 
lege Street, London, N,W.1, should be returned 
by April 16, 1969. (921 


ULSTER: 
THE NEW UNIVERSITY 
ASSISTANT LECTURER 
OR 

LECTURER IN PHYSICS 


Applicadons are invited for the above post, ten 
able from October 1, 1969. Same preference 
may be given to candidates with research interest 
in a branch of Solid State Physics. 


Salary Scale: £1,240 to £2,735 wih ESSU, 





Applications, giving the names of three referees 
should be sent by March 21, 1969, to the Regis- 
war, The New University of Ulster, Coleraine, 
Northern Ireland, from whom further particulars 
may be obtamed. (1015} 
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AGRICULTURAL RESEARCH 
COUNCIL 


Applications are invited for the post of 


ASSISTANT 
EXPERIMENTAL OFFICER 


in the Anatomy Section of the Poultry Re- 
search Centre, West Mains Road, Edin- 
burgh 9, to carry out morphological in- 
vestigations in domestic poultry. 
Qualifications : egree, HNC. or 
cquivalent, but preference will be given to 
candidates with a degree in Zoology. 


Salary in scale £650 to £1,385 according 
to age. (Maximum starting salary £1,150 
age 26). Superannuation, five-day week. 


Appiv in writing with names of two 
referees, to the Secretary at above address. 
(1056 


UNIVERSITY OF 
SOUTHAMPTON 


DEPARTMENT OF MECHANICAL 
ENGINEERING 


Applications are invited for the posts of : 

(a) SENIOR LECTURER or LECTURER 
to take charge of the Gas Bearing Research 
Group, to direct the Gas Bearing Advisory 
Service and to teach generally in the field 
of tribologyv. The person appointed should 
ideally have had teaching, industrial and 
administrative experience, 

(b) LECTURER or ASSISTANT LEC- 
TURER in the engineering aspects of 
mechanics of solids. Candidates should 
preferably have had industrial and teaching 
experience, and have strong research ġir 
terests in some aspect of stress analysis and 
Hs application to engineering design (e.g., 
fracture mechanics), 


Salary scales: Senior Lecturer, £2,650 to 
£31,410; Lecturer £1,585 to £2,735: Assis- 
tant Lecturer. £1,240 to £1,570. The initial 
salary will depend on qualifications and 
experience. 

Further paruüculars may be obtained from 
the Deputy Secretary, The University, 
Southampton, S09 SNH, to whom applica- 
tions (7 copies from Unneg Kingdom apri- 
canis) shouki be sent, clearly stating the 
post applied for and quoting Reference W, 
mot later than March 24, 1969, — (1065) 





UNITED SHEFFIELD HOSPITALS 


NON-MEDICAL BACTERIOLOGIST 
(BASIC GRADE) 
required for Department of Bacteriology (which 
includes virology). Applicants should possess an 
appropriate science degree. Whitey Council 
Terms and Conditions of Service. Salary sealc 


£915 to £1,295: Ist or 2nd class honours £1,030 
to £1,298, 
Applications, giving details of age, qualifica- 


ons, any previous experience. and naming two 
referees, to Chief Administrative Officer, United 
Sheffield Hospitals, 10 Beech Hill Road, Sheffield 
Sid IRZ, by March 24, 1969, (966) 





UNIVERSITY OF MANCHESTER 
INSTITUTE OF SCIENCE AND 
TECHNOLOGY 
TECHNICIAN 
A Technician is required in the Deparument of 
Chemistry to undertake instrumental analysis re- 
quired in the study of polymers and polymer 
fractions. This covers such aspects as molecular 
weight determinations and thermal analysis of 
samples in addition to general quantitative 
analysis work. O.N.C. is desirable but not essen- 
tial if applicant has had suitable experience, Apm- 
plicants should be over 21 years of age. Salary 
Scale: £692 to £977 per annum according to 
qualifications and experience (additions of £30 
and £50 for approved qualifications.) Five-day, 
3i7i-hour week. Superannuation Scheme. Can- 

teen Facilities, 

Requests for application. forms, quoting Refer- 
ence CH 76, should be sent io the Registrar of 
the Institute, Sackville Street, Manchester M60 

10D. Completed forms to be returned by March 
21, 1969. (1000) 


National Agricultural Advisory Service 





Regional Adviser 
in Bacteriology 


£2913 to £3683 





The National Agricultural Advisory Service within the Manistry 
of Agriculture, Fisheries and Food provides farmers and growers 
with technical and management advice on agriculture) and 
horticultural matters. The Service is organised on a county and 
regional basis throughout England and Wales. 
candidate will take charge of a regional laboratory, the saff of 
which act in consultative and advisory capacity to the county and 
district advisers. He will also be responsible for field surveys and 
investigations. The work entails travel throughout the regicn. 


Candidates (men or women) should normally be aged at least 45 
and must have a degree in an appropriate agricultural or satura! 
science or an equivalent qualification. They should normally have 
had at least 15 years’ relevant experience. This experience <hould 
have included responsibility for directing the work of a team of 
scientists, preferably including one covering microbiolegy im 
relation to horticulture and agriculture. w 


Starting salary may be above the minimum of the above scale ; 
non-contributory pension, Promotion prospects to higher posts 
within the Advisory Service. 


Fuller details may be obtained by writing to the Civil Service 
Commission, 23 Savile Row, London WIX 2AA, or by telepuoning 
01-734 6010, Ext. 229 (01-734 6464 " Ansafone" service after 
5.30 p.m). At all times please quote 7131/U. Closing date 
April 3, 1969, 


(1039) 


The successful 





p 





MEDICAL FACULTY ROTTERDAM 
DEPARTMENT OF PATHOLOGY 


Applications are invited for the post of 


SENIOR LECTURER 


in the field of Tumor virology 


The applicant should be medically qualified or a biologist, who, if nacessarc, after 
a training period in Holland or abroad, will be head of the tumor virology laberatory. 
in this capacity he will take part in the work of a team in experimental patlimiagy, 
which applies itself to problems of carcinogenesis, experimental tumor fberapy 
and immunopathology. 


The Medical Faculty Rotterdam is prepared to help the successful candidate with 
removal expenses and house mortgage. Salary will be in accordance with 
qualifications and experience. 


Applications can be sent under number 362 to the Head of the Personne! 
Department Medical Faculty Rotterdam, Wytemaweg 2a, Bottesdam, 
The Netherlands. 
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UNIVERSITY OF ABERDEEN 
" LECTURESHIP IN GENETICS- 


Applications are invited for above post, with 
appointment from 1 October, 1969. Applicants 
with interests in any branch of Genetics will be 
considered, but preference may be given to can- 
didatés with research interests in studies at the 
ioctiemical level. Salary on scale: £1,585 by 
£115 to £2,735 with initial placing according to 

lfications" and experience. Superannuation 
FSS.) and removal allowance. 

Fiirther particulars from The Secretary, The 
with whom applications 










JNIVERSITY OF QUEENSLAND 
.* BRISBANE, AUSTRALIA 
"LECTURER IN PATHOLOGY 


ThesUniversity invites applications for the posi- 
tion of Lecturer in the Department of Pathology. 
Applicants should have graduated in medicine, 
medicabiscience or science and hold an appropri- 
ate postgraduate degree or qualification. with 
training,,.experienee or an interest in cell bio- 
logy, c@l pathology. biochemistry or a related 
field. © The ssuccessful applicant will be respon- 
sible to the Head of the Department for teaching 
duties and will be expected to become associated 
with one of. the research groups in the department. 
The salaty range for a Lecturer is $A5,400 by 
$A250 (4) by $A300 (3) to $A7,300 per annum. 
The University provides Superannuation similar 
to ESU., Housing Assistance, Study Leave 
and Travel Grants for permanent appointees of 
Lecture status and above. 

Additional information and application forms 
will be supplied upon request to the Association 
of Commonwealth Universities (Appts), Marl- 
borough House, Pall Mail, London, S.W.i. Ap 
plications close in London and Brisbane on 
April 25, 4969, (1034) 


UNIVERSITY OF MANCHESTER 
DEPARTMENT OF ANATOMY 








AND 
MANCHESTER ROYAL EYE HOSPITAL 
Applications invited from candidates with 


registrable in this country 
TEMPORARY ASIS- 
ANATOMY /SENIOR 
OPHTHALMOLOGY. 


medical Qualifications 
for two joint posts of 
TANT LECTURER IN 
HOUSE OFFICER IN | ( 
The persons appointed will work in the Univer- 
sity Deparement of Anatomy and in the Eye 
Hospital, spending approximately half their time 
on work in each department, Experience in oph- 
thalmology is desirable ; candidates working for 
Primary F.R.C.S. acceptable. Annual salary pro 
rata to university pre-clinical Assistant Lecturers’ 
scale and N.H.S. scale for the grade of S.H.O.. 
up to a maximum of £1,560 (N.H.S. award pend- 
ing. Initial appointment for one year com- 
mencing October 1, 1969, but renewable for à 
second year. 

Particulars 
by April 4), from the 
Manchester, M13 9PL. 


and application forms (returnable 

Registrar, The University, 

Quote Ref. 45/69/Na. 
(1082) 


eee ee a ROS DUREE NUES 
FELLOWSHIPS & 
STUDENTSHIPS 


UNIVERSITY OF LEEDS 


DEPARTMENT OF 
INORGANIC AND 
STRUCTURAL CHEMISTRY 


Applications are invited for two Research 
Audentships tenable from September, 1969, for 
work in the High Pressure Research Group in 
the Department of Inorganic and Structural 
Chemistry. Successful applicants will be required 
to. work under the supervision of Dr. R. S. 
Bradley and Dr. D. C. Munro on projects which 
include studies of phase changes and electrical 
conductivity under high pressures and studies by 
means of X-rays. . 

Applicants should have a degree in Chemistry 
or Physics with first- or upper second-class 
Honours or an equivalent qualification. 

The Studentships will be tenable for two years, 
possibly renewable for a third. The stipend 
(basic £500 plus fees) and conditions of service 
will generally follow those for S.R.C. Student- 
ships and holders of these posts will be eligible 
to work for the degree of Ph.D., subject to Uni- 
versity regulations. 

Applications, with details of education, etc., 
and the names of two referees, should be sent 
to. Professor H. M. N. H. Irving, Department ot 
Inorganic and Structural] Chemistry, University 
of Leeds, LEEDS LS2 9IT, before May te 





UNIVERSITY OF 
SOUTHAMPTON 


RESEARCH FELLOWSHIP IN 
CRYOGENICS 


Applications are invited for a Post- 
Doctoral Research Fellowship supported by 
the Science Research Council tò study 
vapour-solid heat transfer mechanisms in 
vertical temperature gradients at iow 
temperatures. Measurements of the assoel- 
ated heat transfer coefficients are required 
to the design of current-carrying leads to 
superconducting solenoids and cryocables, 
and for improving the performance of 
cryogenic liquid containers. 


Salary range: £1,200 to £1,800 plus 
F.S.S.U. 


Further details may be obtained from Dr. 
R. G. Scurlock, Department of Physics, 
and applications, giving details of age, 
qualifications and experience, together with 
the names of two referees, as SOOn as pos- 
sible, quoting reference N, should be sent 
to ihe Deputy Secretary, The University, 
Southampton SO9 SNH, (927) 


UNIVERSITY OF LIVERPOOL 
DEPARTMENT OF MEDICINE 


NUFFIELD UNIT OF 
MEDICAL GENETICS 


Applications are invited for a Post- 
Doctoral Fellowship, initially for two years, 
to join a small group working in the field 
of Haemoglobin biosynthesis, particularly as 
related ta the thalassaemias and other 
Applicants should be 


genetic disorders. 
graduates, preferably with, or about to 
acquire, a Ph.D. degree and with experi- 
ence in biochemistry or related fields. 


Initial salary up to £1,500 per annum 
with appropriate F.S.S.U. benefits. 


Applications, stating age, qualifications 
and experience, together with the names of 
two referees, should be sent as soon as 
possible to the Registrar, The University, 
P.O. Box 147. Liverpool L69 3BX. Please 
quote Ref.: RV/957/N. (1053) 


ROYAL SOCIETY OF 


NEW ZEALAND 
IHE CAPTAIN JAMES COOK FELLOWSHIP 

The New Zealand Government, to commemor- 
ate the Bicentenary of Captain Cook's first and- 
ing in New Zealand, on October 9, 1769, has 
established a Research Fellowship to perpetuate 
Captain Cook's spirit of scientific inquiry and 
exploration in the New Zealand and South West 
Pacific area. The Fellowship is administered by 
the Royal Society of New Zealand. 

Applications are invited from persons of senior 
status who wish to carry out research in New 
Zealand or the South West Pacific in any rele- 
vant fiekd such as Anthropology. Biology. Geo- 
graphy. Geology. Geophysics. History. Medi- 
cine. Oceanography. 

The Fellowship will normally be tenable for 
two years but may be extended for a third year, 
and must be held at a New Zealand University 
or Research Institute. 

The Fellow sebected will be informed by Octo- 
ber, 1969, and will be expected to take up the 
Fellowship in New Zealand during February, 
1979. The salary will be at the rate of $NZ7.300 
per annum, A travel grant equivalent to economy 
air fare to and from New Zealand for the Feltow, 
his wife and dependent children under 16 years, 
pus an allowance for personal effects, will be 
paid. 

Reasonable travel expenses incurred in New 
Zealand and the South West Pacific in carrying 
out the research project, and a special equipment 
grant of up to $NZ2,000, will be paid. ($NZi= 
10s. sterling or $USI.12 approximately). 

Further information and application forms may 
be obtained from The Executive Secretary, The 
Royal Society, 6 Carlton House Terrace, LON- 
DON S.W.1. The New Zealand Scientific 
Liaison Office, C.S.C. Africa House, Kingsway, 
LONDON, W.C.2. 
or the Executive Officer of the Royal Society of 
New Zealand, to whom applications should be 
sent. Applications close on May 31, 1969 with 
G. W. Markham, Executive Officer, Royal 
Society of New Zealand, P.O. Box 196, Weling- 
ton, New Zealand. (991) 


RESEARCH STUDENTSHIPS 
IN FISHERIES SCIENCE 


Applications for three RESEARCH STUDENT- . 
SHIPS IN FISHERIES SCIENCE are invited by 
the Department of Agricukure and Fisheries in 
connection with projects selected from the follow- 
ing: 


1. A study of the efficiency of growth in young 
uout (tenable at University of Dublin, 
Trinity College). l 


2 A study of the proteins, particularly the 
haemoglobins of any fish hybrids (tenable 
at University College, Cork). 


3. A study of the benthos of Lough Corrib 
(tenable at University College, Galway). 


4. Studies in the biology of the prawn, 
Palaemon serratus, off the West coast 
(tenable at University College, Galway). 


5. A study of water quality in an Estuary in 
the vicinity of a large urbanised population 
(tenable at University College, Cork). 


An applicant, to be successful, must have 
pursued a satisfactory course of study leading 
to a recognized University Degree (Honours) in 
Zoology or equivalent quahfication. — Applica- 
tions will be accepted from persons who are 
roa to sit for their Honours Degree examina- 
on, 


The studentships will be tenable for one year 
in the first instance at a stipend of £500. Equip- 
ment will be provided and reasonable travelling, 
etc., expenses will be allowed. 


Application forms, conditions governing the 
award of the studentships and information on the 
research projects can be obtained from the 
DEPARTMENT OF AGRICULTURE AND 
FISHERIES, FISHERIES DIVISION, 
O'CONNELL BRIDGE HOUSE, DUBLIN, 2 


(Telephone, Dublin 779471). CLOSING DATE 
FOR THE RECEIPT OF APPLICATIONS 


WILL BE 5.30 p.m., Tuesday, April 15, 1969. 


RESEARCH FELLOWSHIP IN ORGANIC 
CHEMISTR Y 


A Post-Doctoral Fellowship, tenable for one 
year, is available for work with Professor R. H. 
Thomson on the pigments of marine animals. 
Salary £1,350 with superannuation (F.S.5.U ). 
Starting date to be arranged. 

Applications (two copies), as soon as possible, 
to The Secretary, The University, Aberdeen. 

(1039) 





LECTURES AND COURSES 


UNIVERSITY OF ABERDEEN 
SCHOOL OF AGRICULTURE 
in association with the 


ROWETT RESEARCH 
INSTITUTE 


M.SC. DEGREE COURSE BY 
EXAMINATION AND DISSERTATION 


ANIMAL NUTRITION 


Applications are invited for entry to the 
above twelve month course beginning in 
October, 1969. Candidates should be 
Honours graduates in Agricultural Science, 
Agriculture, Veterinary Science, Pure 
Science or Medicine. Holders of recog- 
nized — equivalent — qualifications may be 
admitied. 


During 
vided with 


candidates are pro- 
the scientific knowledge and 
technical training for specialized work on 
problems in the nutrition of domesticated 


the course 


animals. The syllabus includes relevant 
physiology, biochemisiry and microbiology, 
evaluation of foods and nutrient require- 
mentis, and aspects of statistics and 
economics. Each student will undertake a 
smal research project. 


The course is based at the new building 
of the School of Agriculture. Further de- 
tails and application forms from Dr. J. H.. 
Topps, School of Agriculture, 581 King 
Street, Aberdeen, ABS 1UD (quoting ABI/ 
69). (1054) 
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| LTD, 
PARA OUNT HOUSE, 75 TE ROAD, 
EALING, LONDON, 


To coincide. with LABEX '69 we n. organised 
three special lectures at the Deparument of Chem- 





z istry Lecture Theatre, Chelsea College of Science 


d. |o “Developments in ae Filtration 
Tuesday, March 25 at 6 p 
2. Preparative and Industrial Ga ‘Filtration 
Wednesday, March 26, at 6 p.m. 
3. Sephadex fon-Exchangers 
Friday, March 28 at 6 p.m. 
Admission is FREE. To assist in the arrange- 
ments would you please advise us if you are 
attending any of these lectures, (1025) 


Manresa Road, 





FOR SALE AND WANTED 


WM. DAWSON & SONS LTD. 
Back Issues Department, 
Cannon House, Park Farm Rd., 
Folkestone, Kent, England. 
Tel: Folkestone 57421. 


Offer rop prices for: 


BACK RUNS OF JOURNALS 
IN SCIENCE AND THE HUMANITIES 
a» 


Wanted and for Sale 
Scientific and Technical Reviews 
SANTO VANASIA, 58 Via M. Macchi, 
20124 MILANO (X259) 





ONE SECONDHAND " CINTEL'" COLOUR 
Flying Spot Colour Scanner. Cat. No. 3101, 
Serial No. 15. Manufacturer's specification avait- 
able on request, or equipment can be inspected 








by appointment.-~Mullard Simonstone, Mr. A. 
Helicar. Tel.: Padiham 72511. (977) 
MISCELLANEOUS 
SCIENTIFIC AND ‘TECHNICAL TYPE- 


writing Service. Confidential.—Julia Pratt, B.Sc. 
30 Craven Street, Strand, London, W.C.2. Tele 
phone 01-839 2861. X2) 
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Akirich Chemical Co. Inc. 
Annual Reviews Inc. 
Balston, W. & R., Lid 

Baird & Tattock (London) Lado 
Cutrock Engineering Co. Lid. 
Degenhardt & Co. Ltd. 
Edwards Instruments Ltd. 
Elsevier 
E.M.I. Electronics Lid. 
Esco (Rubber) Lid. 


G.E.C.-A.E.I. 
Green, J, 
Gurr, E. 


Heathway Machinery Co. Lid., The .......... 
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Oxford University Press 
Perkin-Elmer Lid. 
Pharmacia (Great Britain) Lid. 
Plenum Publishing Corp. 
Pye Unscam Ltd. 
Quinn, W. A. 


Stumadzu Seisakusho Lid. 


Singer Instrument Co. Ltd. oo... 00.0000. ee 
Singer Verlae word one dks y REFERS es 
U.T.P. Exhibitions Lid. ................ sss. 


Vickers Lad. 


Wade, Bernard F., Lid. 
Wiley, Il, & Sons 
Worthington Biochemical Corp. 


l 
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GRANTS & SCHOLARSHIPS 


WOLFSON COLLEGE 
GRADUATE AWARDS 


The College proposes to make a number of 
awards in both arts and sciences for postgraduate 
work tenable from October, 1969, Each award 
wil be worth up to £100 per annum. 

Further details and a form of application may 
be obtained from the Tutor for Admissions CD), 
Wolfsog College Office, 15 Banbury Road, 
Oxford (1049) 


IMPERIAL COLLEGE OF SCIENCE 
AND TECHNOLOGY 


DEPARTMENT OF BIOCHEMISTRY 
POSTGRADUATE RESEARCH 
Research activities open to graduates wishing 
to work for the M.Phil. or Ph.D. degree include : 
hormonal control of intermediary metabolism ; 
metabolic aspecs of obesity ; fungal viruses and 
interferon SIORRA KHE 7 cardiac metabolism ; 
neurochemical aspects of the correlation of bio- 
chemical activity and function: fungal and bac- 
ieríal metabolism including biosynthesis ; piho 
synthesis of celi walls: producion, biosynthesis 
and mode of action of (a) wHting toxin (fusi 
coccin) and related substances, (b) ergot alkaloids 
and related substances; structure of new ami- 
biotics ; biochemical instrumentaudon and fermer 
tation technology; biological studies on ergot 
fungi: physioogy and genetics of slime moulds, 
Grants will be available for suitable candidates. 
Inquiries should be made to Professor E. B. 








Chain. ERS., Deparimem of Biochemistry, 
Imperial College, London, S.W.7 (1068) 


UNIVERSITY OF LONDON 
GRANTS FOR RESEARCH 


Applications are invited from members of the 
University and teachers in Schools of the Uni- 
versity for grants from the Central Research 
Fund to assist specific projects of research and 
for the provision of special materials and appar- 
atus. Grants are not made for normal main- 
tenance. Applications must next be received not 
later than March 31. 

Forms of applicauon and further particulars 
may be obtained from the Secretary to the Cen- 
tral Research Fund Committee, University of 
London, Senate House, W.C.1. (1023) 
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TENDER NO. ES10/514/30/058)_ 
MAIN/CELL 144 (S.4104/68)-.. 


Tenders are invited by the Director General, 
Supplies and Disposals, Parlamen: Street. dMew 
Delhi, for the supply of: 


item No. Description d Ma. 
1 WSWR Meter for VHF and in i 
2 Electronic Multimeter H 
3 Flux Meter ! 1 
4 Sweep Generator with Visual ` Display a 
5 Output power Meter with variable 
Impedance -- "T dts EN 
6 A-Y Recorder o 
7 Tape Recorder Portable. AM FM, Dc E 
230 K C/S 4 3 & oh 
8 F.M. Signal Generator "n P: 
9 General Purpose  Oscilloscone 1 
10 Power Factor Meter : 214 
Tender Schedules with further details: and 


specifications may be obtained on application to: 


The Administration Brandh, 
India Supply Mission, 
Govt. Building, 
Bromyard Avenue, 
Acton, LONDON, 
with a remittance of 16s. 
Cheque Crossed and made 
Commissioner for India in 


Ww. 3 

by Postal Order. or 
payabie to the High 
UK. not later than 


April 15, 1969, 
The above tender reference reusit be quoted 
on al correspondence. 4m 





TENDER NO. FS10/584/30/058/ 
MAIN/CELL 144 
(ISM NO. 4107/58) 


The Director-General, Supplies and Disposals 4, 
New Delh. invites tenders for the Weppiy of: 
Electronic Measuring /Testine Equipment of types, 
complete with Accessories 

Tender schedules with detalis amd specifications 
are obtainable from: The Adminstration Branch, 
india Supply Mission, Grovermmnent Beides. 
Bromyard Avenue, Acton, Loedon, W.3, on 
application with a remituance of £1 2s. tw postal 
order or cheque made payable te the High Conr 
missioner for India in U.K. ant crossed, dueting 
the above reference number, not iater than March 
31, 1969, (eD 
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if you use a 


MICROSCOPE 


you need a 


SINGER 


FULLY PATENTED 


MICROMANIPULATOR 


Singer micromanipulators are used in 
most laboratories all over the world, 
Three types available: 

Mk I Low powe 
xi to x200 
Mk H For magnifications X I te 

x 500 

Mk HI High power for magnifieations 
x100 to x 1,000 plus 

The most advanced instruments for 
micromanipulation. As described by 
Barer and Saunders-Singer with further 
improvements. 

Full details and demonstrations upon 
request to: 


SINGER INSTRUMENT CO. 
Fountain Court, 83 London Si. 
Reading, Berkshire, England. 


r for magnificatsons 
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for thin layer 
chromatography 
after Stahl 


This versatile instrument meets a 
number of dissimilar practical 
requirements: 


T he fast and non-destr 
identification of colour! 
substances absorbi As in the 
direct, automatic scanning of 
chromatogram with a ra: idi iation of 
preselected wa avelength, and the 

recording of the light absorption. 


uctive 
ess zones of 
UV by 


the 


S 
$i 
th 


Ho uu sation and 
ntification of very small 
bstances presentas 
rad ahic spots, by directly 
ng their diffuse reflectance, or 


iamounts 


SU 
ron 
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nission S een a: 





Ope ined H in Kareat | Brnain By * 


SHER | KsiGH T 
ai Little Essex Street, London. XC. 
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even PIE ruin n Yard € — neem: 


combination of the PMQ 


photometer system 





The direct plotting of fluorescence 
r and the spectrophotometric 
valuation of layers « ee a 
ear indicato 


The quantitative evaluation of 
particular chromatogram zones, 
without previous staining and 
directly on the chromatogram,b 
measuring the light absorption 
diffuse reflectance or the 
transmission method at a suitable 
wavelength or- in the case of 
fluorescent substances - by 
fluorescence measurements. 

A range of Zeiss microscopes and 
analytical instruments will be shown 
on Stand E7 at LABEX. 


| West 


ay 
by thc 
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St. Albans, and. 
-Saturday, March 


"& Co. LTD, 


- 
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d by MACMILL LAN 7 Tot: ALS 


-hromatogram Spectrophotometer 


Light source, in set-up M-Pr: 
hydrogen lamp, incandescent lamp, 
or high-pressure xenon lamp; in 
set-up Pr-M: Hg lamp, hydrogen 
lamp or i incandescent lamp in special 
lamp unit, 


Monochromator: M4Q Hil of the 
Spectrophotometer PMQ H 


wo range 185-2500 Ha (lower 
useful limit depends on the intrinsic 
absorption of the sorbing agen B. = 


Full details from Cari Zeiss at 
Degenhardt & Co. Ltd., Carl Zeiss 
House, 31/36 Foley Street, 
London W1P BAP 
01-636 8050 (15 
Telex No. 324300 | 


legenhardt 


nm— — ——— Baa: 
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amino protecting group 
. linked to peptide chain 


new acid labile amino protecting 
group, is already making signifi- 
cant contributions to peptide | 


chemistry. 
O-Nitrophenyl Sulfenyl j 
Chloride reacts with Amino Acids 


to yield N-O-Nitrophenyl (NPS) [ 


N-O-Nitrophenyl Sulfenyl, a M 


Amino Acids. The NPS group is 
easily removable with acids in 
aqueous solutions or preferably 
with Hydrogen Chloride in non- 
polar solvents. 

= NPS Amino Acids have been coupled 
with amino acid esters via mixed carboxylic- 
carbonic anhydride and DCC. No racemiza- 
tion has been observed, and the yields have 
been good. 

The NPS method appears to possess the 
advantages of the Carbobenzoxy method (no 
racemization, easily removable N protecting 
group) and offer definite improvements over 


the classic CBZ group. The im- 

provements are: 

1. NPS groups are more easily 
cleaved than CBZ. The removal 
of NPS from a long peptide chain 
is accomplished rapidly under very 
mild conditions without any dan- 
ger to sensitive parts of the peptide 
chain. On the other hand, the re- 
moval of CBZ from a long peptide 

chain is still a difficult task. 

2. NPS groups are advanta- 
geous for lengthening a peptide 
chain, especially in the case of incorporation 
into a peptide chain of Amino Acids bearing 
functional groups. 

NBCo. offers 21 O-NPS Amino Acids as 
the Dicyclohexylammonium Salts (DCHA) to 
insure greater shelf stability. Please write us for 
a list complete with specifications and prices. 

Write for our free catalog containing over 
3500 items. . 


CAUTION: Those of our products which are or may be drugs or 
food additives, as defined in the Federal Food, Drugs, and Cos- 
metic Act, will be shipped, and may be used or sold, for investiga- 
tional use only in laboratory research animals, or for tests in 
vitro, and are not for use in or for humans. Investigational animals 
and their edible products may not be used for food. 


Nutritional 
Biochemicals 
Corporation 


26201 Miles Road « Cleveland, Ohio 44128 
Phone 216 662-0212 
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TS: i 
RESEARCH & PRODUCTION CHEMISTS: if you FEATURING 


are looking for dyes with specific chemical and physical 
i i icul f | d | 

properties suitable for particular manufacturing and/or WINDOWLESS GASELOW HIGH RESOLUTION 

DETECTOR 4 c.p.m. BACKGROUND. 


testing processes you are invited to contact 
EXACT SYNCHRONISM OF 20 x 20 cm. PLATE 


EDWARD GURR LIMITED 
We hold stocks of an enormous variety of dyes, ready for immediate AND CHART TRACE. 


despatch, including: AUTOMATIC MULTIPLE LANE SCANNING. 


Cyanine, Dicyanine, Fast Bordeaux O, Aurantia, Crystal violet, BPC- 


i i A rai violet, id, Nile blue, 
Janus preon, riliantgreen BPC: Rosoiació, ote ptio | | TWO DIMENSIONAL SCANNING FACILITIES. 
idin, h , Nitrazine yellow, Pinacr n, etc. 
chrysoidin, Methyl i itrazine yellow ga yptol green, etc POTENTIOMETRIC RECORDER FOR EAST 
edger ie Reser ee RESPONSE AND ACCURACY IN LOW ACTIVITY 
are invited to make use of our professional services as 
consultants on the selection and use of dyes as research REGIONS. 


and production tools. 
BIOLOGISTS are invited to send for our catalogue of: INTEGRATOR WITH PRINT-OUT OPTIONAL. 


*MIIKCIHIIR O 


STAINS & REAGENTS FOR BIOLOGY 


Acridine orange, Aquamount, Fiuormount, Lipid crimson Matamount, 
May- Grünwald, Leishman, Giemsa, Toluidine blue, Cresyl fast violet, 
Papanicolaou stains, Thioflavine S, Brilliant cresyl blue, Nile blue, 
Pyronin Y, Trifalgic acid, Rhodanile blue, Hapio, etc. 


EDWARD GURR LTD 


42 Upper Richmond Road West, London, S.W.14 
Cables: Micromlabs London SW14, Telephone: 01-876 82289 





for supplies. 









RANGE [Gels | 
TME CONSTANT 900) 





University 
Life Assurance Society 


Established 1825 Incorporated by Royal Charter The scanner accommodates a single 20x20 cm. 


radiochromatogram plate or several plates up 
to the same area, and uses a standard recorder 
providing perfect synchronism of the radioactive 


For nearly 150 years the Society has offered life assur- 
ance on attractive terms exclusively to past and present 
members of universities and similar educational estab- 


lishments within the United Kingdom. 


The Society does not pay commission for the intro- 
duction of new business. 


Special plans for Students or Young Graduates 
The “Minimax” Policy Reduced Premium Policy 
Young Graduate's Policy 
Other plans include 


Whole-life and Endowment assurance 
Educational Policies Children's Policies 
Pension Policies Family Protection 

Annuities 


4 Coleman Street, London, E.C.2 
Telephone : 01-606 6225 





spot and chart trace, The very low gas consump- 
tion detector can be programmed to completely 
scan in sequence as many different sections of 
the plate as required. At the end of each scan 
the detector automatically moves to the next 
pre-determined position on the T.L.C. plate. 


APPLICATIONS FOR OVERSEAS 
AGENCIES INVITED 


FURTHER DETAILS: 


PANAX EQUIPMENT LIMITED 


Holmethorpe Industrial Estate, Redhill, Surrey. 





Tei: Redhill 63511 


JACW HY [34 
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No more difficult manipulations 
in color photomicrography 
with Olympus Photomax 

































Color photography isn't easy, even for a 
professional cameraman. In the case of 
photomicrography it's even more difficult. 
However, the Olympus Photomax has now 
eliminated all the difficult manipulations in 
photomicrography. The setting of shutter 
speeds, compensation according to the film 
characteristics and minute adjustment of 
exposure are all automatically controlled. 
There is no fear of getting a red-tinted or 
blue-tinted color photograph. The color 
temperatures for the various films are ad- 
justed with the filter and meter. And so all you 
have to do is just press the shutter release button. 
The Photomax, a biological 
microscope, also has the fol- 
lowing features: a built-in sub- 
stage Koehler illuminator, coax- 
ial controls for smooth focusing 
and stage movements, wide-field, 
high-eyepoint 10 x eyepieces with diopter 
adjustment, and a builtin magnification 
changer: lx, 1.2x, 1.4x and 1.8 x5 that gives 
the five standard objectives a magnification range 
from 28x to 1260x for photography, 40x to 
2/00x for visual ooservation. You can 
now fully devote yourself to research J 
instead of having to first become a 
professional cameraman. Photomax guar- 
antees you perfect color photographs... with 
almost no trouble. Olympus is Japan's leading 
integrated optics manufacturer that produces cam- 
eras, microscopes, optical measuring apparatus, 
medical instruments and lasers. 


Olympus Photomax 


Auto-exposure recording photo-microscope 


OLYMPUS OPTICAL CO., (EUROPA) GmbH., (Olympus Europe Office) 2, Hamburg 1, Steindamm 105, West Germany 
Phone: 243358 METALLURGICAL SERVICES LABORATORIES LTD. (Agent for Metallurgical Microscope in 
England) Reliant Works, Betchworth, Surrey Phone: Betchworth 2364 A. GALLENKAMP & CO., LTD. (Agent 
for Biological Microscope in England) ©. 0. Box 296. Technico House, Christopher Street, London, E.C., 2 
Phone: 01.247 3211 
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World leadership carries world-wide 
responsibilities. AEI is a world 
leader in analytical instrumentation 
—therefore AEI has world-wide 
responsibilities in this field. 

Accordingly we have adopted the 





We have produced two 16 mm films 
on mass spectrometry : 
(1) Analysis by mass 

(27 minutes Technicolor) 


(2) Organic mass spectrometry 
(16 minutes Technicolor) 


In accordance with our established 
policy, copies of these films (or any 
other pertinent material) are avail- 
able on loan to organizations and/or 
individuals who require them. All 
you have to dois contact us 


Naturally all this is, as @ were, 


policy of 'internationalisation'. In 
essence this means breaking the 
language barrier. Here's an example 
of what this means in practical 


terms. 


in the following languages: Dutch 
English - 
Italian 


French -+ 
* Russian - 


Spanish. 


German 
Swedish 


'software'. 


Now what 
hardware ? Well here it is, a selection 
from the world's most 


about the 


advanced 


range of analytical equipment. 





MS902 The world's most 
widely used double focus- 
ing mass spectrometer for 
the solution of analytical 
problems in organic che- 
mistry. Resolution is guar- 
anteed at 70,000. The 
MS902 is the analytical 
component of the ONA-1 
automatic data acquisition 
system supplied by AEI. 
This system is in operation 
in Europe and U.S.A, 
increasing analytical pro- 
ductivity. 





& ODIENTIFID 
APPARATUS 


MS702 A double focus- 
ing, spark source mass 
spectrometer forthe analy- 
sis of impurities present in 
inorganic materials. A wide 
range of accessories in- 
cludes alternative ion 
sources and both electrical 
and photoplate recording, 
extending the application 
of this instrument into the 
analysis of organic com- 
pounds. 


MS12 A single focusing 
mass spectrometer charac- 
terized by fast scanning 


end high sensitivity. Suit 
able for use with gas 
chromatographs as weil as 
normal analysis and struc- 
tural identification of 
organic compounds. 
Resolution is quaranteed 
at 7,500. The MS12 can 
with ease be converted to 
a double focusing mass 
spectrometer of the full 
operating specification of 
the MS902. 


Barton 


M S10 In kit form or as a 
complete analytical mass 
spectrometer. In console 
form as the MS10c1 for 
gas analysis and MS10c2 
for chemical analysis, 
Metallurgy MS10: For 
the determination of trace 
gases in solids. 

Vacuum M S10: Forresi- 
dual qas analysts. 
Isotope MS10: For pre- 
cision recording of isotope 
abundance ratios of gases. 


Full information contact GEC-AEI (Electronics) Ltd., 
Scientific Apparatus Division, 
Urmston, Manchester. Tel: (061) Longford 4466, or 
in North America to: Picker Nuclear, 1275 Mamaroneck 
Avenue, White Plains, New York. 


Dock Road 


MINIMASS A »ew partial 


pressure  analeser with 
mass range of 2 to 240, 
Minimass gives direct in 
dication of thepertial pres- 
Sure, in torr * residual 
gases in a vacuum system 

81082 
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"Rendezvous — 
under~Mont “Blanc 


aix Two of ten very large plastic scintillators 
surrounding a large liquid scintillator tank which have 
been produced for the investigation of muon cosmic 
ray decays in the tunnel under Mont Blanc. 


Sophisticated experiments demand high performance 
scintillators and the Nuclear Enterprises extensive range 
more than meets the challenge. With major laboratory 
expansions in Edinburgh and California, sheets up to 
3 x 2 metres are available on prompt delivery. 


For full technical information and prices call 031-443 
4060. 


do NUCLEAR 
cáo ENTERPRISES 
LIMITED 


Sighthill, Edinburgh, 11, Scotland. Tel: 031-443 4060 Telex 72333 
Cables ‘Nuclear’ Edinburgh 

Associate Companies 

Nuclear Enterprises GMBH. 8 Munchen 80, Perfallstr 4. Tel: Munchen 443735 
Nuclear Enterprises Inc., 935 Terminal Way, San Carlos, California. 








‘Wild M5 














Stereo- 

microsco 

tor top performance 

$ —— a 

This precision instrument & 

can be combined with other ] | a id : 

versatile Wild units to 

make a special microscope ec 

i x 
for any particular purpose. x 
HEERBRUGG 

Built-in maanification [ 

changer for 4 different 

magnifications. | Pamphlet with technical 
| 

| lata obtainable from 
| I 

| | WILD Heerbrugg Ltd. 
Heerbrugg, Switzerland. 

y 

New packing in metal hood 





__|for safety and convenience. | 


Further particulars from: Wild Heerbrugg (U.K.) Ltd., 49-5! Church Street, Maidstone, Kent. 
Telephone: Maidstone 56736/7/8 
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NOW AVAILABLE IN THE UK 
A Text-Book of Zoology 


The late T. Jeffery Parker, D.Sc., F.R.S. and 
the late William A. Haswell, M.A. D.Sc., F.R.S. 
Volume 1: Revised by 0. Lowenstein, Ph.D., D.Phil., D.Sc. 
Sixth Edition 1940 802 pages 30s 

Volume 2: Revised by A. J. Marshall, D.Phil., D.Sc. 
Seventh Edition 1962 976 pages 35s 









Text-Book of Physical Chemistry, znd ea. 


S. Glasstone, D.Sc., Ph.D. 
1948 1334 pages 35s 


A Handbook of Diseases of the Skin, sth ea. 


H. 0. Mackey 
Revised by John P. Mackey 
1968 424 pages 6s 


Macmillan and Co Ltd 
Littie Essex Street London W C2 
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The new ZEISS Zoom 
Stereomicroscope IV was 
designed specifically for the 
scientist - not the production 
line. The parts are in themselves 
precision instruments. They have 
the feel of precision 
instruments. Assembled, they 
form the most compact, most 
stable, finest quality 
stereomicroscope ever made. 
The zoom system, both optically 
and mechanically, is unequalled. 
It guarantees unusually realistic 
depth perception and great 
definition, sharp from centre to 
edge, at all points over the 
entire zoom range. The 
illumination system is the most 
intense available, and the most 


versatile. For transmitted-light, 
only Zeiss can give you Koehler 
illumination. For reflected light, 
a choice of light sources lets you 
select what you need. 

The most severe critic of any 
optical system is the 
photographic film. Stereo IV 
easily passes the film test. 
Attach a camera, and you are 
ensured photomicrographs with 
great definition, evenly 
illuminated, sharp from edge to 
edge. And for the most highly 
critical photographic work, the 
unique Zeiss LUMINARS may be 
added. Production may not need 
all this - the scientist does. 
Among other features you may 
need are the long working 
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A new zoom 
stereomicroscope— 
put together 

for the scientist. 


distance across the entire zoom 
range, and the ability of the 
instrument to take any accessory 
from our medical microscopes - 
including the Beam Splitter, 
which enables two observers to 
see the same specimen 
simultaneously and 
stereoscopically. 

Put it all together, and you will 
want to see the ZEISS 
stereomicroscope built for the 
scientist. 

For a demonstration and full 
details please contact 
Degenhardt & Co. Ltd., 

Carl Zeiss House, 

31/36 Foley Street, 

London W1P 8AP. 

Telephone: 01-636 8050 (15 lines) 


egenhardt 





A range of Zeiss Microscopes and Analytical instruments will be shown on 


Stand E7 at Labex. 
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EMI solid-state radiation detectors types SB2 and SB3 can give vou 
the information you are seeking. 

The silicon SB2 is a surface barrier detector which will detect 
charged particles and is available in two sizes, 1:0 cm? and 2-5 emë, 
each size having three nominal depletion depths, Each of the 8 
variants is available in A and B grades giving a comprehensive 
price/performance range which is highly competitive. Good energy 
resolution is obtainable at room temp- 
eratures down to 25 keV full width at 
half maximum using an-^"?241 source. 
The SB3 silicon probe is suitable for 
Aipha or Alpha plus Beta monitoring. 
It is intended for use with charge sensi- BR 
tive input ratemeters, with a counting threshold of approximately 
1MeV equivalent for Alpha counting, and approximately 100keV 
equivalent for Beta counting. 


Zooo LWIL ECT RONCS 


Further details of these devices may be obtained from: 
EMI ELECTRONICS LTD. VALVE DIVISION - HAYES - MIDDLESEX 
TELEPHONE: 01-573 3888 EXT. 2542 








The Unique DU PONT 310 CURVE RESOLVER 
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CHROMATOGR APHY An analogue computer for resolving overlapping peaks 


in: 

SPECTROSCOPY ESR 

ELECTROPHORESIS CHROMATOGRAPHY 

DIFFRACTION ULTRACENTRIFUGE 
TECHNIQUES ETC. 


OU PONT 


INSTRUMENTS 


Le s ena aam] WILBURY HOUSE, WILBURY WAY, HITCHIN, HERTS 
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GILFORD UV & VIS | 
SPECTROPHOTOMETERS .. . . FLEXIBILITY 
TO MATCH YOUR 
GROWING NEEDS 


OVER 300 READINGS PER HOUR. . . 
with the model 2443 RAPID SAMPLER 


The Gilford vacuum operated rapid sampling system 
requires samples of only 0.5 ml and can process over 300 
per hour. The cuvette remains in the measuring beam for 
both filling and cleaning, minimizing sample handling and 
cuvette breakage. Construction of chemically inert Kel-F 
permits the use of a wide variety of reagents. 

With this increased productivity available, transcription 
time becomes a limiting factor. A permanent record of 
absorbance or concentration can be printed out automati- 
cally by adding the Gilford Model 410 Absorbance/Concen- 
tration Meter and Model 4006 Data Lister. 


UV or VIS ... STAINED OR UNSTAINED 
with the model 2410 LINEAR TRANSPORT 


Separation of ribosomal RNA by gel electrophoresis has 
made a powerful technique available. The development of 
the Gilford Model 2410 Linear Transport permits you to 
scan such gels in the ultraviolet directly. You get increased 
accuracy with high resolution. The time consuming staining 
process is eliminated. 

Unstained and stained materials may now be analyzed, as 
both ultraviolet and visible energy can be used. With the 
Model 2410 Linear Transport you will be able to handle 
materials such as polyacrylamide gel cyclinders and slabs, 
cellulose acetate membranes, and photographic emulsions. 


RECORD 4 INDIVIDUAL REACTIONS WITH 12 
POINTS PER REACTION EVERY 3MINUTES... 
with the model 2441 AUTOMATIC POSITIONER 


Your spectrophotometer equipped with the Gilford auto- 
matic sample handling system will produce more data than 
before, while maintaining the precise alignment demanded 
when using micro cuvettes. In the automatic mode up to 16 
plot points, four per individual cuvette, can be recorded in 
one minute. The exclusive offset feature permits individual 
baseline adjustment for each cuvette position. 


Li ® All Gilford UV/VIS Spectrophotometers and 
most quality monochromators are readily 
adapted to use these accessories. Find out 
how easily and inexpensively these devices 
can be adapted to your present system. Call 
216/774-1041 now, or write for Bulletin 


N1739. 





Instrument Laboratories Inc. 
Oberlin, Ohio 44074 ‘ 


DISTRIBUTED IN GREAT BRITAIN EXCLUSIVELY BY: 
WRIGHT SCIENTIFIC LTD., 3 LOWER ROAD, KENLEY, SURREY C-r2 5NH ENGLAND Telephone: 01-668 4611 
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zonal centrifugation 
and how could it 
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Visit us on 
STAND E.12 
LABEX 
INTERNATIONAL 





What is 


help you? 


Zonal centrifugation permits 

the fractionation of relatively 

large volumes of sample in 

a density gradient and 

offers excellent resolving powers, 
outstanding sharpness of separation 
and great convenience in operation, in 
addition to the advantage of scale. This 
greatly simplifies subsequent biochemical 

investigations by enabling large amounts of pure fractions of 

labile biochemical materials to be prepared quickly and consequently with little deterioration. 


MSE were one of the first manufacturers to appreciate the importance of this new technique, 
and to make available a comprehensive range of zonal rotors of advanced design and 
dependable performance. 


Now MSE can offer zonal rotors as standard accessories for many of the MSE range of 


centrifuges, including the Mistral 6L, the High Speed 18 and High Speed 25, the Super Speed 
40, Super Speed 50 and Super Speed 65. 


Various papers describing the principles and different applications of zonal 
rotors are available on request. 


MEASURING & SCIENTIFIC EQUIPMENT LTD. 
25-28 BUCKINGHAM GATE, LONDON S.W.1. ENGLAND 
Telephone: 01-834 7373 Telex: 22666 Cables: Emesetool, Sowest, London 











In USA: MSE INCORPORATED, 811 SHARON DRIVE, WESTLAKE, OHIO 44145 PP TU Nous 
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PHILIPS 


If you're looking 
into a long-term investment— | 





— ook closely into the Philips EM300 
Electron Microscope-- it will still be 
repaying your investment in fifteen 
years’ time. The EM 300 has been 
designed as a universal instrument, 


determination of organic ultra-structure, 
Philips have thought carefully about 
ergonomics and reliability—the EM 300 
incorporates ahigh degree ofautomation 
for ease and speed of operation— 





HILIPS 


versatile enough to meet the needs of a 
wide variety of applications which are 
themselves constantly developing. For 
example, techniques once the 
prerogative of the physical scientist are 
now becoming essential for the 


and the latest production techniques 
ave resulted in a robust solid-state, 
instrument of single unit construction. 
Invest in a letter or telephone call to 
Pye Unicam today for full details of the 
EMS3Ü0Oandits widerangeofaccessories. 





PYE UNICAM LTD 





Pye Unicam Ltd 


Manor Royal Crawley Sussex 
Telephone (0293) 28787 Telex 87267 


Precision Instruments 
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CHEMTRIX 
polarographic systems 


featuring image 
storage, for the 
added dimension 

in organic and 
inorganic chemical 
analysis 

Precise chemical analysis to 
parts-per-billion made in less 
than a minute, with storage 
display for detailed waveform 


studies. Several models are 
available, with such features 





Other Chemtrix instruments 
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A CLASSIC IN STATISTICS 
4th Edn. completed April 17 


CEDRIC SMITH 

Professor of Biometry, University of London 

Biomathematics 
Vol II, 4th Edn. 


Numerical Methods Matrices 
Probability Statistics 


Unexcelled in its class, this trusted guide to 


as digital readout of peak cur- — Type 800 : ; methods for biological and medical research 
rent (Ig) and three-electrode Waveform Source for ^ . xf ex H1 
RENE dynamicaiy con. Elero henin wid $795 is now completely renewed with larger scope. 


trolled IR compensation, 
Polarographic Systems 


(Triangle and rectangular 
waveforms, variable slope with 
wide-range control) 


Vol. H is virtually rewritten; there is a new 
chapter on the Science of  Experimentation 


Model SSP-2 No, A-111 and a new approach to Statistical Inference. 
ee oles $ Glassy Carbon 
olarographic System ..$2790 — Electrode ............. $19.50 Vol H, 4e, 692 pp. 85 illus. £6 18s 


Model SSP-3 
Digitat-Readout 


(For voltammetry in anodic re- 


gion where DME operation is 
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Polarographic System ..$3190 prohibited) 


For information on these and other polarographic instruments and 
systems, contact your local representative, or write directly to: 
Prices F.O.B. Factory 


CHEMTRIX, INC. 


Initiaumentalion ff^ Fcconce | 
P.O. Box 725 Beaverton, Oregon 97005 U.s.A. (503) 648-1434 N: 


Prospectus from 42 Drury Lane, London, W.C.2 
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High Accuracy Abbe 60 
Retfractometer 


The normal Abbe Refractometer which reads by 
estimation to 0-0002, has this limit set by its non-linear 
scale and the use of compensating prisms to enable 
measurements to be made with white light. To 
overcome these restrictions the High Accuracy Abbe 
60 has a linear scale capable of accurate sub-division 
and uses spectral sources thus eliminating the need 
for compensation prisms. Of course there are snags ! 
Conversion tables have to be used to arrive at the 
refractive index, but these are made as simple as 
possible and have the additional advantage that they 
can be supplied for a wide variety of wavelengths. 
The important feature is that measurements may be 
made to an accuracy of 0-00004 over the range of 
1:30-1:74. 








We now have capacity for aluminising certain 
types of mirrors, at short notice. 
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life in the Big Cities 


Tue long-awaited development plan of the Greater 
London Council appeared this week and turned out, 
predictably enough, to be something of a disappoint- 
ment. It is a vague document, as much a reflexion of 
the uneasiness of the politicians who are ultimately 
responsible as of the difficulties of deciding what the 
framework of life should be decades from now in the 
oldest of the world’s large cities. It is also a foolish 
plan for London: there are plainly many places in the 
document now published at which the council gives the 
impression of having been so maddened by the formid- 
able problems which confront it that it has plumped 
for obvious remedies without having any real assur- 
ance that they will work. If anything like the 
eouncils plan is eventually implemented, the result 
will be disastrous not merely for those who live and 
work in London but also for those elsewhere who hope 
that ways ean be found of marrying the technological 
framework of the modern world with the qualities 
which have made cities congenial places for the best 
part of 5,000 years. 

The new plan has been a long time coming, and there 
is a great deal to be done before anything tangible can 
come of it. The next step will be a formal debate by the 
GLC on March 25. By law, the council will then have 
to eonsult the thirty-two London boroughs, inviting 
them to put flesh on the bones whieh constitute the 
framework now published. Inevitably, there will be 
ructions of one kind or another. À great many of the 
councils have already told the GLC that they dissent 
from its forward estimates of how the population will 
continue to empty from the centre of the city, and there 
are several other bones of contention as well. By the 
time the plan finds its way to the Minister of Housing 
and Local Government on July 31, à good deal of it 
may have been discredited. In the months or even 
years which follow, much may be altered. Indeed, the 
planning which the GLC is carrying out must at some 
stage be married to the plan for the whole of south- 
east England which remains the responsibility of the 
central government. That document, when it comes, 
cannot fail to influence the distribution of employment 
and traffic in the south-east of England in ways which 
impose strict boundary conditions on what happens in 
London. So, the optimists will say, there is no reason 
to be over-fearful of what the GLC has now proposed. 
The snag with that view is that the city really needs a 
plan, but a plan which is at once sensible and imagin- 
ative. 

What has gone wrong ? Why has a council which 
exudes confidence in the ereed that modern cities cannot 
be trusted to grow under the influence of naturally 
existing forees somehow lost the courage to take a 
broader view of its responsibilities ? Two aspects of 
the plan now published provide a telling illustration of 


the way in which the council is losing its nerve. For 
one thing, the new plan assumes that the drift of popu- 
lation from the city centre to the suburbs will continue 
in the years between now and 1981, although at a some- 
what slower pace. By 1981, the estimates go, the 
resident population of London will have fallen from 7-7 
million in 1961 to between 6:8 and 7-0 million. But 
the population has already fallen by more than 4 
million since the years immediately before the war. 
Nobody should be surprised that a good many of the 
London boroughs are now up in arms at the prospeet of 
a further reduction of their force of ratepayers. On 
such an evidently contentious matter, it would be 
reasonable to expect that the GLC would have provided 
a detailed defence of the forward estimate it has plucked 
from the air. The best which the planners have been 
able to manage, unfortunately, is the bland assertion 
that the expected population is neither "so great that 
it militates against the ereation of good living nor so 
small that it gives rise to difficulties in the maintenance 
of the labour force" 

Transport is the other issue on which the plan will— 
or should—infuriate all those who will be affected by it. 
In the past few years, the GLC has evidently set out to 
do for urban roads what George Stephenson did for 
railways more than a century ago. Already it has 
begun building one section of what is intended to be an 
inner ring road enclosing a residential area of 1-5 million 
people. Later on will come a series of three other 
orbital roads at ever greater radii. The new plan 
bases its case for the first of these roads on the assertion 
that it will “supplement the nineteenth century road 
system of the areas around central London. Its major 
traffic role will be to improve movement in the belt of 
inner London through which it will pass and to relieve 
Central London and inner residential areas of a signifi- 
cant amount of longer distance traffie". Given the 
opposition there has been in the past few weeks to the 
plans which the GLC has been concocting, it is tactless 
to say the least of it that what is considered to be & 
great offence against the fabric of the city should be 
defended in such a casual way. For one thing, there is 
a real doubt that the new ring road will do more to 
damage the amenities of the city than to improve 
them. For another, it is hard to believe in the fitness 
of the road for the purpose for which it is allegedly 
intended. Is a ring road, after all, the best thing 
to build in a city where most traffic jams are caused by 
people trying to move radially in and out? On the 
showing of the present plan, the GLC has not sustained 
a case for the road it wants to build. 

The flaw in this conception is of course the failure to 
recognize that the problem of population distribution 
and ‘the problem of transport are inextricably linked 
together. The council’s plan pays lip service to the 
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case for regarding planning problems as exercises in 
systems analysis by saying that "the railway system, 
underground, bus and taxi services, freight services, 
trafhe interchanges, pedestrian facilities and even 
parking provisions all form together a total 
tem. But why stop there? Why not inquire 
what the “total system” is for? To judge from the 
plan, the couneil's objective is freedom "to move 
about efficiently, almost as an end in itself. But are 
all city travellers really sustained through the hours 
they spend in trafhe queues by the belief that it is 
better to travel than arrive ? And is not the purpose 
of the "total system”, like the purpose of city life as 
such, the mixing together of people, workplaces and 
public institutions in “such a way that all concerned are 
stimulated and improved ? 

This is where the planners should have let their 
imagination loose. Perhaps the most obvious thing to 
say about the interaction between the population 
distribution and the traffie network is that a more 
widely distributed population must necessarily make 
greater demands on the traffic network. Los Angeles 
is a perfect illustration of that. But this implies that 
the council's passive acceptance—-even encouragement 
—of the outward shift of population must necessarily 
exaggerate the problem of building and maintaining a 
traffie network which functions smoothly. So is it 
possible that the council in the construction of its plan 
has grabbed the wrong end of the stick altogether ? 
Is it possible that it could have simplified the traffic 
problem without building roads on a vast scale simply 
by aiming at a distribution of population which would 
reduce the demands on the network of roads and rail- 
ways? Certainly the co-existence of these problems 
should have persuaded the planning people to look 
again at the GLC’s policy on housing densities in 
Greater London. As things are, the city is too thinly 
spread for comfort and efficiency. 

Housing density, however, is only one of the para- 
meters which determine the distribution of population 
in a city. With the opportunity with which the GLC 
has been provided for à thorough examination of the 
future of the city, à much wider range of possibilities 
should have been considered. The concept of a kind 
of cellular city should have come high on the list. 
London, like à great many other cities, has grown up 
by the agglomeration of separate districts with distinc- 
tive character. The result is that people say that big 
cities are nothing but loose confederations of villages, 
and there is no doubt that this flavour of individuality 
helps to make cities seem attractive. But the over- 
riding need is that it should be possible to get from 
one village to almost any other in a reasonably short 
time—ideally much less than an hour. That is what 
makes a city. So would it not be a sensible strategy 
for the future development of London to give priority 
to the development of a fast transport system con- 
necting the network of putative villages of which the 
future city should be made? With luck, it should be 
possible to aim at travel times which are much smaller 
than at present, and even to build a transport system 
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which competes effectively with motor-cars. To. be 


sure, it would also then be necessary to design residen- 
tial units in which people were more densely packed 
than they are at present in Central London, but one 
obvious benefit would be that the intervening space 
would be opened up for all kinds of developments 
which could quickly add to the sense of spaciousness 
which is one of London’s present boasts. And such a 
strategy would have the great advantage that it could 
be made to work gradually, without the need artificially 
to impose networks of new roads on the existing fabric. 
It is earnestly to be hoped that the council will be 
compelled by eireumstances and polities to think all 
this out again, 


PARLIAMENTARY INQUIRIES 


Programme for Select Committee 


For the first time, the British research councils are 
to eome under regular parliamentary scrutiny. "The 
Select Committee on Science and Technology of the 
House of Commons has decided to start by investigating 
the Natural Environment Research Council, and it is 
likely that the examination of one of the research 
councils will become an annual event. The first 
investigation will be carried out by a sub-committee, 
while another sub-committee intends to spend the 
next few months following up the work already done 
on the reorganization of the nuclear power industry in 
Britain. The Select Committee seems to be far from 
happy with the way the industry has been reorganized, 
and it is elear by now that the Government is not 
following the advice the Select Committee gave in its 
first report on the subject a year ago. 

Both these investigations seem well timed. The 
NERC is responsible for most British work in oceano- 
graphy, a growing field which has not been taken up 
in Britain with the enthusiasm it has inspired else- 
where. Recently the unhelpful "policy statements" 
at the Oceanology Exhibition at Brighton and the 
formation of an interdepartmental advisory committee 
have encouraged people to ask what the Government's 
poliey is, but no satisfactorv answer has vet been 
forthcoming. 

The committee's report on British defence research 
should emerge within the next six weeks or so, if all 
goes well. Mr Arthur Palmer, chairman of the com- 
mittee, promises that the report will produce some 
shocks-— ‘particularly in the Ministry of Defence". 
With its successful report on the exploitation of carbon 
fibres behind it, the committee looks stronger and more 
competent than it has ever done. Despite the closing 
down of the Select Committee on Agriculture, Mr 
Palmer’s optimistic claim that the committee is now a 
fixture of the parliamentary scene is probably justified. 


OCEAN ENVIRONMENT 


Transformation and Growth 


Tue Natural Environment Research Council has now 
added another independent institute to its roster by 
the decision, with the University of Liverpool, that the 
fifty year old Tidal Institute and Observatory should 
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in-future be a direct pensioner. From the beginning 
of the next financial year in April, the Tidal Institute 
will be rechristened the Institute of Coastal Oceano- 
graphy and Tides, and will rejoice in the comparative 
luxury of a budget for the year of £140,000. NERC 
says that its object in these negotiations has been to 
establish a new growing point for research in the wider 
field of coastal oceanography’. Although everybody 
is agreed that the institute’s links with the University 
of Liverpool will survive—the staff will contmue to 
teach, and the institute will continue to accept post- 
graduate students—it does appear that NERC and the 
institute regard the new development as an essential 
preparation for a larger programme of work in what 
NERC describes as a field "which is now of major 
economic significance to many aspects of the commerce 
and welfare of the country". 

Dr G. Rossiter, the director of the institute, said 
earlier this week that the new association would provide 
opportunities, inaccessible within the framework of 
UGC financing, of equipping the institute with the 
kinds of instruments which are now necessary in coastal 
oceanography. One prize will be a research vessel. 
There are also plans for new kinds of instruments— 
work is already under way, in association with the 
National Institute of Oceanography, on a serviceable 
permanent tide gauge. Evidently the new institute is 
hoping to supplement its present skills in the construc- 
tion and exploitation of mathematical models for the 
prediction of tidal movements with a programme of 
well instrumented observations, principally in the Irish 
Sea. Extra people, particularly experimental officers, 
are also among the benefits which Dr Rossiter hopes 
will flow, but he may find that government establish- 
ments are not much more able than universities to 
compete with industry for skilled but unprofessional 
labour. 

The formation of the new institute will augment what 
is now a substantial list of institutes working inde- 
pendently on oceanography and related topics. The 
National Institute of Oceanography is still the chief of 
them, but the Ministry of Agriculture’s laboratory at 
Lowestoft, the Ministry of Technology’s Hydraulics 
Research Station at Wallingford and the independent 
Marine Research Laboratory at Plymouth are only 
some of the other institutions now operating in oceano- 
graphy. These developments inevitably raise two 
important administrative questions—what arrange- 
ments will there be for coordination among the several 
institutes and what influence will the universities 
command on the strategy of research ? NERC seems 
to be hoping that steering committees with eross 
membership will prevent poaching, but the overlap 
between Wallingford and Liverpool is potentially 
troublesome. Whether the Oceanography and Fisheries 
Committee of NERC will be able to keep a hand on the 
tiller remains to be seen, but in any case there seems 
very little anxiety in the research council to fight the 
fashionable view that universities are for teaching, 
not research. 





EURATOM RESEARCH 


Budget Trouble Again 


ONCE again, there has been a wrangle over the Euratom 
research budget, which for 1969 was not adopted by 


1087 


the European Economie Communitys Couneil of 
Ministers until earlier this month. For the first time, 
member states have had to be given an opportunity to 
opt out of research projects and for this reason the 
budget is split into two parts—a jomt programme 
compulsory for all the member states and a supple- 
mentary programme in which states wall only pay for 
items in which they are interested. The budget only 
takes Euratom to the beginning of July. by which time 
the organization hopes to have at last agreed on a 
research programme covering several years. 

Euratom's research plans have been in disarray 
since the end of the second five-year research pro- 
gramme in 1967.  Chiefly because of disagreements 
between France and the other mem der states, the 
organization made do with research budgets spanning 
only twelve months at a time for 967 and 1968, 
When the joint and the supplementary programmes 
making up the six-month budget whica has now been 
adopted are added together, the result is still margin- 
ally proportionately less than was available last year. 
The joint programme and the suppiementary pro- 
gramme each make up roughly half of the total of 
$48-9 million. Negotiations have sot vet begun 
for the budget spanning several years which must be 
established before July, but the end result is likely to 
be a eut in research funds. 

The largest item in the budget is research on heavy 
water reactors, which takes $5-4 milion of the joint 
programme and $40 million in the supplementary 
programme. Next is fusion and plasraa physies, with 
$6.2 million entirely in the joint programme, and re- 
search on plutonium and the transpluzonium elements 
with $1-8 million in the joint programme and $25 
million in the supplementary. Fast reactors and high 
temperature reactors appear in both programmes, and 
gas reactors, including Dragon, are each taking more 
than $1 million. Research both into condensed 
state physics and into nuclear physics is in the supple- 
mentary programme and both will cost about $2 
million in the current six months. 

The way in which provision has had to be made for 
France to drop out of Euratom research is going very 
much against the grain. The other ive members are 
showing their disagreement with the French attitude 
by continuing to finance parts of the supplementary 
programrae in which they are not concerned, despite 
their right to drop out. 

The Council of Ministers has alse been concerned 
about redundancies in the research staff caused by the 
six-month budget. There is no employment under the 
new programme for 382 members of staff, but all will 
be retained at least until July, and «ome of them will 
be reabsorbed before then. 





PATENT LAW 


Once and for All 





memorandum on the creation of such a system which 
will be sent to interested non-member countries as & 
basis for negotiation. 

At present, patents are valid for only one country, 
so that one invention may have to be patented in, say, 
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twenty different countries, which involves a waste of 
time and money and which has resulted in a backlog of 
several years’ work in most patent offices. Since the 
early sixties, the possibility of creating a single Euro- 
pean patent law has been discussed, one of the problems 
being to find an acceptable compromise between the 
different types of systems. In Britain and West 
Germany, for example, there is a full examination and 
a chance to raise objections before any patent is 
granted, while in France patents are simply registered 
without testing or approval. 

A draft convention was in fact published in 1962 by 
the countries of the EEC, but its adoption was held up 
by the Dutch refusal to go ahead unless Britain and 
other countries were included. Under the terms of this 
convention, provisional patents are granted once an 
invention has been shown to be novel, but it has to be 
more carefully examined before a final patent is 
granted. Any patent lapses after twenty years. One 
interesting clause states that no patents can be granted 
for plant and animal varieties or for biological methods 
of producing plants or animals. The latest memor- 
andum, approved at the Council of Ministers meeting 
at the beginning of March, is based on this draft 
convention. 

In line with the EEC's decision last December 
(Nature, 220, 1268; 1968) to invite outside countries 
to collaborate with the Common Market countries in 
well defined fields of technology, seven countries— 
Austria, Denmark, Ireland, Norway, Sweden, Switzer- 
land and Britain—are to be included in the invitation 
to discuss the proposed system. Ministerial talks are 
expected to start soon, according to a spokesman from 
the European Economie Community. 


UNIVERSITY ENTRANCE 


Where the Students Go 


THE number of overseas applicants for places at British 
universities in the academic year 1968-69 fell by 20 
per cent. At the same time, admissions in science and 
technology from home and overseas fell short of 
estimates by almost 1,200 and in medicine and dentis- 
try the shortfall was 295, according to The Sixth Report 
of the Universities Central Council on Admissions 
(UCCA, 8s). The drop in overseas candidates from 
9,643 in 1966-67 (9 per cent of the total) to 7,704 
(7 per cent of the total) no doubt reflects the rise in 
fees for overseas students from £70 to £250. The first 
preference of overseas candidates, however, remains 
much the same as in the previous two years and follows 
an interestingly different pattern from that of home 
students (Table 1), 


Table 1. PREFERENCES OF HOME AND OVERSEAS 
STUDENTS, 1968 
Home students Overseas students 
Subject Preference % Preference % 
order order 
Engineering and 
Technology 4 13-8 1 31-0 
Seience 2 20-1 4 8.2 
Medicine 5 7-9 k 22.3 
Social Studies I 28-9 2 24-5 
Languages 3 15-0 5 55 
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Table 2 shows the actual number of first year students 
admitted by all the universities for October 1968. 
The shortfall in science and technology, which reflects 
a shortage of suitably qualified applicants, and the 
surplus of students admitted in the social sciences has 
become almost a traditional feature of British universi- 
ties, but the surplus of social science places was smaller 
than in 1967 when admissions exceeded estimates by 
563. Asin previous years, there was a surplus of suit- 
ably qualified candidates in the arts, social sciences 
and medicine. 


Table 2. ACTUAL AND ESTIMATED ADMISSIONS ‘TO 
UNIVERSITIES BY OCTOBER 1968 
Estimate Surplus 
Subjeet Admissions as of and 
May 1968 shortfall 
Education 872 77 J- 101 
Medicine 4,564 4,859 -295 
Engineering and 
technology 9,902 10,357 ~~ 455 
Science 15,208 15,946 — 738 
Social science 12,202 11,779 -- 423 
Agricultural and 
veterinary studies 1,146 983 4- 163 
Total, all subjects — 58,481 359,583 — 1,102 





The UCCA clearing operation for candidates not 
accepted to begin with involves 21,347 candidates. Of 
these 9,190 were considered by UCCA to stand a chance 
of getting a place and were referred to the universities. 
More than half of them were dealt with after September 
4 and by October decisions on all had been received 
from the universities. Altogether, 4,564 were accepted. 
The competition in the various fields is clearly reflected 
by the proportion of applicants accepted in the clearing 
operation. In medicine, for example, only 293 out of 
1,154 applicants were placed, but in physics, chemistry 
and mathematies, about a half were found places. 
The number of candidates applying for universities 
through UCCA continues to inerease. Since 1965 the 
number of applicants has risen by about 10,000 a year 
to 110,400 in 1968 and 53,644 were admitted. But 
during the three years 1966-68, the proportion of men 
and women, 70 per cent and 30 per cent, has remained 
constant. 


NUTRITION 


Unfed to School 


Tue House of Lords discussed on March 11 the possi- 
bility of a research project on malnutrition among 
schoolchildren, largely on the basis of a report by 
Dr G. W. Lynch of Queen Elizabeth College which 
suggested that many children are too undernourished 
to concentrate on their school work (Medical Officer, 
January 24, 1969). Dr Lynch’s studies have revealed 
that many children in London eat nothing for 18 hours 
of every school-day. Twenty-five per cent of a sample 
of eighty children between 9 and 11 went to school 
without breakfast. Parents seem to assume that 
children eat a substantial lunch at school, but children 
tend to refuse to eat some school food, particularly 
vegetables. 
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It now appears that the Ministry of Health does 
not consider “that any change is required in the 
Government current programme of research and 
investigation". "This programme includes a study of 
the nutrition of some 1,500 children in Kent and a 
study in some other not yet determined part of Eng- 
land which is planned to start in October. The 
Ministry says that "cost is not the limiting factor” 
but that the problem is to find well qualified personnel. 
The Kent survey was begun in May 1968 and should 
be completed by September 1970, but has produced 
some results already. In one study of more than 
100 children, 19 girls and 9 boys go to school without 
breakfast. The boys who do not eat breakfast, though 
thinner than their class mates, seem not to be any less 
well grown, while the girls who skip breakfast are 
on the whole fatter than those who eat before going to 
school. This prompted from Baroness Serota the 
remarks that "the interpretation which Dr Lynch 
has placed on his figures is not the correct one". 


TECHNOLOGY 


Profit from Technology 


from a Correspondent 


One hundred and sixty delegates—many of them 
research or technical directors—attended a conference 
on the management of technological innovation held 
in Harrogate on March 12 and 13. Organized by the 
Management Centre of the University of Bradford in 
eonjunetion with the Ministry of Technology and 
Management Today, the conference focused on two 
aspects of the innovative process which are of particular 
interest to industrialists: the effective harnessing of 
technological advances in the creation of new pro- 
ducts, and the adoption of an organization which 
is not only receptive to new ideas but can also carry 
them through the innovative phase to commercial 
exploitation. 

The first day was devoted to an examination of the 
relationship between the company and the technological 
environment. The importance of relating the develop- 
ment of new products to a company's corporate plan- 
ning and its skills and resources was underlined by 
several speakers. A vital link is the anticipation of 
consumer needs up to 25 years ahead for a product 
which could take 10 years to develop and should have 
a useful life of 15 years. The importance of good 
management was a recurrent theme. 

Mr John Duckworth, managing director of the 
National Research and Development Corporation, sug- 
gested that most companies usually know what is in 
their own best interests. Unfortunately, their environ- 
ment—particularly the taxation system—often makes 
it undesirable for them to follow the higher risk 
programmes of innovation which would be in the 
country’s interest; the rewards are too low for the 
risks involved. A survey by the Organization for 
Economic Cooperation and Development was cited as 
confirming the existence of a "management gap". Mr 
Duckworth attributed a great deal of the success of 
American companies to their strategies for technological 
innovation on a world-wide rather than a national 
scale. Of three possible strategies—offensive, defensive 
and absorptive—the offensive was most likely to 
sueceed in foreign markets. : 
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On the second day, speakers looked at the problems 
involved in designing an organization for effective 
innovation. Dr Leach from McKinsey and Co. Ine., 
warned that the organizational strueture of a company 
must be related to its own needs; there is no universal 
solution. Nevertheless, companies can identify and 
eliminate major sources of potential conflict; one way 
of doing this involves an analysis of the key variables 
which make up the firm's “technological profile". 
Several speakers saw the role of the entrepreneur as 
vital in the link between invention and commercial 
success. It was even suggested that too much money is 
being devoted to research rather than commercial 
exploitation. Risk is inherent in all new ventures 
but, as for the large companies, the individual entre- 
preneur is often deterred by the poor rewards for 
success which are incommensurate with the risks 
involved. 

Dr Cohen described how the management venture 
at du Pont de Nemours has enabled a large company 
to foster an entrepreneur and benefit from the flexibility 
of decision making—a feature usually enjoyed only by 
small organizations. Research by James Bright of the 
Harvard Business School suggests that the innovative 
chain now spans about a quarter of a century. Com- 
panies concentrate their project evaluations in the 
technological and economical areas, but the secret of 
success often depends on political and social factors 
which tend to be ignored. 


PLANNING 


Trees in Danger 


from our Planning Correspondent 


In spite of a four-year campaign, countrywide protests 
and a House of Commons motion signed by more than 
100 Members of Parliament, part of the 250 year old 
avenue of oaks in Levens Park, Westmorland, may 
after all be destroyed to make way for the Kendal link 
road to the M6 Motorway. All the signs suggest that 
the Ministry of Transport will reject the alternative 
route for the road prepared by Mr Robin Bagot, the 
owner of Levens Hall. The Westmorland County 
Council has decided not to dissent from the present 
plan. So far, the Ministry of Transport has refused a 
publie inquiry, although the Minister, Mr Richard 
Marsh, visited the park on March 3. The ministry 
has promised that great attention will be given to 
the landscaping of its road, and it may be some comfort 
to the campaigners that members of the ministry'$ 
landscaping advisory committee have decided "in 
view of the present controversy" to visit the park 
(their first visit since 1963), very probably during 
the second week of April. 

The park, still in private hands although freely open 
to the publie, is the oldest landscaped park in England. 
It was designed in the 1690s by Guillaume Beaumont, 
said to have been trained at Versailles and brought to 
England to work for James H. He also created the 
famous topiary gardens which the family has had 
meticulously clipped ever since. 

The main feature of the park, which encloses the 
River Kent for over a mile upstream from the house, 
is its 2,050 yard avenue of oaks of the species Quercus 
sessilflora, a rare variety with a normal life-span of 
1,000 years, so that they are not yet in their prime. 
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The whole landscaping operation is fully documented 
down to the date of each tree. 

The planned road would eut through the avenue 
about 100 vards from its end before crossing the river. 
The route proposed by Mr Bagot and his advisers, 
which has been approved by the ministry on engineer- 
ing grounds, would instead bypass the end of the 
avenue and would be sereened from the rest of the park 
by a sharp bend in the river. It is maintained that this 
route would cost less than the original one, as the 
bridge would be 45 feet shorter than that planned by 
the MOT engineers, and that the only property to be 
disturbed would be the Brettargh Holt convent which 
would be eut in half. Although this would be unfor- 
tunate, the "Save Levens Park" movement considers 
that this is a small sacrifice for the preservation intact 
of one of the last surviving examples of seventeenth 
century English landscape gardening. 


BOTANY 


Roadside Botany 


from our Botany Correspondent 

CONSERVATIONISTS, farmers and highway managers 
met in London on March 14 to discuss the function and 
management of road verges. These three groups may 
have different priorities, but the amicable atmosphere 
of the symposium suggested that they have each other's 
interests at heart; all that is needed is cooperation 
for roadside verges to become a haven of rare and 
attractive plants while not interfering with the safety 
and amenity of what is deseribed under Common Law 
as “a perpetual right of passage for the Queen and all 
her subjects". 

Putting the conservationist’s point of view, Dr F. H. 
Perring of the Biological Records Centre, Monks Wood 
Experimental Station, said that in many areas of arable 
lowland in England the verges represent the last 
vestige of grasslands which existed before the modern- 
ization of agriculture. The rich pastures of the past 
often survive only on unploughed and unsprayed 
verges. Many roadside verges also provide a habitat 
for some of Britain's rare plants. Dr Perring's group 
have found that at least twenty-seven of the three 
hundred rarest species grow on roadside verges; 
Linum anglicum, perennial flax, grows only in this 
habitat and the same goes for several other species. 
Clearly the loss of one roadside verge could mean the 
end of a species in Britain, and county naturalists’ 
trusts have already stepped in and persuaded local 
authorities to protect the sites of some of the rarities 
when roadworks are in progress. 

The farmers’ concern is with preserving the safety 
of road users, keeping weeds out of the fields and 
maintaining good drainage, all of which are hampered 
when roadside verges are not cut regularly. The 
danger of weeds spreading into agricultural land from 
roadsides, however, is probably not as great as some- 
times thought. Mr R. J. Chancellor of the Weed 
Research Organization, Oxford, described a survey of 
roadside weeds around Oxford and Chelmsford. Weeds 
clearly can and do spread to fields from the verges, 
but this does not seem to constitute any great danger. 
In no case was a verge found with a high density of 
weeds that were also found in adjacent fields. 

From the point of view of the local authority the 
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principal aims of the maintenanee of road verges are 
to achieve good drainage of the highway, to provide 
space for pedestrians, to maintain good visibility for 
drivers, and to control the weeds listed in the Weeds 
Act, 1959. As Mr C. R. Chadwick, county surveyor of 
Wiltshire, said, this usually presents few difficulties on 
motorways and trunk roads, but on smaller country 
roads, where large scale clearance may be necessary, 
the situation is more complex. Several speakers 
bemoaned the passing of the village lengthman, who 
used to care lovingly for his own seetion of the road. 
Mechanization and sometimes chemical spraying have 
taken his place, and ecological effeets can be drastic. 

Local authorities seem to be very willing to respect 
as far as possible the botanist’s wish to maintain a 
diversity of habitats on roadside verges and to conserve 
the rarities on them. It is up to local naturalists to 
offer advice when new schemes are mooted. 


METALLURGY 


Polished Brass 





Micrograph of surface of brass specimen machined to a mirror 
finish in one operation at Philips Physical Laboratories, 
Eindhoven. 


SKIN 


Growth Control Mechanisms 


from a Correspondent 
How does an organ know when to stop growing? 
Professor W. S. Bullough of Birkbeck College, London, 
went some way to answer this question in a lecture to 
the Medical Societv of the University of Newcastle 
upon Tyne on March 14. He said that, although the 
cells of a tissue have the potential for unlimited divi- 
sion, there is a balance between the rate of mitosis and 
the absolute size of the tissue, which implies a feedback 
system. Immediately after division, cells may either 
divide again or take up their tissue function, when 
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ageing begins. This is the point at which the feedback 
svstem probably operates. 

Wound healing in the skin results in increased com- 
pensatory mitosis around the damaged area. To explain 
this, a “wound hormone" has been postulated but never 
isolated. Another explanation is that cell damage 
results in the loss of an inhibitory substance from the 
cells. In this connexion, Professor Bullough has shown 
that in vivo injection of an extract of skin homogenate 
-—chalone—depresses mitosis in mouse skin. In vitro, 
mitosis is depressed for about five hours. If adrenalin 
is then added, there is a second fall in the rate of 
mitosis, indicating that chalone works with adrenalin 
as a factor. This is borne out by the fact that, whereas 
normal skin divides most rapidly during sleep, when the 
level of blood adrenalin is low, wounded tissue from 
which the chalone is absent continues to divide rapidly 
during the day, when the level of adrenalin is high. 

Professor Bullough said that each tissue has its own 
specific chalone, which in the case of pig skin is a 
glycoprotein of molecular weight about 25,000. Sur- 
prisingly, chalones are not species specific, for an extract 
of codfish skin is effective in animals as phylogenetic- 
ally distant as mammals. When tissues attain a certain 
size the concentration of chalone is sufficient to prevent 
further growth: if damage or cell death oceurs so that 
the concentration of chalone is reduced, the tissue 
grows until it reaches the status quo. One good example 
of the adaptive significance of the process is during 
times of stress, for example, food shortage; because 
there is a high concentration of adrenalin, cell division 
is depressed and considerable metabolic energy is saved. 

Interest in chalones has been stimulated by interest 
in cancer. Some cancer cells appear to have a fault in 
membrane permeability, resulting in loss of chalone 
and a predisposition towards high mitotic activity. 
This effect can usually be blanketed by the normal 
high chalone concentration of the surrounding cells. 
Low local concentrations of chalones, resulting, for 
example, from injury, may allow such “precancerous 
cells” to develop into a tumour. Professor Bullough 
said that treatment of skin melanomas with tissue 
extracts in a limited number of small animals has been 
encouraging; complete recovery has been achieved 
provided that treatment induces all the cancer cells 
to pass from the mitotic eycle onto the ageing pathway. 


UNIVERSITIES 


Studied Moderation d! Bristol 


Tug University of Bristol seems to have demonstrated 
an effective way of dealing with the modern student 
disciplinary problem—the student revolt en masse. 
The Committee on Student Discipline at Bristol has 
found 26 students guilty of involvement in planning 
or implementing the sit-in at Senate House in December. 
The demonstration was in support of a claim that the 
university's student centre should be open to all other 
colleges in Bristol. The students have been required 
to sign statements accepting the consequences of their 
participation in any further disruption of the univer- 
sity’s activities. Failure to sign will result in one 
year's suspension OF, in the ease of two students, 
expulsion. Some of the 26 have already signed and 
the indications are that the rest will follow suit. 
Writs were issued by the university against some of 
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the participants some days after the sit-in began, but 
were later dropped. It is thus of interest that the 
report of the university Senate affirms ‘hat the legiti- 
mate expression of deeply felt convictions, " by ali 
members of the university, is a right that Senate will 
defend with all its strength”. 

Given the seriousness with which uniwersity adminis- 
trators regard the possibility of disruptien of university 
life by student militancy, and perhaps more important 
the publicity attendant on ineptitude—-LSE and Bir- 
mingham are glaring examples—it renmins to be seen 
whether the iron fist in kid glove policy cemonstrated at 
Bristol will prove effective in moderating future student 
unrest. . 

Whether or not the Bristol Students Union Building 
should be open to members of other colleges in the 
town is still under negotiation. 





CHURCHILL COLLEGE 


Another Barrier Down 


forty women. The move will, no doubt, precipitate 
similar action in several other men’s colleges at Cam- 
bridge and Oxford. On the news of Churchill's 
decision, the Provost of King's Colleze, for example, 
issued a statement saying his college was actively 
considering admission of women anc would make a 
decision after collaboration with other colleges on 
admissions procedures. At Oxford, New College, which 
last year publicized the fact that it was discussing the 
idea but has since said little, could well be the first to 
break with tradition. Now that women can be mem- 
bers of men's colleges as well as members, and 
even presidents, of the Union Societies, almost all 


aspeets of Oxbridge life have reached the twentieth 
century. 


It is fitting that Churchill should give the lead. For 
one thing the college must by statute have at least 
70 per cent of its members in science and technology. 
The Master of Churchill College, Professor W. Rh. 
Hawthorne, hopes that the admission of women to 
Churchill will stimulate increased enrolment in such 
faculties as engineering, where at present there are 
only five women students. When the college was 
founded nine years ago, many critms argued that it 
should have been a women's college cr at least half and 
half. There was and still is a muca greater need for 


kinds of reasons. 

If anything, academie standards should benefit and 
social life should improve. Moreower, because of the 
imbalanee between the sexes, women have been 
turned down at Oxbridge while many academically 
inferior men have found places. Churchill seems to 
have anticipated the complaint that it is now proposing 
to do too much for women by planning a simultaneous 
increase of up to eighty in the totel number of under- 
graduates. 

But will the women’s colleges at Oxbridge be the 
first to feel the draught ? On the face of things. thev 
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will now have to compete more vigorously for teachers 
and for students. 

Professor Muriel Bradbrook, the Mistress of Girton— 
one of three women's colleges at Cambridge— said this 
week that she welcomed the decision even though she 
could see no great reserve of women scientists in the 
schools. Her own college, she said, was always on the 
look-out for more women scientists of the right calibre. 
She hoped that Churchill's decision would not simply 
draw off women science undergraduates who would 
previously have gone to Girton or one of the other 
colleges, but rather that it would stimulate girls’ 
schools to emphasize science. She anticipated that 
Churchill and any other men’s college which follows 
its lead would work out some joint examination scheme 
for entrants with the women’s colleges so as to increase 
the total number of applicants. 

As Oxbridge colleges ponder their reaction, some of 
the Ivy League universities in the United States are 
working out their own ways of dissolving the remnants 
of monasticism they assimilated from Oxbridge. After 
Yale’s plans to team up with Vassar came to nothing, 
the university decided to admit women undergraduates 
instead—the first will arrive in September. Princeton 
is following suit with 1,000 places for women. And 
Harvard and Radcliffe, after 25 years of morganatic 
marriage, have decided to merge officially. Radcliffe 
girls will not merely attend Harvard classes and gain 
Harvard degrees but will become members of the 
university as well. As at Churchill, they will by the 
early seventies be living in the same houses, dining in 
the same halls and coming under the same adminis- 
tration as the Harvard men. 


SCOTTISH ASTRONOMY 


Seeing from Glasgow 


from our Astronomy Correspondent 


AFTER more than thirty years, serious observational 
astronomy is starting again at the University of Glas- 
gow with the opening last Monday of a new observatory 
with a 20-inch Grubb-Parsons reflector for a centre- 
piece. Astronomy at Glasgow has an even longer 
history than at Edinburgh, beginning with the founding 
of a chair of astronomy in 1760. Since then, the 
university has had a series of observatories, but in 1935 
gave up the unequal struggle against the deterioration 
of seeing conditions around the city. Even so, there 
has until recently been a small observatory for students 
in University Gardens, and one of the functions of the 
new building will be undergraduate teaching. Now that 
instrumentation is becoming increasingly important in 
astronomy, the department has also been able to justify 
the telescope as a test-bed for the development of new 
equipment, which will be used on more favourably sited 
telescopes elsewhere. The department has its eyes on 
the 98-inch Isaac Newton telescope at Herstmonceux. 
Until now, of course, the accent has been on theoretical 
studies, chiefly stellar structure, solar physics and the 
motion of stars. With the new facilities, the depart- 
ment will go in for studies of the polarization of light 
from celestial bodies—rapidly rotating stars, inter- 
stellar material and lunar luminescence. 

As well as the £16,000 telescope, the observatory has 
a spectrograph, a solar tower and an 8-inch coelostat 
as well as provision for a radio telescope. There is also 
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a library, a lecture room with a small planetarium, and 
laboratories for undergraduate teaching. The total 
cost was more than £100,000. 


TRYPANOSOMIASIS 


African and American Experience 


For millions of people in tropical Africa and America, a 
life free from trypanosomiasis must be almost incon- 
celvable. In spite of intensive research, there is no 
single, inexpensive method of mass control which is 
effective in all epidemiological conditions, and total 
eradication remains a dream. For many years, local 
control measures have been based on strict surveillance, 
early diagnosis, chemotherapy, chemoprophylaxis and 
vector control, but these measures tend to break down 
in the face of economic and social problems with 
resulting recrudescence of trypanosomiasis. 

This week, the World Health Organization has pub- 
lished a report which provides a comparative approach 
to the similarities and differences between American 
trypanosomiasis (caused by Trypanosomonas cruzi) and 
African trypanosomiasis (caused by T. gambiense and 
T. rhodesiense) in the hope that this will help in the 
development of improved methods of control. The 
report (WHO Technical Report Series No. 411; 6s) sets 
out to draw attention to techniques for the study of one 
disease that could be adapted to the study of the other. 
It also reviews the advances that have been made and 
recommends areas of research which are ripe for tack- 
ling. The report will no doubt be enthusiastically 
received: according to a member of the WHO scien- 
tifie group secretariat, the report is "a most valuable 
exercise"; for the first time it has brought together 
workers from all over Africa as well as those working on 
the disease in Europe, thereby resulting in useful dis- 
cussions on problems in the field, WHO has consider- 
able experience of trypanosomiasis and at the present 
time has a scheme running in Kenya under Dr David 
Scott concerned with the epidemiology and eradication 
of African trypanosomiasis. 

Vector control apart, there are two ways of control- 
ling the disease: active immunization and chemo- 
therapy. Dr P. L. F. Boreham, of the department of 
zoology and applied entomology, Imperial College of 
Science and Technology, says that although it is 
possible to immunize against homologous antigenic 
types, the prospects of a vaccine for general use in the 
foreseeable future are poor because antigenic variation 
occurs so frequently and unpredictably in wild strains 
of African trypanosomes. The WHO scientific group, 
though more optimistic, nevertheless recognizes the 
difficulty of comparing the different methods of 
immunization in experimental use because of the lack 
of standardization. It therefore urges that immuniza- 
tion and challenge inocula should be derived from 
standard stabilates maintained in two WHO banks. It 
also urges that studies should be made of the use of 
adjuvants—the relationship between the immunization 
schedule used and the rise and fall of immunity, and the 
use of irradiation for the attenuation of organisms. 

African trypanosomes respond well to drugs to which 
T. cruzi infections are notoriously resistant. Precisely 
how the resistance develops—-whether, for example, 
transfer of drug resistance as in bacteria is involved— 
is not known. Indeed, it is not even known whether 
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drug molecules penetrate resistant trypanosomes. The 
report suggests that a more rational approach to chemo- 
therapy requires more detailed knowledge of the struc- 
ture and biochemistry of trypanosomes. And because 
some enzymes in trypanosomes are more sensitive to 
certain drugs than are those that catalyse the same 
reactions in mammalian cells, it adds that it is impor- 
tant that trypanosome enzymes be purified and that 
detailed comparative studies be made of the kinetics of 
enzymes from parasite and host cells. 


ASTRONOMY DATA 


- ~ - 
living with Ap. J. 
Waar sources of information are used by astronomers 
and space scientists in Britain? A three-vear survey 
by the University of Leicester, sponsored by the Office 
for Scientific and Technical Information, is trying to 
find out, and the first part of the survey has just been 
published. Some of its conclusions are mundane: 
nobody will be surprised, for example, that the univer- 
sities have a large number of junior research scientists 
compared with government establishments. But it is 
remarkable how much British astronomers in partieular 
rely on Astrophysical Journal, published in Chicago 
and containing articles chiefly by American. scientists. 
Forty-four per cent of astronomers named it as the 
most generally useful journal, with Monthly Notices 
of the Royal Astronomical Society a poor second with 
ten per cent. Space scientists listed Astrophysical 
Journal with 20 per cent second to Journal of Geo- 
physical Research with 22 per cent, and naturally 
enough the terrestrial scientists did not mention 
Astrophysical Journal at all. But when scientists are 
divided into those doing observational work, those 
doing theoretical work, and those with a finger in 
both pies, Astrophysical Journal easily comes out on 
top in all three categories. The authors of the report, 
Dr A. J. Meadows and Miss J. G. O’Connor, seem to 
find the bias to Astrophysical Journal surprising, 
because it contains few papers from scientists working 
in Britain—probably, they suggest, because of charges 
which now amount to $27.50 per page. Elsewhere in 
Europe, astronomers and space scientists seem not to 
rely on Astrophysical Journal to the same extent, 
according to Dr Meadows, who is also worried about 
the way Americans depend on Astrophysical Journal 
even more than do British scientists, thus missing 
much of the work going on elsewhere. | 

This first part of the Leicester survey is based on a 
questionnaire circulated a year ago, and includes an 
analvsis of the fields studied by British astronomers 
and space scientists. Most areas of British astronomy, 
the report says, seem to be fairly well balanced between 
observation and theory, except for solar research, 
which is significantly weighted towards observation. 
The British effort also seems to be fairly evenly distri- 
buted through the branches of astronomy, possibly 


s, 


with a slight emphasis on stellar work. As might be 
expected, a good proportion—21 per cent—are using 
radio techniques and, significantlv, 22 per cent are 
interested in the "new astronomy" based on observa- 
tions at X-ray, ultraviolet and infrared wavelengths. 
By far the most popular way of keeping up with 
eurrent research is still by scanning the journals— 
more than half those asked preferred this method. 
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The abstracting services make a poor showing, and are 
the favourite method of only a fifth of those who replied. 
Computer retrieval methods are obviously not making 
much of an impression. Several respondents wanted 
some method of keeping informed of research in 
progress. Various suggestions were put forward— 
journals should speed up publication, American space 
research teams should publicize what they are doing 


before the journal stage, and abstracts of reports 
written in the course of government-funded research 
should be more widely circulated. 


INFORMATION HANDLING 


Metallurgists in Need 


Tur spring meeting of the Institute of Metals was 
rounded off last week with a discussion on the sources 
of information. Prompted by the recent report by 
Aslib on metals information (Nature, 991, 704; 1969), 
the discussion ranged over the ways in which computers, 
information officers and journals ean help metallurgists 
to find out what they need to know. 

A clear account of the needs of the university 
metallurgist was provided by Professor R. B. N icholson 
of the University of Manchester. He thought that thin 
specialized journals are best suited to feed a metallurgist 
with new ideas, but that more comprehensive journals 
are more useful for carrying out searches. This view 
was reflected by most of the contributors, who came 
from both large and small industrial firms às well as 
from the universities. Mr P. Gregory of BICC stressed 
the importance of personal contacts and works visits 
in gaining information. The need for accurate titling 
of papers was a recurrent theme throughout the 


meeting. 
^4 s. » : M " v N "I » = M Der um T id 
Several computerized systems for classifying scienti- 
fic articles were discussed. The most sophisticated of 


these seems to be the copper data centre being set up by 
the Battelle Memorial Institute in Columbus, Ohio. 
Mr W. T. Black from Battelle described how data are 
first collected, evaluated by an expert and then indexed 
and stored. Mr Black claimed that when the system 
comes into operation in May, a search for extracts of 
relevant papers on a given aspect of copper will cost 
an American with a teleprinter between five and ten 
dollars. 

The problems encountered by smaller firms in getting 


hold of information were brought out by Mr Rush of 
the Industrial Liaison Service, a body set up by the 
Ministry of Technology to help small and medium 
sized firms to solve their technological problems. As 
about 30 per cent of industrial output in Britain comes 
from firms employing fewer than 206 people, according 
to an estimate made in 1958, it is of great. importance 
to keep these firms aware of the latest developments 
in their fields, 


spread to a wider front. 
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NATURAL HISTORY 


Museum on the Move 


from our Planning Correspondent 


lr now seems certain that stuffed birds will be migrat- 
ing from South Kensington to Tring in Hertfordshire 
while the Lepidoptera move in the opposite direction. 
The last report of the British Museum (Natural 
History) for 1963-65, published two vears ago, briefly 
mentioned that the museum intended to move the bird 
collection to Tring from South Kensington, where for 
the past 30 vears it has been housed in part of the 
entomology block in what the report described as 
deplorable conditions. This plan came a stage nearer 
fulfilment earlier this week, when Mr Robert Mellish, 
Minister of Publie Building and Works, visited Tring 
and looked at plans for à new £400,000 four-storey 
building on which work is due to start later this year. 
On the face of things, the move makes sense. The bird 
colleetion will at last be adequately housed while the 
Lepidoptera will be restored to their rightful place 
alongside the rest of the entomology collection. The 
land at Tring, which was bequeathed to the museum 
by the late Lord Rothschild in 1937, will be fully 
exploited. 

The rub for the ornithologists is, of course, the fact 
that Tring is 33 miles from London. In a letter on page 
1177 of this issue, Dr W. R. P. Bourne, secretary of 
the Seabird Group of the British Ornithologists’ Union, 
argues that the real place for the bird collection is the 
north-west corner of the South Kensington Museum 
site, which long ago was discussed as a possible site for 
a new bird room. It is two years since the news leaked 
out that the Natural History Museum would soon be 
given funds for a substantial extension, but nothing 
seems to have been decided vet. 

The entomologists are naturally delighted at the 
prospect of having the insect colleetion once again 
under one roof and not having to carry material between 
London and Tring. Among the ornithologists the 
British Trust for Ornithology, which has its head- 
quarters at Tring, is also in favour of the move, and a 
spokesman said earlier this week that most ornitholo- 
gists either weleomed the move or had no strong 
feelings either wav. 

The director of the Natural History Museum, Dr 
G. F. Claringbull, says that most ornithologists are 
happy that the bird collection will be well housed: 
the move, he said, would “do Tring good and do 
ornithology good". Like all museums, his is short of 
money and of space. The Tring site appears to be just 
the right size for the bird collection, and many of the 
existing buildings can be used. Dr Claringbull also 
says that of all the collections in the museum the bird 
collection is the assemblage most easily separated from 
the rest of the museum. The head of the bird room. 
Dr D. Snow, made much the same case for this move, 
adding that he did not expect it would affect serious 
students. He believed that most ornithologists would 
prefer a tailor-made building at Tring now to the hope 
of a new building at South Kensington in the indefinite 
future. For those who visit museums at weekends, 
there will be some consolation in Dr Claringbull's view 
that there is no reason why the Tring Museum should 
not be open to the publie for the times kept by the 
parent museum at South Kensington. 
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Parliament in Britain 


Cross-Channel Link 


Mn N. G. CaRMICHAEL for the Ministry of Transport 
said that the British and French Governments are 
satisfied that a rail tunnel would be the only realistie 
form of eross-Channel link. The possible advantages 
of à bridge were heavily outweighed by the dis- 
advantages of high cost and the need to obtain inter- 
national agreement between all the maritime powers 
for such a structure in the English Channel. Mr 
Richard Marsh, Minister of Transport, gave assurances 
that no final decision would be taken before full publie 
discussion of the issues. (Oral answer, March 10.) 


European Conservation Year 

Decisions taken in 1970 will almost certainly have 
important consequences for the future of the European 
countryside. Mr Arthur Blenkinsop (South Shields) 
gave some account of the history and aims of the 
conservation movement in Europe. The Council of 
Europe has a Standing Committee on the conservation 
of nature and natural resources, This committee— 
whose chairman is Mr Boot of the British Nature 
Conservancy—has agreed to make next year European 
Conservation Year. Mr Blenkinsop felt that the 
xovernment was not supporting this venture suffi- 
ciently in money, publicity or patronage. 

Mr Arthur Skeffington for the Ministry of Housing 
and Local Government, in reply, gave details of a 
number of projects being organized to celebrate the 
event. Publicity is being coordinated by the Country- 
side Commission, which has set aside a sum of money 
for the purpose. Mr Skeffington stressed the importance 
attached to the principle of conservation of nature, 
and said that the Government effort would be the 
best it could manage in the present economie cireum- 
stances. (Debate, March 10.) 


Education 

THE Minister of Education, Mr Edward Short, said 
that £82 would be spent on each primary school child 
in the academic year 1969/70. This compares with 
£146 for each secondary school pupil, and £766 for 
each university student. Estimated figures for the 
year 1970/7] are primary £82, secondary £147, univer- 
sity £809. 

In reply to a question about the size of the student 
population in universities and other institutions of 
higher education, Mr Short said there were 121.000 
full-time and sandwich course students in 1951/52, 
221,000 in 1963/64 and 363,000 in 1967/68. In 1972/7: 
the total number of full-time and sandwich course 
students on advanced courses is expected to be around 
430.000. Corresponding figures for part-time students 
in these institutions are respectively, 41,000 in 1951/52, 
120,000 in 1963/64, and 134,000 in 1967/68. No 
estimates are available for 1972/73. (Written answer, 
March 10.) 


Foodstuffs 


manufacturers. They must ensure that the ingredients 
comply with the provisions of the Food and Drugs Act, 
1955. No arrangements for the independent screening 
of these substances would be undertaken by his 
department. (Written answer, March 12.) 
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NORTH AMERICA 


The Anti-McNamara Missile 


Tug new President of the United States has been more 
suecessful at winning friends than enemies sinee his 
inauguration in January, which is why it is a pity that 
he and his advisers have now flown straight in the face 
of reason by resolving to build à watered-down version 
of the Sentinel anti-ballistic missile system which 
Mr McNamara implausibly and even unwillingly 
foisted on publie attention in September 1967. To be 
sure. Mr Nixon’s decision has not been simple. In 
the past few weeks, he has been assailed by conflicting 
arguments about the rights and wrongs of ABMs. 
Strategists have been involved on both sides. So have 
voters, There are also awkward questions about the 
international political repercussions of a decision 
which would open another chapter in the post-war 
history of armaments—it could, for example. compli- 
eate or even prevent the agreement with the Soviet 
Union on the limitation of strategie missiles on which 
Mr Nixon—or at least his chief adviser, Mr Henry 
Kissinger—has set his heart. In the circumstances, 
Mr Nixon would have been forgiven if he had wriggled 
out of a definite decision, one way or the other, at th's 
early stage in his presidency. The compromise which 
he has now designed is less easily excused. if only 
because it is likely to displease everybody, hawks 
and doves alike. 

The most obvious casualty of Mr Nixon’s decision 
is the train of reasoning with which Mr McNamara 
justified the original plans for an ABM system. That 
may be no more than the San Francisco speech deserved. 
To many who heard it, it was a lucid demonstration 
that the United States had no need of an anti-ballistic 
missile system in September 1967. Quite properly, 
Mr McNamara pointed out that in the nuclear balance 
which has implicitly been struck between the Soviet 
Union and the United States, a erude comparison of 
the power of the nuclear explosives or the numbers of 
nuclear rockets accumulated by the two nations is 
quite unimportant. What matters is that each 
country has built up the capacity to inflict an unaccept- 
able degree of damage on the other even if it should 
first itself be attacked with nuclear weapons. 

Mr MeNamara's high reputation as an international 
statesman derives from the skill with which he per- 
suaded strategists and politicians everywhere that 
the concept of a pre-emptive strike is not merely 
pointless but dangerous. "That is what is called the 
nuclear balance. To be sure, it is theoretically possible 
that one nation or another could upset this equilibrium 
by Bens ie out Num an ABM svstem so effective 
As 


pt 
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recently as fifteen months ago, Mr SleNamara was 
insistent that the hope of such an efficient means of 
defence could only be an illusion. He seid quite openly 
that 


“none of the systems at the presont or ^"oreseeable state 
of the art would provide en impenetrabie shield over the 
United. States. If we could buid and deploy a 
genuinely impenetrable shield over the United States, 
we would be willing to spend not 40 bilhon dollars but 
any reasonable multiple of that amount. There is 
cle: arly no point, however, in spending 40 billion dollars 
if itis not going to buy us a significant improvement in 
ourseeunty.... 


Al this was è surprising prelude tc the announce- 
ment that the United States would, after all, build what 
is now called a "thin" system of ABMs. In retrospect, 
it is now even more evident than in 1967 that Mr 
McNamara’s speech was not so much tended for his 
publie audience as for his colleagues in the Administra- 
tion, for he was then able to conclude that an ABM 
system would be justifiable only if it vere intended as 
an alternative to conventional forms of physical pro- 
tection for strategic missile sites or as s defence against 
the threat of a suicidal attack on th« United States 
from China. 

The recent history of the Sentinel project has been 
serappy, in part no doubt because of the presidential 
election. To begin with, some of the planners were 
surprised that the cities which protested about the 
siting of ABM bases were not those eft unprotected 
but those expected to live alongside thesSpartan rockets 
—the long range component of the Sentinel system. 
Depression and even despair about :he Vietnamese 
war have probably made more pointed the protests 
in the past few weeks. The return ef a Republican 
Administration has also helped to fre« several Demo- 
erats in Congress for active opposition, but even that 
does not quite explain the clamour :here has been. 
There have been pressures in the other direetion, 
however, and it is clear that Mr Melvin Laird, the new 
Secretary of Defense, is speaking for the Joint Chiefs 
of Staff when he urges that ABM defence is essential 
for the safety of the United States. The pity is that 
Mr Laird has not been able to make a case for the 
ABM system now to be built in terms which can match 
Mr MeNamara's arguments against them. If he is not 
careful, all the old mythology of the Pentagon as the 
citadel of unreasonable devotion will be common 
currency again. 

What does all this promise for the future ? The best 
that can be said is that Mr Nixon's compromise will 
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at least help to rid the ABM argument of some of the 
distractions of the past few months. By deciding to 
concentrate the defensive missiles near the strategic 
missile sites, local populations will be less up in arms. 
And although the cost of the new system is increased 
from $5,000 million to $7,000 million, less of the 
money will be needed in the year immediately ahead. 
Bv all accounts, indeed, the Administration is planning 
to begin work on only two out of ten sites, which is 
at once a means of giving the military people something 
on which to work without committing too much—in 
prestige as well as money—to the new weapons. At 
the same time, Mr Nixon seems to have done his best 
to keep in touch with the Russian Government in the 
past few days, which is at least a sign that he recognizes 
the delicacy of the talks on strategie missiles, not yet 
begun. The difficulty for the rest of us as well as Mr 
Nixon is that this compromise cannot last. In particu- 
lar, if this decision is not followed quickly by some real 
talks on missiles with the Soviet Union, the United 
States will be up to its neck again in an unprecedented 
spate of military expenditure from which nobody will 
be better off. 

Much will depend on what happens in Congress in 
the weeks ahead. "The Administration will have to 
ask for the extra money, probably next week. It will 
be surprising if Mr Laird can get his supplement without 
providing a much fuller statement of his aims than 
has appeared so far. In passing, it will be interesting 
to see whether he can convince the critics of his policy 
that the Sentinel system is effective enough to justify 
the money that will be spent on it. So long as point 
defence depends on nuclear-armed rockets with a range 
of 25 miles (called Sprint), it needs only the back of a 
small envelope to know that multiple re-entry vehicles 
would be a better investment. But the real need is 
that the Administration should also provide a convinc- 
ing account of what it plans to do about the missile 
talks with the Soviet Union. A year ago, there seemed 
à chance that something might be done. Now that the 
Senate has surprised everybody, itself included, by 
ratifying the non-proliferation treaty, the time could 
be ripe for another try. This is the only way out of 
the box which Mr Nixon has made for himself. 


EARTHQUAKE RESEARCH 


Aftermath of Alaska 


Tur National Academy of Sciences, represented by 
the Committee on the Alaska Earthquake appointed 
in May 1964, has reacted to the damage which 
was then caused by a strong plea for more financial 
support for earthquake research of various kinds. 
Panels appointed by the committee are hard at 
work on a number of technical studies of various 
aspects"of the Alaska earthquake, the first of which — 
on hydrology—has already been published. The 
committee's general argument about the need of more 
research appears separately in the form of a report to 
Dr L. Du Bridge, the President's scientific adviser 


(National Academy of Sciences, Washington, DC). 


E 


The general theme of the report is that seismic hazards 
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are inescapable, and that it is as necessary to work out 
better designs for buildings and other structures likely 
to be exposed to seismie shocks as to devise means for 
the containment of disasters caused by earthquakes. 

The committee is especially concerned about the 
design of buildings, and seems to have been impressed 
by the way in which a building conforming to the 
building codes for seismic areas collapsed at Anchorage 
in Alaska while another building "designed in striking 
variance to the code and to aecepted practice" remained 
standing. "This is why the committee wants to see a 
thorough investigation of the struetural problems of 
buildings in seismic areas. From this it follows that 
buildings should be regulated more effectively than at 
present, and there is apparently a particular need for 
protection against tsunamis. Dams and similar 
structures need frequent re-examination. One telling 
point in the passage which argues for a more thorough 
svstem for collecting seismie data in disturbed areas 
is that the gaps in the network laid down in Alaska 
make it impossible to learn all the lessons which 
the Alaskan earthquake could have provided. The 
tsunami hazard seems to the committee to be a parti- 
cular hazard; one problem is the difficulty of predicting 
just when tidal waves will strike and another is that 
people seem not fully to appreciate the danger. 

Forecasting earthquakes would, of course, be the 
ideal solution to the problems with which the com- 
mittee has been concerned. Without promising 
anything, the committee says that there should be 
more financial support for some of the studies now 
being pursued which could eventually lead to means of 
providing “probabilistic” forecasts—measurements of 
ground movements and associated changes in magnetic 
or electrical fields and gravitational forces, for example. 
One step in this direction, according to the committee, 
would be to strengthen the World-Wide Network of 
Standardized Seismograph Stations established in the 
past few years and inspired by the attempts which 
have been made to detect underground nuclear explo- 
sions. Wryly, however, the committee admits that 
forecasting which is not entirely certain in its predic- 
tions may create as many problems as it solves, which 
is why the immediate objective held out to the poliev- 
makers is an attempt to make those who live in seismic 
areas aware of the potential hazards. 


ADMINISTRATION 


Appointments in Washington 


THE arrival of the new Administration appears to have 
left undisturbed a number of senior scientific and 
technical people. Thus it was announced last week 
that Dr Thomas O. Paine, acting administrator of 
NASA since the retirement of Mr James Webb last 
vear, has been appointed as head of the ageney. This 
is à popular decision, for Mr Paine seems quickly to 
have won the respect and even affection of those who 
work with him, but it is also hard to see how he could 
decently have been replaced in the thick of a run of 
success with the Apollo programme in the past few 
months. Evidently it would have been a great mistake 
to engineer an upheaval within NASA before July, 
but a poliey of no-change will also allow more freedom 
for the committee under Dr Charles Townes which is 
at work on a new strategy for space research. 
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UNIVERSITIES 


Creaming the Cream 


Entry into the Harvard Graduate School looks like 
becoming even more competitive than it is already. 
Harvard of all universities is worried about the quality 
of its graduate students and their courses. Lesser 
fry among the universities can be forgiven for thinking 
their future is bleak. According to a committee of five 
Harvard professors under the chairmanship of Professor 
R. Lee Wolff (History) and including two scientists, 
Professors W. N. Lipscomb and R. N. White, the 
quality of students in the Graduate School is being 
sacrificed for quantity. After a year of study, the 
committee has reached the conclusion that Harvard s 
national duty is not to make its Graduate School 
larger but to make it even more of an academie élite. 
Over the past 17 years the number of graduate 
students has increased by 63 per cent while the faculty 
has increased by only 33 per cent and the number of 
undergraduates by a mere 13 per cent. It is this 
imbalance and the surprisingly high rate of attrition 
whieh the committee seeks to redress—only 65 per 
cent of the men who entered the school in 1959-60 
have, or are expected to get, their PhD, and the 
drop-out among the women is even higher. 

It makes several recommendations designed "to 
bring graduate students more quickly and surely into 
the fellowship of the academie community", including 
such peripheral things as the establishment of a social 
centre—a non-residential equivalent of the under- 
graduate Harvard Houses. The real erux ofthe problem 
is to increase individual attention, and the committee’s 
solution is to cut back on enrolment. It suggests 
that the target for 1975 should be 2,400 students, 20 
per cent less than the current enrolment of more than 
3,000. The draft, of course, will make this easy to 
achieve in the short run; in 1968, enrolment was 
17 per cent down on the 1967 level and the draft is 
expected to make further inroads on enrolment this 
autumn. What worries the committee is the prospect 
of strong pressures for increased enrolment should the 
Vietnam War end. 

The committee says that graduate students are 
already more mature and "less willing than their 
predecessors to accept graduate education as we are 
accustomed to conducting it". 1t hints that veterans 
of the Vietnam war may be even less inclined to accept 
traditional graduate school life. The committee's 
formula for "the making of seholars" and the con- 
tented graduate student is inereased attention. Within 
the academie departments, it urges the development 
of "workshops" and small laboratory groups with a 
few students sitting at the feet of a senior scholar. 
It also advocates more flexible courses, a review of 
grading practices and curricular requirements in con- 
sultation with the students and a graduate student 
ombudsman in each department to investigate com- 
plaints. The aim of all this is to make tailor-made 
courses for each student's doetoral programme. 

Recognizing that a first publieation is the greatest of 
all morale boosters for the wretched graduate student, 
the committee says that faculty in the humanities 
and social seientists should emulate their colleagues 
in the natural sciences and encourage students to pub- 
lish. The committee also finds that "a PhD is still a 
PhD and has not entirely been superseded by evidence 
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of a postdoctoral fellowship as the passport to the 
groves of academe”. It has therefore made no recom- 
mendations about postdoctoral fellowships but instead 
contents itself with saving that “some departments 
did indicate that it would be a nice idea to bring back 
a promising PhD for a vear's further residence and 
research at Harvard within, say, five vears after the 
award of his degree”. 


RESEARCH GRANTS 


Reproduction Multiplies 


THERE seems no shortage of funds for reproductive 
physiologists. Anyone who has recently discovered 
that research into bacteria and phage no longer quali- 
fies as Cancer Research, Space Research or Heart 
Research might do worse than look for tenuous links 
with reproductive physiology. The big foundations, 
Rockefeller and Ford in particular, are vigorously 
fostering the study of human reproduction. 

Harvard University is in the van of the expansion. 
In July, the first sod of what is now a ear park at the 
Medical School will be lifted to mark the start of the 
building of a new six-floor laboratory to house the 
Medical School's Laboratory of Human Reproduc- 
tion and Reproductive Biologv. When completed in 
August 1970, the $45 million laboratory will have 
64,500 square feet of floor space. The laboratory will 
be entirely devoted to research—there will be no out- 
patient or inpatient facilities—and to teaching, with the 
emphasis on postgraduate and postdoctoral teaching, 

The new building has been financed jointly by the 
Ford Foundation, the Avalon Foundatien and the U5 
Publie Health Service. The Rockefeller Foundation 
has chipped in $2 million to support the faculty and 
staff for the first ten years. Dr R. O. Greep, Professor 
of Population Studies in the Faculty of Public Medicine, 
has been appointed the director. With characteristic 
ambition, Harvard expects the laboratory to become a 
centre for reproductive physiologists in the universities 
of the Greater Boston area, and that it will cover all 
aspects of the discipline. A Harvard spokesman said 
that “the broad scope of the research will extend from 
the development of eggs and sperm to the newborn”, 
and research into infertility and male and female 
contraception will be a major preoecupation. 

On a very much more modest scale, the University 
of Liverpool has also benefited from the Ford Founda- 
tion’s concern about world population growth. The 
foundation has given the university a grant of £60,000 
to set up a unit for research into male reproduction. 
The Welleome Trust has added a further £14,000 for 
equipment and the Agricultural Research Council has 
given £2,242 because the work may be relevant to 
veterinary medicine. The long term aim of the unit, 
which is to be headed by Dr Timothy Glover, whose 
work on the neurovascular control of sperm production 
is currently supported by the MRC, is to provide basic 
information on sperm maturation. The unit will 
apparently work on a wide range of animals as well as 
man, which explains the ARC's involvement, and 
ultimately the research may be useful in the treatment 
of infertility and the development of male chemical 


contraceptives for men. This, however, is only one ot 
the potential benefits of the schemes now planned. 
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CANADIAN POLICY 


Debate without End 


from a Special Correspondent 


Ottawa, March 

CANADA may yet be the first country with an overall 
science policy, and this within about two years. A 
debate on the subject is now being pursued vigorously 
amongst politicians and scientists, and was plainly seen 
at the recent Fifteenth Winter Conference in Toronto 
sponsored by the Canadian Institute on Publie Affairs 
and the Canadian Broadcasting ( ‘orporation. The out- 


come of this debate will be the result of the resolution of 


a conflict of outlook between two powerful political 
personalities, both members of the ruling Liberal 
Party. One is the unofficial “Science Minister", Mr 
C. M. Drury, the president of the powerful Treasury 
Board and the minister to whom the National Research 
Council reports, chairman of the Privy Council's Com- 
mittee on Scientific and Industrial Research and Con- 
troller of the Science Secretariat. The other is Senator 
Maurice Lamontagne, a former minister and chairman 
of the Senate’s Special Committee on Science Poliev. 
They are both agreed on the need for an overall science 
policy. They differ about the forms required. 

Mr Drury has a Panglossian approach, and would 
allow existing institutions to formulate and implement 
poliey through such bodies as the Privy Council Com- 
mittee, the Science Secretariat, the Science Council, the 
NRC and the Treasury Board. He believes that 
Canadian science is healthy, and to set up any special 
structure would run counter to the government's 
recently instituted system of planning, programming 
and budgeting. He opposes the appointment of a 
minister of science to head a new department on the 
grounds that this would narrow the application of 
science, and he is opposed even to the notion that a 
Cabinet member might be named minister of science 
policy for fear that he might be considered “a mere 
lobbyist for the scientific community", 

Senator Lamontagne proposed two years ago that a 
federal science department should be established, but 
he now favours the appointment of a Minister of 
Scientifie Affairs as an overlord for science with powers 
and instruments to implement decisions. This reflects 
some of the thinking of figures such as Dr Omond 
Solandt—Canada’s analogue of Sir Solly Zuckerman— 
who as chairman of the Science Council was responsible 
for the report Towards a National Science Policy for 
Canada (Nature, 221. 707: 1969). This represents the 
first step in the formulation of the overall science 
policy and emphasizes the formative influence of 
mission-oriented programmes, 

The Seience Council recommends that each new 
activity in research and development should be 
“critically examined at its outset to identify the 
appropriate organization to carry through the project 
to its final conclusion”. The result could be that uni- 
versities and industry will perform more research and 
development. The Science Council has also proposed 
that there should be large multidisciplinary mission- 
oriented projects having as a goal the solution of 
important economic or social problems and in which 
all sectors of the scientific community participate on an 
equal footing. Two prototype programmes to be set in 
hand immediately are in space research and in the 
management of water resources. Transportation, urban 
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development, computer applications and aid to devel. 
oping countries are to be planned along the same lines. 

The Seienee Council itself will from April 1 secure 
greater independence by becoming a royal corporation, 
with its @wn finances, staff and a position equal with 
that of the Economie Council. So far, it has been 
serviced by the Science Secretariat in the Privy Council 
Office. Its chairman and other officers are part-time 
servants, but there is a strong feeling that it should 
have a full-time chairman as well as the full-time 
executive officer, Dr P. MecTaggart-Cowan. It 
has members from government departments, and the 
feeling is that if the council is to be truly independent 
these should be called on to resign. The situation is 
fluid and anything may happen before this vear is out. 

The Science Council was not created to become the 
voice of the scientific community, but this role is 
being thrust on it. Meanwhile, the report of the 
Lamontagne Committee is eagerly awaited, and the 
private sector of industry has still to be heard. Only 
when this is in the hands of the Federal Prime Minister 
will the appropriate machinery finally be set up to 
allow a national science policy to be developed in 
Canada. 


also 


SETTLING DOWN 


New Base for Pauling 





PROFESSOR LiNuS PAULING is to move to Stanford 
from the University of California at San Diego on 
July 1. His new university was delighted to claim its 
sixth Nobel prizewinner last week; and Pauling, of 
course, is the only person who holds two of these 


distinctions. No doubt his arrival at Stanford will 
bring a sense of involvement with the outside world to 
a campus which has a long tradition of self-preoecupa- 
tion. Pauling, who is 68, says that he will teach as 
well as continue with his own work. His well-wishers 
will be glad if it turns out that he has found somewhere 
congenial to settle after the rigours of Caltech, where 
he spent most of his professional life. 


NATURE, VOL. 221, MARCH 22. 1969 ^. 





NEWS AND VIEWS 


Sten in the Right Direction 


Tur Ministry of Public Building and Works seems at 
last to have recognized the need to strengthen its 
Ancient Monuments Laboratory. On March 11, Mr 
Robert Mellish announced that his ministry will in- 
crease the complement of the laboratory from eleven 
to seventeen. This is a step in the right direction, of 
course, but there is no point in saying that a decision 
to bring the laboratory under one roof and to add six 
vacancies to the two which already exist will transform 
the laboratory into the outstanding European centre 
for conservation which it ought to be. For that, a 
much more radical reorganization amounting to a 
change of attitude is needed. The immediate problem 
is whether the ministry will be able to find the people 
for whom vacancies now exist. When it does so, it 
will be able to make a start on reducing the backlog of 
thirty man-years of work which has accumulated at 
the laboratory. This may be difficult. Recent ex- 
perience has shown a rapid turnover of staff at the 
laboratory. Junior people ean usually find better paid 
jobs elsewhere. Mr Mellish should keep this very much 
in mind when he decides the grades of the six new 
posts, which apparently has yet to be done. If the 
ministry really means business, it will ensure that three 
or four of the new posts are for relatively senior 
conservation officers. And although Mr Mellish did 
not mention the laboratory's budget in his announce- 
ment, that will have to be substantially increased above 
the derisory £2,000 a year for running costs and. £5,000 
for equipment allotted in the current financial year. 

This is all part of a still larger problem. Professor 
G. W. Dimbleby points out on page 1176 of this issue 
that, with the best will in the world, it has become 
impossible for university staffs to carry out routine 
work such as the identification of animal and plant 
remains and soil and pollen analysis for the ministry's 
laboratory. Although the universities have the exper- 
tise and facilities, that is not what they are paid for. 
The ministry's laboratory has for too long been farm- 
ing out these sophisticated but none the less routine 
jobs instead of emploving its own specialists and pro- 
viding them with the necessary facilities. Obviously 
everyone stands to gain from close cooperation between 
the archaeologists in the ministry and the universities, 
but the ministry s laboratory ought to be in a position 
to offer such routine analvsis as a service to the 
universities—not the other way round. 

As evil luek will have it, the Ancient Monuments 
Laboratory is not the only archaeological responsibility 
which the ministry has neglected for too long. It is 
not long since the appearance of a report of an inde- 
pendent inquiry into the state of scheduled field monu- 
ments (Cmnd 3904, HMSO, 6s 94). This is distressing 
reading. A pilot survey of three areas in Wiltshire 
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by the ministry’s Inspectorate of Ancient Monuments 
led to the conclusion that in Wiltshire am archaeological! 
site had been damaged or destroyed on the average 
every nine days during the past ten years. The inde- 
pendent committee confirmed that this scandalous 
destruction continues on a national scale. The report 
cites case after case in which monuments have been 
wilfully or unknowingly damaged. Farmers seem to be 
the chief culprits, especially when they plough deeply, 
but the Forestry Commission has more tham once 
planted trees over archaeological sites. On Ministry 
of Defence land, the military have driwen tanks over 
or dug trenches through monuments and have even used 
them as targets when they had nothing better to aim 
at. And the ridiculous situation in whieh the Ministry 
of Agriculture has encouraged farmers to bring land 
under the plough with subsidies, so tha: the Ministry 
of Publie Building and Works has had te mount costly 
rescue excavations a few years later. is onlv too 
familiar. 

What is to be done? The committee recommends 
increasing the scale of the inspectorate, increasing the 
minister’s control of the fate of scheduled monuments 
and increasing the penalties for damaging monuments. 
The staff review of the inspectorate is the most urgent 
of the three proposals. As things stand, the inspectors 
are devoted, but hopelessly overworked, and their 
spirits are dampened by the knowledge that, whatever 
thev do, monuments are continually being destroyed. 
As with the Ancient Monuments Laboratory, there is 
hardly any relationship between the resources of the 
inspectorate and the responsibilities with which it has 
been saddled. More inspectors would help, but, even 
so, only about £300,000 or 20 per cent of what the 
ministry spends on archaeology goes on field monu- 
ments and virtually all of that is spent on the two 
hundred or so monuments which are under guardian- 
ship. Next to nothing is spent on the vast majority 
of the monuments which are scheduled. The committee 
believes that for an additional £150,000 a year, spent 
on salaries, buying off farmers and landowners and 
taking more monuments in guardianship, most of the 
damage could be stopped. It seems a small price to 
pay. 

Public administration could also do a great deal 


are so derisory as positively to invite contempt of the 


law. The ministry is reluctant to proseeute and, when 
it does, the fines are often meaningless. The case of 


the farmer who bulldozed a 12 acre moated site after 
warnings from the inspectorate and the Ministry of 
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Agriculture is tvpical; he was fined £10. The com- 
mittee rightly suggests that the penalties should be 
increased to a fine of up to £250 or three months in 
gaol on summary conviction and the same fine and up to 
12 months in gaol on conviction on indictment. Mr 
Mellish and his colleagues should give the report serious 
and prompt attention. There is a strong case for con- 
solidating the Ancient Monuments Acts in a single new 
act to ensure that legal niceties cannot be used to 
thwart the spirit of the law, giving the inspectorate the 
resources to do its job properly and even making 
examples of a few culprits to encourage all landowners 
to respect any field monuments they happen to own. 


ASTRONOMY 


Microwave Background Isotropic ? 


from our Astronomy Correspondent 

SINCE the discovery four years ago that space is 
apparently filled with microwave radiation corre- 
sponding to a black-body temperature of 3° K, much 
effort has been spent searching for any hint that the 
radiation is anisotropic. There are several reasons 
why this is important. One is that anisotropy, if it 
is there, could have come about from anisotropy in 
the expansion of the universe. Another reason is that 
really large density inhomogeneities in the universe, 
which would have to be several thousand million light 
years across, could produce anisotropy in the radiation, 
amounting to a half per cent for a density variation of 
ten per cent. 5o far, however, no anisotropy has been 
deteeted, possibly because there is none there, or, 
equally likely, because of the difficulties of measuring 
the small variations which might be expected. The 
interest of this question has ‘prompted a group at 
Stanford University to obtain general equations of 
the distribution of black-body radiation that would be 
seen by an observer in arbitrary uniform motion with 
respect to the radiation (Henry, G. R., Feduniak, 
R. B., Silver, J. E., and Peterson, M. A., Phys. Rev., 
176. 1451; 1968). 

Henry et al. have taken the equation for the photon 
distribution in the frame at rest with respect to the 
radiation, and transformed it to the frame moving with 
the observer. Their result, which also seems to have 
been found by other workers, is that the effect of 
uniform motion through the radiation is to alter its 
effective temperature to 

T= T'(1 —v/c*)?/[1 + (v/c) eos 9] 
where 7" is the temperature in the rest frame and 6 
is the angle of observation relative to the direction of 
motion, implying a twenty-four hour variation in the 


radiation for an observer on the Earth. The form of 
the black-body distribution is identical to that in the 


frame at rest relative to the radiation, so that the 
radiation ought to appear as perfect black-body 


whatever the direction of observation. This is very 
much the conclusion reached by Bracewell and Conklin 
(Nature, 919, 1343; 1968), who wrote that the motion 
of the Earth about the galactic centre, as well as the 
motion of the Galaxy itself, may be detectable. 
Henry and his associates also look at their results 
from the point of view of an observer on the Earth, 
moving slowly with respect to light. They are particu- 
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larly-interested in evidence, admittedly slender, which 
Patridge and Wilkinson of Princeton have found for a 
twelve hour variation in the black-body radiation 
(Phys. Rev. Lett., 18, 557; 1967). There seems to be no 
explanation for this. Any twelve hour term ought to 
be three orders of magnitude smaller than a twenty- 
four hour term, for which Partridge and Wilkinson 
found no evidence at all. Possibly the twelve hour 
component, only two and a half standard deviations 
greater than zero, is not genuine.  Partridge and 
Wilkinson also looked at their measurements for 
evidence of density inhomogeneities and concluded 
that there are no irregular ities in the radiation greater 
than a half per cent, at least in the directions they 
scanned, which means the inhomogeneities must be 
less than ten per cent. 

The problems of measuring the 3^ K radiation are, 
of course, formidable. Partridge and Wilkinson used 
an instrument whieh they call an isotropometer, 
which is a modified version of the Dicke radiometer, 
the standard equipment for 3° K microwave observa- 
tion. They seem fairly certain that the mysterious 
twelve hour component is not a solar effect. None the 
less, a body of evidence is now building up that a 
twenty-four hour component is what ought to be 
seen. 


ATMOSPHERIC COMPOSITION 


Excess Deuterium on Venus 


from our Astronomy Correspondent 

Tur flight of the Mariner 5 spacecraft, which made a 
close approach to Venus during October 1967, is still 
vielding dividends. In this month’ 8 Journal of Geo. 
physical Research (74, 1128: 1969) Professor T. M. 
Donahue of the University of Pittsburgh writes of the 
inferences that can be drawn from measurements by 
the probe of an excess of deuterium over hydrogen in 
the outer atmosphere of Venus. Although this con- 
clusion, based on photometer measurements of airglow 
at high altitudes in the atmosphere of Venus, is not 
entirely eut and dried, it is definite enough for Donahue 
to look for an explanation, The excess—deuterium 
atoms outnumber hydrogen atoms by ten to one at an 
altitude of 6,500 km—is disturbing because on the 
Earth, on the average, there is only one part of deu- 
terium to 7,000 parts of normal hydrogen. Donahue 
w nee like to believe that a ratio somethi ng slike this— he 
gen—may he the average » planetary WR A for 
Venus. His aim is then to see how an excess of deu- 
terium might develop in the upper atmosphere. The 
important conclusion is that the Mariner observations 
are compatible with a low overall deuterium abundance 
only if the upper atmosphere of Venus is far less 
turbulent than the Earth's upper atmosphere. 

The chain of reasoning starts with the assumption 
that the deuterium comes from lower levels of the 
atmosphere, from compounds of deuterium, hydrogen 
end oxygen broken up by sunlight or by chemical 
reactions. Donahue goes on to say that the high 
relative concentration of deuterium in the upper atmo- 
sphere coupled with a low average deuterium abund. 
ance is possible if almost all the deuterium diffuses 
upwards from the level of the sources. The excess then 
comes about because hydrogen is expected to escape 
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from the atmosphere more rapidly than deuterium. 
The snag is that, if the atmosphere of Venus is anything 
like as turbulent as the atmosphere of the Earth, some 
of the deuterium will be dragged down to lower levels 
where it will recombine, and Donahue points out that 
this will reduce the relative concentration of deyterium 
at the top of the atmosphere. l 

What the argument boils down to is that, if the high 
deuterium--hydrogen ratio at 6,500 km is to be recon- 
ciled with a low ratio overall, turbulence on Venus 
must be much less than on the Earth. There seems to 
be no obvious reason why this should not be so. Too 
little is known about the turbulence in the Earth's 
atmosphere to make possible extrapolations to Venus, 
but the two planets are sufficiently different for the 
absence of turbulence on Venus to be feasible. A corol. 
lary is that the outer atmosphere of the Earth is 
unlikely to contain such a high relative density of 
deuterium as does Venus. 


CHEMISTRY 


Metal—Metal Bonds 


from a Correspondent 


A LIVELY discussion on metal-metal bonds in chemical 
compounds was held by the Chemical Crystal- 
lography Group of the Chemical Society on March 4. 
Professor J. Lewis of University College, London, 
surveyed the experimental evidence from which the 
existence of such bonds was deduced. He said that 
compounds fall into two types: those in which only 
metal-metal bonds are polvmer-forming, and those 
containing bridging atoms or groups. Professor D. A. 
Brown of University College, Dublin, considered the 
compounds M,(CO),, of the first type, under the 
provocative title “Theory of Metal-Metal Bonding; 
Does it Exist?" His molecular orbital ealeulations 
indieated that interaetions between one metal atom 
and the carbonyl groups on the other were of the same 
order of magnitude as metal-metal interactions. 

Professor R. Mason of the University of Sheffield 
described a compound with one gold atom surrounded 
by ten others, Au, (Ph; P) (SCN),, all having the con- 
figurations of inert gases. He used the bond lengths in 
three related triangular osmium cluster compounds to 
illustrate that metal-metal distances might be influ- 
enced by anti-bonding orbitals and vary with the other 
ligands. 

Theoretical work by Dr R. W. Jotham and Dr 
S. F. A. Kettle of the University of Sheffield indicates 
that the interaction between the copper atoms in 
carboxylates is a consequence rather than a cause 
of the dimeric structure, although it is strong enough 
to produce measurable magnetic effects. They said 
that their calculations applied only to the occupation 
of the molecular orbital of highest energy so that the 
net effect of the other molecular orbitals might be 
bonding or anti-bonding. 

Cooperation between crystallographers and magneto 
chemists at Imperial College London, has resulted in 
experiments showing that, for two comparable com- 
pounds of the type (NMe,*).[Cu,(RCOO),(NCS),], the 
one with the greater magnetic effect has the longer 
Cu... Cu distance. Professor Lewis remarked that 
the four magnetically different forms of cupric benzoate 
might repay ervstal structure analysis. 
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Sir Ronald Nyholm (University Codege, London), 
opening the discussion, emphasized the difficulties 


generally that metal-metal interaction m not structure- 
determining, Dr P. G. Owston of the Petrochemical 


crystallographic evidence to the contrary in dimeric 
nickel complexes with bridging phosphorus atoms, 


PARTICLE ACCELERATORS 


New Ways with Protons 


from a Correspondent 

Turk anxieties of American accelerator builders were 
voiced by two principal speakers at the National 
Particle Accelerator Conference on March 3-5. D. M. 
Robinson of High Voltage Engineering defended 
accelerator-based science on the grounds that it has 
shown a greater economic return than any other 
investment in science, but he admitted that accelerator 
programmes have been damaged by recent budget 
cuts, that applications of basie science are unprediet- 
able and that the time scales are long-—sometimes as 
long as fifty years. To ensure that their discipline has 
equal priority with applications, nuslear scientists 
need a united viewpoint which can be put to the 
press, the publie and Congress. This point was rein- 
forced by Representative Craig Hosmer of the Joint 
Congressional Committee on Atomic Energy, who 
praised the joint seminars of businessmen and scientists 
held at the California Institute of Technology. More 
ominously, Congressman Hosmer reminded the 800 
people in his audience that the taxpayer, so ready to 
pay for defence, is very sensitive to disloyalty, so 
that scientists must guard their image as loyal citizens. 
He also spoke of a proposed reorganization of Federal 
funds for accelerators which would greup them with 
those of other branches of basic science instead of 
channelling them through the Atomic Energy Com- 
mission. On the new 200 GeV accelerator, he was 
confident that the Nixon administration will continue 
to back the machine. 

Construction of the new machine has just begun at 
the National Accelerator Laboratory near Chicago and 
a dozen contributions to the conference reflected the 
rapid progress which has been made. Most papers 
dealt with the application of existing knowledge and 
techniques, but a fresh note was stmuck by T. L. 
Collins, who described the planning cf the site, A 
professional city planner has been commissioned to 
advise on features such as the road network, the 
preservation of woodland, the provision of a lake 
reservoir and the transformation of excavated soil into 
an amenitv likelv to become the best ski-slope in 
Illinois. | 

V. P. Sarantsev of the Soviet Union reported on 
developments of the electron ring accelerator principle 
at Dubna. A 1:5 MeV electron ring has been eom- 
pressed and accelerated by pulsed magnetic fields, 
Sarantsev admitted disarminglv that ‘here may not 
have been any protons at all in the work whieh has 
been done so far. D. Keefe of the Lawrence Radiation 
Laboratory pointed out that the collective acceleration 
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phenomenon had recently been observed experiment- 
ally. ‘The radiation laboratory has compressed a ring 
of 3:3 MeV electrons to a diameter of 3-5 cm and a 
final energy of 19-0 MeV, but these have not been 
accelerated laterally. Two papers from the same 
laboratory at Berkeley proposed schemes for compres- 
sion of rings by static fields which would avoid the 
need for large pulsed power supplies. One of these, by 
Christofilos, was for an accelerator of 1,000 GeV. 

Superconductivity is now at the point at which it 
can be exploited, as demonstrated by O. W. Chamber- 
lain of the Lawrence Radiation Laboratory, who 
described five months of operating experience with 
a superconducting solenoid. From Stanford came a 
report on the development. of a 500 foot superconduct- 
ing linear accelerator and a feasibility study of a two- 
mile machine of 100 GeV. Another paper deseribed 
the performance of a prototvpe injector section to be 
used with the 500 foot machine, M. A. Green, also 
of Berkeley, reviewed prospects for supereonducting 
synehrotons and found them both feasible and econo- 
mic. Such machines would depend critically on the 
performance of pulsed superconductors, a topie which 
was also reported by workers from Brookhaven 
National Laboratory and the Rutherford Laboratory. 

Another area in which hardware has replaced paper- 
work is computer control. At least eight major acceler- 
ator installations have control schemes under way. 
One of the most advanced is at the Argonne National 
Laboratory, where beam optical eomputations are 
performed on a computer in the main control room in 
response to requests from experimenters. These 
operations are assisted by a large oscilloscope display 
of the profile of the extracted proton beam from the 
12 GeV proton synchrotron. 


COMPLEXING AGENTS 


Analysis with Complexes 


THE influence of complexometry on analytical chem- 
istry was the subject of a symposium last Friday at 
the Chelsea College of Science and Technology. Dr 
Rudolf Pribil of the Czechoslovak Academy, the guest 
speaker, began his lecture with a review of some of the 
newer complexometric methods-—indicators, masking 
agents and complexing agents. Dr Pribil’s special 
interest is the separation of the rare earths using 
complexes-—he uses not only EDTA but also HEDTA, 
MEDTA, TTHA and DTPA in conjunction with PO; 
and P,O}- for displacing the equilibrium. He also 
uses spot reagents for distinguishing between various 
pairs of elements such as In and Ga: Zr and Hf: Th, 
Tl and Bi; Fe and Zr: and Th and Zr. His lecture 
showed what can be achieved with simple apparatus, 
ingenuity and a few rather special compounds. 

Dr J. A. W. Daiziel of Chelsea College of Science and 
Technology described the use of organo-sulphur com- 
pounds as complexing reagents. Thio-oxine is used for 
the determination of Pd! and QDT (quinoxaline-2,3. 
dithiol) for Co!!! and Ni", but Dr Dalziel spoke par- 
ticularly of 2-mercapto pyridine-1-oxide (thione) which 
is useful for determining Fel, Cu! and Hg! by 
absorptiometrie methods. Thione is a stable reagent 
and seems to have two or three useful applications 
including the determination of copper in steel. 

Professor H. M. N. H. Irving of the University of 
Leeds spoke on the use of solvent extraction. He 
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described how solvent extraction has been, and might be, 
applied to complexometry, not only for separation, 
but also to find the concentration of a compound. 
But the most important use is the extraction of EDTA 
complexes to facilitate the separation of elements—for 
example, Al and In. 

Dr R. A. Chalmers of the University of Aberdeen 
described the use of complexometry in a different 
inorganie problem. His object was to estimate the 
hetero-atom in heteropolyacids of the general formula 
H(e-n) A (a) MoO where X Si, P, Ge or As. He 
described the “molybdenum blue" method, which 
involves the reduction of MoV! to MoY but whieh is 
complicated by two forms of the heteropolyacid, «and 8. 
This diffieulty ean be overcome by using either selective 
extraction or masking reagents such as tartaric, citric 
or oxalic acids or mannitol. Nobody knows what the 
difference is between the x and £ forms, but Dr Chalmers 
thinks there may be a difference in the symmetry of the 
molecule involving rotation through 60° by one of the 
groups. 


CRYOGENICS 


Mechanical Cold 


Dovsrs about the feasibility of adiabatic compression 
as a method of reaching very low temperatures have 
proved to be unfounded. A mixture of solid and liquid 
helium-3 has been cooled by adiabatic compression to 
between 0:002? and 0-003° K, the lowest temperature 
ever obtained by purely mechanical means. The 
experiment is reported in Phys. Rev. Letters (22, 449; 
1969) by R. T. Johnson, R. Rosenbaum, O. G. Symko 
and J. C. Wheatley. Although slightly lower tempera- 
tures have been reached by the standard technique of 
adiabatic demagnetization, in which a specimen is 
magnetized and then demagnetized at constant en. 
tropy, and still lower temperatures have been recorded 
for the special case of nuclear demagnetization, the 
suecess of the compressional methods is none the less 
significant. Considerable dexterity is required to retain 
the necessary control of the pressure, taken up to about 
30 atmospheres, at such low temperatures. Moreover, 
frietional heating caused by the rubbing together of 
pieces of solid helium, presents a limit to the attain- 
ment of still lower temperatures and probably accounts 
for the limit in the experiment which has now been 
reported. 

The theory of the cooling process is similar to that 
for adiabatic demagnetization. The lattice entropy of 
helium-3 is virtually nothing, but each atom has a 
spin of $ and the spin entropy of the solid is large. 
At high temperatures, the spins are aligned at random, 
but as the temperature falls they align themselves 
antiparallel, as in an antiferromagnet, and the spin 
entropy falls to zero. The entropy of helium-3 in the 
liquid state is lower than that of the solid for tempera- 
tures below 0-3" K, so that when the liquid is com- 
pressed adiabatically—or, more accurately, isentropic- 
ally—to form a solid, the entropy stays the same so 
that the temperature falls. In adiabatic demagnetiza- 
tion, the same process is effected by switching off a 
magnetie field. "The size of the temperature fall is 
regulated by the strength of the spin interactions 
between atoms, and the weak coupling in helium-3 
means that the fall is large. 

In the experiment carried out at the University of 
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California, San Diego, the cooling was begun with 
the helium at 24? mK, well below the entropy cross- 
over at 0-3? K. The temperature was recorded using 
a cerium magnesium nitrate magnetic thermometer. 

Estimates of the temperature at which the ordering 
of spins in the solid should occur range from 1-8" to 
2-7? mK, depending on the assumptions made. One 
cause of uncertainty is the strength of the exchange 
interaction between nuclear spins. One of the benefits 
of this experiment may be a more reliable determina- 
tion of this parameter. 

What are the implications of the experiment * It 
offers the means of measuring the temperature varia- 
tion of the entropy of helium-3, and also opens the way 
to deriving the exchange parameter, which is central 
to understanding the properties of this rarer form of 
helium. It may also help in the search for a super- 
fluid transition to match that found in helium-4, and 
could be of value in-a variety of low temperature 
experiments. 

Work on helium-3-helium-4 refrigeration techniques 
has also been going on at two laboratories of the 
Institute for Basic Standards at the US National 
Bureau of Standards. "Temperatures of a few thou- 
sandths of a degree Kelvin have recently been reported. 


POPULATION DYNAMICS 


Growth of the Sexes 


from our Mathematical Probability Correspondent 


MosT stoehastie models of population growth prediet 
with probability one that the population either becomes 
infinite exponentially or extinct exponentiallv. Since 
most populations become neither infinite nor extinct. 
these models are clearly not realistic enough, or at 
least not realistic enough when the populations are 
either very large or very small. In spite of this, the 
chief means of prediction are often based on asymptotic 
results (which are usually the only results relatively 
easy to compute), while frequently it is not made clear 
in what set of states the population system must be 
for these results to apply. It remains an essentially 
unsolved problem to work out the theory of a popula- 
tion model which neither blows up nor dies out. 

A paper by Leo Goodman called "Stochastie Models 
for the Population Growth of the Sexes" (Biometrika, 
55. 3: 1968) is a good example of the progress being 
made towards a model that really works. Here, the 
state of the population at time f is represented by the 
numbers X;(f), the number of females of age l at time 
t, and Y(t) the numbers of males of age l at time f. 
(1-0, 1, . . .). An individual belongs to class (£.D) 
if the individual is female and of age l, and belongs to 
class (mJ) if male and of age I. Transitions of the 
population from one time instant to the next are 
determined by rules which apply separately for males 
and females. 

Thus for females, the transition from year t to vea 
t+1 can be represented by the statement that there 
is a probability pi(/) that a member of the class 
(£4) will be transformed into 


1 e (f,J)->ie(f,o), je(m,o), ke(fL4- 1) 


In this expression, ij=0, 1, 2... .; k=0, 1. In the 
same way, for males, there will be a probability 
px(I) that when t->f+ 1, 
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le (m,D-—ke (m, 1) 
In this expression, k=0, 1. All these transitions are 
independent of each other—in other words, a female 
during any instant may give birth to sons and daughters 
and may or may not herself survive, while a male, 
simply, may or may not survive. The probabilities 
pin(D.px(!) are assumed independent af the current 
state of the population and of the time /. Once these 


assumptions have been made, the mathematics ig 
workable, while the model itself beecmes less eon- 
vincing. 


Before stating Goodman's results, & is better to 
make a few definitions. We define a.y: to be the 
average number of boys, girls, respectrrely, conceived 
by a female of age 1 in one unit of time; Tp Tg are 
the lifetimes of a female, male, respectivelv, and 
zio PrívepRdh y= Pr(va dh Here A is the unique 
positive root of A= X yu A^. and 


j 
ZA X0) Zygn A3 
iens i l jel 


À (i+ l yia Ai 

i 

All of these quantities are easily workee. out in terms 
of the pix(P).px(/). Goodman shows that as f—-, 


(1) AX (E) px Ad 
(i) ke py 
PHA Ey) 
um YQ , Ef 
Xd ^ EQ) 
e 3 t 
| (UC urs E(Ba 
(iv) |a gsE( 2)", 
AX dE) N; a E(y } 
i 


where E denotes the expectation with respect to the 
eventual age distribution {q} of females, so that g= 


xpi Exo Calculations on the data fer the popula- 


H 

tion of the United States in 1965 yield As 10122, 
S,— 1-05, 80:95, E(B) - 0-022, E(yj) - 021, Etyiioi) 
—(0-94 and p=992x 104. S, is the eventual sex ratio 
in the 0 age group, while S is the eventual overall sex 
ratio. It is worth noting that Goodman points out 
that for his predictions to be valid the population 
should at least have already settled down to the 
eventual age distributions. 


MESSENGER MOLECULES 


The Medium and the Message 


from our Molecular Biology Correspondent 





ca 


that the incorporation of a single amino-aeid, isoleucine, 


" 


The analogue. though activated 


isoleucyl-tRNA results. 
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Kazazian and Freedman (J. Biol. Chem., 248, 6446: 
1968) have made these observations the basis of a 
pretty demonstration of the current picture of protein 
synthesis, and also of a projected method for obtaining 
messenger RNA for a single species of haemoglobin 
chain, a or B. The critical facts are that the rabbit 
a-chain has three isoleucine residues, two of them 
(numbers 10 and 17) near the N-terminus (from which 
protein synthesis proceeds), whereas the 8-chain has 
only one, at position 112, only twenty-four residues 
from the C-terminus. What one then expects to 
happen is that a-chain synthesis, in the presence of the 
analogue, will be substantially blocked at the first 
isoleucine, so that only small polysomes, bearing short 
polypeptide chain, will result. Swnthesis of the 
P-chain, on the other hand, will cease only when the 
product is already 111 residues long. At this point, 
because the chains cannot be completed or released, 
ribosomes will pile up on the messenger, like railway 
wagons in a siding, and large polysomes will be antici- 
pated. Expectations are in fact borne out, the poly- 
some distribution showing on the one hand an inerease 
in species with two and three ribosomes, and on the 
other the appearance of polysomes of ten to fourteen 
ribosomes. By labelling with MC, and hydrolysis with 
trypsin, followed by peptide mapping, the peptides 
originating from the a and B-chains could be identified 
and counted. The specific activity of a and f-peptides 
in à control showed that the number of a and B-chains 
usually initiated was nearly enough equal throughout 
the polysome distribution. Sampling the heavy and 
light polysomes in the analogue-treated system, it was 
found instead that the heavy fraction contained 86 per 
cent of B-chain material, whereas the lightest fraction 
had 68 per cent of a-chains. Further, the total number 
of ribosomes attached to the a and B-chain messengers 
can be determined from the ratio of N-terminal a to 
B-peptides (as each participating ribosome will bear 
one peptide chain). As expected, there is a large excess 
of B-chain ribosomes. Thus all predictions based on 
the present view of the synthesis mechanism are ful. 
filled. Moreover, this approach clearly indicates a 
strategy for the preparation of gene-specific messengers 
in isolation. 

Temmerman and Leblen (Biochim. Biophys. Acta, 
174, 544: 1969) have found that when rabbit reticu- 
locyte ribosomes are dissociated by treatment with 
EDTA, the rapidly labelled fraction of the RNA sedi. 
ments relatively rapidly and appears to be associated 
with ribosomal protein. The manner of this association 
is undetermined. 

Another difficulty in isolating messenger is the likeli- 
hood of degradation by endogenous nuclease. Farkas 
and Marks (J. Biol. Chem., 248, 6464; 1968) have now 
partially purified and characterized this nuclease from 
rabbit reticulocytes and it appears to be specific for 
pyrimidines. <A particularly striking observation is the 
action of haemin as a specific inhibitor of this enzyme, 
and not of pancreatic or 71 ribonucleases. This imme- 
diately provokes a line of reasoning whereby the seques- 
tration of haemin by newly synthesized globin liberates 
the nuclease activity; the nuclease then goes to work 
on the surrounding RNA, and globin synthesis is inter- 
rupted. The low haemin concentration causes haemin 
biosynthesis to be renewed, the nuclease is consequently 
inhibited once more, and so on. The mature red cell 
makes no protem and contains no ribosomes, these 


NATURE. VOL. 221, MARCH 22, 1969 


having presumably been annihilated by the nuclease, 
which will be active when all the haem is in the form of 
haemoglobin. It is conceivable that this mechanism 
may underlie the oscillations in the rate of protein 
synthesis in reticulocytes, just reported by Tepper et al. 


(FEBS Letters, 2, 217: 1969) 


CELL BIOLOGY 


A Chromosome Attachment Site 


from our Cell Biology Correspondent 


A COMPLEX of bacterial cell membrane, bacterial 
chromosome and nascent RNA which may well prove 
to contain the hitherto elusive bacterial chromosome 
attachment site, has been isolated from Bacillus mega- 
therium by "Tremblay, Daniels and Schaecter at Tufts 
University, Boston. In bacteria, the chromosome is 
believed to be attached to a specifie binding site on the 
cell membrane rather than lying free in the cytoplasm. 
The idea is that this attachment site provides a struc- 
tural basis for chromosome segregation, analogous in 
function to the mitotie spindle, and possibly for DNA 
replieation as well. When the attachment site and the 
chromosome have divided, segregation is believed to 
take place as the cell wall elongates and the attachment 
sites move apart, each dragging a chromosome with it. 

In the past, several groups have attempted to 
isolate this hypothetical DNA-membrane complex as 
à diserete subcellular fraction, but all these studies have 
suffered from the same drawback. Cell membrane and 
DNA were sedimented together so that it has always 
been impossible to rule out adventitious non-specific 
association between DNA and membrane material. 
Tremblay, Daniels and Schaecter, however, now report 
(J. Mol. Biol., 40, 65; 1969) an ingenious method for 
fractionating fragments of bacterial membrane which 
appears to yield the chromosome still attached to the 
specific attachment site. 

They have exploited the ability of portions of the cell 
membrane, but not the chromosomes, to adhere to 
crystals of a detergent Sarkosyl (sodium lauroyl 
sarcosinate) in the presence of Mg** ions. Essentially 
their method consists of lysing Bacillus megatherium 
with sarkosyl and banding the lysate in a sucrose 
gradient containing Mg^* ions, which induces the 
crystallization of the sarkosyl in situ. Ten to thirty 
per cent of the cell membrane, more than 90 per cent 
of the DNA and about 75 per cent of the nascent RNA 
in the cells occur associated with the crystals. Because 
nucleie acids along have no affinity for sarkosyl, the 
simplest inference is that the DNA and RNA in the 
complex is there because it is still attached to fragments 
of the membrane containing the ehromosome attach- 
ment site. The RNA, in turn, is presumably attached 
to the DNA from which it was being transcribed. 

Electron micrographs of the complex reveal mem- 
brane from which emerge long DNA molecules. It is 
unlikely that these complexes are adventitious, especi- 
ally because, when the same technique is used to 
fractionate E. coli infected with T, phage, the E. coli 
DNA occurs in the complexes whereas the phage DNA 
does not. It seems therefore that the material neces- 
sary for a detailed investigation of some of the obscurer 
processes of bacterial chromosome replication and 
segregation is now available. 
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by R. R. ROY, 


Physics Department, Arizona State University, Tempe. Arizona. 
R. D. REED, 


Physics Department, Colorado School of Mines. Golden, Colorado. 


This book surveys current concepts and interpretations of various aspects 
of quantum electrodynamics, Although the subject is considered basically 
from the experimentalist’s viewpoint, the authors take into account both 
theoretical and experimental results, with comparisons between the two 
presented for the most part in the form of graphs and tables. A unified 
and singularly valuable treatment of the various interaction phenomena 
involving photons and leptons with matter is thus achieved. 

1968, 319 pp. 133s. 6d. 


edited by ADOLF R. HOCHSTIM, 


Institute for Defense Analysis, Arlington, Virginia. 


Presents an authoritative survey of recent work on collision, transport 
and rate processes in neutral and ionized gases, Special attention is 
given to non-equilibrium conditions, to the interactiens of flow fields 
with transport and rate processes, and to the relation. between the 
"microscopic" and “macroscopic? approaches to the physics and 
chemistry of atmospheric reentry. 

May 1969, about 475 np. 


by ERIK H. PALMÉN, 
Academy of Finland and University of Helsinki, Helsinki, Finland. 


CHESTER W. NEWTON, 


National Center for Atmospheric Research, Boulder, Colorado. 


Presents a comprehensive summary of circulation systems on scales 
ranging from thunderstorms up to the global atmospheric circulation. 
Illustrations of observed structures are interpreted in terms of physical 
processes, with emphasis on the functions of the systems in transforming 
and transferring energy in various forms. Special attention is given to 
such phenomena as fronts and jet streams, and to the tropics as well 
as extratropical latitudes. 

dune 1959, about 600 pp. 


edited by FREDERICK SEITZ, 


The Rockefeller University, New York. 


DAVID TURNBLLL, 
Division of Engineering and Applied Physics, Harvard University, | Cambridge. 
Massachusetts. 


and HENRY EHRENREICH 


CONTENTS: C. KITTEL, Indirect Exchange Interactions in Metals. H 
ALEXANDER and P. HAASEN, Dislocations and Plastic Flow in the 
Diamond Structure. S. K. JOSHI and A. K. RAJAGOPAL, Lattice Dynamics 
of Metals, E. BROWN, Aspects of Group Theory in Electron Dynamics. 
N. L. PETERSON, Diffusion in Metals. Author index, Subject Index. 
i969, 531 pp. 233s. 6d. 


by JOHN J. LIVINGOOD, 


Argonne National Laboratory, Argonne, Illinois. 


Provides a clear and systematic introduction to the study of the dipole 
magnets used to deflect moving charged particles. In order to achieve 
a unified presentation of the various magnet types and their applications, 
the author has chosen a single method of approach—the matrix method, 
in single order approximation—and applied it to the passage of charged 
particles through one, two or three magnets of arbitrary characteristics, 
Numerous graphs aid in the evaluation of the large number of magnet 
types that are available. 

June 1969, 261 pp. 1265. 
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lhe Barr & Stroud Black Body Source, Type EL 80 comprises a control box 
and a head unit. This source of infra-red energy has a temperature range from 
100 C to 750°C. The temperature can be set to within 3 C and, once set, is 
controlled to a fraction of a degree over long periods against mains voltage and 
ambient temperature variations. There are six precision aperture settings and the 
emissivity is within 27; of unity. The instrument is notable for a warm-up time 
of only 40 minutes. It is supplied with a ring sight and tripod for field use. 


For further information, please contact Barr & Stroud Limited at one of the addresses 
below and ask for Pamphlet C-1580/ N 
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Anniesiand, Glasgow, W.3. Tel: 041-954 9601 Telex: 778114 
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INDUSTRIAL PHYSIOLOGY 


Heat Stress 


THE environmental conditions in which people work 
can markedly affect their mental and physical condition. 
The reason for some of these effects is obvious; athletes 
at the peak of their condition and ability perform well 
below their best in the rarefied atmosphere of Mexico 
City. Other causes are more subtle; the businessman 
who flies from London to New York and makes a 
wrong decision could blame a lapse in the regularity 
of his biological clock rather than in his judgment. 
Against this background, a report by a WHO working 
party (World Health Organization Technical Report, 
No. 142) on the factors involved in work under condi- 
tions of heat stress makes several pertinent points 
perhaps the most important of which is that there is 
a paucity of data for analysing this kind of problem. 

A country's standard of living is related to its com- 
mercial productivity, which in turn is related to the 
average health of the work force. This is particularly 
true of developing countries, where skilled workers are 
scarce and difficult to replace. The problem of heat 
stress is most acute in these countries, since most of 
them are located in the tropical and subtropical belts. 

The report outlines what is known of the two most 
important aspects of the problem—the response of 
human beings to heat stress and the methods by which 
heat stress may be evaluated—but urges that govern- 
ments and industrial managements should stimulate 
and support more research. 

The most important responses to heat stress are 
sweat loss, change in heart rate and change in deep 
body temperature—the temperature of those tissues 
most remote from the body surface. Evaporation of 
sweat from the skin deals quite adequately with small 
increases of temperature. If the body is subjected to 
greater heat stress, the pulse rate will increase as the 
cardiovascular system responds to the need for a 
greater volume of sweat to be evaporated from the skin 
surface. Extreme heat stress results in an increase 
in deep body temperature, which is most undesir- 
able. 

Several indices of heat stress are in general use, and 
four of these are recommended by the report for 
use in industry—the corrected effective temperature 
scales (CET), the predicted four-hour sweat rate (PASR), 
the Belding and Hatch heat stress index (HSI) and the 
index of thermal stress. The last two indices involve 
the construction of mathematical models to describe 
the thermal balance between the body and its environ- 
ment. None of the indices is entirely satisfactory, 
particularly with regard to the combined effect of work 
stress and heat stress. The report suggests, however, 
that the time taken for the heart rate to return to its 
resting level after work may be a promising index of 
combinations of work and heat stress. 

Several personal factors—age, weight, sex, physical 
condition, extent of acclimatization and the type of 
work-—must be considered when assessing the heat 
stress that an individual can tolerate. The report 
does, however, recommend that there should be, on 
the basis of CET values, environmental limits of 
30° C for sedentary workers, 28° C for moderate work 
and 26-5? C for heavy work. 2° C could probably be 
added to these figures for acclimatized workers. 

The report concludes that the thermal balance 
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range seems to have the best promise in the long run. 
Further research should centre on the understanding 
of the physiological response to heat stress, especially 
under actual work conditions, and relating the physios 
logical stress to a realistic numerical index. Too littie 
is known about the influence of unfavourable environ- 
ments on both physical and mental capacity. 


COMPARATIVE ZOOLOGY 


Convergent Evolution 


of organisms. 
and the research by staff and graduate students em. 
braces evolution, morphology, behaviour, ecology, 
zoogeography, physiology, biochemistry and taxon- 
omy. 

According to the report, Dr George Gaylord Simpson 
has carried out a study of an extinct family of South 
American marsupials, the Argyrolagidae, which are 
so different from any other marsupials known that they 
have evidently been separated from an early date. 
They are also an example of evolutionary convergence, 
however, for they are similar morphologically and in 
inferred behaviour to the North American kangaroo 
rats and the Old World jerboas. Earlier belief that 
the argyrolags indicate phylogenetic and zoogeographie 
relationships between South Ameriea and Australia 
has thus been proved to be incorrect. 

Dr Kenneth J. Boss has been studying the fresh- 
water gastropods in Lake Tanganyika. These snails 
are unique in the shape and sculpturing of their shells, 
which resembles that of certain marine species. These 
are also an example of convergent evolution and it 
has been shown that the snails are not remnants of 
the marine fauna of a Jurassic sea as was once suggested. 
Preliminary studies by Dr Boss have shown that the 
great age of the lake—nearly 2 million years—and its 
limnological similarities to oceanic conditions led to 
the convergent evolution of its freshwater snail fauna. 

It is well known that ship worms (teredinids) can 
digest wood, but it is not known whether the worms 
produce their own digesting enzymes, or whether the 
reduction of the wood is carried out by cellulytic 
bacteria. From preliminary studies by Dr Ruth 
Turner of the museum, in collaboration with Dr Freder- 
ick Rosenberg of Northeastern University, it seems as 
if the cellulase is in fact provided by the bacteria. 
These are probably taken into the gut with the first 
wood ingested when the young larvae settle. 

Although research and teaching play an important 
part in the museum's activities, it has heavy curatorial 
responsibilities which are reflected in the number of 
the enquiries received. During 1967-68, for example, 
the museum made loans totalling more than 7,000 
specimens, and estimates of the size of the eollections 
show that there are about 10 million specimens of 
molluses, 5 million mounted and labelled insects, 
315,000 birds, 200,000 echinoderms, | 02.000 lots of 
reptiles, 64,000 lots of amphibians and 50,000 lots of 
fishes. 
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d Electrons and Molecular Bonding 


by 
C. A. COULSON 


Mathematical Institute, bonding. 
University of Oxford 

A Goop deal is known about the role and the nature of 
d electrons in isolated atoms. The progressive filling up 
of the 3d shell between Se, with one d electron, and Zn, 
with a full complement of ten, provides the basis of our 
understanding of the first transition metal series: so 
also with the second series and the 4d shell. But the 
role of d eleetrons in molecular bonding has been obseure 
almost from the start. 

Soon after the pioneer work of Heitler and London on 
the H, molecule in 1927, explanations were provided for 
s and p bonds in the first complete row of the periodie 
table from Li to F. In 1931, Pauling drew attention to 
the way in whieh, by introducing appropriate hybrids of 
s and p, characteristic valence angles and bond lengths in 
compounds of C, N and O eould be well understood. But 
somehow d electrons did not fit into this scheme. They 
did not seem to be found, alone, as they might have been 
expected to do, in the formation of any d8 bonds (s and 
p electrons can form c and x bonds : but 8 bonds require 
at least d or f atomic electrons). It is true that in Pauling’s 
original work on hybridization he suggested ways in which 
hybrids of s, p and d might be used in several types of 
bonding: for example, sd? to give regular tetrahedral 
bonds, sp*d to give planar square bonds, p?d to give 
distorted. tetrahedral bonds, and sp?d? to give regular 
octahedral bonds. But it is also true that an examination 
of the conditions (see later) that were necessary for effec. 
tive hybridization showed that thev did not often seem 
to be satisfied. Detailed caleulations for molecules such 
as SF, did not provide convincing evidence of substantial 
d orbital participation. So, with the exception of the 
transition metal complexes, where the electrons in d 
orbitals could be regarded as wholly, or nearly, localized 
on the central metal atom, relatively little definitive 
progress was made for many years. More recently, 
however, with the advent of larger computers, and with 
newer experimental teehniques involving microwaves, 
the matter has once more become topical. A recent 
discussion! showed that a more certain answer can now 
be given to the question: in what circumstances, and to 
what extent, are d orbitals involved in molecular 
bonding ? 

On experimental grounds there has long been a desire 
to introduce d orbitals. Thus the "expansion of the 
valence shell" when, as in SF, or PCl, there seem to be 
more bonds from the central atom than would be per- 
mitted on the basis of Langmuir's octet rule; or the 
characteristic differences between the first and second 
complete rows of the periodic table, so that, for example, 
SF, is familar but not OF,, PCl, but not NCI, CIO, 
but not FO7; and the need to rationalize thermochemical 
behaviour and reaction mechanisms—all these are partly 
satisfied if d electrons can be used for bonding purposes. 
The question now arises of how to look for them used in 
this way? To answer this question properly two dis- 
tinetions of first-rate importance must first be made. 


Inner and Outer-d Electrons 
The first distinction to be made is between inner and 


outer-d electrons, for the situation in the two extreme 
cases is quite different. "The definition refers to the princi- 


Available evidence now makes it possible to speculate with more 
certainty on the extent of participation of d orbitals in molecular 


pal quantum number of the d orbital in relation to that 
of the other valence eleetrons. "Thus in the first transition 
metal series it is 3d, 4s and 4p orbitals that are involved: 
these are called inner-d orbitals because the charge- 
cloud for these d electrons lies mostly within that of the 
s and p orbitals used in bonding. Unless some special 
reasons can be given we do not expect such eleetrons to 
be very active in bonding, for if the s and p orbitals overlap 
significantly with the ligand orbitals, these inner-d 
orbitals will overlap very little. This is par excellence the 
situation deseribed by ligand-field theory, and with which 
this account is not concerned. One of the reasons why 
the development of this theory was so long delayed is that 
theoretical chemists were so obsessed by the qualitative 
beauty of Pauling's sp*d* octahedral hybrids that they 
never asked sufficiently seriously whether the d orbitals 
in question were of the appropriate size to form effective 
hybrids with the s and p orbitals of the valence shell. 

The outer-d electrons, on the other hand, have the same 
principal quantum member as that of the other valence- 
shell electrons. They would be expected to form hybrids 
mixing together ns, np, nd (for example, 3s 3p? 3d? for S in 
SE, or 3s 3p? 3d for P in PCL. But the trouble is that 
once again, if we look at the size, we find an unsatisfactory 
situation. This can be illustrated for phosphorus. Thus, 
taking the average of the spectroscopic states in phos- 
phorus built up from the configuration. 3s 3p? 3d. the 
average values of the radial distance? in A are 


< les > = 0-47, < Tap— zx 0°65, X Tad > = 243 


Now the overlap eriterion of Maccoll’, to whieh reference 
has already been made, accepts the numerical value of 
the overlap integral between two hybrid orbitals on 
adjacent atoms as a measure of the bond strength if they 
are used to form a bond, and it then shows that even if 
the mixing ratio in these hybrids is chosen to maximize 
this overlap integral, its maximum value wil still not 
very greatly exceed that of the larger component unless 
the atomie orbitals involved in the hybrid overlap separ- 
ately with the hgand to approximately the same extent. 
So the chief concern about d orbital participation in 
bonding now becomes: are there chemical situations 
where the relative sizes of the s, p and d orbitals are 
sufficiently different from those for isolated atoms so 
that effective hybridization becomes possible? — But 
before this question ean be answered there is a second 
fundamental distinetion to be made. 


d Orbitals and Polarization Effects 

lt is helpful to distinguish two types of situation in 
which d orbital participation can be claimed. On the 
one hand, there are cases such as in the sp? d? octahedral 
hybrids where, when all the hybrids are filled, one or more 
eomplete d orbitals are used (in the octahedral ease two 
are used). On the other hand, there are eases where only 
a small amount of a d orbital is used. I shall show later 
that both situations occur, but only in the first is there any 
really significant chemical meaning in talking about the 
role of d electrons in bonding. The first type is fairly 
simple, but the second needs elaboration. uM 

Consider (Fig. la) an electron in a 2pz state of a fixed 
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po + À dw - polarized pr 
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Fig. 1. A small amount of dz added to pa describes the polarization of 
pazin a uniform field (pulling electrons from left to right in the diagram). 


hydrogen atom. Apply a steady uniform field F in the 
z direction. This field will polarize the charge, and pull 
it in the z direction. The final perturbed shape is shown 
diagrammatically in Fig. 1b. Now it is easy to see that 
the eharge cloud ean be approximated, and so hence the 
wave function, of the perturbed state by a superposition 
(Fig. Ie) of some dr orbital on the original pr. It ean 
therefore be said that this particular polarization of a px 
orbital is expressed by mixing in some dz character. This 
situation is not peculiar to pz orbitals. The first-order 
perturbed wave function of the Is ground state of hydro- 
gen in the presence of a field F can be shown from the 
Schrédinger wave equation to be 


y= y(18) + XPo(p) (1) 
where 4 is some constant. Similarly polarization of a 
po orbital needs both s and de contributions. Hybrids 
of this kind, involving a small amount of d-character, will 
often be the easiest way of expressing small perturbations 
or polarizations of p orbitals. But there does not seem to 
me to be much value in using them as illustrations of d 
contribution to bonding. The d orbitals mixed in by this 
process are never supposed to have any independent 
existence, as can be seen from the fact that in equation (1) 
the p orbital appears as lp and not 2p; and in Fig. 1 it 
can be shown that the d contribution which expresses 
the polarization of a 2pm orbital is a 2dr orbital. Now 
neither Ip nor 2d atomic orbitals can exist alone. Their 
funetion here is to be of about the same size as the original 
orbitals which they perturb, and to have the correct. 
symmetry. 

Two examples of this situation can now be given, one 
purely atomic, the other molecular. In some recent 
theoretical studies of the !S state of atomic carbon, Bagus 
and Moser’ have shown that the fundamental configura- 
tion 18? 28? 2p? !S. is perturbed by electron correlation 
in such a way that there is a small, but not negligible, 
contribution from a different configuration based on 1s? 
2s% 3d? !S. For this second configuration the mean value 
<fa > c 1-85 ag; this is actually less than <r> and 
Xr,p», which are 2-24 and 2-32 a, respectively. Now 
there is another excited state of the carbon atom, to be 
described properly as chiefly based on Is? 2s? 3d? 8; 


essentially a way of incorporating a particular type of 
perturbation. The second example is due to Atkins 
(personal communication and ref. 6), who has studied the 
electron spin resonance spectrum of several 19-eleetron 
triatomie radicals. The anisotropy of the g-tensor can be 
interpreted in terms of a certain d character around the 
central nucleus in systems such as O;, NOz-, S07, CIO, 
and SeO,. He found no evidence of d character in the 
first four of these, and only 4 per cent in the selenium 
compound. This 4 per cent must simply be a polarization 
effect on the odd electron, and does not therefore seem to 
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have any fundamental chemical significance. It is mter- 
esting, however, that it occurs only arcund the heavy 
element. Se and possibly to a small extent around 8 in 
SO, where fairly low-lying d orbitals are available. Similar 
arguments would apply to several nuclear quadrupole 
eoupling constant discussions where the d character is 
obtained by subtracting from 100 per ceat the amounta 
of s and p character (which can be inferred with reason- 
able accuracy). The usual small result is once again 
best thought of as a polarization effect. An example is 
found in the work of Bogaard et al. (persoaal communica- 
tion and ref. 7) on IBr, and ICL, where, frorn a study of the 
charge distribution around all three nuclei, an almost 
perfect description can be given in terms of pure p bonding, 
with only minute evidence for some si bonding. Se 
also E. A. C. Lucken (personal commurecation) finds a 
total po population in IC], equal to 3-94. and in I, it is 
almost 4, in both cases leaving almost nothing to be con- 
tributed by either de or s atomie orbitals. (Lucken 
used the average of experimental quadrupole coupling 
measurements of Cornwell and Yamasak: on CaICI, and 
KICI,.H,O.) 

The case of IBr, may be used as an example. Möss- 
bauer measurements for this linear system indicate no 
s character in the o bonds. We can therefore put the four 
bonding e electrons into three-centre molecular orbitals 
composed entirely of po atomic orbitals. From measure- 
ments of the field gradient at I and Br ne: charges + 0-22 
can be inferred on the I and — 0-58 on each Br. The sum 
for IBr, is 2x (—0-58)-- 1x (0:22) « — 0-84. This would 
only leave 6 per cent of an electron in any possible d 
orbital, for the sum of the net charges must be — 1-0. 

This is the place at which to refer to seme other types 
of claims for d orbital participation in bonding. If a 
large basis set of atomic orbitals is used, i:volving s, p, d, 
f, - ~~ orbitals on several atoms, and a variational principle 
is used to determine the best energy ans corresponding 
coefficients in the expansion of the different molecular 
orbitals in terms of the atomic orbitals. d orbitals will 
certainly oceur in all, or nearly all, of these MOs. Their 
coefficients, and so their weights, will usually be small. 
It seems to me that there is very little, W any, chemical 
significance in such members. To "throw everything 
into" the computer will result in some d sharaeter. But 
this will have very little chemical meaning, because the 
addition of a few more orbitals ean change it, and, more- 
over, similar results can be obtained, as Preuss and others 
have shown, by merely placing small amounts of localized 
gaussian functions around origins that de not necessarily 
coincide with any nuclei. "Thus the alleged d orbital 
contribution is not stable against small changes in the 
basis set. No sound chemical conclusions ean therefore 
properly be drawn from such small d orbgal populations. 
But if they are large, the situation is quise different. 


Factors affecting Size of d Orbitals 

I have shown that effective hybridization requires 
atomic orbitals of nearly similar size, bet that in most 
cases d orbitals are either too small (inner-d) or too large 
(outer-d) to be suitable in this way. Are there then any 
factors which can inerease or decrease the size of an 
atomic orbital? The need to ask this question was 
recognized early by Craig, but the whele problem has 
recently been looked at again, by Craig, Zauh and others?, 
with some extremely interesting conclusicns. It can now 
be stated quite clearly that the size of a d orbital in an 





factors. 

If two electrons in different orbitals have their spins 
coupled parallel there is an exchange contribution which 
lowers the energy of the atom. This is shown by the fact 
that triplets are lower in energy than the corresponding 


1108 


singlets. This greater stability is shown by a smaller 
mean radius, for, on account of their similar spin, such 
electrons will already have some degree of correlation 
built into their wave function. In the very early days of 
the self-consistent field, Hartree had shown by direct 
calculation that in ealeium 4s áp, «r» for the triplet 
was very considerably smaller than <r> for the singlet. 
More recently Craig and Thirunamachandran® have 
shown just the same for sulphur. They used analytical 
atomie orbitals: their work was extended by myself and 
Gianturco!? solving the SCF equations numerically. <A 
few examples are shown in Table 1. This table shows 
that spin coupling does affect the size of an outer-d 
orbital. But the change is not likely to be sufficiently 
large to reduce such an orbital to a size where it is really 
useful for bonding. 


Table 1. CONFIGURATION sp'd! FOR SULPHER 
a] tH *"H 
«f» 2-82 1-90 1-88 (À) 


The second factor listed in Table 1 is the number 
of promoted d electrons. Thus in sulphur s?*p*d 
there is one excited d electron, and in octahedral sp? d? 
there are two. A few years ago Cruickshank, Webster 
and Mayers made a remarkable discovery!!. They showed 
from Hartree self-consistent-field calculations that if 
there is only a single excitation to an outer-d orbital, the 
charge cloud of this d electron is very large (this was 
already known, and has been mentioned earlier); but if 
there were two excited d electrons their size became 
markedly smaller. This would seem to imply that when 
there was only one outer-d electron it "saw" the nucleus 
well screened by all the other inner electrons. But if 
there were two, the effective nuclear charge for them 
would be much larger, and the atomic size was therefore 
smaller. This follows at once from the fact that if a 3d 
orbital is associated with an effective nuclear charge Z, 
its peak radial density occurs at rmax= 9/Z (aj). For a 
single excitation Z must be close to unity, leading to a 
very large value rmax~ 9a. But if Z becomes close to 2; 
"max drops to about 4:5 ay. This argument is, of course, 
purely illustrative because d orbitals are not of strictly 
hydrogenie form. More detailed SCF calculations, how- 
ever, yield a similar conclusion, as the following figures 
show; they are taken from Coulson and Giantureco!, 
and apply to a sulphur atom. 


Values of <r> in A for various states of sulphur 
One d electron 
*D(s*p*d) Va(S*pupyp.d;.)  V,(square 


Two d eleetrons 
*l(sp*d*) V,(sp?*d5) V, (octahedral 


planar hybrids) 
hybrids) 
4-00 4°89 3:42 2.32 2:46 1:60 


VaYs denote valence states with 4,6 unpaired eleetrons, 


The changes that oceur in this fashion are important. 
They serve to reduce the size of the d orbital, even though 
-f sulphur ean be taken as typical—this reduction is 
still not quite enough to facilitate good hybridization with 
4s and 4p. 

The third factor listed as influencing d orbital size is 
simply the formal charge on the atom. If the atom as a 
whole carries a positive charge all the electrons, both 
inner and outer, will experience a greater pull to the 
nucleus, But the outer electrons will experience relatively 
the largest. There is therefore a general principle, that if 
in some way electrons are removed from a previously 
neutral atom, the outer electrons will contract their 
charge-clouds. Again this had been known from the early 
days; Worsley's calculations showed that in vanadium 
the doubly positive ion V*^* had 3s and 3d of about the 
same size, although in neutral V the 3d was considerably 
larger than the 3s. But some better results have been 
obtained recently (unpublished calculations of F. A. 
Gianturco). In neutral vanadium (3d? 4s?) the outer 
electron is in a 4s orbital. Now in the process V(3d? 4s?) 


NATURE, VOL. 221. MARCH 22, 1969 


V**(3d4), «r,a» only contracts from 1-31 to 1-07 a, 
but in V(3d? 45?) V*^(4s), <r> contracts from 3-6 
to 2-5 a. The reason for using this example in which the 
outer electron is in an s orbital is to show that the similar 
contraction which occurs when a d orbital is the outer 
one is not really peeuliar: it is merely a particular case 
of à general situation. What happens then may be illus- 
trated by some recent caleulations!* for sulphur. Analo- 
gous results are also obtained for other atoms, such as 
P or Cl, for which similar caleulations have been made. 
Some typical values for sulphur are shown in Table 2. 
There is an interesting way in whieh this result can be 
exploited for molecules. Consider SF, as an example. 
The sulphur atom is treated as if its valence electrons were 
in orbitals sp? d?, which are formed into six equivalent 
octahedral hybrids as Pauling did in 1931. Each such 
hybrid is used to make a bond to the appropriate fluorine 
atom. But such bonds are necessarily partly ionic in 
view of the greater electronegativity of F compared with 
S. Thus it is at least approximately correct. to say that asa 
result of bonding a certain number of electrons is drawn 
away from the sulphur atom, so that this atom requires a 
net positive charge. The d orbitals will therefore them- 
selves contract. So there are two reasons for contraction 
—first because of the excitation of two and not one d 
electron, and second, because of the formal charge effect 
(as it may be called). A consequence of this is that d 
orbital hybridization with s and p becomes much more 
plausible than it has seemed to be for many vears. 
Detailed calculations have not yet been made, but some 
of the difficulties in the octahedral hybrids model have 
been removed. 

Another way of referring to this contraction of d 
orbital size when the formal charge on the nucleus in- 
creases js by means of the ionization potentials of the d 
electrons. Cruickshank, Webster and Spinnler!'* have 
shown that in neutral S, Si, P, Cl, Ar with one exeited d 
electron the IP of this electron is always about 2 eV, 
In the same atoms when singly ionized it is about 8 eV, 
and when doubly ionized it is about 20 eV. The IP is a 
direct measure of the orbital size, and so these figures 
reveal the very great sensitivity of the size of an outer-d 
orbital to formal atomie charge. 

This simple result helps to elucidate an old mystery. 
Almost from the beginnings of rational theories of valence. 
chemists have wondered why SF, can be found and not 
SH,, PCl, and not PH,, and why the fluorine atom as a 
ligand seems able to induce the largest valency of the 
central atom (for example, XeF,, AeF, XeF,). Now 
this mystery is cleared up: the explanation is simply 
that fluorine is the most electronegative element, and is 
therefore most successful in increasing the ionic character 
of a eovalent-ionie bond joining it to the central atom. 
This draining away of eleetrons from the central atom 
provides a mechanism for any electrons previously exeited 
to outer orbitals to contract their size; this permits the 
formation of hybrids with the other atomie orbitals, and 
so makes possible further bonds in addition to the number 
expected on the octet theory. This is really the quantum- 
mechanical explanation of the chemist’s ideas of expand- 
ing the octet”, No doubt there will be additional features 
in particular cases, but this argument shows the limita- 
tions of any theory of valence based wholly on the octet 
rule. 

With the general principles involved in d orbital 
participation in bonding established, a series of particular 
situations can be considered and interpreted in the light 
of these principles. 

Group II triatomic molecules. Group TI atoms have two 
Table 2, VARIATIONS IN MEAN RADIAL DISTANCE (IN A) oF 8, p, d ORBITALS 


OF SULPHUR IN OCTAHEDRAL HYBRIDS, WHEN THE TOTAL NUMBER OF VALENCE 
ELECTRONS CHANGES 


Configuration Efe <Pyp > «€ fad > 
S-9.5 (gi. 1pf. Sd.) 0-89 0-95 2-08 
S9 — (gb Opa ete 0-88 0:94 1-60 
NUS (grap dts) 0-87 0-93 1-10 
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valence eleetrons, and in the ground state they are in an 
s? configuration. In Be this is (2s)*, in Hg and Ba it is 
(65). To make bonds it is necessary to excite one electron 
to a higher level. For Be this is (2s)(2p) leading to di- 
gonal hybrids s+p, and thus to a linear molecule BeCl, 
and so on. In the case of Hg the lowest excitation is 
from 6s? to (6s)(6p) again leading to linear HgCl,. But 
in the case of Ba there are available the 5d orbitals, which 
were all filled in Hg. So the lowest excitation is from 
6s? to (6s)(5d). Fig. 2 shows how the two equivalent 
hybrids 6s+5d lead to a triangular and not a linear 
molecule BaF,. There are other examples of the difference 
between group II 4 and Ig, which reveal similar situations. 
In the ease of BaF, the triangular shape is strong evidence 
for d-orbital participation. Moreover, this is à case when 
we use all the orbital, and not just a small fraction of it. 


© 


6s + 5d hybrid 

Fig.2. Diagram illustrating how hybridization of 6s and 5d (as in barium) 

leads to an angular molecule. The alternative combination 68 — 5d gives 

an entirely similar hybrid at right angles to the one shown. 

Rare gas compounds. Much discussion has taken place 
regarding the role of d electrons in the rare gas com- 
pounds. If the Sidgwick-Powell-Gillespie picture of 
bonds and lone pairs is adopted, in XeF,, for example, 
there are 84- 2 — 10 valence electrons to be accommodated 
around the Xe nucleus. They would lie in five pairs, and 
(see Fig. 3) the largest separation between the three sets 
of lone pairs oceurs when F—-Xe-F is a straight line (the 
polar axis of Fig. 3) and the directions of the lone pairs 
lie in the equatorial plane. But this description implicitly 
asserts that d orbitals are used, for without them five 
hybrids could not readily be formed in the xenon valence 
shell. We are partly helped by our previous diseussion 
of d orbital contraction; but with only two ligands this 
may not be as effective as with four or six. It is unneces- 
sary, however, to bring in much d orbital participation, 
if we adopt the moleeular-orbital description with 3- 
centre bonds. I!5 have shown that in the ground state 
of XeF, the MO energies of the occupied c-orbitals are 
related to those of the separate atoms as shown in Fig. 4. 
The xenon 5d orbital would interact slightly with the 
og Orbital, and push it down a little. But the energy 
difference between og and Xe(5d) must be close to 8 or 
9 eV, so that this interaction will be small. A similar 
situation occurs with the n-type molecular orbitals. This, 
therefore, is a ease where only a little d character is 
involved. 

There is very little that is really peculiar about most of 
these rare gas compounds. But in excited states the d 
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Fig.3. The Bidgwiek-Powell-Gillespie description of XeF,. If the three 

lone pairs lie in the equatorial plane, as in a, they are further apart 

than if two lie in the SOAM plane s the third is in the axial direc- 
ion, as in b, 
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Fig. 4. Formation of o-type molecular orbitals, and their energies, in 
linear F-Xe-F, 


orbitals will often play a major part. This is a general 
rule. If there are empty d orbitals they are likely to be 
very important in some, but not all, of che excited states, 
Much more work, of the kind initiated by L. Goodman 
and H. Jaffé, needs to be done to compete the identifica- 
tion of such situations in ultraviolet spectra. 
Interhalogens. In many respects tbe interhalogenide 
compounds resemble the rare gas «ompounds. But 
they have a much longer history. Receat studies on these 
moleeules have shown that d orbitals are not necessary. 
Thus Oakland and Duffey!5, using arm extended Hüekel 
approach to IF;, concluded that the iodine atom appeared 
as if in a state 551.3?3 5p?-729 5d9-9?4,— "Bhis implies that d 
orbital participation is very small. More sophisticated 
types of wave function involving the technique have been 
used by Wiebenga, who shows that. provided that we 
include a term representing the Coulomb electrostatic 
interaction of the resultant net charges, a satisfactory 
aecount ean be given in terms of three-centre molecular 
orbitals involving only p orbitals wathout recourse to 
d orbitals at all. In this way Wiebenga is able to 
confirm theoretically the experimental conclusions of 
Bogaard et al. (personal communication and ref. 7) referred 
to earlier, and to predict the geometrical shapes, the bond 
lengths and relative stabilities of several polyhalogens. 
Phosphonitrilic halides. The last two examples were 
cases where d orbital participation is small, and not 
needed in the ground state. The phesphonitrilic halides 
are an interesting group of moleeules in which the 
ground state seems to be absolutely necessary. ‘These 
compounds have been studied particularly by Paddock, 
Craig and Dewar. The chlorides heve general formula. 
(PNCl, and form ring molecules many of which 
are planar. There are no d orbitals which are 
energetically suitable on the N atom, but there are 
some on the P atom. Concentration on the plane hexa- 
gonal system (PNCI,),, the phosphorus atom forms normal 
type localized o bonds to each neighbouring N atom and 
to two Cl atoms. The hybridizatioa needed for this is 
of sp? tetrahedral character. Each N atom, in approxi- 
mately trigonal hybridization, forms two e bonds to its 
neighbour phosphorus atoms, and has two electrons in a 
lone-pair orbital. This leaves a tetal of six electrons 
not yet accounted for. The simples: description of these 
is to say that they go into three similar MOs, each of 
which constitutes a 3-centre bond PNP of x-character. 
At the phosphorus end of the MO 3dx atomic orbitals are. 
used, and at the nitrogen in the middle it is 2px. These 
three 3-centre x bonds use up the six available electrons. 
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But the d character of the MOs is an essential part of 
them, for otherwise there would only be x electrons on 
the nitrogen atoms. A slightly more sophisticated descrip- 
tion is to refer to delocalized MOs, where the 7 electrons 
move all round the PN ring. In both cases the d orbitals 
eontribute significantly to the bonding. In Paddock’s 
notation'* this system is described as ra interaction, but 
a frequently used alternative is pz-dz bonding. Such 
interaction is responsible for stereochemical control of 
the moleeular shape. Properties that depend on this 
interaction can be shown to have an alternating character 
as the ring size increases. Photoionization measurements 
of the (PNF) family, and heats of reaction of the (PNCI4)s 
family with various acceptor molecules, do indeed show 
this effeet, and provide powerful support for the theoretical 
model. 

But there is another kind of d orbital interaction, 
diseussed by Paddock (work to be published, the symbols 
ra and rs are the same as the symbols x and z’ in ref. 16). 
There are empty do orbitals on the P atoms which overlap 
with the N lone pair orbitals (Fig. 5). This again leads to 
conjugation, now described either as ms interaction or as 
de lone pair bonding. Numerical calculations are still 
inadequate: but it is already clear that dz interaction is 
energetically stronger than do, but that both involve 
substantial d orbital participation. Without such parti- 
cipation the effects would not exist. 

Chemical reactions ; the transition state. All my pre- 
ceding examples have been concerned with stationary 
states of molecules. This is because these are much easier 
to discuss than are reactions. Nevertheless there is 
good reason to suppose that d orbital participation is far 
more common in transition states of chemical reactions 
than in the non-reacting species. There are two reasons 
for this. In the first place, if a reaction is taking place 
there must be more energy available, so that higher 
orbitals, such as outer-d orbitals, may more plausibly be 
expected to be used. In the second place every chemical 
reaction involves a movement of charge. This may be 
from atom to atom, or around any one atom. In both 
eases the transition state is likely to have considerably 
distorted charge clouds as compared with the initial or 
final states. I have already shown (Fig. 1) that by adding 
some dx to a px orbital it is polarized so that it begins to 
look as if it were moving away from the atom. This 
must be typical of many types of reactions, both in the 
initial stages and also at the transition-state stage. Small 
amounts of d, admixed with the previous s and p, ean 
soon shift charge around a nucleus. Very few calculations 
have yet been made to discuss this sort of thing numeri- 
cally. But it is safe to say that very little progress is to 
be expected in calculating potential energy surfaces for 
reactions unless d orbitals are included. 

Two examples can be given, even though certain difficul- 
ties still remain with both. In the Walden inversion X^ + 
CH,Y-—CH,X + Y- the transition state, shown in Fig. 6. 
ean be understood easily in terms of d,p, hybridization 
at the central carbon atom, whereby localized eleetron- 





Fig. 5. Diagram to show how the d orbital of phosphorus, which lies in 
the molecular plane, can overlap with the lone pairs of the two adjacent 
nitrogen atoms. 
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Fig. 6. The Walden inversion. In the transition state, shown in the 
centre, the (X—C--Y)- group can be described by de + po hybrids on the 
carbon atom, paired with c orbitals on X and Y. 
pair bonds are formed in the directions X-C and C-Y. 
Here the greater physical extent of the d orbital may be 
an advantage beeause it permits reasonable overlapping 
at greater distances. The second is a family of reactions 
typified by the Wittig reaction in which the complete 
retention of configuration shows that the transition state 

is evehe. For example", the transition state 


R. ,C H 3 ^. "4 R i 
p ^x ra 
"d * "i 
bs ^ S “ 
R——P C 
y Pk , e 
Z e y" e 
R oe R, 


must be formed very readily. 1t is hard to see how this 
can be without invoking some sort of d orbital intervention. 
Transition states of this kind, particularly for substitution 
at P and Si, may be stabilized by high energy orbitals 
although, as Hudson says, the unique partieipation of 
3d orbitals cannot yet be assumed. But it is hkely 
that a large class of rearrangements of PI! compounds 
and other non-metallic elements occurs through such 
structures, 

These five particular examples show both the strength 
and the weakness of the d electron discussion. There are 
some situations where it is fairly sure that they are in- 
volved, but others where the degree of involvement 18 so 
small as to be chemically irrelevant. But a lot more is 
known about the factors that may serve to make d orbitals 
suitable in size!*. Some good calculations are now needed 
to substantiate, or disprove, the claims made in this 
review. 

I should like to thank several people for discussions and 
correspondence on the matters dealt with in this review, 
and particularly Professors D. P. Craig, D. W. J. Cruick- 
shank, R. F. Hudson, E. A. C. Lucken, N. L. Paddock, 
E. H. Wiebenga; and Drs P. W. Atkins, M. P. Bogaard, 
F. A. Gianturco and T. Thirunamachandran. 
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Zinc and Carbonic Anhydrase in the Rabbit Uterus 
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ALTHOUGH there is abundant information on the presence 
and role of zine in the male reproductive tract!, so far 
little is known about the relevance of this trace element 
to reproduction in the female. Serious interference with 
reproductive performance has recently been described? in 
Zn deficient. female rats. In marginally Zn deficient 
female rats matings still occurred, but foetal and neonate 
mortality greatly increased, and there was a high incidence 
of skeletal and soft tissue malformations. Moreover. the 
total Zn content of foetuses from the mildly deficient 
mothers was less than that of control foetuses. Skeletal 
defeets have also been reported in chick embryos from Zn 
deficient. hens?. 

We have been studying carbonic anhydrase (CA) in 
the rabbit endometrium as part of a wider investigation 
of the isozymes of this enzyme in the male and female 
reproductive traets!*. In oestrous, pregnant and pseudo- 
pregnant rabbits? the activity of endometrial CA is directly 
eontroled by ovarian hormones. Moreover, in this 
species, progesterone* is the ovarian hormone on which 
endometrial CA depends, and various exogenous luteoids 
exert a similar, although often quantitatively different, 
stimulating effect on the activity of uterine CA. 

Although CA is only one of several Zn linked enzyme 
systems in the rabbit uterus, we thought it worthwhile 
to determine whether the Zn content of the endometrium, 
in comparison with the whole uterine wall tissue, shows 
any clearly recognizable relation to ovarian endocrine 
conditions, and to what extent fluctuations in the con- 
centration of uterine Zn reflect those established for CA 
activity. It seemed desirable to confirm at the same time 
the CA activity of the endometrium in relation to hormonal 
eonditions, by using for enzyme assays the recently 
elaborated titrator procedure?. in addition to the routine 
method used previously’. Finally, we hoped to derive 


Zinc concentration (ug/g wet weight) 


NPO 2 4 6 8 10 1 


Days since mating or gonadotrophin injection 
Fig. 1. Zn concentration in rabbit endometrium. 
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Experimental animals: 

1, senescent rabbits (6-5 yr old); €, pregnant; placental tissue and contiguous endo- " VM AE PM PI ns 

* . Ad Abk R Pog /ODPATIOD FF amole of Ct XA EE 

metrium (days 8 and 9) are designated | 9]1 e] and <P> (5 respectively; A, pseudopreg- hydration of 1 umole of CO, min? in 

nant (25 IU 'Luteohormone' intravengusly); A, superovulated, listed 1-4, in Table 1. 
blastocysts, 6:5 days old; BF, 7 day blastocyst finid, 


The activity of carbonic anhydrase in the rabbit endometrium closely 
resembles the overall pattern of uterine zinc, which increases during 
the progestational phase of pregnancy. 


from these experiments an estimate of the proportion of 
uterine Zn that can be ascribed to the endometrial CA. 

Endometrium was dissected from the uteri of rabbits 
at the following stages: (i) non-pregnant; (ii) pregnant, 
days 0-10; (ii) pseudopregnant (after intravenous 
inoculation of 25 tU of ‘Lutechormone’), lays 6-16; (v) 
superovulated (treatment schedules in Table 1), day 6-4; 
the day of mating or injection of gonadotrophin being 
designated day 0. We also used whole uterine tissue 
(from which the endometrium had not been removed), of 
non-pregnant and pregnant (days 4-6) rabbits, early 
placental tissue (days 8 and 9), free-lymg 6:5 day old 
blastocysts, and 7 day blastocyst fluid. All animals 
were multiparous does aged 1-2-5 yr, except two non- 
pregnant does aged 6-5 yr (Fig. 1). 





Determination of Zinc 


Zine was determined with a Perkin-Elmer atomie 
absorption spectrophotometer model 30% (by permission 
of Dr M. Webb, Strangeways Laboratory. Cambridge). 
Tissue (100200 mg wet weight) was disseeted with appro- 
priate safeguards and transferred to acid-washed and 
weighed micro-Kjeldahl flasks. After reweighing, 1 ml. of 
fuming nitric acid was added to each flask and digestion 
allowed to proceed for 24 h at room temperature. Acid 
was evaporated until approximately 0-1 miL remained, care 
being taken to avoid loss of volatile Zn compounds. The 
contents of each flask were made up weh glass-distilled 
water to 2 ml. Blanks and standard solutions were 
similarly treated. Zn could be determinec with an average 
reproducibility of +5 per cent. 


Assay of Carbonic Anhydrase 


Tissue was ground with a volume of distalled water equal 
to four times the wet weight of the smmple; the homo- 
genates were centrifuged and the 
supernatants, which eontaimed almost 
all the enzyme activity, were used for 
assay. Correction for blood contamin- 
ation of the tissue was not routinely 
made, because it was established that 
this accounted for only a negligible 
proportion of the total CA activity 
of the rabbit uterme issue. 

The Philpot procedure? was apphed 
as deseribed  before?^. In assays 
carried out by titracion at constant 
pH’, the initial rate of hydration. of 
CO, was measured st a temperature 
of O° C. The assay mixture contained 
5 mM NaH, PONa HPO, 45 mM 
NaCl and 0-01 per sent peptone, m 
addition to enzyme. In these condi- 
tions the pH was Te. Reaction was 
initiated by the addition of substrate 
— CO,—as an aqueous solution of the 
gas, saturated at @ C. The non- 
enzymatically catalysed rate of hydra- 
tion was subtracted from the observed 
velocity. A unit of CA was defined 
as that amount whieh catalysed the 






14 18 


C, non-pregnant 


these conditions and with a substrate 


B, Whole k A rii- 
concentration of 1 mM CO, This 





1112 
concentration of substrate was insufficient to saturate 
the enzyme; saturation cannot be attained, how- 


ever, because of the limited solubility of CO, in water. 
Between 20 and 200 ul. of supernatant was necessary for 
each assay. The average reproducibility of determina- 
tions performed on any one supernatant was +5 per 
cent. 

Enzyme activity and the concentration of Zn were 
assayed, with minor exceptions, in samples of tissue 
recovered from the same animals, thus making the results 
directly comparable. 


Effect of Pregnancy, Pseudopregnancy and Super- 
ovulation on the Uterine Concentration of Zn and 
Carbonic Anhydrase Activity 
Fig. 1 shows that in the rabbit endometrium the con- 

centration of Zn was not constant but varied with the endo- 

erine conditions prevailing during the period investigated. 

Moreover, at each point there was marked, presumably 

genetically conditioned, variability in concentration of 

Zn. For purposes of statistical appraisal the results were 

divided into four groups: I, non-pregnant, including two 

aged does, and groups IT, III and IV, which corresponded 
to the following intervals from mating or gonadotrophin 
injection, respectively : 5 h after coitus—day 3; days 

4-9; and days 10-16. Mean values (ug of Zn/g wet 

weight) for each group are given in brackets. 

Group II (10-1), representing pregnant animals in the 
post-ovulatory phase, was slightly but significantly 
(P004) higher than the non-pregnant group I (8:2); 
values in the latter for the senescent rabbits with a patho- 
logically altered eystic endometrium were within the 
"normal" range for reproductively active oestrous rabbits. 
The highest concentration of Zn (17:3)--double that of 
group I and statistically highly significant (P < 0-001)— 
was attamed by group III, which comprised pregnant 
and pseudopregnant rabbits during days 4-9 (a period 
which is also characterized by high CA activities). Placen- 
tal tissue (days 8 and 9) had a distinctly lower concentra- 
tion of Zn than the contiguous endometrium (again a 
trend in agreement with values for CA activities). In 
group IV (12-7), consisting of two pregnant animals 
(day 10, the latest stage in pregnancy suitable for dissec- 
tion of the endometrium), all the rest being pseudopreg- 
nant rabbits, the values were significantly lower (P < 0-001) 
than in the preceding group. The terminal values on day 
16 clearly reverted to the non-pregnant range. 

In comparison with endometrium, very low concentra- 
tions of Zn were found in unimplanted 6-5 day old blasto- 
cysts and in 7 day blastocyst fluid. The slightly higher 
concentration of Zn in the entire blastocysts, compared 
with the cell free fluid on day 7, probably arose from 
contamination of the embryos (which had not been rinsed) 
with endometrial secretion and epithelial cell debris. It 
may be added here that very low, but by no means neglig- 
ible, values for CA activity were also established in these 
embryonic materials. 

The following observations were made when Zn analyses 
were done using separately the dissected endometrium 
and the intact uterine wall of the same animals, at two 
different endocrine stages--the oestrous condition and 
the progestational phase of pregnancy (Fig. 2). The uterine 
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Fig. 2. Comparison of Zn concentration in the endometrium alone (E) 

and in the intact uterine wall (U), in non-pregnant rabbits (NP) and in 

the progestational phase of pregnancy (PROG, days 4-06) average 

values and §,D., seven and eight animals, respectively: ©, super- 
ovulated rabbit, listed 2, in Table 1. 


wall had à markedly higher concentration of Zn than did 
the endometrium alone, and this was evident both in the 
non-pregnant and progestational uteri. Like the endo- 
metrium, the Zn values in the whole uterine tissue showed 
marked individual variation; this was least in the oestrous 
group, but was rather pronounced in the endometrium 
of the pregnant animals, especially when we include the 
low value for one of the superovulated animals (rabbit two, 
Table 1). The merease in the concentration of Zn between 
the oestrous and the progestational phase was roughly 
two-fold, both for the endometrium and the intaet uterine 
tissue. 

Parallel with determinations of Zn, CA activity was 
assayed by the Philpot and titrator methods. Within the 
titrator range of 200—1,200 units of CA activity, the corre- 
lation between the results was fairly consistent. The 
agreement was less close, however, with higher enzyme 
concentrations, corresponding to titrator units 1,200- 
2,400. It is possible that the results obtained by the 
two methods would begin to differ if another CA isozyme, 
with a different Km, appeared at stages characterized by 
high CA activity, because the concentration of the sub- 
strate is different by a factor of 40—50 in these two methods. 
50 far, no evidence has been forthcoming for more than a 
single isozyme in rabbit endometrium. 

Because the titrator method gives results which are 
proportional to the volume of endometrial supernatant 


Table 1, EFFECT OF SUPEROVULATION ON ENDOMETRIAL CARBONIC ANHYDRASE AND ZINC CONCENTRATION AND BLASTOCYST DEVELOPMENT 6-5 DAYS AFTER 
COITUS 
CA activity Zn concen- Remarks 
Gonadotrophin injection (tu/female) (a) 72 h before and (b) 10 min Receptivity (titrator tration Blasto- Corp. 
Rabbit after mating at units/g (ugle wet cysts lutea Endometrium 
mating wet weight) weight) (No. (No) 
l  Gestyl(i50) intramuscularly (a) and 'Luteohormone'(100)intravenously (5b) Poor 400 20 0 13* Oedematous 
2 Poor 400 10 0 15* Oedematous 
3  Gestyl(150) intramuscularly (a) and ‘Pregnyl (100) intravenously (b) Poor 580 16 0 20* Near normal 
4 Poor 980 19 0 45* Normal 
5  Gestyl(75) intramuacularly (4) and ‘Pregnyl (25) intravenously (5) Excellent 030 — 15 16 Normal 
6 Excellent 1,400 — 18 21 Slight oedema 
7 Excellent 890 — 931 32 Normal 
8 Excellent 1,500 — 28 20 Normal 


* Two crops of corpora lutea were present, an indication that ovulation had occurred on atleast two occasions; there were, in addition, numerous blood 


follicles, 
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Fig. 3. 


Assay of carbonic anhydrase activity in rabbit endometrium by titration at constant pH (ref. Th 


Experimental animals: ©, non-pregnant (NP): @, pregnant; A, pseudopregnant, 


added, however, and because its precision is relatively 
high, the discrepancies with the high enzyme concentra- 
tions probably arise from the generally acknowledged 
shortcomings of the Philpot technique. These stem from 
the complex manner in which the conditions of pH and 
substrate vary—~variations in substrate concentration 
leading to a change in the rate of hydration, and from the 
fact that no linear relationship can be expected between 
the enzyme added and the time recorded, because of the 
way in which activity is estimated. Nevertheless, Fig. 3 
shows that when the endometrial CA activity was determ- 
ined by the titrator method, the results confirmed those 
established earlier, in that an increase in activity from the 
preovulatory level was evident by about day 4, followed 
by a maximum at 6-7 days. The exceptionally high value 
(4,400 units) recorded for one rabbit endometrium on 
day 7 was fully substantiated by the Philpot test. Such 
unusually high values have been reported before®, but are 
rare and have not been explained. It may be added that 
the Zn concentration of this particular endometrium was 


large amounts of gonadotrophins (following a recom- 
mended schedule of treatment?) there was evidence of 
excessive stimulation of the ovaries, poor sexual receptivity 
(the animals had to be force-mated), pathologically altered 
uterine tissue, and a failure of embryonic development. 
In addition, there was a distinet decrease in the activity 
of endometrial CA (rabbits one, two and three) and an 
unusually low concentration of Zn (rabbit two). In 
contrast, in rabbits five-eight, which were treated with 
smaller doses of gonadotrophins, mating proceeded very 
well, and there was good agreement between the number 
of corpora lutea and blastocysts. Zn was not determined 
in this group, but values for CA were all within the range 
established for day 6. 


Relationship between Zn ascribable to Endometrial 
CA and Total Zn in the Rabbit Uterus 
Caleulations based on experiments with partially puri- 
fied rabbit endometrial CA indicate that not more than 
1-2 per cent of the Zn present is associated with CA (by 
way of eomparison, CA in the dorsolateral rat prostate 
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represents some 5 per cent of Zn in thet tissue). This 


disparity probably aecounts for the fact that we have 
failed to observe a quantitative relationship between the 
values for the activity of endometrial CA and the con- 
centration of Zn. 

A marked increase in the concentration of Zn therefore 
oeeurs in the progestational phase of pregnaney in the 
rabbit, both in the endometrium and the uterine tissue 
as a whole. In effect this means that Zn must have been 
shifted from body depots to the uterus, ostensibly to 
meet the requirements of what is often referred to as the 
histiotrophie (endometrium-mediated) phase of embryonic 
development. How this mobilization of Zn or, for that 
matter, of other trace elements, is brough: about in higher 
mammals is not well known. In the post. implantation or 
haemotrophie phase of gestation the plaeenta presumably 
takes over from the endometrium the supply of Zn to the 
foetus. 

When fertilization fails to take plaee after ovulation, 


Zn gradually reverts to preovulatory levels. 

Carbonie anhydrase-—a Zn containing enzyme character- 
istic of the rabbit endometrium in which, however, even 
at the height of activity (postovulatery days 95-8) it 
represents only a minor fraction of the tots 





| Zn available-— 
exhibits in pregnancy and pseudopregnancy typical 
changes in activity which we have re-examined and satis- 
factorily confirmed by a modern assay procedure, and 
found fairly closely to resemble the owerall pattern of 
uterine Zn. 

How do our observations on the activay of uterine Zu 
and CA fit into the hormonal and metabolie background 
of early pregnaney and pseudopregnanes in the rabbit ? 
Both conditions have in common a striking but short 
lived preovulatory release of 20 z-dihydroxypregn-4-en-3- 
one (20 x OH) (refs. 10 and 11}; during che next 16 days 
—the period that we have studied—-control over uterine 






exercised by progesterone, the essential progestin of rabbit 
pregnancy, and 20 « OH, a gestagen of contributory 
role, thought to be implicated in the release of luteinizing 


hormone, but perhaps also responsible for the near- 
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ovulatory formation of uterine fluid? and cervical secre- 
tion (unpublished observations of C. L.-M.). It is uncer- 
tain whether these two hormones, secreted by the ovary 
in different absolute and relative amounts, act synergistic- 
ally or have mutually repressive effects at any given point. 
In so far as endometrial CA is concerned, progesterone 
has à much more powerfully stimulating effect on the 
enzyme than 20 « OH, which, by the “CA test", we rate 
as a weak luteoid. 

Probably one of the most significant metabolic events 
is the marked mse in endomctrial RNA which starts on 
day 2 and extends up to at least day 8 and is distinguished 
by the appearance of a stable 105 RNA, in addition to the 
usual 28$ and 18* RNA components'?. It is conceivable 
(although the proof is extant) that this early increase in 
RNA is somehow integrated with the preovulatory spurt 
of 20 « OH, and subsequently becomes responsible for 
turning on the enzyme- synthesizing machinery in the 
rabbit endometrium. This in turn leads to a progressive 
increase of CA activity from day 4 onward, synchronously 
with the onset of the postovulatory release of the two 
progestins. The metabolic control mechanisms operative 
in respect of uterine Zn linked systems other than CA 
have yet to be elucidated. 

As to conditions arising from superovulation, an experi- 
mental procedure frequently resorted to in embryological 
research, much undoubtedly depends on the extent. of the 
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stimulus applied, In our strain of rabbits the administra- 
tion of massive amounts of gonadotrophins resulted in an 
unphysiological ress onse, reflected in poor sexual receptiv- 
ity, total embryonic failure at the blastocyst stage, as well 
as abnormally low endometrial CA activitv in three out of 
four and an ‘unusually low Zn concentration in one out 
of four of the treated animals. On the other hand, when 
the dose of gonadotrophin was adequately scaled down, 
reproductive performance and blastocyst development 
were entirely satisfactory, and CA aetivity was in the 
physiological range of values. 
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Autoradiography may be Unreliable for Identifying 


Human Chromosomes 


by A review of the literature reveals that there is little conclusive 
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evidence that DNA of homologous human chromosomes replicates 
synchronously. This means that final identification of morphologic- 
ally similar chromosome pairs by autoradiography as well as the 
association of particular chromosomes with specific human disease 
syndromes, genetic loci or abnormal genetic interchanges are still 


only tentative. 


SOMATIC cells en vitro can incorporate exogenous purines 
and pyrimidines into their DNA, and so DNA replication 
in these cells ean be studied using radioactively labelled 
tritiated guanine or, more usually, tritiated thymidine. 
When labelled metaphase or interphase chromosomes 
expose a photographic emulsion, an autoradiograph is 
produced. This technique has made possible many 
exciting experiments in somatic cell geneties. Taylor 
et al.’ were able to demonstrate semi-conservative replica- 
tion of DNA in the cells of Viera faba beans in vivo. 
Harris et al.* showed the induction of DNA synthesis in the 


differentiated nuclei of hen erythrocytes by the nuclei of 


HeLa cells in heterokaryous in vitro. Rosenbloom et al.” 
and Migeon et al.* demonstrated the Lyon hypothesis in 
the case of the human X.linked enzyme hvpoxanthine- 
guanine phtepnoribory) transfer ase. 


noted that the Fatal E of EU Chace: 
replicated asynchronously as a whole, autoradiography 
seemed to be a suitable means for distinguishing the 
morphologically indistinguishable chromosomes of man. 
On this hypothesis, many investigators began an intensive 
effort to relate a specific chromosome pair to a particular 
syndrome or chromosomal translocation and to localize 
genes on specifie chromosomes. 

Miller et al. and Warburton ef al.* attempted to determ- 
ine whether the B-group chromosome bearing a short 
arm deletion found in eri du chat syndrome was of the No. 4 


or the No. 5 chromosome pair. Giannelli’’ and Yunis 
et al. tried to distinguish between the three D group 
chromosome pairs by their repheation patterns m an 
attempt to identify the extra chromosome found in D 
trisomy with one particular D group pair. In the same way 
Y unis et al"? tried to distinguish the two G group ehromo- 
some pairs in e to associate the extra G group ehromo- 
some found in mongolim with one or the other pair. 
There have ree UT. been attempts!? > to demonstrate 
that G/D translocations preferentially involve one particu- 
lar Ep OF hae Paane a spiooni, et E nay e aa 
genes for Teal n he pudo d. defi 
palate and polydactyly found in D trisomy'® and the 
genetic locus for haptoglobin (Hp)'*!5 were on a particular 
D group chromosome pair. In all these studies, morpho- 
logically indistinguishable chromosomes were character- 
ized on the basis of their DNA replication patterns. 
Before the validity of these studies and the important 
implications they suggest can be accepted, however, It ts 
imperative to examine the evidence supporting tho pro- 
position that DNA replication patterns can be used to 
distinguish morphologically identical chromosome pairs. 
For, although those involved would acknowledge that 
such is the case only if the homologues involved con- 
sistently replicate synchronously, that this usually 
occurs has not been proved for man!? or for other higher 
animals? ?', — German!* was most careful to caution 
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that: “As yet, there is no certainty that the identification 
of chromosomes by a similarity of replicational timing 
either delineates homologous pairs or identifies the same 
chromosomes each time in different cells"; and that 
“Homolog asynchrony, demonstrable in so dramatic 
a way in the Xs. oceurs to variable lesser degrees in 
the autosomes. Regardless of its cause and significance, 
it bears importance in relation to the problem of the 
recognition of a chromosome by its replicational pattern." 

Although Schmid? confirmed that the chromosome com- 
plement of man replicated asynchronously as a whole, his 
evidence for homologue synchrony was largely subjective. 
Data pertaining to the percentage of cells studied which 
showed synchronous or asynchronous replication of 
homologues of the morphologically identifiable human 
chromosomes, that is 1, 2, 3 and 16, were not presented 
nor were there such data for the remaining chromosome 
pairs. "There was no statistical evaluation of results. 
Homologue replication patterns in chromosome pairs 
i, 2, 3 and 16 have also been studied independently by 
others?:-3», Gey's data indicated that chromosome pair 
1 and probably 16 demonstrated synchronous replication 
in more than 85 per cent of informative cells examined. In 
an earlier study, however, Kikuehi and Sandberg had 
noted that: “Striking asynchrony of DNA replication 
among the homologues of group A was observed; for 
example, pairs of group A were observed to have a diverse 
pattern of grain distribution at the end of the S-period”. 
Sandberg et al., after exhaustive statistical analysis of 
their autoradiographic data, could come to no firm con- 
clusions concerning synchronous replication among the 
A group chromosomes, but felt that there was some 
evidence of anti-synehronous replication among the 
E-group chromosomes. A statistical study by Gilbert 
et al. of their autoradiographic data led them to conclude 
that there was no marked homologue asynchrony among 
the A group chromosome pairs. Thus evidence for 
synchrony of homologue replication among the morpho- 
logically identifiable human chromosome pairs 1, 2, 3 and 
16 is so far too contradictory to allow any firm conclusions. 

Giannelli!^ and Giannelli and Howlett?* were concerned 
with distinguishing chromosomes of the D group. They 
evaluated cells from normal subjects, patients with D, 
trisomy, a patient with D, trisomy bearing a D/D non- 
homologous translocation chromosome resembling a 
No. 3 chromosome, and a balanced carrier for this trans- 
location. They concluded that ...two pairs of 
[presumptive] homologous [D] chromosomes . . . [showed] 
some degree of intrapair asynchrony whieh was thought 
to contribute to the blurring of the differences in their 
DNA synthesis"; and '"...that the study of labelling 
patterns is a good criterion for the identification of one pair 
of D chromosomes [the late long-arm replicator—2D,] but 
it is not useful for the identification of the other two pairs." 
Although they showed that the longest D chromosomes 
tended to have the highest grain counts and vice versa in 
normal subjects and the subject bearing the D/D trans- 
location, they could not confirm this finding in the patient 
with D, trisomy. Furthermore, as they themselves 
recognized, the relevant morphological marker must be 
DNA content rather than chromosome size, for the latter 
can be merely a reflexion of the degree of chromosome 
contraction. The authors were not able to demonstrate 
such a difference in DNA content. 

Yunis ef al. were also concerned with replication 
patterns in the D group. Although their report confirmed 
the group asynchrony of the D chromosomes, they offered 
no informative data regarding homologue synchrony, for 
they merely aligned morphologically similar chromosomes 
in pairs according to similar replication patterns. Yunis 
et al? however, did attempt to correlate the size of the 
G group chromosomes with their replication patterns; 
but did not determine whether such size differences 
resulted from differential contraction rather than true 
DNA content. 


is 


eolleaguesi^ 15 are 
partieularly significant when compared with that of Bias 


deletion, led Gerald, Bloom and colleagues to suggest that 
the haptoglobin loeus was on the short arm of the late 
replicating D, chromosome. But Bias and Migeon, 
studying another normal family with a deletion of the 
short arm of a D chromosome. showed that the hapto- 
globin locus was not on the deleted segment. The 
replication pattern of their D chromosome was the same as 
that of Gerald's group that is D, Furthermore, the whole 
D group replication pattern in both cases and in normal 
controls was the same. It must be concluded either that 
the two groups were dealing with the same chromosome 
but with structural or functional genetie differences with 
respect to the haptoglobin locus or that they were dealing 
with different chromosomes with idenzical replication 
patterns. 

Miller, Warburton, Breg and eolleagues* *studied chromo- 
some replication patterns in fifteen patients with a deletion 
of the short arm of a B-group chromosome and cri du chat 
syndrome and one normal person with a s0n-homologous 
B/B translocation chromosome. In the latter case, 
although the remaining two B group chromosomes eould 
not be homologues, their replication pattern was different 
in only 40 per cent of cells examined. In the subjects with 
eri du chat syndrome, thirteen had the deleted chromosome 
as one of the early replicating pair of B group chromosomes 
and two as one of the late replicating pair. The early 
replicators, as in the D group, were significantly smaller 
than the late replicators. Again, however. it was not 
possible to decide whether the differences in size repre- 
sented a true difference in DNA content or whether 
they merely reflected the state of chromosome contraction. 
This, together with the fact that in all cases the abnormal 
patients showed very similar clinical findings, led the 
authors to conclude that ‘“... another possibility [for 
their findings] is that the early and late replicating 
deleted chromosomes which have been observed do not 
represent different chromosomes but rather the same 
chromosome which may sometimes have ene replication 
pattern and sometimes the other. ... The difference in 
length between early and late replicating chromosomes 
would . . . be interpreted to be the result of differential 
contraction only, rather than to any rea! differences in 
DNA content, and to be associated directly with the time 
of termination of DNA replication, perhaps because of the 
lagging behind of late replicating chromosomes in the 
contraction that takes place in C-metaphase. " 

In conclusion, a careful review of the literature reveals 
that firm evidence for either synchrony orasynchrony in 
DNA replication of homologous chromosoraes of man is 
meagre. It does seem, however. that when chromosomes 
are abnormal, either in quality or quantity, they often 
have a characteristic replication pattern; but this does 
not imply that they are the homologues of merphologically 
and autoradiographically similar chromosomes. Until 
the question of homologue synchrony is resolved, the 
identification of morphologically identical chromosomes 
by their DNA replication patterns and the consequent 
association. of such chromosomes with speeifie disease 
states, genetic loci, or specifie chromosomal translocations 
can only be tentative. 
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Dielectric Diffusion—A New Cross Phenomenon 


by 


M. M. BREUER 
D. ROBINSON 


Unilever Research Laboratory, 
Isleworth, Middlesex 


WE wish to report a phenomenon not previously deseribed, 
which we call dielectric diffusion. It is a consequence of 
the interaction of an electric field, either direct or alternat- 
ing, with a medium in which there are gradients of di- 
electric constant and conductivity. The phenomenon 
consists of a flow of material in the direction of increasing 
dielectric constant. 

We have studied the diffusion between two solutions of 
sodium lauryl sulphate (SDS) of different concentrations 
placed as separate layers in an 11 em? Tiselius electro- 
phoresis cell. The process of diffusion was followed with 
Schlieren optics in a Spinco Model H eleetrophoresis/ 
diffusion apparatus. We observed that an alternating 


16 , (8) 
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Fig. 1. Second moment of the boundary pattern of SDS solutions as a 
function of time. Arrows denote the time at which the current was 
switched on or off. Curves a, b and e are for the system 0-01 M SDS + 
0-1 M NaCi/0-02 M. SDS+0-1 M NaCl, Eevi Viem, 2 Viem and 3 Vem 
respectively. Curve d, 0:10 M 8D8/0-12 M SDS, En: 2:5 V/em. 


When an electric field interacts with a medium of inhomogeneous 
dielectric constant, there is a flow of matter in the direction of 
increasing dielectric constant. The process may be relevant to the 
study of biological membranes. 


electric field reduces the rate of diffusion. Typical results 
are shown in Fig. 1. 

High fields produced a stationary boundary (curves (b) 
and (c)) whieh was only slightly affeeted by the applied 
frequency (in the range 10 Hz-0:00625 Hz). With low 
fields, curve (a), the effect disappeared and the diffusion 
proceeded within 14 per cent of its rate in the absence of 
an electric field. The production of a stationary state was 
not dependent on the point in the experiment at which 
the current was switched on (curve (d)) and a diffused 
boundary could again be sharpened. 

In experiments with simple electrolyte solutions shown 
in Fig. 2, the diffusion proceeded at its normal rate 
irrespective of the superimposed field. 

We feel that the observed effect is a cross phenomenon 
arising from the polyelectrolyte or polarizable nature of 
the detergent solution as opposed to Joule heating. 
eleetrosmotie processes', thermal diffusion, electrodiffu- 
sion?-* or modification of the chemical potential by the 
applied field. The cross phenomenon can be treated by 
means of irreversible thermodynamies and for simplicity 
we shall consider a two component system only. 





0 20 40 60 80 100 


Fig. 2. Second moment of the boundary pattern as a function of time 
for the solutions 0-2 M CsCI/0-06 M LiCi--0-2 M Cati, . Curve e, Erw? 
Viem; f, diffusion without a superimposed field. 
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The appropriate entropy source, c, for an isothermal 
polarizable system, which is in mechanical equilibrium 
and contains m components, has been derived by de 
Groot and Mazur® 

Ira dP 
=z [= — Ji grady — ~~ (Eea — E) + LE| (1)* 


{i=l 


The symbol Heq denotes the equilibrium electric field and 
is defined as the electric field which induces a thermo- 
dynamically reversible polarization process—a process in 
which no dielectric loss occurs. It is related to the instan- 
taneous value of P by? 


Eea = (el) (2) 


On the other hand, Æ is the actual field which 1s respon- 
sible for the polarization process in which a relaxation 
process and therefore a dielectric loss also occurs. 

The appropriate phenomenological equations are then 
(a) the equations expressing the material flows 


| ] » 
Ji = ple — Li gradu; — Lip (Eea — E) + LieE] (3) 
"n 


(b) the equation for the electric current flow 


] m | l . 
I pee T [X M Le; gradu — Lep (Eea — E) E LE] (4) 
j=1 
and (c) the equation describing the polarization flow 
dP ] m : A , 
IPS SS a Lrj gradu; — Lp (Eeq— E) - Leek] (5) 


dt T Jal 


In electrolyte solutions Heq and E can be expressed in 
terms of current and conductivity of the solution. Thus 





E I x 
Eea = ko (6) 
1 
where k = ko + k* (8) 
Q f NON 
and k* = — (ec ie’) (9) 


Equations (2)-(9) combined with Onsager's symmetry 
relationship for the cross coefficients give a set of differen- 
tial equations expressing the material flows as a function 
of the electric current, conductivity, chemical potential 
and the dielectric constant—all measurable quantities. 
It must be remembered, however, when substituting (2), 
(4) and (5) into (3) that in a diffusing system (when 
material transport also occurs) 


dP i oP. 
Jp = "dt = Div (v.P) ied à rA (10) 


In principle, the resulting partial differential equation 
can be solved. In practice, the mathematical difficulties 
are great, for many of the variables involved will be 

* he symbols used in this and the subsequent equations are as follows: 


D, binary diffusion coefficient; E, electric field; E:q, electric field inducing 
a thermodynamically reversible polarization process; J, electric current 


f Pdt 

density (A/em?); Fo , time average of current density; Ji, diffusional 
[dt 
0 


flow of ith component, relative to solvent; Jp, polarizational flow; L, 
Onsager's proportionally coefficients between flows and forces; P, polariza- 
tion of the system = Eeq (e — 1); T, absolute temperature; c, concentration 
of component i; k, a.c. specific conductivity of the system; ko, specific 
electrolyte conductivity; &*, specific complex conductivity; v, centre of 
mass velocity; æ, chemical potential of components; e, dielectric constant 
of the medium; s, the real part of; s", the dielectric loss; œ, angular fre- 
quency of the fleld. 


Tri? 


functions of space coordinates and time. For the case of 
a two component system in à stationary state, however, 
the flows J,;,=J,=0 and equations (3j and (5) ean be 


considerably simplified. Then 
dP /0P x 
Jp = — dle 11} 
* dt X et À * ) 
and from (2)-(5) one obtains 
du, de, "m Is l P 
Sit = —~fyplf- -—-; r+ ile; 12 
H de, dx e VEO k^ UE p 
mcd b. quf. EE c : y eue 
kọ | dt de, dx ko e k 
(13) 
l . du, de, fl lx Lel 
and 4 m —d SPE une Pop) neo: edd i 
ang. Sen " dæ dx eP Re — k/ k PM 
We ean simplify these equations using 
I (deny 15 
CH \de,/ ne) 
Le = koT (16) 


and the Onsager reciprocal relations. 

Furthermore, because l/o is negligioly short compared 
with the duration of the experiment. the current J can 
be replaced by its time average and hence equations ( 12), 
(13) and (14) reduce to 


; 2 6 M2 fan ^. 
pf p day opali prar) = 0an 

\de, 7 Sdz 7 "ko ke NES 4 

Equation (17) contains, with the exception of Ls and 
k, quantities which are all available «ither from separate 
experiments or directly obtainable from the experiments 
we have carried out. Both Lp and & will be functions of 
c, only, so from two experiments at «ifferent values of I, 
both unknowns can be evaluated. Thus & and, conse- 
quently, the dielectric constant can be measured as & 
function of concentration and frequency from the station- 
ary state. 

Although the foregoing phenomenological treatment 
adequately deseribes the observed experimental findings, 
nevertheless it does not offer an explanation of the nature 
of the dieleetrie polarization process which, by its mter- 
action with the material flow process. must be responsible 
for the retardation of diffusion. In view of the existence 
of the dielectric diffusion phenomeaon in the very low 
frequeney range, however, it seems to us that we are 
dealing with a process similar to an imterfacial or Maxwell- 
Wagner type of polarization* rather than with one eon-  . 
nected with a molecular motion. (A Maxwell-Wagner — 
type of relaxation exists at an i 











because polyelectrolyte solutions have large dieleetrie 
increments with concentration, owing to the polarization 
of their double layers’.) 

The cross phenomenon described here can be used, in 
our view, to measure dielectric increments of solutions 
and might be a useful tool for studying the properties of 
natural and biological polyelectrolytes. Dielectric diffu- 
sion might also be utilized for separation processes; 
work along these lines is in progress. 

Finally, we should like to point out that this pheno- 
menon might play an important part in material transport 
processes through biological and artificial membranes. 





Biological membranes can be considered as being composed — d 
of regions of different dielectric constant. From equations - p. 
(4)-(6) it therefore appears that the interpretation of a 





a 


transport measurements, especially those which involve 
the use of electric currents, need te be treated with great 





erface between two = 
phases where the electrolytic conductivities kup ks, and 
the dielectric constants c, and e, obey the mequality 
kisos £22k This is very similar to the case in question* ` 


w 
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caution. Simple interpretations in terms of ionic mobilities 
might give a misleading picture in view of the presence 
of the terms containing (Eeg — E). 

We thank Professor H. J. V. Tyrrell for his criticisms 
and suggestions. 
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»ynthesis of Rabbit Globin by a Bacterial Cell Free System 


by 
D. G. LAYCOCK 
J. A. HUNT 


Department of Genetics, 
University of Hawaii Medical School, 
Honolulu, Hawaii 96822 


essential. 


Many attempts have been made to isolate and characterize 
the messenger RNA for haemoglobin'. The first efforts 
involved the use of total or ribosomal RNA preparations 
in cell free systems from reticuloeytes?-5, Although it was 
possible to show a stimulation of haemogiobin synthesis 
by added reticulocyte RNA?-*, it was also shown that 
this effect could be obtained by RNA extracts from other 
organs*. Other groups'-? attempted to use a cell free 
system from E. coli as deseribed by Nirenberg and 
Matthaei' with either total RNA or suerose gradient 
fractionated RNA. Although specific stimulation of 
protein synthesis by a fraction of the RNA was found, 
the products were different from rabbit globin’. With 
the discovery of N-formyl-methionine as an initiator 
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A cell free system from E. coli primed with an RNA preparation 
from rabbit reticulocytes produces a material having properties 
of rabbit globin. 


The presence of N-acetyl-valyl-tRNA seems 


in viral RNA-directed viral protein synthesis in 
baeteria!!-!? and the demonstration by Lucas-Lenard and 
Lipman" that N-acetyl-.phenylalanyl-£RNA is an efficient 
initiator of polyphenylalanine synthesis directed by poly- 
uridylie acid in an E. coli cell free system, it occurred to us 
that the lack of positive response by the E. coli cell free 
system to reticulocyte RNA could be caused by the lack 
of a suitable initiator. In this article we describe the 
synthesis of N-acetyl rabbit globin by an 8S messenger 
RNA fraction from rabbit reticulocytes in the E. coli 
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Fig. 1. Sucrose gradient fractionation of RNA samples obtained by salt 
fractionation of total reticulocyte RNA. RNA was extracted from rabbit 
reticulocytes produced by phenylhydrazine injection as previously 
described*-*, The reticulocytes were lysed by freezing and adding two 
volumes of 0-01 M tris HC] pH 7-6, 0-06 M KCl, 0-01 M MgCl, 0-008 M 
2-mercaptoethanol, and stroma removed by centrifugation at 30,000g 
for 15 min at 4° C. Sodium dodecyl sulphate was added to 0-5 per cent 
(wiv) and 0-5 volumes of aqueous phenol, m-cresol* added and the 
mixture shaken at room temperature. After centrifugation at 1,5009 
for 10 min at 4? C, the aqueous phase was removed and the phenol layer 
re-extracted with an equal volume of 0-1 M sodium acetate pH 5-0. The 
combined aqueous phases were re-extraeted with the phenol, m-cresol 
mixture after adding NaCl to 3 per cent (w/v). After extraction the 
aqueous phase was precipitated with two volumes of ethanol and taken 
up in 0-1 M NaCl at a concentration of 0-5~5-0 mg/ml. at 4° C, Ribo- 
somal RNA was precipitated by addition of Natl to 18 per cent (w/v): 
after centrifugation a further fraction of RNA (55) was precipitated by 
adding 2 g of sodium benzoate and 1 ml. m-eregol for each 10 ml. of 
supernatant and keeping for 4-8 h at 4^ C, Messenger RNA was precipi- 
tated hy adding a further 1 g of sodium benzoate and 1 ml. of m-cresol 
for each 10 ml. of original supernatant and standing at 4? C for more 
than 15 bh. Transfer RNA remained behind and was precipitated by 
adding one volume of ethanol at ~ 15° C for 2 h. a, Ribosomal RNA; 
b, messenger RNA; e, "55" RNA (————) and transfer RNA (.... X 
d, messenger RNA from liver. The samples were centrifuged on a 5-20 
per cent sucrose gradient in 0-1 M NaCl, 0-01 M Na acetate pH 5-0 in the 
SW 39 swinging bucket head of the Spinco Z-Z ultracentrifuge at 40,008 
rpm. for 225 min at 4? C, Samples were monitored by upward displace- 
ment through an ISCO ultraviolet analyser measuring at 254 my. 
Direction of sedimentation from right to left. S values were calculated 
by assuming values of ISS and 298 for the two ribosomal RNA 
components, 
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cell free system, which is dependent on the presence of 
N-acetyl-valyl-¢RNA. = 

It is possible to partition reticulocyte RNA into four 
fractions by salt fractionation (Fig. 1). The 18 per cent 
NaCl insoluble material has two components on a sucrose 
gradient typical of the 29S and 188 ribosomal RNA, and 
represents more than 80 per cent of the total RNA. A 
58 RNA is precipitated by adding sodium benzoate and 
m-cresol as the second fraction. The third fraction 
precipitated by adding more benzoate and m-cresol 
consists of two peaks with sedimentation constants close 
to 8S and 148; they represent about 1 per cent of the total 
RNA. The remaining RNA behaves like tRNA in its 
sedimentation constant and its ability to accept amino- 
acids. The 8S fraction is chiefly associated with poly- 
ribosomes and the 14S fraction with monoribosomes. 

The existence of 8S and 14S RNA fractions soluble in 
18 per cent NaCl had first been noted in extraets of 
erythroid nuelei ineubated in the presence of radioactive 
nucleotide triphosphates using manganese as the divalent 
cation (our work, in preparation). The discovery of 
similar material in reticulocytes made the tentative 
identification of this material as messenger RNA much 
more reasonable. Moreover, the base composition of the 
RNA is different from the other fractions and much 
closer to the 42 per cent G plus C content of DNA than 
ribosomal RNA (Table 1). Although the size, base 
composition and specifie association with polyribosomes 
make the 8S RNA fraction a good candidate for “messenger 
RNA”, however, the translation of this RNA into rabbit 
globin is the absolute proof. 

The stimulation of the E. coli cell free system by these 
various RNA fractions in the presence of N-acetyl- 
aminoacyl-tRNAs is shown in Tables 2 and 3. There is a 
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Fig. 2. DBAE cellulose chromatography of the products of stimulation 
of the E. coli cell free system by reticulocyte 8S RNA in the presence of 
N-acetyl-valyliRNA, — a, “Soluble” protein plus globin: b, “soluble” 
protein plus reticulocyte lysate; e, “soluble” protein plus globin and 
haemin, Chromatography was by a linear gradient from 0-005 M Na 
phosphate pH 8-3 to 0-01 M Na phosphate 1:0 M NaCl pH 6:4 at room 
temperature, -——, OD, mu; ...., radioactivity. The cell free 
system was as described in Table 2. 
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Fig. 3. DEAE cellulose chromatography of the producta of stimulation 

of the E. coli cell free system by liver messenger RNA in the presence 

of twenty N-acetyl-aminoacyl-tRNAs. a, "Sesuble" protein pius Hver 

protein; b, "soluble" protein plus reticulocyte waatea; e, "wash" protein 

plus liver protein; d, "wash" protein plus reticulocyte lysate, Corne 

ditions of chromatography and cell free Incubation as for Pig. B —————. 
Derg Ms... ey radioactivity. 


Table 1. BASE COMPOSITION OF RETICULOCYTE RSNA FRACTIONS 


Uracil SEC Ate 
RNA Guanine (thymine) Adenine — Cxíosine A+U(T) C+ tT) 
Ribosomal 34-0402 160403 14-85 0-2. 3504 O4 2:25 6-04 
a8 30-3420:2 14-0403 17401 369403 La? 1:00 
AS 980-7404 923.7203 21-2402 349405 i. ge 0-72 
148 230405 24-4404 22-1401 30854 0-4 1:15 82 
Transfer 254403 15-4 20:2. 14-9402 4463 10:3 230 0-08 
Rabbit 
DNA 
(ref. 160). 21-7 28-1 20-8 30-4 0-73 1-06 


RNA samples were hydrolysed in 6. N HCIO, at 100° € for 40 min and the 
bases separated by chromatography on Whatmvan No. 1 paper in methanol 
ethanol-l1-7 N HCl-water (50:25: 6: 19) 5. Each hydrolysate was run in 


triplicate. 
Table 2. INCORPORATION OF. AMINO-ACIDS DIRECTED BY VARIOUS RNA 
FRACTIONS 


upmolks phenylalanine incorporated 
With Ffactor Without F-faetor 


No RNÀ 0-26 086 
Ribosomal RNA — 40-6 ug 

(8 M Natl insoluble) 0-45 one 
8S RNA 11:0 uz 2-47 034 
148 RNA 13:0 ug 1-08 t-26 
Poly U 10-0 ug 15.24 t 90 


20 N-acetyl-aminoacyl (RNAs were added together with (T and E factors 
except where noted. E. coli transfer RNA (Schwartz) was loaded with 
either one or all twenty amino-acids and acesylated as described by Haenni 
and Chapeville". Ribosomes from K. coli strain QUI (a gift of Dr S. Siegel 
man) were prepared according to Carbon! and enzyme fractions according 
to Lueas-Lenard and Lipman!5. A standar incubation mixture contained 
the following components in 0:25 ml. added in the order given. 10 mmoles 
tris HC] pH 7-6, 40 emoles NH,CI, 5 umole P-mercaptoethanol, (kL grote 
GTP, 0-4 emoles ATP, 4 moles phosphoenol pyruvate, 10 ag pyruvate 
kinase, 0-2 umoles of each YC amino-acid except the radioactive one, GL act 
of BC amino-acid, 200 sg E. coli BIRNA, 242 ug washed ribosomes, ái. 
activating enzymes (F factors), 42:5 ug initiating enzymes CF factoral, 26: 
N-acetyl-aminoacyl (RNA, about 10 ug messenger RNA, 1-25 ny] 
Incubation was for 40 min at 37° C. Bamples were washed with: 
TCA at 96° C and collected on glass fibre pepers and washed with 5 pe 
TCA followed by ethanol at 0° C before lamid scintillation counting in 
vials in 10 ml, toluene based scintillation fleid. á 
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Fig. 4. ‘Sephadex G-75' chromatography of the products of stimulation 
of the E. colt cell free system by reticulocyte 88 RNA in the presence of 
N-acetyl-valyl-RNA. a, “Soluble” protein plus globin; 5, "soluble" 
prov plus globin and haemin; c, "soluble" protein plus reticuloeyte 
ysate. Chromatography was in 0:05 M tris HCl pH 7:6 at room tem- 
perature. Cytochrome e and serum albumin were used as standards to 
caleulate molecular weight on the columns. -——-—, OD4, meg; ...., 
radioactivity. 


good response to the 8S and 145 RNA in the presence of 
all twenty N-acetyl-aminoacyl-tRNAs and the effect is 
dependent on F factors (Table 2). Although the 8S RNA 
has the same efficiency with N-acetyl-valyl-tRNA, 
however, the stimulation drops to less than 10 per cent in 
the presence of N-acetyl-phenylalanyl-t-RNA (Table 3). 
The 149 RNA is very inefficient with either N-acetyl- 
valyl or phenylalanyl-tRNA alone. 

Because both chains of rabbit globin have N-terminal 
valine!?, these experiments would indicate that the 8S 
RNA, if truly messenger RNA for rabbit globin, is capable 
of being translated in the E. col cell free system only when 
its N-terminal amino-acids are present as the blocked 
aminoacyl-tRNAs. This would indicate a role of N-acetyl. 
valyl-+RNA very similar to the N-formyl-methiony]-«RNA 
in natural E. coli protein synthesis. Pronase digestion of 
the products of the incubation in the presence of N-acetyl 
14" -valyl- tRNA and 8S RNA followed by chromatography 
on ‘Dowex 50 x 8’ (ref. 20) indicated that after incubation 
for 80 min more than 85 per cent of the "C valine was 


Table 3. EFFECT OF SPECIFIO N-ACETYLATED AMINOACYL (RNAS ON STIMU- 
LATION OF THE E. coli CELL FREE SYSTEM BY THE 8S AND 148 RETICULOCYTE 
RNA FRACTIONS 


N-Acetyl-amino- Bumoles valine 


RNA sample acyLIRNA incorporated 
None All twenty 0-18 
85 15-0 ug None 0-28 
RS 10-5 ug Al twenty 3:71 
AS 15:0 ug Valyl 5-30 
RS 15-0 ug Phenylalanyl 0:43 
148 15-0 ug None 0-74 
143 15-0 ug AH twenty 5:03 
143 15-0 ug Valyl 0-57 
148 15-0 ug Phenylalanyl 0-74 


For conditions of incubation, see Table 2. 
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incorporated as N-acetyl-valine. The ratio of N-acetyl- 
valine to non-acetylated valine incorporation was 1: 7-4 
at this time, close to the theoretical value of about ] : 10 
expected for globin. 

The products from an incubation using 8S reticulocyte 
RNA in the presence of N-acetyl-valyliRNA were 
compared with the products from an incubation using a 
salt fractionated RNA from rabbit liver (Fig. 1) in 
the presence of all twenty N-acetyl-aminoacyltRNAs. 
“Soluble” fractions were obtained by centrifuging the 
ribosomes, and a “wash” fraction obtained from ribosomes 
by resuspending them in 0-67 M NH,CI followed by 
centrifugation. These two fractions accounted for about 
67 per cent of the total incorporated amino-acids after 
incubation for 40 min. 

The chromatographic profiles of the "soluble" and 
"wash" products from the 85 reticulocyte RNA and the 
liver RNA on DEAE cellulose are shown in Figs. 2 and 3. 
The reticulocyte 85 RNA "soluble" and "wash" protein 
produets are identical and co-chromatograph with globin, 
or, when haemin plus globin or a retieuloeyte lysate were 
added, with haemoglobin. In contrast, the liver wash" 
and "soluble" products were different from each other and 
from the reticuloeyte RNA products. The profiles did not 
change when chromatographed in the presence of liver 
proteins or reticulocyte lysate. Chromatography on 
‘Sephadex G-75' (Figs. 4 and 5) showed essentially the same 
results. The reticulocyte RNA products co-chromato- 
graphed with globin or haemoglobin. The liver RNA 
products showed a wide size distribution, and again the 
"wash" and "soluble" products differed. 

Short of à complete amino-acid sequence of the grotein, 
about the best evidence to prove the identity of the 
protein products of the cell free system with rabbit 
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Fig.5. ‘Sephadex G-75' chromatography of the products of stimulation 
of the E. coli cell free system by liver messenger RNA and twenty N- 
acetyl-aminoacyltRNAs. 4, “Soluble” protein plus liver proteins; 
b, “soluble” protein plus reticulocyte lysate; e, "wash" protein pius liver 
proteins; d, “wash” proteins plus reticulocyte lysate. Conditions of 
chromatography were as described in Fig. 4. 
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Fig. 6. Tryptie peptide pattern of the products of stimulation of the E. coli cell free 


system by reticulocyte 8S RNA. a, “Soluble” protein digest; 
The volume and amounts of the cell free system were increased ten-fold 


b, "wash" protein digest. 
and 13 "C labelled 


amino-acids added. The protein fractions were washed by precipitation with triehloro- 


acetic acid and digested with added carrier globin. 


Chromatography was on 'Dowex 


50 x 2 using a convex gradient of pyridine acetate from 0-2 M pH 3-1 to 2-0 M pH 25-0. 
Fractions were treated with ninhydrin after alkaline hydrolysis to detect peptides. 


globin is by trypsin digestion and ehromatography of the 
resultant peptides. The 88 reticulocyte RNA and liver 
mRNA “soluble” and “wash” protein products from the 
E. coli cell free system were digested by trypsin with added 
rabbit globin as carrier and fractionated on "Dowex 50 x 2? 
according to Schroeder et al?! (Figs. 6 and 7). The 
peptide patterns from both the "soluble" and "wash" 
proteins stimulated by reticulocyte 8$ RNA co-ehromato- 
graph with globin peptides except in about three regions 
marked by arrows. In contrast the peptides from the 
liver RNA “soluble” and “wash” proteins differ from 





ODay ma; o. 


eee radioactivity. 


each other and do not co-chromatograph with globin 
peptides. 

We consider that the properties cescribed for the 
products of the stimulation of the E. coii cell free system 
by the 85 reticulocyte RNA in the presence of N-acetyl- 
valyl-FRNA are sufficient to characterize them as complete 
N-acetyl-globin chains and that the 8S RNA isolated from 
reticulocytes is indeed messenger RNA for haemoglobin. 

The ability of the N-acetyl-globin to 2o-chromatograph 
with globin, and in the presence of haenzn to co-chromato- 
graph with haemoglobin, was somewhet surprising; it 15, 
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Fig. 7. 


'Tryptic peptide pattern of the products of stimulation of the E. coli cell free 


system by liver messenger RNA. a, "Soluble" protein digest; b, "wash" protein digest, 


The protein fractions were treated in exactly the same 
ee . , radioactivity. 


aaa OD; TU, 


way as described for Fig. 9. 
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however, considered that, at the neutral pH at which the 
chromatography was conducted, the acetylation of an 
amino-group would not be noticed. When attempts were 
made to separate the globin chains at low pH the N-acetyl- 
globin was not retained on a carboxymethyl! cellulose 
column in conditions where rabbit globin was absorbed??, 
indieating that at this pH. the acetyl groups have some 
affect. That the acetyl groups do not affeet the binding of 
haemin is less surprising because several haemoglobins 
have been shown to contain N-acetylated chains (see 
DeWitt and Ingram?) 

Perhaps the most significant finding is the high specifi- 
city of the E. coli cell free system when primed by the 
reticulocyte messenger RNA and N-acetyl-valine at low 
magnesium concentrations (5 mM). It would appear that 
the effect is a result of the presence of a specific site on the 
ribosome. This, when combined with an N -acetylated- 
aminoacyl-tRNA in the presence of the initiating factor 
(F), is capable of initiation of protein synthesis in the 
presence of mammalian messenger RNA, provided that the 
NV-acetylated-aminoacyl-¢RNA is that of the terminal 
amino-acid in the protein being synthesized. This is 
unlike the natural synthesis of polypeptides in E. coli 
where all protein synthesis appears to be initiated by 
AN -formyl-methionyl-HRNA?!!.. So far no evidence has been 
found for the initiation of mammalian protein synthesis by 
acylated amino-acids?1 25, 

The faet that we can produce polypeptide chains which 
behave in all respects like rabbit globin using messenger 
RNA from reticulocytes but transfer RNA and all other 
components from E. coli is strong evidence for the uni- 
versality of the code. The only other report of a truly 
mixed cell free system is the synthesis of SENV protein by 
STNV RNA in an E. coli cell free system?**. Although the 
cell free system is inefficient, it seems to be highly specific 
and should help to identify any messenger RNÀ as well 
as the protein directed by viral RNAs as shown by 
Schwartz?’ and Verhoef et a.**. 

The specificity of N-acetyl-valyl-transfer RNA in 
initiating globin synthesis suggests that the codon at the 
5° end of the haemoglobin messenger RNA is that of 
valine and should be confirmed by terminal sequence 
analysis. An indirect confirmation of the mechanism of 
initiation should be found by use of sheep haemoglobin 
messenger RNA. for the N-terminal amino-acids in sheep 
haemoglobin are valine and methionine!. Hence N. 
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acetyl-valyl-tRNA and N.acetyl-methionyl-£RNA should 
act as initiators of each of the globin chains independently. 
Analysis of the 3’ terminus by periodate oxidation and use 
of radioactive isoniazid?* should reveal the presence of a 
terminating codon if such exists in mammalian protein 
synthesis. i 

. This work was supported by a graut from the US 
National Institutes of Health. We thank Dr S. Spiegel- 
man for the gift of E. coli Q13. l 
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Two 3-Terminal Sequences in Satellite Tobacco Necrosis 


Virus RNA 


by 
E. WIMMER* 
M. E. REICHMANN 


Department of Botany, 
University of Illinois, 
Urbana, lllinois 61801 


DETERMINATIONS of the primary strueture of viral RNA 
have so far been confined to terminal nucleotide sequence 
studies for two obvious reasons: first. there are great 
technical difficulties in determining the entire primary 
structure of such large molecules, and, second, because 


* Present address: Department of Microbiology, St Louis University 
School of Medicine, St Louis, Missouri 63104. 


Two 3'-terminal sequences, G(U, 2AC)COH and G(U, 2AC, C)Con, 
have been isolated in approximately equal amounts from RNA 
of Satellite Tobacco Necrosis Virus. 
not contain detectable amounts of 3’-terminal adenosine. 


The RNA preparations do 


viral RNA serves as mRNA in viral protein synthesis??, 
the terminal nucleotide sequences are of particular interest 
in problems concerning protein chain initiation and chain 
termination. Also, the termini may provide some informa- 
tion regarding the recognition mechanism for the viral 
RNA specific replicase’. Investigation of different bac- 
teriophage and plant viral RNA* 54? surprisingly revealed 
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Fig. 1. Chromatography of an RNase T1 digest of 3’-terminal derivatized STNV RNA. One hundred and 
fifteen Ass units of STNV RNA was oxidi zed in 0-02 M sodium periodate at pH 5; precipitated with sodium 
acetate and ethanol, dissolved in water at 5° C and made 0-2 M in sodium carbonate, pH 9, 20 per cent in 
dimethy! sulphoxide and 0-05 M in 38-2-phenylethylammonium chloride (100 mCi/mmole; the latter was 
obtained by enzymatic decarboxylation of *H-phenylalanine using tyrosine decarboxylase). After 90 min, 
0-2 ml. 0-3 M sodium borohydride (in 0-1 M sodium carbonate, pH 9) was added; addition of 0-1 ml. boro- 
hydride was repeated twice each time after 45 min, Excess reducing agent was destroyed with cyclohexanone 
and the STNV RNA purified by gel filtration on ‘Sephadex G-25'. The STNV RNA was then digested with 
1,000 v ribonuclease T1 for 30 min at 37* €; the hydrolysate chromatographed on DEAE-'Sephadex' in 7 M 
urea using à sodium chloride gradient (dotted line). Fractions were monitored for absorption (open circles) 
and radioactivity (triangles). The peaks are numbered according to their negative charges. Combined 
yields of —5* and —6* approximately 50 per cent (based ona molecular weight of STNV RNA of 400,000)°. 


neither the presence of chain initiating codons in sequences 
near the 5’-terminus, nor nonsense codons near the 3- 
terminus. These data further indicated that the 5- 
termini are rich in purines, while the 3'-termini are rich 
in pyrimidines and the 3'-terminus ... CCCAon was 
common to all viral RNAs so far investigated', 

We report here the sequence of the 3'-end of Satellite 
Tobaceo Necrosis Virus (STNV) RNA, which is exeep- 
tional insofar as the 3’-terminal nucleoside of the RNA is 
eytidine and not adenosine. Moreover, the RNA has two 
3’.terminal sequences in approximately equal amounts, 
which differ by one eytidylie acid residus, the sequences 
being G(U, 2AC)Con and G(U, 2AC, C)Cen, respectively. 
The properties of STNV and the metheds used in the 
isolation of its RNA have been described previously*'*. 

The end group analysis was carried ous according to a 
new procedure (our work, in preparatioa) whieh allows 
the rapid isolation of a 3'-terminal oligonucleotide. The 
3’ terminal nucleoside is first converted into a tritium 
labelled N-(2-phenyl-ethyl) morpholine derivative m yields 
of 50—70 per cent. This derivative, which m stable between 
pH 1-14, interacts strongly with benzeylated DEAE- 
cellulose (BD cellulose) and can be separated from 
underivatized nucleotides in a single chromatographic 
step. 

In an earlier communieation® we described preliminary 
results of an end group analysis of STS V RNA, This 
procedure has been modified and is deser*bed in detail in 
the legend to Fig. 1. Chromatography e£ a ribonuclease 
T1 digest of 3’-end derivatized ST NV RNA on DEAE- 
‘Sephadex’ in 7 M urea’ is shown in Fig. 1. The separated 
p isopleths!! contain two tritium labelled peaks (-5* and 
ib 20 30 40 50 .6*) which chromatograph close to invernal oligonuc- 

FRACTION NUMBER leotides with identical charges (-5 and —%). The tritium 
labelled peaks represent derivatized 3 terminal oligo- 
nucleotides, each containing two more nucleotide residues 
than the internal oligonucleotide of equal aegative charge. 
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Fig. 2. a, Derivatization and digestion of 170 Ase U of STNV RNA as 
in Fig. 1. The hydrolysate was separated on DEAE-‘Sephadex’ in 7 M 


urea using a sodium acetate gradient for elution (dotted line). Chroma- Redigestion of the material in peak -6& -6* with ribo- 
tography was interrupted at 0-5 M sodium acetate. b, Rechromatography nuclease Tl and rechromatography with the material in 
of —6/—6* (of Fig. 2a) after ribonuclease T1 digestion. —5/—5* and eak —3/-5* on DEAE-'Sephadex' does not alter the 
wom Gf ae HF nH Xe » ; r eh . 8) ~6* w ine t * : d è rè Y XY us bI > a 

6/ —6* of Fig. 2a were pooled and desalted’, —6/—6* was incubated elution profile of -6[-6* (Fig. 2) and indicates that -6* 


with 1,000 v ribonuclease T1 for 60 min, the hydrolysate was mixed ake el d by i lete enzvmatie hydrolysis 
with —5/—5* in 7 M urea and chromatographed on DEAE ‘Sephadex’ was not produced by incomp Cle CNZA AYORI 


as in Fig. 2d. with ribonuclease Tl. End group analysis of the material 
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Fig. 3. End group analysis of —5* and —6*. Pooled fractions ~—§/~ 5* 
and —6/— 6* were desalted’, and digested with ribonuclease A. Aliquots 
of the hydrolysate were applied to thin la yer plates of plastic, precoated 
with silicic acid/fluorescence indicator, and developed with isopropanol/ 
concentrated animonia/water (7:1:3: first dimension) and water 
saturated butanol (second dimension) in the presence of the morpholine 
derivatives of adenosine, guanosine, cytidine and uridine (A-M, G-M, 
C-M, U-M). Spots were marked under ultraviolet light, ent out and 
counted in a liquid scintillation counter’. Results of analyses are given in 
Table 1. Also, for comparison, markers of hydroxymethyl diethylene 
glycol derivatives of the four nucleosides (A', G', C' and UP? were 
co-chromatographed, 


in peak —5/-5* and —6/-6* by ribonuclease A digestion 
and subsequent separation of the products by two-dimen- 
sional thin layer chromatography in the 
markers yields tritium label exclusively in the spot corre- 
sponding to 2-(l-eytosinyl)-4-(2-phenylethyl)-6-hydroxv- 
methyl-morpholine (C-M) (Fig. 3). 1t should be noted 
that ribonuclease A hydrolyses the phosphodiester linkage 
between the terminal morpholine ring and the penultimate 
nucleoside similar to the digestion of 3’ nicotinie acid 
hydrazides of ribonueleie acids'!. The counts of several 
equivalent experiments are given in Table 1 and show that 
no significant amount of radioactivity is associated with 
A-M. U-M or G-M, thus establishing the 3 -terminal 
base of both —5* and —6* ag cytosine. Moreover, due to 
the specificity of ribonuclease A and the complete recovery 
of the radioactive counts as C-M, the penultimate base in 
both fractions must be a pyrimidine. 

The strong interactions of the A-(2-phenylethyl) mor- 
pholine derivatives of oligonucleotides with BD-cellulose 
are probably a result of hydrophobie attraetion of the 
aromatie (benzoyl) groups of the ion exehange resin and 
the phenyl group of the oligonucleotide derivativeg!? Ht 
The data in Fig. 4 demonstrate these interactions and the 
resulting separation of the derivatized double labelled 
oligonucleotides -5* and -6* from their C labelled 
isopleths, —5 and ~6, respectively. These results were 
obtained with a MC uniformly labelled STNV RNA. 
which was subsequently converted into the ?H labelled 
3 terminal morpholine derivative. 

The purified double labelled fractions -5* and —6* were 
desalted, digested with ribonuclease A, dephosphorylated 
with alkaline phosphatase and the products were separated 
in the presence of appropriate markers by two-dimensional 
thin layer chromatography (Fig. 5). The counts corre- 


presence of 
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Table 1. DISTRIBUTION OF RADIOACTIVITY OBTAINED FROM STNV RNA 
TERMINAL BASES AFTER CONVERSION TO °H-LABELLED MORPHOLINE DERIVA- 
TIVES AND SEPARATION ON THIN LAYER PLATES (yis, 3). 


C4) -5*j-6*. (B) -5* -i * ity -5* -ó* 
CM 11,320 16,000 141,120 17.079 15.433 
UM 570 1,006 1,400 639 2.753 
AM 143 Q ü 270 552 
GM 1,430 0 » G 134 463 
Nucleotides 0 Ü a ihi RGS 
Origin 57 BSS ü 268 421 
Total recovery of i: 
the counts 0695 80e TaT 


A, Termini -5* and -6* were analysed às a mixture; the high counts in 
GM resulted from a poor separation of G-M from C-M. Radioaetivity is 
shown in d.p.m. based on a counting efficiency of 8-5 per cent, B, End group 
analysis of ~5* and -6* isolated from the separation shown in Fig. 2h. 
C, End group analysis of -5* and —3* of MC labelled STENY RNA, (Compare 
Fig. 5) Radioactivity is given in e, p.m. 


sponding to the individual spots are consistent with a 
base ratio of C-M:U:AC=1:1:2 for -9*. and of 
C-M:C:U:AC=1:1:1:2 for -6*. The two termini 
of STNV RNA are therefore GAC. U, AC)O and G(AC, 
U, AC, C)C, respectively. Experiments to elucidate the 
sequence of the termini are in progress and will be reported 
elsewhere. 
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Fig. 4. Purification of the termini of STNV RNA on BD-cellutose. 
“C-labelled STNV RNA (1:4 x 10° e. p.m.) was 3” derivatized and diges- 
ted as described in Fig. 1, the hydrolysate separated on a DEAE- 
'Sephadex' column as described in Fig. že. —5/-—5* and ~6/—6* were 
pooled, desalted? and applied to a BD-cellulose column (0-5 x 25 em). 
Elution of —5(Yig. 4a) and —6 (Fig. 45) was carried out with a gradient 
of sodtum chloride (dotted line), elution of —5* (Fig. 4a) and —6* (Fig. 
4b) with 1 M sodium chloride in 7 M urea. ©, Absorption at 260 nm; 
@.°C: A, H. 


NATURE. VOL. 221, MARCH 22, 1969 


j SECOND DIMENSION 


a 
U M 
A-M H lt 
H o:1$ Q O Sum 
C ig 
cM TN 
* HM 136 
Mots O & s 
c "e 





H 4g 

C t 

C 
HOMI 7 A, u n 
O H oz cow WY) i Jess 
Cc t 
; zm Apc 
Background cw €2 





74—— FIRST DIMENSION 






| SECOND DIMENSION 











Qc l 
S *» $4 ey 
Background wap WM 
BOIS dm 
ng ny 
prd 
Origin 








—— FIRST DIMENSION 


Fig. 6. Separation of 3-terminal nucleosides and dinucleoside monophosphates, The purified 2'-termini —5* and —6* of STNV RNA (Fig. 4) 

were digested with ribonuclease A followed by dephosphorylation with alkaline phosphatase*. The hydrolysate was applied to thin layer plates 

(precoated with silicic acid/fluorescence indicator) in the presence of the following markers: ApC, ApU, C, U, C-M, U~M, A~M and G-M, and 

developed twice with the organie phase of n-butanol/n-propanol/concentrated ammonia/water (65 : 5:10: 20, first dimension) and twice with water 

saturated butanol (second dimension). Spots were made visible under ultraviolet light, seratched off the plates, suspended m 0-5 ml. H,O and 
counted in toluene/PPO/POPOP-Reckman solubilizer*. a, Analysis of —5*; 6, analysis of —6*. 


As mentioned earlier, recent reports in the literature 
suggested that all viral RNA molecules have the identical 
3'-terminal sequence ... CpCpCpA og. Indirect evidence 
is, however, available that im vitro synthesized Q8 RNA 
is terminated by cytosine’, and it has been suggested 
that enzymes similar to £RNA adenylate (cytidylate) 
pyrophosphorylases complete the viral RNA after replica- 
tion in vivott, Assuming such a mechanism, it is conceiv- 
able that the process of completion is inhibited in the case 
of STNV RNA, resulting not only in the complete lack 
ofan A at the 3’-end but also in an ambiguity with respect 
to the number of C residues. Such an inhibition may or 
may not be linked with the dependency of the multiplica- 
tion of the STNV genome on the presence of the helper 
virus~Tobacco Necrosis Virus (TNV)*. In this connexion, 
the nature of the 3'-terminus of TNV is of interest and is 
currently under investigation in this laboratory. 

Alternatively, the two termini of STNV RNA could have 
arisen by enzymatic reactions following the process of 
completion. In this respect it should be noted that Shapiro 
et al. observed that factors were required for template 
activity of QS viral RNA but not for the QB complement- 
ary strands, and the authors speculate that the factors 
were "required in some reaction involving the 3’-terminus 
of QB RNA”. Thus the 3-terminus may undergo some 
changes before the replicative process begins. 

A different explanation of the two ends in STNV RNA 
would be the presence of two viral strains. Although we 
cannot completely exclude this possibility, the fact that 
both termini are always found in approximately equal 
amounts in different growth conditions makes this explana- 
tion unlikely. Also the chance of a point mutation 
proximal to the terminus would be very small, 

While this publication was in preparation, De Wachter 
and Fiers!* reported that the RNA of bacteriophage Q6 
has two 5’-termini which differ by one guanylie acid 
residue. The ambiguity at the 5’-terminus of Q8 RNA 
and the ambiguity at the 3’-terminus of STNV RNA 
reported here involve two bases complementary in the 


Watson-Criek sense. Whether this is pertinent to a 
possible mechanism!" of the generation of such multiple 
termini in viral RNA remains to be seen. 

Because in viral RNA replication both the positive aad 
the negative strand!" serve as tempiates for the specific 
replicase, a possible recognition sequence must be pre- 
served at both ends of the viral RNA. This consideration 
prompted speculation about the base pairing of the two 
ends and formation of circular structures in MS2 RNA”. 
The termini of STNV RNA could also base pair in the 
Watson-Crick sense. This, however, requires the assump- 
tion of a few unpaired bases as ir the case of (RIVA. 
Some possible sequences, for example, GpApCpUpApOp- 
CpCon, which can be reconstructed from peak ~—6*, could 
base pair with the previously reported’ 5’-terminal triplet 
in the following manner 





... GpApCpUpApCpCpCon 
... UpGpApp 


The base pairing of the 5’-terminal sequence of QS 
RNA and M52 RNA is also limited io certain bases which 
do not extend to the 3 -terminal nucleoside. In fact, only 
half of the terminal bases in QS RNA could be pared. 
With information on the structure cf viral RNA as limited 
as it is today, the complementerity of the terrainal 
sequences seems to be incidental, 
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AT the end of 1966 a note in the New Scientist mentioned 
a group of compounds which appear as unknown peaks in 
gas ehromatograms of the tissues of fish and wildlife. 
In Sweden it was found that these peaks correspond to 
polyehlorinated biphenyis (PCBs). 

PCBs are used in industry as lubricants, heat transfer 
media and insulators. They are compatible with paints, 
svnthetie resins, varnishes and waxes, and improve such 
properties of these products as their chemical resistance, 
water resistance, adhesiveness and flexibility *?, 

In 1967, PCBs were reported present in fish and wildlife 
in Great Britain and the Netherlands*- 5. In these studies 
the identifieation was primarily based on the comparison 
of the gas-liquid chromatography retention times in the 
sample extracts with those in solutions of technical PCB 
muxtures supplied by the industry. No information was 
given about the identity of the individua! peaks. 

We deseribe here the o 


Table 1. MASS NUMBERS AND NUMBERS OF CHLORINE 


oeceurrence and distribution of 


ATOMS/MOLECULE (IN 


Polychlorinated biphenyls are widely used in industry, and they 
are now making an appearance in the world’s wildlife. 
being a hazard in their own right, they interfere with the detection 
of organochlorine insecticides such as DDT. 


Besides 


PCBs in the River Rhine and the coastal area in the 
Netherlands. The identification was carried out by gas 
chromatography and mass spectrometry. For this purpose 
a CH 4 mass spectrometer (Varian Mat GmbH) was 
coupled to a Varian Aerograph Oven type A 530-8. 
Particular attention was paid to the design of the interface 
between the two instruments in order to obtain the best 
operating conditions’. The relative retention times (rj) 
were estimated with a 204.15 Varian Aerograph gas 
ERR LE with electron capture detection. ‘Pyrex’ 
glass columns (5 feet x 1/8 inch). filled with 10 per cent 
DC 200 on Ge hon Q (80-100 mesh), were used in both 
gas chromatographs, S the columns were operated at 
200° C with helium or nitrogen as carrier gas. 

The tissues of the indieator organisms used throughout 
this study were extracted with petroleum ether in a 
Soxhlet extraction apparatus after drying with anhydrous 
sodium sulphate. The samples were cleaned up by di- 


PARENTHESES) OF PEAKS WITH RELATIVE RETENTION TIMES (RELATIVE TO 


DIELDRIN= 1) LONGER THAN 0:20 AND SHORTER THAN 1-00 


Sampling m . 
area Type of sampte 0-25 0-32 0:33 

i — Hoach(Leuciseus rutilus) total body HCB 

extracts 10967, 1065 882 (6) 25605) 2586 (3) 
i Groundling (Gobio gobio) total body e E: Ea 
extracts 1968 
9 Mussel (Mytilus edulis) 1968 l + -+ 
H Sand cel {Ammodytes lanceolatus) + be 

. total body extracts 1966 . u 

$ Sandwich tern (Sterna sandvicensis) HCB 

tissue and egu extracts 1965, 1066 282 (6) 
3 Eider (Somateria mollissima) tissue HOB 


and egg extracts 1066, 1067 


Phenochlor DP 6 
Arochlor 1260 
Clophen A 60 


282 (8j 


With the exception of HEB, telodrín and compound 376 (8) all compounds identified are conformable to PCBs, 
A 10 per cent DC 200 on Gaschrom Q (80-100 mesh) column was used, 
are indicated in Fig. 2. 


is present in the chromatogram. 
number calculations are based on Cl=35. The sampling places 
1,3.2a,4,7,7a hexahydro-4,7-methano-jsobenzofuran, 


0:34 


Pe 
0-10 0-48 0-57 0-61 O65 (071 0-72 DAS iah 
256 (3) 29000) 2904p 200 (43 200 (4) 394 (5) 824 (5) 
E 
200 (4) 
v nin 4 E oh LT 
E E t 
dé ME T -+ de IA 
256 (3) 290 (4) 290(4) Telodrin 290 (4) d24 (5) 
4085 (8) * 
376 (R) 
956 (31 Telodrin 290 (4) 324 (51 
406 (8) -+ 
376 (8) 


324(5) 824 (4) 

324 (5) 324 (4) 

$24 (3) 324 (5) 
+, At the given retention thre a peak 
Carrier Gas Na (450 ml/min). Mass 
telodrin = 1,3,4,5,6, 7, S, 5-octachloro 


Po HA? C. 


HCB = Hexachlorobenzene ; 
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methylformamide partition* and column ehromatography 
over activated fluorisil. Column chromatography was 
performed in two steps. First the apolar compounds 
including the PCBs were eluted with hexane and then à 
10 per cent diethyl ether in hexane solution was used to 
elute dieldrin and endrin. Only the results of the first 
fraction analyses are reported here. 


In Tables 1 and 2 the relative retention times 


spectra were taken from all peaks present in the total 1on 
current chromatogram obtained with the double ion source 
of the CH 4 mass spectrometer”. In Fig. 14 and 15 gas 
chromatograms are given of an eider extract and a tech- 
nical PCB mixture (phenochlor DP 6). There is a strong 
resemblanee between the electron capture chromatograms 
and the ion current chromatograms. 

Both from the mass numbers and the numbers of 
chlorine atoms/molecule we conclude that most of the 
compounds present in the extracts can be identified as 
PCBs. The retention times increase in proportion to the 
increase in the number of chlorine atoms/molecule. A 
remarkable resemblance was found in the chromatograms 
of phenochlor DP 6, clophen A 60 and arochlor 1260. 

Other chlorinated compounds found are the fungicide 
hexachlorobenzene (HCB), p,p'-DDE and the insecticide 
telodrin. HCB occurs in all places where indicator organ- 
isms were collected, and has also been deteeted in seed- 
eating and predatory birds in the Netherlands’. It does 
not seem likely that the widespread distribution in the 
aquatic environment is caused merely by the small scale 
use of the compound in seed dressing practice. On the 
other hand, it must be emphasized that HCB 1s a very 
inert compound which shows a strong tendency to accumu- 
lation in animal tissues. Of the DDT derived type of 
compounds only DDE was detected, although one PCB 
interfered with its determination. In a former study 
DDT and DDD were detected in seals from the Wadden 
Sea!*. Telodrin was only found in sea birds, and from other 
studies we ean conclude that this insecticide must have 
originated from a pesticide producing plant near the 
mouth of the river*?, Both in the roach and the birds a 
compound with r,- 0-71, mass nr 376 and 8 Cl was 
detected. Further studies concerning the identity of this 
compound are in progress. Tetrachlorobenzene and penta- 
chlorobenzene were detected in the roach by the mass 
spectrometer at relative retention times shorter than 0:25. 

There is a marked resemblance between the three 
sampling areas in the identity and pattern of the PCBs 
with relative retention times longer than 0-71. It seems 
likely therefore that most of the PCB material present in 
the fish and sea birds living in the Wadden Sea originated 
in the River Rhine. The coastal water chiefly flows 
northwards. It has been observed that dumpings of 
chemicals are diluted to a low degree in the littoral current. 


Table 2. 
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A Gas chromatograms of A, an elder extrset, B. a technical PUR 
mixture (phenochlor DP 6) and C, a quail liver and brain extract (ior an 
explanation, see the tex 3. 


Fig. 1. 


In 1965 a clandestine dumping of eopper sulphate was 
displaced over a range of 100 km in a northern direction 
within a fortnight. It was diluted by a factor of five’. 

As ean be seen in the tables, the lower chlorinated 
PCBs oceur more frequently in the sissues of the roach 
than in the sea birds. This may indicate that the lower 
chlorinated PCBs are less persistent, and this has heen 
confirmed by an experiment with Japanese quail which 
were fed a diet containing 2,000 p.p.m. of phenochlor 
DP 6 of which the ehromatogram is ziven in Fig. 1B. Ai 
birds (n220) died between 6 and 535 days after dosing 
started. A chromatogram representmg the residue in the 
tissues (liver and brain) of these birgs is given in Fig. 1C. 
It can be seen that a number of the compounds present 
in the original mixture were metab ized, particularly the 
lower chlormated ones. 

Residues in the brains and livers of the quail were 
measured on a semiquantitative scale by peak height 
comparison of peak r;- 1:45 using the phenochlor DP 6 
mixture as à standard. Residue levels caleulated in this 
way were about twenty times higher in the quail tissues 
than in the livers and brains of the eiders. The quai 








MASS NUMBERS AND NUMBERS OF CHLORINE ATOMS/MOLECULE (IN PARENTHESES) OF PEAKS WITH RELATIVE RESENTION TIMES (RELATIVE TO 


DIELDRIN = 1) OF PEAKS LONGER THAN 1:00 


Sampling 
urea Type of sample 1-01 1:17 
i Roach (Leuciseus rutilus) total body extracts DDE 
1967, 1068 316 (4) 358 (6) 
E 
324 (5) 
H ene (Gobio gobio) total body extracts + 4e 
1988 
= Mussel (Mytilus edulis) 1968 + + 
3 Sand eel (Ammodytes lanceolatus) 1966 “+ + 
3 Sandwich tern (Sterna sandeicensis) tissue and DDE 
egg extracts 1965, 1966 316 (4) 
E 
324 (5] 
3 Eider (Somateria mollissima) tissues and egg DDE 
extracts 1966, 1967 318 (4) 
fe 
324 (3) 
Phenochlor DP 6 358 (8) 358 (4) 
Arochlor 1260 358 (6) 355 (6) 
Clophen A 60 848 (0) 358 (6) 


1:23 1-45 


358 (6) 


358 (6) 


358 (6) 


Tr 
L57 L9 L9 — 2-z 287 — 32:20 PAB 


358 (6) 3927) 39020) 426 (B 


302 (1) 


392 (7) 39217) 892.7) 


4 abe ade: s de ^ d n^ de 
A A obs oe Shes S xe e 
+ + + + * ~ $ + + 


358 (6) 355 (6) 392 (7) 426 (4) 





+ * 
324 (5) 
358(6) 338(0) 338(6) 39200) 30817) 3920) 3920) 42608) 
Hu 
324 (5) uu 
358 (6) 358(6) 302(7) 358(0) 392(7) 362 ¢7) 392 (7) 392 (7) 426 (8) 
358 (6) 358(6) 392(7) 358(6) 302(7) 3G62(7) 89207) SOZ(T) 426 (8) 


358 (6) 302(7) 358 (6) 39207) 3G2(7) 392(7) 392 (0) 426(8) 


With the exceptionof DDE all compounds identified are conformable to PCRs. +,At the given retention time a per is present in the chromatogram. 


See notes under Table 1. 
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Fig, 2. Location of sampling areas: River Rhine (1), coastal area along 
the west coast (2) and the Wadden Sea (3). 


developed hydropericards with a dose of 2,000 p.p.m. 
Flick et alt? also discovered hydroperieards in White 
Leghorn cockerels dosed with 400 p.p.m. in their diet. 
No hydropericards were observed in birds which died in 


Spontaneous Mutation 
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the Wadden Sea area. 
published separately. 

The peculiar physical properties and chemical stability 
of PCBs make it likely that the application will increase 
and that their release into the environment will continue. 
Although fatal concentrations are probabl v not developed 
yet along the Dutch coast, we suggest that monitoring of 
the environment should be carried out regularly in order 
to keep an eye on the further trends in the level of con- 
tamination. Apart from being a potential hazard in the 
natural environment, these PCBs also represent an im- 
portant source of interference in the detection of insecti- 
cides such as DDE, o,p'-DDT., p.p -DDF and DDD. 

We thank Mr J. H. Pennings, Miss J. Boeyink and 
Mr J. M. Eyndhoven for their technical assistance. 
Autopsy of the quail was carried out by Mr J. G. Vos. 
The technical PCB mixtures were supplied bv Prodelee 
in France (phenochlor), Monsanto in the US (arochlor) 
and Bayer in Germany (elophen). Fish from the Rhine 
were supplied by the Department of Sportfishing and 
Professional Inland Fishing in Utrecht. 


Details of this study will be 
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The following two articles are concerned with the genetic control 
of mutation rate. The first describes the anti-mutagenic effect of 
some DNA polymerase mutations on phage T4 mutation rates, and 
discusses the implications they hold for the mechanism of action of 
DNA polymerase. The second compares spontaneous mutation 
rates in different species, and considers the biological factors which 


may determine these rates. 


Genetic Control of Mutation Rates in 
Bacteriophage T4 

HERITABLE increases in the rates of spontaneous mutation 
are usually attributed to “mutator genes”, the mechanisms 
of action of which remain obscure. Mutations in the DNA 
polymerase gene in bacteriophage T4 have, however, 
been observed to exhibit powerful mutator effects?, 
suggesting that spontaneous mutation rates depend on 
the properties of DNA polymerases, and also that these 
polymerases play an important part in base selection 
during DNA synthesis. 

We have therefore embarked on a detailed examination 
of the effects of DNA polymerase mutations on T4 muta- 
tion rates, to throw light on the genetic control of muta- 
tion rates and possibly on the mechanisms of spontaneous 
mutation and of information transfer in DNA synthesis 
as well. This article summarizes studies on temperature 


sensitive (és) mutants of gene 43 (the DNA polymerase 
gene) obtained from the Caltech collection as a gift of 
Professor R. 8. Edgar. A very large fraction of these 
mutants turns out to exhibit mutator activity. A further 
surprising result has been the discovery of several anti- 
mutator alleles of gene 43 which sharply reduce mutation 
rates at many sites in the T4 genome. 

The ts mutants have been localized within gene 43 
by complementation and recombination. A preliminary 
map has been prepared from two-factor erosses?, but its 
accuracy is limited by the very strong marker effects 
frequently observed with alleles of gene 43 (ref. 8 and 
unpublished results of J. W. D. and E. F. A. The 
forty-one mutants oceupy approximately twenty-one 
sites, and most of them show little or no dominance, as 
is to be expected for a catalytic function. Our tests for 
intracistronie (interallelie) complementation have been 
uniformly negative or of doubtful significanee. "These tests 
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measure the burst size of a cell muxedly infected at 
42-5? C (a non-permissive temperature) with an average 
of five of each of two ts mutants, as compared with 
infection with each single parent. When tsCB121 was 
tested against representatives of all other sites in the 
cistron, either no increases in burst size were observed or 


elae there was an increase of less than three-fold (with 
t8L74 and tsL88, and maybe with tsP39 and t889). When 


five mutants distributed over about two-thirds of the 
cistron were tested in all eombinations against each 
other, no significant positive responses were observed. In 
three other T4 genes, on the other hand, fs mutants 
usually showed intracistronic complementation factors 
of the order of 100-fold*. These results suggest that DNA 
polymerase does not function as an oligomer?. 

We examined most of the ts mutants for mutator 
activity in two ways. In the first. two or more young 
plaques were picked after growth for about 7 h at 32° C 
on E. coli BB. whieh does not select for or against most 
spontaneous T4r mutants. About 20,000 progeny from 
each plaque were examined on E. coli B for r mutants, 
most of which produce large plaques with sharp edges. 
The lowest r frequency was adopted, for the clonal origin 
of mutants may easily lead to an unusually high. but not 
to an unusually low, mutant frequency’. The accuracy 
of this test is limited by two factors: the observed 
number of mutant plaques was usually small. and some 
ts mutants produced abnormal r* plaques even at the 
permissive temperature of 32° C, making seoring difficult. 
The r frequency in a tst background is usually about 
4x10. We have arbitrarily chosen twice this frequency 
as a rough index of mutator activity. The results 
appear in Table 1. Ther frequencies were averaged when 
a site contained several mutants; this procedure was 
justified in the case of sites one, three, four, five and seven, 
for the mutants in each site are probably members of 
clones (personal communication of R. 8. Edgar), and in 
the case of sites two and fifteen. because the values were 
nearly identical. 'The mutants at sites five, six, seven, 
thirteen and twenty seemed to be associated with un- 
usually low r frequencies, and were initially suspected 
of possessing antimutator activity. The scoring of 7 
mutants was inefficient. however, because of the abnormal 
plaque morphology produced by some of these mutants. 
Mutator activity was indicated at approximately six of 
the twenty-one sites; sites eight and twelve were previ- 
ously shown to exhibit strong mutator activities’. 


Table 1, EFFECT OF lg DNA POLYMERASE MUTATIONS ON FORWARD MUTATION 


RATES 
DNA polymerase mutants (gene 43) Forward mutant frequencies ( x 10) 
Site Mutants Minimum value Mutator activity 
1  L74,L01, L106 3-8 -= 
2  L33, N24 8:2 * 
3 G39, G40, G42, G43 5-4 -— 
4 P36, P39 _ $6 -— 
5  CB78, CB79, CB82, CB86, 

CB87, CB88 58 ~ 
6  LI41 i -— 

7  €R90, CB120, CB121, CB122, 
J €pi23, CB124, CB126 4-5 ~ 
R LER 8- + 
9 P235 9:4 + 
16 80 4° -~ 
3i  P26 10-7 + 
13  L97 2-7 - 
i4 — A08 11:6 + 
15 ATL, G83 3:1 — 
i6 — L98 3-4 ~ 
17 A69 4:6 -— 
i8 OAT 4° ~ 
1 9 L10 { $' = 
20 ADS 0-3 -— 
91 — A60 v _ 


In the second test for mutator activity, the ts allele was 
combined with each of a series of rIl mutants, and its 
effect on their reversion rates examined. Three or more 
stocks of each strain were grown in parallel from small 
inocula, and revertants were selectively scored by plating 
on KB cells. The mean revertant frequency (reversion 
index) was taken as the measure of mutation rate, except 
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EFFECTS OF ts DNA POLYMERASE MUTATIONS ON Tir]? REVERSION 
RATES 
Relative reversion rates of eI mutants in the presence of 
the ¿s mutant" 


Table 3. 


Gene 43 SMIS  SMi$ UV6 Cvi Uv1e0 UVii?7 UVvios 
Site Mutant (76) (710) (82) (78) (02) (1430) (42) 
1 L106 1:55 11-3 a 0-3 ü-4 8-8 Ti 
8 G40 $9 po 2.0 0-7 L2 28 Oz 
§ CB79 05 2.0 (^5 0-8 (0-02 i6 0-02 
6 Lidl LEO ed 03 DEED 008 19 eG 
7  €bB90 O6 241 0-4 ged 0-03 1-8 0-02 
13  L97 4° So 2*0 pO 6-8 4-4 4 
15 ATi F 12 iu 0-5 1 1-3 Ur! 
16 L98 llt LI. 903 = — — — 
20 AJS 2-8 12:1 1:6 L3 — — 0:8 
* Compared with reversion rates in a fg? background; mean HN 
The rii 


frequencies x 10* for the ril mutants are given in parentheses. 
mutants have been described previously/*9*; SMIS and SM48 are probably 
transversions, UV6 and probably UV117 are frameshift mutations, UV100 
and UV199 arose by GC—AT transitions, and UV18 can revert by a GÜC--AT 
transition. Polymerase mutant A58 also produced à thirty-two-fold increase 
in the reversion rate of UV183, which arose by a GC--AT transition. 


that frequencies more than four times the smallest ob- 
served frequency in a given set were emitted, for they 
probably represent mutational events occurring early 
in the growth of the culture. When nine f8 mutants 
which had not shown mutator activity in the first test 
were examined in this way (Table 2), approximately five 
showed mutator activity in one or more tests (sites one, 
three, thirteen, sixteen and twenty). Because most of 
the ts mutants chosen for study were at first suspected 
of harbouring antimutator activity, the frequent appear- 
ance of mutator activity suggests that most of the ts 
mutations of gene 43 would show mutator activity if 
tested with an extended series of rll mutants. Extra- 
polation of the data of Tables | and 2 predicts that 
mutator activity would be detected at a mininum of 
84 per cent of the sites. 

The failure of some ts mutants to exhibit mutator &etiv- 
ity in forward mutation tests, while elearly exhibiting it 
in reversion tests, suggests that their action 18 specifie to 
certain alleles or to certain mutational pathways which 
are not often represented among spontaneous forward 
mutations. 

Some of the polymerase mutants which appeared to 
produce low forward mutation rates also produced sharply 
decreased reversion rates in tests with certain rll mutants. 
'The properties of two of these antimutator alleles, CB87 
and CB120, will be described in some detail. 

The allele and mutational specificities of CB87 and 
CB120 were examined in reversion tests using tester 
mutants with well studied properties. Their effects Or. 
spontaneous mutation are described in Table 3. The 


Table 3. ALLELE AND GENE SPECIFICITIES OF ANTIMUTATOR. SUTANTS 
Relative reversion 


Reversion rates with 
Reversion response antimutator alleles 

Gene Mutant index BA HA PE CRAT CR120 
rIlA UVA4 4:8 we ~ 0-is OLS 
rifA UVvVi00 TT- + - m (046 o-033 
WIA UVis3 130- + ~- = (037 04051 
riiB UV199 93 + ~ 0:016 0-003598 
riIA UV24R 6-8 E - -— 0-19 GFE) 
rliB UV37 1,800 4 ~ = DFT 0-325 
riÍA SM7 5 4. + ~ 0-46 12 
rita UV13 18 + + = 1-2 p7 
riIB UV303 i0 + i m 2:2 240 
riiB UV6 50- -— — oa 45 0-12 
rliA UV58 8-8 ~ d 1:2 1-36 
rid UV117 1,400 z - ~~ i $r 
riB UVa3353 94: = 4 34-3 FEES 
riIbD SMIS 180: -~ - vere 0-41 0-63 
riiA SM4: 2,800- - - — G87 (185 
rita SM40 51,000 a - ~~ 3 2+ 
rija S MIR 2,700 ae ~ = 1+ 1-8 
rHIB SMH 4+5 = = : 34 2.7 
riiB UVige 4.500- — E - aye OG 
23 amA4s OOH): 6:053 (036 
23 amB27s 15° E 21 i 
23 tm E01 99- + 0-35 — 
28 amiss id i 8 41 
42 amNb35 43° + 1-3 LR 
44 amNs2 180- E Ld PENE 


QbH.ESLRD. 
* 


The properties of the tester mutants have been reported previously 
the mutants in genes 42 and 44 were provided by Professor R. 5. Hager. 
Reversion responses to chemical mutants: BA= 5-bromouraci| andlor 
2-aminopurine; HA -hydroxylamine: PF-prefavin. The am mataria 
are presumed not to respond to HA or to PF. The numerical values Hemd 
for the am mutants are less accurate than those for the rII mulanis, ae 
revertants usually possess a selective advantage even during the growth: of 
stocks in “permissive” conditions. 
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Table 4, INTERACTIONS BETWEEN ANTIMUTATOR ALLELES AND BASE 
ANALOGUE MUTAGENESIS 
Induced r* Revertants x 10% in the 
Tester mutational presence of the indicated 
mutant — Mutagen pathway gene 43 is allele. 
tst isC B87 tsCB120 
rUVISS3 None 82- 3-9 o8 
2AP AT-+GC 5,900- 23. igi 
rUV199 None (c 49: 2-7 0-3 
2AP AT-+GC 2,000: 260- 43- 
rSM7 None ; li 0-3 8. 
5BU GC-—A'T 2,300- 92. 70: 
rUV1i3 None 160- 80- 70: 
5BU GC--AT 41,000- 1,500- 590- 
rUV363 None 110: 78 43- 
5BU GC-AT 27,000- 30,000- 444- 


Mutagenesis was performed during a single cycle of growth in M9-casamino 
acids medium containing 1 mg/ml. of 2-aminopurine or 0-5 mg/ml. 5-bromo- 
uracil, 
antimutator effects are allele-specific but not gene-specific, 
The AT—GC pathway (mutants responding to base 
analogues but not to hydroxylamine) is strongly affected. 
The GC-+AT pathway (mutants responding to base 
analogues and to hydroxylamine) seems to be unaffected. 
but tests with base analogues. to be described here, show 
that it can be strongly affected, suggesting that the spon- 
taneous reversion of GC mutants rarely occurs by transi- 
tions (or that, if it does, the mechanism is quite different 
from that involved in base analogue mutagenesis). The 
frameshift pathway (mutants responding to proflavin; 
additions and deletions of small numbers of base pairs) 
and what is probably a transversional pathway (mutants 
responding to none of the chemical mutagens) are rarely 
or never affected. Further evidence against an antimuta- 
tor effect on transversional pathways comes from a 
comparison of the amber mutants in gene 23 (head protein). 
Studies of amino-acid substitutions among spontaneous 
revertants of these mutants!" indicate that B278 and H36 
revert virtually exclusively by G—»pyrimidine transver- 
sions (and are antimutator insensitive), whereas A489 
and E161 may revert by AT--GC transitions (and are 
antimutator sensitive). 

The interaction of mutator and antimutator alleles of 
gene 43 with chemical mutagens may provide insights into 
mechanisms of spontaneous and induced mutation and 
DNA synthesis. The strong gene 43 mutator allele L56 
has been reported" not to affect mutagenesis by hydroxyl- 
amine (HA), nitrous acid, ethyl methanesulphonate 
(EMS), pH 4-2 at 45° C, 2-aminopurine (2AP) and 5- 
bromodeoxyuridine (6BU). We have studied the effects 
of the antimutator alleles CB87 and CB120 on mutagenesis 
by 2AP. 5BU, EMS and HA (Tables 4 and 5), and find 
that mutagenesis by the base analogues is strongly 
suppressed by the antimutator alleles, mutagenesis by the 
alkylating agent is moderately suppressed, and mutagene- 
sis by hydroxylamine is rarely or never suppressed. 
Mutations attributable to incorporated 2AP and 5BU 
residues, and also to alkylation lesions (probably N7- 
alkylated guanine residues), are very infrequent events 
per residue replication*?*, A mutation probably occurs, 
however, at nearly every replication of an HA-substi- 
tuted cytosine residue'*, The increased ability of the 
antimutagenie DNA polymerases to discriminate against 
mispairing by abnormal bases is therefore most effective 
in reducing mutation when the probability of mispairing 


Table 5. INTERACTIONS BETWEEN ANTIMUTATOR ALLELES AND CHEMICAL 
MUTAGENESIS OF FREE PHAGE PARTICLES 
Induced z l 
Mutagen mutational Tester Revertants/lethal hit x 108 
pathway mutant ist isCBR7 feCB120 
EMS GC--AT rUV13 17 9-6 4:3 
rT ¥363 20 16 6:1 
HA GC--AT rUVI13 15 5.4 27 
rUV303 27 34 42 


Phage stocks were centrifuged and resuspended in M9 medium without 
glucose or magnesium, and mutagenesis was conducted at 37? C. For the 
EMS treatment, one volume of 0-4 M EMS in 12-5 per cent of ethanol was 
added to one volume of virus suspension and the mixture was ineubated for 
2h; ten volumes of L broth 4-1 per cent NaS,0, were added, and incubation 
was continued for a further 24 h before plating. The HA treatment has been 
described?!, 
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is relatively low. Because a residue of chemical muta- 
genesis is still seen in an antimutator background with the 
base analogues and with EMS, the selectivities of the anti- 
mutagenic DNA polymerases are .not boundlessly im- 
proved. As a result, when a chemically altered base 
nearly always pairs anomalously, the DNA polymerase 
cannot significantly decrease the probability of mutation. 

The apparently specific effect of the antimutator alleles 
on transition mutation rates, and their differential effects 
on chemical mutagens, imply that both the gross muta- 
genicity and the allele specificity of chemical mutagens 
depend on the properties of the DNA polymerase of an 
organism. This result may help to explain some of the 
differences which have been observed among the responses 
of various organisms to chemical mutagens**. In T4, 
for example, 5BU induces GC-—+AT transitions much more 
frequently than it does A'T—GC transitions; in bacterio- 
phage 513 and in Æ. coli, the reverse is observed. Alkylat- 
ing agents behave similarly. Nitrous acid preferentially 
induces AT--GC transitions in E. coli, and A—-G transi- 
tions in bacteriophage 9X 174, whereas it readil v induces 
both transitions in T4, In addition to depending on the 
DNA polymerase, however, these rates may also depend 
on the comparative efficiencies of various repair processes, 

We determined a number of other characteristics of 
CB87 and CB120. Experiments involving mixed infection 
between the mutant and the wild type, either at high 
temperatures or in the presence of base analogues, have 
indicated that both temperature sensitivity and anti- 
mutator activity are recessive.  Ántimutator activity is 
approximately constant at 25° C, 32? C and 37° C, and is 
the same in M9, a simple salts-glucose synthetic medium, 
and in L broth, a complex medium containing t rvptone 
and yeast extract. Recombination frequencies between 
a pair of rll mutants were identical in ts and ts- back- 
grounds. 

The interpretation of the mechanism and significance of 
antimutator aetivity requires that it correlate with the 
presence of the mutational lesion in gene 43 which is 
responsible for temperature sensitivity, and also that it 
produce a reduction in the mutation rate, and not sunply 
a reduction in the probability of detecting a mutation. 
The possibility that CB87 and CB120 merely render the 
scoring of mutants inefficient is unlikely, for alleles of 
diverse genes are affected (Table 3). We confirmed this 
conclusion by à reconstruction experiment. Ten inde- 
pendent r* revertants were obtained from rUV153 in a 
tst background; the reverse mutations occur very near 
to or at the r site itself. Because the antimutator alleles 
reduce the revertant frequency of rUV183 by about 
twenty-fold, few of these revertants would have appeared 
in the presence of an antimutator. Each r+ revertant 
was then crossed to ésCB87 and to tsCB120. If any rt 
revertant in combination with the £s allele behaves like 
an r mutant, more than 20 per cent of the progeny from 
nearly every r*xts cross would exhibit the r phenotype 
(as estimated from the linkage between the rII region 
and gene 43). Tests for plaque morphology on E. coli B, 
and for ability to grow on KE. coli KB, revealed no mutant 
phenotypes, however, and therefore indicated that the 
detection of mutation is not signifieantly reduced by the 
antimutator alleles. An alternative explanation. that 
transitions become lethal events in the presence of the 
antimutators, is more difficult to test. lt is made very 
improbable, however. by the base analogue experimenta 
of Table 4. The level of mutagenesis in these experi- 
ments was sufficient to introduce a large number of 
transitions (probably more than ten) into each chromo- 
some, but the burst size was approximately normal 
regardless of which ts allele was present. 


We performed several tests to demonstrate that 


T4D into T4B (two closely related T4 strains) failed to 
separate temperature sensitivity and antimutator activity. 
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In addition, tst revertants have been selected from a 
number of ts-rII double mutants, and examined for anti- 
mutator activity (Table 6). The ts* revertants produce an 
approximately normal burst size at high temperature. 
and have often lost their antimutator activities. Several, 
however. show residual levels of antimutator activity ; 
supposing that our measure of antimutator activity would 
usually deteet a two-fold difference, approximately four 
different degrees of antimutator activity can be dis- 
tinguished among the ts* revertants. Several of the ts* 
revertants (those for which burst size data are given in 
Table 6) were backcrossed to tst (wild type) in order to 
detect suppressors of the ts phenotype. No suppressors 
were observed, and if they exist, they are certainly 
intracistronie, and within about 0-1 map unit (about ten 
base pairs) of the ts site itself. 


Table 6. BFFECT OF ts-tst REVERSION ON ANTIMUTATOR ACTIVITY 


Tester ts Antimutator Burst size 
mutant allele activity at 42-3° € 
:UV19098 CBR? 136- 

CB87-R1 ib 

:UV1098 CB120 32- 0:03 

CB120-R1 40- 
-R2 33: 
-R3 29" 1:2 
-R4 20- 
-R5 13 
-R6 IES 1-2 
-R7 eiai 
-RS 51 Li 
-RO l:4 i4 
-R10 Li 0:9 
-RHI 1-0 id 
-R12 0:9 13 
-R13 0-9 ll 
-R14 0-6 1:1 
-R15 0-6 


Independently arising (5^ revertants are labelled -R1, -R2 and so on. 
Antimutator activity is calculated by dividing the mean r* revertant 


* 


frequency in a £s? (wild type) background by the revertant frequency in the 
presence of the indicated gene 43 allele (a value close to unity indieating the 
absence of antimutator activity). Burst sizes at the non-permissive tem- 
perature are relative tots? (wild type). 


These results confirm the unity of temperature sensitiv- 
ity and antimutator activity. They raise, however, the 
question of why the virus has failed to evolve the im- 
proved" DNA polymerase which has been so easily 
selected in the laboratory. One possible explanation 
would be that "improved" strains such as CB120-R3 
have selective disadvantages which remain undetected. 
Another explanation, however, is suggested by the obser- 
vation that procaryotes tend to maintain a constant 
mutation rate per genome (following article): no signifi- 
cant advantage may result from a mutation rate lower 
than about 0-2 per cent per genome per division. In such 
rapidly proliferating organisms, the cost of maintaining 
a lower mutation rate may exceed the benefits derived 
therefrom: for example, increased accuracy might require 
slower DNA synthesis. Furthermore, spontaneous muta- 
tions in most of these organisms consist of a variety of 
molecular types, which include not only transitions and 
transversions, but also frameshift mutations and macro- 
lesions such as deletions and rearrangements. About 
80 per cent of spontaneous T4rII mutants contain frame- 
shift mutations, for example (although the leaky nature 
of many rII base pair substitution mutants prevents 
their recovery)’. About 20-40 per cent of spontaneous 
S. typhimurium his mutants!®", about 15 per cent of spon- 
taneous N. crassa ad3 mutants (personal communication 
of F. J. de Serres), and an indeterminate but significant 
fraction of spontaneous E. coli lac mutants!* also contain 
frameshift mutations. If any of these organisms were to 
reduce markedly their spontaneous rates of mutation, 
therefore, not only transition but also transversion and 
frameshift mutation rates would have to be reduced. 
The cost to bacteriophage T4 of reducing its spontaneous 
mutation rate may therefore be much greater than at 
first appears. 

The control of mutation rates which is obviously 
exercised by the T4 DNA polymerase raises again the 
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question of how bases are selected during DNA replication. 
lt is useful to consider two contrasting models. In the 
first. base selection is initially performed only by the 
stereochemical environment provided by the several bases 
located at the growing point. The polymerase accepts or 
rejects the inserted base, perhaps by examining the base 
pair, or by responding with great sensitivity to the 
orientation of the sugar-phosphate moiety''. In the second 
model, base selection is performed entirely by the poly- 
merase, the progeny strand not necessarily pairing with 
the parental strand until later. Although both models 
are compatible with the available chemical and genetic 
evidence, the properties of mutant DNA polymerases are 
partieularly easily understood using the model which 
assigns the initial function of base selection to the poly- 
merase itself. The polymerase would then require at least 
two base recognition sites. and would also require & 
mechanism to communicate to the progeny site the nature 
of the base at the parental site. Mutations which alter the 
error frequency could separately affect the binding sites 
and the coordinating mechanism. An alteration exclu- 
sively affecting a binding site might change only the 
transition rate, for the insertion of an incorrect pyrimidine 
into a pyrimidine site would be much more likely than 
would be the insertion of an incorrect purine. A binding 
site alteration would also affect the ability of the enzyme 
to deal with chemically altered or substituted bases, 
with the result that chemical mutagenesis would be 
affected. An alteration in the coordinating mechanism, 
however, might have very different results. Changes in 
both the transition and the transversion rate might then 
oecur, but the interaction between the polymerase and 
chemical mutagenesis might remain unaffected. By these 
eriteria, the strong T4 mutator alleles L56 and L88 would 
affect the coordinating mechanism, while the strong T4 
antimutator alleles CB87 and CB120 would affect the base 
binding sites. 
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Comparative Rates of Spontaneous 
Mutation 


Rates of spontaneous mutation suitable for making com- 
parisons between different species should consist of 
averages of rates at many sites, and should reflect all 
changes in DNA sequence in the tested regions. Average 
rates can be obtained by measurements of forward muta- 
tion, preferably within several different cistrons which 
should be totally dispensable for growth in permissive 
conditions, but sensitive even to missense mutations under 
restrictive or selective conditions. There are very few 
systems whieh fulfil most or all of these conditions 
(Table 1). 


lable 1, COMPARATIVE FORWARD MUTATION RATES 


5x10* 
5x 107 


Escherichia coli 
Neurospora erassa 


Mutation rate Total 
Organism Base pairs — per base pair mutation 
per genome replication rate 
Bacteriophage A 4-8 x 104 2:4 x 10-5 1:2x 10-3 
Bacteriophage T4 18x 108 b 7x10 8:0 x 10-8 
Salmonella typhimurium 4:5 x 108 2:0 x 10-19 0:90 x 10-3 
i š 
i- 


2:0 x 10-19 _ 0-9 x10? 
7 x 10-3 2 


Drosophila melanogaster 2:0 x 105 70x 10-8 0-8 
Man 2-0 x 10* ? ? 


For allentries up to and including N. crassa, mutations arise predominanti y 
during chromosomal replication’, and the mutation rate was calculated from 
ihe formula* 

m = 04843 (f — Flog (NiNa) 


where m is the mutation rate per chromosomal or nuclear replication, f is the 
mutant frequency and N is the population size. Where necessary, an 
average amino-acid was assumed to weigh 110 daitons, as caleulated from 
average amino-acid frequencies among E. coli proteins*; and a gene was 
assumed to contain 1,000 base pairs, corresponding to a polypeptide weighing 
36,700 daltons. The data for bacteriophage A are collected in ref. 4; the 
mutation rate was calculated for the cI cistron, the protein of which weighs 
about 30,000 daltons. The data for bacteriophage T4 are collected in ref. 2; 
the mutation rate was calculated for the 711 cistrons (0-6 of the r mutants), 
which are estimated to contain about 1,770 base pairg?^, The bacterial data 
are collected in refs. 2 and 7; the Æ. coli mutation rate was caleulated for 5 
ara cistrons, and the S. typhimurium mutation rate was calculated for 10 his 
cistrons, The mutation rate for the ad3 locus of N. crassa was calculated 
from the mutant frequency’ in a growth experiment encompassing about 60 
generations (de Serres, personal communication; and ref. 9). 

Mutations in Drosophila arise both during and independently of cell 
division*, An estimate of the total mutation rate per sexual generation 
per haploid set of chromosomes" is 0-4, and an approximate mutation rate 
per base pair? was calculated by assuming that all mutations arise during cell 
replication, and that an average of forty cell generations separate the fertilized 
egg from the progeny gametes. The human genomet contains about 40 per 
cent of redundant species of nucleotide sequences", the contribution of which 
to the mutational target size is unclear. Redundancy is not observed in the 
procaryotes, and is not yet reported in Drosophila. 


Spontaneous mutation, expressed per base pair per 
replication, clearly proceeds at strikingly different rates in 
different organisms. This is also illustrated by the observa- 
tion! that the temperate bacteriophage * assumes a muta- 
tion rate 20-100 times lower when multiplying as prophage 
(a set of bacterial genes) than when multiplying lytically 
(under autonomous control. Among the procaryotes, 
however, species differences in mutation rates largely 
disappear when rates are expressed per genome per 
replication : the mutation rate per base pair is inversely 
related to the size of the genome. Among the eucaryotes, 
very few data exist which can be transformed into average 
mutation rates, and it is not yet clear how these rates will 
vary with genome size. 

if the constant mutation rate per genome suggested 
for procaryotes by Table 1 is general, then very small 
genomes should show very high mutation rates per cistron 
or per base pair. Comparisons should be sought in organ- 
isms which encode their own DNA polymerases and which 
are insulated from any but their own repair systems. Two 
likely candidates are Bacillus subtilis bacteriophage 
929 (ref. 15) and animal cell mitochondria!*, the chromo- 
somes of both of which are composed of double stranded 
DNA and are less than one tenth of the size of the chromo- 
some of bacteriophage T4. 

Observed mutation rates depend on several factors: 
the primary rate of damage or error insertion, the efficacy 
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of repair, and the probability of detection of an altered 
phenotype.  Decreased local mutation rates associated 
with increased genome size could be achieved by reducing 
the error rate, and also by increasing the sophistication of 
repair systems. (It is less clear whether mutations will 
tend to produce less drastically altered phenotypes in 
more complex organisms.) The spontaneous mutation 
rates listed in Table 1 are chiefly the result of point 
mutations, which may be divided into base pair substitu- 
tions and frameshift mutations. About 80 per cent of 
T4rll mutants contain frameshifts (although the leaky 
nature of many rll base pair substitution mutants pre- 
vents their recovery). The frequencies of frameshift 
mutants are about 20-40 per cent among S. typhimurium 
his mutants, about 15 per cent among N. crassa ad3 
mutants (where missense mutants are efficiently detected). 
and an indeterminant but significant percentage among 
E. coli lac mutants (see refs. in preceding article}. Species 
specific differences in average mutation rates therefore 
reflect changes in both of the elementary types of point 
mutations. Because these clearly arise by a number of 
very different mechanisms’, alterations in average muta- 
tion rates must reflect changes in many enzymatic systems. 

The frequent appearance of heritable changes in spon- 
taneous mutation rates within a species emphasizes the 
extent to which mutation rates are genetically determ- 
ined. Most of these heritable changes consist of mutator 
genes. In procaryotes, however, and particularly in those 
with small genomes. there exists the possibility of 
antimutator genes. These have now been deseribed in 
bacteriophage T4 (preceding article), 

The reasons for the approximately constant mutation 
rate per genome in the procaryotes are not yet clear. 
Mutation rates may be adjusted by natural selection to 
achieve a balance among the mostly deleterious effects 
of mutation. the need for variation, and the cost of sup- 
pressing mutation (for example, by slowing DNA synthe- 
sis, by introducing energy-consuming repair processes 
or by adopting informational redundancy). It can be 
imagined that procaryotic genomes are all so small that 
the intrinsic difficulties of achieving a sufficiently low total 
mutation rate are minor, and that more general factors 
(such as the ability to adapt rapidly versus the mutational 
load) are sufficient to fix the rate. At the other end of the 
scale, however, genome sizes may have expanded to the 
point where the cost of achieving the necessarily very small 
mutation rates per base pair becomes very large. It is 
therefore possible that the human total mutation rate is 
even larger than the very large Drosophila rate. Were 
this the case, the modern species, with its generally low 
numbers of offspring, might be particularly sensitive to 
increases in its mutation rate, such as may result from 
chemical modifications of the environment. 

Joun W. Drake 
Department of Microbiology, 
University of Minois, 
Urbana, Illinois 61801. 
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MEDICINE—NEW AND RECENT TITLES 


Atherosclerosis: Pathology, Physiology, Aetiology, Diagnosis and Clinical Management. 
Edited by F. G. Schettler and G. S. Boyd 
E, G. Schettler, Medical University Clinic, Ludolf-Krehl-Clinic, Heidelberg, Germany: and G. s. Boyd, 
Department of Biochemistry, The University of Edinburgh, Medical School, Edinburgh 
CONTENTS: Morphology: ultrastructure of vascular changes, histochemistry; 
epidemiology; aetiology; clinical aspects; cerebral vascular sclerosis; the fundus ai thi 
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Molecular Biology of Human Proteins. H. E. Schultze and J. F. Heremans 
H. E. Schultze, Formerly. Scientific Director of the Behringwerke AG, Marburg Lahn, Germany: 
J. F, Heremans, Professor of Internal Medicine, University of Louvain, Belgium 
Volume 1. Nature and Metabolism of Extracellular Proteins 





CONTENTS: Preface: proteins in general—the structure of proteins; analytical methods in pt 
chemistry; the plasma proteins—survey of the plasma proteins; the principal methods for the fr 
tionation of plasma proteins; the life of plasma proteins— synthesis of the plasma proteins; 
of the plasma proteins; the exchange of proteins between mother and child: proteins of extravascu 
fluids—the proteins of interstitial fluid and effusions; the urinary proteins; the proteins of cerebi 
spinal fluid; the proteins of saliva; the proteins of digestive secretions; the proteins : pirato 
secretions; the proteins of milk and colostrum; the proteins of genital secretions; the proteins 
synovial fluid; the proteins of miscellaneous fluids; subiect index, 


Jakob-Creutzfeldt Disease. Walter R. Kirschbaum 


Associate Professor Department of Neurology and Psychiatry, Northwestern University Medical 
School, Chicago, lilinois, U.S.A. 





CONTENTS: Preface: the original description; tabulation of the case reports; comments on the 
tabulated cases and compilation of the data: clinical manifestations: selected case reports; neuro- 
pathological aspects; closing remarks; references; index. | Os, 


Functions of the Nervous System. Marcel Monnier 


Professor of Physiology, Physiological Institute of the University of Basel, Switzerland 
Volume I: General Physiology —Autonomic Functions 


CONTENTS: Preface—The work of W. R. Hess; Part |. General physiology of the nervous system 


electrophysiological methods for investigation of the nervous system; function of the neurone and 
nerve fibre; Part il. Organization of visceral functions by the autonomic nervous system, peripner 
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organization of visceral functions; the mesorhombo-spinal organization of visceral reflexes; meso- 
rhombencephalic organization of visceral performances; diencephalic organization of visceral 
performances; rhinencephalic organization of the viscerosomatic behaviour; neocortical organization 
of visceral functions; Part Hil. Control of special visceral functions; neurohumoral regula ion o 

unity; neurohumoral regulati 
of blood circulation; neurohumoral regulation of respiration; regulation of food uptake, salivation, 
digestion and defecation; regulation of metabolism; regulation of temperature; neurohumoral 
regulation of visceral skin organs concerned with thermoregulation; regulation of urine; regulation 
of reproductive functions; neurohumoral regulation of growth; regulation of cerebral blood cir- 
culation; regulation of the cerebrospinal fluid circulation; influence of the autonomic nervous system 
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on the eye; influence of the autonomic nervous system on the labyrinth (cochlear and vestibular 
functions); influence of the autonomic nervous system on somatomotor functions; neurohormonal 
activitites and psychic functions; biorhythms in autonomic visceral systems; tests for autonomic 
nervous regulation; subject index. 3606 


Techniques of Autoradiography. A. VV. Rogers 


Medical Research Council, Neuroendocrinology Research Unit, Department of Haman Anatomy, 
University of Oxford, Great Britain 


CONTENTS: The uses of autoradiography: nuciear emulsions and the photographi 
response of nuciear emulsions to ionizing radiations; the resolution of autoradiographs; 
of autoradiographs: autoradiographic background; the microscopy and microphotography 


radiographs; relative measurements of radioactivity; theoretical considerations; relati 
ments of radioactivity: grain and track counting; absolute measurements of radioa 
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planning of autoradiographic experiments; histological techniques and autoradiography; 


radiography of radioisotopes in soluble form; the stripping-film technique; liquid-emuision tect 
for grain-density autoradiographs; liquid emulsion techniques for track autoradiographs: aut 
radiography with the electron microscope; the autoradiography of macroscapic specimens; appendix. 
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GENESIS OF THE HYMENOPTERA AND THE 


PHASES OF THEIR EVOLUTION 


S. I. Malyshev 
Edited by Professor O. W. Richards and Sir Boris Uvarov 


This book provides a very full introduction to the habits of the Hymenoptera and 
summarises a great deal of unfamiliar Russian work, so that the reader will acquire a 
new perspective on the evolution of this group of insects. 63s 


PRINCIPLES OF ORGANIC SYNTHESIS 


A new approach to the teaching of organic chemistry, in which a full and clear account 
of reaction mechanism is made the basis not only for an understanding of the vast 
quantity of facts of organic chemistry, but also for the successful planning of the synthesis 
of new and complex compounds. £5 5s 


PRACTICAL STATISTICS FOR CHEMICAL 
RESEARCH 


J. D. Hinchen 


A book intended as a practical aid for the chemist and engineer in an industrial research 
laboratory. Hardback 36s Science Paperback 18s 


HOW TO USE GROUPS 
J. W. Leech and D. J. Newman 


Group theory is becoming important in the mathematical equipment of chemists and 
physicists. This genuine beginner’s book is intended for all wishing to acquire a working 
knowledge of the subject. Hardback 32s Science Paperback 21s 


METHUEN 


THE DESIGN OF OPTICAL SPECTROMETERS 


J. F. James and R. S. Sternberg 


A comprehensive account of the theory and practice of modern optical spectrometry. 
Detailed results and formulae will enable research workers to design and construct or 
to choose suitable instruments. 65s 


THE PHYSICAL BASIS OF ULTRAHIGH VACUUM 


P. A. Redhead, J. P. Hobson and E. V. Kornelsen 





Intended for the student, scientist or engineer who has to make use of ultrahigh vacuum 
technology and who needs a fuller understanding of the principles governing the behaviour 
of his apparatus. 15:58 
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CLINICAL VITAMINOLOGY: 
METHODS AND INTERPRETATION 


by Herman Baker ond Oscar Frank, both at the New 
Jersey College of Medicine and Dentistry 


A compilation of the biochemistry, clinical signi- 
ficance and sensitive analysis of vitamins in biologic 
fluids and tissues. 


due March 1969 238 pages i3is. 


METAL FATIGUE: 


THEORY AND DESIGN 


edited by Angel F. Madayag, [University of Southern 
California. 


Combines a balanced treatment of the theories and 
design principles in the field of fatigue. 


due March 1969 425 pages 1565. 


MASS MOTIONS IN SOLAR FLARES 
AND RELATED PHENOMENA 


edited by Yngve Ohman, Professor Emeritus, Royal 
Swedish Academy of Sciences. 


This volume contains all papers and discussions 
presented at the Nobel Symposium 9, held at Ancapri, 
Italy, on June [Cth to 12th, 1968. They deal with the 
mass motions and their role in the initial stage and in 
the later development of a solar flare, and with their 
importance in accompanying phenomena, such as 
surges and sprays. The various aspects of these prob- 
lems are comprehensively treated by world specia- 
lists in this feld and the volume will serve as a 
valuable manual to solar physicists. The chapter on 
star phenomena will be of great interest to all astro- 
physicists. 
due March 1969 246 pages 210s. 
(Almqvist and Wiksell, Stockholm.) 
Distributed in the United Kingdom by john Wiley & Sons Ltd. 


OPTICAL CRYSTALLOGRAPHY, 
Fourth Edition 


by Ernest E. Wahlstrom, Professor of Geological Sciences, 
University of Colorado, Boulder. 


This book introduces the reader to the modern 
theory and practice of the study of crystals and frag- 
ments of nonopaque substances in visible polarized 
light. Many useful instrumental techniques are 
explained and described, but particular emphasis 
is placed on orthoscopic and conoscopic methods of 
investigation employing the polarizing microscope 
and auxiliary optical equipment. The book includes 
a section on the theory and use of single-axis and 
multi-axis universal stages. 


due March 1969 489 pages 132s. 
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L. van der Pijl 


Principles — 
of Dispersal in 
Higher Plants 


By Dr, Leendert van der Pijl, 
Emeritus Professorof Botany, University efIndonesia, 
Visiting Professor at Uriversity of Nijmegen 


With 26 figures. Vil, 154 pages. 1969. Cloth DM 36,— 


Humans should see in fruits and seeds more than 
just a source of food; this unusual book will kindle 
interest in their biological background and relations 
with the living world. The author's specie knowledge 
of pollination and experience of the tropscs give him 
a unique point of view. His descriptions of traits 
typical of desert plants, island floras end tropical 
forests, and their role in the history of life, will 
fascinate scientists and amateurs alike. The aim is 
ecology. 

The chaotic mass of facts relating te dispersal 
mechanisms is here reviewed and classified in a 
manner which provides an insight into fundamentals. 
Dispersal is more than just transport, the«destination 
being often built-in because it is also the means of 
securing establishment. A novel aspec: for many 
readers will be the clashes which have eccurred in 
the course of time between the requirements of 
dispersal and pollination, and the fact that the 
derivation of real angiosperms and "normal" fruits is 
a relatively late transformation. The role of fish and 
reptiles in early dispersa! is intriguing, as is also the 
discussion of the rival claims of near and distant 
dispersal, or dispersal and non-dispersal, according 
to local conditions. 

This account by an experienced teacher emphasizes 
the importance of correct terminology in describing 
life processes and indicates subjects for future 
research. It will prove as profitable to tne general 
reader as to students and teachers of bctany at all 
levels. 


E Prospectus on request 
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Advanced design, development and manufacturing 
techniques, enable JEOL to produce up-to-the- 
minute instruments ready for operation in the shortest 
time possible. This, backed by JEOL reliability, 
performance and versatility ensures your programme 
a flying start. 


Another vital factor, service, is organized through a 
network of JEOL subsidiary companies. Thev include 
works-trained service engineers on their staffs and 
operate localized sales, installation and servicing 
facilities. 


There are 23 instruments in the JEOL range, covering 
applications in all fields of research and industry. 
For full information contact JEOLCO UK) Ltd. 
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keep at least one jump ahead—team up with JEOL 


Shakes»eare Road, 


JEOLCO (U.K.) Ltd. London, N.3. 
Tel: 01-346 7211 





a subsidiary of JAPAN ELECTRON OPTICS LABORATORY CO.,LTD. 


X LABEX 1969. See JEOLCO (U.K.) Ltd., Stand No. A.1 
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Filtration 
problems? 


No matter what your problem in the 


selection of media for filtration, extraction, or. 


absorption, you'll find an answer inthe new 





Whatman Filtration Catalogue 


it contains valuable information on the following Whatman 
products: 


FILTER PAPERS 

Qualitative Grades—Wet-Strengthened Grades— 

Folded Grades—General Purpose Grades—Low Ash Quantitative 
Grades—Ashless Grades—Hardened Grades— Low Ash 
Grades—Glass Fibre Papers—Special Filter Paper Reels and 
Circles for Air Sampling Apparatus. 


FILTERING AIDS 

Ashless Tablets—Accelerators—Ashless Floc—Ashless 
Clippings—Ordinary Clippings, 

ABSORPTION ACCESSORIES 

Spot Test Paper—Bibulous Booklets—A.A. Discs, 


EXTRACTION ACCESSORIES 
Extraction Thimbles., 


SPECIALTIES 
Benchkote. 


And detailed information on these new Whatman products: 
Phase Separating Paper—Laboratory Filter Tubes-— 
Whatman-BDH Indicator and Test Papers, 


Each product is described in detail with physical properties, 
characteristics, and typical applications. In addition, the 
Filtration Catalogue contains useful information on the 
selection and use of filter paper, as well as a general properties 
table listing the retention indexes, filtration speeds, ash 
content, mean basis weights, etc., for all Whatman Filter Papers, 


Send for you free copy of the Whatman Filtration Catalogue 
today by using the coupon below. 


Piease send me the new Whatman Filtration Catalogue, 
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Electrode Reactions of 
Organic Compounds 


Faraday Discussion No. 45 


This book contains papers from the General Dis- 
cussion Electrode Reactions of Organic Compounds 
which was held at the School of Chemistry, 
University of Newcastle-upon-Tyne on 2-4 April, 
1968. The meeting was attended by over 98 
members and visitors from the UK and abroad. 


, 1969 281 pages £5 





Macromolecular Chemistry—4 


International Union of Pure and 
Applied Chemistry 


This book records the Plenary and Main Lectures 
presented at the International Symposium of 
Macromolecular Chemistry, held in Brussels- 
Louvain, Belgium, 12-16 June, 1967. 


1969 315 pages £4 10s. 





Dictionary of Rubber 
Technology 


by Alexander S. Craig, FIRI 


This book meets the need for a handy up-to-date 
explanation of the terms employed in rubber 
technology, rubber science and related polymer and 
textile technologies. 


1969 240 pages illustrated 35s. 


` A Newnes-Butterworths publication 
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Polymer 


Since January, this journal, the International Journal 
of the Science and Technology of Polymers, has 
had a new face. The size has been increased, and 
there are now 80 pages, which means over 40 per 
cent extra material; papers are published sooner, 
and there is a wider coverage to include biopolymers. 


Monthly Annual Subscription: £14 
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LETTERS TO THE EDITOR 


PHYSICAL SCIENCES 


Compression Annealing of Pyrolytic 


Boron Nitride 

Pyrotytic boron nitride is usually prepared by the 
thermal decomposition of boron triehloride and ammonià 
vapours on graphite substrates at 1,900? C. It has a 
density of 20-22 g/em? and a crystallite size of 50-100 A 
and the hexagonal crystallites are aligned with their 
c-axes preferentially perpendicular to the substrate’. 
The preferred orientation of the boron nitride crystallites, 
AgFWHM (002), defined as the full width at half-maximum 
intensity of the 002 orientation distribution function, is 
50°-100° (ref. 3). These properties are similar to those for 
pyrolytie graphite deposited at 1,900" C. Pure boron 
nitride sublimes in one atmosphere of nitrogen at 
temperatures of 2,330° C! to 3,000° C?, compared with 
3,700? C for graphite. Pyrolytic graphite, usually de- 
posited at 2,100-2,200° C, can be converted into a material 
resembling single crystal graphite by annealing at tempera- 
tures to 3,600? C^, by tensile deformation parallel to the 
predominant direction of the basal planes of the erystal- 
lites at temperatures above 2,700? C%’, or by compression 
annealing perpendicular to the basal planes at tempera- 
tures above 2,800? C89. Because pyrolytic boron nitride 
and pyrolytic graphite are similar in structure and in 
many properties, it was of interest to determine whether 
annealing or hot working could cause a significant struc- 
tural transformation in the boron nitride. 

Kotlensky and Martens’ studied the tensile behaviour 
of pyrolytic boron nitride to 2.200? C, at which tempera- 
ture an ultimate tensile strength parallel to the basal 
planes of up to 1,100 kg/cm? was measured. But they 
found no evidence of reerystallization after such hot 
stretching. The unit cell height (c,) of the boron nitride 
obtained was 6:86+0-01 A compared with a value of 
6-6612+0-0005 A reported by Pease’! for boron nitride 
powder recrystallized at 2,050° C. The results presented 
here show that, although annealing of pyrolytic boron 
nitride at temperatures to 2,400° C can cause dimensional 
changes and density increases similar to those for a par- 
tially annealed pyrolytie graphite, compression annealing 
at temperatures above 2,300° C causes a complete struc- 
tural transformation of the pyrolytic boron nitride into a 
soft, flaky, transparent material of high reflectivity which 
proves to be highly orientated crystalline boron nitride of 
theoretical density. 

Annealing of pyrolytic boron nitride was performed in 
graphite crucibles heated by induction. The samples 
were protected from decomposition by placing them 
under pure boron nitride powder in a massive crucible 
of synthetic boron nitride and heating in a nitrogen 
atmosphere. In these conditions, the specimens showed 
less than 0-1 per cent weight loss after several hours at 
2,350° C. 

Uniaxial compression annealing of pyrolytic boron 
nitride was carried out in both resistively and inductively 
heated graphite hot-pressing furnaces, using graphite as 
the load train. The boron nitride was machined into 
disks of 13-43 mm diameter with flat surfaces parallel 
to the deposition plane, that is, the predominant basal 
plane direction of the crystallites. Pressures up to 
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Table 1. RESULTS OF ANNEALING AND COMPRESSION-AN NEALING PYROLYTIC 
BORON NITRIDE g UM 
Shenk- Expan- 











Annealing or hot- Sample agri sion in Final 
Sample Density pressing conditions diam- — £^ xis basal /— de — 
giem? Temp. Pressure Time eter dirertion planes FWHM 
* OG KK g/em? h mm adm EA (002) 
304 2.90 2,350 0 4-8 15-77 a OG TPC) 
301 2-20 2,350 500 OS 1579 or 28 34° 
303 2:20 2,430 6S0 (5 IST 12-9 50 40° 
309 9-20 2,400 370 bo 15790 1s32 4-7 41° 
305 2.20 2.350 340 Su dices i ü 127) 
602 2.14 2,300 ü 0 To 8 or 45 
808 2.14. 2,400 610 05 ast aR 57° 
611 244 2.400 540 05 12-64 i0 39 
603 5.07 2400 — 370 LO 1082 6? gwp) 
600 2-00 2.435 S40 0-5 15681 — 354 ? d 
901 2-08 2,325 5iü OG 10-08 25.8 10-5 23? 
903 2-08 2,285 ret G5 1932 Zi TOP S 25 
907(A) 2-09 2,300 680 O75 42: 90 Di i 3, 
OB) 2,400 820 0-73 f r pu, 
904 2:08 2,395 520 OS 19-10 pude. i pe 
M2A(A) 2°09 2,300 680 0-75 44-50 135-18 ug 
M2ACB) 2,975 S820 0-75 47-30 (total ? 2.2^ 
1,502 214 2,100 680 LO 10601 256 120 ep 


* Density after annealing was 2:23 g/cm’. 

t Very thin layer of recrystallized flakes. Bulk dessity 9.24 giem”. Fiota- 
tion density of flakes 2-265 + 0-01 g/cm’. 

t Flotation density of flakes 2:28 4 0-01 g/ce, c, 45.667 2 0:001 A. 

1,000 kg/cm? were applied in à direcuon perpendicular 
to this surface. The samples suffered a small weight loss 
and conversion of a thin surface layer to boron earbide 
at temperatures above 2,350^ C. Hot pressing could not 
be performed at temperatures above 2.450? C because of 
the very rapid conversion to boron carbide. 

The pyrolytie boron nitride was characterized before 
and after annealing or hot pressing by measurement of 
density and degree of preferred orentation, and by 
metallography. Some of the corpression annealed 
material was examined in the electron microscope by 
transmission and diffraction. Densities of geometrically 
regular specimens were obtained direetly, and on pieces 
weighing more than 1 g by immersior in distilled water. 
The densities of small flakes were determined by flotation. 

Some results of annealing and corapression annealing 
pyrolytie boron nitride are presented ir Table 1. Although 
conventional annealing to 2,350? C caused significant 
inereases in density, there was little or no improvement in 
preferred orientation of the erystallites. There was also 
apparently no strain-induced deformation after hot 
pressing at 2,200? C and 300 kg/em-. When the tem- 
perature was increased to 2,27 57—9.450^ C at 300-1,000 
kg/em?, however, considerable deformation (10-30 per 
cent decrease in the predominant c-axis direction, up to 
13 per cent increase in the basal plane direction) occurred 
in many samples. Pyrolytic boron nitride processed in 
this way is of theoretical density, 2-28 + 0-01 g/cm? (com- 
pared with an X-ray value of 2:278 g/cm? (ref. 11)) and is a 
soft, easily cleaved, highly reflecting material resembling 
hot-pressed pyrolytic graphite, except that the thin flakes 
are transparent. Thicker samples, up to 1 mm, are amber 
or brown in transmitted light. This characteristic prob- 
ably indicates a small amount of impurities or non- 
stoichiometry. 

The high reflectivity of cleaved surzaces of compression- 
annealed pyrolytic boron nitride is sharacteristic of the 
highly orientated crystallites. After 4 single pressing 
the value of AgFWHM(002) could 5e reduced to 2° or- 
less. Electron microscopy confirmed that considerable 
erystallite growth had taken place resalting in near-perfect 
single crystalline regions in thin flakes extending several 
tens of microns in the basal plane d:reetions. 

Table 1 shows that whereas certair samples of pyrolytic 
boron nitride were readily deformed and recrystallized 
at 2,300? C, others underwent considerably less dimen- 
sional change and did not transform, even at 2,4507 C, 
This variation was observed even between samples from 
a single batch (600). Furthermore, in all of the samples 
which did reerystallize, the portion farthest from the 
substrate side underwent the mest nearly complete 
transformation. These variations ia stress-reerystalliza- 
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Table 2. 


VARIATION OF PREFERRED ORIENTATION ACROSS THE THICKNESS 
OF PYROLYTIC BORON NITRIDE DEPOSITS 


Preferred AgFWHM(002) for various PBN 
Loeation orientation batches 
of sample 700 | 900 1,100 1,200 
1 Nearest substrate 07? gg“ 76:8, 74-4 (70:67) 93-8, 07-2 (91-07) 
2 Next nearest sub- —— 
strate 967 58^  T7U8,69-1(70-07) 72-6, 87.6 (80-17) 
3 Third from sub- 
strate 101?  Á 61^" 70-4, 68-4 (69-37) 58-8, 63-0 (60-97) 
4 Nearest last de- 
posited layers 76* 62:4, 62-4 (62-45) 54-9, 61-2 (57-77) 


tion behaviour are apparently related to the miero- 
structure and preferred orientation in the pyrolytie boron 
nitride. Table 2 lists preferred orientation measurements 
obtained on 1:3 mm diameter rods taken from various 
locations within several pyrolytic boron nitride deposits. 
Such a rod was obtained by cutting the deposit perpendicu- 
lar to the deposition plane, cleaving it parallel to the plane 
and grinding the square rod obtained into a evlindrical 
section with the axis lying in the deposition plane. In some 
deposits the top layers exhibited considerably greater 
preferred orientation than the layers nearest the substrate. 
After compression annealing these deposits more deforma- 
tion and reerystallization are present in the top layers 
than in the layers adjacent to the substrate. This condi- 
tion is an excellent illustration of the way in which pre- 
ferred orientation affects compression annealing per- 
formance. 

Considerable variation in microstructure was observed 
between the various batches of pyrol ytie boron nitride, 
but so far the microstructural effect on compression 
annealing performance has not been clearly elucidated. 

Although microstructure and preferred orientation are 
probably the most important variables influencing the 
stress reerystallization characteristics of pyrolytie boron 
nitride, the role of ehemical impurities and non-stoichio- 
metry should not be neglected. For example, just as 
boron appears to enhance the strain-induced structural 
transformation in pyrolytic graphite!?, carbon or oxygen 
may have a similar effeet on pyrolytic boron nitride. The 
concentration of such defects in pyrolytie boron nitride 
is being measured, and the effect. of these elements on the 
annealing process is under investigation. 

The stress—recrystallization behaviour of pyrolytie 
boron nitride can be assumed to be similar in all respects 
to that of pyrolytie graphite. Massive pieces of compres- 
sion-annealed pyrolytie boron nitride, which ean be made 
as described in this communication, are expected to have 
many properties approximating those of single crystal 
hexagonal boron nitride. Because single erystals of 
hexagonal boron nitride of useful size are not available, 
the compression-annealed material should permit further 
research on highly anisotropie solids, and may result in 
novel technological applications. 

We thank Dr 8. L. Strong for the preferred orientation 
measurements, 

A. W. Moore 


Union Carbide Corporation, 
Carbon Products Division, 
Parma. Ohio. 
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Thermal Decomposition of Silicone 
Fluids at Metal Surfaces 


THE polyorganosiloxanes or “silicones” are exceptionally 
stable in high temperature oxidative environments com- 
pared with other polymerie fluids. This is particularly 
marked with the dimethyl derivatives ( — OS(CH4), — Jn, 
which show little or no decomposition below 200° €. Above 
this temperature,  viscometrie? and speetroscopic 
studics* 4 have shown that decomposi:ion oeeurs as a result. 
of oxidative attack at the methyl radicals followed by eon- 
densation and eross-linking between the residual poly- 
siloxane units. The reaction is believed to involve a free 
radical mechanism at these high temperatures?, 

In the course of a study of the lubrieating properties 
of these fluids, we have observed greatly enhanced reaction 
at metal surfaces. Decomposition of the polydimethyl- 
siloxanes can occur at temperatures as low as 90°—100° C, 
resulting in the formation of extremely thin polymeric 
films (about 50--1,000 Å). These fihns were detected 
initially during lubrication experiments by eleetrical 
resistance measurements (unpublished results of R. F. W. 
and D. Tabor) They have subsequently been analysed 
by multiple reflexion attenuated total reflectance infrared 
Spectroscopy, and their thickness determined by optical 
interferometry (unpublished results of R. F. W. and R. F. 
Shaw). These investigations reveal the following main 
features regarding the reaction mechanism and the ehemi- 
tal nature of the films formed. 

(1) Phe low temperature decomposition of the poly- 
dimethylsiloxanes does not occur on noble metal surfaces 
such as gold and platinum. The reaction only takes place 
at metal surfaces which form oxide films in these eondi- 
tons. Furthermore, no decomposition has been observed 
under inert gas atmospheres of nitrogen and argon. The 
formation of these silicone polymer films requires the 
presence of both oxygen and metal oxide, for no reaction 
oceurs on metal oxide surfaces unless air or oxygen is 
present. 


ferometry reveals that the silicone polymer film grows 


slowly with increasing time at 100^ C. Thicker films are 
obtained at higher temperatures. Initial growth is 


appearing within minutes. “Thereafter, the growth rate 


at a fixed temperature is considerably slower and follows 


a parabolic rate law somewhat similar to that observed 
during the low temperature growth of oxide films on 
metal surfaces’. That is, the growth of these films is 
given by an equation of the form 

h?—h,?= Kt 


where A is the initial film thickness at time t= 0, h is the 
film thickness and K is a constant. At 100? C in air, the 
film approaches a limiting film thickness of the order of 


thickness. It has been suggested that these coloured 


units®. Other workers? have proposed that the blue 
coating on steel may be the result of some chemical 
characteristic of the film material itself. A further 
possibility is that it may be an interference colour similar 
to those observed with oxide films’. 
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The films formed on the copper surfaces were inspected 
under an optical microscope and it was observed that the 
magenta colour was caused by a thin cuprous oxide film 
at the metal surface beneath the silicone polymer layer. 
Analysis of this film has shown that the silicone polymer 
film is in fact colourless. Similar films formed on alumin- 
ium, cadmium and zine do not therefore show any colour, 
for their oxides are white or colourless in these conditions. 
At 100° C, the rose coloured coating observed on copper 
after 48 h was 500-600 A thick and contained a cuprous 
oxide film about 100-200 A thick. With increasing time, 
both the polymer and the oxide films grew simultaneously 
as a result of diffusion of oxygen through the superin- 
cumbent fluid to the substrate surface. 

(5) The low temperature thermal decomposition of the 
polydimethylsiloxane fluids first occurs at copper surfaees 
at about 90°-100° C and no film formation occurs below 
90° C. 
activated, and the activation energy is considerably less 
than the 33-36 kealories/mole required for the high tem- 
perature decomposition of the bulk polymer’. 
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Fig. 1. Film thickness as a function of time showing the parabolic rate of 


growth of a cross-linked dimethylsilicone polymer flim formed on a copper 
substrate at 100° C in air. 


'These results indicate that the formation of thin silicone 
polymer films on metal surfaces occurs at low temperatures 
as a result of the thermal oxidative decomposition of the 
polydimethylsiloxane fluid which is catalysed by the 
presence of metal oxide. The rate determining process 
in the growth of the oxide films is the diffusion of metal 
ions through the film to the surface. where growth pro- 
ceeds by reaction with chemisorbed O,- ions*. The 
silicon-methyl bond is partially ionic and oxidative attack 
at the Sit—-C- bond by the Oy ions would be expected to 
oceur very rapidly, Reaction occurs at the silicon atom 
followed by the splitting off of the methyl radical which 
is oxidized to formaldehyde and formic acid. Cross- 
linking between the residual polysiloxane units then occurs 
by condensation between adjacent Si-OH units to form a 
cross-linked polysiloxane network of the type observed. 
The initial film growth would be expected to be very rapid. 
but thereafter growth would be diffusion controlled and 
The rate determining step would 


and finally the diffusion of these species through the 
polysiloxane network to the film-fluid interface where 
further deeomposition ean occur. Such a mechanism 
would account for the parabolie rate of growth of these 
films and also for the fact that silicone polymer film 
formation is only observed in the presence of air or oxygen 


This suggests that the reaction is thermally 


at metal surfaces which form oxide films in these condi 
tions. The solubility of molecular oxygen. an polydimethyl- 
siloxane fluids is of the order of 50 ppm and the rate of 
diffusion is quite sufficient to maintain film growth of 
the type observed!!. 

The silicone polymer film is intrinsicaliv colourless. the 
colour of films formed on copper and steel being caused 
by the inclusion of metal oxide. There is no evidence to 
support the formation of any direct ametal—siloxane 
bond. but the 50 per cent ionic nature of the Bit---O>- 
bond is such that these films adhere strongly to the metal 
oxide surface because of physisorption. 

Other workers have observed the formation of sunilar 
silicone polymer films on metal surfaces after prolonged 
heating at temperatures between 160° C and 180° Core, 
This work, however, shows that the decoraposition of t he 
polydimethylsiloxane fluids can occur at much lower 
temperatures. This may have an important bearing on 
many surface applications where the oceurrence of low 
temperature reaction may not be antmcipated, For 
example, we have found (ref. 13 and unpublished results of 
R. F. W. and D. Tabor) that films formed in this way 
can play an important part in the lubrication of metals 
by reducing wear and preventing severe seizure of the 
moving parts. 

I thank Dr D. Tabor for his interest and encourage: 
ment and Mr R. F. Shaw for help in obtaining infrared 
spectra. I also thank Midland Silicones Lie for a research 
grant and'the Science Research Couneil fer a fellowship. 





E F, Wiis 


Cavendish Laboratory. 
Free School Lane. 
Cambridge. 


Received February 7, 1969. 


: Atkins, D. C.. Murphy, €. M.. and Saunders, C, E., Isl, Eng. Chem, $9, 
1395 (1947). 
? Murphy. €. M., Saunders, C. E.. 
2462 (1950). 
‘Smith, A, L., Brown, L. H., Tyler, L. 4. 
Chem., 49, 1903 (1057). 
t Scala, L. C., and Hickam, W. M., Ind. Eng. Chem., $0. £583 (1058. 
5 Gray, T. J., in The Defeet Solid State (Ynterscienee, New York, 19571. 
è Jemmett, A. E., in Tribology, 176 (August 1068); ibid. 237 (November 
1968). 
* Johnson, R. L., Godfrey, D., and Bisson, E. E. NA SA-T.N-2078 (1930, 
® Constable, F. H., Proc. Roy. 30c., A. 117, 376 (1928). 
? Adrianov, K. A..in Thermal Degradation of Polymers, S.C. T. Monog., Nó. 13, 
75(19851). 
2 Noll, W., Chemistry and Technologu of Silicones, second eih, 317 CAcademie 
Press, New York and London, 1968). 
n Vinogradov, G. V., Nametkin, N. 3., and Nossov, M. L, fear, 8, 9811065). 
1 Brophy, J. E., Militz. R, O., and Zisman, W. A., Trans. Amer, Soc. AT cii 
Eng., 68, 355 (1946), 
13 Tabor, D., and Willis, R. F., Wear, 11.145 (1068), 


and Smith, D. C., fae. Eng. Chow, A, 


and Hunter, M. J., fed. Eng. 


Fibre Content in Graphite Reinforced 
Composites 


ErrkcrIVE evaluation of the properties asseciated with 
graphite fibre reinforced plastics requires an uncom- 
plicated, accurate measure of the weight fraction of 
reinforeement!-?. Two principal techniques are used to 
determine fibre content: those which involve pyrolysis of 
the specimen? and those which use selective. solvent 
extraction of the polymer from the specimen’. The 
former, as applied to graphite fibre composites. is usually 
a thermogravimetrie type of chemical analysis carried out 
in a non-oxidizing atmosphere. This procedure necessitates 
the use of very small samples having large surface areas. 
Use of such small speeimens, however, may not be truly 
representative of the original composite. in contrast, 
the selective solvent extraetion procedure requires that 
the specimens be in powder form, and all the ground 
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powder must be collected to give an adequate specimen. 
The total volume of reinforcement in the specimen must 
also be recovered after the selective extraction of the 
polymer, otherwise the results will be inaecurate. 


to the measurement of weight fraction of graphite in 
graphite fibre reinforced plastics when properly controlled. 

The weight fraetion of reinforcement in a composite 
can be defined by the equation 


(1) 


where W equals the calculated weight fraction of rein- 
forcement in the composite; C, the measured weight 
fraction of residue remaining after the composite is 
pyrolysed in specified temperature and time conditions; 
fi, the weight fraction of graphite fibre which remains 
after oxidation in given temperature and time conditions 
and measured separately on the fibre material; M, the 
weight fraction of matrix material which remains after 
oxidation in given temperature and time conditions and 
measured separately on the matrix material. 

GRAPHITE REINFORCED 


Table 1. WEIGHT FRACTION OF GRAPHITE IN 


COMPOSITES 


Graphite Absolute measurement 
Composite weight fraction error, per cent 
Measured Known Individual Average 
ERL 2256/ZZLO820 
Thornel 50 0-522 0-533 — 2] 405 
0:534 0:518 +31 
HB-18 0-550 0-567 —~ 30) ~ 25 
0-578 0:591 -— 240 
SAMCO 0-548 0-542 + 1d 
Q-528 (522 + Ii 
HMG-25 0-494 0-403 4042 +E 
(0-521 0:514 +44 
E 828/DSA/E1040/BDMA 
HB-18 0-500 t 3504 + L6 LPS 
0:541 0^ 583 4-15 
HMG-25 0-458 0-446 229 ~ 24 
(401 0:498 ao Toh 


The reason for the success of the oxidation method in 
the case of glass reinforced plastics is that R = 1-00 for the 
glass and M = 0-00 for the plastic. This suggests that in 
order to apply equation (1) to the case of graphite rein- 
forced plastics, we need only to measure R and M for the 
test conditions selected, and this has been done for a 
temperature of 4207 C. All specimens were subjected to 
this temperature in a circulating air furnace for 17 h+ 
15 min. # was measured for three typical graphite fibres 
HMG-25, HB-18 and Thornel 50, and M was determined 
for two epoxy resin systems commonly used. The first 
epoxy resin system was a formulation of diglycidyl-ether 
of bisphenol-A with 35 per cent of bis(2,3.epoxy cyclo- 
pentyl)-ether and cured with a eutectic mixture of 
metaphenylenediamine and methylene dianiline. The 
second resin system consisted of diglycidyl-ether of 
bisphenol-A cured with varying amounts of dodecenyl- 
succinic anhydride, benzyldimethylamine and a trimer 
acid. In Table 1, the former is designated as ERL 
2256/2210820, and the latter as E 828/DSA/E1040/ 


BDMA. The average values of R and M obtained for 
these materials are R=0-981 and NM 0:000. These 


values were then used in the evaluation of graphite fibre 
content in eomposites of known composition. 

The composites were in the form of rods 2-5 em in 
diameter by 7-0 mm thick. At least two identical samples 
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of known composition were measured from each composite, 
and measurements were made following accepted practices 
for glass reinforced plastics. From Table 1 it is seen that 
although the absolute measurement error associated with 
an individual specimen may be large, the average error 
associated with any of the groups is well within three 
per cent. This is to be compared with the absolute 
measurement error observed with the thermogravimetric 
procedure which varied between 49 and 6:8 per centi. 
The error associated with the selective solvent extraction 
of polymer ranged from 8 to 22-3 per cent. 

It is felt the normal mechanism governing this method 
is the rapid removal through pyrolysis of the polymer from 
the composite. This leaves the graphite fibre free to 
oxidize in the conditions in which R was initially deter- 
mined. In the case where the polvmer is not readily 
removed. by oxidation from the composite. the procedure 
for determining £ and M may be modified in the following 
manner. A series of graphite reinforced composite 
specimens containing different but known weight fractions 
of graphite fibres are prepared. The specimens are then 
pyrolized in a circulating air furnace in specified ternpera- 
ture and time conditions. R and M are deduced from the 
set of linear equations which can be set up in these 
experimental conditions. 

The oxidation method provides an uncomplicated and 
accurate way of measuring the weight fraction of graphite 
in graphite reinforeed composites. and it is felt that the 
procedure outlined here offers a general method for measur- 
ing the weight fraction of reinforcement in composites 
made with high temperature polymers. 
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Negative Temperature Coefficient 
of the Vibrational Relaxation of 
Nitric Oxide: an Orientation Effect 


ULTRASONIC and spectroscopic techniques have shown 
that nitric oxide (X*II) has an abnormally high prob- 
ability of vibrational relaxation in self collisions at about 
300° K. According to Nikitin, the process is electronically 
non-adiabatie! because of a resonance between the 2. 
state of the vibrationless (NO), collision complex and the 
32, state with one NO molecule vibrationally excited, With 
the point of resonance at a potential energy of about 2-8 
kealories/mole in the L, complex, the theory predicts 
that the probability of relaxation should decrease sharply 
as the temperature is decreased below 300° K. To test 
this prediction, we have measured the rate of vibrational 
relaxation down to 100° K and we find, contrary to the 
prediction, that the temperature coefficient is negative. 
Nitric oxide was excited to the first vibrational level 
with an intense light flash, following the method of Basco 
et al.*, and relaxation was monitored by kinetic absorp- 
tion spectroscopy of both the y and 8-systems. Experi- 
ments were conducted at sub-ambient temperature by 
assembling the reaction cell and photoflash lamp inside 
the central cylinder of an annular vessel which could be 
cooled to 77? K. The central assembly was thermostated. 
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To minimize the temperature inerease accompanying 
flash excitation and to inhibit predissociation of NO 
C2TI(v=0), in most experiments the nitric oxide was 
diluted with a large excess of nitrogen?*. In these gas 
mixtures the rate of relaxation of NO X?II(v- 1) is stall 
dominated by deactivation by NO X#Li(v=0), but there 
is a small contribution due to vibrational exchange to the 
nitrogen. At each temperature the two rate coefficients 
were separated by varying the gas composition. The 
probabilities of self-relaxation are listed in Table 1. 


Table 1 


Temperature (^K) Probability of relaxation (Pi) 
100 1:25 (0-15) x 10? 
210 5:2 (£08) x107 
298 9-8 (+04) x 10% 
433 7-2 (£04) x10 
The room temperature result is in good agreement 


with previous measurements**, The measurements of 
Robben* in the 450^ K range, however, seem to be in 
error by at least a factor of 10. Considering our results 
in relation to the shock tube data of Wray*, a minimum 
relaxation probability of about 10-5 should occur in the 
region of 700? K, as indicated in Fig. L. 


Shock tube 
(Wray) 


Flash 





spectrosco 

g 

be 

A 

x 

10-* 
0 1,000 2,000 
Temperature CK) 

Fig. 1. Temperature dependence of the probability of vibrational 


relaxation of nitrie oxide. The broken line indicates the expected 
variation in the 700-2,000" K range. 


We consider that the negative temperature coefficient 
for vibrational relaxation of nitrie oxide must be an 
orientation effect; the abnormally fast transition occurs 
only when the dimer has a specific configuration which 
is also the structure with the deepest potential minimum. 
Negative temperature coefficients have been observed in 
the relaxation of a number of polar, polyatomic, gases’ 


veloped by Shin*. 
methyl halides—if collision occurs with the maximum 
dipole interaction, which is statistically favoured at low 
temperature, the intermolecular repulsion is steepened at 
the turning point of the trajectory and may result in a 
high transition rate. The nitric oxide molecule is, how- 
ever, quite different from the other molecular systems 
which show the negative temperature coefficient in two 
important respects; first, the dipole interactions are 
negligible and, second, the “‘orientation-averaged”™ mini- 
mum in the interaction potential is very small*. Even 
with the extreme point of view that there is a potential 
minimum of 4 kealories/mole, the distorted wave theory? 
gives P,,-2x10-* for zero velocity collisions on a 
"normal" repulsive potential with characteristic length 
of 0-2 A. 7 
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A plausible model, to account for the abnormally fast 
vibrational relaxation of nitric oxide aad its negative 
temperature coefficient, can be found by extending the 
theory of Nikitin with the postulate that the potential 
energy at the point of resonance is strengly orientation 
dependent. The results of Table 1 are consistent with à 
model in which resonance occurs at zero potential m the 
sx state with the configuration of maximum interaction 
where the depth of the potential mmimum 1s about 


same magnitude. 
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Heat of Combustion of Vicreous Carbon 


DISINTEGRATION of vitreous carbon exposed to potassium 
vapour is thought to result? from che enhancement— by 
the formation of intercalation compounds—-of stresses 
already present in the structure. “ischbach® describes a 
model of vitreous carbon in which small crystallites of 
disordered graphite material are bended by n on-trigonal 
cross-links. It might be expected that such a structure 
would be reflected in a higher heat of combustion of the 
material. 

The heat of combustion of vitreous carbon in oxygen 
has recently been measured in these laboratories. The 
material used was produced by tkermal degradation of a 
phenolic resin and had been subjected to a maximum 
temperature of 1,800^ C. Measurements were made in an 
aneroid bomb ealorimeter, which was used previously by 
Hawtin et al; to measure the heats of combustion of 
The results obtained 


value for vitreous earbon. 


Tabie 1 


Weat of combustion 


Carbon tealories/mole) 
Vitreous carbon 03,277 
Graphite 84,047 
Diamond 94,477 
Furan coke 04,569 
The result quoted for vitreous carbon is the mean of six 
determinations with a standard deviation'of 19 calories/ 


mole. 


Tiss 


The mean bond energy in vitreous carbon is clear! v 
very much less than in either graphite or diamond, and 
this eould well be attributed to the presence of an 
appreciable fraction of carbon-carbon bonds in a strained 
state. 

We thank the Plessey Co. Ltd for supplying samples 
of vitreous carbon. 
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Electron Spin Resonance Study of 
Y-Irradiated Carbohydrate Ices at Low 
Temperatures 


Meca work on the structure of free radical species induced 
in y-irradiated carbohydrates has been carried out with 
polycrystalline samples!-?, and there are serious difficulties 
in interpreting the electron spin resonance (ESR) speetra. 
The study of single erystals*- is of limited applicability 
because carbohydrates form single crystals only with 
great difficulty. Recently, ESR spectroscopy has been 
used to identify radicals produced in y-irradiated organic 
solids by scavenging them with nitroso compounds in 
aqueous solution’, but we have been unable to apply this 
method successfully to y-irradiated carbohydrates. 

As an alternative approach to this problem we have 
examined the radical species induced in aqueous carbo- 
hydrate ices y-irradiated at — 196? C and have used ESR 
spectroscopy to study the subsequent changes on warm- 
ing. We deseribe here the results obtained for y- irradiated 
frozen aqueous solutions of p-glucose and sucrose which 
indicate that essentially the same results were obtained 
for both glassy and polyerystalline samples. 

Samples were y-irradiated at — 196? C using a 10,000 Ci 
"Co source at a dose rate of 4:5 x 10" eV g^ mint, The 
ESR spectra were recorded using a Varian- V4500 speetro- 
meter equipped with liquid nitrogen dewar and variable 
temperature accessories, The instrument was operated 
at the lowest possible microwave power level to avoid 
saturation effects. 

The ESR spectra of p-glucose and sucrose ices at 
— 196" C are extremely similar. The spectrum of 2M 
D-glucose at — 196? C is shown in Fig. 1. Spectrum (A) 
is before photobleaching, spectrum (B) is after photo- 
bleaching, while (C) is the difference spectrum obtained 






a z, 
Aie Ieiidéo" 






Pig. 1l. The ESR spectra of y-irradiated 2 M p-glucose at ~ 198° €. 
4, Before photobleaching; K, after photobleaching: C, difference 
spectrum of trapped electron. 
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Fig. 2. Transformations in ESR spectra of ;-irradiated p-glacose and 
sucrose ices during thermal annealing in the range — 196°C to — 350^ C. 
A, D-trlucose ice; B, sucrose ice, 


by pointwise subtraction of (B) from (A). Spectrum C43 
consists essentially of three components: (a) a broad 
anisotropic doublet (43 gauss splitting) assigned to 
hydroxyl radicals from the ice; (b) a singlet (g=2-0014 
+ 0-0004, AH = 145-1 gauss) which is very sensitive to 
microwave power saturation, and which disappears on 
photobleaching with light (540-580 nm). This has been 
assigned to trapped electrons, which are also responsible 
for the purple colour observed in the unbleached samples: 
(c) a broad poorly resolved absorption from the carbo. 
hydrate radicals. This is similar to the absorption observed 
in Y-iradiated. polyerystalline carbohydrates at room 
temperature. 

On warming to — 130° C that part of the speetrum due 
to hydroxyl radieals and trapped electrons disappears 
and the residual spectrum is due entirely to carbohydrate 
radieals. On further warming the spectra become more 
resolved (Fig. 2), and at still higher temperatures the 
speetra disappear as a result of the earbohydrate radicals 
reacting with the ice. The greater resolution obtained at 
higher temperatures is thought to be a result of increased 
rotation of the protons responsible for the hyperfine 
splitting. 

At —80" C both p-glucose and sucrose ices show five 
line spectra with almost identical hyperfine splittings and 
relative intensities. On warming to — 60° C the outer and 
centre lines decrease with respect to the two more intense 
inner lines. A composite spectrum consisting of a 1:1 
doublet (g = 2:0030 + 0-0004) with hyperfine splitting of 
20-5 gauss and a 1: 2:1 triplet (g = 2-0025 + 0-0004) with 
hyperfine splitting of 29-5 gauss can be assigned to the 
radicals in both the p-glucose and sucrose ices. The 
doublet in sucrose ice is more defined than in p-glucose 
ice at — 60°C, 

It is thought that the triplet arises from radicals of the 
type C—CH, OH with free rotation of the two equivalent 
protons about the C,—C, bond. The doublet is probably 
the result of the formation of a radical by abstraction of a 
proton from the C, position. Similar radicals are clearly 
present in y-irradiated sucrose ices. 
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Usually the resolution of the ESR spectra of y-irradiated 
polycrystalline solids is poor and thermal examination of 
concentrated frozen solutions, as described, offers a method 
of identifying the radicals formed by direet radiation 
action on the solid. 

We thank the US Department of Agriculture for finan- 
cial support and Dr H. W. Wardale for helpful diseussion. 
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Nuclear Magnetic Resonance 
Measurements on a Macroscopically 
Ordered Smectic Liquid Crystalline 
Phase 


Or the three types of liquid crystalline phases, the smectic 
tvpe can be formed in some compounds by either varying 
the temperature (thermotropie mesophases) or the solvent 
concentration (lyotropie mesophases) The system we 
used belongs to the latter type and consisted of a solution 
of potassium oleate (KO) in D,O. According to Luzzati 
ct al^. à concentration above 72 per cent by weight of 
KO in water vields a smectic mesophase at room tempera- 
ture (20°C). In such a system the soap-like molecules 
can form a lamellar domain structure, and in these domains 
the direction of the molecular maximum and minimum 
polarizability perpendicular to the molecular chains is at 
random. This results in an ordered structure with an 
optical uniaxial character having its optical axis per- 
pendicular to the lamellae. 

KO was prepared by neutralization of oleic acid (distilled 
three times under vacuum in a nitrogen atmosphere) with 
an equimolecular quantity of potassium hydroxide. The 
salt was dried under vacuum at 105° C and mixed several 
times with a small amount of D,O in order to exchange 
any residual water. 

A concentration of 80 per cent by weight of KO in D,O 
was prepared and a small amount of this mixture was 
smeared onto a piece of microscope coverglass (10x Is 
mm). A second coverglass was pressed on this layer such 
that the separation between the glass plates was approxi- 
mately 15 mierons. Using a polarizing microscope as a 
conoscope,. the system was studied for the interference 
With crossed nicols, in white light two dark 


the sample was perpendicular to the glass plates. It 
seemed to be necessary to move the upper glass plate in 
order to shear the sample and. obtain a good orientation 
in the sample. By inserting a first order red retardation 
plate, the two yellow-orange quadrants in the fast direc- 
tion of the retardation plate and the blue-green quadrants 
in the perpendicular direction were observed. These are 
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the optical characteristics of a positive uniaxial crystal 
with its optical axis perpendicular to she glass plate. 
Thus the lamellae of the smectic mesophase seem to be 
well orientated along the glass surface. 

A package of glass plates, orientated es deseribed, was 
selected, mounted in a ‘Teflon’ holder and put into a test 
tube for nuclear magnetic resonance (NMR) experiments, 
A modified 60 MHz Varian wide-line NME instrument with 
a field homogeneity of approximately 5 mgauss was used 
and the sample orientated in the magnetic field. Proton 
resonance curves were observed as a function of the angle 
between the magnetic field and the direetion perpendicular 
to the glass plates, which is also the optical axis of the 
sample. In Fig. 1, the derivative of the NMR absorption 
signal is shown for orientation angles of 0°, 52:5 SEC 
and 37-5°. At all angles a small signal is present, which 
probably results from water still present in the sample. 
At 55° a sharp additional large peak is seen which is 
broadened considerably by rotating the sample over a 
few degrees and is shifted upfield with respeet to the 
water signal by approximately 4 p.p.m. The spectra are 
symmetrical about 90° (magnetic fiele parallel to glass 
plates) as is to be expected. 
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Fig. 1. Proton magnetic resonance derivative signals of potassium 
oleate-D,O in the smectie mesophase, I roscopleally orientated on 
glass plates. Upper trace: glass plates o nated perpendicular to the 
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direction at angles of 52:57, 55^ and Deo 
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1140 


term, 3 cos? 0; — 1, in which 6;; is the direction of the 
dipole-dipole interaction vector with respect to the mag- 
netic field, is zero and the dipolar broadening is 
effectively reduced to zero. The small width of this peak, 
about 20 mgauss, indicates that the aliphatic chains not 
only rotate about their own axis, but also are in motion 
with respect to each other. If the molecules would rotate 
only as cylinders about their own axes, the line width at 
55° would exceed 500 mgauss. 

With this method it is possible to obtain a good macro- 
scopic orientation in the smectic mesophase. Further 
experiments are suggested in which magnetic resonance of 
small anisotropic molecules, dissolved in this phase, should 
show detailed interaction of protons due to anisotropic 
rotation. Effects similar to those observed in the nematic 
phase, on which NMR experiments have already been 
carried out by Saupe? and others, are to be expected with 
the further advantage of the possibility to vary the 
orientation of the dipole interaction with respect to the 
magnetic field. Membrane-like structures of compounds 
of biological interest such as phospholipids can also be 
studied by this method. 

We thank Professor W. G. Perdok, who suggested the 
use of the polarizing microscope to select samples with 
good orientation. 
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Incorporation of Functional Groups 
onto the Surface of Polyethylene 


WE report here a new method for modifying polyethylene 
surfaces by incorporating various functional groups onto 
the surface. The critical surface tension value (ye) of 
polyethylene treated with an electron deficient moiety 
(EDM) such as a carbene or nitrene can be changed to a 
desired value by selecting the proper electron deficient 
moiety. The y. of untreated polyethylene is 31 dynes/em, 
but on exposure to carbethoxycarbene the value is 


Table 1 


Precursor Carbene or 
nitrene 
i z $ C404 
Sodium monochtorodiftuoroacetate EF, 


Ethyl diazoaectate : CHCOOEL 


a-Hoptaftaorobutyrotetrazole LCHGF, 


N 


P d 


pictrichloromethgl-3,3-diphonylimidazolidine 


» 
Monechloramine [NH 
lixsdroxylamine--sulphonic acid INH 


Ethel azidoformate :NCOOEEL 


Heptyl azide NCH; 
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increased to 39 dynes/em and when exposed to difluoro- 
carbene the value approaches 21 dynes/em. 

The electron deficient moiety was generated by pyro- 
lysis and reacted in the vapour phase with the substrate. 
The following precursors were prepared from literature 
syntheses and on pyrolysis generated the respective electron 
deficient moieties: difluorocarbene generated from sodiurn 
monochlorodifluoroacetate (obtained as the free acid 
from General Chemical Division, Allied Chemical Cor- 
poration), carbethoxycarbene from ethyl diazoacetate!, 
perfluorobutyrocarbene from  5-heptafluorobutyrotetra- 
zole*, 1,3-diphenyl-2-imidazolidinylene from m-trichloro- 
methyl-1,3-diphenylimidazolidine?, nitrene from mono- 
chloramine* and from hydroxyl amine-o-sulphonie acid, 
carbethoxynitrene from ethvlazidoformate®, and hepty! 
nitrene from heptyl azide*. 

The EDM precursors were pyrolysed at about 375? C in 
an open top pyrolysis chamber consisting in the most 
simplified form of a Petri dish on a hot plate. The 
polyethylene surfaces were cleaned in detergent followed 
by copious rinsing in tap water and distilled water. 
Wettability measurements on the cleaned polyethylene 
surfaces gave the expected ye; value of 31 dynes/em using 
the methods of Schonhorn and Ryan'. The clean, dry 
surfaces were placed over the open top of the pyrolysis 
chamber to which the precursor was added simultaneously. 
Generation of the EDM was usually very rapid with 
occasional detonation and thus only milligram quanti- 
ties were used. After being exposed in this manner the 
ve of the polyethylene changed irreversibly so that the y. 
of the new surface corresponded to the ye of a known 
polymer prototype as shown in Table 1. 

Table 1 also shows that the structure of each of the 
modified surfaces—as inferred from ye values—is similar 
to that of known polymers. For example, CF, gives 
pendent CEF,H groups similar to fluorinated polyethylenes 
and CHCOOEt and NCOOE:t give pendent carbethoxy 
groups similar to the methoxy group of polymethyl- 
methacrylate. As expected, NC,H,, produces no observed 
change in ye The relation between the surface exposed 
to 1,3-diphenyl-2-imidazolidinylene and polystyrene is 
not as apparent. Both surfaces, however, have pendent 
phenyl groups. The surfaces exposed to NH have no 
prototype with which to be compared, but the same v. 
value is obtained for each of two differing preeursors and 
thus seems reasonable. 

Each EDM forms other pyrolysis products, but other 
than for the NH precursors these products are innocuous: 
CO, is formed on pyrolysis of sodium monochlorodi- 
fluoroacetate, CHEL is formed from m-triehloromethyl- 


SUMMARY OF yr VALUES FOR EXPOSED POLYETHYLENE SURFACES 


Exposed ys On 
polyethyTene polyethylene ve) Protaty pe* 
surface (dynesiem) 


18/palytetrafluoroethylene 


4 CEH 21 
F CH,COOEt 40 
a CH,C,F, 22 


3 
P d . 

4 cu 295 
N 


N 
" 


a NH, 39 — 
a NH, 39 — 


a NHCOOELt 30 40/poly methyimethacrylate 


4 NHG: His 31 


40/polymethylmethacrslate 


TS/polytetrafluoroethy lene 


33/polvstyvrene 


31/polyethylene 
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1.3-diphenylimidazolidine, and nitrogen is formed from 
the remaining precursors. The pyrolysis of mono- 
chloramine and hydroxylamine-o-sulphonic acid results 
in the formation of chlorine and SO, respectively. As 
already noted, the ye values for the surfaces exposed to 
these side products are consistent and therefore the 
surfaces seem to be unaffected. 

Electron deficient moieties are well known for their 
ability to insert into C—H bonds in simple compounds and, 
although the exact nature of the interaction between the 
electron deficient moiety and the surface is not known, 
it would suggest that insertion into the C—H bonds of 
polymer surfaces is also possible. 

This article is covered by US patent applications of 
Ashland Chemical Co. 
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Oxidation of Cf" in Aqueous Solutions 


We report here the first experimental evidence for a 
higher oxidation state of californium in aqueous solution. 
CÉ(V) has been suggested as a possible stable oxidation 
state because the 5f shell would be half-filled at this 
valence}, 

A conducting glass electrode (CGE) was used in conjunc- 
tion with scanning coulometry to study redox phenomena 
in solutions of californium. The CGE—prepared by 
deposition of an antimony-doped tin oxide surface on 
borosilicate glass*—has a remarkably high overvoltage 
toward oxidation of water, and is therefore quite useful 
for electrochemical studies of strongly oxidizing species. 
‘This electrode has previously been applied to the Am(IIT)- 
Am(V) couple (ref. 3 and unpublished work of R. L. P.). 

The preparation of the conducting glass electrode (un- 
published work of R. L. P.) the electronic equipment 
used’, and the methods of operation (ref. 4 and unpub- 
lished work of R. L. P.) have been deseribed. The only 
modifieation was an inerease of the scan rate constant to 
10-5 V A s~. This modification provided extremely fast 
seanning in the reduction direetion in the region of oxygen 
evolution. For cathodic processes at lower voltages (that 
is, ealifornium reduction) normal operation (idE/dt — a) 
was restored. Rapid anodic scanning was necessary 
because the oxidized species disappeared rapidly; its life- 
time was typically about 2 min. All potentials are relative 
to the mereury-mereurous sulphate (1 M. H,80,) electrode 
(MSE) which has a potential of -- 0:42 V relative to the 
saturated calomel electrode. 
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Approximately 14 ug of "Cf was milked from an aged 
solution of about 100 ug of * BkKCl;. The californium was 
then converted to the sulphate with fuming H,50, and 
diluted. These solutions were found to be radiochemically 
pure by alpha counting and high-resolution gamma 
spectrometry. Chemical purity was also confirmed as 
deseribed here. 

In the first experiments 9 ug of the ?!*Cf in 10 mil. of 
0-25 M H,SO, was electrolysed at a controlled potential 
of +b4 to +15 V such that the electrolysis current did 
not exceed 500 pA for the electrolysis time of 30 mun. 
Fig. 1 depicts a reduction eoulogram which was recorded 
immediately after electrolysis. The wave at + O95 V 
was characteristic of the ?*Cf solution and did not appear 
in reagent blanks, the **Bk mother liquor, curiam solu- 
tions with comparable levels of alpha radioactivity or a 
reagent blank that was taken through the entire extrac- 
tion procedure used to separate berkelium and californium 
(solvent extraction of Bk(IV))*. A repeat milking from 
the same "Bk solution (after a 40 day ingrowth period) 
gave an identical wave. Assuming a reduction of 2 equiv./ 
mole of californium the height of the wave at +095 V 
(Fig. 1) corresponded to only 2-5 ug of 29Cf Electrolysis 
for longer periods did not produce inereased. amounts of 
the species responsible for the wave at + 0-95 V; rather, 
the height of the wave at +0-95 V depended on the rate 
of the reduction scan. For slower scan rates (idE/di 107 
V A s) the wave was not observed, indieating that 
the species responsible for the wave at + 0:95 V was highly 
unstable and decomposed rapidly with time. db was 
observed from the electrolysis of a solution containing 
only about 5 ug of californium that the wave height at a 
given scan rate was roughly proportional to the con- 
centration. 





2 

5 ng 

$i i 
1-4 i2 10 TË 0-6 Q4 Oo 0 


Electrode potential versus MSE (V) 


Fig. 1. Coulogram of 9 mg ** Cf in 10 ml. of (25 M H,.S0,. 


This characteristic reduction wave was also observed 
in solutions buffered with bicarbonate. A solution con- 
taining 5 ug “Cf was adjusted to pH about 4 with 
Na,CÓ,. and the experiment was repeated. A wave was 
observed with the characteristic potential shifted to 
+08 V, and the wave height increased slightly. This 
suggests increased stability for the ealifornium aperies. 

We believe that these preliminary results indicate the 
existence of a higher oxidation state of califormum in 
aqueous solution. but the assignment of this state is 
somewhat speculative. Our previous observations of the 
actinide (III-IV) couples, including those of Pa, Np and 
Bk, indicate that the (III-IV) couples are reversible and 
that the characteristic potential is pH. independent, The 
observed wave is quite irreversible and exhibits a shift of 
about 60 mV/pH unit; thus we discount Cf(IV). The 
shift anticipated for the Cf**-CfO,- couple, however, is 
about 120 mV/pH unit. We are continuing our experi- 
ments to characterize better the oxidation-reduction 
reactions. 
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Application of Microprobe Analysis to 
the Study of Phosphorus in Soils 


A DEFINITIVE and important characteristic of soil is it & 
heterogeneity in fabrie. This is evident in the great 
variety of spatial arrangements of components that have 
been established by the mieroscopie study of soil in thin 
section’. Chemical methods of soil analysis, however, 
usually involve the homogenization of soil material and 
therefore the destruction of its fabrie by drying, sieving 
and representative sampling. Mierochemical and mineral- 
ogieal analysis of undisturbed soil fabric, on a scale com- 
parable with the smallest recognizable components (that is. 
at least at the micron level), is therefore desirable to 
complement the existing chemical approach. 

In this context, eleetron microprobe analysis? is poten- 
tally a most promising method. By irradiating the 
specimen with a finely focused (0-3-0-8 micron diameter) 
beam of electrons of sufficient energy, X-rays character- 
istic of the elements present in the surface are emitted 
and can be analysed by means of an X-ray speetrometer 
and counting system. Seanning the eleetron beam and 
synchronizing the display of the X-ray signal on a cathode 
ray oscillograph give the distribution of an element 
along a selected line or over a selected area. A number 
of articles have recently reported the application of miero- 
probe analysis to petrological problems?, but there have 
been few reports of its use in pedologyt-§. We have been 
investigating the applieation of this method to the study 
af selected elements in soils. 

Soil samples were vaeuum-impregnated with a poly- 
styrene resm system, and a 20-30 micron thick section 
prepared by modified petrological techniques using paraf- 
fn as a lubricant and ‘Perspex’ grinding plates. The 
uneovered section was polished automatically with 1, 
1/2 and 1/4 micron diamond paste in succession and was 
then vacuum coated with carbon. The small selected 
areas of interest (for example, | mum?) were masked, and 
the remainder coated further with copper to avoid the 
sample charging-up under the electron beam. Samples 
were examined in a JEOL JXA 34 instrument, operating 
at 15 kV and an absorbed eleetron eurrent of 0-10 LA; 
higher current values resulted in excessive specimen 
damage. Because the take-off angle of this instrument is 
20°, care was taken to allow for effects caused by surface 
irregularities when interpreting results. 

We have applied this method to a qualitative study of 
phosphorus distribution within distinctive microseopie 
features in thin sections of soil from a number of profiles, 
Features studied include living and decomposing root 


sections, eoneretions, aceretions or nodules (that iš, 
"giaebules"!), and void surfaces—especially where there 


‘has been deposition, segregation or reorientation of mater- 
ial (that is, "eutans" !). The simultaneous analvsis for 
two elements permitted by the twin-spectrometer design 
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Decaying root Fe /Mn Concretion 


Complex cutan 
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of the JEOL instrument allows the mode of occurrence of 
phosphorus to be inferred from its association with particu- 
lar elements such as caleium, aluminium, iron, yttrium, 
cerium and so on, We give three examples to illustrate 
the type of result obtainable (Fig. 1). The first comprises 
a decomposing root section with organie matter diffusing 
out radially some 100 microns to produce a brown stain 
visible in thin section by transmitted light. The phos- 
phorus concentration is highest near the root margin, 
where it coincides with a minor iron peak, and then de- 
creases outward through the stained soil matrix. The 
second example illustrates a preferential association of 
phosphorus with iron in a complex iron-manganese con- 
cretion, Under normal soil pH conditions ferric hydroxide 
develops a positive charge and hydrated manganese 
dioxide a negative charge which results in selective (chemi-) 
sorption of phosphate anions on the former, The third 
example shows concentration of phosphorus in an orange- 
brown eutàn lining a pair of circular voids and showing 
the birefringence characteristic of orientated clay minerals 
between crossed polars. The traces indieate that the 
ecutan is complex, with iron, manganese and alumino- 
silicate (possibly clay mineral) rich zones. Phosphorus 
again shows closest association with iron. We have also 
observed and interpreted various other associations. 
These include the occurrence of phosphorus as a ( pedo- 
genie ?) calaum phosphate on a void surface, and jts 
possible occurrence in minerals of the plumbogummite 
group* and as detrital grains of apatite, monazite and 
xenotime, 

Although these studies have so far been on a qualitative 
basis the results indicate that microprobe analysis can 
provide valuable information about the spatial distribu- 
tion and mode of occurrence of elements such as phos- 
phorus within soil fabric. 

R. H. QURESHI 
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BIOLOGICAL SCIENCES 


Freshwater Triclads (Platyhelminthes, 
Turbellaria) and Continental Drift 


Tere is no fossil record of the freshwater Tricladida 


but they are partieularly suitable organisms for zoo- 
geographieal studies because of their low vagility. Their 


dispersal powers have been reviewed by several workers'-? 
and the general absence of resistant eggs or stages, and 
the fragility of adults, have led to the conclusion that the 
usual agencies of intercontinental dispersal, such as 
wind, driftwood and birds’ feet, have played little or no 
part in the dispersal of these organisms. Further, the 
differences in the triclad faunas of the freshwaters on 
either side of the English Channel, the Menai Straits 
(North Wales), Skagerrak and Kattegat*, and the Gulf 
of St Lawrence (unpublished data) may be taken as 
evidenee of the efficacy of even narrow sea passages as 
barriers to the dispersal of members of the group. In 
faet, there are only two authenticated cases of passive 
dispersal in freshwater triclads. These are the intro- 
duction of Dugesia tigrina into Europe from North 
America‘, and the recent introduction of D. lugubris into 
North America from Europe*. Both can unequivocally be 
attributed to the activities of modern man. It is also 
noteworthy that the three temporary water forms which 
come closest to possessing resistant stages, Fonticola 
velata, F. vernalis and Hymanella retenuova, all have a 
fairly restricted distribution in the north-eastern United 
States*. It may therefore be concluded that freshwater 
triclads are certainly of low vagility and that present day 
taxonomic and distributional data may be a good guide to 
their past history. 

Freshwater triclads can be divided into two main 
groups depending on whether the oviducts enter the male 
atrium or the bursal stalk. Only members of the latter 
group, comprising the genera Cura, Dugesia, Rhodax 
and Bopsula, are found in the southern hemisphere, and 
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Fig. 1. 
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because the last two genera are aberrant and endemie to 
Brazil they will not be considered further here. The 
distributions and numbers of species of the genera Dugesia 
and Cura are given in Fig. I. = 

The genus Cura comprises eleven species, one of which, 
from Canada, is yet to be described. Different species 
occur in South America, South. Africa and Australasia. 
C. evelinae from South Africa shares peculiarities of the 
penis, epithelium and male atrium with C. pinguis, the 
sole Australasian form. Another South African form, C. 
tinga, is clearly very closely related to C. falklandica from 
the Falkland Islands, and Mareus® went so far as to make 
the puzzling statement that the relationships "are almost 
too near for palaeogeographie relations". Brinck’ has 
previously commented on these rather clear-cut relation- 
ships and concluded that “the species of this genus 
evidently have an ability to disperse which should be 
studied”. In the light of current evidence it seems more 
reasonable to invoke the hypothesis of continental drift 
to explain the observed distribution pattern. The main 
migration route across the southern hemisphere was 
probably eastwards from near what is now South America, 
the Andes forming a more recent and effective barrier to 
westwards dispersal (Fig. 1). 

The distribution and taxonomy of the genus Dugesia 
are more equivocal, but the broad pattern is eorroboratory. 
The many species of the genus have been divided by de 
Beauchamp into three major species groups or H Arter- 
kreis”, chiefly on differences in the anatomy of the male 
copulatory organs. The D. lugubris group has its main 
distribution in Palaearctis, with a single species in Africa’. 
The D. gonocephala group also has a wide distribution in 
Palaearetis but in addition all but one of the remaining 
African forms ean be ascribed to this group, as can the 
single speeies from Madagascar. Most Oriental species 
also belong to this group and at least two of the Austral- 
asian forms are clearly closely related on the basis of 
penial anatomy". The remaining Australasian forms, 
with the exception of D. glandulosa (= D. striata) and 
D. schauinslandi, are sufficiently different from other 
species as to perhaps warrant the erection of a fourth 
Artenkreis to contain them. The remaining Artenkreis 
of the genus is the D. aurita group which is characterized 
by having, among other things, a simpler penial anatomy 
than the other groups. All twenty-one of the Nearctic 
and Neotropical species can be ascribed to this group, 
the maximum number, sixteen, oceurring in Neotropics. 
The closest relatives outside the Americas seem to be 
D. seclusa of the Crozet Archipelago", D. glandulosa and 
D. schauinslandi of Australasia!?, and possibly D. neumanna 
of South Africa. 

In view of the known low vagility of the group, these 
distributional patterns in the three main species groups 
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Distribution and number of species of Cura (C) and Dugesia (D) in the southern hemisphere. Nearctis has one Cura and six Dugesia”, Palaearotis 


no Cura and about eleven Dugesia. Orientalis is poorly known but has at least six Dugesia; Cura ia not found in this region. 
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of Dugesia are again best explained by continental drift 
rather than by long term dispersal. 

It is encouraging that data from such diverse groups as 
the Ostracoda (Crustacea), Plecoptera and Chironomi- 
dae!* (Insecta), and Tricladida should lead to essentially 
the same conclusions, and further knowledge of the 
zoogeography of other invertebrates of similar low 
vagility is awaited with interest. 

Taw R. BALL 
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University of Waterloo, 
Ontario, Canada. 
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Native and Denatured DNA of Phage 
T3 and of E. coli B as Templates 
for RNA Polymerase 


THE first event after the entrance of a virus DNA into the 
host cell is, arguably, the partial or complete transcription 
of the former. This presumably occurs via the DNA. 
dependent RNA polymerase of the host for which two 
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Fig.1. Template activity as a function of the concentration of native and alkali-denatured 
The denaturation was carried out at a concentration of 
See text for other experimental 
conditions. The ratios of the activities of denatured to native DNA are also indicated, 


DNA of phage T3 and Æ. coli B. i 
900 ug DNA per ml. The incubation time was 25 min. 
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Fig. 2, Rates of RNA synthesis with native DNA of phage T3 and 
E. coli B as templates. Fach reaction tube contained 3 Hg of DNA, 


templates will have to compete, the DNA of the host and 
that of the virus. Why does the latter prevail? We 
have compared the DNA of phage T3 and the DNA of 
its host, E. coli B, as templates for transcription by RNA 
polymerase, studying the behaviour of both native and 
denatured DNA ^2, 

The phage T3 stock was obtained from Dr E. Burgi, 
Long Island Biological Association, Cold Spring Harbor, 
NY. Phage grown in E. coli B in a glycerol -casamino- 
acid medium? served as the DNA source. The phage 
particles were isolated from the lysate as described before 
(filtration through ‘Celite’, precipitation by half-saturation 
with (NH,).80,) and purified by three cycles of centri- 
fugation at low and high speeds and finally by centrifuga- 
tion in a preformed CsCl density gradient®, The gradient 
consisted of three successive layers of CsCl- 
0-001 M MgCl, solutions of the densities 1-3. 
L5 and 1-7 g/em*. DNA was isolated by 


p2 extraction with phenol? (saturated with 
0-1 M potassium phosphate buffer. pH. 7-5) 
L-i and the aqueous layer was sub jected to 


repeated dialysis against 0-1 M potassium 

$ phosphate (pH. 7-0) and 0-15 M NaC] solu- 

tions and stored in the latter solvent at 5° € 

> ina DNA concentration of 0-1 per cent. The 

absorbance ratio Asgo/Azgo of the DNA 
was 1:90, 

DNA was also isolated from frozen cells 
of E. coli B (General Biochemicals, Chagrin 
Falls, Ohio). The cells were suspended in 
0-15 M NaCl solution, 0-1 M with respect to 
EDTA (pH 8:0), and DNA was isolated bva 
combination of procedures?.$ involving lysis 
with sodium dodecyl sulphate, treatment 


=e with pronase and phenol (saturated with 


potassium phosphate buffer, pH 7-5), and 
repeated precipitation with isopropanol. 
The final DNA solution was stored as 
already mentioned. The ratio of A aso/ Á ago 
was 1-85. 

Denaturation of DNA was always carried 
out immediately before use. Nine parts of 
DNA solution were mixed with one part of 
M NaOH. and kept at room temperature 
for 2 min unless stated otherwise. The 
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Fig. 3. Comparison of rates of RNA synthesis with native and alkali-denatured DNA 
The denaturation was carried out at a concentration 
Each reaction tube contained 2 ug of DNA. 


of phage T3 and E. coli B. 
of 45 ug DNA/ml. for 10 min. 


solution was then brought to pH 7:9 with 1-1 M HCI-0:2 
M tris in an ice bath’. 

The isolation of RNA polymerase from E. coli W 
and the assays were carried out as described before!*, 
with 39 ug of enzyme protein and 200 mumoles each of 
ATP, GTP, CTP.2-«C (specific activity, 650 ¢.p.m./ 
mumole), and UTP in each experiment (total volume, 
0-5 ml.) at 37° C during the periods to be stated. Sources 
and amounts (calculated from ultraviolet absorbance) 
of DNA templates will also be specified in each case, 

The template activity, in both the native and denatured 
forms, of the two DNA specimens 18 shown in 
Fig. 1 over a range of template concentration of 
4—100 ug of DNA per reaction tube. It will be 
seen that T3 DNA was a much more effective 


template than E. col DNA, especially when used Is 
in the native form. The greater activity, at low 
template concentrations, of denatured E. coli 16 
DNA confirms previous observations with mam- | 
malian and microbial DNA*?, and in this respect = |, 
phage T3 DNA seems to be an exception. e 
The relative rates of RNA synthesis at even x 
lower concentrations of native DNA of T3 and z 12 
E. coli (2 ug[reaction tube) are shown in Fig.2. = 
Here again, the phage DNA proved the more = 10 
efficient template. The differences in the £ 
kinetics of RNA synthesis under the direction of ZZ, 
the native and denatured states of both tem- E 
plates are brought out in Fig. 3. The rates of 5 
transcription of native and denatured T3 DNA = 5 
were nearly the same during the first 5 min of —— 
ineubation, diverging afterwards with the native 4 
template inducing a faster synthesis of RNA. 
Denatured E. colt DNA, on the other hand, was 


a more efficient template from the very begin- 
ning of the reaction. Very similar results, not 
illustrated here, were obtained with other con- 
ditions of alkali denaturation (900 or 450 pg of 
DNA/ml. for 2 min). 

Other experiments were designed to simulate 
the conditions of the initial stages of phage in- 
fection, with competition of the two different: 
templates for the polymerase. Of course, the 
reconstruction of normal conditions cannot 
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be complete, and the DNA o both E. coti 
and the phage probably exists. in the cell as 
a much larger molecular species than can be 
isolated!!-, Experiments are also vitiated 
by the close similarity in nucleotide composition 
of T3 and E. coli DNA**. 

The experiments listed in Teble 1 deal with 
the effect of the preineubation, before the start 
of RNA synthesis, of the enzyme with the two 
templates added in a staggered fashion. In 
agreement with previous observations'? there 
were indications that a secord template dis- 
placed the enzyme from a preformed complex 
with the first template only with diffieulty 
(compare exps. 1 and 3); bat at the same 
time evidence of interaction was also observed. 
Fig. 4 illustrates experimeats carried out 
with a constant period of incubation but 
increasing amounts of templæzes and template 
mixtures, at two different levels of polymerase. 
With E. coli DNA, a plateau cf precursor neor- 
poration begins at a weight ratio of template to 
enzyme of roughly 60-5, though the level of 
RNA produetion at which this plateau 18 
reached appears about proportional to the 
amount of enzyme used. With TS DNA, 
saturation is not achieved even at the bighest 
template concentrations tested (100 ug DNA/ 
reaction tube) A different picture emerges 
when mixtures of equal amounts of T3 and 
E. coli DNA serve as the templates. As can be 
seen by a comparison of the experimental curves with 
those computed from the results yielded by single 
templates, the incorporation of presursors 18 additive 
only at low ratios of template to enzyme, up to 63 


or (4. As the concentration of the mixed template 
increases, the quantity of prodact is far below 


that predicted from the effect © single templates, 
and with 60 ug of template mixture Fess RNA is actually 
produced than with 30 pg. What caanot yet be decided, 
for the reasons stated before, is whether we deal here with 
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Table 1, RNA SYNTHESIS AFTER PREINCUBATION OF POLYMERASE AND 
TEMPLATES 

Preineubation (4 min), ENA synthesis, 

Exp. templates added counts per minute 

No . 0 min 2 min 25 min 60 min 
i T3 DNA E. coli DNA 3,900 5,860 
2 E. coli DNA E. coli DNA 2,950 4,380 
3 E. coli DNA T3 DNA 3,200 5,070 

4 E. coli DNA + 

T3 DNA — 5,390 
o T3 DNA without preincubation 10,190 


The reaction mixture (0-5 ml.) contained 20 moles tris HC! buffer, pH 7-9, 
2 umoles MgCl, 0-5 umole MnCi,, 29 ug RNA polymerase, and 50 ug of the 
DNA listed as the first template. After incubation at 37° € for 2 min, 50 ug 
of the second DNA template was added and the incubation was continued 
for 2 min. Enzyme synthesis was then started by the addition of 200 mumoles 


each of ATP, GTP, CTP-2-46 (specific activity 650 c.p.m./mpumole), and 


UTP and continued at 37° € for the periods stated. In exp. 4, both templates 
(each 50 ug) were added at time 0: in exp. 5. 50 ug of T8 DNA was used 
without preincubation. 


an interaction between the two DNA templates them. 
selves or with an effect of the transcript of one template 
on the other. 
We hope to diseuss in a later communication the com- 
position of the products formed under the direction of 
intact and denatured T3 DNA. 
We are grateful to Dr J. D. Karkas for many helpful 
discussions. L. C. Y. C. is the holder of a postdoctoral 
fellowship of the American Cancer Society. The work 
has been supported by research grants from the American 
Cancer Society and the National Institutes of Health, 
US Publie Health Service. 
LonRETTA C. Y. CHEONG 
EnwiN CHARGAFF 

Cell Chemistry Laboratory, 

Department of Biochemistry, 

College of Physicians and Surgeons, 
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Toxicity of Open Air to a Variety of 
Microorganisms 


THe discovery of a factor in the local o pen air which is 
toxic to E. coli and which probably arises from forms 
of atmospheric pollution has been described!. To simulate 
aerosols, we held the bacterial particles on miero- 
threads? and measured the loss of viability with time 
during exposure to the night-time open air. "The results 
were compared with those obtained from exposure to 
clean, enclosed, laboratory air of the same temperature 
and humidity. 

Plots of the logarithm of viability against time are 
usually sufficiently rectilinear to yield the exponential 
decay constant k in the expression Vi/ V, e-4t, where 
V: and. V, are the viabilities at time ( and time zero. With 
aerosol particles consisting of single cells of E. coli, k is 
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always very small in clean enclosed air (less than 0-2 per 
cent min-). In the local open air, results vary con- 
siderably from night to night, but & usually falls within 
the range 3-10 per cent min-!, occasionally exceeding 
20 per cent min-' and never being less than 1:5 per cent 
min“. E. coli strain MRE 162 was used because it is 
harmless and easy to handle, but an obvious extension of 
the work was to study the effect of the open air factor 
(OAF) on other microorganisms, including those harmful 
to man. 

With pathogens on microthreads exposed to the open 
air there is always some risk that organisms may become 
detached by insects, wind gusts, faulty handling and so on, 
so the usual exposure system was modified in the interests 
of safety. Instead of exposing the microthreads to air 
freely circulating behind a rain and wind shield, they were 
held at the mouth of à duct through which open air was 
drawn at 180 em s-', which we consider is about the 
optimum speed for this work?. Downstream from the 
exposure point, a high effieieney air filter colleeted any 
detached organisms. To minimize collection of atmo- 
spheric particles by the threads, they were mounted with 
their holding frames edge-on to the wind so that the flow 
of air was along the threads, not across them. 

In the laboratory, single-cell aerosols (particles of about 
l um diameter) were generated in a modified Henderson 
apparatus? for loading the microthreads, folowing the 
usual safety procedures. Organisms were sprayed from 
mother liquor, which was suitably diluted if necessary. 

Spores of Bacillus subtilis and B. anthracis did not show 
any sensitivity to OAF and maintained their initial 
viability apparently unehanged throughout the hours of 
darkness. (For this reason B. subtilis var. niger was used 
as a tracer for the other organisms.) Micrococcus radio. 
durans was also found to be very resistant to OAF and 
even in overcast summer daylight the rate of loss of 
viability was only 0-5 per cent min-!. It is noteworthy 
that mierococei and spores of bacilli are the most common 
viable bacteria recovered from the upper airs, 

We found that each of the Gram negative bacteria 
Serratia marcescens, Pasteurella tularensis and Brucella 
suis, together with the Gram positive Staphylococeus 
epidermis and a group C streptococcus, gave decay slopes 
not greatly different from those of E. cols during simultan- 
eous exposures, They agreed with E. coli as to which were 
"good" or “bad” nights for survival. Their overall range 
of k was similar to that for E. coli. 

With smaller organisms, the sensitivities of coliphage T7 
and vaccinia virus to OAF were again rather similar to that 
of E. coli, but in preliminary experiments Semliki Forest 
virus (arbovirus) was extremely sensitive and deeayed at 
a much higher rate than E. coli controls. 

The particle sizes in all the test aerosols were strictly 
comparable and control runs in clean enclosed air at the 
same temperature and humidity as the open air gave very 
low decay rates. The outdoor tests were made at night, 
80 relative humidity was almost always above 65 per cent 
and temperature in the range 09-20? C. We would 
emphasize that the variability of OAF makes firm com- 
parisons of the sensitivity of different organisms very 
diffieult because it has not been possible to test more 
than two organisms on any one occasion, one of which 
is always E. coli, used as a reference organism. Although 
our results are clearly far from comprehensive, they do 
suggest that most genera of bacteria and viruses can die 
off rapidly in the local atmosphere and they show that 
death rates measured in enclosed laboratory air can be 
highly misleading. 

It should be noted that if a litre of aerosol contains the 
high eoncentration of 1,000 bacterial cells and the low 
concentration of one part of an extraneous gas per hundred 
million parts of air, then the mass of the gas exceeds that 
of the cells by about forty times. Should the gas be toxie 
it is clear that the merest trace may be a source of trouble 
in laboratory survival testa. 
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The preparation of Semliki Forest virus suspensions and 
the assay of samples were carried out by Dr C. Bradish 
and his staff. 
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Streptomycin Inhibition of Protein 
Synthesis in Peas reversed by 
Divalent Cations 


STREPTOMYCIN inhibits the growth of higher plants!^ 
and causes bleaching of chloroplasts??*. Because these 
effects largely disappear in the presence of divalent 
cations, notably Mg**, Mn**, Catt, it has been suggested?’ 
that the phytotoxie action of streptomycin is related to 
competition with divalent cations for certain intra- 
cellular binding sites. I have shown that the inhibition 
of protein synthesis caused by streptomyein in exeised 
plant tissues? is overcome by these same divalent cations, 
but that this reversal is the consequence of an inhibition 
of the uptake of streptomycin. Incorporation of leucine 
into protein was determined as described earlier®, using 
apical third internode segments of etiolated pea epicotyls. 
The excised segments were incubated in the appropriate 
sterile medium (buffered in 5 mM potassium maleate 
pH 5-5 and containing 15 mg/l. of penicillin G) for 1 h, 
before addition of r-leucine-1-'*C (New England Nuclear 
Corp., 31:0 mCi/mM) for a further 2 h. 

At a concentration of 50 mg/l. (6:86 x 10-5 M), strepto- 
myein sulphate inhibits protein synthesis by about 75 
per cent. In the presence of concentrations of MgCl, 


of 02 mM and more, this inhibition is progressively 
reduced (Fig. 1) until at concentrations of 5-10 mM 
Mg**, streptomycin causes only 20 per cent inhibition. 
are effective in 


Mn** and Ca** lower concentrations 
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Tig. 1. The effect of MgCl, concentration on inhibition of protein 

‘synthesis in pea stems by streptomycin. Leucine incorporation was 

aneasured in the presence of the indicated concentration of Mg++ with (0) 
or without (A) 50 mg/L of streptomvein sulphate. l 
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Fig. 2. Effect of various concentrations of Mn), oeCaUh on the inhibi- 
tion of protein synthesis in pea stems by streptomyvcin, Leucine incor 
poration was measured in the presence of the indicated cation conger- 
trations with (©) or without (À&) 50 mg/l. of stzeptomyein sulphate. 





(Fig. 2), giving significant reversal at 2€ uM. Essentially 
complete reversal of streptomycin inhintion is obtained 
at a concentration of 200 uM Mn’. For Ca** the picture 
is slightly complicated by the marked stimulation caused 
by Ca** alone in concentrations greaver than 100 uM. 
Experiments with other divalent eatiors have shown that 
Zn** is very effective in overcoming the inhibitory 
action of 50 mg/l. of streptomycin (complete reversal at 
20 uM), Fe** and Co** moderately so (partial reversal 
at 100-500 uM), while Cutt either kas no effect or is 
toxie in the range 10-* M to 5x 10? M. Streptomycin 
inhibition is manifested in the presence of approximately 
6 mM K+ (present in the buffer), and toe further addition 
of 3 mM sodium acetate has no effect, which suggests 
that monovalent cations do not influence the action of 
streptomycin. 

Using 'C-streptomycin 3 HCL1/2 CaCl, the effeet of 
Mg** on the uptake of streptomycim was determined. 
When the concentration of the ant:biotic salt was 50 
mg/l. (6.7 x 10-* M), 33 uM Ca** was introduced together 
with the streptomyein, and this may well have modified 
the basal level of uptake slightly. Nevertheless, the 
inhibitory action of 5 mM Mg++ oa uptake is clearly 
evident. Total accumulation of streptomycin was de- 
pressed by almost 80 por cent and the degree of mhi- 
bition was similar for the particulete and supernatant 
fractions (Fig. 3). Nearly 80 per cem of the radioactivity 
was recovered in the 60 min x 240,80045 supernate; this 
may be an underestimate, for the particulate pellets were 
counted without washing. 

The known relationship between -treptommyein concen- 
tration and percentage inhibition f protein synthesis? 
can show that the observed reduction in streptomycin 
uptake caused by 5 mM Mg** is reads y capable of account- 


ing for the apparent reversal of streptomycin inhibi. 
tion (Fig. 1). It seems very likely that the other active 


cations exert their effects in the same way. Because 
streptomycin is a diguanidine compound, the molecule 
must Carry two positive charges at the experimental 
pH of 55, so that divalent cations may well eompete 
with streptomycin for the same sites of uptake. Altern- 
atively, inhibition of streptornycm uptake might result 
from the formation in the externa solution of a strepto- 
mycin-metal complex. Evidence ‘or the formation of a 
complex between streptomycin ard salts of Catt, Cu“, 
Mg** and Mn** has been claimed bx. Rosen in a preliminary 
report’, but he did not present experimental data. Foye 
et al.* reported the preparation of chelates of streptorayein 
and Cu**, Ni** and Co**. The reaction. however, required 
a pH of 9 or more and gave products of somewhat variable 
composition, Furthermore, the streptomycm — Cutt 
chelate was most readily formed. while no evidenee for 
chelation with Zn** could be fourd. In my experiments, 
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Fig. 3. Effect of 5 mM MgCl, on accumulation of streptomycin by pea 
segments. After incubation for 3 h in 50 mg/l. of "C-streptomycin 
3 HCL1/2 Cath, (0-054 4Ci/mg), with or without Mg++, the segments 
were homogenized in 2 ml. of 0-05 M tris buffer, pH 7-6, containing 0-4 M 
sucrose. During this and subsequent operations the temperature was 
Kept close to 0° C, The homogenate was strained through two layers of 
cheesecloth and one of muslin, and the debris was rinsed with two 2 ml. 
portions of sucrose-tris buffer. Filtrate and washings were adjusted to 
6 ml. with buffer and centrifuged, in Oak Ridge tubes, at 25,000 r.p.m. 
for 20 min in the type 65 Spinco rotor (40,0009) to sediment nuclei and 
mitochondria. The supernatant was respun for 60 min at 65,000 r.p.m. 
in the same rotor (240,000g) to give a ribosomal pellet. The well drained 
pellets were suspended in water and counted by liquid scintillation?, 
Aliquots of the high speed supernatant were counted in the same way. 


the working pH was 5:5, and Zn** was found to be very 
effective in overcoming streptomycin inhibition while 
Cu** was inactive, and so it seems most improbable that 
the data can be explained in terms of complex formation. 

Because of the very limited quantity of "C-streptomyein 
available, it was not possible to determine whether the 
cations inhibited its uptake in a competitive manner. 
The question was therefore checked in reverse, by 
examining streptomycin inhibition of total uptake of 
Catt during 1 h. No distinction has been made between 
exchangeable and non-exchangeable Ca^*, and it is 
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Fig.4. The effect of 10-* M streptomycin sulphate on the uptake by pea 
segments of “CaCl. After incubation of 1 h in solutions of Ca (New 
England Nuclear Corp., 20-8 mCi/mg) containing various levels (50-500 
HM) of carrier CaCl, with (€) or without (©) streptomycin, segmenta 
were rinsed in distilled water for 10 s, blotted dry, and transferred to glass 
scintillation vials. A sample (0-1 ml.) of 0-1 M CaCl, was added (to elimin- 
ate isotope adsorption to the glass), followed by 10 ml. of scintillator- 
cellosolve mix*. Equilibrium between tissue waterand scintillation fluid 
was attained in 6-8 h. Samples were counted after standing for 24 h, 
Vials containing unlabelled segments plus aliquots of the radioactive 
caleium solution were used to convert count rates to umoles of Ca. The 
double reciprocal plots were fitted by regression analysis. 
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recognized that the uptake of Ca** is not truly linear 


.. even during the first hour. Nevertheless, double reciprocal 


plots of these uptake data (Fig. 4) strongly suggest that 
streptomycin and calcium compete for common. sites 
of uptake. 

The results presented here show that streptomycin 
inhibition of protein synthesis in pea segments is overcome 
by several divalent cations and that this antagonism is 
probably a consequence of mutual competition for sites 
of uptake. Therefore, while it is possible that similar 
competition for intracellular binding sites may be per- 
tinent to the toxie action of streptomycin in plants, such 
a conclusion cannot be justified on the sole basis of cation 
reversal of streptomycin toxicity. 

I thank Henry Bork for technical assistance. and 
Merek, Sharp and Dohme Research Laboratories for 
HC-streptomyein. 
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Movements in the Myelin Schwann 
Sheath of the Vertebrate Axon 


Tue demonstration in our laboratory that radioactive 
amino-acid and uridine label the myelin lamellae of 
vertebrate peripheral nerve and penetrate into the axon! 
raised the problem of the route and mechanism of trans- 
port of these materials through the layered sheath*. Two 
mechanisms seemed salient: direct transfer through the 
battery of stacked myelin membranes, governed by the 
forees involved in transport across membranes: and 
transport within the Schwann cytoplasm into the depths 
of the myelin via the Sehmidt- Lanterman clefts, perhaps 
propelled by movements of the Schwann cell body. These 
speculations, partieularly the second one, led us to examine 
the myelin sheaths of living nerve fibres with lapsed-time 
microeinematography. We report our findings on move- 
ments in the myelin sheath, with particular reference to 
the clefts. 

That the Schmidt-Lanterman incisures are not fixed 
structures but may show changes in shape can be inferred 
from previous descriptions, some made at a time when the 
very existence of the clefts was debated (see review by 
Sotnikov5). These changes included swelling of the clefts 
and longitudinal splitting of the myelin, but the alterations 
were attributed to pathologieal ehanges in the teased 
preparations, particularly in studies of excised living nerve 
fibres5-8, 


amphibian strength (seven parts F-10; three parts 
distilled water) to which was added foetal ealf serum 
(10 per cent) and an antibiotic-antimyeotie: solution 
containing penicillin, fungizone and streptomycin (1 ml./ 
100 ml. of medium). The nerve was anchored to the slide 
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at each end under moderate tension. The perineurium 
and internal connective tissue strands were dissected 
away to uncover the central portion of the isolated nerve. 
The mid-region of the nerve was spread laterally with 
fine human hair stitched to each side of the nerve and 
anchored to the slide, thus exposing individual fibres. 
The preparation was sealed under a cover slip with paraffin 
wax and observed under a microscope at x 200 magnifica - 
tion. The preparations were photographed intermittent ly 
at the rate of three or six frames/min with an Eastman 
Kodak cine-eamera loaded with Kodak "T ri-X' reversal 


flm. The illumination was synchronized automatically 
with each exposure to avoid continuous irradiation. 


Seventy-two nerves were examined; occasionally both 
sciatie nerves of the same animal were used. Except for 
a few observations under polarized light or dark field 
illumination, bright field illumination was used. The 
effects of variations in the tonieity of the medium and of 
continuous or intermittent electrical stimulation were 
exammed. 

Although an occasional preparation in our early 
experiments showed no stirring, we generally observed 
movements in the myelin sheaths of many specimens 
involving especially the Sehmidt-Lanterman incisures. 
'l'he movements could sometimes be seen directly without 
the aid of time-lapsed photography; at other times they 
were slow changes revealed best in the photographie 
record. The clefts of most of the nerve fibres at any one 
time were "elosed" and slit-like, but there were always 
some within the optical field which were "open" or 
expanded. In the latter condition, the lamellae of the 
cleft itself, now very well deseribed in electron microscope 
studies, were revealed by the light reflected from their 
surfaces. The reflexion varied as the cleft changed in 
shape, and we have seen clefts to open (Figs. 1-4) and to 
close.  Clefts were seen to swell inwards (Fig. 3) 
compressing the axon, but not to expand outwards from 
the circumference of the myelin. 

Clefts are not one-sided myelin struetures, but they 
eneirele the axon. They often could be traced in our 
preparations from one side of the axon to the other as 
indistinct bands (Fig. 3). In some cases movement within 
a cleft was confined to a part of the entire ring; in others 
the entire ring was involved, the disturbance being at 
first localized and then spreading across the circumference 
to encircle the fibre. In addition to such gross changes 
involved in the closing or opening of clefts, 1t was usually 
possible to see rippling movements of the myelin lamellae 
within the open cleft. 

Clefts did not remain open for long, and as they closed 
the reflecting lamellation disappeared leaving a character- 
istic slit-like appearance; the encircling band became less 
pronounced and showed little movement. Clefts rarely 
showed these dramatic movements more than once during 
8h. The activity of one cleft did not appear to influence 
that of adjacent clefts—sequential contractions in the 
successive clefts of an internode were never observed. 
We never observed the formation of new clefts or the 
disappearance of old ones within the short periods of our 
observations. 

We observed myelin movements within the region 
between clefts, and these were most pronounced in regions 
bordering active ineisures. Often the incisure invaded the 
adjacent myelin and separated it lengthwise for a consider- 
able distance either proximally or distally (compare 
Figs. | and 4). Such a split was usually confined to a part 
of the circumference of the myelin. When the entire 
circumference was involved, the incisural ring was thus 
extended in the form of a sleeve to divide the myelin 
into two concentric layers which were often unequal in 
thickness. The fissures sometimes persisted for long 
periods, even after the cleft had closed. Such separations 
in the myelin are often seen in light and electron micro- 
graphs of Xenopus nerve*; in transverse sections they 
appear to contain Schwann cell cytoplasm, and in some 
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Copies of frames taken from a continues fim of one nerve 
fibre, They are in order 13, 33, 61 and 128 min after onset of microcine- 


matography. Note that ail clefts are opening except Tor the right side of 


Figs. 1-4. 


the middle cleft, whieh starts to open and then loses, se $32. 
cases they form a complete ring which separates the 
myelin into inner and outer portions. 

In addition to movement in the cleft, we have also seen 
undulatory and rippling movements an the cempact 
myelin between clefts; t hey were propagated along the 
segment for only short distances and were most abundant 
near the clefts. There was slight rippling of the myelin 
at the node of Ranvier. The Sehwann ee ll nucleus, made 
visible in some specimens by the addition of 005 per cent 
methylene blue to the medium, appeared to rotate slowly 
around the fibre. 

The disturbances which we observed in the myelin 
sheath affected the enclosed axon whsch was obviously 
distorted by the shape changes of the clefts and adjacent 
myelin (Figs. 1-4). It is possible thet such distortions 
stir the axoplasm and therewith promote axoplasmie 
flow19:1?, 

Activity among individual fibres was highly variable. 
In some, the clefts were active from the start of the 
observations until the end, some 4 or more h later. in 
others, the clefts were initially active and later quiescent, 
or the reverse. Still others showed 20 activity of any 
kind throughout the entire period of observation. 

Of the variables whieh we have vested, extrermes of 
hypotonicity of the medium profoandly affected the 
behaviour of the sheath. Dilution of the medium up to 
50 per cent with distilled water yielded slight changes in 
activity, including enlargement ane extension of the 
clefts. But at still greater dilutions awenty-five parts of 
medium : seventy-five parts of water), clefts were greatly 
distended and their movements exaggerated and acceler- 
ated. Open clefts travelled rapidiy along the myelin 
sheath, a feature never seen in daetonie rnedium, in 
addition, the entire myelin segment was thrown into 
rapid and bizarre distortions and apoeared to move with 
respect to the axon and to swell unti the features of the 
sheath could no longer be distinguissed. Nerves isolated 
in amphibian Ringer's solution vielded results simular 
to those isolated in isotonic nutrient medium, 

The eleetrical conductivity of some of the nerve prepara- 
tions in isotonie medium was recorded during the entire 
period of observation. Compound action potentials 
could be evoked for many hours mi the excised nerve. 
Repeated or discontinuous stimulstion at a Írequeney 
up to 120/s did not alter the speed or extent of move- 
ment of the clefts. 

We have begun studies on unexcised sciatic nerve fibres 
which have been exposed without disturbing the proximal 
and distal connexions of the nerve. Musele, bone and 
other tissues were removed from the calf, leaving & proxi- 
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mal stump isolated from the lower leg except for the con- 
necting sciatie nerve, which was then spread for examina- 
tion in the usual way and kept moist with nutrient 
medium. Initial results on nerve fibres examined in these 
circumstances showed cleft movements similar to those 
of the exeised nerve preparations. 

We have shown that there are movements within the 
myelin sheath of peripheral nerve and that the move- 
ments are most pronounced within the Schmidt—Lanter- 
man clefts and the adjacent myelin. The incisures open 
and elose with an unknown frequency. Related to the 
opening and closing of the incisures is the separation of 
the adjacent myelin along the line of one or more of the 
lamellae of the cleft. 

It is now well accepted from electron microscopy that 
the myelin sheath is the plasma membrane of the Sehwann 
cell which is repeatedly wrapped around the axon. Except 
at clefts and nodes, there is little or no eytoplasm within 
these wrappings, and the internal faces of the plasma 
membranes are fused to form the characteristic dark bands 
of the myelin seen in electron microscopy. At the clefts 
a spiral channel of cytoplasm is present between the 
membranes, connecting the Schwann cell eytoplasm on 
the outside with the adaxonal cytoplasmic layer (Mauth- 
ner’s sheath) which forms the inner face of the myelin 
sheath. The spiral is not transversel y confined to a narrow 
ring but is spread into an irregular truncated cone with 
the innermost apieal part of the eone directed either 
proximally or distally along the length of the fibre. Here 
and there, the eytoplasm within the spiral may intrude 
into one or more of the myelin lamellae with finger-like or 
sleeve-like projections parting the apposed faces of the 
plasma membrane. Although the eytoplasm of the cleft 
and adaxonal layer is Schwann cytoplasm, it differs from 
that which surrounds the nucleus because it laeks mito- 
chondria and endoplasmie reticulum. Many enlarged 
smooth walled tubules and an oceasional large “dense 
body" of unknown charaeter are contained within its 
electron sparse substratum. Because the focus of move- 
ments in the myelin appears to be at the clefts, it seems 
possible that the cytoplasm ebbs and flows through the 
spiralled incisure. 

The force for the displacement of the incisural contents 
may reside in the Schwann cell body because pulsatory 
contractions have been reported for Schwann cells in 
culture'?'*, Such periodie contractions could force con- 
stituents of the eytoplasm through the spiral to the adaxo- 
nal layer. The part of the Schwann cell body most in- 
volved in the contraetions could determine which incisure 
would be engorged with a cytoplasmic stream. The force 
transmitted through the cleft might be great enough at 
times to cause subsidiary streams within the incisure to 
separate the two faces of a leaflet and thus to burst along 
the length of the myelin where the matrix may later be 
trapped for long periods of time. The flow may also 
distend the adaxonal cytoplasmic layer. Such enlarge- 
ments are often seen in electron mierographs*. They 
push deeply into the axon in broad irregular hillocks or in 
long finger-like processes that come to be almost com. 
pletely enclosed by the axon. Such a pulsating flow 
between the Schwann cell perikaryon and the adaxonal 
layer could serve as a pathway for metabolites and ions 
without disrupting the insulatory properties of myelin 
and thereby supply some of the needs of the myelin and, 
indeed, the axon itself. Moreover, the stream could carry 
contributions from the axon on its outward return. 
Robertson'''* postulated that the Schmidt-Lanterman 
clefts serve as pathways to the axon, and we have shown 
previously that radioactive substances are deposited 
in the myelin and the axon without intervention of the 
neuronal cell body!-*, Our present findings reinforce the 
evidence for a role of the incisures in transport into the 
depths of the myelin!! and into the axon by demonstrating 
movements in the clefts and associated myelin, presumably 
driven by pulsations of the Sehwann perikarvon. 
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During the completion of this manuscript Dr Margret 
Murray reported before the Society for Cell Biology'* 
movements in the myelin of axons of sensory ganglion cells 
cultured in vitro. 

This research was supported by grants from the Multiple 
Sclerosis Society, the US National Institutes of Health 
and the American Cancer Society. 
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Nuclear Proteins of Hepatocyte and 
Erythrocyte Nuclei of Frog Liver 


Tue role of nuclear proteins in the regulation of gene 
activity has received much attention. Although histones 
have been thought to be repressors of gene activity in 
eukaryotes*?, recent evidence indicates that there may 
be other faetors which are of equal or greater importance?:?, 
These factors may be acid proteins**. Certain fractions 
of non-histone proteins have been found which seem to 
prevent the transcription of DNA from being completely 
restrieted by histone. "This supports the suggestion that 
the acidic nuclear proteins (the non-histones) are respons- 
ible for regulation of gene activity?’ 

We have attempted to obtain further information about 
the role of nuclear proteins in the regulation of gene 


activity by characterizing and comparing the nuclear 
proteins of genetically active (hepatocyte) nuclei and 


relatively inactive (erythrocyte) nuclei by both biochemi- 
cal and eytochemieal methods. In order to eliminate 
the possibility that any differences observed might be 
caused by differences in the nuclear isolation technique. 
the hepatocyte and erythrocyte nuclei were isolated 
together from the same tissue, frog liver. and then separ- 
ated from each other for analysis. 

Nuclei were isolated from the livers of male Rana 
pipiens (Table 1). 

Hepatocyte and erythrocyte nuclei are readily dis- 
tinguished from one another. Hepatocyte nuclei are large, 
spherical and heterogeneous, while erythrocyte nuclei are 
smaller, ellipsoidal and homogeneous. Microscopic exam- 
ination of the bands from the sucrose density gradient 
showed the percentages of the two kinds of nuclei given 
in Table 1. No nuclei were found in the 2-0, 2-2 and 2-8 M 
suerose layers. In all further work, the 2-4 M sucrose layer 
was used for hepatocyte nuclei and the lower half of the 
2-6 M sucrose layer was used for erythrocyte nuclei. These 
two fractions were contaminated with melanin pigment 
granules but with no other cytoplasmic components 
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visible by light microscopy. It therefore seems unlikely 
that any proteins described are of cytoplasmic origin. 

The Millon reaction!!!" was used for the cytochemical 
comparison of the protein content of isolated nuclei and 
nuclei in intact liver cells, both fixed by freeze-methanol 
substitution!?. This indicated some loss of nuclear protein 
during isolation. No attempt was made to characterize 
this protein. 

The total amount of soluble and insoluble protein in 
0-2 N HCl was measured biochemically by the Biuret 
procedure! in both types of nuclei. The amount per mg 
DNA? (or per nucleus, because both types of cells are 
diploid) of each of these proteins was found to be about 
25 per cent greater in the hepatoeyte nuclei (Table 2). 
The Millon procedure! was used specifically for the tyro- 
aine of histones, because the histones are soluble in the 
acidie Millon reagent while non-histones are insoluble and 
can be removed by centrifugation. This determination 
revealed that in both types of nuclei none of the protein 
insoluble in HCl and not all of the protein soluble in 
HCl was histone. Two types of non-histone proteins 
must therefore be present in the nucleus, one soluble in 
HCl and one insoluble in HCl. Both these non-histones 
are present in significantly greater amounts in the hepa- 
toeyte nucleus (Table 2). No significant difference either 
in the amount of histone in the two types of nuclei (Table 2) 
or in the relative amounts of the different histone fractions 
(Table 3) was found within the limits of the methods used. 

When both types of nuclei were washed twice with 0-01 
M citric acid before extraction with HCl, part of the non- 
histones soluble in HCl was extracted, while there was no 
change in the amount of non-histones insoluble in HCI 
or in the histones. There seem therefore to be two types 
of HC] soluble non-histones, one soluble in citric acid 
(acid protein I) and one insoluble in citrie acid (acid protein 
ID (Table 2). The citrie acid soluble protein is more con- 
centrated in the hepatocyte nucleus while there is no 
significant differenee in the amount of protein insoluble 
in citric acid in the two nuclear types (Table 2). 

In addition to the two types of HCI soluble non-histones, 
there are also three types of HCI insoluble non-histones: 
removal of all Feulgen stainable DNA from the isolated 
nuclei by incubation with deoxyribonuclease' caused no 
loss of protein from either type of nucleus, but a redistribu- 
tion of the nuclear protein oeeurred—a portion of the 
non-histone insoluble in HCl became soluble in HCI. 
So there are two types of non-histones insoluble in HCI. 
One becomes soluble when DNA is removed (acid protein 
II), which suggests that this protein is bound to DNA, 
and one is insoluble in HCl in the presence and absence of 
DNA (acid protein V) (Table 2). The former protein is 
present in larger amounts in the hepatocyte nucleus while 
the latter is present in the same amount in the hepatocyte 
and the erythroevte nucleus. 


Table 1. ISOLATION OF NUCLEI PROM FROG LIVER 


Liver in 0-32 M sucrose - 2 mM Mg? 
| 


1 Sorvall 'Omnimixer', 2 min 


R i 
Crude homogenate 


| 2 400 r.p.m., 7 min 
| 

Pellet, resuspended in 2-4 M sucrose—1 mm Mig * 
| 30,000 r.p... 60 min 


Pellet, resuspended in 2:0 M sucrose, layered on a gradient 
of 2-2 M, 2-4 M, 2-6 M, 2:8 M sucrose"? 
( 6 2) 36,008 r.p.m., 30 min 
| 


hi war 
E D i55 


MNEMMNEMMu"--» eR cc MEN 


| | 
2.86 M sucrose layer 2-6 M sucrose laver 
upper half lower half 
H 2) H 41% jt 24) 
(E 1195 (E 504 E 95%, 


. H, Hepatocyte nuclei: E, erythrocyte nuclei. 250-600 nuclei were counted 
in each case. 


2.4 M auecrose layer 
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Table 9. CHARACTERISTICS OF ACID PROTEINS ISOLATED PROM HEPATOCYTE 


AND ERYTHROCYTE NUCLEI 
Amount in mge/mg DNA + SE 
Hepatocyte Ervihrocyte 


Total HCl soluble protein 2-1 40-08 pË +009 


P0001) 
Total HCl insoluble protein 0-57 £ 0-06 0-42 + 0-0 


z 0:05) 
12 x 04007 


Histone LS 





Acid protein — : . 
I Soluble in HCl; soluble in citric acid; 
bound to other non-histone protein 


ionically 236 + OS O23 20-04 
{ Po= 0-02) 


H Soluble in HCl; insoluble in citric acid 
and acidie Millon reagent; probably 


bound ionieally to DNA DZ dis 2i r5 
(P3) 
HI Solublein HCl only in absence of DNA: 
probably bound non-ionically to 
DNA 0-27" 0-12* 
(37 0-22 
IV. Solublein HCl only in absence of RNA; ü-00* 016* 
probably bound non-ionically to RNA 0-02 9-06 
V. HtClinsoluble 0 32* 0 31* 
0-19 ü- 26 


* Only two determinations done. 


‘Table 3. AMOUNTS OF THE VARIOUS HISTONE FRACTION? DETERMINED BY 
ELECTROPHORESIS ON CELLULOSE POLYACETATE AT pE 9-0 (REF. if) 


Amount (9,) of total aiatome + SE. 


Histone fraction Hepatocyte Ervthroeyte 
Lysine-rich TPT aL 15 
(P=0-1) 
Slightly arginine-rich IARI? 2.0 1-6 
(P0) 
Arginine-rich 77-3420 “Beh + 2-8 
(P=0-7) 


Removal of RNA from the nuclei by incubation with 
ribonuclease’? (indicated by the absence of azure B 
staining after DNase pretreatment) brought about no 
significant change in either the amount or the distribution 
of protein in the hepatocyte nuclei. In the erythrocyte 
nuclei, however, after removal of RNA, a «mall portion 
of the non-histone insoluble in HCI becarne soluble in 
HCl. which indieates that there is another type of non- 
histone insoluble in HCl (acid protein 1), which is 
present in the erythrocyte but not the hepatocyte nucleus 
and seems to be bound to RNA (Table 2). This finding iB 
unexpected because erythrocyte nuclei aze known to 
contain less RNA than hepatocyte nucle. It seems 
unlikely that it is nucleolar in origin. 

To show how proteins are ionically bound to nucleic 
acids or other proteins, acid and basic dye binding was 
analysed in conjunction with removal cf competing 
groups. The amounts of dye bound were determined by 
microspectrophotometry®. Azure B binding shows no 
increase in metachromasy following citric acl extraction, 
while removal of proteins soluble in HCl increases the 
binding of metachromatic dye (untreated f ja peak 
absorption 20-79; after citric acid 5/« peak absorption = 
0-80; after HCl 8/x peak absorption=1:15). This 
indicates that acid protein I (soluble in œtrie acid) is 
not bound ionieally to DNA while histones and possibly 
acid protein IL are likely to be bound to DNA. Both 
hepatocyte and erythrocyte nuclei show the same effect. 
Table 4 indicates that histone staining (fast green, pH 9 
(ref. 18)) is not affected by citric acid extzaction while 

Table 4 


Mean relative amount of Owe bound per 

l nuciens tf. 

Hepatocyte nuclei Erythrocyte nuclei 
Staining of histones by fast green, pH 9, OT 

trichioraeetie acid 

Untreated —— 194 x 13 324 x12 
After citrice acid = Let 234 x 24 

Staining of non-histones by fast green, pH 3, (003 per cent 
Untreated 128+ & 1384 7 
After citric acid 288 +25 i92 x13 









per cent, after 


After DNase 163 x11 MEG 
After RNase 169 +10 129 t 15 


Acid dye bound to isolated nuclei, methanol fixed. Amount of dye per 
nucleus determined by Fas times area of flattened nucleus. 
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non-histone staining (fast green, pH 3) is increased. This 
increase is greater in hepatocytes than in erythrocytes 
and indicates that acid protein I may be bound ionically 
to other non-histone protein. 

The faet that RNase and DNase treatment did not 
affect acid dye binding at low pH may seem contradictory 
to the biochemical findings which indicate that acid protein 
TH is bound to DNA and that acid protein IV is bound to 
RNA. This can be explained on the basis of non-ionic 
binding of these proteins to nucleic acids. 

The funetion of the five acid proteins which have been 
charaeterized on the basis of differential solubilities is 
unknown, but it is possible that acid proteins I and III. 
which appear in greater amounts in the “active” nuclei, 
are associated with derepression of transcription (com- 
parable with the “pellicle” protein of Paul and Gilmour?) 
and it is possible that acid protein IV isa repressor. The 
latter protein may be bound to nuclear RNA, perhaps 
restricting such RNAs to the nucleus). 

At present there is no evidence to support these hypo- 
theses, but work is in progress to test the possibility that 
acid proteins I and III are derepressors and/or that acid 
protein IV is a repressor of gene activity by observing the 
effect of these proteins on DNA-dependent RNA synthesis 
in isolated nuclei. 
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Synthesis of Valine and Isoleucine 
in Primitive Earth Conditions 


SYNTHESIS of small amounts of valine, isoleucine and 
leucine from the polymerization of ammonium cyanide 
solutions has been reported!? in addition to the substantial 
yields of glycine, alanine, aspartic acid and serine?. We 
have been unable to find any valine, isoleucine or leucine 
synthesized by the polymerization reaction of NH,CN 
alone. On adding acetone or methyl ethyl ketone to the 
NH,CN solutions, significant yields of valine, alloiso- 
leucine and isoleucine are, however. obtained. The 
previous identifications were based on the elution pattern 
from a Beckman! automatic amino-acid column’. Because 


NATURE, VOL. 221, MARCH 22, 1969 


several non-protein amino-acids appear at the same elution 
positions as valine, isoleucine and leucine®:* (for example, 
isoasparagine elutes with isoleucine), an error of identifica- 
tion is possible, although the specific amino-acids in this 
case are not known. We have used a more elaborate 
separation scheme to avoid the problem of overlapping 
peaks. 

A litre of LIM HCN and 13M NH ; was heated at 
40° C for 21 days. All reagents were distilled before use, 
and the HCN and NH, were added as gases from a vaeuum 
system. The dark brown solution and black polymer were 
hydrolysed in 6 M HCI for 20 h at 100°C. The black 
polymer was discarded and the hydrolysate was desalted 
by absorbing on ‘Dowex 50° (H+) and eluting the amino- 
acids off with 2M NH,OH. The NH,OH fraction was 
evaporated to dryness and chromatographed on ‘Dowex 
90' (H*y'. The tubes where valine, alloisoleucine, isoleucine 
and leucine appear were evaporated to dryness and 
chromatographed on paper (butanol-acetie acid—water, 
4:1:5). À number of unidentified ninhydrin spots were 
found, but none with the Rr value of valine, alloisoleucine, 
isoleucine or leucine. Chromatography of the appropriate 
fractions from the ‘Dowex 50° (H*) chromatography on 
the buffered columns of a modified Beckman amino-acid 
analyser? showed less than 2 x 10-? moles of valine, alloiso- 
leucine, isoleucine or leucine. The yield of these amino- 
acids was less than 1x 10-* per cent based on eyanide 
carbon. 

Valine can be synthesized from a polymerization of 
HCN (1:3 M) and NH, (2:9 M) in the presence of acetone 
(0-09 M). Acetone is a reasonable compound to occur in 
the primitive ocean. Indirect evidence for its synthesis 
by electric discharges has been obtained?, and it can be 
synthesized by ultraviolet light with ethane and carbon 
monoxide’. It could also be synthesized by the hydration 
of methyl acetylene. The isolation was similar to the 
procedure already given. The yield was 0-3 per cent based 
on acetone. The polymerization of 0-01 M HCN, 0:02 M 
NH, and 0-001 M acetone gave a valine yield of 2 x 10-? per 
cent based on acetone. This valine synthesis would there- 
fore be effective only in the concentrated HCN solutions 
of the HCN eutectic needed for purine synthesis!!, 

A plausible mechanism of this synthesis, based on the 
fact that cyanide polymerizations give substantial vields 
of glycine nitrile!-?, would be 


| | 
CH,—C—.CH,+CH,—C=N —> Ca oC EN Lese 


B RET ee 
NH, CH, OH NH, 
CH, CH, 
N Aventis b^ 
ES 1) reductior s, 
CaC—Can i? Pathe. OH—CH—COOH 
zt (2) hydrolysis P. | 
CH, NH, CH, NH, 


Evidence for this mechanism was obtained by ineubating 
O1M HCN, OLM NH, 0025 M H,CO (equivalent to 
0-025 M. glycine nitrile) and 0:05 M acetone for 20 days 
at 40" C. The yield of valine with these more dilute 
solutions was 0-2 per cent based on acetone. In addition 
to substantial quantities of «-amino-isobutyrie acid, 8- 
hydroxyvaline was found. This compound can be con- 
sidered analogous to «,8-dihydroxyisovalerie acid, an 
intermediate in the biosynthesis of valine. 

A similar set of experiments with methyl ethyl ketone 
instead of acetone gave a 0-01 per cent yield of isoleucine 
and alloisoleucine (alloisoleucine/isoleucine = 1-1) from the 
concentrated NH,CN and methyl ethyl ketone poly- 
merization, and 0-02 per cent from the more dilute glycine 
nitrile and methyl ethyl ketone experiment. 

These experiments suggest a plausible mechanism for 
the synthesis of valine and isoleucine on the primitive 


NATURE, VOL. 221. MARCH 22, 1969 


Earth, in addition to the proposed Strecker synthesis with 
the appropriate aldehyde!*!* and the radical addition of 
propene and butene to pol yglyeine!*. 
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Synthesis of RNA by Normal Mouse 
Spleen Cells after Stimulation with 
Antigen in vitro 


TREATMENT of animals or tissue cultures with antimeta- 
bolitest or irradiation? during the first few hours after 
antigenic stimulation profoundly affects the immune 
response. Dutton and Mishell*? reported that "hot 
pulses of tritiated thymidine were lethal to proliferating 
antibody-forming cells when added to dissociated spleen 
cell cultures stimulated with sheep erythrocytes in vitro. 
Pulses given 24-32 h after antigen were lethal, whereas 
those given before were not. This suggested that little 
or no DNA synthesis occurred before 32 h in cells stimu- 
lated by antigen. We used the same approach to investi- 
gate the effects of “hot” pulses of tritiated uridine (?H-UR) 
to determine when antibody-forming cells and their pre- 
cursors were actively synthesizing RNA. (Exogenous 
uridine is incorporated into the RNA of mouse tissues 
in vitro®.) We found that active RNA synthesis occurs 
during the first 24 h after antigenic stimulation as well as 
after 24 h, when active DNA synthesis occurs. 
Suspensions of DBA/1 mouse (The Jackson Laboratory, 
Bar Harbor, Maine) spleen cells were stimulated in vitro 
with 1-6 x 107 sheep red cells and cultured by the technique 
of Mishell and Dutton*. The cultures were incubated on 
a rocking platform at 37° C, in an atmosphere of 7 per 
cent O,, 10 per cent CO, and 83 per cent N;. This tech- 
nique* was modified by substituting Agamma calf serum 
(Mierobiological Associates, Bethesda, Maryland) for 
foetal bovine serum. This change gave fewer background 
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plaques. Spleen cell cultures were assaved for 198 
antibody-forming cells 6 days after stimulation with anti- 
gen by a modification of the technique deser bed by Jerne 
and Nordin?. Two ml. of melted 0-7 per cent Special 
Agar-Noble (Difeo Laboratories, Detroit, Michigan), 0&1 
ml. of a 20 per cent sheep red cell suspeasion and O1 
or 0-2 ml. of each cultured cell suspensioa were mixed 
and plated in Petri dishes. These plates were incubated 
for 60 min at 37° C and flooded with 1-5 mi. of absorbed 
complement? diluted 1 : 5. The clear areas of haemolysis. 
or plaques, formed by the antibody-formiag cells (PFC) 
were counted immediately. Viability of the cells was 
determined by the trypan blue dye exclusion test® and 
they were counted in a haemocytometer. Determination 
of the PFC per 10* viable nucleated cells compensated for 
the lethal effect of the treatment on cells aot stimulated. 

To kill the precursors of antibody-formiag cells synthe- 
sizing RNA, 24 h "hot" pulses of high specific activity 
:H-UR (14 Ci/mmole) were added to the medium. Hach 


| ml eulture of 20 million nucleated spleen cells was 
given 0-17 pg of *H-UR (10 uCi) and 24 h later, the pulse 
was terminated by the addition of 100 ug/ml. of "cold" 
uridine, to stop the incorporation of the "hot" uridine. 
The pulses were given from 0 to 24. 94 to 48, 48 to 72, 72 
to 96, 96 to120 and 120 to 144 h after antigenie stimulation. 
The 0 to 24 h pulse was done with cultures that had been 
allowed to stabilize for 24 h before antigen was added. 
As a result. the control cultures for the 0 to 24 h pulse were 
different from those used with the other pulse intervals, 
All groups were composed of four or five cultures except 
for three groups of three (Table 1). There were many 
preeursors of antibody-forming cells synthesizing RNA 
during the first 48 h after antigenic stimulation, as shown 
by the low numbers of PFC per 105 viable nucleated cells 
in group 4 (Table 1). The con trols that show the effective 
bloeking by excess "oold" uridine, used to terminate the 
"hot" pulse, are in group 5, The number of PFC in group 
5is not significantly different from control group 2 which 
received antigen only. "Cold" uridiae had no effect 
(compare group 2 with group 3). The number of PRC 
is higher in cultures that received antigen (group 2 
compared with group 1). 

Proliferating, antibody-forming cells exposed to "hot 
pulses were killed when H-UR was added on the third and 
fourth days, but not on the fifth and sixth days. The lack 
of lethal effect on the last 2 days probaoly does not reflect 
a lack of RNA synthesis : it is most Ekely an indication 
that more than 2 days of internal irradiation with this 
dose of 3H-UR is necessary before the eells stop producing 
antibody protein. This observation is similar to the reports 
of Dutton and Mishell*-4 that when tritiated thymidine was 
added on day 3 there was no decrease in PFC when the 
assay was made on day 4. 

This experiment with "hot" pulses cf H-UR shows that 
during the first 24 h of culture, precursors of the antibody- 
forming cells are actively synthesizing RNA. This 1s the 
period when a similar experiment wath “hot” pulses of 
tritiated thymidine** could not detect significant DNA 
synthesis. Active RNA synthesis after 24 h was also seen 
when active DNA synthesis was in progress. We also 
repeated and confirmed the experitent of Dutton and 
Mishell?4. This sequence of events suggests that there 
is a 24 h period of differentiation of precursor cells stimu- 


EFFECT OF "H-URIDINE PULSES ON CULTURES STIMULATED WITH SHEEP RED BLOOD CELES 


Plaque-forming cells per 10* cells on day 6* 





Group Hours when ?^H-uridine was present (SRBC added at time 0: 

No. NMC 0-94 24-28 48-72 Prenent Th "5 96-120 120-144 
1 Alone 0:23 40-138 (LT) «——————— e co — (51007 (9-24 mu 
2 +BRBC ut 2.10 4- 0-09 (155) — «——————————————— 2.09 40:05 dom. Mice 
3 +SRBC+ “cold” uridine 2+2740-02 (186) e—a — ——— 161108) 2.17 LOL (148) — —————————- BREMEN A 
k +SRBC + "hot" pulse 10040-1810) 12040-29 (10-5) 182+0-11 (66) — L84£0.08(60 — 1942222082). gi +011 077) 
5 T SRBC 4 blocked pulse 2-00 40-07 (123)  2-16:0-01(144) 225+0-13(177) 2054008(112) — 1:95 + 9-08 (89) 217 + 0-07 (148) 


* ' 3 r + i 4 * * p ^ r pe N 
Each datum represents the arithmetic average of the logarithmic values of PFC per 105 viable nucleated cella + stamdard error for four cultures, 


except for the 0-24 h group in which experimental groups 4 and 5 had five cultures each and groups 2 and 3 had three cultures each. 


in parentheses represent the anti log of the mean for the group. 
NMC, Normal mouse spleen cells. SRBC, Sheep erythrocytes. 


The figures 
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lated by antigen, followed by proliferation and perhaps 
by further differentiation, into antibody -forming cells. 
lhis work was done under the auspiees of the US 


Atomie Energy Commission. 
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Influence of Neonatal Thymectomy on 


Cloning Capacity of Bone Marrow Cells 
in Mice 
ALTHOUGH the bone marrow cell population is known to 
affect both the structure and function of thymus tissue!, 
experimental data indieating any defined influence of the 
thymus on bone marrow anatomy or physiology are 
scanty and ineonelusive?. Thymeetomy performed in 
Wistar rats a few weeks after birth does not modify their 
bone marrow cell population?. Thymectomy within 48 h 
of birth seems to produce an inerease in the number of 
blasts (stem cells) and immature erythroblasts normally 
present in this tissue, however, An increased percentage 
of immature erythroblasts in the bone marrow of thymee- 
tomized embryos has also been described in the opossum). 

An interesting observation by Till and McCulloch has 
opened up a new approach for the study of the influence 
of the thymus on differentiation and maturation of bone 
marrow stem cells. When syngeneic bone marrow cells 
were injected intravenously into su blethally irradiated 
mice, macroscopic nodules, apparently derived from single 
cells, appeared in the spleens of the recipients’. These 
clones were segregated according to cell type: 40-60 per 
cent erythroid, 20-30 per cent granuloid, the rest mega- 
karyocytie or mixed’, some of the cells retaining the 
capacity to form further colonies*. This in vive clonin g 
of bone marrow cells was used to investigate changes in 
the bone marrow population in mice after neonatal 
thymectomy, 

Whole litters of inbred C3H/eb mice thymectomized at 
3 days of age, or comparable litters of intact mice, served 
as @ source of bone marrow cells when the animals reached 
5-10 weeks of age. Bone marrow cell suspensions were 
prepared in the cold by aspiration of the long bones (two 
femora and two tibiae from eaeh animal) in Tyrode 
solution, and the cells were counted in a haemocytometer. 
Smears from 10 week old donors were prepared by extru- 
sion of the bone marrow from the bone shaft with an 
injection needle. 
slides, dried, 
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Fig. I. Average number of spleen colonies obtained after injection of 


two different concentrations of nucleated bone marrow cells from 
intact (©) and thymectomized (8) donors. The mean and 95 per cent, 
confidence interval are given for each group. 


target distance of 50 em. Within 2-3 h of irradiation, the 
mice were injected intravenously with 0-5 ml. of bone 
marrow suspension, in some experiments containing 
2x 10* and, in others, 3x 104 nucleated cells. Two or 
three thymectomized, and an equal number of intact, 
mice were used as donors in each experiment. The bone 
marrow from eaeh donor, ad justed to the desired con- 
centration, was injected, without pooling, to groups of 
ten-fourteen recipients. The recipient animals were killed 
on the ninth day after treatment, the spleens were removed 
and fixed in Bouin's solution, the maeroscopie noduli 
were counted and the spleens were then seetioned semi- 
serially and stained with haematoxylin and eosin. The 
clones were classified as erythroid, granuloid, megakaryo- 
eytic, mixed (erythroid, granuloid and megakaryocytic 
cells being present in different combinations) or undif. 
ferentiated (probably at an early, as yet undefined, stage 
of differentiation). Megakaryocytes were also found singly 
in the erythroid and granuloid colonies. 


Table 1. MACROSCOPIC SPLEEN COLONIES IN MICE INJECTED WITH BONE 
MARROW FROM NORMAL (N) AND THYMECTOMIZED (Tx) DONORS 


No.of Souree of . 
Group bone marrow bone Nu. of colonies in 
No.  neelsinjected marrow individual apleens Mean 
(x 107) injected 
NI 2 N 0,2,9,4,5.1, 7,5 4-5 
2 Tx 1;1,1;9.5;9 2:0 
N2 2 N 0,2,4,5,5,6,6, 5 45 
iz TX 6,1,1,2,2.8,5 2:1 
N3 2 N 1,2,3,4,4,4,5,5 3:5 
2 Tx tI. 1-8 
N4 2 N 1,5,7,5,8,0,90 71 
2 Tx 0,1,3,3,3,3,6 2-7 
N5 2 N 4,5,5,7,9 6.0 
2 TX 20 2.4 2.0 
NG 3 N 3,23,4,5,5,5,6,86,9 5:1 
3 Tx 0,0,1,151,2,2,3.3 1-5 
N7 3 N 3,5,5,6,6, 5, 8,8 0.2 
8 Tx 1,2,2,2,2,3,3,3,4,4 2.6 
NS 3 N 4,5, 7, 85,0, 11, 12, 15 8.9 
3 Tx 0,1,5,5,5,06,8,9 4-8 
NG 3 N 8, 9, 10, 10, 11, 11, 11, 13 10.8 
3 Tx 3,2,9,4,5,60,7 4:4 
N10 3 N 8,5,5,6,8,0,0,13 T8 
3 Tx 2,2.3,3,3,3,4,6 3-2 


The total number of colonies counted in the spleens of 
animals that received bone marrow cell suspensions from 
thymeetomized donors was much lower than that counted 
in recipients of cells from intact donors (Table 1). Groups 
N1 to N5 are examples of experiments in which recipient 
animals were injected with 2x 10* bone marrow cells; 
groups N6 to N10, where the number of cells injected was 
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Table 2. MICROSCOPIC DISTRIBUTION OF SPLEEN COLONIES IN MICE INJECTED WITH BONE MARROW FROM NORMAL (N) AND THYMECTOMIZED (TX) DONORS 


Donor No. of spleens No. of colonies . Types of colonies , - l 
source examined counted Erythroid Granuloid _ Mixed Megakaryocy tic Undifferentiated 
N 22 121 75 (62%) 16 (13%) *oRl (4794 2 (294) 7 (295) 
Tx 58 108 84 (78%) 12 (11%) 7 (6%) 2 (295) 3 (3%) 


3x 10*. In spite of the differences in the yield of colonies 
in the different groups, bone marrow cells from thymec- 
tomized donors were found in every case to be less com- 
petent in inducing colony formation. The results of all 
the experiments (comprising 120 recipients of normal bone 
marrow cells and 115 recipients of bone marrow cells 
from thymectomized donors) are given in Fig. 1. The 
average number of colonies in recipient animals injected 
with 2 x 10* cells is 5:3 from normal donors and 2:5 from 
thymectomized donors. With the higher cell concentra- 
tion (3x 104) the averages were 7-8 and 3-2 respectively. 
These differences are significant at a 95 per cent confidence 
interval. 

The results of microscopie examination of semi-serial 
sections of the spleens of animals from both the experi- 
mental and eontrol groups are summarized in Table 2. 
Erythroid colonies were more frequent in the spleens of 
animals injeeted with marrow cells from thymectomized 
donors (84/108) than in those treated with marrow from 
intact mice (75/121). A reduction was also found in the 
number of mixed colonies in the spleens of the animals 
treated with bone marrow from thymectomized donors. 
In both eases, however, the differences were not significant. 


Table 3. CELLULAR DISTRIBUTION IN THE BONE MARROW OF NORMAL AND 


THYMECTOMIZED C3H/eb MICE 


Cell tv pe Normal Thymectomized 
Blasts o (lY7T- 34) Td (5-8- 8-6) 
Promyelocytes and myelocy tes 15:6 (11-6-19-6) 12-8 (7T:8-17-8) 
Metamyeloeytes 1:0 (06:7-15-3) ibA (07-13-10 
Granulocytes 43-0 (31-8-54-2) 32-4 (23-6-41-1) 
Young normoblasts 4:5. (9:0— 7:0) $0 t5- 077) 
Adult normoblasts 17:3 (11:5-23:1) 22.3 (15-3-29-3) 
Lymphoeytes 4:9. (4d:1—- 075) To 0(7-11:1) 
Plasma cells 0-3 (0-0- 0-8) Ü 
Mitotic cells 1:0 (0-98~-1-04) 0-6 (0-01- 1-73 


The average values are derived from counts of 1,000 cells in each of five 
normal and five thymectomized animals. The figures in brackets represent 
95 per cent confidence intervals. 


Counts made from the bone marrow smears are sum- 
marized in Table 3. Young cells with a fine network of 
chromatin in the nucleus, a narrow rim of basophilic 
cytoplasm and which could not be classified in the myelo- 
blastie or erythroblastie lines were eonsidered to be blast 
cells. The most prominent change observed in the cellular 
distribution of the bone marrow of thymectomized mice 
was a significant augmentation in the number of blasts, 
from 2-7 in normal, to 7-1 in thymectomized, mice. Most 
of the other cell types were within the normal range. 
though there was a slight inerease in the number of 
normoblasts and lymphoeytes, whieh was compensated 
for by a reduction in the number of granulocytes. A few 
plasma cells were found in bone marrow, but were absent 
in the samples of thymectomized mice examined. The 
number of mitotie cells was smaller than that observed 
in normal mice, indieating that the bone marrow of 
thymectomized mice was less active than that of normal 
animals. 

These experiments demonstrate that the cloning 
capacity of bone marrow cells of thymectomized mice 
is impaired in relation to that of intaet controls. Because 
each spleen eolony seems to be derived from a single 
multipotent bone marrow stem cell*:?, these results suggest 
the existenee of a regulatory function exerted by the 
thymus on the stem cell population of the bone marrow. 
A striking increase in the number of undifferentiated 
blasts was observed in the bone marrow of thymectomized 
mice. The same observation has been made in neonatally 
thymectomized Wistar rats*. We therefore conclude that 
the absence of the thymus leads to maturation arrest of 
bone marrow tissue, expressed morphologically by an 


increase in the number of blasts, and functionally by an 
impairment of bone marrow cloning capacity. Whether 
the thymus expresses its regulatory influence on the 
bone marrow cell population by a cellular or humoral 
mechanism, or both, is not yet known. 
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Lymphocyte in vitro Cytotoxicity: 
Specific Release of Lymphotoxin-like 
Materials from Tuberculin-sensitive 
Lymphoid Cells 


ALLOGRAFT immunity and delayed hypersensitivity 
reactions are caused chiefly by the action of host immune 
lymphoid cells. Although these reactions have been 
much studied in vivo and in vitro, the mechanism of cell 
destruction is essentially unknown. There have been 
reports from this laboratory that a cell-free toxic faetor 
released by immune and phytohaemagglutmin (PHA). 
stimulated non-immune mouse lymphocytes ie essential in 
the in vitro destruction of target L cells? This factor, 
termed lymphotoxin (LT), caused in vitro cytolysis of 
both continuous and primary cells obtained from many 
animal species’. Later work showed that lymphocytes 
from various animal species, meluding mas, could be 
stimulated in vitro to release LT, in the absence of target 
cells, by treatments which induce lympheeyte trans- 
formation, that is the mixed lymphocyte reastion, PHA 
and xenogeneic antibody’, It was therefore of interest 
to investigate whether lymphoid cells obtained from 
animals with delayed hypersensitivity to soluble antigens 
could be induced in vitro to release LT-like matertals. 
We wish to report here that in the ease of tuberculin 
hypersensitivity in mice, guinea-pigs and man, non-specific 
toxic materials are released when the cells are cultured 
in the presence of specific antigen. 

Guinea-pigs and C57Bl/6 mice were sensitized by two 
subcutaneous injections, one in each flank, amd an intra- 
peritoneal injection, each containing 50 ug of tuberculin 
purified protein derivative (PPD) mixed in Freund's 
complete adjuvant. The injections were repeated after 
2.8 months. Animals were killed 7 days after the final 
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injection and suspensions of splenie small lymphocytes 
were prepared by differential centrifugation as deseribed 
earlier. In addition, C57Bl/6 mice were immunized 
against DBA/2 antigens by repeated intraperitoneal doses 
of 0-2 ml. containing 40 x 10* DBA/2 spleen cells prepared 
as we have just deseribed. Injections were given 3 days 
apart; the animals were killed 5 days after the fourth 
injection, and suspensions of splenie lymphocytes were 
prepared as described for the PPD treated animals. 

Suspensions of human peripheral blood lymphoid cells 
were obtained from patients who gave specifie positive 
skin reactions to PPD between 15 and 30 mm in diameter, 
and from tuberculin negative volunteers. Red blood cells 
were removed from the heparinized blood samples by 
sedimentation for 20 min at 37° C in an equal volume of 
6 per cent citrated bovine fibrinogen*. The supernatant 
was carefully removed and the cells washed three times 
by alternate sedimentation (300g for 3 min) and resus- 
pension in minimal essential medium. After the final 
washing, total and differential cell counts were made on 
living and May-Grünwald Giemsa-stained smears. ‘The 
cells in these suspensions usually consisted of 20-35 per 
cent small lymphocytes, 40-45 per cent polymorpho- 
nuclear cells and 5-15 per cent monocytes. 

The culture medium used in all experiments was Eagle's 
minimal essential medium (MEM) in Hank's salts supple- 
mented with 0-2 ug/ml. of glutamine, 100 v/ml. of peni- 
cillin, 100 ug/ml. of streptomycin, 50 ug/ml. of mycostatin 
and 10 per cent foetal calf serum. Cells were cultured in 
serow capped tubes (15x 150 mm) in 2:0 ml. of MEM 
containing 10x 105 lymphocytes in an atmosphere of 
95 per cent air and 5 per cent CO,. The two soluble 
antigens used, PPD or bovine serum albumin (BSA), 
were suspended in MEM and added in à volume of 0-05 
or 0-1 ml. to the test cultures. Cultures were incubated 
at 37^ C for 72 h, after which the eells and debris were 
removed by centrifugation (1200g for 10 min) and passed 
through a 0-45 micron (pore size) ‘Millipore’ filter. The cell 
free medium was then tested for toxieity by adding 2-0 ml. 
to duplieate tubes of indicator L (mouse) and HeLa 
(human) cell monolayers (200,000 cells to a tube). Cul- 
tures were incubated at 37° C for 48 h during which time 
they were periodically examined microscopically, and 
finally cell viability was measured by the capacity of the 
cells to incorporate 4“C-amino-acids into cell protein?. 

Indicator cell cultures exposed to the cell-free medium 
obtained from sensitive lymphocytes cultured in the 
presence of antigen underwent cell destruction by 48 h. 
The cellular changes—an apparent weakening of the 
plasma membrane, blebbing and finally eytolysis— 
associated with destruction were characteristic of LT- 
induced cytotoxicity seen previously in other systems 
(refs. 3-5 and unpublished results of T. W. W. and 
G. A. G.). By contrast, indicator cells exposed to control 
medium grew normally and had normal morphology. The 
effect of the cell-free medium obtained from the various 
lymphocyte cultures on L and HeLa cell protein synthesis 
(viability) is shown in Table 1. Although the results 
shown are those of a single experiment, they are highly 
representative (within +10 per cent) of the data gathered 
from eight to ten separate experiments. Different human 
patients and new experimental animals were used in each 
experiment. Clearly, the specific antigen PPD stimulated 
the release of toxic materials from sensitive mouse. 
guinea-pig and human lymphoid cells. Stimulation was 
specific, for the same antigens did not induce release from 
normal or non-specific immune lymphocytes, and further- 
more BSA failed to induce release from PPD-sensitive 
cells. Once released, however, cytolysis occurred by a 
non-specific mechanism, for both human and mouse 
indicator cells were affected. 

There seem to be specific and non-specific ways of 
inducing in vitro release of lymphotoxins from immune 
and non-immune lymphocytes. Our results show that 
soluble antigen induced specific release from sensitive 
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cells obtained from three animal species, and previous 
results demonstrated specific in vitro release when immune 
mouse lymphocytes contacted target cell antigens? By 
contrast, both immune and non-immune lymphocytes 
obtained from these same animals can be induced to 
release lymphotoxins by various non-specific treatments— 
PHA, xenogeneie antibody and the mixed lymphocyte 
reaetion (ref. 3 and unpublished results of T. W. W. and 
G. A. G.). These treatments, while chemically unrelated, 
have common properties; they all interact to some degree 
with the cell membrane and have been shown to induce 
lymphoeyte transformation*. It is evident that lympho- 
cytes must possess membrane receptors which when 
tripped by specifie or artificial non-specific means result 
in activation” and release of lymphotoxin. The relation- 
ship of lymphocyte transformation, characteristically 
defined by DNA synthesis and cell division, and what is 
referred to as "aetivation" remains to be clarified. The 
release of LT from PHA-stimulated human lymphocytes, 
however, is dependent on protein but not DNA synthesis’, 

Others have shown that lymphoid cells from tuberculin 
sensitive animals when cultured in vitro in the presence 
of antigen: (a) release soluble factor(s) which ean cause 
inhibition of macrophage migration from capillary tubes? ; 
(b) stop division of allogeneic and syngeneie rat fibroblasts’; 
and (c) cause non-specific cytolysis of xenogeneic red blood 
cells’. It is apparent that the initiating step(s) in these 
reactions is highly specific, but the effect on cells sur- 
rounding the stimulated lymphocytes is non-specific, 
Although the mechanism(s) of how cell migration and 
viability were effected in these systems was not demon- 
strated, the specifie induction and release of non-specific 
eytolytic LT from sensitized lymphocytes on stimu- 
lation with antigen offer a direct explanation of these 
phenomena. 

The work reported here provides evidence to support 
the concept that the cell destruction seen in allograft 


Table 1. EFFECT OF CELL-FREE CULTURE MEDIUM OBTAINED FROM SENSITIVE 
AND NON-SENSITIVE LYMPHOID CELLS CULTURED IN THE PRESENCE OF PPD 
AND BSA ON THE VIABILITY OF INDICATOR L AND HELA CELL MONOLAYERS 


Viability of Indicator 
cells expressed as pom. 


Animal Status ‘Treatment L HeLa 
(mouse) (human) 
Guinea-pig* Non-immurnee 30 ug PPD 8,011 11,470 
60 ug PPD 7,750 12,410 
30 ug BSA 7,041 12,120 
60 ug BSA 7.781 11,200 
None 7,007 11,807 
Immune (PPD) 30 ug PPD 2,008 4,107 
60 pe PPD 1,831 3,810 
30 ug BRA 7,589 11,571 
60 ug BSA 7,707 12,001 
None 7,856 11,998 
Mouse* Non-immune 30 ug PPD 8,443 12,089 
60 ug PPD 8,673 11,970 
30 ug BSA 8,324 11.481 
60 ug BSA 8,287 12,203 
None 8,807 11,998 
Immune (PPD) 30 ug PPD 2,030 3,574 
60 ug PPD 3,500 4,891 
30 ug BSA 8,332 12,107 
60 ug BSA 8,401 11,872 
None 8,389 12,198 
Immune (DBA/2) 30 ug PPD 8,373 
60 ug PPD 8,129 
30 ug BSA 7,950 
60 ug BSA 8,211 
None 8,159 
Humant Non-immune 10 ug PPD 16,917 20,011 
20 ug PPD 18,501 20,141 
20 ug BSA 16,707 19,948 
None 16,396 20,050 
Immune (PPD) 10 ug PPD 2,909 4,176 
20 pe PPD 3,076 3,989 
20 ug BSA 17,501 20,171 


None 16,947 20,279 


Lymphoid celis were cultured for 72 h with PPD and BSA, cells and debris 
were removed and the medium was placed on fresh cultures of indicator cells, 
After incubation for 48 h, cell viability was assayed by measuring the capacity 
of the indicator cells to incorporate **C-amino-acids into cell protein. 

* Each tube was labelled with 2-0 ml. of 05 #Ci/ml. of !*C-amino-acid 
hydrolysate for 15 min. 

t Each tube was labelled with 2-0 ml. of 0-6 «Cifial. of “C-amino-acid 
hydrolysate for 20 min. 
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immunity and delayed hypersensitivity in vitro may occur 
by a similar mechanism. 

This research was supported by a grant from the 
US National Institutes of Health. We thank Dr A. A. 
Adamus and Dr Laurie Thrupp for blood from tuberculin 
positive patients. 
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lllegitimacy and Down’s Syndrome 


GERMAN recently suggested that the high prevalence of 
Down's syndrome among the children of older mothers 
results from relatively low frequencies of sexual inter- 
course among such mothers and a consequent increase 1n 
the probability of delay in fertilization of discharged 
ova!. To test this hypothesis, he suggested that the 
prevalenee of Down's syndrome be studied among the 
offspring of unmarried mothers, “who as a group engage 
in coitus sporadically rather than systematically”. 
On similar grounds, Goodhart? postulated that a particu- 
larly high prevalence should be expeeted in the children 
of young unmarried mothers. 

In response to these suggestions, Shokeir? has reported 
that, among thirty-one cases of Down's syndrome seen for 
genetic counselling, nine were illegitimate children born to 
mothers below the age of 20. 

Other substantial grounds for rejecting German's 
general hypothesis have been presented‘, but no estimate 
of the frequency of Down's syndrome in illegitimate 
children seems previously to have been made, so it seemed 
worthwhile to provide this for a series of cases recently 
compiled for other purposes. 

By searching all known sources, I have assembled a 
series of 1,810 cases of Down's syndrome among white 
children born to mothers residing in Massachusetts 
between 1954 and 1965. The estimate of prevalence 


obtained— 1:41 per 1,000 live births—1s one of the highest 
found in any American survey and suggests that ascertain- 


ment was reasonably complete. 

Birth certificates were obtained for all but four of these 
children and these provided information on the age of the 
mother. Legitimacy is not directly reported on birth 
certificates in Massachusetts. An inferential method of 
ascertaining legitimaey—used by the US National Center 
for Health Statistiess—was therefore adopted. This 
method is known to overstate slightly the number of 
illegitimate births, but the error is small (0-7 per cent total 
overstatement among the white population of the United 
States)* and, in the context of the present results, in a 
conservative direction. 

According to this method, children are classified as 
follows. 
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Child’s Father's Mother's 
Status surname surname maiden nae 
Legitimate A A B Gar À? 
legitimate A — A 
A — B 
A B A 
A B Ü 


Table 1 gives the distributions of live births, mongol 
births and inferred illegitimate mongol births by age of 
mother. Twenty-seven (14:9 per 1,000) of the children 
with Down's syndrome were classified as illegitimate. The 
illegitimacy ratio among these children shows the same 
trends with increasing maternal age as among children. in 
general. 


Table 1. NUMBER OF LIVE BIRTHS, CHILDREN WITE DOWN'S SYNDROME, 
NUMBER INFERRED TO BE ILLEGITIMATE, AND ILLEGITIMACY RATIOS, BY 
MATERNAL AGE. MASSACHUSETTS WHITE POPULATION, 1954-05 


legitimate per 


Total No. Down's syndrome 1,000 live births 
x 


Age of of live No.of  No.ile- Down's 32 
mother births live births gitimate syndrome — states T 
<15 378 — = — 453-8 
15-19 93,163 57 4 70-2 TOT 
20-24 388,743 240 5 20-8 24-0 
25-29 378,887 266 6 22.6 1r5 
30-34 258,073 205 4 13:6 10:4 
35-39 133,236 476 3 35 — 19 
40-44 33,304 416 5 12-0 L 1» 
45 + 1,662 52 — — d 7757 

Unknown —* 8 = — — 
Total [987,446 1,810 pA 14-8 16-1 7 


* Births of unknown maternal age are distributed according to the distri- 
bution of the known births. 

+ Thirty-two states reporting to the National Center for Health Statistics’; 
white births, 1960. 

t Total is standardized to the maternal age distribution af the children 
with Down's syndrome. 


No entirely satisfactory data are avagable for comparing 
the illegitimacy ratio among the Down's syndrome cases 
with that in an unaffected group of children, because these 
data are neither recorded nor reported in Massachusetts. 
For thirty-two other states, however, data have been 
assembled by the US National enter for Health 
Statisties*. For the white populatiom of these states. the 
data for the central year of birth of the Down's syndrome 
cases are given in Table 1. The two sets of ratios are 
fairly similar. The data on the individual states, given in 
the report quoted, indicate that, for the white population, 
states in the north and east parts of the country tend 
to have somewhat higher illegitimacy ratios than the 
national average. There is therefore ao evidence here ofa 
high frequency of illegitimacy among the children with 
Down's syndrome. 

Estimates of prevalence rates of Down's syndrome by 
legitimacy status are given in Table 2. The number of 
illegitimate live births was estimatec by applying, in each 
year of birth and maternal age group, the illegitimaey 
ratios reported for the white populazion of the thirty-two 
reporting states. Both legitimate and illegitimate births 
show increasing prevalence of mongolism with advancing 
maternal age. In the younger ma:ernal age groups, the 
prevalence of mongolism is almost identical in the ilegiti- 
mate and legitimate births. In the two age groups over 
35, rates are somewhat higher in the legitimate births. 
These differences are not statistically significant. Overall, 
Table 2. NUMBER OF LIVE BIRTHS, CHILDREN WITH DOWN S SYNDROME, AND 


PREVALENCE RATES, BY MATERNAL AGE ANI DGITIMACY,. MASSACHUSETTS 
WHITE POPULATION, 1954-65 





Cases of Down's 


Number of Number with syndrome per 


Age of live births Downs syndrome 1,000 live births 
mother Legit- Tlegit- Legit  IHegit-  Legit-  Illegit- 
imate” imate* — imate* Irante” imate imatt 
<15 226 152 wet ~ — —— 
15-19 86,160 6,004 ne 4 0-62 0:57 
20-24 379,465 0,278 282 5 062 6:54 
25-20 374,300 4,49} DFE ü 0.69 134 
30-84 255,803 2.7 i( Ote 4 1-14 14 
35-39 131,540 1,696 475 3 8:50 pj 
40 + 34,883 5178 488 3 13:46 RD 
Unknown — -— e os — somes 
Total 1,261,487 25,059 i753 oF ji:41l i311 


* See text for methods of estimation. "RON" ». TR 
t Total standardized to the maternal age distribution of the legitimate 
births, 
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as would be expected from Table 1, the rates in legitimate 
and illegitimate infants are quite similar. | 

Although Shokeir gives no information on the sources 
of his ehildren with Down's syndrome, it is not difficult to 
imagine mechanisms which would lead to a high frequency 
of young unmarried mothers among cases coming for 
genetic counselling, Such cases would presumabl y include 
a high proportion of mothers who are likely to reproduce 
again—that is, young mothers—and quite possibly a high 
proportion of mothers interested to know the relative 
roles of the inother and father in the genesis of affeeted 
children. | 

One other method of evaluating the h ypothesis of the 
inverse relationship between frequency of coitus and risk 
of Down's syndrome was suggested by German. This was 
by the examination of the duration of marriage of mothers 
of affected children. German himself compared a series of 
affected children with a series of births in the New York 
Hospital, and concluded that the older mothers of affected 
children lacked the expected proportion of women who 
married later in life, and that the affected series therefore 
contained a high proportion of women with long marriage 
durations and, presumably, low  coital frequencies. 
Although some of the affected children were born in the 
New York Hospital, we are not told what proportion, 
nor are the data on the series of all births given. Penrose 
and Berg^, in a much larger and seemingly more com- 
parable series, were unable to confirm German's observa- 
tion. 

There therefore seem to be few observational data to 
support the general hypothesis proposed by German. 
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Changes in Chromosome Structure 
induced by Radiations: a Test of the 
Two Chief Hypotheses 


Two hypotheses have been advanced io suggest how 
radiation may produce chromosome aberrations. The 
classical "breakage-first" hypothesis due to Sax! and 
others (reviewed in ref. 2) is that the initial lesion is a 
break in the chromosome. The two ends produced may 
then (1) rejoin in the original configuration (restitution); 
(2) rejom "illegitimately" with other ends produced by 
another break to form an exchange; or (3) remain un- 
joined to form a terminal deletion. Revell’s exchange 
nypothesis? is that all chromatid aberrations are exchanges 
produeed by the interaction of two lesions (not breaks). 
The aberrations involving only one ehromosome are 
produced only at the point of overlap where the ehromo- 
some is looped back on itself. The two proposals differ 
principally in that the exchange hypothesis proposes 
(1) that the initial lesion is not a break, (2) that all aberra- 
tions are exchanges involving two lesions, and (3) that all 
aberrations except exchanges between different chromo- 
scmes are formed at the point of overlap where the 
chromosome is in a loop. Chromatid deletions, which are 
unrejomed breaks on the breakage-first hypothesis, in 
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EXCHANGE OCCURS 
BUT IS INCOMPLETE 


BREAR DOES 
NOT REJOIN 


A B 
Fig. 1. Formation of chromatid deletions in accordance with the 
breakage-first hypothesis (4), or the incomplete exchange hypothesis 


(B). The solid line represents the chromatid labelled with *HTdR and 
which is thus detectable autoradiographically, 


Revell’s hypothesis result from the failure to complete 
an exchange at the point of overlap of a loop in the way 
known to occur frequently when exchanges are produced 
between ehromosomes. Attempts to distinguish between 
these two hypotheses have centred on the relative fre- 
quencies of the different kinds of aberrations and on the 
dose response relationships. Results have been equivocal: 
some of the data do not agree with the simple statements 
of either the breakage-first’-? or the exchange hypo- 
theses, We report here a more direct test of the 
differences between the two hypotheses. We have not 
explored the nature of the initial lesion, but have shown 


with an exchange of label between the chromatids of a 
chromosome, whereas the exchange hypothesis without 
the "loop restriction” predicts that all terminal deletions 
will be associated with such an exchange. Because label 
is exchanged between chromatids (sister chromatid ex- 
change) in the absence of external radiation 4, a few 
deletions would be misclassified in either case. We 
expected the frequency of such exchanyes to be about 
0-04 per micron of chromosome (unpublished results of 
D. W.); this was about the frequency we observed. 
Because we decided to accept any exchanges that occur 
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Formation of chromatid deletions in accordance with Revell’s exchange hypothesis. 


No exchange of label seen in A, Bor C. Exchanges C and D are assumed to have fragments 


so small that they are rarely visible. 
is not scored. 


An exchange of label will be seen in £ and F. 


Exchange C thus looks like A, B, E or Fy exchange D 


Exchanges G and H are classified 


as isochromatid deletions, not terminal deletions, and so were not scored in this experiment, 


The proportion of deletions showing exchange 


wil therefore be (E+ FP)/(44+ B+ C+ Et EN 


If these exchanges are equally probable, the proportion is 2/5 = 40 per cent. 


within one micron of the apparent break point, the ex- 
peeted frequencies of deletions with a sister chromatid 
exchange were about 8 and 92 per cent rather than 0 and 
100 per cent respectively for the alternative hypotheses. 
If the exchange is restricted to the point of overlap of the 
loop as specified by Revell, the predietion is that 40 per 
cent of the deletions will have an associated exchange 
(Fig. 2). This is close to 50 per cent, and so the influence 
of spontaneous sister chromatid exchange will be small. 
The prediction that 40 per cent of the deletions will have 
an exchange of label between chromatids associated with 
them is not unique, because any value between 5 and 92 
per cent can be explained by assuming that the two events 
pictured in Fig. 1 occurred in that proportion. There is 
no a priori reason, however, to expect that proportion to 
be 40 per cent incomplete exchanges and 60 per cent 
unrejoined breaks. 

Cultures of Potorous tridactylis, the rat kangaroo, were 
labelled with 1 uCi/ml. of 3HTdR for 0-5 h (specific 
activity, 1-9 Ci/mmole), the radioactive medium was 
poured off, the cultures were rinsed twice with Earle's 
salt solution and placed in non-radioactive medium. After 
44 h, when the cells were expected to be approaching the 
second mitosis after labelling, the cultures were irradiated 
with 300 kVp X-rays (half value layer, 1-65 mm Cu) at 
100 r./min to give total doses of 25, 50 or 100 r. Colchicine 
was added to a concentration of 2x 10-* M. Four hours 
later the cells were trypsinized, collected by centrifuga- 
tion, exposed to hypotonic saline for 10 min, fixed with 
acetic ethyl alcohol (1:3) and dropped on wet slides. 
Cells were stained by the Feulgen reaction and seored for 
terminal deletions. The coordinates of the microscope 
stage were recorded for each cell containing à terminal 
deletion and a sketch made of the chromosomes of the 
cell. After scoring, slides were dipped in Ilford L-4 
emulsion, dried and stored in the dark at 99.4" C for 
61 days. Autoradiograms were then developed, the cella 
relocated and the presenee or absence of an exchange 
recorded in cells with chromosomes sufficiently labelled 
(usually about two grains per micron of labelled chromatid) 
for reliable scoring. 





The aberrations usually classified as terminal deletions 
are a heterogeneous group of configur itions in irradiated 
cells. Sometimes the fragment is displaced (Fig. 1), and 
sometimes not, in which ease it may de confused with à 
gap—-a place on the chromosome without Feulgen stan 
that is not an interruption of the chromosomal con- 
tinuity!^. The fragment is sometimes shorter than the 
piece apparently missing from the @iromatid. In such 
cases, even the proponents of the breazage-first hypothesis 
might expect incomplete exchange to be responsible for 
the configurations. Because of these complications, dele- 
tions were Classified (before autorasiography) as either 
“displaced” or “‘non-displaced™ anc also as either "no 
material missing" or "material missing". The ov erall 
frequency of exchanges associated wth terminal deletions 

to the 


sv of exchange (81 per 
cent) associated with deletions in which there appears to 
be a loss. Real differences berween these categories 
cannot be determined with such small sample. Of five 
cases where a eonnexion could be seen, whether the frag- 
ment was displaced or not, none showed an exchange, 
Of five gaps in which no connex:on could be seen, none 
showed an exchange. 

The data seem to demonstrate anequivocally that many 
aberrations classified as terminal deletions are not un- 
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Table 1. 
SHOWING EXCHANGE 


_With exchanges 


Deletion type No. examined E i P 

Displaced 9/18 50 

~ 2.2 >0.05 
Nondisplaced 5/19 26 

- an 
No material missing 6/11 54 

— ixB 20.05 
Material missinq 8/26 3l 

gau eae 
Total 14/37 38 


rejoined single breaks, but rather are incomplete ex- 
changes. Thus one feature of Revell’s hypothesis is 
confirmed. Furthermore, the proportion. of deletions (38 
per cent) associated with an exchange between chromatids 
is very close to that predicted (40 per cent) if all chromatid 
deletions are incomplete exchanges at the point of overlap 
of a chromosomal loop as suggested by Revell. Chromo- 
some aberrations induced in G, also behave like incomplete 
exchanges in at least one species!, Alternativel y. chroma- 
tid deletions eould be a mixture of the unrejoined breaks 
and incomplete exchanges shown in Fig. 1; their relative 
proportions would determine the proportion of deletions 
associated with an exchange between the chromatids. 
“Unrejoined breaks" in this context need not be un- 
repaired initial lesions, but must arise from a single lesion. 
Unrejoined breaks should increase approximately linearly 
with dose, while incomplete exehanges should increase 
approximately as the square of the dose, and so the 
proportion of deletions associated with exchanges must 
increase with increasing dose if the deletions are a mixture. 
whereas if Revell's hypothesis is correct, the proportion 
should remain constant. An experiment to determine the 
dose response is in progress. (Our data were obtained 
at three doses, but the samples are too small to establish 
the form of the dose response.) It is noteworthy that, 
according to Revell's hypothesis, the ratios of some aberra- 
tion types are expected to remain constant in various 
conditions and in all species, but they do not-?2.17.18, 
This, together with our demonstration that many chroma- 
tid deletions are incomplete exchanges, makes us believe 
that the most reasonable hypothesis is that chromatid 
deletions are a mixture of unrejoined single breaks and 
incomplete exchanges between sister chromatids. 

This work was carried out under the auspices of the 
US Atomic Energy Commission and the US Public Health 
Service. We thank David Scott and Sheldon Wolff for 
suggestions in the preparation of the manuscript. 
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Correlations of ATPase Activity and 
ATP Levels with Structural Alterations 
in Rat Liver Mitochondria 

during Swelling* 


IN 1954, Chappell and Perry? observed that swelling of 
mitochondria was initiated by the demasking of a latent 
nutochondrial ATPase. Later Lehninger and his col. 
leagues? demonstrated that mitochondrial contraction 
was accompanied by à low ATPase level. The part 
played by the mitochondrial A'TPase during swelling is, 
however, as yet unexplained. i 

We concluded from our own work that at the onset of 
swelling the concentrations of ATP in the mitochondria? 
and Mgt ATPase levels in the mitochondrial membranes 
are altered in opposite directionst, 

Recently we showed that in the presence of mereasing 
concentrations of a new derivative of maleimide, N-(N- 
acetyl-4-sulphamoyl phenyl)maleimide, the swelhng of 
mitochondria could be alternately accelerated or retarded. 
We interpreted this as consecutive alkylation of ATPase 
activating and ATPase inhibiting sulphydry] groups. 

We have now demonstrated activation and inhibition 
of mitochondrial ATPase(s) during swelling without SH 
reagent. 

Liver mitochondria from rats of a local Wistar strain 
were isolated in 0-25 M sucrose in the usual way®, A stock 
solution of mitochondria with a protein concentration of 
about 20 mg/ml. sucrose was prepared. For the swelling 
experiments mitochondria were in 0-125 M KCl and 0-02 M 
tris HCl buffer (pH 7-5), samples of the stock suspension 
having been pipetted into corresponding samples of buffer. 
Absorbance was read every minute or continuously (the 
temperature was 21^ C). The initial absorbance was 
within the limits of 0-45 to 0-55 at 546 nm. 

For the determination of ATPase, samples of the stock 
suspension were added to 200 ml. of KC] tris buffer and, 
after incubation, sedimented in a cooled centrifuge at 
20,0009 for 3-5 min. The supernatant was poured off and 
the sediment was washed superficially with 0-25 M suerose 
to remove the salt solution. The time from the beginning 
of the incubation of mitochondria in the tris KCl buffer 
until the pellets had been washed was noted. Then the 
mitochondrial sediment was suspended in 0-25 M sucrose 
and diluted to 48 ml. for sonication, which was carried out 
for 20 min in a Branson S-75 sonicator at 2-5-3 A. The 
protem content was then determined by Lowry’s method’. 
ATPase activity in the sonicated mitochondria was 
estimated simultaneously in 0-2 ml. samples. The mito- 
chondrial membranes were prepared in the usual way by 
differential centrifugation at 13,5009 and 100,000g. Each 
membrane pellet was suspended in 0-4 ml. of 0-003 M 
potassium phosphate buffer, pH 8-7 (ref. 8). ATPase 
was determined as described in ref. 8 with a few modifica- 
tions. Phosphate liberated was determined according 
to the Fiske and Subbarow method’. 

To determine ATP, a sample of the stock suspension 
was pipetted into a newly prepared tris KCl medium, and 

* Presented in part at the meeting of the Gesellschaft für Biologische 
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microsco e set 
. for under £5,000 


Now, with the introduction of the ELMISKOP 51, electron 
microscopy becomes an available technique to many 
laboratories—in hospitals, research and teaching 
establishments, production control—so far denier 
This relatively low-cost medium-resolution instrument also 
offers invaluable back-up facilities to users of a nigh 
resolution microscope, releasing it from routine analyses to 
a concentrate on those investigations where its potential can be 
\ x. fullyexploited. ELMISKOP 51's cost may be modest but not 
Its specification. Features include 
Point to point resolving power. With normal emulsions 35-40 A 


























Its benefits 





E With high resolution emulsions 20-25 A 

A Magnifications. 1.250 :1/2,500 :1/5,000 :1/12,500 

ni Total magnification maximum 200,000 :1 

pi Acceleration voltage. 50 kV. Stability = 5.10—5/min 

H Permanent magnet lenses. 

[^ Specimen facilities. Unique specimen stage accommodates 
i 15 specimens atone loading. 

£d Vital statistics. Width 1400mm (55^). Depth 700mm 28") 


Ei Weight (approx.) 230kg (500 Ib) 


. Elmiskop 51 
| E is a single unit and can be plugged directly into a domesic socket. 
ip As no cooling water is required, installation is therefore carticularly 


simple. For fuller details, and to arrange a demonstratior 
write to Siemens (U.K.) Ltd., Scientific Instruments Divis. on, 
Great West House, Great West Road, Brentford, Middlesex. 
Telephone 01-568 9133 Telex: 23176 


SUK. 7-269-15 
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The Precision Calorimetry System on its handy trolley 
which provides ease of movement, 
and ample desk space for the operator. 


j IN THE SERVICE OF SCIENCE 
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LKB INSTRUMENTS LTD. e LEB HOUSE @232 ADDINGTON ROAD eS. CROYDON, SURREY. CR2 AYO eTEL: 01-657-0286 


SALES AND SERVICE THROUGHOUT THE WORLD: 
STOCKHOLM, WASHINGTON, THE HAGUE, COPENHAGEN, ROME, VIENNA 


LKB and CALORIMETRY 


The LKB Precision Calorimetry Sys- 
tem makes it possible for any labora- 
tory to acquire a complete solution 
calorimeiry system. The System. 
which currently comprises Reaction 
and Solution, Titration, Vaporization 
and Closed-Bomb Reaction Calori- 
meters, can be used to measure 
changes in internal energy or ent- 
halpy which occur when a system 
changes from an initial state to a final 
state. Essential data for many ther- 
modynamic and thermochemical cal- 
culations. The various Calorimeters 
which make up the LKB System are 
either of the constant temperature 
environment type or adiabatic. 
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Due to its extreme accuracy the in- 
strument meets a research need in the 
study of apparent heat capacity of 
proteins, and other substances, in so- 
lution; additionally it will provide A 
Cp data for a reaction by calibrations 
before and after the reaction. 

Write or phone LKB for advice on 
your calorimetry problems, and a 
fully descriptive brochure, containing 
application information, of the LKB 
Precision Calorimetry System. 
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at the times shown in the eurves 3 ml. samples were 
removed and added to 3 ml. of boiling distilled water. 
After boiling for 10 min, the suspensions were eooled on 
ice. Firefly suspension (50 mg, FFE, Sigma) was extracted 
with 5 ml. of arsenate buffer, pH 7-0, filtered and stored 
for 12 h at 0? C. MgSO, (50 mg) was then added. For 
each ATP determination, 0-2 ml. of the firefly enzyme 
was added to 5 ml. of the suspension, and the light 
emission was measured in a Packard “Tricarb’ counter 
with a setting for ?H. Several successive 10 s counting 
periods were used. 

Figs. 1 and 2 show the correlation between the activa- 
tion and inhibition of ATPase activity and mitochondrial 
swelling. The activation of the membrane ATPase cor- 
responds to the steeper sections of the swelling curve 
(Fig. 1), whereas inhibition accompanies the flatter sec- 
tions of the curve (Figs. 1 and 2). The stepwise decrease 
of absorbance in the course of swelling, which is frequently 
observed, is, however, far more accentuated when the 
differences in the swelling curves are formed as shown in 
Figs. 3 and 4. 

The ATPase activity in the sonicated mitochondria runs 
either parallel or counter to membrane ATPase activity. 
The ATPase activity in the soluble protem fraction is 
often several times greater than the membrane ATPase 
activity (when expressed in terms of total protein), so 
the opposite trend can be explained in terms of a feedback 
regulation. Sometimes ATPase activity in the soluble 
protein is not sufficiently high to show feedback, with the 
result that parallel curves are obtained. 

Finally, we compared the trend of the ATP curves with 
the differences in the swelling curves. We found that the 
two correlated closely (Figs. 3 and 4). 
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Figs. 1 and 2. Rat liver mitochondria from ten-fifteen rats. Swelling 
(right-hand parameter), measured at 546 nm, is shown in the upper 
curve. Medium: tris 0-02 M, KCL 0-125 M, pH 7-5, with HCL Tem- 
perature 21° C, Readings were taken every minute. The protein 
concentration was approximately 0-11 mgimi. of medium. ATPase 
determinations: €, membrane ATPase activity; ©, ATPase activity 
in sonieated mitochondria. Each point represents the mean of two or 
three determinations. Incubation was for 5 min at 28^ C, terminated 
by the addition of 1-5 ml. of 8 per cent perchloric acid; 2 ml. was used 
to determine phosphate. 
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Figs. 3 and 4. A sample of the stock suspenson was pipetted into 

50—100 ml. of tris 0-02 M, KCI 0-125 M, pH 7.5, with HCl. The tempera- 

ture was 21° C. The amounts of stock suspension secesaary were derived 

from those used in the swelling curve measurements. e$. Concentrations 

of ATP in the mitochondria suspension; ©. differences in the swelling 
Curves. 


We have shown that a multiple activation and inhibition 
of enzymatic mechanisms occur durcg awelling. It is 
known that the subunits of many enzyme systems are 
able to reproduce the funetional characteristics of the 
whole. Penefsky and Warner! have shown that F1 
ATPase consists of an enzyme complex of molecular 
weight 284,000 containing ten monomers of molecular 
weight 26,000. There is an indication of the dual part, 
enzymatic and structural, played by the F 1 ATPase in 
the findings of Schatz et al.) using yeast mitochondria. 
An ATPase mechanism of this nature, which is dependent 
on structure, is also suggested by our graphs, for the 
conformation of the mitochondrial membranes is closely 
coupled with the concentration of ATP in the mito- 
chondrial suspension (Figs. 3 and 4). 

Following the ATPase activation that occurs at the 
onset of swelling, we observed a series of oscillations 
which corresponds closely with ‘he series noted by 
Packer” in his low amplitude swelling experiments. This 
stepwise mechanism involving activation and inhibition 
corresponds with Cooper's observatzons!*; he added DNP 
and MgCl, to a digitonin preparstion of mitochondria, 
titrated with AgNO, and found a ductuation of ATPase 
activity. Others have observed similar results after adding 
inereasing concentrations of deoxycholate or substituted 
thiophensii-!*, Furthermore, osedlating potassium up- 
take!^!* and mitochondrial swelling occur in similar con- 
ditions. This swelling might be dependent on the ion 








t1ion!*, 

Green and his co-workers have characterized the swelling 
process in terms of a gradual withdrawal of the cristae 
mitochondriales into the inner wembrane. Because the 
inner membrane is, however, #ccupied by numerous 
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elementary partieles with structural differenees, which 
seem to correspond to the membrane ATPase?*, and 
because the swelling process is accompanied by persistent 
liberation of sulphydryl groups**), it is unlikely that it is 
provoked (drastie swelling excepted) by a single stimula- 
tion and inhibition of the membrane ATPase. It is much 
more likely that a repeated stimulation and inhibition 
must occur during swelling, as these results of ours su Egest. 

We thank Mrs Gudrun Helmstaedter for her technical 
assistance and the Deutsche Forsehungsgemeinschaft for 
& grant. 


GUIDO ZIMMER 
Hepwic ETTE 
PETER GECK 

Institute for Vegetative Physiology, 

University of Frankfurt am Main, 

Germany. 


Received May 20; revised December 17, 1968, 


* Chappell, J. B., and Perry, S. V., Nature, 178, 1004 (1954). 


* Vignais, P. M., Vignais, P. V., and Lehninger, A. L., J. Biol. Chem.. 239, 
2002 (1964), 


* Brenner-Holzach, O., and Raaflaub, J., Helv. Physiol. Acta, 19, 242 (1954), 


t Zimmer, G., Z. Physiol. Chem., 345, 187 (1966). 
* Zimmer, G., and Krieger, K., FEBS Lett, 1, 142 (1968). 


* Hogeboom, G. H., Methods in Enzymology (edit. by Colowick, P., and 
Caplan, N. O.), 1 (1955). 


? Lowry, O. H., Rosebrough, N.J., Parr, A. L., and Randall. R. J., J. Biol. 
Chem., 193, 265 (1951). 

* Kielley, W, W., and Kielley, R. K., J. Biol. Chem., 200, 213 (1953). 

* Fiske, C. H., and Subbarow, Y., J. Biol. Chem., 66, 375 (1925). 

"^ Penefsky, H. S., and Warner, R. C., J. Biol. Chem., 240, 4694 (1965). 

7 Schatz, G., Penefsky, H. S., and Racker, E., J. Biol. Chem. 242, 2552 (1967). 


7? Packer, L., Utsumi, K., and Mustafa, M. G., Arch, Biochem. Biophys., 117, 
381 (1906). 


'5 Cooper, C., J. Biol. Chem., 285, 1815 (1960). 


" Siekevitz, P., Low, H., Ernster, L., and Lindberg, O., Biochim. Biophys, 
Acta, 29, 378 (1058). 


ie Franklin, T. J., Jones, C. W., and Redfearn, E. R., Biochim. Biophys. Acta, 
131, 240 (1967). 


5 Peter, J. B., and Lee, L, D., Biochem. Biophys. Res. Commun., 28, 1053 
(1907). 


1? Höfer, M., and Pressman, B. C., Biochemistry, 8, 3919 ( 1966). 

^ Harris, E. J., Catlin, G., and Pressman, B. C., Biochemistry, 6, 1360 (1967). 
'* Blondin, G. A., and Green, D. E., Proc. US Nat. A cad. Sei., 58, 612 (1967), 
? Kagawa, Y., and Racker, E., J. Biol. Chem., 241, 2475 (1968), 

? Robinson, J, D., Areh. Biochem. Biophys., 110, 475 (1985), 


Interactions of Dipyridamole and 
Adenosine on Platelet Aggregation 


DIPYRIDAMOLE (Persantine-Boehringer Ingelheim, Ltd), 
the coronary vasodilator, inhibits the entry of adenosine 
into red cells, and hence its breakdown!*.-suggesting 
that this accounts for the pharmacological effect, for 
adenosine itself is a vasodilator’. 
adenosine is a potent inhibitor of platelet aggregation 
induced by adenosine diphosphate (ADP and of experi- 
Emmons et al.7:8 to 
confirm that dipyridamole has similar effects. 


dipyridamole reduces the adhesion of platelets to glass 
beads and, to a much lesser degree, the formation of 
platelet thrombi in mechanically injured vessels of the 
cerebral cortex in rabbits and rats. Adenosine was shown 
to have similar properties and to be more potent than 
dipyridamole. Paradoxically, however, the inhibition of 
platelet adhesion to glass was much less when an injection 
of dipyridamole was followed by an intravenous infusion 
of adenosine than when either was given alone. We 
report here the interactions of the two substances when 
given systemically and when added to citrated platelet- 
rich plasma (CPRP) in vitro. 

Blood was collected from the eannu lated (polyethylene) 
right common carotid artery of anaesthetized (sodium 


ui 
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per cent sodium eitrate, 1 ml./9 ml. of blood. CPRP was 
obtained by low-speed centrifugation, which yielded 
plasma containing 6 to 10 x 105 platelets/mm?*. Platelet 
aggregation was studied according to the photometric 
method of Born, as modified by Mustard et al. |., using 
a Bryston aggregometer and a Bausch and Lomb VOM5 
chart recorder. Platelet aggregation, stimulated by the 
addition of ADP to a final concentration of 2 x 10-* M, 
was studied in CPRP collected from rabbits before, and 
at various times after, an intravenous injection of di- 
pyridamole (5 mg/kg), in similar plasma, to whieh had 
been added adenosine (final concentration of 8x 10- M) 
and in normal rabbit CPRP to which had been added 
dipyridamole, adenosine, or both, in that order. 

The inhibition by dipyridamole of adenosine uptake in 
rabbit platelets and in human red cells was also studied 
by using the enzymatie assay method of Mollering and 
Bergmeyer". The anticoagulant was disodium EDTA 
(7 mg/5 ml. blood). Adenosine, 3-7 x 10-5 M final concen- 
tration, was added to a suspension of washed red cella 
in £ri8 (hydroxymethyl)-amino-methane (THAM) buffer, 
or to platelet-rieh plasma (1-2 x 10-* M adenosine), and 
allowed to incubate at 24° € for red cells and 37° € for 
platelets for 90 min. Aliquots were filtered rapidly to 
remove the cells. Platelet samples were diluted with 
phosphate buffer. The concentration of the remaining 
free adenosine was assayed spectrophotometrical| v by 
recording changes in optical density in response to the 
addition of adenosine deaminase (Sigma Chemical Co.) 
at a wavelength of 265 mu. Adenosine breakdown in 
platelet-free plasma was also determined. Disappearance 
of adenosine was studied in the presence of a known 
concentration of dipyridamole, as well as in untreated 
samples. 

Fifteen rabbits received an intravenous injection of 
dipyridamole (5 mg/kg) and blood samples were collected 
25 min later. Platelet aggregation in response to ADP was 
compared with control samples collected before the injec- 
tion of the dipyridamole. Two to four aliquots of CPRP 
were tested from each sample. When the 925 min post- 
injeetion results were compared with the control results 
for each individual rabbit, using the means of the aliquots 
tested on each blood sample, there was evidence of inhibi- 
tion of aggregation in ten of the fifteen rabbits. In these 
ten, the mean percentage inhibition of eurve heights was 
29-1 € 7.79 (S.E.M.). There was no evidence of inhibition 
of aggregation in the other five rabbits. W hen the mean 
percentage inhibition for all fifteen was examined (92 per 
cent) it was not statistically significant. 


Table 1, INHIBITION OF PLATELET AGGREGATION BY DIPYRIDAMOLE, 


32 x 10^* M ADDED TO CPRP dn ritro 


NO. of 5 Inhibition 
No.of . pairsof by dípyrida- pP 
rabbits aliquots mole (mean 
tS.E.M.) 
Challenged* immediate} y after 
addition of dipyridamole 7 9 18:343 8-07 0-05 
Challenged* 10 min after addi- 
tion of dipyridamole 7 16 28:8 7937 x 0005 


* By the addition of ADP, tinal concentration 2 x 10-6 M. 


The inhibitory effect. of dipyridamole was also tested 
in vitro. Dipyridamole was added to normal CPRP in a 
final concentration of 32 x 10-6 M. ADP (2x 10-5 M final 
concentration) was then added either immediately or 
after the sample had been stirred magnetically for 10 min 
at room temperature. 
sample were averaged for statistical comparisons and each 


The addition of 
more consistent 
being demonstrable in 
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The inhibitory effeet of adenosine on platelet aggrega- 
tion induced by ADP was also studied in normal CPRP 


AS 


samples, the inhibition. was signifieantly greater in the 


normal CPRP than in that collected after dipyridamole 
was given intravenously ( Table 2). Adenosine was least 
inhibitory in CPRP collected 120 min after the injection 
of dipyridamole. 

Table 2. ADENOSINE INHIBITION OF PLATELET AGGREGATION" IN NORMAL 


RABBIT CPRP AND IN CPRP COLLECTED AFTER INTRAVENOUS INJECTION OF 
5 mg/kg DIPYRIDAMOLE 


No.of  % Inhibition P (com- 


Sample No.of pairs of by adenosine pared with 
rabbits aliquots (mean x S, E.M.) normal plasma) 
Normal plasma 7 13 R244 5-97 — 
25 min after injection 7 i Atü 5°31 « O05 
190 min ,, 2 3 T 2340 + 10-56 « 0-001 
250 min ,. ys 3 7 56-9: R87 o2 


* Final concentrations, ADP 2 x 10-* M, adenosine 8 x 10-* M, 


The inhibition, by dipyridamole, of adenosine uptake 
by human red cells and rabbit platelets was also studied. 
Fig. | shows the percentage inhibition of adenosine uptake 
in human red cells at various concentrations of dipyridam- 
ole. The percentage inhibition was calculated from the 
slopes of the rates of disappearance in red cell suspensions 
with and without dipyridamole. Dipyridamole, 3 x 10-* M, 
produced about 50 per cent inhibition of the rate of uptake 
of adenosine by red cells and the response was related to 
concentration. 

Fig. 2 shows similar inhibition for rabbit platelets 
(four rabbits). Because we were able to demonstrate that 
10-*M dipyridamole did not inhibit plasma adenosine 
deaminase, plasma activity was subtracted from the total 
activity before the percentage inhibition was calculated, 
so that only the effect on uptake by platelets was con- 
sidered. Plasma adenosine deaminase accounted for about 
50 per cent of the total activity. Dipyridamole, 3 x 107* M, 
produced about 50 per cent inhibition of adenosine uptake 
by rabbit platelets. 

The combined effects of dipyridamole and adenosine, 
added in vitro, on platelet aggregation are shown in Table 
3. Dipyridamole, final concentration 32x 10- M, pro- 
duced a mean inhibition of 30-1 per cent + 7-37 (S.E.M.) 
in CPRP from eleven rabbits. "This figure agrees very 
closely with that (28:8 per cent) obtained in previous 
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Fig. 1. Inhibition of adenosine uptake by human red cells in vitro 


plotted against the molar concentration of dipyridamole. Dipyridamole, 
final concentration 10-* M, produced 60-70 per cent inhibition of adeno- 
sine uptake. 
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against the molar concentration of dipyridamole: — Dipyridamole, 
final concentration 3 x 10-5 M, produced about 50 per cent inhibition of 
adenosine uptake. 


experiments (Table 1) when the plasma ard dipyridamole 
were mixed for 10 min at room temperature before ADP 
was added. In these same plasma samples, adenosine 
produced a mean inhibition of 80-1 per cent-t 8:89 (S. E.M.) 
when similarly incubated. Again, this figure agrees well 
with that (82-4 per cent) reported in 'Éable 2. When 
CPRP was incubated first with dipyridamole for 10 min 
and then with adenosine for 10 min, à mean inhibition of 
80-4 per cent € 677 (S.E.M.) was obtained which was not 
significantly different from the inhibitioa obtained with 
adenosine alone. Thus no conclusive evidence of either 
potentiation or antagonism of adenosine oy dipyridamole 
could be shown. 


Table 3. EFFECTS OF DIPYRIDAMOLE FOLLOWED BY ADENOSINE (BOTH in 


vitro) ON PLATELET AGGREGATION” IN RABBIT CPRP 
Mean control Percentage inhibition (meaner S, E.M.) by: 


curve height Dipyridamole 
(x 0-05 in.) Dipyridamole Adenosine and 
+ SEM, adenosine 
35°5+4-91 30°] + 7°37 BOO + 8:80 80-4 x: ETT 


* Final concentrations, dipyridamole 32 x 10-* M; adenosine 8 x 107^ M; 
ADP 2x10-* M. 

In addition to inhibiting ADP-inducec platelet aggrega- 
tion in vitro, dipyridamole given intrawenously has been 
reported to inhibit the adhesiveness of platelets to glass 
and the formation of platelet thrombs in vivo™®, The 
fact that this agent also prevents the entry of adenosine 
into red cells, and bence its breakdown, presents an 
attractive hypothesis for explaining these phenomena. 
Our results do not support such a hypothesis. The 
inhibition of platelet aggregation by :denosine was not 
potentiated either in CPRP from rabbits previously in- 
jeeted with dipyridamole, or in CPRP te which dipyridam- 
ole had been added. Moreover, dipyridamole inhibited the 


rabbits injected with dipyridamole (Table 2), but we were 
unable to demonstrate any such antagonism in vitro 
possibly because of the much shorter contact of CPRP 
with dipyridamole (10 min) as compared with the in vivo 
experiments (25 min or more). Markevardt et al" arrived 
at a similar conclusion after having observed that di- 
pyridamole inhibits entry of adenosine into platelets but 
is a weak inhibitor of platelet aggregation, whereas the 
reverse holds for papaverine. 

The results suggest that dipyricamole inhibition of 
platelet aggregation, adhesiveness tc glass and thrombus 
formation are not dependent on :he accumulation of 
endogenous adenosine. 

We thank Mrs J. Francey for technical assistance, and 
Mr B. Bishop and Boehringer Ingelheim for a gift of 
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Tolerance of Cell Mediated Immune 
Responses after in vitro Treatment of 
Competent Cells with Mitomycin c 


THE graft-versus-host (g-vs-h) reaction produced by the 
injection of parental stram spleen cells (using inbred mice) 
into young F, hybrids is often chosen as a model of 
cellular type immunity in which the reactivity of the 
injected cells can be followed and m which the action of 
immunosuppressive agents can be evaluated. In earlier 
studies it was demonstrated that the onset of g-vs-h 
reactions in the parental-F, hybrid svstem is prevented 
if small amounts of drugs like cy elophosphamid, actino- 
myein c or SP-I Sandoz are administered within 24 h of 
injection of the lymphoid cells}. Similar results were 
obtained by Meuwissen and one of us (R. A. G.Y when the 
cell inceulum was treated in vitro with mitomycin c, 
according to the procedure introduced by Bach and 
Voynow for the one way stimulation of lymphoid cells 
in vitro”. In these studies it was not, however, determined 
whether the injected cells were killed by the treatment, or 
were surviving in the recipient animals in an inactive or 
specific tolerant state. 

The following test system was designed to demonstrate 
the presence of reactive parental strain lymphoid cells in 
spite of the absence of g-vs-h symptoms in the recipient, 
indicating an aequired tolerance of the injeeted cells 
towards the host’s antigens (Fig. 1. 

Fully dispersed cell suspensions (300 million. cells/ml.) 
of parental strain spleen (C57B1/1) were incubated in vitro 
for 20 min at 37° C, after the addition of 25y mitomycin 
c in 0-05 ml. of solution to each ml. of cell suspension. 
This suspension was washed after being ineubated twice 
and resuspended to a eoncentration of 100 million cells/ml. 
A eontrol cell suspension was similarly treated but 
mitomycin e was not added. The viability count of both 
suspensions (according to trypan blue exclusion) showed 
more than 90 per cent surviving cells. The amount. 
injected was 10 million cells/g of body weight. 

Three day old F, hybrids (A x C57Bl/1) were used as 
recipients. Each litter was divided into three groups: 

(a) untreated control animals, (b) animals receiving normal 
parental cells, (c) animals receiving celis treated with 








NATURE. VOL. 221. MARCH 1969 
mitomyem. Untreated cells would be expected to lead to 
the death of the reeipients because of runt disease. 
Mitomycin e, if immunosuppressive, should prevent the 
onset of g-vs-h reaction. 1f the mbhibitory effect of this 
drug is only temporary or partial, cells treated with 
mitomycin might either regaim their immune capacity 
and start a delayed g-vs-h reaction, might release or 
E the drug and survive in a paralysed state, or might 

-during the slow process of release of c 'hemical and nuclear 
repair—be rendered tolerant to the host antigens. 

To test these possibilities, a double transfer system was 
used. Spleen cells (20x 10*) from recipients of cells 
treated with mitomycin, and their controls, were trans- 
ferred to an Isogeneie and allogeneic (CS7BI/L x C3H) F, 
host whieh shared, with the original reeipient, the cell 
donor parental strain, thus preventing reaction against 
donor cells. Both of these litters were again divided into 
three groups: (a) untreated controls, (b) animals that 
received spleen cells from the control animals of the 
original group (transfers 1 and 3), (c) animals that received 
spleen cells from those test MERC whieh were originally 
injeeted with cells treated with mitomycin ¢ (transfers 
2 and 4). 

The results of the double transfer performed 6-8 
weeks after the injection of cells treated with mitomycin 
are summarized in Table 1. At the time of cell transfer 
all recipients of untreated cells had died of runt. disease. 
It can be seen that transfer 2 does not cause organ indices 
different from those observed in transfer 1, indicating 
either the absence of the original cells treated with 
mitomycin which had been injected, or the mactivity of 
those cells towards the host's antigens. Transfer 4. from 
an animal that received cells treated with mitomycun to 
an allogeneic recipient, shows higher indices of liver and 
spleen and a further decrease of thymus in relation to 
transfer 3 from a control animal, indicating a more 
severe g-vs-h reaction in this transfer situation. The 
organ indices were caleulated according to the method of 
Simonsen! 10 days after cell transfer. To reduce the 
possible limits of this method, as discussed earlier’, the 
indices of liver and thymus were caleulated in addition to 
those for spleen. A g-vs-h reaction is reflected by hepato- 
megalv and splenomegaly and thymus involution. 


Table 1. INDUCTION OF TOLERANCE AFTER in riiró CELL TREATMENT 
C5; BL Íi 
R | Mitom. C. cube ed ce CBE 4), 
Cont. M 
i ta — Mi 2 3 Boys 
; / ———————— (C 
o EL RG as (C,BL / * C.H) 
3 Days EM PET ? Fi 
UA 4 xL) Day 


| 


| iTo pos 1.03 
2 1:04) ELIO; 1.03 
— MM — ENS 
SAM ESI cae LR 
4 [152| 236 | O82 


Injection of C57 Bl/1 spleen celis (normal (= R) and mitamycin e-treated) 
into (A x C57 BI/1) E; hybrids. Dose: 10 x 10°/g of body weight, Six taeight 
weeks later spleen cells were transferred from injected animals and their 
controls to isogeneic and allogeneic hosts. Dose: 20 x 10%ig of body weight. 
Organ indices of the recipients were evaluated 10 dava after transfer. The 
liver and spleen indices obtained for gour 4 showed a statistically significant 
difference (P < 0-01) from those in group 3 


Similar results were obtained when we used (C57 Bl/I x 
C3H) FE, hybrids as first iOS and changed the trans- 
fer situation accordingly. 1t was not possible, however, 
to obtain similar results in case nie original cell inoculum, 
instead of the cells treated with mitomycin, was foetal liver 
tissue of parental strain. By this means a transfer of 
genetic information to the host cells—-perhaps derived 
from the donor cells RNA—-could be excluded as the 
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Fig. 1. Spleen cells taken from mice of strain CS7BI/1 (B) were given in a dose of lO'/g of body weight to à 
day old (A x C57B F, hybrids (AB) either after i» vitro treatment with mitomycin c (25 y/ml.) for Z0 min ai 


37* C, ox as untreated cells, 


The F, hybrid recipients of untreated cella all died of progressive graft-versus-host 


disease. "The recipients of cells treated with mitomycin all survived and grew as did normal litter mate controls. 

After [6-8 weeks jpleen cells from recipients of mitomycin-treated celis (putative chimaerie donors) and spleen 

cells from litter mate eontrols were compared for their ability to produce splenomegaly, hepatomegaly and thymic 

atrophy in 3 day old isogeneic recipients or newborn recipients hemi-isogeneic to the original donor, The tack of 

reactivity in isogeneic recipients as compared with increased reactivity prodaced in hemi-isogeneic test group 

reveals (1) the persistence of the original line of cells treated with mitomyein; (2) their tolerance to antigen A in 
the original F, recipient; (3) their reactivity to third party antigen (C) in the accond F, recipient, 


basis of our observations. Further, the persistence of a 
few cells unaffected by mitomycin was excluded by an 
experiment using a small dose of untreated cells from the 
original donor which did not cause a detectable g-vs-h 
reaction in the original recipient F, hybrid. Furthermore, 
a delayed onset of g-vs-h reaction caused by cells treated 
with mitomycin, in the first host, could be excluded by 
comparing the body weight curve of the cell recipients 
with that of control animals; there was no increased 
mortality, these animals had normal organ indices as 
detected at different time intervals after cell injection, 
and they developed normal fertility. 

In these experiments no evidence was obtained for a 
tolerant population of cells from the original donor which 
were responsive to the third party antigen. This would 
indicate that, with our mitomycin treatment, we had not 
left a few untreated cells behind which, because of their 
small numbers, do not cause demonstrable g-vs-h reaction, 
but which can develop a tolerant state. Our findings 
would argue, rather, that treatment with this concentra- 
tion of mitomycin permitted the recovery of a substantial 
population of cells which could then become tolerant of 
antigens in their new environment, but which could 
recover the capacity to react to third party antigens. 
Whether the latter state is a result of the elimination of a 
selected population of the recovering cells or a tolerant 
state of some of the recovered cells$ cannot be assessed by 
the experiments performed. 

Our findings indicate that in vitro treatment of lymphoid 
cells with mitomycin c prevents g-vs-h reactivity as 
tested by injection into appropriate recipients. The 
treated cells seem to survive in vivo, however, and to man- 
tain cellular reactivity towards third party antigens, as 
detected by appropriate transfer studies. These findings 


indicate that mitomycin can induee a temperary blockage 
of certain cellular activities of the treated cell population. 
permitting recovery of at least some of the injected cells 
and proceeding toward the development oy these cells 
of specific tolerance of recipients’ antigens. We conclude 
that this analysis permits the design of new a pproaches to 
reconstitution therapy of immune deficiencies in certain 
patients, where it is desirable to repo pulate an individual 
lacking cellular immune defences with irnrmunoeompetent 
cells, and at the same time to avoid graft-versus-host 
reactions which have been so disastrous in *hese children, 
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Genetic (Gm) Antigens associated with 
Subfragments from the Fc Fragment 
of Human Immunoglobulin G 


THE specific (y) polypeptide chain of immunoglobulin G 
(IgG, ref. 1) molecules earries several genetic markers 
(Cm antigens)*? whieh ean be detected by serological 
teehniques. Each of the markers is associated with one of 
three subclasses of y chain, called Yo Ye Or Y; chains‘, 
(Yas Ys Ys and y, are approved designations for the heavy 
chains of the immunoglobulins IgG 1, IgG 2, IgG 3 and 
IgG 4, respectively®.) Most Gm antigens have been local- 
ized in the Fe region of the IgG molecule; the exceptions 
are the Gm(z) and (f) markers which are located in the 
Fd region. At present no genetie marker is known for 
Y4 chains. 

Two of us* have recently reported the isolation and 
characterization of two subfragments from the Fe region 
of human IgG. These were called pFe' and Fe’ fragments 
and were produced by the actions of pepsin and papain 
respectively on whole IgG. Fig. 1 shows the disposition 
of these fragments within the whole IgG molecule and 
also the bivalent F(ab’), fragment produced by the action 
of pepsin. 

We have studied the fate of several Gm markers during 
the isolation of the pFe’ and Fe’ fragments from samples 
of pooled human IgG, and Fig. 2 shows the experimental 
scheme used in their isolation. 

Haemagglutination inhibition procedures^5 were used 
to investigate peaks I- VIII for the following Gm activities: 
Gm(a), (z), (f), (b9), (b3), (g) and (n). Gm(a), (z) and (f) 
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are markers of y, chains, Gm(n) of y, chains and Gmb’), 
(b!) and (g) of y, chains. In addition, a valuable new 
antigen, "non a", recently deseribed by Natvig, Kunkel 
and Joslin’, was included. The techniques and reagents 
used for Gm typing have been fully described elsewheret:75, 
Table 1 summarizes the results obtained. End points are 
expressed as the lowest concentration of protein (in mg/ 
ml.) giving inhibition, and no correetions for difference in 
molar concentration have been applied. 

The original IgG preparation had the following Gm 
composition: Gmí(a--z--f-Fb?"--b!-c-g--n--); and was 
"non a" positive. After pepsin digestion, peak I material 
(see Fig. 2) was found to be positive for the Gm(a), (£f) and 
(z) and "non a" markers which was consistent with the 
known antigenie content of the peak—-undigested IgG 
and F(ab’), fragment. The presence of some Gm(a) and 
strong Gm(n) and “non a” activity indicated that not 
all IgG 1 and probably very few or no IgG 2 molecules had 
been digested. The Gm(f) and (z) markers are known to be 
in the Fd part of the molecule and were presumably 
present on intact IgG molecules and also in F(ab’), frag- 
ments. Further gel filtration on ‘Sephadex G-200' of 
material from peak I gave a preparation of F(ab’), frag- 
ment (peak IV) which was positive for only Gm(f) and (z). 

Peak II from the ‘Sephadex G-150' fractionation was 
shown to contain impure pFe’ fragment. This material 
was positive for Gmí(a) and “non a” activities. In addi- 
tion, there was a weak inhibition of the test systems for 
Gm(f) and (z). After recycling gel filtration of peak H 
material on ‘Sephadex G-50', these Fab markers were 
separated from the Gm(a) and “non a" markers. The 
Gm(f) and (z) antigens were detected in Peak V, which 
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Schematic diagram of the human IgG molecule showing the location of various Gm antigens and the pFe’, Fe’ and 
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Table 1 
Lowest concentration* (mg/ml.) of proteins and fragments giving inhibition ET 
Sample Nature a Zz f b* b! g n "non A" Gra formule t 

Pooled l " i 

humanigG IgG 0-06 0-06 0-06 0-25 0-06 0-25 0-03 0-016 a+ z+ f+ bo + bi + ge ne “non als 
Peak f IeG+ F(ab’), fragment 0-5 0-06 0-086 1-9 2190 2-10 0-03 0-08 ad zi f+ be Woe ge né “Rona + 
Peak I1 Impure pře’ fragment 0-06 0-50 0:50 050 >10 L0 2310 i06 & oxi fe bz bpe ge ne “noma c 
Peak HI Pepsin peptides »10 -10 > 10 >10 >10 »r0 >10 >I® a~ z— f= b'— b'— g- n— "nonà& - 
Peak IV F(ab, fragment 2-010 6-016 0-016 >10 > 10 >10 210 210 a= ze f+ b*— bi- ge Be “non a m 
Peak V Fab’ fragment > 1-0 0-06 006  »r0 10 »10 »10 >10 AP fh eek pieg ne nona, 
Peak VI Pure pFc' fragment 003 »19 2010 O53 — 2-10 10 bd 0038 at ge f— bit b'- g- ne “none + 
Peak VII Pure Fe’ fragment 1:0 > 1-0 210 06d > 10 >PO > 10 id a= g= fe bit bi- ge ne "nona - 
Peak VIH Papain peptides >10 2310 > 1-0 > Pd >10 210 >40 >10 A— ge fe Dee þe ee n- "nona - 


* Preparations were tested over the concentration range 0-002-1:0 mg/ml. Mn" 
+ In those cases where inhibition was not achieved or only at a concentration of 1-0 mgiml., a negative value is entered. Inhibitien at 0-5 mam. i5 


r 


recorded as + and inhibition at lower concentrations is always recorded as positive. 


contained Fab’ fragments, and the Gm(a) and "non a^ 
antigens were retained by the pFe' fragment (peak VI). 

The Gm(a) and "non a” activities of pFe’ fragment 
were preserved after incubation with cysteine (0-01 to 
0-25 M) and subsequent alkylation. In contrast, papain 
plus cysteine digestion of pe’ fragment almost completely 
destroyed the Gm(a) and “non a" activities, and the 
resultant Fe’ fragment (peak VII) produced inhibition in 
these systems at only the highest concentration used. 
Neither the peptides of papain digestion (peak VIII) nor 
those of pepsin digestion (peak IIT) showed any inhibiting 
eapacity in the Gm systems. 


Pool Human IgG 


Several authors have recently attemptes to assay Gm 
activities in fragments related or similar *o the Fe’ and 
pFe’ fragments. Heimer and Schnoll!® studied a peptic 
fragment identical with the pFe' fragmen and reported, 
in agreement with the present study, the presence of 
(mia) activity but the absence of Gmi f) and (z) activities. 
In 1966 Poulik) reported that tests of human F’e (= Fe’) 
fragments had been inconclusive, and Irina jii, Frangione 
and Franklin!® reported Gm(a) but not Gmb) activity 
in one F’e fragment from normal Gin(a~ b+} umnmuno- 
globulin G. During the preparation of this communicae- 
tion, Irimajiri ef al published further Cata on the Gan 
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IBustration of experimental scheme used to isolate the samples studied. 
Eluted peaks are indieated in black and recycled material by atippling. 
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activities of Fe’ fragment! Eleven preparations were 
investigated and none had Gm(b) activity. Ten were 
Gmí(a —) and one was Gm(a+). The latter example was 
presumably that already described!?. In our investigations 
the preparations of Fe’ fragment, prepared both directly 
from IgG* or indirectly from pFe' fragments (peak VII), 
have had no or very low Gmí(a) activity—about 2-6 per 
cent of the activity of the parent IgG on a weight basis 
(0-3-0-9 per cent when the activity values are corrected 
with regard to molecular weight). These results have been 
obtained independently in two centres over a period of 
3 years, using different batches of reagents. The trace of 
Gm(a) activity in the Fe’ preparations may be caused by 
traces of residual undigested pF ce’ fragment not detectable 
by other immunological procedures, or indeed by a low 
activity in the Fe’ fragment. 

Because the Gm(a) and “non a” specific peptides! 
are present on peptide maps of Fe’ fragment!?:15.17, it is 
of interest to attempt to explain why the fragment lacks 
the Gm(a) and “non a" serological activities. Loss of 
serological activity may result from a disturbance of the 
tertiary structure adjacent to the Gm(a) peptide during 


PEPSIN 
116? 
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the digestion of pFe’ fragment with papain and cysteine, 
Ineubation with cysteine followed by alkylation, however. 
did not change the Gm(a) and “non a” activities of the 
pFe' fragment. The loss of the Gm(a) and “non a" anti- 
genic activities in the Fe’ fragment may thus be directly 
related to the action of papain. Fig. 3 shows schematic- 
ally how this might arise, The antigenic configuration 
needed for full Gm(a) activity may require the juxta- 
position of two widely separated stretches of the poly- 
peptide chain. There is evidence that other (im anti gens 
such as Gm(z)** and Gm(f)?! are dependent on the quater- 
nary structure of both heavy and light chains for the full 
expression of serological activity. Similarly, the pFe’ 
fragment would retain the Gm(a) specific antigenic con- 
figuration, whereas the Fe’ fragment (which lacks residues 
1-13) would not possess the full serological activity 
although retaining the Gm(a) tetrapeptide. A similar 
explanation could also apply to the “non a” antigen which 
presumably involves the corresponding molecular regions, 

Finally, it should be emphasized that pooled IgG con. 
tains approximately 70 per eent y: chains, 18 per cent 
Y. chains and only 8 per cent y, chains?, so the Gm tests 
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Fig. 3. Schematic representation of one half of a pFc' fragment from à Grafa +} molecule illustrating how the antigenie configuration for fuil 


serological activity may require the juxtaposition of two widely separated parts of the polypeptide chain. 


The location of the disulphide bridge 


between residues 22 and 80 with the adjacent amino-acid sequences and also the amino-terminal glutamic acid for Fe’ fragment fresidue 105 


approximately) are based on the work of Frangione et al..8, 


The undecapeptide containing the tetrapeptide sequence Árg-Asp-Glu-Leu is known 


ta be related to Gm(a) specificity’), and is located tentatively near residue 90 on the basis of a degree of homology between the Gm(a) undeca- 


peptide and a stretch of the human «-chain between residues 89 mi 98 (numbered from the earboxyterminus)!? 79, 
i ogy with the amino-acid sequence of rabbit Fe fragment in the same region™, 3 x tadec € | 
HOMES i i The location of isoleucine at the amino-terminus of the pFe’ fragment is based on our own 


determined for human y, and y, chains by Prahl®*, 


In addition, there is some 
The carboxyterminal octadecapeptide sequence has been 


unpublished work. 
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reported here are most valid for y, markers and further 
studies on isolated myeloma proteins will be necessary to 
elucidate the question of Gm activities in the Fe' and 
pFe' fragments from the IgG, and IgG, subclasses. 
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Does a Pheromone-like Factor from the 
Nestling Rabbit stimulate Impregnation 
and Maturation in the Rabbit Flea? 


Ix nature the rabbit flea, Spilopsyllus cuniculi (Dale). 
copulates and lays fertile eggs only on the newborn young 
(1-9 days old), although the female undergoes maturation 
on the pregnant doe as well as on the nesthngs'?. It was 
found that human growth hormone injected into ihe host 
can stimulate copulation of the matured rabbit flea feed- 
ing on nestlings 10-15 days old’, but it was also realized 
that several other factors must be involved in controlling 
pairing and impregnation on the newborn young, apart 
from the hormones ingested with the blood of the host. 
We decided independently that rabbit fleas probably 


TEMPERATURE AND HUMIDITY READINGS IN OBSERVATION BOXES 
EXPERIMENT B 


Table 1. 


Box eontaining three nestlings 
Box eontaining solitary nestling from 1-22 h gmd five nestiings 
frony 22-48 bh 
Skin tene 


Age  — Skin tem- perature < 
th) perature — Air temr- nf young Aistem- 





ture Humidity 


ofsingle perature Humidity on whieh pe 
nestling in box in box fleas inebox in box 
(°F) CE) feeding CF 
UF) 

At birth st 69 85 JRG TO DN 

(after in- 
troduction 

of feas) 

2 p- R 59 90 HAR 59 o5 

6 93:2 59 93 G14 2a RS 

d 98-6 59 95 O86 SS od 

11 96-8 62 82 95-8 x3 70 

ii 96-8 58 100 o8. 6 58 a4 

18 98-6 13 65 OA-O 74 653 

22 98.6 88 69 GS-6 5 67 

£24 908-6 71 60 GRO 68 TÉÓ 

27 8-6 07 65 95-8 63 TÉ 

30 98-6 63 80 RRG 63 3 

33 96-5 61 86 BS-6 62 RT 

36 üR- 67 7: 8-6 65 RE 

39 98-6 63 7 as: 6 62 RO 

Mean 07.7 64:2 ROT 06-4 ha ROG 
Skin temperatures were taket with a Stantel thermistor humidity readings 
with Negretti and Zambra, and Edney paper hygrometers, 


* Nestlings changed. 


matured faster when feeding on nestlings in large htters 
than on nestlings in small litters. ‘This could have been 
due to different hormone levels in the blood of large 
healthy litters, for hormone concentrations apparently 
vary considerably from litter to litter ane individual to 
individual. Thus fleas regularly mature faster and more 
effectively on certain pregnant doe rabbits chan on others, 
and, furthermore, the concentrations of eertieosterone in 
the host’s blood seem to vary with the scason'. Other 
variable factors such as humidity and :emperature in 
large nests could have been responsible for the difference 
observed, but it also seemed that an environmental or 
pheromone-like “nestling factor" might be involved. The 
following preliminary experiments were carried out to 
investigate this situation. 

Transparent observation boxes were ses up. with tem- 
perature and humidity equalized (approximately, see 
Table 1) by means of an electric pad ane damp sponges 
inserted into the boxes. The temperature was maintained 
as close as possible to that found in huten nests, but the 
humidity was rather lower than in nature in order to avoid 
condensation on the sides and lids of the containers. Even 
so, many fleas were drowned. In such conditions fleas 
tend to scatter more than usual on and around the new- 
born young, probably because the boxes are illuminated 
and the warm air is more evenly distributed throughout 
them than in a nest, and also because of inevitable disturb- 
ances. Thus lifting the lid to remove samples of fleas and 
to take rabbit skin temperatures both disturbs the insects 
and causes temporary fluctuations in the humidity and air 
temperature. 


Two experiments were carried out. First (Table 24), 


fifty fleas (both sexes present) were released simultaneously 
on to (1) a single day-old New Zealand White nesting 
rabbit (bred at Ashton) confined alone in a box; (2) five 
other siblings from the same litter comüned together in 
another box. In the second experiment (Table 21), 
fifty fleas of each sex were released simaltaneousiv on to 
(1) a single day-old nestling confined alone in a box; 
(2) a single sibling rabbit from the same litter surrounded 
by three to five other siblings, but separated from them 


by butter muslin partitions. In this experiment the 
fleas in the second box (experiment E. box 2, Table 2) 


could also feed on only one rabbit, but air could circulate 
throughout the box, passing above the muslin "stalls" 
in which the nestlings and fleas were confined. In both 
types of experiment other day-old nestlings (either from 
the same litter or from an entirely dit 

substituted after 12 h and 24 h respeetiveh 
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Table 2, 


After 48 h feeding on the host 
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FLEAS RELEASED ONTO DAY-OLD BABY RABBITS AFTER HAVING FED FOR 3 MONTHS AFTER HATCHING ON A BUCK RABBIT 


Experiment 4 (October 1968) 
Fleas feeding 
on solitary 
newborn nestling 


Experiment X (December 1968) 
Fleas feeding Fleas feeding on one 
on solitary newborn nestling in the 
newborn nestling company of four others 


Fleas feeding 
on five 
newborn nestlings 


Box 1 Box 2 Box 1 Box 2 
Proportion of fleas with sperm in the spermatheca ( impreg- 
nated) l , 5:18 (2895) 25:35 (7197) 9:28 (3294) 15:19 (70%) 
Proportion of fleas with volk in ooeytes 9:18 (50%) 29:34 (83%) 1:28 (14%) 9:19 (47%) 
Proportion of fleas with chorionated eggs 4:18 (22%) 21:35 (6097) 1:28 (495) 2:198 (1094) 
Total number and sex of fleas released 200? 233 5092943 509 9 504. 5099 5044 
Total number of fleas alive after 48 h and subsequently 2. : 
sectioned ISP? 644 3529 Fag 282? Flag 199? 1444 
Table 8. UNMATURED FLEAS RELEASED ONTO NEWBORN BABY RABBITS, JULY 1065 
Ah on host 12 hon host 24h on host .36 h on host 48 h on host Totals 
One Four One® Four* One* Four* One* Four* One Four One Four 
young young young voung young young young young young young young young 
Sperm in spermatheca ü 0 ü 1 1 3 0 3 0 3 1 10 
Yolk in oocytes 0 0 Q u 1 2 0 3 0 3 1 8 
Chorionated eggs present. ü Ü 0 0) 0 0 Ü 1 ü 1 Ü 2 
Total sample sectioned 4 4 7 8 7 9 3 3 3 3 24 20 


Temperature was controlled in the boxes, but not humidity. 
* Nestlings changed for others of the sa me age, 


nestlings. The fleas were la boratory reared stock, kept on 
a buck rabbit from the date of hatching until used. A 
random sample of fleas was sectioned before the start of 
the experiment, and none showed any signs of maturation 
nor, of course, were any impregnated. Random samples 
of fleas from each observation box were removed at fixed 
intervals, killed and sectioned. 

Very little difference. between the number of impreg- 
nations and the development of yolk and chorionated eggs 
was apparent after 12-24 h of feeding in these experi- 
ments, but after 48 h (Table 2) the fleas feeding on both 
the five young nestlings and the one young confined with 
three to four other young nestlings were more developed, 
both with regard to the produetion of yolk-laden and 
chorionated eggs and the number of impregnations, than 
those feeding on nestlings in solitary confinement. Thus 
if the fleas from both experiments are considered together 
it can be seen that 48 h after introduction 75 per cent of 
the female fleas feeding in boxes containing several 
nestlings have been impregnated, compared with 29 per 
cent on the solitary rabbits. Furthermore, 65 per cent of 
these fleas contained yolk-laden eggs and 35 per cent 
chorionated eggs, whereas only 32 per cent of those feed. 
ing on the solitary nestling contained yolk-laden eggs 
and 11 per cent contained chorionated eggs. 

In experiment A a smaller proportion of males survived 
up to 48 h than in experiment B, but the proportion of 
impregnations was approximatel y the same in both cases. 
In experiment B relatively few fleas had reached the 
stage in which chorionated eggs are developed, but this is 
not unusual in fleas feeding on winter litters. 

The results of these preliminary experiments seem to 
support the impression that fleas mature more rapidly 
when feeding on large litters than on small ones. and also 
suggest that an environmental or pheromone-like "nestling 
faetor" may be involved. Possibly this factor merely 
boosts the fleas' appetites, which results in a larger intake 
of blood and with it a larger amount of the hormones 
present in the nestlings' blood. Another aspeet of the 
experiments, namely the reaction of the nestling to the 
condition in the observation boxes, must not be over- 
looked. Fleas are notoriously sensitive to the condition 
and reactions of their host. Thus. for example, they 
frequently abandon animals which are trapped or fright- 
ened; the rat flea is often reluctant to feed on the hypo- 
physectomized rat; and the rabbit flea jumps off rabbita 
which become temporarily overheated and undergoes 
maturation on the myxomatosed buck rabbit^. It is quite 
possible that a solitary nestling in an observation box is 
more restless or disturbed than one confined with several 
companions, and thus the fleas’ normal feeding and copula- 
tion pattern is correspondingly more markedly disturbed 
or modified. In some of the experiments now in progress 
we hope to use natural nests of varying litter size. and 
thus dispense altogether with the observation boxes. 


We thank Malcolm Hughes for persuading us that the 
data we obtained in 1965 (Table 3) justified a repetition 
of these early experiments, in spite of the current shortage 
of material. 
Miriam ROTHSCHILD 
Bon Forp 

Ashton. 

Peterborough. 
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Effect of Vitamin B,, on Motility and 
Palmella Formation in a Marine 
Flagellate under Biothermal Stress 


TRANSLATIONS of phenotype from genotype are variable: 
therein lie the alternatives that may be influenced by the 
environment and which in turn determine cellular 
behaviour. 


organisms are 
crippled within 3 h. When 15 ug of B,,/l. is added to 
the medium 18 h before biothermal stress, however, à 
larger percentage of the cells remains motile (Fig. 1). 
If removed from heat stress after 3 h, the organisms 
supplemented with B,, regain motility more rapidly 
than the control organisms. 

When the algal flagellates were held in eonditions of 
biothermal stress for a long time, the aggregation of cells 
into large palmelloid clusters was also prevented by 
supplementing the media with B,, (Fig. 2). 

To examine further the role of B,, in these two pheno- 
mena, oxidized (GSSG) or reduced (GSH) glutathione was 
added to the media with or without B,,. To ascertain 
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whether the algal cell could use GSH or GSSG as a nitro- 
gen source, all nitrate except these two peptides was 
eliminated from the media. Both GSH and GSSG acted 
as sources of nitrogen, although it is uncertain whether 
the intact molecule or the amino-acid constituents of the 
molecule entered the cell. I was interested in gluta- 
thione because Peel! showed that the small peptide ean be 
maintained non-enzymatieally in an oxidized state by 
using Bip Another suggestion is that glutathione aets 
as a "poising" agent in cellular oxidation-reduction 
reactions, 

As Fig. 3 shows, GSSG and GSSG with B, as well 
as B,, alone, prevented palmella formation. The presence 
of GSSG in the medium enhanced the effect of B,, in 
preventing the aggregation of cells, although GSSG by 
itself was much less effective than the vitamin in prevent- 
ing palmella formation, possibly because GSSG is readily 
reduced to GSH. Whether GSSG and B,, prevent 
palmella formation in this organism through the main- 
tenance of a surface protein or proteins in an oxidized 
state or by means of an intracellular mechanism remains 
to be seen. 
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Motility of the organism, on the other band, was not 
effected by GSSG or GSH +B, indicating that B,, 
influences motility by modi operandii other than that 
shown to be involved in palmella formatioa. Prevention 
of loss of motility under biothermal stress by B,, may be 
related to the vitamin’s property of stimulating protein 
methylation, which has also been impleated in the 
synthesis of chloroplast protein in N. pseudoalveolaris?. 
In this context it should be said that c-N-methyl lysine 
has been reported to be a component of flagellin*; more- 
over, a contractile ATPase system has been shown to 
control the structure of chloroplasts’. 

These observations support the notion that B,, partici- 
pates in cellular homeostatic mechanisras by diverse 
biochemical roles. 

I thank Professor R. P. Hall for eneoaragement and 
guidance. 

Erza WAELER EASLEY 


Rockefeller University, 
New York. 


Received January 15, 1869. 


Riker, E. L., Brink, N. G., Koniuazy, F. R.. Wood, T. H., and Folkers, Be, 
Seience, 107, 396 (1948). 

t Kasbekah, D. K., Lavate, W. V., Bege, D. V. 
Biochem. J., 72, 374 (1051). 

| Easley, E. W., J. Protozool. (in the press). 

‘Peel, J. L., Biochem. J., 85, 17P (1962). 

i Knox, W. E. in The Enzymes (edit. by Boyer, P. D. Larely, Hi, and 
Nyrback, K.), 8, 253 (Academic Press, New York-5Sondon, 16601. 

* Ambler, R. P., and Rees, M. W., Nature, 184, 56 (1954). 

? Packer. L., Marchant, R. H., and Mukohata, Y.. Bohem. Biophys. Hes, 
Common. 11, 429 (1963). 


med Sreenivasan, As 


GENERAL 


ESP: Deficiencies of Experimental 
Method 


J. G. Prarr et gl. recently reported that a subject, 
Pavel Stepanek, was able to dernonstrste extra-sensory 
pereeption (ESP) by making a particular verbal response 


to a concealed abject in conditions where, according to a 
referee's report, "this object could nos have been re- 


cognized by the use of any known sensery mechanism’. 
It appears that before 1965 Stepanek was able to 
allocate envelopes (referred to as cevers) into two 
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categories according to which side of cards (one side 
green, the other white) was uppermost inside the en- 
velopes. In 1965, after warping of the cards towards the 
green or white side had been suggested as affording a 
sensory cue, Stepanek lost the ability to make this type of 
diserimination. 

lt is now reported that since 1967 Stepanek has dis- 
played a new extra-sensory ability. He now tends to 
call "white" to a partieular cover (No. 15/16) irrespective 
of whether the card contained in it has its green or white 
side uppermost. They list a series of eighteen experiments, 
in fifteen of which the covers were placed inside further 
envelopes (referred to as jackets), and in which various 
precautions were introduced as the series proceeded to 
prevent Stepanek using sensory cues. 

A satisfactory demonstration of ESP would obviousl y 
require the total elimination of all normal sensory informa- 
tion. But in the experiments described Stepanek could 
have received information through at least three sensory 
modalities, tactile, visual and olfactory. 

In all eighteen experiments Stepanek not only touched 
but handled the jackets containing the covers. Pratt 
and colleagues do not report-—although another investi- 
gator reports it elsewhere?—— that Stepanek was unsuceess- 
ful when the objects he was at tempting to identify were 
placed inside rigid boxes rather than envelopes, 

Stepanek had full view of the covers or jackets. No 
fests are reported in which he was blindfolded or screened 
both from the material he was handling and from the 
experimenter, It was obviously possible to identify a 
particular jacket because the experimenter had to do so 
to complete his records. In fact it would be difficult to 
construct jackets from sheets of manilla card stapled 
together on three sides that could not be distinguished 
from each other. 

The open sides of the jackets are reported to have been 
turned away from Stepanek so that he could not see the 
covers inside them. But the results of an investigation? 
carried out by S. G. Soal on a musie hall artiste named 
Fred Marion would have been well known to Pratt. 
It is elear from Soal's findings that when an experimenter 
is present with a subject, the same precaution must be 
taken against the experimenter having any information 
about the targets as against the subjeet/s doing so. Tt is 
strange that Stepanek's score should have dropped to 
chance level in series 14 when the fourth side of the 
Jackets was stapled to exclude the possibility of his 
"glimpsing an edge or corner of the enclosed cover”, 
because this fourth side was facing away from him. But 
while it is diffieult to see how the addition of a few staples 
should have played havoe with Stepanek's extra-sensory 
powers, they could have prevented the experimenter from 
seeing inside the jaekets and, voluntarily or involuntaril y; 
transmitting information to Stepanek. 

Olfactory cues were completely disregarded. 

In the course of the series of eighteen experiments, 
various safeguards were introduced and other changes 
were made in the experimental conditions. Stepanek's 
scoring rate tended to fall throughout the series of experi- 
ments. A large improvement occurred, however, during 
series six, after the number of covers (and jackets) was 
reduced from ten to eight, and again during series eight 
after the number was further reduced to four. Thus 
Stepanek’s ability to call "white" to cover fifteen/ 
sixteen appears to have been dependent on the number of 
other covers used in the test. But if a subject has in- 


It is not clear from the report whether a precaution, 
once introduced, was retained in all later experiments. 
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In the last eleven experiments four jackets were used of 
which one contained the salient cover fifteen/sixteen. 
These four jackets were placed in a pile before Stepanek, 
who went through the pile making his decisions. The run 
of four trials was usually repeated 100 times during an 
experiment. In experiment fourteen, when staples were 
inserted. into the fourth side of the jacket, these presum- 
ably had to be removed and reinserted after each run of 
four trials, that is 100 times. Stepanek was unsuccessful 
in this experiment and it can be assumed from the report 
that the precaution of stapling the fourth side of the 
jackets was retained for the remaining four experiments. 
If this were so the staples would have had to be removed 
and reinserted a further 300 times. If, however, the 
precaution of changing the covers inside the jackets before 
each run of four trials was not retained in these later tests, 
the statistical evaluation of the results is affected, because 
merely by calling “white” to a particular jacket each time 
it appeared a subject would have a one in four chance of 
100 per cent success. On the other hand, if the preeaution 
of stapling the fourth side of the jackets was not retained 
after experiment fourteen, it would appear that Stepanek 
was successful provided it was possible for him or anyone 
present to glimpse “an edge or corner of the enclosed 
covers". 

The investigators state that the results listed. in their 
table are not the result of a “post-hoc” selection of 
favourable instances because the combined results of all 
the work carried out in the period arc overwhelmingly 
significant (P«10-9*). But because the overall proba- 
bility for the results published in their table is much 
smaller than this last figure, it would appear that other 
less successful experiments than those listed in their 
table were carried out. Tt is, in fact, hard to believe that 
the investigators at no time asked themselves whether 
Stepanek's ESP powers depended on his handling the 
materials. No experiment is reported, however, in which 
he was kept out of contact with the jackets. Did such an 
experinent ever take place, or did Stepanek refuse to 
perform in such conditions ? Again, rather than making 
flimsy jackets whieh opened and whieh in some of the 
experiments had to be restapled after each run of four 
guesses, 1t would have been a simple matter to have plaeed 
the covers inside boxes with lids that could be easilv 
removed. Sueh boxes would have eliminated tactile 
cues and would also have prevented the subject or the 
experimenter glimpsing any edges or corners of the covers. 
But again, if tests were conducted in this manner, thev 
have been omitted from the report. 

It has been emphasized that in investigations of this 
nature, where extraordinary powers are claimed for a 
particular individual, the findings should be confirmed by 
independent investigators; furthermore, confirmation 
should be obtained before a result is reported because 
these high-seoring subjects invariably lose their alleged 
ESP powers when the experimental report describing their 
feats is published?. 

In the present ease one investigator (J. G. P.) was 
present during all the experiments. Four of the signatories 
to the report were present on a single occasion, and a 
fifth was present on two oecasions. At no time was a 
complete change of personnel attempted even in the 
puerile conditions in which Stepanek was being tested. 


C, E. M. HANSEL 


Department of Psychology, 
University College of Swansea, 
Swansea, 

Glamorganshire. 
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Book Reviews 


RESTRICTED AND UNRESTRICTED 
SCIENCE 


The Relations Between the Sciences 

By C. F. A. Pantin. Edited and with an Introduction and 
Notes by A. M. Pantin and W. H. Thorpe. Pp. x 4 206. 
(Cambridge University Press: London, December 1968.) 
45s; $7.50. 


Tue late Professor Pantin delivered these Tarner Lectures 
at Trinity College, Cambridge, in 1959. We are told by 
his wife and Professor Thorpe, who have edited them, 
that he was prevented from preparing them for press by 
the fact that he had recently become professor of zoology 
at Cambridge and therefore “at once devoted himself with 
energy to the innumerable tasks involved in reorganising à 
large teaching and research department. . . SUoCphas is 
perhaps hardly a fair comment on either Professor Pantin's 
energy or his judgment. It is hard to believe that even 
the administrative structure of Cambridge can be so 
onerous that such an able and active man could not have 
found time in eight years to revise a document that prints 
on 128 pages. Could it be that there was some other 
reason and that when he came to revise he was not 
satisfied with what he read? Or perhaps that he was 
hesitant to put before the publie thoughts about the 
nature of science that he felt he was not trained to justify ? 
Such modesty and severity of judgment would have been 
charaeteristic of him. The wise scientist knows the 
dangers of theorizing about the nature of science. 

If Pantin indeed had such hesitations they were not 
necessary. Of eourse his ideas are not in the form that 
they would be put by a professional philosopher. Never- 
theless, they are suggestive and important. The editors 
found that the manuseript was "in a more advanced 
state than we had dared to hope" (perhaps confirming 
the above surmise). It is printed here, together with 
three appendices, which are in fact papers previously 
published elsewhere. 

Pantin's topic is the relation between the physieal and 
biological sciences. His central point is that the former 
are restricted and thus limited, whereas biology, lke 
meteorology or geology, is an open or unrestricted science. 
“The physical sciences are restricted in the field of pheno- 
mena to which they are devoted. They do not require the 
investigator to traverse all other sciences. Whereas in the 
unrestricted sciences the investigator must be prepared 
to follow their problems into any other science whatso- 
ever." 

The thesis is that the physical sciences “discard from the 
outset a very great deal of the rich variety of natural 
phenomena. By selecting simple systems for examination 
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they introduce a systematie bias into a picture of the 
natural world which is based on them. On the other 
hand, that selection enables them to make rapid and 
spectacular progress with the help of models of high 
intellectual quality. In contrast, advance in the un- 
restricted sciences, as in geology and biology, is necessarily 
slower. There are so many variables that their hypotheses 
need continued revision". 

The method that Pantin used to bring out and diseuss 
these distinctions is a sort of recital of his own interests 
and lifework. He begins by a discussion of problems 
presented to geologists in studying the omgin and cone 
formation of a river system. The examp'e chosen was 
some valleys that he had studied in Wales, using his own 
experience and showing us how the eyes even of àn 
amateur geologist were opened to phenomena by the 
application of a hypothesis to them. The theme of the 
relation between hypothesis and observation evidentlv 
fascinated him and he realized its fundamental importance. 
Towards the end of his lectures he returns toit. “We now 
come to the primary question: how is it that we come to 
take up a particular problem ? It will be apparent that 
we start from our great accepted framework of hypotheses 
about the natural world. That framework is eontemporary 
and is profoundly influenced by judgments ef value. . . ae 

In illustration of the various levels of study and the 
hypotheses upon which they are based, he spends much 
time on the problem of classification, which was also one 
of his enduring and personal interests. Although it might 
seern to be far from the theme of his main experimental 
work, he recognized its central scientific nmnportance. He 
compares the classificatory operations that ere performed 
by a physicist and a naturalist and tries to discover how 
it is that we obtain information about a real world external 
to ourselves. He does not presume to give any deep 
discussion of “the relation of what we perceive to su pposed 
reality. But there is one aspect of it that I must discuss: 
the mutual consistency of all our perceptioas about the 
world that we call real. On this all our scientific observa- 
tion and interpretation is based". From this rather 
general beginning he develops one of his lectures into a 
fascinating treatment of meteorology. From «eonsideration 
of consistencies he proceeds to our concepts of the en- 
durance of & stable world and then to the difference 
between equilibria and steady states, anc then to a 
cross-section of a thunderstorm and on the next page à 
cross-section of an animal cell, comparing the two as 
steady-state systems. 

This may give some idea of the liveliness ot his method. 
He moves from a precise example, say the classification of 
barnacles or nemertine worms, to general prnciples such 
as “the logical machinery of our minds” by which 
classification is produced. No systematic epistemology is 
developed; the author is too modest to actempt one. 
But he shows by his references to a whole range of classical 
and modern authors how important it is for she scientist 
to think about science. 

Characteristically enough, it is only at the very end that 
we come to the genesis of the experiment for which 
he wil probably be chiefly remembered —tkose on the 
neuromuscular system of sea anemones. Very near the 
end, he tells us how, when he first found evidence of the 
all-or-nothing character of nervous conduction in these 
animals, he “happened at that time to be im a state of 
increasing ill-health, with great fatigue and. lassitude”. 
Nevertheless, he was driven on until he had confirmed his 
suspicions. And on the last page he draws conclusions 
about the way conditions influence our hypotheses. 
"Change of oceupation, or the foreible apprehension of 
some phenomenon from a new point of view, ezn suddenly 
engender that willing suspension of disbelef for the 
moment necessary for the re-assembling of that image. 
We cannot name it, but we become aware that ‘he image is 
undergoing metamorphosis even though we cannot yet 
tell what the image will become." 
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Any scientist who has had this experience will recognize 
at once what he means. To see such an “image” of the 
shape of a system unfolding before your inner eye is the 
rare and supreme reward of the investigator. Professor 
Pantin did well to try even hesitantly to show it to us as 
the real aim and end of our endeavours. He has not 
provided us with a complete theoretical account of the 
basis of science. But in this posthumous book, as in his 
life, he shows us something of how a scientist really works. 

J. Z. YOUNG 


RESEARCH AND FARMING 


Organisation and Administration of Agricultural 
Research 

By I. Arnon. Pp. xii+342. (Elsevier: Amsterdam, 

London and New York, 1968.) 80s. 

THE same general principles apply to agricultural 


research as to any other kind of research devoted to a 
science based industry. In this comprehensive and useful 
review, Dr Arnon has recognized the common features and 
has drawn extensively on the writings of other authors 
concerned with a diversity of industrial as well as agricul- 
tural research to illustrate and develop his own ideas. 
Unfortunately, because much of the world’s agricultural! 
production is based on peasant farming systems, it is not 
generally appreciated that scientific research has played 
an important part in increasing productivity. It is 
unlikely therefore that this book will be widely read other 
than by scientists and administrators concerned with agri- 
culture. This is a pity beeause its critical commentary is 
applieable to much wider interests. 

The opening chapter gives an account of the history 
and evolution of agricultural researeh together with a 
deseription of the present day organization in a number of 
countries which include examples of both advanced and 
developing systems of agriculture. The author's own 
ideas on the ideal organization begin to emerge in this 
chapter. He makes it clear that he favours an arrangement 
in which the “Ministry of Agriculture" holds responsibility 
for poliey making and for telling the scientists what they 
are to do although, of course, not how they are to do it. 
He quotes the FAO conference of 1965 which suggested a 
"National Research Institute” enjoying a "semi-autonom- 
ous" status within the framework of a ministry of agri- 
culture. He realizes, however, that scientists resent being 
administered by permanent offieials who are not tech- 
nically qualified. Most of them would prefer that their 
research should be directed by other scientists within a 
"Research Council” type of organization, but Arnon argues 
that there is a serious risk in such a system that research 
will be divorced from “agricultural realities". 

Chapters two and three are concerned with international 
cooperation and with a consideration of the role and 
character of agricultural research. The latter is disappoint- 
ing and confusing because the author, while acknowledg- 
ing the ambiguity which attaches to the definition of 
different kinds of research, then attempts to define pre- 
cisely his own and other people's terms, including such 
incomprehensible ones as “programmatic fundamental 
research” and "establishment fundamental research". 

By contrast, the chapters on research planning and the 
infra-structure of a research organization give an excellent 
account of planning at all levels from the formulation of 
national policy for research down to a consideration of the 
priority attaching to individual research projects. It is 
here that the wisdom and authority of the author, derived 
from long experience in many roles in a research organiza- 
tion, show through clearly. Arnon recognizes the need 
for a balance between fundamental, long-term and applied, 
short-term research to maintain the organization in a 
dynamic and productive condition. He favours the inter- 
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disciplinary rather than the crop-oriented research insti- 
tute, but appreciates that funds ean most logically be 
allocated on the basis of the value of the partieular sector 
of the industry which the research is intended to serve. 

Theories of management are diseussed and a most 
perceptive analysis is given of the problems facing the 
scientist turned administrator. Arnon accepts that 
research and development require enlightened manage- 
ment Just as much as the production side of industry. He 
understands, too, that training in management must be 
provided for potential research leaders. 

In the later chapters, critical consideration is given to 
the "team" approach to research and to the concept of 
the research "project"; much of this is familiar but still 
worthwhile to eomplete the review. Finally, there is an 
important chapter on the translation of research findings 
into farming practice. Although Arnon suggests that 
the extension (advisory) worker is the logieal agent to 
explain the results of research to the farmer, he argues 
convincingly that the research organization should assume 
responsibility for developing a new idea from its inception 
through to the field experiments that will establish its 
applicability to farming practice. There will be many 
who will agree with this view, 

This is an interesting and a useful book. Its comprehen- 
siveness is a valuable feature, but it makes for exhausting 
reading and the major criticism must be that Arnon is so 
determined not to omit any relevant reference to other 
people's views that it is not always easy to discern his 
own. D. Rupp JONES 


SCIENCE IN HISTORY 
| 





Benjamin Franklin's discovery of the value of the lightning 
conductor in the mid-nineteenth century led to many kinds 
of extravagances. jacques Barbeu-Dubourg, a member of 
the Académie des Sciences, even went so far as to invent a 
portable lightning conductor built into an umbrella. This 
illustration, taken from Les Merveilles de Science, by Louis 
Figuier (Paris, c. 1870), is one of the 398 pictures in the new 
edition of J. D. Bernal's classic book, Science in History. 
The first edition of this book, published by C. A. Watts in 
1954, had very few illustrations. Penguin Books and Watts 
have now brought out a special illustrated version of the 
third edition of 1965, in boxed sets of four volumes. (Penguin: 
Harmondsworth, Middlesex: Watts: London, February 
1969. Pelican 80s; Watts hardback 200s.) 
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VECTORS OF MALARIA 


The Anophelinae of Africa South of the Sahara 

(Ethiopian Zoogeographieal Region.) Second edition. 
(Publications of the South Afriean Institute for Medical 
Research, No. 54.) By M. T. Gillies and Botha de Meillon. 
Pp. 343. (The South African Institute for Medical 


Research: Johannesburg, 1968.) n.p. 


IN the twenty-one years that have elapsed since the first 
edition of “De Meillon”? was published, a considerable 
volume of data has aceumulated on the systematics, 
distribution and biology of the anopheline mosquitoes of 
the Ethiopian geographical region (or, as the authors now 
wisely call it in their title, “Africa South of the Sahara’). 
The stimulus for much of the field work that has yielded 
this new information is the activity that has been 
generated, largely through the guidance of the World 
Health Organization, in the control of malaria throughout 
this region. In the course of studies on malaria and its 
vectors in various countries many new species of Anopheles 
have been discovered and much has been learned of their 
natural history and importance as disease vectors. The 
101 species and an additional 8 subspecies described 
in the present work may be compared with the 77 species 
plus 20 subspecies or varieties in the original publication. 
Since 1947, some 13 subspecies (2 of them recently 
described) have been raised to specific rank while 4 known 
species and 2 varieties have been treated as subspecies. 
Many "species", "varieties" and several 'subspecies" 
described since 1947 have been sunk as synonyms. The 
main object of the present work, which has been largely 
rewritten and considerably enlarged (343 as against the 
original 272 pages) is to assist malaria entomologists. 
New and improved keys and synopses of the diagnostic 
characters of the insects have now been prepared, while 
country lists and distribution maps provide a further 
ready reference to species that the entomologist is likely to 
encounter in his particular locality. His use of the keys is 
facilitated by the inclusion of excellent, clearly labelled 
figures of the external morphological features of all stages 
and the internal anatomy of the imagines, a knowledge of 
which in many species of this genus is essential for their 
correct identification. Particular attention is made to the 
most important malaria vectors, Anopheles gambiae and 
the species complex in which it is centred, to A. funestus 
with its close relatives and to the dozen or so secondary or 
incidental vectors. In the concluding chapter on zoo- 
geography a useful vegetation map of Africa replaces the 
map that, in the original edition, was notable mainly for 
the large number of interrogation marks. These re- 
flected accurately our relatively poor knowledge at that 
time of this aspect of the African anopheline fauna. The 
constructively critical manner in which the authors have 
sieved all the available data to present their present com- 
prehensive manual is evident throughout this work. The 
standard of the figures and the newly set type is first class. 
This new edition is sure to be welcomed not only by all 
engaged in the control of malaria in Africa and elsewhere 
but also by those concerned with more general aspects of 
mosquitoes, their systematics, distribution and biology. 
W. PETERS 


ELECTRICAL SURGES 


Surge Phenomena in Electrical Machines 

By B. Heller and A. Veverka. English translation edited 
by J. S. Vosper. Pp. 9--501. (Iliffe: London, 1968.) 
95s. 


Tue problems of surge phenomena and the generation of 
surges, both artificially in the laboratory and by natural 
means, constitute one of the oldest branches of electrical 
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technology. It was Benjamin Franklin who first investi- 
gated lightning systematically, and Stemmoetz first set 
up an "artificial lightning" generator in the laboratories 
of General Electric in the last years of the past century. 
Steinmetz's objective was to create surges in tae laboratory 
in order to ascertain the performance of plant which was 
then being developed for electrical power systems and 
which would be subjected to lightning ux the normal 
course of service. 


significant than those caused by atmospheric hightning. 
It follows, furthermore, that the 
overvoltages tend to be of a higher level thaa those other- 


wise caused. In consequence, increased attention has to 
be paid to the performance of plant connected to eleetrical 






power systems and to the problems of analysis of surge 
phenomena of transmission systems. Tkis volume is 
concerned with the former of these two categories, and 
not with the analysis of transmission phenomena as such. 
Nevertheless, it is a very broad book. It deals with the 
performance of coil arrangements with and without iron, 
and it then has a very substantial section, approximately 
one half of the book, on the power transformer. There is 
no doubt that the power transformer is ome of the most 
exposed items in an elect rical sense and, at che same time, 
one of the most singularly expensive items of a power 
system. In contrast to the detailed treatment given to the 
transformer, however, the analysis of surge phenomena in 
rotating machines receives only slight attention; it could 
be argued that the problem is not so important. As plant 
sizes rise, the tendency is always to associate a "unit" 
transformer with the given and large generator m ques- 
tion. If there is to be any damage to the generating plant 
as à result of surges which have penetrated as far as the 
main bus-bar system. then it is likely tbat it will be the 
transformer which will suffer. Naturally. an important 
part of the theory and practice of proteeting electrical 
power systems is the appropriate surge divertor and 
lightning arrestor apparatus which will be situated closer 
to the power system than the mam bus-bass; this appara- 
tus is designed to minimize the damage to unit trans- 
formers and for that matter any other transformers which 
are supplying directly to the system. These questions are 
all well treated. 

This book, however, is not concerned solely with the 
problems of plant as its name implies. Very large sections 
toward the end of the book are given over to surge voltage 
which is im 





analysis of surge phenomena; this is mot. however, @ 
particularly satisfactory chapter. and has the general 
appearance of a rather ill-considered addition. (ne final 
point of general interest is that, short ef going through 
the complete International Conference on Large-Electric 
Systems (CIGRE) biographies, this book contains one of 
the most comprehensive international lsts of references 
that has ever been assembled. There are 314 items 
altogether, from American, French, British, German, 
Russian, Italian and Czech sources. 

The mathematical treatment given in the book is quite 
It is. of course, particularly detailed in the 
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surge phenomena; it could be said, in fact, that the last 
section is rather out of date and has been put into the 
book rather indiscriminately. The general adequacy of 
mathematical treatment, however, is to be seen in the 
chapter concerned with the penetration into and propaga- 
tion of surges through generator windings. Nowhere 
do the mathematical equations get out of hand. The 
treatment is, in fact, a perfectly adequate summary of 
the situation, leaving the reader to fill in for himself wher- 
ever a particular solution is required. Each major section 
of the book also ends with a brief but useful conclusion. 
It is probable that the treatment of surge voltage 
dividers and surge voltage generators is not really as good 
as those which can be found in specialist books of the 
subject, particularly those concerned with high voltage 
technology. Nevertheless, the whole volume is a compre- 
hensive treatment of the behaviour of surge phenomena 
in plant and the generation of surge phenomena by other 
forms of apparatus, and as such it could be a very welcome 
addition to any power engineer's shelf. It is not cheap. 
but it is an excellently produced book with a very read- 
able page layout. COLIN ADAMSON 


COMPUTERS IN LIBRARIES 


Automation in Libraries 

By Richard T. Kimber. (International Series of Mono- 
graphs in Library and Information Science, Vol. 10.) 
Pp. vii+140. (Pergamon Press; Oxford, London and 
New York, December 1968.) 45s. 


THE appearance of this book is a welcome sign that the 
computer is gradually finding its useful level in documen- 
tation—a practical tool for the routines of housekeeping 
rather than the panacea for the problems of information 
retrieval. The author, a lecturer in the School of Library 
Studies at the Queen's University, Belfast, strictly limits 
himself to “the processes of book ordering and cataloguing, 
periodicals accessioning and circulation control, whose 
purpose is to make a library an efficient machine for 
acquiring, storing, and disseminating knowledge and 
information”. These operations may not be spectacular 
but they are essential, and, above all, their mechanization 
is feasible and efficient under the right conditions of size 
and purpose, 

In a series of four chapters, each of the procedures is 
systematically analysed (traditional librarianship has 
never taken this prerequisite for rationalization seriously 
enough) and translated into flow charts and hardware 
which the use of computers implies. The practical steps 
to perform each function are deseribed and related to the 
variant needs in different libraries and the levels of 
mechanization that are possible. It is here that this book 
is so valuable a guide for the librarian who wishes to 
understand what is involved in mechanization and to 
evaluate its potential value for the present and the future 
of any given configuration. At this stage of semi-anarchy, 
both in computer systems and in eriteria for library service, 
there are so many possible combinations and permutations 
that planning is difficult. Thus there is a range of input 
forms (punched cards or paper tape, edge-punched cards 
with paper tape code, optical character recognition) and 
output forms (line printers, computer-aided typesetting); 
modes of operation (off-line, on-line, time-shared); com- 
puter tunes and programming potential as a function of 
high or low level languages. It is therefore very useful to 
have these variables evaluated in the specifie situations of 
the main library routines. 

The final chapter. “The Present State of Automation in 
Libraries", examines the facts of life in contrast, with the 
models for which mechanized systems were deseribed. Tt 
is based on the author's personal knowledge of the state of 
mechanization in the United Kingdom and on the pub- 
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lished literature of projects elsewhere. Inevitably, this is 
the least satisfactory part of the study, as "the lack of . . . 
a literature about failures is keenly felt". Also this sort of 
information tends to be out of date almost at the moment 
when it is committed to paper. But it in no way detracts 
from the value of the rest of the book, which will long 
remain valid because it systematically relates the problems 
and their solutions in mechanized systems. 

Perhaps I may be allowed a small grumble. The term 
automation is interpreted throughout to mean the use of 
electronic computers and there is thus no distinction 
between mechanization and automation. This is a debase- 
ment of linguistic currency—but it is a losing battle. 

This book is intended for the librarian without special 
knowledge of computer techniques, but the minimum 
needed for intelligent understanding is very well provided 
by Anne Boyd (Department of En gineering Mathematics 
at Queen's) in the chapter "Introduction to Computers". 
Thus at last we have a textbook that can be recommended 
without reservation for all students in library schools. 

HERBERT CoBLANS 


Correspondence 


Digging but not Keeping 


SIR,— Your article “Digging but not Keeping" and sub- 
sequent correspondence both raise the question of the 
facilities which can be put at the disposal of archaeologists 
by the universities. In discussion on this topic it is 
usually tacitly assumed that material ean be “farmed out" 
(you follow custom in using this term) to the appropriate 
university departments. Sometimes it is appropriate that 
this should be done, and I for one owe a great deal to the 
staff of the Ancient Monuments Laboratory for bringing 
to my notice material relevant to my own research. 

It is an easy step from this, however, to the expeetation 
that the universities will earry out routine work such as 
identifieation of plant and animal remains, soil analysis. 
pollen analysis and so forth. Certainly the universities 
have the expertise and the practical facilities, but a 
university exists for teaching and research: routine 
analysis which has no bearing on the research is not its 
proper function. In point of fact, most scientists will give 
as much help as they possibl y can, because they realize 
that if they reject a request basie data of a unique nature 
may be lost. 

So great has been the growth of archaeology, not only 
in the volume of excavating but in the awareness that the 
specialist study of samples can greatly enhance the valuc 
of an excavation, that the amount of routine work which 
should be done is quite beyond what the available man- 
power can cope with as a sideline. There is a real danger 
that research will suffer if more routine work is accepted. 

The predicament in which the Ancient Monuments 
Laboratory finds itself is symptomatie of a situation which 
is now widespread in this country. The volume of material 
whieh should be examined has outstripped the resources 
of trained. manpower that can deal with it. No longer 
can the arehaeologist hope to get the work done on a 
goodwill basis; the goodwill is there, but to accept the 
load would be to stop the machine. We are now in the 
ridieulous position where it is perhaps possible to cope 
with a minor site which only throws up half a dozen 


NATURE. VOL. 221, MARCH 22, 1969 


samples, but an important one has no prospect whatever 
of being dealt with. 

It must be honestly faced that the work which needs to 
be done will only be done if it can be paid for, so permitting 
the employment of staff appointed to the task. ln this 
institute we are training students who will be able to 
undertake such analytical work; but who will employ 
them ? Whether this is recognized as a legitimate call on 
the museums, on an enlarged Ancient Monuments Labora- 
tory or on privately organized establishment is a matter 
for discussion, but in any case finance will have to be 
forthcoming. 

It may be observed that one of the factors whieh has 
contributed to this crisis has been the increase in the 
number of excavations made necessary by the increasing 
development of our countryside. This is an outcome of our 
national policy of development, and responsibility for it 
should be aecepted in this light. 


Yours faithfully, 


G. W. DIMBLEBY 
University of London, 
Institute of Archaeology, 
31-34 Gordon Square, 
London WCl. 


Sin,—In your issue of February 22. 1969, you published 
a letter from Mr T. F. Profitt of the Institution of Profes- 
sional Civil Servants about the ministry's Ancient Monu- 
ments Laboratory. 

This ministry, like all other Government departments. 
has to conform with the Government's manpower poliey 
on the size of the Civil Service. Our problem has been to 
allocate the manpower resources available to us between 
many competing claims within the department. 

However, because of our concern about the laboratory 
a survey was carried out toward the end of last year 
and, as a result, the complement has already been in- 
creased from eleven to seventeen—with the object of 
enabling the laboratory to clear within a reasonable period 
the present baeklog of work. Action is also being taken 
towards accommodating the various parts of the labora- 
tory as a single unit. You may be aware that these facts 
were announced by the Minister to the House of Com- 
mons on March 10, 1969, in reply to a question from Mr 
Peter Jaekson, MP. 

It is our intention to achieve these improvements as 
quickly as possible, but there may be some diffieulty in 
finding the aecommodation required for the laboratory. 
which must be close not only to the Ministry’s Inspectorate 
of Ancient Monuments in Westminster, but also to the 
British Museum and the learned societies with which the 
laboratory must be in close and regular contact. 


Y ours faithfully, 
WwW. 8S. G. SMELE 


Ministry of Publie Building and Works, 
Lambeth Bridge House, 
London SEI. 


These letters refer to an article in Nature (221, 206; 1969) and subsequent 
correspondence (Nature, 221, 785; 1969). 


Birds Room at the Museum 


Sm,—At the end of the last century the Bird Room at 
South Kensington was the most famous centre for sys- 
tematic ornithology in the world, having a distinguished 
staff, and being the favourite meeting place of an out- 
standing generation of amateur ornithologists. The cata- 
logue of its contents prepared at that time remains a 
great classic of its subject. Since then its standing and 
our own position in the subject have progressed steadily 
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downhill For a while the Rothschild Museum at Tring 
seized the lead, and then it was lost abroad with the sale 
overseas of the Rothschild Collection of skins in the 1930s. 
In recent years it has taken considerable persistence to 
penetrate the Bird Room at all, and, while good work is 
still done there, one feels that the staff do not always 
receive the recognition and encouragement that they 
deserve. The collection has ceased to grow in the way that 
it used to (indeed, it seems possible that at the present 
time part of yet one more of a series of collections, the 
Hewitt Collection, first offered to the museum, may end 
in being sold elsewhere), and many other museums, some 
of them in much smaller countries, now produce a larger 
output of ornithological work. | M 

There has already been one national outcry when this 
down-grading of the status of the Bird Room was accom- 
panied by a proposal to remove it to the paztly empty 
Rothschild Museum at Tring before the war, when I am 
told a petition was circulated among our leading orni- 
thologists in favour of keeping it more easily accessible 
in London. In the circumstances it now seems rather 
ironical that the only publie protest at the renewal of this 
proposal has come not from ornithologists but from 4 
Member of Parliament, Mr Allason, on grounds of economy 
because it is proposed to pull down part of the existing 
Tring Museum to rebuild the Bird Room there (The Times, 
January 30). There are, of course, several arguments im 
favour of moving the Bird Room to Tring, including the 
presence of a magnificent and too long neglected ornitho- 
logical library, the proximity of the headquarters of the 
British Trust for Ornithology, and easy access by road 
from other ornithological centres such as Oxford, Bedford, 
Sandy and Cambridge. On the other hand, I world have 
thought that there are even more arguments in favour of 
keeping the national Natural History collections vogether 
in London, including & need to maintain intercourse 
between people working in different departments. access 
for all to the general library and the different deparsmental 
libraries, and ease of aecess and accommodation for the 
great majority of the people in this country and abroad 
who wish to work on the collections. 

It is said that the Bird Room was originally installed 
in its present quarters in the entomological block at.South 
Kensington for a strictly temporary period until a new 
extension could be built for it beyond this at tae far 
north-west corner of the South Kensington Museura site. 
Since then the library and the mammals have been re- 
housed but the birds have been left in an increasingly 
overcrowded block until a new administration hit first on 
the idea of moving them out to Tring, and then of rebuild- 
ing the Tring Museum to accommodate them. E any 
new building needs to be done, it is not clear way it 
cannot be done at South Kensington. The majority of 
the visitors to the Bird Room are busy people who nave 
other business in London and cannot afford the time for 
the laborious train journey to Tring, where the statien 15 
moreover still a long way from the museum and there is 
little accommodation in the vicinity. It is said shat 
another department would have been prepared to move 
into the Tring Museum as it stands. Much time has been 
lost already because the proposal to move the Bird Reor 
received so little public discussion, but now that Mr 
Allason has questioned its wisdom on grounds of econcmy 
it seems time that, at the eleventh hour, attention sheald 
be paid to its justification in terms of policy as well. it 
does not seem wise to break up the national N atural 
History collections and exile important parts of them to 
remote places in this way. 








Yours faithfully, 


W. R. P. BOURNE 
62 Vicarage Road, 
Watford, 
Hertfordshire. 
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Mr Benn's Parish 


SIR,—À. statement in your article "Mr Benn’s Parish" 
(Nature, 221, 297; 1969) is a little uncertain in its meaning 
but could be interpreted in a sense that is unfair to British 
industry and presents an inaccurate picture so far as 
Harwell is concerned. 

The article included the following sentence: “The 
announcement that Harwell was ready to undertake 
industrial work, two years Or sO ago, is said to have 
produced only two replies from industry." If this is taken 
to mean that in two years Harwell has received only two 
enquiries from British industry, then it is very far from 
true. 

To take one example, the Harwell Ceramics Centre 
(set up in January 1967) had received some 650 enquiries 
from industry by the end of December 1968 (many of 
which were stimulated by the regional offices of the 
Ministry of Technology), Again, during the same period, 
the Non-Destructive Testing Centre had over 170 tech. 
nical problems put to it by industry and the NDT informa- 
tion service received nearly 650 queries. — Industry's 
initial response to the booklet, “Harwell and Industrial 
Research” (published last October), was at the rate of 
20-30 replies a day. 

I think you will agree that this is a most encouraging 
response from industry and very different from that 
suggested in your article, 


: Yours faithfully, 
A. H. S. Matrrerson 
AERE, 
Commercial Office, Building 329.2, 
Harwell, 


Didcot, Berkshire. 


More Children for Science 


SIR,—May I make one small correction to your succinet 
and useful report (Nature, 221, 607; 1969) on the Birming- 
ham meeting about the shortage of science pupils ? The 
first of the points attributed to me in the discussion should 
be that science gets more blame for the bad features of 
the modern world than credit for the good ones and I 
suggested that teachers should help to redress the balance. 


Yours faithfully, 


JOHN WALKER 
Department of Physics, 
University of Birmingham. 


University News 


Professor R. C. Lewontin has been named chairman of 
the committee on evolutionary biology at the University 
of Chicago. 


Dr J. S. Brimacombe, University of Birmingham, has 
been appointed to the Roscoe chair of chemistry at the 
University of Dundee. 

Dr C. E. Lewis, University of Kansas, has been appointed 
professor of social medicine and assistant director of the 
Centre for Community Health and Medical Care at 
Harvard University. 


Dr H. W. Woolhouse, University of Sheffield, has been 
appomted professor of botany at the University of 
Leeds. 


Dr E. R. Gilliland has been appointed to the recently 
established Warren K. Lewis professorship of chemical 
engineering at the Massachusetts Institute of Tech- 
nology. 

Mr P. A. Bramley, Plymouth General Hospital and 
Royal Cornwall Hospital, has been appointed professor 
of dental surgery at the University of Sheffield. 
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The name of the sub-department of Radiological Physies 
at the University of Sheffield is to be changed to Medical} 
Physies, and the title of Honorary Lecturer in Radio- 
logical Physies has been altered to Honorary Lecturer in 
Medical Physics. 


Appointments 


Dr W. Marshall, director of the Atomic Energy Research 
Establishment, Harwell, has been appointed director of 
the Research Group, which includes the Culham Labora- 
tory as well as Harwell. 


Dr W. C. Hamilton, Brookhaven National Laboratory, 
New York, has been elected president of the American 
Crystallographic Association. Dr D. P. Shoemaker, 
Massachusetts Institute of Technology, is the association's 
new vice-president. | 


Dr R. Serber, University of Columbia, has been named 
vice-president. elect of the American Physical Society. 


Dr B. D. Loncarevic has been appointed to the new 
position. of assistant director of the Atlantic Oceano- 
graphic Laboratory at Dartmouth, Nova Scotia. 


Announcements 


The Chemistry Society will be awarding the Corday- 
Morgan Medal and Prize for the vear 1968. There are 
three awards to be made for published work in different 
branches of chemistry. Further details can be obtained 
from the Scientific Affairs Officer, The Chemical Society, 
Burlington House, London WIV OBN. The Chemical 
Society will also award twenty research fund grants of 
£50 each for 1970. Preference will be given to those work- 
ing in less-well-endowed. establishments. Details can be 
obtained from the Administrative Officer. 


An Environmental Mutagen Society has been formed. 
The purpose of the society is to encourage interest in and 
study of mutagens in the human environment. Member- 
ship application forms may be obtained from the Secre- 
tary, 5. 5. Epstein, Children's Cancer Research Founda- 
tion, Ine., 35 Binney Street, Boston, Massachusetts 02118, 
USA. 

The Council of the Institute of Physics and the Physical 
Society has approved the formation of a Computational 
Physics Group, which will be concerned with the whole 
subject of the use of computers in physics. Details may 
be obtained from the Registrar, The Institute of Physics 
and the Physical Society, 47 Belgrave Square, London 
SWI. 

A limited number of awards will be made to scientists 
with active interests in pure and applied biophysics who 
are planning to attend the Third International Bio- 
physics Congress, to be held in Cambridge, Massa- 
chusetts, August 29-September 3, to help cover their 
expenses. Application forms and details can be obtained 
from Third International Biophysies Congress, Room 
20B-221, MIT, Cambridge, Massachusetts 02139, USA. 


International Meetings 


May 5, Organization and Management of Research 


and Development, London (Meetings Officer, The 
Institute of Physies and the Physical Society, 47 Belgrave 


Square, London SW1). 
July 28-31, Computational Physics, Culham (Meetings 
Officer, The Institute of Physics and the Physical Society, 
47 Belgrave Square, London SW1). 

August 28-September 5, Nutrition, Prague (Secretariat, 
VHIth International Congress of Nutrition, Office of the 
Secrotary-General , Institute of Human N utrition, Bade. 
Jovicka 800, Prague 4, Czechoslovakia) 
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September 2-6, Molecular Structure and Spectro- 
scopy, Ohio (Professor K. Narahari Rao, Molecular 
Spectroscopy Symposium, Department of Physics, Ohio 
State University, 174 West 18th Avenue, Columbus, Ohio 
43210, USA). 


September 15-17, Calorimetry in Chemical and Bio- 
logical Sciences, Guildford (Dr R. J. Irving, Depart- 
ment of Chemistry, University of Surrey, Battersea Park 
Road, London SW11). 


September 16-19, Solid State Devices, Exeter (Meetings 
Officer, The Institute of Physics and the Physical Society, 
47 Belgrave Square, London SWI). 


September 21-26, Papermaking Systems and their 
Control, Oxford (Technical Section, British Paper and 
Board Makers’ Association Incorporated, Plough Place, 
Fetter Lane, London EC4). 


September 22-24, Use of Cyclotrons in Chemistry, 
Metallurgy and Biology, Oxford (Dr C. B. Amphlett, 
Chemistry Division. AERE, Harwell, Didcot, Berkshire, 
UK). 

September 29-October 1, Bioelectrical Impedance, 
New York (Jean Fitzpatriek, New York Academy of 
Sciences, 2 East 63 Street, New York, NY 10021). 


Sabbatical itinerants 


In the hope of providing some practical assistance in the 
good cause of mobility between laboratories, Nature is 
proposing to advertise the needs for housing of families 
about to take up periods of sabbatical leave. To begin 
with, no charge will be made for advertisements like this. 
It is hoped that a period of experiment will show what 
form these advertisements could most usefully take and 
whether they are effective. 


Wanted: Furnished flat or house in London for 
young Dutch psychopharmacologist, his wife and 
small baby, from April 22 for three months ; prefer- 
ably within easy reach of the London Hospital, El. 
Please contact Miss J. Bacon, Department of 
Pharmacology and Therapeutics, the London Hos- 
pital Medical College, Turner Street, London El 
(Tel. No. (01) 247 0644 ext. 10). 


Vacant: Fully furnished new house in pleasant Essex 
village of Ingatestone (Brentwood 5 miles ; London 
25 miles). Three bedrooms, large lounge, kitchen 
and usual conveniences ; full central heating (gas) ; 
telephone ; garage ; garden. 10 min from station 
with easy access to London (40 min). Available 
from August 1, 1969, for 12-14 months. Please 
contact Dr J. B. Clark, Biochemistry Department, 
St Bartholomew's Hospital Medical College, Univer- 
sity of London, Charterhouse Square, London ECI. 


Wanted : Furnished flat or house (2 or 3 bedrooms) 
in Naples for American professor, wife, daughter (16) 
and son (4), February to September 1970, con- 
veniently situated for access to LIGBA. Please 
contact Dr G. Wolf, 56-235, Massachusetts Institute 
of Technology. Cambridge, Massachusetts 02139, 


USA. 


Vacant: Furnished contemporary 5-bedroom, 2- 
bathroom house in Lexington, Massachusetts ; 
large garden, share in community swimming pool 
5 minutes walk from house. Outstanding schools, 
bus-line to Harvard Square nearby (access to 
Harvard, MIT) (25 min ride). Stationwagon 
(middle-aged) thrown in. February 1 to September 
Please contact Dr G. Wolf, 56-235, MIT, 
Cambridge, Massaehusetts 02139, USA. 


. followed by “Design Using Integrated Circuits" (spes 
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BRITISH DIARY 
Monday, March 24 
INSTITUTION OF ELECTRICAL ENGINEERS( at Savoy Place, London, WC2), 


at 2 p.m. —Colloquium on `N ull Detectors". 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
at 5.30 p.m.—Mr L. L. Freris and Mr A. M. Sasson: “An Investigation of 


Load-Flow Problems". 

PLASTICS INSTITUTE, LONDON SECTION ENGINEERING SUBGROUP (at the 
“Coachmakers Arms", 88 Marylebone Lane, London, Wij. at 6.15 pin 
Annual General Meeting, followed by Mr M. Lubbock: “Phe Coat of Moulds. 


INSTITUTION OF THE RUBBER INDUSTRY, MANCHESTER SECTION (at the 
Renoid Building, University of Manchester Institute of Science and Tech- 
nology, Sackville Street, Manchester 1), at 8.45. pm- Mr P. Alberieck: 
“History of Non-Metallies in Aircraft Construction”, 


Monday, March 24— Tuesday, March 25 


BIOLOGICAL COUNCIL CO-ORDINATING COMMITTEE FOR SYMPOSIA ON DRUG 
AcTION (in the Mechanical Engineering Department, imperial College, 
London, SW7)—Symposium on “Calejum and Cellular Function”. 


Monday, March 24—Wednesday, March 26 


DIELECTRICS Discussion GROUP (at the Physical Chemistry Laboratory, 
Oxford) —Meeting on “Dielectric Aspects of High Field Phenomena texcelud- 
ing breakdown) and Impurity Effects”. 


Tuesday, March 25 


SOCIETY OF CHEMICAL INDUSTRY, PLASTICS AND POLYMER GROUP (ui 
Imperial College, London, SW7), at 10 A Tie- Symposium of *Ethylene/ 
Vinyl Acetate Copolymers”. 


SOUTH MIDLANDS METALLURGICAL ASSOCIATION (at the Hotel Leotric, 
Coventry), at 7.15 pm.—Mr H. M. Morgan: "it's Patented—-80 What ?" 


Tuesday, March 25— Wednesday, March 26 


BairisH SOCIETY FOR CELL BIOLOGY and the SOCIETY FOR UENERAL 
MICROBIOLOGY (at the Middlesex Hospital Medical School, Cleveland Street, 
London, W1), at 9.30 a.m. dally—Meeting on ''Fluoreseence Microscopy in 
Biology”. 

INSTITUTION OF PUBLIC HEALTH ENGINEERS, INSTITUTION OF WATER 
ENGINEERS; and the INSTITUTE OF WATER POLLUTION CONTROL (in the 
Richmond Hall, Earls Court, London)--Symposium on "Future Organiza- 
tion of River, Sewerage and Water Authorities". 


Tuesday, March 25—Thursday, March 27 


INSTITUTE OF PHYSICS AND THE PHYSICAL SOCIETY (at the University ot 
Nottingham)— Meeting on “The Theory of Interactions Among Elementary 
Excitations in Solids and Liquids". 


ROYAL INSTITUTION OF NAVAL ARCHITECTS (at 10 Upper Belgrave Street, 
London, SW1), at 10 a.m. daily —Spring Meetings. 


Tuesday, March 25— Friday, March 28 


INSTITUTION OF ELECTRICAL ENGINEERS (at Soutliamptoni--Associated 
Conference on “Lasers and Optoelectronics”. 


UNIVERSITY OF BRISTOL, DEPARTMENT OF AGRICULTURE AND HORTICUL- 
TURE (at Long Ashton Research Station j= Symposium on “Physiology of 
Tree Crops”. 


Wednesday, March 26 


SOCIETY OF CHEMICAL INDUSTRY, Foop Grove Goint meeting with the 
DANISH SOCIRTY OF Foop TECHNOLOGY AND HYGIENE, in the Department 
of Chemistry, University of Reading), at 2.30 pm. Meeting on ""Toxi- 
eological Problems of Animal Feeding". 


UxrvERsITY OF LONDON (at the Institute of Urology, 10 Henrietta Street, 
London, WC2), at 5 p.m.—Mr J. D. Williams: “Disorders of the Prostate". 


SOCIETY OF ENVIRONMENTAL ENGINEERS, PACKAGING GROUP (im the 
Department of Mechanical Engineering, Imperial College, London, SW7), at 
6 p.m.—Mr E. Hall: “Electronic Valve Packaging for Naval Application’. 

INSTITUTION OF ELECTRONIC AND RADIO ENGINEERS, EAST MIDLAND 
Sporion (at Newark Technical College). at 6.30 p.m.—Mr H. V. Bims: 
“Colour Television”. 

INSTITUTION OF ELECTRONIC AND RADIO ENGINEERS, SOUTHERN SECTION 
fat Guildford Technical College}, at 7 pme- Annual General Meeting, 


ker to be announced). 


Wednesday, March 26—Thursday, March 27 


INSTITUTION OF MECHANICAL ENGINEERS (at the University of Durham)— 
Symposium on "Maintenance Developments in Process Tndustries’’. 


Wednesday, March 26—Friday, March 28 


LOUGHBOROUGH UNIVERSITY OF TECHNOLOGY (in the Edward Herbert 
Building)—5ymposium on “The Compatibility of Transport Syvsterns", 


Wednesday, March 26— Saturday, March 29 


INSTITUTION OF MECHANICAL ENGINEERS, EDUCATION AND TRAINING 
Group (at the University College of Wales, Aberystwyth)-—Becond Con- 
ference on “Trends in the Education and Training of Professional Mechanical 
Engineers”. 

Thursday, March 27 

SOCIETY FOR ELECTROCHEMISTRY, SOLID STATE Sep-crovp (at Imperial 
College, London, SW7}—Inaugural Meeting. Theme— Won Movement in 
Solids”. 

SOCIETY FOR WATER TREATMENT AND EXAMINATION (in the Physics 
Department, imperial College. London, SW7), at 9.30 B.mm.--Selentifie 
Papers. 
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,FERTILIZER SOCIETY (at the Geological Society, Burlington House, Picca- 
dilly, London, W1), at 4 p.m.—Mr T. P. Hignett: “Trends in Technology” 
(Sixth Francis New Memorial Lecture), 


INSTITUTE OF REFRIGERATION (at the National College for Heating, 
Ventilating, Refrigeration and Fan Engineering, Southwark Bridge Road, 
London, SEL), at 6 p.m.—Mr A. E. B. Morphew: “A Current Survey of 
Quick-Freezing Facilities", 


Thursday, March 27—Friday, March 28 


BIOCHEMICAL Society; and the NUTRITION SocrETY (at the University of 

Leading, Whiteknights Park, Reading)-—492nd Meeting. Symposium on 

Biochemical Assessment of Protein Needs": Mr N. W. Pirie, FRS: “Com- 
plementary Ways of Meeting the World’s Protein Need"; Scientific Papers, 


BRITISH PHARMACOLOGICAL SOCIETY (at the School of Pharmacy, Bruns- 
wick Square, London, WC1), at 9.30 a.m. daily-—Spring Meeting. 


Thursday, March 27— Saturday, March 29 


ROYAL SootETY (at 6 Carlton House Terrace, London, SW1)— Discussion 
meeting on “The Structure and Evolution of the Red Sea and the Nature of 
the Red Sea, Gulf of Aden and Ethiopian Rift J unction", organized by Mr 
N. L, Falcon, FRS, Mr I. G. Gass, Mr R. W. Girdler and Mr A. 8. Laughton. 


Friday, March 28—Saturday, March 29 


INSTITUTION OF MECHANICAL ENGINEERS (at St Nicholas Hotel, Sear- 
borough) —Seminar of “Cost Reduction Techniques", 


SOCIETY FOR ANALYTIOAL CHEMISTRY, MICROCHEMICAL METHODS GROUP 
(at Uni versity College of N. Wales, Bangor )-~ Meeting on “Microanalvtical 
Methods in Agricultural Chemi stry”. 


Monday, March 3l 


ASSOCIATION FOR High SPEED PHOTOGRAPHY (at Imperial College, London 
SW7), at 10 &.m.—Spring Conference and Annual General Meeting. 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, W('2), 
at 5.30 p.m.—Mr J, A. Soper and Mr A. R. Fagg: “The Divided Winding 
Rotor Synchronous Generator"; Mr $, €. Kapoor, Mr 8. S. Kalsi and Dr B. 
Adkins: "Improvement of Alternator Stability by Quadrature Excitation”, 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, WC2), 
at 5.30 p.m.— Dr P. Matthews: "Array Thinning”. 


INSTITUTION OF ELECTRONIC AND RADIO ENGINEERS, SOUTH WALES 
SECTION (joint meeting with the Institution of Electrical Engineers, at 
University of Wales Institute of Science and Technology, Cardiff), at 6 p.m.— 
Mr M. B. Williams: "Digital Data Transmission”, 


SOCIETY OF CHEMICAL INDUSTRY, LONDON SECTION (at 14 Belgrave Square, 
London, SW1), at 6,30 p.m.—Mr L, G. Sherrington: “Rare Earths”. 


Monday, March 31—Tuesday, April | 


MATERIALS SCIENCE CLUB; and the BRITISH SOCIETY or RHEOLOGY (at 
the University of Surrey, Guildford)--Meeting on ‘“Mechanieal Properties 
and Design". 


Monday, March 3| —Wednesday, April 2 


PHYTOCHEMICAL SOCIETY (at the School of Pharmacy, 
Bristol) —8ymposium on "Phytochemical Phylogeny". 


SOOIRTY OF CHEMICAL INDUSTRY, FINE CHEMICALS AND PESTICIDES 
GROUPS (at the School of Pharmacy, Brunswick Square, London, WC1)— 
Symposium on “Veterinary Pesticides’. 


Monday, March 3!—Thursday, April 3 


f ELEVENTH BRITISH THEORETICAL MECHANICS COLLOQUIUM (at the U niver- 
sity of Nottingham). General lectures by Professor R 8. Rivlin, Professor 
P. H. Roberts and Professor TI. N. Sneddon, 
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Great Britain and Ireland 


BBC Lunch-time Lectures Seventh Series—3: Television and Design. By 
Richard Levin. Pp. 18. (London: BBC, 1968.) [271 

Bulletin of the British Museum (Natural History). Entomology. Vol. 23, 
No. 1: A Revision of the Genus Telipna Aurivillius (Lepidoptera: Lycaeni- 
dae) By T. H. E. Jackson. Pp. 1-23--5 plates, 18s. Vol. 23, No. 9: 
Acridoidea of the Galapagos Islands (Orthoptera), By V. M. Dirsh. Pp. 
25-51--7 plates. 21s, Vol. 23, No. 3: Diptera from Nepal—Sphaeroceridae, 


University of 
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By J. C. Deeming, Pp. 53-74. 10& (London: British Museum (Natural 
History), 1969.) 271 
British Valve and Semiconductor Industry. Fourth edition. Pp. 11. 
(London, BVA/VASCA, 1969.) Gratis. | [27 
The Hadiochemical Centre. Radivactive Products 1969/70. Pp. 216. 
(Amersham: The Radiochemical Centre, 1969.) [281 
Building Research Station. Current Papers. 81/88. The Sirio Meth — 
à New Approach to the Design of Slabs. By G. S. T. Armer. ( Reprinted 
from Concrete, 1968, Vol. 2.) Pp. 6. 86/68: A Simple Ultra- Violet Sensor and 
Integrating Recorder for Long-Term Field Operation. By P. B. Harris. 
(Reprinted from Journal of Scientific Instruments, 1968, Yol 1 (Series 2), 
Oct.) Pp. 4. (Garston: Building Research Station, 1008.) Gratis. [28] 
BBC Handbook 1969, Pp. 280, (London: BBC, 1969). 7s. 6d. [281^ 
Hewlett and Packard, Ltd. Application Note 08-1: Noise at Work. Pp. &. 
(Slough: Hewlett and Packard, Ltd., 1969.) [311 
University of Oxford. Committee for Graduate Studies —Students under 
the Committee as on the first day of Hilary Term 19690. (Gradnate Studies 
Supplement (2) to Oxford University Gazette, Vol. CXIX.) Pp. 84-171. 
(Oxford: The University, 19690.) 25. 3) 
Greater London Council: Scientific Branch. Annual Report of the Scienti- 
T Adviser 1967, Pp. 90. (London: Greater London Council, 1968.) 
$8. 
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Department of Edueation and Science, Education Pamphlet No, 27: 
Music in Schools, Pp. vi- 1104 11 photographs, (London: H.M. Stationery 
Office, 1969.) 19s 6d net, 32 
PEP Broadsheet 506: Personal Taxation, Incentives and Tax Reform. 
By C. V. Brown and D. A. Dawson. Pp.iv--118. (London: Political and 
Economic Planning, 1060. 10$. [32 
University Grants Committee Statistics of Education 1966, Vol. 6: 
Universities. Pp. xli--157. (London: H.M. Stationery Offiee, 1960.) 
40« net, [32 
U.S. Domestic Affairs—1968 in Review. Pp. 20. U.S, Foreign Affairs- 
1968 in Review. Pp. 16. US. Cultural Affairs-—1068 in Review, Pp. 20. 
(London: United States Information Service, 1069.) [42 
Talking Points- Third Series. (BBC Comments on Questlons that Viewers 
and Listeners Ask.) Pp. 18. (London: BBC, 1969) a2 
University of Leeds-—Annual Report for the Academie Year 1967-63. 
Pp. 187. (Leeds: The University, 1968.) 152 
Engineering Data on Cast Tron. Pp. 72. (Alvechurch, Birmingham: 
British Cast Iron Research Association, 1968.) 20s; $2.40. pi 
Science Research Council University Science and Technology Board-— 
Chemistry Committee. Report of the Organometallic Chemistry Panel. 
Pp.10. (London: Science Research Council, 1969.) 162 


Other Countries 


Annual Report of the Geologieal Survey, Borneo Region, Malaysia 1907. 
Pp. iv--09--16 plates. M$6. Bulletin 8: Geological Papers 1966. Edited 
by P. Collenette, Pp. v +88. M$10. (Kuching, Sarawak: Geological Survey, 
Borneo Region, 1967 and 1968.) [72 

Commonwealth of Australia. Department of National Development: 
Bureau of Mineral Resources, Geology and Geophysics, Publication No. 48: 
Summary of Data and Results, Canning Basin, Western Australia. Babron- 
gan No. 1 Well; Langoora No. 1 Well ; Hawkstone Peak No. 1 Well of West 


Australian Petroleum Pty Ltd. Pp. 24+3 plates, Publication No. 77: 
Summary of Data and Results, Gippsland Basin, Victoria. Southwest 


Bairnsdale No. 1 Well; Duck Bay No. 1 Well of Woodside (Lakes Entrance) 
Oil Company N.L. and Arco Ltd. Pp. 21--2 plates, Publication No. 78: 
Summary of Data and Results, Amadeus Basin, Northern Territory. Oora- 
minna No. 1 Well; Palm Valley No. 1 Well of Exoil (N.E) Pty Ltd, and 
Magellan Petroleum (N.T.) Pty Ltd. Pp. 17--2 plates, (Parkes, A.C.T.: 
Department of National Development, Bureau of Mineral Resources, Geology 
and Geophysics, 1966.) 79 

Canada: Department of Energy, Mines and Resources, Geological Survey 
of Canada. Paper 68-54: Carboniferous and Permian Stratigraphy of North- 
eastern British Columbia. By E. W. Bamber, G. C. Taylor and R, M. Procter. 
Pp.v +25. $1.50. Paper 68-54: Current Research in the Geological Sciences 
in Canada, 1967-68, Compiled by J. F, Henderson. Pp.iv+275. $2. Paper 
68-59: l'Application de la Statistique au Paléomagnétisme. Par A. Laro- 
chelle, Pp. iv-- 19. $1.50: Paper 68-60: A Seiamie Study of the Surficial 
Deposits in the Stenen Area, Saskatchewan. By K. B. 8, Burke. Pp. v +36, 
$1.50. Paper 69-1, Part A: Report of Activities, April to October 1968. Pp. 
Xv--263. $2. Economic Geology. Report No. 23: Geology of Canadian 
Beryllium Deposits. By Robert Nulligan. Pp. 109. $3.50. Catalogue of Type 
Invertebrate Fossils of the Geological Survey of Canada, Vol. 4. By Thomas 
E. Bolton. Pp. 221. $7.50. (Ottawa: Queen's Printer, 1968.) [72 

World Health Organization. Technical Report Series. No. 409: Planning 
and Evaluation of Health Education Services—Report of a WHO Expert 
Committee. Pp. 32. 3 Sw. francs: 63.; $1. No. 410: Urban Air Pollution 
with particular reference to Motor Vehicles —Report of a WHO Expert Com- 
mittee. Pp. 53. 3 Sw. francs: 65.; 51. (Geneva: World Health Organiza- 
tion; London: H.M. Stationery Office, 1969.) {102 

Bulletin d'Information Scientifique de la Faculté des Sciences de Paris, 
Laboratories de Recherche—Biologie—Géologie, 1967-1968. Pp. iv +212. 
(Paris: Dunod, 1968.) 25 francs. {162 
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He's a teacher 


New ideas about teaching are spreading, 
particularly where science is concerned. Basic 
changes in methods of teaching— ways of 
communicating—-are being evolved. Children 
today learn by discovery, rather than by 
demonstration. That's the beginning of the 
new approach to science teaching now being 
widely adopted by teachers. 

Tony Westwell is one of them. At the 
1,450-pupil comprehensive school in 
Heaton, Newcastle-upon-Tyne, where he 
teaches, all the first-year pupils learn 
physics the new way. Tony finds the 
experiment one of the most interesting 
experiences in his eight years of teaching. 

The promotion which has come to him 
in that time—he's now deputy head of an 
exceptionally large department —has been 
rapid. Over half the maths and science 
teachers who started teaching seven years 
ago now head their own departments. 
Starting salary is £1,170 (more in 
London) for anyone with a good degree 
and teacher training while the extra 
allowances for heads of departments 
range from £220 to £740, One graduate 
teacher in fiveis a headmaster while in 
his forties. 





There are many other advantages tc teaching. 
Take opportunities for travel. Tony 
Westwell has taken several school 
parties to the Mediterranean. During 
the last few summers, tezching has 
taken him to Lisbon, Tangiers, Casa- 
blanca, Algiers, Malta, Athens, Venice 
and Istanbul! Other rewards are less 
material, but no less#eal. Tony 
describes ‘that wonderfai moment 
when a pupil sees the light--suddeniy 
grasps the idea I've beer: trying so 
hard to communicate. 

There's a great deal more you 
should know about modesn science 
teaching, And it’s af in a new 
booklet, The Scientist as Teacher. 
For your copy, write now to the 
Department of Education and 
Science, Room 102 (Dept. N.33, 
Curzon Street, London, W.1. 
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UNIVERSITY OF WALES 
UNIVERSITY COLLEGE OF SWANSEA 
DEPARTMENT OF CHEMISTRY 


Applications are invited for the post of 


LECTURER IN BIOLOGICAL 
CHEMISTRY 


Candidates may be either organic chem- 
ists with special interests in biosynthesis or 
natural products, or biechemists with 
special interests in protein chemistry or 
enzymology. 


The salary wilh be on the scale £1,240 
fa £2,735 per annum, depending upon age, 
qualifications and experience, together with 
P.S.S.U. benefits. 


Further particulars, quoting Reference 
No. B6, may be obtained from the Regis- 
tar, University College of Swansea, Single- 
ton Park, Swansea, SA2 BPP, by whom 
applications must be received not later than 
Monday, April 21, 1969. (1157) 


ABIUUMMINULHBUULUNPHNAHVPHIHUPIQULLUNIURAT HIPH anaaga. 


UNIVERSITY OF NEW SOUTH 
WALES 


DIRECTOR 
INSIITUTE OF MARINE SCIENCES 


Applications are inivted for appointment to 
the above-mentioned position. The Institute of 
Marine Sciences has been founded to co-ordinate 
University activity in areas related to the study 
of the marine environment. The Director wil be 
expected to encourage and facilitate the Co- 
ordination of research and teaching in associa- 
tion with the schools which have interests in 
this field. At present several schools in the 
Faculties of Applied Science, Biological Sciences, 
Science and Engineering at Kensington and the 
Division of Physical Sciences at Wolongong 
make contributions to the work of the U niversity 
in the marine sciences. 

Applicants should have appropriate research 
and administrative experience. The director may 
be granted the title of professor cr associate 
professor. Ht is intended that he will pursue a 
research and/or teaching interest in a field of 
marine science. Salary will be between $A9,440 
and $412,000 per annum. 

The University reserves the right to fili any 
position by invitation. 

Details of appointment, including superannua- 
tion, study leave and housing scheme, may be 
obtained from the Secretary-General, Association 
of Commonwealth Universities {Appia J) — 36 
Gordon Square, London, W.C.t. Applications 
chose in Australia and London on April 7, 1969. 

(11432) 


UNIVERSITY OF BRADFORD 


SCHOOL OF STUDIES IN APPLIED 
BIOLOGY 

Applicat‘ons are invited from graduates for a 
temporary Assistant Lectureship in Microbiology, 
tenable for two years from September 1969, 
Salary: £1,240 to £1,470 (maximum) per annum. 
The post i» superannuable under F.S.S.U. 

Application forms and further details are avail- 
able from the Registrar, University of Bradford, 
Bradford, 7, wih whom completed applications 
should be lodged not later than April 7. 1969, 
Please quote Reference BJRjI/X. (1153) 
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assistant 
microbiologist 


A senior technician is needed in the Microbiology Department 
of the Nicholas Research Institute. 

Applicants should have obtained at least HNC or BSc in Micro- 
biology or have equivalent experience in Microbiological 
work especially quality control. 

The laboratories which are now situated at Wexham Place 
will be transferring by early autumn 1969 to a new bullding 
at the main site on the Bath Road, Slough. 

At present transport is provided from High Wycombe, Wokingham, 
and Slough Station. Please apply to: 


Miss J. Simpson, Personne! Department, 


ASPRO-NICHOLAS LIMITED 


225 Bath Road, Siough, Bucks. 
Tel. Slough 23971. 


UNIVERSITY OF EDINBURGH 


NATURE, MARCH 22. 1969 


ent eter 




























DIRECTOR OF CENTRE 
FOR LABORATORY ANIMALS 


Applications are invited from Registered Veterinary Surgeons for the post of 
Director in charge of the Centre for Laboratory Animals. The Centre Supplies 
laboratory animals to University Departments and a considerable expansion of dts 
activities is panned, This includes the creation of a Specific Pathogen Free Unit for 
breeding rodents and an area for experimental animals. The Director wil be 
expected io engage in research in an appropriate field. He must also be prepared 
to act as an adviser to animal users in the various departments of the University, 


Previous experience in the breeding 
advantage. 


The initial appointment will be made within the salary range of £2,975 by £110 to 
£3,195 by £105 to £3,300 by £110 to £3,410. 


and use of laboratory animals wouki be an 









A rent-free house is available. The 


successful applicant will be expected to take up duty on October 1, 1969, or before 
this if possible. The Appointee will be required to join the Federated Superannuation 


System for Universities. 


Further particulars may be obtained from the Secretary to the University, Univer- 






sity of Edinburgh, The Old College, Edinburgh, 8, with whom applications (3 copies? 
should be lodecd within three weeks of the date of this advertisement. Please quote 
Reference 502/53, 





UNIVERSITY COLLEGE OF 
WALES 
ABERYSTWYTH 


GEOLOGY 


Applications are invited for a post as 
TUTOR IN GEOLOGY, the appointmnet 
to take effect from a date to be determined, 
The successful candidate will principally 
assist first-vear Honours students. This is 
a suitable post for a candidate wishing to 
finish his Ph.D., and ample time will be 
given for research. 

Salary seale : £1,000 to £1,110 per annum 
with F.S.S.U. benefits. 

Application forms, quoting Reference 
Number B5, may be obtained from the 
Registrar, to whom all applications should 
be returned by March 31, 1969. — (1088) 


(1164) 


UNIVERSITY OF SURREY 
GUILDFORD 


DEPARTMENT OF CHEMICAL 
PHYSICS 


Applications are invited for the post of 
RESEARCH ASSISTANT in the group 
working on the spectral distribution of 
power of daylight. The post wil only be 
available for a limited period in the firs: 
instance, but the work could be submitted 
tor a higher degree. — Applicants should 
hokt a degree, Dip.Tech.,, or H.N.C. in 
physics or electrical engineering or a closely 
allied subject. The salary will be £800 per 
annum. 

Applications should be addressed to Dr. 
A. W &. Taram, Department of Chemi- 
cal Physics, University of Surrey. The 
ciosing date is March 29, 1968. (1101) 
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Salaries: (1) £2,500-£3,000 p.a. (2) £1,500-£2,500 p.a. depending on 
experience and qualifications, subject to British income Tax, plus a variable 
non-taxable oversea allowance ranging from (1) £525-£1,095 pæ (2) £500- 


General Agriculturists and agricultural specialists of mang kinds 
are frequently required in the effort to match the large demand 
[rom the deve ng countries, The vacancies advertised below 
are a selection from the many openings which exist now. While 
they are being filled, other vacancies are arising. 

Salaries within the ranges quoted are assessed on qualifications 
and experience; and the terms of most appointments include 
free or subsidised accommodation, education grants, family pas- 
sages, good leave on full pay, etc, A contributory pension scheme 
is available in certain circumstances. 

Candidates must be citizens of, and normally resident in, the 
United Kingdom, 


ETHIOPIA 
Lecturers in Agricultural Extension RC 213/58/012 


Duties: To teach in the classroom and particularly through practical 
field projects by establishing demonstration areas incorporating nearby 
farming communities. 

Qualifications: A degree in Agriculture with considerable experience 
in agricultural extension work in developing countries, preferably in 
Africa. 

Salary: £1,500—£2,700 p.a. subject to British Income Tax, plus a variable 
non-taxable overseas allowance of £750-£1,580 p.a. according to marital 
status, Contract 3 years. 


FIJI 
Soil Conservation Officer RC 213/62/07 


Duties: Supervision and maintenance of technical standards in soil conser- 
vation work, by liaison with District Agricultural Officers who administer 
all soil conservation extension, machinery and field staff, Arrange in- 
service training in soil conservation for field staf. Prepare lectures and 
examinations for the soil conservation course at Fiji School of Agriculture. 
Assist in preparation of soil conservation publicity. Advise on soil con- 
servation matters through the Director of Agriculture or through the 
Land Conservation Board. 

Qualifications: A degree in Agriculture or Science with experience in 
practical soil conservation, Experience in tropical agriculture is desirable. 
Basic Salary: $Fijian 2,184-4,362 (£Sterling 1,045-2,087) p.a. An induce- 
ment allowance normally tax free in the range £Stg. 508-829 p.a. is also 
payable direct to an officer's home bank account. Gratuity 25%. Contract 
30-36 months. 


THE GAMBIA 
Stored Products Officer RC 213/68/06 


Duties: To examine post-harvest field and storage problems of ground- 
nuts and important food crops such as rice and to determine their solution; 
to organise the produce inspection service relating to quality control 
in export crops; to train junior staff and give specialist advice. 
Qualifications: A degree in Natural Sciences or Agricultural Science 
with considerable post-graduate experience in stored products ento- 
mology. A knowledge of general pest control methods for tropical agri- 
cultural and horticultural crops is desirable. Tropical experience advan- 
tageous,. 


Salary; £5tg.720-1,524 p.a. plus a tax-free inducement allowance in the 
range £5tg.672-900 p.a. Terminal gratuity 25% of basic salary plus 
inducement allowance. Contract 2 tours of 15-18 months. 


JORDAN 
Farm Settlement Adviser RC 312/94/01 


Duties: To be responsible for the layout of irrigated settlements in à 
Bedouin Settlement Scheme and the general management of their crops. 
Qualifications: A degree in Agriculture with practical experience in 
irrigation and the use of machinery. 

Salary: £2,500-£3,000 p.a. depending on experience and qualifications, 
subject to British Income Tax, plus a variable non-taxable overseas allow- 
ance ranging from £495-£1,125 p.a. according to marital status, Single man 
preferred as mainly field work. Contract 2 years, 


KENYA 
(1) Senior Agricultural Officer RC 213/95/025 


Required for land settlement extension work, especially the training of 
local agricultural extension staff. 

Qualifications: A degree in Agriculture with post-graduate training in 
tropical agriculture and considerable experience in agricultural extension. 
A knowledge of animal husbandry is essential, 


(2) Agricultural Officers RC 231/95/026 


Required to work on settlement extension and to help with the training 
of local agricultural extension staff. 

Qualifications: A degree or diploma in Agriculture with emphasis on 
animal husbandry and experience in agricultural extension work on both 
crops and animal production. 


Qualifications: A degree in Agricultural Engineering (Farm Mechanisa- 
tion) plus not less than 5 years experience in an executive position on a 
mixed farming unit. A knowledge of the principles of business organisation 
would be an advantage. 


£1,080 p.a. according to marital status. Contracts 3 years. 


LESOTHO 


Horticultural Officer RC 213/18/06 


Duties: Horticultural development work and the training of excension staff, 
Qualifications: A degree or diploma in Horticulture and prefembly experi- 
ence in horticultural work with small scale producers under sub-tropical 
conditions. l 

Salary: R2,172-R4,800 (£Sterling 1,267-2,800) p.a. plus an inducement 
allowance in the range £153-£372 pa. Terminal gratuity 25%, free of local 
income tax. Contract 2 years. 


MALAWI 


(1) Agricultural Officer (Training) RC 21 3/134/029 
Duties: To set up and run a training unit, to establish traning courses 
for farmers and staff and to administer and assist a small extension ards 
unit in the production of teaching materials. 

Qualifications: A degree in Agriculture with experience training of 
farmers and technical staff and in the growing of maize, ground-nuts and 
tobacco. 


(2) Agricultural Officer (Land Use) RC 213/134/027 


Duties: The survey, design and layout of soil conservation works, land 
use classification and farm planning and the training of junior staff. 
Qualifications: A degree in Agriculture or related subject, preferably 
with experience in land use planning and conservation in tropical countries. 
Salaries: £1,420-£2,600 p.a. A supplement of £100 p.a. :s also payable 
direct to officer's home bank account outside Malawi and Rhodesia. Tax 
free gratuities 1595-2595. Contracts 2-3 years. 


ZAMBIA 


(1) Animal Husbandry Officer RC 213/132/023 


Duties: To plan and promote the development of the acimal husbandry 
industry, to train extension staff in production and management practices 
and manage pilot ranching schemes. 

Qualifications: Degree in Agriculture with experience in animal hus- 
bandry work. 


(2) Planning Officers EC 213/132/05 
Duties: To take charge of field planning teams and to be responsible 
for regional conservation plannning on a catchmenz and/or settlement 
plan basis. 

Qualifications: Degree in Agriculture or Natural Science, preferably 
with relevant post-graduate training and/or experience, 


(3) Agricultural Officers (Training) BC 213/132/022 


Duties: To direct and organise staff training and short courses for farmers 
at farm institutes and farm training centres. 
Qualifications: Degree in Agriculture with experience of advisory work. 


(4) Agronomists RC 213/132/07 


Duties: To work at a regional experimental station gad be responsible 
for programmes of research, collaborating with extensive staff. 
Qualifications: Degree in Natural Science, preferably with experience 
in field experimental work. 

Salaries: (1), (2) and (3) Kwacha 1,944-4,464 (£Sterlirg 1,134-2,604) p.a. 
(4) Kwacha 1,944—4,344 (£Sterling [,134-2,534) p.a. pius an inducement 
allowance in the range £243-£429 p.a, A supplement canging from £233- 
£291 p.a. is also payable direct to an officer's bank account outside Zambia. 
2594 gratuity. Both supplement and gratuity are tax-free. Contract 3 years. 


MONTSERRAT 


(1) Horticultural Agronomist RC 23/1 14/02 


Duties: To advise on a programme of field trials wick horcicultural crops 
and on sound development and planting programmes: in conjunction with 
the Marketing Adviser, with whom he will work as 4 team, and to train 
and assist local staff. 

Qualifications: A degree in Horticulture or Agricuisure with experience 
in tropical horticulture and training in biometrics. 


(2) Marketing Adviser RC 264/114/01 


Duties: To work with the Horticultural Agronomist in advising the Gov- 
ernment on the economic and marketing factors with special reference 
to the requirements of new markets; to advise or the development of 
markets, organisation of production in terms of sualicy and quantity; 
to advise on training for the implementation of a marketing programma, 
Qualifications: Purchasing officer with commercii organisation in the 
U.K. dealing with vegetables. 

Salaries: £2,000-£2,750 p.a. subject to British Income Tax, plus a variable 
non-taxable overseas allowance of £445-£1,095 p.a. according to marital 
status. Contracts 2 years. 


For further particulars of these vacancies and an application form 
please write giving your full name, age and brief details ef profes- 
sional qualifications and experience, and «uoting appropriate 
reference number, to the Appointments Officer, Roem d30/NI23, 
Ministry of Overseas Development, Eland House, Stag Place, 
London, S.W.1. 


MINISTRY OF OVERSEAS 
DEVELOPMENT 


(1091) 
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Natural Environment Research Council 


DIRECTOR 


Forest Research Institute 





Applications are invited from senior scientists 
with suitable research and administrative 
experience for the post of Director of a Forest 
Research Institute to be established by the 
Natural Environment Research Council. 


This new Research Institute for the study of 
fundamental problems in forestrv will be 
situated at the Edinburgh Centre for Rural 
Economy at Bush, and will be closely associated 
with the Forestry Commission Station at Bush. 
The work of the Institute will include research 
on genetics of forest trees, tree physiology and 
nutrition, and biological control of forest pests 
and diseases. 


The initial duties of the post will include 
advising on the planning of the Institute and 
the building up of Institute research teams. 


The successful applicant should be free to take 
up appointment as from Ist July, 1969, or as 
soon as possible thereafter. 


The appointment will be at Senior Principal 
Scientific Officer level. Salary scale : £3,850- 


£4,400; starting salary may be above minimum. 


Non-contributory pension. 


Staff of the Council are not Civil Servants but 
their pay and conditions of service are similar 
to those of the Scientific Civil Service. 


Application forms and further particulars from 


Civil Service Commission, 23 Savile Row, 
London WIX 2AA, quoting S/7140/U. 
Closing date for applications 21st April, 1969. 








CARLO ERBA 


Società per Azioni 





CARLO ERBA S.p.A., a leading Italian Phar- 
maceutical Company, requires for its Re- 
search Department in Milan an 


enzyme chemist 


to work on the production of enzymes by 
microorganism, and an 


industrial 
microbiologist 


Applicants should have an honours degree 
and at least two years' research experien- 
ce either in enzyme chemistry or in indu- 
stria! fermentation processes. 

The holders of the above positions will 
work in a modern Fermentation Research 
Laboratory, and genuinely attractive career 
possibilities are offered to the right can- 
didates. 


inquires should be addressed to 
CARLO ERBA S.p.A. 

Direz. del Personale - Uff. Assunzioni 
Nia Carlo Imbonati, 24 - MILANO 
Referring to IR/1 


; 4132 





(1131) 





UNIVERSITY OF LIVERPOOL 
DEPARTMENT OF BIOCHEMISTR Y 


TECHNICIAN required to operate a 
new Mass Spectrometer and associated gas 
liquid chromatography equipment. Cand- 
dates should hoki O.N.C. (Chemistry) or 
an equivalent qualification. — Initial salary 
on the scale £722 to £1,007 per annum 
according to age. qualifications and experi- 
ence, 

Application forms, which should be re- 
turned not later than April 12, 1969, may 
be obtained from the Registrar, The Urd- 
versity, P.O. Box 147, Liverpool L69 3BX. 
Quote Ref. RV/998/N,. 41113) 











UNIVERSITY OF DURHAM 


Applications are invited from male pradu- 
ates for the post of fulltime BURSAR OF 
VAN MILDERT COLLEGE. The post 
carries responsibility for accounts, mainte- 
nance of premises, catering and  house- 
keeping. Salary according to age and ex- 
perience on the scale £1,240 to £2,735 per 
annum. 

Further particulars may be obtained from 
the Registrar and Secretary, Old Shire Hall, 
Durham, to whom applications — (three 
copies), naming three referees, shoukid be 
sem by March 31, 1969, (1087) 


UNIVERSITY OF MANCHESTER 
ASSISTANT LECTURER IN 


BIOLOGICAL CHEMISTRY 
Applications invited for this post from 


candidates with interests in any aspect of 
biochemistry, Salary range £1,240 to £1,470 
per annum.  F.S.S.U, 

Further particulars and application forms 
{returnable by April 1D from the Regis- 
trat, The University, Manchester M13 SPL. 
Quote Ref. 50/69/ Na. {1089} 
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(a) Geophysicist 
(b) Geochemist 
(c) Petrologist /Mineralogist 


required in the Irish Geological Survey. These are senior posts in an 
expanding organisation (headquarters in Dublin) the work of which includes 
a complete remapping of the country and collaboration with mining and 
exploration companies. There are opportunities for research and publica- 
tion of results. 


The Geophysicist must hold a Ph.D. and have 6 years postgraduate 
experience or have an honours B.Sc. and & years experience. A Ph.D. 
degree and 6 years experience is essential for the Geochemist and the 
Petrologist posts. For the Petrologist/ Mineralogist post candidates must 
also have experience, or a special interest in ore and industrial minerals. 
Candidates must be under 50 years. 


Salary scales: £2,045 to £2,495 (man) or £1,635 to £1,990 (woman). 
Commencing salary up to £2,351 (man), or £1,879 (woman) Non- 
contributory pension. Widows and Orphans Pension Scheme. 


Application forms and further particulars from: 
Civil Service Commission, 45 Upper O’Connell Street, Dublin 1. 
Closing date: May 1, 1969. 


(1123) 





| bacteriologist 


Applications are invited from graduates with industrial or hospital experi- 
ence of medical and pharmaceutical microbiology. The successful candidate 
will be about 30 years of age, versatile, practical and with research experi- 
ence, He will be responsible primarily for research aspects of various 
projects, but will assist with the administration of one department of 
the new laboratories employing a staff of nine engaged on a variety of 
microbiological work. 

The Company is a member of the Fisons Group and Group welfare bene- 
fits apply, including generous holidays, first class pension scheme, 
cafeteria and sports and social club facilities. 


Please write giving brief details, for an application form to 


The Divisional 

Personnel Manager (10), 

Fisons Pharmaceuticals 
Limited, 

i2 Derby Road, Loughborough. 








RESEARCH PHARMACOLOGIST 


The post as Head of our Pharmacological Department has fallen vacant 
DR the appointment of the present holder to a Chair of Pharma- 
cology. 

Responsibilities of the Department cover the whole field of industrial 
pharmacology with exception of endocrinology, chemotherapeutics and 
chronic toxicity. 

The applicant should be an M.D. or a V.M.D. with extensive experience 
in experimental pharmacology and some knowledge of organic and bio- 
chemistry. 

Salary and other benefits will be negotiated, but are commensurate with 
the responsibilities of the post. 

The laboratories are situated on the outskirts of Copenhagen. 

Applications should be sent to The Director of Research, Leo Pharma- 
ceutical Products, 2750 Ballerup, Denmark. 17D 


(1096) 





CHEMICAL INFORMATION 


SERVICES 
The Chemical Society, acting as AREDIS for me 


U.K. Consortium on Chemical Iciormaton, E 
planning to establish, probably at Nottingham, 
a Centre for the mechanized handing of chem 
cal information. The existing Chemical Society 
Research Unit for information UHsseminastion 
and Retrieval will form the Research Section of 
the new conire. The initial purposeoof the genie 
will be the exploitation and marketing in ihe 
British Isles of the information comained in ihe 
computer-based data files created ter the Chew- 
cal Abstracts Service of the American Chemical 
Society. 

The Society wil therefore shorii proceed io 
the appointment of 


THE DIRECTOR OF THE CENTRE 


The Director will require to hase knowledge 
of modern scientific information techniques and 
t have proved managerial ability. 

The development of the centre 4O serve the 
industrial and academic chemists omn the UK. 
wilh be his special responsibility aad an under- 
standing of their requirements woud be a pan 
ticular advantage. 

The salary offered will be commensurate with 
age and proved ability. 

Applications should be submittec. before May 
1. 1969, to the General Secretary, Phe Chemical 
Society, Burlington. House, Londor WV OBN, 
from whem further details can be pm ; 

(1135 


UNIVERSITY OF MANCHESTER 
INSTITUTE OF SCIENCE AND 
TECHNOLOGY 


LECTURER IN ORGANIC CH EMISTR'Y 

Applications are invited for LECTURER in the 
DEPARTMENT OF CHEMISTRY. The De. 
partment, which recently moved inio a new 
mulding, has close contacts with chemical imos. 
try, and has an active research school, The 
Department wishes to strengthen its teaching and 
research in the fields of PETROLEUM © HEM. 
ISTRY, HYDROCARBON CHEMISTRY, 
PETROCHEMICALS, and the Lecewurer woy be 
expected to participate in the teahing invoived 
in the new M.Sc. course in hydrocarbon chetnis- 
try as well as in other organic teaching in the 
Department. Active research anc development 
interests, especially in the field of physical-organie 
chemisuwy are required, and relevant indusutal 
experience would be an advantage. Salary is 
within the scale £1,585 to £2,735, wath super 
annuation under the Federated Waperarndd tion 
System for Universities. 

Application form and condiiors of appeoint- 
ment may be obtained from ihe Rewistrar. The 
Universiy of Manchester Institute of Science And 
Technology. P.O. Box 88. Sackville Street, Mans 
chester M60 10D, to whom completed Aprisa- 
tions should be forwarded as soen as possible 
after the appearance of this adveruisément. 

(111i) 

UNIVERSITY OF 

THE WEST INDIES 
Applications are invited for (2 LECTURE- 
SHIPS OR (b) ASSISTANT LECTURESHIPS UM 
CHEMISTRY at Mona amaka) and Cave Had 
(Barbados) campuses of the University. Candi- 
dates should have special interesss in inorganic 
or physical chemistry or physical ofganic chemi- 
sey. Salary scales: (a) £1,550 jo £2,630 per 
annum, (b) £1.250 to £1.410 per annum. Child 
allowance. ESSU. Family passages,  Triennial 

study heave. 

Deaied applications {6 copies) naming 3 
referees as soon as possible by persons living in 
the Americas and Caribbean area te the Registrar, 
University of the ‘West Indies, Kingston 7, 
Jamaica, and by all others io pme ALiniversity 
Council, 90/91 Tottenham Court Road, London, 
WIP ODT. Further  párticulus obtalmabic 
similarly. (prie 


UNIVERSITY OF BELFAST 
EXPERIMENTAL OFFICER 
in the 
DEPARTMENT OF BIOCHEMISTRY 

The Senate of the Queen's University of Belfast 
invites applications from graduates for the post 
of Experimental Officer. — Duties will involve 
working within the framework of «he research 
group involved in studies on mammalian celis in 
culture and the effects of viral insection, — Pniüal 
salary will depend on qualifications and esperi- 
ence but will be in the range £1420 by £59 to 
£1,480 by £70 to £1,550, wih superannuation 
within the F.S.S.U. 

Applications in writing, giing a brief 
curriculum vitae and the names cf rwo referees, 
&honid be sent to the Secretary te the Academic 
Council, The Queen's University of Belfast, BT? 
INN, by April 12, 1969. (4120) 
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UNIVERSITY OF ASTON IN 
BIRMINGHAM 
DEPARTMENT OF BIOLOGICAL SCIENCES 
LECTURER/RESEARCH FELLOW 


ot 
ASSISTANT LECTURER / ASSOCIATE 
RESEARCH FELLOW 

Applications are invited for the following: 

LECTURER/RESEARCH FELLOW or 
ASSISTANT | LECTURER/ASSOCIATE RE. 
SEARCH FELLOW. 

i. Hvdrobiologist, with interest in pollution, 
preferably but not necessarily an Algologist. 

2. Microbiologist/Biochemist, with interest in 
fermentation, biodeterioration or biodegradation 
of natural products, 

3, Zoologist, Biochemist or Physiologist with 
interest in thyroid action or insulin synthesis or 
on the effects of hormones on cel division. 

RESEARCH ASSISTANT or RESEARCH 

STUDENT 

Zoologisti, Physiologist or Biochemist with in- 
terest in hormone action and/or cell growth. 

Salary scale : Lecturer, £1,583 to £2,735 per 
annum; Research Fellow, £1,585 to £2.275 per 
annum; Assistant Lecturer/ Associate Research 
Fellow, £1,240 to £1,470 per annum; Research 
Assistant, £680 to £1,080 per annurn. 

Further details and application forms may be 
obtained from the Staf Officer (Ref. No. 664 / 6), 
The University of Aston in Birmingham, Gosta 
Green, Birmingham 4. to whom appiications 
should be forwarded within 14 days of the 
appearance of this advertisement. (1095) 


UNIVERSITY OF LAGOS, NIGERIA 
FACULTY OF ENGINEERING 


Applications are invited for the following 
appointments tenable from September 1969 or 
soonest thereafter : 

T d CHAIR OF ELECTRICAL ENGINEER. 

NG. 

(b) LECTURESHIPS IN ELECTRICAL 
ENGINEERING (Control, Electronics / Telecom- 
munications, and Electric Power), 

(O LECTURESHIPS IN | MECHANICAL 
ENGINEERING (Thermodynamics, Fluid Mech- 
ames, Production Processes and Engineering 
Analysis}. 

(d LECTURESHIP IN CIVIL ENGINEER- 
ING (Public Health Engineering—Micrcbiology 
or Biochemistry). Candidates must have a first 
degree in chemistry or microbiology and pog- 
graduate qualifications in public health engin- 
eering. 

Salary scales: Professor €N3,000 per annum. 
Lecturer £N1,200 to £N2,175. per annum (EN = 
£l 3s. 4d. sterling). Salary supplemented in 
appropriate case in range £240 to £600 (sterling) 
under British Expatriates Supplementation 
Scheme. Family passages, various ahowances, 
superannuation scheme, regular overseas leave. 

Detailed applications (6 copies), naming 3 
réferees, by April 30, 1969, to Inter-Liniversity 
Council, 90/91 Touenham Court Road, London 
WIP ODT, from whom particulars are iocus 

(1108) 


AHMADU BELLO UNIVERSITY 
ZARIA, NIGERIA 
Applications are invited for the following ap 
paintmenis in the Faculty of Veterinary Medi- 
cine: 


(a) SENIOR LECTURESHIP OR LECTURE- 
SHIP IN DEPARTMENT OF SUR- 
GERY AND MEDICINE, 


(6) LECTURESHIP IN ANATOMY. 


(O SUPERINTENDING TECHNICIAN IN 
DEPARTMENT OF SURGERY AND 
MEDICINE. 

Candidates for posts (a) and (b) should pos- 
sess a degree in veterinary medicine, B.V.Sc.. 
D.V.M. or equivalent, with specialisation in or 
primary interest in tropical medicine. Preference 
given to candidates with experience in the savanna 
arcas of Africa. Appointee to (c) will be re- 
sponsible for the care and handling of all expri« 
mental animals and animals in the Veterinary 
Clinic. He will also be responsible for the 
equipment of the Faculty. Salary scales: Senior 
Lecturer, £N2,275 to EN2,575 per annum: Lec- 
turer, £N1,200 to £N2.175 per annum: Super- 
intending Technician, £NI,450 to £N1,600 pec 
annum (ENI-£li 3s. 4d. sterling). Salary supple- 
mented im appropriate cases in range £240 to 
£515 per annum (sterling) under British Ex- 
patriates Supplementation Scheme. Family pass- 
Ages ; various allowances : superannuation 
scheme ; regular overseas leave. 

Detaled applications (6 copies}, naming 3 
referees, by April 25, 1969, to Inter-University 
Council, 90/91 Tottenham Court Road, Lon- 
don WIP ODT. from whom particulars are 
available. (1126) 
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(5) RFGEARCH 
CHEMISTS FOR 
AUSTRALIA 


The Broken Hill Proprietary Company Limited has 
vacancies for Research Chemists at the Company's 
newly opened Research Laboratories at Melbourne. 
Applications are invited for the following positions :— 


ANALYTICAL CHEMISTS with usc. or nc in 


Chemistry, with a background in steel and associated products 
analysis and with an up-to-date knowledge of modern 
analytical techniques, including analysis of gases in metals and 
gas-chromatography. 


SPECTROSCOPIST with PhD. mse. o B.Sc. in 


Physical or Analytical Chemistry and experienced in the use of 
Jarrell-A.S.N. Compact 1:5 meter Air/Vacuum Atomcounter 
Spectrometer, A strong background in steel and associated 
products anelysis with post-degree research experience is 
desirable. The person selected will be an integral member of a 
research and development team that is developing new alloys. 


SALARY a CONDITIONS The laboratories are well 


equipped and housed in modern, well-appointed buildings 
which include an air-conditioned laboratory block and an 
extensive technological building. Attractive salaries will be 
offered——in accordance with qualifications and experience. 
Successful applicants will receive free Passages to Australia, 
financial assistance towards removal expenses and a settling-in 
allowance on arrival. Married men will also receive a housing 
subsidy for the first six months in Australia. Conditions of 
employment include a superannuation scheme, free temporary 
life insurance cover, additional medical benefits and a liberal 
policy towards sickness. Excellent Opportunities for advance- 
ment exist both in the Research Laboratories and in the BHP, 
Group of Companies. 











Applications, with full details, should be sent to: 


A. F. Corneli, 
The Broken Hill Proprietary Company Ltd., 
14 Hanover Square, London, WIR OND 


(1172) 


A LECTURER IS REQUIRED FROM SEP. 
tember 1 or October 1, 1969, salary scale £1,240 
to £2,735. Preference will be given to candidates 
qualified in zoology, physical sciences or engin- 
cering, having an interest in one or more of the 
folowing subjects: environmental physiology, 
engineering in relation to pure or applied zoo- 
logical problems ; the ecology of terrestrial verre 
brates or invertebrates.—Further particulars may 
be obtained from Professor T. R. E. Southwood, 
imperial College, London, S, W.7, to whom appii- 
cations (two copies) should be sent before 
Apri ii. (1074) 


SURREY EDUCATION 
COMMITTEE 
BROOKLANDS COUNTY TECHNICAL 
COLLEGE, HEATH ROAD, WEYBRIDGE 
Required September 1969: Lecturer Grade 1 
to teach Physics in ONC, and OND., Engineer- 
ing, and rake responsihiity for Physics Labora- 
tory: ability to teach Mathematics an advantage. 
Generous removal and disturbance allowances 

available in approved cases, 
Details and application form available from 
Principal, (1097) 
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UNIVERSITY OF EDINBURGH 


SENIOR MEDICAL 
LABORATORY TECHNICIAN 


required in a biological research. group 
comprising six graduate workers and five 
junior technicians. The work involves the 
supervision. of junior technicians and par- 
ticipation in a project studying the 
immunology of trypanosomes pathogenic to 
domestic animals. Salary according to ÈX- 
perience within the range £987 to il ES 
with superannuation. 


Apply E. A. Wells. Applied Protozoo- 


logy Research Unit, Centre for Tropical 
Veterinary Medicine, University of Edin- 


burgh Veterinary Fiski Station, Easter 
Bush. Roslin, Midlothian, giving brief de- 
tails of qualifications and career, and the 


names of iwo referees. Plegse quote 
Reference 2022/43. (1165) 


CARLETON UNIVERSITY 
DEPARTMENT OF GEOLOGY 


Applications are invited for the post of 
SENIOR TECHNICIAN 


DUTIES: Will include supervision of 
thin section and polishing laboratory, 
curating of departmental collections. 

SALARY: Range from $5,500 to $7,200 
per annum. 


Starting salary according to 
qualifications and experience. 

35 hours per week, generous staff welfare 
plans and vacation policy. 


Applications, with résumé and two 


references to: 


E. A. GILCHRIST, 
Personnel Department, 
Carleton. University, 
Colonel By Drive, 
Ouawa 1, Ontario. 


Canada. (1168) 





BOARD OF MANAGEMENT FOR 
GLASGOW WESTERN AND 
GARTNAVEL HOSPITALS 
SCIENCE GRADUATE 

Applications are invited for a newly-created 
post in TISSUE TYPING. The unit provides a 
service for the Region in relation to clinical 
transplantation, and includes research. Appii- 
cants should hold an honours or ordinary degre: 
in one of the biological sciences. Previous ex- 
perience of tissue typing is not necessary. Salary 
scale is dependent on qualification and years of 
experience. 

Further details are available from the Secre- 
tary, Board of Management for Glasgow, Wes- 
tern and Gartnavel Hospitals, 10 Park Circus, 
Glasgow C.3, to whom applications should be 
sent, to arrive not later than three weeks from 
the appearance of this advertisement. — (1170) 


OFFICERS 
required in the following sections : 

ENTOMOLOGY To maintain cultures of in- 
sects for experimental studies in new methods of 
pest control and to assist in development ot 
rearing methods. 

IRRIGATION : To take part in field and 
glasshouse experiments on the physiology of plant 
and crop-water relations, 

PHYSIOLOGY : To take part in experiments 
on vegetable storage. 

Degree, H.N.D, HNC. or equivalent in 
appropriate science preferred. Salary scale £650 
to £1,385 (£830 at 2D. Superannuation 

Further information and application forms (Go 
be completed by April 19, 1969) obtainable from 
Secretary, National Vegetable Research Station, 
Wellesbourne, Warwick. (1155) 


ENTOMOLOGIST (MALE) WITH PRACTI- 
cal bent to join team in very rewarding mosquito 
control assignment under expert guidance fn West 


Indies. Volunteer terms: board, lodging, CX- 
penses, fares, allowances, pocket-money.— Write 


CHR/OV, 38 King Street, London, W.C.2. Ref. 
EC. 11016) 


NORTHERN POLYTECH 


MARES 
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Holloway, London, N.7 


Ihe Governing Body invites immediate applications for the post of LECTURER H 
in the Department of Physics. The work of the Department is all of degree standard 


with a high proportion of postgraduate wor l ; 
in physics with practical experience of some branch of advanced eiecironics, 
tively, experience in spectroscopic techniques would be a recommendation, 


k. The candidate should be wel quainied 


Alucrna- 


scale : £1,725 to £2,280 nius £85 London Allowance. 


Apply for further particulars and application form, which must be ret mned ner kater 


than Apri 18, £969. 


UNIVERSITY 
OF DUBLIN 


Trinity College 





LECTURER OR 
JUNIOR LECTURER 
IN PHYSIOLOGY 


Applications are invited from suitably 
qualified candidates for the above post. 


Salary Scales 
Lecturer : £1,530 by £65 to £1,855/Merit 
Bar/£1,945 by £65 to £2,725. 


Junior Lecturer : £1,265 by £65 to £1,460. 
Marriage and children’s allowances are 
paid and there is a non-contributory pen- 
sion fund at the rate of IS per cent of 
salary. There is also an allowance of £100 
per annum for medical qualification. 


Further particulars may be obtained from: 


The Assistant Secretary (Staff), 
Trinity College, 
Dublin, 2, 


who will receive formal applications up to 
April 30, 1969. (1166) 


WHAT'S YOUR LINE? 


are you a Veterinary Surgeon, Geologist, Chem- 
ist, Pharmacologist, Physicist, Metallurgist, Micro- 
biologist, Pharmacist, Information Scientist or 
Technical Editor ? 

Whatever it is Please Note ! 

G.K. Bureau employ six scientifically qualified 
interviewers to select the best positions for you. 


Write or telephone 


Miss J. R. Hortin, G.K. Bureau, 
17 Shaftesbury Avenue, London W.1. 
01-437-6886 or 01-437-6779, 
NO FEES TO PAY. (441) 
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UNIVERSITY OF MANCHESTER 
DEPARTMENT OF ANATOMY 
AND 

MANCHESTER ROYAL EYE HOSPITAL 

Applications invited from candidates with 
medical qualifications registrable in this country 
for two joint posts of TEMPORARY ASSIS- 
TANT LECTURER IN ANATOMY/SENIOR 
HOUSE OFFICER IN OPHTHALMOLOGY. 
The person appointed will work in the Univer- 
sity Depariment of Anatomy and in the Eye 
Hospital, spending approximately half their time 
in work in each department. Experience in oph- 
thalmology is desirable ; candidates working for 
Primary F.R.C.S. acceptable. Annual salary pro 
rata to university pre-clinical Assistant Lecturers’ 
scale and N.H.S. scale for the grade of SHO. 
up to a maximum of £1,560 (N.H.S. award pend- 
ing) Initial appointment for one year gom- 
mencing October 1, 1969, but renewable for a 
second year. 

Particulars and application forms (returnable 
by April 5} from the Registrar, The University, 
Manchester, M13 9PL. Quote Ref. 45/69/Na. 

(1083) 


R H. CURRELL, 
Clerk. 


41164) 





UNIVERSITY OF BIRMINGHAM 
DEPARTMENT OF CHEMISTRY 


Applications are invited for ihe post et 
LECTURER in Physical Chemistry. Salary as- 
cording to qualifications and experience in scale 
£1,585 to £2,735 with FP.S.5.U. 

Applications (three — Copies), naming three 
referees and quoting N.A.C., to be sent by AD 
15 to the Assistant Registrar (5), P.O. Box 363, 
Birmingham 13. from whom further particulars 
may be obtained. (11533 

UNITED OXFORD HOSPITALS 

PRINCIPAL GRADE Physicist required to 
assume responsibility for clinical physics and for 
physics research projects in the Department af 
Radiotherapy, Churchill Hospital There are two 
other physicists in the group which will be ex. 
panded if a high energy eiectrom accelerator is 
installed. A postgraduate qualification is gesit- 
able and considerable experience in radiotherapy 
physics is essential Salary range £2,486 to 
£3,196. 

Applicanons, giving full details of qualifications 
and career, should be sent to Mr. R. Oliver, 
Chief Physicist, Department of Radiation Physics, 
Churchill Hospital, Oxford. (1062) 


UNIVERSITY OF BRISIOL 
THE LIBRARY 
Systems Co-operation Project 


Two fulltime researchers required for 2 
two-year Wbrarvy systems compatability in- 
vestigation aimed at co-operative computer 
utilisation by the ifpraries of five Univer- 
sities in the South-West sharing an Hwe- 
grated computer system (ICL SYSTEM 4). 
The projet, supported by an Office of 
Scientific and Technical Infermation grant, 
wil be based on Bristol and will involve 
visits to the other U'niversity Libraries of 
the group in Bath. Cardiff and Exeter. The 
researchers should between them have 
training and experience in systems analysis 
and fibrarianshin : ideally one commuter 
and one Hbrary-oriented, — Salaries are on 
ihe Lecturer scale, but will not be higher 
than £2,275 per annum. Appoinume 
wid date from May, 1969, or as soon as 
possible thereafter. 


ae 
LM 





Further particulars from the Librarian, 
the University of Bristol, Bristol ESS IRI 
(Tel. Bristol 24161, ext. D to whom ape 
plications, with the names of two persons 
to whom reference may be made, should 
be sent so as to arrive by April 12, 19659. 

(1172 


UNIVERSITY OF ABERDEEN 
LECTURERS/ASSISTANT LECTURERS IN 
BOTANY 

Applications are invited for two posts, 
(0 PLANT PHYSIOLOGY with special refer- 
ence ta metabolic aspects. 


(b) STRUCTURAL BOTANY including fine 
structure. 
Salary on scale: Lecturer, £1,583 to £2.735; 


Assistant Lecturer, £1,240 to £1.470, whh initial 


placing according to qualifications and exper 
ence, Superannuation (F.S.S.UO and removal 
allowance. 

Further particulars from ihe Secretary. The 
University, Aberdeen, with whom applications 
(Lecturer eight copies, Assistant Lecturer two 


copies), should be lodged by April 12, 1969. 
(11573 
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Minnesota 3M Research Ltd 


A Subsidiary of 3M Company, U.S.A. 


Applications are invited by physicists or design engineers to join a group working 
on the design and construction of sophisticated mechanical and electronic devices for 
the evaluation and understanding of photographic materials. In addition the success- 


ful applicant will be involved in other projects 
post will include the supervision of a small work 


in photographic technology. The 
shop and provide excellent oppor- 


tunities for an enthusiastic man on account of plans for expansion which are now 


under way. 


Requirements will be a degree in physics or possibly some equivalent qualification 
together with experience in mechanical design and workshop practice: some electronic 
experience. would be an additional advantage. Preferred age in the region of 25-32 


years. 


The company operates generous Pension, Life Assurance and Sickness Benefit schemes 
and an attractive salary will be offered. Staff restaurant and social facilities are 


available, 


Applications should be addressed to: 


UNIVERSITY OF WAIKATO 
Hamilton, New Zealand 


FOUR CHAIRS AND SUPPORTING STAFF 
IN THE SCHOOL OF SCIENCE 


The University of Waikato is a new University occupying a site of about 130 acres 
in the City of Hamilton. In 1966 the University began teaching full-time courses of 
study in the Schools of Humanities, Social Sciences and Education; the University 
now proposes to institute a School of Science and to teach science subjects for the 
first time in 1970. The School of Science is expected to develop strongly in the direction 
of the bíological sciences and the earth sciences, and inter-disciplinary courses will 
be particularly encouraged. 


Initially four Professors will be appointed, one of whom will also be appointed Dean 
of the School of Science, and applications for appointment to Chairs in the general 
fields of B/OLOGY, CHEMISTRY, PHYSICS, and EARTH SCIENCES are invited. 


Applications are also invited at all non-professorial levels in these fields and in related 
fields such as behavioural science and mathematics, including computer science, 


A few of these appointments will be made in 1969 and there will be a major increase 
in 1970, 


The development of postgraduate work and research is encouraged in the University 
and conditions for study leave are favourable, 


A national revision of the salary scales will take place later this year, At present. salaries 
are as follows: 


Professors ‘A range of salaries from £NZ7,400 to £NZ10,500. 

Readers: A range of salaries from £NZ5,800 to £NZ7,300. 

Senior Lecturers: A scale £NZ4,700~£NZ5,500--£NZ6 600, 

Lecturers: A scale £NZ3,100~£NZ4, 800, 

Conditions of appointment are available from the Registrar of any university 
in New Zealand and from the Secretary-General, Association of Common- 
wealth Universities (Appts.), 36, Gordon Square, London, W.C.1. 


Application close on 27 Apri 1969, 


UNIVERSITY OF ABERDEEN 
RESEARCH ASSISTANT IN NATURAL 
HISTORY 


Applications are invited for a postgraduate 
Research Assistant, preferably with interests in 
the physiology of marine invertebrates. Salary: 
Probationary, £820 to £1,060: Grade Il, £1,060 
to £1,530. Initial placing according to qualifica- 
tions and experience. Superannuation (F.S.S.U.) 
and removal allowance. 

Further particulars from the Secretary, the 
University, Aberdeen, with whom applications 
(two copies) should be lodged by April 12, 
1969, (1162) 


(1129) 


UNIVERSITY OF BIRMINGHAM 
DEPARTMENT OF BIOCHEMISTRY 


Applications are invited for post of Research 
Fellow / Associate for studies on the metabolism of 
pharmacologically active hewwrocyctic compounds. 
Candidates should be post doctoral, and experi- 
ence im radioisotopic studies or organic synthesis 
would be an advantage. Salary scale £1,240 to 
£1,470 mus FSS U. 

Applications (3 copies), naming iwo referees by 
April 30, 1969, to Assistant Registrar (ED, Uni- 
versity of Birmingham, P.O. Box 363, Birming- 
ham 15, from whom further particulars may be 
obtained. (13118 


Mr. S. A. Bateman, Minnesota 3M Research Limited, Pinnacles, Harlow, Essex 


£1148) 






UNIVERSITY OF ZAMBIA 


Applications are invited for (a) SENIOR 
LECTURESHIPS or (t) LECTURESHIPS IN 
ANATOMY in the School of Medicine. Salary 
Scales (including contract addition for non- 
Zambians): (a) K5,500 to K6,300 per anmum 
tb) K3,500 to K5,300 per annum (K-11s. Bd, 
sterling),  Saiary supplemented in appropriate 
cases in range £200 to £250 per annum (sterling) 
under British Expatriates Supplementation Scheme. 
Family passages: various allowances: biennial 
overseas leave; superannuation scheme. 

Detailed applications (6 copies) naming 3 
referees as soon as possible to Inter-University 
Council, 90/91 Tottenham Court Road, London, 
WEP ODT., from whom particulars are eee ih 

(1159) 


UNIVERSITY OF ADELAIDE 


Applications are invited for the following ap- 
pointments the closing date for applications being 
stated im brackets after each post: 

LECTURER IN HUMAN PHYSIOLOGY to 
teach human physiology mainly to medical 
students. A candidate shouid have a medical 
qualification (March 31, 19691, 

LECTURER /SENIOR LECTURER IN 
PHARMACOLOGY. A — registrabie medical 
qualification or a senior science degree is re- 
quired. Preference may be given to a candidate 
with research experience in cardiovascular or 
smooth muscle pharmacology (March 31, 1969) 

SALARY SCALES: Senior Lecturer. $A7,500 
to $4250 (3) to $A8,750.. Lecturer $A5,400 to 
$4280 (1) to $4270 (6) to $A7,300 : With super- 
annuation on the F.S.S.U. basis. 

FURTHER PARTICULARS about each post 
and the conditions of appointment and other 
information sought wil be supplied on request 
to the Registrar of the University, or to the 
Seoretary~General, Association of — Common- 
wealth Universities (Branch Office), 36 Gordon 
Square, London WC.. 

APPLICATIONS should be sent in duplicate 
and giving the information Usted in the state- 
ment that will be supplied to the Registrar, The 
University of Adelaide, North Terrace, Adelaide, 
South Australia. 5001. (1132) 


UNIVERSITY OF OXFORD 
SIBTHORPLAN PROFESSORSHIP OF 
RURAL ECONOMY 


The electors intend to proceed to an election 
to Ure Professorship, which will fal vacant on 
October 1, 1970. The present stipend of the 
post is £4,305 a year with in addition a special 
allowance of £420 a year im respect of the Pro- 
fessor's duties as Head of the Department of 
Agricultural Science. 

The electors invite applications (nine copies), 
naming three referees, but whkhout testimonials, 
to be received not later than May 24, 1969, by 
the Registrar, University Registry, Oxford, from 
whom further particulars may be rE as 
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AUSTRALIAN NATIONAL 
UNIVERSITY 
SENIOR DEMONSTRATOR OR 
DEMONSTRATOR EN GEOLOGY 

Applications are invited for appointment io à 
post of Senior Demonstrator of Demonstrator 
in Geology in the  Facuky of Science, The 
appointee will be expecied to take up duty as 
soon as posible, Preference wil be given to 
applicants trained in the field of Structural 
Geology or Economic Geology. Avoplicants 
should have at ieast an honours degree. Salary 
on appointment will be in accordance with quali- 
fications and experience within the ranges - senior 
demonstrator $44,725 by $4135 to $A45,265 per 
annum: demonstrator $43,735 by $A13S tw 
$A4,275 per annum. Travel expenses from the 
United Kingdom are not provided by the Uni- 
versity for appoinument at the jevel of senior 
demonstrator or demonsuator but an assisted 
passage can be considered for a person offered 
appointment who intends io seite permanently 
in Australa, The University provides assistance 
with housing. 

Further information and the forms which 
should accompany an application may be 
obtained from the Association of Commonwealth 
Universities (Apps h 36 Gordon Square, London 
WC. Applications close on April 28 1969. 

(1102) 


ROYAL GREENWICH OBSERVATORY 
TECHNICIANS 


Two Technical Officers are required im the 
Observatory's new Physics Deparument for work 
in developing photon detectors bo operate at 
extremely jow light levels in a telescope dome at 
night: the senior wil take charge of the pro- 
duction of prototype image intensifying devices, 
and ihe other will assist in production, Experi- 
ence of high vacuum practice, ánciuding the 
development of vacuum tubes, is required and 
experience of photosensitive surfaces Such as 
photocathodes is  desirabie, Applications are 
invited from technicians who have served a 
recognised engineering apprenticeship or have 
had comparable training. They should possess at 
least an O.N.C., or equivalent qualification, in 
mechanical engineering cor other appropriate 
discipline, Salary scales are £1,347 to £1,565, and 
£940 at 21 to £1,206 at 28 or over, rising there- 
after to £1,347. The Superannuation Scheme is 
qmon-contributory. 

Application form from the Secretary, Royal 
Greenwich Observatory, | Herstmonceux Castile, 
Hailsham, Sussex. Tel, No. 0321-81-3171. Cios- 


ing date for reccipt ot applications April 8, 1969. 
(1114 
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MAKERERE UNIVERSITY COLLEGE— 
UGANDA. 


Applications are invited for READERSHIP LN 
DEPARTMENT OF ZOOLOGY. Preferince 
given to candidates with qualifications in fresh- 
water biology although candidates in other fields 
of Zoology will be considered. Salary scale 
£EA2.540 t0  £EAZ2,825 per annum (EEA I= 
£l 3s. 4d. Serling) Salary supplemented in 
range £485 to £495 per annum (Sterling) in 
appropriate case under British Expatriate Suppe- 
mentation Scheme. FASS.U, Family passages; 
biennial overseas leave. 

Detailed application (6 copies), naming 3 
referees by April 22, 1969, to Inter-Liniversity 
Council, 90/91 Tottenham Court Road, London, 
WIP ODT, from whom particulars are available. 

(1116) 


OXFORD HAEMOPHILIA CENTRE 
PLASMA FRACTIONATION LABORATORY 


Technical staff are required by the Oxford 
Haemophilia Centre fer the following additional 
posts in the new and expanding Plasma Frac- 
tionation Laboratory: 

tn TECHNICIAN for work on the prepara- 
tion from human blood plasma of therapeutic 
materials used in the treatment of patients suffer- 
ing from defecis of blood coagulation. 

5. SENIOR TECHNICIAN or T ECHNICIAN 
for research and development work im the bio- 
chemistry of proteins involved in blood coagula- 
tion. 

“oO level mathematics and English language 
essential. Applicants should also possess 
National Certificate, LST. or equivalent qualifi- 
cations in chemistry or biology, plus several 
years' laboratory experience. Workshop experi- 
ence an advantage. Appointments will be to the 
staff of the Lister Institute of Preventive Medi- 
cine. Salaries, according to age and experience, 
on the following scales: Technician, £890 to 
£1.130 per annum ; Senior Technician, £1,065 to 
£1,398 per annum. 

Apply in writing to the Secretary, Oxford 
Haemophilia Centre, Churchill Hospital, Head- 
ingion, Oxford, OX3 7LJ. (1136) 








Organic Chemis 
or Biochemist 


Due to expanding activities, the DEPARTMENT OF DRUG META- 
BOLISM now wishes to recruit a senior man to join a multi-disciplinary 
team working in this challenging and exciting area of drug research. 


The job will suit a biochemist, or organic chemist aged 25-35, with 
experience in biosynthesis or isolation of natural products who has 
several years’ post-graduate experience. Adequate technical assistance, 
and all modern techniques (including mass spectrometry) used in this 
field are available. 


The Department of Drug Metabolism is part of a research division 
of over 400 staff, and ability and willingness to work closely with staff 
in other disciplines is an essential part of the job. A liberal attitude is 
taken towards publication and attendance at scientific meetings. 


The Company is situated in East Kent, where there is a wide choice 
of residence in pleasant coastal and rural area. The conditions of employ- 
ment include free pension and life assurance schemes and the payment 
of removal expenses, if appropriate. 


Please write giving brief details of experience to 


D. W. Sells, 

Personnel Manager, 

Research Division, 

Pfizer Limited, Sandwich, Kent. (1140) 


technical assistant 


(ethical pharmaceuticals) 


Fisons International Division markets overseas d wide range of 
ethical pharmacautical products davalopad ang manufactured in 
the U,K. 


The market is expanding, and wa now require a Technical Assistant 
in the Medical Services Department (which is part of the Inter- 
national Marketing organisation) to be responsible for ensuring that 
all products for export comply with tha spacial pharmaceutical and 
quality control requiremants of international markets, Some travel 
in Europe and the U.K. may be necessary. 


Applicants agad 25-35 should bs technically qualified, and have 
experience in ths production or quality control of ethical pharma- 
ceuticals. Marketing or administrative exparience would be an added 
advantage. Attractive salary. 


Applicants should please write to: 


Personnel Manager (10), 
Fisons Ltd- International 
Division, Fison House, 

9 Grosvenor Street, 
London W1X OAH. 
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ARTHUR GUINNESS SON 
& CO. (DUBLIN) LTD. 







ANALYTICAL CHEMIST 


Arthur Guinness Son & Co. (Dublin) Ltd. 
has a vacancy in the scientific staff of the 
Brewers’ Laboratory, St. James's Gate, 
Dublin, for a Chemist, preferably with 
experience of chemical analysis in the food 
Or beverage industries. 








Work involved: Operation of control 
analyses on beer and its by-products, to- 
gether with the development and introduc- 
tion of new methods of analysis, Changes 
in the processes of brewing and in the 
application of analytical techniques make 
this both a challenging and interesting post. 










Age: Between 30 and 40. 


Qualifications and experience required : 
A good Honours degree in a branch of 
chemistry (or equivalent qualification), 







Experience in modem physical methods 
of analysis 






Experience in chromatographic methods 
of qualitative and quantitative analyses, 
especially gas-liquid chromatographic 
methods, 






Offered : Profit-snaring scheme worth at 
present just under one month's salary, S- 
day week, 4} weeks’ annual vacation, non- 
contributory Pension Scheme, and other 
fringe benefits, 








Assistance with removal expenses. 


Apply to: The Chemist-in-Charge, 
Brewers’ Laboratory, St, James's Gate 
Brewery, Dublin 8, giving details of age, 
present salary, education, qualifications, and 
experience, (1122) 








UNIVERSITY OF LONDON 


WELLCOME CHAIR OF 
PHARMACOLOGY AT THE 
SCHOOL OF PHARMACY 


The Senate invite applications for the 
Wellcome Chair of Pharmacology tenable 
at the School of Pharmacy (salary not less 
than £3,740 a vear). Preference will be 


given to medically qualified candidates. 
Applications (10 copies) must be received 


not later than April 2, 1969, by the 

Academic Registrar (ND, University of Lon- 

don, Senate House, W.C.i, trom whom 

further particulars may be obtained. ais 
(41 





WILD LIFE MANAGEMENT 
OFFICER 


SOMALI REPUBLIC 


Applications are invited from candidates 
with several years’ experience in Wild Life 
Management preferably in East Africa and 
recognized university or college qualifica- 
ons. Duties to advise and assist in 
improving the existing national parks and 
game reserves. 

Salary £2,500 per annum subiect to U.K. 
tax plus a non-taxable overseas allowance 
in the range £580 to £1,285 according to 
marital status. 

Contract 3 years, 

Candidates, giving full name, age, quali- 
fications and brief details of experience, 
quoting Ref. RC 275/161/01, should apply 
to: 


Appointments Officer, 
Room E301, 
dod OF OVERSEAS DEVELOP. 


Eland House, 
Stag Place, 
Victoria, 


London, S.W 1. (1115) 
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UNIVERSITY COLLEGE OF 
WALES 
ABERYSTWYTH 


PURE MATHEMATICS 


Applications are invited for a DOST às 
LECTURER in PURE MATHEMATICS. 


tenable from October 1969. Applicants may 
be qualified in any branch of the subject. 

Salary scale: £1,240 by £115 to £2,735 
per annum with F.S.S.U. benefits. 

Further particulars and application forms, 
quoting Reference Number AB, may be ob- 
tained from the Registrar, to whom al 
applications must be returned by March 31, 
1969. (1085) 


THE BRITISH COUNCIL 
LIBYA 


The FACULTY OF AGRICULTURE, 
UNIVERSITY OF LIBYA, TRIPOLI, 
expects to recruit for the academic year 
beginning September 1969 teaching staff 
experienced in the following fields: 


Soi Survey and Classification, especially 
soil conservation 

Soil Chemistry and Soil Fertility 

Dairy Technology 

Animal Nutrition 

Plant Pathology 

Pesticides 

Rural Sociology and Extension 

Agricultural Economics 

Forestry 

Agricultural Engineering 


In all fields except Pesticides a relevant 
Ph.D. is required. Appointments will be 
made at all levels from Full Professor to 
Lecturer, according to qualifications and 
experience. Salaries (free convertible £1— 
£L0.855) are as follows : 


Full Professor from £L.5,000 to £L.5,500. 


Associate Professor from  £L4,500 to 

£1.5.000. 

Assistant Professor from  £L.4,000 to 

£L.4,500. 

Lecturer from £L.3,000 to £L.3,500, 
plus travel, accommodation allowances, 
terminal gratuities, etc. Contracts are for 
{Wo years, renewable. For further details 


io be sent when available write to Con. 
troller, Appointments Division, The British 
Council, 65 Davies Street, London WIY 
2AA, 9PU, (1092) 





NATIONAL INSTITUTE FOR 
RESEARCH IN DAIRYING 
(UNIVERSITY OF READING) 

A vacancy exists in the Bacteriology De- 


for an ASSISTANT EXPERI. 
MENTAL OFFICER /EXPERIMENTAL 
OFFICER to undertake work concerned 
with the microflora of the alimentary tract 
of animals. Candidates should be familiar 
with general bacteriological techniques and 
a knowledge of animal physiology and bio- 
chemistry wil be an advantage.  Qualifica- 
tions Pass Degree in appropriate subjects, 
Dip.Tech,, H.N.C. or equivalent, G.C.E. 
“A” level in two science subjects if under 
3^ 

Salary: A.E.O. up to £1,150 according 
to age, in scale to £1,385: E.O. £1,514 to 
£1,910. 

Apply fully in writing to the Secretary, 
N.LR.D., Shinfield, Reading RG2 9AT. 
quoting two referees and Reference 69/9. 
(1121) 


— —— — 
UNIVERSITY OF BRISTOL 


The University proposes as soon as possible to 
make an appointment to the Chair of Theoreti- 
cal Chemistry which will become vacant on 
August 1 on the appointment of Professor A. D. 
Buckingham to a Chair at Cambridge. Suitably 
qualified candidates with interests in theoretical 
chemistry, chemical physics or related areas are 
invited to submit applications by May 1. 

Further particulars of the appointment may be 
obtained from the Registrar, University Senate 
House, Bristol BS8 1TH. (1090) 


pariment 
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UNIVERSITY OF LIVERPOOL 
BIOCHEMIST/ 
IMMUNOLOGIST 


Applications are invited for the post of 
RESEARCH FELLOW or RESEARCH 
ASSISTANT in the Immunology Cancer 
Research Unit. Postgraduate research Ex- 
perience and/or higher degree desirable, 
but not essential. Experience in immuno- 


logical, protein, nucleic acid, and/or cet 
separation techniques an advantage. 
The successful candidate will be a mem- 


ber of a team researching into fundamental 
aspects of cancer in animals and man. Ex- 
cellent research opportunities in well. 
equipped new laboratories. Salary range 
£1,100 to £1,700 per annum (plus F.S.S.U.), 
according to qualifications and experience. 

Applications, with a curriculum vitae and 
the names of three referees, should be sent 
to the Registrar, The Universiy, P.O. Box 
147, Liverpool L69 3BX. Please quote 
Ref. RV/999/N. 

Closing date April 15, 1969. 

(1112) 





OPPORTUNITIES 
IN 
ORGANIC RESEARCH 


We have the following vacancies in 
a research team engaged in the 
synthesis of new organic compounds 
of potential pharmaceutical interest: 


GRADUATE 
CHEMIST 


with B.Sc. or equivalent as minimum 
qualifications. Candidates are ex- 
pected to combine sound theoretical 
knowledge with practical ability. 


ASSISTANT 
CHEMIST 
preferably with H.N.C. or equivalent 


experience and with sound practical 
ability. 


Salaries commensurate with quali- 
fications and experience, 


Apply, giving full details, to: 


Personnel Officer, 
A. Wander Limited, 
King's Langley, 
Herts, 


137) 





UNIVERSITY OF MANCHESTER 


LECTURER AND ASSISTANT LECTURERS 
IN CHEMISTRY 


Applications are invited for these appointments 
in Chemistry: (a) from physical or theoretical 
chemists, preferably interested in (D the study of 
fast reactions or (iD statistical mechanics ; (b) 
from organic or inorganic chemtists interested in 
the synthesis of high polymers. One of the a p- 
poinunents may be made at Lecturer level. 


Salary range per annum: Lecturer, £1,585 to 
£2,735; Assistant Lecturer, £1,240 to £1,470. 
F.S.S.U. 


Further particulars and application forms tre- 
turnable by April 1) from the Registrar, The Um- 
versity, Manchester M13 9PL. Quote ref.: 44/ 
697 Na. (1014) 





NATURE, MARCH 22, 1969 


amer tite 


UNIVERSITY OF EXETER 

Applications are invited for four posts of 
Demonstrator in the Department of Chemistry, 
tenabic from October 1, 1969, for two years. 
Applicants shoukd hold the degree of Ph.D. and 
have special interests in either organic or 
inorganic chemistry. Salary scale £1,010 to 
£1,125 per annum with F.S.S.U. benefits, 

Further particulars may be obtained from the 
Secretary of the University, Northcote House, 
The Queen's Drive, Exeter, to whom applica- 
tions (ix copies ; overseas candidates, one copy) 
should be sent not later than April 25, 1969. 

€1099) 
NJALA UNIVERSITY COLLEGE 
UNIVERSITY OF SIERRA LEONE 

Applications are invited for SENIOR LEC- 
TURESHIP IN DEPARTMENT OF ANIMAL 
SCIENCE in the Faculty of Agriculture. Salary 
scale; Le4,550 to Le5,400 per annum (Lel= 10s. 
sterling) plus supplementation of £350 to £450 per 
annum (sterling) for those designated under 
British Expatriates Supplementation Scheme. 
Superannuation Scheme or Contract Terms ; 
various allowances; family passages; regular 
overseas vave. 

Detailed applications ( copies) naming 3 
referees by April 29, 1969 10 Inter-University 
Council, 90/91 Tottenham Court Road, London 
WIP ODT, from whom particulars are ere 

at 
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UNIVERSITY OF ZAMBIA 


Applications are invited for post of (a) PRO- 
FESSOR or (b SENIOR LECTURER IN 
BOTANY. Preference given to candidates with 
special interests in one or more of the follow- 
ing fields: Cytogenetics and Plant Breeding: 
Cel Biology ; Plant Ecology; Mycology and 
Plant Pathology or Plant Taxonomy. Salary Gn- 
eluding contract addition for non-Zambians): 
da) K7,360 per annum, (b) K5,500 to K6,300 
per annum (Ki-lis. Sd. sterling). Salary 
supplemented by GO £400 per annum, (b) £250 
per annum (sterling) in appropriate case under 
British Expatriates Supplementation Scheme. 
Family passages: various aHowances ; biennial 
overseas leave ; superannuation scheme. 

Detailed applications (6 copies) naming 3 
referees, by April 18, 1969, to Inter-University 
Council, 90/91 Tottenham Coart Road, London, 
W.1, from whom particulars are available. 

(1125) 


HARPER ADAMS 


AGRICULTURAL COLLEGE 
NEWPORT, SHROPSHIRE 


BIOLOGY DEPARTMENT 

Applications are invited to fiH the appointment 
of Lecturer Grade I or Lecturer Grade II in 
the Biology Department. Applicants should hold 
an honours degree in pure or applied botany, 
zoology or biology. Teaching experience desir- 
able but not essential. Salary on Burnham scale 
within range £1,725 to £2,280 Grade I or £1,035 
to £1,955 Grade H. Superannuation under 
Teachers’ Superannuation Act. Appecintment to 
be filled preferably by September 1, 1969. 

Further particulars and application. form ob- 
tainable from the Bursar. (1079) 


UNIVERSITY COLLEGE DUBLIN | 
PROFESSORSHIP OF PHYSICAL 
CHEMISTRY 


Applications are invited by the Governing Body 
of the College for the above statutory appoint- 
Dent. 

Applications (three copies), with the names and 
addresses of three referees and, if desired, copies 
of testimonials should reach the undersigned, 
from whom further particulars can be obtained. 
not later than April 28, 1969. 

J. P. MACHALE, 
S:cretary and Bursar. 








University College, 
Earlsfort Terrace. 
Dublin, 2. (10522 
LAKEHEAD UNIVERSITY 
PORT ARTHUR, ONTARIO, CANADA 


GRADUATE ASSISTANTSHIP AND 
POSTDOCTORAL FELLOWSHIPS IN 
PHYSICS 


The Department of Physics offers assistantships 
for students working towards M.Sc. degree in 
Physics. Postdoctoral fellowships are also avail- 
able. Fields of research interest include Theo- 
retical Solid State and Plasma Physics, Physics 
of the dielectrics and Atomic Collision pheno- 
menon. 

Enquiries should be addressed to Professor J. 
Hart, Dean of Science. (1148) 


NATURAL ENVIRONMENT 
RESEARCH COUNCIL 


NATURE CONSERVANCY 


ASSISTANT EXPERIMENTAL 
OFFICER/EXPERIMENTAL 
OFFICER 


Applications are invited for an Assistant 
Experimental Officer/Experimental Officer 
vacancy in the Soil Biology Section at the 
Nature Conservancy’s Meriewood Research 
Staion, Grange-over-Sands, Lancashire. 

Duties: To assist in soil biological studies 
associated with a classification of wood- 
land sites being undertaken by the Wood- 
land Section at Merlewood. Initially these 
studies wil be centred on the Lake Dis- 
trict. The officer appointed would be 
expected to take responsibility for the 
determination of some of the biological, 
chemical and physical characteristics of a 
large number of soils, using available 
methods of examination where possible, 
although there would be scope for develop- 
ing and applying new methods. 

Qualifications and experience: General 
Certificate of Education (or equivalent) in 
five subjects, two of which should be 
mathematical/scientific subjects at “A” 
level. At age 22 candidates are expected 
to have a Pass degrec, Dip.Tech., H.N.C. 
(or equivalent) in a biological subject. 
Some knowledge of soil science, chemistry 
and mathematics or statistics is desirable. 
An interest in or knowledge of methods of 
Classification and modern data processing 
techniques would he advantageous. <A 
current driving licence is essential. 

Salary: 

Assistant Experimental Officer (18 and 
under 28 on December 31, 1969): 
£650 (age 18) to £1,150 (age 26) to 
£1,385 per annum. 

Experimental Officer (at least 26 and 
under 31 on December 31, 1969: 
£1,514 to £1,910 per annum. 

Initial appointment will be non-pension- 
able but there are prospects of a perma- 
nent and pensionable post. 

Application forms obtainable from the 
Natural Environment Research Council (E), 
Alhambra House, 27-33 Charing Cross 
Road, London, W.C.2. 

Please quote Reference E2.7.139. Closing 
date April 11, 1969. (114D 





UNIVERSITY COLLEGE 


OF NORTH WALES 
BANGOR 
DEPARTMENT OF ZOOLOGY 


Applications are invied for the post of 
LECTURER IN ZOOLOGY. Preference 
will be given to applicants whose research 
interests (die in the field of veterbrate zoo- 
logy. 

Salary wil be at a suitable point on the 
scale £1,240 by £115 t0 £2,735. In addition 
there are F.S.S.U. benefits. 


Applications (two copies) giving detalls 
of age, qualifications and experience, to- 
gether with the names of three referees, 
should be sent by April 12 to the Registrar, 
from whom further particulars may De 
obtained, (0127) 








IMPERIAL COLLEGE OF 
SCIENCE AND TECHNOLOGY 


DEPARTMENT OF CHEMISTRY 
Applications are invited for a Science 


Research Council-sponsored Research 
Assistantship for work under the direction 
of Professor R. M. Barrer on non-stoicheio- 
metric inclusion and clathration complexes. 
Salary on incremental scale in range £1,200 
to £1,500 with F.S.S.U. benefits. 
Applications, giving full academic back- 
ground and the names of two referees, 
should be sent to Professor R. M. Barrer, 
F.R.S.. Department of Chemistry, Imperial 
College of Science and Technology, 
London, S.W.7. (1037) 





UNIVERSITY OF LONDON 
KING'S COLLEGE 
DEPARTMENT OF MATHEMATICS 


Applications are invited for two poma as 
LECTURER/ASSISTANT LECTURER in 
Pure Mathematics tenable from October 1. 


1969. 

Salary according to gualifications and exe 
perience will be in tbe scale: ¿1,105 tc 
£1,340 plus £60 London Allowance CAssist- 
ant Lecturer), £1,470 :o £2,630 pius £60 
London AHowance (Lecture. FSS. 
benefits will be payabk. These rates are 
currently under review. . 

Conditions of appoistment and applica- 
tion forms are available from the Registrar, 
King's College London. Strand, W.C.2, to 
whom completed forms should be returned 
by March 31, 1969. (998) 





UNIVERSITY OF SUSSEX 
SCHOOL OF BIOLOGICAL SCIENCES 
RESEARCH TECHNICIAN 


RESEARCH TECHNICIAN required to 
assist in research  pregramme on mami- 
malian development. Experience of Histo- 
logy and other microscopic techniques of 
Haematology an advantage. A general 
background knowledge of Biology is cssen- 
tial. 


Minimum quaHfications : O.N.C,, Inter 
City and Guilds or equivalent. Initini 
salary up to £748 plus allowance for higher 
qualifications. This pest is for à period 
of one year in the first instance, 


Three weeks paid holiday plus Univer- 
sity closures ; superannuation and sickness 
benefit schemes. 


Applications, in writing, should be sent 
to the Laboratory Superintendent, The 
School of Biological Scences, The Univer- 
sity of Sussex, Falrer, Brighton. BNI 
9QH. Please quote Reference 1437/1. 

(1138) 


UNIVERSITY OF 
NOTTINGHAM 


DEMONSTRATOR IN BOTANY 
(PHYSIOLOGY AND CELL 
BIOLOGY) 


A vacancy exists for a Demonstrator for 
the period of three years from October 1, 
1969, to work for the Ph.D. under Pro- 
fessor E. C. Cocking There will te a 
maximum of 12 hours teaching duties per 
week. Salary is within the range £800 to 
£950, but this is curresuy under review. 

Forms of application may be obtained 
from the Staff Appoimunents Officer, Uni- 
versity Park, Nottingham. — Closing date 
for applications May 13, 1969. (1155 





LOUGHBOROUGH 
UNIVERSITY OF 
TECHNOLOGY 


DEPARTMENT GF CHEMISTRY 


Applications are invited for a temporary 
appoinment as Lecturer in Physical Chest 
istry for a twelve-month period from Octo- 
ber 1, 1969, The person appointed would 
share in the general physical chemistry 
icaching of the Department, and peeferabiy 
have research interests in Polymer Science, 
Etectrochemistry or Surface Chemistry. 

For further particulars write to the ASSIS- 
tant Registrar quoing Reference 59/8, 
Loughborough. Leicestershire. 

4124) 
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UNIVERSITY OF LEICESTER 
DEPARTMENT OF ZOOLOGY 


Applications are invited for a temporary 
ASSISTANT LECTURESHIP IN ZOO- 
LOGY in the School of Biology for the 
Session 1969-70. 

Salary £1,240 to £1,355 to £1,470 a year, 
according to qualifications and experience. 

Further particulars from the Registrar, 
to whom applications should be sent by 
March 29. (1150) 


UNIVERSITY OF NEW 
BRUNSWICK 


FREDERICTON, N.B. 
CANADA 


DEAN OF SCIENCE 


To administer and direct the operation of 
the Faculty of Science consisting of the 
Department of Biology, Chemistry, Geo- 
logy and Physics.  Applicdtions close April 
15 and appointment effective July 1, 1969. 
Salary negotiable. Address applications to: 
J. O. Dineen, Dean of Engineering. 


ASSOCIATE DEAN OF 
GRADUATE STUDIES 


To co-ordinate graduate study and re- 
search in the pure and applied sciences. 
Candidate should be a scientist with a 
strong research record and an interest in 
administration. Applications close April 
15 and appointment effective July f., 1969. 
Salary negotiable. Address applications to: 
W, C. D. Pacey, Dean of Graduate Studies, 


(741) 


UNIVERSITY OF 


STRATHCLYDE 


SCHOOL OF MATHEMATICS AND 
PHYSICS 


DEPARTMENT OF MATHEMATICS 


CHAIR OF STATISTICS 


Applications are invited for the newly 
created Chair of Statistics within the De- 
partment of Mathematics. 

The Department provides four-year 
Honours courses leading to the degrees of 
B.Sc. in Mathematics, B.Sc. in Mathematics 
with Economics, and B.A. in Mathematics 
and Social Studies, in cach of which Statis- 
tics may be taken as a principal subject. 
It alo provides facilities for postgraduate 
study for the degrees of M.Sc. and Ph.D. 

Application forms and further particulars 
(quoting 16/69) may be obtained from the 
Registrar, University of Strathelyde, George 
Street, Glasgow C.1, with whom applica- 
tions should be lodged by April it d 





HANNAH DAIRY RESEARCH 


INSTITUTE 
PHYSIOLOGIST 


Applications are invited from candidates with 
a ist or upper 2nd Class Honours degree or 
equivalent in physiology or with a veterinary or 
medical qualification for a vacancy in the De- 
parument of Physiology for work on temperature 
régulation in ruminants. The Department has 
most extensive facilities for this work, including 
climatic laboratories and a large animal direct 
calorimeter. Experience with large animals not 
essential. Facilities available. if required, for 
members of staff to work for a higher degree. 
Salary on the Scientific Officer (£1,020 to £1,740) 
or Senior Scientific Officer (£1,925 to £2,372) 
grade with entry aceording to age, qualifications 
and experience. Superannuation on — F.S.S.U. 
scheme. 

Further particulars from the Secretary, The 
Hannah Dairy Research Institute, Ayr, Scotland, 
to whom applications with names of two referees 
should be sent by May i, 1969. (1139) 





ABERDEEN 


ROBERT GORDON'S INSTITUTE 
OF TECHNOLOGY 


SCHOOL OF PHARMACY 


LECTURER GRADE I OR Ila 
IN PHYSIOLOGY OR 
PHARMACOLOGY 


Applications are imnvited for the above 
post from graduates holding an honours 
degree in pharmacy or physiology or 
pharmacology, or from those who expect 
to graduate in 1969. Students of the 
School of Pharmacy study for the C.N.A.A. 
Degree of B.Sc. (Pharmacy). This School 
is expanding both in student numbers and 
accommodation. 

Salary scales : Lecturer Grade I, £1,605 
to £2,365 (bar) to £2,710; Grade II, £1,325 
to £2,190 (ban to £2,410. 

Further information, including the 
method of application, may be obtained 
from the Director, Robert Gordon’s Insti- 
tute of Technology, Schoolhil, Aberdeen 
ABS IFR, to whom applications should be 
submitted by Thursday, April 3, 1969, À 

(1151 





INSTITUTE OF OPHTHALMOLOGY 
(University of London) 
Judd Street, London, W.C.I 


TWO TECHNICIANS 


required immediately with experience in 
(a) Histopathology and (b) Electron Micro- 
SCODY. 


There are ALSO VACANCIES for 
STUDENT/JUNIOR TECHNICIANS. 


Grading in all cases according to qualifica- 
tions and/or experience. 


AppEcations, stating age, sex, qualifications 
and experience, giving names of two 
referees, to: 


The Director, Department of Pathology, at 
the above address. 
(1130) 


UNIVERSITY OF DUNDEE 


DEPARTMENT OF BIOLOGICAL 
SCIENCES 


Applications are invited for a temporary 
appointment as LECTURER IN BIO- 
LOGY for one vear from October 1969. 
Applications will be particularly welcomed 
from persons with interest in biochemistry, 
physiology, cell biology. or fine 


animal 
structure, but other disciplines will also be 
considered. 
The salary paid will be at an appropriate 
point on the scale £1,240 to £2,735. 
Further details may be obtained from the 


Secretary, The University, Dundee DDI 
4HN, to whom applications should be sub- 
nutted by March 28, 1969. (1135) 


UNIVERSITY COLLEGE OF 
RHODESIA 
Appleations are invited for (a) SENIOR LEC- 


TURESHIP or (b) LECTURESHIP IN BIO- 
METRY in Department of Agriculture. Duties 


include teaching courses in biometry to under- 
graduates studying for the B.Sc. (Agricultural 
Science) of the University of London. Appoin- 
tec will be expected to advise colleagues on €x- 
perimental design and on the analysis of data 
and to undertake research. for which ample facili- 
ties exist. Salary scales (Rhodesian currency £6 
Rhodestans:£7 sterling): (a) £2,808 to £3,768 per 
annum, (b) £1,812 to £2,916 per annum. Family 
passages, sabbatical and triennial visits with travel 
allowance, superannuation scheme, 

Detaled applications (6 copies}, naming 3 
referees, by April 14, 1969, to Inter-University 
Council, 90/91 Tottenham Court Road, London 
WIP ODT. from whom particulars are ilc 


HERTFORDSHIRE COLLEGE 
OF AGRICULTURE AND 


HORTICULTURE 
OAKLANDS, ST. ALBANS 


Applications invited for the post of 
TUTOR LIBRARIAN to administer library 
and assist agricultural and  horticultural 
students up to Diploma level with sources 
of information and report writing. 

Salary: Lecturer Grade Hi, £2,000 to 
£2,280 per annum. 

Further details and Application Forms 
from Principal. (1147) 


IMPERIAL COLLEGE 


CHIEF OR SENIOR VIROLOGY 
TECHNICIAN 


required to be responsible for the day-to- 
day running of the non-specific immunity 
section. Experience in Virology and tissue 
culture technique essential. 


Salary in range £1,112 to £1,833 per 
annum according to age, qualifications and 
exprience, 374-hour week,  superannua- 
tion scheme, and four weeks annual leave. 


Applications in writing to Department 
Superintendent, Biochemistry Department, 
Imperial Coliege, London, S.W.7. (1158) 





UNIVERSITY OF THE 


WITWATERSRAND 
JOHANNESBURG 
in coliaboration with the 
UNIVERSITY OF CALIFORNIA, 
U.S.A. 


VACANCY IN THE NUCLEAR PHYSICS 
RESEARCH UNIT FOR A SENIOR 
RESEARCH OFFICER IN THE NEUTRINO 
PROJECT 


Applications are invited for apopintment to a 
permanent full-time post on the grade of Senior 
Research Officer (Senior Lecturer). The post is 
immediately available. 

The salary scale is R4,200 by R150 to R4,800 
by R300 to R5,700 and the commencing salary 
wil be determined according to qualifications 
and experience. Subject to Government regula- 
tions G) a 10% pensionable allowance will be 
paid with effect from April 1, 1969, and GD an 
annual vacation savings bonus of up to R260 
is payable. Pension fund and medical aid fund 
facilities are available. 

The Neutrino Project is concerned with the 
investigation of the origin and interactions of 
neutrinos and the study of very high energy 
muons. A special laboratory has been con- 
structed in the East Rand Proprictary Mine at a 
depth of about 11,000 feet below surface. The 
project is conducted in collaboration with the 
Case-Western Reserve University and the Uni- 
versity of  Calfornia, Irvine. The successful 
applicant will be expected to participate in all 
aspects of the project. 

Intending applicants are advised to obtain a 
copy of the information sheet relating to this 
vacancy from the Secretary~General, Association 
of Commonwealth Universities (Appts.), 36 
Gordon Square, London, W.C.i. Applications 
should be lodged not hater than April Tap 

143) 


BETHLEM ROYAL HOSPITAL 
AND THE MAUDSLEY HOSPITAL 


Applications are invited for appointment of 
an ENDOCRINE CHEMIST postdoctoral or with 
qualifications suitable for proceeding to a higher 
degree ; to work at the Maudsley Hospital, based 
on the Metabolic Unit. The successful applicant 
wil be expected to develop methods of endo- 
crine assay, especially those related to repro- 
ductive physiology, and apply them to clinical 
problems, in conjunction with the Clinical 
Pathology Department and with the Basic Science 
departments of the Institute of Psychiatry, Salary 
according to qualifications and experience, Start- 
ing date by arrangement. 

Applications, within two weeks of appearance 
of this advertisement, on forms obtainable from 
House Governor and Secretary, The Maudsley 
Hospital, Denmark Hill, London, TES S 


IRVINE, 
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UNIVERSITY OF QUEENSLAND 
BRISBANE, AUSTRALIA 


LECTURER IN PHYSICAL CHEMISTRY 
(THEORETICAL) 


/ The University invites applications for the 
position of Lecturer in Physical Chemistry 
(Theoretical). The applicant should possess the 
degree of Doctor of Philosophy and have had 
. postdectoral research experience. Applications 
are especially invited from those whose experience 
and future research interest is in the quantum 
mechanical theory of organic molecules or solids. 
The successful applicant will be required to 
conduct research of a solely theoretical nature 
and to assist in undergraduate and graduate 
teaching of physical chemistry. A reasonable 
amount of time is available for research ; the 
University's PDP 10 and GE 225 computers can 
‘be used. 

The salary for a 
range $A5,400 to 


Lecturer will be within the 
$A7,300 per annum, The 
University provides superannuation similar to 
F.S.S.U., housing assistance, study leave and 
tavel grants for permanent appointees of Lec- 
turer status and above. 
Additional information and application forms 
will be supplied upon request to the Association 
of  Gommonwealth Universities (Appts.), 36 
Gordon Square, London, W.C.1. Applications 
close in London and Brisbane on April 25, 1969. 
(1146) 
UNIVERSITY OF BIRMINGHAM 
DEPARTMENT OF BOTANY 
Applications are invited for the post of LEC- 
TURER/ASSISTANT LECTURER. Preference 
wil be given to candidates with qualifications and 
experience in taxonomy and/or ecology. An in- 
terest in cultivated plants desirable. The suc- 
cessful candidate wil be expected to take up his 
duties by September 1969. Salary scale: Assis- 
tant Lecturer, £1,240 to £1,470 plus F.S.S.U. ; 
Lecturer, £1.583 to £2,735 plus F.S.S.U. 
Applications G copies), naming 2 referees and 
quoting N.A.B.. by April 15, 1969, to Assistant 


Registrar (S), P.O. Box 363, The University. 
Birmingham, 15, trom whom further particulars 
may be obtained. (109) 


SENIOR TECHNICIAN REQUIRED TO 
take charge of routine haematology.  F.LM.L T. 
or equivalent qualifications. Salary according to 
qualifications and experience from £1,145 — 
Applications in writing to Secretary, Royal Post- 
graduate Medical School, Hammersmith Hospi- 
tal, London, W.12, quoting reference ren 

(1104 


FELLOWSHIPS AND 
STUDENTSHIPS 





UNIVERSITY OF SURREY 
POST DOCTORAL RESEARCH 
ASSISTANTSHIP 


For studies on the mode of action of 
scale-control additives. with particular refer- 


ence to inhibition of crystal growth, in sea- 
water evaporates. 

Appointment for 3 years at a salary of 
£1.240 to £1,470 plus superannuation benc- 
fits. The person appointed should have a 
first degree in Chemistry and a Ph.D. pre- 
ferably in a feld related to crystal growth. 
Commencment as soon as possible after 
March 1, 1969. Subsequent to this appoint- 
ment an Assistant Experimental Officer. will 
be appointed. 

The work is supported by the Science 
Research. Council and will be under the 
direction of Dr. D. P. Benton, Department 
of Chemistry, and Dr. M. F. C. Ladd, 
Department of Chemical Physics, to either 
of whom application should be made in the 
first Instance. (1100) 





UNIVERSITY COLLEGE, CARDIFF 


POST-DOCTORAL FELLOWSHIP IN 
CHEMISTRY 
Applications are invited for the position of 
Post-Doctoral Fellow to work in collaboration 
with Dr. E. Whiile in gas kinetics, with par- 
ticular reference to photochemistry of organic 
fluorine compounds and gas phase halogenation 


reactions. Previous experience of gas kinetics is 
desirable. The successful applicant could begin 
at once but, in any event, not later than Octo- 
ber 1969. Salary scale: £1,240 to £1.470 per 


annum according to qualifications, plus F.S.S.U. 

Applications, with the names of two referees, 
Should be sent as soon as possible to Prof. A. G. 

Evans, University College, Cathays Park, Cardiff, 
from whom further particulars can be obtained. 
(1093) 
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UNIVERSITY COLLEGE, CARDIFF 


POST-DOCTORAL FELLOWSHIP IN 
CHEMISTRY 


Applications are invited for the positions of 
Post-Doctoral Fellows in the Department of 
Chemistry to work either in the field of electron 
spin resonance or in the field of very fast anionic 
reactions. Salary scale : £1,240 to £1,470 per 
annum, according to qualifications, plus F.S.S.U. 

Applications, with the names of two referees, 
should be sent as soon as possible to the Regis- 
trar, University College, Cathays Park, Cardiff, 
from whom further particulars can be obtained. 

(1094) 


UNIVERSITY OF QUEENSLAND. 
BRISBANE, AUSTRALIA 


POST-DOCTORAL RESEARCH FELLOWSHIP 
IN PHYSICAL CHEMISTRY 


Applications are invited from appropriately 
qualified persons wishing to conduct full-time 
research at the University of Queensland, Aus- 
tralia, for a Post-Doctoral Research Fellowship 
in Physical Chemistry. The awardee i 
asked to co-operate in a research project on the 
electronic properties of organic solids, in con- 
junction with Professor L. E. Lyons's group. 
Present work includes low temperature optical 
spectroscopy, space charge limited currents, thin 
films, e.s.r., flash photoconductivity, and ultra- 
high vacuum. Salary will be ar the rate of 
$A5,400 per annum. The appointment wil be 
for one year initially, commencing duty as soon 
as possible, The awardee may receive re- 
imbursement of his fares to Brisbane. Super- 
annuatton is available. 

Applications, stating age, educational qualifi- 
cations, experience, and the names of two 
referees, should be forwarded to the Registrar, 
University of Queensland, St. Lucia, Brisbane, 
Australia, 4067. Applications close on March 
30, 1969. (1128) 


VICTORIA UNIVERSITY OF 


WELLINGTON 
NEW ZEALAND 


POSTDOCTORAL RESEARCH FELLOW IN 
BIOCHEMISTRY 


Applications are invited for the above-men- 
tioned FeHowship, tenable for a period of three 
years, which has been established to encourage 
the study of insecticide resistance in pasture 
pests, particularly the grass grub  Costelytra 
zealandica, though some work may also be 
possible with the subterranean caterpillar (the 
control of both insects is a matter of consider- 
able national importance). 

The present Fellowship is calculated as an ap- 
pointment approximately equivalent to that of a 
Lecturer and a major function would be to 
assist in the supervision of the research students 
as well as to prosecute research. There would 
be excelent prospects of transferring to the staff 
of a New Zealand University at the end of the 
Fellowship if this was desired. 

The stipend wil be $NZ3,600 by $NZ200 to 
$NZ4,000 per annum ($NZ1-9s. 4d. sterling: 
$US1.12; $A12. Up to SNZ600 for air travel 
wil be provided on appointment and a similar 
sum wil be aHowed on termination of the 
Fellowship after three years if the FeHow leaves 
New Zealand. Assistance with hotel expenses 
for a period of three weeks at a daily rate not 
exceeding $NZ5 a day will be given. 

Further particulars and information as to the 
method of application may be obtained from the 
Association of | Commonwealth Universities 
CAppts), 36 Gordon Square, London, W.C.t. 
Appkeations close in 18 April, 1969. (1144) 





LECTURES AND COURSES 





PHARMACIA (GREAT BRITAIN) 
LTD., 


PARAMOUNT HOUSE, 75 UXBRIDGE ROAD, 
EALING, LONDON, W.5 


To coincide with LABEX '69 we have organised 
three special lectures at the Department of Chem- 
istry Lecture Theatre, Chelsea College of Science 
A Technology, Manresa Road, LONDON, 
W3. 
i. Recent Developments in Gel Filtration 
Tuesday, March 25 at 6 p.m. 
2. Preparative and Industrial Gel Filtration 
Wednesday, March 26, at 6 p.m. 
i, Sephadex Ton-Exchangers 
Friday, March 28 at 6 p.m. 
Admission is FREE. To assist in the arrange- 
ments would you please advise us if you are 
attending any of these lectures. (025) 
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UNIVERSITY OF MANCHESTER 
STRUCTURE AND 
ORGANISATION OF 

SCIENCE AND TECHNOLOGY 


A Diploma/M.Sc. course, given by the 
Deparument of Libera: Studies in Selence 
in collaboration with the Manchester Busi- 
ness  Sohool and «ane Department of 
Government, wil stari in October 1969, H 
includes innovation ir industry ; scientists 
and society ; management of research and 
development : projects and policies ; history 
of social aspects of sejence ; science, bech- 
nology and politics. l 

Approved by S.R.C. //SAR C. for tenure 
of Advanced Course  Studenistups, with 
pricrity grading. 

Further details from Professor F. R. 
Jevons, Department cf Liberal Studies in 
Science, The Umnivergay, Manchester M13 
GPL. (1080) 


UNIVERSITY OF LEEDS 
DEPARTMENT OF 
COLOUR CHEMISTRY 
AND DYEING 


M.SC. COURSE IN COLOUR CHEMISTRY 


Applications are invited for entry to a twelve- 
month postgraduate course commencing October, 
1969, The course, wiuch will kad to the de- 
gree of M.Sc. by examination, will provide in- 
struction in the branches of chemistry of particu- 
lar concern to those whose interests Be in the 
field of colour. The course wil consist partly 
of lectures on the chemistry of colour matters, 
the physical chemistry ef absorption, photochem- 
istry, colour physics ane the chemistry of natural 
and synthetic polymers. The remainder of the 
course wil be concerned with practical instruc- 
tions and a rescarch project. Applicants should 
normally possess a gocd Honours degree (or it 
equivalent in chemistry or a related sabiect. 

The course is accreted as suitable for the 
tenure of S.R.C. Advanced Course Studentships. 
Firms wishing to second members of thelr staff 
may reserve places for candidates to be named 
at a later date, 

Applications and inquiries should be addressed 
to Professor I. D. Ranee, Departmen: of Colour 
Chemistry and Dyeing, The University, Leeds, 

(945) 





FOR SALE AND WANTED 


WM. DAWSON & SONS LTD. 
Back Issues Department, 
Cannon House, Park Farm Rd, 
Folkestone, Kent, England. 


Tel.: Folkestone 57421. 


Offer toe prices for: 
BACK RUNS OF JOURNALS 
IN SCIENCE AND THE HUMANITIES 

(a 















INDIVIDUAL RAT CAGES 


Surplus to requirements. | 


6 Aluminium Gouble-sided batteries on 
castes, ach with fdd suspended cages and 
aluminium trays. 


8 strong metal batteries on castors with 
144 cages each (cages placed on trays). 

Al cages are metal galvanized 12 in. by 
7 jn. by 6 in. grid i in. equipped with 
food hoppers. 

Huntingdon Research 
don. Telephone: 


Cenue, Hunting- 
Wooley 431. — (1110) 





WANTED: 
house or ground-floer flat with garden in Lor. 


FURNISHED. COMFORTABLE 


don, preferably within walking distance of a park, 
beginning September 1, 1969, Three bedroonm,, 
central heating required. Family inches wilt 
and two children, 4 and 7. Would cansider 
trade for 4-bedroom house in New Haven, Cons. 
—Please contact Dr. David Egger, Department 
of Anatomy, Yale University, Sehen of Medi 
cine, 333 Cedar Mren, New Haven, Conn, 06515 
ULSA. (1149 
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Land Evaluation 


Papers of a CSIRO Symposium in cooperation 
with Unesco, Canberra, 26-31 August 1968 


Edited by G. A. Stewart, 
Chief of the CSIRO Division of Land Research 


The most comprehensive and up-to-date assessment of recent advances in the 
science and technology of land evaluation. At the Symposium, 7 commissioned 
papers and 25 voluntary contributions were presented. This book contains these 
32 papers which represent the work of scientists from the USSR, Canada, Great 
Britain, the United States and Australia. 


350 pages £10 


Metabolism of Amines in the Brain 


Proceedings of a British and Scandinavian 
Pharmacological Societies Symposium, Edinburgh, 
July 1968 


Edited by G. Hooper, 
Department of Pharmacology, Edinburgh University 


This book consists of the papers presented at the Puinburgh Symposium on the 
distribution, release and turnover of amines in the central nervous system. A report 
of the discussion which followed the lectures is included, and the whole has been 
prepared for publication by a number of the participants. 


50s. 


Polymer Systems: Deformation and Flow 


Edited by R. A. Wetton, Loughborough University 
and R. W. Whorlow, University of Surrey 


The Proceedings of the 1966 Conference of the British Society of Rheology in- 
cluding 29 papers by some 40 contributors. It provides a comprehensive survey of 
current views on the mechanisms of flow in liquid polymers and of deformation 
in solid polymers. Particular emphasis in the solid section is placed on the poorly 
understood deformation mechanisms in partially crystalline solid polymers. 

‘The book is very well produced and the reviewer found the individual articles inter- 
esting and on the whole well presented.'—The Philosophical Magazine. 


336 pages 70s 


Macmillan Little Essex Street London WC2 
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For preparative gel filtration 
-with analytical precision 


[ ] bed volumes from 4 to 7 litres and 20 to 32 litres, A complete series of precision c chromatographic 
respectively columns is available. For further information, 
|_| equipped with flow adaptors and operating please ask for the booklets *Column K 100/100 
panel with valves and K 215/100" and “Sephadex X Laboratory 
| ] pivoted and jacketed Columns", 


PHARMACIA (GREAT BRITAIN) LTD 


Ed ES a ' uo de 








Paramount House 
75 Uxbridge Road 
Ealing, London W.5, 
Tel. 01-579 0102/7 
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Dispersion of 
medical literatures 


Radionuclides in 
seatood 


Asymmetric meth 
groups 


Haemoglobin 
messenger RNA 
Whats new in Radioisotopes? 


The Radiochemical Centre announces a new edition of its catalogue 


Mclecular basis 
of ageing 


for medical, industrial and research users of radioisotopes. 
The 1969/70 catalogue is a completely updated reference for all the 


Structure of 
ancmalous water 


jatest radiochemicals, radiation sources and standards supplied by 
The Radiochemical Centre. In all, the catalogue includes information 
on more than 140 new products and services. 

The new catalogue is presented in a larger page size with an im- 


Recent books 


proved layout for greater ease of use. Write for your copy to:- 





we The Radiochemical Centre Amersham England 


Vol 221 No 5187 
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| 
New 19 inch Coater 


The new E19E is 
much more than a 
coating unit, it is a 
factory floor plant 
designed to boost 
your productivity 








Double electrode RF Sputtering system: 
For uniform deposition of a measured = 5% 
over 200cmZ of a wide variety of dielectrics, 
metals and alloys. Silica, for example, deposited 
at rates higher than [500A min-i. System 
complete and ready for use. (Pat. oppl. for) 


Here are just 4 
of its features: 





4 


Chamber furniture kits: Forget special jigs 
and fixtures: Edwards engineers have developed 
over 20 pieces of chamber furniture. You just 
consult the Kir Selection Chart in the EISE 
Catalogue and select the kit you want for your 
application. Plant purchase made easy! 


It takes a 20-page 
lavishly illustrated 
brochure to describe 
the EISE adequately— 





High resolution partial pressure gauge 
accessory: All you need to know about your 
system---partial pressure, total pressure, and 
leak detection—from a single inexpensive 
instrument. Mass range | to 105, unit mass 
separation to mass 70. 


Edwards High Vacuum (Plant) Limited 4 member of the BOC group 
Manor Royal, Crawley, Sussex, England Telephone Crawley 28844 Telex 87123 Edhivac Crawley xig 


P2596 


Control of what's happening: For consistent 
and repeatable high quality coating, film chick- 
ness, deposition rate and process termination 
stage are ail instrument monitored. Mot quite 
ready for full automation? The EI9E is. When 
you buy it, you buy for the future too, 


C onlain détail of: 


@ RF sputtering accessories 

B New thick film source 

B Electron bombarded sources 

@ Partial pressure gauge 

NW Kit selection chart 

iB Film monitoring devices, ETC., ETC., ETC. 


aud cee how muth ETC” embraces 


E" 
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Install this new device in your labora- 
tory now. It contains one of the world's 
largest collections of radiochemicals. it's 
our new radiochemical catalog and you're 
most welcome to it. 

Inside you'll find, for example: 46 4C-amino 
acids. And 49 3H-amino acids. And 45 C-ribonu- 
cleotides. And 17 “C-deoxyribonucleotides. And 13 
3H-ribonucleotides. And 10 *H-deoxyribonucieotides. 


Report, There's no ambi- 
guity as to what's in the bottle. 
So this new Iabor-saving device is now 
available to you. Free, Please complete the 
coupon below—or if someone has already de- 
couponed this ad—drop us a line. Schwarz BioResearch, 


And tritiated thymidine, (And literally hundreds of " nid 4 Np | 

E P eee m 

Gthier-vadiachamicals i lountain View Avenue, Orangeburg, N. Y. 10962. Please for 
ward to Dept. N 


These compounds are characterized by high specific activity, MELIA HM NI NT EE E OAE 











on the Product Analysis Report which contains all the prior 


analytical information on the specific batch you receive. Every 
&rhwarz rarinchemincal arrives with ite awn Product Analveis 


Schwarz BioResearch < * 


EH 


, , . i l | "3 
e.g. 4C-amino acids are now at 52 mc/matom; *H-amino acids | Schwarz BioResearch, Mountain View Ave.Drangeburg, N.Y, 10962 N. f 
up to 25-26 c/mmole; thymidine at 20c/mmole. Prices are i Please send your new radiochemical catalog. i 
; t " 
equal to or lower than those of other suppliers. Compounds are Name. ee re Ree enn ae ae 
x ` " $ 
available—in stock almost always. And as with all Schwarz ; 
radiochemicals, they are constantly reassayed while "in stock." O dcc LM CM dc pM M DD 
$ H 
Here are the details on this reassay program: every batch of PEE ERR ee E OE Te eee A LAU - 
every radiochemical in the house is reassayed every ten weeks. ' è 
Or oftener. Any batch showing a breakdown in excess of 3% cd M E EC. DEDE a EIE 
* * X " * 4 * * i l t 
from specification is immediately withdrawn from inventory : : 
; i : " i x i ee LC ADDE I EXAM ee M CM D C GT COM ee en aang ROM 
and repurified. Then this reassay information is also recorded ! city Stale zip 

1 

i 

$ 

y 

¥ 
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Division of Becton, Dickinson and Company BH 4A 






SYNTHETIC POLYNUCLEOTIDES 

A, C, 1, U, and X Homopolymers— 
individually and in sets 

Two and Three-Base Copolymers— 
standard and custom 

Oligonucleotides: A, | and U-— 
cyclic and dephosphorylated forms 


Codons: Tri-, Tetra- and 
Pentanucleotides 


Multistranded Complexes: Poly A«Poly U; 


Poly b.Poly C; Poly dG«Poly dC 
and Poly d(A-T) 

Dinucleoside Phosphates 
Nucieoside Phosphates and 
Phosphonates 


NATURAL PRODUCTS 


Buik Microbial Cells: A. aerogenes; 
A. vinelandii; B. subtilis; E. coli; 
M. lysodeikticus; P. fluorescens, and 
custom fermentations. 


Viruses: T2, MS2 and F2 


Subcellular Particles: 70S Ribosomes: 
E. coli; 30S and 50S Ribosomal 
Sub-Units. 


Nucleic Acid Species: 55, 165, and 
238 Ribosomal RNA's, E. coli. 
Transfer RNA's, E. coli and Yeast 
Soluble RNA, Yeast 
DNA, M. lysodaikticus 


RESEARCH ENZYMES 


D-Amino Acid Oxidase 
Aminopeptidase 
Aipha-Amylases 
Anthocyanase 
Carboxypeptidase A 
Cellulase 

Chondroitinases AC and ABC 
Chondro-4 and -6-Sulfatases 
Chondroitin Sulfate Determination Kits 
Chymotrypsin 

ONgse and DNase H 

ÖNA Polymerase 

Galactose Oxidase 
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Gluco-Amylase 

Glucose Oxidase 

Hesperidinase 

insolubilized Chymotrypsin, Papain, 
and Trypsin 

Invertase 

Lactic Dehydrogenase 

Leucine Aminopeptidase 

Lipases 

Lysozyme 

Malate Dehydrogenases 

Naringinase 

acid, alkaline and neutral-Phosphatases 

Polynucieotide Phosphorylase 

acid, alkaline, and neutral Proteases 

A, N, and T, Ribonucieases 

RNA Phosphodiesterase 

RNA Polymerase 

Trypsin . 

Uricase 


ISOTOPIC PRODUCTS 


Isotopic Oxygen Products 
Oxygen-17 Gas and water 
Oxygen-18 Gas and Water 
Oxygen-18 Labeled Compounds 


Other Stable Isotopes 
Deuterated Solvents and Reagents 
Carbon-13 and Nitrogen-15 
Labeled Compounds 


Radioactive isotopic Compounds 
H/C" Labeled Polynucieotides 
H*/C'* Labeled Poly dA-T, 

Poly dG*Poly dC, and Poly Poly C 

H*/C'* Labeled Natural Products- 
705 Ribosomes, E. coli-F?/C'* 
308 and 508 Ribosomal 
Subunits-H'/C" 

H/C“ Labeled Nucleic Acid Species 
Ribosomal RNA's-H'/C'^ 
Transfer RNA, E. coli-H'/C^ 


Nucleic Acid Labels: Thymidine- 
methyl-H?, Uridine-5-H*, and 
Dimethyl Sulfate H/C", 
Acetic-H? Anhydride 

Amino Acids-H* 

Amino Acids-C'* 
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IMMUNOCHEMICALS 


Monospecific Antisera 
To Human Serum Proteins 
To Human Immunoglobulins and 
Fragments 
To Other Human Proteins 
¥-Giobulin Fractions 


Fluorescein-Conjugated Antisera 


immunosorbents: Bromacetyl Cellulose 
and m-Aminobenzyioxymethy! 
Cellulose 


PROTEIN CHEMISTRY 


Protein Anatogs 
Polyamino Acids 
Polypeptidy! Proteins 
NCA-Amino Acids 


Peptides 
Synthetic Angiotensin and 
Bradykinin 
Short-Chain Peptides 
t-BOC Amino Acids 
NPS Amino Acids 
Polymeric Reagents 


Reference Sets for Protein Analysis 
DNP, PTH and DANSYL Amino Acids 
Reference Amino Acids 


Reagents for Amino Acid State 


Discrimination and Residue Detection. 


SPECIAL BIOCHEMICALS 
Carbohydrates 
Monosaccharides 
Sugar Phosphates and Sulfates 
Chondroitin Sulfates—A, B, C, and D 
Chondrosine, Chitin and 
Hyaluronic Acid 
Sphingolipids 
Lactic Acids, L(--) and D( —) isomers 
Special Biochemical Reagents 
cis-Aconitic Anhydride, Dithiothreitol, 
Soybean Trypsin Inhibitor, TPCK 


Request your personal copy of the complete new Miles Research Product Catalog B vhs 


containing 100 pages of detailed information 
on the products in categories listed above. 


RESEARCH PRODUCTS DIVISION 


MILES LABORATORIES, INC. 
Elkhart, Indiana 46514 U.S.A. 
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Ever try to borrow a cup of protons’ 


There are some things a physics department 
should never run out of. Protons. Deuterons. Neu- 
trons. Alpha particles. Electrons. Photons. 


Accelerators once produced these particles only 
for big universities, big research facilities. No 
more. A modern Van de Graaff system now sells 
for less than $25,000, and if your department 
doesn't have one, we'd bet you didn't know that. 


As a teaching machine, the Van de Graaff acceler- E 


ator— and we mean even the smallest one — 
duplicates the classic experiments that form the 
basis of modern physics . .gives graduate stu- 


i 1 " 
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But such an accelerator is more than a teaching | 
machine. The smallest Van de Graaff produces 


particles up to 400 KeV, and isa superb source of 


neutrons, charged particles, and photons at SEV. 
eral controlled-by-you energies. Many a thesi is 
based on original research performed with c me. 


We don't mean to discourage larger BENE - 
Our biggest tandem accelerators produce 32 MeV 
.. protons. But if you're thinking of. your first acceier- | 
ator, think small. And fil yor own cup, pU 











1 (Editions (Papermacs) 


_ | NOWAVAILABLEIN THE UK 


E A Text-Book of Zoology 


— | The late T. Jeffery Parker, D.Sc., F.R.S. and 

| the late William A. Haswell, M.A. D.Sc., F.R.S. 
|] Volume 1: Revised by 0. Lowenstein, Ph.D., D.Phil., D.Sc. 
| Sixth Edition 1940 802 pages 30s 

. | Volume 2: Revised by A. J. Marshall, D.Phil., D.Sc. 

| Seventh Edition 1962 976 pages 35s 


| Text-Book of Physical Chemistry, zna ea 
— | S. Glasstone, D.Sc., Ph.D. 
ow] 1948 1334 pages 35s 


| A Handbook of Diseases of the Skin, otm ea. 


- | H. 0. Mackey 
— | Revised by John P. Mackey 
. | 1968 424pages 16s 





| Macmillan and Co Ltd 
Little Essex Street London WC2 
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*12 MONTHS (52 issues, 4 indexes) 


AIRFREIGHT 
United Stifen. .ooonevEasEC eU desi $48 
on a ——— MÀ $52 


SURFACE MAIL 
Elsewhere overseas, U.K. and Eire. ....... £14.0.0 


* Shorter Periods Pro-rata. 
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withdraw advertisements at their discretion. 
The Publishers will not be liable for any loss- 
occasioned by the failure of any advertisement 
to appear from any cause whatever, nor do 
they -accept liability for printers’ errors, 
although every care is taken to avoid mistakes. 
Semi-displayed £6 per single column inch, 
Minimum £3, each additional l/I2th of an inch 
10s, Full page £158, Half page across £80. 
Colour (orange) £20 extra. 2/6 is charged 
for the re-direction of replies to advertise- 
ments with a box number. 
ADVERTISEMENTS SHOULD BE ADDRESSED 
TO: T. G. Scott and Son, Limited, | Clement's 
inn, Strand, London, W.C.2. Telephone: 


01-405 4743, Telegrams: Textualist, London, 
W.C.. 





APPOINTMENTS VACANT 





THE BRITISH COUNCIL 
LIBYA 


The FACULTY OF AGRICULTURE, 
UNIVERSITY OF LIBYA, TRIPOLI, 
expects to recruit for the academic year 
beginning September 1969 teaching staff 
experienced in the following fields: 


Soll Survey and Classification, especially 
soil conservation 

Soil Chemistry and Soil Fertility 

Dairy Technology 

Animal Nutrition 

Plant Pathology 

Pesticides 

Rural Sociology and Extension 

Agricultural Economics 

Forestry 

Agricultural Engineering 


In aH fields except Pesticides a relevant 
Ph.D. is required. Appointments will be 
made at all levels from Full Professor to 
Lecturer, according to qualifications and 
experience. Salaries (free convertible £1— 
£L0,855) are as follows : 


Full Professor from £1.5,000 to £L.5,500. 
Associate Professor from  £L4,500 to 
£L.5.000. 

Assistant Professor from  £L.4,000 to 

Lecturer. from £L.3,000 to £L.3,500, 
plus travel, accommodation allowances, 
terminal gratuities, etc. Contracts are for 
two years, renewabie. For further detaíls 
to be sent when available write to Con- 
wroler, Appointments Division, The British 
Council 65 Davies Street, London W1Y 
2AA. 9PU. (1092) 


ZARIA, NIGERIA 

Applications are invited for the following ap- 
pointments ; " 

(à) LECTURESHIP IN BIOCHEMISTRY IN 
DEPARTMENT OF CHEMISTRY.  Appointee 
wil be expected to lecture to students of science, 
medicine, agriculture and veterinary medicine, 
and to undertake research in a selected field. 

(b LECTURESHIP IN GEOLOGY. Appi- 
cants should have research interest im Structural/ 
Metamorphic Geology. Enthusiasm for field 
work is a pre-requisite, and photo-geological ex. 
perience desirable. In addition to teaching, the 
appointee will be expected to carry out field 
supervision of students and to undertake research 
in which field studies will play a major part. 

(O SENIOR LECTURESHIP AND LEC. 
TURESHIP IN DEPARTMENT OF MATHE- 
MATICS. Appointees will be expected to teach 
honours degree level and to carry out and 
rect research in their fields of specialisation. 

Salary scales: Senior Lecturer, £N2,275 to 
£N2,575 per annum; Lecturer, £N1,200 to 
£N2,175 per annum (£NI-—£1 3s. 4d. sterling). 
Salary supplemented in range £240 to £515 per 
annum (sterling in appropriate cases under 
British Expatriates Supplementation Scheme. 
Family passages; various allowances: superan- 
nuation scheme ; regular overseas leave. 

Detailed applications (six copies), naming three 
referees, by April 25, 1969, to Inter-University 
Council, 90/91 Tottenham Court Road, London 
WIP ODT, from whom particulars are A 
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to register for a higher degree. 


1 Clement's Inn, London, W.C.2. 
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a Polytechnic in South East England. 








An opportunity exists for a graduate in crop science, hórticulture or 
botany to join a research project which has been set up by a progres- 
sive and well established research organisation, in collaboration with 


* 


SES 


Various aspects of physiology and culture of a glass house crop will 
be studied and there will be an opportunity for the person appointed 


Final year first degree students or M.Phil./M.Sc.“students will be 
considered and a competitive salary will be offered. 


Please submit a curriculum vitae, with names of two referees, 


Please apply to Box No. 1233, NATURE, T. G. Scott & Son, Ltd., 


(1233) 


AH RE HUE E EH E UR EH E E E LEE LE IEEE HE ELE E LE LE EH EE E ER LEE LLL: 


Information Scientist 


required by 
KING'S COLLEGE HOSPITAL 


A scientist is required to work on the planning and development of a 
computer-based method for structuring and analysing medical data for 


research and analysis. 
preferably with experience. 
advantage. 


Appreciation of computer techniques is required, 
Work on prospective analysis would be an 


Salary range : £1,600 to £2,000 per annum. 


Please apply, giving brief details, to Professor John Anderson, Department 
of Medicine, King's College Hospital Medical School, Denmark Hill, 


London, S.E.^, 


UNIVERSITY OF WARWICK 
SCHOOL OF PHYSICS 


Applications are invited for a post of 
ASSISTANT LECTURER IN PHYSICS, 
tenable from October 1, 1969. Candidates 
should hold the degree of Ph.D., prefer- 
ably with postdoctoral experience, and 
should have research interests in experi- 
mental or theoretical solid state or material 
physics. 

Initial salary will be in the range: £1,240 
by £115 to £1,470. 

Further information concerning the post 
and application forms may be obtained 
from the Registrar, University of Warwick, 
Coventry CV4 7AL. The closing date for 
applications is April 21, 1969. £1201) 





WHATS YOUR LINE? 
are you a Veterinary Surgeon, Geologist, Chem- 
ist, Pharmacologist, Physicist, Metallurgist, Micro- 
biologist, Pharmacist, Information Scientist or 
Technical Editor ? 


. Whatever it is Please Note ! 


G.K. Bureau employ six scientifically qualified 
interviewers to select the best positions for you. 
— Write or telephone 
Miss J. R. Hortin, G.K. Bureav, 
17 Shaftesbury Avenue, London W.1. 
01-437-6886 or 01-437-6779. 
NO FEES TO PAY. (441) 





(1202) 





f 
HOECHST PHARMACEUTICALS 


require 


LABORATORY TECHNICIANS 


for work in their biological unit at 

Mill Hill, N.W.7. Experience in vaccine 
production or in fermentation techniques 
would be an advantage, but opportunities 
also exist for less experienced staff with 
basic knowledge of bacteriology or virology. 


Salary according to age, qualifications 
and experience. 


Please write, giving brief details of 
training and experience to: 


The Personnel Department, 
Hoechst Pharmaceuticals, 

A Division of Hoechst UK Limited, 
Hoechst House, Kew Bridge, 
Brentford, Middlesex. 


(1243) 
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CHAIRMAN 


m 


^. Sciences 


ONTARIO VETERINARY COLLEGE 
UNIVERSITY OF GUELPH 
GUELPH, CANADA 


On July 1. 1969, 
Biomedical Sciences 





a new Department of 

wil be established, 
. combining gross and microanatomy, 
physiology, pharmacology. and genetics, 
wand a Chairmaneef the Department 15 
being sought. The» successful candidate 
will have advanced training in one of these 
arcas, recognizedystanding as a scientist, 
and demonstrable qualities of leadership 
in both research atid teaching. as well as 
administrative skill. "Resources of both 
the University and the College administra- 
tive offices will be.available to the depart- 
mental chairman, afid the incumbent can 
expect to have a significant amount of time 
for research and teaching. 











Applications, with :curriculum vitae, 
should be addressed to the Dean, Ontario 
Veterinary College, Guelph, Canada, no 
later than May 15, 1969, 


(1231) 


UNIVERSITY OF LIVERPOOL 


BIOCHEMIST/ 
IMMUNOLOGIST 


Applications are invited for the post of 
RESEARCH FELLOW or RESEARCH 
ASSISTANT in the Immunology Cancer 
Research Unit. Postgraduate research ex- 
perience and/or higher degree desirable, 
but not essential. Expérience m immuno- 
logical, protein. nucleic acid, and/or cell 
separation techniques an advantage. 

The suecessful candidate wil be a mem- 
ber of a team researching into fundamental 
aspects of cancer in animals and man. Ex- 
ceHent research opportunities in — well- 
equipped new laboratories. Salary range 
£1,100 ta £1,700 per annum (plus F.S.5.U J, 
according to qualifications and experience. 

Applications, with a curriculum vitae and 
the names of three referees, should be sent 
to the Registrar, The University, P.O. Box 
147, Liverpool L69 3BX. Please quote 
Ref. RV/999/N. 

Closing date April 15, 1969, 

(01112) 





UNIVERSITY OF MANCHESTER 
ASSISTANT LECTURER IN 
BIOLOGICAL CHEMISTRY 


Applications invited for this post from 
candidates with interests in any aspect of 


biochemistry. Salary range £1,240 to £1,470 


per annum.  F.S.S.U. 

Further particulars and application forms 
(returnable by April 11) from the Regis- 
trar, The University, Manchester M13 9PL. 
Quote Ref, 50/69/Na. (1089) 


AHMADU BELLO UNIVERSITY 
ZARLA, NIGERIA 

are invited for SENIOR LEC- 
TURESHIP IN DEPARTMENT OF MATHE- 
MATICS. Appointee will be in charge of the 
operation and running of Computer ICT 1901 
and will be required to teach computer pro- 
gramming and numerical analysis. Salary scale 
£N2,275 to. £N2,575 per annum (NiI-£i 3s. 4d. 
sterling). Salary supplemented in range £455 to 
£515 per annum (sterling) in appropriate case 


Applications 


under British Expatriates Supplementation 
Scheme. Superannuation Scheme; family pas- 
sages; various allowances; regular overseas 
leave. 


Detailed applications (six copies). naming three 
referces by May 5, 1969, to Inter-University 
Council. 90/91 Tottenham Court Road, London, 
WIP ODT, from whom particulars are available. 

(1253) 
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MICROBIOLOGICAL RESEARCH ESTABLISHMENT 


Porton, nr. Salisbury, Wilts 






ofsexperithemtal Pathology. 


the Diploma of M.C. Path. 


OPATHOLOGIST (graded S.S.0./85.0.) as a Research Patnobogist in the Section 
x v. Applicants should be suitably qualified in either Medicine 
or Veterinary Science and possess some experience in histopathology and have as 
interest in, histochemistry, electron microscopy OF 
‘The Establishment is sted as providing training recognized ax 


imummunofucrescenoe, 
part requirement for 


The post is suitable either for a graduate with several years of research experience 
whó wil be able to take an immediate share of responsibHity or for a young graduate 


with 1-2) years’ experience in histo pathology who 
knowledge and take also an active interest im histochemistry or 


electfón-microscopy 10 pathology. 


would be prepared 10 further his 
in the applications of 


Salary : S.O. £1,020 to £1,740 ; SS.O. £1,925 to £2,372. 


Qualifications : 


priate subject and, for S.S.O., at icast 3 years 


under 29, S.S.O, normally 26-31, 
Prospect of permanent 
FSSA. 


ist or 2nd class homours degree, of 


pensionable appointment. 


ecnivalend qualification án appro- 


* 


posi -graat experience, 


Superannuation will be under 


APPLICATION FORMS from Ministry of Defence, CELAIN, Room 30, Nortbum- 
berland House, Northumberland Avenue, London, W.C.2. 


MICROBIOLOGICAL RESEARCH ESTABLISHMENT 


Porton, nr. Salisbury, Wilts 


CHEMISTS or BIOCHEMISTS (graded EO JARO) reguirec l ; ; 
The work involves the CRACHER, isolati 
and analysis of products from micro-organisms grown On an experimental gani scale 


and the concurrent analysis of the culture 


Experimental Plant of the Establishment. 


io All two poses at the 


fluids from whick they are derived, The 


analytical techniques range from standard elemenial determisations ike phosphorous 


and nitrogen to specific determinations like assays of enzyme 


chemical/biochemical in mature. 


activity but are mainiv 


Qualifications (see below) should be in chemistry of applied iology and some exper 
ence of handling natural products would be preferable. 


Prospects of permanent pensionable appointments. 


APPLICATION FORMS from Ministry of Defence, C EMER AD), Nortinunberlasd 
House, Northumberland Avenue, London, W.C.2. 


TROPICAL PRODUCTS INSTITUTE 


Ministry of Overseas Developmen, London 


BIOCHEMIST (graded E.O./A.E.O.) with interest in enzymseiogy required 4o assist in 
basic biochemical studies on piant metabolism with particular regard to ihe oxidative 


capabilities of mitochondria prepared from tropical (ut and 
Work wil be conducted in the newly essasished enzymology section 


chilling damage. 
in Central London. 


vegetables which suffer 


Prospect of permanent pensionable appointment. 
APPLICATION FORMS from the Administrative Secretary, Tropical Products Trimi 
tute, 56-62 Gray's Inn Road, London, W.C.1. 


SALARIES, QUALIFICATIONS AND AGE LIMITS 


ASSISTANT EXPERIMENTAL OFFICER/EXPERIMENT AIL OFFICER 
Salaries : A.E.O. : £650 (age 18) to £895 (age 22) to £1,150 fage 26 or oven) to £1,385, 


E.O. £1,314 to £1,910 (starting salary may be above memimeum). 
Experimental Officers become Experimental 
maximum. 


Promotion prospects to Senior Experimenta: Officer > 


Most Assistam 
reaching AEG. stale 
£2,220 to £2,728. 


Officers before 


Salaries are supplemented in the London area, £122 Inner Eondon, £78 Cheer London. 


Qualifications d Degree, HNC., or equivalent in appropriate wubyect, 
minimum qualification is GCE. in five subjects, including iwo Scientifi 
subjects at ^ A " level or equivalent level. 


Tindec 22. 
ci Mathematical 
E.O. normali 26-30. 


(1184) 





A. B.O. 8227, 


Age: 





UNIVERSITY OF LONDON 
KING'S COLLEGE 
DEPARTMENT OF PHYSIOLOGY 
Applications are invited from suitably qualified 


candidates far the post of LECTURER in 
PHYSIOLOGY, tenable from October 1, 1969. 
Candidates should preferably have a medical 
qualification and/or a good Honours Degree in 
Physiology as well as appropriate teaching €x- 
perience. Salary: (according to qualifications 
and experience) will be on the seale: £1,240 by 
£115 to £2,275: then, subject to review by £115 
to £2,735. F.S.S.U. benefits will be payable. 
Conditions of appointment and application 
forms are obtainable from the Registrar, King's 
Coliege London, Strand,  W.C.2, and com- 
pleted forms should be returned to him by 
Apri 15, 1969. (1199) 


For further classified advertisements see page xxxii 


UNIVERSITY COLLEGE CORK 
LECTURESHIP IN DAIRY TECHNOLOGY, 
NO. 2 
The Governing Body invites applcauons for 
the above vacant office. Proposed salary. £2,200 
by £86 (5) to £2.630 and, subject to certain con- 
ditions, by £85 (5) to £3,060 per annum plus a 
Child AHowarnce of £65 per annum. increments 
for special peofessional experience. Non-coniri- 
hutory pension, Before subnitting applicaüons 
candidates should first obtain from whe under- 
signed particulars as to the requirements for the 

filing of the post. 
Latest date for receipt. of applications is 3 pam. 
on Friday, May 9", 1969. 










p. L WHYTE, 
Seoretarv. 


(1226) 








— —— 


NATURE. MARCH 29, 1969 








; z 





. London and New York _ 
» Berkeley Square House, Berkeley Square, London, WIX 6BA 
111 Fifth Avenue, New York, New York 10003 


Advances in Microbial Physiology Volume 3 


Edited by A. H. Rose and J. F. Wilkinson 
March 1969, xii--252 pp., 75s. 


The main aim of the annual publication Advances in Microbial Physiology is to present critical review 
articles on all aspects of the physiological and biochemical activities of micro-organisms. The value 
of the "Advances" types of publication is acknowledged in many other sciences. The articles in 
these publications are of value to workers already engaged in, or who wish to enter, a particular 
field, and are indispensible to teachers and students. 

Advances in Microbial Physiology has an added advantage in that it covers an area that is, in many 
ways, in the hinterland between microbiology and biochemistry, It deals, therefore, with subjects 
that have so far received little attention from reviewers, but which nevertheless are of interest to 
many microbiologists and biochemists. 


CONTENTS: The F-Pilus of Escherichia coli. The Physiology of Ectotrophic Mycorrhizas. Thermophilic Bacteria and 
Bacteriophages. Assimiiatory and Dissimilatory Metabolism of Inorganic Sulphur Compounds by Micro-organisms. Roles 
of Exogenous Organic Matter in the Physiology of Chemolithotropic Bacteria. Oxygen Metabolism by Micro-organisnis. 
Author Index. Subject Index. 


Electrophoresis 
Duncan J. Shaw 
March 1969, viii--144 pp., 35s. 


This book presents an introduction to the principles, methods and applications of microelectro- 
phoresis, moving boundary electrophoresis and zone electrophoresis together with a short account 
of the related phenomena of electro-osmosis and streaming potential. It has been written with a 
wide audience in mind, particularly students and research workers in physical and biological sciences. 
Much of the subject matter is approached from a fundamental angle, and the experimental features 
of microelectrophoresis are described in sufficient detail for the book to be useful as a practical manual. 


CONTENTS: Introduction. The Electric Double LayeriOrigin of the Charge at Surfaces. The Diffuse Double Layer. 
The Inner Part of the Double Layer. Calculation of Zeta Potentials. Microelectrophoresis-—Experimental Technique/Com- 
parison of Microscope and Moving Boundary Methods. Stationary Levels. Design of Microelectrophoresis Cells. Experi- 
mental Details, Microelectrophoresis—Results and Applications] Model Systems. Cell Surfaces. Colloid Stability, Practical 
Applications, Streaming Potential and Electro-Osmosis|Streaming Current and Streaming Potential. | Electro-Osmosis. 
Moving Boundary Electrophoresis] The Tiselius Apparatus. Results of Moving Boundary Electrophoresis. Study of Colloidal 
Dispersions by Moving Boundary Electrophoresis. Zone ElectrophoresisiGeneral Considerations. Low Voltage Paper 
Electrophoresis. High Voltage Paper Electrophoresis. Stabilizing Media other than Filter Paper. Preparative Electro- 
phoresis. lmmunoelectrophoresis. Iso-Electric Focusing. References. Author Index. Subject Index, 


Perspectives in Phytochemistry 


Edited by J. B. Harborne and T. Swain 
April 1969, xii+236 pp., 63s. 


This book contains review papers presented at the Tenth Anniversary Meeting of the Phytochemical 
Society held in April 1968. The meeting was organized to provide a broad perspective of develop- 
ments in phytochemistry during the past ten years, and all the major aspects of the subject are covered 
by the leading authorities in their respective fields. l l 

Such is the rate of growth of phytochemistry that this is probably the last time it will be possible to 
consider all the various aspects of the subject within a single volume. The broad scope of this 
book, the novel material presented in many of the chapters, and the authority and distinction of 
the various contributors should guarantee its appeal to all those interested in phytochemistry, be 
they organic chemists, biochemists or botanists. 

CONTENTS: The Ultraviolet and Nuclear Magnetic Resonance Analysis of Flavonoids. The Biosynthesis of Cyanogenic 
Giycosides and Other Simple Nitrogen Compounds. Recent Investigations on the Biosynthesis of Carotenoids and Triterpenes. 
Fatty Acid Biosynthesis in Plants. Recent Developments in Molecular Taxonomy. Chemical E vidence for the Classification 
of some Plant Taxa. Chemotaxonomy of the Sesquiterpenoids of the Compositae. Flavonoid Patterns in the Monocotyledons. 
Metabolism of Cinnamic Acid and its Derivatives in Basidiomycetes. Flavonoids and Photomorphogenesis in Peas. Author 
Index. Chemical Compounds Index. Genera and Species Index. Subject Index. 


Advances in High Pressure Research Volume 2 


Edited by R. S. Bradley 
April 1969, x4- 255 pp., 80s. 


rapidly expanding field, 

CONTENTS: The Behaviour of Some Groups of Chalcogenides under Very-High-pressure Conditions. Some Aspects of 
High Pressures at Low Temperatures, The Effect of Pressure on the Electrical Conductivity of Aqueous Solutions. Pressure 
Co-efficients af Electrode Processes. Author Index. Subject Index. 
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—because the Pye Model R Chromatograph fills the gap -because Model R features a unique "total-loss" cooling 
between routine and research instruments—incorporating system based on an extra-large oven which provides 
“auto-cool” facilities compatible with computer control. 
—because there are many other design features and 
accessories which you should know about. Contact Pye 
instrument for a wide variety of projects involving different Unicam Ltd today and ask us to throw more light on this 


analvtical techniques. exciting new chromatograph. 


many of the important features from both categories. 
— because its built-in flexibility makes Model R the ideal 





Pye Unicam Ltd 
York Street Cambridge, CB1 2PX, England 


Precision Instruments Telephone (0223) £8866 Telex 81215 





LETTERS 


PHYSICAL SCIENCES 


Astronomy-—New optical positions of radio sources 
—MURRAY, TUCKER and CLEMENTS (Royal 
Greenwich Observatory). & , ; ; : 


Gamma ray astronomy — Predictions of extra- 
galactic fluxes between ] and 100 MeV-—-STECKER 
(NASA) and SILK (Cambridge) ; ; : : 


Geophysics—Evidence for Pleistocene ice lags— 
KEMP (Miami) . : à; ; : ‘ . 


Electron microscopy—Penetration increases at high 
voltages—HALE and HENDERSON BROWN (NPL) 


Super-water — Proposed tetrahedral structure — 
BOLANDER, KASSNER and ZUNG  (Missouri- 
Rolla) ; : ; $ ; ; 


Holography— Recording diffusely reflecting surfaces 
—BENNETT and GATES (NPL) . ; ; ; 


Polymers—Temperature variation of the piezo- 
electric effect — URUKAWA and FUKADA (Institute 
of Physical and Chemical Research, Saitama) . , 


Electrical conductivity —Activated carrier mobility 
in organic solids--GUTMANN, HERMANN and 
REMBAUM (California Institute of Technology) 


Spectroscopy-— Electronic spectra of two thio radicals 
—CALLEAR, CONNOR and DICKSON (Cambridge) 


Uranium chemistry—New ternary compounds of 
uranium-carbon and group VIII A elements--HAINES 
and POTTER (AERE) . ; : 


BIOLOGICAL SCIENCES 


Coenzymes-—The C4 protons of NADH are magnetic- 
ally nonequivalent--PATEL (Bell Telephone Labora- 





tories, New Jersey) ‘ ; 

Protein degradation —- Mass spectrometry 
RICHARDS, BARNES (Yale), LOVINS, SALOMONE 
(MIT) and WATERFIELD (Harvard)  . ; ; 


Teeth—Tooth enamel of crossopterygians develops 
externally to dentine—MILLER (State University of 
New York) i 5 à ; j : 


Bone—Epiphyses influence regulation of growth— 
HALL-CRAGGS (London) ; : 


Cell damage-—Free radical reactions modify damage 
—DODD and EBERT (Christie Hospital and Holt 
Radium Institute, Manchester) : ‘ ] à 


Bone—Removal of hydrogen ions in calcification— 
SAMACHSON (Illinois) . . 


Developmental neurology — Cortical response to 
natural stimulation in sheep foetus —MEYERSON and 
PERSSON (Karolinska Institutet) . $ y : 


Vision— Fluorescence of visual pigment observed — 
LIEBMAN and LEIGH (Pennsylvania) t 


Drugs—Salbutamol and the human cardiovascular 
system —KELMAN, PALMER and CROSS (Aberdeen) 


Prostaglandins— Biological activity of synthetic 
prostaglandins — RAMWELL, SHAW (Worcester 
Foundation for Experimental Biology, Massachusetts), 
COREY and ANDERSEN (Harvard) ; 
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Blood platelets — Platelet 5-H T receptors are of the 
classical D type-——MICHAL (Sydner) : : 


Inhalation—Deposition of aerose particles in the 
human nasopharyngeal region—H OUNAM, BLACK 
and WALSH (AERE) | : : 


Influenza virus——Purification in the K-I zonal 
centrifuge——GERIN and ANDERSON (Abbott Lab- 
oratories, Illinois, and Oak Ridge Nztional Laboratory) 


Bacteria — Identification by differential light 
scattering—-WYATT (Science Spectrum Incorporated, 
California) à ] . i 1 


+ 


Disease—Marek’s disease agent propagated in tissue 
culture protects chicks against later infection — 
KOTTARIDIS and LUGINBUHL (Connecticut) 


Bacteria— Resistant bacteria sensitized to antibody 
and complement — REYNOLDS and ROWLEY 
(Adelaide) ; ; 


Parkinson's disease — Urinary aromatic amines 
—SMITH and KELLOW (London) . 2 : 


Erythroblasts—Immature (basophilic) erythroblasts 
are less susceptible to immune Isis than mature 
(acidophilic) erythroblasts — BORSOOK, RATNER 
and TATTRIE (California) j i ; ; 


Hormones-—Phenobarbital increases the deiodina- 
tive capacity of hepatic microsomal membranes — 
SCHWARTZ, KOZYREFF, SURKS and OPPEN- 
HEIMER (Albert Einstein College of Medicine, New 
York) , j i 


Drugs—Reserpine and phenoxybenzamine increase 
tyrosine hydroxylase activity — — - THOENEN, 
MUELLER and AXELROD (US National Institutes 
of Health) . ; i ; : 


Malignancy— Brain tumours induced in rats by an 
organophosphate—GLOW (Adelaice) ; 


Scrapie—Neurological illness after inoculation of 
tissue from tumour bearing animals-—FIELD, ADAMS 
and JOYCE (MRC) 


Plant growth—Sequential action of cytokinin and 
gibberellic acid in aleurone tissue of wheat---AST- 
WOOD, TAVENER and LAIDMAN (University 
College of North Wales) ; 


Mycorrhiza—Synthesis in Podocarpus and Agathis 
using endogone spores—BAYLIS (Otago) : 


Insects—-Amino-acid receptor in cabbage butterily 
larvae——SCHOONHOVEN (Agricultural University, 
Wageningen) : ; : F ; 
Hydra—Reversal of polarity--FICKLIN, HORN- 
BRUCH and WOLPERT (London. : ; P 
Animal behaviour — Ablation of inferior frontal 
convexity and learning set—OXEURY, DARLING- 
TON and STOLKIN (Oxford) ; 2 
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PLANT GROWTH CHAMBERS 


All sizes now available with lighting intensities up to 


10,000 foot candles 


Standard lamps with the proven spectrum for the growing of plants. 
Not very much higher cost than normal 5,000 f.c. 
Actual installations for reference 
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first with counterbalanced adjustable lighting fixture. 
first with TUNIFLOOR air distribution system. 
first with electronic controls on growth chambers. 
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first with *TELENSAIR adjustable remote sensing device. 
NOW first with a real 10,000 f.c. to grow plants * Patented 


f Patent pending 
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IROTATEST 


LABORATORY MIXING MACHINE 





if you use a 


MICROSCOPE 


you need a 


SINGER 


FULLY PATENTED 


MICROMANIPULATOR 


singer micromanipulators are used in 
most laboratories all over the world. 
Three types available: 

Mk I Low power for magnifications 
xlto x200 

Mk II For magnifications x1 to 

x 500 

Mk IH High power for magnifications 
x 100 to x 1,000 plus 

The most advanced instruments for 
micromanipulation. As described by 





itr at ie 


R/100 
200—240 v. A.C. 





with 
INTERCHANGEABLE TEST PLATES 
Horizontal rotating machine vari- 


Barer and Saunders-Singer with further 
improvements. 

Full details and demonstrations upon 
request to: 


SINGER INSTRUMENT CO. LTD., 


Fountain Court, 83 London St., 
Reading, Berkshire, England. 


MICROMANIPULATORS 








able speed 30-210 r.p.m. Gentle 
or vigorous mix at the turn of a 
knob. 
interchangeable Test plates include plates 
for Flasks—Tubes—Slides, etc. 
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How Strong are the Foundations ? 


THERE is nothing in the latest annual report of the 
Ford Foundation to suggest that the year just past has 
been one of the most interesting in the foundation's 
history and also the most dangerous. To be sure, 
Ford ean afford to take a more lofty view of the hazards 
whieh surround it than the lesser institutions which 
have now swollen the ranks of those who claim tax- 
exempt status from the inland revenue service to 
something like 30,000. Sheer size is almost a sufficient 
guarantee of that. During the year which ended 
last September, the Ford Foundation spent more than 
$203 million on grants of various kinds and a total 
of $210 million on all its operations. Although the 
foundation is steadily biting into its capital to augment 
the income available for grant-giving each year, diversi- 
fication of investments and the secular upward trend 
on Wall Street have more than cancelled out what 
seems on the books to be a decline of the foundation s 
assets to just under $2,500 million. The annual report 
suggests that the foundation would be able to raise 
$3,108 million by selling its stocks, which is a prospect 
caleulated to keep the brokers awake at night. But 
healthy assets are not a defence against all possible 
assaults, and even the Ford Foundation seems to have 
been shaken by the hearings held à month ago by the 
formidable Ways and Means Committee of the House of 
Representatives into the operation of the charitable 
foundations. One way and another, the time has 
probably eome for a reappraisal of the functions of the 
foundations, even if the result is merely to reaffirm 
the view that most of them are invaluable institu- 
tions. 

Although there is no way of knowing what Mr 
Wilbur Mills and his colleagues on the Ways and 
Means Committee will eventually recommend, the 
evidence which they have been collecting suggests that 
there will emerge a report which calls for some kind 
of restriction of the freedom with which supposedly 
charitable foundations operate. If this objective can 
be attained without damage, the result could be 
entirely welcome. For there is now very little doubt 
that some of the organizations registered as foundations 
are hardly more than dodges for avoiding tax. One 
method, for example, is that in which foundations lend 
back to their benefactors funds on which the normal 
levy of tax has been waived. The hearings in Washing- 
ton have also plainly demonstrated the difficulty of 
knowing just when the purposes for which a foundation 
exists are properly to be counted charitable. Perhaps 
the greatest irony uncovered in the past few weeks is 


that of the foundation known as Americans Building 
Constitutionally whose function seems to be to provide 
advice on how to pay as little tax as possible. Obviously 
the foundations of distinction can only benefit if those 
who hang on their coat tails are somehow shaken loose. 
The problem is to know how this can be done without 
restricting the freedom of the several foundations 
which have earned distinguished reputations for 
themselves in the past three decsdes— Ford, Rockefeller 
and Carnegie are only some of the names now highly 
regarded everywhere. 

Ironically, the problem of distinguishing between 
what may be loosely described as the legitimate and 
the illegitimate foundations has been complicated by 
some of the innovations in the pattern of spending at 
the Ford Foundation in the past few years. Mr 
MeGeorge Bundy has been quick to win influence over 
the way in which the foundation spends its money— 
and no doubt the presence of Mr Robert McNamara 
on the board of trustees helps to keep up the pace of 
change. In a number of ways, the foundation has been 
trying to exert a much more immediate influence on 
social problems than used to be considered within the 
terms of reference of the foundations. To be sure, it 
has for many years been respectable for the foundations 
to spend money on the improvement of agriculture or 
education in developing countries with the explicit 
intention of speeding the pace of development—the 
Ford and Rockefeller Foundations between them have 
done distinguished work in this connexion, with the 
smaller foundation if anything in the lead. Support 
for birth control has been contentious from the start 
but questions about the propriety of foundation inter- 
vention in practical affairs only began to be repeated 
in earnest when the big foundations turned their 
attention to domestic affairs. The attempt to improve 
the quality of broadcasting (on which Ford alone spent 
nearly $20 million last year) has been a striking issue, 
with its implicit criticism of the networks. More 
recently, Ford has broken new and dangerous ground 
with two particular innovations—the grant to New 
York City for the support of decentralization in the 
schools and the scheme for what are called programme- 
related investments by means of which the foundation 
plans to invest some of its funds in business enterprises 
whose success is likely to be socially desirable. So 
far, the foundation has been eüiefly concerned to see 
that poor communities could help themselves advance, 
and it is only natural that the negro problem should 
have dominated the pattern of the investments so far 
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made. But it is equally natural that Congress should be 
at least a little uneasy at what may sometimes seem to 
be undesirable political initiatives or unwanted political 
pressures from outside, This is why it is to be hoped 
that Mr Mills and his men will not be silly and try to 
put the foundations back in the simpering places in 
which they used to be. 

The difficulty, of course, is that the foundations can 
only avoid running foul of potential critics by spending 
their money on comparatively bland enterprises, among 
which in the past has been included the whole of pure 
scientific research. The objection to such a course is 
that funds are then spent less effectively than they 
might be. In the introduction to the latest report 
from Ford, Mr Bundy makes no secret of his wish to 
see that every ounce of influence is squeezed out of the 
money w hich his foundation spends, and the report 
itself is full of stories of the foundation’s battles with 
various agencies of the government or, as in broad. 
casting, with AT&T. It is also clear that he is con- 
scious of—or at least has been reminded of—the 
difficulty of endowing an organization without consti- 
tuents of its own with a proper sense of responsibility. 
But neither Mr Bundy nor Congress can hope for 
perfection. If foundations are to function efficiently, 
they are bound to make mistakes. Although the 
motives behind the tentative decentralization of some 
of the New York schools, for example, were worthy, i 
is possible that a good idea was marred in its e oh 
by inadequate sounding out in advance. The lesson 
for Congress is that it should not attempt the impos- 
sible task of keeping the foundations on a tight rein. 
The wise course, indeed, is to encourage the foundations 
on the course on which Ford has now embarked. The 
foundations could be a splendid stalking horse for the 
politicians. 

The question remains of what relationship there will 
be between the foundations and the scientific com- 
munity which has traditionally been a voracious 
consumer of foundations’ money. If all the founda- 
tions were to follow Ford, the cosy relationships of the 
past few decades could be much transformed. "There 
is a taste of what might come in some of the ways in 
which Ford itself has recently been providing grants 
for the development of postgraduate education at a 
number of private universities. Many 
university faculties do not like the way in which the 
foundation has coupled the grant of money for these 
enterprises with restrictions of the pattern of graduate 
training—the stipulation that PhD courses should last 
for some determined interval of time, for example. 
The immediate lesson to be learned from this is that 
the foundations have probably by now outlived the 
period of history when they were an essential means 
of increasing the volume of scientific research at 
American universities. However reluctantly, the 
Federal Government has now shouldered that respon- 
sibility. In the months ahead—Dr DuBridge is still 
silent on this issue—it is to be hoped that there will 
be a much more forthright undertaking to this effect. 
Tn the circumstances, it is only to be expected that the 
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foundations and the academie community are less 
likely to be bosom friends in the years ahead than they 
have been in the past. To be sure, the Ford budget 
itself still shows a quite staggering diversity of support 
for universities, chiefly underprivileged institutions, in 
the United States and elsewhere, but it is also increas- 
ingly choosey about the projects for which it will 
provide grants. This, too, is entirely understandable, 
even if it is a cireumstance that will seem unpalatable 
to many people. 


EUROPEAN INDUSTRY 


Lagging Behind in Electronics 


EVER since the concept of the technology gap between 
Europe and the United States was first invented (some 
say by Signor Fanfani of Italy) the OECD has been 
carrying out studies of this phenomenon, part techno- 
logical and part commercial. The organization has 
now published one tangible product—a comparison 
among the OECD countries (which include Japan and 
Canada as well as the United States) of the condition 
of the industries for manufacturing electronic com- 
ponents. Few Europeans will be cheerful about the 
report. Even when it is possible to see what went 
wrong, it is hard to see how it will be possible to avoid 
the same mistakes in future. 

The report (Gaps in Technology Electronic Com- 
ponents, OECD, $3, 21s) has been prepared by a 
committee drawn from the member countries. [ts 
transatlantic comparisons are te ling. The report says 
that the important innovations in the components 
industry have usually been developed by a small 
number of United States companies, that "American 
companies are almost alone in a position to grant 
licences and sell their know-how on the international 
market”, that outside companies have no substantial 
share of the market in the United States for com- 
ponents but that American firms dominate several 
markets overseas, and that American companies have 

a large and growing share of the export trade in 
sae ae particularly in the newer fields. 

The scale of the disparity between mainland Europe 
and the other members of OECD is easy to appreciate. 
In 1955, Japan and the United States between them 
were responsible for two-thirds of the output of elec- 
tronics components in the OECD. In the same year, 
0-8 per cent of the GNP of Japan was accounted for by 
electronie components, compared with 0:40 per cent 
in the United States, 0-46 per cent in Britain and 
0-43 per cent in France. These comparisons imply that 
the disparities of scale between the United States and 
the smaller nations are not so much a consequence of 
the intensity of effort deployed as of the size of the 
economy, although the report is also quick to point out 
that the production of components in the smaller 
nations includes a high proportion of older types of 
ec juipment. 

Why is the United States so dominant ? The OECD 
committee readily admits the importance of American 
marketing techniques in winning overseas markets, 
but it also asks, perhaps a little wistfully, that there 
should be a much more ready access to Government 
markets in the several OECD countries, and says that 
“the role of the Buy America Act is evidently of some 
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importance". The method just as much as the scale of 
government support for innovation is also singled out 
as an explanation of the success of the components 
industry in the United States. What has impressed 
the OECD committee is the direct connexion between 
government agencies and industrial companies in the 
United States. It aeknowledges that the same methods 
are not applicable elsewhere, but suggests that other 
OECD nations should be on the look-out for ways of 
stimulating their electronics industries. 

Management comes in for its customary drubbing, 
although the OECD committee has few specific com- 
plaints to make. Technological forecasting is one aid 
to success neglected by the Europeans, but the com- 
mittee also complains of the Jack of mobility of labour, 
particularly among scientists and engineers. 


SPACE POLITICS 


Will ELDO Lust ? 


Iv was mid-November when the Third European Space 
Conference (ESC) in Bonn ended with (among others) 
a resolution that a committee of high officials" should 
be set up to decide on the steps necessary to bring 
about the programme of jointly sponsored applications 
satellites that Mr Wedgwood Benn had proposed (at 
the conference) as the future main European space 
activity in lieu of the European rocket of ELDO. 
Despite a brisk timetable for various critical decisions 
on the path to a unified European space body pursuing 
a “useful” satellite programme, the first meeting of 
the "high officials" only took place this week, on 
March 27 in Paris. The chairman was Professor H. 
Bondi, director-general of ESRO, in his capacity as 
secretary-general of the European Space Conference 
in suecession to Signor Carrobio. 

All ESC progress has been held up by the continuing 
ELDO crisis, which has if anything worsened since 
November. It is, however, regarded as essential that 
decisions on the Europa rocket programme should be 
taken by ELDO or its rump in April. The ministerial 
meeting, without which recently ELDO has seemed 
incapable of making decisions, is being suggested for 
after Easter, no doubt after another meeting at the 
ministerial level of the "group of 4" (France, Germany, 
Belgium, Holland) which ie determined to continue 
with the Europa rocket. Senior policy men from each 
of these countries last week visited Blue Streak facilities 
in Britain and, though nothing definite is likely to 
emerge immediately, they were apparently "suitably 
impressed". 

Next October a draft constitution for a unified 
European space organization, which will bring to- 
gether ELDO, ESRO and CETS, is to be ready, 
another responsibility for the high officials. It is 
already obvious this deadline will be missed, because 
little can be done until it is clear what form of ELDO— 
if any —there will be for amalgamation. The uncertainty 
over ELDO has also affected the speed of progress on 
the proposed European applications satellite pro- 
gramme. Answers on the CETS TV-relay satellite were 
called for by the end of February. Not all the countries 
(there are eighteen or so in the conference) have yet 
responded, however, and those which have are non- 
committal. Financing the programme is also hypo- 
thetical until it is known how much money will still 
be tied up in the expensive European launcher business. 
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Altogether the much quoted remark of Dr Stolten- 
berg, the German Seienee Research Minister, that 
activity in the European space field was “not very 
pleasurable” must be deemed an understatement. 
Nevertheless it is expected that the key decisions will 
have been taken and the new European space pro- 
gramme started, before the eritical Intelsat conference 
setting the pattern for telecommunications for the 
foreseeable future is concluded. The first plenary 
session broke last week (March 20), and will not recon- 
vene till November. 


URANIUM SUPPLIES 


Lean Years Ahead ? 


By 1973 or 1974, the world wil need more uranium 
than it now seems likely to have available at à reason- 
able cost. A report, prepared for the Organization 
for Economie Cooperation and Development by the 
European Nuclear Energy Agency and the Inter. 
national Atomic Energy Agency (Uranium: Produc- 
Hon and Short Term Demand, OECD, $1; 75), estimates 
that in about four years the world production rate 
of U4O, will have to increase from 23,500 short tons a 
year at present to around 38,000 short tons. The 
demand will rise with the inerease in the use of nuclear 
power for generating electricity, which is rising steeply. 
By 1975, the installed nuclear generating capacity in 
the West will grow--according to the report——from 
the 26-0 gigawatts (1 GWe- 10? MWe) of 1970 to 
between 101 and 125 gigawatts. And the 38,000 short 
tons of fuel needed to sustain this growth corresponds 
to what OECD estimates is the world's limit of known 
uranium resources that can be mined within three to 
five years at a price below $10 & pound. 

By 1973, of course, new amounts of low-cost uranium 
should have been discovered. The Americans are hard 
at work—24 million feet of exploration and drilling 
were carried on there in 1968—end the Canadians are 
willing and eager, but there are drawbacks. Uranium 
producers lost a lot of enthusiasm as their markets 
began to dry up when the militery needs for uranium 
were satisfied around the beginning of the decade— 
uranium's peak year was 1959 when nearly 40,000 short 
tons of U40, were produced—-and have not been happy 
about the uncertainties over the price of their product. 
There are not enough miners and in Canada in par- 
tieular they have been sent to dig out other more 
commercially reliable metals. There are, however, two 
signs that the price in the future may be more stable. 
The OECD report says that production methods have 
improved, and arrangements between producers and 
buyers for supplies over long periods have been worked 
out. But, the report says, if substantial new sources of 
uranium are not discovered soon, the producers may 
hesitate to make long-term prorises about deliveries. 

If nuclear generating capacity is going to climb 
steadily in the next five years, it is going to soar after 
that. The real shortage could occur in the years from 
1975 to 1980. After 1980, fast reactors, producing 
more fuel than they consume, should be in aetion 
(although they have been slow im development). That 
day is still too far distant for predictions about the 
effect of new reactors on the price of uranium. The 
report contents itself with saying that neither the 
advent of fast reactors nor the reeveling of plutonium 
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in thermal reactors will affect the demand for uranium 
very much. The estimate for demand in the second 
half of the next decade is quite large—between 73,000 
and 106,000 short tons of U,O, a year. 

It is impossible to predict where new uranium sup- 
phes will be discovered. The OECD report, however, 
has charted the present uranium production of nine 
countries (Argentina, Australia, Canada, France, Portu- 
gal, South Africa, Spain, Sweden and the United States) 
as well as their potential for the next few years. Of 
these, Canada seems to have the greatest room for 
expansion-—its present annual production is 4,200 tons 
of U4O, (each ton of which yields 770 kg of uranium 
metal), a capacity which it could triple in five years 
time. The United States capacity is more fully 
stretched: 13,000 short tons in 1968, a potential of 
16,000 tons within a few years. All of these countries 
have thousands of tons of reserves, but to tap these 
would probably be prohibitively expensive, at least 
in the immediate future. 


TELECOMMUNICATIONS 


Post Office under Fire 


THE attack on the Post Office Bill, the legislation to 
turn the Post Office into a public corporation, seems 
to be led by the Confederation of British Industry. The 
bill is at present in the committee stage, but is expected 
to become law during the summer. Criticism is coming 
chiefly from the suppliers of telecommunications 
equipment, worried that under the new bill the Post 
Office will be allowed to make inroads into their 
spheres of activity without the restrictions with 
which private industry lives. And industry as a big 
user of Post Office telecommunications services has a 
host of worries about the way the services are going 
to be run in future. The computer service bureaux 
are particularly likely to be affected. One of their 
fears is that the bill does not ensure that the Post 
Office will not discriminate against the private bureaux 
in favour of its own National Data Processing Service. 

The root cause of the discontent is that when the 
Post Office becomes a public corporation, its activities 
will not be watched over by Parliament to anything 
like the extent they are now. This is why the CBI 
wants the wording of the bill tightened up so that there 
can be no doubt about what the Post Office is forbidden 
to do. Although the Government has made an effort 
to allay many of the fears by assurances given during 
standing committee debates, the CBI is not satisfied. 

Under the new bill, parliamentary scrutiny is replaced 
by what is called a Post Office Users’ Council. Major 
proposals relating to any of the Post Office’s main 
services have to be referred to the council, but the CBI 
says that this leaves a loophole. They want the word- 
ing altered so that proposals relating to any of the 
Fost Office services have to be referred to the council. 
They would also like the chairman of the Users’ 
Council to be an ex officio member of the governing 
body of the Post Office. 

The power the Post Office will have to manufacture 
telecommunications equipment seems chiefly to worry 
the CBI and the trade associations which it represents. 
They argue that this clause in the bill, designed to 
restrict manufacturing by the Post Office, will not put 
it on the same footing as private industry. The aim 
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is to limit the Post Office to what it does now, coupled 
with regulations to prevent any manufacturing activity 
being hidden in the accounts. ' On top of this, the CBI 
wants to bring the Post Office within the terms of 
reference of the Monopolies Commission, unheard of 
in the nationalized industries. The hope is that this 
will put the Post Office and private industry on the 
same terms. 

What particularly annoys the CBI is that, as well as 
itself having power to manufacture, the new Post 
Office will continue to censor equipment provided to 
customers by other manufacturers for connexion into 
the telecommunications network. Although there is 
little hope that the Postmaster General will give way 
on this point, the CBI is still hoping to see a move 
toward the situation in the United States and West 
Germany, where it is legal to plug equipment other 
than that provided by the Post Office into the telephone 
system, provided a protective device is incorporated. 
As well as giving customers a wider choice of equipment, 
this would, the CBI hopes, improve the export potential 
of the suppliers. 

There are also a host of niggling little worries which 
the CBI has taken up. Prospective users of the National 
Data Processing Service are bothered about the secrecy 
of the information being processed. And the computer 
service bureaux are worried that if they want to run a 
private data network themselves they will have to 
apply for a licence from the Post Office, their main 
competitors. It is hard to think that even the Post 
Office will thank Mr Stonehouse for saddling it with 
responsibility for discriminating among its own would- 
be competitors. And is it really sensible to set up a 
state monopoly in such a quickly moving field without 
also providing some means of regulating it as time 
goes on ? 


VACCINES 


Wellcome Supplies Frozen 


THE Ministry of Health last week asked local medical 
officers of health to stop using ‘Wellcovax’, the measles 
vaccine manufactured by Burroughs Wellcome. This 
follows the reports of three cases of encephalitis among 
children treated with the vaccine 8-12 days previously. 
The cause of death of a fourth child, who had also 
been vaccinated, has not yet been established, but a 
spokesman at Burroughs Wellcome said that an 
inquest is to be held. 

Burroughs Wellcome has been marketing the vaccine 
—prepared at their laboratories in Beckenham—for 
two years. So far, more than a million doses have been 
distributed in Britain and another four million doses 
overseas—chiefly in Brazil and Hong Kong. The virus 
strain is Beckenham 31, a further attenuated version 
of the Edmonston strain of Enders developed in the 
United States and taken over by the Beckenham 
laboratory in 1958. A spokesman at Burroughs 
Wellcome said this week that, although it is true that 
this strain causes more adverse reactions than the 
Schwartz strain used by Glaxo (which shares the 
measles vaceine market), these reactions are essentially 
mild and include, for example, slight fever and/or a 
rash. Furthermore, the immunity conferred by using 
this slightly more virulent strain seems to be longer 
lasting than that conferred by the Schwartz strain. 
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Although there is no evidence that the Beckenham 
vaccine was directly responsible for the reported 
encephalitis, supplies are being frozen all over the world 
until further evidence has been assembled. This 
unfortunate setback is almost certain to cause a shortage 
in the mass measles vaccination programme announced 
by Mr Kenneth Robinson, then Minister of Health, 
in February 1968. But in spite of this, as a spokesman 
at the ministry pointed out, there are no plans to 
import vaccine from overseas. Some 500,000 children 
under the age of 14 were vaccinated during the first 4 
months of the programme; recent figures are unfor- 
tunately not available. 


POWER STATIONS 


Too Much Delay 


Power stations built for the Central Electricity 
Generating Board (CEGB) tend not to be built on 
time. The reason, according to a committee of inquiry 
under Sir Alan Wilson which reported last week, has 
less to do with technical faults than with management 
problems (Report of the Committee of Enquiry into 
Delays in Commissioning CEGB Power Stations, 
HMSO, 5s). The report makes clear the magnitude 
of the problem. At present, the power station pro- 
gramme is running about 18 months late, and there 
seems little hope of reducing the backlog before the 
end of 1972. Between 1959 and 1967, 22 new power 
stations involving 70 generating sets were released for 
construction, and the report is based on an analysis 
of the delays that occurred. Of the 70 generating sets, 
30 are known or expected to be more than twelve 
months late, involving 14 power stations. The reason 
is not that the CEGB is excessively optimistic about 
the time needed to build a station—the targets it set 
itself are if anything less ambitious than in the United 
States where power stations are usually finished on 
time. 

The difference, according to the report, is that the 
CEGB management is less effective than its American 
counterparts. The chief cause of the delays which the 
report points out occurred in the early 1960s, when the 
programme was increased to cover the shortage of 
electricity which was then becoming apparent. But 
the expanded programme turned out to be too much 
for the CEGB and its contractors to cope with. The 
report therefore urges more efficient long term planning, 
which would also have anticipated the fall in demand 
which has now left the CEGB with far too much capac- 
ity. The burst of activity during the early 1960s also 
found the management structure in the CEGB and in 
the contract industry less well defined than it might 
have been. One of the chief criticisms of the CEGB is 
that, perhaps unwittingly, it is placing too much 
emphasis on the engineering aspects of its brief to the 
detriment of management. And with the construction 
of a power station involving up to ten large contractors 
accounting for about 70 per cent of the cost, with many 
different workers from different trades on the site, 
effective management is a prerequisite for completion 
on time. 

But much of this is past history. The committee 
also enquired whether the CEGB has learnt its lesson, 
and the conclusion is that by and large it has not. 
This is why the report says it does not expect a major 
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improvement in the backlog until much nearer the end 
of the 1972 deadline. A number of suggestions are 
put forward. The CEGB should reduce the amount 
of time consuming dialogue wita the contractors over 
the specifications, the number of contractors should 
be reduced and there should be more allowance for 
design difficulties when prototype machines are 
installed. The committee is alsc surprised at the scant 
attention paid by either the employers or the unions 
to labour relations on the site. 


OPEN UNIVERSITY 


Physicist of the Air 


Ir seems that Dr Gerald F. Elliott has been eppointed 
the professor of physies of the Open University, 
Britain's University of the Air, whieh is planned to 
start broadcasting in late 1970 or early 1971. Dr Elliott 
is at present a member of the Medical Research Coun- 
cil’s Biophysics Unit at King’s College, London, 
although for the past several months he has been on 
leave of absence at the Carnegie Mellon University in 
Pittsburgh. Ever since taking his first cegree in 
physies at Oxford, he has been a member of the muscle 
group at King's, which is headed by Professor Jean 
Hanson and included, until he recently took s chair in 
Denmark, Dr Jack Lowy. Dr Elliott is, cf course, 
well known for his X-ray diffraction studies cf muscle. 
As a physicist who works with biological systems, he is 
ideally suited to the interdisciplinary approaeh to 
science which the Open University promises 

'The most serious drawback o? the Open University, 
as far as staff are concerned, is the provision of facilities 
for research. The Open University has said that its 
staff will be given research facilities, presumably at 
Milton Keynes when it has setted down there. It is, 
however, difficult to see how the Open University can 
hope to match the facilities provided by conventional 
universities, or indeed whether i* is sense for E even to 
try. There is a strong case for arguing that the Open 
University would do better by encouraging its staff, 
if need be by arming them with grants, to find labora- 
tory space in the nearby conventional universities. 


INFORMATION RESOURCES 


Data for Innovation 


from a Correspcndent 


ASLIB seems to have embarkec on a programme to 
reassess the importance of information services as 
adjuncts of industrial innovation. At a symposium held 
at the University of Nottingham on March 2) and 22, 
Dr Jeremy Bray, Joint Parliamentary Secretary at the 
Ministry of Technology, emphasized the need that 
industrial leaders should continually be tramed and 
retrained. He also pointed ou: that innovetion too 
often seems to be outside the control of socety, and 
urged a shift of emphasis away from a concern with 
techniques to a concern with goals: society should 
decide its goals and implement innovations wich will 
further those goals. 

Mr Dargan Bullivant argued that information should 
be treated like raw material which has to be processed 
to the specific needs of the firm. Mr J. K. L. Thompson 
of the Ministry of Technology drew attentioa to the 
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fact that 90 per cent of British firms employ less than 
200 people, and that most of these firms neither 
employ graduates nor possess library facilities. He 
described the activities of the regional offices of the 
Ministry of Technology, and cooperative ventures with 
research associations, in bringing information about 
innovations to small firms in a form that would be 
easily understood and applied. 

Two sessions were devoted to papers by social 


Provisional results indicated 
considerable differences in the dates of the introduction 
cf the new processes in the six countries, but even 
bigger differences in the diffusion rates of the innova- 
tions in these countries. While some of the differences 
could be accounted for by economie factors, the sub- 
stantial residue was thought to be due to the attitude 
of managers to technical change. 

Mr T. W. Harries of the Centre for the Utilization of 
social Science Research, Loughborough University of 
Technology, emphasized the importance of psycholo- 
gical and sociological factors in the diffusion of inno- 
vation. He related the empirical findings of some 
research projects to Everett Rogers's model of the 
Giffusion of innovation. Some findings suggest the 
need to modify the model, but the exercise emphasized 
the need for conceptual frameworks if empirical 
research is to provide meaningful lessons for practising 
information scientists seeking to increase effectiveness. 
Existing models and empirical data suggested that 
information scientists should not view increased 
effectiveness in terms of a simplistie cause and effect 
framework. 

Dr T. E. Easterfield of the Ministry of Technology 
emphasized the need for information about situations 
as well as information about facts. Mr S. Hunter of 
the British. Iron and Steel Research Association 
Geseribed a research programme to establish criteria 
for selecting and evaluating research projeets. Parti- 
cular attention was given to the problem of disseminat- 
ing research results to managers, and "selling channels" 
were evaluated by means of interviews in terms of 
(a) informing managers of the existence of an innovation 
&nd (6) persuading them to implement. Both the cost 
and benefit of a given selling strategy were assessed 
and a criterion was developed to calculate the optimal 
time for terminating the selling effort. 

Finally, two sessions were given over to practising 
information scientists. Mrs M. Griffin of Corporate 
Marketing, Research and Information Services Depart- 
ments, Smith Industries Ltd. described a less orthodox 
use of marketing research; that of providing the link, 
sometimes missing, between technical and marketing 
personnel. In this way market research served both 
inventors and researchers by stimulating innovation 
and giving direction for research and development. 

Miss Rowena Swanson of the United States Airforce 
Office of Scientifie Research (AOR) Arlington acknow- 
ledged the need for models. She recognized that 
information services are effective only when they 
"connect" with people, and that complex interrelation- 
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ships of factors are involved in the diffusion of inno- 
vation. She disagreed with the suggested need to 
concentrate on personal contacts at the expense of the 
written word, quoting examples in the United States 
where scientists and engineers had ehanged to written 
channels as the result of action Tesearch and educa- 
tional programmes by information séientists, 


EQUIPMENT EXHIBITION 


Show-All 


“BIGGER and better than ever before" is how the 
organizers of Labex International deseribed this year's 
exhibition which opened at Earls Court on Tuesday. 
This fairground ebullience was tempered on the 
opening day with apologies, for last minute labour 
troubles meant that the exhibition had to open before 
it was complete. All the planned exhibits were on 
show, but lack of decoration gave them something of 
a makeshift air. The exhibition is the tenth Labex, 
and as usual is sponsored jointly by the Scientific 
Instrument Manufacturers Association and Laboratory 
Practice. There are 212 exhibitors this time, 73 of 
them first-timers, and the organizers expect 25,000 
visitors. This is a fair coverage of the scientific 
profession—it is fully one quarter of the number of 
scientists practising in Britain. 

As usual, the exhibition caters for every level of 
price and sophistication. Test tube holders and filter 
funnels stand next to the gleaming last word in ultra- 
centrifuges. No single theme dominates the exhibition 
but it is impossible not to be struck by the new genera- 
tion of spectrophotometers, with typewriter consoles 
(for digital read-out) nestling happily alongside the 
familiar sample holders and strip chart recorders. 
Impressive, too, was the latest automatic assay 
equipment designed for clinical laboratories. 

New reagents are on display as well as new machines, 
and an enzyme preparation capable of making a 
specific and sensitive assay of noradrenaline is bound 
to attract wide attention. The enzyme is phenyl- 
ethanolamine-N-methyltransferase, and it is claimed 
to be able to measure noradrenaline in less than one 
milligram of tissue. 

A wide ranging programme of lectures and discus- 
sions has been arranged in parallel with the exhibition. 
The organizers were proud to relate that one lecture—- 
by Dr Eglinton of Bristol on the organic constituents 
of ancient rocks—had to be cancelled because Dr 
Eglinton has left for the United States to help organize 
the analysis of the NASA moon samples that are due 
this year. The handful of people seeking to hear the 
government chemist, Dr D. T. Lewis, deseribe his 
heterodox theory of fundamental particles were 
seriously impeded by the unfinished woodwork 


COLOUR TECHNOLOGY 


All Things Bright and Beautiful 


Wuat must certainly be the most colourful of the 
scientific exhibitions was held this week at Alexandra 
Palace. For the contributors to the technical exhibi- 
tion of the Oil and Colour Chemists Association 
presented its wares amid a kaleidoscope of fluorescent 
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oranges, greens, pur ples and yellows. There were more 
continental exhibitors than previously and most 
of the West European countries were represented, 
as wellas East Germany. The overall impression given 
by the display, however, was of general development 
rather than revolutionary innovations. 

Manufacturers are constantly seeking new pigments 
soluble in volatile ‘solvents for fast drying inks, and 
some of these were shown. There has also been a 
general improvement in the stability and colour reten- 
tion of resins, solventless corrosion resistant coatings 
for marine applications and low odour compounds for 
interior decorating. The relatively new "chloride" 
process for the manufacture of titanium dioxide—the 
whitest white pigment—gives a purer, whiter product 
than the old "sulphate" process and the applications 
now range from paints, plastics and printing inks to 
leather, cosmetics and artists’ colours. 

One interesting device on show was a combination of 
spectrophotometer, data-transfer system and computer 
which measures the reflectance of a dyestuff on a sub- 
strate at sixteen spectral points and stores this informa- 
tion. This enables colour matching and prediction of 
dye recipes to be accomplished very easily. Other 
exhibits included a particle size disk centrifuge and the 
usual selection of viscometers, tackometers, mixers, 
mills and grinders. Also on show is the cabinet devel- 
oped by the Paint Research Station for testing the 
fungicidal activity of paint films. This cabinet can be 
adapted to simulate fungal attack in the tropics or 
inside breweries, for example, and should be useful in 
the study of the disfigurement of painted surfaces by 
biological attack. 

The brightest stands were, of course, those exhibiting 
daylight fluorescent pigments. Fluorescent colours 
are about four times as easy to see as the nearest and 
brightest non-fluorescent colour and are available in 
a range of hues with such picturesque names as “saturn 
yellow”, "sunset orange" and “rocket red". The chief 
uses for these brilliant colours are in paints, PVC and 
paper and textile printing. Several interesting new 
colour stylings for cars were also to be seen; a range 
of gold shades produced by mixing a new pigment 
called “Gold Powder Lake" with aluminium powder 
was particularly pleasing. 


PROFESSIONS 


Women in Chemical Engineering 


On March 24, the third week of Women in Engineering 
Year was marked by a conference held by the Institu- 
tion of Chemical Engineers at University College, 
London. Professor J. F. Richardson, chairman of the 
institution's careers committee, provided the theme 
for the conference by say ing that the task of attracting 
more women to chemical engineering needs to be tackled 
in the schools. The conference seemed to agree that 
opportunities for study and employment are apparently 
available in plenty if only girls would take advantage 
of them. 

Dr J. W. Mullin pointed out the value of flexibility 
in chemical engineering courses. At University 
College, London, where Dr Mullin teaches, there is, as 
well as the three vear course in chemical engineering, 
à one year diploma course for graduates in chemistry 
or other engineering subjects. Girls in partieular seem 
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often to be encouraged to study chemistry rather than 
chemical engineering, so that conversion courses can 
help to save them for chemical engineering. 

The MSe and diploma courses in biochemical engin- 
eering—covering topics such as. enzyme kinetics, meta- 
bolie regulation and immunocbemistry—and the joint 
honours course in chemical engineering and mierobio- 
logy beginning at Swansea next se ptember, should 
help to attract girls. When taventy-eight sixth form 
girls attended a week's course last summer at Swansea, 
the response was apparently most encouraging, and 
some university departments do seem to be prepar 'ed to 
follow flexible policies on admissions. 

Dr M. Guter, managing director of CJB (Projects) 
Ltd, saw no barriers to the employment of women as 
chemical engineers, except perhaps in the commission- 
ing and operating of plant abroad—sites such as those 
in Algeria on which his company Is now w orking, for 

example. The general opinion of industrialists present 
was that there would be no prejudice against women in 
chemical engineering if only they were - available to be 
considered for jobs. Raising families was not seen as à 
great problem for, as Mr C. "S. Windebank, past presi- 
dent of the institution, said, the turnover of female 
staff to be expected as a result of marriage is equalled 
by the turnover of men, which merely reflects the 
modern attitude to employment. Dr P. Eisenklam of 
Imperial College, London, made the telling point that 
employers expect a positive creative contribution from 
chemical engineers early in their career, so that the loss 
of married women should be insignificant. 


ARCHITECTURE 


Laboratory at Porton Down 


A NEw laboratory costing £207,000 was opened at the 
Chemical Defence Establishment at Porton Down on 
March 21, by Mr J. Morris of the Ministry of Defence. 
The building has been specially designed for work on 





aerosols and air cleaning techniques, and will house the 
physicists at the estab lishment. Critics of research on 
chemical warfare will no doubt rejoice at the lack of 
architectural distinction. 


FOUNDATIONS 


A Cosy World 


Ix spite of being closed to visitors for two month 
for building work, the Ciba Foundation managed its 
usual range of business in F968. According to its 
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annual report, it held five of the private international 
symposia which the rest of the scientific community 
wil eventually be able to appreciate when the sympo- 
sium volumes are published. It also held its two main 
annual lectures, various discussion meetings and 
conferences and put up 1,101 guests from 49 countries. 
But it has lost a permanent lodger. The National 
Kidney Research Fund had by September collected its 
first £100,000 allowing it, as Dr Wolstenholme says, to 
have "its own modest office elsewhere". 

The report also records annoyance with Dr Margaret 
Mead, who has apparently published an article on "the 
small conference" which not only fails explicitly to 
mention the work of the Ciba Foundation over the 
past twenty years but has added insult to injury in a 
footnote which Dr Wolstenholme believes refers to a 
Ciba symposium held in 1965 at which, Dr Mead SAYS, 
"aimost every rule of how to run a conference was 
viclated". Although she seems to have added that, 
despite everything, “it was a good conference and a 
good publication", the sting remains. 

The foundation’s world remains, however, unruffled. 
It is good to know, for example, that, towards the end 
of the year the daughter of an ambassador to London, 
has given pleasure to guests and staff alike by coming 
to work as a receptionist to all our guests and visitors. 
She is à person who can and does very willingly help 
them with any personal problems—from the least 
awkward route to Hammersmith to the purchase of a 
vintage Rolls-Royce". 


PERIODICALS 


Tue Journal of Experimental Botany is to have its 
face lifted in 1970. The format and appearance of 
the journal, now in its nineteenth year of publication, 
have not changed in any essential detail since the first 
issue. Members of the Botany Section of the Society 
for Experimental Biology, of which the journal is an 
official publication, feel that its present image is old- 
fashioned and staid in eomparison with some of its 
competitors. Details of the new format have not vet 
been decided, but the aim will be to present an attractive 
modern periodieal. 

It is almost certain that the page size will be increased 
to 176 mm x 250 mm (B5), now popular on the Contin- 
ent and among paper manufacturers but rarely used 
in Britain and the United States. It was proposed at a 
Royal Society conference of editors in 1966 that B5 
should be recommended as an International Standard 
Size for journals, but there was no general agreement 
to this proposal. The council of the Royal Society 
has decided, however, that the Proceedings of the 
Royal Society will be published in this size. An 
immediate advantage of the larger page is the improved 
quality and clarity with which half-tone plates can be 
reproduced. 

Professor L. J. Audus (Bedford College, London), 
editor of the Journal of Experimental Botany, hopes 
that the new format will appeal to contributors and 
subseribers alike. Professor Audus is particularly 
anxious to restore the balance of subject matter in 
the journal. His poliey has always been to publish 
worthy papers from every field of botanical research. 
Recent issues have been lacking in reports of a bio- 
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SHIPBUILDING 


Wooden Ships at Greenwich 


Tue first of what is promised as a series of select inter- 
national seminars has just been held at the National 
Maritime Museum, Greenwich, on the theme of wooden 
shipbuilding. The series is a manifestation of the new 
image of the museum being promoted by Mr Basil 
Greenhill, who took over as director last year. The 
premises are having a face-lift—workmen on ladders 
are cleaning, refurbishing and reconstructing the dis- 
play halls and are at present a hazard for visitors, 

Mr O. Crumlin-Pedersen, the Danish naval architect 
turned archaeologist, correctly recognized the signifi- 
cance of the five Viking ships recovered in 1962 from 
Roskilde fjord. He is now director-designate of the 
Roskilde Viking Ship Museum, where the ships will 
go on display after preservation and reconstruction are 
complete, probably in May when one of the largest of 
the five ships should finally be ready. There has been 
a year’s delay because, when reassembly began, it 
was found that the keel had taken up the shape of its 
ten century old resting place on the fjord bottom and 
none of the timbers would fit until the original shape 
had been restored. Repeated attempts—using some- 
thing like a steam-box—-were needed before this was 
achieved. It is now hoped that two months will be 
enough to fit to it the timbers and planking. Though 
Viking ships were nailed from earliest times, no nails 
were used on the keel, presumably to avoid weakening 
the key structural member. All the ship’s lines were 
gathered up in prow and stem-post to which the 
clinkers were keyed. Experience with the first ship 
to be reassembled indicates that stem and stern were 
even blunter than had been supposed. Ships of this 
type made the first long Viking voyages. They were 
known as "askes" because the top three strakes were 
made of ash. 

The other four Roskilde ships are different, though 
the cireumstances of their sinking make them of com- 
mon date—the first half of the eleventh century. 
There is a large, heavily oared, speedy warship of the 
type probably used to raid England about Ap 1000 
by Svend Forkbeard; a large, pine-built ocean- 
going cargo ship of distinctively stout build of the 
type in which the first Europeans sailed to the Western 
hemisphere; a smaller half-decked Baltic coastal 
trader; and a small ferry or fishing boat for which 
there are no parallels or previous evidence. The con- 
tinuing work on these ships will be on view to the 
public at the Roskilde Museum once the first ship 
goes on display. 

Viking shipbuilding tradition had a measurable 
influence on the craft in England for several centuries 
up to the fourteenth century, when the square-tailed 
“cog”? steered by rudder became the chief vessel 
type of northern Europe. Large numbers of old 
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ships have been uncovered in the polder sub-soil.— 
some of them date from the fourteenth century or 
earlier, and so link up with the Norse-English sequence. 
Dugouts from Neolithic times have also been discovered, 
but in nothing like such numbers as in Britain (80) 
and France (40). Dr G. D. van der Heide, director of 
the Sehockland Museum, described at the symposium 
what is being done to classify the boats dug up.. An 
example of a thirteenth century boat is notable for its 
very broad planks. Fourteenth century Zuider Zee 
specimens have much narrower planks and are all 
carvel-built. Somewhat later types have carvel outer 
skins and a clinker-built inner skin. 

The sheer magnitude of the task is the main obstacle 
to gleaning all the information available from the 
Zuider Zee wrecks, Dr van der Heide made clear. 
More than 200 old ships have been uncovered in the 





Museum expert O. Crumlin-Pedersen, who originally identi- 

fied the Roskilde Viking ships and has been in charge of their 

reconstruction, with a "knee" from one of the ships clearly 

showing its lines. Processing of the water-saturated timbers 

has taken anything from 6 months to 2 years in special “hot 

pickle" tanks set up in a disused warehouse of the National 
Museum at Brede outside Copenhagen. 


past few years. Most of them receive only *a quick 
look". The most immediately promising are properly 
excavated and in some cases raised for museum 
preservation and study. But there is little doubt that 
much of interest is being overlooked. Unlike an 
underwater discovery, Zuider Zee finds must be tackled 
swiftly since they disintegrate once they begin to dry 
out in the exposed mud. Further, unless scheduled 
as of special interest, they constitute part of the 
farmer's valuable agricultural land. So far, details of 
the Zuider Zee ship discoveries have not been published, 
but a preliminary report on the principal finds is due 
within the year. Perhaps the special cireumstances 
of the Zuider Zee ships remains make them a suitable 
subject for a joint international or European effort 
in this increasingly fashionable and intriguing subject, 
for which suitable training is so difficult to obtain. 
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Electrical Wiring 
Mr MrenLyN Rxrs, for the Home Department, said 
that the Electrical Appliances (Colour Codey Regula- 
tions would be laid before Parliament on March 17. 
From July 1, the cores of three core flexes fitted to 
domestic electric appliances 3old in Britain must 
conform with the new international colour code. The 
code specifies brown for the live wire, blue for neutral, 
and a combination of green and yellow for earth. 
Flexes coloured in accordance with the old British 
Standard colour code may be fitted until July 1, 1970. 
(Written answer, March 14.) 


Fluidized Bed Combustion 

THE Minister of Power, Mr Roy Mason, said that 
research into the fluidized bed system of coal combus- 
tion showed promise, although it is too early to assess 
its potential. Studies are being undertaken *o provide 
the engineering data required ‘or detailed design and 
cost evaluation of new boiler plants. One aspect of 
this would be the development. of an industrial boiler. 
Mr Mason said that a prototype would be tested later 
this year. The second aim will be to find a technique 
for power generation. The results of these studies will 
determine how much money should be spent on further 
development. (Oral answer, March 18.) 


Dounreay Fast Reactor 

DIFFICULTIES have been encountered in construction 
of the complex steel radiation shield roof for the 
Atomic Energy Authority’s prototype fast reactor at 
Dounreay. Mr J. P. W. Mallalieu, for the Minister of 
Technology, said that everything possible was being 
done to minimize the delay, and that other sections of 
the construction work were geing according to plan. 
The reactor should be on power by the end of 1972— 
a total delay of about 12 months. The commercial 
fast reactor will be unaffected by the delay in comple- 
tion of the prototype fast reactor, except for the final 
proving of some components. (Written 
March 18.) 


answer, 


Concorde 

THE amount of noise made by Concorde taking off 
will not be known until the aircraft has flown in normal 
operating conditions. Mr William Rodgers, for the 
Board of Trade, was asked about the suitabilitv of 
present civil airports for supersonic aircraft and 
especially about possible noise levels. Mr Rodgers 
pointed out that debate in the United States on the 
question of supersonic transport had made the future 
of the Boeing SST uncertain. The Concorde would be 
flown over a considerable test period, but it had always 
been a design aim that the Concorde should be no 
noisier than current large jets. (Oral answer, March 19.) 


Motorway Costs 

THE cost of building a dual, «wo-lane moterway in a 
rural area is in the order of £550,000 to £800.000 per 
mile. The corresponding figure for a dual, three-lane 
motorway is £600,000 to £1.300,000 per mile. Mr 
Richard Marsh, the Minister of Transport, said that, 
in the current financial year, about £70,000.000 will 
be spent on motorways, or double the average expendi- 
ture for 1960-64. Spending in the years 1969—74 will 
depend on decisions about the motorways to follow 
the first 1,000 miles. (Written answer. March 17.) 
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SOCIETIES established to promote an awareness among 
scientists and the general publie of the social conse- 
quences of science and technology tend to have a short 
half-life. But Pugwash, with its membership drawn 
from the international scientific élite and its govern- 
ment subsidies in one form or another, has not only 
survived but can claim to have influenced international 
policy. In Britain at least, national societies have 
either changed their character or withered as members 
lose enthusiasm when they realize the difficulties of 
producing tangible results. Lack of any sense of 
achievement seems to be the chief reason for this seem- 
ingly inevitable decline in societies which start with 
so much enthusiasm. The latest British society in on 
field, the British Society for Social Responsibility i 
Science, will launch itself on April 19 by Holdings 
one day symposium at the Roval Society, It hopes 
to succeed where others have failed by tackling local as 
well as international issues and by harnessing the 
current student unrest over the state of society. 

The BSSRS, which has already attracted a great 
deal of publicity, apparently stems from the discussions 
of seven or eight people after the symposium on chemi- 
cal and biological warfare held last summer by the 
Bernal Peace "Library. Early this vear, this ad hoc 
committee sent to 180 eminent scientists a letter 
outlining the aims of the society and inviting member- 
ship, and signed by Professors C. F. Powell, M. H. F. 
Wilkins and M. Pollock and Drs R. L. Smith, D. H. 
Butt and S, Rose. The response so far should ensure 
that by April 19 the society will have the 100 founder 
members it seeks. The letter, in suitably broad 
(critics would say vague) terms, announced that the 
society has three chief aims: to stimulate among 
scientists an awareness of the social significance of their 
work and their individual and collective responsibili- 
ties; to draw attention to social, political and economic 
pressures affecting the development of science; and to 
draw public attention to these issues and create an 
informed public opinion. The letter also outlined 
proposed activities under three broad heads: first, 
to identify, do research on and publicize deve lopments 
likely to have a major influence on life and the environ- 
ment; second, to urge changes in undesirable aspects 
of scientific policy: and third, to urge reform in all 
levels of science education and to make clear the social 
role of science and the responsibilities of scientists. 

Such a grand manifesto invites scepticism, of course. 
What does it all boil down to in practice * Where is 
the money to come from ? How will the society avoid 
duplicating work done by Pugwash and other organiza- 
tions? So far the ad hoe committee has organized 
three private meetings in London, attended by about 
fifty people and chiefly advertised by word of mouth 
around London University, to discuss practical moves. 
At the third of these meetings last week, an outline 
of a plan of campaign was ‘discussed. The society 
plans to organize working groups on such problems as 
disarmament, chemical and biological warfare, science 
education and the drift from science. The new society 
has also set its eyes on local issues—air and river 
pollution and noise, for example—which could act as 
specific activities for local groups. The great appeal 


More about Social Responsibility 
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of the recent anti-Concorde nee n DOMUS 
not gone unnoticed. As well as starting working g 
the society has also dea the oE of 
newsletter and of establishing panels of speakers D 
spread the gospel of scientific responsibility, After 
the April 19 meeting plans will no doubt harden. For 
one thing the society will have to appoint its officers. 
According to Dr D. H. Butt, a member of the ad hoe 
committee, Professor Maurice Wilkins 1s a likely candi- 
date for the UE Dr Robert Smith of St Mary's 
Hospital Medical Sehool will stay as secretary and the 
committee will probably remain unchanged. These 
are, however, seen as temporary arrangements and 
there is a plan for elections of officers in September. 
By then the society should have got off the ground 
and will inelude, as well as scientists, anyone interested 
in its ideals. 

Money is, of course, a problem. "Phe society seems 
to have rejected the suggestion that it should be 
affiliated with any political party and will rely on what 
funds it can raise independently. So far it has had 
two offers of £100 as well as free office facilities at 

42 Great Russell Street, and various members have 
-n paid by the BBC for interviews. It also intends to 
charge a membership fee of about £1 and to raise money 
from. publications and lectures. And, as old hands 
know, a great deal can be achieved by voluntary labour. 
Professor E. H. S. Burhop, for Mens of University 
College, London, who has campaigned for these issues 
since the thirties in a number of organizations, including 
the old Association of Scientific We orkers and Pugw ash, 
said last week that what had most impressed him was 
the large number of young people at the three meetings 
so far. He said he had not seen such enthusiasm among 
young academics and students since the thirties. But 
the best will in the world will be no substitute for cash 
when it comes to arranging meetings and real business. 
The Royal Society, for example, is not sponsoring the 
April 19 meeting but merely letting its leeture room, 
although for à new society the cachet. of the Roy: al 
Society's name is worth the cost. 

The other problem whieh the new society has vet 
to taekle is its relationship with other organizations, 
notably Pugwash. Several of the new society's mem- 
bers are also members of Pugwash, so it ought to be 
simple enough to organize informal contact. But 
should there be more formal links ? The international 
activities of Pugwash are quite different from those 
projected by the BSSRS. Pugwash is unashamedly 
an organization for the scientific élite of various nations, 
who often have the ear of their governments. The 
BSSRS says it is determined to play down personalities 
once it is established and to represent the rank and 
file as well as the élite of the scientific community. 
It will certainly lose much of its student support if it 
does otherwise. But what about the national Pugwash 
group, which cannot be accused of being ov eractive ? 
The British Pugwash group seems certain to be the 
first organization to suffer when the BSSRS gets under 
way. But so far there have been no formal contacts 
between the BSSRS and the British Pugwash group, 
nor has the British group met to discuss the implica- 
tions of the new society. 


NATURE, VOL. 221. MARCH 29. 1969 


NEWS AND VIEWS 


Inheritance of Old Age 


Tue most persuasive explanation so far for the 
molecular basis of ageing receives strong support from 
the experiments now carried out by R. Holliday (see 
page 1224). Some years ago, L. Orgel suggested 
that the crucial molecular events that lead to senescence 
are the occurrence and accumulation of errors in certain 
classes of enzymes. Orgel argued that mistakes during 
the synthesis of most proteins would be irrelevant to 
ageing because the altered molecules would simply be 
diluted out. But if any of the enzymes involved in 
DNA synthesis or protein synthesis contained errors 
which blunt their specificity, the result may be to 
induce errors in the proteins being synthesized. 
Once the protein synthesizing machinery of a cell is 
contaminated in this way, errors would accumulate 
exponentially, and the cell would be unable to rectify 
the fault, which would be passed on through the cyto- 
plasm to daughter cells. Then, once a critical threshold 
was reached, the cells would suffer an "error catas- 
trophe" and die. A small body of evidence has 
accumulated since 1963, which is at least compatible 
with Orgel's hypothesis, and Holliday's latest serles of 
experiments, with two species of fungi, fulfil one of its 
chief predietions—that an increase of the frequeney of 
errors during protein synthesis should accelerate ageing. 

Two years ago, Harrison and Holliday reported 
(Nature, 918, 990; 1967) that feeding Drosophila larvae 
with analogues of amino-acids or the antibiotic strepto- 
mycin, which might be expected to increase the 
frequency of mistakes during protein synthesis, shortens 
the lifespan of the adult flies which emerge. Clearly 
this result is compatible with Orgel’s hypothesis 
although it by no means constitutes à proof. Indeed, 
there are several other equally plausible interpretations. 
For example, proteins of Drosophila are known to 
have long half-lives so that an altered protein made in 
the larva might survive in the adult, malfunction and 
leave the adult fly less vigorous than normal flies. 
This in turn might accelerate the normal but quite 
separate ageing mechanism. 

In his latest experiments with two species of fungi, 
Holliday has used the same basic approach as in these 
experiments with Drosophila. He has found a corre- 
lation of accelerated ageing with increased frequency 
of mistakes in protein synthesis. One of the species 
he used, Podospora aserina, undergoes a very charac- 
teristic growth cycle. On a solid medium the fungal 
hyphae grow at a constant rate and then suddenly 
stop growing, swell up, become pigmented and finally 
burst and die. On Orgel's hypothesis, this pattern of 
growth ean be explained by assuming that the hyphae 
can grow quite happily until their protein synthesizing 
machinery is contaminated by so many altered proteins 
that a threshold is reached. Thereafter, further errors 
result in an “error catastrophe" and the hyphae die. 
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Holliday has now found that by manipulating the 
growth conditions so as to encourage the induetion of 
mistakes during protein synthesis, the ageing of the 
Podospora hyphae is accelerated 

The other species of fungus ased in these studies, 
Neurospora crassa, permits a rather more critical test 
of Orgel’s hypothesis. Neurospera, unlike Podospora, 
normally grows for very long periods without any 
apparent ageing but eventually enters a stop start 
cycle of growth known to mycolegists as the "stopper 
stage. At present it is not known whether the cause 
of this irregular growth is the same as that of senescence 
of Podospora, but certain mutants of Neurospora have 
been isolated which mimic the growth pattern of 
Podospora. One of these grows fer à while at a constant 
rate and then quite suddenly stops growing and dies. 

The question is whether this mutant strain, which is 
called the natural death or ne strain, makes more 
errors during protein synthesis than the wild type. 
Holliday believes that his experiments show that it 
does. The experiment involves erossing the nd mutant 
strain with another mutant strain and showing, in a 
sense, that two wrongs make a right, at least for a 
while. The second mutant strain used in the cross 
contains a mutation in the gene which specifies one of 
the enzymes involved in the metabolism of the nucleic 
acid base adenine. As a consequence, the strain needs 
to be supplied with adenine in order to grow. This 
mutation is, however, "leaky"—in other words the 
genetic defect can be rectified, in a proportion of the 
gene product, at the stage at which the genetic instruc- 
tions are translated into protein by the cellular 
machinery. If the nd mutation results in an increase 
in the number of errors during protein synthesis, it 
should inerease the chance of rectifying the adenine 
enzyme mutation because it may induce mistakes 
which exactly reverse the adenine mutation. This is 
the result Holliday has obtained. Crosses between nd 
and adenine mutants grow better than crosses between 
wild type and adenine mutants under conditions in 
which the supply of adenine is limiting. Holliday says 
there may be several alternative interpretations of 
any one of his results, but Crgel’s is the simplest 
unifying hypothesis to explain the results obtained 
with Drosophila, Podospora and Neurospora. The 
crucial test now is to show that the cytoplasm of aged 
cells contains more abnormal proteins than the cyto- 
plasm of young cells of the same species. 





ASTRONOMY 


Leonids above Par 


from our Astronomy Correspondent 


TuE Leonid meteor shower whieh occurs in November 
each year, but with a dramatic increase in activity 
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at intervals of 33 or 34 years, is now well past its 1966 
peak, yet quite a passable display was visible last year 
cver the United States, according to this month's 
Sky and Telescope (87, 194; 1969). 
have come in 








nearly 100 Leonid meteors during an hour of observing 
| Although this is well 
&bove the normal level of activity of the Leonid shower, 
averaging a few meteors per hour, it is nothing com- 
pared with the 1,000 meteors per minute which were 
seen at its peak during 1966. Nevertheless, there is 
some slight surprise that last year's shower should 
have turned out to be in any way prominent. 

The reason for the periodicity in the occurrence of 
brilliant displays is a concentration of meteoric 
particles along the Leonid orbit which intersects the 
Earth's orbit every 33-34 years. The inference is that 
the streams of dust particles in the Leonid orbit are 
comparatively voung. Older streams, such as the 
Perseids, occur with roughly the same level of activity 
year after year, presumably because gravitational 
forces have had time to spread the meteoric dust 
around the orbit. The Leonids are important in the 
history of meteor science because they were one of the 
first showers to be associated with a comet; the orbit 
is the same as that of Tempel's comet (1866 I). 

Because the number of meteors whieh are seen 
Gepends not only on weather conditions but also on the 
angle at which the meteorie particles enter the atmo- 
sphere, observers convert their counts to what would 
have been seen if the meteors had come from the 
zenith. The Sky and Telescope counts have been 
converted to zenithal hourly rates in this way, reaching 
a peak of 110 at about 11.40 UT on November 17. 
This is almost the same time as the peak of 1966. 
Counts sent to Sky and Telescope cover time intervals 
between 0600 and 2035 UT on November 17, and show 
some unconvineing evidence that the rate increased 
more sharply than it declined. The shower was above 
half its peak rate for six hours. Little information is 
available for the days before and after November 
17, but the indications are that the shower was 
again above its normal level. It remains a puzzle 
that the 1966 shower was as brilliant as the Leonid 
displays of the nineteenth century, while the returns of 
1932 and 1899 were weak. Until 1966, it was considered 
likely that the perturbations of the stream by Saturn 
and Jupiter had forever displaced the dust cloud from 
its collision course with the Earth. 


X-RAY DIFFRACTION 


Nine Years of Crystals 


At the Royal Society last week, Professor Dorothy 
Hodgkin gave an account of the course her researches 
have taken since 1960 when she was appointed to the 
society's Wolfson Research Professorship. The crystal 
analysis of medium sized molecules has taken most of 
her time, and her first concern for the relatives of B,, 
has given way more recently to a study of some bizarre 
compounds from bacteria, 

Professor Hodgkin described a whole series of mole- 
cules having the corrin ring structure of B,,. One is 
a natural precursor of the B,, coenzyme, one has nickel 
at its core instead of cobalt, one has a fully aromatic 
ring system and one has no metal at all. This last 
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molecule is interesting because very recently a metal. 
free corrin has been detected in the photosynthetic 
bacterium Chromatium. 

Another molecule recently analysed contains the 
remarkable linkage cobalt-iodine-cobalt. It is ob- 
tained by reduction of cobyric. hexamethyl ester. 
Professor Hodgkin lamented the meagre size of some 
of her corrin erystals. There are still many problems 
in the chemistry of these molecules, and bigger crystals 
would allow the use of neutron diffraction, a technique 
well suited to the solution of some remaining questions, 

A study of peptide antibioties has revealed some very 
strange molecular systems, An antibiotic from a 
bacterium resident in Oxford sewage contains multiple 
thiazole residues, some linked to pyridine. A green 
pigment from an unidentified streptomyces has iron 
bound by three nitrosophenol groups, with sodium 
trapped between outlying oxygen atoms. Professor 
Hodgkin hoped that this last molecule would be in a 
sense a model for insulin, the crystal structure of which 
has been sought by her group for some vears now, 


STATISTICS 


The Two-armed Bandit 


from our Mathematical Probability Correspondent 
A TWO-ARMED bandit is two one-armed bandits. Sup- 
pose that vou are playing a two-armed bandit and that 
at each play you are only interested in whether vou 
win or lose, Ifthe probabilities of winning are constant 
for a particular machine from one play to another, but 
are different between the machines and in any case are 
unknown to you and if, moreover, you can only 
remember what happened for the last r plays, what 
strategy should you adopt if your aim is to maximize 
your number of wins ? Having plaved on one machine 
when should you switch to the other machine ? 

Sequential deeision problems of essentially this sort 
occur quite frequently. A doctor may have to choose 
between two forms of treatment for à patient. If the 
treatments sometimes work and sometimes do not, 
and if the probabilities of success of the treatments are 
unknown, what decision rules should he use ? 

A similar decision problem is involved in the scanning 
of two stochastie point processes only one of which can 
be observed at one time. What rules should one use if 
the aim is to observe as many points (events) as pos- 
sible when the available record of what has been 
observed only extends back a fixed number of time 
units (finite memory)? If there are two football 
matches being televised at the same time but on dif. 
ferent channels, how should one switch between the 
channels in order to observe as many of the goals 
scored as possible ? 

Robbins (Proc. US Nat. Acad. Sci., 49; 1956), Tsbell 
(Ann. Math. Stat., 80; 1959) and Smith and Pyke 
(din. Math. Stat, 86; 1965) have developed what 
appear to be the best decision rules and now S. M. 
Samuels, in a paper called "Randomized rules for the 
two-armed bandit with finite memory" (Ann. Math. 
Stat., 39, 6; 1968) shows that, by a very simple 
addition to these rules, startlingly better results may 
be obtained. To begin with, it is better if the abstrac- 
tion of the two-armed bandit is replaced by the abstrac- 
tion of two coins. Suppose that when the coins are 
tossed, they have probabilities p,, p, of coming down 
heads and that p, » p,, although in fact p, and p, are 
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unknown and, moreover, it is not known which coin 
has the greater probability of heads. The aim is to 
maximize the number of heads in a sequence of tosses 
of the coins when all that one is allowed to know is 
what happened on the previous r tosses. Common to 
all the rules proposed by the writers is the following: 

Continue to toss one coin (we will call it the first 
coin) until it produces r consecutive tails. "Test" the 
other coin (we will call it the second coin). If it passes 
the test, toss this coin until it produces r tails, and then 
test the first coin and so on. If it fails the test, revert 
immediately to the first coin and toss it until it again 
produces r tails, test the second coin, and so on. 

The different procedures differ therefore only accord- 
ing to the different tests. The test of Robbins consists 
of starting with the second coin, and tossing the coins 
alternately until the first head shows. If the head is 
produced on the second coin, it passes the test, if not it 
fails the test. The tests of Isbell, Smith and Pyke are 
more complicated and are of two sorts—the s-test and 
the memory wheel test. According to the s-test the 
second coin passes its test if and only if it produces s 
consecutive heads straight off. This test is better than 
the Robbins test and the best s-test to choose is the 
one with s=r—2. The memory wheel test is a general- 
ization of the s-test and consists of a vector 9—(8,, 
Òa, . . . , ds) (the memory wheel) with s components 
and with each of the components à, either O or 1. At 
the beginning of the test if 8, 1 toss the second coin 
and 5,=0 toss the first coin, then do the same for 8, 
and so on. At the kth stage, if 3, —1 toss the second 
coin, if 8, — 0 toss the first coin. If at any time during 
the test either the first coin produces a head or the 
second coin produces a tail, the test stops and the 
second coin has failed. If the end of the vector 6 is 
reached without the second coin failing, it passes the 
test. The vector ô has to be chosen very carefully. 
For fixed r, 8 should be of maximal length (s as large 
as possible) such that every r-subtple of ô is unique. 
The maximal length is then 2" 4-r — 1. and one of such 
a length can be obtained by starting with r 1s and then 
inserting an 0 whenever the r-subtple ending with 
this 0 has not oecurred before, and otherwise insert a 1. 
For r=4, 8—(1111000010011010111). An even better 
8—8* is obtained from this 5 by deleting the first 
r Is and first r Os, and the last 1. The length of 6* is 
then 2—r—2. For r4, 8* — (1001101011). 

The rules given here are modified slightly by Samuels. 
He suggests that having obtained r tails on one coin, 
then one should apply the test with probability 1—p, 
and carry on with the same coin with probability p. 
where p is very, very close to one. In other words, one 
should be very reluctant to apply the test, which implies 
that one should be very reluctant to switch coins, an 
observation made earlier by Smith and Pvke. 

Before stating the results it should be noted that 
rules which maximize the proportion of heads obtained 
are equivalent to rules which maximize the quantity 
V «limit as n> NY N, where N? is the number 
of tosses on the coin with probabilitv p, of heads, 
among the first n tosses, and Ni is the number of 
tosses on the coin with probability p ( « p,) of heads 
among the first n tosses. The formulae for V are easily 
worked out and below V is tabulated for the best s-test, 
the memory wheel test and Samuel’s randomized 
versions, for values of r in the range 4 to 9, and with 
p =0°5, py = 0-4. l 
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Best s-test, Randomized s-test, 

r Sam Pond gen Pe 

4 2-55 4:324 

5 376 4-86 

6 5-62 1.29 

q 8-46 10-94 

8 12-76 16-40 

9 19.2: 24-60 
Randomized memory 

r Memory wheel test wheel test 

4 9.11 16-40 

a 50-02 420.88 

6 122-33 276121-52 

7 250-36 1-19 x 19! 

8 506-34 2.22 x 10" 

9 1018-33 1035 

FERROMAGNETISM 


Strange Surfaces 


from our Solid State Physics Correspondent 


A METHOD of studying the magnetic properties of a 
film of iron only one atom thick has been reported by 
L. N. Liebermann, D. R. Fredkin and H. B. Shore of 
the University of California at 3an Diego (Phys. Rev. 
Lett.,99, 539; 1969). They have measured the magnet- 
ization of a film of iron electrolytically deposited on a 
copper substrate and have found that for specimens 
up to two atoms thick, there is virtually no magnetiza- 
tion. With a further increase of thickness, however, 
the magnetization was found te rise sharply towards 
the bulk value for iron. 

This variation of magnetization is somewhat startling. 
It implies that some surface characteristic is rendering 
non-magnetic either the outer atomic layer on each 
surface or the two atomie layers next to the copper 
substrate. The second possibility could be realized 
by a diffusion of copper atoms into the iron, but diffu- 
sion phenomena are usually marked by gradual 
rather than sharp changes in properties, and this is 
hardly compatible with the steep rise in magnetization 
between two and three atomic thicknesses. The 
behaviour of the magnetization curve is not yet 
properly understood, but, according to Professor Lieber- 
mann, it is likely that the copper does have some effect 





and the time of deposition. Magnetization was meas- 
ured by the change in mutual induetance between two 
coils, one of which contained she iron film. It was 
found that although bulk magnetization existed for 
thickness of three or more atomic layers of iron, there 
still remained two non-magnetic layers irrespective 
of the total thickness of the film. 

peated with silver and 





deposit some copper on the free surface of the iron and 
to note whether there is a change in magnetization 
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inso doing. Apparently such an experiment is already 
being carried out. 

A theoretical analysis of the “bulk” magnetic pro- 
perty of the film also showed up an interesting feature. 
By applying standard spin-wave theory, Professor 
Liebermann and his team found good agreement with 
experiment if the atomic magnets were assumed to 
line up preferentially within the plane and not per- 
pendicular to it. This means that the film behaves in 
effect as a two-dimensional ferromagnet, provided 
there are at least two atomic lavers of iron present. 


FUSION RESEARCH 


To Russia with Lasers 


EARLIER this week, Dr N. J. Peacock of the Culham 
Laboratory left for Moscow to head a UKAEA team 
evaluating a nuclear fusion research device, Tokamak 
3, at the Kurchatov Institute of Atomic Energy. The 
visit of Dr Peacock and his colleagues, arranged during 
à eonference at Novosibirsk last year, is the most 
ambitious of a series of exchanges in fusion research 
between Britain and the Soviet Union which has been 
going on for ten years. But this seems to be the first 
time equipment has shuttled between the two countries 
—five tons of it was flown to Moscow last week. For 
the Culham Laboratory this is a rare chance to do 
some measurements on what by the standards of 
fusion research is one of the most promising devices 
yet built—according to Dr Peacock last week, Toka- 
mak 3 fails to be a viable fusion reactor by only two 
orders of magnitude. As far as the Russians are con- 
cerned, the payoff will be measurements of the tempera- 
ture and density of the electrons in the plasma more 
reliable than they can achieve themselves. 

Fusion research long ago boiled down to the problem 
of producing a plasma of hydrogen isotopes at a high 
enough temperature—roughly 100 million degrees 
for energy to be generated by fusion. At such tempera- 
tures, the only way of containing the plasma is by 
magnetie fields, but the fields tend to give way after a 
time and allow the plasma to cool down. Tokamak 3 
is the largest and probably the most successful example 
of the confinement system known as the toroidal pinch, 
typified by the device called Zeta originally built at 
Harwell. A toroidal discharge of about 100 kA heats 
the plasma, which is stabilized by strong magnetic 
fields. The outer diameter of Tokamak 3 is 2 m and 
the inner diameter 20 cm. With this arrangement, the 
plasma is satisfactorily contained for a time in the 
range 1/50 to 1/20 seconds, which is good as fusion 
devices go, But the Russians have only approximate 
estimates of the temperatures and plasma densities, 
which is where the Culham team comes in. During 
the next few weeks, Dr Peacock and his team aim to 
check the Russian estimates of temperatures between 
3 and 10 million degrees and densities up to 3 x 1013 
particles cm. 

Fusion scientists like to use as many techniques as 
possible when they are measuring plasma temperatures 
and densities. Those at Culham have developed a 
technique based on the scattering of laser light from the 
plasma, which Dr Peacock says is the most unambigu- 
ous method so far devised. Two other less direct 
methods are in use, one based on measurements of the 
conductivity of the plasma and the other on the shape 
of the speetrum of X.ray bremsstrahlung from the 
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RESPIRATORY VIRUSES 


Cold Comfort 


Few people manage to avoid the common cold and 
influenza is hardly a rare affliction. Not surprisingly, 
acute diseases of the respiratory tract are the com- 
monest illnesses suffered by man, accounting for over 
90 per cent of all human illness in temperate climates, 
but influenza viruses infect many species of animal; 
strains of influenza virus A have been isolated from 
swine, horses and birds. The cost of the human 
afflictions of these diseases in man-hours lost and mental 
and physical discomfort is high. The World Health 
Organization last published a report on viral respira- 
tory infections in 1958, one year after the influenza 
pandemic that marked the appearance of the novel 
A2 virus. A new report on the same topic has been 
published recently (WHO Technical Report Series, No. 
408, 10s.) following hard on the heels of epidemics of 
the popularly termed Mao “flu (A2/Hong Kong/68), 
caused by a virus of the A2 subgroup but having 
distinct antigenic properties. There have been a num- 
ber of advances in the decade separating the two 
reports and these are dealt with in some detail. The 
report concentrates on the aetiology and control of the 
influenza virus. 

Influenza is caused by strains of Myrovirus in- 
fluenzae. Viral infection of host cells is followed by the 
produetion of antibodies by the host to counter the 
pathogenic principle, or antigens of the virus. A change 
in the antigen complement of a particular virus sub- 
group will result in an influenza epidemic, until host 
resistance has been acquired by the production of the 
equivalent antibodies. A major change in the antigen 
complement will result in pandemic. This occurs at 
irregular intervals, the last occasion being 1967, when 
the subgroup A2 appeared. This was distinctly dif- 
ferent from the A0 and A1 subgroups of earlier vears 
and was responsible for the Asian 'flu pandemic of 
that vear. 

The only established procedure for conferring protec- 
tion against influenza is vaccination. This involves 
infection of the host with viral antigenie material 
which has been attenuated or rendered harmless. 
The host will produce antibodies in response to this 
stimulus, which, if present in sufficient concentration, 
wil confer some degree of immunity against further 
infection. The exact nature of the antibody antigen 
interaetion is not clearly understood, but there is 
evidence that vaccination may produce effeets similar 
to an allergie response in the host. 

In the long run, the most promising method for the 
control of influenza would seem to be the induction of 
production of interferon by the host cell. Interferon 
is a protein which is non-toxie to the host cell, but 
which will effectively neutralize a varietv of viruses. 
Research has not so far suggested an effective way of 
introducing interferon into affected cells, but it may 
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be possible to stimulate the host cell to produce its 
own. There are a number of substances that can be 
used for this purpose, but none has been accepted for 
general use in man because of toxieity or undesirable 
side effects. . 

The common cold has so far resisted immunological 
control. Common cold virus can present such a spec- 
trum of antigens that production of a vaccine contain- 
ing enough antibodies to neutralize them all is 
impossible. 

The report makes several suggestions about the 
need for further research, especially in tropical epi- 
demiology and respiratory virus diseases in animals. 
Such diseases may serve as "models" of similar ail- 
ments in man. 


ORAL CONTRACEPTIVES 


Hormones and Coagulation 


from our Medical Biochemistry Correspondent 


Tug relation between female sex hormones and blood 
coagulation is proving to be complicated and interest- 
ing. There is now good evidence that the oestrogenic 
component of the oral contraceptive pil is that 
responsible for the increased incidence of thrombo- 
embolism in women taking these preparations. Statis- 
tical surveys last year showed no difference between 
different oral contraceptives in the incidence of 
thromboembolic complications. Only two oestrogenic 
compounds, but several different types of progestogens, 
are used in the pills so that different preparations 
would be expected to differ in their effects if the 
thromboembolism were caused by the progestogen. In 
addition, Daniel et al. (Brit. Med. J., i, 801; 1968) have 
shown that increased factor IX activity on treatment 
with stilboestrol might account for an increased risk 
of thromboembolism in puerperal women whose 
lactation is suppressed by the artificial oestrogen 
stilboestrol. 

Poller et al. (Brit. Med. J., 1. 554; 1969) have shown 
that low-dose progestogen oral contraceptives do not 
have the same effects on blood coagulation as the 
combinations in use. They carried out five coagulation 
tests on the blood of seventy-six women before, and at 
monthly intervals during, the use of chlormadinone 
acetate as a contraceptive. Half the women had 
already taken combined oral contraceptives for some 
time, and the others had never done so. This second 
group showed no significant changes in any clotting 
tests or specific coagulation assays, thromboelesto- 
graphy or platelet aggregation during the first three 
treatment cycles, but from the second month onwards 
there was a significant shortening of clot lysis time. 
Among women who had previously taken conventional 
oral eontraceptives, prothrombin times were signifi- 
cantly shortened and there were increases of factors 
VII and X. By the second month, the prothrombin 
time was normal and by the third month concentrations 
of factor VII were not significantly increased. The 
concentration of factor X fell but was still significantly 
increased by the third month of treatment. 

Further evidence has come from Clinch and Tindall 
(Brit. Med. J., i, 602; 1969) who have demonstrated 
that liver damage attributable to the pill is probably 
caused by the oestrogen component and not the 
progestogen. They gave large doses of either stil. 
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boestrol or megestrol acetate to puerperal women to 
suppress lactation and compared them with a group of 
breast feeding women. Although there were no altera- 
tions in conventional liver funetion tests, a modified 
bromsulphthalein test was abmormal in the women 
taking stilboestrol. Coagulation changes may be 
secondary results of liver damage. which again is 
caused by oestrogen but not progestogen. E 

Of more fundamental interes: is the study by Jick 
et al. (Lancet, i, 539; 1969) whieh shows that the inei- 
dence of thromboembolic disease in women taking oral 
contraceptives varies with the ABO blood group. 


There were significant increases in the ratios of A/O 
and A-- B-- AB/O for women using oral contraceptives 
in the United Kingdom, Sweden and the United States 
and pregnant and puerperal women in Sweden. 
Differences in the ratio whieh are probably significant 
were also found in pregnant and puerperal women and 
medical patients of both sexes in the United States. 
The estimate is that a woman with blood group A is 
twice as likely as a woman with blood group O to 
have a thromboembolic incident when she is pregnant, 
and three times as likely to have one if she takes oral 
contraceptives. 

Blood coagulation is a complicated subject which is 
still incompletely understood. The association with 
blood groups may even suggest that different oral 
contraceptives may need to be suited to a woman's 
genetic makeup. The evidence so far is that the 
synthetic oestrogens are responsible for most of the 
harmful side-effects, and the new low-dose progestogen 
pills are probably safer for all women. 


CANCER 


Genetics and Cancer 


from a Correspondent 


Tug Twenty-third Annual Symposium on Fundamental 
Cancer Research was held at Houston, Texas, on 
March 5-7 under the title Genetic Concepts and Neo- 
plasia. 

Robert W. Miller (Bethesda) summarized studies of 
the relationship between neoplesia and various other 
disorders, giving special attention to inherited diseases. 
Fanconi's anaemia and Bloom's syndrome are examples 
where simple recessive inheritanee gives rise to chromo- 
somal instability. Among cther problems, such 
patients face a high risk of malignancy, which includes 
leukaemia but not lymphomas. Robert A. Good 
(Minneapolis) reviewed the immunological deficiency 
states and argued that immunological deficiency 18 an 
important element in the development of neoplasia. 
Both Good and Philip J. Fialkew (Seattle) pointed out 
the increased risk of malignanoy resulting from im- 
munosuppressive therapy. Kurt Hirechhorn (New 
York) expanded on the high risk of cancer associated 
with certain genotypes with reference to his studies of 
SV40 transformation of cultured human fibroblasts. 
There seems to be differential susceptibility to trans- 
formation by treatment with chemical carcimogens as 
well as by viruses. It has been suggested that chromo- 
some instability associated with certain genotypes and 
with certain chemical treatments may result through the 
intermediate action of lysosomal instability. Maimon 
M. Cohen (Buffalo) described studies which indicate 
that lysosomal stabilizers do not protect lymphocytes 
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in vitro treated with mitomycin C against chromosome 
breaks. Conversely, lysosome labilizers do not increase 
chromosome breakage. 

B. R. Brinkley (Houston) presented the results of 
techniques recently developed for examining by high 
resolution electron microscopy specific chromosomal 
regions initially studied under light microscopy. 
Both sectioned and unsectioned, stained and unstained 
chromosomes were used. I. Bernard Weinstein (New 
York) presented evidence that the primary site of 
action of some carcinogens seems to be the transfer 
RNA. It was proposed that altering the pattern of 
transfer RNA molecules may well upset cell regulatory 
processes and so lead to neoplasia. 

Mary C. Weiss (Seine et Oise) described somatic 
hybridization between mouse cells and SV40-trans- 
formed human cells. Such hybrids undergo rapid and 
preferential loss of human chromosomes. As the 
number of human chromosomes diminishes, clones 
arise which fail to show the presence of the virus 
antigen. Thus the virus seems to be stably integrated 
into the human chromosomes and not all chromosomes 
in à transformed cell may carry the virus. 

Recent studies of neoplasia in allophenic mice were 
reported by Beatrice Mintz (Philadelphia). These mice 
are formed by fusion of blastocysts from two different 
strains, with subsequent implantation into a foster 
mother. The mice develop into normal looking, 
fertile animals but are really derived from four parents 
and are discrete mosaics of the two genotypes used to 
form them. Studies of strains with high and low 
susceptibility to mammary tumours and hepatomas 
indicate that the frequency of tumour appearance is 
similar to the high frequency parental strain. Further- 
more, such tumours seem to arise primarily from cells 
of the high frequency strain, as indicated by various 
inaerited cellular makers. Thus the basic susceptibility 
to tumour production seems to reside in the individual 
cells rather than in some general physiological state. 

The annual Bertner Foundation Award for Out. 
standing Achievement in the Field of Cancer Research 
was presented (in absentia) to Professor Boris Ephrussi 
of Paris. The newly established Anderson Award for 
Scientific Creativity and Teaching was presented to 
Professor Theophilus S. Painter of the Universitv of 
Texas at Austin. 


COVALENT EQUILIBRIA 


Enrymes and Inhibitors 


from our Molecular Biology Correspondent 

AN interesting covalent equilibrium, of a kind not 
hitherto observed, has been described by Niekamp, 
Hixson and Laskowski (Biochemistry, 8, 16; 1969). 
This is a reversible proteolysis, and it occurs in the 
interaction of trypsin with soyabean trypsin inhibitor. 

Laskowski and his associates had previously demon- 
strated that the association of the enzyme with its 
inhibitor is aceompanied by the cleavage of a peptide 
bond in the latter. It was noted that the reaction 
never seemed to go fully to completion, and subse- 
quently other workers found the same phenomenon 
with inhibitors from other sources. Niekamp ef al. 
have now shown that this is the result of a true 
thermodynamie equilibrium; gel electrophoresis at 
pH 4 makes possible the separation of the pristine 
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inhibitor from the trypsin-modified form, the latter 
possessing in these conditions an extra positive charge 
from its additional a-amino group. With increasing 
incubation time, the enzyme-inhibitor complex shows 
progressively more of the modified component, and 
this approaches, but never exceeds, some 85 per cent 
of the total. If the modified protein is then isolated 
in homogeneous state from the gels, reincubated with 
trypsin and analysed electrophoretically, the band 
corresponding to native inhibitor reappears until 
equilibrium is again reached at the same proportion, 
85 per cent, of the modified form. "The position of the 
equilibrium was found to be independent of the trypsin 
concentration. From the rates of reaction, estimated 
by determining reactant and product concentrations 
from electrophoretic analyses at different times, 
forward and reverse rate constants were obtamed, 
which agreed well with values derived from rates of 
proton uptake or release during incubation. 

Such an equilibrium in proteolytic reactions does 
not seem to have been generally en visaged, and it would 
obviously be interesting to know whether and to what 
extent it obtains in other, more familiar, situations. 
Reversible hydrolysis of phosphodiester bonds in 
nucleic acids has by contrast been recognized for some 
time, and has been used to good advantage for syn- 
thesis of oligonucleotides by nucleolytie enzymes. 

A remarkable situation, involving the making and 
breaking of disulphide bonds, has been discovered in 
bovine serum albumin by Foster and his group (Sogami 
et al., Biochemistry, 8, 49; 1969). This protein, which 
might well have been created solely for the delectation 
of protein chemists, possesses a large number of 
unusual and interesting properties, from which many 
lessons in protein chemistry have been drawn. It 
undergoes a conformational transition to an expanded 
form (N—F) at pH 4-4-5, and Petersen and Foster 
showed that the pure, lipid-free, protein exhibits a 
microheterogeneity in respect of this transition. At 
high salt, the expanded, F’, form is salted out, and the 
solubility profiles measure the breadth of the transition. 
Now it is possible to effect a fractionation on this 
basis, into components each giving a sharp transition 
at a characteristic pH mid-point within this range, and 
differing also in certain other physical properties. 
sogami ef al. have now found that the heterogeneity 
increases spontaneously on standing at pH. 7-10, the 
rate of change being greater the higher the pH. The 
protein contains one thiol group in addition to the 
many disulphide bonds, and if this is chemically 
blocked, the growth of heterogeneity is fully inhibited. 
Because there is no dimerization during the reaction, 
it is concluded that the heterogeneity is caused by 
internal disulphide exchange. It may be noted that 
the presence of ligands, such as lipids, also strongly 
inhibits the reaction, presumably because thev bind 
strongly to the initial isomerie state, which is therefore 
stabilized. 

These results clearly have considerable bearing on 
the relation between sequence and conformation: 
Sogami ef al. point out that whereas an enzyme must 
evolve in such a way as to possess a narrowly defined 
conformation with a deep potential energy well, the 
constraints on other proteins may be less severe, 
perhaps for positive physiological reasons; evidently 
albumin can exist in a range of states of comparable 
conformational energy. 
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CYTOLOGY 


Looking at Flagella 


from our Cytology Correspondent 


ELECTRON microscopy has revealed that the flagella 
of plant and animal sperm are very similar in structure, 
composed of microtubules arranged to give a pair of 
single tubules surrounded by nine parallel doublet 
tubules (a 9+2 pattern). Phillips presents evidence, 
from an examination of nearly 200 species, that insects 
have a modified sperm flagella pattern where there is 
an additional peripheral row of nine single tubules, 
thus giving a 9--9--2 pattern. He reports (J. Cell 
Biol., 40, 28; 1969) some deviations from this pattern 
among insects, which suggest that microtubule patterns 
other than 9+2 or 94-9 4-2 are compatible with func- 
tional sperm. For example, in Psocus (Psocoptera) 
the outer nine tubules are not in the usual parallel 
alignment but are arranged in a long pitched helix 
around the inner tubules. This helical arrangement 
seems to be a feature of sperm maturation, for in the 
young spermatids the outer tubules are parallel to 
themselves and the flagellar axis. Other insect species, 
for example some mayflies (Ephemeroptera), lack the 
central tubules, while in Culex and Aedes (mosqui- 
toes) there is only one central element and this seems 
to be a solid rod rather than a tube. In two species of 
caddis fly the central area is occupied by seven tubules 
and the outer ring of nine is laeking. In treehoppers 
there is yet another pattern. In four species examined 
the flagella branch into four tails. Three tails were 
found to contain two doublets and two singlets and 
the fourth three doublets and three singlet tubules. 
Phillips points out that sperm of only a handful of the 
estimated 700,000 species of the very ancient insect 
order have been examined and it is not unreasonable 
to think that some variation on the basic pattern should 
have arisen which is still compatible with functional 
sperm, 

Another sperm type that lacks the 9+ 2 arrangement 
of tubules is found in the mealy bugs. Ross and 
Robison (J. Cell Biol., 40, 426; 1969) found that two 
to three concentric rings of up to a total of fifty-six 
microtubules surround the nuclear material m the 
sperm of Pseudococcus obscurus. The sperms of these 
insects are enclosed in groups of sixteen in a sperm 
bundle of complex morphology which itself is motile. 
Ross and Robison believe that the motility of the 
bundle is due to the movements of the individual sperm 
but they cannot say what the energy source for motility 
is, for mitochondria are apparently excluded from the 
sperm. 

Sperm flagella of algae carry hair-like appendages or 
mastigonemes. Bouck (J. Cell Biol., 40, 446; 1969) 
has found that the mastigonemes of the sperm of 
Fucus and Ascophyllum—two brown seaweeds—have 
three regions: a tapering base, a tube and fine fibrils 
at the tip. Superficially, the mastigonemes resemble 
bacterial flagella, but unlike the bacterial flagellum, 
the mastigoneme seems inflexible and has nothing 
resembling a basal disk for attachment into the 
body of the algal flagellum. How the mastigonemes 
are formed and come to be located on the flagella is 
not clear, but during flagellum formation what look 
like mastigonemes appear in membrane-limited sacs in 
the eytoplasm. "These sacs may have arisen from the 
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Golgi apparatus which, in chrysomonads, is knowr to 
elaborate the scales that cover the flagella. 

All these reports leave many tantalizing questions 
unanswered, especially the question of the relation 
between structure and function. Yet these observa- 
tions show evolution and differentiation at work a a 
very subtle and fundamental level. 


NUCLEIC ACIDS 


Messengers for Everyone 


from our Cell Biology Correspondent 


Ir seems that mammalian messenger RNAs are about 
to become common property in many laboratories. In 
last week's issue of Nature, (221. 1103; 1969) attention 
was drawn to Kazazian and Freedman’s ingentous 
proposal to exploit L-o-methy threonine in order to 
isolate gene-specific messenger RNAs. On page 1217 
of this issue, F. Labrie reports the isolation of what is 
probably pure rabbit haemoglobin mRNA by the more 
conventional methods of centrifugation and eleetro- 
phoresis. Briefly, Labrie increased the percentage of 
reticulocytes in rabbit blood by repeated injection of 
phenylhydrazine, lysed the cells and separated the 
polysomes, ribosomes and associated mRNA by centri- 
fugation. He then isolated the crude mRNA fraction 
by sucrose gradient centrifugation, in the presence of 
EDTA, of the resuspended ribosomal pellet. The 
fraction containing messenger RNA sediments as a 
band at between 12-145. 

The 12-148 material is further resolved into seven 
or eight fractions on polyacrylamide gel electrophoresis, 
two of which must be the mRNAs for the a and B 
globins. But which two fractions?  Assummg that 
the mRNAs are monocistromic, estimates of taeir 
molecular weights, based on the knowledge that they 
must have enough information to code for polypeptide 
chains of 141 and 146 amino-acids, eliminate all but 
two gel fractions, the 95 and 10S fractions. Three 
additional pieces of evidence support this conclusion, 
First, in vivo labelling kinetics show that these two 
fractions label more readily then the others, which. are 
presumably parts of, or degradation products of, 
translation machinery. This is as expected, beesuse 
messenger is likely either to tura over faster than trans- 
lation RNA or to be made later in the cells’ differentia- 
tion. Second, fingerprints of the 1058 RNA eliminate 
the possibility that it is derived from ribosomal RNA. 
And finally, the binding properties of the 10/5 fraction 
to ribosomes are characteristie of messenger. 

None of these pieces of evidence, suggestive though 
they are, proves that the 108 RNA is haemoglebin 
messenger: proof will depend on showing that 105 
RNA directs synthesis of globin in an in vitro protem 
synthesizing system. If the experiments reportes in 
last week's issue of Nature (221, 1118; 1969) by Layeock 








and Hunt ean be substantiatec, they will provide just 
the system in which to put Lebrie's messenger to the 
test, but wil also make the experiment redundant. 
Layeock and Hunt seem to have hit on the condit.ons 
for translating haemoglobin mRNA in an E. colt cell 
free system and a very simple fractionation proceaure 
which yields a mixture of the two haemoglobin messen- 
gers in a pure form. The secret of the cell free system 
seems to be adding N-acetyl-valyltRNA to the brew 
to act as an initiator, instead ef N-formyl-methiorine- 
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IRNA ; the N-terminal amino-acid of rabbit globin is 
valine, but apart from that there is no obvious reason 
whv the svstem should work but apparently it does. 
Laycock and Hunt suggest that to get initiation in 
a cell-free system programmed with a mammalian 
mENA, it is necessary to add the N-acetylated form 
of the protein's N-terminal amino-acid. "The results 
of a test they propose, using sheep globin mRNA and 
two initiators N-acetyl-valine and N -acetyl-methionine 
(methionine and valine are the N-terminal amino-acids 
of the two sheep globins), will be awaited with interest. 





ELECTRON MICROSCOPY 


Lipid Helices 


Tuas electron micrograph, taken by A. M. Glauert 
and J, A. Lucy of the Strangeways La boratorv, Cam- 
bridge, is a beautiful cautionary tale. It is one of the 
many molecular assemblies which form spontaneously 
when molecules of lipids such as lecithin and cholesterol, 
dispersed in saponin solutions, are negatively stained. 
The helices and circular structures shown in the micro- 
graph formed during the negative staining of a mixture 
of the two lipids with ammonium molybdate at pH 5-2. 





In an article in the latest issue of the Journal of Micro- 
scopy (89, 1; 1969), Glauert and Lucy illustrate the 
great range of molecular assemblies, each apparently 
made up of globular lipid units arranged in different 
ways, that can be induced by various heavv metal 
negative stains at different pHs. Their conclusion is 
simply that electron mieroscopists should not be 
content with the image produced by any one staining 
technique, no matter how aesthetically pleasing, but 
should use a wide range of stains at varying pH and 
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search for the common denominators of the structural 
assemblies revealed. 


BACTERIAL GROWTH 


Continued Debate on Autotrophy 


from our Microbiology Correspondent 

Two years ago (Nature, 216, 1267: 1 967) Smith, London 
and Stanier made the interesting observation that 
certain obligate autotrophic microbes lacked NADH, 
oxidase and «-ketoglutaric dehydrogenase. It was 
proposed that the failure of such organisms to grow 
heterotrophically depended on their inability to couple 
the catabolism of organic substrates to ATP synthesis, 
a result of the loss of NADH, oxidase. Several subse- 
quent reports have challenged or added support to 
this contention. Smith himself (Smith and Hoare, 
J. Bact., 95, 844; 1968) demonstrated the presence of 
the two key enzymes in Nitrobacter agilis, while 
Trudinger and Kelly (sbid., 95, 1962; 1968) found 
NADH, oxidase in obligately autotrophic thiobacilli. 

Twoimportant contributions to this debate have been 
reported lately. The first is a study of obligate auto- 
trophy in the nitrifying bacterium Nitrosomonas euro- 
paea (Hooper, J. Bact., 97, 176: 1969). Hooper assaved 
this autotroph for the presence of TCA cycle enzymes 
and found that N. europaea possessed NADP-linked 
isocitrie dehydrogenase, succinic dehydrogenase and 
malic dehydrogenase. Another significant similarity 
to the findings of Smith et al. was the absence of the 
z-keto acid dehydrogenase, a point thoroughly checked 
in Hooper's study. Contrary to the general h ypothesis, 
A. europaea contained an NADH, oxidase but this 
activity was not couplea to ATP synthesis, and NADH, 
is oxidized probably by the combined action, of the 
oxidase and an NADH, peroxidase. The absence of 
x-ketoglutaric dehydrogenase from autotrophically 
growing cultures is not necessarily indicative of a 
genetie lesion, but it is worth recalling that Smith 
et al. found that this enzyme was not repressed in 
an autotrophicallv growing Hydrogenomonas culture. 
Hooper argues that the absence of a coupled N ADH, 
oxidase from Nitrosomonas may reflect the mutual 
exclusion of the oxidase and the system coupling 
ammonia oxidation to ATP formation. One conse- 
quence of this exclusion could have been the evolution 
of an efficient ammonia oxidation process necessitating 
the loss of a coupled oxidase. 

The same issue of the Journal of Bacteriology (97, 
966; 1969) contains a serious dissent on this hvpothesis 
of obligate autotrophy. R. G. Butler and W. W. 
Umbreit tested the hypothesis in Thiobacillus thiooxi- 
dans, an obligate autotroph included by Smith ef al. 
in their survey, and found high specific activities of 
both «-ketoglutaric dehydrogenase and NADH, oxi- 
dase. Butler and Umbreit suggest that this disparity 
in results might be explicable in terms of toxin accumu- 
lation in the medium from which Smith et al. collected 
their cells.  Borichewski (J. Bact., 98, 597; 1967) 
working in Umbreit’s laboratory, showed earlier that 
the normal limitation to growth of T. thiooxidans was 
the build-up of pyruvate and other organie substances 
in the medium. Convincing support for this interpreta- 
tion is the fact that T. thiooridans can be grown on 
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glucose in flow-through culture conditions that preclude 
toxin accumulation, 


NATURE. MARCH 29. 1969 ° 


VI ESSE 





Column  —; 
K 100/100 K 215/100 








For preparative gel filtration 
with analytical precision 


bed volumes from 4 to 7 litres and 20 to 32 litres, A complete series of precision chromatog! aphic 

respectively columns is available. For further information 
M] equipped with flow adaptors and operating please ask for the booklets "Column K 100/100 

panel with valves and K 215/100" and "Sephadex Laboratory 
[ | pivoted and jacketed Columns”. 


PHARMACIA (GREAT BRITAIN) LTD 





IN THE SERVICE OF SCIENCE 





LXE INSTRUMENTS LTD. e LKB HOUSE 9232 ADDINGTON ROAD eS. CROYDON, SURREY. CR? BYD e TEL: 01.557.0286 


SALES AND SERVICE THROUGHOUT THE WORLD: 
STOCKHOLM, WASHINGTON, THE HAGUE, COPENHAGEN, ROME, VIENNA 


The LKB UV Analyzer, 

the Uvicord is completely compatible with the UltroRac. 
The Uvicord detector unit is here shown incorporated, 
with the UltroRac, in a separation system. 
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A Fraction Larger 


Yes, our Fraction Collector, The UltroRac, is 
a fraction larger than some others on the mar- 
ket, but we do not consider this a disadvan- 
tage and neither do our customers who only 
speak of the ADVANTAGES of owning an 
LKB UltroRac. The UltroRac gives users 
reliable collection, ease of operation, easily 
varied test-tube capacity and freedom of 
choice in the method of collection. Any num- 
ber of test-tube racks can be removed from 
the collecting platform without interrupting 
the collecting process. 


Write or phone LKB today for a fully illus- 
trated brochure on this QUALITY instru- 
ment and the many others in the LKB Labo- 
ratory Instruments Line. 
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e Removable electronic unit 
e 200 test-tube capacity 
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Positive flow control 
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Physiology and Musical Instruments 
This talk on human factors in the performance of wind instruments 


AREND BOUHUYS 


Yale University School of Medicine, 
New Haven, Connecticut 


Many complex things happen when you play a horn. I 
will attempt, to outline some of them, and will draw on 
some experimental results obtained with people who 
play horns’? and on work I carried out with Mead and 
Proctor on singing’. I will also make use of discussions 
which took place at a conference organized by the New 
York Academy of Sciences 2 years ago‘. 





reed instrument 





Fig. 1. Comparison of generation of sound waves in the larynx and 
in a reed Instrument, 


In all these activities—horn playing, singing, speaking 
—a pressurized stream of air (Fig. 1) activates a reed, or 
a reed-like structure such as the larynx or the human 
lips. These reeds generate air pulses which are modified 
with respect to amplitude and phase in the horn or in the 
supravocal tract, that is, all structures of the pharynx 
and mouth above the vocal folds. But a major difference 
between the voice and the horn is that “the horn enslaves 
the reed", as Benade*®* has put it. That is, the vibrating 
air column in the horn forees the reed to vibrate at the 
frequency set by the resonating properties of the horn. 
In the voice, such acoustic feedback is of less importance. 
Our voeal folds can vibrate at different frequencies, to 
some extent regardless of the shape, and therefore of the 
resonating properties, of the supravocal tract. This 
enables us to enunciate, for example, different vowels at 
the same fundamental voice frequency, and also we can 
produce the same vowel at a different pitch, This property 
of the voice, of course, enables the singer to sing different 
words on the same tone sequence, and to sing the same 
tune in a different language. 

Thus the larynx needs to produce exactly the desired 
pitch of the voice on its own, while the lips of the horn 
player have the benefit of being compelled to vibrate at 
a certain pitch, by feedback from the horn. This dif- 
ference is, I think, reflected in the anatomical structures 
which help to excite the air stream in both cases (Fig. 2). 
For wind instruments, these are the muscles and tissues 
of the lips and mouth. These are muscles which are also 
used for eating, laughing, facial expression and so on. As 
far as I know they are not particularly fast muscles, but 
they are able to adjust the shape of the lips and the width 
of the opening between them very precisely, and in many 


was presented at the annual meeting of the Acoustical Society of 
America, Cleveland, Ohio, held on November 19-21, 1968. 


different configurations. The strong sphincter muscle 
chiefly determines the size of the opening. This muscle 
can contract at a rate of about 5-6 cps, and it is there- 
fore obvious that the vibrations of the lips when one piays 
brass instruments are passive movements. The muscle 
sets the tension, width and shape of the opening but coes 
not participate actively in the vibrations. 

Looking now at the musculature of the larynx (Fig. 3); 
all the muscles, and many outside the larynx, which are 
not shown in the figure, together adjust the length, theck- 
ness and tension of the vocal felds, I do not want to 
describe the muscles in detail, but I do want to emphasize 
that there are many different omes, and that their only 
task other than in phonation is to close the glottis when 
there is danger of food entering «he airways. 

Not only are there many of these muscles, arranges. in 
a complex fashion, but they are also physiologically 
different from most other voluntary muscles: they are 
capable of very rapid and precisely controlled contractions. 
This is because these muscles consist of smaller metor 
units than most other muscles. In most striated museles, 
one nerve fibre innervates about 1,000 muscle fibres, but 
in the laryngeal muscles this number is only 100-200. 
This makes possible a more precise degree of control over 
these muscles than over most others. In addition, the 
muscle fibres themselves are different from those in other 
muscles in that they can vary their degree of contraction 
over a wider range. 

When playing a horn, we use the tongue, the respiratory 
muscles and the arm and finger muscles, as well as the 
lip museulature. Both the tongue and the muscles which 
serve the finger movements are fast museles. The finger 
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Fig. 3, 
viewed from the medial plane. 


Intrinsic laryngeal muscles. (From ref. 3.) Above: left, viewed from behind; right, 
Below: left, viewed from behind, in frontal section: right, 


viewed from above, with mucosa removed. 


muscles are somewhat similar to the larynx muscles in 
that they have small motor units and aro capable of very 
rapid and precise movements. 

The respiratory museles help to generate most of the 
energy which goes into playing a horn. They act on the 
chest, which is for our purposes essentially an elastic 
bellows. When the chest (that is, the lungs in it) is full 
of air, the chest tends to collapse. Just try for yourself: 
inspire as far as you can, relax all muscles, and you 
expire with a sigh. Now try the opposite, which is more 
difficult to do: breathe out as far as you can. Now relax 
all muscles, and the air flows in. The resting position of 
the chest bellows is somewhere in between, roughly in the 
middle of the volume exeursion range of the chest. The 
respiratory muscles have to work with or against these 
elastie forces, depending on what the chest volume is and 
what pressure we need to play the horn. 

If we first want no pressure at all, but just to breathe 
out very slowly (Fig. 4), we breathe in as far as possible, 
and must then use considerable inspiratory force to keep 
the air from going out with a sigh. Again, try for yourself. 
Breathe in deeply, and let go very slowly. You have to 
"brake" your expiration, that is, you use inspiratory 
muscles to hold back, to keep the chest volume from 
deereasing too rapidly because of its own elasticity. When 
you continue, you reach à point where you are relaxed. 
Now continue to breathe out slowly, and you find that 
you now have to push with expiratory muscles to move 


the air out at the same slow rate. This is shown in Fig. 4. 
The hatched area to the left represents inspiratory force 
(in em of water pressure), which is given a negative sign 
(with respect to atmospherie pressure). The point of 
chest relaxation is at zero pressure, and to the right of the 
ordinate is the expiratory force used to keep the air going 
out very slowly, as lung volume decreases further. 
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Fig. 4. Ordinate: lung volume as percentage of the vital capacity 


(for both diagrams). Abscissa: left-hand graph: subgiottie or mouth 

pressure; right-hand graph: inspiratory and expiratory muscle force 

(in em of water) required to expire air under a negligible head of pressure. 

Arrow: resting lung volume (where elastic forces in chest and lungs 

balance one another), (Copyright, the NY Academy of Seienees!; 
reprinted by permission.) 
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Next we want to generate some pressure to drive à 
horn (Fig. 5). That is, a positive pressure is needed (with 
respect to atmospherie préssure) in the mouth and air- 
ways. Because the lungs themselves are passive organs, 
the chest must create such a pressure. Here we want to 
produce 27 em of water pressure. At any volume, all 
pressures must be 27 cm more than in the manoeuvre of 
Fig. 4 (which is shown by the-dashed line in Fig. 5). So 
we relax our inspiratory muscles that much more, to 
decrease the inspiratory foree, and to move over to a 
line 27 em of water to the right. In fact, the elasticity of 
the chest is just enough to™produce that pressure, at a 
volume close to maximum inspiration. From that point 
on, we must provide additional push with expiratory 
muscles, and increasingly so as volume decreases. 

To accomplish a simple action like breathing out against 
a constant pressure requires a complex motor act which 
involves precise regulation of the state of contraction of 
both inspiratory muscles and expiratory muscles. Fig. 6 
summarizes this by showing the electrical activity of these 
two sets of muscles when we produce a soft tone, say on a 
recorder, which requires a low driving pressure. Chest 
volume decreases at an even rate, pressure in the airways 
is constant, and the contraction state of the muscles, on 
the other hand, changes continuously throughout this act. 

Next I wish to discuss some examples of the require- 
ments for playing a horn in terms of pressure and rate of 
air flow. To obtain these data we put the subject in a 
closed box, with the head outside and a seal around the 
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Fig. 5. Similar to Fig. 4, but for expiration generating a 27 em of 


water pressure head across glottis (phonation) or wind instrument 
reed. ‘This example is derived from recordings made during singing 
of a loud and constant tone. (-—-—) Curve for zero pressure expiration 
(from Fig. 4). (——) In right-hand diagram represents inspiratory and 
expiratory force (in em of water) required at all lane volumes to produce 
the required pressure head. Arrow: lung volume at which combined 
chest and lung elasticity produce the required pressure without applica- 
tion of muscle force. (Copyright, the NY Academy of Sciences‘; 
reprinted by permission.) 
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Fig. 6. Sound level (dB), mouth pressure (Pm), lung volume change 

(AVL) and electromyogram (EMG) frominspiratory and expiratory inter- 

costal muscles, during production of a constant tone on a wind instru- 
ment. EMG pattern based on data of Sears and Newsom Davis‘. 





spirometer 


Fig. 7. Trombone player in body pletaysmograph. Fhe 
There i8 an 


on the plethysmograph records lung volume changes. 
airtight seal around the subject's neck 





To record instantaneous rates cf air flow through a trombone, 
a rubber dam membrane was used to close off its bell. A Fleisch pneumo- 
tachograph was placed into a hole in the membrane; the pressure drop 
(which is a linear function of flow rate) across it is sensed by à pressure 


Fig. 8. 


(Copyright, the NY Academy of Sciences*; reprinted by 


permission. ) 


transducer, 


neck (Fig. 7). This box is a volumetric device, with a 
spirometer to record the changes in chest volume. The 
trombone is held in the correet position with clamps. 
Someone else has to manipulate the slide, for the player's 
hands are inside the box; this limits the scope of the 
study to single tones. Mouth pressure is obtained from a 
small latex balloon in the mouth, connected to a pressure 
transducer. Flow rate can be cbtained from the volume 
recording versus time, but with brass instruments a flow 
meter can easily be fixed on to the bell of the horn, for all 
air goes out at that point (Fig. 8). This flow meter is 
placed in a hole in a rubber dar: membrane over the bell; 
it provides a pressure difference which is linear with flow 
rate. Fig. 9 provides some data obtained in this way, with 
the trombone in the first position. Each line represents a 
single tone, played with increasing loudness as the lines 
are followed from left to right. With inereasing piteh the 
pressures must be higher. and because the configuration of 
the horn is the same this must mean that the equivalent 
d.c. resistance of the opening between the player's lips 
inereases with the rising scale. The dashed diagonal lines 
represent this resistance. For the higher this 
resistance decreases somewhat with increasing loudness. 
The continuous diagonal lines show values for the product 
of pressure and flow, which I take to represent the power 
input into the horn. This power amounts to more than 
10 W for high and loud tones. 

Now to compare corresponding tones with the trombone 


tones, 


t 
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slide in different positions (Fig. 10). All pressure-flow data 
for different tones then fall within a rather narrow range, 
which seems to indicate that the length of the horn is not 
of great importance in determining the pressure—flow 
requirements. 

Rather than discussing similar data for different instru- 
ments I would like to go directly to the question: what 
are the physiological limitations which the body imposes 
on the player ? I will deal with only some of the respira- 
tory limitations here. There is a definite limit to the 
amount of positive pressure the expiratory muscles ean 
produce in the chest (Fig. 11). This limit, derived from 
average data in healthy people, is shown by the curved 
line B. On the ordinate is lung volume, with maximum 
inspiration at the top, and maximum expiration at the 
bottom. When we inspire maximally and produce pres- 
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Fig. 9. Mouth pressure (ordinate) and rate of air flow (abscissa) for 


Cifferent tones on the trombone (first position). Each symbol represents 
& separate measurement. Each tone was played at different loudnesses, 
increasing from left to right along the continuous lines connecting the 
symbols. (——) Power input (pressure x flow) in W, (- —-—) Pressure- 
flow ratio, that is, the equivalent d.c. resistance across the lips and the 
instrument. (Copyright, the NY Academy of Scienees!; reprinted by 


permission.) 
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Fig. 10. Similar to Fig. 9, but fer corresponding natural tones with the 
trombone slide in positions 1-6. (Copyright, the NY Academy of 
Sciences*; reprinted by permission.) 
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Fig. 11. Maximum expiratory pressure-volume diagram. Curve B 


(beginning at lung volume 0) represents highest expiratory pressures at 
any Wing volume. Lines1, 2 and 3 represent pressure-volume events when 
playing single tones on different instruments (duration of tone indicated 
above diagram). Continuous and dashed line A beginning at lung volume 
100 per cent represents pressure-volume events when air in the lungs is 
compressed by expiratory effort, while no air leaves the lungs. 


sure, we compress the gas in the chest according to Boyle's 
law. Even though no air leaves the mouth, chest volume 
decreases; the dashed line (A) indicates this. When a high 
and loud tone is played on a trumpet, the continuous line 
(3) is followed. The tone sounds as soon as the correct 
pressure is reached. Volume decreases while the tone 
sounds, until the limiting curve B is hit. The player usually 
has the good sense to stop shortly before that instant. He 
cannot keep up the pressure at a lower volume. His per- 
formance is therefore limited to that portion of the vital 
capacity where he can produce the pressure. Now consider 
the flute (2). Pressures used here are much lower than for 
the trumpet, and the instrument requires rather large air 
flow rates. The player can keep this pressure constant 
until elose to the bottom of his vital capacity, and it 
takes him only 10 s to get there. Lastly, the oboe player 
(1); of course, he is in a different predicament. He docs 
not usually use pressures much higher than some 40 em 
of water, but he cannot get rid of the air in his lungs 
fast enough. It takes him 30 s to expel about half of his 
vital capacity. He needs to stop because he needs a breath 
of fresh air. He is neglecting the need to ventilate his 
lungs while he plays, and he has to adopt a special breath- 
ing pattern to get around this diffieulty. 


Control Mechanisms 

It is clear that you need fine and precise control over 
many different sets of voluntary muscles. They must 
work together. that is, they must contract in the correct 
sequence, at the correct time, and to precisely the degree 
of contraction required, and they must also relax again 
at the appropriate time. The nervous system is, of course, 
the centre of this organizing work, but how it organizes 
remains a matter of hypothesis and discussion. One school 
of physiology believes that all control processes which 
take place somewhere in the brain, brain stem or spinal 
cord ean take place only under appropriate guidance 
from feedback stimuli which originate in the peripheral 
organs. There are indeed quite suitable receptors in 
voluntary muscles which can provide the coordination 
centres with appropriate information about the contrac- 
tion state of the muscle. These receptors are specialized 
muscle fibres: musele spindles. They can signal the state 
of muscle contraction to the spinal cord and higher 
nervous centres. Such spindles are abundant in many 
muscles, including some of the respiratory muscles, and 
are thought to contribute to the control of the contrac- 
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a wind instrumont. Dashed lines indicate possible feedback loops. 


centros and motor pathways. 


(Copyright, the NY Academy of Sciences*; 


tions of these muscles. Since their connexions in the spinal 
cord also have connexions to higher eentres these feedback 
loops from the muscles could also be used in the eoordina- 
tion of the motion induced by contraction of several 
muscles. Such loops have been studied extensively. 
Neurophysiologists tend to explain all complex acts in 
terms of an initial event, which leads to a feedback signal 
from the periphery, which leads to another motor event, and 
so on. In other words, a complex act would be a chain of 
associated events, consisting of a large number of reflexes. 

But when eonsidering how skilled acts are really carried 
out, we get into diffieulties with this concept. In the first 
place, some acts are too rapid to be explained in these 
terms. According to Lashley*, the finger movements of a 
pianist may occur at rates up to 16 per second. "This is 
too rapid for even visual reaction time. Even more rapid 
events oceur in the larynx when we phonate. A trained 
singer can hit a tone right on pitch within a few cycles of 
vibration of the vocal folds, even though the internal 
muscles of the larynx have no muscle spindles. This is a 
clearcut example of an aet which cannot possibly take 
place as a chain of reflex events. In addition, such acts 
do not take place in isolation but in a context. We need 
to order such acts in a logical and orderly sequence in 
time, and in many of them there is a certain hierarchy of 
events to be dealt with. For example, in language we have 
phonemes, words, sentences, paragraphs and so on, each 
on a consecutively higher level of organization. Phonemes 
make sense only as parts of words, words only as parts of 
sentences and so on. We do not just play notes, but notes 
are part of a chord and a measure, and occur in a certain 
rhythm. All these are parts of a phrase with a melodic 
sequence, and these in turn are parts of movements, and 
movements are parts of symphonies. To perform a skilled 
act which takes place in a context, three things are needed 
(here I follow Lashley’s terminology): (1) an idea or 
determining tendency, which restricts our action to a 
limited and defined set of events; (2) an organized 
temporal order in which individual parts of this set of 
events are to take place; (3) to activate the expressive ele- 
ments; in the case of music these are the individual 
movements for the notes. 

The initiating, organizing and coordinating events to 
accomplish the three parts of such a skilled act take place 
in higher nervous centres in the brain. How man developed 


. BRAIN and 
| BRAIN STEM 


| SPINAL CORD 






Block diagram representing some of the information processing involved in playing 
Other programmes (such 
as those involved in the regulation of lung ventilation) use, in part, the same coordination 
This represents a source of conflicts between the, often quite 
different, requirements of pulmonary ventilation and of wind instruments (c.q., phonation). 
reprinted by permission.) 
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the ability to perform skilled acts of this 
kind remains largely a matter of speeula- 
tion. The development of speech and 
language may serve as an ülustration of 
some current views on this subject. It 
used to be thougkt that chimpanzees and 
other primates cannot learn English be- 
cause of their lack of mental development. 
Recently, however, Lieberman? has des- 
eribed fundamensal differences between 
the laryngeal amd supravocal tracts of 
man and of other primates, His analysis 
demonstrates how several inherent de- 
ficiencies of the voeal tract prevent apes 
from learning to speak. Jfenn* has sug- 
gested that the development of a suitable 
vocalization apparatus in early man may 
have led to an increased sensory input to 
the brain, and that this may have con- 
tributed greatly to brain development, 
including the development of special 
centres and pathways for the initiation 
and coordination of speech. 

Now that mar has developed a brain 
suitable for the production of speech, 
however, he can epparently use it to speak 
ingelligibly with a quite different vocaliza- 
tion apparatus. Most patients whose 
larynx is removed because of cancer learn 
to speak again, using & completely 
different peripheral organ, namely the entrance of the 
oesophagus, to phonate. This suggests that the quality of 
the “central switchboard” in man may be far more 
important than the quality of the peripheral equipment. 


Physiology No Help to Teachers 


How we learn to perform such skilled acts as playing 
horns is very incompletely understood, but it must differ 
a great deal from how we learn the usual academic 
disciplines. For example, most people have a general idea 
of why we have lungs and what they do. To learn respira- 
tory physiology, one needs in the first place a good deal 
of detailed information about the structure of the lungs, 
the forces that operate in lung tissue and airways, the 
movement of gases across the lung membranes, and so 
forth. With some 5 h seminar teaching one could thus 
obtain a reasonably detailed and complete picture of how 
the lungs work. In contrast, the pupil who begins to 
play a horn or a piano has no idea how a good performer 
does it. The teacher is the one who has mastered the 
overall strategy, that is, the highest levels of organization. 
The pupil begins to learn a few small details of the total 
set of events to be performed. Usually these make little 
sense to him, since he has no clue to the overall plan. His 
sense of frustration is only heighzened by the fact that the 
teacher can explain them only to a certain extent. He 
can demonstrate what the result should sound like, but it 
does not help the pupil, usually, if he tries to describe the 
motions in detailed anatomical terms. He may use some 
general terms which teachers heve found useful, empirie- 
ally, to transmit their notions of how something should 
be done. These descriptions have usually httle to do with 
our anatomical and physiologica: knowledge. For example, 
horn and voice teachers tell their pupils to "support" the 
tone, and to do this with the diaphragm rather than with 
the chest. Musically, this concept helps pupils a good deal. 
Physiologically it seems to make no sense. While I have 
found such teachers very interested in how the chest 
bellows works, it puzzles them when they are told that the 
diaphragm is in fact relaxed when one sings or plays a 
tone, except at nearly maximum lung volumes’. This 
knowledge is apparently quite irrelevant to their teaching. 
The final motor events are the outcome of a complex 
process of muscular coordination. The pupil trics to 
develop coordinated complex motions which result in an 
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Fig. 13. Four flautists (d, B, C and D) played a part of Debussy's Syrinx while a pneumograph 


(around the chest) recorded their breathing patterns. 
Mouth pressure in player D shown in lower trace. 


aeceptable tone quality, and in this sense the events in 
the effector organs are indeed irrelevant. 

In Fig. 12 I have tried to indicate some of the 
components which are required to play a horn. We 
need à conscious decision in the first place, a decision to 
play a certain tone sequence. We draw on our memory 
engráms as to what to play and how, and we draw on a 
large set of programmes of action which we have built 
up through previous experience. These programmes may 
consist of large numbers of subroutines which can be used 
in different contexts. These programme subroutines 
activate lower centres which are in control of coordinating 
the actual muscular events, and these give appropriately 
dosed and timed signals to the participating muscles. 
The dashed lines indicate sources of feedback signals. 
The most important source of feedback when one learns 
to play is auditory feedback from the teacher’s and one’s 
own horn. With experience, other feedback signals may 
become helpful, as one learns to interpret these in the 
context of the overall result. They may serve mostly as 
error indicators; I visualize their role as an auxiliary one, 
useful in the process of correcting and refining one’s 
subroutines. 

In the scheme of Fig. 12, much of the learning process 
consists of the acquisition of a growing set of programme 
subroutines. With practice, these subroutines are tested 
for accuracy and modified if necessary. With experience 
they become more and more refined, and perhaps less and 
less dependent on feedback signals, and the player also 
learns to build up larger programmes from these sub- 
routines. Even the accomplished performer has to go 
through this process when he practises a new composition. 
He has to develop specific subroutines for difficult pas- 
sages, and he has to organize the programme for the total 
work. The subroutines are retained a long time, and it 
is relatively easy to re-learn a difficult piece even if it 
was learned vears ago. 


Arrows indicate end of portion of the score. 
Reproduced from J. Appl. Physiol), 


Most solo performers insist on practising a piece until 
it can be played from memory. This is not because they 
want to impress the public, nor do they memorize tens of 
thousands of notes. Rather, playing a piece from memory 
means that all subroutines have been mastered, and placed 
in context where they belong, and that a programme for 
the whole work has been organized. Once this is done, the 
piece can be played from memory, but that is more or less 
incidental. The player who needs the musical score in 
front of him shows that he has not yet reached this final 
stage of perfection. 

Finally, when we play music we are not alone. There 
is always the master-mind of the composer hovering over 
us, whatever we do. Fig. 13 shows the breathing patterns 
in four flute players who performed Debussy’s Syrinx. 
One of these four men holds the first chair in the Concert- 
gebouw Orchestra of Amsterdam, one of the others is a 
good amateur, and the two others are young professionals. 
Without going through my records, however, I could not 
tell you who is who. All four men use the same breathing 
pattern, guided by the appropriate marks in Debussy's 
score. Our respiratory methods are too crude to bring out 
the subtle quality differences between these four players, 
and just for that reason they bring out clearly to what 
extent the composers determine a large part of the 
respiratory events when we perform their works. 
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WE have analysed two diverse medical literatures—mast 
cell and schistosomiasis. Although the literatures were 
very different in size as well as content, the ratio of jour- 
nals to authors was almost identical, suggesting that this 
arameter may be constant for all medical literatures. 
urthermore, the average output of papers by the authors 
of each literature, as determined for each time interval 
of 5 yr did not vary over a period of 80 yr. Interest- 
ingly, this paper/author ratio was approximately equal 
to the minimal constant of Bradford’s law of disper- 
sion! which governs the division of a literature mto a 
nucleus of periodicals more particularly about a subject, 
and succeeding zones containing the same number of 
articles as the nucleus. Finally, the factors governing 
the dispersion among journals of entire literatures also 
appear to be relevant to the distribution of the individual 
bibliographies of a representative set of medical re- 
searchers. 

The literatures relating to research in schistosomiasis 
and mast cells constitute ideal sets of data for studying the 
dispersion of a medical literature. It would be difficult to 
find two literatures more dissimilar than these. One deals 
with a major disease, while the other is concerned with a 
single cell. Although each represents a well defined 
developing area of medical research, they differ in size— 
the mast cell literature is about a quarter of the size of the 
schistosomiasis literature even though both have de- 
veloped over a long period of time. 

In his recent monograph on. mast cells, Selye? assembled 
a full bibliography? containing all contributions to the 
subject from 1877, when the cell was diseovered by 
Ehrlich, up to the early part of 1964. The bibliography 
of the world's schistosomiasis literature, by Warren and 
Newill, covers the total literature on the subject from 
1852, when Bilharz discovered the parasitic worm re- 
sponsible for this disease, up to 1962. The distributions of 
the mast cell and schistosomiasis literatures among their 
respective sets of journals are shown in Table 1, and the 
numerical characteristics of these literatures are given in 
Table 2. 


On the basis of the data in Table 2, it follows that 


Jil Js elas Ze] Ze = 587/1,738 ~ 
2,195/6,511 «328/908 ~ 1/3 


or Jelae J jas = 587/2,195 ~ 1,738/6,511 4 0-27 (1) 


That is, there were three times as many schistosomiasis 
authors as mast cell authors; three times as many journals 
containing schistosomiasis articles as mast cell articles; 
and three times as many journals containing one schistoso- 
miasis paper as those containing one mast cell article. 
Thus, the ratio of journals to authors for each literature is 
a constant, Wa: 0-27. Clearly, this relation did not hold 
for the journal/paper ratios because there were four times 
as many schistosomiasis articles as mast cell articles, but 
only three times as many authors. This is because the 
average number of papers per author differs for the two 
literatures. Hence, in terms of papers, expression (1) 
becomes 


Jf Js x A e. ga] A s. ge 


Two entire literatures relating to research in mast cells and 
schistosomiasis have been found to differ in almost every respect. 


or — Ad Asc Je geld a.gs (087) (E 1)/(1,738)(1:5) e 1/4 
Thus it seems that the number of authors and not the 
number of papers determined the scatter of the schistoso- 
miasis and mast cell articles among their respeotive sets 
of journals. 

The most commonly cited work dealing with the dis- 
persion of the literature of a given subject among & set 
of journals is that of S. C. Bradford, who in 1948 formu- 
lated the following law!. “If scientific journals are 
arranged in order of decreasing productivity of articles 
on & given subjeet, they may be divided into à nucleus of 
periodicals more particularly devoted to the subject, and 
several groups or zones containing the same number of 
articles as the nucleus, where the number of periodicals 
in the nucleus and succeeding zones will be as 1: 4 :n*:..." 
Bradford's law can be stated more precisely in the follow- 
ing manner*. Consider a collection of J periodicals con- 
taining all articles A on a given subject. If these periodicals 
are arranged in descending order of publication of articles 


Table 1, DISPERSION OF LITERATURES AMONGQJOURNALS 
Mast call Schistosomiasis 
Journals Articles Journals Articles Journals Articies 
1 66 i 825 i ag 
1 58 i 266 2 25 
1 57 i 259 i ad 
1 55 F gi» l End 
i 53 T 211 3 89 
1 46 1 171 8 81i 
1 40 i 159 2 29 
2 38 i 143 & BS 
1 37 i 137 i 27 
1 85 4 136 i 2ü 
i 34 i 1is a 25 
i 32 I 115 3 24 
1 3i i 113 4 25 
1 30 i LOS 2 Be 
i 2R 2 105 4 21 
1 27 1 a4 3 20 
2 23 i 20 4 19 
1 22 1 RÜ 10 18 
2 21 1 74 8 iT 
2 20 2 72 io 18 
2 19 2 70 9 15 
2 i8 i is 18 14 
1 17 1 66 18 i8 
i 16 i 64. 6 12 
a 15 i 56 ii 11 
8 i4 2 55 i4 10 
3 13 2 51 19 9 
5 12 1 50 28 & 
8 11 1 AT 27 7 
6 10 4 45 Ag 8 
1i o H $4 5T 5 
6 8 ? 42 78 4 
8 7 1 4i 187 & 
8 8 i 40 S66 B 
18 5 2 89 2308 i 
94 4 3 7 
35 3 
90 2 
$2 1 
Table 2, NUMERICAL CHARACTERISTICS AND NOTATION OF PARAMETERS OF 
TWO MEDICAL LITERATURES 
Mast cell Schistosomiasis 
Number Notation Number Notation 
Articles 2,278 Ae 0.914 ET 
Authors 2,195 üe 8,511 üs 
Journals 587 Je 1,788 Ja 
Most articles in 
one journal 68 je 225 ja 
Journals with 
one article 328 Ze ans Es 
Articies per . 
author 11 ffe oz An! te 1$ fem Aala 
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in this subject area and divided into k | 
numbers of periodicals J,, Ja . . . , J, such that each 
group contains the same number of articles on the subject, 
then according to Bradford's law: 


JicbyJo bt J, $=], gv, 


k2,3,...,m. 


where J, is the nucleus and b; > 1 is the so-called Bradford 
multiplier for k divisions of the J periodicals. In general, 
the Bradford multiplier b will decrease as the number of 
divisions k increases. Because both A and J are always 
finite, there exists, for any collection of articles and set 
of journals containing them, a maximal number of divi- 
sions, m, in the sense of Bradford. Clearly, for a maximal 
division the nucleus J, and the Bradford multiplier bm 
are minimal. The minimal nucleus thus represents the 
moest significant set of journals for a given literature 
beeause it is the smallest core of periodicals devoted to 
that subject. The smallest number of articles A /m which 
can possibly effect a maximal division of a set of journals 
containing the literature of a given subject is the number 
of relevant articles j belonging to the most productive 
journal on that subject. In this case, the minimal nucleus 
consists of a single periodical. This situation, however, 
may not always exist. Consider the set of Z journals, each 
of which contains only a single paper on the subject. The 
smallest number of articles, A /m, which can effect a divi- 
sion of the J journals in the sense of Bradford must be 
greater than Z/2, otherwise there would exist succeeding 
zones (the last two) with equal numbers of journals con- 
taining the same number of articler, contrary to Brad- 
ford's law. Thus the minimal nucleus can consist of a 
single periodical only if j, the number of relevant papers 
in the most productive journal, is greater than Z/2. 1f, 
on the other hand, j is less than or equal to Z/2, then the 
minimal nucleus will consist of the smallest number of 
journals at the top of the ordered list, the sum of whose 
publieations on the subject of interest is greater than Z 12. 

The first seven zones of the maximal divisions of the 
sehistosomiasis and mast cell literatures are given in 
Table 3. Because in both cases j was less than Z/2, the 
minimal nucleus for each literature contained more than 
one journal. For the mast cell the minimal nucleus in- 
eluded the three most productive journals whose 181 
publications on the subject exceeded a Z/2 of 164. Simi- 
larlv, it was established that the minimal nucleus for the 
sehistosomiasis literature consisted of two periodicals 
containing 591 papers on the subject with Z/2 equal to 454. 


Table 8. MAXIMAL DIVISIONS OF JOURNALS CONTAINING MAST CELL AND 
SCHISTOSOMIASIS LITRRATURES 


Mast cell Schistosomiasis 
Zone Articles Journals bm, Zone Articles Journals bm, 
1 IRI 3 — 1 591 2 -— 
2 194 4 1:8 2 685 3 L5 
8 182 5 1-2 3 616 4 1:3 
4 171 6 1-2 4 694 6 15 
5 165 g 1+3 5 657 8 1:3 
6 170 1i l3 6 678 12 15 
1 171 14 1:2 7 687 18 15 


For collections where Z>j, such as the mast cell and 
achistosomiasis literatures, the maximal division ean be 
more formally established as follows. Because, in such a 
division, each of the Jm journals in the mth zone will 
contain but a single relevant publication and because the 
number of relevant articles belonging to the journals of 
the mh zone must equal the number of relevant articles 
belonging to the journals of the m — 1 zone, 


Ajm=JIn=Z—Im+2P or Pe(2J&-—Z)|2 (8) 


where Pis the number of journals in the m — 1 zone, each 
of which contains only two of the A articles. According 
to Bradford's law 

Jm {Z — J n)-- P=bm 
Am — I m=bm. 212 (3) 


Hence, 
an d b Bi < 9 a 


groups containing 
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In terms of the mast cell and schistosomiasis literatures, 
relation (1) can be expressed as 


Ziel Zar Ac.gs] As. ge = Med meGs/MseJ ms Je 


because a=A/g and A=m.Jm. Substituting the values 
for J from expression (3) yields 


Le] Ls MeDing Be-Js|/ Me bmi n gc 
Je] Js Me-bm,/ms.bm, 
Ome RY h.ge/tthe ; Oms A h.gej/ms 


or 
and 


Hence, at its lower limit, that is, in the maximal division, 
the Bradford multiplier b converges to a multiple of the 
average number of papers per author g. But from Table 3 
it can be observed that in both cases bm is approximately 
equal to g. Hence, hæmme, that is, the number of 
zones in the maximal division of each set of journals is 
approximately equal. Thus expression (3) becomes 
Ajm=J m=g.Z/2 (3^) 
Moreover, the value of g for each of the two literatures 
is invariant with respect to time, as shown in Fig. 1, which 
gives the average number of papers per author in each 
5 year interval since 1882. Hence, the average rate of 
production, g, for the two medical literatures seemed to 
be a constant, independent of time, to which the Bradford 
multiplier converged. Consequently, the relation ex- 
pressed by (1), that is, the constancy of the journal/ 
author ratios of the two literatures, will not vary with 
respect to time. 


SCHISTOSOMIASIS 
MAST CELL 


— 





1962 


1922 
Year 


Fig. 1. 


1932 1942 1952 


The minimal nucleus for each literature can be obtained 
analytically from the knowledge of its journal distribution 
and its production constant g, using expression (3). 
Expression (3') yields values of Jm. (1-5)(908/2) «4 681 
for schistosomiasis and J,” (1:1)(328/2~)180 for mast 
cell. Thus the number of articles effecting the maximal 
division of the two literatures should be approximately 
681 and 180 for schistosomiasis and mast cell respectively. 
The minimal nuclei should therefore contain approxi- 
mately Jm,/js* 681/325~2 and J4,/j.55180/66 5:3 period- 
icals. Both of these results are in agreement with the data 
in Table 3. Moreover, the expeeted number of divisions 
Me and m, would equal 13 and 15 respectively, thus con- 
firming the assertion that m, acm; in the maximal divisions 
of the two literatures. 

The bibliographies of ten medical researchers in various 
specialties were analysed in terms of the dispersion laws 
diseussed in the previous seetion. Although each of these 
individuals has worked in more than one area of medical 
research, their major contributions represent the following 
specialties: infectious disease, parasitology, virology, 
anatomy, immunology, biochemistry, pharmacology, 
haematology and coagulation. Moreover, all of these 
individuals are still active and cover a range of experience 
from 10 to 35 yr. Table 4 shows the maximal divisions 
of these ten bibliographies. 

Here A denotes the total number of papers authored 
or co-authored by each investigator; a, the number of 
collaborators producing these articles; J, the total 
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Table 4. DISPERSION OF TEN INDIVIDUAL BIBLIOGRAPHIES AMONG JOURNALS 


i Il HI iv "E. 

Zone Papers Journals b Papers Journals b Papers Journals b Papers Journals E Papers Journals b 
4 28 1 — 16 1 -— 13 1 — 14 H — 17 g smse 
2 32 2 2-0 22 2 2-0 15 2 2-0 15 2 2-0 17 8 r$ 
8 30 8 LS 24 8 15 17 8 15 12 5 25 16 5 PT 
4 29 6 2-0 19 5 16 15 4 13 14 9 BS 18 $ Ve 
5 20 13 2-8 16 9 1:8 15 8 2«0 i4 i4 1-5 19 12 HS 
6 20 20 15 17 17 1-9 18 18 2-2 0 ag 0G 0 6 eo 

159 45 Av.1-8 114 397  Av,17 93 36  Av.L:8 69 31. Av.R9 78 31. Aw. IS 
4:159; a=92; gAvl-7 Ae1l4s a=4l; g^ lb A98; 4255; gel? 4-60; 2-32; gel Am 15; edi; gol 
J4dó; 2:226; j-28 J=87; Z=19; 7=16 J=86: Z=10; 9-13 J=81; Z=18; jell Joi: Zell, Ped 
dlma Almaz215 Ajmal Almav18 Ajmesib 

VI Vil Vill IX 2X . 

Zone Papers Journals b Papers Journals b Papers Journals b Papers Journais $ Papers Journals b 
1 11i i — 9 i — 23 1 cá 15 i —— 8 i — 
2 14 2 2-0 12 9-0 26 2 2-0 14 1 1:0 10 3 a 
3 14 4 2-0 9 4 2-0 17 7 8-5 12 2 2:0 14 7 2-8 
4 14 13 3:2 R 8 2-0 21 19 2-7 10 4 240 ü Ü 90 
5 0 ğü Od n ü 0-0 0 ü 0-0 9 & 20 ü ü HL 

58 20  Av.2:4 38 15 Av.2-0 T 29 Av.27 80 16 Aved:? 32 11 Av.28 


Aw53; 4:25; gAv2-1 
J=20; Z=12; jell 
Almas 


A=38; a=19; g 52:0 
J=lö;, Z-8; jep 
Alms8 


4 87; 8-30; god 
J 220; Z=17; 2-28 
Alms 28 


460; @=39; gevi 
J-10; Z-T; j=l 
AfmP: 15 


4:82; a0; go b 
Jell; Ze2; j-8 


number of journals among which these papers were 
scattered; Z, the number of journals containing only 
one of these papers; g, the average number of papers 
per author; j, the largest number of papers appearing in 
a single journal; A/m, the estimated number of papers 
effecting the maximal divisions; and Av., the average 
minimal Bradford multiplier ba. In those eases where 
j>Z, Alm=j, while for 7S Z, A/m was obtained from 
expression (37). 

In all but one instance, (V), 7> Z/2, hence the minimal 
nueleus in nine cases consisted of a single journal. Of the 
ten sets of data, j > Z in three cases (VII, IX, X); j&Z 
in two (VI, VII) and j « Z in the other five. For the seven 
cases where j X: Z, the estimated number of articles effect- 
ing the maximal division as obtained analytically from 
expression (3’) seemed to fit the data. The number of 
zones was approximately the same and the average 
number of papers per author was less than or approxi- 
mately equal to 2. In all ten cases the data seemed to 
confirm the assertion that Bradford's law of dispersion 


A 9mems8 


applied to the scatter of individual bibliographies and that 
the minimal Bradford multiplier 5 is approximately equal 
to the paper/author ratio g. 

In conclusion, because the two entire literatures con- 
sidered (mast cell and schistosomiasis) differ in almost 
every respect, it is possible that the relations expressed by 
equations (1) and (3') constitute general laws governing 
the dispersion of any medical literature. Moreover, the 
factors governing the journal distribution of entire litera- 
tures also seemed to be relevant to the distribution of the 
bibliographies of individual medieal investigators. 

This work was supported by a grant from the National 
Library of Medicine. 
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Natural and Artificial Radionuclides in Seafoods and Marine 


Protein Concentrates 


by 
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CHARLES L. OSTERBERG 
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Tue importance of the naturally occurring radionuclide 
series, radium D-E-F (?9*Pb-**DBj-*"9*Po), has recently 
been stressed by a number of authors. The use of these 


* Present address: Laboratory of Radiation Ecology, College of Fisheries, 
University of Washington, Seattle, Washington, 


+ Present address: Department of Chemistry, University of Washington, 
Seattle, Washington. 


The concentrations of various radionuclides in seafoods have been | 
measured, and the results indicate that if marine protein concentrates 
are used as human food the 2!°Pb~2!Po pair may become the principal 
source of the skeletal radiation dose. 


radionuclides as tracers in atmospheric processes'-*, their 
contribution to the natural radiation environment of 
man®- and their presence in the marine environment" -+ 
are the main reasons for the growing interest with which 
environmental scientists are viewing this radioactive series. 
The emphasis that is being placed on the world oceans 
as a source of food for the world populations prompted 
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us to analyse a limited number of commercial seafoods 
for the naturally occurring radionuclides ?*"Pb and SUP, 
plus several artificial radionuclides. Particularly impor- 
tant here are the fish protein concentrates which are 
currently being investigated as a source of dietary protein 
supplements for large segments of the world population?, 
In the manufacture of these produets whole organisms are 
processed to make a palatable supplement which has a 
protein content of about 80 per cent. 2Pb and ::9po 
have recently been shown to concentrate in the internal 
organs (bone, liver, stomach) of marine fish!? and it there- 
fore seemed probable that elevated levels of these isotopes 
might be present in these concentrates, 

The samples which were analysed in this research were 
commercially packed seafoods and fish protein concen- 
trates obtained from the Bureau of Commercial Fisheries, 
Maryland, USA, and the Seafoods Laboratory, Astoria, 
Oregon. Only common names of specimens are listed 
beeause species identification was not included in the data 
forwarded by the Bureau of Commercial Fisheries. 
Similarly, the processing techniques were of a proprietary 
nature, and are therefore generally unspecified. Apart 
trom. the whole freeze dried products, however, the con- 
centrates listed are believed to be of food grade, that is, 
no further processing would be necessary before distribu- 
tion to human populations. The processing technique 
supplied for the specimens obtained from the Seafoods 
Laboratory consists of grinding the raw fish either before 
or after freeze-drying, subjecting the ground material to 
hydrolysis by proteolytie enzymes which remove the 
flesh from the bone, and finally passing the hydrolysate 
through a 200-mesh wire sereen to remove bone particles 
and sediment. The specimens from the Seafoods Labora- 
tery, if processed for human consumption, would require 
further processing to remove lipids and other possibly 
toxic organic materials. The effect this further processing 
would have in altering the concentrations of ?'Pb and 
*9Po is not known. 

The values reported for Ra, ?*"Th and the gamma- 
emitting radionuclides *°Co, **Mn and !*'Cs in the Bureau 
of Commercial Fisheries samples were determined by 
gamma counting techniques using multidimensional y-ray 
spectrometry! Iron-55 was determined by counts from 
the 6 keV X-ray which were measured in an anti-coinci- 
cence shielded proportional counter. The Seafoods 
Laboratory samples were gamma counted in a 5-inch by 
S-inch Naf (TI) well crystal coupled to a 512 channel 
analyser. This instrument has much less sensitivity for 
resolving and detecting small quantities of radioactivity 
than the multidimensional spectrometer and explains the 
absence of reported values for the gamma emitters other 
than *K and “Zn. Unfortunately there was insufficient 
sample available for 5*Fe analysis in these specimens. 

"5Po and ?'*Pb were determined by a previously de- 
scribed method! in which organic matter is oxidized in a 
mixture of concentrated perchloric and nitric acids and 
"Po is then spontaneously deposited onto pure silver 
foils from a 0-5 N in HCl reducing solution. Lead-210 
was determined by separation from the plating matrix 


Table 2, 


Catch 
Sample Processing technique date 
Whole hake + 3%, tuna viscera Whole ground 2-10-68 
(Merluccius productus) Hydrolysed 2-10-68 
Hydrolysed and screened 2-10-68 
English sole frames (filets re- Whole ground 5-14-68 


Hydrolysed 


moved) ( Parophrys vetulus) 2 
Hydroiysed and screened 2-28-68 


Whole dogfish (Squalus aeanthias) Whole ground 92-28-68 
Hydrolysed 9.-98—68 
Hydrolvsed and screened 998-68 
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using ?'?Pb as a yield determinant!*, followed by replating 
of *'"Po after a delay of three months. The errors associ- 
ated with the measurements are the standard errors 
(lo) derived from a statistical analysis of the sample 
and background counting rates. The values listed for the 
Bureau of Commercial Fisheries specimens are within 
t 10 per cent for the gamma-emitting radionuclides, while 
the ?!^Pb—?1*Po values have errors similar to those reported 
for the Seafoods Laboratory specimens. 


Table 1. LEAD-210 AND POLONIUM-210 IX SEAFOODS 





U'Po(d.p.m./g Ph (d.p.m./g "Po 

Sample wet weight) wet weight) chs SoS 
Cocktail shrimp (2) 0-303 + 0-011 0:022 + 0-004 i4 
Lobster tail (2) 0-013 + 0-002 0-005 0-002 d 
Pink salmon (3) 0-021 + 0-001 0005 + 0-008 $ 
Tuna fish (2) 0-055 + 0-003 0-025 + 0-003 g 
Dungeness crab (2) 0-020 4 0-001 0-017 + 0-002 1 
Oysters (2) 1:040 + 0-004 22 40-01 5 
Sardines (2) 0-042 + 0-003 0-044 + 0-005 i 
Kipper snacks (2) 0-017 + 0-003 0-014 + 0-005 1 
Bay elams (2) 0-638 + 0-025 0-024 + 0-002 21 
Minced clams (1) 0-050 4 0-001 0-047 + 0-008 1 
Codfish (2) 0-005 + 0-001 Not measured — 
Rex sole (2) 0-050 + 0-010 0-005 + 0-003 10 
Rockfish (2) 0:080 + 0-010 0-004 + 0-601 á 
Hake (4) 0:100 + 0-010 0:004 + 0-001 9 


The results of our measurements are presented in 
Tables 1, 2 and 3. Table 1 shows the values of 2?°Ph and 
?"Po only, but these are representative of products 
obtained from commercial markets. The time of sampling 
for these specimens cannot be accurately fixed and there- 
fore the ratios of the isotopes reported are not those 
which existed in the live animals at the time of catch. 
The values reported for shrimp, oysters, bay clams, sole, 
rockfish and hake, however, represent reasonably fresh 
specimens and indicate the preferential uptake of *°Po 
over “Pp. The remaining samples were either frozen or 
canned, and therefore the measured ?!*Pb values probably 
correspond to the values at the time of cateh to within 
3—7 per cent; that is, if a reasonable decay time of 1—2 yr 
between processing and analysis is assumed. 

Hill has reported the concentrations of ?!9Po and, to a 
lesser extent, those of ?!"Pb in a variety of foods and it 
is instructive to compare his results with those presented 
in Table 1. Hill's measured values of the ?!*Po concentra- 
tions in vegetables and grains ranged from 0-002 to 0-015 
d.p.m.jg wet weight. Beef and lamb muscles were com- 
parable and contained 0-007 d.p.m./g wet weight, whereas 
the liver and kidneys of these animals had much higher 
values—up to 4-0 d.p.m./g wet weight. Cockles and crab 
contained large amounts of Po ranging from 0-90 to 
1:88 and 2-9 to 3-1 d.p.m./g wet weight, respectively. The 
* Pb concentrations in the cockles were 0-09-0-20 d.p.m./g 
wet weight which gives a ?!?Pb/*1^Po ratio of 0-1-0-2. 


RADIONUCLIDE CONCENTRATIONS IN FISH PROTEIN CONCENTRATES OBTAINED FROM THE SEAFOODS LABORATORY, ASTORIA, OREGON 


Radionuclide concentration (d.p.m./g dry weight) 
Si19pao t sn uq 


Location nep 
Oregon coast. 0-204 0:01 0-1140-06 Not measurable 22-00 3-78 
Oregon coast 2-22 + 0-02 0-77 + 0-06 1740-41 22:80 + 2-48 
Oregon coast 1-96 + 0-01 0-61 + 0-04 0-89 + 0-22 14-70 + 1-44 
Oregon coast 4-87 40-08 5-80 + 0-10 8-08 + 0-31 13-62 + 1-82 
Oregon coast 0-452 6-01 1:30 + 0-06 12-90 + (041 24-40 + 2-84 
Oregon coast 0.398 + 0-01 0-43 € 0.07 16.10-* 0-31 22.05 + 1.76 
Oregon coast 0-53 x 0-01 0-11 40-02 3°83 40-21 LOTS + 1:25 
Oregon coast 0-59 + 0-01 0-16 + 0-03 80-26 17-8Ó + 1-53 
Oregon coast (48 + 0-01 0-08 + 0-02 4:35 2 0:23 13:90 + 1-82 
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Table 3. RADIONUCLIDE CONCENTRATIONS IN FISH PROTEIN CONCENTRATES OBTAINED FROM THE BUREAU OF COMMERCIAL FISHERIES, MARYLAND 


Catch Radionuclide concentrations (d.p.m./g dry weight) — 

Sample Processing technique late Location Ph 26Ra serh HMR 18078 dd J^ ie 
Yellowtail flounder Unknown 3-65 Rhode Island coast (28 06 0-03 14 (24 0-26 — 
Adult red hake Unknown 1-65 Rhode Island coast 0-42 0-04 0-05 OF O13 (44 Ü-003 
Immature red hake Unknown 8-66 Rhode Island coast 0-37 0-09 0-07 0-06 0.08 (65 0-004 
Flounder Unknown 2-65 Rhode Island coast 0:25 — — == BERE gem Suv 
Unspecitied species Unknown -— Rhode Island coast 0:38 0-06 0-21 0-62 Old 1-6 0-005 
Unspecified species Unknown 5-65 Rhode Island coast 9-63 
Unspecified species Whole freeze-dried 4-66 Rhode Island coast 0-72 
Unspecified species Whole freeze-dried 7-66 Rhode Island coast 0-66 


These values indicate that the concentrations of *!'*Pb 
and ?!?Po in seafoods are significantly higher than those 
in beef muscle or vegetable products. The molluscs are 
of particular interest because they are now commercially 
“farmed” and may be one of the first species on which 
increased attention will be focused for the purposes of 
large scale aquaculture. Diatoms, a phytoplankton, form 
the chief diet of the adult molluses, and the food chain 
phytoplankton-molluse is one that can be managed in 
large embayments if hydrographie conditions are suitable. 
It is interesting to note that the values for oysters and bay 
clams analysed here are in general agreement with the 
values for cockles reported by Hill, while those reported 
for crab are more divergent. It is quite possible that this 
difference results from the differences in the time of analy- 
sis following collection, plus the uncertainties associated 
with processing. 

Tables 2 and 3 contain the results of the analysis of the 
fish protein concentrates, and it is interesting to observe 
the increase in #!°Po concentration as a result of the 
hydrolytic process and the subsequent decrease when the 
bone is removed. This is consistent with the internal 
distribution of this isotope in the benthic fishes reported 
elsewhere!?, The decrease in the concentrations of *!°Pb 1s 
more pronounced when the bone is removed and this again 
is consistent with its loealization in this tissue. The 
changes which occur in the “Zn and *°K concentrations 
with processing techniques are not entirely consistent and 
may result partly from changes in counting geometry for 
different samples. To enable the samples to be counted 
in the well crystals described it was necessary to reduce 
the organic digests to volumes of 5 ml. to allow the trans- 
fer of the samples to standard counting tubes holding 
12 ml. At these low volumes, inorganic salts precipitated 
from solution and settled on the bottom of the counting 
tubes. If “Zn and *K were concentrated in these salts 
by adsorption, the counting geometry would be altered 
and the determination imprecise. The maximum error 
whieh is likely to result from this geometry change, 
however, is only 20 per cent. But variations larger than 
this oecur and there is a possibility that the samples 
obtained from the Seafoods Laboratory were not entirely 
homogeneous. The same possibility exists for the samples 
obtained from the Bureau of Commercial Fisheries and 
therefore the results for both series are at best approxima- 
tions. 

Some interesting conclusions can, however, be drawn 
from these data. First, the ?!"Po concentrations in the 
hydrolysed and sereened products from the Seafoods 
Laboratory are about an order of magnitude higher 
(neglecting oysters and bay clams) than the common 
seafoods shown in Table 1, even when correction 18 
made for the differences between wet and dry weights of 
the samples. The ?!*Pb values from the Seafoods Labora- 
tory, as measured in hake and sole, are of the same order 
of magnitude as those reported for the Bureau of Com- 
mercial Fisheries samples. It would therefore be interest- 
ing to use an average value of 0-45 d.p.m. "°Pb/g dry 
weight as a representative concentration of this isotope 
in the concentrates and observe how ingestion of these 
products will perhaps alter the present ?!*Pb contribution 
to the skeletal radiation dose of humans. A similar 


calculation for "Po has not been made because of the 
uncertainties associated with tie time lapses between 
processing and ingestion of the products. Such time 
lapses effect ?"Po concentrations much more than those 
of *!*Pb because of the differences in their decay rates. 
We ean consider the data of Holtzman* in whieh he 


" 


responsible for about 50 per cent of the skeletal radiation 
dose derived from internally deposited radionuclides. If 
we now reasonably assume that, as à protein supplement, 
individuals consume about 30 g of fish concentrate daily, 
their ?"Pb intake from this source alone would be some 
6 pCi/day, and if another 4 pCi/day comes from inhalation 
and other dietary intake the total *'"Pb intake would be 
2.5 times that estimated by Hoitzman. Thus the use of 
such concentrates over a lifetime would make "Pb and 
its daughters the principal contributor to the skeletal 
radiation dose experienced by humans from internally 
deposited radionuclides. 

If an average ?*Ra content of some 1-06 d.p.m./g dry 
material is considered and again an intake of about 30 g/ 
day, the amount of Ra woud increase about 40 per 
cent over currently estimated dietary levels, 

The presence of natural and artificial radionuclides in 
marine organisms that now serve as food for humans, and 
the contemplated use of marine concentrates which might 
contain significant quantities of these isotopes, should be 
of some interest to the health physicist. Although the 
levels of these isotopes are far below those which would 
constitute a radiological hazarc, continued use of such 
products could result in the ?*!" PL-?^Po pair becoming the 
principal source of the skeletal radiation dose. Perhaps 
equally important are the quartities of stable lead and 
other trace metals which may be present in various protein 
concentrates, and which would cause a departure from the 
"normal" dietary intakes whieh the general population 
experiences today. Clearly these subjeets form the basis 
of interesting future research. 

We thank Battelle Memorial Institute and Mr Claude 
Sill of the National Reactor Testing Station for the use of 
their equipment. This research was supported by the 
US Atomic Energy Commission. 
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Random Coil Conformation of Polypeptide Hormone Precursor 


Protein in Endocrine Cells 


by There is evidence that certain polypeptide hormones are synthesized 


A. G. E. PEARSE 


Department of Histochemistry, 
Royal Postgraduate Medical School, 
Lordon, W12 


SEVEN cytochemical characteristics (listed in Table 1) 

are common to a series of variously situated endocrine 

cel.s which otherwise share only the property of producing 

a polypeptide hormone!~‘, 

Table 1. COMMON CYTOCHREMICAL CHARACTERISTIOS OF CELLS PRODUCING 
POLYPEPTIDE HORMONES 


Fluorogenie amine content (Catecholamine, 5-HT or other) 
(a) primary, (b) secondary uptake 


Al 
P 


ms 


i Amine-precursor uptake (5-HTP, DOPAJ 
D Amino-acid decarboxylase 

High side chain carboxy! (or carboxamide) ‘masked basophitia” 
High non-specific esterase or cholinesterase (or both) 

High a-GPD (a-glycerophosphate menadione reductase) 
Specific immunofluorescence 


Mp XS wa OF 


The initial letters of three of the five most constant 
characteristics have been taken to produce the term 
AFUD!, and the cells which are included in the list at the 
present time are as follows (where the principal hormone 
preduct is known it is indicated in brackets; suggested 
bus unconfirmed products are given in italics in brackets): 
pituitary corticotrophs (ACTH), pituitary melanotrophs 
(MSH), pancreatic islet «, cells (glucagon) and $ cells 
(insulin), and thyroid, parathyroid and ultimobranchial 
C celis (calcitonin). The gastric argyrophil or G cells, often 
indicated as the probable source of gastrin*-", have possibly 
been confirmed as such by MeGuigan?. Sufficient doubt 
remains, however, for the gastric argyrophil cells to be 
grcuped with other members of the series. These are: 
gastric enterochromaffin cells (gastrin or kinins), pan- 
creatie islet a, cells (gastrin), intestinal enterochromaffin 
celis (kinins), intestinal argyrophil cells (cholecystokinin- 
paacreozymin), carotid body type 1 cells (product un- 
known), endocrine (Feyrter) cells of the lung? (product 
unsnown), and adrenal medullary A and NA cells (chromo- 
granin-medullarin. Medullarin is a hypothetical name for 
the polypeptide product which Smith and Winkler 
suggested! as a possible hormone derived from the 
precursor protein chromogranin". 

The precise significance of each of the characteristics in 
Table 1, with the exception of the final one, has yet to be 
determined. Specific immunofluorescence is not so much 
à characteristic as a sine qua non for complete identification 
m situ of the product or products of each of the cells. 
This communication is concerned with the fourth 
characteristic, known variously as masked basophilia or 
mesked metachromasia, and with the demonstration that 
what seems at first to be a rather simple histological 
stéining technique can give information at the biochemical 
level. Cytochemical evidence is submitted which links 
the histological observations with biochemical data on 
primary and secondary protein structure and provides a 
basis for the interpretation of staining techniques in terms 
of structural conformation of the material stained. 


Manocchio's Masked Basophilia 


The so-called “masked basophilia" (or masked meta- 
ehromasia) which was first described by Manocchio®, 
now comprises simply an acid hydrolysis of fixed tissue 
followed by staining with a basic dye, usually toluidine 
blue, at pH 5-0. It was applied to pancreas and intestine 
by Solcia and Sampietro* and later to various endocrine 
tissues!^ 4, The suggestion that side chains rather than 


and stored as protein precursors with a primary structure which 
includes a high proportion of carboxyl and carboxamido side chains, 
and a secondary structure which is predominantly that of a random 
coil polymer. 


C-terminal earboxyl groups of proteins are responsible 
for the reaction is fully supported by their evidence!* and 
by the fact that the fluorescent reaction for C-terminal 
COOH groups!* is virtually negative in APUD cells. 

The explanation! that hydrolysis enhances basophilia 
of endoerine granules by unmasking acid groups is 
acceptable, but perhaps less than adequate. It is neces- 
sary to attempt to define clearly the separate effects of 
acid hydrolysis on proteins in tissue sections, and to 
ascertain the nature of the underlying protein structure 
whieh is necessary for the production of basophilia or 
metachromasia in the storage granules of cells of the 
APUD series. 

The most obvious result of hydrolysis with 02 N HCl at 
60° C is the removal of RNA, and some DNA, from cyto- 
plasm and nucleus. Removal or blocking of the interfering 
basophilia of phosphate groups is absolutely necessary, 
in most cases, for recognition of the underlying actual or 
potential basophilia or metachromasia of the side chain 
carboxyls of storage granules. Removal of interfering 
basophilia by means of nucleases does not invariably 
produce a positive result, indicating that some further 
property of acid hydrolysis is concerned with the develop- 
ment of a positive reaction. Theoretically, if a given 
protein possesses a sufficient density of side chain car- 
boxyls, and if the pH of staining 1s such that they are in 
the dissociated form, they should form electrostatic bonds 
with toluidine blue (or other basie dyes). The result would 
then be recorded cytochemically as basophilia or meta- 
chromasia, and which of the two was predominant would 
depend on the dye and on the density and precise align- 
ment of the reacting groups of the chromophore. An 
unfavourable secondary conformation of the protein 
structure could make the side chain carboxyl groups un- 
available to the dye. Denaturation of the protein, as by 
fixation, might alter this state. 


Structure of Polypeptide Hormones 

When considering the primary structure of the poly. 
peptide hormones produced by endocrine cells of the 
APUD series, where this is known, it is clear that in each 
case there is at least a short sequence of aspartyl or 
glutamyl carboxyls or, alternatively, of the carboxamido 
groups of asparagine and glutamine. 

The primary structures I have recorded indicate that a 
second important action of acid hydrolysis must be the 
conversion of side chain carboxamido groups into car- 
boxyls" so that after hydrolysis proteins containing the 
sequences listed in Table 2 could all, theoretically, give a 
positive reaction for masked basophilia. Cleavage of 
carboxamido groups in proteins by acid hydrolysis has 
been described by Chibnall ef al.?? and Hill?. Experi- 
mentally, after acid hydrolysis of tissue sections, the 
mixed anhydride method for side chain carboxyl groups'® 
gives a greatly inereased reaction in hormone-precursor 
and other proteins, essentially confirming the second 
effect of hydrolysis. This effect is probably chiefly a 
result of conversion of carboxamido groups, but breakage 
of labile interchain cross-linking peptide bonds (y-glutamyl 
or 8-aspartyl) may also be involved. | 

Two polypeptides or proteins, in particular, could be 
expeeted to give metachromasia without acid hydrolysis. 
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RELEVANT AMINO-ACID SEQUENCES OF POLYPEPTIDE HORMONES 
AND CONTROL SUBSTANCES 


Table 2. 


Proline/ 
Hormone or — Relevant sequence(s) or analysis total 
precursor Ref. residues 
28 29 30 
ACTH 21 cul “ASP -GLN- 4/39 
8-MSH 21 — -ASP -GLU- 3/18 
20 21 
3xlucagon 21 -GLN -ASP- 9 


15 16 17 18 


4 2 
Insulin (A-chain} 21 “GLU -GLEN : -GLN LEU -GLU-ASN- 0 
5 


T 16 17 18 
Calcitonin 18,10 -ASN -LEU -ASN -ASN- 2/82 
| 6 7 8 9 190 
Gastrin 20 -GLU -GLU -GLU -GLU -GLU- 117 
Choleeytokinin- 22 23 24 25 26 
pancreozymin 21 -ASX -ASX GLX -GLX-ASX- 3/33 
Chromogranin 9 26%, wiw glutamic acid ae 
. Wy Ww 
Polyglutamate -GLE -GLU -GLU -GLU - ete. — 
Gelatine Glu, 11:495; Asp, 6-6% 15-18% 


X, Carboxy! or carboxamido, 


These are gastrin and chromogranin. In some species the 
granules of the gastric argyrophil cells do give a positive 
reaction without hydrolysis®, but in human stomach they 
require brief acid treatment (30 min). In all species so far 
examined the chromogranin granules of the A and NA 
cells of the adrenal medulla are invariably stained meta- 
chromatically without hydrolysis. In the same conditions, 
dog thyroid C cell granules (calcitonin) also give a weak 
positive (metachromatic) reaction, as do the a, and a, 
cells of the human panereatie islets. 

In taking these facts into consideration it must be 
emphasized that the amino-acid sequences of the carrier 
proteins of the polypeptide hormones listed in Table 2 
are not known. They may, or may not, independently 
possess sufficient reactive or potential earboxyls to give 
a positive result. 

The two control substances, recorded at the bottom of 
Table 2, both give a positive metachromatic reaction 
in vitro. Gelatine requires acid hydrolysis whereas, not 
unnaturally, polyglutamate does not. 

Three observations throw light on the relationship of 
protein structure to masked basophilia. The first of these 
concerns chromogranin, the acidic protein of the adrenal 
medulla. This was purified and extensively studied by 
Smith and Winkler’, who examined its characteristics by 
sedimentation, diffusion and viscosimetric techniques. 
They found that the viscosity of the product was depend- 
ent on the ionie strength of the solvent, a property 
typical of polypeptides in the random-coil form**, of 
polyelectrolytes such as hyaluronic acid** and of de- 
natured proteins. 

The second significant observation is that glutaral- 
dehyde-fixed gelatine gives positive metachromasia with 
toluidine blue at pH 5-0 after acid hydrolysis. Collagen, 
on the other hand, fails to react in this manner whatever 
the method of preparation. Collagen is regarded as a 
triple helix composed of three polypeptide chains, joined 
by inter and intramolecular cross-links’. Gelatine, 
however, behaves as a random-coil protein?', in spite of 
the fact that it consists of chains held together by cross- 
links?, 

The third observation is that the fluorescent methyl 
ketone reaction for C-terminal COOH' is also considerably 
increased after acid hydrolysis. This must be a result of 
breakage of labile intrachain linkages. 


Random Coil Nature of Stored Polypeptide Hormones 


On the basis of the facts recorded here, I propose that 
the polypeptide hormones of the APUD series of endocrine 
cells are synthesized, and stored, as protein precursors 
with & primary structure which includes a high proportion 
of carboxyl or carboxamido side chains and a secondary 
structure predominantly that of a random coil polymer. 
I propose that metachromatic staining with the masked 
basophilia technique indicates, primarily, a preponderance 
of the random coil conformation. 

This concept allows the presence in the natural (unfixed) 
protein of a limited content of the «-helix conformation, 
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probably in short portions of the chain and away from 
the end earrying the polypeptide hormone sequences. 
Fixation presumably involves some degree of denaturation, 
The “unmasking” effect of acid can be considered, 
additionally, either as a denaturation involving helix- 
random coil transition!? or, possibly more specifically, 
as being a result of hydrolysis ef labile y-glutamyl and 
8-asparty! cross-links. | 

The high proline content of chromogranin, and of same 
at least of the polypeptide hormones in Table 2, pu oe 
equated with the prediction by Szent- iyórgyi and Cohen 
that proteins containing above 8 per cent of proline 
would be unable to adopt the «-hehx conformation and 
would behave as random coil polypeptides. l 

The provision of random coil structure mey be looked 
on as a mechanism facilitating the rapid release, by 
proteolytic or esterolytic activity, of the smaller active 
polypeptide from the larger protem precursor. Many 
polypeptide hormones appear in the blood stream almost 
immediately after the application of a suitable stimulus. 
How much the “specific” ultrastructure of the APUD 
cells? reflects the production ef random coil protems 
rather than globular, «-helix, proteins cannot at present be 
estimated. The absence of rough endoplasmic reticulum 
in the form of parallel lamellae and the preponderance of 
free ribosomes, at least in unstimulated forms of APUD 
cells, may both be significant. i 

It is interesting that masked metachromasia (not due 
to oxidation products of disulphides) is present in endo- 
crine storage materials outside the cells of the APUD 
series, such as the neurosecretory substance of the posterior 
pituitary gland, and also in non-endocrine materials such 
as the so-called paraprotein crystals which are found in 
several pathological tissues. The very high reactivity of 
these crystals with cytochemical techniques for protein 
side chain end groups has long been a mystery. _ As 
Kopple” remarked, “It is apperent that the chemical, 
physiological and biological properties of a protem depend 
as much on secondary and tertiary structure as they do on 
amino-acid sequence". The realization of this faet 
by histochemists may lead to more accurate interpretation 
of the results of a number of reactions. | 

This work was supported by a grant from the Medical 
Researeh Council. 
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Asymmetric Methyl Groups 
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The following two articles present a way of determining the 


chirality of doubly labelled 


methyl groups, and reveal that the 


condensation reaction catalysed by malate synthase takes place with 
inversion of configuration. 


Asymmetric Methyl Groups, and the 
Mechanism of Malate Synthase 


MAXY enzyme reactions are known in which a meth yl 
group (—CH;) is converted to a methylene group 
(—CH,—). Ifthe steric course of such reactions is determ- 
inate, there must be a stereochemical] relationship between 
the hydrogen atom which becomes displaced and the new 
group which displaces it. With the necessary changes 
this is also true for those enzymatic reactions in which 
methylene becomes methyl: discovery of these relation- 
ships throws new light on the enzymatie mechanisms, 

One way to study the stereochemistry of such reactions 
is to use substrates, or generate products, having methyl 
groups made asymmetric by labelling with both deuterium 
and tritium. When such methyl groups are transformed 
by a stereospecific reaction into methylene groups, the 
stereochemistry can be traced if (a) the chirality* of the 
methyl group is known, (b) the chirality of the derived 
methylene group can be determined, and (c) there is 
appreciable discrimination between isotopes in the removal 
of hydrogen. Similarly, when a substrate containing a 
methylene group made asymmetric by labelling with one 
hydrogen isotope is transformed enzymatically into a 
procuet containing a methyl group, this group will be 
chiral if the enzymatie reaetion is stereospecifie and if 
the added hydrogen atom is labelled with the alternate 
hydrogen isotope. The sterie course of the reaction can 
then be found if (d) the chirality of the derived methyl 
group ean be determined, and (e) the chirality of the 
methylene group is known. 

The problem of recognizing chirality is complicated by 
the impossibility, in practice, of using tritium undiluted 
by normal hydrogen. 


E v fo measurement 
of r&dioaetivity, which ensures that only molecules con- 
tainmg tritium are inspected. The isotopic diserimination 
required by condition (c) is then between hydrogen and 
deuterium, 

Malate synthase (EC.4.1.3.2) produces S-malate (1) by 
reaction between acetyl-coenzyme A and glyoxylate. No 
exchange of carbon-bound hydrogen between acetyl- 
coenzyme A and the aqueous medium occurs during the 
enzymatic reaction!. The intramolecular tritium isotope 
effect is approximately 2-7, as measured by comparing the 
specifie radioactivities of *H-acetyl-coenzyme A and of 
S-malate produced from it. The intermolecular deuterium 
isotope effect is 1-4 as measured by comparing maximum 
reaction velocities with acetyl-coenzyme A and with 


* A molecule is chiral, or has chirality, if its realized image in a plane 
mirror cannot be brought into coincidence with itself. 


trideuteroacetyl-coenzyme A (unpublished results of 
G. Biedermann). Thus it was likely that condition (c) 
would be satisfied by this enzyme. 


H 1 
COH H COH 
HON 2 
\ ee \ 7 ? 
| l 
3 ——À * 
a/ (oH M P" + H OH aca 
y aqueous 
HO, C \ * HO, C H? medium) 
2 H 2 
i IT 


Fumarase (EC.4.2.1.2) catalyses the reversible dehydra- 
tion of S-malate. The hydroxyl group at C, and a pro-R 
hydrogen (H*) at C, are removed: a trans elimination?^?. 
No other carbon-bound hydrogen in malate or fumarate 
(IT) is exchanged during equilibration. Thus if one starts 
from S-malate labelled with tritium at C, the product at 
equilibrium will eonsist of a mixture of malate and 
fumarate from which all tritium originally present at the 
pro-E position (H*) has been exchanged with water of the 
medium. All tritium originally present at the pro-S 
(H^) position will still be present in malate and fumarate, 
and the specific radioactivities of these two acids will be 
equal, neglecting the much diluted radioactivity rein- 
troduced into malate by water of the medium adding to 
fumarate. Thus the percentage of tritium retained in the 
organie acids after equilibration with fumarase is equal 
to the percentage of 25-35[3-*H,]malate in the S-malate 
specimen examined, and the pereentage of tritium lost 
from the organic acids equals the pereentage of 
25-3 [3-*H , malate. 

It follows that if S-malate is synthesized stereospecific- 
ally from acetyl-coenzyme A on malate synthase, and if 
removal of hydrogen (rather than deuterium) from acetyl- 
coenzyme A is favoured, the synthesis from chiral 
PHPH, Jacetyl-coenzyme A will give unequal proportions 
of 2:5-35[3-'H,?H,]malate and 2S-3R[3-°H,H, lmalate, 
and the loss of carbon-bound radioactivity on equilibra- 
tion of this malate with fumarate on fumarase will differ 
from 50 per cent. The deviation will be a funetion of the 
optical purity of the acetyl groups containing tritium, 
and of the isotope effect in the synthesis of malate. 

We prepared R and S.[?*H,?H,]acetate of known 
ehiralityv by chemical procedures. Deutero-phenylacetyl- 
ene (HHI) was prepared from deuterium oxide and phenyl- 
ethynyl magnesium bromide, and was reduced by diimide 
to cis.2-H,-I-phenylethylene (IV), the isotopic and 
stereochemical homogeneity of which (complete, within 
the limit of accuracy) was established by nuclear magnetic 
resonance measurements*, Epoxidation by peroxyben- 
zoie acid gave the epoxide (Va, b) which was reduced by 
lithium borotritide to 2-[*H,?H,]-1-phenylethanol (Via, b). 
Because epoxidation of olefins is a cis addition and reduc- 
tion of epoxides by metal hydrides inverts configuration 


* 
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at the carbon atom from which oxygen is removed, the 
(racemic) produet is & mixture of 1 2-2R[H ,?H,1-1- 
phenylethanol (VIa) and 18-2S[?H,?H,]-1-phenylethanol 
(VIb). At this stage the material could be diluted for 
convenience with unlabelled material. The alcohol was 
resolved into (+)—1R and (—)—1S enantiomers by 
crystallization of the brueine phthalates? (the assignment 
of absolute configuration rests securely on chemical 
correlations with lactic and mandelie acids)*. Careful 
oxidation of each enantiomer by chromic acid destroyed 
asymmetry at C(;) and gave to enantiomers of PH,?H4] 
acetophenone (VIIa, b) which were oxidized by peroxy- 
trifluoroacetic acid to phenyl acetates (VIIIa, b). On 
mild alkaline hydrolysis these gave R and S-[*H,°H,] 
acetic acids (IXa, b) characterized as 4-bromophenacyl 
esters and having specific radioactivities around 0-07 
uCi/umole. All steps between VI and IX were checked 
for exchange of hydrogen between unlabelled substrate 
and labelled medium; this was slight enough to ensure 
that little racemization of the methyl groups had oceurred 
during the synthesis. 








H H 
2 N ^ 
CH Cue CH — À C uL e —H 
6 5 a N2 
xX 
C.H. H 
6 5 
III iV 
C,H. H 0 
z 4 of 25 + ^ hc 
is Qo C om Heu oS. 
k L WES 
o 5 2 
6 9 H 
Va Vb 
3 
H HO H 
Ces Fa ON LN. 
Ne racione (CS TO e m H 
Nf bn Na 
HO 3 C.H. H 
H 6 93 
Via VIb 
| ?H | H 
/ pd 
R C R C uem H 
i S 
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Vile R —CH,CO— 
Villa R=C,H,OCO— 
IXa R= HOCO— 


Vilb R= C,H,CO— 
VIII, R =C H OCO- 
IX5 R= HOCO— 


Each specimen of acetate was incubated with adenosine 
triphosphate, acetate kinase, phosphotransacetylase, co- 
enzyme A, glyoxylate and malate synthase. The yield of 
S-malate, from acetate, was 80-90 per cent. Randomly 
labelled [?H,]acetate was also converted into malate. 
The malic acids were isolated by chromatography on 
*Dowex-l' and diluted with unlabelled S-malate. Each 
sample was divided into two halves for determination, by 
two methods, of the loss of tritium on ineubation with 
fumarase. A stoichiometrieally negligible amount of 
MComalate was added to one half. Aliquots were taken 
before, and at intervals after, addition of fumarase. The 
organie acids were separated from inorganie ions and, 
after complete removal of the aqueous medium, redis- 
solved in water. The ratio of *H/'*C was determined in 
one set of samples ; in the other, counting for ?H. alone 
was combined with enzyme determination (nicotinamide- 
adenine dinucleotide + acetyl-coenzyme A + fumarase + 
malate dehydrogenase + citrate synthase) of total fumarate 
+malate. In the conditions used, the tritium content 
of the organic acids became constant after about 10 min. 


. 4213 
Tabie 1 
Malate from Malate from Malate from 
R-PHYE,] SPH PHL) pH 
acetate acetate acetate 
(a) Radioactivity of malate be- 
fore fumarase (¢.p.m./ l ese 
pmole) 724 t pë 726 € 2-0 706 x Zi 
Radioactivity of malate + 
fumarate after fumarase - É P 
(c.p.m./umole) 480 + 8-2 eS ck les 34046 
Retention of *H (95 07-2312 30-7 £03 48.1 x 0-9 
(b) *H/'*C ratio of malate before - 3 i 
fumarase 1558-50-04 15600-4018 10541 50-024 
"H/C ratio of malate + fum- "vL 
arate after fumarase LOTL+0-@07 48140003 O-77040-012 
Retention of *H (%) 68.7 20-3 30-8 r0: 50-0 + 16 


The results summarized in Table | showed agreement 
between the two methods of assay. The loss of tritium 
from malate derived from randomly labelled [?H,] acetate 
was close to the expected 50 per cent, and malate svnthe- 
sized from S-[?H,°H,Jacetate lost more than twice as 
much tritium as did malate from  R.[*H,?H, jacetate. 
The disparity corresponds to an intramolecular deuterium 
isotope effect of about 2-2 in malate synthesis. More than 
two-thirds of the tritium-containing molecules in the 
malate from R-[?H,°H, acetate, and less than one-third 
in the malate from S-[?H.?H, jacetate, were 28-3:8- 
[3-°H,°H,]malate. The synthesis of malate from acetate 
(shown below for the R-acetate: and glyoxylate therefore 
occurs with inversion of configuration at the methyl 
group. 


o ,CO,H H 
Sw 4 HO. M CO, H 
CH E d 7 
rem | 
ay ? 
CoASOC 4 bc. 
No. a e HO, C i» n 
H 


A fairly simple and decisive method is thus made 
available for determining the chirality of doubly labelled 
methyl groups, and hence for studying enzymatie reactions 
in whieh these are generated. 
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Preparation and Detection of Chiral 
Methyl Groups 


Ogston! it has been widely recognized that chiral reagents, 


among them enzymes, can «differentiate between the 
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heterotopie a-atoms (or groups) at prochiral centres of 
the type Caabd. The stereochemical course of reactions 
8t such centres has often been investigated using sub- 
strates with an appropriate isotope label (for reviews see 
ref. 2). A new and interesting stereochemical situation 
arises when the methylene group is transformed into a 
methyl group. A deuterium label in the substrate leads 
to the generation of a CH,D-group, in which the hydrogen 
atoms are again in a heterotopic relationship. As a conse- 
quence of this the enzyme should, in principle, be capable 
of distinguishing between these two atoms in the reverse 
reaction. Such a discrimination would, however, be. 
slight*: it would rest entirely on the ability of the enzyme 
to distinguish the steric requirements of hvdrogen and 
deuterium atoms. 

If, on the other hand, a second and different label, 
tritium, is introduced during the reaction, then a stereo- 
specific process will generate a chiral methyl group 
—CHJDT. The steric course of the reaction can be followed, 
provided that methods be made available for detecting 
the sense of chirality of this novel asymmetric centre. 
With this objective in mind we have prepared the (R)- 
and (S)-forms of [*H,, *H,]-acetie acid and investigated 
their different behaviours in an enzyme system. 


T 0 OH OH OBrs OH 
N 4 i l i 
e —— Tacen — poH —- x dk * VEA 
COOH COOH CHOH CHOH CHjO0Brs 
1 2 3 4 5 
OH " D A OH 
i 
ii — S as iru * mal — ix n + T-C-H 
| i 
COOH COOH COOH CH4D CHOH CHD 
g 10 8 6 7 
Scheme 1. 


The required substrates were obtained as follows (com- 
pare scheme 1). Reaction of 2-[3H]-glyoxylate* (1) with 
NADH in the presence of laetate dehydrogenase gave 
(2 9)-2-[%H, ]-glycollic acid (2), the configuration of which 
is firmly established by both physieal* and chemical’ 
methods. Reduction of the corresponding methylester 
with LiAIH, yielded (1 ,S)-1(*H, -ethylene glycol (3), which 
was transformed to a mixture of the 1-[3H,]- and 2-[*H,]- 
monobrosylates (4) and (5). These were converted by 
treatment with LiAID, in tetrahydrofurane to a mixture 
of ethanols with the label distribution indicated in (6) 
and (7). The configuration of (7) at C-2 follows from the 
steric course of related metal hydride reductions, which 
is known to cause inversion of configuration at the relevant 
centre". Oxidation of this mixture of ethanols was carried 
out in aqueous solution with oxygen in the presence of a 
platinum catalyst and it gave a sample of acetic acid 
containing the (R)-[*H,, *H,]-isomer (8) as the only chiral 
component. A specimen of acetic acid containing the 
(S)-isomer (10) was prepared in the same way, starting 
with (2 R)-2-[*H,]-glycollic acid (9), made by reducing (1) 
with NADH in the presence of glyoxylate reductase from 
spinach leaves*. Radioactivity measurements ensured 
that no unexpeeted loss of tritium had oceurred during 
the two reaction sequences. In addition, it was shown by 
mass spectrometry of the crystalline p-phenyl-phenacyl 
derivatives (98 per cent d,) that virtually all molecules of 
the two samples, and therefore practically all tritiated 
molecules, contained one atom of deuterium. 

Next came the problem of distinguishing between the 
two enantiomeric forms of known chirality. Because of the 
high dilution in which tritium is used, only very few 
molecules in the two preparations (about one in 16°) are 
indeed chiral, whereas nearly all molecules contain a 
symmetric CH,D-group. This implies the practical impos- 
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sibility of characterizing the two specimens chiroptically. 
The only method that allows detection of tritium is a 
radioactivity measurement, which, of course, provides no 
information as to chirality. 

In order to derive a correlation between radioactivity 
and chirality, let us consider the effect of a stereospecific 
substitution reaction at the chiral methyl groups of the 
two samples (scheme 2). If the reaction proceeds with 
retention of configuration, the chiral produets from the 
three possible conformations (a, b and c) of each enan- 
tiomer will be as indicated. As long as all these conforma- 
tions are taken to be equivalent and to react at the same 
rate, no distinction will be possible between the two sets 
of produets—for the reasons detailed. Any isotopie 
diserimination which may be operative in the substitution 
process will, however, affect the ratio of the three products 
in each set; specifically, by a difference in the reaction 
rates of conformations a and b the distribution of tritium 
between the two heterotopie positions in the newly 
generated methylene group of the product will be altered, 
and in opposite directions for the two enantiomeric 
starting materials. In this way the original problem can 
be reduced to the more conventional one of defining the 
steric location of the tritium atoms in the products of the 
reaction. 

Malate synthase [(S)-malate glyoxylate lyase (CoA- 
acetylating), EC. 4.1.3.2] was selected as a promising 
system for the planned investigation. This enzyme is 
known to catalyse an essentially irreversible aldol-type 
condensation of acetyl.CoA with glyoxylate to afford 
optically pure (S)-malate (scheme 3). It has been re- 
ported? that the rate determining step of the reaction is 
the enolization of acetyl-CoA and there is some evidence? 
that this step shows isotopie discrimination. Working 
with *H;-acetyl-CoA as substrate, we observed a ku/kp 
ratio of about 1-2 for the overall reaction rate. A further 
advantage of this system is that the position of any 
hydrogen label in the methylene group of the product is 
easily detected by incubation with fumarase, which is 
known to remove specifically the Hr atom!*: (seheme 3). 

Samples of the (R) and (S)[*H,. ?*H,lacetates were 
mixed with a minute amount of 1-[!*C]-acetate as internal 
standard, and converted to their CoA esters by the method 
of Wieland and Rueff'. Condensation with glyoxylate 
was carried out in tris buffer containing Mg*? ions in the 
presenee of a highly purified preparation of malate syn- 
thase from yeast. The reaction was followed spectro- 
photometrically up to 95 per cent conversion. The malic 
acid thus produced was extracted with ether, diluted with 
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inactive carrier and purified by chromatography on 
Dowex-1. From the observed loss of tritium (Table 1) 
a kn/kr ratio of 8-10 can be estimated for the product 
determining step of the reaction, eorresponding!* to a 
ku/kp ratio of 4~5, 

Two aliquots each of the specimens of (S)-malic acid 
derived from (R) and (S)-[*H,, °H,]-acetate, respectively, 
were then treated with fumarase in water in conditions 
such that equilibration between water and the hydrogen 
atom in the exchangeable position was ensured. The two 
sets of results summarized in Table 1 are nicely comple- 
mentary and provide clear evidence for a sizable difference 
in the sterie distribution of tritium in the two specimens 
of malie acid. Thus a relatively simple way is now avail- 
able for recognizing chirality and defining its sense in 
CHDT-methyl groups. 

'The magnitude of the observed effect is a function of the 
optical purity of the substrates and of an isotope dis- 
criminating process of composite nature. If, as seems 


Table 1 


Products from 
(RH, *H,]-acetate 


_ Products from 
(S)-[*H,, *H,]-acetate 


Relative Relative 

TTC logs H/C loss 

ratio of H ratio of *H 
(per cent) (per cent) 

p-Phenyl-phenacyl-acetate — 0:448 + 0:013 135 +006 -—- 

(S)-Malic acid fromsynthase 0-417+0-015 7+6 103 +003 10-547 
reaction 

( S)-Malic acid after treat- (-385 0-011 8+6 6-072+0-009 93 i4 
ment with fumarase 82367 +0030 12+6 0-112+0-011 89 c4 


" 


reasonable, this discrimination is governed chiefly by: the 
primary isotope effect (kx kp) in the removal of one of 
the hydrogen atoms from the methyl group. then: the 
conclusion is inescapable that tae condensation reaction 
catalysed by malate synthase takes place with inversion 
of configuration (scheme 4). 

As our last samples were being counted, we were 
informed by Professor J. W. Cornforth that similar results 
had been obtained by his growp, in collaboration avith 
Professor W. Buckei’s group in Munich, and had already 
been submitted for publication. We thank Professor 
Cornforth for providing a preprint of his work ane for 
arranging for simultaneous pubeation. g 

J. LUTHY 
J, RÉTEY 
D. Amea? 
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State of Newly Synthesized HeLa DNA 


by 

R. B. PAINTER 

A. SCHAEFER 
Laboratory of Radiobiology, 


University of California Medical Center, 
San Francisco, California 


stranded. 


OKAZAKI et alt and Oishi?? have reported that newly 
made DNA from Escherichia colt and Bacillus subtilis is in 
the form of small pieces about 1,000 nucleotides long. 
Moreover, both have produced evidence that at least some 
of this DNA is single stranded rather than double 
stranded. Tsukada et al.‘ recently reported that newly 
made DNA in regenerating rat liver is also in small pieces, 
but all tests indicate that it is double stranded. This 
report shows that newly made DNA of cultured human 
cells (HeLa) is not only in short segments but is also 
partially single stranded. 

Exponentially growing HeLa cell eultures in plastie 
petri dishes were removed from the incubator (37^ C) and 
allowed to remain at 23^ C for 2 h or more to slow down the 
rate of DNA synthesis. The medium was removed and 
replaced by one containing 100 uCi/ml. (16 Ci mmole) 
tritium labelled thymidine (HTdR). After exactly 2 min, 
this medium was rapidly removed and the dishes placed in 
a semi-solid ice bath. The cells were washed once with 


* 


Pulse labelling experiments provide evidence that the newly made 
DNA of HeLa cells is in the form of short segments, partially single 


ice-cold citrate-saline (0-015 M~0-15 M), scraped into the 
same solution and transferred into centrifuge tubes in an 
ice bath. A few drops of 1 per cent sodium dodecyl 
sulphate (SDS) were added with agitation, and the sus- 
pension was subjected to three rapid freeze-thaw cycles 
(—80° to 60°C). The material was then treated with 
RNase and pronase, deproteinized with chloroform 
amyl aleohol (24:1) and dialysed overnight against 
citrate-saline. 

In an attempt to "chase" the label, other eulturesowere 
exposed to *HTdR for 2 min, but were washed with a 
balanced salt solution and ineubated with a non-radio- 
active medium containing 10 ug/ml. unlabelled thymidine 
for 10 or 30 min. These cells were then prepared ia the 
same manner as the "pulse-labelled" cells we have just 
described. 

The dialysed solutions were assayed for total DNA 
content by spectrometry at 260 nm. Sucrose gracients 
(5-20 per cent. pH 7-4, 0-1 mM EDTA) were prepared for 
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Fig. 1. Neutral (pH. 7-4) sucrose gradients (5-20 per cent with 1 mM 


EDTA) of HeLa DNA labelled at 23° C for 2 min with *H'TdR only 
(bottom panel), chased 10 min (middle panel) or chased 30 min (upper 
panel) with medium containing 10 g/ml. unlabelled thymidine. 


the SW 25-1 rotor (30 ml./tube) using 7 ug DNA from each 
kind of call (pulse-labelled, 10 min chase, 30 min chase). 
The samples were centrifuged at 18,000 r.p.m. for 16 h. after 
which ten to twelve fractions consisting of thirty-one drops 
each were colleeted from each tube. One hundred ug 
carrier DNA was added to each fraction, and the mixtures 
were precipitated with 0-1 ml. 6 N HCI. The contents of 
each fraction were filtered through ‘Millipore’ filters 
(Millipore Filter Corp.), which were then washed with 
slightly acid water and dried. The radioactivity on the 
filters was determined by placing them in scintillation 
fluid and counting on a “Tri-Carb’ spectrometer (Packard 
Instrument Company). By using a small number of 
fractions, each containing a large volume, enough radio- 
active DNA was collected on each filter to be measured 
easily (10° or more counts/fraction). 

The results of this experiment are shown in Fig. 1. In 
the gradient from the 2 min pulse, about one-half of the 
total radioactivity is found in a low molecular weight 
region with a peak 0-2 of the distance to the bottom. 
Twenty per cent of the total radioactivity is in the bottom 
(high molecular weight) fraetion with the remaining 30 per 
cent distributed relatively uniformly in the intermediate 
region. The low molecular weight peak is not present in 
the gradients from either the 10 or 30 min chase eultures. 
In the 10 min chase gradient, there is a small peak at 
about 0:35, but the bulk of the radioactivity in both the 
10 and 30 min chase gradients is at or near the bottom. 

These experiments have been performed several times 
with essentially the same results. They show that the 
DNA made within 2 min consists largely of low molecular 
weight fragments, but as more DNA becomes labelled, 
these fragments comprise less of the total labelled DNA. 
The attempted "chase" in these experiments was not 
successful, for the radioactivity in the DNA of the 10 and 
30 min "chase" samples was progressively more than that 
of the 2 min pulse. This is expected, because, although 
the pool of intermediates between thymidine and DNA is 
small in mammalian cells, some *HTdR would be expected 
to be present after 30 min*. 

Single stranded DNA can be distinguished from double 
stranded by its binding to hydroxylapatite at different 
concentrations of phosphate*. These samples of DNA 
were tested for this binding using the bulk method of 
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Table 1, BIN DING OF NEWLY SYNTHESIZED HELA DNA TO HYDROXYLAPATITE (HA) 


Percentage of Percentage of 
radioactivity radioactivity 


Sample released from HA released from HA 

by 0-16 M phosphate by 0-3 M phosphate 
Native DNA (9€) 6-0 94-0 
Single stranded DNA (*H) 94-0 6:0 
2 min pulse 47-4 52-6 
10 min chase 10-3 80-7 
30 min chase 1:3 * 98-2 


Oishi’, The DNA solutions were dialysed against 0-16 M 
phosphate and 10 ug or less of each shaken on a vortex 
mixer with 100 mg hydroxylapatite ( Calbiochem) that 
that had previously been washed with 0-16 M phosphate. 
The mixtures were centrifuged, the supernatants removed, 
the hydroxylapatite washed with 0-16 M phosphate and 
the supernatants combined with the ori ginals. The 
hydroxylapatite was shaken with 0-3 M phosphate for 5 
min and the centrifugation and washing procedures 
repeated. The radioactivity of each of the fractions 
was then determined. For controls, highl y purified ^C. 
labelled native HeLa DNA and *H-labelled heat denatured 
(with 1 per cent formaldehyde) HeLa DNA were mixed 
and their binding to hydroxylapatite determined. 

The results of an experiment of this kind are shown in 
Table 1. About 94 per cent of the single stranded control 
DNA fails to bind to hydroxylapatite when incubated with 
0-16 M phosphate; 94 per cent of the double stranded 
material binds in these conditions. In the 2 min pulse 
sample almost one-half of the DNA is found in the 0:16 M 
phosphate and thus aets as if single stranded; in the 
10 min chase sample only 10 per cent of the radioactivity 
remains with the 0-16 M phosphate solution, while in the 
30 min chase sample less DNA remains in the 0:16 M 
phosphate solution than remained with the double 
stranded control. 

These results suggest that about one-half of the DNA 
made in the 2 min of incubation at 23° C is in the form of 
single strands, whieh within the next few minutes are 
converted to a double stranded form of much higher 
molecular weight. To ensure that much of the DNA 
labelled in the 2 min pulse was actually single stranded, a 
sample was mixed with 40 ug unlabelled native HeLa 
DNA and 1 ug “C-labelled heat-denatured HeLa DNA, 
and centrifuged with CsCl to form an equilibrium density 
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Fig. 2. Neutral (PH 7-4) CsCl equilibrium density gradient of 40 ag 

native HeLa DNA, with less than 1 ug denatured HeLa DNA, and less 

than 1 ug HeLa DNA labelled for 2 min at 23° C with *HTUdR. 

€ -:- - €, “C labelled denatured DNA; A-~A, ?H labelled DNA 

for 2 min at 23° O; =~ — — — , absorbance at 260 nm of native DNA 
(continuous trace). 
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gradient. The results are shown in Fig. 2. The native 
(double stranded) DNA bands at a position of slightly 
lower density than either the single stranded marker or 
the 2 min pulse sample, which band almost identically. 
This result further establishes the single stranded nature 
of the newly made DNA. 

These data indicate that the mechanism of replication 
of mammalian DNA at the level of the growing point is 
similar to that of bacterial DNA. Our results differ from 
those of Tsukada et al.*, who found no evidence for a single 
stranded intermediate in rat liver DNA synthesis. We 
cannot explain this discrepancy. The rate of overall 
HeLa DNA synthesis at 23° C is about 7 per cent of the 
rate at 37° C (unpublished results) so that the 2 min pulse 
at 23° C is equivalent to about 8 s at 37° C. Even if this 
pulse was effectively shorter than that used by Tsukada 
et al.*, it would hardly seem to account for the difference in 
results. There exists the possibility that their methods 
(with phenol or NaCl) failed to extract the single stranded 
DNA. 

The significance and function of single stranded DNA 
in DNA synthesis are not clear. Oishi? has presented some 
possible models and undoubtedly other ones eould be 
invoked. Although it seems unlikely. the single stranded 
DNA may be an artefact resulting from some peculiar 
fragility of DNA at the growing point. 


* 





The size of the single stranded DNA is less than 2,000 
nucleotides (obtained by compar» 





son in a sucrose gradient: 
with a marker mammalian DNA of known molecular 
weight). If there are two single atrands per growing point, 
the total molecular weight of single stranded DNA at each 
growing point is 1-1-5x 10% In HeLa celis, there are 
about 10! growing points per eell (ref. 7 and o 
published results) at any instans, 80 that approxi 
1-5 x 101? daltons DNA per cell ere in the single strar 
form. This represents only 0:115 per cent of the 
DNA, whieh may explain why 1 has been so difficult to 
detect intracellular single stranded DNA with conventional 
techniques. 

This work was performed under 
US Atomic Energy Commission. 
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Isolation of an RNA with the Properties of " 


Haemoglobin Messenger 


by 
F. LABRIE 


Biochemistry Laboratory, School of Biology, 
University of Sussex, Brighton, and 

MRC Laboratory of Molecular Biology, 
Cambridge* 


Protein synthesis is mediated through messenger RN A}, 
but no natural cellular messenger has been obtained in 
pure form so far. To obtain a messenger RNA coding 
for a protein of known amino-acid sequence in sufficient. 
quantity to determine its structure and to study its 
association with ribosomes and other factors of poly- 
peptide biosynthesis is therefore desirable. I deseribe 
here an attempt to isolate the messenger RNA for rabbit 
haemoglobin. 

Haemoglobin messenger RNA from rabbit retieulocytes 
has several advantages (see review, ref. 2). The proteins 
made in immature mammalian blood cella are almost 
exclusively haemoglobins* so that the messenger RNA 
population of these cells will be largely haemoglobin 
mRNA. Reticulocytes have low ribonuclease activity, 
which should minimize the problems of nuclease eontamin- 
ation usually encountered in RNA purification, especially 
in mammalian cells. The structure and function of 
haemoglobin* are well known; the system is also of 
interest. from the point. of view of cell differentiation and 
hormonal action, differentiation of the erythropoietic 
cell-line being induced by a polypeptide hormone, erythro- 


è Present address. 


An RNA species with properties suggesting that it is a messenger 
for haemoglobin synthesis has been purified from rabbit reticulocytes. 
It resembles messenger RNA in its molecu'ar size, its sensitivity to 
ribonuclease, its kinetics of in vivo labelling and the fingerprint 
obtained from its Tl-ribonuclease digest. 


[solation of Haemoglobin Messenger RNA 
Blood containing more than 80 per cent reticulocytes 
was obtained from adult rabbits made anaemie by five 
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Fig. 1. Sedimentation pattern of EDTA- treated ribosomal suspension in 
à 12 per cent-30 per cent linear sucrose zradient in 0-01 M tris HOCLOSH 
T-A and 0-015 M KCl at 24,000 r.p.m. for 17 hin SW 26-2 rotor, Habblt 





reticulocytes were isolated 17 h after the injection of 10 mCi af 
3*p.orthophosphate. =- = p 0D; e=, FP. l 


1218 


daily subcutaneous injections of 1-0 ml. of 2-5 per cent 
neutralized phenylhydrazine hydrochloride. The cells 
were washed three times in 0-18 M N aCl, 0-005 M KCI 
anc 0-0074 M MgCl,.6H,O (ref. 11). The cells were lysed 
at 0^ C by the addition of 1-5 volumes of lysis medium 
(0-01 M tris HCl, pH 7-4, 0-015 M KCl and 6-005 M mer- 
captoethanol), followed 90 s later by one volume of 0-5 M 
sucrose in the same buffer. Cell debris was removed by 
centrifugation at 17,0009 for 12 min and the ribosomes 
were prepared from the earefully decanted supernatant 
by centrifugation through 1 M sucrose in lysis medium at 
150,000g for 3-5 h. 

The « and B chains of rabbit haemoglobin consist. of 
14! and 146 amino-acid residues!?:29 respectively. The 
munimal molecular weight of mRNA required for transla- 
tion of the individual peptide chains is 0-15 x 108, From 
the molecular weights of the ribosomal and transfer 
RNAs, and from the average number of ribosomes engaged 
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in protein synthesis on the haemoglobin mRNA mole- 
cules (4:5) (ref. 14), we can calculate that mRNA should 
account for I-1 per cent of the RNA present in polyribo- 
somes and for 0-5 per cent of the RNA in the total ribosome 
population. Approximately 96 per cent of the remaining 
RNA is accounted for by 29S and 185 ribosomal RNA. 
Sucrose gradient centrifugation was used as a first 
purification step. To minimize ribonuclease degradation 
of MRNA and rRNA it was carried out on the ribonucieo- 
protein particles, after EDTA treatment. of the ribosomes. 
The ribosomal pellet, dissolved in 0-01 M. tris HCl 
(pH 7-4), 0-015 M KCI and 0-03 M EDTA, was layered on 
12-30 per cent linear sucrose gradients containing 0-01 M 
tris HCl (pH. 7-4) and 0-015 M KCl. The gradients were 
spun for 15-24 h at 25,000 rev./min in the Spinco SW 25-1 
or 2 rotors at 27-4? C. After the run the gradients were 
displaced upwards with a 50 per cent sucrose solution and 
the optical density at 260 or 254 mmicrons continuously 
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Fig. Z. a, Electrophoretie analysis of rabbit reticulocyte RNA extracted from fraction B of suerase gradient (Fig. 1), Elec- 
trophoreses were carried out in 2:5, 3-75 and 5-0 per cent polyacrylamide gels at 4 mA/tube for 60 min in buffer as deacribed 


in the text. The different RNA species are identified by approximate S values. 


b, Electrophoretic analysis of a different 


preparation of rabbit reticulocyte RNA from fraction B of sucrose gradient in 3-75, 4:2, 4-6 and 5-0 per cent polyacrylamide 
gels for 90, 110, 140 and 150 min respectively. e, Electrophoretic analysis of rat liver RNA prepared in conditions similar to 


those described in Figs. 1, 2a and 2b. 


Electrophoresis was carried out in 5-0 per cent polyaerylamide gel for 75 min. 
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monitored with a Unieam SP-800 spectrophotometer or 
with an Isco ultraviolet analyser. 

The usual sedimentation pattern of the EDTA released 
particles (Fig. 1) indicates the presence of a peak of high 
specific activity (B) sedimenting between the light ribo- 
somal subparticle and the transfer RNA, as observed 
previously. Such a peak at 128-148 is not observed 
when rat liver ribosomes are treated identieally, even 
though RNA having some properties of messenger seems 
to be released as a ribonucleoprotein particle in this tissue 
by EDTA treatment, 

Fraction B (Fig. 1) was extracted with 0-2 per cent 
sodium dodecyl sulphate and water-saturated phenol at 
(^—4* C and the RNA precipitated with 2-5 volumes of 
ethanol at —20° C. The RNA was dissolved in 0-04 M 
tris acetate (pH 7-8), 0-02 M sodium acetate, 0-002 M 
EDTA and 10 per cent sucrose, and was run on 0-4 x 
10 em cylindrical gels of various polyacrylamide concentra- 
tions and times of electrophoresis (as stated in the legends 
to the figures) at 4 mA/tube and 3°-5° C. The acrylamide 
and bis acrylamide used had been recrystallized’. The 
concentration of bis acrylamide was 5 per cent of that of 
acrylamide, and the concentrations of ammonium per- 
sulphate and of NNN’N’-tetramethyl-ethylenediamine 
were 1-0 and 0-1 per cent respectively. The composition 
of the buffer in the gels and in the reservoirs was identical 
with that used to solubilize RNA. After the run the gels 
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Fig. 8. Relationship between molecular weight and electrophoretic 
mobility of RNA species identified in Fig. 2a. The molecular weights 


used for 29, 18, 5 and 4.9 RNAs were as cited in the text. The acrylamide 
concentrations are shown on each line. 
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were scanned at 254 mmicrons directly or at 620 mmicrons 
after staining with 0-02 per cent methylene blue in 0-4 M 
sodium acetate and 0-4 M acetic acid (pH. 4-5) or in 0-02 M 
tris acetate (pH 7-8), 0-02 M sodium acetate and 0-002 M 
EDTA with a Vitatron or a Joyce-Loebl microdensito- 
meter. 

Fig. 2a shows the electrophoretic pattern obtained in 
gels of 2-5, 3-75 and 5-0 per cent acrylamide. It can be 
seen that besides a contamination with well characterized 
4S, 5S, 18S and 29S RNAs, the amount of which can be 
lowered by collecting a narrower peak fraction, fraction B 
shows four new RNA species. They have been given 
approximate S values for convenience of identification. 


+ 


The RNA species of fraction B can be resolved further ^ — 
using acrylamide concentrations of 3-7, 4-2, 46 and 5:0. 
per cent (Fig. 2b). The 185 anc 158 species are resolved 
into three bands, while the 8S, 95, 115 and 128 RNA 
species are resolved into two. 

This heterogeneity of the RNA molecules makes identi- 
fication of the mRNA difficult. Ideally, one of the RNA 
species should be shown to d:rect the synthesis of & 
specific polypeptide chain in an $m vitro heterologous 
system. As this has not yet proved possible, I have 
used a combination of molecular size, ribonuclease Bensi- 
tivity, kineties of in vivo labellmg and characteristics of 
fingerprinting to find out whch is the haemoglobin 
messenger. The results show that this is probably the 
105 component. 





Molecular Size 

The linear relationship observed between the logarithm 
of the molecular weight of an RNA and the distance 
moved in polyacrylamide gels san be used to estimate 
the molecular weight of an RNA species*, Using mole- 
cular weights of 1-8 x 10* for 29/5 RNA and 0-63 x 10* for 
188 RNA, 0-41x 105 for 55 BNA” and 0:26 x 105 for 
transfer RNA, a straight line relationship was obtained 
when 2-5 per cent acrylamide gel was used (Fig. 3) The 
distances moved have been expressed as a function 
of the movement of 4S RNA. This parameter wato- 
matically corrects for the variatle length of the gels and 
was reproducible in different experiments. 

The molecular weights estimated for 78, 95, 10S and 
15S RNAs in 2:5 per cent acrylamide were used as markers 
when gels of higher concentration were used. In high 
concentration gels, large RNAs are progressively excluded 
and a linear relationship does nct apply (see Fig. 3). 

From Figs. 2a and 2b the following estimates of molecu- 
lar weights of minor RNA species in reticulocytes were 
obtained: 75, 088x 10°; 8S, 145x 10*; 98, 1-85 x 105; 
LOS, 19x 105; 11S, 205x105; 128, 2-4 x 105; and i55, 
3:6 x 105. 
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Fig. 4. Comparison of the specific activity of the main reticulocyte 

RNA species isolated from fraction B of sucrose gradient and separated 

on 3°75 per cent polyacrylamide gel. Rakbit reticulocytes were obtained 

17 h after the injection of 10 mCi of **P.orthophosphate, The gel was 

scanned using a 254 mmicron interference filter ( - - -) and then sliced for 
determination of radioaciivity {meem}, 
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Fig. 5. More detailed comparison of the specific activity of reticulocyte 

ENA species isolated as described in Fig. 4. The gel was scanned after 

staining with methylene blue ( - - - 3 and then sliced for determination of 
radioactivity (-—-——), 


There is strong evidence that the messenger RNAs for 
haemoglobin are monocistronieM:?, and they must be 
long enough to code for polypeptides which are 141 and 
146 amino-acid residues long. Both the 9S (450 nucleo- 
tides) and 10S (550 nucleotides) fractions are possible 
mENA molecules by this criterion. 


DEAE-—7 per cent formic acid 


Cellulose acetate-— pH. 3:54-———————————— 
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The yield of the different RNA fractions varied from 
experiment to experiment, probably because of residual 
ribonuclease activity occurring during purification. The 
10S RNA band was the most sensitive to degradation 
during purification. When its yield was low, that of 
the other bands, especially 8S, 9S, 12S and 155, was high. 
These species may be ribosomal degradation products. 
This is consistent with the 10S being messenger RNA, 
for mRNA is believed to be in an unfolded configuration 
and therefore especially sensitive to ribonuclease degrada- 
tion. 

The amount of RNA usually recovered in the 10S 
band, approximately 75 ug per rabbit, is compatible with 
the theoretical value of 1-1 per cent of total RNA of 
polyribosomes previously mentioned. A contamination of 
the area of 105 on polyacrylamide gel by another molecule 
is unlikely because no noticeable band of similar electro- 
phoretic mobility is observed after identical treatment of 
rat liver ribosomes (Fig. 2c). 


Kinetics of in vivo Labelling 

It is not immediately obvious that the messenger RNA 
in reticulocytes should have a turnover rate different 
from that of the other RNAs of the cell, but fraction B 
of the sucrose gradient (Fig. 1) is of high specifie activity), 
After electrophoresis in 3-75 per cent polyacrylamide gel, 
the 105 RNA has a specific activity five-fold higher than 
the 55. 18S and 298 ribosomal RNA peaks (Fig. 4). The 
45 RNA is also highly labelled 17 h after the injection of 
?P-orthophosphate; the homogeneous distribution of 
radioactivity in the Tl-ribonuclease digest fingerprint 
indicates that this is not caused by labelling of the CCA 
end, but by a general labelling of the molecule. 

A more detailed picture of the specific activity of the 
minor RNA species is shown in Fig. 5. Accurate compari- 
sons cannot be drawn because of the small quantities of 
85, 11S and 128 RNAs, but the labelling of 78, 9S and 
155 RNAs is clearly less than that of 10S RNA and is 
similar to that of the ribosomal RNAs shown in Fig. 4. 
The 75 RNA probably corresponds to the one described 
as à component of 20S RNA in HeLa cells. This RNA 





Fig. 6. Autoradiograph of a two-dimensional fractionation of a ribonuclease T1 digest of 108 reticulocyte RNA. 
Fractionation was by ionophoresis on cellulose acetate, pH 3:5, and on DEAE-paper in 7 per cent formic acid as 
described**. The arrows indicate spots not present in 205 and 185 ribosomal RNA. 
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———— »DEAE-—7 per cent formic acid 


Cellulose acetate—pit 3:54—————— 


Fig. 7. 
locyte ribosomal RNA. 


runs as a unique band in the gels shown in Figs. 2a and 26 
but separates into two components in acrylamide concen- 
trations of 7-5 per cent. In reticulocytes, 75 RNA exists 
free in the cytoplasm as well as in the ribosomes. 

The kinetics of in vivo labelling indicate that 105 RNA 
has a specific activity four to six times higher than the 
bulk of ribosomal RNA. "This could have arisen either as 
a result of a different and probably more rapid turnover 
rate of this RNA than of the ribosomal RNA, or because 
it is synthesized late during differentiation in a cell already 
supplied with a large number of ribosomes. 


Characteristics of Fingerprinting 


Fig. 6 shows a two-dimensional fractionation of a ribo- 
nuclease T1 digest of 10S reticulocyte RNA. This figure 
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Autoradiograph of a two-dimensional fractionation (as in Fig. 6) of a ribonuciease T1 digest of 295 retku- 
The arrows indicate spots not present in 105 RNA. 


can be compared with the corresponding T1 ribonuclease 









by arrows), 
10S and ribosomal RNAs. The 10S is cleariy not a 
degradation product of ribosomal RNAs. An interesting 
feature of the messenger RNA fingerprint is the low 
yield of AUG and UAG sequences indicating à low oecur- 
rence of the oligonucleotides GAUG and GUAG in this 
molecule. This is probably related to the low frequency 





Fig. 8. Autoradiograph of a two-dimensional fractionation (as in Fig. 6) of a ribonuclease Tl ‘digest of 18S retier- 


The arrows indicate spots not present in 108 RNA. 
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LÀ 
of certain codons in the messenger RNA. UAG is an 
stop eodon in 
mammalian tissues, it would be expected to be rare. The 
sequence GUAG can, however, be read in three ways. 
depending on the phase of reading of the messenger RNA, 

None of these pieces of evidence is sufficient for the 
conclusive identification of the messenger for haemoglobin. 
Taken together they suggest that the 108 obtained by a 
combination of sucrose gradients and polyaerylamide gel 
eleetrophoresis is haemoglobin mRNA. | 

Assuming that a partieular shape of the mRNA mole- 
cule does not decrease the rate of its movement in poly- 
acrylamide gels, leading to an apparent increase in its 
moleeular weight as estimated from Fig. 3. these RNA 
molecules contain 75-125 nucleotides in excess of the 
minimal number required for translation of the globin 
chains. These nucleotides are probably situated at the 
encs of the molecule and could be responsible for the 
control of protein synthesis. 

The binding properties of 10S RNA to ribosomes and 
ribosomal subunits are also characteristic of messenger 
RNA (to be published). : 

I thank Professor A. Korner and Dr F. San ger, in whose 
laboratories this work was carried out. for adviee and 
diseussions, and also for their assistance in the preparation 
of the manuseript. T also thank Dr G. G. Brownlee for 
advice on nucleotide fractionation techniques. The work 
was supported by the Medical Research Councils of Great 
Britain and Canada. I am a recipient of a Medical 
Research Council of Canada centennial fellowship. 
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ALTHOUGH there is considerable evidence that many 
of man’s recessively determined diseases result from a 
deficiency or defect of some enzyme or protein, much less 
is known of the biochemical basis of those diseases 
inherited with dominant Mendelian genetics. Hereditary 
spherocytosis is one example of a dominant disease in 
which intensive investigation has failed to reveal the 
exact nature of the red cell defeet which leads to its 
shertened life-span and destruction in the spleen. Not 
only is the glycolytic pathway fully intact in hereditary 
spheroeytes!- but the gross composition of the cell 
membrane seems normal, as shown by both lipid and 
protein analyses!:5, 

Although chemical differences between hereditary 
spheroeytes and normal red cells may be minimal, the 
spherocytie cell allows an inereased inward movement of 
Na* ions*, which has been proposed as the primary defect 
leading to cell destruetion?^*. "The greater inward leak 
of Na* ions is balanced by supra-normal rates of Na" 
pumping which can *be demonstrated not only by the 
increased extrusion of labelled Na* from the cell but 
also by the larger inerement in the cells metabolism 
which directly energizes the active cation pump’, 
Moreover, measurement of the intracellular Na+ in freshly 
drawn hereditary spherocytes shows its concentration to 
be identical with red cells from normal donors’. Because 


A mutation at a control gene site may explain the appearance of 
both more sodium pump and a greater sodium leak in the red cells 
of patients with hereditary spherocytosis. 


normal red cells will only pump Na* at increased rates 
when its intracellular concentration is raised!^, it may be 
asked what factor stimulates Na* extrusion in heredi tary 
spherocytes ? 

There are two alternatives. First, the total number of 
pump sites may be greater than in normal cells so that 
although the turnover rate of each individual pump may 
be normal, the total effect is to increase Na+ pumping. 
Alternatively, hereditary spheroeytes and normal cells 
may possess the same number of pumps but the leak and 
pump may be somehow coupled in spherocytie cells so 
the extra amount of Na* is extruded by a greater turnover 
rate of each pump. 

These two alternatives can be distinguished by measur- 
ing the maximal activity of the cation pump in normal 
and abnormal cells, for differences in this activity in 
optimal conditions must reflect the number of pump 
molecules present, assuming that the enzyme is the same 
in both cells. Activity of the cation pump is most con- 
veniently assayed by measuring the ouabain-sensitive 
component of an ATPase in isolated erythrocyte stroma, 
for this component of ATPase seems an integral part 
of the cation pump"™?*, Concentrations of ATP (1-5 mM) 
and Mg* ions (3 mM) were chosen to give maximal 
activity’? 4, while Nat and K+ ions were included in the 
incubation mixture because the cation pump ATPase 


NATURE, VOL. 221. MARCH 29, 1969 


requires synergistic stimulation by both these cations. 
Donors with hereditary spherocytosis were selected who 
had undergone splenectomy and in whom the reticulocyte 
count was not elevated, for reticulocytes possess in- 
creased amounts of cation pump ATPase". Fresh washed 
red cells were haemolysed in 10 volumes of 6 mM tris Cl, 
pH. 7:5, at room temperature and the stroma were separ- 
ated by centrifugation at 20,000g for 15 min. All visible 
traces of haemoglobin were removed from the stroma by 
four further washes in this buffered hypotonie medium!*. 
The white stroma were suspended in 6 mM tris Cl, pH 7-5, at 
a concentration of 1-1-5 mg protein/ml., added to paired 
tubes, in one of which was ouabain (100 uM), and pre- 
incubated for 10 min at 37° C. The reaction was initiated 
by the addition of 0-1 volumes of ATP plus cofactors to 
give final concentrations of ATP 1-5 mM, MgCl, 3 mM, 
NaC] 100 mM, KCl 10 mM and imidazole Cl 5 mM, pH 7:5. 
Aliquots were withdrawn at 0, 10 and 20 min, deprotein- 
ized in 0-5 volumes of cold 0-8 N HCIO, and inorganic 
phosphate (Pi) determined immediately on the extract. 
ATP hydrolysis was linear with time (within +4 per cent) 
up to 20 min ineubation. Protein in the suspension was 
measured using human serum albumin às à standard'*. 

The activity of the cation pump ATPase in twelve 
normal persons showed a variation from 0:24 to 0-40 
with a mean of 0-30 umole Pi/mg protein/h + 0-05 (SD) 
which agrees closely with a recent report". Values for 
each individual were closely reproducible (for example, 
values of 0-22, 0-24 and 0-38, 0-42 moles Pi/mg protein/h 
for two individuals measured on different Occasions). 
Ten hereditary spherocytics were then examined and in 
all except three the values for the cation pump A'TPase 
activity lay above the normal range (Fig. 1). Moreover, 
the mean value of this enzyme activity in the hereditary 
spherocytics as a group, 0:45 pmole Pi/mg protein/h 
+010 (SD), was well above the mean for the normals and 
the difference between means was highly significant 
(P<0-001). Evidently a balanced inheritance of more 
functioning cation pump activity along with more Na leak 
sites enabled these spherocytes to maintain a normal 
intracellular concentration of Na* ions. 

The presence of an inereased number of active cation 
pumps in hereditary spheroeytes was also suggested by the 
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Fig. 1. Cation pump ATPase activity of isolated erythrocyte stroma 
from normals (©) and from patients with hereditary spherocytosis (6) 
who had been splenectomized, Stroma were prepared by hypotonic 
haemolysis in 6 mM tris Cl, pH 7:5, washed free of haemoglobin, suspen- 
ded at a concentration of 1-15 mg protein/ml. in this medium, and 
added to paired flasks in one of which was ouabain (100 pM) The 
suspension was warmed at 37° C, substrates were added (ATP 1:5 mM, 
MgCl, 3 mM, NaCl 100 mM, KCl 10 mM, imidazole Cl 5 mM, pH 7-5) and 
the inerease in inorganic phosphate measured during 20 min incubation. 
Cation pump ATPase activity was taken as the component of the tota! 
activity inhibited by ouabain. 
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Differences between hereditary she rocytes (0) and normal red 
celis (@) in the component of Na influx waich is inhibited by Gua Dmna ina 
K+ free medium, Red cells were washed four times in ihe K* free saline 
and added to media of composition 70. 1 16 or 150 mM. “Nati and 80, 
40 or 0 mM choline Cl respectively plus-ZU mM imidazole Cl, pH. 7-5, and 
10 mM glucose contained in paired tubes in one of which was ouabain 
(100 uM). The suspensions were incubated for 20 min at 37° C with 
agitation and Na influx calculated from tte uptake of radioactivity by the 
cells, Inhibition of influx in the presence of ouabaln was taken as the 
component of Na influx which enters the cell by exchange diffusion by 
means of the cation pump mechanism. 


Fig. 2. 









resulta of an entirely different experiment involving the 
measurement of Na influx?. 1a an investigation of the 
active cation pump in normal red cells, Garrahan and 
Glynn recently showed that when K+ was removed from 
the external medium, labelled Nat entered the cell by à 
process of exchange diffusion through the cation pump*'. 
Addition of ouabain to the K*-free medium specifically m- 
hibited this component of Na influx. Because no hydrolysis 
of ATP occurred in this process?', the magnitude of this 
exehange diffusion should measure the number of eation 
pump sites rather than any kinetie properties of the 
cation pump ATPase towards its substrate. Now if 
hereditary spherocytes possess & greater number of cation 
pumps, then ouabain might be expected to inhibit more 
of the Na influx into spherocytes than into normal cells. 
This expectation was realized when Na mflux was 
measured in hereditary spherocytes and normal red cells 
incubated in buffered NaCl-choline Cl media, pH 7-5, 
in the presence and absence of ouabain. Na influx was 
inhibited by ouabain at each of three different Nat con- 
centrations used and the magnitude of this inhibition was 
greater for hereditary spherocy:es than for normal cells 
(Fig. 2). 

Thus an increased number cf cation pump moleeules 
in hereditary spheroeytes is indicated both by ATPase 
activity and by cation fluxes. It should be emphasized, 
however, that some hereditary spherocytes show a normal 
cation pump activity, just as others have no Na leak as 
judged by a normal Na influx. Moreover, preliminary 
results suggest that two out of the three hereditary 
spheroeytes with normal cation pump activity also had 
a normal Na influx (my unpublished work). Indeed, 
the finding that the range of values for the cation pump 
ATPase in hereditary spherocytes and normal red celis 
overlap may account for reports of normal red celi A'T Pase 
in this condition????, 

The central problem therefore is to explain the parallel 
increases in Na leak and cation pump of hereditary sphero- 
cytes in the simplest genetic terms. While it is possible 
that a single macromolecule in the membrane regulates 
these two mechanisms of Nat passage, it seems more 
likely that each is controlled by a separate (although 
possibly adjacent) membrane ecmponent the synthesis of 
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whieh depends on the activity of two or more genes. Support 
for this latter view comes from the description of two cases 
of hereditary haemolytic anaemia, one with a deficiency 
of erythrocyte membrane ATPase activity and the other 
caused by a grossly increased Na leak?* which suggests that 
mutations ean affect leak and pump in a separate manner. 
The mutation of hereditary spherocytosis, however, 
where leak and pump are both increased, is far more 
frequent than the isolated mutations mentioned and it 
seems reasonable to postulate that the genes controlling 
leak and pump are grouped within the one operon and that 
the mutation in hereditary spherocytosis affects a con- 
troller gene for this operon. Coordinated inheritance 
of Na leak and cation pump would thus oecur and lead 
to an increased Nat turnover in the cell with a normal 
intracellular concentration. 

A mutation involving a control gene locus offers the 
most plausible explanation of several hereditary diseases 
of man**, In orotic aciduria a deficiency of two sequential 
enzymes in the pathway of pyrimidine biosynthesis has 
been demonstrated in blood cells and fibroblasts. Such a 
double enzyme defect suggests an abnormality of a genetic 
controller mechanism such as an operator or regulator 
gene mutation”, although the recent discovery of orotic 
aciGuria with an absence of only one of the two enzymes 
which are usually missing makes this interpretation less 
simple (Fox et al., personal communication). Acute 
interrnittent porphyria is another example of a possible 
controller gene mutation for in this disease there is 
evidence for an increased level of a key enzyme rather 
than a deficiency, Delta-aminolaevulinic acid synthetase, 
an enzyme early in the porphyrin synthetic pathway, is 
present in increased amounts in the liver and is responsible 
for the raised porphyrin production in this dominantly 
inherited disease**. This over-production of a normal 
enzyme has led to the suggestion that this disease involves 
a mutation in an operator or controller gene**. Similarly, 
the inereased amounts of a membrane enzyme together 
with a greater membrane leak to cation in hereditary 
spherocytes may indicate a controller gene disorder. 
Nevertheless, abnormalities in membrane structure in 
hereditary spherocytes have not been excluded and 
indeed it may well turn out that the mutation deranges 


on the manuscript. 
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molecular strueture as well as control aspects of red cell 
membrane formation. 
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Errors in Protein Synthesis and Clonal Senescence in Fungi 


b Irreversible senescence in fungi—a cytoplasmic condition—may be 
y the result of a breakdown in the maintenance of the accuracy of 
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protein synthesis. Premature senescence in Podospora can be 
induced by treatments which may reduce the accuracy of amino-acid 
incorporation. A predicted interrelationship between phenotypic 
reversion of a base substitution mutation, suppression and ageing is 


shown in Neurospora. 


Iw most organisms it has not been possible to distinguish 
between nuclear and cytoplasmic degenerative changes 
during ageing. With fungi, however, it is usually possible 
to distinguish between nuclear and cytoplasmic control of 
particular phenotypes. A number of fungal species show 
clonal senescence’; that is, they are incapable of prolonged 
vegetative growth, and where the appropriate tests have 
been made it has been clearly shown that the senescence 
has a eytoplasmie basis. In this article I suggest that the 
phenotype can be explained on the basis of Orgel’s 
hypothesis of cellular senescence’, and this view is sup- 
ported experimentally with Podospora anserina and 
Neurospora crassa. Orgel's arguments can be summarized 
as fellows. In normal cells a low level of mistakes in 
protein synthesis would be expected; for most proteins 


abnormal molecules would simply be diluted out by normal 
ones with no lasting effect on the cell; but for those 
enzymes which are themselves involved in transcription 
and translation (for example, DNA.dependent RNA 
polymerase, amino-acyl {RNA synthetases, and enzymes 
modifying RNA) the situation would be quite different. 
Here an altered molecule which retained activity but had a 
lowered specificity of action might be expected in a pro- 
portion of cases to be responsible for the production of 
further defective protein molecules. Once the machinery 
of protein synthesis was contaminated by the presence of 
defective enzyme molecules, there would be an exponential 
increase in the frequency of errors. This would be an 
irreversible process (leaving aside, for the moment, the 
question of cellular selection) which would lead to an 
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"error catastrophe" in protein synthesis and death of the 
cell. 


Senescence and Vegetative Death 

The species of fungi which have been studied in the 
greatest detail are Podospora anserina!? and Aspergillus 
glaucus*: in the former cessation of vegetative growth is 
called senescence and in the latter vegetative death. 
The phenotypes of the conditions in the two species are 
very similar and it would be surprising if the underlying 
cause was not the same. In both, prolonged vegetative 
growth at constant rate is terminated by a fairly sudden 
drop in growth rate, the production of an intense brown 
pigment, the distortion, swelling or bursting of the slowly 
advaneing hyphae, and finally death of the whole hyphal 
front. In Aspergillus, earlier symptoms are a loss of the 
ability to form cleistothecia (organs of sexual reproduc- 
tion), followed by a fall in conidial viability and then a 
failure to form conidia. Viable conidia taken from 
apparently healthy parts of the colony behind the dying 
front soon develop the same symptoms of vegetative 
death. Again, in Podospora it has been shown by pedigree 
analysis that the agent which brings about senescence is 
present long before any visible symptoms appear. This 
species does not form vegetative conidia, and the early 
stages in the development of senescence do not completely 
prevent sexual reproduction. The longevity of cultures is 
influenced by environmental conditions; in particular, 
increasing temperature results in a sharp reduction in the 
distance a culture will grow, although the growth rate is 
increasing with temperature. In both species, the hetero- 
karyon test has shown that the senescence is eyto- 
plasmically determined and is also dominant or sup- 
pressive. That is, when normal hyphae are allowed to 
fuse with senescent ones, the agent causing senescence 
spreads through, or infects, the normal mycelium. It has 
been shown, by the use of appropriate nuclear markers, 
that the infection, which is particularly vigorous in 
Aspergillus, is not associated with the movement of 
nuclei from the senescent cells. In addition, it has been 
shown in Podospora that the condition is never transmitted 
via male gametes, although it can be transmitted by the 
female parent of a cross. In this case (as expected for a 
cytoplasmic factor) segregation amongst the products of 
meiosis is not observed. 

The phenotype is explicable on the basis of Orgel’s 
theory. An incipient error catastrophe would be located 
in the cytoplasm and it would be dominant or suppressive: 
a normal cytoplasm contaminated with an inaccurate 
machinery for protein synthesis would soon become 
defective in the same way. Because all the proteins are 
affected, it would be expected that there would be a fairly 
broad spectrum of changes in the phenotype during the 
final stages of growth. It is known that the accuracy of 
protein synthesis depends on accurate hydrogen bonding 
of complementary bases, and the strength of such bonding 
decreases with increasing temperature. It would be 
expected therefore that the rate of initiation and develop- 
ment of the error catastrophe would increase with tem- 
perature. 

A fungal mycelium consists of a population of individual 
hyphae (albeit with anastomoses between hyphae behind 
the growing front), and it could therefore be argued that 
any hypha which was developing an error catastrophe 
would simply be selected out, leaving healthy, unaffected 
hyphae to take over the growing front. A crucial point 
here is that fungal growth on solid medium is linear, 
whereas the increase in errors in protein synthesis would be 
exponential. The failure of selection to prevent death of 
the whole culture can therefore be explained by supposing 
that the cells can tolerate a given level of defective protein 
without any reduction in growth rate, and that from this 
point the error frequency escalates so rapidly that the 
hyphae cannot escape an error catastrophe by their 
linear growth. 
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There is no evidence that senescence is theresult of the 
rapid proliferation of a eytopiasmie partiele, such as & 
virus present in healthy myce ium in the form of & pro- 
phage. Attempts to infect healthy mycelium with cell-free 
extracts of senescent hyphae have never been successful 
(ref. 1 and personal commun:cation from d. L. Jinks). 
Thin, sections of senescent Podespora have been examined 
by electron microscopy without providing any evidence 
for the presence of virus-like bodies ( ref. 5 and unpublished 
results of I. D. J. Burdett). Burdett’s study:showed that 
cella in an advanced state of senescence hac remarkably 
thick cell walls. This could mdicate that protem syn- 
thesis is abnormal, because it has been shown that when 
protein synthesis is blocked in yacteria, cell wall synthesis 
proceeds for some while*. Marcou’? has discussed at length 
the difficulties in explaining the properties of tue senescence 
phenotype in Podospora in terms of a eytoplagmie particle. 


Induced Senescence in Podospcra 

It wag previously shown thet non-toxic concentrations 
of amino-acid analogues wher. fed to Drosephila larvae 
reduced the longevity of adulte”. The same approach was 
adopted in experiments with Podospora to see whether 
agents which would be expected to increase the natural 
frequency of errors in protein synthesis would also 
accelerate senescence. 

A survival curve for Podospora can be coastructed by 
growing a population of parallel cultures in growth tubes 
and then measuring the length of the mycelium from the 
origin to the dead hyphal front. Most of the experiments 
were done on cornmeal agar, or on Ustilago minimal 
medium? containing 0-3 per cent KNO, as nitrogen 
source and 1 ug/ml. thiamine. This gave the best growth 
rate of several synthetie media tested; it was comparable 
with that on cornmeal, although the longevity was 
considerably reduced. The short-lived strain A was used 
in nearly all the experiments: inocula were standardized 
and taken from fresh cultures derived from uninucleate 
ascospores. Cultures were incubated at 26° © and scored 
weekly. A number of amino-acid analogues known to be 
incorporated into protein’ were tested anc four which 
inhibited growth at 10-* M or lower were selected. ` These 
were: DL-p-fluorophenylalanine, DL-ethiommne, L-cana- 
vanine and seleno-pi-methicnine. In each case it was 
shown that the natural metabolite was capable of removing 
inhibition of growth by the analogue. Experiments were 
also done with high concentra:ions of Mg, the molarity 
of which has to be carefully controlled for proper ribosome 
function and accurate amino-acid incorporation, at least 
in the in vitro system". 

In control populations there was usually ne difficulty in 
scoring the longevity of a culture, as once the hyphae had 
stopped growing there was no recovery. Wen low con- 
centrations of analogues were included in the medium, 
however, a substantial proportion would slow down and 
stop or grow very slowly, but subsequently recover 
(usually from a particular part of the hyphal front) and 
continue to grow irregularly. It then became difficult 
to decide when a culture should be scored as dead, 
and the construction of satisfactory survival curves 
was not possible. In several experiments wih analogues, 
in which cessation of growth for one week was taken 
to indicate death of the whole hyphal front, a large 
proportion of the tubes showed reduced longevity com- 
pared with the control, but many of the remainder 
outgrew the controls. These experiments suggest that the 
probability of the event initiating senescence was 
increased by analogues, but that cither the incuba- 
tion period could be increased, ow that Poaospora grow- 
ing in these eonditions was capable of resovery, as a 
result, perhaps, of a greater physiological heterogeneity in 
the hyphal population than in the control cultures. 
Ethionine and p-fluoropheny;alanine were more active 
in producing these effects than canavanine and seleno- 
methionine. If the concentrations were slightly inereased 
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Fig. i. The effect of amino-acid analogues and cycloheximide on the 
longevity of Podospora strain A (4 mating type). ©, Control, cornmeal 


medium (forty-one cultures); ^, supplemented with 2 x 10? M DL-p- 
flucrephenylalanine (forty-eight 


€ it cultures); A, supplemented with 
8x 168 M pL-ethionine (forty-three cultures); 6, supplemented with 
| ugiml. eycloheximide (twenty-seven eultures), 


the effects on longevity were clear cut. In one experiment 
(Fig. 2) the growth rate on ethionine was 4:7 min/day, 
and on p-fluorophenylalanine 3:9 mm/day, compared with 
the control rate of 54 mm/day. A reduction of growth 
rate by amino-acid analogues would most probably be 
the result of a general inhibition of protein synthesis. As 
an additional control, the effect of eyeloheximide (a well 
known inhibitor of protein synthesis in eukarvotes!!) 
was examined, Fig. 1 shows that a concentration of 
eyeloheximide which slightly reduces growth rate (4-7 
mm day) has no effect on longevity. 

It wis also found that high concentrations of Mg? 
significantly reduced longevity on minimal medium. 
Experiments were done with 0-2 M MgCl, or MgSO,, one of 
which is shown in Fig. 2. The addition of 0-2 M KCl had 
no effect on longevity. Evidence that this high concentra- 
tion of Mg?* may affect the fidelity of translation in Neuro- 
spora will be mentioned. 

Although these experiments showed that the develop- 
ment of senescence was strongly influenced by treatments 
which might. be expected to affect the aceuracy of protein 
synthesis, the results could be interpreted differently. 
Rather more critical tests of Orgel's hypothesis could be 
better carried out with Neurospora. 


Senescence in Neurospora crassa 

It has been shown by Pittenger and his associates!2 
that Neurospora cultures do not age in the same regular 
and reproducible way as Podospora or Aspergillus. This 
is not surprising: Neurospora crassa usually reproduces 
asexually in the wild, and there would therefore be strong 
selection in favour of longevity. The other species are 
homethallic and must continually go through the sexual 
eyele, a process which allows them to escape from 
senescence. They would not therefore be subject to the 
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Fig. 2. The effect of Mgt on the longevity of Podospora strain A 

(Ct mating type). ©, Control, minimal medium (forty-four cultures); 

A Supplemented with 0-2 M MgCl, (forty-six cultures); 6, supplemen- 
ted with 0-2 M KCI (forty-five cultures). 
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Podospora and Aspergillus. 

It is known that different races of Podospora have 
very different longevities which are genetically deter- 
mined!, and there is also variation in the natural incidence 
of vegetative death in Aepergillus*. One might theres 
fore expect to find short lived genetie variants in 
Neurospora with the properties of the other species. A 
nuclear mutant of this type was in fact isolated by Sheng, 
who called it natural death (nd)?. It grows at a con- 
stant wild type rate and then quite suddenly slows down 
and dies, without recovery. The dying margin shows 
hyphae of irregular morphology which often swell and 
burst at the tip; the cessation of growth is often associa- 
ted with the production of a brown pigment. Earlier 
symptoms are a drop in conidial viability and subsequently 
of conidial formation. Again, the distance an nd strain 
will grow is greatly reduced as the incubation temperature 
increases (for example, at 25? C this distance is 40-60 em 
and at 37? C it is about 15 em). 

It is suggested that this nd mutation reduces the 
accuraey of protein synthesis which results in the initiation 
of an error catastrophe. Such a mutant could be either 
dominant or recessive. For example, an altered activat ing 
enzyme with a low substrate specificity would be dominant 
or partially so, whereas if the strain lacked an enzyme 
which carried out an essential modification of one or more 
tRNA species, then it would be recessive; nd is in fact 
recessive, or largely so, in heterokaryons. Evidence that 
this mutant may be defective in protein synthesis will be 
presented. 


leu-5 Mutant 

Another mutant of Neurospora is of extreme interest in 
connexion with the problem of senescence. Printz and 
Gross" have provided evidence that the leaky leu-5 
auxotroph of Neurospora crassa synthesizes defective 
proteins. They found that the specific activity of a large 
number of enzymes was reduced in comparison with 
control cultures. Enzymes which were examined in 
greater detail were found to be heterogeneous; for 
example, a substantial fraction of the tryptophan syn- 
thetase activity was heat labile. They present evidence 
that the mutant has an abnormal leueyl {RNA synthetase 
with altered affinity for leucine and they suggest that it may 
also charge leucyl (RNA with other amino-acids. Jeu-5 is 
partially dominant in heterokaryons, which, as has been 
mentioned, is what might be expected of an altered 
activating enzyme. The observation pertinent to this 
discussion is that lew-5 does not show continuous growth 
at high incubation temperatures. If cultures growing at 
23°C on Vogel’s minimal medium supplemented with 
leucine are shifted to 37? C, growth continues at a constant 
rate for 30 h or so but then quite rapidly stops, just as if 
senescence had been induced. This observation, which has 
been confirmed, is evidence in favour of Orgel’s hypothesis. 


Phenotypic Reversion 

The incorporation of 5-fluorouracil (FU) into RNA can 
cause errors in translation and lead to the production of 
defective protein’, It was first shown by Champe and 
Benzer with phage T4 that certain base substitution 
mutants will grow in the presence of FU, as a result of the 
correction of the genetic defect at the translation step in a 
proportion of the gene products, Removal of the 
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been demonstrated in Neurospora". Assuming that this 
is indeed a result of errors in protein synthesis, then one 
would prediet that à mutant growing in these conditions, 
that is, on minimal medium, containing the analogue, 
would be prone to develop an error catastrophe and 
senesce. This has been tested with an ad-3A mutant of 
Neurospora (stock No. 12-012-0112, derived from wild 
type 74A-OR) which is known to be phenotypieally 
revertible. 

Conidia inoculated into Vogel’s minimal medium 
supplemented with 50 ug FU/ml. showed very slow growth 
at first, but this rate invariably accelerated over a period 
of 2-3 days, to a maximum rate of 1-2 mm/h. In several 
experiments carried out at 32° C this rapid growth sud- 
denly ceased at 5-10 em, usually for a period of 2-3 days, 
and subsequently irregular growth occurred. Experiments 
carried out on large Petri dishes, one of which 1s shown in 
Fig. 3, showed that recovery usually occurred from one or à 
few points, probably originating some distance behind the 
non-growingfront. At 25" Cthe same acceleration of growth 
occurs, but this is followed by a fluctuating growth rate 
without any stopping, at least over a distance of 30—40 em. 
Cells transferred to the same medium at 32^ C invariably 
stopped after a few em, again with eventual recovery. 

These experiments are interpreted as follows. Because 
the mutant cells can only grow very slowly on minimal 
medium, there is selection for those hyphae in which 
mistakes in protein synthesis are occurring under the 
influence of FU. At first the mistake level is low, but this 
increases with selection, by which time an incipient error 
catastrophe is launched. The initial rise in growth rate is 
caused by the production of an increasing amount of the 
enzyme needed for adenine synthesis, but growth ceases 
when the error catastrophe occurs. Subsequently, hyphae 
further back in the culture, where the mistake level is 
lower, and which were initially selected against, are able 
to advance beyond the non-growing front and initiate a 
new cycle. As in leu-5 and the other cases discussed, 1t is 
supposed that the development of the error catastrophe 
is temperature dependent. 

Fig. 3 also shows the growth of the mutant on a limiting 
concentration of adenine giving the same rate of growth as 
the maximum on FU medium. If FU is really allowing 
growth through the produetion of enzyme activity which 
the mutant on adenine medium laeks, then one would 
predict that transfer of a standard inoculum to unsupple- 
mented medium from the FU and adenine-supplemented 
media would give a different result. On the one hand, 
residual growth, which should be very slight, would be the 
result only of adenine in the intracellular pool. On the 
other hand, the growth would be the result of the presence 
of some active enzyme molecules which should persist for 


Distance (imm) 






Control 


0 50 100 150 200 
Hours of growth 


Fig. 3. The phenotypic reversion of an ad-3 Neurospora auxotroph. 

Supplements were added to Vogel's medium as follows; adenine 1 ug/ml.: 

FU 50 ug/ml.; 0-2M MgCl,. The experiment with FU was carried out on 

a 14 em Petri dish; the points indicate the distance of the centre of the 

hyphal front from the origin and the vertical lines the variation over the 

whole front. The inset shows the residual growth on unsupplemented 
medium of inocula taken from points 4 and B. 
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* 
a while and allow substantial residual growth ünset to 


Fig. 3). 

If high Mg?* concentrations induce senescence through 
an effect on protein synthesis in. Podospora, it would be 
expected that Mg** would also induce phenotypie rever- 
sion. This was shown using the same mutant (Fig. 3) and 
also another ad-34 (2-032-00!0) mutant revertible by 
FU. Medium containing the same concentration of 
KCl had no effect, showing that the mutants were not 
osmotic remedials!*. 


Natural Death and the Leakiness of ad-3 


in protein synthesis, then it might be expected to increase 
the leakiness, or act as a weak suppressor, of the pheno- 
typically revertible ad-3 mutation. Furthermore, if the 
senescence of nd is the result of escalating errors in protein 
synthesis, then the leakiness might increase with increasing 
age of the culture. 

An nd lys-3 al-2A isolate from a heterokaryon derived 
from Sheng’s stock was crossed to ad-3 (12-012-0112)a. 
ad-3 progeny were seored by inoculation to supplemented 
Vogel's medium in 40 cm growth tubes at 37° C, nd strains 
did not reach the end of the tubes. Four ad-3 nd and five 
ad-3 nd* isolates were examined further. 

The effect of nd on the ad-3 phenotype was examined by 
measuring growth rates on Vogel's medium containing 
limiting adenine, and also oy transferring standard 
inocula to unsupplemented medium in order to measure 
residual growth. Because nd affects the viability and 
production of conidia, it was not possible in these experi 
ments to use the standard method of inoculating liquid 
media with a known number of conidia and then measur- 
ing dry weight after incubation. A number of alternatives 
were tried and that which gsve the most reproducible 


Table 1. LEAKINESS OF ad-3 ISOLATES IN THE PRESENCE OR ABSENCE OF 
nd, MEASURED AT 32° © BY GROWTH RATRCN LIMPTING ADENINE AND RESIDUAL 
GROWTH ON TRANSFER TO UNSUPPLEMENXTED MEDIUM 


Growth rate Residual growth 


Isolate Genotype (mm/h) on 1 penal, iarea in ern* after 42 hj” 
ndenine Mean Range 
9 ad-3 nd 1:26 2.08 1-327 
16 m 1-16 HR [5-2-8 
27 v 1:36 125 bib 
14 vx 1-20 2.58 RA 
Mean: (245 par Tota: bi3 
7 ad-3 d^ LOL 0-18 0112-021 
or, " Io 0-25 g-17-0-35 
26 a 1-00 (58 O-30-4H- 8T 
33 ies 0-76 0-25 013-0447 
RT D (^84 ag 0- 10-040 
Mean: 0-946 0:31 Total: 010-0-87 


* Standard inocula (see text) taken in quadruplieate from eultaures which 
had grown from germination of ascospores for 3 days on fully supplemented 
medium at 25° C and 1 day on limiting medium at 32? C. The area of the 
inoculum (0:09) is included in the measurements. 


results was the following. Sraall squares (3x 3 nam): ot 
sterile Oxoid membrane filter were placed on the agar in 
front of the advancing hyphee of Petri dish cultures. 
When the hyphae had grown &eross and 1-3 mm beyond 
the squares, the hyphae crossing each edge were severed 
and the agar-free squares washed by floating on sterile 
water for 10 min before transfer to plates of unsupple- 
mented medium. This is, in efect, & method for sampling 
young hyphae of constant length. The limits of the 
residual growth were marked cn the bottom of the plates 
after 16-24 and 40-48 h and the colony areas were measured 
with a planimeter. All determinations of residual growth 
were made in quadruplicate. Table 1 shows that the nd 
isolates grew somewhat faster on limiting adenine than the 
ndt. When inocula were transferred to unsupplemented 
medium all the nd isolates showed considerable residual 
growth over a 42 h period, whereas the nd* showed very 
little more growth than the normal rate on this medium 
(about 1 mm/day, see Fig. 3). Finally, whereas ad-3 
mutants usually accumulate a purple pigment during 
growth, in the nd isolates this pigment. was not present. 
ad-3 nd, isolate 9, was examined m more detail. It was 
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Fig. s. Lower graph: the growth of ad-3 nd on Vogel’s medium supple- 
mented with 5 ng/ml. adenine. Atthe points marked by the arrows, four 
standard inocula were removed to unsupplemented medium, and the 
residual growth is shown in the upper graph. @, Mean growth after 
20h; ©, after 40h. The vertical lines extend from the minimum to the 
maximum areas of the foursamples. The squares and the broken line 
show the residual growth after 40 h of jnoculá taken from an ad-3 nd* 
strain grown in identical conditions. 


incorporated into a heterokaryon and fresh conidial 
isolates were obtained when required. Fresh isolates were 
grown at 32° C on plates of Vogel's medium supplemented 
with 5 ug/ml. adenine. The hyphal front was sub- 
cultured to a fresh plate when necessary, by transfer of 
à large piece of agar (about 3x 1 em). Using squares of 
membrane filter, samples of hyphae were taken at intervals 
during the growth of the culture and the residual growth 
was measured on unsupplemented medium. In a number 
of experiments, one of which is shown in Fig. 4, it was 
found that the residual growth steadily increased to a 
maximum at approximately half the total distance the 
culture grew, although the variation between replicates 
suggests considerable physiological heterogeneity in the 
mycelium. Subsequently, the residual growth was 
maintained at this high level until just before the onset 
of death. Control samples, taken from ad-3 nd*, isolate 
25, growing in the same conditions, showed considerably 
less residual growth, which did not, of course, change with 
age. 

The prediction that nd should inerease the leakiness of 
the missense ad-3 mutation, and that this effect should 
increase with age of the culture, is therefore confirmed. 
That nd does not suppress ad-3 to the extent of allowing 
sustained growth on unsupplemented medium may 
simply be the result of the initial mistake level being so 
low that not enough active enzyme is produced to allow 
the synthesis of sufficient adenine for growth. When the 
external supply of adenine is removed, the enzyme would 
gradually drop to this low level. That the increase in 
leakiness does not eontinue right up to the end of growth 
of the nd culture, when the error catastrophe is presumed 
to be building up, may be due to the restoration of activity 
by the correction of the mutant site in the enzyme being 
nullified by errors introduced elsewhere in the molecule. 

It is known that many cases of cytoplasmic inheritance 
are the result of an altered cytoplasmic organelle, probably 
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by a mutation of its nucleic acid!?. It is often believed 
therefore that all examples of cytoplasmic inheritance 
must be the result of changes in cytoplasmic nucleic acid 
in one form or another. If senescence in Podospora and 
vegetative death in Aspergillus are the result of a pro- 
gressive loss in the fidelity of protein synthesis, then these 
would be examples of cytoplasmic inheritance not 
determined by an altered nucleic acid. The condition is 
inherited, like a genetie mutation (as opposed to a 
reversible change in "steady state"), because once the 
machinery of protein synthesis has become inaccurate, 
there is no way in which the daughter cells can recover 
to normal condition. 

My results, together with earlier experiments with 
Drosophila’, indirectly support Orgel's hypothesis. No 
doubt there are alternative explanations for many of the 
individual observations, but it would be very diffieult to 
devise any other unifying hypothesis which explained the 
Observations in such a simple way. Nevertheless, bio- 
chemical evidence that senescent cytoplasm contains 
abnormal proteins is not yet available. Experiments 
designed to obtain more direct information about the 
accuracy of protein synthesis in ageing cultures are in 
progress. 

lt seems possible that the explanation offered for ageing 
in fungi could also be applied to clonal ageing in other 
organisms. For example, Muggleton and Danielli? have 
recently shown that the determinant for type B "life. 
spanning" in Amoeba proteus, which brings about eventual 
death of a whole clone, can be transmitted from spanned 
amoebae to normal ones by injection of cytoplasm. In 
human diploid cell lines studied by Hayflick?!, the kineties 
of clonal ageing are strikingly similar to those in Podospora, 
and the death of these cells could also be attributed to 
defects in protein synthesis. Moreover, Hayflick shows 
that cells taken from adults have a shorter life span than 
those from the foetus. This strongly suggests that 
the cause of cellular clonal senescence is also involved 
in the ageing of whole organisms. 

I would like to thank Mrs R. E. Halliwell, Mrs V. 
Rowell and, in particular, Mrs G. Murray, for carrying 
out many experiments with Podospora, only a few of 
whieh eould be deseribed here, Mr I. D. J. Burdett for 
allowing me to refer to his unpublished observations on 
the fine structure of Podospora, Dr Denise Marcou and 
Professor K. Esser for sending me cultures of Podospora 
and Drs C. R. Fisher and O. J. Gillie for cultures of 
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LETTERS TO THE EDITOR 


PHYSICAL SCIENCES 


Optical Positions of Radio Sources 


We present here new optical positions of sixteen radio 
sources with small angular diameters which are suitable as 
calibration sources. Optical positions for all these sources 
have been published previously by several authors'^, but 
those presented here are completely independent of all 
previous work in that they do not depend on any eatalogue 
position or proper motions of reference stars. 

A series of plates was obtained in 1967-68 with the 
13-inch and 26-inch refractors and at the prime focus of 
the Isaac Newton telescope (INT). Each radio source 
position has been referred as closely as possible to the 
FK4 system by means of observations of some six or 
more BD stars which were obtained specially for this 
purpose with the Cooke Transit Circle during 1967. 

At least two plates were obtained on each field with the 
13-inch astrographie telescope, from which positions of 
about ten secondary reference stars with Mpgœ13 were 
derived relative to the BD stars. These secondary 
reference stars were used in twelve fields to derive the 
source positions from plates taken with the 26-inch 
refractor and, for the four faintest sources, to determine 
positions of a fainter set of reference stars, close to the 
source, for reduction of the prime focus Isaac Newton 
telescope plates. For these plates the telescope was 
generally diaphragmed to 80-inch aperture and for one 
plate to 60 inches. The final positions in Table 1 depend 
on plates taken with varying combinations of telescopes, 
according to the apparent magnitude of the source. 


Table 1 


Source 3435040 S.B. OÓoz0-9 SE. Chart 

hm 8 8 ^  inref. 
3C 9* Q 17 49-044 iq 008 4-15 24 10-21 + 0-08 8 
SC 487 1 34 49-836 0-013 +32 54 20-26 0-11 I 
3C 931 3 40 51-562 0-011 + 4 48 21-78 0-11 10 
3C 1381 5 18 16-508 0-012 +16 35 27-03 0-13 5 
3C 1471 5 38 43-464 0-018 440 49 43:22 0-12 H 
3C 1531 6 b 44-384 Q-018 +48 4 40:23 0:12 9 
3C 186* 7 40 56-742 0-014 +38 0 31-08 0-10 5 
3C 196+ B8 9 50:386 0-018 ^L4R 22 7.71 0-12 1 
3C 204t S8 33 15:025 0-029 +65 24 £44 0-12 5 
aC 205+ 8 35 9-942 0-023 +58 4 51-76 0-12 9 
3C 249-17 11 0 27-316 0-042 +77 15 882 0-09 5 
aC 263 + 1137 9-296 0-028 +66 4 27-04 0-10 5 
3C 277-17 12 50 15:278 (022 +56 50 36-72 0-12 5 
3C 288-17 — 13 40 29-011 0-024 +60 36 48-51 0-12 ü 
3C 300-1t 14 58 56-476 0-036 +71 52 11-42 0-16 9 
3C 345) 16 41 17-625 6-015 +39 54 10-99 0-10 10 


* Sources measured on INT and 26-inch plates. 

f Sources moasured on 26-inch plates only. 

+ Sources measured on IN'T plates only. 

j| Sources measured on 26-inch and 13-inch plates. 


The total standard error in a position includes the 
accidental error, sp in the measured position relative to 
the secondary reference stars, and the systematic error, 
£, in the determination of the system of these secondary 
reference stars relative to the BD stars through the astro- 
graphic plates. From intercomparison of residuals of the 
secondary reference stars on the astrographic plates of 
the same field we find c, to be + 07.22 in right ascension 
and +0°-12 in declination, for one plate. The error e,. 
derived from comparisons between the positions of the 
sources measured on independent plates, is +013 per 
plate in each coordinate for both the 26-ineh and the 
Isaac Newton telescope. The standard errors quoted in 


1229 
* 
Table 1 represent the combination of e, and e, for each 
source; they do not include any contribution due to error 
in the-derived system of the BD stars in each field, relative 
to FK4, which is of the order ef t: 07:1. 

We thank Sir Martin Ryle, who suggested this project, 
and several members of the staff of the Astrometry and 
Meridian Departments of the Royal Greenwich Observa- 
tory who have assisted in the observations, plate measure- 
ment and computations. Tho plate reductions were 
carried out on the ICL 1909 computer in the Nautical 
Almanac Office. 

B. H. Tocker 
E. D. CLEMENTS 
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Predictions of Extragalactic Gamma Ray 
Fluxes between | and 100 MeV 


Recent theoretical studies have shown the need for 
observations of isotropic cosmic gamma radiation in the 
1-100 MeV energy region. Such observations will enable 
us to determine the relative importance of the various 
processes which may produce the observed isotropic 
X-radiation below 1 MeV and gamma radiation above 
100 MeV. The first process to be examined as a possible 
explanation for the radiation below 1 MeV was Compton 
interactions between metagalactie cosmie ray electrons 
and photons of the universal mocrowave radiation field*-*. 
Recently, we discussed additicnal processes which may 
be important in producing extragalactic gamma radiation. 
These processes are cosmic ray electron bremsstrahlung 
with intergalactic matters, collisions of cosmic ray nuclei 
with intergalactic matter which result in the production of 
pi-mesons®:?, and the mutual annihilation of matter and 
antimatter on possible boundary regions of baryon inhomo 
geneity in the universe’. Our purpose here is to disetss 
some implieations of these studies in distinguishing the 
gamma ray spectra produced by the various processes and. 
placing upper limits on the metagalactic cosmic ray 
electron and nuclear fluxes. n particular, the results 
indicate that observational studies of isotropic gamma 
radiation between 1 and 100 MeV are critical for determin- 
ing the dominant processes preducing gamma rays in the 
metagalaxy and their cosmological implications. 

There are similarities in the determination of gamma 
ray spectra from the various processes mentioned so far. 
Three of the processes involve collisions between high 





components listed in Table 1. The fourth process, 
annihilation, also involves the interaction of two com- 
ponents: ambient matter and ambient antimatter. 


Table 1. COLLISIONAL PROCESSES PRODUCING GAMMA RAYS 


Primary 
Process particles Primary ambhient gas 


1 Compton Electrons 
2 Bremastrahlung Klectrons 
3 Inelastic strong interactions Protons 


Black-body mierowave photons 
Intergalactic hydrogen | 
intergalactic hydrogen nuciel 
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Fig. 1, Observed and predicted forms of extragalactic gamma ray 


spectra. 


Gamma ray fluxes from the processes listed in Table 1 
can be determined by evaluating a general integral of the 
form 


2 max 


E Fiz)... E 
J(E,) cH. ny | dz(l+2z)-4 3 TON Tide) (1) 
Ü 2 * 


where e 4:77 10% em, z is the cosmological red-shift, ng ds 
the ambient gas density at 2 —0, J(z) is the flux of cosmic 
ray electrons (or protons) at red-shift z, I g 18 the flux of 
this eogmie ray component in the galaxy and Gaz (E,) is 
defined as the local (non-red-shifted) gamma ray speetrum 
generated by the galactic cosmic ray flux, Ig, in travelling 
through a thickness of one particle per em? in the ambient 
medium. For example, in the case of inelastie strong 
interactions, G,(I,) is the same as the quantity / (Eyni 
caleulated previously by one of us*, The upper limit 
of the integration, Zmax, is defined as the red-shift corre- 
sponding to the epoch when the metagalactic cosmic ray 
flux first came into existence. The exponent, a, is 
determined by the cosmological model taken and is 1-5 
for an Einstein-de Sitter universe and 1 for a low density 
unrverse>-?, These cases approximate the limits of a 
closed universe and a universe with mean density com- 
parable with the lower limit derived by Oort!!, 

In the case ofmatter—antimatter annihilation, theintegra- 
tion is carried out over the product of interacting matter 
and antimatter densities instead of the product of a 
cosmic ray flux and a gas density. The other difference 
in the treatment of annihilation radiation is that zmax 
for the annihilation gase is of the order of 10, corre- 
spending to the epoch when matter and antimatter were 
in equilibrium with the radiation field, whereas for the 
other cases Zmay is restricted to values <100 (ref. 7). 

The resultant gamma ray spectra from bremsstrahhing 
and inelastic strong interactions have been calculated for 
two cosmological models (an Einstein-de Sitter (flat) 
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universe with ng=10- cm and an open universe with 
9, 7 107 cm) and three models of cosmic ray production 
(a burst model where all the cosmic rays were produced at 
some initial epoch, a constant leakage model where cosmic 
rays have leaked out of radio sources at a constant rate 
since {(Zmax), and an evolving source model as suggested 
by Longair'? where the cosmic ray production rate varies 
as (1--2)*). These models have been discussed in refs. 6 
and 7 and in work by F. W. S., and the annihilation 
gamma ray spectra have been discussed for flat and open 
universes in ref. 8. The characteristics of the gamma ray 
spectra from these various processes are outlined in Table 
2. Fig. 1 illustrates the types of gamma ray spectra which 
fit the present observational data. 

In our ealeulation of relativistie bremsstrahlung we 
have investigated two types of metagalaetie cosmic ray 
electron spectra. In one case, we assumed that the meta- 
galactic electron source spectrum had the same power law 
form (~ Ee tê) as the observed galactic spectrum and 
that the spectrum would steepen to E,-** at a critical 
energy given by 

disc 8:3 MeV (1--2)-*?5 for a flat universe (2) 
US (8:3 MeV (1+2)-'5 for an open universe 


as a result of Compton collisions with the universal black- 
body radiation. It was found that the cosmie ray electron 
flux needed here would be in all cases greater than the 
observed galactic value of 1-1 10-3 Eere em-? g-t srt 
GeV-! in order to produce the observed X-radiation. For 
the second casc, we considered a power law spectrum with 
an exponent of 2-6—as observed for galactic electrons 
above 2 GeV —together with the hypothesis that the true 
galactic spectrum is given by an extrapolation of this 
power law to lower energies, that is, 1-26 x 10-2 E,-7*5, 
Again we have considered steepening caused by Compton 


Shee, 





C - CONSTANT LEAKAGE MODEL 
B - BURST MODEL 
E - EVOLVING SOURCES MODEL 


i 2 
Logis (1--Zmax) 
Fig.2. Metagalactic proton intensity upper limits. 


* 





mnm"——M OE OHNE antem —-—————— Qa 
















AMSTERDAM LONDON NEW YORK 





P.O. Box 211 Rippleside Commercial 52 Vanderbilt Bue, 


Estate coy 4^ 
Amsterdam Barking, Essex New York, 17 


Elsevier 


CHEMISTRY—NEW AND RECENT TITLES 


Photoluminescence of Solutions. C. A. Parker 

With Application to Photochemistry and Analytical Chemistry 

Royal Naval Scientific Service, Head of Chemistry Division of the Admiralty Materials Laboratory, 
Holton Heath, Poole, Dorset 

CONTENTS: Basic principles, definitions and kinetics of fluorescence, phosphorescencesand delayed 
fluorescence; polarisation; light scattering; monochromators; light sources, filters; photodetectors; 
actinometry; recording systems; inner filter effects; specimen compartments; correction of spectra, 
measurement of photolurninescence efficiency and lifetimes; purity of materials; parameters of singlet 
and triplet states; equilibria in the excited state, excited dimers: solvent effects;  luorescence 
and phosphorescence analysis. 2308. 


Atomic- Absorption Spectroscopy and Analysis hy Atomic-Absorption Flame Photometry. 
J. Ramirez-Munoz 


Principal Application Chemist at Beckman Instruments Ine., and Scientific Research Codaborator af 
the C.S.I.C., Spain 


CONTENTS: Preface; Part}. Fundamentals; introduction; origins of the mathod and nemenciature; 
general principles and characteristics; absorption and emission; the literature of atormec-absorption 
spectroscopy; theory. Part H. Instrumental Systems: Instrumenta. systems, © nisston system; 
absorption system; selection system; photometric system; instrument: Part HL. Range and Limita- 
tions of Atomic-absorption Methods: Determinable elements—chotce oflines; sensitivits; limitations 
in atomic absorption; Part IV. Experimental Methods: Experimental process; standard solutions; 
preparation of the sample; experimental measurements and calibration. Part V. “Applications: 
Applications; appendix; bibliography; index. ERA 


Cross Electrophoresis. Shojiro Nakamura 
Professor of Biochemistry, School of Medicine, Yamaguchi University, dapan 


CONTENTS: Preface; principle of cross electrophoresis; apparatus and procedure: applications 
to Immunochemistry; reactions of a specific protein of legumes with various proteins; observat 

of serum protein fractions by means of cross diagpams; distribution. of trypsin inhisitors; proof 
of the formation of enzyme-substrate complex. references; author index; subject index. i155, 


The Mass Spectra of Organic Molecules. 
J. H. Beynon, R. A. Saunders and A. E. Williams 


Imperial Chemical Industries Lid., Manchester 
CONTENTS: Preface; introduction; the principles and methods of mass spectrometry, types of ions 


B 

in the mass spectra of organic compounds; the mass spectra of hydrocarbons; the mess spectes i 
oxygenated compounds; the mass spectra of nitrogen compounds; the mass spectsa of sui 
compounds; the mass spectra of halogenated compounds; the mass spectra of boror 
the mass spectra of phosphorous compounds; the mass spectra of sileon compounds; exampies 
structure determination from mass spectra; Appendix |, Peaks commonly encountered in the mass 






C 
iU 
pa 
m 


SR 4 





spectra of organic compounds; Appendix 2. The masses and abundances of nuclides commonly 
encountered in the mass spectra of organic compounds. 2358, 


Mass Spectrometry and its Applications to Organic Chemistry. J. H. Beynon 
Head of the Physics Section, I.C.l. Dyestuffs Division, Manchester 
CONTENTS: Preface: introduction; instruments; the measurement of mass; the nex 
of ionic abundance; sources of positive ions; sample handling; the recording of positive io 


2 





Stn eee 
Ki 


types of ions in mass spectra; qualitative analysis by mass spectrometer; correlations of m: 


structure and mass spectra; other applications of mass spectrometry, appendices references: 
subiect index. 





Inorganic Electronic Spectroscopy. A. B. P. Lever . 
Associate Professor of Chemistry, York University, Toronto, Canada 


pex Abg mama prse 4 at 
up theory; crystal | eid 





CONTENTS: Preface; atomic structure; molecular symmetry; 
term diagrams; selection rules, band intensities and dichroism: so 


Au 


rd mum d € 5 1 me amr EN Li. ee y H sup ciii ci » a E an " lx a 7 
spectra; charge transfer spectra: crystal field spectra; appendices: index. 










ane ee oe f Lo fad Pad 
eoretical aspe 


wh Ree ue OE 





Mert étkHacee one a iunt sinon die ICE Ra RUPEM In Reich di en pA a RSA DPA 


DYES FOR USE IN ALL INDUSTRIES | 


RESEARCH & PRODUCTION CHEMISTS: if you 
are looking for dyes with specific chemical and physical 
properties suitable for particular manufacturing and/or | 
testing processes you are invited to contact i 


EDWARD GURR LIMITED 


for supplies, 


We hold stocks of an enormous variety of dyes, ready for immediate § 
despatch, including: 


Cyanine, Dicyanine, Fast Bordeaux O, Aurantia, Crystal violet, BPO- | 
Scarlet R, BPC, Diazonium salts, Neutral violet, Lacmoid, Nile bius, § 
Janus green, Brilliant green BPC, Rosolic acid, Methyl green, p-Ethoxy- 
chrysoidin, Methyl red, Nitrazine yellow, Pinacryptol green, etc, 


industrial Research Establishments 


are invited to make use of our professional services as | 
consultants on the selection and use of dyes as research 
ard production tools. 


BIOLOGISTS are invited to send for our catalogue of: 


*MIIKCIHIRQOMIIE? 


STAINS & REAGENTS FOR BIOLOGY 


Acridine orange, Aquamount, Fluormount, Lipid crimson. Matamount, 
May-Grünwald, Leishman, Giemsa, Toluidine blue, Cresyl fast violet, 
Papanicolaou stains, Thioflavine S, Brilliant cresyl blue, Nile bius, 
Pyronin Y, Trifalgic acid, Rhodanile blue, Hapio, ete. 


EDWARD GURR LTD 


42 Upper Richmond Road West, London, S.W.14 
Cables: Micromiabs London SW14. Telephone: 01-876 82289 


MYCOTOXINS 
for Research 


Formerly supplied by 
Yissum Research Development 
Company of the Hebrew University 


* AFLATOXIN B, 

* AFLATOXIN B. 

* AFLATOXIN G, 
* AFLATOXIN G, 
* RUBRATOXIN B 
* 


DIACETOXYSCIRPENOL 


For specifications and prices write to: 


MAKOR CHEMICALS LTD., Dept. A 
P.O.B. 6570, JERUSALEM, ISRAEL 


" ER Roan ctor Rarer: n A En 
E» 
MAPA rrr d amie rien ney NT am mr e 


AARC RAUNT HP HP Heri Ir rre teeth a GI AAS n Hm TAA PT BR 


NATURE. MARCH 29, 1969 


BOOKS & JOURNALS - 


We dispiay over 36,000 recent nud standard books on all branches 
Of science and technology. pectlon is always invited in our 
spacious showrooms, which are conveniently situated, 


POSTAL SERVICE 


We pride ourselves 
some of the largest industrial 
Annual subscriptions taken 


upon speed of dispatch and regulariy supply 
undertakings In Britain and overseas, 
for any British or foreign journal. 


Call, write, or phone 





CLAUDE (j] [L B00KS 
481, OXFORD STREET, LONDON, Wil. 


GRO 5664 (7 Hines) i min. Marble Arch 


Published by 
John Wiley 
& Sons Ltd 

Batfins Lane 
Chichester 

Sussex 


RINGS AND MODULES 


by P. Ribenboim, Queens 
University, Kingston, Ontario. 


Volume 24 in Interscience Tracts in Pure 
and Applied Mathematics. 


due May 1969 


162 pages 122s, 








FOR LABORATORY, SCHOOL METALWORK, ETC. 


Screws, Nuts, Bolts, Studs, Washers, Anchor & Clinch Nuts. 
From 128A (05117) upwards, 4UN, & 4mm. 
Ex stock. World wide service. 


instructive 30 page list from i=- 


BERNARD F. WADE, LTD. 


12 Wells Road, ILKLEY, Yorks., U.K. 












TUBING for 


PERISTALTIC PUMPS 
made by 





ESCO (RUBBER) LTD. | 


Walsingham House, Seething Lane, London,  E.C.3 








Advertisement Managers for 


Nature 


T. G. SCOTT AND SON LIMITED 
1 Clements inn, London WC2 
TEL: 01-405 4743 

Full details of rates and 
circulation supplied on request. 











Si vous désirez obtenir des 
renseignements complé- 
mentaires sur tout articie 
figurant dans les pages 
d'annonces, veuillez in- 
scrire les details appropriés 
sur la formule ci-contre, 
la détacher et l'adresser à 
T. G. Scott & Son Ltd. 
Nul affranchisement n'est 
requis en Grande-Bretagne 
ni Irlande du Nord, mais 
tous nos lecteurs à l'etran- 
ger devront affranchir leur 
carte au tarif habituel. 


Falls Sie an weiteren Einzel- 
heiten einesin den Anzeigen 
angeführten Artikels in- 
teressiert sein sollten, 
tragen Sie bitte das betref- 
fende Bezugszeichen in die 
nebenstehende Karte ein. 
Die Karte ist dann abzutren- 
nen und an T. G. Scott 
& Son Ltd. zu senden. 
Für Grossbritannien und 
Nordirland ist keine Brief- 
marke erforderlich, wohl- 
aber bei Aufgabe im Aus- 
land. 


Se desiderate ricevere ulter- 
iori informazioni riguardanti 
qualsiasi prodotto o articolo 
pubblicato, compilate fa 
scheda qui a fianco 
riportata. Distaccatela e 
inviate a: T. G. Scott e Son 
Ltd. L'affrancatura é a 
carico del destinatario se la 
spedizione viene effettuata 
dalla Gran Bretagna o dall 
Irlanda del Nord, mentre 
tutti i lettori esteri dovranno 
affrancare regolarmente. 










READER ENQUIRY SERVICE 


IF you would like to receive further information on any product Of service 
advertised in this issue, please enter the appropriate details on the form below, 
detach the page and post it to T. G. Scott and Son Lid. No stamp is required 
if the letter form is posted in Great Britain or Northern Ireland, but all over- 
seas readers must pay the necessary postage. 


BENE t dE 








Date of | Page. 
issue o No... 










Name of Manufacturer 


Product 


Name of Manufacturer. seem emm 


[70512777 SERRE Ee 


| Date of | 
Name of Manufacturer ee meme issue 





POUCH — eterne tnnt nnne nenne mee. 





BEN EE ated at EN 
Date of | 
Name of Manufacturer sete me issue 


A ANTON pL TA RI ARE. 





Product 





| Date of | Page 
Name of Manufacturer etn issue No. 





PiodUGl duet iet tpi 


Mp sooner Maa BAVIERA Uri Uta ue Hie OA PRAG AULURL CLP ONSTAR IIMNMAN : " r Eais 2 
| Date of | Page 
Name of Manufacturer teme | issue | No. 





PHOGUCE SERRE 





| Date of | Page 
Name of Manufacturer sss issue | No. 


LTP NA ARAN ts A aean ha a 










Product -seeen teremre nnn cemincencnaecmmmnmt 





| Date of | 
Name of Manufacturer. eee issue | 
Product tene teen ttt nnn n nnne nnnm 


PLEASE SEND REPLIES TO: CAPITAL LETTERS PLEA 
Namo uo inc uod tatus 
Posion sueidiesdead ist dani ph > aie Sage: 
Organisation 


AcleltGges. tse eed tepida rea eieqpuutie s Re 





tare, March 29, 1989, p. xx 







* 





NATU 
INTERNATIONAL JOURNAL 
OF SCIENCE 


READERS OUTSIDE U.K. PLEASE 
AFFIX POSTAGE STAMPS 


This | 
ENQUIRY 
SERVICE 


has been instituted 
to enable you to 
obtain information 


NO POSTAGE 
STA on any product ad- 


ers NECESSARY IF 


AID BY POSTED IN vertised in the pages 


GREAT BRITAIN 
ZENSEE OR NORTHERN of NATURE easily 
IRELAND 


and in the shortest 
possible time. Please 
make use of it. 


BUSINESS REPLY SERVICE 
Licence No. W.C. 2866 


T. G. SCOTT & SON LTD 
1 Clements Inn, 
strand 
London WC2 
England 
se i a a i N 9 


ard Fold 


ist Fold 


ENQUIRIES MADE 
WITHOUT OBLIGATION 





HAVE YOU INCLUDED YOUR 
NAME AND ADDRESS? 


Please ensure that 
z your full name and 
address are carefully 
indicated on the form 
overleaf. 


Pagi n 





NATURE. MARCH 29, 1969 


AXI 


RECENT SCIENTIFIC and TECHNICAL BOOKS 


Volumes marked with an asterisk (9) have been received at "Nature" Office 


Mathematics 


BUCY, Richard B., and JOSEPH, Peter D. Filtering for Stochastic Processes 
with Applications to Guidance. (Interscience Tracts in Pure and Applied Mathe- 
matics, No. 23.) 9$ in. « 6i in. (23-5 cm « 16 em). Pp. xvii 195. (New York 
„and London : interscience Publishers, a Division of John Wiley and Sons, 1968.) 


22s.* 

CHANDRASEKHARAN, K. Introduction to Analytic Number Theory. (Die 
Grundiehren der Mathematischen Wissenschaften in Einzeldarstellungen mit 
besonderer Berüksichtigung der Anwendungsgebiete, Band 148.) 9i in.» 6i in. 
(23:5 cm x 16cm). Pp. viii+ 140. (Berlin and New York: Springer-Verlag, 1968.) 
28 DM; $7.* z l 

CLAGETT, Marshall (edited with an introduction, English Translation and 
Commentary by). Nicole Oresme and the Medieval Geometry of Qualities and 
Motions. (A Treatise on the Uniformity and Difformity of Intensities known as 
Tractatus de Configurationibus Qualitatum et Motuum.) 9$ in. 62 in. (25 cmx 
17 cm). Pp. xiii--713. (Madison and London : The University of Wisconsin 
Press, 1968.) $15; 143s.* 

CLARK, R. C., and DERRICK, G. H. (edited by) Mathematical Methods in 

Solid State and Superfluid Theory. (Scottish Universities’ Summer School 1967.) 
9i in. x 6 in. (25 cm x 15:5 cm). Pp. xvi 4-400. (Edinburgh: Oliver and Boyd, Ltd., 
1969.) 147s. hardback; 63s, paperback. * 
_ DIE DE RHAM KOHOMOLOGIE ALGEBRAISCHER MANNIGFALTIGKEITEN 
UBER EINEM BEWERTETEN KÖRPER. Von R. Kiehl. Singularities of Differenti- 
able Maps. By J. M. Boardman. Solution of the Congruence Subgroup Problem. 
By H. Bass, J. Milnor and J. P. Serre. Algebraic Equations for Nonsmoothable 
8-Manifolds. By N.H. Kuiper. (Publications Mathématiques No. 33.) 10 in. « 
8j in. (27 cm x 2L 5 em). Pp. 155. (Le Bois-Marie, Bures-sur-Yvette : institut 
des Hautes Études Scientifiques, 1967. Distributed by W. A. Benjamin, Inc., 
New York.) $7.75.* ' : 

GROTHENDIECK, A. Éléments de Géométrie Algébrique. IV : Etude Locale 
des Schémas et des Morphismes de Schémas (Quatriéme Partie). (Publications 
Mathématiques No. 32.) 102 in. « 8) in. (27 cm x UES cm)., Pp. 361. (Le Bois- 
Marie, Bures-sur-Yvette, S.-et.O.: institut des Hautes Études Scientifiques, 
1967. Distributed by W. A. Benjamin, Inc., New York.) $15.75.* | 

LIONS, J. L. Contrôle Optimal de Systèmes Gouvernés par des Equations aux 
Dérivées Partielles. (Études Mathématiques.) 9i in.» 6j in. (25 cm x 16 cm). 
Pp. xii+426, (Paris: Dunod ; et Gauthier-Villars, 1968.) 96 francs, * 

LUKACS, C., and TARJAN, E. Mathematical Games. 8i in. x 53 in. (22 cm» 
15 cm). Pp. 200. (London : Souvenir Press, Led., 1969.) 30s. net.* 

MILNE-THOMSON, L. M. Plane Elastic Systems. Second edition, corrected. 
(Ergebnisse der Angewandten Mathematik, Heft 6.) 9 in. «6 in. (23 cm 15°5 
mi Pp. viii --211. (Berlin and New York: Springer-Verlag, 1968.) 48 DM; 

2. 

SERRE, J. P. (herausgegeben von). Ferdinand Georg Frobenius : Gesammelte 
Abhandlungen. Band |: Pp.vi--650. Band 2: Pp. iii+ 733. Band 3: Pp. iv 
740. 10 in. x 62 in. (25-5 cm x 17 cm). (Berlin and New York : Springer-Veriag, 
1968.) 136 DM ; $34.* 

SLEPIAN, Paul. Mathematical Foundations of Network Analysis. (Springer 
Tracts in Natural Philosophy, Vol. 16.) 91 in.x 6$ in. (23-5 em x 16 cm). Pp. 
xi--195. (Berlin and New York: Springer-Verlag, 1968.) 44 DM; $lI.* 

ZAMANSKY, M. Linear Algebra and Analysis. (New University Mathematics 
Series.) 93 in. x 62 in. (23:5 cmx 16 cm). Pp. xii- 466. (Princeton, N.J., and 
London: D. Van Nostrand Company, 1969.) 100s.* 


Astronomy 


CORLISS, William R. Some Mysteries of the Universe. Edited by Patrick 
Moore. 82 in.» 5} in, (22 cm « 14 em). Pp. 216. (London: Adam and Charles 
Black, 1969.) 30s. net.* 

COX, John P. in collaboration with GIULI, R. Thomas. Principles of Stellar 
Structure. Vol. | : Physical Principles, Pp.xx--1-568. 360s. Vol. 2 : Applica- 
tions to Stars. Pp. 569-1327. 420s. 9 in. x 6i in. (23 cm 16 cm). (New York 
and London : Gordon and Breach, Science Publishers, 1968.) 

GEBBIE, Katherine B., and THOMAS, Richard N. (edited by). Wolf-Rayet 
Stars. (Proceedings of a Symposium held at the Joint Institute for Laboratory 
Astrophysics, University of Colorado, June 10-14, 1968. National Bureau of 
Standards Special Publication 307.) 9} in. x 6 in. (23:5 cmx 15-5 cm). Pp. x--277. 
(Washington, D.C.: National Bureau of Standards, 1968. Available from U.S. 
Government Printing Office.) $3.* 

GLASSTONE, Samuel. The Book of Mars. (National Aeronautics and Space 
Administration, $P-179.) 92 in, x 62 in. (25 cm x 17cm). Pp. vii+315. (Washing- 
ton, D.C.: National Aeronautics and Space Administration, 1968. Available 
from U.S. Government Printing Office.) $5.25.* 

MUIRDEN, James. Astronomy for Amateurs. 9} in. x6} in. (23-5 cm « 16 
cm), Pp.355. (London: Cassell and Co.,Ltd., 1969.) 45s. net.* 

PAGE, Thornton, and PAGE, Lou Williams (edited by). Stars and Clouds of the 
Milky Way : The Structure and Motion of Our Galaxy. (Vol. 7, Sky and Telescope 
Library of Astronomy.) 91 in. = 6$ in. (23:5 cm x 16 cm). Pp. xvi--36l. (New 
bn The Macmillan Company ; London: Collier-Macmillan Limited, 1968.) 


Physics 


BLOCK, F., CHOEN, S. G., DE-SHALIT, A., SAMBURSKY, S., and TALMI, |. 
(edited by). Spectroscopic and Group Theoretical Methods in Physics. (Racah 
Memorial Volume.) 9 in.x 6i in. (23 cm x 16 cm). Pp. x-- 462. (Amsterdam : 
North-Holland Publishing Company, 1968.) 168s.* 

DIEKE, Gerhard Heinrich. Spectra and Energy Levels of Rare Earth lons in 
Crystals. Edited by H. M. Crosswhite and Hannah Crosswhite. 91 in. « 6i in. 
(23:5 cm « I6 cm). Pp. xi - 401. (New York and London : Interscience Publishers, 
a Division of John Wiley and Sons, 1968.) 131s.* 

FABIAN, Derek J. (edited by). Soft X-ray Band Spectra and the Electronic 
Structure of Metals and Materials. (Based on the Proceedings of a Conference 
held at the University of Strathclyde, 18-21 September 1967.) 9} in. x 6$ in. 
(23-5 cm x 16 cm). Pp. xii2-382. (London and New York: Academic Press, 
1968.) 105s.; $16.* 

FOURNET, G. Solid State Electronics. Translated by Scripta Technica, Ltd.. 
English edition edited by S. Chomer. 8} in.» 6 in. (21 cm x 15-5 em). Pp. 3E 
(London : liiffe Books, Ltd., 1968.) 70s. nec.* 

HEAT AND TEMPERATURE. (Ginn Programs.) 54 in.x8à in. (14 cmx 
21-5 cm). Pp.192. (London: Ginn and Co., Ltd., 1969.) 9s. 6d.* 


HERMAN, Herbert (edited by). Advanees in Materials Research, Vol, 3 
91 in. «62 in. (23-5 cm x 16 cm), Pp. ix-- 412. (New York and London : inter- 
science Publishers, a Division of John Wiley and Sons, 1968.) 1835,* 

KLEEN, W., und MÜLLER, R, (herausgegeben von). Laser. Verstárkung 
durch induzierte Emission. Sender Optischer Strahlung hoher Kohärenz und 
Leistungsdichte. Unter Mitarbeit von G, Grau, K. Gürs, D. Rosenberger und G. 
Winstel. 92 in. 62 in. (25 cm « 17 cm). Pp xv-- 567, (Berlin and New York : 
Springer-Verlag, 1969.) 108 DM; $27.* 

LARSEN, Egon. Lasers Work Like This. (Science Works Lice This Series.) 
10 in. x 62 in. (25-5 cm « 16 cm), Pp. 54. (London : J. M, Dent and Sons, bed. ; 
New York : Roy Publishers, inc., 1969.) 16s, ner.” 

LAUNOIS, Daniel. l'Électronique Quantique. ("Que Saisie? "" No. 1303) 
7 in.« 44 in. (18 cm x I5 cm). Pp. 126. (Paris: Presses Universitaires de 
France, 1968.) n.p.* 

MARTON, L., and EL-KAREH, A. B. (edited by). Electron Bsam and Laser 
Beam Technology. (Advances in Electronics and Electron Physics, Supplement 
4.) 9i in. « 62 in. (23:5 cem x 16 cm). Pp. x +300. (New Yor) and London: 
Academic Press, 1968.) 126s.* 

NELSON, R. S. The Observation of Atomic Collisions in Crestalline Solids. 
(Defects in Crystalline Solids, Vol. 1.) 9 in. « Sj in. (23 cm « 16 cre). Pp. e+ 281. 
(Amsterdam : North-Holland Publishing Company, 1968,) !075.* 

NUFFIELD FOUNDATION SCIENCE TEACHING PROJECT, Physics, Guide 
to Apparatus, Pp.xii--201. 14s, Tests and Examinations. Prepared by Dr. H. P, 
Boulind. Pp. ix--167. 12s. 6d. 84 in.x Sj in. (213 crm x i4 em). (London : 
Longmans, Green and Co., Ltd. ; Harmondsworth, Middx.: Penguin Books, 
Led., 1968.)* 

PAIN, H. J. The Physics of Vibrations amd Waves. 9 in.» Si in. Q3 cm x 
iS cm). Pp. xiii--241. (London and New Yerk: John Wiley and Sons, Ltd., 
1968.) 42s.* 

PEDERSEN, C.i. and COOK, R.A. (edited by). Reports on Progress in Physics, 
Vol. 31 (1968), Part 2. 10 in.» 7 in. (25-5 cm « 1B cm), Pp. 419-559, (London : 
The Institute of Physics and the Physical Society, 1968.) 135s." 

PIRCHER, G. Ferrites et Grenata—Phénomenes Non Lingaires. {Monographies 
de l'Action Concertée “Elecrronique’' de la Délégation Générale a la Recherche 
Scientifique et Technique, 4.) 94 in. «62 m. (24 om» 16 om}. Pp. xiv 230. 
(Paris: Dunod, 1969.) 35 francs, * 

SIMAK, V. High Energy Physics. (Physics Paperbacks.) 8 in.» 5 in. (20 em x 
12-5 cm). Pp. 193. (London : iliffe Books, Led. ; Pragie : SNTL~Publishers of 
Technical Liceracure, 1968.) (8s. nert.” 

SOMMER, A. H. Photoemissive Materials : Preparation, Properties, and Uses. 
9 in.«6 in. (23 cm x I$:5 cm), Pp. ix 256. (New York and London: lohn 
Wiley and Sons, inc., 1968.) 1225. * 


Technology 


ALAM, Faziul. With the assistancetof ALAM, Hasina. Guide to the Information 
Sources in Cybernetics : Automation, Compuvers, Control, Ergonemics, Informa- 
tion Theory and Machine Translation. IE in. & in. (28 cm x 21m). Pp. 110. 
(London : New Science Publications, 1968.) 22s. 6d.* 

AMBROZIAK, A. Semiconductor Photoelectric Devices : an introduction to 
Design. English translation edited by O. H.. Hughes. 8j in,» ép in. (21 em x 
16-5 cm). Pp. 328. (London: lliffe Books, Led., 1968.) 75s, ner. * 

BARNA, P. S. Fluid Mechanics for Engineers. Third edition. 8? in. « 5} in, 
(22 cm x 14 cm). Pp. xii 4-409. (London: Sutterworth and Ce, (Publishers), 
Led., 1969.) 58s.* 

BRADLEY, C. C. High Pressure Methods in Solid State Research. Gi in.x 
St in. (21-5 cm « 14 Om). Pp. vii+ 176. (Loedon : Butterworth and Co, (Pub- 
lishers), Led., 1969.) 60s.* 

BUNSHAH, R. F. (edited by), Techniques of Metals Research, Vol,2: Teche 
niques for the Direct Observation of Structure and imperfections, Mart i. 91 in. 
6i in. (23:5 cmx 16 cm). Pp. x--514.. (New York and Londor: interscience 
Publishers, a Division of John Wiley and Sons, 1968.) 230s.” 

DODD, K. N. Analogue Computers, (The Teach Yourself Books.) 7 in.» 
41 in. (18 cm « them), Pp. 191. (London ; Whe English Universities Press, brd., 
1969.) 10s. net.* 

ESCOBAL, Pedro Ramon. Methods of Avtrodynamics. 9) m.» é in. (23:5 
cm « 15-5 cm). Pp. 342. (New York and London: John Wiley and Sons, 1968.) 

s.* 
GENUYS, F. (edited by). Programming Languages : MATO Advanced Study 
Institute. 91 in.« 61 in. (23:5 cm x 16 cmi. Pp. x--395. (Lomdon and New 
York: Academic Press, 1968.) 1005. ; $15." | 

HELSTROM, Carl W. Statistical Theory of Signal Detection. Second edition, 
revised and enlarged. (International Series of Monographs in Blectronics and 
Instrumentation, Vol. 9.) 92 in. x 64 in. (23:5 cm x 16 em). Pp. xiii —470, (Oxford, 
London and New York: Pergamon Press, 1968.) 90s. ; $12." 

HERSCHDOERFER, S. M. (edited by). Quality Control in the food Industry, 
Vol.2. (Food Science and Technology : a Sesies of Monographs.) FF in. x &} in. 
(23.5 cm « l6 cm). Pp. xv +440. (London and New York: Academic Press, 
1968.) 110s.; $17,50.* 

HOPGOOD, F. R. A. Compiling Techniques. (Macdonald Computer Meno- 
graphs, No.8.) 82in.« 5t in. (22cm x iSem} Pp. 126. (London : Macdonald and 
Co. (Publishers), Ltd., 1969.) 35s, net. * 

LONG, Justin T. Engineering for Nuclear Fuel Reprocessing. 92 in, x 6$ in. 
(23-5 cm « l6 cm). Pp. ix+ 1023. (New York and London: Gordon and Breach, 
Science Publishers, 1967.) 515s.* l i 

LUNC, M., CONTENSOU, P., DUBOSHIN G. N., and PHILTOR W. F. (edited 
by). Proceedings of the 18th international Astronautical Congress, Belgrade 
1967. Vol. 1: Astrodynamics ; Guidance and Control ; Miscellarseus. Pp. ix 
S87. Vol.2: Spacecraft Systems ; Education, Pp. vii-513, Vol. 3: Propulsion 
and Re-entry. Pp. vili+-306. Vol. 4: Life in Spacecraft. Pp, vij 192. 92 in, x 
623 in. (25 cm x I7 em). (Oxford and London: Pergamon Press; Warszawa; 
PWN—Polish Scientific Publishers, 1968.) 709s. per set.* 

LYON-CAEN, Robert. Diodes, Transistors, and integrated Circuns for 
Switching Systems. Translated by R. N. MeDomough, (Electrical Science: a 
Series of Monographs and Texts.) 9} in.» 6: in. (233-5 cm « H6 em}. Pp. xiii 
396. (New York and London : Academic Press, 1968.) 1BZ2s,* 

MURRILL, Paul W., and SMITH, Cecil L. Fortran IV Programming for Engineers 
and Scientists. 1L in. x 8b in. (28cm x 2L: 5 cm. Pp. ix 313. (Scranton, Pennsyl- 
vania: International Textbook Company, 1963.) 55s.* 

NEEDHAM, George Herbert. The Microscope : a Practical Guide. 9$ in.x 
6L in. (23-5 cm « 16 cm). Pp. xi--M5,. (Springfield, Hi.: Charnes C. Thomas, 
1968.) $6.50.* 


XXH 


NENADAL, Z., and MIRTES, Bohumil. Analogue and Hybrid Computers. 
English translation edited by R, J. M. Grew. 8i in.x6 in. (21 cm x 15-5 cem). 
Pp. 6, (London: iliffe Books, Ltd, ; Prague: SNTL— Publishers of Technical 
Literature. 1968.) 95s. ner,* 

OLSEN, G, H. Electronics: a General Introduction for the Non-Specialist, 
8$ in. « 6 in. (22 cm x 15:5 cm). Pp. 493. (London: Butterworth and Co. (Pub- 
lishers), Led., 1968.) B8s.* 

SELLIN, Robert H. J. Flow in Channels. (Macmillan Engineering Hydraulics 
Series.) 8} in.x 54 in, 2 cm x 14 cm). Pp.ix--149, (London: Macmillan and 
Co.,Ltd. ; New York: St Martin's Press, Inc., 1969.) 55s. not, * 

SMITH, John, Computer Simulation Models. 8} in. x 54 in. (20-5 cm x 14 cm). 
Pp. xi-- 112. (London : Charles Griffin and Co., Led., 1968.) 32s. ner.* 

STERN, Arthur C. (edited by). Air Pollution. Vol.3: Sources of Air Pollution 
and Their Control. Second edition. (Environmental Sciences : an Interdisciplin- 
ary Monograph Series.) 9} in. x 62 in. (23-5 cm x 16 cm). Pp. xxi--866. (New 
York and London : Academic Press, 1968.) 443s, 4d. * 

TAYLOR, P. L, Servomechanisms: an introduction to the Practice and 
Theery of Closed-Loop Position-Control Systems, with an Account of Methods 
of Data Transmission and Computation. Second edition. (Electrical Engineering 
Series.) 10 in. x 61 in. (25-5 cm x 16 cm). Pp. xvi--424. (London: Longmans, 
Green and Co., Ltd., 1969.) 705, nec. * 

TRUSLER, J. D. C. Production Contro! by Computer with particular reference 
to Jobbing and Small Batch Production. (Modern Aids to Production Manage- 
ment.) 8j in.x 51 in. (21-5 cm x 13 cm). Pp. 133. (Brighton : The Machinery 
Publishing Co., Led., 1968.) 30s, nec, * 

WILSON, E, M. Engineering Hydrology. 8i in.x54 in. (22 cm x 14 cm). 
Pp. x--182. (London: Macmillan and Co., Led., 1969.) 55s, nec. * 

YOUNG, J. F. Applied Electronics. 8} in. x 53 in. (21 cm x 13 em). Pp. 346. 
(London ; Hiffe Books, Ltd., 1968.) 37s. 6d. net.* 

ZELBSTEIN, U. Mesures Électroniques au Laboratoire et dans l'industrie : 
Physique des Capteurs, Circuits Associés, 92 in. x 6i in. (25 cm x 16 em). Pp. 
xvi--334. (Paris: Dunod, 1969.) 88 francs.* 


Earth Sciences 


ARCHER, A. A, The Upper Carboniferous and Later Formations of the 
Gwendraeth Valley and Adjoining Areas in parts of the Carmarthen (229), Amman- 
ford (230) and Worms Head (246) Sheets. (Geology of the South Wales Coalfield. 
Memoirs of the Geological Survey of Great Britain—England and Wales.) 92 in. x 

fir, (25 cm x l6 cm). Pp. xis 216-- 5 plates, (London : H.M. Stationery Office, 
i966.) 32s. 6d. net.* 

BARNES, Harold (edited by), Oceanography and Marine Biology: an Annual 
Review, Vol.6. 9j in. x 6} in. (25 cm x l6 cm). Pp. 563. (London : George Allen 
and Unwin, Ltd., 1969.) 160s. ner.* 

CAETACEOUS-TERTIARY FORMATIONS OF SOUTH INDIA: Seminar 
held at Bangalore, June 1966. (Geological Society of India, Memoir No. 2.) 
10 in. x 7$ in. (25:5 cm x 19cm). Pp. vii--380. (Bangalore : Geclogical Society of 
India, 1968.) Rs. 50; 75s. ; $12.* . 

MACHATSCHEK, Fritz. Geomorphology. Edited by H. Graui and C. Rathjens. 

Trarstation of the ninth edition by D. J. David. Edited by K. M. Clayton. l0 in. 
7i in. (25-5 cm x 19 cm). Pp. x 212. (Edinburgh: Oliver and Boyd, Ltd., 1969.) 
75s.” ; 
POOLE, E, G., WILLIAMS, B. J., and HAINS, B. A, Geology of the Country 
Around Market Harborough (Explanation of One-inch Geological Sheec 170, 
New Series.) (Memoirs of the Geological Survey of Great Britain—England and 
Wales.) 9j in. x 6} in. (25 cm x 16 cm), Pp. vii--92--4 plates. (London : H.M. 
Stationery Office, 1968.) 255. ner.” 

THE GREAT ALASKA EARTHQUAKE OF 1964—HYDROLOGY. Parc A: Pp. 
xvii 1-441. Part B: Portfolio containing 7 charts. 112 in.x 8b in. (28-5 cmx 
2US5 cm). (Publication 1603.) (Washington, D.C. : National Academy of Sciences, 
1966, 19.75,* 

THURRELL, R. G., WORSSAM, B. C., and EDMONDS, E. A. Geology of the 
Country Around Haslemere (Explanation of One-inch Geological Sheet 301, 
New Series.) (Memoirs of the Geological Survey of Great Britain—-England and 
Wakes.) 9f in. x 6} in. (25 cm x l6 cm). Pp. x-- 169--7 plates. (London : H.M. 
Stationery Office, 1968.) 25s. net,* | æ 

VLASOV, K. A, (edited by), Geochemistry and Mineralogy of Rare Elements 
and Genetic Types of their Deposits. Vol. 3: Genetic Types of Rare-Element 
Deposits. Translated from the Russian by Z. Lerman. Translation edited by R. 
Ameils. 94 in.x 6$ in. (24 cm x 47 cm). Pp. xx+916. (Jerusalem : Israel Pro- 
gram for Scientific Translations, 1968. Distributed in the UK by H. A. Humphrey, 
Ltd., London.) 240s.* 


Chemistry 


ASRAHART, E. N, Dyes and their Intermediates. (The Commonwealth and 
International Library of Science, Technology, Engineering and Liberal Studies : 
Chemical Industry with special reference to the UK.) 8 in.x 5 in. (20 cm x 
12-5 em). Pp. xvi--335, (Oxford, London and New York: Pergamon Press, 
1968.3 45s.* 

ANALYTICAL METHODS FOR ATOMIC ABSORPTION SPECTROPHOTO. 
METRY. |I} in.x 11 in. (29 cm x28 cm). (Norwalk, Conn.: Perkin-Elmer 
Corporation, 1969.) $25.* " | 

BADGER, G, M. Aromatic Character and Aromaticity. (Cambridge Chemistry 
Tex:s.) 8j in. x52 in. (22 em x 15 cm). Pp. viii i133. (London: Cambridge 
University Press, 1969.) 35s.: $6.* 

BERNSTEIN, Seymour, DISZA, John P., and JOSEPH, Joseph P. 
Properties of Steroid Conjugates. 91 in. x 64 in. (23-5 cm x 16 cm). 
212. (Berlin and New York : Springer-Verlag, 1968.) 48 DM: $12.* 

BOERSMA, J., and NOLTES, 1. G. Organozinc Coordination Chemistry, 
9$ in. x 6$ in. (24 cm x 16-5 cm). Pp. 119. (New York: International Lead Zinc 
Research Organization, 1968.) $2,* ; 

BORSDORF, Rolf, und SCHOLZ, Manfred. Spektroskopische Methoden in 
der Organischen Chemie. 2. Verbesserte Auflage. (Wissenschaftliche Taschen- 
bücher, Band 21.) 7 in.x 4$: in. (18 cm x HE cm). Pp. 181. (Berlin: Akademie. 
Verlag ; Oxford and London: Pergamon Press; Braunschweig: Viewek und 
Sohs, 1968.) 6.80 DM.* . : . 

BRAME, Edward G., (edited by), Applied Spectroscopy Reviews, Vol. i, 93 in. 
x5 dn, (23-5 cm x 15:5 cm). Pp. viii--455. (New York: Marcel Dekker, Inc., 
1968.) $16,50.* . . . 

COULSON, J. M., and RICHARDSON, J. F. Chemical Engineering. Voi. 2: 
Unit Operations. Second edition. 9} in.x 61 in. (25 cm x 16 cm). Pp. xviii 4- 
790. (Oxford, London and Ney York: Pergamon Press, 1968.) 75s.: $9.50.* 

CAOMPTON, T. R. Analysis of Organoaluminium and Organozinc Compounds. 
(International Series of Monographs in Analytical Chemistry, Vol. 3l.) 9i in.» 
6 in. (23-5 cm x 15-5 cm). Pp. Ql (Oxford, London and New York: 

rgamon Press, 1968.) 126s.; $16. 

Pe RSSEN. David, JAGMER, Daniel, and WENGELIN, Fredrik, Computer 
Calculation of tonic Equilibria and Titration Procedures, with special reference 
to Analytical Chemistry. 8) in. x6 in. (21-5 cm x 15-5 cm). Pp.250, (Stockholm : 
Almavist and Wiksell; New York and London: John Wiley and Sons, 1968.) 


85s, 
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ELIEL, Ernest L., and ALLINGER, Norman L. {edited by}. Topics in Stereo- 
chemistry, Yol. 3. 92 in. x 6j in. (23:5 cm x 16 cm); Pp. ix-+-379. (New York and 
n Interscience Publishers, a Division of John Wiley and Sons, 1968.) 

GERMAIN, J. E. Catalytic Conversion of Hydrocarbons. 9i in.x 62 in, (23:5 
ims m Pp. xi4-322. (London and New York: Academic Press, 1969.) ` 
GIDDINGS, J. Calvin, and KELLER, Roy A. (edited by). Advances in Chromato- ` 
graphy, Val. 7. 94 in.x 61 in. (23:5 cm x 16 cm). Pp. xviii--313.. (New York: - 
Marcel Dekker, Inc., 1968.) $15,75,* 

GRUBNER, Otto, JIRU, P., and RÁLEK, Milos, Molekularsiebe. (Physikalisch- . 
Chemische Trennund Messmethoden, Band 12.) 95in. x 6j in. (22-5 cm x 16:5 cm). 
Pp. 176. (Berlin : Yeb Deutscher Verlag der Wissenschaften, 1968.) 29.80 DM.* 

HOUBEN/WEYL, Methoden der Organischen Chemie. Herausgegeben von 
E. Müller. Unter besonderer Mitwirkung von O. Bayer, H. Meerwein und K. 
Ziegler. Band VII/4 : Sauerstoffverbindungen 1/4, Bearbeitet von ©, Bayer, D. 
Borrmann und VW, Eckert. 4 völlig neu gestaltete Auflage. 10} in. x 6j in. 
(26 cmx 17 cm). Pp. xxvili-+-508, (Stuttgart : Georg Thieme Verlag, 1968.) 
160.20 DM.* 

JOLLY, William L. (edited by). Preparative Inorganic Reactions, Vol. 5, 91 in. 
x 64 in. (23-5 cm x 16 cm). Pp. v--248. (New York and London : Interscience 
Publishers, a Division of John Wiley and Sons, 1968.) 136s.* 

JUNGERS, J. C., et SAJUS, L., avec la collaboration de AGUIRRE, I, er 
DECROOCQ, D. l'Analyse Cinétique de la Transformation Chimique. Tome 2. 
(Collection "Science et Technique du Pétrole", No. 9.) 108 in. x 81 in. (26:5 cm x 
21 cm). Pp. vii-- 593.1253. (Paris : Editions Technic, 1968.) 162 francs, * 

KIRK/OTHMER. Encyclopedia of Chemical Technology. Vol. l6: Poly- 
amides to Quinones. Second completely revised edition, 104 in. x 74 in. (26-5 
cm x 19 cm). Pp. xiv+913. (New York and London : Interscience Publishers, a 
Division of John Wiley and Sons, 1968.) n.p.* 

MAEK, Herman F., GAYLORD, Norman G., and BIKALES, Norbert M. (edited 
by). Encyclopedia of Polymer Science and Technology : Plastics, Resins, Rubbers, 
Fibres, Vol. 9: Molding to Petroleum Resins. 103 in.x 74 in. (26:5 cmx 19 
cm). Pp. xv--860. (New York and London : Interscience Publishers, a Division 
of John Wiley and Sons, 1968.) 4705.* e 

MARK, H. F., ATLAS, S. M., and CERNIA, E. (edited by), Man-Made Fibers : 
Science and Technology, Vol. 3. 94 in. x 61 in. (23-5 cm x 16 cm). Pp. xi -- 706. 
(New York and London: Interscience Publishers, a Division of John Wiley and 
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(London: Morgan-Grampian, 1968.) 1685.* 

NOYES, Jr., W. Albert, HAMMOND, George $., and PITTS, J. N. (edited by). 
Advances in Photochemistry, Vol. 6. 9i in. x 6} in. (23-5 cm x 16 cm). Pp. vii- 
484. (New York and London : Interscience Publishers, a Division of John Wiley 
and Sons, 1968.) 180s.* 

PEACOCK, T. E. Foundations of Quantum Chemistry. 92 in. x 6 in. (23-5 cm - 
[5-5 cm). Pp. ix--162. (London and New York: John Wiley and Sons, Ltd., 
1968.) 48s.* 

ROSSOTTI, Hazel. Chemical Applications of Potentiometry. 91.in.« 64 in. 
(3-5 cem x 16 cm). Pp. xiv 4-229. (Princeton, N.J. and London : D. Van Nostrand 
Company, 1969.) 75s.* 

SLACK, A. V. (edited by). Phosphoric Acid, Part 2. (Fertilizer Science and 
Technology Series, Vol. 1.) 91 in. x 6i in. (23-5 cm x l6 cm). Pp. xvii -- 503-1159. 
(New York: Marcel Dekker, Inc., 1968.) $42.50.* 

SLACK; R., and NINEHAM, Ay W, Medical and Veterinary Chemicals. Voi, |, 
Parts | and 2: Pp. xvi+254. Vol. 2, Part 3: Pp.208. (The Commonwealth and 
International, Library of Science, Technology, Engineering and Liberal Studies 
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STREITWIESER, Andres, and TAFT, Robert W. (edited by). Progress in Physi- 
cal Organic Chemistry, Vol. 6. 92 in.x 6 in, (23:5 cm x 15:5 em). Pp. vii+ 466. 
(New York and London: Interscience Publishers, a Division of John Wiley and 
Sons, 1968.) 1605.* 

SURFACE-ACTIVE LIPIDS IN FOODS. (Comprising papers (with discussions) 
read at a Joint Symposium organized by the Food Group and the Oils and Fats 
Group of the Society of Chemical industry, held on 2Ist and 22nd March, 1968, 
University of London. SCi Monograph No. 32.) 8} in. x $1 in. (21-5 cm x 14 cm). 
Pp.iv4-173, (London: Society of Chemical industry, 1968.) 50s.* 

TANYOLAC, N. N. (edited by). Theories of Odors and Odor Measurement. 
(NATO Summer School, Robert College Research Center, Bebek, istanbul, 
Turkey.) 10 in. x 61 in. (25-5 cm x 16 cm). Pp. 572. (Bebek, istanbul: N. N. 
Tanyolac, Robert College Research Center, 1968.) $12.* 

ULRICH, Henri. The Chemistry of Imidoy! Halides. 92 in, x 6} in. (22:5 cm x 
l6 cm). Pp. x--238. (New York: Plenum Press, 1968.) $12.50.* 

VAN SOMEREN, Ernest H. S., LACHMAN, F., and BIRKS, F, T. Spectro- 
chemical Abstracts, Vol. 13, 1966-67. 9} in.x 6 in. (24 cm x 15:5 cm). Pp. 104, 
(London : Adam Hilger, Ltd., 1968.) 63s. net.” 

WEAST, Robert C. (edited by). Handbook of Chemistry and Physics : a Ready- 
Reference Book of Chemical and Physical Data. Forty-ninth edition. iG? in. 
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Procedures in Nucleic Acid Chemistry. Vol, Í: Preparation of Purines, Pyrimi- 
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570. (New York and London: Interscience Publishers, a Division of John Wiley 
and Sons, 1968.) 159s.* 


Biological Sciences 


ALBIN, K L BARNARD, P. D. and CHALONER, W.G. (edited by). Studies on 
Fossil Plants. (The Journal of The Linnean Society of London (Botany), Vol. 61, 
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- ARNOLD, Augusta Foote. The Sea-Beach at Ebb-Tide : a Guide to the Study 
- of the Seaweeds and the Lower Animal Life found between Tide-marks. 84 in. x 
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^. BÁRTRAM, William. Botanical and Zoological Drawings, 1756-1788. Edited 
-with an Introduction and Commentary by Joseph Ewan. (Reproduced from the 
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DELYAMURE, S. L. Helminthofauna of Marine Mammals (Ecology and Phylo- 
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(24 cm x 17 em), Pp. ix4- 522, (Jerusalem : Israel Program for Scientific Transla- 
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DEMENT'EV, G. P., and GLADKOV, N, A. (edited by). Birds of the Soviet 
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Pp. xx--B79. (Jerusalem: Israel Program for Scientific Translations, 1968. 
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Press; London: Oxford University Press, 1968.9 IMs. 6d. net,* 
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HAYES, William. The Genetics of Bacteria and their Viruses : Studies in Basic 
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Pp. xvit+-925 +34 plates. (Oxford and Edinburgh: Blackwell Scientific Publica- 
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HENDLER, Richard W. Protein Biosynthesis and Membrane Biochemistry. 
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KOMAROV, V. L. (edited by), Flora of the USSR. Vol. 4: Liliflorae and 
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Pp, xxxiv--586. (Jerusalem: Israel Program for Scientific Translations, 1968. 
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i i5s.* 
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PHOTOSYNTHESIS IN SUGAR CANE. (Proceedings of an International 
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PRINCE, J. H. Animals in the Night: Senses in Action After Dark, 9 in.» 
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REICHARD, Peter. The Biosynthesis of Deoxyribose, 
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ROMER, Alfred Sherwood. Notes and Comments on Vertebrate Palasensology. 
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University of Chicago Press, 1968.) 63s, * 
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SEBEOK, Thomas A. (edited by), Animal Communication: Techniques of 
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(Bloomingtoli and London: Indiana University Press, 1968.) $20; 1865." 

SZENT-GYÖRGYI, Albert. Bioelectronic: : a Study in Cellular Regulstions, 
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London: Academic Press, 1968.) 46s. 8d.* 

TOMLINSON, P. B. Anatomy of the Monocotyledons, Vol. 3: Commelinales 
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WOLSTENHOLME, G. E. W., and O'CONNOR, Maeve (edited by} Adrener- 
gic Neurotransmission, (Ciba Foundation Ssudy Group No. 33.) 73 in. 41 in, 
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APPLICATIONS DE'U'ELECTRICITÉ A LA BIOLOGIE ET À l'AMENAGEMENT 
DES PECHES CONTINENTALES, Symposium, Belgrade, Mai 1966. (Commission 
Européenne Consultative pour les Pêches cans les eaux intérieures.) 95 in.» 
61 in. (24 cm x 16 cm). Pp. 276. (Versailles: Institut National de la Recherche 
Agronomique, 1968.) 35 francs.* 

BARNES, Thomas C. Synopsis of Electresncephalography or Guide to Brain 
Waves. 9i in.» 62 in. (23:5 cm x 16 em). ?p. 177. (New York and Lendon : 
Hafner Publishing Company, 1968.) $10.* 

BRAIN, the late Lord, and WILKINSON, Marcia (edited by}. Recent Advances 
in Neurology and Neuropsychiatry. Eighth edition. 8) in. x 5& in. (25. cm x 
14 cm). Pp. viii--252. (London: J. and A. Churchill, Ltd., 1969.) 60s. * 

CAREFOOT, G. L. and SPROTT, E.R. Famine on the Wind: Plant Diseases 
and Human History. 81 in.x 52 in. (22 cm x 15 cm). Pp. 222. (London: Angus 
and Robertson, Ltd., 1969.) 30s, net. * 

CINADER, Bernhard (edited by). 
10$ in. x71 in. (26 cm x 18:5 cm). 
Thomas, Publisher, 1968.) $29,50.* 

CLARKE, Cyril A. (edited by). Selected Topics in Medical Genetics : a Review 
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Monographs on Medical Genetics.) 91 in. « 66 in. QS cm 16-5 cm). Fo. 282. 
(London and New York: Oxford University Press, 1969.) 80s, neg,” 

COUFFIN, Calixte. Gestion des Expícitations et Développement Rural, 
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CRAWFORD, B. H. (edited by). In asso«ciation with GRANGER, G. Y.. and 
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15-5 cm). Pp. 317. (Amsterdam: North--olland Publishing Company Mew 
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DOMMERGUES, Yvon. La Biologie des Sols. (‘Que Sais-e ?" Ne, 3993 
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DOUGLAS, J. Sholto. Hydroponics : The Bengal System, 7) in.» 5 im. (18-5 
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University Press, 1969.) 13s, 6d. net.” 

FAULKNER, Willard R., KING, John WL. and DAMM, Henry C. (co-eiitors), 
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GOLLEY, Frank B. and BUECHNER, Heimur K. A Practical Guide to the Study 
of the Productivity of Large Herbivores, "International Biological Programme 
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HARTMANN, Hudson T., and KESTER, Dale E. Plant Propagation ; Principles 
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(Englewood Cliffs, N.J., and London : Prentice-Hall, 1968.) 13ls.* © 

HOCKENHULL, D. J. D. (edited by). Progress in Industrial Microbiology. 
Vol. 7: Pp. vii--232. Vol. 8: Pp. vii--217. 98 in. x 6 in. (24 cm x 15-5, cm). 
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HORSFALL, James G. (edited by). In association with BAKER, Kenneth F., 
and HILDEBRAND, D. C, Annual Review of Phytopathology, Vol. 64: 9-in, x 
6i in. (23 cm x 16 em). Pp. vi+456. (Palo Alto, Calif, : 
1968.) n.p.* 

JACOBS, Melville L. Malignant Lymphomas and their Management. (Recent: 


Recent Advances in Endocrinology. Eighth 
d. and A 
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La Maladie d'Aujeszky. (Collection “Les Maladies Animales à 
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48 francs,” i Piani vdd 


LOMBARD, Charles. Les Leucoses Animales. 9} in.» 61 iW. (24 em « 16 cm). — 





Pp, 215. (Paris: Institut National de la Recherche Agroftromique, 1968.) 25 
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NAIRN, R. C. Fluor nt Protein Tracing. Third,edition. 82 in.» 5j in, 


(22 cm x 15 cm). Pp. xvi - 503, (Edinburgh and London : E, and S. Livingstone, 
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NORMAN, A. G. (edited by). Advances in Agronomy, Vol. 20. 9i ing 6 in. 
(23-5 cm x 15-5 cm). Pp. xi--379. (New York and London: Academic Press, 
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PAGE, Irvine H. Serotonin. 82in. «52 in. (22cm « 15 cm). Pp. 143, (Chicago: 
Year Book Medical Publishers, Inc., 1968. Distributed in the UK by John Wiley 
and Sons, Ltd.) 75s.* JA 

PAINTER, Reginald H. Insect Resistance in Crop Plants. 84 in. 51 in. (21-5 cm 

- 13 cm), Pp. xi 4520. (Lawrence and London: University Press of Kansas, 
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RAMSEIER, Hansruedy. 
tit. 91 in.» 62 in. (25 cm « 17 em}. Pp. vi 1-254. 
Karger, 1969.) 62 Sw. francs: 124s.; $14.90.* 

REPORT OF COMMITTEE IV ON EVALUATION OF RADIATION DOSES 
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WEBER, George (edited by). Advances in Enzyme Regulation, Vol. 6. (Pro- 
ceedings of the sixth sympostum on Regulation of Enzyme Activity and Synthesis 
in Normal and Neoplastic Tissues held at Indiana University School of Medicine, 
Indianapolis, Indiana, October 2 and 3, 1967.) 91 in.» 6 in. (23-5 cm x 15-5 cm). 
Pp. xiv--517. (Oxford, London and New York : Pergamon Press, 1968.) 140s.* 
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' Harle Bell, John Richard von Sturmer and Rodney Needham. 9$ in.« 6i in. 


(24 cmx 16 cm). 
90s. nec.* 
SIMOONS, Frederick J. Assisted by SIMOONS, Elizabeth S. A Ceremonial 
Ox of india : The Mithan in Nature, Culture, and History— with Notes on the 
Domestication of Common Cattle, 94 in. 6! in. (24 cm = 16 cm). Pp. xv 
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Pp. xlii -- 541. (London: Eyre and Spottiswoode, Ltd., 1969.) 


Psychology 


AMOSOV, N. M. Modeling of Thinking and the Mind. Translated by Leo 
Finegold. Translation edited by Lawrence J. Fogel. 9) in.» 61 in. (24 cm. 
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The Socialization of International 
Control Over Behavior 


by JUSTIN ARONFREED, 


Deportment of Psychology, University of Penasylvania, 
Philadelphia, Pennsylvania. 


An analysis of. the origins of internalized 
control over behavior within the broader 
framework of the socialization of the child. 
The phenomena of socialization are used to 
mount a general theoretical conception of 
the nature of children's learning in a social 
environment. Presented are the affective 
and cognitive mechanisms underlying social- 
ization and descriptive and experimental 
analyses of its specific internalized products. 


1968, 405 pp., 16s. 6d. ($12.50) 
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ment and personality characteristics. In the 
conclusion, the authors apply their findings 
to designs for action programmes. 
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of explanation by means of a minute expo- 
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the behavioral sciences, particularly psycho- 
analysis, and the physical sciences. 
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The major focus of the book is on the broad 
and interrelated areas of response and 
interference, attention and utilization, and 
physiological arousal and inhibition. 


1968, 240 bp., 102s. 6d. ($11.00) 





111 Fifth Avenue, New York 10003 





Berkeley Square House, London, W.1 


NATURE, MARCH 29, 1969 





NATURE. VOL. 221, MARCH 29, 1969 
* 
Table 2, CHARACTERISTICS OF PREDICTED EXTRAGALACTIC GAMMA RAY SPECTRA FROM VARIOUS PROCESSES IN GITEN ENERGY REGIONS 
01-1 MeV 20, 42100 MeV > 100 MeV 





x 
Power law spectrum of form pi where [= 
(ü--1)2 and 8 is the index of the cosmic ray 
electron spectrum. In particular T =23 for 
§=3-6 as discussed by Felten and Morrison’? 


Compton 


T hr we FB d 
* 


Bremsstrahlung Power law spectrum of form E- I where l'28 and Power law spectrum of form gl 


J 2-6 in an open universe (details in ref, 5) where PT =8 and 2x36 (see u 
Inelastic strong interactions Nee a eon power law of form ~ pr Spectrum peaks in this energy 
where 3 region at = LEAS T 
(1 Zmax) c 


Annihilation I 
verse and [=3-0 for open universe 


collisions. The bremsstrahlung gamma ray spectrum 1s 
then given by?* 


o 
J dE, Lf (Be,2) 


E 
I (z)Gg y (E, 2) = 3x 10-78 GÀ . 
a E, 


(3) 


where le(Ee) is the differential electron energy spectrum. 

By calculating the gamma ray spectrum produced by 
metagalactic strong interactions, recent observations 
by the OSO-3 gamma ray telescope! can be used to place 
limits on the metagalactic flux of cosmic ray protons, as 
has been done already by one of us*. Similarly, one may 
use the bremsstrahlung calculations (assuming a galactic 
electron spectrum of the form 1-26 x 10-* E-** em^ s^ 
sr- GeV-1) to calculate the flux of metagalactie electrons 
needed to produce the observed X-ray flux in the energy 
range 0-1-1 MeV. Further details are given in ref. 5 
and in unpublished work of R. McCray and J. S. Re- 
ferring to the local metagalactic cosmic ray flux 
(z~ 0) as J, and the galactic cosmic ray flux as Ig, we have 
plotted in Figs. 2 and 3 the values of logy, (I,/fg) versus 


2 
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Fig. 3. Metagalactie electron intensity upper Ifmits. 


Power law of form E where T 72-5 for flat uni- 


Power law becomes steeply falling 
spectrum with no flux above 
p05 MeV 


logis (1 +2max) needed in each case to explain the observa- 
tions. 

We hope that the experiments mow being developed by 
various gamma ray astronomy groups to investigate the 
1-100 MeV energy region will soom allow us to choose the 
mechanism, or combination of mechanisms, of gamma ray 
production which predominate in the metagalaxy. When 
this determination has been made we stand to gain valu- 
able information in the fields of cosmology, cosmmogony 
and cosmic ray astronomy. 
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Evidence for Pleistocene Ice Lags 


For more than one hundred years many different authors 
have claimed a causal relationship between the astro- 
nomical motions of the Earth and the alternating glaciai 
and interglacial ages of the Pleistocene epoch. Köppen 
and Wegener’, using the insolation curves calculated by 
Milankoviteh, concluded that glaciation was controlled 
by summer insolation variations at the high northern 
latitudes. This theory was brought up to date and 
amplified by Emiliani and Geiss”. Wilson? suggested that 
summer insolation variations at the high southern lati- 
tudes controlled glaciation, makimg Antarctic ice surges 
and retreats the principal controlling agents for world 
climate. There is an average lag of 10,000 vr between 
the northern and the southern curves, with the latter 
leading. The purpose of this work is to determine the lag 
between the summer insolation curve at lat, 63° N and 


+ 
1232 
2 

the temperature maxima and minima of core P-6304-9, 
as measured by the oxygen isotopic method. The method 
of visual correlation is difficult because noise coming from 
various mechanisms is superimposed on the core data. 
In an article by Kemp et al.* core P-6304-9 was com- 
pared with the summer insolation at 65° N lat. by the 
method of power spectral analysis. The estimators from 
tae auto-correlation functions in this case were those of 
Evans et al. Now these estimators are valid only for 
auto-correlation functions and not for eross-correlation, 
so the classical method is used in this communication. 
The auto and cross-correlation functions are expanded in 
tae orthonormal set of Laguerre functions. The advantage 
i$ that all have rigorous Fourier transforms and thus the 
resulting spectra will be continuous functions of the 
frequency. This is not the case when the above integrals 
are evaluated numerically (the usual procedure) because 
‘the wavelengths chosen must be commensurate with the 
total record length. This method was checked by simula- 
tion such that the frequencies and relative phases involved 
were known in advance. One hundred and fifty correlation 
coefficients were caleulated and the data were interpolated 
£ for 1 which resulted in 289 data points. Only that part 
cf the speetra is used which leaves the cohereney matrix 
hermutian. The expansion in Laguerre functions and their 
transforms was carried to the thirtieth order. 


Table 1. AUTOSPECTRUM OF THE INSOLATION CUT OFF AT 300,000 YR 


Period Weight 
(yr) (amplitudes*? 
157,000 0-2019 
81,000 0.2673 
41,000 1:4046 
28,600 0-1344 
23,000 Q-4050 


Table 2. CROSS-SPECTRUM OF INSOLATION VERSUS CORE p-6304-0 


Period (yr) Phase (yr) 
157,000 0-1516 7,500 
81,000 0-5411 7,800 
41,000 09300 1,700 
28,600 0:2192 2,500 
23,600 0-1370 1,300 


If the data length is less than eight Periods, errors will 
cecur in the frequency approximately in proportion to the 
degree of shortening. Tables 1 and 2 show the indi- 
cated periods, their relative weights (amplitudes?) and 
in the ease of cross-correlation the relative lags. The 
lags shown are approximately 2,000 yr as expected?. This 
figure appears much more reasonable than the figure of 
about 12,000 yr that would be required if the factor 
controlling Pleistocene glaciation were summer insolation 
variations at the high southern latitudes. We conclude 
that the controlling factor was summer insolation varia- 
tion at high northern latitudes, as proposed by Képpen 
and Wegener! and by Emiliani and Geiss*. The phases at 
period 157,000 and 81,000 yr have large errors because 
they are insufficiently converged as a result of the short- 
ness of the data. 
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Increase in Penetration of Electron 
Microscope Specimens at High Voltages 


THE general conclusion of recent theories combining ab- 
sorption and chromatic aberration effects'-4 is that for 
heavy elements the absorption effect is important, but for 
light elements it is the chromatic aberration term which 
limits the penetrable thickness. If absorption alone is 
considered, penetration increases with accelerating voltage 
as a function of (v/c)*, where (vc)!  1— (1 --[ Vefmsc*])-?, 
v being the velocity and Ve the energy of the electrons, 
Mc? the rest energy of an eleetron and c the velocity of 
light. When the aberration term predominates the pene- 
tration increases roughly linearly with voltage, the rate 
of increase being strongly dependent on the size of the 
objeetive aperture. 

There are a number of variations in the predictions of 
these theories depending on which inelastic scattering 
process is considered to be dominant; for example, excita- 
tion of plasmons, single electron excitation or phonon 
scattering. It does not yet seem possible to predict 
theoretically the maximum thickness of a given material 
permitting good resolution at high voltages and such 
information has to be obtained experimentally. 

The results of our penetration experiments, carried out 
on the Cavendish Laboratory 750 kV microscope, for 
tungsten, glass and cement together with an earlier de- 
termination for iron obtained on a Hitachi 1 MV micro- 
scope? are given in Fig. 1. The determinations were 
carried out in normal operating conditions, that is, 
750 ym condenser aperture, 30 um objective aperture, 
0-1 pA beam current on the specimen in a 5 um spot and 
equivalent resolution and contrast of the image. The 
maximum thicknesses possible for tungsten have not yet 
been determined above 500 kV, chiefly because the 
specimen orientation for anomalous transmission for tu ng- 
sten is unusually sensitive to very small angular changes. 
Methods of measuring thicknesses of glass and cement will 
be deseribed elsewhere. 

The increase in penetration of iron with voltage. com- 
pared with 100 kV, was found to be approximately 3 to 1 
at 500 kV and between about 5 and 6 to 1 at 1 MV. 
Thus the experimental penetration curve for iron is 


Thickness (am) 





Accelerating voltage (kV) 


rig. 
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approximately mid-way between the theoretical (vje) 
absorption relationship and the almost directly linear 
relationship of constant resolution, and is similar to the 
result for copper’. The tungsten curve, however, lies 
closer to the (v/e)? absorption condition whereas the results 
for aluminium’ suggest a curve closer to the constant 
resolution relationship. The differences in penetration 
ratios between the various metals having different atomic 
numbers are small but are in qualitative agreement with 
the predictions of recent theory, that is, the gain in 
penetration with voltage is more advantageous for metals 
of low atomic weight. The results for glass and cement are 
in agreement with the lower atomic weight metals and are 
closer to the nearly linear constant resolution relationship 
similar to results on silicon’®. The absolute thicknesses of 
the amorphous glass and the mieroerystalline cement are 
considerably less than those for single crystal silicon (8 um 
at 1 MV) as would be expected. » 

We thank Dr V. E. Cosslett and his staff at the Caven- 
dish Laboratory for facilities on the 750 kV microscope. 
and Hitachi Ltd for facilities on the 1 MV microscope. 
We also thank Mr R. P. Miller at the NPL for supplying 
the glass specimens and Dr H. G. Midgley at the Building 
Research Station for the cement specimens. 

K. F. HALE 
M. HENDERSON BROWN 
Division of Inorganic and 
Metallic Structure, 
National Physical Laboratory, 
Teddington, Middlesex. 
Received January 8, 1969, 
! Cosslett, V. E., Optik, 25, 883 (1967). 
: Cosslett, V. E. Contemp. Phys. 9, 333 (1968). 
? Makin, M. J., and Sharp, J. V., AERE Rep., R.5570 (1907). 
i Hirsch, P. B., and Humphreys, C. J., Proc. Fourth Europ. Reg. Conf. on 
Electron Microse., I, Rome, 49 (1968). 
* Hale, K. F., Nat. Phys. Lab. Rep. FV., 10 (1966). 
* Hale, K. F., New Scientist, 88, 616 (1967), 
? Makin, M. J., and Sharp, J. V., J. Mat. Science, 8, 360 (1968). 
ê Fujita, H., Kawasaki, Y., Furubayashi, B., Kajiwara, S., and Taoka, T. 
Jap. J. Appl. Phys., 6, 214 (1967). 
? Doupouy, G., and Perrier, F., L'Onde Electrique, 47, 731 (1907). 
1? Thomas, G., Phil. Mag., 17, 1097 (1968), 


Cluster Structure of the Anomalous 
Liquid Water 


DzeRJ3AGUIN! reported that water condensed in quartz 
capillaries from incompletely saturated vapour in the 
absence of air exhibits anomalous properties. Condensa- 
tion of anomalous water occurs only on areas free of a 
wetting film, indieating an influence of the quartz surface. 
Compared with normal water, anomalous water has a lower 
vapour pressure, a density of 1-2-1-3 g em~’, fifteen times 
greater viscosity, and one and a half times the thermal 
expansion eoefficient?. The equilibrium vapour pressure 
is independent of the capillary diameter, indicating that 
the anomalous properties are a result of a modification in 
strueture of the liquid phase rather than a purely surface 
phenomenon, 

When anomalous water is heated in one end of a capil- 
lary, the remaining portion becomes more anomalous while 
the condensate on the other end has fewer anomalous 
properties. These anomalous properties are also reduced 
on dilution with normal water, but anomalous water 
evaporated from one end of a capillary, passed through a 
region at 400°-500° C, and condensed on the other end 
retains its anomalous properties. These experiments of 
Derjaguin et al. indicate that anomalous and normal 
water ean be fractionated and that the structural dif- 
ferences are shown in the vapour phase. Above 650° C 
the anomalous properties decrease, indicating the strength 
of the bonding involved. 





Fig. 1. Proposed cluster model ( H.0,) foc the anomalous water. 


We propose a stable tetrahedrally bonded cluster struc- 
ture for anomalous water shown m Pig. 1 which may 
exist in both the liquid and vapour phases and which may 
only form with the aid of the quarzz surface. 

We propose the following explanstion of the formative 
process. The arrangement of oxygen atoms on the faces 
of silica tetrahedra with 0-0 distance of 2-8 À and a 
triangular configuration matches the proposed cluster 
configuration. Also the tendency of quartz to hydrolyse 
indicates the availability of bond sites on the surface to 
adsorb water molecules in a moderetely dense configura- 
tion, and the bond structure of quartz would tend to 
determine the structure assumed by the first adsorbed 
layer of water. We suggest the second layer of adsorbed 
water hydrogen bonds with the first to form the tetra- 
hedral clusters proposed. The bonds that formerly held 
the first layer to the surface would be misaligned to such 
an extent that binding to the surface would be reduced 
to van der Waals’g forces, making it possible to evolve the 
cluster back into the vapour phase. [t has been observed 
that a slight expansion is needed to nucleate the con- 
densed phase?. Thus the quartz surface serves as a catalyst 
and the favourable surface to volume ratio of the capillary 
is needed to produce sufficient concentrations of anomalous 
clusters to affect their condensation. The capillary 
diameter appears to be too large for curvature effects 
to play an important part. It seems unlikely that a 
second layer of anomalous clusters would form on the 
first because all the clusters clinging so the surface would 
be preferentially orientated and the clusters have little 
tendency to bond with one another. 

The tetrameric clusters behave es relatively stable, 
nearly spherical macromolecules, having one and a half 
bonds/participating water molecule (zach cluster having 
only four non-bonding electrons), explaining the persist- 
ence of these molecules at temperatures up to 500°C. 
The interfacial water discussed by Horne? is not believed 
to be of the same nature. 

If the hydrogen bond distance for highly bent bonds is 
maintained at 2-76 A, the density asd van der Waals’s 
radius of the cluster are 1-67 g em~ and 2:57 A respec- 
tively. The bent bond model of liquid water proposed by 
Pople! and Harris* predicts bond bending up to 30° 
while that in our cluster is 24°. Close,packing of clusters 
would give a liquid density of 1-25 g em, agreeing well 
with observation. 

The abnormally high viscosity supports the argument 
for this type of cluster. Ageno® indicates that continuous 
interchange of monomers with linear polymers reduces 
the viscosity of liquid water. Satureting the hydrogen 


* 
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this model, 
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Holography of Diffusely Reflecting 
Objects using a Double Focus Lens 


Wer have previously deseribed! a method of holography 
with a double focus lens which, used with ‘Polaroid’ 
photographie material type 55P/N, provided a simple 
demonstration of the complete process within a total time 
of a few minutes from the exposure to the reconstruction 
from the hologram. The object used in that demonstra- 


tion was a diffusely transmitting transparency. We 
have now adapted the same optical system to record 


ciffusely reflecting surfaces, and have given demonstra- 
tons at the recent Symposium on Engineering Uses of 
Holography held at the University of Strathelyde in 
September 1968. 

Tbe limited resolving power of high speed rapid- 
processing photographie material like ‘Polaroid’ 55P/N 
restricts the permissible angle between wavefronts arriv- 
ing at the film and, consequently, the angular size of the 
objeets from whieh holograms ean be made. But for 
studies in which these restrictions are acceptable the 
optical arrangement may be a simple one and the demand 
for output power in the light souree will be relatively 
reduced. Thus the “reference” wavefront can be derived 
simply by reflecting the beam of light from a small gas 
laser at both surfaces of a lens of suitable power (Fig. 1) 
while the remaining unreflected part of the beam is 


Coated lens 
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or Coated lens 





Photographic plate 
(Polaroid 55 P/N) 


Fig. 1. Arrangement for recording a hologram of a diffusely reflecting 
object with a double focus lens, 





Yig,.2. Fig. BA 


Fig. 2. Reconstruction from a hologram of a stainless-steel razor blade, 


Fig. 3. Reconstruction of the "frozen fringe" interference pattern from 
a doubly exposed hologram of the same razor blade. 


refracted through the lens in the normal way to provide 
the "object" wavefront. In the work deseribed here, 
the latter wavefront illuminated the diffusely reflecting 
surface to be recorded, while the reference beam was 
focused on a small plane mirror loeated next to the 
object and, after reflexion, fell on the photographie 
material in an area also illuminated by the diffusely re- 
flected “object” beam. The path lengths for the two 
beams were arranged to be approximately equal to 
minimize path differences and enable the holograms to 
be recorded using a laser of moderate temporal coherence. 

The resolving power of 55P/N film is about 150 lines 
mm“ and this implies that the maximum angle between 
the "object" and "reference" wavefronts at the surface 
of the film-——and consequently the angular size of the area 
of the object which can be reeorded-—cannot exceed 
about 0-1 rad. 

We have made suecessful holograms of a number of 
plane metal surfaces of this size (with surface finishes 
ranging from finely honed to a coarse finish produced 
with emery paper) without modifying the finish or coating 








Photographic plate 
(Polaroid 55 PIN) 





Fig. 4. Modification of the arrangement for recording elongated surfaces set oblauely, 
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Fig.5. Reconstruction from the “frozen fringe” hologram of the tee- 
slotted clamping surface of a cast iron machine-tool slide. 





A rectified true scale reconstruction Obtained from the same 
hologram from which Fig. 5 was obtained, 


Fig. 6. 


the surface. A reconstruction of a siigle-exposure holo- 
eram of an untouched stainless steel razor blade is shown 
in Fig. 2, as an example of a specimen with a fairly high- 
quality finish. Fig. 3 shows a reconstruction from a 
hologram of the razor blade with the “frozen 
fringe pattern" produced by doubly exposing the holo- 
grani. Half of the blade has been deformed between 
exposures by a small force applied to a point at the rear 


satne 


hà 
LO 


of the blade opposite the centre of the resultant fringe 
pattern in the reconstruction. 

The distance from the object to the 
400 mm and each exposure was (| s with a | mW laser 
Somewhat larger ar 


film vas about 


emitting a wavelength of 633 nm. 
than that in this example were 
up to the limit given here. Furtl 
been obtained by increasing the obiect 
the intensity al the film is then red cod which necessitates 
longer exposures. An important xception occurs when 
the object is long and narrow, and the surface is recorded 
at oblique incidence. This is shown In Fig. 4. The 
reflectivity of the surface is increased, and the angle 
subtended at the film is reduced, so permitting à muc! 
larger area to be recorded at the same exposure. Fig. 5 
shows a reconstruction from a doubly exposed hologram 
of the tee-slotted clamping aurface-of a cast iron machin 
tool slide, a deforming force having been applied between 
the two successive exposures. This reconstruction pro- 
vides a foreshortenud view, as would be observed in thi 
virtual reconstruction seen by looking through the 
hologram. If, however, a real image of the reconstruction 
is formed by projecting light backwards through thi 
hologram, and the recording photographie plate is regis- 
tered with the plane of the recomstruetion, the imag: 
impressed on the plate is a true-scale record of the origina! 
surface. Fig. 6 shows such a reconstruction from tly 
same hologram used to produce Fig. 5. 

The recording of surface deformations in engineering 
components demonstrated here shows how these tech 
niques may be applied at low cost and in a short time. 
For teaching purposes it has been shown that interference 
holography of the distortions of e razor blade can bi 
demonstrated adequately to a large group of people i 
onlv a few minutes. 
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Piezoelectric Effect and its 
Temperature Variation in Optically 
Active Polypropylene Oxide 


PIEZOELECTRIC effect has been observed fn à vartets 

naturally occurring polymers such as cellulose and 
collagen! and has also been detec ed in evothetic poly 
peptides such as poly-y-methyl-L-ghutamate*. We report 


here the discovery of the piezoelectric effect in a synthetu 
optically active polymer*. 

Piezoelectric effect in polymers is usually ascribed to thi 
piezoelectric properties of polymer erystallites and they 
uniaxial orientation. The piezoelectricity of crystals 
depends on the crystallographic symmetry, which ts 
determined by the asymmetric eonfizuration of atoms i 
the molecule. Optical activity is also associated wit! 
an asymmetric configuration in molecules. Thus it ts 
reasonable to expect the oecurrenee of the piezoeleet ri 
effect in optically active polymers. 

A film was cast from a 
active poly-p-propylene oxide and was elongated D} 
approximately 50 per cent of its original length. Thy 
degree of erystallization estimated from the density wa 
about 40 per cent. A rectangular specimen about 5 mum » 
10 mm x 0-05 mm was cut at 45^ to thi 
thin foils about 5 


benzene sojution of optically 


long axis, and 


brass mmx 5 mm were jomted as 


* 
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electrodes to the centre of 
alcoholic solution of shellac. 
clamped and the other end was given an oscillational 
stress at a frequency of 20 Hz. The resulting polarization, 
and the phase angle between the polarization and the 
stress, were determined in a temperature range between 
— 160° C and 0? C. 

A rectangular coordinate was assigned to the film, in 
which the z axis was taken in the direction of orientation, 
and the y axis normal to the film. The polarization in the y 
axis, Py, is related to the shear stress in the film, S.;, by 
a formula Py-d4 Srs, where d,,— dj; —jd;, is defined 
as a complex piezoelectric modulus. The phase angle 84 
between the polarization Py and stress S; is represented 
by the relation tan 834 d7,/d;,. 

Fig. 1 illustrates the variation with temperature of dis 
and d$, for orientated films of optically active poly- 
propylene oxide. Dispersions of the piezoelectric moduli 
are seen at about — 130° C and — 60? C, respectively. At 
these temperatures, dj, decreases and dj, shows a trough 
with the rise of temperature. 

Piezoelectrie dispersion in polymers is closely related to 
the viscoelastic and dielectric dispersions’. The dynamic 
viscoelastic and dielectric measurements were therefore 
carried out on the same specimen as that used in the 
p:ezoeleetrie measurements. Fig. 2 illustrates the dynamic 
elastic modulus E" and the loss modulus E” at 30 Hz, and 
the dielectric constant s’ and the dielectric loss e” at 
1.000 Hz, between — 160° C and 0°C. Elastic and di- 
electric dispersions take place at the two temperatures 
corresponding to the piezoelectric dispersions. 

Because the glass transition temperature of poly- 
propylene oxide is about — 80° C, the elastic and dielectric 
relaxation at about -60° C should be the primary disper- 
sion resulting from the thermal motion of polymer 
molecules in amorphous regions. The dispersion around 
— 130^ C would represent the local-mode vibration of 
molecules in amorphous regions. Comparison of the 
results suggests that the piezoelectric effect should be 
strongly influenced by the thermal moleeular motion in 
non-crystalline regions of the specimen. 

A model to explain the piezoelectric dispersion curves is 
proposed in Fig. 3. A spring Gi is a piezoelectric crystal 
region, which is embedded in a non-gpiezoeleetrie amor- 
phous region. A spring Go and a dashpot nı represent the 
amorphous region. The strain y; on the spring Gj is 
assumed to be proportional to the polarization of crystals 
which is directly related to the piezoelectric modulus d,,. 
Because the strain y is a complex quantity with respect to 
the applied alternating stress o, the real and imaginary 
components of y,=y1'—jy1 are proportional to two 
piezoelectric moduli dj, and dj,, respectively. As shown 
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Fig. 1. Temperature dependence of real and imaginary piezoelectric 
moduli for orientated polypropylene oxide. 
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modulus Z^, and of dielectric constant « and dielectric loss a”, for 
orientated polypropylene oxide. 





Fig. 3. A mechanical model for explaining the Piezoelectric dispersion 
curve. 


in Fig. 3 with the rise of temperature T' or with the decrease 
of angular frequency w, yy decreases and vi^ gives a 
minimum under a fixed external stress c. The variations 
just correspond to the piezoelectric dispersions shown in 
Fig. 1. 

It would seem that the mechanical relaxation in the 
amorphous region associated with the rise of temperature 
would result in the decrease of strain in the piezoelectric 
crystals. The phase of the strain or polarization of 
crystals would therefore advance beyond that of the stress 
which is applied to the whole system including crystals 
and amorphous regions. 

The discovery of the piezoelectric effect in poly-p- 
propylene oxide would indicate that the origin of this 
effect in polymers is ultimately related to the asymmetric 
configuration of macromolecules. It also suggests the 
possibility that many other optically active polymers may 
possess the piezoelectric property. 

We thank Professor T. Tsuruta, Dr T. Hirano and Mr 
5. Akutsu for providing the polypropylene oxide samples. 
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. Evidence for Activated Carrier 
Mobility in Organic Solids 


SrEADY state space charge limited currents (SCLC) were 
obtained at different temperatures for a series of dipyridy- 
lium model compounds (Fig. 1) into which one TCNQ 
molecule (tetracyanoquinodimethane), in the form of a 
radieal ion, was introduced. Some compounds were 
produced containing two molecules of TCNQ, one associ- 
ated with each ring. Polymers of these compounds were 
also produced and SCLC measured (details of preparation 
will be published elsewhere). 








; | Í 
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Chemical structure of (a) 1,2-bis-(4-pyridyD-ethane, Ds, and 
(5) 1,2-bis-(4-pyridyD)-ethylene, Du. 


Fig. 1. 

The conductivity measurements were made on 0-5 inch 
diameter cylindrieal pellets. Pellets prepared under 
pressures in vacuo between 20,000 and 100,000 pounds/ 
inch had essentially identical conductivities. Electrical 
contact was made with vacuum-deposited gold electrodes 
or, in some cases, contacts were applied by covering the 
top and bottom surfaces with a thin layer of gold powder 
followed by recompression in the hydraulic press. Both 
processes resulted in firmly adherent, cohesive, contacts 
which were ohmic at voltages below those at which appre- 
ciable charge injection occurred. In one case only was it 
possible to carry out measurements on a single crystal; 
the resulting activation energy, 0-129 eV, was close to 
that obtained with the compactions, namely, 0-103 eV. 

The concentrations of free carriers at thermal equill- 
brium, neo, were obtained! from the transition voltage Ver 
from ohmic to parabolic voltage dependence, evaluated 
graphically using the following equation 

2ee, V tr 
Ti co of (1) 

where e is the charge of the electron, e, the permittivity 
of free space, e the relative permittivity and ¢ is the inter- 
electrode spacing. With knowledge of the carrier con- 
centration and the conductivity s, the mobility may then 
be obtained from 


em? V-1g- (2) 





á €n eo 

The results are summarized in Fig. 2. It is seen that 
the carrier concentration remains substantially constant, 
to within an order of magnitude, at about 10!! om^, over 
a temperature range in which the resistivities, some of 
which are also shown, change by up to eight orders of 
magnitude. In view of the uncertainties involved in the 
graphical location of Vir and the probable changes in the 
effective permittivity at low temperatures, the values of 
næ are estimated to be accurate only to within a factor 
of five. The largest apparent change in feo was found in 
the unsaturated Du 1-TCNQ compound, whieh appeared 
to drop from 4-5 x 104 at, — 187° C to 1-2 x 10 at —78* C. 
In that temperature interval. the conductivity increased 
by five orders of magnitude. 

The temperature dependence of the mobility deduced 
from SCLC data could be fitted to a shallow trap model’, 
but this would require mobilities 240,000 em?/V s. 
Such values would be substantially larger than those 
shown in Fig. 2 or found from Hall mobility measure- 
ments (to be published elsewhere) and larger than those 
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Fig. 2. 


found in most single crystal inerganic semiconductors. 
Mobilities as large as this are extremely unlikely in 
systems lacking long range order. 

We are foreede to the conclusion that the observed 
conductivity changes are caused by mobility changes. 
Such a thermally activated mobility in organic materials 
has been repeatedly proposed?, but to our knowledge this 
work presents the first evidence for its existence. 

It is of interest that the carrier concentration values 
appear to be invariant-—-again to plus or minus an order of 
magnitude—with respect to saturation versus unsatura- 
tion, introduction of a second TCNQ moleeule and polv- 
merization. In faet, carrier concentrations of the order 

; : . i 
reported here have also been observed by other workers*, 

This article presents the results of one phase of research 
carried out at the Jet Propulsion Laboratory, California 
Institute of Technology, sponsored by the US National 
Aeronauties and Space Administration. 
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Electronic Spectra of Thioformaldehyde 
and the Methyl Thiyl Radical 


Ix the flash photolysis of some simple sulphur containing 
molecules im the gas phase, we have recently observed 
several new eleetronie spectra in absorption. Largely on 
the basis of chemical evidence from widely different 
molecular systems, carriers have been assigned to CH,S 
(thioformaldehyde) and CH,S (methyl thiyl radical). We 
also comment briefly on some aspects of the kinetics and 
photochemustry. 

Using flash energies up to 2,500 J and a single optical 
pass through a 75 em long reaction vessel, spectra were 
recorded with a Hilger medium quartz spectrograph on 
Iiford HP3 plates sensitized with sodium salicylate. All 
experiments were conducted at about 293° K. 

Fig. 1 shows spectra in the 210-220 nm region which 
were recorded in the flash photolysis of CH,SSCH, 
(dimethyldisulphide). The strong, short lived, feature at 
216 nm is the Herzberg CH, band!, and in addition three 
new spectra are indicated. The red-shaded band, with a 
short wavelength head at about 211-75 nm, exhibits a 
“coarse fine-structure’? which seems to be the result of 
the presence of the CH,S molecule. This species persists 
for several seconds after flashing. The single, diffuse, 
band centred at about 218-5 nm is assigned to the CH,S 
radical which has a decay time comparable with that 
of the CH, radical, Fig. 1 also shows two narrow bands, 
disposed one on each wavelength extreme of the CH, 
transition, but assignment of this spectrum is still pre- 
Ininary. The 211-7 nm feature has been observed in the 
Hash photolysis of CH,SSCH,, CH,SCH,, CH,SH, COS + 
CH, CH;N, (diazomethane)--COS, CH,N,+H,S, and 
CH N,+CS,. The CH, transition was detected in each 
of the first four molecular systems. In the experiments 
with CH,N, with either COS or H,8, the intensity of the 
213-7 nm band was independent of the flash energy- 
provided the diazomethane was entirely photolysed. 

From purely chemical evidence unequivocal assignment 
of the 211-7 nm band to CH,S is diffieult because direct 
production of CH,S in a primary photochemical process 
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Fig. 1, Transient spectra in flashed dimethyldisulphide, 
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cannot be clearly demonstrated. It is considered that the 
carrier of the band must contain each of the elements C, 
Hand S. The spectrum has been detected only in systems 
which contain all three elements, and there are no plausible 
structures to which the band can be attributed which 
contain only a pair of the elements. 

Production of CH,S by disproportionation of CH,S 
radicals in the photosensitized decomposition of CH,SSCH, 
has been demonstrated by free-radical mass-speetro- 
metry’. The production of CH,S has also been proposed 
on the basis of end product analysis in statie direet-photo- 
lysis experiments with CH,SSCH, (ref. 3) and in the COS + 
CH, photochemical system! (subsequent to SCD) insertion 
into CH,). It must be formed as a major inter mediate 
via the CH,S radical in the flash photolysis of the com- 
pounds containing the CH,S group. The 211-7 nm band 
would seem to correspond to a major produet for it can 
be observed with flash energies down to a few hundred 
joules. From a study of the kineties of the diazometh- 
ane reactions, we conclude that the carrier of the 211-7 
nm band results from a fast reaction of the CH, radical 
either with COS or H,8. The transition complexes can 
be written respeetively C,H,SO and CH,S, and the only 
common fragment with appropriate properties is CH,S. 
The "coarse fine-structure” of the band appears to corre- 
spond to “K” sub-bands due to quantization of rotation 
about the axis of low moment of inertia. Analysis of the 
sub-band structure could not be attempted because of 
inadequate dispersion. A broad band at 208 nm detected 
in absorption following irradiation of dimethyl disulphide 
in à hydrocarbon glass at 77° K has been previously 
attributed to the CH,S monomer’. 

The band at 218-5 nm was observed quite strongly in 
the flash photolysis of CH,SSCH,, CH,SCH, and CH,SH. 
The maximum intensity of the band approximately coin- 
cided with the maximum intensity of the photolytie flash 
over a wide range of flash energies and initial pressures. 
We therefore conclude that the carrier is a primary 
produet of the photodecomposition in these experiments 
and attribute the spectrum to the methyl thivl radical. 
Perhaps the assignment is obvious because of the extreme 
improbability that any other transient species eould be 
produced in roughly equal vield from the three parent 
compounds. 

Incidental to these experiments we have shown that 
neither the CH, spectrum nor that of CH,S is observed 
in the flash photolysis of CS, (210 nm system) in the 
presence of CH,. Thus the atomic sulphur must be pro- 
duced almost entirely in its electronic ground state, 
which confirms earlier findings’. 
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Ternary Compounds of Uranium-Carbon 
and the Group VIII A Elements 

TERNARY compounds of uranium and carbon with the 
first row elements of group VIII A in the periodic table 
have been known for some time. This is because of the 
relevance of the appropriate ternary phase relationships 
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to the use of Fe, Co and Ni as eanning materials for nuclear 
fuels. The compounds UFeC,, UCoC,, UNiC, and U,NiC, 
have been deseribed'?. 

The second row elements are products of nuclear fission 
and a knowledge of the phase relationships of U and C 
with Ru, Rh and Pd is of importance in the interpretation 
of irradiation experiments on carbide fuel materials. 

In this communication we describe the new ternary 
compounds U,RuC,, U,OsC, and U,PtC,, and give some 
further information on the previously known compounds 
U,IrC, and U,RhC, (refs. 3 and 4). The data for the 
third row elements Os, Ir and Pt will permit a comparison 
of the properties of the compounds within the group as 
a whole. 


. Table 1. THE TERNARY COMPOUNDS UXC, — 
(where X is a second or third row element of group VIII A) 


Compound Structure Remarks 
U;RuC, (b.c.) tetragonal , At - 1,700" C decomposes to U car- 
(Q7 34489 + 0- 0003 A bides and liquid. URu, was the 
ey 12-5708 + 0-0016 Å predominant phase to freeze from 
the liquid. 
Z2=2, p theoretical = 13:433 x 10* 
kgo’ 
p found = 13-050 x 10* kgc* 
RBC, (b.e.) tetragonal At 1,7007 C decomposes in an 


de= 3-4659 + 0-0002 A 

Cg 12-5147 € 0-0010 A 

Data from a= 34664 0-001 A 
ref. 3 €,7 12512+0001 Å 

No evidence for a Pd ternary conr 
pound was found 


(this work) analogous way ta U,RuC,.. UR, 


froze from the liquid 


U carbides and U-Pd compounds 
were found after annealing of 
alloy with nominal composition 
UPdaC, 

Orthorhombic (o Peritectic decomposition at 1,750? C 

4, 3-5106+0-0007 A 

b, $4541 40-0007 A 

Ca = 12-6388 + 0-0023 A 


(b.c.) tetragonal ] 
ity 9:4783 +0-0004 A 
eg = 12-4851 + 0-0025 Å 


(t, 34790 +0-0003 A 


U4OsC; 


U,IrC, 
(this work) 


Data from Peritectic decomposition > 1,850° € 


~ 1,7507 € 


refs. 3, 4 e, 12-4780 +0-0024 A 
U,PtC, (b.c.) tetragonal Peritectic decomposition at 
fo = 3-5287 + 0-0003 1 7 


Co = 12-5672 + 0-0016 | 
The compounds were prepared by are-melting the 
elements together under argon (pressure 30 kNm?) using 
a carbon electrode, the atmosphere having been previ- 
ously gettered with molten zirconium. The are-melted 
alloys (of nominal composition U,XC,) invariably showed 
a complex structure consisting of U carbides, U-metal 
binary alloy phases and the ternary compound. Very 
little weight loss occurred during are-melting and chemical 
analysis confirmed that. the compositions were very close 
to the nominal ones. When annealed at temperatures up 
to 1,500° C in vacuo for more than 100h, the alloys became 
single phase, suggesting that the ternary compounds are 
formed peritectically. Table 1 shows the peritectic reaction 
temperatures for the ternary eompounds of the second 
row elements of group VIII A. The structure and cell 
size of the second and third row eompounds are given 
in the table and were determined by X-ray powder photo- 
graphy using an 11 em Debye-Scherrer camera with 
Cuke radiation. No ternary compound of the type 
described has been found for the U-Pd-C system. 
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BIOLOGICAL SCiENCES 
220 MHz Proton Magnetic Resonance 


x Type: 


XDo + 





The specific recognition by enzymes of one or the C4 
protons of the dihydronicotinamide ring (4H) ix: NADH 
suggests a stereochemical nonequivalence for these hydro- 
gens, which could arise from (a) & slow boat-bcat mier 
conversion of the dihydronieotinamide ring giving axial 
and equatorial 4 protons? and/or (5) a stacked cenforma- 
tion of NADH making the adenine ring nearer so one of 


at 100 MHz and Jower frequencies, only a single lime has. 
been obtained for 4HN protons of NADH. 
et al.* concluded from studies of N-benzyl-1,4-chhydro- 
nicotinamide and NADH that the latter existed ir a folded 
conformation and that the dihydrenicotinamide ring was 





rapid equilibrium between two folded conformations, one 
in which the dihydronicotinamide rng lies above the plane 
of the adenine ring (right-handed folding) and the other in 
which the dihydronicotinamide ring lies below tne plane 





of the adenine ring (left-handed fo ding). 

Using a Varian 220 MHz NMR spectrometer. I have 
studied the high resolution NMR spectra of reduced 
nicotinamide mononucleotide (NMN 
Company; ethanol removed by lyephilization) and NADH 








(Nutritional Biochemical Company; acetone removed 
by lyophilization) in D,O (Stohler Isotope Chemicals; 


deuterium content 99:8 per centi <A standare Varan 
variable temperature control unit wag used, and ethylene 
glycol was used to calibrate the temperature to an accuracy 
of +1°C. The NMR spectra were taken a few hours after 
preparation of the sample. 

The temperature dependence (4 4° to + 45° C) of the 
4HN protons of NMNH in D,O. pD=9-2, is shown in 
Fig. 2. The large linewidths (~5 Hz) for the 4H? protons 


1240 








HY * H 
OH OH 
NADO NADH 
Fig. 1. Oxidation-reduetion equilibrium of coenzymes NAD‘ and NADH. 
cules, In NMNH the two 4HN protons have the same 
chemical shift and are in magnetically equivalent environ- 
au" || ments. The observations of an AB quartet suggests a 
45° magnetic nonequivalence for the two 4HN protons of 
NADH in solution at low temperatures. The observed 
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Fig. 2. Temperature dependence of the 220 MHz NMR speetrum of 
NMNH in D.O, pD = 9-2, 


are due to small long range couplings with 2, 5 and 6 
protons of the dihydronicotinamide ring. The temperature 
dependence (+16° to +59° C) of the 4H protons of 





NADH in D,O, pD=9-0, is shown in Fig. 3. The AB A r 5X0 Ê M NADH 
quartet observed at low temperatures coalesces to a IE NUN E in 0,0, pD*9.0 
single resonance on raising the temperature. The tempera- i V | 
ture dependent chemical shifts of the dihydronicotinamide ai n | E 
and adenine protons of NADH are outlined in Fig. 4. gt -— 
The two 4 protons of dihydronicotinamide ring of i 
TNI : ! r » NC ROS RERO RR EG 
AMNH and of the open and folded eonformations of 2 8555. D ce ? 5Oppm. 
NADH are chemically nonequivalent due e the absence Fig. 3. Temperature dependence of the 220 MHz NMR spectrum of 
of à moleeular symmetry axis of rotation in these mole- NADH in D,O, yD 9-0, 
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coaleseence of the AB quartet with increase in tempera- 
ture did not involve broadening and collapse but rather 
a deerease in the chemical shift between the two 4HN 
protons. The 2 and 4 proton resonances of the dihydro- 
nicotinamide ring and the 2 proton resonance of the 
adenine ring move upfield at low temperatures as a result 
of the shielding effects of the ring currents of the nicotin- 
amide and adenine rings on each other in the folded 
conformation. 

I suggest that a rapid equilibrium of open and one 
folded conformation of NADH favours the open form 
(chemical nonequivalenee and magnetic equivalence of 
4HN protons) at higher temperatures and the folded form 
(chemical and magnetic nonequivalence of 4H protons) 
at lower temperatures. The observed NMR signal of 
4HN protons at any temperature is the weighted average 
of open and one folded confofmation in rapid equilibrium 
at that temperature. 
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Further, the data do not eliminate and are consistent 
with a slow equilibrium between the two folded conforma- 
tions and/or a slow equilibrium between the two open 
conformations of NADH. 
studies that the two 4H N protons of NADH are in different 





It is clear from biochernical © 
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4, Temperature dependence of the chemical shifts of proton resonances of NADH in D,0, pD = 9-4. 


spatial environments in the NADH-enzyme-substrate 
complex‘. Using NMR spectroscopy we have shown tab 
the folded conformation of NADH results in ehemiedlly 
and magnetically nonequivalent 4HN protons in “he 
absence of substrate and enzyme. This nonequivaleace 
of 4HN hydrogens in NADH aecounts for the specific 
recognition by certain enzymes of one or the other of 
4HN hydrogens. 

I thank J. P. Cohen-Addad, A. A. Lamola, J. Peisech, 
B. Sheard and R. G. Shulman for discussions and sugges- 
tions. This work was presented at the Third International — 
Conference on Magnetic Resonanee in Biological Systems, 
Airlie House, Warrenton, Virginia, October 14, 1968. 

Note added in proof. A similar study has recontly heen 
communicated by Sarma and Kaplan”. 
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* * m 
Quantitative Approach to the Sequential 
* * | * 1 
Degradation of Proteins and Peptides 
* 

Ir has been known for many years that quantitative as 
well as qualitative information can be derived from the 
Edman sequential degradation methodt-*, but the varsable 
recovery of liberated thiohydantoin derivatives of the 
constituent amino-acids has made an accurate quantita- 
tive analysis of proteins and peptides difficult. We 
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Fig. 1. Mass spectra of phenylalanine methyl thiohydantoin at (A) 70 eV, (B) 10 eV. 
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Fig. 2. Mass spectra of a mixture of amino-acid methyl thiohydantoin derivatives at (I) probe temperature 90°, (ID) 140°, (IIT) 160°, (IV) 200°. 
Tonizing voltage 10 eV. A, Glycine; B, alanine; C, valine: D, proline; E, isoleucine: F, leucine: G, phenylalanine; H, threonine: I, methio- 
nine; J, glutamic acid; K, aspartic acid; L, tyrosine; M, tryptophan; N, S-amino-ethyl-eysteine; P, histidine; R, e methylthiourea lysine. 
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report here an approach to a quantitative protein degrada- 
tion method using a volatile Edman reagent (methyl 
isothiocyanate?), an isotope dilution step for quantitation 
of the data, and an isotope ratio assay using conventional 
mass spectrometry*. 

In this procedure the peptide or protein is dissolved 
in 50 per cent aqueous pyridine and reacted for 1 h at 
60° C with a 10 M excess (based on available amino end 
groups) of methyl isothiocyanate. Oxygen (air) and light 
are excluded from the reaction vessel. It should be noted 
that in subsequent reactions with the second NH; 
terminal residue, only a 1-5 M excess of methyl isothio- 
cyanate is required. To this aliquot is added a standard- 
ized solution containing & mixture of twenty methyl 
thiohydantoin amino-acid derivatives which are enriched 
in !5N and for which the exact !*N/!5N ratio is known for 
each derivative in the mixture. 

Excess methyl isothiocyanate is removed by drying the 
mixture in vacuum at 60? C for 2 h. The residue is then 
treated with anhydrous trifluoroacetic acid or heptafluoro- 
butyric acid for 10 min, after which the excess acid is 
removed under a stream of nitrogen gas at 90° C. This 
method promotes the formation of the cyclic thiohydantoin 
derivative from the N-terminal thiourea without detectable 
thiazolidone formation and the product yields are in excess 
of 98 per cent. Alternatively it is possible to volatilize 
the thiohydantoin derivative using hot nitrogen and a 
sample trap to collect the volatilized derivative. Using 
these conditions the technique does not destroy the pep- 
tide. In a comparison of factors affecting product yields, 
both methyl isothiocyanate and phenyl isothiocyanate 
were allowed to compete for a single available amino end 
group of a tripeptide. The resulting relative rates of 
reaction (ratio methyl 1-1: phenyl 1-0) showed that the 
volatile methyl reagent was slightly more reactive than 
the phenyl derivative. ` 

After removal of the excess acid the residue is taken up 
in tetrahydrofuran and a non-quantitative aliquot con- 
taining 1-10 ug of thiohydantoins is transferred to a small 
capillary. The solvent is removed under vacuum and the 
capillary containing the sample mixture is placed in a 
CEC 21-104 mass spectrometer using a solid sample inlet 
probe, and the mass spectra are recorded as the tempera- 
ture of the sample capillary is slowly increased. This 
technique permits partial separation, in order of volatility, 
thus making it easier to identify and measure the amounts 
of each methyl thiohydantoin present in the mixture. 
The mass spectra of these mixtures are further simplified 
by using a low ionizing voltage (10 eV) which produces 
spectra containing primarily the molecular ions and only 
& few of the more abundant fragment ions (Fig. 1). 
In these conditions, clearly identifiable molecular ions 
(M*) are observed for all derivatives except that of S- 
aminoethyl-cysteine (which may be identified by a frag- 
ment ion at m/e 150). Ambiguity occurs with leucine and 
isoleucine which both show an M+ at m/e 186 and with 
glycine the M+ of which occurs at m/e 130, a principal 
ion in the spectra of all methyl thiohydantoin derivatives. 
These cases may be resolved because leucine has a unique 
fragment ion at m/e 143 and glycine has an ion at m/e 102 
which may be used for its unequivocal identification 
(Table 1). The mass spectra of a mixture of eighteen 
methyl thiohydantoin derivatives (Fig. 2) were recorded 
at low ionizing voltage (10 eV) by slowly increasing the 
probe temperature so that the more volatile derivatives 
appeared first. The less volatile compounds emerged 
in speetra obtained at higher probe temperatures as 
deseribed here, thus producing partial separation and 
several spectra over the temperature range (90-2007) 
varying in methyl thiohydantoin composition. 

To obtain quantitative information from the mass 
spectral data, the ratios “N/SN in the M+ peaks of the 
derivatives present in the mixture (Fig. 3) are aceurately 
measured by hand from the recorded spectrum and any 
contribution from other ions subtracted. These accurately 





Table l. MAJOR PRAKS OCCURRING IN THE MASS SPECTRUM OF METHYL THIO- 
HYDANTOIN DERIVATIVES OF AMINO-ACIDE (10NIZING VOLTAGE 70 EV) 


Principal peaks (mje) 
Amino-acid i 2 3 4 5 6 7 8 
Glycine 42 45 78 102* 136 
Alanine 40 44 "74 144 
Valine 48 74 180 172 
Proline 4i 70 170 
Leucine 42 74 88 130 143* 186 
Isoleucine 4l 57 74 130 186 
Aspartic acid ethyl ester 42 74 129 142 169 215 
Glutamic acid ethyl ester 40 74 130 142 156 134 230 
Phenylalanine 40 65 74  91* 129 220 
Threonine 40 44 73 102 130 156 174 
Methionine 61 74 130 148 156 204 
Glutamine 44 59 4 142 180 184 S01 
Glutamie acid 44 55 Fh 84 149 156 184 B02 
Aspartic acid 44 74 142 188 
Tyrosine 44 87 107 130 142 236 
Tryptophan 130 258 
S-Aminoethy!l-cysteine 44 BT FH 84 117 143 150* — 
S-Methyl-cysteine 45 61 142 149 180 
Serine 41 42 57 74 164 130 142 190 
Histidine 8i 180 210 
e Methyithiourea lysine 74 180 148 184 201 245 ATA 
Arginine 43 69 7e 90 142 170 212" 229 


* These peaks are used in the identification of the corresponding tiie- 
hydantoin derivatives in reaction mixtures and are present in spectra run 
both at 70 eV and 10 eV. 


determined ratios plus the initia: concentration of each 
of the N enriched derivative introduced permit the 
determination of the exact quantity of each methyl 
thiohydantoin formed at each N-terminal reaction from 
mass spectral data obtained using low ionizing voltage. 

The derivatives of the commor amino-acids, including 
the less volatile ones such as glutamine, lysine and arginine, 
are all sufficiently volatile to be used in this method. 
Further, while the erude methyl thiohydantoin derivative 
of serine has been isolated and its mass spectrum recorded, 
we have so far been unable to isolate a pure sample free 
of the dehydro form. 

With this method it is unnecessary to perform any 
reagent extractions, or to separate the volatile methyl 
thiohydantoins from the non-volatile peptides or proteins 
before mass speetral analysis. 'The technique is rapid and 
essentially quantitative (better than 98 per cent for Ala 
Gly Gly; 99 per cent for Gly Leu Leu). Like all other 
sequential degradation methods. however, it is liable 
to cumulative error derived from less than 100 per 
cent reaction with succeeding NH,-terminal amino-acid 
residues. 

A study to adapt this technique to the quantitative 
analysis of large polypeptide chains is now in progress. 
We wish to apply this method to: (m) The sequential 
degradation of a protein, present as the chief component 
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Fig. 3. Mass spectrum of a mixture of *N and HN methyl thiohydantoin- 

amino-acid derivatives. Ionizing voltage 10 eV. Probe temperature 
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m a mixture of proteins. A principal constituent should 
be identifiable because it dilutes a single one of the SN 
amino-acid thiohydantoin derivatives to the same extent 
at each stage of the degradative procedure. It will, of 
course, not be able to resolve several component proteins 
which are each present to the same extent. (b) Sequence 
studies on pure proteins available only in milligram 
quantities. At present, using a low resolution mass 
spectrometer, the method ean detect at least ] ug of 
the thiohydantoin derivative at each degradative step. 
(c) The quantitative study of the nature of amino-acid 
substitutions whieh are known to oecur at certain loci 
in proteins such as haemoglobin and the immunoglobulins. 
To solve problems relating to the genetic mechanism by 
which variations are introduced into amino-acid sequences, 
it 15 necessary to have a quantitative method capable of 
analysing all amino-acids found at a single locus in a set 
of elosely related proteins. 

In addition the technique provides the basis for à rapid 
method for quantitatively identifying N-terminal groups 
in proteins of unknown compositions. 
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Tooth Enamel of Latimeria chalumnae 
(Smith) 


It has been observed! that the formation of enamel in a 
small tooth germ of the crossopterygian, Latimeria 
chalumnae, is external to the dentine, and examination 
of more material has confirmed this impression. Serial 
sections through developing teeth, which had been 
stained as indicated in Table 1, showed quite clearly that 
the enamel matrix develops externally to the dentine 
(Fig. 1), and not as a change in the outer layer of the 
dentine that has already formed, as has been reported in 
actinopterygians by Kerr? and in some larval and adult 
amphibians?:?, 


* 
Table 1 

l ., Outer dentine . 

Stain Dentine (mesodermal enamel?) Enamel matrix 
Haematoxvlin "E uy a 

and eosin DBasophilie*  Basophilie** Basophilic*7** 

Gomer Brown Brown Unstained 
Pieromethyl blue Green Bine: dense, fibrous Blue: amorphous 


Alcian blue Red Purple Very pale 
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A thin layer of dentine was seen in the initial stages 
of tooth development which subsequently showed 
changes similar to those described in the formation of 
mesodermal enamel?-*. On the outer 


pletely unstained by reticulin and collagen stains (Table 1). 
It is thus reminiscent of the enamel matrix of reptiles and 
mammals and ean be considered an eetodermal tissue. 





Fig. 1. 


Longitudinal section of tooth germ of Latimeria chalumnae. 
Note the early dentine (a). Ectodermal enamel matrix is visible (arrows) 
and in one place has become detached. Haematoxylin and eosin, x 100. 


There is disagreement about the type of enamel found 
in the amphibia. Kvam?* considers the tissue to be 
mesodermal in origin, while Kerr? and Soule® have shown 
that ectodermal enamel is formed. Kerr? reports, how- 
ever, that in teeth of larval amphibia there is mesodermal 
enamel, although he does point out that the distinction 
may not be as significant as it first seems because the 
odontoblasts in the urodeles are of neural crest origin and 
so eetomesenehymal. There is no disagreement, however, 
about the enamel of teleosts and elasmobranehs being 
mesodermal. 

That crossopterygian enamel should be ectodermal in 
origin shows that this tissue evolved very much earlier in 
the erossopterygian-tetrapod line of evolution than was 
at first thought. Palaeohistological investigation would 
indicate further at what time this tissue arose. Freshly 
and correctly fixed material for detailed histochemical 
and electron microscopic studies will shed further light 
on the problem. 
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influence of Epiphyses on the Regulation 
of Bone Growth 


GnowrH in length of a long bone occurs at epiphysial 
cartilage plates. Where more than one epiphysis is con- 
cerned, does each make its contribution irrespective of the 
other or does the growth of one influence that of the 
other ? 

During an investigation of the effect of irradiation on 
epiphysial growth, Reidy found that there was a stimula- 
tion of growth at the untreated epiphysis of a bone after 
growth at the other end had been impaired?. This sug- 
gested that there is some link between epiphyses, and 
prompted a series of experiments with tibiae of rabbits. 
Initially the proximal epiphysial plate of one tibia was 
destroyed using a dental drill, and subsequent growth of 
each epiphysis was followed to maturity by radiography, 
measurements being made from an opaque marker placed 
in the diaphysis’. 

Where cessation of growth at the proximal epiphysis 
was achieved, the distal epiphysis made a contribution 
to length up to 27 per cent greater than that of the control 
tibia. A similar but less marked response was seen at the 
proximal tibial epiphysis when the distal epiphysis of the 
fused tibia and fibula was destroyed. 

Destruction of an epiphysis by this method leads to the 
formation of a bony bridge between epiphysis and dia- 
physis, which must be assumed to provide both a means 
of communication not present in the control tibia and an 
alteration in the vascular supply of the epiphysis and 
diaphysis. It was also not known for certain whether the 
change in growth rate after destruction of one epiphysis 
was limited to the experimental bone or whether a similar 
change might be found elsewhere in the limb. With these 
possibilities in mind, further experiments have been 
carried. out. l 

To diminish the factor of trauma at the epiphysis to be 
arrested, growth was limited mechanically. using à pair of 
stainless steel staples placed medially and laterally across 
the upper tibial epiphysial cartilage plate, thus linking 
epiphysial to metaphysial bone. In a further group of 
animals which had undergone this treatment, growth of 
the lower femoral epiphysis was also followed from an 
additional marker placed in the shaft of the femur. 
Effective arrest of growth at the upper tibial epiphysis 
was found to be produced by the staples and an increase 
in contribution to growth in length similar to that found 
after destruction of the epiphysial plate was observed at 
the lower tibial epiphysis on the experimental side. 

Histological preparations also showed that after stapling, 
the epiphysial plate, although narrowed, remained intact 
and that no abnormal vascular reaction was present 
around the portion of the staple embedded in cortical or 
trabecular bone. 

Maturity was reached in seven of the animals in which 
a femoral marker was used together with upper tibial 
epiphysial stapling. In five I recorded an increase of 15 
per cent or more (maximum 26 per cent) of growth at the 
uninjured epiphysis on the experimental side, but in 
no animal was the lower femoral epiphysis adjacent to the 
arrested tibial epiphysis found to contribute more to 
femoral growth than that on the contralateral side. 

Throughout these experiments not all attempts to 
produee arrest of growth were uniformly successful and it 
soon beeame apparent that the degree of arrest of one 
epiphysis was related to the excess contribution made by 
the epiphysis at the other end of the bone. Fig. 1 shows 
that the percentage deficits produced at the proximal tibial 
epiphysis are proportional to the percentage increase made 
by the distal epiphysis on the experimental side. 

Following up these findings the growth curves of those 
animals in which the staples had eut out were reviewed 
and, in a further group, staples were intentionally removed 
after the expected growth changes at the distal experi- 
mental epiphysis had become manifest. After release from 
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the staples growth was resumed at the previously arrested 
upper epiphysis and at the lower »piphysis at rates nearly 
comparable with those of the contralateral epiphyses. The 
growth rate of the released epiphysis, however, was not 
found to exceed that of its contralateral control. This 
finding might well mean that, as in the normal bone, 
there is a limit for the combined rates of growth of the 
two epiphyses. It has been shown that both max inerease 
their rate when they are the sole active site of growth, 
but this does not seem possible when both are active 
even though there is a defect in total bone length. 

These experiments suggest that there may be & system 
of growth control intrinsie to à bone. This system seems 
to respond to changes in growth rate of the individual 
epiphyses of that bone in à manner which tends to 
maintain the rate of growth of the bone as à whole. 
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Fig. 1. Percentage gain at the distal tibial epiphysis plotted against 


percentage deficit at the proximal arrested epiphysis in twenty-six 
experimental animals. 


The defect in growth at one epiphysis seems tc produce 
a directly proportional additional growth at another 
epiphysis in the same bone, but it does not stimulate 
growth in the adjacent epiphysis of another boae. It is 
not yet possible to say how cortrol in this swstem 18 
mediated. It may be that there is à maximum potential 
for the growth of à bone which cannot be exceeded but 
may be possessed to a greater extent by one epiphysis 
when a second ceases to grow. This potential could be in 
the form of an essential metabolite of limited supply. 
On the other hand, an inhibitory agent may be released 
locally in the process of chondrocyte multiplieation or 
ossification, with a concentration which decreeses after 
the destruction or arrest of an epiphysis. 
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Free Radical Reactions modify 
Cellular Damage 


COMBINED physical and biological techniques reveal some 
properties of molecular species which are responsible for 
cell death after irradiation. Changes in ESR spectra of 
irradiated cell contents and in the survival of irradiated 
fern spores, produced by different gases at different times, 
show an important correlation. “Che primary radiation- 
produced radical population has been shown te include 
precursors of ultimate biological damage, whiehe are stili 
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capable of post-irradiation modification. Radical groups 
are recognized by their response to NO and O, and 
titrated with these gases, using both physical and biological 
end points. 

Whole spores of Osmunda regalis were used for biological 
experiments and their cell contents, obtained by water 
extraction, were used for physical measurements. Samples 
were dried over P,O, in vacuo. The effects of drying, pres- 
sure changes and gas treatments were checked by controls, 
ESR measurements were made on dried cell contents. The 
radiation-produced spectra of whole spores could be 
reproduced by a combination of those from spore coats 
and cell contents. The radiation source was a 12 MeV 
electron linear accelerator. Doses for ESR observations 
were of the order of 500 krad and those for survival 
experiments varied from 1 to 10 krad, given at 200 krad 
nm and 3 krad min-!, respectively. For survival 
experiments, spores were soaked in deoxygenated water 4h 
after irradiation to end further radical reaction, before 
culturing and subsequent seoring!. All experimental 
results are given in Table 1. 
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be titrated with O,. Spores irradiated in N a Show the 
potential for oxygen enhancement to decrease with time 
in NO. The corresponding ESR experiments suggest 
that NO prevents further biological damage by remov- 
ing radical groups I, II and III. Although NO removes 
group IV, it does not reduce the damage already caused 
by O, 

NO and O, interact faster with the potential for oxygen 
enhancement during irradiation than in post-irradiation 
treatments. NO reacts faster than O,. In corresponding 
ESR experiments O, and NO react faster during than 
after irradiation. Qualitatively there is good agreement 
between radiation damage and ESR observations. The 
rates measured by ESR are, however, slower than those 
found biologically. This suggests that the radical groups 
are heterogeneous. The radicals of biological importance 
in groups IT and III react faster with O, and NO than 
those of lesser importance. 

We have evidence that the potential for oxygen en- 
hancement does not reside only in the initially produced 
species but can be handed onto daughter species. Radical 


Table 1 


. lime from 


, irradiation to — Post-treatmente first post- constant 
Irradiation — post-treat- First Second treatment x 10 
ment (min) (min) (rad) 
Ny in N; Bus 240 2-0 
NO — NO — 240 2-0 
Os O, — 240 20-0 
Ne 120 Q, VEN i 20 20-0 
Ns 5 Og N, 0 2-0 
1 3-1 
2 4-4 
5 RO 
10 12-5 
120 20-0 
Ne 5$ or 120 NO — 240 or 120 2-0 
N, 5 NO 0, 0 20-0 
1 11:1 
2 9-5 
5 5-7 
10 a2 
120 2-0 
Oe 120 NO — 120 20-0 
O, 3 N; se 240 18°2 
NO 3 O; — e 240 9-0 


The slopes of the exponential part of the survival 
curves, expressed as inactivation constants, were used as a 
measure of biological radiation damage. "The inactivation 
constant for irradiation in O, is 20-0 x 10-* rad-! and in 
N, or NO 2:0x 10-* rad-i, with extrapolation numbers 
of approximately 2. The ESR signals from irradiated cell 
contents can be aseribed to five different radical groups. 
Three of these «I, II, IIT) are observed within 10 min of 
irradiation in N, O, or NO. In N, group I decays. 
In O, I, II and possibly III decay, while IV grows 
at the expense of the others. In NO, all but the resistant 
group V decay. Group V radieals are recognized only 
after decay of the other groups. 

The inactivation constant for anoxie irradiation is 
inereased by O, post-treatment giving full oxygen en- 
hancement whether O, is introduced 5 or 120 min after 
irradiation. Exposure to O, for increasing times gives 
inereasing inactivation constants. The damage is bio- 
logically indistinguishable from that caused by O, during 
irradiation. In corresponding ESR experiments this 
treatment initiates the formation of radical group IV 
and reduces the total radical population. The formation of 
IV is unaffected hy the time between irradiation and 
introduction of O,. Group I is not involved therefore in 
the formation of IV, but may be responsible for anoxic 
damage. Group IV is correlated with the oxygen enhance- 
ment and may eontain peroxy radieals. 

Post-treatment with NO only removes the potential for 
oxygen enhancement. Consequently this potential can 


Duration of Inactivation Half time 


Half time 
of Initial radical groups Post-irradiation of 
reaction Stable Unstable changes reactions 
(min) (min) 
II, HT, V tf Decay 70 
V I, 1, II Decay 5-10 
[HI] IV, V I, 1I [IH] (a) Decay 70 
ib) Formation of IV 20-25 
HEJ V I, TE (11g) (a) Decay 70 
(b) Formation of IV 20-25 
8-8 
V I, H, Tit Decay 5-10 
1-2 
v HI] TV Decay 9-10 
IT, IH, IV, Y |] Decay 70 
HII] V I, TI {11} (a) Decay 70 
ib) Formation of IV 20-25 


group IV includes species responsible for oxygen enhance- 
ment, whereas group I includes those responsible for 
irreversible radiation damage produced in anoxie condi- 
tions. Our results are similar to those reported for 
seeds?-5, but differ from those for dried bacterial spores*-* 
in two respects: (1) no sensitization is observed when NO 
is present during irradiation, and (2) the presence of O, 
during irradiation produces no more damage than O, 
post-treatment. 
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Basic Requirements for Calcification 


Tue chief product of calcification in bone is usually 
considered to be a variant of hydroxyapatite, Ca; (PO), 
(OH), (ref. 1), the unit cell of the erystal lattice containing 
all eighteen ions of the formula. A tacit assumption is 
made that the two OH- ions come from the water in the 
caleifying solution. Because the equilibrium constant for 
water (K,,) is only 10-14 (mole/l.) (ref. 2) at 25° €, however, 
the dissociation of water would require more energy to 
increase the OH- concentration than is readily available 
in the surrounding mineral matter’. 

In the fluid surrounding calcifying tissue at pH 7:3 the 
Ca concentration is about 1:25 mmole/l.—half that found 
in the serum or plasma—and the P concentration about 
the same. But the concentration of OH- ions is only 
10-7 mole/l.= 10-7 mmole/l., and that of H+ 10-7** 
mmole/l. If only one thousandth of the ealcium and 
phosphate ions is taken out in one passage of tissue fluid, 
then to maintain more or less stoichiometric proportions 
from five to ten times as many hydroxyl ions as exist 
must also be taken out. The assumption is invalid that 
as hydroxyl ions are removed the dissociation of water 
will maintain the supply; the rate at which ions of any 
kind are supplied is limited by diffusion. 

Additional difficulties face the growing hydroxyapatite 
crystal. According to the older theories of caleification, 
CaHPO, was the first calcium salt deposited? and changed 
somehow to a tricalcium phosphate, while according to our 
own recent theory’, HPO,?- ions are deposited and then 
quickly lose H+ at the crystal surface. In either case, the 
overall reaction ean be described by the following equation 


10 Ca?*--6 HPO,-+2 H,O—Ca,,(PO,), (OH), +8 H* 


For every unit cell formed, eight H* ions are released. 
Some of the implications of this release of H* can be appre- 
ciated when we consider the exchange of H+ and Ca? 
ions during in vitro studies with bone mineral. At a 
pH of 5-0, corresponding to a hydrogen ion concentration 
of 0-01 mmole/l., **Ca-labelled calcium at a concentration 
of 2-5 mmole/l. exchanges to about a fourth or a fifth the 
amount it exchanges at pH 7:3 (ref. 5). The rest of the 
exchange of the calcium of bone mineral at pH 5 takes 
place with the H+ ion and results in a gradual dissolution 
of the surface of the bone minerals. If we use the factor 4 
to express the superiority of H* exchange at pH 5, and 
multiply by 2:5/0-01 to allow for the differences in con- 
centration, we find that, ion for ion, H* is approximately 
1.000 times as likely to exchange with hydroxyapatite 
as is Ca?*. 

It would therefore appear that, unless the equation is 
modified by the addition of other terms, it is written in 
the wrong direction. 

In reviewing the surface chemistry of bone, MeLean and 
Urist* point out that the very concept of pH at the crystal 
surfaces of bone mineral is of doubtful validity. This can 
be shown by a few calculations. Aqueous solutions at 
pH 7-3 and 25? C contain 10-^* mole of H+ and 55 mole 
of H4O in a litre of water, or one hydrogen ion for 1-1 x 
10? molecules of water (disregarding hydration and the 
possibility of dimerie or trimerie forms of the water 
molecule). We can estimate the average volume of a 
water molecule by dividing the volume of a mole (in Å?) 
by the number of molecules/mole (Avogadro's number); 
this is (18 x 10%4)/(6 x 10?3) = 30 A3/molecule. On an aver- 
age, we therefore find one hydrogen ion in 30 x 1-1 x 10*— 
"8:3 x 101? A’ at pH 7:3. 

Average dimensions of a erystal of bone material, in 
ángstróms, would be, according to Carlstróm and Glas’, 
40x 50x 600, with a total volume of 1-2x 10° À*. At 
pH 7-3 the average erystal will therefore occupy a volume 
(1-2 x 109)/(3-3 x 1019) = 1/28,000 of the volume associated 
with a single hydrogen ion. Only at a pH of about 2-9 
will each erystal be associated on an average with one 
hydrogen ion. The situation is even worse for the nuclei 
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of erystallization first formed, which may consist of a few 

dozen ions. A single hydrogen ion per nucleus would be 

incompatible with nueleus formation on the basis of the 

equation given. | l | 

To make the reaction go from le£: to right, the hydrogen 
ions must be got rid of. If the rate of crystallization 18 
very slow, the diffusion of hydrexyl ions towards the 
erystal surface and of hydrogen ions away from it, especi- 
ally in the presence of buffers, such as NaHCO, may 
suffice. When bone mineral is rapidly being laid down, 
however, diffusion must be supplemented by other 
methods. I suggest that the scavengers of H* are the 
organic compounds, in calcifying eartilage or in osteoid ; 
they may be combinations of protems and polysaccharides, 
with possibly some lipid. ere 

In the formation of crystal nuclei, the first H+ 10n or 
ions produced may be neutralized by the NH, groups 
present in lysine or other basic amino-acids of collagen 
fibres*, provided these groups are not already positively 
charged before nucleus formation begins. But the other 
substances present in the organie matrix also play & part. 
Some investigators?!" reported that mucoprotems have 
a positive effect on calcification, while Glimeher"" found 
that eollagen fibres maintained 1 suitable conditions in 
calcifying solutions calcified without aid from mucopro- 
teins; the latter inhibited rather than promoted calcifica - 
tion. It is likely that mueopro:eins and related com- 
pounds have both effects, depending on their chemical 
composition and the nature of their salts. A calcium salt 
of an acid mucopolysaccharide may aid calcification not 
only by supplying Ca** ions but, p haps more important, 
by removing H* ions. À sodium. or potassium salt will 
also remove H+ ions, while the acid itself may increase the 
local H+ concentration and aet as an inhibitor. 

Collagen and other proteins differ from one tissue to 
another, with different relative proportions of basie 
and other amino-acids!?; mucopolysaccharides differ at 
different stages of tissue growth"; and lipids, for which 
no clear role in calcification has been found, are present 
when looked forit. These three classes of organie sub- 
stances can form many complex compounds, and the 
latter may exhibit different kinds of behaviour in the 
presence of H+ or Ca?**. The situation is complieated, as 
Schubert!® has ngted, by the fact that proteins, polysae- 
charides and lipids of connective tissue are 8o thoroughly 
mingled, both chemieally and physieally, that it is 
impossible to isolate one without affecting the others. 

From these considerations it is clear that there is not a 
single “local factor" of calcification. ‘There are many 
such factors, depending on the nature of the calcifying 
tissue and its environment. The calcification, both normal 
and abnormal, of many different tissues in many different 
circumstances would otherwise be difficult to understand. 

When calcification is rapid, some of the unneutralized 
H+ ions may be trapped in crystals of bone mineral and 
thus become "defects", while other ions are incorporated 
into a different crystalline form, possibly as octacalcium 
phosphate, Ca,H,(PO,),5H,O (ref. 16). In spite of the 
presence of a large array of inhibitors of ealeification, 
formation of bone salts may continue to take plaee. 
An inhibitor may prevent growth in one direction or 
lead to the development of abnormal microcrystalline 
forms; it does not necessarily prevent growth in all 
directions". 

The inability of the environmental fluids to remove 
from the calcified tissue all the H+ released by the forma- 
tion of hydroxyapatite may explain the two-stage forma- 
tion of some bone, like that produced by endochondral! 
calcification. The hypertrophic cartijage is first calcified ; 
this preliminary calcification removes most of the ions 
that must be got rid of, and supplies most of the caleium 
needed to produce an impure calcium phosphate. The 
subsequent removal of calcified eartilage and replacement 
by genuine bone offer a much simpler problem in ionic 
logistics. 


* 
1248 
* 

In vitro studies of calcification are usually carried out 
at about pH 7-35 with solutions of Ca and P that are 
considered  supersaturated?-!!, The precipitation or 
deposition of a solid phase in these cases is not a result of 

omogeneous nucleation, for the formation of even a 
single cell of the hydroxyapatite crystal lattice would 
require the disposal of 8 H+ ions. It is caused by hetero- 
geneous nucleation on collagen or rachitie cartilage Or 
areas on the surfaces of glass vessels where the alkalinity 
increases with time. 

Some years ago, Neuman!* suggested that serum was 
ordinarily supersaturated with respect to the hydroxy- 
apatite of bone mineral. It was always difficult to see 
how this supersaturation could last for a lifetime. If one 
or two nuclei of hydroxyapatite were allowed to form, it 
seemed that eventually the entire vascular system must 
caleify. But if the ions equivalent to a single unit cell 
are to form a nucleus, those eight hydrogen ions must 
somehow be removed from the reaction sites as rapidly 
as they are released. Crystal growth requires getting rid 
of still more hydrogen ions. Unless the pH is raised or 
proton aeceptors are made available in some way (as in 
atherosclerotic plaques), the reaction will be reversed and 
the crystal nuclei will disintegrate instead of growing. 
Except in special conditions, the supersaturation is virtual 
instead of actual. 

In summary, a number of different lines of evidence 
support the hypothesis that the removal of hydrogen ions 
plays a basic part in calcification. l 
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Evoked Unitary and Gross Electric 
Activity in the Cerebral Cortex in 
Early Prenatal Ontogeny 


Durine development, the form of the electrocortical 
surface response elicited by peripheral stimulation under- 
goes a series of typieal changes which have been thought 
to refleet the functional maturation of the cerebral cortex. 
Most eleetrophysiologieal studies of the subject (for 
example, ref. 1), however, have been performed on post- 
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natal animals, in whieh the structural and functional 
development of the cortex is comparatively advanced, so 
the very early stages of functional development have been 
largely neglected.  Molliver? recently found that the 
somaesthetic response evoked by tactile stimulation of the 
nose in prenatal preparations of sheep is dominated by 
a surface positive deflexion at its earliest appearance, and 
that during the next developmental phase this potential 
displays a positive-negative configuration. Most develop- 
mental studies have been made using surface gross elec- 
trodes only. Recordings of evoked potentials and unitary 
neuronal activity at varying depths in the cortex should 
provide information about the accurate location of the 
changes observed with the surface recording. Further- 
more, our concurrent recordings will help to reveal the 
sequence in which neurones in various cortical layers 
become activated by the afferent inflow during prenatal 
development. The aim of the present study was to 
investigate the early phase of functional cortical matura- 
tion; in other words, when the very first signs of cortieal 
response to afferent stimulation become apparent. 

The experiments were performed on sheep foetuses 
(from 48 to 90 days of age; full term in sheep 145 days) 
kept in contact with the placenta by the intact umbilical 
cord. Decerebration of the mother ewe made the use of 
general anaesthesia unnecessary?. Tactile stimulation of 
the trigeminal region of the nose was used to elicit somato- 
sensory cortical activity. Both gross and unitary evoked 
responses were recorded from the surface and from 
varying depths in the cortex. Surface responses were 
recorded with agar-salt electrodes (contact area 0-5 mm?) 
connected to calomel half cells. Glass micropipettes 
filled with 5-5 M NaCl (impedance 5-20 MQ) were used 
to record unitary activity and gross potentials in the 
cortex. 

A definite response to tactile stimulation was obtained 
even in the youngest foetus (48 days, 12 g) and in this, as 
in all other foetuses less than 70 days old, the response 
was surface positive (Fig. LA, upper trace; compare 
ref. 2). In these foetuses stimulation of any point on the 
nose elieited responses whieh were widely spread over the 
cortical surface of the still lissencephalie brain. Laminar 
recordings of macropotentials (obtained when the micro- 
electrode was traversing the cortex in steps) showed that 
this surface-positive response corresponded both to a 
phase reversal (a zero potential) and a deep negativity 
which were located at various depths within the upper- 
most subcortical strata. ln response to tactile stimulation 
definite unit activity could be recorded in foetuses from 
the age of 64 days. As shown by the lower trace in Fig. 
lA (obtained from a 64 day foetus), unit responses were 
usually repetitive, displaying two to four spikes. The 
initial unitary discharge usually oeeurred simultaneously 
with the peak of the positive surface response. The 
unitary discharges, as well as the phase reversal and deep 
negativity, arose from the subcortical strata which con- 
tamed the developing afferent nerve fibre projection, 
ascertained by histologieal examination of brain section 
in whieh the depth of penetration of the mieroeleetrode 
tip had been marked with Prussian blue. These results 
show that the cortical somaesthetic response, exhibiting 
a surface positivity at its earliest appearance in ontogeny, 
signals neuronal activity located in subcortical layers. 

The appearance of a surface negativity following the 
initial positive deflexion (Fig. 1B, upper trace} denotes 
the transition from that developmental stage in which the 
somaesthetie surface response is generated subcortically, 
to the phase when cortical mechanisms become involved 
for the first time (68-70 days of foetal age). Thus laminar 
recordings of the macropotentials showed that both the 
phase reversal and the maximal negativity, corresponding 
to the peak of the initial surface positivity, have moved 
from subcortical to deep cortical layers. The phase 
reversal of the gross potentials eorresponding to the surface 
negativity was also located within the cortex. Moreover, 
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Fig. 1. Cortical activity in response to tactile stimulation of the nose in 

sheep foetuses of various ages. A, 64 davs old; B. 70 days old; C, 80 

days old. Upper traces are surface responses (d.c. coupling) and lower 

traces (a.c. coupling) indicate unitary responses. A, at a depth of 

1.800 microns; B, 1,000 microns; C, 300 microns. Negativity in all 
records is upwards. 


unitary discharges (lower trace in Fig. 1B) were now 
obtained from the deep cortical layers in response to tactile 
stimulation. Evoked spike activity in more superficial 
strata was not seen until somewhat later. The evoked 
unitary discharges recorded from deep cortical cells 
usually appeared as a single spike. The spike occurred 
simultaneously with the peak of surface positivity as 
illustrated in Fig. 18. Spontaneously discharging units 
were comparatively rare in foetuses before 80 days of 
age and, when present, they were exclusively found in 
the deeper layers of the cortex. 

The next developmental period, between 80 and 90 
days, was characterized by an increase of the negative 
component of the surface somatosensory response (Fig. 1C, 
upper trace) and at the age of about 85-90 davs it domin- 
ated the response. In parallel with this change of surface 
response, the maximum negativity corresponding to the 
peak of surface positivity Was progressively displaced 
towards more superficial layers. Also at this age both 
evoked and spontaneous unitary discharges could be 
recorded in the upper strata of the cerebral cortex as 
well. The evoked unitary discharges usually appeared 
as single spikes (Fig. 1C, lower trace) and repetitive action 
potentials were rare compared with those found during 
later stages of maturation. During the early phases of 
ontogeny here, inhibition of spontaneously 
discharging units did not occur after peripheral stimula- 
tion. 

We conclude that in sheep there is a stage (in the first 
third of the gestation period) in which the trigeminal 
somatosensory system can be excited by natural stimula- 
tion before functional contacts are established between 
afferent terminals and the neocortical neurones of the 
At this developmental stage therefore 
activity can be obtained only from the 


discussed 


somaesthetic area. 


evoked unit 
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uppermost subcortical strata within the developing 


afferent nerve fibre projection. The unitary discharges 
(spontaneous and evoked) of cort ica! neurones first appear 
in the deepest layers of the cerebral eortex. With advanc- 
ing prenatal development, cortical unit activity 1s also 
found in more superficial strata. 
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Autofluorescence of Visual Receptors 


SINCE 1878 when Kühne reported the faint bluish fluores- 


cence of the dark adapted retina ard its brighter 


xreenish 


supplementation when the visual pigments wer bleached 
these observations have been little used or extended 
Early in 1966, during another investigation, ome of us 


autoflut 


noticed the interesting escence 
pattern shown in Fig. 1. This led us to similar 
tions on a number of retinas. Pieces of dark adapted 
retina (4 x 4 mm) placed receptor side up in a depression 
slide In Ringer's solution were examined in a fluorescence 
microscope equipped for infrared viewing; ultraviolet 
excitation was provided by a GE 1000 W AH6 Hg lamp 
plus a B and L 250 mm grating monochromater set to 
366 nm giving a band pass of about 13 nm. Abbe Alumina- 
tion was provided through a 10 x 0:20 NA 
objective in place ef a condenser. To avoid bleaching, the 


microscope 


ser A- 


achromatic 


microscope Was focused (at a mag ufication of 50-100 
using infrared illumination before exposure to ultraviolet 


light was begun. Several layers of “Wratten ^ filter 





Pattern of autofluorescence ol gokitish I 1 
Bright dots in hexagonal array are “ones Pattern same in dat 


Fig. 1. 
tion. 
or bleached retinas 


adapted 





Fig.2. Fluorescence photomicrograph of frog retina made after differen- 
tial bleat hing of the green rods. Bright dots are green rods. No bright 
dots present before bleaching. 


served to block transmussion of ultraviolet light to the 
observer's eye and film plane. Photography was per- 
formed directly through a 16 x 04 NA or a 25x 0-60 NA 
objective without an ocular in order to maximize photon 
flux density at the film plane, thus minimizing exposure. 
Polaroid type 47, ASA 3000, black-and-white film and 
Kodak Ektochrome, ASA 125, colour film were used. A 
photographie shutter in the illumination optics could be 
opened for viewing fluorescence or to provide appropriate 
exposure times for photography. The shutter was closed 
at all other times to minimize ultraviolet bleaching of 
visual pigment or photo-inactivation of fluorescence. 
Photographie exposure times ranged from 2 s to 30 s. 

Fig. 1 shows the fluorescence pattern of a small area 
of dark adapted goldfish retina. Neither the pattern nor 
the intensity in the pattern changed on exposure to visible 
light although the background became brighter after 
exposure to white light for 30 s. The fluorescent dots 
were identified with single cones on bright field examina. 
tion. All cones in the field fluoresced with similar inten- 
sity. The pattern is easily seen to be a hexagonal array. 
Some other retinal areas have a square array. The space 
between the fluorescent cones is occupied by rods which 
fluoresce only dimly and which are difficult to resolve 
individually. The cone fluorescence originates in the 
ellipsoid region*of the inner segment and is light-piped 
up the outer segment into the microscope. The molecular 
origin of the fluorescence is almost certainly from reduced 
pyridine nucleotide (NADH) contained in the mito- 
chondria of the ellipsoid. We have not yet determined 
whether or not the cones appear brighter than rods 
because of their larger mass of mitochondria, or if the 
brghtness is greater per unit mass of mitochondria. 
The latter might imply either more total NADH or more 
bound NADH for cones‘. In histological cross-sections. 
the cone ellipsoids also fluoresce more brightly than the 
rod ellipsoids. 

In similarly examined dark adapted frog retinas, no 
fluorescent dots are seen in the peripheral retina until 
exposure to the 366 nm illumination is maintained for 
about 15 s, when flyorescence develops until the pattern 
of Fig. 2 appears. This pattern then fades over the next 
30-60 s and the retina attains a homogeneous greenish 
fluorescence. The bright spots in Fig. 2 appear an intense 
blue-white to the observer, but examination in white light 


shows the spots to correspond to the green rods. Further 


investigation shows that their fluorescence does not origin- 
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ate in the ellipsoid as in the goldfish cones but homogene- 
ously throughout the outer segment. The blue hue of 
the outer segments suggests that the fluorescing molecule 
Is not vitamin A, although it may be some earlier inter- 
mediate product of bleaching. The fluorescent pattern 
of the green rods can similarly be developed by exposure 
for 15 s to 405 nm or to 436 nm from the Hg are, corrobora- 
ting its origin from the bleaching of green rods*. Longer 
exposure produces significant bleaching and green fluores. 
cence of the surrounding red rods which spoil the photo 
graphic contrast. ‘The disappearance of the blue fluores 
cence of the green rods occurs whether or not 
tinues to expose the retina to 366 nm illumination. Its 
fading is therefore not caused by photo-inactivation by 
ultraviolet light but by chemical diffusion or chemical 
reaction which leads to its loss from the outer segment. 

An additional random arrangement of much smaller 
dots closely packed together is seen in a central area of 
the dark adapted frog retina. These are the cone oil 
droplets the fluorescence of which ean be 
light or dark adapted conditions. Prolonged exposure 
to ultraviolet light results in loss of fluorescence. probably 
as a result of photochemical inactivation. A central 
area of about 100 microns diameter is free of rods, but the 
paracentral region contains a high density of green rods 
which become less populous towards the periphery. Thisisa 
receptor distribution reminiscent of the human retina 
in which the fovea is thought to be blue blind but the 
parafovea very rich in blue receptors, the density of which 
then diminishes more peripherally. 

Fig. 3 shows a photomierograph of dark adapted 
Gecko gecko retina in which a much more complicated 
but highly ordered square array of fluorescent receptors 
appears. During the first 10 s of ultraviolet illumination. 
this pattern is seen to be composed of at least four different 
fluorescent components: orange, green and two shades 
of blue, confined to different receptors, each type of which 
forms its own regular sub-pattern. These colours quickly 
fade with either white or continued ultraviolet illumins 
tion, leaving a homogeneous green fluorescence similar 
to that of the bleached frog retina. The large black areas 
in Fig. 3 do not appear fluorescent because they are 
covered with a sheath of pigment epithelium. These areas 
correspond to the type B double rods of geckos*. The 
different brightness of different rows of receptors in Fig. 3 
may be a result of the effect of the different fluorescent 
colours on the black-and-white film, the spectral sensitivity 


One con 


obser. ed It} 





Fluorescence photomicrograph of dark adapted gecko retina, 


Fig. 3. 
Receptors in different rows showed different fluorescent colours corres- 
ponding to different brightnesses seen in black-and-white photograph. 
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curve of which is not flat. Cross-sections of this retina 
show that some receptors (probably the class € double 
rods) eontain yellow fluorescent ellipsoids. If the outer 
segments of these cells produced blue fluorescenee, the 
combination seen end-on would make green. This corre- 
sponds to one of the fluorescent colours seen in end-on 
view. The large ellipsoid of the class B double fluoresces 
bright blue, consistent with the presence of NADH. 
We have not yet identified the other fluorescent types 
with histological types. Only two visual pigments have 
been found in Gecko gecko so far (ref. 6 and my unpub- 
lished results). 

Finally, when edge-folded frog retinas are examined 
by 366 nm illumination, a dim orange glow which fades 
in about 10 s is seen in the rod outer segments. If the 
ultraviolet exciting light is plane polarized, the orange 
fluorescence is observed only when the polarization plane 
is normal to the long axes of the layer of rod outer seg- 
ments. Similarly, outer segments of rods in porphyropsin 
containing retinas fluoresce a dim red only to exciting 
light polarized across their long axes. Because the 
colour appears brightest immediately on turning the 
exciting light on, and grows dimmer with time, we believe 
we are observing direetly the fluorescence of visual pig- 
ment reported recently by Guzzo et al". 

This work was supported by a grant from the US 
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Cardiovascular Effects of AH.3365 
(Salbutamol) 


THe §-adrenergic stimulant a-[(t-butylamino)methyl]-4- 
hydroxy-m-xylene-«1,a3-diol (salbutamol) acts selectively 
on bronchial muscle!. Studies with guinea-pig tissue have 
shown that although it is as active as isoprenaline on 
bronchial muscle, it is 2,000 times less active on the isolated 
atria. Clinical studies have shown it to be an effective 
bronchodilator?, and we now present evidence that its 
eardiovaseular effects in man are negligible compared 
with those of isoprenaline. 

The investigation was made with ten asthmatic out- 
patients. The purpose of the experiment had been 
explained to them and all had given their permission. 
Each was given either salbutamol (200 ug) or an equivalent 
dose of isoprenaline (800 ug) by aerosol-inhalation; the 
other drug was given after an interval of 15 min. Neither 
the patient nor the administrator knew which drug was 
being given and the order was randomized from patient to 
patient. 

Two and 5 min after the drugs were administered, we 
measured the heart rate, the fastest circulation time and 
mean circulation time (SVC to ear). The last two were 
determined by injecting 3-5 mg of indocyanine green 
into the superior vena cava (SVC) through a gentral venous 
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catheter, and measuring its concentration, a6 a funetion 
of time, at the ear using ë photo-eleetric earpiece dengito- 
meter. The mean circulation time (t) was calculated 
from the formula t= [£t e(t)dt/ fg c(t) dt, where e(t) is the con- 
centration of dye in the blood passing the earpiece at time 
t. The effects of recirculation were eliminated in the 
usual way’. Provided there is no change in the volume 
of blood between the site of injeevion and the earpiece, 
mean circulation time is inversely related to cardiac 
output‘. Similarly, it can be shown mathematically that 
in these conditions there is an inverse relationship between 
cardiac output and fastest circulation time. Actual 
measurement of cardiac output by dye dilution with the 
earpiece is sometimes unreliable because the relationship 
between c(t) and the response of the photoelectric earpiece 
is sensitive to changes of the blood content of the. eax. 
This criticism does not apply to measurements of fastest 
and mean circulation times because these do not depend 
in the same way on the relationship between o(¢) and the 
earpiece response. . 

The results (Table 1) are expressed as a percentage of 
the control values (100 per cent) determined in the resting 
subject before the administration of either drug. Salbuta- 
mol has no significant effect on heart rate, fastest circuis- 
tion and mean circulation time, whereas isoprenaline has à 
significant effect on all three pararaeters. ‘These changes 
are all consistent with an increase of cardiac output. 
Although we would not suggest that the activity of the 
first drug had ceased completely at the end of 15 min, 
the changes were similar in magnitude irrespective of 
the order of drug administration. 





Table 1. HEART RATE, FASTEST CIRCULATION AND MEAN OURCULATION TUNE 
(SVO TO EAR) AFTER ADMINISTRATION OF SALBUTAMOL AND ISOPRENALINE 


Salbutamol — 
2 min 5 min 


100-1::0-08 100-5 + 0-95 
1010 £161 101-4410 
102-3 x 1.79 


Isoprenaline 
2 min 5 pain 


104-85 2-56 1047 + 2-08 
047t2144 Oh14 272 
O67 tot RE Fi 


Heart rate 
Fastest circulation 


time 

Mean circulation 
time 
* (-05 < P «O1 
T P< O05. 


Results (mean + S.E.M.) are expressed as percentage of control value. 


102-3 X P247 04:4 + 2054 


As a result of this experiment we suggest that in the 
human subject, as in the experimental animal, administra 
tion of salbutamol by aerosol-inhalation has minimal 
effects on the cardiovascular system when compared with 
isoprenaline. 
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Biological Activity of Synthetic 
Prostaglandins 


THe total synthesis of prostaglandin E, and prostaglandin 
Fie has recently been achieved by methods which also 
make available various derivatives anfi steroisomers of the 
prostaglandin series^?. Biclogieal studies on the synthetic 
prostaglandins, and certain unnatural synthetic stereo- 
isomers, have been undertaken “rst to provide biological 
confirmation of the chemical synthesis and. second, to 
explore the metabolism and pharmacological activity of 
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various stereoisomers in areas where the prostaglandins 
may be of clinical use. These include the regulation of 
gastric seeretion?, blood platelet aggregation®, blood 
pressure, lipolysis, carbohydrate metabolism? and cortico- 
steroidogenesis’. 

This communication is a preliminary account of the 
results obtained on intestinal and reproductive smooth 
muscle preparations and on the arterial blood pressure 
of the rat. Unexpected biological poteney of certain 
unnatural synthetic stereoisomers was found. 

Prostaglandins E, and F,, are designated as llo, 15(S)- 
dihydroxy-9-oxvo-13-trans-prostenoic and 9x, lla, I5(S)- 
trinydroxy-13-trans-prostenoie acids respectively. The 
synthetic compounds were in each case racemic mixtures 
(natural antipode plus an equal amount of its mirror 
image). The racemic mixture is indicated by the prefix 
rac, and the mirror image of the natural prostaglandin by 
the prefix ent. The structures of natural prostaglandins 
E,. A, and F,, are shown for reference in stereochemical] 
detail including the absolute configuration. Changes in 
configuration at C,, and C,, from those which are found in 
natural prostaglandin E, are indicated by the term epi 
(for example, 11, 15-epé prostaglandin E ; has the structure 
shown). 





O H i 
-7( CHa) COOH 
^ 20 
(CH,),CH, 
HÓ h E HOH 








Prostaglandin F, a (PGF, a) Il, S-goe Prostaglandin E, 


The biological activities of the various natural and 
synthetic prostaglandins are summarized in Table 2. 
Only a few micrograms of the individual synthetic com- 
pounds were available; these studies have therefore been 
limited initially to simple pharmacological preparations. 


. 
Table 1. CONCENTRATION OF PROSTAGLANDIN STANDARDS USED ON 
PHARMACOLOGICAL PREPARATIONS 


PGE, PGA, POF ya 
Rat uterus (ng/ml.) 2 20 4 
Guinea-pig ileum (ng/ml.) 10 2,500 2,000 
Rabbit jejunum (ng/ml.) =. — m 
Ret blood pressure (ug/kg) 0-125 0-125 0:25 
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Table 2. CROSS ASSAY OF AUTHENTIC AND SYNTHETIC PGE, POF AND PGA 


COMPOUNDS 
. . MN Guinea- Rat 
Prostaglandins Rat big Rabbit blood 
uterus ileum jejunum pressure 

Natural PGE, 1-00 1:00 1:00 1-00 
Rac-PGE, 0-44 + 0-06 0-5 Ü-4 0:57 
Ent-PGE, 0-001 — 00013 — 
Natural 15-epi PGE, — 0-008 + 0-001 0-02 — 0-05 
Rae-15-epi PGE, 0-04+0-007* — 0-06 — 0-05 
Rac-11-epi PGE, 0:13 40-04 0-036 0-12 * 0.02 0-05 
Rac-11, 15-epi PGE, 1-00 + 0.2* 0-1 5:4 £16 0-04 
Natural PGA, 1:00 a 1-00 1-00 
Rae-PGA, 0-73 + 0-06 Eus 0-538 1-00 
Natural 15-epi PGA, 042.  — oa = 0-16 
Rac-15-epi PGA, 1-00 = 2-00 0-16 
Natural PGF a 1-00 1-00 1-00 — 
Rae-PGF,;a 0:45 x 0-09 0-56 0-4 — 


* A log dose-response curve deviates significantly from that of natural 
PGE, Potency expressed relative to parent prostaglandin (= 1-00) within 
each group (+ S. E. when available, n= 4). 


The structures of the synthetie and natural prosta- 
glandins have been established beyond doubt by chemical 
and physical data’, Comparison of the hiological 
activity of the natural prostaglandins and their corre. 
sponding racemic synthetic forms in effect provides 
information therefore as to the biological activity of the 
unnatural synthetic antipode. In the case of prosta- 
glandins E, and F,,, the activity of the racemic synthetic 
prostaglandins is approximately one-half that of the 
naturally occurring compound in all assays, showing that 
the unnatural antipodes are pharmacologically less active; 
this is the almost universally observed situation with 
biologically active structures. Indeed, ent-prostaglandin 
E, had but one-thousandth of the activity of natural 
prostaglandin E, on the isolated smooth muscle pre- 
parations. Bioassay of rac-prostaglandin A, indieated, 
however, that the antipode of prostaglandin A, has 
significant activity on the rat uterus preparation. More- 
over, although natural 15-epi prostaglandin E, and 
15-epi prostaglandin A, are pharmacologically less active 
than natural prostaglandin E, and prostaglandin A, 
respectively, their synthetic racemates, in certain assays, 
have been found to be more active than the natural 
isomer; this suggests that the mirror image of the natural 
l5-epi derivatives (ent 15-epi prostaglandin E, and ent 
l5-epé prostaglandin A, respectively) on some pharma- 
cological preparations is more active than the naturally 
occurring isomer. 

Another modification of biological activity has been 
observed on variation of configuration at carbons 11 and 
15. Whereas both rac-ll-epi prostaglandin E , and 
rac-15-epi prostaglandin E, are substantially less active 
than rac-prostaglandin E, in tests with rat uterus and 
rabbit jejunum, rae-11, 15-epi prostaglandin E, has been 
found to be more active than rac-prostaglandin  E,. 
Extrapolating from the previous findings that the mirror 
image of the natural 15-epi derivatives of prostaglandin 
E, and prostaglandin A, are more potent than the 
naturally occurring isomer, it is anticipated that the 
increased activity of rac-11, 15-epi prostaglandin E, over 
rac-prostaglandin E, will in fact be identified with ent-1 l, 
l5-ep? prostaglandin E, (mirror image) Only partial 
resolution of the racemate has so far been achieved, 
yielding ent-11, 15-epi prostaglandin E, of 80 per cent 
optical purity. Preliminary assay on the isolated rat 
uterus indicates that this compound is 1-1-1-4 times more 
potent than natural prostaglandin E,. A further similar- 
ity between the pharmacological activity of rac-1 5-ept 
prostaglandin E, and rac-11, 15-epi prostaglandin E, has 
been established, in that the log-dose response eurves of 
these two synthetic compounds on the isolated rat uterus 
preparation both deviate significantly from that of 
natural prostaglandin E,. 

Measurement of the biological aetivity of racemic 
synthetic prostaglandins has thus revealed unusual re- 
lationships between the properties of the racemic and 
natural forms of certain prostaglandins. 
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Prostaglandin E, itself is one of the most potent 
pharmacologically active substances known, and we plan 
to investigate in detail the potential of these more active 
synthetic compounds. It is also hoped that with an 
extended pharmacological profile of various synthetic 
isomers of the parent. prostaglandin structures as they 
become available, compounds which show but one facet 
of the wide spectrum of activity presently associated with 
the prostaglandin class of compounds will be obtained. 

We thank Sheila Jessup and Wendy McDonald- 
Gibson for assistance. This work was supported by 
grants from the US National Institutes of Health to 
Harvard University and by grants to the Worcester 
Foundation for Experimental Biology. Prostaglandin 
E,, Fia and 15-epi prostaglandin E, were supplied by Drs 
J. Pike and W. P. Schneider, the Upjohn Company, and 
Dr B. Samuelsson, Stockholm. 
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D-Receptor for Serotonin on 
Blood Platelets 


Broop platelets contain a high concentration of 5- 
hydroxytryptamine or serotonin! which they aceumulate 
from the surrounding medium against high concentration 
gradients by an active transport mechanism?-*, The 
addition of 5-hydroxytryptamine (5-HT) to blood causes 
the blood cells including platelets to form elumps? and in 
stirred plasma rich in platelets the aggregation of 
platelets in response to added 5-HT is dependent on 
concentration*-*. It has been suggested that all aggrega- 
tors of platelets, including 5-HT, clump platelets by 
releasing the platelet adenosine diphosphate*^*. Recently, 
Baumgartner and Born concluded that blood platelets 
contain on their membranes receptor sites specific for 
5-HT and that these receptor sites are involved with both 
platelet aggregation and the active uptake of the amine 
by the cells*. The work reported here suggests that the 
receptors strongly resemble the classical D-reeeptors for 
5-HT on the smooth muscle of the intestine. 

Platelet aggregation was studied by the turbidimetric 
method similar to that originally described by Born” 
and modified to record changes in optical density of plasma 
rich in platelets in response to aggregating agents on a 
potentiometric recorder!?:?, Plasma rich in platelets 
was prepared from sheep blood using trisodium citrate 
(final concentration of 0:38 per cent) as previously 
described!?* and all experiments were carried out at 
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37? C. Drugs were added by micresyringes to the aceur- 
ately stirred 3 ml. samples of plasma, rich in platelets, za. 
volumes not exceeding 0-05 ml. 

The addition of 5-HT to stirred, citrated plasma rich =, 
platelets produced an immediate and, in low eoneentra- 
tions, a reversible aggregation of the platelets. As d 
result of this the optical density of the platelet suspension 
was reduced and the change was found to be linearty 
related to the concentration of 5-HT added (Fig. i). Asas 
the case with ADP™ or the more potent aggregator, 
2.chloroadenosine diphosphate??, the onset of aggregation 
was quite rapid, and quantitative assessment of platelet 
cohesion and its inhibition could be obtained by measuring 
the initial rates of aggregation (slopes/first 30 s). The 
rates of aggregation increased in a linear fashion with the 
logarithm of the concentration of 5-HT added up to a 
final value of 8 to 10 uM of the aggregator. Concentrations. 
in excess of this amount resulted im a progressive dimina- 
tion of the response. These observations are in agreement 
with similar findings by Baumgartner and Born". 

It has been proposed that the 5-hydroxytrrptamise 
receptors on the smooth muscle of the guinea-pig neum aee 
of two kinds: those blocked by dibenzyline, dihydro- 
ergotamine and lysergic acid diethylamide (the D type 
receptors) and those susceptible to atropine, morphine 
and cocaine (the M type receptors), and that biological 
systems responsive to 5-HT may eontain these receptors 
in varying degrees!*. Minute concentrations of lvsergae 
acid diethylamide (LSD-25) inhibited platelet aggregation 
induced by 5-HT; a 3 nM concentration was sufficient 5o 
reduce platelet response to 2 uM 5-HT by 50 per eent (Pig. 
2). The antagonism was dependen: on concentration, and 
the effectiveness of LSD-25 inereased with the time of 
contact with the platelets. Incubation of LED-25 in 
plasma rich in platelets for 10 min before the addition of 
the aggregator produced its optimal effect as an antagonsst 
of platelet clumping caused by 4-HT. Aggregation of 
platelets induced by ADP was not influenced significantly 
by concentrations of LSD-25 in excess of 1,000 uM (Table 
1). This great selectivity suggests that LSD-25 mterferes 
specifically with the platelet 5-HT receptor and that if 
does not affect the ability of platelets to aggregate in the 
presence of added ADP. It is interesting to note also that 
Gaddum!? found the pA, value for LSD-25 with 10 min 
contact period to e in the order of 8-7 for the antagonism 
of contractions of the rat uterus isduced by 5-ET. This 
compares favourably with the value of 85 obtained oy 
allowing LSD-25 to remain in contact with pletelets in 
plasma rich in platelets for 10 mr before the aggregator 
(5-HT) was added. The other D type receptor blocker 
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Fig. 1. Aggregation of blood platelets in stirred plasma rich in platelets 

from sheep in response to added 5-hydroxyiryptamine. The initial rate 

of change in the optical density (4 OD, arbitrary units) is represented fer 

the interrupted lines. Concentrations of T-HT used were: G)-22 «MZ 
(9)21 uM; Gm OS uM, 
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Fig. 2. Graphical representation of the initial rates of platelet aggrega- 

tion in stirred plasma rich in platelets induced by 5-HT (2 uM) alone, 

and in the presence of lysergic acid diethylamide in concentrations of 

1 nM (1); 3 nM (2); 6nM (3): and 12 nM (4). Slopes were obtained by 

drawing tangents to the s epeat portion of the aggregation response 
curves during the first 30 s. 


used, dibenzyline, was also found to be a potent and 
se.ective inhibitor of platelet clumping caused by 5-HT 
and to be without appreciable activity against platelet 
clumping induced by ADP. "The blockers of intestinal M 
receptors for 5-H'T, morphine and cocaine, affected neither 
the aggregation of platelets induced by 5-HT nor the 
clumping caused by ADP at concentrations exceeding 
1,000 uM. In addition, these substances did not potentiate 
the effect or add to the inhibitory activity of LSD-25 or 
dibenzyline in a synergistic manner. Atropine was the 
only M type blocker which antagonized 5-H'T elumping of 
platelets, but its effect was apparent only at a concentra- 
tion of 3-4 uM or approximately one thousand times greater 
than the concentration of LSD-25 required for similar 
antagonism. It therefore appears that the platelet 
receptors for 5-HT are predominantly sensitive to the 
D type serotonin inhibitors. 


Table 1. INHIBITION OF PLATELET AGGREGATION INDUCED BY 5-HT AND 
AP? IN THE PRESENCE OF SEROTONIN ANTAGONISTS OF D AND M RECEPTOR 
SITES 


Antagonist concentration (uM) needed for 50 per cent inhibition of clumping* 
Platelet clumping induced by 
5-HT ADP 


m (2-0 uM) (1:5 uM) 
LSD-25 0-003 > 1,000 
Dibenzyline 0-008 > 1,0006 
Atropine 3:4 > 1,000 
Morphine » 1,000 » 1,000 
Cocaine > 1,000 > 1,006 


* Averages of six or more experiments, 


The blood platelet membrane is very similar to the mem- 
brane of the smooth muscle cells. By the use of selective 
acrenolytie agents it has been demonstrated that platelets 
contain alpha adrenergic receptors!?:?, Born and his 
colleagues” and our own studies (F. M. and R. H. Thorp, 
results to be published) indicate that adenosine and its 
analogues which inhibit platelet aggregation in vitro are 
aiso effective vasodilators in vitro. Furthermore, it has 
been demonstrated that ADP acts at a specific receptor 
site on the platelet*membrane where it can be antagonized 
by adenosine in a competitive manner!?:2522, The number 
of such receptor sites has been assessed to be approxi- 
mately 105 per platelet?^?, Receptors specific for 5- 
hydroxytryptamine on the platelet membrane have 
recently been postulated, numbering about 10* per plate- 
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let, and it has been suggested that these receptors are 
responsible for the aggregation response of platelets 
exposed to 5-HT in vitro’. The experiments described 
here suggest that the platelet 5-HT receptors are of the 
classical D type, not unlike those involved in the response 
of the guinea-pig ileum to 5-hydroxytryptamine. The 
demonstration that the response of the platelets to 5-HT 
can be inhibited by agents which antagonize the action of 
serotonin on plain musculature may be of clinical as well 
as of fundamentally pharmacological interest. The thera- 
peutic use of drugs with D-type blocking activity may 
affect the rate of uptake of 5-HT by the blood platelets 
and their sensitivity to the amine, The changed respon- 
siveness of platelets may in turn have a significant effect 
on their function in haemostasis and thrombosis*^. 
I thank Professor R. H. Thorp for his interest. 
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Deposition of Aerosol Particles in the 
Nasopharyngeal Region of the Human 
Respiratory Tract 


THE interest of those concerned in any way with the 
provision of protection against inhalation hazards, especi- 
ally those associated with work with radioactive materials, 
has been stimulated by the publication of the report of 
the Task Group on Lung Dynamies for Committee II 
of the International Commission on Radiological Protec- 
tion’. Investigations in the Health Physics and Medical 
Division at AERE, Harwell, into the behaviour of inhaled 
radioactive aerosol particles in the human respiratory 
tract have started—-with the cooperation of three volun- 
teer subjects—with a study of deposition in the naso- 
pharyngeal compartment. The experiments followed the 
somewhat artificial procedure of earlier investigators and 
aerosols were drawn through the nose and mouth at 
flow rates of 5, 10, 20, 30 and 40 l./min while the subject 
held his breath. 

Monodisperse particles of polystyrene (o= 1-2), dia- 
meter 1-6-7-3 um and labelled with *?Br, were used. 
Small volumes (0-1 ml.) of suspensions of these particles in 
alcohol were atomized in about 1 s to give a cloud of dry 
particles which was used as the test aerosol. The aerosol 
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Fig. 1. Relationship between pereentage of deposition and D*F. 
Particle diameters: O, 1:068 um; +, 3°86 um; x, 485 um; Ch 7:26 um. 


was sampled before and after passage through the nose 
and mouth by drawing known volumes through glass 
fibre filter papers. Counting the *"Br activity in these 
papers by y-ray spectrometry enabled us to calculate the 
deposition. Using the counts obtained on the filter paper 
samples in individual experiments as the basis for calcula- 
tions, we found that the standard deviation of a result 
attributable to counting statistics was always less than 
+ 1:5 per cent even for low values of deposition. Although 
only an occasional experiment was made using a flow rate 
of 5 1./min, for each other combination of particle size 
and flow rate, three experiments were carried out with 
each subject. 

The results broadly confirmed the accepted relationship 
between deposition, rate of flow and aerodynamic particle 
size, but considerable scatter was found. Fig. 1 shows the 
results for the deposition N plotted against D*F, where D 
is the aerodynamic diameter of the particles in um and 
F is the flow rate through the nose and mouth in l./min. 
The line in Fig. 1 represents the function N= — 0-62 + 


0.475 log D*F considered by the Task Group best to 
relate deposition in the nose to particle size and flow 
rate!. 


During each experiment à continuous record of the 
drop in pressure across the nose and mouth was made 
using a sensitive pressure transducer. Although the nasal 
resistance could vary appreciably during a test, the design 
of the experiment made it possible to measure the resist- 
ance at the time the aerosol particles were passing through 
the nasal and oral cavities. In Fig. 2 the deposition N is 
plotted against D?R, where R is the resistance across the 
nose and mouth in millimetres water gauge. The correla- 
tion is considerably better than in Fig. 1, especially when 
the deposition is large. Although the correlation is 
improved, if the results are replotted so that individual 
volunteers can be compared, it is clear that different 
subjects give slightly different curves. The scatter of the 
results in Fig. 2 must therefore be caused in part by 
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Fig. 2. Relationship between percentage of deposition and D'R. 
Particle diameters: O,1:63 um; +, 3'86 um; x , 585 um; L1, 7:26 um. 
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physiological or anatomical differences between the 
individual volunteers. 

Nasal resistance varies appreciably not only from 
person to person but from time to time for the same 
person, so measurements of nasal resistance are beimg 
made on a number of individuals to determine mean 
values at different flow rates and to obtain information 
about the amount of the variation. It will then be pos- 
sible, by drawing on the data in Fg. 2, to ascertain the 
mean deposition at selected flow rates. This will permit, 
for example, the construction of & regression line with 
fdueial limits whieh is based on results obtained from 
experiments on a number of individuals. 

A full aecount of this work will be published when the 
measurements of nasal resistance have been completed. 
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Purification of Influenza Virus in the 
K-Il Zonal Centrifuge 


ViraL material used to prepare inactivated virus vaccines 
must be concentrated to provide sufficient antigenic mass 
to stimulate the vaccine’s protective mechanisms, and 
purified to remove nonviral host material which may 
cause side reactions and sensitizaticn to host (for example, 
egg) components. A continuous-flow zonal centrifuge, 
the K-II-B'*, has been designed for use in large scale 
production of influenza vaccines. We have grown m- 
fluenza virus in tissue culture and have concentrated and 
purified it in a single step process using this centrifuge. 

Commercial production of viral antigens for vaccines 
involving large quantities of harvested material requires 
processing with asminimum number of steps. A single 
step process for purification and concentration should 
yield more potent and safer parental vaccines. 

The dose of current influenza vaccines is limited by 
local and systemic reactions. The antigenicity of influenza 
vaecine grown in eggs? and purified by zonal centrifuga- 
tion was almost entirely associated with the virus, and the 
side reactions were largely caused by impurities, so higher 
doses of purified vaccine could be used?. Virus harvested 
from eggs is often contaminated with bacteria so there 
are potential problems associated with endotoxins. Agents 
of the avian leucosis complex, such as the so-called 
resistance-indueing factor (RIF), sre a matter of growing 
concern, and the incorporation of egg host antigens into 
the virion has been reported‘. 

Influenza A,/Japan/170/62 was grown in primary bovine 
kidney cells using multiple glass-surface propagators*, 
Fifty-one litres of the harvested material were inaetivated 
at 4? € for 72 h with 1:4,000 formalin and processed 
through the K-II-B centrifuge into a discontinuous sucrose 
density gradient (0-55 per cent w/w). The centrifuge was 
operated at 27,000 r.p.m. at an average flow rate of 16 L/h. 
The results of “clean-out” studies are shown in Fig. 14. 
(Clean-out is the removal of CCA activity from the har- 
vested material by its passage through the rotor. Its 
value is ealeulated from the difference in CCA titre 
between the harvested material and the final effluent.) 
Some 80 per cent of the starting chick cell agglutination 
(CCA) activity was removed at flow rates of up to 30 L/h. 
More than 90 per cent was removed at flow rates below 
12 L/h. Fig. 1B shows the distribution of CCA activity in 
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the recovered! reorientated density gradient. Peak CCA 
activity was recovered in the gradient at an average den- 
sity of 1-19 g/em?. A 125-fold concentration and a sixteen- 
fold purification on a protein basis of CCA activity were 
obtained by this one step procedure. The peak CCA had 
a purity of 0-035 mg/100 CCA units. Fig. 2 shows an 
electron micrograph of the peak CCA fraction negatively 
stained with 2 per cent phosphotungstie acid, pH. 7-0. 

The use of multiple glass-surface propagators for the 
growth of influenza in tissue culture results in harvests 
which are both low in protein concentration (about 
30 ug/ml.) and particulate material. Good clean-out at 
high flow rates is possible, and large volumes of harvested 
material can be processed because obstruction of openings 
with particulate material is much reduced. The clean-out: 
of influenza CCA activity reported here at flow rates of 
up to 30 l./h contrasts with results reported by Reimer 
et al.” at 4 to 5 L/h with barium sulphate adsorbed and 
eluted influenza virus grown in eggs. The difference is 
caused by the low specific gravity of the suspending 
medium used in our work. 

The distribution of CCA activity in the reorientated 
suerose density gradient from the K.II centrifuge is 
similar to that obtained with the continuous-flow B-IX 
and B-XVI rotors*. The purity of the final product 
depends on the CCA titre and protein content of the 
particular lot of harvested virus and can range from the 
vaiue reported here to 0-004 mg/100 CCA. Pretreatment 
of influenza grown in bovine kidney with formaldehyde 
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Fig. 1. Concentration and purification of influenza by using the K-L 

rotor: A, clean-out of CCA activity as a function of flow rate at 

27,000 r.p.m.; B, distribution of CCA activity in the recovered re- 
orientated density gradient. 
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Fig. 2. Electron micrograph of the peak CCA fraction negatively 


stained with 2 per cent phosphotungstic acid, pH 7-0. 


usually lowers the purification achieved by this type of 
one step procedure (unpublished results of J. L. G.). CCA 
values for purified virus may underestimate the amount 
of antigen because aggregated virus and free virus particles 
are not distinguished by this test. 

The use of multiple glass-surface propagators and K-II 
zonal centrifuge systems represents a rapid and efficient 
single step procedure for the concentration, and purifica- 
tion of influenza virus grown in tissue culture and is well 
suited for the large scale preparation of influenza antigens 
required for commercial vaccine production. 

We thank Mr Jerry Brantley and Mr Charles Amann 
for technical assistance. The Molecular Anatomy Program 
is supported by the National Cancer Institute, the 
National Institute of General Medical Sciences, the National 
Institute of Allergy and Infectious Diseases, and the US 
Atomie Energy Commission. 


JOHN L. GERIN* 
NORMAN G. ANDERSON 


Department of Infectious Disease Research, 
Abbott Laboratories, 

North Chicago, Hlinois, and the 

Molecular Anatomy Program, 

Oak Ridge National Laboratory, 

Oak Ridge, 


Tennessee. 
Received August 27; revised November 18, 1988. 


* Present address: Laboratory of Viral Diseases, National Institute of 
Allergy and Infectious Diseases, Bethesda, Maryland 20014. 


! Anderson, N. G., Quart. Rev. Biophys., 1, 217 (1968). 

* Waters, D., Gibson, R., and Babelay, E., Fed. Proc., 97, 365 (1968), 

5 Peck, F. B., Fed. Proc., 97, 365 (1968). 

2 Mere Lee, L., Harboe, A., and Haukenes, G., J. I moreno, 98, 543 
(1967). 

* Laver, W., and Webster, R., Virology, 80, 104 (1966). 

* Weiss, R., and Schleicher, J., Amer. Chem. Soc. Abst., Q049, 154th Meeting, 
Chicago, Illinois, Sept. 16-15, 1967, 

* Reimer, C., Baker, R., van Frank, M., Newlin, T., Cline, G., and Anderson, 
N. G., J. Virol., 1, 1207 (1967). 

* Gerin, J., Fricke, H., Marquis, G., and Holper, J., Fed. Proe., 27, 365 (1968), 





NATURE. VOL. 221, MARCH 29, 1969 


Identification of Bacteria by Differential 
Light Scattering 

I HavE already discussed the feasibility of identifying 
living bacterial cells using differential light scattering 
techniques!. I suggested that, because there are subtle 
structural and biochemical differences between bacterial 
species, average differences should be expected in their 
dielectric composition. Thus the light scattering charac- 
teristics of one species might well differ from those of 
another species. Light scattering characteristics could 
therefore serve as a means of identification. Naturally, 
variations in size and shape, growth history and environ- 
mental effects on cellular morphology would be expected 
to modify light scattering differences and perhaps render 
such an identification procedure meaningless. 

I report here some initial measurements which demon- 
strate well the potential of the method and confirm the 
general trends predicted earlier’. It is particularly impor- 
tant with this method that the results are reproducible if 
subsequent measurements are made with cells grown on 
the same culture medium. Figs. 1 and 2 contrast the 
differential scattered intensities (directly as recorded) of 
vertically polarized He-Ne laser radiation (632-8 nm) 
from the three species Serratia marcescens, Streptococcus 
lactis and Neisseria catarrhalis. Colonies were grown 
on nutrient agar for 24-48 h, then suspended and washed 
in 0-2 micron-filtered distilled water. The final cellular 
concentration in the scattering cell was about 5x 10° 
cells/ml. 

The collimation of the detector and laser source resulted 
in an effective scattering volume at 0— 90^ of about 107 
ml. with an angular resolution better than 2°. As the 
scattering angle varies about 90? the effective scattering 
volume increases? as l/sin 0. Thus at 90° several thousand 
cells contribute to each measurement at any particular 
instant, whereas at angles to either side of 90° the effective 
number of scatterers is larger by a factor l/sin 0. The 
recordings as reproduced in Figs. 1 and 2 are not corrected 
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Fig. 1. Differential scattered intensities of vertically polarized 632-8 nm 

light from Streptococcus lactis (a) and Serratia marcescens (b), The 

distilled water suspensions were DEDE from 24-48 4h nutrient agar 
cuitures. 
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Fig.2. Differential scattered intensities of vertically polarized 632-8. nm 
light from Neisseria catarrhalis, The disiilled water suspensions wert 
prepared from 24-48 h nutrient agar euiture, 


for this effect. Furthermore, because the cells are continu- 
ally in motion, these recordings represent an excellent 
average of the overall possible orientations and sizes 
present in the sample. 

Another superfluous effect in Figs. 1 and 2 arises from the 
air-glass surfaces? Reflexions from these surfaces aug- 
ment the recorded scattered intemsities at 0 by a factor 
2f1(180? —09), where f is the Fresnel reflexion. coefficient 
and J(180°—98) iə the expected scattered intensity at 
180? (ref. 2). 

The photometer detector was swept at an angular rate 
of about 1/6 degree/s. This sicw rate eliminated the 
possibility that noise would appreciably distort the general 
shapes of the diffraction curves. The noise (clearly 
indicated in Figs. 1 and 2 by the hash-like fine structure 
superimposed on the curves) arises from light scattering 
by the variety of agar debris and dust introduced into the 
scattering cell with the bacteria. Further washing and 
filtration could have reduced this nois® considerably, 
but as the signal was already very strong, this additional 
effort did not seem warranted for tne initial measurements. 

Although the preparation precedures resulted in a 
predominance of single cells, various other cellular con- 
glomerates were noted. These included doubles, packets 
and small chains*. Such conglomerates tend to wash out 
the diffraction pattern characteristic of the average single 
cell. Nevertheless, the results to date have shown unique 
scattering characteristics in spite ef this loss of resolution. 

Fig. 3 shows the effect of cellular concentration on the 
differential scattered intensities for 44 h nutrient agar 
colonies of S. marcescens. These colonies were grown 
from the same stock culture several months after those 
used for the measurements of Fig. 1. They were sus- 
pended in filtered distilled water as I have described. 
Again I made no correction for the 1/sin @ dependence of 
seattering volume, although reflexions at the air-glass 
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light from Serratia marcescens, shown for various cellular concentrations. 
C, oon 6.5 a 10* cells/mi. ' 


interfaces were almost completely removed by painting 
the back surfaces of the scattering cell with a highly 
absorbing black paint. The curves of Fig. 3 are taken 
from the direetly recorded traces, but the noise has not 
been demonstrated. At the lowest concentrations this 
noise was comparable with that indicated in Figs. 1 and 2. 
The photomultiplier gain was increased as the sample 
was diluted, and thus the values shown for the relative 
scattered intensities are arbitrary. 

Fig. 3 therefore demonstrates two important effects. 
First, the usual effect of multiple scattéring on the differ- 
ential seattered intensities: the patterns tend to wash 
out at high concentrations. But most important is the 
reproducibility of the differential scattered intensity 
patterns themselves (compare Fig. 1 for S. marcescens). 
Numerous further experimental results confirm this. 
Indeed, measurements now being made with the Entero- 
bacteriaceae suggest that the method is species specifie 
for many of the strains examined so far. 
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Surgeon General. 
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Control of Marek's Disease by the 
Use of Inoculated Chicken Embryo 
Fibroblasts 


INDUCTION of tumours by viruses in experimental animals 
requires infection early in life, and many viruses induce 
tumours only in the newly born. Prevention of virus- 
induced neoplasia by immunological means has been 
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reported'-*. In domestic chickens a lymphoproliferative 
disease called Marek's disease (MD)? has drawn consider- 
able attention and it has been proposed that the cause is a 
herpes-like virus!*!*, Natural exposure of young chicks to 
MD virus causes gross lesions before the age of 12 weeks, 
thereby increasing mortality and condemnation at 
slaughter. Increasing resistance with age has been 
reported in birds experimentally exposed to MD!?-4, In 
young chiekens the response to MD virus differs according 
to the isolate used. The virus is associated with the cells 
and cannot be separated from them!5*, We describe here 
the apparent protection of one day old chicks against 
later infection, by inoculation of the MD agent propagated 
in tissue culture. 

We havé developed a tissue culture system for the 
propagation of MD virus. Chicken embryo fibroblasts 
(CEF) were prepared as described previously". After 
inoculation of CEF with infected bone marrow the cell 
cultures were subcultured every 2 days on four occasions 
($ days). Uninoeulated CEF were used as controls. At 
the end of this period the inoculated monolayers and the 
controls were seraped off the glass and resuspended in 
growth medium. No eytopathogenie changes were 
observed in these cultures. 

The moculated cell cultures and the control cultures 
were injected into 1 day old chicks of the Cornell S-line! 
or East Lansing line-7?*. Each group of chicks was 
divided at random into two and the wings of all chicks 
were banded. One group was then injected by the 
intra-abdominal route with 0-1 ml. of a suspension of 
infected CEF and the other group with control cultures. 
Chicks of both groups were then placed together in 
isolation units. One week later all the chicks were 
transferred to a poultry farm and placed in a pen where 
birds experimentally infected with the Conn-A isolate? 
of MD were kept. The chicks were confined in the pen 
with chicken wire and, in order to ensure eross-infection, 
experimentally infected birds showing paralysis were 
placed in with the young chicks. In two trials chicks were 
inoculated intra-abdominally with 0-1 ml. of heparinized 
blood from a bird with MD. 

Chicks were observed daily for 9 weeks and as soon as a 
bird showed any signs of MD it was removed from the 
pen, the wing band number recorded and the bird killed. 
All birds showing signs of paralysis were examined for 
enlargement of nerves or gross tumours, but only death and 
clinical manifestations typical of MD?! were considered 
for the evaluation of our results. Experiments were 
ended when the chickens were 9 weeks old. The results of 
eight trials are given in Table 1. The variation in results 
obtained between experiments may be a result of differ- 
enees in the inocula used for cell eultures. Each trial 
represents a completely different inoculum, for the bone 
marrow cells used for the inoculation of CEF were 
obtained from a different bird in each trial. Investigations 
have indicated that up to 84 per cent of chickens free of 
RIF? and COFAL®* activity are infected with MD, In 
the light of these findings and because no suitable method 
is available to test infectivity of MD in apparently 
healthy birds, no attempt was made to include as controls 
in these studies CEF inoculated with “normal” bone 
Marrow, 


Table 1. INCIDENCE OF MD IN CHICKENS UP TO 9 WEEKS OF AGE AFTER 
INOCULATION WITH CHICKEN EMBRYO FIBROBLASTS (CREF) 
Strain of No. showing disease/ No. inoculated 
birds Infected CEF* Control CEF t 
S-line 4/42 0:595 18/45 28-894 
L-7 6/58 10-8, 21/55 38194 
L-7 4/88 10-5% 5/32 158% 

L-7 8/25 32-09; 21/25 BEOS 
p15 27 5/16 31-295 17/10 80-495 
S-iine 2/0 3932-99 0/8 — 7-094 
S-line 3/15 20-07; 9/10ti 00-095 
S-line 7/20 35:055 15/171 88-2%, 


* CEF inoculated with bone marrow cells from a bird infected with MD. 


+ Uninoculated CEF. 
t These two groups exposed by inoculation, ali others by contact. 
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The findings deseribed here indicate a difference in 
response between 
cultures of CEF inoeulated with infected bone marrow 
cells and the groups which received uninoculated CEF, 
the incidence of disease being lower in experimentally 
inoculated groups. This suggests that these cells were 
able to either stimulate or induce the chicken's own 
immune response, thus increasing the effectiveness of the 
immune defence mechanism. The mechanism by which 
resistance is induced by cell inoculation is not well 
understood. | 

It is possible that the cells induced transplantation 
immunity and the control measures were directed either 
against the virus or against a cellular antigen contained in 
the inoculated cell cultures. The rapid cultivation of 
cells used for inoculation of the chickens possibly en- 
hanced the antigenicity of their antigen, but at the same 
time suppressed their ability to proliferate. Another 
explanation is that interferon may have been produced 
which altered certain metabolic functions of the bird and 
made it less suitable as a host for virus infection. At the 
present time little is known about the production of 
interferon and its potentialities as an inhibitor to sub- 
sequent infection, and no speculation can be made. In 
any case, it seems that cell cultures of inoculated CEF 
may offer a procedure suitable for the prevention of MD. 

Sravros D. KorraRipis 
Roy E. LUGINBUHL 
Department of Animal Diseases, 
University of Connecticut, 
Storrs, Connecticut. 
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Sensitization of Complement 
Resistant Bacterial Strains 


Tr seerns to be an almost universal characteristic of animal 
cells that they can be damaged by incubation with 
specific antibody and serum complement. Indeed, the 
only animal cells which seem to be consistently resistant to 
this combination are Gram positive bacteria as a class and 


many strains of Gram negative bacteria. — , 


the groups of chicks injected with 
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We now offer evidence that highly resistant strains Cf 
Gram negative bacteria and even some Gram positive 
organisms ean be rendered susceptible to the antibody 
complement system by carrying out the bactericidel 
reaction in certain solutions whieh seem to strip off 
components of the bacterial cell wal. 

This work started with the observation that S. typh-- 
murium C5, which was completely resistant to antibody 
and complement when suspended in physiological saline 
containing Mg++ (0-002 M), became slightly sensitive in the 
absence of the Mgt+. Further investigation showed that 
when suspended in tris buffer (0-1 M; pH 7.0), the sus- 
ceptibility of C5 to the bactericxlal system increased 
markedly (Table 1). Incubation of CB in iris, before 
addition of the bactericidal system, increased this 
sensitivity still further (Figs. 1 and 2). In veronal butter 
(0-04 M; pH 7-0) and in ethanolamine (FIM; pH 7O)CS 
exhibited marked sensitivity to the bactericidal system. 

Table 1 shows that this organism is completely resistant 
to the bactericidal action of antibody and complement 
when suspended in Mg**/saline sohution or in phosphate 
or citrate buffers. Moreover, the acdition of Mg** or Ca^* 
to a strength of 0-002 M greatly recuced the susceptibility 
even in tris or veronal buffers. 


Table 1. BACTERICIDAL ACTION OF RAT ANTISERUM AGAINST SaURORELGE 


typhimurium CÓ IN VARIOUS BEFFER SYSTEMS 


Percentage of inoculum surviving after Incubatien 
for 60 min with antiserum and complement. 
No. Matt added 0-002 M Mgt’ addec 


Buffer system at pH 7-0 


0:1 M tris 10 85 
0:1 M tris + 100 agim, 

EDTA 0-5 — 
OL M tris + 100 agimi 

lysozyme 3 — 
0-04 M veronal 9 25 
0-1 M ethanolamine 5 — 
0-094 sodium chloride 75 140 
0-995 sodium chloride + 

100 ng/ml. EDTA 30 — 
Od M phosphate ~” 130 156 
0-1 M citrate 140 230 


Bacteria (5x 10°) were incubated at 37° C in 1 mi. of each buffer syatem 
containing a 1 in 2,500 dilution of rat antiserum and s 1 in 10 dilutioncof 
absorbed guinea-pig serum. 


When suspended in physiological saline containing 
100 ug/ml. of ethylene diaminetetraacetic acid (EDTS), 
C5 became susceptible to the bactericidal system. An 
increased sensitivity of S. typhosc to guinea-pig serum, 
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Fig. 1. Bactericidal action of rat anti-Co-serum diluted iin 5,000 in ths 

presence of absorbed guinea-pig serum (1 in 10) against 5. iyphimurium 

C5 incubated at 37° C in 0-1 M tris (pH Te. A, 0 min preincubation 9a 

tris: A, 45 min preincubation in tris; @, 90 min preincubation In trés; 

WE, cells in tris alone; ©, cells in physiological saline + 0-002 M. Mg 
and bactericidal system. 
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Fig. 2. Bactericidal activity of various dilutions of rat anti-C5 serum 
in the presence of absorbed guinea-pig serum (1 in 10) against 8. typhi- 
murium C5 preincubated at 37? C in 0-1 M tris( pH 7-0) for 60 min. Serum 
control indicates treatment with 1/10 absorbed guinea-pig serum without 
addition of antibody. The other figures indicate the dilution of heated 
antiserum added to the absorbed guinea-pig serum. 


after this organism was pretreated with EDTA for a 
short period, has recently been observed by Muschel and 
Gustafson!. Preineubation of C5 in tris buffer containing 
EDTA (100 ug/ml.) or in lysozyme (100 ug/ml.) further 
potentiated the bactericidal effect observed after incuba- 
tion with tris alone. The synergistie effect. of lysozyme 
and such bactericidal systems was observed originally by 
Amano et al.?, 

Two other strains of Salmonella, S. minnesota 2188 and 
GS. enteritidis 195. both resistant to the bactericidal action 
of antibody and complement when s ispended in Mg*+/ 
phosphate buffer. were examined. Ahooh each strain 
showed increased susceptibility in physiological saline, 
sensitivity was most marked in tris and veronal buffers. 

We have extended our studies to Gram positive organ- 
isms which show a very marked resistance to the bacteri- 
cidal effect of immune sera. With one such organism, 
Staphylococcus albus, preincubation in tris buffer for 30 min 
rendered the cells susceptible to killing by antibody 
prepared in the rat, at a dilution of 1 in 500 in the presence 
of human serum (1 in 10) as a source of complement 
(Fig. 3). Qualitatively similar results have been obtained 
with Listeria monocytogenes by preincubation in ethanol- 
amine (0-1 M; pH 7-0) or in tris buffer (0-1 M; pH 7:0) 
containing EDTA (500 ug/ml.) 

Thus the sensitivity of several organisms, Gram negative 
and positive, to the bactericidal action of antibody and 
complement in vitro, depends on the environmental 
conditions imposed by the test system. Tris buffer has 
appreciable chelating properties*; ethanolamine and 
veronal can also be expected to possess mild chelating 
activity and the very marked increase in sensitivity in 
these media may result from the removal of metal cations 
from the cell walls and the consequent dissolution of these 
to some extent in the suspending medium. Low con- 
centrations of ED[A also produced increased susceptibility 
in C5. Higher concentrations of EDTA can unmask 
lysozyme substrate* and have been reported to solubilize 
considerable quantities of the lipopolysaccharides from 
the cell walls of certain Gram negative organisms®:*, We 
have observed the release of about 50 per cent of 
radioactivity associated with a °P-labelled cell wall 
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preparation of S. typhimurium C5 when incubated with 
EDTA. n a 

We therefore:suggest that the sensitization of these 
three smooth strains of Salmonella, Staphylococcus albus 
and Listeria monocytogenes by buffers such as tris and 
veronal and in:low concentrations of EDTA or ethanol- 
amine, might initially be a consequence of the sequestration 
of metal cations, particularly Mg++ and Ca** which have 
been detected ity lipopolysaecharides'. The removal of 
these cations may'so alter the macromolecular structure of 
the lipopolysaccharides, or of other cell wall polysac- 
charides in the case of Gram positive organisms, as to 
weaken their attachment to the underl ying bacteria and to 
make possible the approach of antibody and complement 
closer to -the important and universally susceptible 
protoplasmie membrane. 

Other evidence supports the idea that distance from 
the osmotie barrier at which antibody is attached is a 
erucial factor in determining the sensitivity of baeteria to 
antibody and complement. Bacteria on to which un- 
related antigens have been coupled become sensitized to 
the bactericidal action of anti body against the coupled 
antigen and complement, and the efficiency of this sen- 
sitization is inversely proportional to the dimensions of the 
attached antigenic molecule’, The smooth sensitive 
strain of S. typhimurium M206 has been shown to possess 
about half as much of the same lipopolysaccharide as the 
smooth resistant strain C5 used (work of D. R. with J. 
Archer). The kinetics of adsorption of single factor 
specific antibody are similar with both organisms. Yet it 
requires about 100 times as many adsorbed antibody 
molecules on C5 to produce lethal damage by comparison 
with M206 (our work with C. R. Jenkin). We think that 
a likely explanation depends on the formation of effector 
substances by the activation of complement at the site of 
antigen/antibody interaction. The concentration of these 
substances at their site of action, which we presume to be 
the osmotie barrier of cells, could be inversely proportional 
to the eube of the distance between their origin and their 
site of action, that is the thickness of the bacterial cell 
wall. 

This demonstration that some bacteria previously 
believed to be resistant to the eytotoxie effects of antibod y 
and complement can become sensitive in certain cireum- 
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Fig. 3. Bactericidal action of rat anti-Staph. albus serum (1/500) in the 

presence of absorbed human serum (1/10) against Staphylococcus albus 

following 30 min incubation at 37° C in 0-1 M tris (pH 7-0). W, Celis + 

antiserum and absorbed human serum; €, cells + absorbed antiserum 

and absorbed human serum; Wi, cells + absorbed human serum; A, cells 
e in tris buffer. 
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stances removes one of the objections to the belief that 
this dual system is a universally important effector of the 
vertebrate immunological apparatus. ^. 
We thank Mr J. Hodges for technical assistance. 
B. L. REYNOLDS 
D. ROWLEY 
Department of Microbiology, oos 
University of Adelaide, | 
South Australia. 
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Aromatic Amines and Parkinson's 
Disease : 


Because most of the previous work published on aromatic 
amines in relation to Parkinson's disease was on either 
dopamine!'-?, tyramine*!" or tryptamine™, and was only 
qualitative or semi-quantitative, we thought it would be 
of value to carry out a quantitative analysis of all three 
amines in the urine of normal and Parkinsonian patients. 
Because of the different aetiologies, we restricted our 
study to the idiopathie type of the disease— paralysis 
agitans. Our methods were chiefly fluorimetric and the 
results were reproducible. Dopamine was measured by a 
slightly modified method of Sourkes and Murphy", trypt- 
amine by the method of Sjoerdsma ef al.? and free tyr- 
amine by ethyl acetate extraction of alkaline urine, 
followed by paper ehromatography, location, extraction 
of the area of paper and nitroso-naphthol fluorescence read 
speetrophotofluorimetrically. 

Our results (Table 1) show a significantly higher level 
of exeretion of all three amines in Parkinsonian urine 
than in control urine. Furthermore, there is a relationship 
between the concentration of tyramine and the severity 
and extent of symptoms (Table 2). Variation with the 
severity of symptoms was not evident for dopamine or 
tryptamine. but this may have been because of the closer 
absolute figures relating to patients and eontrols. Larger 
populations would be necessary to examine this point 
further. 

Our results confirm previous work. The wide range of 
urinary tyramine concentrations found (A. A. Boulton, 
personal communieation) in Parkinson's disease may be 
caused by the relative numbers of severe and mild cases 
(as defined in Table 2). The fact that all three amines 


Table 1. URINARY AROMATIC AMINES, IN NORMAL CONTROLS AND IDIOPATHIC 
PARKINSON'S DISEASE 


. Trypt- p-Tyr- Creatinine 
Subjects Dopamine amine amine gi94h - 
Normal controls Mean 127 60 400 1-385 
15 S.E.M, 82 54 33-9 0:36 
Idiopathic Parkinson's Mean 150 80 505 1-363 
19 S.E.M. 7-9 TOR 33 0-31 
Significance P<005 P«0.05 P<005 P<09>08 


Results are expressed as ug/g creatinine in 24 h specimens. 


Table 2, FREE p-TYRAMINE IN PARKINSON'S DISEASE 


Normal Severe* Mild t 
Number of subjects 15 8 11 
Mean 400 590 443 
S.E.M. 33-5 51 33-8 
Significance P001 Not significant 


Results are in ug/g creatinine. 
* Severe cages had both tremor and rigidity. 
+ Mild cases had tremor or rigidity but not both. e 
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* 
are excreted in greater concentrations in this condition 
may suggest that some common eazyme or pathway is 
involved in the overall mechanism of decarboxylation or 
depletion of stores. 

We thank Dr K. J. Zilkha for providing us with urine 
specimens and both him and Professor R. H. S. Thompson 
for fruitful diseussions. One of us (A.H. K.) is on 
extended study leave from the Institute of Clinical 
Analysis, Medical Research Centre. College of Medicine, 
Bagdad. 
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Differential Immune Lysis of 
Erythroblasts 


WE have investigated the stage in erythroblast maturation 
at whieh erythrocyte membrane antigens first appear, 
using an antiserum which lysed rabbit erythrocytes. 
Mature acidophilie erythroblasts vere lysed with a lower 
concentration of shtiserum (compiement in exeess) than 
were the less mature basophilic ce Is. 

The antiserum was prepared by the repeated injection 
into a goat of washed rabbit erythrocytes, the buffy coat 
of which had been removed. The washed marrow cell 
suspension prepared as previously described’ was made up 
to twenty times the packed cell vclume with NKM (NaCl 
0-154 M, KCl 0-005 M and MgCl, 6-005 M). Hyland dried 
guinea-pig complement (Hyland Division, Travenol Corp., 
Los Angeles) was made to the original volyme with saline 
(NaCl 0:145 M, MgCl, 0-00039 M, CaCl, 0-00031 M) and 
then diluted ten-fold with NKM. Complement, O5 mL, 
was mixed with 0-5 ml. of antiserum of the desired dilu- 
tion (with NKM), followed by 1 ml. of the marrow cell 
suspension. The mixture was ineubated in a siliconized 
12 ml. conical centrifuge tube for | h at 37° C. The degree 
of lysis was measured by differensial counts of smears of 
the erythroid cells which remained. The smears were 
stained with benzidine and counter-stained with Giemsa 
solution. The long diameter of the erythroblasts was 
measured with a scale in the eyepiece and the colour of the 
cytoplasm scored 0 and 5 when blue or yellow respectively ; 
intermediate colours were given intermediate scores 
according to the criteria previous y deseribed!. 

Table 1 shows a typical series of differential counts of 
erythroid cells after lysis by a series ef dilutions of anti- 
serum. With the highest concentration of antiserum, 
nearly all the erythroblasts which remained unlysed were 
0 scoring cells, that is. basophilic. With progressive 
dilutions of the antiserum, the proportion of acidophilic 
cells (scoring 2-5) inereased. 


.* 
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Table 1. UNLYSED ERYTHROBLASTS AFTER DIFFERENT CONCENTRATIONS 
OF ANTISERUM 
Erythroblasts scoring 
Antiserum 0 5 Non-nucleated 
dilution per 1,000 erythroblasts erythroid cells 
No antiserum 133 133 784 6,980 
: 1/8 889 57 54 95 
1/16 850 90 60 320 
1/32 790 110 100 1,010 
1/64 415 220 365 1,800 
1/128 204 181 572 2,950 
1/256 110 170 790 6,790 
Table Z. RESISTANCE TO LYSIS OF BASOPHILIC AND ACIDOPHILIC ERYTHRO- 


BLASTS RELATIVE TO THAT OF THE NON-NUCLEATED ERYTHROID CELLS IN 
NORMAL MARROW 


Antiserum Cells scoring 
dilution 1 2-5 
1/16 163 98 'Too few 
1/32 82 19 0-7 
1/04 20 5 1-2 
1/128 0-9 17 1:3 
1/256 0-9 132 0.9 
No antiserum 1 1 1 


A numerical value of relative resistance to lysis is 
given by the ratio of the number of erythroblasts in a class 
to the number of the non-nucleated erythroid cells. When 
Ep|R, is the ratio at antiserum dilution D and R, at no 
exposure to antiserum, #p/R, gives the relative resistance 
to lysis by antiserum of concentration D. The averaged 
results of & number of experiments expressed in this 
manner are given in Table 2. A value of 1 denotes that the 
degree of lysis was the same as that of the non-nucleated 
erythroid cells; a value of greater than 1 correspondingly 
indicates greater resistance to lysis. The resistance of the 
basophilie erythroblasts was 160 times greater than that 
of the acidophilic erythroblasts, which was about the same 
as that of the non-nucleated erythroid cells. 

When the antiserum dilution was less than 1/8 some 
basophilic erythroblasts were lysed—the more concen- 
trated the antiserum, the more were lysed. A few erythro- 
blasts, all intensely basophilic, remained even after 
exposure to the lowest dilution (1/2). 

The haemolysin in our goat antiserum is a 7S antibody. 
in sheep, rabbit erythrocytes evoke the formation of 
first a 19S and then a 7S antibody*. With the 19S, anti- 
body lysis of erythrocytes is a linear function of the 
antibody concentration; with the 74 antibody derived 
from either goat or sheep’, it is the square of the relative 
antibody concentration. Borsos and Rapp pointed out 
that the linear function of the 19S antibody connotes that 
attachment of one molecule of antibody to the cell is 
sufficient for lysis, whereas the square function of the 78 
antibody indicated that attachment of two molecules of 
antibody per cell is required. Lysis by the 198 antibody 
would be less dependent on the number of antigenic sites 
per cell. For the same reason, the 195 would give much less 
differential lysis than the 7S antibody. 

A simple interpretation of these observations is that the 
antigenic sites on the external membrane increase during 
maturation of an erythroblast and normally the process is 
not complete until the transition from basophilic to 
acidophilic takes place. 

The foregoing observations were made on the marrow 
cells of normal (adult) rabbits. In severe phenylhydrazine 
anaemia, the marrow erythroblasts do not exhibit dif- 
ferential resistance to immune lysis (Table 3). These 
findings also show that there is no association of resistance 


Table 3. RESISTANCE TO LYSIS OF BASOPHILIC AND ACIDOPHILIC ERYTHRO- 
BLASTS RELATIVE TO THAT OF THE NON-NUCLEATED ERYTHROID CELLS IN 
THE MARROW OF SEVERE PHENYLHYDRAZINE ANAEMIA? 


Antiserum — e Cells scoring 


dilution 0 i 2-5 
1/16 0:8 ro 0-7 
1/32 0-8 1:4 1-2 
1/64 09 0-8 l4 
1/128 0:7 0:8 13 
1/256 1-0 0-6 16 
1/512 08 . 06 18 
* The numbers are E p/R, as in Table 2, 
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to immune lysis and cytoplasmic basophilia. Their asso- 
eiation in the normal rabbit is coincidental. 

We thank Dr John C. Schooley for preparing the anti- 
serum. This work was supported by grants from the US 
Public Health Service, the US Atomic Energy Commission 
and a grant to the University of California, Berkeley. from 
the US National Aeronauties and Space Administration. 
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Increased Deiodination of 

L-Thyroxine and L-Triiodothyronine by 
Liver Microsomes from Rats treated 
with Phenobarbital 


PHENOBARBITAL given to rats in doses known to increase 
the formation of hepatic smooth endoplasmic reticulum 
(SER) and drug-metabolizing enzymes also increases 
hepatocellular binding of thyroxine (T4)! and its deiodina- 
tive and biliary clearance*. Subcellular fractionation of 
liver homogenates suggested that the increased hepato- 
cellular binding could be attributed to the microsomal 
membranes?. Because hepatic microsomes contain a 
specific iodothyronine deiodinase*-, we attempted to 
determine whether the increased deiodination observed 
in vivo could be related to increased microsomal activity. 
Male Sprague-Dawley rats weighing 150-250 g were 
used. Groups of three control and three phenobarbital- 
treated animals were studied concurrently in individual 
experiments. Sodium phenobarbital (100 mg/kg) was 
injected intraperitoneally daily for 5 days. Control 
animals were injected with isotonic saline. On the sixth 
day the animals were killed. Two grams of liver from 
each of the three control and three phenobarbital-treated 
animals were pooled and homogenized in 0-25 M sucrose. 
Subcellular fractionation was carried out by the methods 
of Schneider and Hogeboom*. In some studies microsomes 
were subfractionated into SER and rough endoplasmic 
reticulum (RER) by centrifugation through a discon- 
tinuous sucrose gradient*. Microsomes and subfractions. 
were washed three times in 0°05 M phosphate buffer at 
pH. 58 and were used within 1 week of preparation. 
Incubations were carried out in air at 37? C using 4 mg 
of particulate protein in 2 ml. of phosphate buffer. In 
addition to tracer '**[-T4 and !**[-T3 (Abbott) non- 
radioactive T4 and T3 in multiple concentrations varying 
from 0-25 ug to 10 ug/ml. were used as substrate. The 
precise concentration range of T4 and T3 was determined 
in preliminary experiments for each microsomal prepara- 
tion. No co-factors were added unless otherwise indicated. 
In experiments designed to assess the maximum velocity 
of iodide formation the reaction was stopped after 5 or 10 
min by the addition of 2 ml. of human plasma. In other 
experiments the reaction was stopped at varying intervals 
in order to determine the time course of iodide formation. 
The percentage of iodide in the incubation mixture was. 
measured by rapid eleetrophoresis!*. Appropriate correc- 
tions were made for 1°°T-iodide in the radioactive prepara- 
tions of T4 and T3 used on the basis of blank runs con- 
taining buffer and isotope in the absence of microsomes. 
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When incubation took place in total darkness no change 
in activity occurred, suggesting that deiodination de- 
pendent on flavin and aetivated by light!! |? was not 
involved. As previously reported*-' the reaction was 
oxygen dependent. Addition of NADPH or an NADPH 
generating system (10 uM of glucose-6 phosphate, 0-8 mg 
NADP, and 0:5 mg glucose-6 phosphate dehydrogenase) 
did not stimulate the reaction. A linear relationship 
between the reciprocal of the concentration of substrate 
and the reciprocal of the velocity of iodide formation 
seemed to conform to the expectations of simple Michaelis- 
Menten kinetics. Vmax was determined for each microso- 
mal preparation on the basis of at least five points. For 
a given microsomal preparation V max was proportional to 
the protein content of the mierosomal suspension in à 
range between 1 and 4 mg/ml. 

Values for V max/mg microsomal protein and apparent 
Ka values varied considerably from preparation to 
preparation. In spite of the apparent instability of the 
deiodinating system, a consistent relative increase in 
Vmax/mg was noted in the deiodination activity of 
mierosomes prepared from animals treated with pheno- 
barbital. Representative paired runs are illustrated in 
Fig. 1. In six separate experiments in which T4 deiodina- 
tion was measured the average ratio of Vmax/mg for 
phenobarbital-induced microsomes to the V max/mg for 
control microsomes was 22 (range L:8-2-9). No statis- 
tically significant differences in the apparent Km values 
were noted in this series. In two experiments in which 
the Vmax of iodide formation from T3 was determined 
the corresponding ratios (phenobarbital/control) were 
L5 and 1-6 with no evident difference in the apparent 
Ka values. Differences in the rate of T4 deiodination 
were also apparent in timed experiments both with T4 and 
T3 (Fig. 2). 

The specific activity (Vmax/mg protein) of the deio- 
dinase was higher in the SER than in the RER in each of 
three sets of microsomes examined. The ratios of specific 
activity (SER/RER) were 1-5, 1-7 and 21. Addition of 
sodium phenobarbital (0-025-0-25 mg/ml.) to our incuba- 
tion system was without effect on microsomal activity. 

Differences in optimal incubation conditions suggest 
that microsomal enzymes involved in the deiodination of 
monoiodotyrosine (MIT) and diiodotyrosine (DIT) are 
distinet from those involved in the deiodination of T4 and 
T357, To determine whether administration of pheno- 
barbital also stimulates the deiodination of MIT, '**I-MIT 
prepared by the iodination of tyrosine!’ was incubated 
with microsomes from control and phenobarbital-treated 
animals in the presence of varying concentrations of 
non-radioactive MIT. The conditions of incubation were 
those described by Stanbury™ with buffer at pH 7-4 and 
added NADPH. No stimulation of deiodination was 
noted. MIT was not significantly deiodinated in our 
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Fig.l. Substrate dependence of T4 and T3 delodination. V is expressed 
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Fig. 2. Formation of !*I- as a function ef tine. Microsomes from 
control and phenobarbital-treated animals were incubated in phosphate 
buffer (pH 4-8) containing 0-07 aC EBT mL (0-002 ee TA). 


iodothyronine deiodinating incubation system (pH 58, 
no co-factors). 

These results indicate that administration of pheno- 
barbital results in an increased deiodinative capacity of 
hepatic microsomal membranes and suggest that the 
augmented deiodination im vivo can be attributed to 
increased microsomal activity. Hepatocellular binding, 
deiodination and biliary exeretion increase after pheno- 
barbital administration. Thus it is possible that a number 
of metabolic steps in the metabolism of T4 are associated 
with a common microsomal membrane. Our findings 
further illustrate the significance of drug-induced SER 
proliferation in the metabolism cf hormones and other 
active compounds of endogenous origin. 

This work was supported by a grant from the US 
Public Health Service, a contract ‘rom the US Army and 
a career scientist award to one of us (J. H. O.) by the 
Health Research Council of New York City. 
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Increased Tyrosine Hydroxylase 
Activity after Drug-induced 
Alteration of Sympathetic Transmission 


AFTER the destruction of sympathetie nerve endings by 
6-hydroxydopamine!*, there is a compensatory increase 
in the eatecholamine synthesis and tyrosine hvdroxylase 
activity in the adrenal gland’. We have examined the 
actions of reserpine and phenoxybenzamine on adrenal 
tyrosine hydroxylase activity. These drugs, like 6. 
hydroxydopamine®, interfere with postganglionic sym- 
pathetic transmission, but by different mechanisms. 
We also studied the alterations of this enzyme in an 
embryologieally related tissue, the superior cervical 
sympathetic ganglion. Reserpine and phenoxybenzamine 
increased the aetivity of adrenal tyrosine hydroxylase, and 
reserpine also inereased the activity of tyrosine hydroxy- 
lase in the superior cervical ganglion. This increase in 
enzyme activity was prevented by interruption of nerve 
impulses by decentralization. 

Sprague-Dawley male rats, 120-180 g, were obtained 
from Hormone Assay (Chicago, Illinois) and housed 72 h 
before use. The weights of control and treated animals 
were within a 20 g range at the start of each experiment. 
Animals were killed by a blow on the head and the adrenal 
glands were rapidly removed and placed in 2-0 ml. of 
0-25 M sucrose at 4? C. For each assay of enzyme activity 
in the ganglion, two right or left superior cervical ganglia 
were pooled in 0-5 ml. of sucrose. Tissues were homo- 
genized in all-glass homogenizers, centrifuged at 27,000g 
for 10 min, and the supernatant fluid was assayed for 
tyrosine hydroxylase’. Protein content was determined 
by the method of Lowry et al.*. Decentralization of the 
superior cervical ganglia was performed under ether 
anaesthesia 2 days before reserpine treatment. Adrenal 
catecholamines were isolated and determined by methods 
previously described, 

Reserpine administered 24 and 48 h previously produced 
a three-fold increase in adrenal tyrosine hydroxylase 
acuvity. There was also a considerable reduction in the 
catecholamine content after reserpine. Similar results 
were obtained with phenoxybenzamine and 6-hydroxy- 
dopamine (Table 1). 

* 


Table 1. EFFECT OF DRUGS ON TYROSINE HYDROXYLASE ACTIVITY AND 
CATECHOLAMINE CONTENT OF THE RAT ADRENAL GLANDS 


Tyrosine hydroxylase Catecholamines 
(ut uumoles/pair of adrenais/h) (95 of controla) 


Conirol 1°34 + 0-23 

Reserpine 41:28 + 0-34* 144+2* 
Control 1:54 - 0:11 

Phenoxy benzamine 3-05 + 0-21* 34r 7* 
6-Hydroxydopamine 2:08 + 0:14* 93 * 6 


The animals were injected 24 and 48 h before use with 5 mg/kg reserpine 
subcutaneously, 20 mg/kg phenoxybenzamine hydrochloride or 200 mgikg 
6-hydroxydopamifie hydrobromide intravenously. Each value represents the 
meant S.E. of five or six determinations. Catecholamines were determined 
as adrenaline*^. The mean value of five controls amounted to 18-6 - 0-8 
gipar of adrenals, The concentration of tyrosine in each assay was 15-5 «M, 
that of 6,7-dimethy1-5,6,7,8-tetrahydropteridine - HCl - 5H,O 1-14 mM. 

* P001. 

The ganglia of the sympathetie nervous system and the 
adrenal medulla are both derived from the embryological 
neural crest. For this reason, we examined the effect of 
reserpine on the tyrosine hydroxylase activity in the 
superior cervieal ganglion. Administration of reserpine 
resulted in a two-fold increase in the tyrosine hydroxylase 
activity (Table 2). The increase in tyrosine hydroxylase 
activity in the superior cervical ganglion could be depend- 
ent on neural impulses, a direct effect of the drug on the 
ganglion cell or a blood-borne factor. To eliminate the 
last two possibiliges, the right superior cervical ganglion 
was decentralized by transection of the preganglionic 
trunk 2 days before the beginning of the reserpine treat- 
ment. Decentralization alone produced a negligible effect 
in the untreated rat. The interruption of nerve impulses 
by decentralization, however, abolished the rise of 
, . + * d 
tyrosine hydroxylase produced by reserpine (Table 2). 
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Reserpine, phenoxybenzamine and 6-hydroxydopamine 
all produce a marked increase in adrenal tyrosine hydroxy- 
lase activity. These three agents interfere with sym- 
pathetie funetion by different mechanisms. 6-Hydroxy- 
dopamine causes a seleetive destruction of sympathetic 
nerve terminals", reserpine depletes the sympathetic 
nerve transmitter! and phenoxybenzamine produces an 
a-adrenergic blockade’. The impairment of sympathetic 
function by these mechanisms probably produces a reflex 
increase in sympathetic nerve activity’ which may 
elevate the activity of tyrosine hydroxylase. Evidence for 
such a mechanism is provided by our observations on 
tyrosine hydroxylase activity in sympathetic ganglia, 
Reserpine increased tyrosine hydroxylase activity in 
sympathetic ganglia as well as the adrenal gland, and 
the effect on the ganglion could be prevented by inter- 
ruption of nerve impulses by decentralization, 


Table 2. EFFECT OF RESERPINE ON TYROSINE HYDROXYLASE ACTIVITY OF 
NORMAL AND DECENTRALIZED RAT SUPERIOR CERVICAL GANGLION 


Tyrosine hydroxylase activity ( ni anoles/mg protein/h) 


Normal Decentralized 
Control 35:8 + 2-8 Z88 + 1-9 
Reserpine 75-9441" 32-8: 9-8 


Each value represents the mean + SUK. of six determinations. The animals 
were pretreated with 5 mg/kg reserpine subcutaneously 24 and 48 h before 
use. The concentration of tyrosine in each assay was (^65 LM, that of 6,7- 


dimethyl-5,6,7,8-tetrahydropteridine - HCl - 5H,O 0-72 mM. 


* P<OO1, 


It has previously been shown that increased nervous 
activity resulting from nerve stimulation! or phenoxy- 
benzamine™ produces an increase in the synthesis of the 
neurotransmitter, noradrenaline, without an imcrease in 
tyrosine hydroxylase. This effect has been attributed to an 
increase in tyrosine transport, an increase in co-factor 
concentration or a decrease in end product inhibition", 
Our results indicate that tyrosine hydroxylase activity 
can be increased by prolonged and/or intense sympathetic 
nerve activity induced by drugs. This conclusion is 
supported by preliminary observations that several hours 
are required before an increase in enzyme activity can be 
detected. 

Two mechanisms seem to be concerned with the control 
of tyrosine hydroxylase activity, one involving rapid 
regulation by end product inhibition, tyrosine transport or 
cofactor concentration and another by increasing the 
enzyme activity. Preliminary observations indicate that 
this increased activity is due to an increased amount of 
enzyme protein. 

H. T. is a visiting scientist from Hoffmann-LaRoche, 
Basle, Switzerland. 
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Incidence of Chromophobe Adenoma 
after Chronic Diisopropylfluorophosphate 
Poisoning 


Ir is widely assumed that changes in brain cholinesterase 
would have far reaching consequences on brain function. 
In practice, however, it has been found that, subject to 
the animal surviving the initial toxie consequences of the 
cholinesterase reduction, the ensuing effects are not 
seriously incapacitating. 

sing an organophosphate— -diisopropylfluorophosphate 
(DFP)—as the chief irreversible inhibitor of cholin- 
esterases, we have maintained animals on 20-30 per 
cent of their normal concentration of brain aeetylcholin- 
esterase!. These animals have been used for behavioural 
testing and for concomitant biochemical study??, During 
the experiments, batches of normal and chronic DFP 
treated rats had to be kept for increasingly longer periods 
ranging from weeks to 2 yr. 

Pituitary tumours were found in a batch of rats aged 
approximately 12-16 months, which had been on a chronic 
DFP regimen. Because pituitary tumours had never 
been observed before, closer attention was given to the 
incidence of this tumour and other tissue abnormalities in 
rats treated chronically with DFP. 

Female Wistar rats were introduced to the laboratory 
in batches of twenty at 100 days of age. They were caged 
singly in an air-conditioned colony room at 70° Fahrenheit 
with a 12h cyele of light and dark. A dose of 1 mg/kg body 
weight of DFP was administered at first, followed by 
booster doses of 0:5 mg/kg every 72h. The DFP was made 
up in arachis oil and was injected intramuseularly 
(gastrocnemius). 

Out of five batches consisting initially of one hundred 
rats, sixteen confirmed cases of pituitary abnormality 
were recorded, 12, 16 and 18 months after the onset of 
treatment. This figure does not include those animals 
which died from causes not established at the time, or 
which were destroyed because of disease. 

The tumours ranged in size from a barely recognizable 
increase of tissue mass to one with a diameter of 8mm 
and with a wet weight of 99-7 mg. The pituitaries were 
sectioned and stained with haematoxylin and eosin, 
PAS and Gomori's aldehyde-fuchsin stain. Hyperplasia 
of the chromophobes was the pathological picture in all 
but three cases; the remainder showed hypertrophy of the 
ehromophobes. In one specimen cellular pleomorphism 
and the presence of mitotic figures suggested early 
malignancy., 

Routine post-mortem examinations of all normal and 
DFP treated rats were conducted in the last 12 months. 
All pituitaries, whether normal or abnormal in appearance, 
were sent to the Institute of Medical and Veterinary 
Science, Adelaide, South Australia, for a pathologist's 
report. The post-mortem examinations suggested that 
some of the rats which had been chronically treated with 
DEP for long periods and which had been recorded in the 
past as having died from causes unknown may have died 
because of increased intracranial pressure and bram 
displacement caused by pituitary overgrowth. Al 
pituitaries, irrespective of appearance, taken from rats 
which had been chronically treated with DFP for more 
than approximately 12 months contained hyperplastic 
chromophobes. The incidence of macroscopic abnor- 
malities approached 100 per cent after chronic treatment 
with DFP for 21 to 23 months. There are now eleven 
animals in this latter category. The incidence of non- 
pituitary tumours was found to be compatible with 
published observations, indicating an age dependency in 
their natural occurrence! *. 

For experimental purposes not directly associated with 
this communication, five groups of six female Wistar rats, 
aged 3 months, were treated with various regimens of 
DFP. For the first 12 weeks the animals were treated with 
the chronic regimen already stated. This was followed by 


* 
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a series of injections, spaced 72 h apart, containing higher 
concentrations of DFP. The five groups received their 
final injections in concentrations of either 0:6, 0-75, 1-0, 
The animals were de- 
sent, identified only by 
In the groups whieh 
received 0-5 and 0-75 mg/kg body weight of DFT there 
1-0 mg/kg 
that 
receiving the 1-5 mg/kg had no marked abnormalities, and 


ing hyperplasia. 

'The literature suggests that the incidence of spontaneous 
chromophobe adenoma in the rar is rare^*. Those 
reported may have been related to the strain of rat used 
and to the fact that the animals were carrying *xper- 
mentally induced tumours. It is of interest to aote m 
this context that in human caremoma an associated 
increase in the size of chromophobe sells has been noted*. 

There has been one specific and detailed histelogieal 
study of the anterior pituitary of ol& female rats whieh is 
pertinent to this report?. Wolfe et al. examined the 
pituitaries from twenty-six old breeding females, ranging 
in age from 543-848 days. Two anterior pituitaries were 
"enlarged, congested and soft". Beth were thougkt to be 
adenomata of the pituitary. In fifteon rats, 58 percent of 
“small areas often consisting of only è 


E 





“hypertrophied chromophobes”. r 
that in their strain of aged breeding females "there is à 
tendeney for atypical areas of hypertrophied vells to 
appear”. In contrast the pituitaries reported here usually 
showed ehromophobe hyperplasia; taere wasa remarkably 
high incidence of this abnormality in the animals which 
received DFP as compared with only one tumour in a 
control group of equivalent age and sex. 

The data obtained by treating some animais with a 
standard DFP regimen, and treating others with higher 
concentrations of DFP, suggest that chromophobe 
abnormalities may be induced in younger females by 
this treatment. It is possible that DFP has a specifie 
oncogenie effect on*the female rat pituitary, or perhaps 
uncovers or accelerates a change latent in that gland. 

This work was supported by the Australian Fesearch 
Grants Committee. I thank the members of the Institute 
of Medical and Veterinary Science, Adelaide, South 
Australia for their assistance. 
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Neurological Illness after inoculation 

of Tissue from Tumour Bearing Animals 
CERTAIN transmissible infectious agents may remain in 
tissues for prolonged *periods before leading te patho- 
logical processes and disease ("slow infections). Riley 
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agent (lactate dehydrogenase elevating virus)? is associated 
with many experimental tumours of mice and is said to 
persist in the blood of an infected animal throughout 
life’, Because serapie belongs to the group of "slow" 
infections and Pattison and Jones! have recently claimed 
that scrapie may sometimes result from inoculation of 
inouse tumour material into normal mice, we have tried 
to determine whether prolonged infection with Riley 
agent might initiate the scrapie process, especially as 
mouse scrapie has certain features resembling astroglial 
neoplasia*. Although Riley agent was not found to 
produce serapie, we obtained some highly unexpected 
results. 

Mice were infected with Riley agent by intraperitoneal 
injection of 0-2 ml. of a ten-fold dilution in saline (1071) 
of plasma from a mouse bearing Ehrlich ascites tumour 
which had been serially maintained by one of us (D. H. A.) 
in this unit. Three months later plasma was withdrawn 
from a mouse and 0-1 ml. (10-!) inoculated intraperiton- 
eally into seventeen Swiss mice aged 4-6 weeks. Fifteen 
of these developed a neurological illness after an interval 
of 6-11 months, four showing well marked paralysis of 
the hind limbs. There was marked astrogliosis in the grey 
matter of the spinal cord, particularly where it adjoined 
white matter, and scattered vacuolation of white fibre 
tracts. The brain, however, was normal. All sick 
animals had a considerably enlarged spleen infiltrated by 
myeloid leukaemie tissue, and blood films from two 
indicated leukaemia. 

Similar results were obtained in two more experiments 
with plasma derived from other mice carrying Riley 
agent (passage animals of the original Ehrlich tumour)— 
neurological disease after 6-11 months accompanied by 
enlarged spleen and lymph nodes (leukaemia) and the 
disease process localized in the nervous system to the 
spinal cord, the brain appearing normal. On passage it 
produeed disease with the same localization in the spinal 
cord, together with leukaemia, but the (histologieally 
positive) spinal cord failed to do so (after 12 months). 

In a fourth experiment, the brain of an Ehrlich ascites 
bearing mouse was injected (10-!) intracerebrally into five 
mice. Within 5 months all developed a neurological 
illness with lesions restricted to the cord. Spleen and 
mesenteric lymph nodes were enlarged (leukaemia) in 
every case. The brain (histologically negative) of one of 
these mice on passage (by intracerebral injection) again 
produced lesions in the cord, but not in the brain, after 
9 months. Spleen and mesenteric lymph nodes of these 
passage animals also showed leukaemic changes. 

In these experiments a disease limited to the spinal 
cord emerged from the passage of serum or brain from 
Riley infected or Ehrlich bearing animals. It is interesting 
to note that Stansly et al.5 reported the recovery of a mouse 
leukaemia virus from Ehrlich’s ascites tumour cells and 
that it could be passaged with nearly 100 per cent success 
by cell free filtrates of infected splenic tissue. It had a 
latent period of 5-5-8 months. These results were so 
unexpected that we have brain and cord passaged another 
group of Ehrlich ascites tumour bearing mice (obtained 
from Dr F. J. C. Roe). The recipients have all remained 
well. Ehrlich tumour bearing mice from which cord 
disease emerged may have been contaminated by scrapie 
during passage, but this may not have taken place with 
the second set of Ehrlich bearing mice. Passaging was, 
however, done in a non-serapie animal house and the 
possibility of contamination is remote. It is also possible 
that some hitherto unrecognized disease pathologically 
similar to serapie has emerged, and might be a source of 
confusion. Some ©f the vacuolation in white fibre tracts 
is comparable with the much more severe lesions described 
by Pappenheimer? in a spontaneous demyelinating 
disease of adult rats. A condition with some resemblances 
to this has recently been found by one of us following 
neonatal thymectomy of mice (umpublished results of 
E. J. F.), and a full report will shortly be published. 
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The neurological disease observed presented several 
interesting features. First, transfer by means of plasma 
was consistently achieved and was always associated 
with the presence of leukaemia. Ehrlich tumour cells 
may be a particularly good medium for the growth of the 
agent concerned and we are currently testing this possi- 
bility. Virus may grow and multiply in leukaemic and 
neoplastic cells to which it has no aetiological relation- 
ship*?. On the other hand, it may be that the adventitious 
presence of leukaemia facilitates the establishment of the 
neurological disease and it is known that brain may 
be a good source of leukaemia virus!*, Pre or eoncomi- 
tant infection with murine leukaemia viruses has also 
been reported to result in increased oncogenicity of 
murine sarcoma virus (Moloney) perhaps by inducing 
depressed antibody response!'-!*, Chirigos et al. also 
suggest that leukaemia virus may act as a “helper”. 

Second, loealization of disease to the spinal cord after 
intracerebral inoeulation of material under test is most 
unusual. Localization might result from a modification 
of the agent by leukaemic virus or be a result of peripheral 
nerve stimulation as leukaemic lesions develop!*. 

In view of the well marked hind leg paralysis which 
occurred in a proportion of animals, it seems more likely 
that if the condition were due to serapie contamination 
then the latter agent must have undergone some consider- 
able modification. It must be emphasized, however, 
that failure to passage the positive cords after 12 months 
suggests (especially in view of the other unusual features 
of the eondition) that some quite different disease is 
present with only some resemblances to scrapie. 

In any case, this work suggests that the possible effect of 
mixed scrapie and other infection be further studied, 
and that the suitability of some neoplastic cells (such as 
Ehrlich tumour) as a growth medium for serapie agent 
in vitro be explored. The finding reported by Pattison 
and Jones‘, that scrapie agent may be present in mouse 
tumours, also points to this possibility. Their observation 
that neurological illness may be produced by inoculation 
of tissue from tumour bearing mice emphasizes the com- 
plexity of the problem and the great caution with which 
interpretations should be offered. It also suggests that 
murine leukaemia (as indeed other tumours) might be a 
source of the linkage substance recently postulated as 
important for the development of serapic!. 
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Sequential Action of Cytokinin and 
Gibberellic Acid in Wheat 
Aleurone Tissue 


INcuBATION of de-embryoed wheat or barley grains in 
the presence of gibberellic acid induces a-amylase activity 
in the endosperm which is greater than that of tissue 
incubated in the absence of the hormone!*. The target 
tissue of gibberellie acid is the aleurone layer?, and the 
effects of protein synthesis inhibitors! have indicated that 
the induction involves a de novo synthesis of the enzyme. 
Induction of other hydrolytic enzymes in the aleurone 
tissue by gibberellic acid has also been deseribed*:*. 

Extracts of wheat starchy endosperm also induce 
metabolic activity in aleurone tissue, which has been 
isolated as bran from the quiescent wheat grain’. This 
activity can also be induced by authentic cytokinins at 
concentrations between 1-0 uM and 0-001 uM, and the 
response can be detected within 18 h of imbibition. 
Bran used in previous work on the action of gibberellic 
acid on isolated aleurone tissue®®®9 was isolated only after 
the de-embryoed grain had been soaked for 1-3 days. 
It has therefore become imperative that the possible role 
of the eytokinins in the induction of «-amylase activity be 
investigated. 

Bran segments, prepared from twenty-five sterilized, 
quiescent wheat grains within 4 h of imbibition, were 
incubated for 24 h at 25? C in 50 ml. of 0-05 M citrate 
buffer, pH 6-2, containing 0-1 uM kinetin and 20 mM 
CaCl, Control segments were incubated in buffer 
containing 20 mM CaCl, but no kinetin. Both ex- 
perimental and control incubations were duplicated. 
After 12 h and 24 h of incubation, 1 ml. sub-samples of 
each medium were assayed for -amylase content™®. The 
segments were then removed from their media, washed in 
sterile distilled water and damp dried on filter paper. 
One each of the experimental and control bran samples 
were transferred to separate 50 ml. buffer solutions 
containing 10 uM gibberellic acid and 20 mM CaCl,. The 
other two samples were transferred to separate 50 ml. 
buffer solutions containing 20 mM CaCl, but no gibberellic 
acid. "The four samples were incubated for a further 
48 h and sub-samples were again removed at 12 h intervals 
to assay «-amylase content. <A fifth batch of bran seg- 
ments from twenty-five quiescent grains was incubated 
directly in 50 ml. of buffer containing 10 uM gibberellic 
acid and 20 mM CaCl. 

As a check on the conditions of incubation, bran seg- 
ments were prepared from batches of twenty-five de- 
embryoed wheat grains which had imbibed water for 


48 h. Bran prepared in this way responds to gibberellie 
acid? 9... These samples of bran were incubated in 


buffered media, either in the presence or absence of 
gibberellic acid. 

After incubation, bran samples were homogenized and 
assayed for a-amylase content. In each sample a low 
content of «-amylase showed that the enzyme had been 
freely secreted into the medium. 

Results are shown in Table 1. The experiment was 
repeated and the results were essentially the same as on 
the first occasion. Several significant conclusions can be 
drawn. The aleurone tissue isolated from quiescent grain 


Table 1. G-AMYLASE RELEASE FROM INCUBATED BRAN 
Ineuba- 
tion Bran from quiescent grain Bran from 
period (h) + Kinetin — Kinetin + GAs soaked 

0 ü 0 " endosperm 
12 0-9€ 0-28 0-32 
24 0-62 0-61 0-62 

$ GÀ, — GA, + GA, — GAs + GA, T GÀ, 

0 0 0 0 0 Ü 0 
12 0-18 0-11 0-10 0-00 0-28 0-14 
24 0-35 0-20 0-21 Og 0-45 0-20 
86 0-47 0.23 0-23 0-22 0-7: 0-28 
48 0-61 0-26 0-25 0-2: 1-08 0-36 


Results are given as a-amylase units/ml. of incubation me@ium. 
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contains a considerable quantity of c-amylase which ts 
completely secreted when the. tissue 1s incubated in 


aqueous media. The addition of either kinetin or gibber- 
ellic acid to the medium does not significantly increase the 


level of enzyme activity. But when the aleurone tissue 1s 
incubated first with kinetin and then with gibberellic acid, 
there is a two-fold increase in secreted x-amylase activity. 
The starchy endosperm of wheat seems to contam & 
compound which has cytokinin activity and which is 
responsible for the induction of essential metabohe 
proeesses in the aleurone cells of germinating wheat 
grain. It is pertinent that a cytokinin, zeatin, has been 
isolated from the endosperm of developing maize grain" 
and detected in extracts of germinating barley". 
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Synthesis of Mycorrhizas in 
Podocarpus and Agathis with 
Endogone Spores 


Tue absorbing systems of most green plants are lable 
to invasion by symbiotic phycomreetes which convert 
them into vesicular-arbuseular myccrrhizas. This type of 
mycorrhiza has recently been synthesized in several 
angiosperms using Endogone spores'*. To attempt this 
synthesis with members of the Podocarpaceae and Arau- 
eariaceae is desirable because they are gymnosperms, 
and because their root systems aceommodate the endo- 
phytic mycelium in special nodules”. s 

Between ten and thirty honey coloured sessile spores 
propagated in the roots of Coprosma robusta from iBO- 
lations made from New Zealand soils by Dr Barbara 
Mosse! were blown into each root system from a glass 
pipette. Control plants received spores that had been 
crushed beneath a coverslip. Three sols were used: 
crushed rotten rock sterilized at 100° C between electrodes 
and stored moist for 3 yr to reduce available phosphorus, 
and mixtures of this inorganic soil with 5 per cent and 
20 per cent (by volume) of steamed forest humus. The 
seedlings were Podocarpus totara (2 yr old) and Agathis 
australis (3 yr old) which had been raised in poor, steamed 
soil and had stopped growing. P. tetara was inoculated in 
the spring and again in midsummer; A. australis was 
inoculated only in midsummer. z 

By the following summer nineteen of the twenty P. 
totara inoculated with whole spores had a typical vesicular- 
arbuseular infection in their nodules and had resumed 
growth, attaining a mean fresh weight of 1-57 g. Eleven 
of the plants inoculated with crushed spores were still 
alive but moribund, averaging 0-47 ¢. (A twelfth plant 
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in this series was growing, apparently because its nodules 
had been invaded by the fine endophyte Rhizophagus 
tenuis. This has occurred spontaneously in open pot 
cultures of Griselinia littoralis*, but has not been reported 
previously in podocarps.) 

Similar results were obtained with Agathis australis, 
cf which six seedlings had been inoculated with whole 
and seven with erushed spores. Four which had received 
a whole inoculum and one which had received a crushed 
inoculum developed a typical vesicular-arbuseular infec- 
tion and resumed growth; in the rest the buds remained 
unbroken and the roots uninfected. Initial differences in 
size were too large for a significant difference in weight to 
develop between these mycorrhizal and non-mycorrhizal 
plants in a single season, so an earlier experiment in which 
tnis was obtained (P « 0-05) should be recorded. On this 
occasion newly germinated seedlings were grown for 5 
months in soil from beneath Griselinia littoralis and then 
vransferred for 21 months into a mixture of steamed, 
crushed rock and steamed humus (2:1 by volume), 
Three seedlings developed mycorrhizas and a mean dry 
weight of 3-04 g. The other six plants ceased to grow and 
averaged only 1-37 g. 

Honey coloured sessile spores were recovered from root 
washings of all mycorrhizal plants except those infected 
by means of Griselinia soil or by Rh. tenuis. Many had 
the pale colour of newly formed spores and the charac- 
teristic formative structure was often seen. 

It is interesting that Endogone mycorrhizas have 
stimulated growth in an inorganic soil because the soil 
organic matter seems to influence natural infections®, and 
because a nitrogen fixing system is sometimes associated 
with podocarp nodules*. Growth was less than in the soils 
with organic matter, and it may prove to be brief. 
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Amino-acid Receptor in Larvae of 
Pieris brassicae (Lepidoptera) 
BEHAVIOURAL studies have indicated that some inverte- 
brates can deteet amino-acids, but physiological informa- 
tion is limited to amino-acid receptors in some Crustacea! 
and in two Ixodid tieks?. I report here a receptor in an 
insect which is sensitive to all twelve amino-acids tested. 
The maxillae of lepidopterous larvae bear two sensilla 
styloconica, both with a gustatory function but differing 
in physiological characteristics. In larvae of Pieris 
brassicae L, one of the four chemoreceptor cells present in 
the lateral sensillum is sensitive to mustard oil glucosides, 
compounds which typically oceur in the Cruciferae, their 
netural food. A second cell is stimulated by sucrose’, 
and a third cell seems to be sensitive to amino-acids. 
The amino-acids to be tested were dissolved in 0-5 M 
NaCl, and the sensilla were stimulated with a capillary 
which at the same time served as the recording electrode?. 
lests with control solutions (0-5 M NaCl) revealed some, 
presumably spontaneous, action potentials in one or two 
ceils, Addition of 0-1 M r.proline, r-eysteine or DL- 
methionine resulted in a strong stimulation of one of the 
enemoreceptor cells with, for example, an average fre- 
quency of fifty impulses during the second second of stim- 
ulation for L-proline. The amino-agids r-serine, L-leucine, 
S-methyleysteine and y-aminobutyrie acid (concentration 
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Fig. 1. Chemoreceptor responses of the lateral maxillary sensillum stylo- 

conicum when stimulated by various chemicals. All solutions contain 

0-5 M NaCl. 4, 0-1 M r-cysteine; B, control, 0-5 M NaCl; C, 0:001 M 

sinigrin; D, 0-001 M sinigrin--0:1 M L-cysteine; E, 0-1 M sucrose; 

F, 0-1 M sucrose + 0:1 M r-proline. All records start 1 s after the onset 
of stimulation. Calibration, 50 uV and 0-1 s. 


0-1 M) also stimulated, but to a somewhat lower degree. 
The least stimulating compounds were S-methyl cysteine 
sulphoxide’, pr-alanine, r-glutamie acid and glycine. 
A concentration of 0-1 M, however, still produced a 
distinct reaction with average frequencies of between 
twenty and thirty impulses, whereas the control produced 
only eleven impulses/s on average. 

When the various compounds were tested at lower 
concentrations, the reactions decreased accordingly. From 
such experiments it was inferred that the threshold values 
for L-proline, pr-methionine, L-cysteine and r-cystine are 
probably about 10-? M or possibly even lower. 

I wished to test whether the concentrations of free 
amino-acids in plant tissues are high enough to stimulate 
this cell in natural conditions—that is, during feeding. 
Unfortunately no detailed quantitative information was 
available about free amino-acids in cabbage leaves, but 
a mixture of amino-acids in concentrations corresponding 
to those in potato leaves* provoked reactions of consider- 
able intensity. In four insects an average of twenty-eight 
impulses was measured during the second second of 
stimulation, as compared with eleven impulses in the 
controls. This observation strongly suggests that free 
amino-acids are natural stimuli to this chemoreceptor. 

The high activity of some amino-acids containing 
sulphur is interesting in view of their fairly high con- 
centrations in cabbage. 

To test the possibility that the amino-acids stimulated 
either the mustard oil glucoside receptor or the sugar 
receptor, an amino-acid was added to a solution of 
sinigrin (Fig. 10—D) or sucrose (Fig. 1E-P). These 
mixtures elicited activity in two cells, whereas when 
tested individually the compounds predominantly stimu- 
lated only one cell. I therefore conclude that the lateral 
sensillum styloconicum contains a separate receptor cell 
which is sensitive to amino-acids. 
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Inhibition of Hypostome Formation 
and Polarity Reversal in Hydra 


REGENERATION of Hydra littoralis is usually strictly 
polarized in the sense that distal struetures such as 
hypostome*and tentacles always form at the distal cut 
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surface whereas proximal structures such as the basal 
disk always form at the proximal cut surface. The physio- 
logical basis of this polarity 1s unknown, but most theories 
of hypostome regeneration imply that the hypostome 
forms at the high point of a gradient which runs from the 
hypostome to the basal disk (disto-proximally), and defines 
the polarity. The nature of this gradient is unknown 
but it is variously regarded as one of metabolic activity’, 
growth substances*, or inhibitor threshold’. Polarity 
need not necessarily involve a gradient. If, for example, 
the transfer of positional information* were polarized in a 
disto-proximal direction, the distal end could be specified 
as that region whieh received no positional information 
from other cells. Another type of model could operate 
if each cell were polarized and the absence of cells at a 
cut surface were recognized*. Whether a cut surface is 
necessary for the regeneration of distal struetures is à 
very old problem!. Far less attention has been paid to 
the problem of basal disk regeneration and particularly 
whether it is dependent on the presence of a funetioning 
hypostome. 

In hydra the hypostome seems to be capable of both 
repolarizing and re-orientating adjacent tissue*?. Graft- 
ing techniques have shown that when the hypostome is 
removed, a new one is established within 4-6 h. We have 
been investigating the processes which occur during this 
period, using a variety of inhibitors. Brachet found that 
8-mercaptoethanol inhibits regeneration in hydra and 
other organisms*. We report here the biological effects 
on hydra of dithiothreitol (DTT), Cleland's reagent”, a 
similar protective agent for sulphydryl groups. Our 
unexpected and striking results may throw some light 
on the problem of polarity and the role of the cut surface 
in regeneration. Specific blockage of hypostome regenera- 
tion, polarity reversal and increased budding in regenerat- 
ing animals were among the chief effects of DTT. 

DTT was dissolved in the animals’ normal medium 
M’ (ref. 10), and chiefly used at a concentration of 2-0 x 
10-* M. We found that DTT became progressively less 
potent as an inhibitor when dissolved, so the medium 
was changed daily and replaced by a freshly made up 
solution of DTT whenever the duration of treatment was 
to exceed 24 h. Although up to 30 per cent of hydra cut 
at the subhypostomal level and incubated in 2-4 x 10— M 





Fig.1. Animal cut at the subhypostomal level and allowed to regenerate 
in 2-4 x 10-* M DTT for 48 h. A peduncle and basal disk have developed 
at the original distal end. Two developing buds are®present. 





Fig. 2. Isolated gastric region treated with 2:5 10-* M DTT tor 24 ] 

and then incubated in medium ‘M’. A second Sasal disk has devesoped n 

the original distal end of the gastric region, and two sets ol liv postomes 
and tentacles have formed between them 


DTT for iz 


h disintegrated, tentacle regeneratoon was 


inhibited in as many as 80 per cent of the survivors. 
Often the inhibition was prolonged tor 5—6 days alter 
treatment. The range of concentrations at whieh DTT 


has this effect on tentacle regeneration is extremely narrow, 
and is just below the lethal concentration. By contrast, 
regeneration of the peduncle and basal disk seemed to 
proceed quite normally at a concentration of 2:0 160-* M 
DTT. Moreover, about 10 per cent of animals cut at th 
subhypostomal level developed a basal disk t their 
Thus ts the first t: 
although 


ne such 


Webster 


regenerating distal end (Fig. 1). 
a phenomenon has been reported, 
found that colcemige brings about changes ot posarity in 
isolated gastric regions'', resulting in the 
multiple groups of distal structure 

The appearance of a basal disk at the dista end ol 
regenerating animals leads to two smportant con 'usions. 
The first is that regeneration of the basal disk see 
possible in the absence of a functional hypostome, a 
finding which points to the importance of further imvesti- 
vation into the mechanisms determining basal diskwegenet 
ation!?, The second conclusion is that DTT leading 
to a local reversal of polarity. We therefore decided to 
test the effect of DTT on isolated gastric regions to see 
whether a similar reversal of polanty could be obtained. 
After treatment for 24 h many gastr:c regions were bloat d. 
and for this reason the long axis was not always immedi 
ately obvious. Then, as many es 60 per cen of the 
treated gastric regions formed basal disks at 
proximal and distal ends, and it wes particularly interest 
ing to find that the hypostome and always 
formed approximately halfway between the end Some 
animals developed two heads projecting at right angles 
to the original long axis (Fig. 2). The 
organisms which developed more than one head or 
seemed unrelated to the original size of the gastme zones. 
It is perhaps significant, however. that the inemlence of 
these responses was increased by the «ise of a slightly 
higher concentration of the reagert (up to 2:5 x IU7* M 

The formation of heads in the middle of th 
region shows that a local cut surface is not necessary tor 
hypostome formation. Furthermore, it that 
DTT causes a change,in polarity throughout the distal 
half of the gastric region as illustrated in Fig. 3. Thus 
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Fig. 3. Diagram illustrating reversal of polarity at the distal end of an 
isolated gastric region as a result of treatment with DTT.  Polarity 
within the system is represented by arrows the tips of which all point 
towards the hypostome. Isolated gastric region before treatment (B) 
has same polarity as donor (A). After treatment with 2:4 x 10-* M DTT 
for 24 h (C) polarity in distal half is reversed, resulting in a discontinuity 
at X. Hypostomes and tentacles are formed at X and a foot is formed 
at the original distal end of the gastric region (D). 


it seems that the polarity determines the ends of the animal 
and the site of hypostome formation. In support of this 
there is & striking similarity between the treated gastric 
regions and grafts prepared by combining two isolated 
gastric regions with their distal ends in contact so that 
the components of the graft have opposite polarities. It 
is not known how DTT brings about a repolarization 
of the distal half of the axis; neither is the structural or 
physiological basis of polarity known. One possibility 
is that if DTT can enter the cells more easily at the cut 
ends, it may alter some physiological gradient, which comes 
to have its low point there. 

The ability of DTT to bring about reversal of polarity 
is further illustrated by its effects on grafts, made'? by 
grafting an intact hypostome and tentacles on to the 
proximal end of the gastric region of a host animal, and 
removing the host’s own head (see Fig. 4). Normally 
this end always regenerates a hypogtome and tentacles, 
whereas basal disks, composed most probably of both 
host and graft material, are formed near the graft junction. 
When, however, the regenerating graft combinations were 
treated with 24x104 M DTT for 24 h, we found that 
85 per cent showed reversed polarity, in that the original 
distal end of the host developed a basal disk, and, more 
significantly, no structures developed at the junction 
between the components. This shows that in conjunction 
with a grafted hypostome, DTT is capable of reversing 
polarity throughout the host. 

An attempt was made to investigate in more detail 
the effects of DTT on hypostome regeneration and 
hvpostome function. Grafting tests suggested that hypo- 
stome formation from the subhypostomal region is 
delayed or completely inhibited by treatment with DTT. 
After regeneration for 4-6 h the subhypostomal region 
from a control animal always induces an axis with a 
hypostome and tentacles when grafted into the gastric 
region of an intact untreated host. In contrast, a high 
percentage of the axes induced by subhypostomal regions 
from animals regenerating in DTT for 6 h consisted of a 
peduncle and basal disk, and it was only when donor 
animals had been allowed to regenerate in DTT for at 
least 12 h that there was a trend towards the production 
of axes containing a hypostome and tentacles on grafting 
the subhypostomal region. Thus DTT seems to be 
imposing proximal properties on distal regions, because 
the induction of an axis consisting of a peduncle and basal 
disk is a characteristic property of proximal regions. It 
is possible, but more difficult, to interpret the results of 
grafting freshly isolated subhypostomal regions from 
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untreated donors into intact animals treated with DTT 
for 24 h along these same lines. Here positive inductions 
of axes were obtained, terminating in either hypostomes 
and tentaeles or basal disks. In control animals such 
grafts are always absorbed. While these results are 
somewhat complex, they do establish that DTT interferes 
with hypostome regeneration. 

As Burnett has shown", bud initiation can be controlled 
by the proximity of the hypostome. Bringing the hypo- 
stome closer to the budding region by shortening the 
gastric region prevents bud initiation. DTT inhibits 
hypostome regeneration, so it seemed likely that it would 
affect budding. It was thus of considerable interest to 
find that hypostome formation in the developing bud was 
not inhibited by DTT at the concentration used and that 
budding could be actually enhanced. If the parent 
hypostome had previously been removed, animals eut at 
the subhypostomal level and incubated in DTT at a 
concentration of 2-0 x 10-* M. for 72 h produced between 
48 and 76 per cent more buds than similarly treated 
control animals in normal medium ‘M’. Intact animals, 
however, incubated in the same concentration of DTT 
for the same period of time produced no more buds than 
controls. Normally. animals rarely produce new buds after 
starvation for 3days. We found that treated animals which 
had had their hypostomes removed, and had then either 
failed to regenerate a head or had developed a basal disk 
at their distal end, continued to bud. They then acquired 
an abnormal appearance—the region where buds were 
initiated moved progressively closer to the distal end 
of the animals (Fig. 5), so that another 72 h after the 
completion of treatment these animals consisted chiefly 
of peduncle tissue. It seems that this apparent displace- 
ment was the result of the continued budding which 
siphoned off cells from the gastric region’. The tiny 
blobs which remained usually regulated within 2-3 days 
to give extremely small individuals. 

It is not possible to interpret our results at this stage 
in terms of the chemical action of DTT, though the impor- 
tance of —SH groups in morphogenesis has been em- 
phasized by Brachet', Probably other reagents will 
be found which will have similar effects. Nevertheless, 
coleemide ean also bring about a reversal of polarity, 
and  eolehieine—a related compound-—reacts with 
mierotubular protein!5, so the role of disulphide bridges 
in microtubular protein should be borne in mund". 
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Fig. 4. Diagram illustrating reversal of polarity by a grafted hypostome 
in conjunction with DTT treatment. Anintaet hypostome and tentacles 
(shown in black) is grafted on to the proximal end of the digestive region 
ofa host animal. The host's own head is then removed (B). In (C), the 
control condition, the host regenerates its hypostome and tentacles, and 
basal disks are formed at the junetion between the two components. 
When graft (B) is treated with 2-4 x 10-* M DTT for 24 h, polarity in the 
host is reversed so that the distal end forms a foot and no structures 
de*elop at the junction between the components (D). 


NATURE. VOL. 221. MARCH 29. 1969 





Fig. 5. Animal cut at the subhypostomal level and treated with 
2.0 x 104 M DTT for 72 h continues to bud after it is removed from the 
reagent, Two buds at different stages of development are present. The 
short bud on the right is developing at the distal tip of the animal. ‘The 
proportionally vast peduncle is clearly visible. 
We were therefore somewhat surprised by the finding 
that the mitotie indices of intaet and regenerating hydra 
treated with DTT were not significantly less than those of 
untreated control animals until the third day of treat- 
ment, by which time many of the striking effects of this 
compound were already visible. It is also of interest 
that DTT brings about twinning in sea urchin embryos". 

Reversal of polarity in hydra as well as in a variety of 
other animals can be brought about by operative tech- 
niques involving grafting or cutting in appropriate 
regions’®. Reversal of polarity by defined chemical 
agents is very much rarer. One of the best examples is 
the formation of heads on the caudal surface of segments 
of planaria treated with coleemide and other agents?^, 
The results we have obtained here are particularly inter- 
esting because they involve the conversion of the distal 
dominant region into a proximal end. The specific 
inhibition of the hypostome by DTT with little effect 
on the regeneration of the basal disk suggests that basal 
disk formation is an autonomous process. Regeneration 
of proximal structures in the absence of distal structures 
has been recorded in other animals. Any theory of 
pattern regulation in hydra which postulates dependence 
of all proximal regions on the dominant or distal region 
must therefore be regarded as inadequate. Finally, it is 
clear that the hypostome forms in relation to the polarity 
of the animal, rather than in relation to its cut surface. 
It appears that the distal and proximal ends are specified 
separately— which is a requirement for a mechanism of 
proportionate regulation of an axial pattern based on 
positional information*. The polarity seems to specify 
the ends, but the physiologieal basis of this polarity 
in hydra, or in any other system, remains completely 
unknown. 

This work was supported by a grant from the Nuffield 
Foundation. We thank Dr D. Gingell and Mr D. Garrod 
for their comments. 
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Effects of Frontal Cortex Lesions 
on Learning Set 


Reports have conflicted about the effects of front! cortex 
ablations on the development of visual discrimination 
learning set. Brush et al.', using eleven trials/oroblem, 
found that such ablations caused an impairmert. This 
was particularly marked on those problems waere the 
monkey's response on the first traal was not r-warded, 
and they concluded':* that the impairment was due to 
the frontal monkeys’ difficulty in reversing. ther initial 
stimulus preferences rather than te a generalized learning 
deficit. ln contrast, Oscar and Wilson’, using 4 similar 
testing regime, and Oxbury and Weiskrantz^, us ng three 
trials/problem, failed to find a frental deficit. Mishkin‘ 
has suggested that the cortical focus for the deicit may 
be the inferior frontal convexity—that is, corte= ventro- 
lateral to suleus principalis and the adjoinirz cortex 
on the lateral portion of the orbital surface of tke frontal 
lobe. It is possiblethat the failures to find a deicit have 
been due to relative sparing of this area. The experiment 
reported here has tested this possibility. 

Eleven experimentally naive rhesus monkeys (Macaca 
mulatta) were used; at the beginning of the learning set 
training, each weighed 2-3 kg. A modified Wisconsin 
general test apparatus was usec. The initia traiming 
consisted of five visual object-discrimination problems 
each run to a criterion of twenty-three correct responses 
within twenty-five trials. Four monkeys (the superior 
convexity (SC) group) then received bilatéral ablations 
of all cortex anterior to the superior arm of tke arcuate 
sulcus and dorsomedial to sulcus principalis; the ablation 
extended to the longitudinal fissure and the frental pole, 
and it included a variable portion of the dorssl bank of 
sulcus principalis. Three monkeys (the inferior convexity 
(IC) group) received bilateral ablations of all cortex 
anterior to the inferior arm of the arcuate sulcus and 
ventrolateral to sulcus principalis; the ablation extended 
to the frontal pole and for a short distance on tothe lateral 
orbital surface. Four monkeys remained as vnoperated 
(normal) controls. 

One week after operation (or after a 10 day pause for 
the normal group) the monkeys were retrained on three 
of the preliminary problems te the same criterion as 
before. This did not reveal a possoperatjve defisit. Learn- 
ing set training then began. Daly test sessions consisted 
of five object-discrimination problems epeh presented for 
ten trials in the standard fashion. Two hundred problems 
were presented. On one hundred (*baited preblems"), a 
reward was placed under both objeets on the first trial; 
the object chosen became the rewarded object on the 
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subsequent trials. On the other hundred ("unbaited 
problems") there was no reward under either object on 
the first trial; the object chosen became the unrewarded 
object on the subsequent trials. Each block of forty 
. consecutive problems contained twenty baited problems 
and twenty unbaited problems, presented in random 
order. 

The error scores for the three groups x two types of 
"problems x, five problem blocks were treated by analysis 
of variance. (The exact significance levels of individual 
effects will not be given here. All the findings outlined 
were significant at beyond P «0-05.) The following error 
scores have been considered: total errors, that is, all 
errors.on trials two-ten inclusive; errors made on trial 
two, which is regarded as a good measure of learning set 
and especially of the amount learnt on the first trial; 
errors made on trial ten, which is a measure of the ultimate 
degree of learning within problems. 

Considering total errors, each group made more errors 
on the unbaited problems than on the baited problems 
(Fig. 1). "On the baited probléms both frontal groups 
made more errors than the normal group, but on the 
unbaited problems the groups did not differ significantly. 
During the first problem block the IC frontals made more 
errors on both types of problem than either of the other 
groups. By the fifth block, however, their performance 
did not differ significantly from that of the normals. In 
contrast, the SC frontals did not differ significantly from 
the controls during the first problem bloek, but during the 
fifth block they made more errors on both types of problem 
than either of the other groups. Thus the nature of the 
defect seems to be different in the two frontal groups. 
The SC group had an impairment of learning without a 
depressed initial level of performance, whereas the IC 
group had a depressed initial level of performance without 
a learning defect. This may reflect the different anatomical 
connexions of the two areas’. 

The SC frontals also showed evidence of defective 
within-problem learning. On the unbaited problems they 
made more errors on trial ten than either of the other 
groups (Fig. 2), even though the errors in trial two of the 
three groups did not differ significantly. (Conclusions 
about within-problem learning cannot be drawn from the 
baited problems because here both frontal groups made 
more errors on trial two than the normal controla.) 

The results confirm the finding of a frontal impairment 
on visual diserimination learning set! which is not de- 
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pendent on ablation of the inferior convexity. They differ 
from those of Brush et al (as do the cortical excisions) 
in that we have found no evidence of a differential frontal 
impairment on first trial unbaited problems, and our data 
do not support the view that frontal ablations create 
difficulty in reversing initial stimulus preferences. Nor is 
this view supported by data from an independent experi- 
ment (paper read by J. O. at the EPS meeting in London, 
January 1969). Rather, ablation of the superior convexity 
seems to result in a generalized learning set deficit. This 
is of some interest because the ability to develop learning 
sets, which are of obvious behavioural importance to 
animals high in the phylogenetic scale, is on the whole 
restricted to species with well developed frontal cortex. 
This work was supported by a grant from the Mental 
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research fellowship. 
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Book Reviews 


REPROCESSING PROBLEMS 


Engineering for Nuclear Fuel Reprocessing 
By Justin T. Long. Pp. ix--1023. (Gordon and Breach: 
New York and London, August 1968.) 515s. 


First drafts of the various sections of this book, which is 
sponsored by the US Atomic Energy Commission, were 
prepared by a group of engineers in the Chemical 
Technology Division at Oak Ridge National Laboratory, 
and the final writing and editing were done by Dr Long. 
This arrangement ensured that each section would be 
authoritative and that there would be continuity as well 
as a degree of uniformity throughout. So many pro jects 
in other countries, including Britain, drew on this great 
and freely available reservoir of information that 1t would 
be ungenerous not to acknowledge the debt. Those 
readers, however, who are interested in future develop- 
ments will regret that the date of the most recently 
quoted literature is 1963 (except two dated 1964). As a 
result, relatively little space is devoted to current and 
future reprocessing problems whereas obsolete or abortive 
processes are described in detail. It also becomes evident 
from the introduction that the author is really only con- 
cerned with the American scene. Here (and also on page 
539) it is claimed that “the first successful solvent extrac- 
tion process for the recovery of both plutonium and 
uranium in decontaminated form was . . . the Redox 


process”. Research on this process may well have started 


first, but the Butex plant at Windscale actually began 
active operations early in 1952, whereas the Redox plant 
at Hanford did not start until the following October. 
The Butex plant, moreover, used a salt free nitric acid 
feed, an advance which the author claims for the subse- 
quent American Purex process. 

Following on the general introduction there is a very 
useful chapter on “Special Considerations in Radio- 
chemical Processing" in which the principles of radio- 
active growth and decay, of shielding, criticality, plant 
maintenance, waste treatment and disposal are set out. 
Chapter three deals with the chemistry of separations 
processes, including solvent extraction, absorption, pre- 
cipitation and non-aqueous methods, and chapter four 
covers “Spent Fuel Dissolution”. Here again, the balance 
of treatment seems outdated. While several pages are 
devoted to excellent, detailed accounts of the dissolution 
of metal fuels, uranium dioxide is dismissed in two 
paragraphs, plutonium dioxide fuels in one, and coated 
particle fuels are scarcely mentioned. Agitation, centri- 
fugation, filtration, fluidization and mechanical separations 
including deeanning are dealt with in chgpter five. 


1273 


Fluidization is introduced chiefly in connexion with the 
production of feed materials although this subject does 
not properly fall within the theme of reprocessing. 
Chapter six on "Fluid Flow” and chapter seven on "Heat 
Transfer Operations" contain valuable descriptions of 
pipe welding and remote connecting techniques and of ' 
plant for heating, cooling, calcining and various other 
types of operation. Perhaps the most interesting and 
important chapter is that on ‘Solvent Extraction” . 
(chapter eight). Packed and pulsed columns and mixer 
settlers are fully described, though most space is devoted 
to pulsed columns. As some referenzes are made here to 
air operated systems and to Britisa work on them, it 
seems a pity that the first air lift mixer settler developed 
by ICI Widnes Laboratory in 1949 is not mentioned. 
The account of the Savannah River centrifuge plant is 
especially valuable in view of the potentiality of thé 
centrifuge for fast reactor reprocessing, though the lack of 
more recent information on this subject is particularly 
regrettable. Chapter nine, on “Other Mass Transfer 
Operations", deals with nitric acid recovery, distillation, | 
absorption of gaseous fission products and of radio-iodine, 
ion exchange methods and the foam separation process. - 
Comprehensive accounts of American plant instru- 
mentation and auxiliary equipment are given in chapters 
ten and eleven, and the various considerations affecting 


plant location and design are presented in chapter twelve. 
Neither here nor elsewhere in the book, however, is there 
any attempt to deal specifically wit plutonium finishing 
processes and plant. Another deficiency, which would 
seem important to European readers, is the omission of 
any reference to coastal locations and to the technology of 
low level waste disposal through seaward pipelines. The 
final chapters are entitled “Plant Management and Opera- 
tion" and "Radiochemieal Processing Costs", and the 
book is rounded off by seven useful appendices listing 
fission product and heavy nuclide deta, shielding informa- 
tion, plant start up procedures, and she like. Illustrations 
and diagrams are good and textual errors are rare. As 
an exposition of principles and as a record of American 
work before 1963, this is an excelient book. Principal 
libraries providing a reference servise in the field clearly 
must have it, but it seems doubtful whether many indivi- 
duals will feel justified in buying it at the price of 5156. 

x R. SPENCE 


NUCLEAR THEORY 


introduction to Nuclear Theory 
By I. E. McCarthy. Pp.xv+555. (Wiley: New York and 
London, January 1969.) 125s. 


+ 
IN this book, Professor McCarthy prosents an introduction 
to nuelear theory from the point of view of a nuclear physi- 
cist primarily interested in the use of nuclear reactions 
in the study of nuclear structure. This approach gives a 
unified theme to the book although it leads in places to a 
slightly unexpected selection of topics. 

Approximately one-third of the book is concerned with 
what is usually called nuclear structure theory and deals 
with the nucleon-nucleon interaction, nuclear matter, the 
shell model, collective models, and Hartree-Fock theory. 
These topics are discussed in considerable mathematical 
detail, but there is frequent reference to experimental 
results for guidance, particularly from those nuclear 
reactions which reveal single-particle aspects of nuclei. 
The remaining two-thirds of the beok is concerned with 
nuelear reaetions and scattering with 'an emphasis on 
direct reactions at medium energies. In addition to 
familiar topics such as elastic scattering in the framework 
of the optical model, distorted wave theory for inelastic 
scattering and rearrangement and break-up reactions, and 
compound nucleus théory, this section also includes a 
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diseussion of wave-packet scattering and of the three- 
body problem. There is an excellent appendix which 
covers basic formulae of angular momentum theory and 
functions required in the analysis of potential scattering. 
There is also an unusually up to date and well chosen list 
of references. | 

The range of material included is wide. Some of the 
topies, such as an elementary treatment of the deuteron 
and the introduction to the shell model, would normally 
de included in an undergraduate course in Britain, but 
the general level is that of an advanced postgraduate 
eourse and much of the material will be of value to experi- 
enced research workers in the field. For some topics, 
which depend on very advanced or unfamiliar aspects of 
quantum mechanics, a detailed step by step derivation 
ef the required results is given. This procedure may 
cause the casual reader to lose touch with the main 
theme, but it should be helpful to those who want to 
know exactly how a result is derived or how a calculation 
is carried out. In fact, the author has succeeded admirably 
m his attempt to explain how each part of the theory is 
related to the central theme and how the relevant caleula- 
tions are done. The reader may, however, be left still 
wondering why nuclear theory has developed in a particu- 
lar way and why the results take a particular form. 

DaruwNE EF. JACKSON 


LABORATORY PHYSICS 


Practical Physics 
By G. L. Squires. 
head, 1968.) 48s. 


Tuis book is clearly intended to produce in the under- 
graduate student a proper and critical appreciation of 
a laboratory physies course of the traditional type. 
Because it stands a good chance of success (and has in 
fact been found to achieve it), it is a valuable asset in the 
administration of such a course. The book does not 
prescribe an actual course, although it does describe a 
certain number of experiments as examples to illustrate 
particular principles of experimentation of fairly general 
application. It does not give much ififormation, even of a 
general sort, about the design and operation of experi- 
mental apparatus. There is a good deal of information 
about random errors and the statistical handling of 
experimental results; indeed, it is my opinion that 
undergraduates fall with too much avidity on the statisti- 
cal analysis of errors because they think to see a way of 
substituting obedience to mathematical prescription for 
the necessity of thought, and I feel that the book ought 
to warn more stridently against the misapplication of the 
assumption of random error. There are well placed 
warnings agamst arithmetical error, and good advice 
(which might again be stronger) in favour of well-tabulated 
and self-checking systems of calculation. There is helpful 
advice on the planning and construction of a scientific 
paper, and a useful list of reference books as well as a 
more local set of references on units and constants, on 
error distributions, and on simple least-square formulae. 
H. J. J. BRADDICK 


Pp. x+ 224. (McGraw-Hill: Maiden- 


AROMATICITY 


Aromatic Character and Aromaticity — — .— 
By G. M. Badger. Pp. vni+ 1338. (Cambridge University 


Press: London, January 1969.) 35s, $6 boards; 12s 
paper. 


Tuis is one of a series of books intended for final year 
honours chemistry undergraduatef and graduates begin- 
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ning advanced courses. Its subject has interested chemists 
for a long time, not least because of the growing under- 
standing that aromaticity cannot adequately be defined 
in terms of chemical reactivity. With this difficulty in 
view, the first chapter leads up to a definition of aromati- 
city based on the inclusion of all the z-eleetrons from all 
the annular atoms of a cyolie structure in bonding mole- 
cular orbitals. This definition in terms of electronic 
structure is, as the author points out, the main object 
of the book. The need to define aromaticity at all may be 
questioned by some, but undergraduates are inclined to 
suffer frustration when exposed to vague concepts which 
more experienced postgraduates take for granted. It 
may also be said that the ability of a compound to sustain 
an induced ring current is a sufficient requisite for aroma- 
ticity. Nevertheless, the author's attempt to define 
aromaticity simply, and in terms of valence, has obvious 
attractions to the chemist. 

The application of molecular orbital and valence bond 
theories to aromatie compounds receives straightforward, 
if somewhat uncritical, attention. Though this is desirable 
for undergraduate readers, it is less so for graduates who 
might wish to develop more theoretical interests. For 
instance, the pitfalls apparent in the simple Hückel 
molecular orbital treatment of non-alternant hydrocarbons 
and rings containing heteroatoms, the uses of improved 
Hückel models and the self-consistent field approach, 
might have been briefly mentioned. The applicability 
of the rules of Hückel and Craig does, however, reeeive 
adequate attention and, because an outstanding quality 
of the book is its simple approach, inelusion of more 
theoretieal material might have made it less readable. 
In the second chapter, there follows a discussion of those 
aspects of bond lengths, resonance energies, electron 
absorption spectra and induced ring currents peculiar 
to aromatic molecules and ions. The third chapter con- 
tains a systematic survey of non-benzenoid hydrocarbons 
containing 2, 4, 6, 8, 10, ete., rz-electrons, including the 
interesting cases of [16], [18] and [30] annulenes. The 
final chapter completes the survey with more complex 
systems such as the equivocal case of fulvene, the metallo- 
cenes and polycyclic systems. Almost all systems which 
are generally considered to be aromatic are included, 
but there is no mention of either antiaromaticity or 
homoaromaticity. This is a pity, because these deriva- 
tive terms represent areas of growing and considerable 
interest. 

Altogether, however, the impression conveyed is favour- 
able, largely because the book is so readable. None but 
the salient facts are included which makes for a short 
text, and yet the subject appears to be developed without 
haste. The book should prove useful to undergraduates 
and stimulating to any chemist who is seeking either an 
introduction to this subject or reading material outside 
his own field of interest. The price of the paperback copy 
is remarkably low and is well within the means of under- 
graduates. R. E. Bessy 


EARTHQUAKE PREDICTION 


The Great Alaska Earthquake of 1964 

Part A: Hydrology. Part B: Portfolio of 7 Charts. 
By the Committee on the Alaska Earthquake of the 
Division of Earth Sciences, National Research Council. 


Pp. (Part A) xvii +441. (National Academy of Scienees— 
National Research Council: Washington DG, 1968) 


819.75. 


Tue consequences of an earthquake are as meny and 
varied as the causes are few. A really major esrihquako 
like the Alaska earthquake of 1964 occurs very roughly 


already some seismologists are expressing surprise that the 
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inexorable strain building processes have not yet revealed 
themselves again in such a gigantic way. But the trouble 
is that every earthquake produces different large-scale 
local effects and the intensive study of one earthquake may 
be of no value in terms of prevention and cure for the 
mishaps of the next one. Even two major earthquakes 
situated in the same region may wreak disaster in totally 
different ways. In reading this book, therefore, I think one 
must ask not so much “is it interesting ?" as, “what does it 
teach us within the terms of President Johnson's request 
to the scientifie community ?". "This was a request to 
assemble a comprehensive account of the earthquake and 
its effects so as to enable scientists to investigate predictive 
possibilities and cope with the after-effects. 

Much of the book has been previously published in 
journals and professional papers, and I found it fascinating. 
The amount of detail recorded about glaciers, water levels, 
snowslides and aquifers is overwhelming. One can learn 
that seventeen out of twenty-five wells in Luzon recorded 
water level fluctuations of 1 to 15 em. One can look at a 
multitude of aerial photographs of glaciers in Alaska. But 
intriguing as all this is, the hydrological consequences to 
mankind are difficult to abstract in the way that President 
Johnson would have wanted. True, Robert Goldthwaite 
in his conclusions tries to draw together from the diversity 
of data a compendium of hydrologic hazards. His con- 
clusions, as he himself admits, are in the “what might have 
been" category, as the location of the earthquake was 
fortunate in terms of hydrological dangers. Accordingly. 
some of the recommendations seem obvious and of 
insufficient impact to cause a stir. No rational person 
builds his house or road in the vicinity of a prospective 
avalanche or rockslide nor near the shores of inland lakes 
liable to seiche— but thousands are built there nevertheless 
and it will need more than this report to stop them. The 
argument “it won't happen here" is unfortunately 99 per 
cent true and the hazards are so unpredictable that many 
will ignore them. Perhaps the most valuable eontribution 
is the recommendation of the continual monitoring of well 
levels, surface water changes and lake tilts as possible 
earthquake predictors. These are long term programmes 
but ones in which hydrology could play a major part. 

D. Davies 


STRANGE SIGHTINGS 


In the Wake of the Sea-Serpents 

By Bernard Heuvelmans. Translated from the French by 
Richard Garnett. Pp. 645--75 plates. (Hart-Davis: 
London, 1968.) 84s. 


Reports of monstrous sea serpents have something in 
common with alleged sightings of unidentified flying 
objects; both tend to split their audience into two 
distinet camps—the eredulous or open-minded, and the 
incredulous, some, including Bernard Heuvelmans, would 
say blinkered, seepties. Of course, the existence of sea 
serpents is inherently more probable than the existence 
of unidentified flying objects and nobody can assert that 
all the fauna, even all the large animals of the oceans, have 
been recorded. On the other hand, it is hard to take 
seriously Heuvelmans’s conclusion that there are nine 
different types of large marine animal which can be 
included in the general category of sea serpents and 
which have yet to be captured and examined at close 
quarters. 

Inthe Wake of the Sea-Serpents is the English translation 
and abridgment of Le Grand Serpent-de-Mer which was 
originally published in 1965. Fer good measure, a very 
much condensed version of another of Heuvelmans’s 
books, Le Kraken et le Poulpe Colossal (1958), has been 
added as the second chapter of the translation. This 
describes how the fearful Kraken of Scandufavian legend 
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was identified as a species of giant squid, and it serves 
to put the reader in a receptive frame of mind for what 
follows—a discussion of almost every report of sea 
serpents since 1639. One by one the author analyses 
587 reports and their claims to serious attention, and as he , 
dismisses 238 reports as hoaxes, mistakes, or simplw 
vague and therefore doubtful sightings, Heuvelmans 
begins to build up confidence in the notion that there must 
be something behind those reports which pass muster. 

All this makes interesting reading, full of amusing 
anecdotes, but in the final chapter, "Disentangled and 
Classified at Last”, the author destroys the readers 
confidence by grossly overstating his case. As the title 
of this chapter implies, he claims to classify and give 
anatomical and ecological details of nine types of unknown 
sea animals: the long-necked, the merhorse, the many- 
humped, the many-finned, the super-otter, the super-eel, 
the marine saurian, the father-ef-all-turtles, and the 
yellow-belly. 

As an example, Heuvelmans says the long-necked sea 
animal, which according to his evidence is the most fre- 
quently sighted of them all, 1s cigar-shaped or serpentine, 
and much bigger than the largest pinniped. He goes on to 
say that “the relatively small head is round in shape with à 
somewhat tapering muzzle, sometimes like that of a seal 
or dog, sometimes like that of a horse, camel or giraffe’. 
Lest readers begin to think the creature is all things to all 
observers, he adds, "this apparent contradiction in testi- 
mony is doubtless due to the head lengthening with age, as 
is the rule among mammals”. Apparently, the creature 
has poor eyesight and, “considering the murkiness of the 
waters it sometimes frequents—for instance Loch Ness— 
it must hunt its prey chiefly by sonar, as all pinnipeds seem 
todo". Blithe acceptance of the Loch Ness monster gives 
the game away of course. Nowhere in the book does 
Heuvelmans discuss the fact that the Loch was glaciated 
at the time that it might have been colonized by a sea 
serpent. 

Heuvelmans accepts 82 sightings of the most frequently 
sighted sea serpents. His descriptions of the less com- 
monly observed types are perforce even more general and 
even less convincing. Heuvelmans would have better 
served his cause if, like the encyclopaedia he quotes in his 
first chapter, he hag contented hanself with saying: “there 
is still a residuum sufficient to prevent modern zoologists 
from denying the possibility thet some such creature may 
after all exist”. 

The recent reports of a 35-ton sea creature washed up 
on a Mexican beach (see, for example, the London Times, 
March 7) are more grist for Heuvelmans's mill. The 
creature is described as being serpent-like, with a body 
covered in hard jointed armour and a 10 foot tusk pro- 
jecting from its head, but as with several similar episodes 
described by Heuvelmans the body is said to be in a poor 
state of preservation, so whether it will prove Hoeuvelmans's 
case remains to be seen. 

Note added in proof. Since this review went to press, the 
Mexican monster, like so mamy of its predecessors, has 
been identified as a whale (London Times, Mareh 17). 

J. PoozE 


PLANT CHiIMAERAS 


Plant Chimeras 

By W. Neilson-Jones.  Seeond edition. 
Monographs on Biological Subjects.) 
(Methuen: London, January 1969.) $55. 


(Methuen's 
Pp. vii4 123. 


Tug first edition of Plant Chimeras, published thirty-tive 
years ago, was a landmark in the understanding of this 
fascinating subject. In this new edition, the author has 
clearly set out to write a readable book, and im order to 
achieve this aim he kas been fairly selective in his choice 
of references. Nevertheless, only a quarter of the 134 
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references lave been published since the first edition, 
which is more a reflexion of how much the book rather 
than how much our knowledge of the subject has changed. 
The treatment of the subject remains descriptive, whereas 
an analytieal approach would now be more helpful. 
"Thus we are told of certain common kinds of chimaera 
structure and bud variation, but not of how many kinds 
of structure and structural changes are possible, even 
though these are now well described in the literature. 
The descriptions of the principal chimaeras could be im. 
proved by more illustrations, and it is surprising to find 
so httle mention of flower and fruit chimaeras, and the 
complete absence of the interesting work on potato 
chimaeras. Two or three references have been misunder- 
stood, and the very impressive work of the Berganns in 
Germany has received far too little attention. These 
criticisms apart, the descriptions are accurate and examples 
of many of the most interesting chimaeras are well dis- 
cussed, One of the triumphs of chimaera studies, properly 
emphasized by the author, has been to show how between 
species, and even between varieties of a species, the rigid 
arrangement of two or three germ layers in the shoot apex 
can each make remarkably varying contributions to the 
tissues of the leaf, and also how the growing points 
themselves may vary markedly in their stability. 

A significant portion of the book gives an admirable 
account of the principal arguments, observations and 
experiments in one of the great debates of botanical 
history, the evolution of which spanned over fifty years 
particularly from the late nineteenth to the early twentieth 
century. It centred around the idea that artificial hybrids 
were produced by the fusion of vegetative cells after 
grafüng just as natural hybrids were produced by the 
fusion of sexual cells after pollination. The graft hybrid 
hypothesis assumed that fusion took place between 
vegetative nuclei of stock and scion resulting in the 
production of a homogeneous hybrid growing point, and 
any bud variations were thought to be a consequence of 
somatie segregation. At the turn of the century the 
hypothesis provided an explanation for the cdd behaviour 
of several cultivated trees normally propagated by 
grafting. But profuse description in support of the 
hypothesis was soon to be given a severe jolt by the 
new experiments of Winkler and Baur, and the radically 
different chimaera hypothesis that Basr proposed. There 
followed a classic example of prolonged resistance by 
exponents of the old hypothesis in the face of mounting 
evidence and widespread support for the new. 

Taken as a whole, Professor Neilson-Jones has written 
a worthy account of plant chimaeras. Many botanists 
will certainly enjoy this book, but I would also recommend 
it to all who would like to know a little more about some 
of the fascinating plants that are to be seen every day in 
our own as well as public and botanic gardens. 

R. A. E. TILNEY-BASSETT 


INFORMATION RETRIEVAL 


Information Retrieval Systems 

Characteristics, Testing and Evaluation. By Wilfred F. 
Laneaster. (Information Seiences Series.) Pp. xiv 4- 222. 
(Wiley: New York and London, January 1960.) 84s. 


Tars very clearly written book provides an analysis of 
the basie elements of an information retrieval system 
from the viewpoint of an information system evaluator. 
Lancaster, in his work at the National Library of Medicine, 
Washington, has been deeply involved in the evaluation 
programme of MEDLARS (Medical Literature Analysis 
and Retrieval System), one of the largest mechanized 
information retrieval systems in the world and the source 
of many of the excellent concrete examples which are a 
notable feature of this book. ld 
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The NLM produces, in Index M edicus, a conventional 
"pre-eoordinate" index for visual scanning, and the 
computerized search of the MEDLARS “‘post-coordinate”’ 
index complements this. As is commonly the ease, the 
development of computerization has impressed on systems 
designers and operators the need to be thoroughly 
conscious of their objectives, of the exact nature 
of the actions they are taking to meet them, and of 
the need to be clear and explicit in communicating 
their intentions. This is very apparent in Lancaster’s 
treatment. 

The book deals primarily “with those ‘intellectual’ 
factors that significantly affect the performance of all 
information retrieval systems; namely, indexing policy 
and practice, vocabulary control, searching strategies, 
interaction between the system and its users". It does 
not deal, except indirectly, with equipment for the imple- 
mentation of retrieval systems. Lancaster states forth- 
rightly his contention ‘‘that the importance of ‘hardware’ 
and ‘data processing’ aspects of information systems has 
been exaggerated in the United States". 

The book divides into roughly two halves. The first 
deseribes in very concentrated fashion the essentials of 
indexing and searching; that is to say, deseribing suc- 
cinctly the information content of documents and organiz- 
ing these “index descriptions” so that they indicate with 
maximum efficiency that set of documents most likely to 
contain information relevant to the user’s need when he 
puts a question to the index. The nature of “index 
devices" is considered—the various ways, fundamental 
and common to all indexing systems, conventional or 
mechanized, of defining document sets so that a search 
can be adjusted rapidly and effectively to the needs of the 
situation. The latter may be one of too many documents 
thrusting forward, or too few appearing—-and those not 
quite what the questioner had in mind. Particularly 
valuable features of this book are the detailed deseriptions 
of searches and the interaction between index and user. 
Inter alia, these demonstrate the extraordinary difficulty 
that many scientific workers, like people in general, find 
in saying exactly what they really want. 

The second half considers the problems of evaluating 
the efficiency, both operational and economie, of an IR 
system. "This draws heavily on the findings of Cleverdon 
and the Aslib—Cranfield team (of which Lancaster was once 
a member), while confining itself strietly to the problems 
of an operational system. 

It shows very clearly indeed the constant interaction of 
the various faetors determining recall and preeision; for 
example, index language (“the quality of the index 
language is probably the most important single factor 
27), indexing policies as to exhaustivity and specificity, 
competence of indexing personnel, and the search preserip- 
tion. 

One might quibble over a few details; for example, the 
size and characteristics of the “code vocabulary” (the 
basic set of working terms, used singly or in combination, 
in index descriptions) have more influence than is imphed 
(page 82). There are narrow limits to the degree to which 
a specific class (for example, a botanical species) can be 
defined by coordination of broader terms. The use of 
the term “entry term" seems unfortunate—‘“lead-in 
term" would be less ambiguous. One might agree with 
Saul Herner in his foreword that retrospective search is 
by no means the whole story in IR—but that is another 
story and one which Laneaster doesn’t claim to tell. 
These are minor points and are far outweighed by the host 
of invaluable points for anyone engaged in IR. A small 
example is the surprising fact that for a large system 
the best seareh performance tends to be on requests 
arriving by mail—that is to say, with minimum system- 
user interaction. 

This book should prove an excellent introduetion to a 
neweomer to the subject of IR as well as stimulating and 
instructive tq those already engaged in it. J. MILLS 
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Correspondence 


Why so Long Delayed ? 


SiR,—A recent article in Nature calls for reply. It 
is important to distinguish between expeditions which 
aim at mainly qualitative results and which bring 
back, in effect, reference collections from the areas visited, 
and expeditions whose aim is to obtain the seasonal and 
spatial sampling of an area necessary for ecological and 
biogeographical studies. Such expeditions are by their 
nature long term and to a large extent employ their own 
staff both for collecting and for working up their material. 
Both kinds of expeditions possess abundant material of 
great value to systematists and biogeographers which is 
made available to outside specialists when required. 
Requests of this kind for Discovery material are still 
received at a rate of two or three each year and the 
National Institute of Oceanography could boast justi- 
fiably of possessing such a collection. 

The “qualitative” kind of expedition, being dependent 
on the availability of systematists, does not and eannot 
expeet to get reports on every group published rapidly, 
while the speed with which the “quantitative” kind of 
expedition gets out reports is more dependent on how 
long it takes to achieve satisfactory coverage of its area 
in space and time. None the less, "delayed" systematic 
results are still of great value, reviewing as they do & 
colleetion in the light of the most up to date information 
available at the time of going to press. 

For cll oceanographic biological collections, the very 
nature of the material collected is eause for delay; each 
sample consists of a mixture of numerous diverse organ- 
isms which must be sorted into component taxa before 
being passed to systematists or ecologists for further 
analysis, and the proper analysis of the frequently very 
abundant material is inevitably a long process. 

Despite these considerable difficulties in sorting and 
working up eolleetions, has the performance been, in 
general, as bad as your article suggests ? 

The Challenger returned to England in 1876 and the 
first volume of reports appeared in 1880. The last, apart 
from the Summary of Results (1895), appeared in 1889. 
Anyone who looks at these reports must be amazed not 
that they took so long to produce but that such an 
immense task could be accomplished so quickly. If there 
are new Challenger reports still appearing as your 
article affirms, I seemed to have missed seeing them. 

The Discovery expedition consisted of a series of 
mainly Antarctic voyages between 1925 and 1951 (except- 
ing the ten years 1939-49 when a war and its after-effects 
intervened). The first voyage ended in October 1927 and 
the first Discovery report appeared in January 1929; 
the first volume was completed in December of the same 
year; by 1949, when the expedition was absorbed into 
the National Institute of Oceanography, 129 reports in 
twenty-five volumes had been published and a further 
fifty-one reports have since appeared. The Discovery 
Reports are for the publieation of the results of the 
Discovery Committee's work and researches arising from. 
it, including, for example, the larger papers of the insti- 
tute's Whale Researeh Unit and systematie papers on 
some remaining, mainly smaller, groups from the collec- 
tion. The biological work of the National Institute of 
Oceanography other than that of the Whale Research 
Unit has not been concerned with the Arfaretie for a 
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number of years and appears in a variety of other pebliea- 
tions. 
Your article offers the suggestion that expeditions 
should now restrict collecting and eoncentrate on working 


up the material they already have. As, to the »est of. 


my knowledge, the Challenger, Dana and Atiantide 
ceased collecting in 1876, 1929 and 1946 respectively, 
there remains only ‘‘Discovery” of the expeditions men- 
tioned to which this suggestion cam refer. 'The present 
RRS Discovery makes, on average, one biologica! 
cruise each year, not it is true to make “General Collee- 
tions"! but to carry out programmes of sampling planned 
to investigate specific, mainly ecological, problems with 
the aid of the increasingly accurate sampling techniques 
devised by cooperation between engineers, applied physi- 
cists and biologists working together at the National 
Institute. 

Nor have the problems of sort:zng and analysis been 
neglected; the material from last year’s cruise (djanuary- 
April 1968) was sorted by the end of August and reports 
on some of it are ready for press; any subsequent delays 
can hardly be held to be the fault of the marine biologists. 

Yours faitafully, 
P. M. Davin 
National Institute of Oceanography, 
Wormley, Godalming, 
Surrey. 


i David, P. M., “Pelagic Organisms in the Seperficial Layers", i Sympüsium 
on Antarctie Oceanography, Santiago, 1966, 24-29 (Cambridge, Scott 
Polar Research Institute, 1968). 


Srg,—An article in Nature maintains that marine 
biologists are slow in publishing their results: and that 
they ought to find a quicker way of producing their 
papers. As a marine biologist, I turn to Nature for some 
advice. 

Separating biogeographers and ecologists from taxono- 
mists is a difficult task because they are often one person. 
Almost all taxonomists are interested in biegeography, 
and most of them in ecology as well. Conversely, an 
ecologist who does not base his work on carefu: taxonomic 
work should hever be allowed to publish. Hence, it has 
become customary for biogeographers and ecologists to 
wait until their maéerial has become properly identified 
which takes a long time. Perhaps Nature can say how 
this difficulty may be overcome» ? 

It is true that marine biologists and archaeologists 
behave similarly when on expeditions. They both have 
the same bad habit of taking advantage of every bit of 
evidence found, knowing that otherwise the information 
gained may not be found at all. When, cn board the 
Galathea, I came across ten specimens of a patelloid 
appearance which later turned out to be Neopilina, I 
should perhaps have thrown them overboárd because at 
that time we had no specialist ready to take over the 
treatment of the Deep Sea prosobranchs to which they 
apparently belonged. We ought perhaps to have restricted 
ourselves to taking back speeimens of those well defined 
groups on which specialists were eagerly awaiting new 
material. I am sure that J/ature can tel us what we 
should have done if some of these specialisss had died in 
the meantime and their suecessors wanted material of 
neighbouring groups instead ? And where I should have 
got the money from for a new expedition when-—some 
day—I decided to detect Neopilina ? 

Finally, may I seek Neture’s assistance in solving 
another recent problem of mine?  Hecently 1 received 
from the Indian Ocean Centre their material on pelagic 
nudibranchs collected as follows: one sample in 1960, 
thirteen in 1962, forty in 1063, thirty-niae in 1964 and 
fourteen in 1965. The sorting could hardly have been 
performed more quickly, but my problem is how much of 
it is already qut of date ? Hf I concentrate on this (which 
I cannot do because of my other work] it will take at 
least a year to examine the samples, write out particulars, 
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arrange tables, produce illustrations and, finally, to write 
the manuscript. Then comes a delay of up to two years 
before printing and distribution have taken place, and 
by that time (in 1972 at the earliest) all the material is 
more than five years old. Maybe the whole study is not 
` worth while—or is it ? 

Yours faithfully, 


HENNING LEMCHE 


Universitetets Zoologiske Museum. 
Universitetsparken 15, 
København Ø, Danmark. 


Editor's Note—Both these letters refer to an article in 
Nature (220, 855; 1968). 


University News 


Professor W. Mackay has been appointed to the chair 
of haematology at King’s College Hospital Medical 
School, London. The title of professor of clinical pharma- 
cology has been conferred on Dr C. T. Dollery, Royal 
Postgraduate Medical School, and the title of professor 
of optical design has been conferred on Dr C. G. Wynne, 
Imperial College of Science and Technology. 


Dr R. F. Baddour has been appointed head of the Depart- 
ment of Chemical Engineering at the Massachusetts 
Institute of Technology. 


Dr M. S. Laverack has been appointed to the chair of 
marine biology, Gatty Marine Laboratory, University 
of St Andrews. 


Dr T. T. Sandel has been appointed chairman of the 
Department of Psychology, University of Washington. 


Announcements 


The following were elected fellows of the Royal Society 
on March 20; Professor H. B. Barlow, professor of 
physiological optics, School of Optometry, the University 
of California; Professor R. L. F. Boyd, professor of 
physics and director of the Mullard Space Science Research 
Laboratory, University College, London; Dr J. H. 
Chesters, deputy director of research. Midland Group, 
British Steel Corporation, Swinden Laboratories, Rother- 
ham; Dr A. H. Cook, deputy chief scientific officer, 
superintendent of the Standards Division, National 
Physical Laboratory ; Dr G. W. Cooke, deputy director 
and head of the Chemistry Department, Rothamsted 
Experimental Station, Harpenden, Hertfordshire ; Pro- 
fessor P. V. Danckwerts, Shell professor of chemical 
engineering, Department of Chemical Engineering, Uni- 
versity of Cambridge ; Dr P. Fatt, reader in biophysies, 
University Cgllege, London : Professor J. R. S. 
Fincham, professor of geneties, University of Leeds; 
Dr H. M. Finniston, deputy chairman (technical), 
British Steel Corporation, London ; Professor W. S. 
Fyfe, Royal Society research professor, Department of 
Geology, University of Manchester ; Professor W.R S. 
Garton, professor of spectroscopy, Imperial College of 
Science and Technology, London : Professor P. G. H. 
Gell, professor of immunological pathology, Medical 
School, University of Birmingham ; Professor Q. H. 
Gibson, professor of biochemistry and molecular biology, 
Cornell University ; Dr E. Glueckauf, deputy chief 
scientist and head of the Radiochemistry Branch, 
Chemistry Division, AERE, Harwell; Earl of Halsbury, 
director of the Distillers Co., Ltd. Head Wrightson and 
Co., Ltd, and Joseph Lucas (Industries), Ltd, London : 
Dr B. A. Hems? managing director. Glaxo Research, 
Ltd, Greenford, Middlesex ; Dr G. A. Horridge, reader 
in zoology and director of the Gatty Marine Laboratory, 
University of St Andrew's; Dr R. R. Jamison, chief 
engineer (research), Rolls Royee, Ltd, Bristol Engine 
Division: Dr A. Klug, MRC Lalfratory of Molecular 
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Biology, Cambridge; Dr L. W. Mapson, deputy chief 
scientific officer, Plant Division, ARC Food Research 
Institute, Norwich ; Professor A. W. Merrison, profes- 
sor of experimental physics, University of Liverpool, and 
direetor of the SRC Daresbury Nuclear Physies Labora- 
tory, Warrington, Lancashire; Professor C. W. Oatley, 
professor of electrical engineering, Department of Engin- 
eering, University of Cambridge ; Mr T. A. L. Paton, 
senior partner, Sir Alexander Gibb and Partners, London ; 
Professor W. S. Peart, professor of medicine, St Mary's 
Hospital Medical School, University of London ; Dr H. C. 
Pereira, recently director of the ARC of Central Africa in 
Rhodesia, Zambia and Malawi, director-designate, East 
Malling Research Station, Maidstone, Kent ; Dr L.A. B. 
Pilkington, director of Pilkington Brothers, Ltd, head 
of the Technical Function, St Helens. Lancashire, and 
chairman of Fibreglass, Ltd. London ; Professor 
C. T. C. Wall, professor of pure mathematics, University 
of Liverpool; Dr A. Walsh, assistant chief. Division of 
Chemical Physics, CSTRO, Melbourne : Professor P. F. 
Wareing, professor of botany, University College of 
Wales, Aberystwyth; Professor W. M. Watkins, head 
of the Department of Biochemistry, Lister Institute of 
Preventive Medicine, London, and professor of bio- 
chemistry in the University of London: Professor K. 
Wiesner, research professor of organie ehemistry, Uni- 
versity of New Brunswick ; Dr J. H. Wilkinson, deputy 
chief scientifie officer, Mathematies Division, National 
Physical Laboratory. 


The University of Bristol has appointed Professor A. W. 
Merrison as vice-chancellor from the beginning of the 
next academic year. Professor Merrison is 45, and has 
taught physics at the University of Liverpool since 1951. 
Since 1962 he has also been the director of the Daresbury 





Professor A. W. Merrison. 


Nuclear Physics Laboratory. In the past few months he 
was often mentioned as a possible director of the project 
to build a 300 GeV proton accelerator under the CE RN 
umbrella, chiefly because of the smoothness with which 
the Daresbury laboratory was completed. 


Erratum. In the review by Frank MeCapra of the book 
“Luminescence in Chemistry" (Nature, 221, 884: 1969) 
the last sentence of the penultimate paragraph should 
have read “The author's guesses about the reactions 
involved reinforce the plea for contributions from chemists 
to this difficult but potentially rewarding field”, 


Erratum. The title of the article by Sushil Kumar et al. 
(Nature, 221, 823; 1969) was altered without consulting 
the authors, with resultant loss of clarity. The original 
title read "Orientation and Control of Transcriptional 
Units containing Cistrons N,er, B, exo and int in E. coli 
Phage »". e 
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International Meetings 


April 9-11, Materials in Space Technology, Bristol 
(Secretary, British Interplanetary Society, 12 Bess- 
borough Gardens, London SW 1). 


May 14-16, 9th European Space Symposium, London 
(Secretary, British Interplanetary Society, 12 Bess- 
borough Gardens, London 3W1). 


May 19-23, The Management of Research and 
Development, London (Mr M. Cartwright, Harris and 
Hunter, Ltd, 69 New Oxford Street, London WCIl). 


May 20-21, Nutrition and Disease in Experimental 
Animals, London (Organizing Committee, Laboratory 
Animal Science Association, Department of Pathology. 
Huntingdon Researeh Centre, Huntingdon, UK). 


June 16-28, Physics with Storage Rings, Varenna 
(Dr M. Greco, Laboratori Nazionali di Frascati del 
CNEN, CP 70, 00044 Frascati, Rome, Italy). 


June 30-July 12, General Relativity and Cosmology, 
Varenna (Professor B. Bertotti, European Space Research 
Institute, CP 64, 00044 Frascati, Rome, Italy). 


July 14-25, Earth Observation Satellites, Cambridge 
(Secretary, British Interplanetary Society, 12 Bess- 
borough Gardens, London SW 1). 


July 14-26, Physics of High Energy Density, Varenna 
(Dr H. Knoepfel, Laboratorio Gas Ionizzati (EURATOM- 
CNEN), CP 65, 00044 Frascati, Rome, Italy). 


July 21-25, Analytical Chemistry, Birmingham (D. M. 
Peake, 61 Lodge Road, Walsall, UK). 


Sabbatical Itinerants 


In the hope of providing some practical assistance in the 
good cause of mobility between laboratories, Nature 
advertises the needs for housing of families about to 
take up periods of sabbatical leave. To begin with, 
no charge will be made for advertisements like this. 
It is hoped that a period of experiment will show what 
form these advertisements could most usefully take and 
whether they are effective. 


Vacant: Fully furnished pleasant first-floor self. 
contained flat for two in London; for one year 
from October 1969. Please contact Dr T. Clay, 17 
Kensington Park Gardens, London WIL. 


Vacant: Furnished house 8 minutes from station, 
situated near the river at Twickenham, 20 minutes 
by train from Central London. Four bedrooms. 
large lounge, dining room, spacious kitchen, tele- 
phone, garden. Available from June 20-September 
Please contact P. Sandiford, 


1507. 


Wanted : Furnished house or flat in the Notting- 
ham area, for Swedish professor of mathematics, 
wife and three sons (aged 10 to 15) from August 
1969 until approximately January 1. 1970. Please 
contact Professor A. J. M. Spencer, Department of 
Theoretical Mechanics, University of Nottingham, 
Nottingham, NG7 2RD. 


Society of London, Burlington House, Piceadilly, 
London WIV OJU. 


Y 





BRITISH DIA 


Monday, March 3! 





SW), at 10 a.m. —S8pring Conference and Annus General Meeting. 
INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, Lonücm. | 
at 5.30 p.m.—Mr J. A. Soper and Mr A. R. Fagg: "The Divided Winding 


Rotor Synchronous Generator"; Mr S. C. Kapoer, Mr 8. 8. Kalsi und Dr B. 


Adkins: "Improvement of Alternator Stability by Quadrature Excit 

INSTITUTION OF ELECTRICAL ENGINEERS (at Ravoy Place, Londen, WO2). 
at 5.30 p.m.— Dr P. Matthews: "Array Thinning”. 

INSTITUTION OF ELECTRONIC AND RADIO ENGINEERS, BOUTE WALES 
SECTION (joint meeting with the Institution of Blectrical Engineers, at the 
University of Wales Institute of Science and T eehnology, Cardiff), a& 6 pm. 
Mr M. B. Williams: "Digital Data Transmission. 

SOCIETY of CHEMICAL INDUSTRY, Loxpox SECTION (a£ 14 Belgrave 
Square, London, SW1), at 0.30 p.ni-—Mr L. G, Sherrington: "Rare Earths 


Monday, March 3I —Tuescay, April | 
MINERALS SCIENCE CLUB; and the BRITISH SOCIETY OF HRubkOLeGY (at the 









University of Surrey, Guildford)-- Meeting om "Mechanical Properties and 
Design”. 


Monday, March 3l —VVednesday, April 2 


PuyTOCHEMICAL Soctery (at the School of Pharmacy, University of 
Bristol)—Symposium on "Phytoehemical Phylogeny”. 

SOCIETY OF CHEMICAL INDUSTRY, FINE CHEMICALS AND DESTICIDES 
Groups (at the School of Pharmacy, Brunswick Square, London, WC 
Symposium on "Veterinary Pesticides", 


Monday, March 3l —Thursday, April 3 


ELEVENTH BRITISH THEORETICAL MECHANICS COLLOQUIUM tat the tni- 
versity of Nottingham). General lectures by Professor R. S. RivEn, Professor 
P. H. Roberts and Professor I. N. Sneddon. 


Tuesday, Apri | 


FLINTSHIRE COLLEGE OF TECHNOLOGY (at Üonnah's Quay, Deocside, Flint- 
shire)-— Tribology Meeting. 

INSTITUTION OF MECHANICAL ENGINEERS Cat the University cf Manchester 
Institute of Seience and Technology)- PHWscuselon meeting on “A New 
Approach to Machine Tools in Relation to the Componente They Make 
(Group Technology and Component Statistics)”. 

SOCIETY FOR ANALYTICAL CHEMISTRY, AUTOMATIC METHODS FROUP (at the 
Middlesex Hospital Medical School, Cleveland Street, London, Wi af 
10.80 a.m.— Demonstration Meeting. 

INSTITUTION OP ELECTRICAL ENGINEERS ‘at Savoy Place, London, WU2), 
at 5.30 p.rn.— Discussion meeting on “The Role of Energy Storage m the 
Effective Control of a Power System" opened by Mr A. Chortoe, Mr P. 5. K. 
Eaves and Mr M. J. Whitmarsh-Everiss. 

INSTITUTION OF ELECTRICAL ENGINEERS Qoint meeting with ihe Automatic 
Control Group of the Institution of Mechanical Engineers, av Savoy Place, 
London, WC2), at 6.30 p.m.-—Dr E. A. Freeman and Mr K. M. Abbott: "The 


Design of Optimal Multivariable Linear Control Systems’. 


INSTITUTION OF MECHANICAL ENGINEERS, MANIPULATIVE AND MECHANICAL 
HANDLING MACHINERY Grorr (at 1 Birdcage Walk, London, EW), af 6 pr. 
— Discussion meeting of? “The Use of Operational Research Techniques 
in Materials Handling Problema”. 


Tuesday, April 1 —Wednesday, April 2 


BRITISH RADIO SrECTROSCOPY GROUIP(DnD the Physics Department of the 
University of Exeter- Meeting on "Appi: tions of Radio-Erequency Tech- 
niques to the Study of the Electronic Properties of Solids". 

HIGH PRESSURE TECHNOLOGY ASSOCIATION (ab the Natiowal Engincering 
Laboratory, East Kilbride, Glasgow b-informal Discussion Meeting on 
“Deformation and Fracture st High Pressures”, 

SOCIETY FOR ANALYTICAL CHEMISTRY, THERMAL ANALYSEA GROUP (point 
meeting with the Clay Minerals Group of the Mineralogical Society, at the 
Houldsworth School of Applied Science, Ehe University, Weds), at G JO a.m. 
daily—Meeting on “Thermal Analysis in Clay Mineralogy”. 


Wednesday, April 2 


GEOLOGICAL SOCIETY OF LONDON, MARINE SrUDIES GROUP (in the Depart- 
ment of Geology, University of Man er) at 1.15 p.m. Meeting on 
"Progress in Marine Geology, with eapee d emphasis on Laberatory Studies ", 

BRITISH POSTGRADUATE MEDICAL FEDERATION, ÜNIVEBSIPY OF LONDON 
(at the Institute of Child Health, 30 Chillford Street, Londen, WEL). at 5,50 
p.m. —Professor Sir Brian Windeyer: The Place of Radiotherapy in Tunes 
of the Head and Neck" (first of three iectures on "Phe Solentific Basis af 
Dentistry"). 

INSTITUTION OF ELECTRICAL EXGINEERS (af Savoy Place, London, WES), 
at 5.30 p.m.—Mr J. G. Armstrong, Mr E. Dunford and Mr. Willard: "Low 
Noise "Travelling Waves Tubes", 

SOCIETY OF CHEMICAL INDUSTRY, PESTICIDES GROUP at the BSehool of 























Pharmacy, Brunswick Square, London. WED. at 6 p.m. Annual Genera 
Meeting. 

PLASTICS INSTITUTE (at the Wellcome Building, Eusten Road, London, 
NWI) at 6,80 p.m.—Mr L. W., Turner and Mr Bab. Keel: U"Crazing and 


Cracking Behaviour in Plastics’, 

CHILTERNS METALLURGICAL SocnETy (at Luton Col 
at 7 p.m.— Annual General Meeting, followed bv mesfi 
and Metallurgical Processes". 

PHARMACEUTICAL SOCIETY OF GREAT BRITAIN (at the School of Pharmacy, 
Brunswick Square, London, WCI) at 7 pm.--Professor Maurice-Maric 
Janot (Paris): “Recent Advances in Alkaloid Chee sry" (Hanburv 
Memorial Lecture), 


eb of Technology). 
e on "Natural Gas 
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UNIVERSITY OF LONDON (at the Institute of Orthopaedics, Royal National 
Orthopaedic Hospital, Great Portland Street, London, W1), at 8.15 p.m.— 
Professor G. Belyavin: "Viruses in Relation to the Locomotor System". 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 
Great Britain and Ireland 


. Fabian Tract No. 390: Democracy and Individual Rights. By Anthony 
Lester. Pp. 24. (London: Fabian Society, 1969.) 35. 62 
_ Building Research Station. Current Papers. 83/68: Ultimate Load 
Tests of Slabs Designed by the Strip Method. By G. S. T. Armer. (Re- 
printed from Proe. of the Institution of Civil Engineers.) Pp. 12, 84/68: The 
Theory of the Strip Method for Design of Slabs. By R. H. Wood and G. 8. T. 
Armer. (Reprinted from Prac. of the Institution of Civil Enginsers.) Pp. 
280-311. (Garston: Building Research Station, 1908.) [62 
Royal Observatory Bulletins. No. 137: Three-Colour Photometry of 
By Olin J. Eggen. Pp. E165-E305. pongen 
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4,000 Northern Stars, 
ILM. Stationery Office, 1968.) 23s net. [ 
. British Steel Corporation. BISRA Annual Report for the period ending 
september 28th, 1988. . 69. (London: The British Iron and Steel 
Research Association, 1968. (72 
Council for National Academie Awards. 1967-68 Report. Pp. 64. 
(London: Council for National Academic Awards, 1069.) [72 
, Department of Education and Science, Animals (Restriction of Importa- 
tion) Act 1964. Advisory Committee. Summary of Statistics year ending 
sist December 1967. Pp. jij +22, (London: H.M. Stationery Office, 
1960.) 42 net. us 
Challenger Society. Annual Report and Proceedings, 3, No. X X, 1968. 
Pp. 66. (Godalming: Challenger Society, e/o National Institute of Oceano- 
graphy, 1908.) 2s 6d. [72 
ieview Body on Doctors’ Renumeration—-Tenth Report. (Cmnd., 3884). 
Pp. v--19. (London: H.M. Stationery Office, 1960.) 22 6d net. [72 
University Grants Committee, Department of Education and Science 
Series, Statistics of Education 1960. Vol. 6: Universities. Pp. xti+ 157. 
(London: H.M. Stationery Office, 1969.) 406 net. [72 
The Dental Service. Pp. 32. (London: Office of Health Economics, 
1969.) 2s. 6d. 
, Journal of Biosocial Science, Vol. 1, No. 1 (Jan. 1960), Pp. 1-96. Pub- 
lished quarterly, Subscription rate: 140s.; 820, Single issues 37s. 6d.; $5. 
(Oxford and Edinburgh: Blackwell Scientific Publications, 1969. Published 
for the Galton Foundation.) {102 
Fruit and Vegetable Preservation Research Association. Technical Manual 
No. 1: Post-Process Sanitation in Canneries. By R. H. Thorpe and J. R, 
Everton. Pp. vi4 187. (Chipping Campden: Fruit and Vegetable Preser- 
vation Research Association, 1968.) 105s. {102 
Bulletin of the British Museum (Natural History). Zoology. Vol. i7, 
No. 4: A Revision of the Amphipod Genus Microdeutopus Costa (Gamma- 
ridea: Aoridae) By A. A. Myers, Pp. 91-148--1 plate. 25s. Vol. 17, 
No. È: Convergence in the Structure of the Head and Cutiele of Euchro- 
madora Species and Apparently Similar Nematodes. By W. Grant Inglis. 
Pp. 149-204. 228. Vol. 17, No. 6: A Nomenclatural Index to “A History of 
the British Marine Polyzoa” by T. Hincks (1880). By J. 8. Ryland. Pp. 
205-250. 22s, (London: British Museum (Natural History), 1969.) [112 
British Polymer Journal, Vol. 1, No. 1 (January 1969), Published bi- 
monthly, Pp. 1-50. Subscription rate: 160s.; single copies 27s. 64. 
(London: Society of Chemical Industry, 1969.) [112 
Buikling Research Station. Current Paper 85/08: A Review of the 
Literature on the Structure of Wind Turbulence, with special regard to Its 
Effect on Buildings. By Dr M. E. Jones. (Reprinted from Building Science.) 
Pp. 10. (Garston, Watford: Building Research Station, 1968.) [112 
Index to “Nottingham and Its Region", the Handbook prepared for the 
meeting of the British Association for the Advancement of Science, Notting- 
ham, 1966. Compiled by R. A. H, O'Neal and B. M, C, O'Neal. Pp. 33. 
(Derby: North Midland Branch of the Library Association, 1068.) [122 
Metais Information in Britain. A survey for the Office for Scientific and 
Technical Information by Aslib. Report prepared by Brian Vickery, 
Margaret Slater, Alexandra Presanis and Pamela Fisher, Pp. ix +125. 
(London: Aslib, 1960.) [129 
PEP Broadsheet 500: Personal Taxation, Incentives and Tax Reform. 
By €. V. Brown and D. A. Dawson. Pp.iv-118. (London: Political and 
Economie Planning, 1969.) 10s. [132 
Ministry of Transport: Road Research Laboratory. RRL Report LR 
191: Am Assessment of the Automotive Products "Antilok" Anti-Locking 
Braking System Fitted to an Articulated Vehicle. By H. A. Wilkins and 
3. P. Chinn. Pp. 941 plate. (Crowthorne, Berkshire: Road Research 
Laboratory, 1968. Gratis. [132 
The French Social Security System. Pp. 22. (London: Ambassade de 
Trance, Service de Presse et d'Information, 1969.) [132 
University of Birmingham. Report of the Vice-Chancellor and Principal 
for the calendar year 1968. Pp, 45, Report of the Council for the year ended 
3lst December 1968 and Accounts for the year ended 31st July, 1968, Pp. 40. 
(Birmingham: The University, 1969.) [132 
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Other Countries 


Czechoslovak Academy of Sciences: Institute of Microbiology. Annual 
Report of the Laboratory of Experimental Algology and Department of 
Applied Algology for the year 1967. Pp. 174. (Trebon: Czeehoslovak 
Academy of Sciences, Institute of Microbiology, 1968.) [102 

, Australia: Commonwealth Scientific and Industrial Research Organiza- 
tion. Division of Wildlife Research. Wildlife Research 1986-68. Pp. 67. 
o m: Commonwealth Seientifle and Industrial Research orent 

: 12 
Walter and Eliza Hall Institute of Medical Research. Annual Reports 
1967-1008. Pp. 97. (Parkville, Victoria: Walter and Eliza Hall Institute of 
Medical Research, 1968.) [113 

Australia: Department of External Affairs. Australian National Ánt- 
aretic Research Expeditions. ANARE Scientific Reports. Series A (IV) 
Glaciology, Publication No. 102: The Heat Budget and Heat Transfer 
Processes in Antarctic Plateau Ice and Sea Tee. By G. E. Weller. Pp. 155. 
(Melbourne: Antarctic Division, Department of External Affairs, 1968.) {112 

Proceedings of the 28th Arab Medical Congress held in Beirut, 4-8 June 
1960, Lebanon. Pp. 312. (Cairo: Ministry of Scientific Research, 1963.) [112 

ESRO/ELDO Space Documentation Service, Standard Profiles No. 51: 
Holography. Pp.4. (Neuilly-sur-Seine: ESRO/ELDO, 1968.) [122 

Experiment Station of the South African Sugar Association. Annua! 
Report, 1967-68. Pp. 90. (Mount Edgecombe, Natal: Experiment Station 
of the South African Sugar Association, 1968.) [122 

Progress in Geophysics: Report on the Geophysical Activities in the 
Republic of India, Jan.-Dec. 1965. Pp. 46--x. (Hyderabad: National 
weopuyalcal Research Institute, Council of Scientific and Industrial a 


[132 

US Department of Commerce: National Bureau of Standards, NBS 
Technical Note 459: Separation and Purification Section--Summary of 
Activities July 1967 to June 1968. Edited by David H. Freeman. Pp. xi 
45. (Washington, D.C.: Government Printing Office, 1968.) $0.60. [132 
National Research Council of Canada. Annual Report on Support of 
University Research 1967-88. Pp. viii--342. (Ottawa: National Research 
Council of Canada, 1968.) $0.50. [142 
Science Council of Canada, Special Study No. 6: Background Studies in 
Science Policy—Projeetions of R & D Manpower and Expenditure, By 
R. W. Jackson, D. W. Henderson and B. Leung. Pp. vili--85. (Ottawa: 
Queen's Printer, 1969.) $1.25. [142 
India: Council of Scientific and Industrial Research, Report of the 
Director of the Central Fuel Research Institute for the year 1965-68, Pp. 
v+68. (Dhanbad, Bihar: Central Fuel Research Institute, 1968.) [172 
Deutsches Hydrographisches Institut, Hamburg. Jahresbericht Nr. 99 
für das Jahr 1967, Pp. 152. (Hamburg: Deutsches Hydrographisches 
Institut, 1968.) 72 
US Department of Health, Education and Welfare. Public Health Service. 
The Social Sciences and Mental Retardation: Family Components. (Report 
of a Conference January 8-9, 1968, Bethesda, Maryland.) Pp. v--41. 
(Bethesda, Md.: National Institute of Child Health and Human Develop- 
ment, 1969.) [172 
Indian National Committee on Oceanie Research. Oceanography in 
India 1962-1966, (Report of Indian Participation in the International 
Indian Ocean Expedition.) Pp. 96 +46, (New Delhi: Indian National 
Committee on Oceanie Research, 1967.) [172 
Mauritius. Meteorological Observations and Climatological Summaries. 
October 1967, Pp. 32. November 1967. Pp. 32. December 1967, 2 
(Port Louis: Government Printer, 1968.) [172 
Sveriges Geologiska Undersökning, Ser. An: Kartblad i Skalan 1 : 50,000 
med Beskrivningar. Nr, 197: Bedkrivning till Kartbladet Laholm. Av 
Erik Mohrén och Walter Larsson. Pp. 123 med tva planscher, Ser. C, Nr. 
631: Huvuddragen av Garpenbergstraktens Bergbvggnad. Av Torsten du 
Rietz. Pp. 22. (English Abstract.) Ser. C. Nr. 639: Some Deposits and 
Mierofaunas from the Upper Jurassic in Seania, with New Species of Oatra- 
cods. By Ole Bruun Christensen. Pp.46, Ser. C, Nr. 632: Botanical Inves- 
tigations into the Fossil Flora of Eriksdal in Fyledalen, Scania. Ii: The 
Middle Jurassic Microflora. By Hans Tralau. Pp.185. Ser.C. Nr.635: Die 
Coecolithen des Dault-Cenoman, Cenoman und Turon in der Bohrung 
Hóllviken I, Südwest-Schweden. Von Sylvia Forchheimer. Pp. 84+ 9 tafeln, 
Arsberüttelse for Ar 1907. Pp. 9?3. (Stockholm: Sveriges Geologiska 
Undersökning, 1968.) [182 
New Zealand: Department of Scientifie and Industrial Research. Geo- 
physies Division. New Zealand Seismological Report 1964. (Seismological 
Observatory Bulletin E-145) Pp. 588. Bulletin 198: Preliminary Reports 
on the Inangahua Earthquake, New Zealand, May 1968. By R. D. Adama, 
G. A. Eiby, M. A. Lowry, G. J. Lensen, K. P. Suggate, and W, R. 
Stephenson. Pp, 39. (Wellington: Government Printer, 1968.) [132 
National Museum of Canada, Natural H istory Papers No, 43 (December 
9, 1968): A New Species of the Genus Macoma (Pelecypoda) from West 
American Coastal Waters, with Commenta on Macoma ealcareu (Gmelin 


170). By Robert M. Dunnill and Eugene V. Coan. Pp. 19. (Ottawa: 
Queen's Printer, 1968.) , [202 
Memoirs of the Entomologieal Society of Quebec. No. 2. (Décembre 


1968): Synopsis et Bibliographie Annotée sur là Mouche de là Pomme. 

Rhagoletis pomonella (Walsh), Diptéres : Tephritidae, Par Irénó Rivard, 

Pp. 158, (Quebec: Entomological Society of Quebec, 1968.) [202 
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E Back Volumes of 





Periodicals for sale 


International Journal of Solids and Structures 


Vols. 1-3 (1965-1967). £56 15 0 


Zentralblatt fur Chirurgie 


Vols. 15-76 (Lacks vols. 48 & 71) Leipzig. 
£150 00 


1888-1951. Mostly bound. 


We are always interested in buying your 
collections of duplicates of Scientific, Technical 
and Medical Journals at the highest prevailing 
prices. Please send us your lists of surplus 
journals which will receive our immediate 
attention. 


We invite you to write in for our regularly issued 
Bulletins and Catalogues and should be pleased 
to be of assistance in your acquisitions. 





Bucks, England. 

Offices also at 

4/5 Fitzroy Square, London W.1. 

Headington Hill Hall, Oxford 

2/3 Teviot Place, Edinburgh 1 

2/3 Richmond Street, Glasgow C.1. 

Maxwell House, Fairview Park, Elmsford, 
New York 10523 

24 rue des Ecoles, Paris Ve. 


Rabbit 
Tissues 


We process large numbers of healthy 
farm-bred rabbits for human consumption 
and wish to extend our production of 
by-products. We already supply :— 


HEARTS, LIVERS, LUNGS, 
SPLEENS, BRAINS 

& VARIOUS GLANDS. 

Enquiries for these and other tissues 
are invited from the Pharmaceutical & 


Bio- Chemical Industries. All items are 
quick-frozen. 


HONEE-BUN FARM PRODUCTS LTD. 
Little Venn, Woolsery, Bideford, 
N. Devon. Clovelly 366 


Robert Maxwell & Co Ltd 


Back Issues Department, 4, Midland Road, Olney, 


Introduction to COBOL 
Anna Lysegard 


This book gives a fundamental description of 
COBOL, a new and increasingly popular computer 
programming language specifically designed for 

the formulation and solution of business and 
administrative problems. Primarily designed for 

use on programming courses at colege and university 
level, the book should also prove useful to 
experienced programmers. 50/- net 


The Structure and 
Properties of Water 
D. Eisenberg and W. Kauzmann 


The authors have correlated many experimental 
observations and theoretical discussions from the 
scientific literature on water. Topics covered 
include the water molecule and forces between 
molecules ; the thermodynamic properties of steam; 
the structures of ices; the thermodynamic, electrical, 
spectroscopic, and transport properties of the ices 
and of liquid water; hydrogen bonding in ice and 
water: and models for liquid water. Some back- 
ground material in physical chemistry has been 
included to ensure that the material is accessible 

to readers in fields such as biology, biochemistry, 
and geology. 70text-figures 65/- net 

paper covers 30/- net 


+ 


Dynamical Theory 
of Crystal Lattices 


Max Born and Kun Huang 


This book, first published in 1954, was begun by 
Professor Born with the idea that starting from the 
most general principles of quantum theory he 
would derive in a deductive way the structures and 
properties of crystals. His theoretical work is 
included in the last four chapters. Later collabora- 
tion with Professor Kun Huang resulted in the 
latter adding three rather more elementary chapters 
on atomic forces, lattice vibrations, and elasticity 
and stability. He also rewrcte the earlier draft of 
the last four chapters. 29 text-figures 10 appendices 
paper covers 35/- net 

International Series of Monographs on Physics 






Oxford University Press 








Due to continued expansion at UNIROYAL Ltd., Chemical Division, 
Bromsgrove, a vacancy has arisen for a— 


TECHNICAL SALES 
SERVICE MANAGER 


to head and develop a small group of Agricultural Chemists. 


The ideal applicant will be a Graduate in one of the Agricultural 
disciplines. He must possess about 4 years practical experience 
in the evaluation of fungicides, insecticides and of growth regulants. 








As Manager he will be expected to arrange field evaluation of new 
agricultural chemicals at home and abroad. We are looking for a 
self-starter who can exercise initiative, accept responsibility and 
possess a personality acceptable to all levels of Management. 


Salary will reflect the responsibility of the appointment and will 
present no difficulties. 


Fringe benefits are those usually associated with a large organisation. 
Relocation facilities can be discussed at the interview, 


Replies stating briefly age, relevant qualifications, experience and 
salary required should be addressed to— 


J. A. Roberts, s 
Personnel/Industrial Relations, US 
UNIROYAL Ltd., 

Chemical Division, 

P.O. Box 12, 

Bromsgrove, 


Worcs. 
(1196) 


NIROYA 


, THE BRITISH INDUSTRIAL 
BIÓLOGICAL RESEARCH ASSOCIATION 


i. INFORMATION OFFICER. Graduate in physiology, biochemistry, 
pharmacology (or chemistry with a biological second subject). Duties are io 
advise member companies (with guidance from senior scientific staff) on the 
safety-in-use of their products. Close liaison with laboratory staff working 


on a wide range of biological investigations is encouraged. 
Starting salary £1,100 to £1,500. 


2, PHARMACOLOGIST. At least 3 years post-graduate experience. A Ph.D. 
would be an additional recommendation. Experience with pharmacological 
techniques is essential, preferably with previous work in metabolic studies. 
Starting salary £1,500 to £2,600. 


F.S.S.U. superannuation for both posts, 

The work of BIBRA concerns the field of chemical toxicology, with particular 
reference to food additives. 

Applications and enquiries should be addressed to: 


" The Secretary, 
BIBRA, 
Woodmansterne Road, 
Carshalton, Surrey., (1248) 





For further classified advertisements see pages viii and ix 





Engineering 


Geologists 


Á vacancy has occurred in our 
Organisation for an 


ENGINEERING GEOLOGIST 





. The work involves logging ef drill 
cores, control of site investigation 
field work, geological! mapping and 
interpretation. We are prepared to 
consider recently qualified graduates 
or applicants with up to 5 years 
experience. — This is a pensionable 
post with a good salary and attractive 
fringe benefits, 


Application with brief details to: 


Personnel Officer, 
Soil Mechanics Limited, 
65 Old Church Street, 


London, S.W.3. 
(1189) 


MICROBIOLOGICAL 
RESEARCH ESTABLISHMENT 
PORTON, SALISBURY, WILTSHIRE 


Two posts exist (graded Senior Scientific 
Officer) in the Microbiological Products 
and Experimental Plant at the above 
Establishment. The Plant is currently pro- 
viding E. coli for a variety of products of 
interest to the molecular biologist, nucleic 
acid from phages, purificd nucleic acid, 
and animal virus and an enzyme (Gspara- 
ginase) of medical interest, 

{i} Preferably a BIOCHEMIST with some 
experience in microbiology to work on the 
culture of micro-organisms on a pilot plant 
scale, He should have a novel outlook 
and be interested in the large scale guitare 
of micro-organisms of potential medical or 
economic importance at a competitive 
price. 


GÒ BIOCHEMIST/CHEMIST with some 
biological experience to work on the ex- 
traction and processing of these organisms 
to viedd microbial products. He shouid 
be interested in isolating and purifying 
macromolecular constituents of miero- 
organisms generally and in applying and 
developing modern methods of protein 
fractionation to microbial products. 


The Establishment can offer a wide range 
of expertise and specialisation in microbio- 
logy ard btiochemisuy. The successful ap- 
plicant will work in an integrated section, 
total strength about 40, with adequate sum 
port from experimental officers and ancil- 
lary staff and good workshop facilities. 
Both posts will provide opportunities for 
pursuing Hines of research and, in general, 
results will be suitable for open publica- 
Hon. 


QUALIFICATIONS: First or second- 
class honours degree, or equivalent quali- 
fication in appropriate sublect and at least 
three years’ postgraduate experience, By- 
ceptionally, candidates with a pass degree 
but having considerable relevant experience 
may be considered. Minimum age 26. 

SALARY: £1,925 to £2,372. 

APPLICATION FORMS from Ministry 
of Defence, | CE2QXATDO, Room 302, 


Northumberland House. Northumberland 
Avenue, London, WEL (1220) 
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Part of the research programme being carried out at the main Research & 
discovery and development of ne 
both a national and an international scale. 


Ranks Hovis McDougall Group concerns the 
potential for human and animal nutrition on 
Department at the Centre is responsible 
safety by means of animal, biochemical 
Three honours graduates in nutrition, 
required for the following posts in the Nutrition Department: 


A RESEARCH SCIENTIST to undertake responsibility 
mine nutritive value and safety of foods and other materials. 
graduate experience and proven success in planning, 
kind are essential qualifications. A Ph.D. could be an advantage. 


TWO RESEARCH ASSISTANTS of whom one 
the determination of nutritive value, 
chemical and animal assay techniques. 
posts, but recent graduates who are intending to specialise in these 


* 


and histopathological studies. 


Some relevant experience wou 


conducting, and evaluatin 


will be involved with the operation of animal 
xicology of materials by bio- 
an advantage in both these 
fields will be considered. 


and. the second will be studying the to 
ld be 


XXX 


NUTRITION RESEARCH 


Development Centre of the 


; protein resources with 
Tae Nutrition 


for evaluation of such materials in terms of nutritional value and 
biochemistry, agricultural sciences or other related disciplines, are 
for bench and laboratory animal stud ies to deter- 


For this senior post, several years post- 
g experimental 


work of this 


assays for 


These appointments offer the opportunity to operate in an area of research which has the most exciting 


possibilities, salaries are competitive, and other benefits 
Please reply, quoting reference IFD/21, with information on 


The General Manager, 


include first-class pension arrangements. 
qualifications and career to: 


The Lord Rank Research Centre. 


Lincoln Road, High Wycombe, Bucks. 


PHARMACEUTICALS DIVISION 


Woman 
Experimental Officer 


A vacancy has arisen for a woman with a Biological or Biochemi- 
cal degree to prepare reports for Dunlop Submissions on new 
drugs, and on the new uses of old drugs. 


The job involves collecting information from many different de- 
partmenis and necessitates the extensive use of the Library. The 
reports often have to be re-written as a result of checks and 
corrections, Good typewriting and a sound knowledge of the 
English Language are essential : shorthand would be an advantage. 
We are looking for someone with a pleasant personality and the 
ability to deal with people at all levels. A knowledge of, or 
interest in, computers and statistics would be helpful to the success- 
ful candidate. 


A good starting salary will be offered and there are pension fund 
and profit-sharing schemes in operation, Our Research Labora- 
tories are situated in lovely parkland about 16 miles south of 
Manchester. 


Please write giving brief details to ; 


Mrs. J. Millman, 

Personnel Officer (Women). 

LC.L Ltd. Pharmaceuticals Division, 
Alderley House, 

Alderley Park, 

Macclesfield, 

Cheshire. 





THE QUEEN'S AWARD YO DOUSTIY 
3666 — 1962 — 1368 


(1240) * 
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THE | 
UNIVERSITY OF 
LEEDS 


Department of 

EARTH SCIENCES 
Applications are invited for THREE 
POSTS : 

One SENIOR LECTURER) 
ASSOCIATE PROFESSOR OF 
GEOLOGY aad (wo LECTURERS 
in GEOLOGY 

Candidates sheuld be graduates in geo- 
iogy or earth sciences, preferably with 
practical or research experience in 
structural, mesamorphic or applied geo- 
logy, The appointments are being 
made under the Inter-University Coun 
cis * Home-hased Scheme." The posts 
are on conivacts, preferably initial 
for five years. Deering the: contrast 
period hose appointed wih be dull 
members of suff of the Dopgurtment of 
tanh Sciences (Head: Professor R. M. 
Shackleton, iSc, PhD, FX S) in 
the University of Leeds, bot they (or 
at times submitutes from the Depart 
ment) wil be required to spend up to 
20% of thelr conturaet period om second- 
ment to developing counmuies. fi: is 
mended that chase appointed wil work 
under the aegis of the Research Insti 
tute of Afrecan Geology, with access 
to facilities and egulpmenc in Leeds. 
The initial secondments wil he 


LO 


Ibadan Universky, Nigeris (Lecturers: P 


Khartoum, Sandan 


the University of ; 
Selassie I 


(Lecturer): and the Haile 
Lingversity, Addis habs, 
(Senior Leosrer Associate Professor). 
The person appointed to 
post wil hold the status of a Senior 
Lecurer at Leeds and Associate Prr 
fessor at Haile Sellassie 1 University. 
Leeds Salary scales: Senior Lecturer 
£2,995 1o £3, S20, e Lecturer £i 240 
to £2,735. 
Application (three couples) ahouid be 
submitted so the Registrar and Secre- 
sary, The University, Leeds, LEZ OFT, 
not later than April 30, 1969. 


whom further — particulars can be 
obtained 3 
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NATURAL GAS 





the following projects. 


£2,450 p.a. 


WBA WE BABA AB DB AB Wm. BL 


Basic Research 
in Combustion 


We are looking for two bright young Physicists or Physical 
Chemists, at honours graduate or post-graduate level, to work in 
the Basic Research Group of the London Research Station on 


(1) Mass-spectrometric Study of short-lived species 
(both free radicals and 
methane-oxygen flames. 
A quadrupole mass spectrometer will be used, and the 
successful candidate will be expected, as part of his 
work, to acquaint himself thoroughly with this instrument 
and to design suitable molecular-beam sampling systems. 
This work forms part of a fundamental programme on 
the structure of, and kinetics of, reactions occurring in 
such flames, and will be complementary to absorption- 
and emission-spectroscopic studies, 


(2) Shock-tube studies of heat transfer. 
The measurement of the thermal conductivities of combustion 
products at temperatures up to 3,000° K, by use of a 
shock-tube technique, is already well-established in the 
Basic Research Group. 
be required to continue this work and to use the technique 
to study heat transfer in dissociated gases. 


The successful 


Experience in combustion or -gas-dynamics research would 
be desirable, but is not essential. 
Starting salaries will be negotiable and in the range of £1,150— 


Write or telephone quoting reference NE 4158 for further 
details and an application form to: 


P. J. Stone, Scientific Secretary, 

The Gas Council, London Research Station, 
Michael Road, London, S.W.6. 

Telephone 01-736 3344, Extension 216. 


ions) in low-pressure 


candidate will 


(1260) 


GAS COUNCIL 





NATIONAL INSTITUTE FOR 
RESEARCH IN DAIRYING 
(UNIVERSITY OF READING) 


Applications are invited for a new post 
in the Department of Chemistry which will 
involve the supervision and co-ordination 
of analytical services. Candidates will be 
expected to have considerable experience 
in the use and development of modern 
analytical and biochemical techniques par- 
ticularly as applied to agriculture. Interest 
in management and organisation js essen- 


The appoinuneu will be made in the 
Senior Experimental Officer grade and the 
salary will be in the scale £2,220 to £2.720. 
F.&.S.U. 


Apply on forms obtainable from the 
Secretary, | N.LR.D.. Shinfield, Reading, 
RO? GAT. Quote reference 69/11. 


(1228) e 


NEW ZEALAND 
University of Canterbury 
Christchurch 


VISITING LECTURER IN 
CHEMISTRY 


Applications are invited for a Visiting Lecture- 
ship in Chemistry to be tenable for one year, the 
appointment to be taken up as soon as possible 
after August, 1969, It is anticipated that the 
appointee will have completed a Ph.D., and will 
show evidence of strong research interest in 
some particular feld of chemistry. The emolu- 
ment for the position is in the range $N273.100 
to SNZ4,800 per annum. When the actual 
salary is being decided, due account will be 
taken of the appointee's return. travel costs. 

Further pariiculars and information as to the 
method of application should be obtained from 
the Secretary-OGeneral, Association of Common- 
wetith Universities (Apms.), 36 Gorden Square, 
London, W.C.1. Applications close on May 1, 
1969, 238) 
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ANIMAL VIRUS RESEARCH 
INSTITUTE 
PIRBRIGHT 


The Institute inves applications for the post 
of Head of Deparument of Epidemiology. Ap 
picants should have considerable experknce in 
epidemiology, serology or general virology. 

The Department operates the World Refer- 
ence Laboratory for Foot-and-Mouth Disease and 
is concerned with surveys of the distribution of 
types and subtypes of the virus throughout the 
workd, the maintenance of reference reagents and 
research on the problems of antigenic difference. 
Projects on the epidemiology of the disease are 
currently in progress in various countries over. 
seas. In Britain, the Department co-operates 
with the M.A.F.F. in diagnosis and research on 
field outbreaks. 

Hh is envisaged that future studies aa the De- 
parument will include viruses other than F.M.D. 

Appointment in PSO. grade 2.475 to 
£3,425); entry point dependent on qualifications 
and experience. Superannuation under F.S.S.U. 
Applications should be received by Apr 30. 
Further particulars from Secretary, Animal Virus 
Research Institute, Pirbright, Woking, Surrey, 

£1264) 


UNIVERSITY OF ALABAMA - 
IN BIRMINGHAM 
THE MEDICAL CENTER 


Applications are invited for the position of 
technical supervisor in a research laboratory of 
the Department of Medicine engaged in physio- 
logical and biochemical investigation of kidney 
function. Applicants should be technically 
skilled and have knowledge of micro techniques 
and animal surgery. Previous supervisory cx- 
perience preferred. Work centres on lonje trans- 
pori studied in the urinary bladder of the toad. 
and by clearance experiments in the dog and 
micropuncture studies in the rat. Salary ei be 
commensurate with qualifications amd previous 
experience. 

inquiries should be directed to Awan G. 
Ramsay, M.D., Department of Medicine, Umi- 


versity of Alabama Medical Center, 1919— 71h 
Avenue, South, Birmingham, Alabama 35233, 
A. 


(1266) 


UNIVERSITY OF OXFORD 
DEPARTMENT OF GEOLOGY AND 
MINERALOGY 
Applications are invited for appointment as 
Departmental Demonstrator in Mineralogy in the 
Department of Geology and Mineralogy. The 
post is tenable normally for a period of up to 
three years, though reappointment for a further 
period of up to three years is possible, Salary is 
in the range £1,200 to £1,470 according to age 
aml experience. Research interests in X-ray 
crystallography, petrology, or mineralogical geo- 

chemistry would be appronriate. 

Applications, with curriculum vitae and the 
names and addresses of two referees, should he 
sent to the Reader in Mineralogy, Department of 
Geology and Mineralogy, Parks Road, Oxford, 
to arrive by April 26, 1969. (12623) 


BOROUGH POLYTECHNIC 
BOROUGH ROAD, LONDON, &E. 

(A constituent college of the proposed 
POLYTECHNIC OF THE SOUTH BANK, 
LONDON) 

Applications are invited for appointment as a 
LECTURER (Grade ID in either BIOCHEM- 
ISTRY or PHYSIOLOGY (Ref. F.159 Appi 
cants for Lectureships are normally expected to 
hold a good degree of a British Universigy or 
of the C.N.A.A. Suitable teaching, industrial or 
rescarch experience will be expected. The salary 
scale (which is currentiy under review) for Ler 
turers (Grade ID) is £1,816 to £2,365 per annum. 

Further details and application. forms are ob- 
tainabde from the Clerk to the Governing Body, 
Borough Polytechnic. Borough Road, London. 
S.E.1, wih whom completed applications should 
be lodged within two weeks of cc 

Quel 


BIOCHEMIST REQUIRED TO SUPERVISE 
the Metabolic Unit Laboratory. The successful 
candidate will be responsible for analytical pro- 
cedures and will also have the opportunity to 
undertake research, Salary in range £1,164 to 
£2,080 per annum.—Applications in writing to the 
Secretary, Royal Postgraduate Medical School, 
Hammersmith Hospital, London, W.12, quoting 
reference 4/132, {11105} 


——— ——— d tate nts 


VACANCY FOR HONOURS SCIENCE 
graduate or Senior Technician I] with advanced 
experience in blood grouping, June, 1969. 
Superannuation, canteen facilities. Detailed ap- 
plications, naming two referees, ta Dr, A. E. 
Mourant, P.R.S., SPGL, c/o St Bartholomew's 
Hospital, London, E.C.1, Phone 01-251 15. 

; (1214) 
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MEDICAL RESEARCH 
COUNCIL ü 
PH.D. CHEMIST OR 
BIOCHEMIST 


: to work on crystal nucleation and crystal 
growth in urine and other aspects of renal 


stone disease, with particular reference to 


identification of crystal growth 
inhibitors. 

Starting salary within the range £1,300 
to £1,700, depending on age and experi- 
ence, 

Applications, with names of two referees 
to the Director, Mineral Metabolism Re- 
search Unit, The General Infirmary, Leeds 
LSI 3EX. (1024) 


UNIVERSITY OF READING 


SENIOR TECHNICIAN is required for a 
large teaching laboratory. Experience in Chem- 
istry, together with organising ability and an 
interest in biology are required. Salary in scale 
£987 to £1,225 per annum. 

Further information can be obtained from 
Assistant Bursar  (PersonneD, University of 
Reading, Reading, Berks, to whom applications 
must be sent quoting T.34. (1190 








e ee A 


AHMADU BELLO UNIVERSITY 
ZARIA, NIGERIA 


Applications are invited for the following ap- 
pointments in the DEPARTMENT OF MECH- 
ANICAL ENGINEERING: 


(a) PROFESSOR OF THERMODYNAMICS. 


(b SENIOR LECTURER AND LECTURER. 
Preference given to candidates with qualifications 
and experience in either Theory of Machines 
(with stress on controls), Engineering Manufac- 
ture or Science of Engineering Materials. 

(O0 MECHANICAL SUPERINTENDENT and 
SUPERINTENDING TECHNICIAN / SENIOR 
TECHNICIAN. Candidates must have advanced 
professional qualifications in either Heat Engines 
or Workshop Technology together with good 
practical training. 

Salary scales: Professor, £N3,000 per annum; 
Senior Lecturer, £N2,275 to. £N2,575 per annum ; 
Lecturer, £N1.200 to £N2,0175 per annum: 
Mechanical Superintendent, £N1,600 to £N1,825 
per annum ; Superintending Technician, £N 1,450 
to £1,600 per annum; Senior Technician, 
£NI,050 to £N1,400 per annum (ENT--EI 3s. 4d. 
sterling). Salary supplemented in appropriate 
case in range £210 to £600 per annum (sterling) 
under British Expatriates Supplementation 
Scheme. Family passages; various allowances; 
superannuation scheme; regular overseas jeave. 


Detailed applications (six copies), naming three: 


referees by April 28, 1959. to Inter-University 

Council, 90/91 Tottenham Court Road, London 

WIP ODT, from whom particulars are available, 
0174 


 ROTHAMSTED EXPERIMENTAL 


STATION 
HARPENDEN, HERTS 

ORGANIC CHEMIST in the Department of 
insecticides and Fungicides for research on com- 
pounds influencing behaviour of insects (phero- 
mones food lures, etc) using GLC-MS tech- 
nigues. Good honours degree. Appointment in 
Scientific Officer class. Starting salary according 
to age and experience in range £1,020 to £1,925. 
ESSU 

Applications, with names of two referees and 
quoting reference 1051/103, to the Secretary by 
Apri 30. (1256) 


BIOCHEMIST OR BIOPHYSICIST 


Applications arc invited for appoinunent to a 
Faculty position for either a Biochemist or Bio- 
physicist mterested in The Organization of Cefin- 
lar Systems via an expanding  well-equipped 
eleciron microscope laboratory. 

Applications should be addressed to the Dean 
of Science, University of Alberta, Edmonton ©), 
Alberta, Canada. (1267) 

BRITISH HONDURAS. APPLICATIONS 
are invited for a RESEARCH ASSISTANTSHIP 
to study methods of controlling the Mexican 
Fruit Fy in British Honduras. Salary in the 
range £1,200 by £60 to £1,740.— Applications 
should be submutted before May 1, 1969, to 
Head. Citrus Research, University of the West 
Indies, St Augustine, Trinidad, West Indies, 
from whom further particulars can be ors m 

(1210 
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CÌ PHARMACEUTICALS DIVISION 


| 


Research in Biochemistry 
and Biological Chemistry 


The Pharmaceuticals Division of LC.Ll intends to recruit two 
scientists with good honours degrees and research experience 10 
Ph.D. level or beyond. One post is for work on the control of 
protein biosynthesis and would require research experience in bio- 
chemistry. The other position is for work on biochemical 
pharmacology, particularly on the metabolism of drugs, and would 
be suitable either for a biochemist or for a chemist with experience 
in isolating and identifying natural products. 





We are looking for people who show evidence of a vigorous and 
flexible approach to research problems. The modern, well 
equipped, Alderley Park laboratories are set in ideal rural sur- 
roundings in North Cheshire. 


Conditions of service, prospects, and the assistance given to married 
men in moving home are designed to attract and retain staff of 
this high potential, and would be discussed in detail at interview. 


Applications, giving brief details of age, qualifications and experi- 
ence, should be sent to: 


J. Leak, Assistant Personnel Manager, 
Imperial Chemical Industries Limited, 
Pharmaceuticals Division. 

Mereside, Alderley Park, 

Macclesfield, Cheshire. 





THE QUEEN'S AWARD TO INDUSTRY 
TEES 1857 19068 








Horticultural 
Advisers 

Ministry of Agriculture, 

Fisheries and Food . 


National Agricultural Advisory Service 


Posts for men and women aged at least 20 (Grade IV) or normally 
at least 26 (Grade HI). 


DUTIES: General advisory work (and work at experimental horti- 
cultural stations) to provide farmers and growers with technical advice 
and instruction on horticultural] matters. 

QUALIFICATIONS : Degree in horticulture or closely related sub- 
ject ; or National Diploma in Horticulture (sections | to V; or an 
equivalent or higher qualification. 

FINAL YEAR STUDENTS may apply. 

SALARY (National) : Grade IV £990 to £1,415, Grace IH £1,540 to 
£2,413, Starting salary may be above minimum in both cases. Non- 
contributory pension. Promotion prospects. 


WRITE TO Civil Service Commission, Savile Row, Lonton, WIX 
2AA, or TELEPHONE 01-734 6010, Ext. 229 (after $30 p.m. 01-734 
6464 “ Ansafone” service) for application form, cuoling 345/69, 
Closing date April 23, 1969. 

: (1218) 
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. TOXICOLOGIST 


to fill a position in the Toxicology Section at Godalming, Surrey. The post 
will appeal particularly to a young male graduate who has already had 2~3 
years' experience in the field of general toxicology and who now seeks 
increased responsibility as well as the opportunity to broaden this experience. 
Alternatively, a senior technician with appropriate training and experience 
would be considered. 


Also a 


HAEMATOLOGY 
TECHNICIAN 


to be responsible for routine haematology within the Toxicology Section, but 
also with some opportunity to assist in research on blood coagulation. The 
successful applicant will most probably be an Associate of the I.M.L.T. or 
hold an equivalent qualification, but lack of such should not deter otherwise 
suitably-experienced individuals from applying. 

The Toxicology Section forms part of the rapidly-expanding Biological 
Research Department, and thus offers excellent opportunities for future 
progression as well as providing interesting and varied work, the Section 
being well-equipped to carry out investigations in a variety of species, 
including primates. 


Applications should be addressed in the first instance to the Head of the 
Biological Research Department, BDH (Chemicals) Ltd., Godalming, Surrey 


(1255) 


NORTHERN POLYTECHNIC, HOLLOWAY, LONDON, N.7 
Department of Chemistry 


The Governing Body invites immediate applications for the post of 
LECTURER GRADE II in PHYSICAL CHEMISTRY. Ability to teach 
to B.Sc, Honours degree level and to undertake research in some aspect of 
physical chemistry is essential. Salary scale—£1,725 to £2,280 plus £85 
London Allowance. 


e 
Apply for further particulars and form of application. 
R, H. CURRELL, 


Clerk. 
(1209) 





FOOTSCRAY INSTITUTE OF TECHNOLOGY 


VICTORIA, AUSTRALIA 


^ College of Advanced Education affiliated with the Victoria Instifute of 
Colleges 


PRINCIPAL 


A challenging position is available for an energetic, enthusiastic and suitably 
qualified man to control a long-established, modern, progressive institution 
with an enrolment of 6,500 students, including 1.200 tertiary students (full. 
and part-time), 


SALARY $11,000 per annum 


(Salaries in Colleges of Advanced Education are at present under review) 


The Principal wil be chief executive officer responsible to the Councit of the Institute for 
the administration of the tertiary section of the Instiane amd, through the Council, ic 
the Education Deparument of Victoria for the administration of the non-tertiary section. 
Appikuuws shougd possess a Degrec, praferably a higher degree in Science, Engineering, 
or other appropriate discipline, and must have had administrative experience at a senior 
level in education, industry, or Government service, 

Applications, accompanied by a recent photograph, should be addressed te the President, 
Footscray Institute of Technology. Ballarat Road, Footscray, Victoria 3011, Australia, and 
will he recelved until May 31, 1969. (1292) 
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Applications are invited for the appoint- 
. ment of a. ` a are 





DIRECTOR OF. 
BIOCHEMISTRY. 


for an 800-bed teaching hospital affiliated 
with the University of Toronto. — Appli- 
cants should be medically qualified and 
have, in addition either his Ph.D. or 
special training in clinical chemistry. The 

. accepted candidates will have a senior or 
cross-appointment with the Department of 
“Pathological Chemistry at the University of 
Toronto. s 











Write: Executive Director, The Toronto 
Western Hospital, 399 Bathurst Street, 
Toronto, 2B Ontario, Canada, (246) 






UNIVERSITY 
OF 
EDINBURGH 


DEPARTMENT OF GENETICS 


Applications are invited for the post of 
LECTURER in the above Department, 
tenable from October 1969. The person 
appointed will be expected to participate 
in the teaching by running a Practical 
Class and contributing to the lecturing in 
General Genetics, Salary scale £1,240 by 
LUIS to £2,735, with initial placing between 
£1,240 and £1,585. Preference wil be 
given to applicants with a Ph.D. or who 
wil have completed their Ph.D, by Octo- 
ber, 1969, 


Further information about the post may 
he obtained from Professor D. S. Falconer, 
Institute of Animal Genetics, West Mains 
Road, Edinburgh, 9. Applications, with 
the names of two referees, should be sent 
not ater than April 7, 1969, to the Seere. 
tary to the University, Old College, South 
Bridge, Edinburgh. & Please quote Refer. 
ence 1033/53. (1259) 


GRASSLAND RESEARCH 


INSTITUTE 
HURLEY, MAIDENHEAD, BERKS 


Applications are invited for two posts 
within the ASSISTANT EXPERIMENTAL 
OFFICER / EXPERIMENTAL OFFICER 
grades: 

(D In the Department of Animal Nutri. 
tion (Ref. 9. The supervision and record- 
ing of investigations on the nutritive 
evaluation of forages, using sheep, incind- 
ing the utilisation of energy and protein 
by growing lambs, and its relationship with 
the products of digesuon. 

(2) in the Department of Animal Pro. 
duction (Ref, 10) The organisation and 
conduct of experiments. both indeom and 
under grazing conditions, to measure the 
value of forage crops for growth and mik 
production with cattle. 

Qualifications: pass degree or equivalent 
in an appropriate discipline. — Salary: 
A E.O. on age scale, e.g., £830 per annum 
age 21; £1,150 age 26 or over^at entry. to 
£1,385 per annum.  E.O., £1,414 to £1.910 
per annum. 

Applications to the Secretary by April 
15, 1969, quoting Ref. A.A/9/3 and above 
number. (0261 





UNIVERSITY OF LONDON 
READERSHIP IN PHARMACOLOGY AT 
MIDDLESEX HOSPITAL MEDICAL SCHOOL 


The Senate invite applications for the Reader- 
ship ia Pharmacology tenable ar Middlesex Hos- 
pita Medical School. Salary scale £2,655 by 
£105 to £2,970 and then by £110 to £3,528. 

Applications (ten copies}, must be received not 
later than Apri 18, 1969, by the Academic 
Registrar (ND, University of London, Senate 
House, WC., from whom further particulars 
may be obtained. (1194) 













— ET eset 





UNIVERSITY OF - 
WESTERN AUSTRALIA 
VACANCIES IN- MATHEMATICS 


ations for. appointment to the stall of 
wnent of Mathematics at the level of 















A 


ADER.. SENIOR LECTURER, LECTURER. 
ENIOR TUTOR or TUTOR are invited from. 






















at “any time during 1969 or 1970. ne 
for a Reader is $49,900 per annum and 
es for Senior Lecturer, Lecurer, Senior 
and Tutor are $A7,500 
ÖÖ to $A7,300. $A4.330 to $A5,080 and 
480 to $A1980 per annum respectively. 
Superannuation will be. similar to F.S.S.U. in ali 
Cases. E 












following areas: m 
analysis, - mathematical 
mathematics. c 

(The Department is responsible for courses in 
pure mathematics, ‘applied mathematics and 
mathematical statistics, and honours degrees and 
postgraduate work may be undertaken in any 
of these areas. The Department is also respon- 
sible tor a postgraduate Diploma in Computa- 
tion. > 


statistics and applied 


partment is 40, consisting of 4 Professors, 4 
readers, 19 senior lecturers and lecturers, and 13 
senior tutors and tutors. 

The University possesses two computers; a 
PDP 6 and an IBM 1620. Library holdings are 
good, with current subscriptions to approximately 
140 journals of mathematical interest. 

Intending applicants are requested to obtain 
details of the procedure to be followed in apply- 
ing for a post and a copy of the appropriate 
conditions of appointment before submitting their 
applications. This information is available from 
the Secretary-General, Association. of Common- 
wealth Universities (Appts), 36 Gordon Square, 
London, W.C.1. 

Applications close on April 26, 1969. 


(1191) 
^ "AUSTRALIAN NATIONAL ~ 


UNIVERSITY 
INSTITUTE OF ADVANCED STUDIES 


DEPARTMENT OF ENGINEERING PHYSICS 
SOLID STATE PHYSICS 


Applications are invited for appointment with- 
in the Department of Engineering Physics in the 
foHowing Categories ; 


SENIOR RESEARCH FELLOW OR 
RESEARCH FELLOW 


The department's high field magnet laboratory 
now operates a 150 kilo-gauss magnet. A 300 
kilo-gauss magnet is expected to become avail- 
able this year and more intense magnetic fields 
are contemplated for the future. These unique 
devices are possible because of the department's 
large homopolar generator which is used as their 
energy source. 

Other facilities and techniques developed with- 
in the laboratory include cryogenics and ''on- 
line" computing. Liquid helium is available. 

The appointee will be expected to carry out 
original research in his own field, but preference 
wil be given to applicants whose interests are 
most likely. to be accommodated by the facilities 
available, 

The salary of a Senior Research Fellow is de- 
termined in the range $A7,800 to $A9,324 and 
of a Research Fellow in the range $45,400 to 
$A7,250. Appointment is usually for three years 
with a possible extension to five years. 

Superannuation is on the F.S.S.U. pattern with 
supplementary benefits. Accommodation is 
normally available. A grant sufficient for travel 
hoth ways by the appointee and his dependents 
is payable. |... 

Further particulars and information as to the 
method of application may be obtained from 
the Secretary-General, Association of Common- 
weakth Universities (Appts.), 36 Gordon Square, 
London, W.C.E 

Closing date for applications Apri 30, 1969. 

(1192 
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CHAIRMANSHIP DEPARTMENT OF 
GEOLOGY 

A Chairman will be appointed shortly in the 
Department of Geology. The Department has 
an academic staff of 13, including six professors. 
and is well equipped both for teaching and re~ 
search. The appointment will be at the rank 
of Professor and the salary will not be less 
than $20,000. 

Persons interested in the position should ad- 
dress inquiries before May 15 to the Dean of 
the Faculty of Science, University of Alberta, 
Edmonton 7, Alberta, Canada. (1270 





sons who expect to be available to take up - 


t0 SA8,750, 


an 
ern algebra, mathematical — 


The present academic establishment of the Dex. 


* generous allowances. 
national Recruitment Unit (E.319), Ministry 





- MCROBIOLOGIST or BIOCH 


The Research Department of English Clays Lovering Pochin & 


Company Limited, the major operating Company o: 
- China Clays Group. and the world’ 


the English 


s largest producer of China Clay, 


has a vacancy for a Microbiologist or Biochemist. 
The successful applicant will be a graduate and be interested in 


the application of microbiology to 
a specialist attached to the C 
responsible for setting up a mi 
out research on microbiological 


reactions. 


industrial problems. He will be 


hemistry Research Section and be 
crobiology laboratory and carrying 
alternatives to traditional chemical. 


The Research Department is situated in new building: at 5t. Austell 


on the South Cornish Coast. 


Pension and Life Assurance Schemes 


operate throughout the Group together with Profit Participation and 


Long Service Award Schemes. 


Applications should be addressed to: 


The Company Secretary, 
John Keay House, 


St. Austell, 
Cornwall. 


ZA, 


JUNIOR 
SCIENTIFIC OFFICER 


BLOOD TRANSFUSION SERVICE 


Successful applicant should have a B.Sc. Degree of a British University in biology, 
chemistry, microbiology or zoology. Person appointed will take part in all routine 
activities of the Centre. Research and publication encouraged, projects available. 
Centre housed in new premises, up-to-date equipment available Whitley Council 
conditions. Further information from Director, BTS, Vincent Drive, Birmingham 15, 
by appointment. Applications immediately quoting BTS and naming 3 referees to 
Secretary, Regional Hospital Board, 146 Hagley Road, Birmingham 16. 


RE RETE CQ EAE 
NE SEE NEAR EE 
Applications are invited for tbe post of 


SPECIALIST IN LABORATORY 
TECHNIQUES 


at the Uganda Technical College, Kampala, 
for two years commencing July, 1969. 
Duties include development of curricula 
and teaching methods, organisation of 
storage and repair of equipment, advisory 
functions. 

Qualifications: Degree or professional 
qualification, experience of practical work 
and teaching and knowledge of Histology. 
Microbiology and Virology. 

Tax free salary £4,867 per annum with 
Details from Inter- 
of Overseas Development, Eland Housg. 
Stag Place, London, S.W.1. (1244) 








(1265) 





ASSISTANT EXPERIMENTAL 
OFFICERS 
required in the followüng sections i 

ENTOMOLOGY Po maintain cultures of Br 
sects for experimental studies in new methods of 
pest control and to assist in development of 
rearing methods, 

IRRIGATION : Te take part in Beid and 
glasshouse experiments on the physichogy of phar 
and crop-water relations. 

PHYSIOLOGY : Te take part in experiments 
Or vegetable storage, 

Degree, HIND. HNC. or equivalent in 
appropriate science preferred, Salary scale £650 
to £1.385 (£830 at Zi). Superannuation 

Further informatior and application forma (to 
be completed by Apri 19, 1969} obtainable from 
Secretary, National Vegetable Research Station, 
Wellesbourne, Warwick. (1155) 


een m eo ne MEE 


TECHNICIAN | REQUIRED TO TAKE 
charge of small research laboratory in Experi 
mental Surgery Unit.  Qualificauons A.LM.L.T. 
and previous experience in relevant feki Salary 
in range from £9905.—Applications in writing tc 
the Secretary, Rosal Postgraduate Medica! 
School, Hammersmith Hospital, London, W.12, 
gusting reference 3, 1090). (i783 
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THE BIOCHEMICAL JOURNAL 


A vacancy for an EDITORIAL ASSIST- 
ANT has arisen and another vacancy will 
be created soon. Degree in science essen- 
ual, preferably in biochemistry or chem- 
istry. Training will be given, but previous 
editorial experience is desirable for the first 
appointment; the second might suit a 
recent or potential graduate. 


Commencing salary according to qualifi- 
cations and experience on incremental 
scales similar to academic ranges. 


Write giving full details and names of 
two referees, to the Editorial Secretary, 
The Biochemical Journal, 7 Warwick 
Court, London W.C.1. (1265) 











The Research Division of Püzer Limited is broadly based in the major 
scientific disciplines and has a staff in excess of 400. 







Continuing expansion of our research interests has created vacancies 
for two graduates in the 24/28 age group with good honours degrees 
in biochemistry and Ph.D's or equivalent research experience. 





UNIVERSITY OF BRADFORD 


|. To join a small team working on the biochemistry of cardiac pospPlcations are invited for ‘the following `i 
muscle, This position would suit a man or woman interested in LECTURER or ASSISTANT LECTURER IN 
the application of basic biochemical knowledge to the development MATHEMATICS (Ref, M/L/9), a 
of therapeutic agents acting upon the heart. LECTURER or ASSISTANT LECTURER IN  .. 
ecu E i i STATISTICS OR OPERATIONAL RESEARCH 1 
2. To initiate a programme of research into the metabolic and hormonal (Ref. M/L/28). i 
factors controlling the growth of animals. Preference in this ord. on siad Lecturer, £1,585 by as K 
appointmen H i H : £2,735 (maximum); Assistant Lecturer, £1,234 y 3 
us th id e E rin x P plicants aiia research s £15 to £1,470 (maximum); with placing accorde | 
Sin & üdeids githar QO intermediary metabo ism or endocrino ORY. ing 10 qualifications and experience, Superannmua- E 
. . f uon under F.S.S.U. Grants, up to a maximum à 
The persons appointed will work in well-equipped laboratories located of £150, guarda the cost of removal expenses 
at Sandwich ont : 1 : : 1 are payabDic m certain circumstances. 
> n the Kent coast. A wide choice of residential areas is Further particulars and application forms may 
available and property is reasonably priced. be obtained from the Registrar, University of 
. . Bradford, Bradford, 7, Yorkshire, with whom 
The starting salaries will be competitive and the fringe benefits include applications should be lodged not later than 
free pensio d lif h b f April 18, 1969. Please quote appropriate refer- 
pension and ife assurance schemes, bonus and the payment o ence. (1242) j 
removal ex penses. ET MORE ee A s, 
TOR p Tis UNIVERSITY OF HONG KONG 
Applications indicating which position is of interest and giving brief details SENIOR LECTURESHIP AND 
of age, qualifications and current salary should be addressed to: LECTURESHIP/ASSISTANT LECTURESHIP 
IN ANATOMY 
D. W. Sells, Personnel Manager ' Applications are invited for the  above- 
esear ivisi mentioned post. Candidates for the Senior Lec- 
R » ch D vision, tureship shouki possess special qualifications in 
Pfizer Limited histology. 
i i Annual salaries (superannuable) (approximate 
Sandwich, Kent. sterling equivalents at current rate of exchange 
(1204) in parentheses) are: Senior Lecturer: $HK47.360 


by $HKI,840 to SHKS58,400 by S$HK2.000 to 

SHK62,400 (£3,255 to £4,288) (man or woman): 

Lecturer, SHK30,880 by SHK1,440 to $HK49.600 
. £2,122 to £3409 (man); SHK26,720 by 
$HK1,760 to $HK32,000 to $HK331,280 by 
SHK2,000 to $HK45,280 by SHK1.440 to 
$HK49,600 (£1,836 to £3,409) (woman): Assistant 
Lecturer, $HK20,800 by SHK1,440 to SHK25,120 
(£1,429 to £1,726) (man): $HKIS,760 by p. 
$HK1,520 to $HK20,320 (£1,083 to £1,396) S 
(woman). 

Further particulars and application forms may 
be obtained from the Secretary-General, Associ- 
ation of Commonwealth Universities CADIMS) or 
the Registrar, University of Hong Kong, 36 
Gordon Square, London, W.C.1. 

Closing date for applications April 30, om 

(1193 


COUNTY BOROUGH OF 
STOCKPORT 
STOCKPORT COLLEGE OF TECHNOLOGY 
Required, to commence September 1, 1969: 
DEPARTMENT OF SCIENCE 


SENIOR LECTURER in PHYSIOLOGY / 
PHARMACOLOGY (Ref. 120N), 

TWO OR THREE LECTURERS U OR I 
(Ref. 121ND to cover between them teaching of 
PHARMACOLOGY, BLOCHEMISTR Y and 
MICROBIOLOGY. 

A applicants should have an honours de- 
gree of a British University. A higher degree 
and/or appropriate industrial experience an ad- 
vantage. 

Scales of Salaries for Teachers in  Extablish- 
ments for Further Education, 1967: Senior Lec- 
turer, £2,280 to £2,595 per annum: Lecturer TY, 
£1,725 to £2,280 per annum; Lecturer I, £1,035 
to £1,735 per annum (plus additions for recog- 
nised qualifications). Agreed — conditions of 
tenure. 

Forms of application and further particulars 
from the Principal, Stockport College of Techno- 
logy, Wellington Road South, Stockport, SKI 
3UQ, returnable by April 14, 1969, quoting ap- 
propriate ref, No, (0270) 


RN 


NATIONAL COLLEGE OF 
RUBBER TECHNOLOGY 


Northern Polytechnic, Holloway, London, N.7. 


I! 

| .The Governors invite immediate applications for the following teaching 
| 
| 








appointments which provide opportunities for personal and team research in 
polymer science and technology: 







(1) PRINCIPAL LECTURER IN POLYMER CHEMISTRY with a higher 
degree by research and with knowledge and experience of problems 








q met in the rubber and/or plastics industry, . 

f (2) LECTURER IN POLYMER PHYSICS. A qualified physicist with a 
í knowledge of polymer properties and their industrial relevance, pre- 
ferably with a higher degree by research. 

(3) INSTRUCTOR IN POLYMER CHEMISTRY. A suitably qualified 
chemist or chemical technologist, preferably with experience of 
experimental polymer chemistry. 

(4) INSTRUCTOR IN POLYMER PHYSICS AND TESTING. A suitably | 
qualified physicist or applied physicist, preferably with experience of 

rubbers and/or plastics. 







SALARY SCALES 
Principal Lecturer—£2,615 by £80 to £2,935(bar) by £80 to £3,335, 
Lecturer—£1,810 by £55(9) by £60(1) to £2,365, 

Instructors—Within scale £1,120 to £1,820 which may be further increased 
by allowances for degree and full-time training. Initial salary deter- — | 
mined according to qualifications and experience. 


a RR 









[ Apply, stating post in which interested, for form of application and further 






rp eee R. H. CURRELL BIOCHEMIST REQUIRED FOR RESEARCH 
i MS ode à on phospholipid metabolism in relation to gall- 
$ (1223) Clerk, stone formation.-Further information from Dr, 
i Billing, Department of Medicine, Royal Free 
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Hospital, London, W.C.1. (1213) 








UNIVERSITY OF 
_EDINBU RGH 
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: Applications are invited from graduates 
with experience for appointment as 


LECTURER IN 
ANIMAL 
PRODUCTION 


in the Edinburgh School of Agriculture. 


The person appointed will be expected to 
concern himself with animal husbandry 
and production, with particular reference 
to dairy cattle, and to contribute to the 
various courses given in the School He 
will also have opportunities to engage in 
research and to take part in the planning 
of farm policy in relation to his own field 
of interest. 


Salary scale £1,585 to £2,735 with 
placing according to age, qualifications and 
experience, and with superannuation. It 
; is hoped that the successful candidate will 
E take up the appointment from September 
3 1, 1969. 


; Further particulars may be obtained 

f from the Secretary to the University, Uni- 

E versity of Edinburgh, Old College. South 
Bridge, Edinburgh, with whom applications 
(six copies), giving the names of two 
referees, should be lodged not later than 
April 30, 1969. Please quote Reference 
1032/53, (i216) 


RARE A UN 
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UNIVERSITY OF LONDON 
KING'S COLLEGE 
DEPARTMENT OF MATHEMATICS 


Applications are invited for the post of 
TUTORIAL STUDENT in MATHE- 
MATICS, tenable from October 1, 1969. 


Candidates should have a good honours 


degree and would be expected to engage in 
research for a higher degree. The value 
of the Studentship is at present £630 per 
annum and the maximum tenure is four 
years, 

Application forms and further particulars 
may be obtained from the Registrar, King's 
College London, Strand,  W.C.2, and 
should be returned to him by prd 21, 
1969, (1247) 


UNIVERSITY OF READING 
DEPARTMENT OF APPLIED STATISTICS 
NUFFIELD OPERATIONAL RESEARCH 

UNIT 

Applications are invited for a research post 
in the Naffield Unit concerned with the applica- 
ton of operational research methods in the 
health services. The salary range wil be £1,240 
by £115 to £2,735. The appointment will be 
from a date to be arranged. 

Further particulars may be obtained from the 
Registrar (Room 208, Whiteknights House) The 
University, Whiteknights, Reading RG6 2AH, by 
whom applications should be received not later 
than May i, 1969. ax 


UNIVERSITY OF EAST AFRICA 
UNIVERSITY COLLEGE, DAR ES SALAAM 


Applications are invited for (à) PROFESSOR- 
SHIP or (b READERSHIP IN ZOOLOGY. 
Salary scales: (a) £EA3,150 per annum; (b) 
£EA2,540 to  £EA2,825 per annum (£EAI- 
. £i 3s. 4d. sterling). Salary supplemented in 
appropriate case in range £495 to £505 per 
anmam sterling) under British Expatriates Sup 
plementation Scheme. F.§.8.U Family pas- 
Sages; biennial overseas leave. 

Detailed applications (ix copies), naming three 
referees by May 1969, to Inter-University 
Council, 90/91 Tottenham Court Road, London, 
£5 WIP ODT, from whom particulars are available, 
(1252) 













POR VAIR LIMITED 


recently formed public company concerned with the 
PSP manufacture and marketing of microporous 
synthetic materials for a wide variety of purposes, partice- 
larly in the footwear industry, requires a 





in the Information Services Department 


Applicants should have a good basic scientific education and 
the A.L.A. qualification and previous experience in a tesh- 
nical library would be an advantage. 


The company is moving its existing library from Dagenham, 
Essex to King’s Lynn, Norfolk in July and the successful 
applicant will be required to handle this move. 


The salary paid will depend upon age, qualifications and 
experience but will be within the general range £90C€ to 


£1,500 per annum. 


Assistance will be given with house relecation and accom- 


modation expenses. 
scheme. 


The company operates a persion 


Please write, giving details of age, education and experi 


ence to: 


J. M. Bradley, Personnel Manager. 
Porvair Limited, Estuary Road, 
King’s Lynn, Norfolk. 


HAILE SELLASSIE I AIR FORCE 
ACADEMY 


Applications are invited for a post of ASSIST- 
ANT PROFESSORSHIP in the Engineering De- 
partment. Applicants will be required to teach 
Engineering Drawing in the First and Second 
Year. 

QUALIFICATIONS: Holders of B.Sc. in En- 
gineering or, under certain circumstances, holders 
of Higher National Diploma or Certificate, 

EXPERIENCE: Served an apprenticeship with 
minimum five years experience preferably in ai- 
craft industries. 

SALARY SCALE: SEth12.000 to SE:h14,000 
net per annum. (S$Eth6 equals £1 sterling) 

Family passages and accommodation provided. 

ree-year contract with a possibility of renewal. 
Applications and further inquiries to: The Act 
ing Dean of Science Faculty, Hate Sellassie 1 
University, P.O. Box 1176, Addis Ababa, 
Ethiopia. 221) _ 


EXETER AND MID-DEVON 
HOSPITALS MANAGEMENT 
COMMITTEE 
PHYSICS DEPARTMENT, EXETER 


PHYSICIST, basic grade for this Department, 
concerned mainly with Radiotherapy, radioiso- 
topes and radiological protection problems. 
Salary scale £915 or £1,030 to £1,774 according 
to qualifications. 

Further details from the Principal ug qo 
Royal Devon and Exeter Hospital, Exeter. 
pilcations with names of two referees, to Tes 
tal Secretary. (1195) 


GA11) ^ 


UNIVERSITY COLLEGE DUBLIN 
DEPARTMENT OF CHEMISTRY 
ASSISTANT 
ar 
ASSISTANT LECTURER 


Applications are invited for @the above post 
tenable in the Department of Chemdeiry as from 
October 1, 1969. Applicants with interests and 
experience in Inorganic and Structurzi Chemistry 
wil be given preference. — Salary onia afe dm 
follows:  Assistan: Lecturer, £1,583 by £66 bo 
£1,913: Assistant £1,125 by £66 to “£1,421. 
Family allowances and non-contribusory pension 
are adkitional to salary. 

Applications, gwing the penes of three 
referees, should be som to the undersigned by 


April 30, 1969. 
f. PS MAÁACHALR, 
Secretary, and  Bursar, 
University College. 


Tan. ae Dublin. As XR 178) 


"UNIVERSITY OF NO' | NGHAM 


Applications are invited from Hennus msudu- 





ates in Zoology, Entomology or Amsicultural 
Zoology Gncluding 1969 graduates) Tor DEMON- 
STRATORSHIPS IN AGRICULTOURAL ZOO- 





LOGY 
vironmental 


in Department of Physinlogy 
. Stsdies, School of Agriculture, 
Sunon Boningtos. Candidates shoei’ preferabiy 
be interested ia SoH Zoology, “Agarology of 
Nemarology. Salary scale £800 by £25 to £850 
funder review). 

Conditions of appointment and: m of AD- 
plication, to be returned by April ih mar from 
th® Registrar, Nottingham Unjversihy, (2900 
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Wellcome 






BIOCHEMIST and 
BACTERIOLOGIST for 
Research and Development 


Our Department of Biological Reagents undertakes a wide 
range of research and development work in diagnostic aids. 
A substantial expenditure ensures that staff are provided 
with an advanced and comprehensive range of equipment 
and facilities not generally available elsewhere. 


There is a liberal policy towards participation in the 
activities of professional bodies and publishing scientific 
Work, and staff are expected to contribute effectively to the 
inter-disciplinary colloquia of their colleagues. The 
Department is growing rapidly and we now need: 


BIOCHEMIST— in his mid to late twenties for research 
and development in diagnostic aids in clinical biochemistry 
and related fields. It is desirable that applicants should have 
had some experience in the handling of clinical material. A 
higher qualification would be of interest but relevant 
experience is an acceptable alternative, 


BACTERIOLOGIST—for basic résearch in immunological 
procedures with an interest in developing new methods in 
diagnostic aids. The appointment would interest someone 
of PhD. level with experience in immunology or a hospital 
bacteriologist seeking a research post. 


The salaries offered take into consideration the calibre of 
. person and intellectual abilities required in the appointments. 
Excellent conditions of service include assistance with 


relocation expenses. 


Applications, quoting U.111, and stating clearly which post 
i$ of interest, should be sent to The Senior Personnel Officer, 


THE WELLCOME RESEARCH LABORATORIES, 
Langley Court, Beckenham, Kent, BR3 3BS. — .- 


UNIVERSITY OF SHEFFIELD 
INSTITUTE OF EDUCATION 


Applications are invited for the post of LEC- 
TURER in SCIENCE EDUCATION, tenable 
from September 1, 1969. Applicants should have 
good academic qualifications and teaching experi- 
ence in either the Physical or the Biological 
Sciences. Knowledge of modern developments 
in Science curricula M required. Duties involve 
both the supervision of diploma students and the 
organisation of In-service courses. Salary in the 
range £1,240 to £2,735 with F.S.S.U. provision. 

Further particulars from the Registrar to 
whom appleations (eight copies), should be sent 
by April 19, 1969. Quote Ref.: SU LO 


(1230) 


Saamansa 


HERTFORDSHIRE COLLEGE 
OF AGRICULTURE AND 


HORTICULTURE 
OAKLANDS, ST. ALBANS 


Applications invited for the post of 
TUTOR LIBRARIAN to administer Ebrary 
amd assist agricultural and horticultural 
Students up to Diploma level with sources 
of information and report writing. 

Salary: Lecturer Grade Il, £2,000 to 


£2,280 per annum. 
Further details and Application Forms 
from Principal. (1147) 





' digital form. 
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AUSTRALIAN NATIONAL 


UNIVERSITY 
RESEARCH SCHOOL OF PHYSICAL 
SCIENCES 


RESEARCH ASSISTANT/TECHNICAL 
OFFICER 
ENGINEERING PHYSICS 


periments requiring a high magnetic field environs i 
ment and often in addition, extremely low tem 
peratures. Tt operates a 5 megawatt 165 
EAUS water cooled electromagnet and is 
present constructing a unique 39 megawatt | 
kilogauss electromagnet. 

The successful applicant, at whichever level 
is appointed, wil be required to. particip 
mainly in the electronic area of the laborat 
activities which include design, construction 
mainienance of solid state logic control syst s 
instrumentation, and the processing of data i 





e 
level of research assistant, will be expected tol 
assist in research and design projects where an d 
interest in mathematics and a knowledge of come: 
puter programming would be of benefit. š 

Technical Officer—General education to 
matriculation standard. Technical education: a 
recognised trade or technical course in a branch 
of electronics or communications, 

Research Assistant—Degree in Science or En- 
gineering, 

Anni 





must state the level of position for E 
which they are applying. xj 

Salary will be within one of the following 
ranges: Technical Officer Grade I, $43,475 Í 
SA4,285 per annum ; Technical Officer Grade II, n 
$A4,283/$A4,553 per annum. In addition a E. 
salary loading at the rate of SA200 per annum — 
is payable to technical officers for an approved 
University degree or $A100 per anaum for cer- 
tain recognised Technical College diplomas or 
membership of a professional body recognised 
by the University. Research Assistant Grade Wy 
$A3,815/$A4.837 per annum (imis oniy); 
Assistance with passages and accommodation will 
be provided. 

The successful applicant will be required to 
undergo a medical examination. Written appli- 
cations, quoting reference number 69101 should 
be forwarded to the Registrar, Australia National 
University, P.O. Box 4, Canberra, A.C.T. 2600, 
Australia, with whom applications close on April 





o MEM I 
UNIVERSITY OF THE WEST 
INDIES 
TRINIDAD 


Applications are invited for (a) LECTURESHIP 
or (D ASSISTANT LECTURESHIP IN DE. 
PARTMENT OF BIOLOGICAL SCIENCES. 
Preference given to applicants who are interested” 
in, or have had special training in taxonomy and 
plant ecology. Duties to be assumed October. 
1969, or soonest thereafter. Salary scales: (a) 
£1,550 to £2,630 per annum; (t0 £1.250 to 
£1,410 per annum. Child allowance. F.S.S.U. 
Family passages; triennial study leave. 

Detailed applications (six copies), naming three 
referees by May 1, 1969, by persons living in the 
Americas and the Caribbean area to Secretary, 
University of the West Indies, St. Augustine 
Trinidad, and by aH other persons to Inter 
University Council, 90/91 Tottenham Court 
Road, London, WIP ODT. Farther particulars 
obtainable similarly. €1251) 


UNIVERSITY OF HONG KONG 
LECTURESHIP/ASSISTANT  LECTURESHIP 
IN PSYCHOLOGY 

Applications are invited for the above. 
mentioned post in the Department of Psychology, 
Candidates should have research interests in Ox» 
perimental psychology preferably in learning or 
biology of behaviour. l 

Annual salaries — (superannuable) — (approxi- 
mate sterling equivalents at current rate of 
exchange in parentheses) are: Lecturer, 
$HK30,880 by $SHK1,440 to $HK49,600 (£2,122 
to £3,409) (man): $HK26,720 hy $HK1,760 to 
$HK32,000 to $HK33,280 by SHK2.000 to 
$HK45,280 by $HK1,440 to $HK49,600 (£1.836 | 
to — £3,409) (woman); Assistant — Lecturer, à 
$HK20,800 by SHK1.440 to SHK25,120 (£1.429 5 
to £1,726) (man); $HK15,760 by SHKI,520 to - 
$HEK20,320 (£1,083 to £1,396) (woman). 

Further particulars and application forms may 
be obtained from the Secretary-General Associa- 
tion of Commonwealth Universities (Appts.), 36 
Gordon Square, London, W.C.1, or the Regis- 
trar, University of Hong Kong. Closing date for 
applications May 10, 1969, (1250) 


+ 
-+ 
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HAILE SELLASSIE I UNIVERSITY 
l ETHIOPIA 
FACULTY OF SCIENCE 

Apr are invited for the post of (a) 
(SSISTANT PROFESSOR or (b) ASSOCIATE 
OF in the GEOPHYSICAL OBSER- 
TORY. Appointee will be required to carry 
t research in the fields of Seismicity and 
avity measurements in connection with con- 
uing programmes of the Observatory, and may 
ieG be asked to assist with Observatory pro- 
mmes in other geophysical investigations. 
ary Scales: (a) SEth15,000 to SEth18,750 per 
&um ; (b) SELh18,000 to SE:h22.500 per annum 
Eth6—£1 sterling) free of Exshiopian tax for ex- 
Initial contract two years. Return 
mily passages. l 
Detailed applications (six copies), naming three 
eferees by May l. 1969, to Inter-University 
neil, 90/91 Tottenham Court Road, London, 
from whom particulars are nam "M 
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AILE SELLASSIE I UNIVERSITY 
ETHIOPIA 


invited for the following ap- 


Applications are 
COLLEGE OF ENGINEER- 


pointments :n the 
ING: 

(a) Assistant Professor to teach Descriptive 
Geometry and Technical Drawing. 

(b) Assistant Professor for the Water Labora- 
tory. 

Salary scale: $Eth15,000 to  SEth18,750 per 
annum (SEth6=-£1 sterling) free of Ethiopian tax 
sv for expatriates. Initial contract two years. Re- 
ocan family passages. 
© Detailed applications (six copies), naming three 
‘referees by May 9, 1969, to Inter-University 
Council, 90/91 Tottenham Court Road, London, 
22 §NEP ODT, from whom particulars are rci 

(1254 


i UNIVERSITY OF CAMBRIDGE 
t. Applications are invited for the office of 
iat UNIVERSITY DEMONSTRATOR IN THE 
DEPARTMENT OF PHYSIOLOGY 
So. The initial appointment will be for three years 
"from October 1, 1969. The pensionable stipend 
is on a scale £1,355 by £115 to £1,815 a year 
uith initial placing above the minimum where 
«^ appropriate. There is a grant towards removal 
expenses. 
|.' Ten copies of application, together with the 
names of not more than three referees, should 
be sent to G. R. ANDERSON, The Old Schools, 
Cambridge, CB2 1TT, to arrive not later than 
May 12, 1969. (1215 
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UNIVERSITY COLLEGE COR 


PROFESSORSHIP OF DAIRY AND FOOD 
ENGINEERING 


The Governing Body invites applications for 
the above vacant office. Proposed salary: £3,430 
by £130 to £4,080 plus a Child Allowance of 

|. £65 per annum. Increments for special profes- 
^. gonal experience. — Non-contributory pension. 
Before submitting applications candidates should 
first obtain from the undersigned particulars as 
to the requirements for the filling of the post. 
Latest date for receipt of applications is 3 p.m. 
on Friday, May 9, 1969. 







































KING’S COLLEGE 
DEPARTMENT OF GEOLOGY 


. Applications are invited for the post of tem- 
porary ASSISTANT LECTURER /LECTURER 
in Geology. The post is tenable from October 
1, 1969 and is for one vear to fulfil an immedi- 
ate teaching need. Candidates should have 
interests in petrology.  mineralogy or related 
fields. Salary on the scale £1,240 by £115 to 
“£2,275 > then, subject to review, by £115 to 
£2,735. ESSU. benefits will be payable. 
Application forms and conditions of appoint- 
nent may be obtained from the Registrar, King's 
College London, Strand, W.C.2. and completed 
forms should be returned to him by April 30, 
1969, (1197) 


MEER — —— M 


JUNIOR TECHNICIAN TO WORK ON 
esearch project involving the effects of ultra- 
sonurd on Gene mutation in micro-organisms in 
the Department of Plant Biology and Microbio- 
Appointment wil be for three years. 
; 7d. to 
: . hd.—Wiriuen applications to Registrar 
(BAB/FEW), Queen Mary College, Mile End 
.Road, E1, stating full details of experience, 
qualifications. present work and age. (1249) 
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AUSTRALIA 


PHYSIOLOGIST 


DIVISION OF IRRIGATION RESEARCH 


GENERAL The Division of Irrigation Research of the Commonwealth Scientific and 
Industrial Research Organization has 103 acres of irrigated land ard is situated st 


Griffith, N.S.W., in the Murrumbidgee Irrigation Area. 


it has a professional staff of 


seventeen supported by approximately fifty technical and ancillary staff. Excellent 
technical services including library, photography, chemical analysis, workshop, giass- 
house and field services are available. A PDP-9 digital computer greatly facilitates 
the handling of data, and aliows planning of some experiments which may be connected 


directly to the computer for high speed collection and computatior ; 


access to the 


Organization's central, COC 3600 computer is also available. 

DUTIES The appointee will be responsible for initiating a research programme on the 
effect of the aerial environment on photosynthesis and the utilization oF ixation products. 
This may include investigation into the role of phytochrome in the utiization of photo- 


synthates. 


Such work would contribute to the understanding of environment control 


of growth and morphological development of the plant and would be potentially of 
use in improving the yield of irrigated plants in commercial use. 

QUALIFICATIONS Applicants should have a degree in agriculture or botany and 
a Ph.D. degree specializing in plant physiology, or postaraduate research experience 
of equivalent standard and duration, supported by satisfactory evicence of research 


ability. 


SALARY Depending upon qualifications and experience, the appointment will be 
made within the salary range of Research Scientist, $A5,321--SAG.695 pa, or Senior 


Research Scientist, $A6,963—- $A8,045 p.a. 
less than the corresponding rates for men. 


classification is determined by merit. 


Salary rates for women are $A428 p.a. 
Promotion within CSIRO to a higher 


CONDITIONS The appointment will be initially for a fixed term cf three years, aftor 
which, if mutually desired, either an extension of tenure or appointment for an indefinite 
period will be considered. The appointment will be condition upon passing a 
medical examination and an initial probationary period of twelve months may be 
specified. An indefinite appointment carries with it Commonwealth Superannuation 
Fund or Provident Account privileges. "Fares paid for the appointee and his dependent 
family. Further particulars supplied on application. 


Applications (quoting Appointment No. 500/234), and stating full name, place, date: 
and year of birth, nationality, marital status, present employment, details of qualifications 
and experience, together with the names of not more than four persons acquainted 
with the applicant's academic and professional standing, should raach: 


Mr. R. F. Turnbull, 
Chief Scientific Liaison Officer, 
Australian Scientific Liaison Office, 
64-78, Kingsway, 
London, W.C.2, 


BIRKBECK COLLEGE 

(UNIVERSITY OF LONDON) 
Applications are invited for the post of 
LECTURER IN ZOOLOGY. Salary scale; 
£1,240 by £115 to £2,735 per annum; the 


inidal salary wil not exceed £1,470 per 
Further particulars should be obtained 


Birkbeck College, 
Closing date April 
(1237) 


from rhe Secretary, 
Malet Street, W.C.1. 
21, 1969. 


LAKEHEAD UNIVERSITY 
PORT ARTHUR, ONTARIO, CANADA 


GRADUATE ASSISTANTSHIP AND 
POSTDOCTORAL FELLOWSHIPS IN 
PHYSICS 


The Deparument of Physics offers assestantships 
for students working towards M.Sc. degree in 
Physics. Postdoctoral fellowships are also avail- 
able. Fields of research interest include Theo- 
retical Solid State and Plasma Physics, Physics 
of the dielectrics and Atomic CoHision pheno- 
menon. 

Enquiries should be addressed to Professor" J. 
Hart, Dean of Science. (1148) 

e 


e. LÀ 


by the 25th April, 1969. 41203; 


UNIVERSITY COLLEGE CORK 
LECTURESHIP (IN MATHEMATICAL 
PHYSICS NO. 2 
The Governing Body inwites applicscons for 
the above vacant office. Proposed salary: £2,200 
by £86 (3) to £2,630 and, subject to certain ton- 
ditions, by £86 (CO t £3,000 per annum quus à 
Child Allowance of £63 per anaum.  Iuorements 
for special professional experience. New-conéri- 
butory pension. Betore submitting apemications 
candidates should fimt obtain from tbe ander- 
signed particulars as to the requirements for the 

filling of the post. 
Latest date for receipt of applicationa is 3 p.m. 
on Friday, May 2, 1969, 


NENNEN... 
RESEARCH 


Position open for research minded individaal 
trained in biochemistry or related Beli to col 
laborate in immuncchemiswy and related bio 
chemical research. Progressive hoepite! associ- 
aid with Northwestern. University. Excelem 
salary commensuraie with experience ond iraim- 
ing. Academic appciniment or graduaiz training 
depending on status of applicant. 

Apply Box 1230, Nature, T. OG. Scot and 
Son lid. |] Clemert's Inn, London, "Vv.C.2. 


————— HP: 





ROSS POULTRY LTD. 


LABORATORY TECHNICIAN ` 


Sterling Poultry Products, a subsidiary 
of Ross Group, require a technician [for 
laboratory work and records analysis in 
connection with genetic resistance to 
poukry diseases. 

Basic laboratory training, an experience 


"of poultry virology and intermediate level 
IM.L,.T. would be advantageous, but con- 
sideration given to young graduate in Bio- 
logical or Poultry Science. 

The laboratory is near Carlisle to where 


removal expenses will paid. Salary 
£1,000 to £1,200 plus Staff Benefit Scheme. 


Application to: 
Dr. R. Osborne, 
Sterling Poultry Products Ltd.. 
Wreay. 
CARLISLE, 


Cumberland. (1260) 


UNIVERSITY OF IBADAN 
NIGERIA 


Applications are invited for the following ap- 
pointments in the DEPARTMENT OF AGRI- 
CULTURAL BIOLOGY: 

(a) Senior Lectureship or Lectureship in Agri- 
cultural or Applied Entomology. Candidates 
should have considerable experience to the teach- 
ing of undergraduate and graduate courses in 
Agricultural or Applied Entomology, Forestry or 
Veterinary Science Students and should be able 
to supervise postgraduate students reading for 
M.Sc. and Ph.D. degrees. Preference given to 
candidates whose research interests are in the 
field of insect ecology, behaviour and bionomics, 
biological control or economic entomology. 

(b) Lectureship in Nematology. Candidates 
should bave a postgraduate degree in Nemato- 
logy and some experience in _the teaching of 
Applicd Nematology and candidates should be 
able to undertake the supervision of postgradu- 
ate students in this field, Preference given to 
candidates with experience and interest in plant- 
parasitic nematodes and other nematodes of 
agricultural importance. 

Salary Seales: Senior Lecturer, £N2,275 to 
£N2,575 per annum; Lecturer, £N1,200 to 
£N2,175 per annum (£NI-—£l,3s. 4d. sterling). 
Salary supplemented in appropriate case in range 
£240 to £515 per annum (sterling) under British 
Expatriates Supplementation Scheme. Family 
passages, superannuation scheme, various allow- 
ances, regular overseas leave. 

Detailed applications (six copies), naming ihree 
referees by May 5, 1969, to Inter-University 
Council, 90/91 Tottenham Court Road, London 
WIP ODT, from whom particulars are gr 





—— ey 


MACQUARIE UNIVERSITY 
SYDNEY, AUSTRALIA 


Applications are invited for appointment to 
positions in the field of Chemistry. The posi- 
tions are tenable from the commencement of 
1970. Normally, appointees should take up duty 
by mid-February 1970. Later dates of entry on 
duty may be arranged in special cases. 

LECTURERS IN CHEMISTRY in School of 
Chemistry (with gnterests in the field of inorganic 
or physical chemistry). 

The salary for a Lecturer $45,400 by $A270 
(6) by $A280 (D to $A7,300 per annum. 

Macquarrie University occupies an attractive 
site in Sydney, and is planned to develop rapidly 
over the next decade. The University com- 
menced postgraduate teaching in 1966 and under- 
graduate teaching in 1967. Some 3,300 students 
are currently enrolled including approximately 
400 postgraduate students. The organisation of 
the University provides considerable flexibility in 
the construction of degree courses for individual 
students and provides for  interdisciplinary 
studies. iud T . n 

rther information including advice regarding 
n ohod of application should be obtained 
from the Secretary-General, Association of Com- 
monwealth Universities (Appts), 36 Gordon 
Square, London, W.C.1. or from the Registrar. 
Macquarie University, North. Ryde, New South 
Wales 2113, Australia. á 

Dr. S. W. Cohen, Deputy Vice-Chancellor, 
will be in England @uring May and wil be 
available to provide information about the Uni- 
versity and Sydney generally. Persons interested 
. in meeting Dr. Cohen should contact the Office 
of the Association of Commonweakh Universities 
for further details. 


ications close on May 16, 1969. 
i n (1236, 
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UNIVERSITY OF GLASGOW 
ASSISTANT LECTURESHIP IN 
BIOCHEMISTRY | 
Applications are invited for an Assistant Lec- 
tureship in Biochemistry. The Salary scale is 
£1,240 to £1,470 per annum. Initial salary will 
e "rds according to experience and qualifica- 
ions, 
Applications (three copies), should be lod 
not later than April 1, 1969, with the ea 
particulars may be 


signed, from whom further 
obtained. 
ROBT, T. HUTCHESON, 
Secretary of the University Court. 
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UNIVERSITY OF EAST AFRICA 


MAKERERE UNIVERSITY COLLEGE. 
UGANDA 

Applications are invited for SENIOR LEC- 
TURESHIP IN MEDICAL STATISTICS. Can- 
didates should possess a degree in Mathematics, 
Statistics, Medicine or Biology with postgraduate 
qualifications and experience in medical statistics 
or biostatistics and preferably experience in medi- 
cal research programmes and computer work. 
Salary scale £EA1,950 to £EA2,615 per annum 
(£EA1—£1 3s. 4d. sterling). Salary supplemented 
in range £385 to £505 per annum (sterling) in 
appropriate case under British Expatriates Sup- 
plementation Scheme. — F.S.S.U. Family pas- 
Sages ; biennial overseas leave. 

Detailed applications (six copies), naming three 
referees, by May 1, 1969, to Inter-University 
Council, 90/91 Tottenham Court Road, London 
WIP ODT, from whom particulars are available. 

(1176) 


SAONA TARR 
FELLOWSHIPS AND STUDENTSHIPS 





i their need of pecuniary help, (b) 


eese rata aio At 


UNIVERSITY COLLEGE, CARDIFF 


POST-DOCTORAL FELLOWSHIP IN 
CHEMISTRY 
Applications are invited for the positions of 
Post-Docteral Fellows in the Department of 
Chemistry to work either in the field of electron 
spin resonance or in the field of very fast anionic 
reactions. Salary scale : £1,240 to £1,470 per 
annum, according to qualifications, plus F.S.S.U. 
Applications, with the names of two referees, 
should be sent as soon as possible to the Regis- 
trar, University College, Cathays Park, Cardiff, 
from whom further particulars can be ol stained. 
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THE ROYAL SOCIETY 


BRUNO MENDEL TRAVELLING 
FELLOWSHIPS 


Applications are invited for BRUNO MENDEL 
TRAVELLING FELLOWSHIPS up to a maxí- 
mum of £2,500 per annum tenable for periods 
of up to one year from October 1, 1969, to 
enable British, Dutch and Israeli postgraduate 
candidates to carry out experimental medical re- 
search in the United Kingdom, The Netherlands 
or Israel. Candidates should be normally resi- 
dent in one of these three countries and should 
not already be living in the country which they 

ropose to visit. 

Application forms, to be returned by May 23, 
1969, and further details are available from the 


Executive Secretary, The Royal Society, 6 
Carlwen House Terrace, London, S.W.1. 
(1188) 
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George Henry Lewes Studentship 


Applications are invited for the George Henry Lewes Studentship to 
pursue original investigations in Physiology. The Student may be 
appointed from October 1, 1969, and is 
ume to research work except such as, in the opinion of the Trustees, 
does not interfere with his original enquiries. 


Candidates should send (a) a statement of their qualifications, and 


. Search, and (c) the name of one referee, to Professor Sir Bryan 
Matthews, Physiological Laboratory, Cambridge, by June 1, 1969. 
The Student is expected normally to work in the Physiological Labora- 
tory, Cambridge, though in exceptional conditions he may obtain 
permission to work elsewhere. Emolument depends on qualifications, 
in the range £1,125 to £1,585 a year. 


UNIVERSITY OF LONDON 
READERSHIP IN PHYSICS AT CHELSEA 
COLLEGE OF SCIENCE AND TECHNOLOGY | 
The Senate invite applications for a Reader. 
ship in Physics (with special interests in Polyme: 
or Solid State Physics) tenable at Chelsea Colles 
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names of two referees, to. Dr. N. Crowley, D 
partment of Microbiology, Royal Free Hospita 
Gray's Inn Road, London, W.C.1, Sy 
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services. — Salary in 
accordance with S.O. scale with pension provi- 
sion.—Applications initially to Secretary. 


ence in clinical biochemistry required in Paedi- 
atric Unit for research project on carbohydrate 
metabolism in the newborn. Salary within the 
scale £1,155 to £1,485 per annum.—Apply, Secre- 
tary, St. Mary's Hospital Medical School, Pad- 
dington, London, W.2. (1185) 
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UNIVERSITY OF LONDON 
KING'S COLLEGE 


DEPARTMENT OF ELECTRICAL 
ENGINEERING 

Applications are invited for the post of 
TUTORIAL STUDENT in ELECTRICAL EN. 
GINEERING, tenable from October 1, 1969. 
Candidates should have a good honcurs degree 
and would be expected to engage in research for | 
a higher degree. The value of the Studentship is 
at present £630 per annum and the maximum 
tenure is four years. 

Application forms and further particulars may 
be obtained from the Registrar, King's College ^ 
London, Strand, W.C.2, and should be returned 
to him by April 15, 1969. (1198) 


GE, CARDIFF 


POST-DOCTORAL FELLOWSHIP IN 
CHEMISTRY 
Applications are invited for the position of - 
Post-Doctoral Felow to work in collaboration 
with Dr. E. Whitth in gas kinetics, with par- 
ucular reference to photochemistry of organic 
fluerine compounds and gas phase halogenation 
reactions. Previous experience of gas kinetics és 
desirable, The successfui applicant could begin 
at once but, in any event, not later than Octo- 
ber 1969. Salary scale: £1,240 to £1,470 per 
annum according to qualifications, plus F.S.S.U. 
Applications, with the names of two referees, 
should be sent as soon as possible to Prof. A. G 
Evans, University College, Cathays Park, Cardiff, 
from whom further particulars can be EIL c 
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UNIVERSITY OF 
SOUTHAMPTON 


SENIOR RESEARCH 
FELLOWSHIP IN 
THEORETICAL 
AERODYNAMICS 


Applications are invited for a Senior 
Research Fellowship within the recently 
formed Theoretical Aerodynamics Unit in 
he Department of Mathematics which is 
ponsored under a grant received from the 
Research Council. Candidates 


The appointment is for two years in the 
first instance. The initial salary wil de- 

pend on qualifications and experience in 
: the range £1,700 to £2,700. 


Further details may be obtained from 
the Deputy Secretary, The University, 
Southampton, SO9 SNH, to whom appli- 
cations should be sent (seven copies from 
U.K. applicants) and quoting reference N 
before April 5, 1969. (1222) 


UNIVERSITY OF DUNDEE 
DEPARTMENT OF PHYSICS 


POST-DOCTORAL 
FELLOWSHIP 


- Applications are invited from candidates 
* with experience in vacuum  ukra-violet 
C work. The particular interest of the group 
is in the transport and optical properties of 
molecular solids. Salary in the range 
|£1,355 to £1,585 plus F.S.S.U. 
Applications, giving full details of ex- 
. perience and names of two referees, should 
> be sent as soon as possible to Professor 
* W. E. Spear, Department of Physics, The 
University, Dundee, DDI 4HN, from 
(d "whom further particulars can be obtained. 


(1212 





































LECTURES AND COURSES 


IMPERIAL COLLEGE 
LONDON, S.W.7 


A two-day course of postgraduate 
and post-experience lectures on 


SIMPLE FREE RADICAL 
REACTIONS IN COMBUSTION 


arranged by Dr. M. D. Carabine and 
Dr. J. M. Hay, will be given in the 
Department of Chemical Engineering 
and Chemical Technology, on April 
29 and 30, 1969, 
Details from the Registrar. 
(1187) 


LIVERPOOL REGIONAL COLLEGE 
OF TECHNOLOGY 


M.Sc. Courses in 


RADIATION AND NUCLEAR CHEMISTRY 
‘INSTRUMENTAL CHEMICAL ANALYSIS* 
One-year fulltime courses commencing in 


search project, which may be carried out in 
dustry. 

Further details and application forms may be 
obtained from the Head of Department, Depart- 


ment of Chemistry and Biology, Liverpool 
Regional Colicee a EUN Byrom Street, 


£ 1208) 


UNIVERSITY OF LIVERPOOL 


M.SC. ADVANCED COURSE IN 
EVOLUTION, VARIATION, 
AND TAXONOMY 


This new course ís offered by the De- 
partments of Botany, Genetics and Zoo- 
logy. lt is for one year, and is open to 
candidates with an Honours degree in bio- 
logy. The course takes advantage of the 
strength of the three departments in popu- 
lation genetics, evolution and taxonomy. 
It considers advances in understanding the 
origin and fate of variation, and the im- 
portance of evolutionary processes in many 
disciplines, including ecology, insect con- 
trol, taxonomy and plant and animal 
breeding. 


The Science Research Council has recog- 
nized this course for the award of Ad- 
vanced Course Studentships. Further de- 
tails are available from Professor A. D. 


Bradshaw, Department of Botany, The 

University, P.O. Box 147, Liverpool L69 

3BX. Please quote Ref.: RP/209/N. 
(1180) 


Joint Postgraduate 


Course 
MICROWAVE 
AND COMMUNICATIONS 
ENGINEERING 
at the 


Universities of Leeds 
and Sheffield 


A new M.Sc. course In Micro- 
wave and Communications Engin- 
eering will start in October, 1969, 
organised jointly by the Electronic 
and Electrical Engineering Depart- 
ment of the Universities of Leeds 
and Sheffield. 

The course has been made as 
flexibie as possible to cater for the 
differing needs of scientists in in- 
dustry. Suitably qualified gradu- 
ates wishing to study full-time can 
obtain the degree in one year; it 
can, however, be taken by inter- 
rupted attendance over a period 
of up to three  vears. THE 
COURSE HAS BEEN DIVIDED 
INTO SEPARATE COMPON- 
ENTS WITH INDIVIDUAL 
TOPICS ARRANGED TO LAST 
FOR EITHER FOUR OR FIVE 
WEEKS IN ORDER TO FACILI- 
TATE THE RELEASE FROM 
INDUSTRY OF THOSE WISH- 
ING TO ATTEND ONLY SUB. 
JECTS OF PARTICULAR RELE- 
VANCE TO THEIR CURRENT 
INDUSTRIAL WORK. 

Students taking the course in 
one year wil spend their first term 
in Leeds, their second in Sheffield 
and their third term either in 
Helfield or Leeds depending on 
thé ultimate zrea of specialisation. 

Among the topics covered will 
be microwave circuitry — theory, 
microwave solid-state devices, wave- 
guide — theory, information and 
random signal theory and the uses 
of computer-aided design in micro- 
wave engineering. 

Science Research Council 
has designated the course as suit- 
able for tenure of is Advanced 
Course Studentships. 

APPLICATIONS AND IN- 
QUIRIES should be addressed to 
either Dr. P. C. Child, Depart- 
ment of Electrical and Electronic 
Engineering, The University, Leeds 
LS2 4T, or Professor P. N, 
Robson, Department of Electronic 
and Electrical Engineering, The 
University, Sheffield S1 3JD. 


(1207) 
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SCHOOL. 1969 


Science in Physical Education —a 
Comprehensive View : 


July 30 to August 9 


Research Practice of Scientific Method in 
Human Biology and Physical Education 
July 20 ta 30 


Exercise Physiology and Sports Medicine 
aly 30 to August 9 





In addition, the Summer School offers a 
wide variety of General Courses (c.g. cur- 
riculum development ir most schoo! sub- 
jects and aspects of sehool organisation), 
courses in Creative Deden (c.g. Materials 
Technology; Electronic Erojects for Schools; 
Engineering Metalwork: Phistics: Pottery; 
Art and Ceramics; Besign in — Various 
Media; and The Role ef the Head of the 
Technical Department) and courses in 
numerous branches of Physical Education, — 
most of which fead to coaching awards. = 


For a copy of the fud prospectus, please 
write to: The Registrar {Summer School 8), 
Loughborough College cf Education, Ashby 
Road, Loughborough, Leivestershire, 


1231) 





SYMPOSIUM 





THE POLYTECHNIC SCHOOL OF 
MANAGEMENT STUDIES 
A ONE-WEEK SYMPOSIUM 
THE MANAGEMENT Of RESEARCH AND 
DEVELOPMENT 
This seminar examines in demi the main 
problems—economic, political. work planning and 
social--of management in this area.  Prominent 
practitioners and researchers will speak on these 
principal themes. Dates May 19 to 23, 1969. 
Further details from Registrar, Schoo! of Man- 
agement Studies, 32 Welle Street, London WP 
3FG. Phone 01-580 0471. 219) 





MISCELLANEOUS 


SCIENTIFIC AND TECHNICAL TYPE. 
writing Service, Confidental-—Julia Pratt, BSc, 
30 Craven Sweet, Strand, London, W 2.2. Teje 
phone 9t -839 2861. (X2) 
9 A PROGRESSIVE | PLASTICS COMPANY 
anxious to develop new product lines. wishes to 
contact inventors and designers who have practi- 
cal ideas-— Write in confidence to lay Plastics, 
Cirencester, | Gloucestershire, Or Telephone 
Cirencester 2728. i 217» 


FOR SCIENTIFIC AND. TECHNICAL » IN- 
formation upon any subject, project or product. 
-Ring “ INFOTEC. “31-472 2526,  * 
Coverage. oa (13343 


WIGNER 3)-, 6j, AND 9j- SYMBOLS 


A limited reprinted edition off tables of the 
above functions due to E. M, Howell (GE and 
9j- symbols) P. E, Bryant (3) symbols) are now 





available and will be sent on application to the 


Departmental Administrasor, Mathematics: The. 
partmem, The Umiverstty, Southampton 
SNH. A charge of £2 2s. plus postage is made 
for eachsset of tables. (1257) 





FOR SALE AND WANTED 





WM. DAWSON & SONS LTD. 
Back Issues Department, 
Cannon House, Park Farm Rd. 
Folkestone, Kent, England. 
Tel: Folkestone 57421. 
Offer top prices for: 
BACK RUNS OF JOURNALS 
IN SCIENCE AND THE UMS 








Wanted ane for Sale 
Scientific and Technical Reviews 
SANTO VANASIA, 58 Via M. Macchi, 

20124 MILANO (X259) 
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